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DISCLAIMER

Publication of this report does not signify that the contents

necessarily reflect the views and policies of the U.S. Navy, nor does mention

of trade names or commt.’ricial products constitute endorsement or recommendation

for use.
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Runway icing Naval Air Stations

I Ice detecti on Clima to logy
Snow and ice contro l

L ~~~~~~~ RACI ( (“ t h ou . 0. 104?, . ,  S i J r  If fl~~ i P t  4fl1) flu I.l~’ t t h  f t  45 ,  L I s A  t i l lS ,

‘tXiring 1978, Caispan Corporat ion conducted an independent research
investi gation of the basic principles and operational performance of the
Surface Condition Analyzer  system (SCAN ) Th* in the detection of icing

I 
c o n d i t i o n s  on runway surfaces and Its applicability to Navy-wide use . The
results and conclusions derived from this investi gation were formulated
from data and Informat ion garnered from the following sources~ site visits
and interviews at civil and Nava l airfields where SCAN is installed ; visits —_ _.. .. •
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- and discussions at the manufacturer’s plant; strip—chart records of actual
SCAN-output signals, correlated with visual inspection of runway and sensor
surfaces , runway t ract ion, and display terminal readouts , obtained during a
two-week operational performance study at Keflavik NAS ; study of the manu-
facturer ’s drawings and schematics; review o~ the literature on snow and
ice removal and contro l (SIRC) operations and economic analyses of these
procedures as impacted by SCAN; and cliinatological analyses. The principal
con clusion was that, while SCAN will not supplant routine personal inspec-
tion of runwuys, SCAN ’s ability to provide, on occ asion, advance warning
of hazardous icing conditions coup led with its surface temperature informa- -

tion (used for more effective chemical application) makes it well worth ¶
the investment costs. *
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1 The evaluat ion of the Surface Cond i t i on  Ana ly zer  (SCX ’~) sys t em

and op inions regarding the sy s t en  presented in this report were formulated on

i n f o rmat ion gathered p r i m a r i l y  dur ing  ear ly  1978. I n f o r m a t i o n  acquired at

that t i m e  included users ’ op in ions  which  we re likely based on several years ’

I 

exper ience  w i t h  ear ly  v e r s i o n s  of the s s tem . Since  i t s  i n c e p t i o n , the
manufac tu r e r has c .mt inu ed  developm ent of the sys tem , addi n g “ improvements ”

and repl ac ing sens, rs in e x i s t i n g  systems at no cost to the owners . S inc e
ea r ly 1978 , sensors and processing elect ronics have been rep laced at four

civil airfields , and initial reports indicate improved r e l i a b i l i t y .
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iN  F RU DUd ’ I ON AN I i  S U~L’~L\ L i ’

D u r i n g  t h i c  p a st  “c a r  u n d e r  C ont r a c t  No. N00014-78-C-0284 from the

i t  t t  ~c , t f  N a v a l  Rese : tx’c l i  , C a i s p a n  Corpora t ion  has been conduct  ing an operat j o i t a l

r.’s~’au’ch i n v e s t i g a t i o n  into the feasibility of utilizing the Surface Condition

~
- S CAN ) * sys tem as an indicator of airport runway c o n d i t i o n s  w i t h

1” .’ ’  ;‘ .‘ C t  t o  i c i  li d a i d i  or  hydrop ian i ng S i t ua t i o n s .  The p r i n c i p a l  t a s k s  of t h i s

4’ : a u t ’ as Lu 1 l o w s :

4*
(Ii Invest i g at e  the  b a s i c  p r i n c i p l e s  of t he  SCAN ’ sys tem and p r o v i d e

independent op i n i ons r ega rd ing  the concep tual desi gn and e l e c t  r onie
* and un e cha n i  cal cog in e e  r i n g .

( 2 )  [iv a lu at e  t he  o v e r a l l  pert’o r in5ince  and a p p l i c a b i l i t y  of N a v y - w i d e  use
- 

of t h e  SCAN sys tem fo x’ runway i ce  con t ro l .

(31 Evaluate the potential appl icability of a system capable of monitoring

runway w a t e r  depth  and re l at i n g  those me asuremen t s to run w ay t r a c t i o n .

L The m a n u f a c t u r e r  now has separ at e conf i gurations of the SCAN system- -

- i n C  for  ice de tec t ion and one fo r  w a t e r - d e p t h  measurement  - Curren t  l y ,  on1~’

• i i ~ i c e  d e t e c t i o n  sys t em is c o m m e r c i a l l y  av a i l a b l e , and s’s ’stem s  ol ’ f rom 1 to  4

• se n s or s  have  been i n s t a l l e d  at t h e  f o l l o w i n g  a i r f ie l d s ** : K e f l a v i k  NA S ,

Scott AFB . T r e n t o n  (Ontario) CFB , Anchorage , Ci n ci n n a t i , D e t r o i t , I n d i a n a p o l i s
and K a n s a s  C i t y .  ( A p p r o x i m a t e l y  10 a d d i t i o n a l  c i v i l  a i rpor t s  in the U.S. are

p l a n n i n g  procu x - e r ui ent  of ic e  de tec t  ion S stems.) The results of an operat i ona l

research e v a l u a t i on of t h e  i c e - d e t e c t i o n  s y s t e m  ui-c p resen ted  in t h i s  repoi-t .

[ 
l iv : i lu a t i o n  of t he  w a t e r - d ep t h  measurement  c ap ab i l i t y  and i ts po ten t  ial  u t i l i t y

w i l l  be p rov ided  under  separate  cover .

~u j ~~~~t~~rcd by Surface 5 ;’ste.us , I n c . ,  S t .  Lo uis , ~‘U 63144.

~~‘ C,\N sys t ems  have a lso  been de l ive re d to Chicago (O ’Hare)  and p i t t s b u r g h ,
but these  s yst e m s  are not yet  f u l l y  ope ra t iona l .

La
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The overa l l, eva luation of the performance , u t i l i t y  and a p p l i c a b i l i t y
of the SCAN system to Navy -wide implementat ion encompassed four genera l areas

of investigation : (1) study of the basic operating pr inci p les , conceptual
design and elect ronic and mechanical engineering of the system; ( 2 )  i n v e s t i g a t i o n

of the system ’ s operational perfo rmance ; (3) analyses of the economics of

SCAN ownershi p vs. snow and ice removal and control (SIRC) p ractices impacted

by SCAN ; and (4) c limatological  review of Naval i n s t a l l a t ions .  The resul ts

and conclusions derived from this investigation , as summarized below , were
fo rmulated from data and information garnered from the fo l lowing  sources :

site vis i ts  and in terviews at c ivi l  and Naval a i r f ie lds  where SCAN is i n s t a l l ed ;
visits and discussions at the manufac turer ’ s p lant ;  strip-chart records of

actual SCAN-output si gnals , correlated wi th  visual  inspection of runway and

sensor surfaces , runway traction , and disp l ay terminal readouts , obta in ed

during a two-week s tudy at K e f l a v i k  NAS ; study of the manufac tu re r ’s d rawings

and schematics;  review of the l i t e r a tu r e  on SIRC operations and economic

analyses of these procedures us impacted by SCAN ; and cl imatologica l  analyses.

B r i e f l y  s u m m a r i z i n g ,  the p r inc i pal f indings  of t h i s  investigation

are as follows : (a) the SCAN system is designed and constructed to good

commercial pract i ce and could be m ade to meet m i l i t a r y  spec i f i ca t ions  w i t h  a
minimum of e f fo r t ; (b) the radiat i on color , surface roug hness and poros i ty

of the sensors provide only it f a i r  app roxim ation of the runway sur face  and

m a y  g ive rise to false alarms and erroneous indicat i ons of surface c o n d i t i o n ;

(c) there is no doubt tha t  the  sensor can detect the presence of w a t e r / i c e

and provide a re l iable  r icasure of surface temperature ; (d) for at least the
one sensor that  was moni tor ed , SCAN was incapable of de tec t ing  the phase o f

w a t e r / i c e  on the runway ; surface temperature was used to def ine  w a t e r  ph ase ;

(e) in t erms of SIR C operation s , surface temperature  is tile onl y imif o nmna~ ion
Uni que to SCAN ; SIR C personnel  make constant personal  inspec t ions  of runway
surface cond i tions , keeping abreast of current and forecast weather c onditions : - - I

(f) unfavorable experience with false alarms and erroneous indications ,

coupled w i t h  the SIR C sup erv i sor ’ s preemptory knowledge of runway sur face  - .
cond i t ions , have rendered the  surface-condit ion readout s unt rusted , ge n e r a l l y

I
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unnecessary for most i c ing  s i tua t ions , and gene ra l ly  unused at iilWiy ai rfh ’~ds

vis i ted  even though on occasion the SCAN system does provide info rmation on

J icing condit ions which  are unexpected and o the rwi se  und etec ted  by SIRC

personnel ;  (g) surface temperature dat a supp li ed by SCAN can he an import ant
guid e in the e f f i c i e n t  and t i m e l y  app l ica t ion  of i c e - con t rol  chemicals , and

th i s  informat ion is utilized in some SI RC operat ions ; (h) in terms of economics

H V at 19 78 p r ices , t he  SCAN system can be cost e f f e c t i v e ;  the economics of air-

port a v a i l a b i l i t y  and s a f e ty  c%~,’re not w i t h i n  the scope of th is  evalua t ion  but
could e a s i l y  exceed the cost of SCAN owner sh i p.

I n shor t , fo r snow and ice control  on an a i r f i e l d  runway , the SCAN

• system is usually used as all expensive , albeit  cos t -e f fec t ive  and import ant ,
the rmometer. Utilized to its fullest potential , SCAN surface temperature

- ‘ 
information could effect si gnificant savings in costs associated wi th  ice-f ~~

- 
control chemicals and improved airport availability and safety at airfields

where significant quantities of ice-control chemicals are emp loyed.

The SCAN systeni w i l l  not supp l an t the need for frequent  visual  and
t r a c t i on-measurement  insp e c t ion  of runway surfaces;  however , it can on occas io n
provide  advance w ar n i n g  of hazardous  i c ing  condit ions , thereb y enhancing a i r -
f i e l d  sa fe ty  and availabilit y.

Within the body of th i s  report , de t a i l ed  d isc uss ions  of the

e n g i n e e r i n g ,  performance and economics of the  SCAN ice-detection system are

provided in Sect ions  4 , 5 and ~ , r e s p e c t i v e l y .  C l i m a t o l o g y  cons ide ra t i ons

are discussed in Section 7, and a brief review of the literature on SIRC

practices is provided in Section 3. An Executive Summary, incorporating the

pr ncipal conclusions and recommendations derived from this investi gation ,

is pr~scnted in Section ?. Add i t iona l  back ground information is provided in
• Appendices A , B and C.

‘7

-



Sect ion 2

EXECUTIVE SUMMARY

• and

RECOMMENDATIONS

During 1978, Calspan Corporation conducted a resea rch inves t igat ion
of the basic principles and operational performance of the Surfac e Condit ion

Analyzer system (SCAN )TM in the detection of icing conditions on runway

surfac es and its applicability to Navy-wid e use . The res ult s and conclusions

derived from this investigation, as summarized below , were formulated from data

and info rmation garnered from the following sources : si te vis i ts  and interv iews

at civil and Naval airf ields both where SCAN is installed and where SCAN is not

used ; visits and discussions at the manufacturer ’s plant;  strip-chart records of
actual SCAN-output signals , corre lated wi th  visual inspection of runway and
sensor surfaces , runway t rac t ion , and disp lay terminal readouts , obt ai ned

during a two-week operational performance study at Keflavik NAS ; study of

the manufacturer ’s drawin gs and schematics ; review of the literature on snow

and ice removal and control (S1RC ) operations and economic analyses of these

procedures as impacted by SCAN ; and climatolog ical analyses.

2 . 1  Bac k groun d

The SCAN system consists of three separate comp onents: (1) a number

of sensors ; (2) remote processing units ( R P I I ) , and (3) a display terminal . The
sensors , imbedded f lush  wi th  the runways are connected to the RP IJ ’s by a

cable , whi le  information may be t ransmit ted from the RPU ’ s to the disp lay

terminal by ei ther cab le or radio telemetry .

The sensor unit is an epoxy , hockey-puck-shaped disk (‘c~5 inches in

diameter and 1.1 inches thick) which is mounted flush with the runway surface

and comprised of three separate components : (1) a thermis tor  for sur face

*~1an,j factured b y Surface Systems , Inc.,  St. Louis , Ho. 63] 4 i

4
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j temperature measurements; (2) two metal stri ps exposed on the s u r f a c e  for

c o n d u c t i v i t y  measurements ;  and , (3) a p ropr ie ta ry  c o n f i g u r a t  ion w h i c h  measu res ,

I ~ 
via a capacitance measurement , t he  p e r m n i t t  i v i t y  of ’ t he  space  •mbovt ’  t h e  s e nsor .

The desi gn basis  for these measurements  is the  dependence of mea sured ~‘,mlue s

o f  p e r m i t t i v i t y  and conduct i v i t y  Ofl the pre sence and phase , respect  i v e l y ,  of w a t e r

on the sur face  of the  sensor. According to the  manufac tu r e r , measurements  of ’

p e r m i t t i v i t y  detect the presence of wa te r , ice , or snow on the sensor , and t he

phase o f the wa te r  is de te rmined  by c o n d u c t i v i t y  measurements .  S i n c e  t h e

presen ce of che1nic u s  can s i g n i f i c a n t l y  a f f e c t  these  measurements ( ‘, ‘ . g. , pur L ’
w a t e r  has ye i-v low conduct iv  i t y  w h i l e  tap wat er  typ i c a l l y  has a i i i  glu conduct  iv i t  y

each s y s t e m  is  “ c a l i b ra ted ’ fo r  the  most l i k e l y  aqueous che mni c a l  so lut  ion i t
w i l l  encounte r  in ac tua l  operat ion .

T u e  imforin at  ion gathered by the sensors is l)1’ocCSSed at the  r espect  i y e

Rl’U’ s and relayed to the d i s p l a y  t e r m in a l  wh ich  is g e n e r a l l y  l o c a t e d  in a F i r e
ilo use or Maintenance building. The information presented by the disp lay

• t e r m i n a l  c o n s i s t s  of  a f i  Vt ’ di g i t  d i s p l a y  s h o w i n g  .m i r t elnp ez ’at  ure (obtained

from one the rmistor mounted un the  a i r  gene r a l l y  near the b u i l d i n g  com it a i n i n g

the  d i s p lay te rm i n al ) . runway sur face  t t’mpe i-at um - e • anti t h e  i tk’n t I fy i n g  miu mb e r

of the  sensor current  1 b e i n g  mom i t  ~ red . Four u~ 
i-on i m i e m i t  d i  sp 1 , mv i i  Ch t  s i m m d i  c , m t  i mg

the  d is crete s t a te  of t he  runwa y su r f . m c e  a rt ’ mount ed above the 1, 1 ye di g i t  d i s p 1 ,m y

i ’ht ’st ’ l i gh t s  d i s p l a y  either: (I) CILAR ( d r y ) ;  ( . )  W F l :  (3 )  A1 ,Fifl’ ; om - (4) ILV AiU)

( i c e ) .

2. . Conclus i ons and Recommendation s

1 . . The SCAN svs t  em is desi gned and const rimcted to good conime re i a
p i-act ice and could he made to meet m i l i ta ry spec i f i  eat ions  wIth a HUm if llum 0 I
e f f o r t  . I n s t a l l  at ion , howeve i’, i s  haphazard probab ly  i t s  a r e s u l t  of ’ i up m - op ei.

i m i s t a l  hit ion procedures by a i r f i e l d  m a i n t  enance pe i-sonne 1 and , there fore ,
should be performed b>~ SSI pe r sonne l .  I n  addi t ion , t he  i-~id i at ion co lo r ,
surface  roug hness and poros i ty  of the sensors p rov ide  o n l y  a f a i r  app r o x i m i l -
t ion of ~1ie runway surface and could be imp roved to more ci ose ly mat cii the

5
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runway surface .

An apparen t drift in the elect ronics between the RPU and display terminal ,

for the one sensor monitored at Kef lavik , caus ed displayed t empera ture to read
warm er than actual sensed surface te m perature -- a potentially serious , but

correc t able , error for e ffective and timely implementation of anti-icing strategy .

As advertised , the SCAN ice-detection system measures surface

temperature , permit t iv i ty  of the space immediately above the sensor (fo r
detec t ing the presence of ice , snow or water) , and conductivity between two

elec trodes on the surface of the sensor (supposedly for distinguishing the

li quid from the ice phase) . There is no doubt that the pe rmittivity sensor

can detect the presence of water and ice except in situat ions of very light ,

low densi ty snow or frost . h owever , for the one sensor monitore d at Kefl avik ,

the distinction L .~tween liquid water and ice was based solely on surf ace
temperature (sensed , not displayed) even thoug h the conductivity sensor appeare d

to be functioning p roperly. Logic circuitry in the system apparently neglects

the cond uctivity data ,

Ok ’ 16 SCAN-related , runway-condition even ts identified during two j
week s at Ke f l av ik , 25% were false alarms, 25% were fai lures to detect

• or warn of hazardous runway condit ions , 19% were correct indications of wet I
runways , and 25% we re p roper ind icat ions of icin g condi t ions. For two of the

four detected icing events , the SCAN system provided advance warnings which

• p rompted runway inspection and SIRC activities , thereby enhanci ng ai rf i e l d

safe ty.

The informa tion displayed by the SCAN system (i.e., surface
condition and t emperature) is utilized to a greater or less extent at various

• airf ields depending on SIRC strat egy , severi ty of weathe r , demand on S IRC
operat ion s, and past experienc e with the SCAN system . in terms of SIRC

operations , surface temperature is the only dat a unique to the SCAN system ,

and it is generally used. Personnel in charge of SIRC keep abreas t of weather

(both current and forecast) and make routine , fir st -hand inspe ctions of runway
surface conditions ; they generally know current weathe r and what to expect in

the immediate future . At the airfields where SCAN is Installed , the condition

6
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uii ~1 I t a t o  rs .1 l~c’ (tot u’~t’ U un It ’s ’  the y I mU i cute unexp ected I y ; but even then

I , i l ~ t ’ a l a rms am i d  d i ’~c rcp ancies between actuu i  and i n d i c a t e d  su r face  c o n d i t i o n

h a t ’ lead t o  , h i \ t  r u s t  of t h e  l uj i c a t  ion s .  However , an un exp ec ted  i m i d i c ; m t  ion

of • \ i . f  RI ’ or  IIA ARI ) w i l l  g e n e r a l l y  pro mp t a personal inspec t  ion of th e  runways .

if 
S u r fa c e  t empera tu r e  dat a s u p p l i e d  by SCAN , i f  acc u ra t e , can be an

i mpo r tan t guid e ’ i n  t he  e f f i c i e n t  and t i n i e t v  a p p l i c a t io n  of ice con t ro l c h e m i c a l s

a and a i- t’ used t o  some’ e x t  cut by 51 RC Pt’ r sonne 1 . hlo w eve r , the forecast c a p a b i l i t y

of ’ t h e  t i-end in st m rf ,mc e tc-mp erature i~; not u t i l i z e d  to u t s  f u l l e s t  po t en t  l i i i .

E l i t  t c ’ i’lfl~ of e c o n o m i c - , a t  l- po i-t  a~’a i l a b i  l i t y  and s a f e t y  e’o n s i d e r a t  ions ,

t h l ( ’ pro pe l - .mpp l m  cat iou of chm em ie ’,ils is t in ’ key e lement  ~o SC AN u t i l i t y  amid

[ co’~ t t ’ I f t - c t  i t er i t ’s s  . ~k chtai i  i c.i I p i-octeliires arC ~k’pt’iidt ’itt 011 Iue’t eu ro log i c m  I

con d i t  i o n s  and su re not s i g m i m f i c a n t  lv impa cted  b y SCAN . t i m e  c o s t s  of ’ ch e m i c a l

E app i i  cat ion .m re dependent on t 1w si  z e of runw ay to be t reat ed amid t h e’ cost s of
— t ht ’ d iem i cat  th emu st ’ lve~’ . ho t - ant — ~e’ I r ig a 10000 t~t runway , one’ ap~ i i  c at  to l l

o f  u i-e.u co’~t s t . wit t i t ’ omw app I t  cat ion of ’ IJCAR c o s t s  ~ $ .500  I, at 1975

p i- i cc” - ) cite -I l l i c a l  c U~~ t ~ l o x .  de - i c I rig arc 3 t o S t i m e s  gre at er .  Uhus , fo  i’ a

10000 ft  runway  us i m i g UCAR , t he ~m lixm u a  I cost ol ’ a 3 — s e n s o r  SCAN sys ten t  w o u l d[ he’ mat ched by the’ c a s t s  i m i v o l v e d  in t h t ~ f ,t j l u re  to  a n t i -  i c e ’ i n  a t irne l y

m am ine i~ on on Iv  one occ ,is  ion . f :~ r i i  s m i  1 ,mr a i r  lie  I U us i m i g u rca , t h e  cos ts

1 i~~o ived i i i  f ’ ii lu r e ’ t o  ant  I — I ce on t i l l  lv  (t occ~is ions  won hei  eq u im 1 t h e’ an nti ~i 1

.um io r t  ~e~l co s t  of ’ SL\N . S . L V  t u g s  f rom a v o i d i n g  unn e c e s s ary  ~suu ’f~t c e - t e n u p e t - a t t i r e

t - • s_ : ” f : l  or  i n t ’ f t ’e’ct ire ( ‘~u r f a c e’ t e m p e r a t u r e  18 ° F) t O l l S  o f  c h e m i c a l s ,

i f  avo I ~tcd ~ am i d II ,) t i i m le ’s , respect  i Vt ’ l y’ for  UCAR and urea , w o u l d  m a t c h  t he

r .m m mn u a  I cost of SCAN uwne ’ t s i i i p. The econoum CS of s afe’t v and ai rpoi’t

.tx ,u i  l a h u  I i t ~’ we re not w i t h i n  t h e  scope of ’ t ii i~ t ’v , i i u , i t  ion t’ut could eas i l v

- 
exceed t h e’ cost of SCAN o w n e r s h i p.

L 
I n  summary , t h e ’  SCAN sy s t t ’m m i i s  c apab le  of ’ p i - o v i d i n g ,  on oct ’as ion , SOflit ’

advance warn im i g of  haza rdou s  I c t u g  com ic ! it ions , t h e  m.cb y emiha nc  lug  a I cii  e Id s i  let  Y

and av .u I l a i ) i  1i t ~’ . More o f t e n , h ow e v er  • t he  p recurso  r m e t  e ’oro lo  I cal  con.,! i t  l ori s
wh i c h  n i t  i m u a t e l y  g i v e - r i s e’ t o  i c i n g  ev e n t s  w i l l  r e su lt  ii i  f a l s e ’ alar m s from t h e’

- SCAN s v s(  ciii . Since’  a f .m 1st’ a t a rn  r esrul  t s  on ly  in  an UuirwCeSs.m (‘V persona  I
m I m s p e L t  i on  of m’ u muw iv s  by S LRC pe r sonnel  who are’ at ready on dut~’ anti in v i ew  of

t he’ cost s I n v o l v e d  in  damage t o  even one a i i’cr a f t  , t he info m a t  ion p roy I tIed by

7
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SCAN for these inf requent unexpected events , regardless of the frequency of
false alarms , is well worth the investment costs of a SCAN system at airfields
subject to frequent icing conditions and servicing of high perfo rmance aircraft .
The SCAN sys tem , howeve r, will not supplan t the need for frequent visual and
t raction-measur ement inspection of runway surfaces.

A limi ted climatological study was conducted to determine which , 1if any, N aval Air Stations could potentially benefit , based on weather consider-

at ions, from a SCAN system. Of 76 Naval installations , 10 were found which
experienced > 0.1 inches of snow on each of more than 10 days during the
winter (December throug h March) and at least one winte r month in which mean

minimum temperature was < 32°F. These N aval installations and their mean

utiinter season temperatures are as follows: Adak , Al aska (34°F); Brunswick ,
MaIne (25°F); Glenview , Illinois (28°F); Lakehurst , New Je rsey (35 °F);
Kef l av ik , Iceland (33°F) ; Misawa (Honshu Is.) , Japan (32°F); Quonse t Point ,

I Rhode Islan d ( 33°F) ; South Weymou th, Mass. (30°F); and two Antarctic stations

(-1S °F in the Southern Hemisphere winter) . Approximately half of these ai rfi e lds

experience snowfalls exceeding 1.5 inches fewer than 10 times per year. With-

out additi onal experience with the SCAN system , it does not seem app ropriate

to consider installation at airfields with less severe weather conditions

than these .

More detai led cl intatolog ies for Adak , Brunswick and K e f l av ik  revealed

the following: the percentage of winter  season observations wi th  precIpi ta t ion
at temperature s < 32°F is 9% , 9% and 7% , respective ly , for the 3 stations; and

for pr eci p itation at temperatures > 32°F , the perc entages are 27, 8, and 18% ,

respectively. These dat a suggest that Adak is wetter and warme r than Kef lavik

and that Brunswick is dryer and colder than Kef l av ik .  In addition , a runway-
freezing model (i.e., preci pit ation at air temperatures > 32 ° F and subsequent

cooling to below 32°F) b ased on data obtained during the  visit to Kefl avik

suggests that the seasonal number of runway freezing events after precipitation

is similar for both Brunswick and Keflavik (ie., w i t h  upper l imi t s  of 11 and 21 ,

re spectively) . Data are not available for Adak. These data suggest that run-

• way freezing may be as important for SIRC activities as is snowfall , and this was

8 
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I c e r t : i i m m i .~ t im’ dumu ’ imig 0111 a h ’ t u ’ ~ . i t  I O l i s  at  K e l i a v i k .  l u l l S .  t m’on u c i  i m n . i t o l o c l c - , m l

con sj  e le ’(- I ~ ~~~~~~~~ a I oii. , I t  lppe ’.m u - s t t a t  • g i v eil ‘~u if ’t I c  i e m i t  , i  i mc i’ m f t  a c t  i v  i t  , i t

I t, Oiiiel h~ co- - I  e f t ~~~ t l y e ’ t o  m i i ~~t . m l I 5 \ \  s~ - . t e ’n m s at  t h e  lIt r e. , t i m - f i t -t ic of t~l’ t ’ l l t ’’~l

I l m t e ’ r e - t  t o  \ m ~ V amu ~l pe rhi,m p s ~it th e ’ at h e r  f i v e  a I i - l i  e ’lds I ‘. J iho’~ e

I Fiut ,m l i v , t h e ’  u m t  I i  ‘ ,it l out am id mit ’ed of even a pe ’r t e c t  i v —  I t i m u c t  I a u l i m t t ~

St~ \\  cv ’; t em j s  de’p e’mide ’nt out ti l e ’ 01 SS lOll a m i d  at  h u t ’ m ’  s m t ’et V C O I l S  i e h e r ; m t  t o m i s m l

J 
i m i j i v k h m , m l  a j rt ’ie ’ I~l -~. Pa rt  i c tul.mu’ \ ;m ~~ I l l t e r e ’St  c e ’ m i t e m - ’~ on •\.l.i b , m m i d  l i i ’ t i t t ’ i s j . ,’k .

ill t er v j et% s i~ i t h t Ope ’ m . I t i o m ls  pe ’ i ’ s e t u l m t e l  i t thes e ,m i i- t ’ie hd ’ i m i , h i c i t . ,  t h at  t h e u m

re e ft i m ‘ cme ’ i t  s f~~u’ Sf  ~,( l~ v ~~~ V ,~ i i ’ ~
, t i l l  t i  c ult I’ I e ’~~s ‘‘t  i i  u i g c m u m  t ! t . i m ~ i t

f-,e’t ia~ 1k , i~h ti cht I ’ ; Oi l  a ct~T i t , i I 1 t  i ? t ’~’t ’ ~; t m t i t s  ~ i i i  h i gh t e ’ m ’ t t u r r n _ m u t c i  i l l - c- r a f t

\ t  l’. m ’ l i u u ’~t% i c k  , t mt e l  A . ,L ik  , f l  i g h t  ‘-~ c i i i  f r e e h l i t u i t  I he ’ ‘;c he ’~h t I . ,’.,t , m m ’ o u t u u . , L  ‘ ‘i’ i . , t i i ’ ;

rumim ~.iv i c i ng con d it  z o u t s  . hurt he -i’ , t h e ’ P ” ” ~~ Y t r a S h  c m t  t h e s e ’ two , m i i t ’i i’I ds

in~ . , u lv e s  P - ,S a i r c r a f t  w h i c h  can perform e f f e c t i v e l y  , mitd  s a f e l y  w i t h  si gm i i f i c a n t
snow accumulat ion on t lie ’ r u n w a y .  I n  add i t  i out , Aelak current lv use’s no

cht’mni cal for ice cont rol , and B r u n s w i c k  t’st imat e s  a u n uLm I cost  s lot- c h t e m i c a  I s

,mt out lv $1 2000. Bruusw I ck and AJak , t h e’ re fo cc’, c u r r e n t  lv h ave ’  l I t t l e ’ ne’e’d

• for such a sy s t e m .  I n  t i m e s of m i l i t a r y  a l e r t , when t h e  st rat eg i c  inuport .tnce

c~f these  .mi rt’ic ids is e m i c m ’ eascd , such a svst em could a f f e c t  - t  s i  ~ u l I ii cailt
imnp r ov emm ient in  a t  r f i e l d  a v , t i  l a b i l i t y  and s a f e ty  as well as reduced c a s t  s t a r

i c e ’ cont ro l  chemica l s )

- 
i~e’ a m e’ not fain i i i  at’ enough %~ i t  ii t lit ’ ml s s i  ou t s  of t i l e ’ t lit’ r f ’ I ~ e’

I rf id Jc  l i s t e d  above t o  be’ tb Ic t o  mn a kt ’ I i i’m re’conune ’ne hm t  t o l l S

L.
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Section 3

LI TL~RATURV RFV I E W OF RUNWAY TRACTION ANAG EMrNT LJN Dh R ICING (2ONDITIONS

3. 1 Introd tt ct ion

Any am oun t of moisture , frozen or unfrozen , on a runway surface can
be cri tical to the manageability and safety of aircraft. At speeds where the

pilo t can still con t rol the airc raft throug h manipul ations of the thrust , flaps
and rudder , tir e t ract ion is not critical . h owever , below a crit ical ai r—
speed whi ch is dependent upon aircraft type as well ~LS crossw ind condi t ions,
it is esseu tt t a t  that t I re’ t rac t  ion he sufficient to allow the pilot to direct

and stop the a ircraf t . W i t h  more modern aircraft , this cr i t ical  speed has

climb ed highe r , requiring that runway surface s be in better condition ( i . e . ,

mode rn aircraf t are more susceptible to loss of contro l on icy or we’t runways ) .

Ai rport managers , both c i v i l i a n  and military , have responded to this need by

an es ca l at ion in  the use’ of expensiVe’  atit! sophisticated snow and ice removal

wtd ion tr o l (S IRC )  equ i ;~nent as w e l l  :is the use of chemicals.

In an et ’fort to miI1 in l i~ e’ the ’ expense involve d w i th  SIRC operations ,

man)’ it i rport nian agt’rs a rt ’ in sta l l ing ice’ d etector  sensors in the runway ~urfa ce.

It is their hel id las wel l as being h e av i l y’ zmelvt ’rt ised by manufacturers ) t ha t

t he ’ appi  i cat 1011 of expeuis ly e ’  chemic als  may be’ avert e’d in several instances per

year when the> won Id cit hi~~i~~jst’ have been app 1 it’d fet z’ cenm eli t iouts outs i eI~ the i  r

operat ional range.

3. Measurements of Runway Surface’ Cond i t  t o u t s

• Tract ion

Meastirements tif the r iutway surf ace conch t ion (i e’ . effect ive

t Fact ion c o ef f i e - t en t  ) are’ of part icu l ar  import ance in ascertaini ng the

i runediat e’ riced for Si RC operat iomis as w e l l  as a qu~u~t i t  at ly e’ c r i t e r i o n  for 
I 

-

detei~i in ing  t h a t  StR ( ~ operations have beeui e’ ffec-t ly e  and are no longer

necessary . I r i c t  tout measuring devices w h i c h  are incorpoi’ateei i n t o  groumid

vehicles or towed behind t henu at preselected speeds represent the most common

10 •
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[ method for  chat -act  er i :ing the condit ion of runway sur faces  ‘I’wo s tuel i es
( h o m e and Tanner , 1968* ; and Sugg , 1968**) joi n t l y  funded by NASA and th e’

Bri t ish M i n i s t r y  provide extensive i n f o r m a t i o n  on ava i  lahie dev I ce~ of t h i s

type . Un for tuna te l y ,  none’ of the devices has been accepted as a standard

L mean s of assessing the conditions of a runway surface. As a result of the

u~ t’ of d i f f e rent types of devices ( i f  any) at various a i rpor ts  or N a v a l  A i r

St at io n s , p i l o t s are faced w i t h  q u a n t i t a t ive in fo rmat ion wh i cit may or may not
be cons is tent  w i t h  that  provided at other airports.

I _ A comnp ari son of ruuiWay t r ac t ion c oe f f i c i  cut s  (as incas tired by

- MI J— Me t er s and Tap ley deviCes) w i t h  runway condi t ion ( It(’R) ~LS une asured by a

James Brake ik’celeromneter , along with equivalent b r a k i n g __act  100 and i utcrease’d[ st opp i rig distances for F—4 a i r c r a f t , is l)l’ot’l(le’(t below:

f Traction Coefficient vs. RCR

App rox.
— increased( 

- 
StO 1)j ) i f l t .~

M U—Meter  iap lcy l:e~u iva1  cut hi t - ak i  ng eli st unce
\‘a lue  RCR Act iom i for F~ 1’ s

~ 20 (oud 1 O’~
0.39—0.36 54—63 16—19 (ooel—Fair I 5~[ 0. ~S-O . 30 36-51 10-1 ~ I :~t j~ ’ •I~~ I

0. 2 9 — 0 .2 6  25—32 6—9 Fai r—Poor

I 0.25 22 ‘- 5 Pout’ 100~

~ • Ice Detectors

The two most i mportant  factors t ita t  de termine cri t i cal mu u tw ay - s~m r f a c e

[ condi t ions  are surface temperature  and the  pr esem ice cli mo i s tu r e .  The su r f ace

r *hlo rne , h’. 0 ., an tI l .A.  Tanner , 1968 , “Joint NASA—lIn t sit M i n i s t r y  of Technology

I Skid Cor r elation St udy :  Results front funeri can Vehi i ci c’s ,“ P av eine m lt  Grooving
and Traction Studies,  NAS A SP-5073.

. **5~~ç~~~, R.W. , 1968 , “Joint NASA—Brit ish Mini stry of Technolog y- Ski ci C o r r e l a t i o n
F ,  S t u d y :  Resul ts  from Br i t i sh  Vehicles ,“ Pav emmient Grooving and T rac t i on  S t u d i e s .

N .~SA SP— 5 073.
Ii
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tem perature is general ly measured wi th a thermistor buried s l ight ly  beneath
the runway surface. Tech niques used to detect moisture are less general and

may consist of measurements of conductance , cap acitance , t emperature changes ,

humidity, or optical properties of the runway surface. If it were not
difficul t enough to determine the presence or state of moisture under ideal

condit ions , the problem is often significantly compounded by dirt and oils
and by the use of chemicals whose concentration can directl y af fect any or all

of the above measurements.

A s tudy performed for the Federal Hi ghway Adminis tration (Glauz et al ,

1971*) surveyed some 22 devices which were developed for the prediction or

detection of ice, snow, or frost. Of these 22 devices , it was determined

that six of the devices merited further evaluat ion. The report discussed

th e design of each device zs well as their inherent limitations . In this

context , it presented an exc~ lle nt overview of the ice detection systems I 
-

and the t r ibu la t ions inherent in such an evaluat ion .

3.3 Procedures (Techni ques) for the Removal of Snow and Ice on Runway s

Airport personnel can attempt to a l lev ia t e the symptons of snow
and ice on a runway surface by one of four basic t echniques : mechanical
removal of the snow and ice; app l icat ion of abrasives ; app licat ion of
chemicals ; or , heating of the runway surface . The use of any of these four r
possible act ions is governed by:  (1) avai labi l i ty  of equi pment and man-

power; (2)  ava i l ab i l i ty  of abrasives and chemicals;  and , (3) the priorit ies
of SIRC operat ions .

~bst airports and Naval Air Stat ions have established standard

operat ions procedures (SOP) for SIR C operat ions. These SOP include routine

runway inspections whose frequency is generally dependent upon the current

weather forecast.  In the event that snow or freezing preci pi tat ion begins ,
the crews respond in an organized man n er to maintain an open runway . General ly,

the org anize d a t tack on snow and ice fol lows a writ ten procedure speci f ica l ly  
-

~~ I 

-:

*Glauz , W .D., 1971 , “An ice and Snow Detection Warning System Feasibil i ty
Study,” Meteorology Research Incorporated Report No. 3394-E.
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out lining the methods , individual  equipment and equi pment team s which should
be used to opt i m i ze results. Publi sh ed procedures (such as Tighe , et al ,
1971* ; and AFM 9 1_ 14**)  are available to recommend SI 1tC s t r a t egy  for a

L . variety of runway priority-type situations . The Navy does not have a standard

manual with recommended SIRC strategy , and, consequently, SIRC techni ques

vary widel y amongst Naval Air Stations .

r Most airports which experience significant snow during the winter

seas on h ave at leas t a tok en f orce of SIR C equ ipment . Such equi pment collec-
- - tions may range from one pick..up-propclled snow plow to a fleet of snow

• blowers , plows , graders , sanders, and brooms . Althoug h the economics of

SIRC operat ions are certainl y a l)rime factor in determining the quan t i ty
as well as quality of SIRC equipment , safety considerat ions and priorities 

I
- - -

of the airport are also import ant.  For examp le , if an airport is unconcerned t

about closing fo r an inde f in i t e  period , SIRC equipment is kept at a

minimum . At Naval Air Stations , the strateg ic mission and type of aircraft

served are prime considerations in the intensity of S1RC operations .

Probab ly the most common method , and in many cases the most
ef fec t ive , of SIR C operat ions is mechanical removal. Of the SIRC annual

budget at eve ry airport , the cost of manpower and equi pment is by far the  l a rges t
si ngle expense. For a light snow covering, brooms are s u f f i c i e n t , but for

heavy snow , J)lot~S and snow blowers nay be necessary  to open runways . The
amount and type of equipment rc((uire(I by a particular airport or Naval Air -

‘

S t a t i o n  is dependent upon annua l snow fall amounts and the mission or import ance

of the airfield. The tremendous CX~~C fl SC resulting front the closing of a l arge

commercial airport often leads to an abundance of SIRC equipment. Likewise ,

Naval Air Stations which provide a vital defense role may devote significantl y

more money and effort to SIRC than a less strateg ic Naval Air  Stat ion .

- - *~ j g~~ D. J., L.A.  Garlan d , and J.C. Caird, 1971, “An Analysis of Airport
Snow Removal and Ice Con t ro l ,” Federal Aviat ion Administration Report No.
RD—71—20.

**Ai r f ield  and Base Snow and Ice Removal and Contro l , 1971 , Air Force Manual

~

u. 91-14. 
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The use of abras ives (i.e ., sand or g r i t )  is general ly  held to a
minimum in view of the potential dam age resul t ing from ingestion by jet
eng ines. As a result , their  use is general ly  res t r ic ted  to ramps and t a x i w a y s .

themicals are experiencing ever increasing usage in SIRC operat ions .
In their  mos t obvious app ili cat ion , chemicals are applied to mel t  ex i s t i ng  ice

or racked snow on the runways (de- ic ing) .  This type of appl icat ion is reserved

for frozen preci pi tat ion which is not eas i ly  removed by brooming ; the  me l t i ng
action of the chemicals creates pools of li quid on the run w ay which e f f i ci e n t l y
collect blowing snow an tI can potentially magnify an existing problem . The use-

ful lness  of the chemical to melt frozen preci pi ta t ion is l imited to temperatures

greater than the freezing point of an aqueous solution of the respective
chemical. Since runway surface temperatures are not common ly ava i l ab l e ,
est imat es of the runway surface temperature are generall y based on the

measured air temperature . Consequently, it is poss ib le  t hat costly chem ical

may be applied when it will be totally ineffective.

Chemicals may also he applied prior to a precipitation event to - -

prevent expected precipitation from freezing or sticking to a below freezing

runway surface (anti-icing). Such applications are less frequent than de-

icing since runway surface temperature is generally unknown and the probability

of predicted precipitation completel y missing the runway is finite. On t h e

othet  han d , anti— icing can be attractive because significantl y less chemical

is requi red to  prevent icing than to e l iminate  an existing icing problem .

Two types of chemicals are current ly emp loyed at airports -- urea

and eth ylene  g lyco l—ure a  (I J CAR) . The former is usuall y dispensed as a sol id

mater ia l  (pe l le t  or pohder) , the  l a t te r  as a li quid. The select ion of one or

t he other chemical (where both are ava i lab le)  is a funct ion of the surface
t emperature and , in  the case of urea , wind conditions . Urea can be employ ed

when the surface temperature is above -9.4° C (15°F) .  At lower surface

temperatures , the urea-water mixture w i l l  form an undes i rable ge l .  Urea

application is not practical when wind conditions cause the urea to be swept

off the runw ay . UCAR can be ef fec t ive  when surface temperatures are as lot ;

as -18°C (0 °F) . I ts  application as a li quid is largel y unaffected by wind
conditions .
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Ilte econoin ics  of t he use of c-h em c;i is  lwhuse  cost  per app i i  cat  ion
on on~’ runway may run i n  e x c e s s  of ~~ OOt1) cam i  I ~-;~ l I he j us t i fi Ca I i o t i  of

cv e x p e i i s  I Vt ’ rtmnw iv s tirve l I lati cc - m s  t ems . Pri~kh Iv t h e  h s  t i i ’d I i oi l  o

t h e  need of an expens 1 Ve runway s urvel Ii ancc sy s t e m  is  t he ZU1IuI~ I I I d C  - t  t o t ’

i c-a is. It is ri-asonahl e t o  expe ct  a s ay  i fin s of a f~~- i ~ app i i c i t  i o i ls  of

c h e m i c a l s  f r o m  improved ru flw :lv s t i r v ci  I hint-c , and i f t h e  mon et  at -v say

can cover  t h e  amort i :cd tOst of t h e  s u rv e i l l a n c e  s \ s t i r i , it is P roha l - l y a

~ood irives t n i e n t  . f tn .e~ & r, it is  a l so  possi  b i t ’ t h a t  i ncr e a se d  siirvei I lance

o t  the runi~ tv ra y t e s i m i t  i n  lie applic a ti on a t ’ chemic als when t h t v  tsoiild

at  hi ri~i s c  n ot  have  been app I i  i d .  l~hi Ic t here wit 1 cx st an i n c  i’ cas cii I ~ e i

~

L - - 01 - - a f ~- t v , it m at -  or m ay h o t  he ot’sc rvah Ic and t h e  cost  at ’ c - I R I S  I c-a Is w i l l

i i ~~ c - The ri’sii it con Ed he a ii e~ at i ye  i’ct urn on I ia su i~~ c 1 11 an c- c - st  5 1  c-ni .

lit c-h al - c Rd flI)et l 1w a la i t  i n~ sys t en I OL it id cu -~ Ii he

i l I h \  5 ih’f dc -i’ p t-at ide the n it ~~~~~~ i’ ~ sii ~c. S nc -h svstem~ Ii Ic - ca l I V  m e l t

S l O l s  and i cc t i’oSI t iii iiiin5d y S u n  i c - i -  - ftc pt- i macv  ii isii dy; tnl a~~c to t hc - s  e

-
‘ 

s t ens is cost  - i i  c -v  i- e,~i i  i i c -  .1 tr emendo u s  i n ve s t m e n t for uls tall at i ofl and
L o n s u t m e coo n o l i s  a n ot imi  t s of  t ’flc- c t  1 a heat  t h e  runwiuv s u v f a c - c -  - It is pass i hi c-

- a t such svs t ens isoU 1 ii he c- canon i c - a  l i v  f~- i s ib l e in b c-at u ons whe re there

X is  1 s a Vi u-v cheap i i  c- r~v Sal  cci e. - , g cot he m a  I en e ri~v ~
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Section 4

CONCEPTUAL OESIQ’I AND ENGINEERING EVALUAT I ON - ‘

The Surface Condition Analyzer (SCAN ) tm is an instrumentation system

for indicat ing and, to some extent , predicting the tractive pre~..rties of an .1
airport run way*. It comprises sensors imbedded in the runway , an air tempera-
ture sensor, a readout and control console , and equipment for communicating

the sensor readings to the readout . A number of circuits serve to interpret
the sensor readings and to generate output s that are of immediate interest
to airfield snow and ice contro l operations , e . g . ,  readouts like WET , HAZARD
(Ice) . ALERT or DRY (Clear) . The current SCAN 7000 system and its predecessor  -

which also included a water-depth sensing capabili ty are p ictured in repro-

ductions of manufacturer ’s l i terature in Figures 1 and 2 , respective ly . In 
- 

-

¶ this Section , a general description and limited functional analysis of the - 

-

SCAN 7000 system as it existed in early 1978 is presented . (The manual for

SCAN 7000 , including circuit diagram s , is reproduced in Appendix A. )

Re ference is made to certain earl ier  or proposed configurations , where

appropriate.

4.1 Ser~~~rs -. -~

Four parameters are measured by the SCAN sensors : Air temperature , -

which can be taken almost anywhere on the ai rport ; the temperature just below -
~

the runway surface; the electr ical  conductivity at the surface; and a measure -
~~

of the permittivity (dielectr ic  constant) of the region immediately above the

surface . Temperatures are measured with thermistors that typ ically yield

1~
*Or . in related appli cation , the slipperyness of hi ghway surfaces . The device
is manufactured by Surface Systems , Inc. (SSI) of St.  Louis , MO , and we wish
to acknowledge the cooperation of SSI in supplying some of the information and
figures used here .
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SCAN 7000
Highway Condition Surveilla nce Syst em

— Real Time Monit oring of
Hazardous Conditions

- 
• Increase Safety

Optimize Manpower
• Min imize Salt

Usage

—
.

Highway departmen ms are finding it more screwdriver are all that Is requited Warm ~, “ sor is eliminated and therefor e
of a necess ity to maintain careful and weathe t testing of sensor , logic , t e lemetry/ re liability greatly imp iov ed s ince l ire
instantaneous surveillance of bridge decks , telephone line and monitor is accomplished system is not melting or evap o ratin g wii ii
tunnels and roadways during winter by a single switch, it is int ended to detect. Su ita ce
because of increased traffic , continuing tempe ratur e is also illo as urerl by a hujli
emphasis on highway safety, higher
maintenance costs and the need to Reliable Operation accuracy thermistor in the senso i heart

minimiz e the use of salt , Sensor In pavement senses sur f ace Inf ormation trom the sensor is p roc es sr ’ t
Surface Systems , Inc n o w has available its temperature and surface co ndition. These fl th e remote piocesso r unim and is t ’ rl t ’ l
new SCAN~ 7000 Series highway condit ion signals are processed in the remote Onto a 1 ,000 hz tone tot radi o te lemet ry

processor unit near the sensor end then or telephone tine t ransmission to thusurveillance system. The system includes transmitted via telemetry or telephone line monitor The display monitor is desig n eda A) remote processor unit (RPU) and to the display monitor Air temperature is to operate with a maximum of an m u dl)roadway sensor B) display mon itor , C) sampled by a sensor located near the telephone line loss with an input levelradio telemetry link (not sho wn) displ ay monitor. The monitor displays into the line at the sensor location of (I
- -1 The system displays on its moo ito r air surface and air temperature in dig ital form db No inter f ace equipment is requi red

temperature , surface temper ature and Surface cond itions of “ clear ” , “wet ”, data transmis s ion The SCANW radio
surface condit ions of “ clear ’ , “ wet ” , “ alert” or “ ice ” are displayed by colored telemetry system consists of an FCC ty pe
“ alert” or “Ice ” of a bridge deck , tunnel tights. The conditi ons of “Clear ” and “ wet” accepted one watt or 25 watt output
or roadway at distances up to appros imately need no explanat ion The “ alert” condition trans mitter and a matched receiver it,,’
50 miles via the SCAN” telemetry system Indicates a hazardous situation is system operates in the 150 Mhz to tTS
Tel ephone lines can be used in place of beginning to occur caused by two possible Mhz band At the monitor , the 1 000 Ii:
the telemetry system it desired wifh no condition s: 1> light frost beginning to form modulated tone is decoded and lhe
interface equipment required The system but not thick enough to affect traction; 2) information is d s pt ayed by color ed lighls
also includes a relay to operate motorist solution of waler and salt f ust beginning for surf ace cor n J i ti o n and LEO digi tal
warning signs at the sensor location if to free ze which is generally in advance of displays for suifa ct ’ t en n p r. ra lu ie. The
desired. A “ system operate ” relay is also actual freezing on the pav ement. Thi s Is n,on itor will sequentially displ ay
included i-i alert maintenanc e if the system accomplished by a sen s ing element on the information from one thr o ugh fiv e sen s or s
has become inoperative sensor surface operating at a lower with a sampling time of app ros im a le ls It)

temperature than the pavement “Ice ” seconds pen senso r An Sudils ir ’ tOnic ~ i a t un ~
Easy Installation indicates that a hazardous situat ion esjsts i s included for the con dition , of air -nt  - or

caused by heavy frost , frozen packed sno w ice . This alarm can be de -activat ni d on
The sensor is easy to install in brid ge deck or ice . Th ere is an audible alarm on the the I icrnt of the monit or panel
or roadway because of its small size — monitor that actuates for condit ions of127 mm (5”) diameter x 29 mm ( 1 ’ s ‘) “ alert” or “ice ” The monitor h~s the The total system has been t’nqinr’r- r’ ri to

minimize the e?t ~ct~ of lightn 1g, Ideep A concrete saw or core drill can be capab i lity of continuously monit oring up system ha, been designed to oper at e inused to Cut the hole for the sensor, Any to five sensors in  sequenceacceptable epo sy based adhesive can be the presenc e of all types of hig hw ay it - i’
used to set the sensor head permanently Control chemic als,
in the pavement The re mote pro cessor Low Maintenan ce
unit can be located up to 150 meters Other than a s in t pte annual inspection(492 feet) from the sensor. Input power , during the summer to test the se nsor ,tele metry transmitter or teleph one tine and logic , t elemetry/telephone tines and Surf ace Surveillance systr ’ rrrs for hnghe iiswarning sign circuit is then brought into monitor , there is no maintenance requ ired . tu rd airports are our principal hiounrr nrythis unit It is recommende d the sensor SCAN.! sys f errrs are operating or, high -head be located between the wheel tracks ways and air f ields thr ougho u t Northin the least traveled lane. How the America and Europe. Names t urd

System Works addresses of highway ciep aronrm rs r,srr’ ,jSimple Alignme nt me system detects surface con ditions by these Systems are available upon ;e.qri.’nr
At ignn lent is simple. Alt test signals for measuring the capacitance and This systenr is protected i,nrdtrr U S Puifn ’int“tune up ” are built into the remote conductance of the precipitant on the Nos. 31173927 and 38823111. Other ( I S  r r’I lprocessor unit A voltmeter and small sensor head. With thi s method , a heated foreign patents are pending

U.

SSI surface systems , Inc.
p.o. box 9927, saint louis , missou ri 631221(314) 822-2679
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With the 11111) . 051 ~‘t runway downt ime Operation Tt iu unto ,mation from fhe sens or ism d  s’ r ’ , 0111 , 11 hry nni,- ,ils and tIne processed in the remote processing unit inncofl hinu inq r’ rn i 1 t),i’,i’j On Is i,il urn S it,’ ty Sensor ir~ n i t  ,‘rnir ’ in I sd isr ’S sun l it  0 which an output is connected to a signal.urr p 1 r r t  nnn .i ni iq,’r rn i nit s un,’ it’ ,rii ,iinn ,1 temperature . sui l,ut ’t ’ condition rind w ater line b r  surfa ce condition (‘ ‘ clear ’’In,,’ rrr ’r ’ r.i 0) i (Irr l jnni j ,r i ,~, ~ rironitor n ir rne ’ ,iy depth . Thesr’ signals ,irtn processed ili wet ’’ - ‘alert ’ ’  or - - i t’ ’ ’ I andsurt,i~’,’ ~innntlit,~ r,c 1 ntis is p u r t i , - il.uil y the remote processor unit near thu surface tempe rature A separatetrue duninq rv inter ae’ ,rlhr ’t and pr Ods runway and then tra nsmitted via signal signal line is required for water depthI nr ’,rs~, r,i irn lines to the display monitor . Air information No interlace equipment  ist u  - ‘ - I rn - I ~~ 
- u ‘ i n  • I temperatur e is sampled by a sensor required fo r data transmission , it ism d  ‘I~ II 

‘
t
~ 

~~ i - , located near ti n ’ display mon for. The nc I rrded in the remote processing urn it
It iii I 0 IS monitors display Surtace and ai, and the dr’.play monito rs At the monitorIi ( n I l  r AN  ~~ . AN MI I nn n~ liii tn digit ii t r im  Surface end the signals ii decoded and the

I i i I I t h u  i rind iii ii f clear wet u i  it inloninatuon di’~play~d by colored ligf’itsi n  I In i t  nr in I t ,  inn i critical Wa ter it ~tin a r e  b r  surfa ce condition and critical waler- - ~1 t I  dispI ,uyOd by colored lights. The depth . LEO displays are used for surfac eTI n , ’ n.y s Ir- r n rlin,p l,ry on its flionl iOn, s u n  con ditions of - clear ” and “wet ’ ’  ned ni1 r temperature and air temperature The4 t t ’fiipr ’r liii,,’ ~urI. icu’  ir ’irt1ri ’r , u l t j n i ’ nix plani,rnloni - Alert ’ indicat es a sol utIonr runway conci i l ior r— metuporature monitorr,W t,t i r ’ condition d c i  wØt , a le r t  or i ( t ’ l  of water arid ,‘ Inn’ iri ic ’,ii lust beginning will sequentially display intmntationand  ~n ilr ~ ,rl e , it rs depth fo r hydropianirn~ t~ t ie~z,’ This is gonera liy in advance ot front one through f ive sensors with aThis irnfort nna tion c ,unn be displayed fo, actual t r r ’,’:innq on the runway. It is sa m pling time of approxim ately 10one through f it ,’ igc.ltions curl .r single ,ni’t’tnnir t r li sin r~d by ,u sensing element on seconds’ per semmso r The wa’et depthntrnne , ry or Combination of rir ntways lir,’ sr’ nistr r opi’n~ufi ng at a slightly lower monitor disolays Infor mation from eachHavurng it ,uil ,u trk’ this j nfor nn,nI ion pen rn nit s I n - m n pr’r i to n t’ than tit~ pavement. - - Ice ‘ connected sensor instantly andport nnr , inr ,iqe r nn, ’nnt to I u’duc, Uidii.’ itt’s tr ocen , pachtrd snow or simultaneously Audible tone ala n m i s  are.i i’ Iy 1 , 1 0 1 1 1 1 , 11 t lr, ’ mnirt ,il nis, r i Ir ’ ri-i’ [ Ire ne ’ Ire ,ut idj hl r ’ ~la rnny on the irnc’ludi’d Ion the conditions of ‘‘ alert ”.,inn 1t t in knøw immediately when ,u monitors that adlir , inr ’ I~ t con ditions ‘ i~~~
’ ’  or c r i trc, r l  water depth Thesetnydnoplanrng hi: ,ind esist on ,r runway - of - ‘~ Ie’ n I ‘ . - -  icr - or cr i t ical Water depth - a lan tnt, car l be de-activa led on the t r hrnnThe SCAN TM system w in. ilr’ti ’ ltrpe’i l The cn i l i , ’ai water depth as determined by of the monitor panels .ni ,’;’ 5 ,1  has irr ’,’ni tested , i rrd l~iIm5l ’ itt it lsr . ,iiCil prOgriri rns ~t NASA in tl FAA

,‘onn i r nuous i s ’  it .u nn j r n nn l r r ’, of ,ui rpo rls is beta r un, t .3mm 1.05 1 antI 2.5mm (. 1 ‘
~) I i re  total sysl t ’ r nn tras br’ern en gineeredin th e United Sn , r l  r n ,  ,irrd C,unn,iil ,i Th~ hydrop laning alarm t ’,un n be se~, to miniurnice the effe cts of lightning TheWu t birt the range of 0 to 5mm 2 I 01 system has been designed to perf rrrnn h rInsta ll at ion tnt  W i le ’ r ,lr’irtlr l ii’ monutoi s ln,~~,’ t h e  In,’ p u’ nr ent- u of alt types of m i ni w ,iy

‘ 
The senn ’t5 n n is h e y  to in st ill in ll, nrts ,i~ 

i’.ip.ibility nil i onr ti nn uouS iy ilronnilo n iing n o  i,inr t or l  chentlcal, such as e’ n Inyle ’ nnt ’i i t Its small r: I up It Ii sensors in su )Ur no t glyco l 1k rtnol s arid Urea Ttti s is
i~~”) dramett r s2 9 mm i t ’ , I accomplished by Ii compensation c t:iIriilt’r’p A r rrn ,  I ‘ii’ s ic  rn i i’  u n  i l l  i .ini Maintenanc e that is activated by the presence 1)1l’e’ is,’,1 hr i ul l i re ’  In, ’ lu ’  or In,’ 1,i ’ f l 1, , I chemicals on the sen sor head throug htAny , i , t ,’~

r I .i t r l  e ’ ,‘pur v~ lr ,u’ ,,’ ,t ru I n ’ , It ,’ Other fharr a mrrr pi, ’ annual irmspectrort flue fltCasur OrTienls of Capacita nce andc.nn n In, ’ s i  i. -ct Innt ’~ .,’ in,, ’ u ,- , d  to test the sen sor , linqic , telephone lines Conductance.lm ’ mrrn,mu r e r r l l y ur n in,’ t o  r ’ m nr i ’ n n t  Thc i,’in, I r ’  arid rr loniil inn - tin,’,,, is no nnl,ui rntenannce
III, ., 11, ,,, , unit , ,~~ 0 - _ Odd ~, nu ’ t in rn i ’ d  1 lne s~ sls’ mr n is rnr odti l ,mi inn that it cai n [a ’-Il m m l i ’’ - ~~~~ 

f ee t )  f ii rnr n t h e  r,r ’ r n s,r n used as a ru irw, uy corrdi t ion—tc nrperahtr neSnl ’t it r l t ’er ’r .m r r , i  sr , jnn ,i i l iii’,, are tht ’tt .. system only, a water depth alar mlIr .1,i qtnt  info the u n i t  I t  rs i i ’ , ‘‘rmnnnenndr ’rI ~~~~~~ ~~~~ system on ly or both as pictured a lnore ’t t r , ’ ’ -,i’ ni st ir Ir e ’, I be lii,’ ,il,’1l 5 1 1  vu,, ,ilu’l y System Works
t~’ n) 140 from nrrnra ,r~ c,’rtt ,’r Iso’ [he sysl , ’ n nn ilr ’Ir’ i’Is Tunt ,n ,’r’ conidiliotis by 

-

All nnn,’ ,asi, n i m p  the t’,mlr ,u,’itance annd SS/T M developed (m rS iii str ’ r r  in 1972,gn men u’rnnrd mii ’ I,inc,’ itt lInt’ pn 01’ p n t a n n l  on t I ne Wr , i t lrer survor/ Iartce systems are ourAliqr,nnent iv sr i rr I i ’ Al i t,’ SI n . i ,n rn ,u l s  I,’, si ’ m nsi rn lri ’,td With Iris in re’Ilnoij . 1 heated /‘ rr’ ,— u f ’a: busrnness Names arId addressesIonS ’ up’ ,inr ’ i m u r i t  n O r  the r, ’ rnntO, ’ i r ’ n r rsn, in i’ l i rn , r r , , r t , ’1l m i d  Iirr ’r, ’ Io rer tnt ,ulrports using t l r e ’sr’ S~ St r ’nnns ,ur m ’I, ,ri ,‘s ’,rn unr rt A voltmeter inn ii sr5,uii ni sib, l int  greatly in mn pn tnt dii since 111,’ ,iv,o l,itnle ignont requestsu ’ n , ’a , l nr tr ’r inn ’  ill that is I ,‘, I t j r r r ’il ry, , t r ’ rnn rs not melting or evaporat inip whir lTi ’ n ’ t r r n l l  r m I n,r ’in ,,1r , Iurqi i ’ Siqrn,ii t une, It us i , r t r ’ r n , h i ’ d  to dm’S’,’I Simi facu This system is l’r,’I,’i’Ie’~ inder U S,inril n lh ’ i r r t , r r  IS n i t  ,Imnr l I l I s I r e ’tl by Ir’nt nt r r ’r, itur e is ,ulst t r m nr ’ ,r~ u mr ’d lny ,r I, r, i lr P,ro,,nt No~. .iji7.r927 and ni$il; i~i I (‘-( t m ’,‘ I l n i l le ’ sw ulch. ‘iu t irn .u, ’y the rttt i s t o r inn Itt,’ Sr’nsor h e r d  US, and bore nrgrn lrdfe ,nts are pendrrrg
U inn

551 surfac e syst ems1 inc.
p.o. box 9927, saint lou is , missour i 631221(314) 822-2678 
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a quite reproducible temperature-dependent output with a scale of a few tenths
of a volt per degree Celsius . The primary sensors of the SCAN device , i.e.,

for runway surface temperature , permittivity and conductivity, are imbedded in
an epoxy, hockey-puck-shaped disk which is mounted flush with the runway

surface.

-
. 

- I The permittivity of the space immediately above the runway surface

is measured with an AC bridge circuit, app lied across a proprietary sensor

configuration encapsulated in the sensor. It is reasonably certain that

Figures 3 and 4 provide an adequate representation of the actual sensor
arrangement. A test plate (P1 in Figure 3) is mounted near the runway surface
and above a guard plate (P2). A voltage follower senses the potential on the

test plate and applies the sane potential to the guard plate. The capacity

• 
from the test p late to the ground below the sensor and the elect ri c f ie ld
in that space is effectively removed by this stratagem . If the guard plate

has the shape of a bowl , as shown in Figure 3, the electric field above the
test plate is substantially vertical and passes through the plane of the

runway surface. The capac ity (CAm) of the plate in air or vacuum (in pico
farads) is very approximately

C ~~r
“-U

with respect to a charge at i n f in i ty ,  where r is the radius of the plate (in
centimeters).

As shown in Fi gure 4 , a generator of a l ternat ing current can be
connected to the test  p la te  (point A) via a small  capacitor (CT) . The p late

potential can be measured conveniently at the output of the vol tage fol lower
(point B). I f  CT is chosen approximately equal to CA ,  the voltage out of

the follower is about one-half of the generator voltage (e
g
) the sane as

on the centertap of the bridge next to the equivalent circuit of the sensor
head. An AC voltmeter (shown for simplicity as a brid ge rec tifier and meter)
would read zero under this condition . If a dielectric mater ial  is now heaped
on the test plate , its capacity wi l l  increase , because it may be thought of as

19
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Figure 3 INFERRED CONFIGURATION OF PERMITT IV ITY SENSOR
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be ing half Immers ed in the d i e l e c t r i c .  The l,’~ br idg e  ann h a v i n g  increased ,

the voltage at ~ w i l l  be loss than h a l t ’ of ( u )  , and the meter w i l l  i n d i c a t e

a Voltage .

In the ScAN instrument , thin layers ~ t’ w a t e r  ( d i t ’ l c e ,’t n c  c 0 n s t . t u t  ,
K • 88 at O’C . 80 at ~~~

•
~~) 

~~~~
. t h i c k e r  lay er s  of Leo (K I .~ to  ne ar  80 ,

depending on wat et -  c o n t e n t )  ~~~~
. snow (K a 1.0 to  those  of i ce) w i l l  cause

equal indications. the c ipac i t  ance (C~~ sen sor . b y l l t e a s t i t ’ t l t g  p e r m i t  t iv it y

is , the re fo re , in tended to d i sc e r n  th e  e\tstonce , rather t h a n  the kind and

cend it LOft • of p rec i pit at ion on the runway s t i r  f a r .’ t’

Conduct i~ i t s -  • between tw o s lal u shaped s t a i n  le ss  s t ee l  or  None 1 400

elect  rodes (Fi gure Si imb edded in epoxy e.s(’e’pt on r. nlt e t a c e  t hat i s  p l aced

f lush  w i t h  the runway surface , i s  measured with an AC bridge s L tn~ l a n  t o  that

provided in  the N a t  t o n a l  S et n i c o n du c t r ,u r  IN i8~c0 F l u i d  D e t e c t o r  I nt e g r at e d

Ci rcu it . Reduced i-es i St ~U t C C  ( i  t i c  reased coudu~ t iv  i t  y l  be t  ween he exposed

stainless steel I ines would  tu e exp ect ed  when the S I l l - f ace i s  w et  t ed , e s p e c i a l  t y

by an elect roly . th i s  c han g e ab l e  i-es is  t an cc i s  conlpai’eJ w i t  it a f i x e d

re sis tor  tha t  tna~’ have one ot tw o  va lues , a h i g her  out ’ I. .~~
‘ kf t)  (ic r the

re la t i vel y poor ly  conduc t ing  tn -ca - ii ase d t’ leet  no lyt es ou st ’ nved at ~ . I rpor t s —

or a l ower va lue  (1 0  Kt ~) resistor for use in the chl orid e t u a s od  e l e c t r o ly t e s

ob se rved  on salted h i g h w a y s .  the conduct i vi t u t ’ sr.’ I id ic e  w o u l d  lie y e n  i i e . i  i’

• w h i l e  thiit of hl pure rl wa t  ci- w o u l d  be yr.- i-v 1 ow u’olIIp .unr.’J t o  t h e  conduct  i v i  t v

o t~ wa te r  c o n t a i n i n g  c o n t a m i n a n t s  s uch as r.Ie i c I u tg r.’hem I r.’a Is - -\ v o l t  age

(ca l led  Cl )  t ha t  increases  w i t h  the  r e s i s t  a l te r . ’  b et w r . ’et i  t h e  st a in less s teel

probes appears at the analog out put o t’ this sensut r .  l ’hr.’ conduct i v  it y Sensor

is obviously in tend e d  to  pnoi’ ide a tneast ~r r.’ of  t ilt’ P 1
~~~’~’ ~i t i r . i  o r  r.’ r . m t t d t t  1011 of

preci pitat ion on the n t t I twa y  stit’ t ace.

4. ~ S y st e i t t  C o n f i g ur a t i o n

I deal lv , the four s i u~twl s d e r i v e d  t rolht t he S(’,-~N T- ’ I l S r . ’ no cotti d be

ut iii .cd in the fashion shown in F i g u r e  t’ - lIr ’rt’ t’ach si gth u 1 , fitit t-t 1011 O V  P

comb inat ion of s i gn~ils  , is app 1 led to as many t ht’eshold e v ct i i  S as necessa ry

£
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to de f ine  a reasonable  set of cond i t ions .  For an examp le , one mi ght  del ’iiie a

s imple  threshold , at 0°C (32° F) applied to the runway sur face  t e m p e r a t u r e  11’
~~~

j - 
Tempe ra tures  above t h i s  threshold , a p r io r i , would be expected to be conduc z t’t-
to  mt.’lt  ing of fro:en water. An excessive n e g a t i v e  t inc rat e of change 

~‘S~ 
of

voltage mig ht s i m i l a r l y  be detected in order  to warn of an i mp e n d i n g  f reeze ,

or Ts mi ght  he d iv ided  by Ts (in °C) and thresholded to want of the  freeze

- o n ly  when it  is expected in a g iven t ime .

I 
The var ious  t h re sholded , or log ic si g n a l s  c o r r e s p o n d i n g  to c e r t a i n

c o n d i t  ions mi gu t then be applied to log ic circuits that ident i fy t hose
- comb m a t  t ons of cond i t ions  that  are of in te res t  to or concern the  a i r p o r t

op e r at o r .  For example , the  si gna l  described above as i n d i c a t i n g  tha t  a f r eeze

is expe cted  in X m i n u t e s  could be AN LI-gated with the precipitat ion si gnal
- m d  app lied to the ALER’l disp lay . In this fashion the operator could be

proper Iv warned  i f  a wet runway was about to freeze but would not need to
4

- concern  ii i mse i f  w i t h  a drop of temperature through 0°C when t h e  runway is

d ry .

Finally, the various system states , from sensor outputs to output

indica t ions , cou ld  be filtered , sampled at certain times , checked for con-

sisten cy over a ce r t a in  in t e rva l , or otherwise modified as a f u n c t i o n  of t i m e .
:

1 

For example , one m ig h t not issue an ALERT until it persists at least for a

fu ll Ut C

Practicall y , there are advantages to c o m b i n i n g  some u-if the  ft in c t  i ons

tha t  are shown neatly separated in the scheme of Fi gure 6. The enti i-c

processing sequence soon may be combined in a microprocessor , accot-ding to

4 recent  i nd i cat  ions from Surface Systems , I n c .  In the  1- i; is t  , as experience

was gained , var ious  improvements  were made to existing circuits and a certain

amount of overlapp ing occurred between analog processing and log ic  c i r c u i t s .

l i m e  dependent processes were , however , lai -ge l y confined to a separat e c i r c u i t

segment tha t  d r iv es  the output i nd ica to r s . The cu r ren t  system conligurat ion
- i s  discussed fu r the r in f o l l o w i n g  s ec t ions-

25
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4.3 Signal Processing

Surface temperature (Ts) and prec ipitat ion (C2) sensors together
would provide fairly adequate indications of runway surface condition if

pr ecip itat ion rel iably mel ted at 0°C. However , the efforts of airport

operators to keep runways clear at subfreezing temperatures with chemicals

result in complications for the instrument designer. Since there is a

significant difference between the AC electric conductivity of frozen and

melted prec ipitation , particularly where electrolytes are present , the surface

conductivity (Cl) measured between the stainless steel slabs (Figure 5)

assumes great importance in deciding whether the runway surface is wet or

ice-covered . Unfortunately, this sens or resp onds to cond itions immed iately
above the surface; a sheet of ice above a layer of water is likely to be ~ . 

-

treated as water, rather than ice .

In the SCAN 7001) equipment, the surface conductivity (Cl) is

applied to two threshold circuits , one set at the conductivity value that F

approximately corresponds to thin slush , i.e. , a mixture of water and a

little ice , and one that would be observed in thick slush just about to

freeze. The “slush” condition (it is not ident i f ied as such in the apparatus)

is assoc iated w ith the ALERT output of SCAN .

An add i t iona l  subcondit ion (cal led “intermediat e ice ”) is defined

in a narrow conduct iv i ty  region between the “slush” condit ion and the low

conductivity of ice. The “intermediate ice” (abbreviated “intermediate”

below) condition may be thought of as a mechanism to distinguish between an -.

imminent freeze or thaw wi thou t  measuring a t ime-ra te-of-change;  if the , •

sequence “water ” , “slush” , “ intermediate ” , “ice” is observed , the output moves

along the sequence WET , ALERT , FIAZARD . I f  the sequence “ice ” , “intermediate” ,

“slush”, “water” is observed , output indications are HAZARD, WET , i.e., the
ALERT state is skipped if “intermediate ” is encou ntered before “slush” since

an “aler t” of improving conditions is not believed to be necessary . 
-

L
I
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Some imp leme n t a t  10115 of the log ic  p roc edure  sk e t  ched above  i n v o l v e
ci’dback a l-otIlid l i n e a r  c i  i c u l k t s , t h res holds  and c L i m i i i n , I t u - i r m a l  l ou ~i c (i)rawiiig

\~~~~. -~~ ~~~~ ~~~~~~~~~ ~. i s  a t  t a c h L’~! 1~u i 1 re fer e i i ee  on t h e  n ex t  p a g e )  - i h i s

L ~ r L u u ’),u i e  i - ~ g e r i e r a l l ’  subj ect to t he  1i~n s 5 i b i l i t ~ ot • l o c k — t I p , i . ~~’ . .  t h e

e x t  ~ d i c e  o t  a s t a b l e  ou t p u t  condi  t io~ or s t a t e  tinde i~ spe c i 1 c c i rculnst a r i c e s

E u ~ . c a u t i t o t  be removed ( r e s e t )  as the  I n p u t  s t a t e s  (. o t- s i gita i s )  v a ry  over

he 1 ItO fl~I I  1 1’.Iltge - L t Iti ’ call USImI 1 1 e scape  t i~otti t ii iS  t )‘~
)
~~ of t r a p  by t u r n  i i ig

L ~Ois e F 0 t h e  s u ~~ tu ~~ o i f  and back on -\ s s  t en t  t h a t  d ida ‘ t e n te r  a reasonable

Ia t’ i i i  I C  spi ’ u i  ‘~ t’ to  t iii S 
~ 
i’oc~’~l uire is P iesttu it.ih lv ul~ feet i ye

~ l u L 1 1c1’ . I t t l r e  I i~~) .iflL1 p r e c i p i t a t  ion (c2) s i g n a l s  are  used t o  gate out

I i k e  I v  i nd c~~r ions  ic e , r ep r e s e n t e d  by a ll: ’C:\RL) d i  sp i ak ’ , i s no t  i n d i c a t e d

s -;u
~~~I ’ - ~~i’er.i t Llre i s  abo v e abo u t 1 ~Y .~L) . \ I )RY output i s  g eulu x-a teul when

~h u i r L ’c~~i’ i t  at  ion sensor  d e t e c t s  nothing , t h o v e  t h e  t e s t  p l a t e. It i s  co i i —

~‘u ’ i vj b l ~ t h a t  very  I i~~ht , f l u f f s ’  SnoW ha~~i i ig  .i di ~’lcc t  i - i c  c o n s t a nt  of a lmos t
I t~~, t h e  s ezu ’ .15 ai r. may be accompanied by a I~R1 d i sp lay . Lieu of  t he se

-
. em i ~Ii~mv ut~ ras i i ’S S a~ observed d i l l i tig a sitt.’ v i S i t at  k~’f I  av i k  \ -~S

C t o n  :‘ 1 -

\ i t ~ I u~~ i~~ i’ i a t t l r e  I s d i s~n l aved but  not lI t  i i i  t’ul i l l  l o g i c  dcc i  s i out s

L 
- I l i s t  a 11 at i oil and I nte rconneet ion of Se s t  cm Component s

I l i e  p r oces  scs i n v o l v e d  in I i- ans  fe i-i - i ng  in t o  i-mat i oil trom t he r emot  e

rocu ’s su n i tin i ts , t hat ,i ic  more or l ess  .LS~~L1C i at ed 1% i t  it the runwa\’ SCflSouS , t o

[ .11  -
~ p Liv non It 0 1’S and sy s t e m  i r u s t  a l l  at ion  ~!e a I s  ar e  di sc us sej  ill t he

t o l  lois  i n g .

I’iie seii~ or~. m otlf l t  ed in  the  t’t inW.ty a I-c embedded in  epoxy p 1 ast i c

I h e  sen sot - as senu b lv hi.is t h e  app ro x 1 m a t e  appea rance  of a h o c key  puc k  I F  i gure ‘)

ar id i ~ S e c t l t t ’d in  .1 C av it v iii the  t’tliiW l\ h~ u . k S t  i ng  epox y around it . A

U t v p  teal sensor in stal l .it i on  is sh own in  F t  g l i r e  S. 1) 111 - l u g t h e  cas t  ing  op era -

- 
t Loll , i t s  s u r fa c e  i s  k ept  t i t i s h  w i t h  t h e  n t iu iw a  511 1- lace by a hoard t h a t

ILA -~~~~~~ _ _ _ _- -
- 

- - -
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i’e— I st s t l i t ’ p t t ’ s s t t  i t ’  cxc i t e d  he rubb e i’ b a l l  ~-‘ or i’oll  c’ Fs u Lnhlp Ii ’” -‘ Cu l be I OW t lie

- ~.u ’ ul ~-o r  pu c k  ~F i g i i r e  7 , l)etai 1—Sensor I n t s t . i l 1_ i t  l o l l  1% , t : o t -~l l i t  I ult~i’ ol I t l i l IwaV i

i~ i IC s 11-0111 t lii’ seni -;or are  ~‘ttit i n  a mar l -ow , epoxy - f t  l i e d  cut I n  t li e r t i I l W , 1 V  l i t

I t s  ~h e  ( i l  C l u e  5~~ )

l i t  o l ~I~’I ’ V u ’l’ —Iu ’ IiS ul St’AN , pt’ r I I I i t t  i V i t v  ( C l )  s i ’  ne _ l~ t I r c u l  a t  a
I 

t r eu iuen cv ot 100 kIl~ — to  cause s t i t l i  d ent c u r r e n t  t o  t ’ low i t t  t h e  sn i a l  I

u . t p . i c i t v  of  I ’ l  ( F i g u r e  - 1 ) .  At t h i s  h i g h f r t ’qu et ic i - , all alilp i i i  i c r  w a s  li ~ c’ d d

at a di st a l i ce  of about ~ met  er s  t~ rum the settso t- puck . I h e  amp Ii ft i F  p’~~ k agi ’

- ( . S t)  x I 011 -\ I S~ Inn ) w as  bi i r  i cii a I t  c i ’  be i ng sp I i  ccii i l I t ’ :1 po I v  i ll I cli  b i t  ~Ie

I C) c o l e  red ca l ’  1 e - All ad i lIst llle ’lit Sc ri’s .‘Il t iii ’ i . l u j t a g u ’ sa~ s u . i  b e t h  w i t  Ii

‘ i i  I i C O l I c ’ ~itt ’bc’ I’ ( l~ i t ’ )  . It is b e l t  t ’Vi ’ ul th at hios ing u . i l*  H a  i~~ t r_ Iii sp ol t

i c i t  e i  i l l  lie gap i real 1’J be c~~iut p i- ess  j t i l t  e l  I I I  - nU de t’ h i v i  l O s  I i t Id p lu ~5 ilie

( I  I : I I I t ’ J1 1 c u t - - i ’d l t I O l s t t l F e  ui.I lI i .Ig e to t hi i ’~~u ’ aiiip l I t l e l - ~ - llte ~ h ive S t l i i u ’

- l ’ u d u ’Ittc o h - ’o li ’t i ’ , . i i t , I  a h khI.~ S I  g l ia  1 ha ’- i sT I _ i c e d  t lie 1I~t~ k l L  bl ’ i d g u ’ i’,e l i e 1~~lt  o r .

r I t  110W 1-i rtlves p r.I ct te a l to run c a b l e s  t ip  t o  I b O  uic ’ t t ’rS t n - o u t  t h e  st ’ l u S o F  l ’t l t

t u n i s  t l t  lb  h m e t e r s  a r e  pre f e r re d  ~l i g i I t ’ i’ ‘
, ~v st elli (omponieli t I ‘u . i t  i u ’ l t ~ ’

n o r  a l~ -p I c.i 1 10 , 01)0 Fo ot  Rtl lIw ,i~ ) -

A Ite lnot ~ h’ i t ’c e s s o r  liii  i t  ( ItPti ) I S  p 1 . i u e u l  .11 I l i e  i’i iu l  ~i C  l i i i ’ StlISu ’ t’

c . t b l e  I F I g u re 7 , Lte t . i i l - I v h - i c a l  F i e l d  I i t t . i l l a t i - .’ni o t  W’Ii) . I t  p r o v i d e s

r ou~ -r  to  and r ece  I V u ’S S L~~ u i , i  I c  1 i-onu t h e  s ensor  p t i u k  , r e c e i v e ~- 120 V AC ~- iow er

~ t roun j t ~~’i’ I t I l e s , and u O l f l l l i i l l i l C . I t  ,.‘S i ’ t l l t W . i \  d t ) i u t l i t  I t’ll uI , i t .i t o  I i ’~p I a v  Illu t lil t O n , -

- - - . - e it hi’ n - lv r.i~I t o  I i  n tk ~ or  s i r e s  ( I  ~r c , u l  lv h u n  c’tl t - ~5~- u - t gur u - , 
‘~ t t t ( )  ~~e Fl

- IU’IJ ,ll iii h (11.1111W 1 Molt i t  i ’l’  C o n l l i e d t  1011 lh’ t .11  I , an~I I -i  C i I l u ’ i l l . IU’ti Ii lock I t t  .lgr .tllI . 1

hie l t I ’II  couit.ItilS n1l0~~t o l  t l ~t’ p r o u t - s o l l u : C l  Fi ’ l I I t  S dl ~C u l . ~~c’,l c m l  l u ’ F  i l l  ~ c’ Ct  i t ’l l

- I .  .~ . Fur l  he n- Jet .ii Is o I t h e  RI’U i t - i’ P l u ll I d(~t l iii I lit - Iu* I I i ,  I i i g  S~~u t  1 Oi l

— 
_ 

‘ l ust t-uct  ion *it  Sv St l ilt Cotnpont -nt  S ’ -

- Comm t Ill 1 i’ at i l i t  tr 0111 O u t ’ ut 1- h u t  I’c’ t - I t I  t e I’ ru t u u ’ - _ -- ‘ n - tint i t s I Rh’ U ) I e •

th i I h I l a V  Ilittlil t ot ’ d.ilI hi ’ c a r iuc - ul e t h e l 0 i i ’ l  h u l l e d  S I  I C - . 1 F _ n I l ’  1 1 1 t h .

hj s  1 ulllIl gu Ire d thit ’ sv- ;tt ’lll w i t h  p.it’ .iI tel u I i a l i l i d l ’ . I l s ’~I e , l d h i  Rt ’ t l  t ’  a Pis 1’ lty

31
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Monitor ( DM) . Up to four a d d i t i o n a l  Disp la y Mon i to rs , that  a re to  be i n st a l l e d

within a hundred meters or so of the primai-y monitor , can be co nn ec ted  to a 
*

common radio receiver by wires.

Parallel data chann e Is from various RPUs a r&’ typ i c a h l y  p r o v i d e d  by

radio frequency d ive r s i ty , i e. , by using radio frequency channe l s  ( d e t a i l s  are -

discussed in Sect ion 4 . 5 1 .  (inc disp lay (PM) can m o n i t o r  up to f i v e  channels

o r RP IJ ’ s us ing  up to f i v e  i-cceive rs . Up to five RPU’s can ~1s o be w i red to -

one Mu l t i p lex  Radio  (or  lard t t i  re Sys tem tha t  encodes t he  si gn a l s  in  the

form of up to  I i  v-c ~t u d i o  f i-eque n ci  es that are ti - L-q llL -nlc y—sh i f t  —ke yed ( F SK)  t o

convey i n f oi -m at  ion . When o n l y  one ch~u n n e l  i s  ca t - i’ icd on a w i  re (or r a d i o )

the  audio si g n a l l i n g  f r equency  i s  I k u :  ; a f i v e  c h a n n e l  sys t  em uses f requ eni c i cs

of 340 + 2 0 II : , 517 ± 31 II: , 1050 ! 70 II: , 111 0 ± 90 I I :  and 3250 t 110 I I : .

The message form at  (F i gure  11) c o n s i s t s  of one shoi-t burst of 1 l~l l :  tonic  f o r

the s in g l e  c h an n e l  5> - s t e m  (v u ’  ii sh i i  ft  to  t h e  upper  or ‘‘mark’ ’  f r e q u e n c y ,  e . g .

fr o lnu 310 to 3o0 II: , for  t h e  m u t t  i chiaiiiie 1 15K s ys t  c m )  c l i c u t e v e r  DRY i s  to be

si g n a l l e d , two bu rsts  or s h i f t s  fyi- WIi r , three for ALIRT, and four  fo r  IIA :AiW , -

fol lowed in each case by al-i ex t  el ided sh i  It ichose dura t i on- is p ropoi - t i o n a l  to
1 -

su r f ace  t cnnpe i~at ti re.

ftc a i x -  t enpe ra t  ore s e n s o r  can hi c- con vea l  en t l y moun ted near a

1)1 sp lay M o n i t o r  Oil th e a i l’pOFt . I t  i ~ 1 5 1 1 : 1 1 1  V il l i L - u - I  1>’ c i  red to the  ul i sp lay I
(Figure 7, 7000 S e r i e s  RE’ U and 5 ( l a u i i i c l  >l& ~~ i t 0 t  Connec t  ion Dot iii  1 )  -

3 .5 Construct ion of S~~5t  e5l l :el ~lp on cn t S

The SenSor  puck of t lie SCAN s s  tern i s a c Ii nile r 30 nun hi g it and

130 mm in  d i a m e t e r  (1  . I x S incItes I made u ) f c ast epoxy . Iwo confi gurat ion s

exist: One is suitabl e foi- t h e  t h r e e — s e n s o r  a r1 -anu ~cn l l e n t  d i s cussed  in Sect ions

4. 1 — 4 . 4 , while the ot lie r is ‘‘ con f i g u r e d  t o  f a c i l i t a t e  me:Isul -cnuo nt  of wat  en’ - I

la yers involved ii i hydrop lan lu g  problems . “ R e c e n t l y ,  i t  was found t ha t  -

~ I-s-I

_ _ _ _ _  
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roug hening or g roov h u t  of i_ l ie sen sor  puck in  app roxiituzi t ely t h e  same pa t  t e l -n

as exhibited hr a conc re t e s t i t - f a c e  r e s u l t s  i n  sensor  o u t p u t s  t h a t  are more F
cons is ten t  w i t h  obset -vat  ions on t h e  s u r r o u n d i n g  runw ay s u r f , i c i ’  . Fu r t h e r

imp rovements  in I cc . in i  d wat e x~ adhe s ion qua L i t  i es and con seqtuen t h y  i n  t he

response of the pe i ’ lni t  t iv i t > ’  and conductance sensors w o u l d  lit ’ expec ted  front ‘I

improved mat cling of su r face  energy • t e x t  u n e , and pot -os i t  y . Poss lb i i i  C ics

t hat could be c o n u s ide red i i n c h  t i t l e s a n d b l a s t  i r i g ,  coat  i u u g s  c ou t a  m i  r u g  s i l l  ca

or s i l i c o n  c a r b i d e , arid a s u r t , u u - t’ 1 .o,er  o f epoxy uc I t h u  a s a l t  (N aC I  ) ci -ys t  al

I’ll lex - t h at  I e .uy es  pou •es •i f t  en ’ i t  is 1 e .u Ji~- 11 i n  va t  er .

The cv lot .  of  t lit ’ seu i so  r puck  is reas on •u l t  I y m a t  eht’d o t h a t  of t hue

runway to o b t a i n  a s i nk  t a r  ;u l i t e d o , i . t’ , • a S ii iu i i _ i n- l’espon se I t )  thit ’ i in~il

r ad i a t i on . h owever  , t h t ’u-e are  tw o 1) 1) 5 5  i b l e  sources  of e r ror  i i i  m a t c h i n g

only the v i s i b l e  r e f l e et h  i t i -/ abs o rb t  i ’ - i t y  of  the situ -l ac e ; both t h e

•ubsorbt ion of t h e  si ~~n i t ’i c a n t  t r ac t  ion of solar i 1 l iumimu t u t-m n in the n c . u r

i n f r a r e d  spect rum and r e r a d i a t  ion  of 300 ° k i-ad i u t  ion in t h e  t a t ’ in f r a x - e d  arc

ignored.

The l’Clinl)t ~.‘ I)l~01~t’s5 i 1i u~ til l ~t ( RPU) has di  flht’iiS I u )iiS O f appl’OX  i m at  e l y

401) x 300 x 400 111111 ( lo ~ 12 x lii incites ) t-. i t h i  • u doo r or  ha t  c i t  on t h e  -t Oo x

400 mm face . Ilci nig equ i pped uc i t  I i’ulihe u’ sea is , n u  t h u e  h a t  cli , it Iniav bC

m o u n t e d  w i t h  t he i i i  u ig e e l i _ l i e u  v e l t  i c _ u 1 o r - l i t  e l  tn !  - u I I i  II  Fi’ 1 - I h u e  ii i~ t ilt’

of t ine  RPU conit at uS a ba se  p~tiie I s t ip i tu )  i’t i h g  a ~)eui e I t r.t n u- - to flUe 1 , t i u s e

cor uv en  i ence  out l e t  . and socket s  t’o u- foui’ c t n - c u l l  t i u u , a  n’d -‘ - I i u t ’si’ i- i u - c t n i

boards are en el oSi’ul by .u ~ last ic  c o~-e r wI t  u c i t  .1 I so  c oun t  a ins , m n u  ex t  r iud ed hit - a t

s ink w i t  I a h e a t e r  e I ennen t t h a t  t s cia’ t -g i -: ~~ li .u t tie n - ill _ i I suc i t  cli at t en u tpc r a -

t u r e s  near  and be lo w frees l u g.

Opera to r  a-_I i u s t r n e u i t s  ,u r e  p r o v i d e d  for  set i_ l ug c-al u l ’ u - , i t  t ons of i_ t i e

s ensor .  A Set of f l r t ’ s s i t c h i e s  p e r m i t s  one t o :

a. kept ace SlitS fact’ t e~tipe Fat t u F t ’ the Fllt i s t  ~ I S  l~ i t  hi 1 h  xcii res I st en _ s

s i nn iu l at 1mg - lo  - 7 °C 1° F) an~h + 0 .  5°C S S ~~ F )

b. [1 i n u i n a t  e a long  ~IC 1 .uy f o r  l u l l  c k e r  t t ’St t n i g ;

3( 1 1

- TTT~~..~ii
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c . Open the conduct  iv  u i _ v  sensor c i  n’ c tu i  t ;

U .  Rep lace i_ hit ’ t~~
r m i t  t i c  i t >  si g n al  i~ i t  it t n t  . u d n t i s t  .ub ’  ht ~ i o t t  a~ u ’

• c c l ~‘v a po ten t  i on iet er .

I C - u  ~‘j ’e rat  ~l t ’  colt t Fit Is  ~ Ct’lhi auh t’qt u at  t’ t O  F rO il t i i u e  ~L , 1 t n t  C h I , u i  ci ’ - I’ y t i l t  ~
- t h e  

~ 
h u g -  m u  cit-cult boards seem suft~i c ient  lv access  it ’ I~- t o  .u 11 ow no ~~~ ex t  ens I i

I.u  l u l l  C l i  a :u ce n ut t lue f i e l d . cx L’e’p t Ii i  inc 1 elhielit weat  ht t ’ r , wh en . u t t~Inlt u t Fa iv covet’

i u ’ t~ C lie RPI I  won Id be uie~ d~ d.

Si ’n sc ’ r o u t p u t  v o l t a g e s  c a i u  h e  u t o n i t o r e u l  Ufl  a t e u t k u i , u I  )~st an d (10 -

- I 1 u’.l 1 t a n ~ u’s J - t o  ~ S I Pt ’ t o  F t elnpe t’ ,t t l IFt ’ , 0 t o  10 V 15 t o t -  Cl  ( s t  a in  -
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-S~~~i t o  l1: 0 
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a 1 low cou it LU U e’ul ope i’at i itn t of t lie S\’St em i i  t h u e  iut ’,u tt ’i sh u ot ul U ta i 1 w ide’ r coi l  -

d i t  ions when-c lnu ~~j st u i ’ e’ i s  hi ~~t a p u -o~’I ~-un I t e w  ~‘~~ t e n t  l ct l l t e t i ’ i~~ , t wit itt> Lu u

c_ u p ~u c i t o r s , and an a l u u l l i n u n u i  i’ lect i-v l v t  i i  c ap _ uc  ttt ’ t !~l , u ~ 110 1 i l _ I t t ’ MI I S l ’i 1

t ’qu i t a l  cu lt s  u~ i t  1 s inn i i Ia t ell melts I o n s . H~~- s i - eo~ 1 i t  s i s o i t  I d  h i k e ’ I

sa t  l S t L c t t ) l ’ >  c ’’. C t ’  . u l  I ~‘iut  t h e  t oj ~ end (S C °C t o  1 5 ’i )  ‘i  the t e lhI l t u ’ u t i n r e -

1-ange . Si n c e  t h i s  cond t i o u  i ~ h o t  l i k e ’ hi tO l i t ’ e’ b h C c t t i t i t i’r t ’ ci c t i i  ~ti t  .11 i f t  i - I d ,

a waiv er of sjti’ c i f t c . u t  io n t o t  t h - s ~- c~ s~j’.ti eTu t s aIth )i - ,ur
~ h Ush i i  te c h ,

I’. I I’t’ ci CoU nt ’ c t louts ~‘e t S ccii lii h \ i ~ ~i 1 l i i  0 1 ’  I \  ~-l~t i i  u t o u  • a c c o r d i n g

to SS! - .1 rc no u’ uhi a l i i  i list a I l e ’~i ‘Y .1 oc ,u I c O l i t  h . I ~ C . ‘ r , t i i c l  t i l e ’ 1 1 ’ c h t .u  n’ , uc t i F u  st I c~

~t Fe’ not spt ’ci  f t e d  cc t~il1t L e t  e Iv It>’ 551 . I i i  t 1 c O 5  t o u t ’ I U ~ C ~i I L  ,tt i ut il  • at

K _ i n n s _ u s  C u t >  I u i t e n ’ n a t  k t u t u l  ‘t i  i’~’ol’l . n o 1 L U t  h u e  c l l s i - i i p t e ’ iI i _ l a - -i - ci’n ln,’ct t OllS .

~\ t n-e s en i t  cr 1  n ,tuid I e,ut- i ui~ t lie 551 t i n  i t  S . c h i  s l i u z n n t  t ’u h h~ Ii C - u  I ca i Ut’ 1 1- 1st  0 I s

t~ u u t  p r c m t t ’ct the t ’ l C c t  l oll c s  i~~a i u n s t  1 i~~h i t c - i u u r i e  i n d u c e d  surge s in  e xce s s  of

3tt ‘.~‘I t s .  Re ce ’u it  t i-ends u n t d n c , u t e ’ t h i , u t  l’,u j io s> ’stems , cos t l u g  a t e i s  t h t o u i s . u u u d

c i c t l  l , un’s  coinnpe’t It lVC is i t  it vi red s u s t  i’:io- 1 , u n ih  c . u s  let’ Co ma u itt . 1 t n t  • are

Ii -stipp I ,in t lug Id I t ’e~I s> I e~~ i - . ,

4
i~.ici t~~ l i n k s  co :~i l t n’use C r . u l us : : l n t e u S , , u u i t e b u n t a s , .uu ~l i u ’ l ve’rs  - iii ’

C t a I 1 s ~ l t  t I c  r c a F t ’ kep ct t Mode I S I C -  i-i I , at i tab i~’ i t t  ~‘o\~.’t ct t t t  p i t t  s ci f r o m

-IOU my t o I:- w ,ut C s .  Ihit ’ f u htO 1 cu l t  pu t  St ; i g u ’ i s  C i t e ’ I ’hui , i l I v  p r oC e c t~ ’il . u g , u u u i s t  1 
-

l t j ~~~ VS1~R i n n  t h e ’ i ’ .  e at  t h t . u t  t h e  ,iil t e l l n . t  i s  s I i S i ’Ol i l t i ’t’ t i ’ cI i~~t’ ~- h c i t e i l , U h i s

:- t , ui  h o t  lii’ C t ie l’ u~’t s e l t i t  I O U  f o r  i : h  \~~1tl . ‘e’c , u t n s e , und~-r  t u ’S c ’ c o u i d  i t  i ons ,

C lii ’ emi t p u n t  C 1~, u t t 5 j ~~t 01’ ~~i t  ‘ L ~I _ e l l O g i ~~t ~~\ i’\ci’~~S t \ c~I \  I i i  t CY~~~I ’ - i t  i i i ’ t ’ . I l l

t h u  e’V en t  o l’ h i  ~h I ~~Ot , a l t  i~ tm~’ .i u , u t c  ~h t i t  c l c hl d U c u l t u r e  sb u 1 ’uthi ~‘ c t h h c c ’i  o u , u t -d .

-\ :u u i’ t ’ sat t sta ct orv - u t  h od c ’t  p h e \  ch it  t h u g t t- . m n s n u t l  t e l  i~ u i  l u r e

l t c c , u u u s i - c l i ’ i t n ~~h \SII R iS i_~~t i c I u t l t s ) i  S5~ s~~t~~ , u b n u h~~c c i  l i t I i i  t h ~i t Olui J

sh ~~it  c i u tWhl  the  k .  F .  d r i t e ’ C c ’ t i c 0 l l t ~~’ i l t  r . i n S i  S t c ’I  F h i n  s ~I u -  i t  c S o i l  I cI  t h e ’Ii ‘i

p ru ip or t  i1 t~u , ~ t o  w i t  en i i t . u  u u i  s m , i t  cit ,tUcl ‘ l i ’\ i’ h i t  o i i ’ u ’ l o , uc t i l u g  O t  I ~i L  ~‘iun p i tt st  .L~t’

- I . \ h h i ’ t lieu - method i s it i l  L U  l i t’ o p I,t cc’ a ~ I F  1’ _ l c !  i i i  t i ,  out put  1 inc . 11 ’.’. Sct I I I  ci

- 
• tt t’evt ’ui t  i _ h i’ SWR t F c t~~ u ’x c e t ’~I t i t g  I :  I it ~ dt’ t , u f l \  COu ch i t  I c ’f l S  . Fi t i s  ul ue t  h t t ~ i i~ I I i

h’t’el tiCt’ t h i t ’ tt ii t p ut t pois e u - to i t_ u I t .  h i t t h u _ u t  i~ i~~~~~’ C c  t~~~~~ u hc t ’ l I l t  i l l  a l i t  i h i h i t g a i n

on. a iii lit’ t ~~o w - ~ t t n a t t s m t  I t  c l ’ .

-
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The receiver is a Repco Mode l 810-055. It  is a double conversion ,

I c u ’vst a l  cont ro l led  receiver w i t h  a f ina l  I . F .  f r equen t ly  of 455 K II Z . ‘r ite band
w i d t h is 16.5 KIIZ at 3 DB and 2 4 . 7  KII Z at 60 DB . The s e n s i t i v it y  is 0 .5

I n t i cr o v o l t s  for 10 1)13 q u i e t i n g .  l’he telemetering frequencies that are used arc
spaced 6.15 K h I Z * . W i t h  a r ece ive r  band w i d t h  of 16.5 KIl l , t r a i n s m it t e r s

I operating on adjacent frequencies would  cause interfe rence.

The t r ansn it t e r s  and receivers , manufactured b y Repco (Orlando , FL)

I are Type Accepted  in accordance w i t h  FCC Rules and Regu l a t i ons , Par t  21 , 81 ,

~~ ) , 9 1 , 93 and 95. N o n - m i l i t a r y , U . S .  Government  Services use ce r t a in  of
t h e i r  equi pment to  wi -t i c k  a fede ral stoc k number  ( FSN) h as bee n ass i gned.I h l u i s e v e r , the  equi pme nt  carry ing a FSN is not now used in the SCAN sys tem.

I The ante nn a s  employed in the SCAN system are Antenna  Spec ia l i s t s
Mode l ASP 144. T h i s  typ e  of an t enna  is desi g n ed p r i m a r i l y  fo r  pr iva t e c i t i z e n

use on mon i to r  r e c e i ver s  r a t h e r  titan for  commercial or indus t r ia l  use.

I j 1- i~’re are several types of an tennas  that are used in the pub l i c  s a f e t y ,

business and i n d u s t r i a l  services  that  are of better cons t ruc t i on . These

I i nc lude  t hose manu f act ur ed by Phel ps-Dodge , Mo to ro la , Si n c l a i r  Radio Labs ,
and Communica t ions  P r o d u c t s .  They are of f i b e r g l a s s  c o n s t r u c t i o n  and less

I a f f e c t e d  by adverse wea the r  cond i t ions .  These antennas  are ava i l ab l e  wi th

S-6 1)13 gai n which could compensate for  reduced t r a n s m i t t e r  output .

I P a c k a g i n g  of r ad io - f requency  components- -which  pr e sen t  spec ia l
p roble ms to  the  desi gnet - because of the p o s s i b i l i t y  of undes i red  o s c i l l a t i o n s ,

I imp edan ce mi smatc h , s ig n al leakage and t he l i k e -- is n ot s u bj e c t  to the type
of st a n d a r d i z a t i o n  that  is cur ren t ly  p rac t iced  in the computer i n d u s t r y , fo r
example , an d an t i c i pated in m i l i t a r y  spec i f i ca t i ons .  Some degree of s tandard-
i z a t i o n for VHF c i r c u i t s  has been achieved in the indus try  s e rv ing  the bus ines s

Federal Communicat ion s Commission , Rules and Regulat ions ,  Vol 5 , Pa r t  91 ,
Pa r.~grap h 9 1.554 , Dec. 1974.
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and amateur radio market . Subassemb lies , e.g., mixers , amp lifiers , and trans-

mitter modules , designed for this market may be obtained in packages that can
be assembled in f a i r ly  random fashion to form t r ansmi t t e r s , recei vers and

similar  funct ional  un i t s  wi th  m i n i m a l  problems . Certain subassemblies • • ‘

desi gned for the m i l i t a r y  market , in cont rast , ha ve been found to be incom-

pa t i b l e  wit h ea ch othe r an d un su i t ab l e  for ass em bl y on r e l a t i vel y simp le -,
substrates , e . g . , p r in ted  c i r cu i t  (PC) boards . Since the m i l i t a r y  un i t s ’
super io r resi s tan ce to shock , v i b ra t ion , and temperature  ext remes are not

required in the SCAN system , t i t e  qua l i t y of the bus iness/ amateur  grade of RF

u n i t s  used in SCAN’ is quite adequate.

A ty p ical  rece iver  compr ises 8 nodu le s or su bassembl ies  on a c i r cu it

board , which , w i t h  i t s  power supp ly has dimensions  of about 250 x 225 x 100 mm

(10 x 9 x 4 inches). A transmitter unit may be accommodated in a 100 x 125 x

75 mm (4 x 5 x 3 i n ch ) s h i e l d e d  p ackage mounted in a housing s i m i l a r  to that

o f an RP IJ , t ogether  w i t h  i t s  m u l t i p lex encoder .  The l a t t e r  comprises 2 to
5 PC boa rd s each w i t h  2 i n t e g r a t e d  c i r cu i t s  (FS K generators) , 2 t ransis tors ,

2 po ten t iometers  and various res i s to rs  and capaci tors .

A 5 channel  moni to r  or disp lay is housed in a container measuring

250 x 250 x 160 mm (11) x 10 x 6 .5  inches) . (See Fi gure 1 . )  Cent ra l l y located

on the 16 0  mm hi gh , 250 mm wide  f ront  face of the moni tor  are 2 two-di g it ,

l ig h t - e m i t t i n g  diode (LED) reado uts  for  air and sur face  temperature  and one

sing le -d i g it LED readout that ind ica tes  which channe l ’ s dat a are bei ng dis-
played.  The channels to be’ d isp layed are p ic k ed b y s e t t i ng up to f ive

switches  mounted next to  the  LED disp lay s to the  “up ” p o s i t i o n s .  Four
con d i t i o n  ind ica tor  li gh ts  label led  DRY , WET , ALERT , h AZARD , (or in olde t-
u n i tE , CLEAR , WET , A LE RT , I CE) are mounted itt that  order and in a horizontal

row across the  top of the disp la y face .  That condi t ion  indicator is l i t  w h i c h

is appropriate to the  channel  be ing  s equen t i a l l y samp led an d wh ose numbe r w i l l

appear s imul taneous ly  on the s ingle-d i g i t  LED readout . Across the  bot tom ,

40 
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F rout ic f t  t o r i g u t , i s an t  i i  lu n i  iiatt’ d pu sh b u t t  on SW i t c h t  t h a t  e n a b l e s  ant

atid t b Ic a 1_ i i-rn a ccomp any ing  t h e  ALEki ’ i n i d i  cat  ion , t he -
~~

- I Conu l u uny  logo an d

I clOu t i t i c a t  ion , aht c l  , iu u i i  l u m i n u a t c e t  pu iWe ’ n ’ s s i t c h u .

~
0 Lc ’ h l c  I i~ Wits

l iii ’ :- C\ \  s vs t  cm w i t  it two except ions h o t  i’d i t t’ low w ,u s  t e ) I l h t i i  t i) hi’

cli ’ t ~u i e -d , l h t i h  co nt St i-tlct ed t o  good cohilille x’c i a 1 ~ 
rae t ci’ . I t coin l i i  he ccli Ii ~ l i 1-i’d

t o  m e e t  ut  i- e’ .ui ~o u u u b 1 i ’ I b I i l i t ~ u 1’y sp e c i  t n c a t  t out s with a u t i u t  i : : u t t i u u  o f  eu o r t

I I i ’ ‘I 1~~u , h a -  (‘. \cept  10115 t o  t h i s  _ i u id geauue ’nt al- c no t e d :

1. S in t ce  we had nto access to d e t a i l e d  desci-  u ~ t t u n i s  of t lie  i ’
~~

~p c t - u u t i t t  i t  i t > ’ ) Se ’nt sol’ , so w e re  n - to t  i n - i  a p c t s i t  W It  to e’vahii ,ute

cli ’ t .i I i s  of  i t  ~- opt ’ ra t  i Oil . I : i’OIhl out’ b , u c’k h’ c t until  knots ’ I e’cl ge’ of

such 5e ’t t  so i- s , we cou t  c l  tide’ , it oy cv e  r . t h a t  t h e  551 sen is~’ r ~
‘
~~
‘ r —r to ruts as well t ~ poss i F  it’ u u d  does not me i ’ i t  c r 1  t i c i  situ .

I .  l u c r e  i s  a p o o - ~ i b i  1 it y of locktup , that mi ght  h a ve  been g l o s s e d

o V e r  i f  tEe ’re ha d n t u t  bce-n i :idtc, ut ioiu ~ ~see  S e c t i o n  ~ ) t h a t

l o ck up o c c u r > -  i t t  t h e  f i ~~1d .  I k e  c u r e  to n ’ this p i ’ 0 b I i ’i i  i s

t a  i r Iv st  n- ui i g ht  to rwa i’d, ,u s  ou t  I i  ucel i l l  Se’c t  i Oil -I - 5 , ,ufl i l

ct, m n l d  be imp l en t en i t e~I s i  t i i o t i t  I::lp u l t n g  t hue genuei ’~t1 exce l len t e-e

of t he’ ~u ’ \ \  des I gu t .

F i t u ’se c ct n c lu s  i o n s , n ’ e g u r J i : i ~ t i - t i -  des i g n I  a l t c i  e c ’t t St  r t i e ’t 1 0 t h  o f  C l u e ’

-* ~~\ c a f i i p m e  l i t , ,11’i’ n o t  i I I t c’ t l c l O c I  ~tS ~l t l c l c ~i ’~L i i t  S c ’t  t h e ’ u i u h i ’u l h i , u i ’\ of  t h e  s en t > - e’ ,l

> - u  ~- t i ,u 1> - - or  thc i r ~~l c O > - > -  i h i ,I Z .  t o n ’  t h e  purpose  of  f l a n i i g i n i _g I’i u n w , u  sni~-s uu t ci t e’ e

O c t1 1  C i c ’ 1
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5 . 1 l a t  i’e’cliui ’t t o ut

Fl ue ’ :i, tto i t a - k  I l l  t i e ’ OV e F,tl I e’v,u I t u a t  t o n i  01’ t i l t ’ SC s> ~~~t e~ :: 1 
“

app l u c ,ui ’  i l i t >  to \ ,u t  —s i di’ i ap I  e : ~ i a i  at  u 011 Ic , i > -  t i t t ’ ele ’ t e’ li lt i l t i t i on  O F  i t  s ,uct un ,u l

open - at iona I pe r t c t IT t a itce - t n t  C c l e t  c C i o n i  0 C i ’ i n nu ~uu t  u c i  u I g  c’c ) t tL i  i t  t c 1 h l 5  . i~’ h i  s

Cliii , S t  0 v i s i  C s u~ ’r i ’ c~’y, itict i’d to t h ~’ e’ig ii t , u i  n ’ f n  e’liIs u s i u c r i  Si ’ \\ si s t e ~u t t s

cur le nt C 1> i n  ope r at u onu Au cli 0 r ,,  e t a t  e r i u , u t  i olia 1 , ( n ’ t ’a t i i ’  Ci n ic i  u t u t , t  l e t  t oil

Y’ti ’t i c ’i’ c t h i t a n t , E l i c I t  ,1l’ O ’O t  tS t a t c ’ t’fl ,it i o n u t  , ~ u u n t S ; u 5  i i  t o  h l u t e i - n . u t  i e i n a l  . ~~~i’f i t~~ i k

~‘, , u t  ,u  1 - \ i  i. St at  lc ’l t  ( I c t ’ I , i l t e l  I , ~~~c e ’t t \ i  I’ l c ’i ’ e i ’ ii~i~~e’ ( I  i i i  11015) and I n e ’n i t  on

(‘an n u i d i . u n  ho l ’ C c > -  R~iSe ’ ~. i )it t ti ’ Lc ’ . i , u i i , t , l , i C  — i n  , u cl c l u t j O l t  • i l S  I t s  u t e ri ’ llt ,i~h e t o

L

ii l ’ thh iS i s  i ck \ , u v , i I \ i  r St ~i t j o l t  ~i , u i h i e ~~ .ui : ch C I’e ’,i t e’r i i t n f t ’,t ho  i t t  t t’ I ’ I l u i t  i O I ut  I , and

t e l e p h o n e’ i l l  t t’ rv L i ’S>- Si ’ t’ C’ cc ’ u \ c t u u c  C i’d t Ii I t t ’ VS c t I i l t t ’ I at :\c hiuk \, u\ -  , u 1 \ u r St at t c ~ It

~:\ I , us k , u l  , i l t c i  N i  igai’ ,I I ~t I Is \ u  n - p o t - C

I-he ’ p t n r p o s e ’ ~t F t h e ’ ! c ~ i’ -l ::i -I: C tonteil S i c V i s  i t  s w ,t s to accjiu i l - c l i t  fo t - u t ta —

C con i  oni ~ C \\ a t  i t  ~uit 1011 , i n t , h  pe t’ fo u~ :auuIe ’e’ as t’i’ l i i i  ccl to 51105 , h l t c l  i c c  c o i u t  l 0  I

~S i R C l p i -o ccehi n u - es  ,u id st  n ’ . n t  eg t i ’S and , i s s o c i , u t e d  c o s t s  fo r  l uih t o n ’, l i t , u t e r l , u I s  and

equi pme n i t  . Flu e s i t  e 1 1 5  i t s  -a t a t  l ed  u n i t  c rt- i c ’S s i~ i t  h op e ’n’ u u t  i ons , ~~t i n i t e ’n u u n c c

~L t i c l  ,iccotlul t t b e ~ j’d h ’ ~ eThl id’i , t l l c !  , 111 so::e’ ins C ctaccs • i n a sp i ’ct  t c ’:) of t luc  SCAN

t list a I Eat ion u tcl  S I RC cqu i p>lc ’il t , . \ u t  e \ I O i t c i O c t  \‘ i s  i t  is IS i’Oi t c l t u c ’t i’cl a t  the’

kc t ’ l ,tt i k \ , t  , ul  -‘ii 1’ 51 , u t  t ei lt 1 o ac~1 t i n  I ’d ’ t ’ u n - s t  — i t a t u d  i n f o  i ’m , u t  i o n  oh SCAN pi ’ r t o r u u t a n c e

dii u - i  n ig  i c I ut~ i~t e’lt •

-\ ~1et a t  ted p l’t’Se’t\ t ,ut ion of C h i c ’ ~ 1 t F c ’ n - u ,  it t o i t  cc ’ l i e -ct  Oil at  each  o t ’ he
— t - i s  I t i’d ~u i rt t e l  u S i >~ p rot t C h i c l  i i i  .\pp e ’u t cl  I \ . F lue ’ s i t  i i  cut  as pe’e’t s of  t h e  SCAN

i n ust al 1.ut j on t  , t l t e l l n u t p [ t ’mcnl t  at l o n t  01’ Sk ’ .\N 1i n a t i  ide a l  i i fo  i t t  Ion a t  e’,tch  of  t i - i c  s i t e s ,

as us e ’h I as ,u c t u i . u l  I~t’ n ~t 0 1 ’ l ~t a d ’t’ c i , t t  ,i , u c ’c I t I l  ‘O ci  ~kui - i lu g the ’ k~- f 1  i t  i k  v u S it ~t r i ’ i l l S —

ctns c c~l Inn t it u s Sc~- t  jolt . j o i : c t i i s  i c t ilS t•c~~t I\lili ~ t h e  oIt c’ru ut nol t ut i p ertot ’m in ce of

t h e  SCAN S \ s t e ’:t .uni l  i t > -  itt t I t  - i t t c ’h i  , t I ’O  rc ’\ l cl t ’~I ,it C i t e ’ 0th 1 o F  C l i i’ Sc c t  j o l t .  - •

12
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~ll S. 2 l I t e  l I t ’ - C i t  I t a t  i i-t n t , u l l d  I’e’ eto f l h i u U i i ’e’ o f  C lie ’ SCAN ‘-~~> s C i’m it  Ke ’ 1’ 1 , u t  i I~,

U N . u -  a l  \ u  i t  , u t  i c ’n t , I c e

\J t i’\ t  c ’ l t i lCil s i t e ’ t s t t  I s a”  i’d t h t d I i l C t i c l  t i e ’ l l 2!  I e i t l ’ i n u t t ’ \ t o  10 ~~I l I ’ i’h  i t ’ S

El i t  t h e ’ ( 1 . 5 . \ , u v u l  A i r  S t a t  lO ll , ~~e ’l I t o t h , h i ’e ’ l , I l i c i  ~l l S \ \ - : k i  1 t o  o l ’ t : u I I l  h I l t

i t  u t  t ed  1 1 1 C c ’ l~1’I ut I on di nt C Itt ’ act  i su l  p e ’ I ’ t o l i t u u t c e  of a 51 \N s \ s  I e’llt ~tnd i t s  pot c u t  Lu l

I i - C c c  I Oil ~~, i V  - u 1 t u  1- 1 ie Id opt’ ra t  i o u t s .  in  add i l l  Oh t c I l i t  e u ’v I c i t  - - and rt’co I ’ d —

t ih e - l ’ u u l : ;  t , u : - k s  , ia-c I r c ie - eS si’re ’ S e t  —tI e t o  tlIe )li h tot ’ ‘-t \N ou t p u t S i h I l i u l s , a l o g  ~e f

I l
Se ’~\ s t t n ’ t , u c e ’ —c ’~t i t ~l i  t o u t —  t i - d i c t t  i c t l l ’  s u s  i n t l  C l i l t  ed , ,Utul C , u l s 1 s u t u  j ’ I ’> - c t l h h t t ’ l  e~~t I t ~ h t t e ’ l  Oil

l ’ti h tlsltC , t I t c I  Si \N Se ’l l s 1  I h u s p e c t  i c ’ h l : -  Wi t i ’I t t ’Vi ’u i t  S h~ 1r I’ ,t Il t t e l . The St \N i n s t  u I  1 ; u t  l Oll

, u t  I I S \ A s k l  I i u u d  it s c t p c ’ l ~~I t  t o t t , t I pe ’r t ’o n i u i : i ’e’ d t i n ’ u n i g  t i le ’ Iii t’ tOdt 2~ Fe’l t n t i u u u \  —

hu t Lu rc I i  I t~ 25 a re  d i  sc ins  se ’d I n i d~ C i i  I i ll  C l i i > -  ~‘e ’c C j o l t .

¶ 
! :‘ . 2 . I slit i ’ Opt’_rati on s whI the S~,\\ l n s t a l h a t i o n at 

~~
. f L u v i k

Snot, ,uui,t I i i ’ cc ’l l t  n i l  ini , I t h e ’ SCAN S V s C  t’hht) ,t t t l ~~ \ \ S k l  I IS t il e ’ rd - s i - t oll-

s i b i  h i  t~~ of  t i n e  i i  Fe ’ Pe ’~~~ t u t  i a - l i t  t i l l c h t ’r uucllltiniist rat lOll t ro::i t i l e ’ ‘i i  F Ope’1’~u t  tol ls

i c c - n .  I h i ~~e ’ c h I l l  I i ’s S e n  I n’~I l u S t ’ F F t ’ ei C i t  l iii ’ I i  l e  i l l ’ h a t  I t  l C h i ’ l i t  in Se -p t  e’hl l l t e ’I’ L t T 5

~ 111 ,1 C c l i i > -  u s C  01 ill’ ~It e e ’t lol l O l i c h  I l l u i l t t e ’ I t , u h l c e ’ I c ’ I l t S l l I ’ e ’ sa f e  h n ’ , u k  u 11c C ce )u,!i I l o l l > -  OI l

I I  u t  1’ 0 i ’ , t I t  — h l > - t’ ul It ,u v e ’IhlC ’ni t S .  (j~e t t nt  i l i e ’ n i l l i say  t I l s 1 t e - c t  t i - tnt , l : u t  li ’s I s t I c  Z i c I c l C c l  , ut

t h e ’ l’e d l t u t ’’- ’t  and t’ xp i ll se ’ ~~~ t C l u e ’ 11 .5 — 
‘it F Fe- t r e e l Y t  it US .) I’ v h e ’ h Ii ’ the Ii  1’~’

L Mc ’jt . i u ’ t  :- i u t  ‘ s c : : : n c u l t  ‘o l e ’, si oi~ t’ ea : i ov , u I  t~,us  h i u u n i ~I I e c l  l ’Y C h i c  e’c ( U l\ ,tle ’it t c i t  t Ile ’

h i ,t > - e  ‘ C ~’ C 01’  h ’ 0c ’ I a nt ~i col t s  1st  Oil p F h  Ph tI ’ i l v  c ’ I ‘- i’OliIhl I i  an~l l i l  ot~ i ug • is i t  h i app~u W h i t  lv

iu c ’t — t e l >  ~~~~ i s t ’ite t , ’r ’ n a - s u i t - - . \I > - o l n t  i - h o  Ito e l i c i t  c ,u h~ usc -Fe uu s e~ci , sli t Ic sand

i s, l S  t ile’ p r i l u a r y  age - i t t  U s e d  I ll i t ’ d ’ i’ cu i t  i ’ o L . N ot e i’h e i u t i e ’, u i s  ( t i n - o i l  u l l ~e’ i l S i a i . ,u i t ~I
ri’ - , , .  , -

the niunis a> I; ,u n’ t’ rou t unte ’ I >  u n l s l ’ e ’c t  ccl ho a hCih tts - u u e - i n sp e c t  t o l l  O t t  i i ’ i’F I O U F  t t I t le ’S

c l i i  I v  uu i d  coust  a i t  lv  d i n n i u t g  C i f l ue ’S c t  , i l e ’n ’t . I’hit ’se ’ i n sp e c t  l i - t h i S  1 5 5  i s t  pe’r so l iu ie ’i

( S 1 iCC Op~_’ n a i l  i u tu s  , hteu udt ’d I’> - t h e ’ ‘‘Snow ki utg , ‘‘ i i i  clot eru~u in u ltg 1 i’O t i  l 4 i’ 01’

c~’flt i n i t ili t ne ifl ) 01 ,uc t I c ’ll , \ l  I l iii’ I i  Fe’ Ik’ptIi -tnutt ’tu t ;untd S I E ’ ;t c l ’sc t l h l i e  1 ; u n ~e’ c i v i  I i  au

— Ice ’ I ,u ll ,li’ I’>-

liii’ ,u i n Fie ’ld i t t  OS\ASki h I S  C c S i i I t t ~I 5 e ’CI of t c s e t  r ’ u u j l i  Pe ’t ’Pe ’lid i t i ’iI L tu ’  t ’ un l t s ,uv -

( i~~ — 2 l  tui ~I 1_ ~—3 0) ~in t ~l I IsO sh t i tr t t ’F c’ i ~0 S ’  n i n n n w , u >  s ( t t _ _ ’~~ i a n d  s b ~~~h t t )  a ’~ cht ’pt c t e a h  in

I i gi u l’ e’ 1 ’ . i ke S ’A\ s V s  ( cut , ins t i l l  h eel , u t  EI SNASK1 i: i l l  Sept dflt h ’ e’r l~i t ’ , co~is I S I S

o t  tout’ i’tit tt ,,tv >-UI - f ,uce ’ > ie ’ l t s & - t I ’ S  I o c , u t  cd* r eS h t t ~et i t c h y  , I t  th e ,u l t r l’ e ’ t e ’h t end s ~t t
’ I li~’

* Fit e Sc?lSO1~ oh’,,’ i u:i~’ 1 an t  cii I 0 t~t I, I 2 - i t )  ft - on  t he n ’ i n niw.u v cc i t t  e’ 1~11 no .
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I
l~~~ t l i l , u i l t  r u u l u s , u \ - - • t wit n’ - ,u ct o u t t ‘ 1  at l o u t ’ - I l l  ( i t t ’  h i  I i  I l i ’ p u i t  u i t u u l  ( ‘ t ’ I i u h u u u t u t  I I t  I~~~u u ~~J L t -t u ( CI’ Ollil ,t t ~I !C( ’ Ope - l u t  t O l l ’ , I i u u u  I t t u l u g  I , u n u ~i I u~t ’ I t  I ’ I t i l h l t e ’F , t l l i l t ’ - e l I - o r > -  h~~~t l  t - ,I

t i l t  t h o  i t ch  - ‘ i~~l I I i ,  t t - . l l ( ’ i ’ t  l i t ’ l i ’ l t I t t l l t  - - I ii h c l i i  b u t t  i~ h t  ~~~~~~ \ p l - l  ‘ C l i l t i l  of t i l t ’

I n’itluu ,, u t i n s t  al Lit i~~n u c u t  : ; i \ \  u - l u - c I t  ~~~ I : ’  S i u i u l s I l  I l u  I t C l i I c ’ S (Sc - c t  It ’ll i i .  ( f l i t ’
a

I I c C t  st I’I~~
i ’, I i ’,is l l  tO (11110 n it,,’ I ’ t I I l I s ~~iV ‘‘ ! l c ’ s l h  u t u  l t t ’ t u n c - S t  , t t ’ i’ I l i t  e f ’ c l \  i t ’~I cu l t - -

i i i  (lie r u n t u ~- u >  - h u t  , u c u’ t 0 1 ’  t I l t ’ ~t tl t Ii ’ I ’ I t u u ’ , t l ’c t i u u  I lI e ’ o l d  h i d  i l ls 51 IN ‘ - e ’ I I ’ - c ) I ’

a
l I e -ad ’ . )

‘t i l l  I t I u~~Ut  I 1th ~i ut i i ’ I’ ,tp luul  e ’t I ui ’ St \N u n i u t a I I i t tol l u t t I S N  \ Ski F 1 h e ’  ‘ - 1 5 1 5 1 1

u t u  I Lg u uu ’ c - - I ~ ati ct I - I • I u g u u n c ’- - I . a u  , u t u i l  d ‘ - t i , us o i t ’ut ’ of  Su \ \  ‘, t ’lb ,t~~~~- I 0151  ~~-(

— i’ I ’ ’ I’ i ’ t t  u t c ’ t i  , ucIt ,,’Iu c l i i Y o ’ h l ’ - c ’F ’ - t e e - I - C ’ i l t i t t e , I t  i t u e t  t i l t  e t t u l i l u c ’ n ui ’ t i l l .  I c  t \ c l l t  i t t

• ) u i g i I ~~ ,~ 1 S t ,  ‘ lu c Ite: - t i l e ’ ‘ i l l i ’ I e  I i i  li’~t iIe ’p tta~: i U It ~~ c u t  C l i i ’ 1 1 1 1 1 5 , 1 >  u u g g t ’ e - g , t t  0

-

‘ 
,I I ’ i l t i l l c i  - i l l - O F  ~,‘ ~~i t e ’i t I t  le ,I > I l i c i l d  u t 1111’ 111. \ I C I )  iIIth ’ I ’ lI’ , t i l t ’  h ’ l ’u ~ u t i : ‘- I t t ’ s  ‘- I t  t I l t I c - t h u

- 
- 0 1  .~ S I i I ,~- lu ,u F \ t~u;S . l u ~~ui n’~

_
~ I ‘~I ‘‘ ltoi , :; 1 I I i ’le c I t  C l u e ’  c~~t t i  ,u t uc h I l t I s  ‘- C  hl’ ,,lI’ ~i l  ,u(

k ’  t ) , t i  1k ,  l ’ Iui ’ it  I i le ’t’ , i I I > , O  I ’ , _ i t  t i l t ’ I I  t t I u t  c I t  I h ut ,’ j u i l t t t  c ’ g  1 , 1 1 11 1 l t , t S  1 1 1 1 5 1 1  I t g l u t  t i

I I I  c c ’  Io~~, l I t e ’ ~I , u u ’ k ~’r cc ’ E o n ’  c I t  I l l , ,’ t h t ’l , , ’ I ’ > — t ’ I I ’ - c ’ l ’ I I I  I i i i ’ i~ ’ l t  , ‘ t  l i l t ’ l t h t o t c u g 1, 1 1 1 1 1)

t c ’ i l l t ’ ’ _ t ’ h l t  I l l  , t I  t e ’I I u ( ’ C  I ’ >  t i l t S h l u , i I l l t t , t c t I I I ’ i ’ t  I i ’ h i t l e ’ ~ l i t ’ -0 I v  h i a t t  c i t  I I I , ’ l I d  1 , 1 1  u t l l i

i i i ’ I’ I I I  C I u t ’ I ’lIh u ls ,l\ ’- III’ I t i c ’

I c l l i ’ t ’ ~~~ 
~

l l o l l ~l C ’’ - l i h t i l t  i
~ C 1 _ u l u l l > -  c ’ t  d l  hu e ’ I cd t t l l h l c l l u t ’ I u t  S o f  t i l e ’ 51 IN

‘~~~ 
- - I (‘Ill I It ” Lu I I Oc t  i t t  I I S N . \ S k l  1 .  l i  C 1 1 n ’ t’ - h - h ’  u i i i l  i i  ‘- I i ~~’t ~ , Fe” - ‘l Ot I I d I V  , t i ’ s”

C l i i ’ Fehl l i l t  0 I FCICC ’SS tltg 111 1 11 ( lCI ’ I I l  , l l u c i  I r , i l l - i i t  I l t l  e ’ I e ’e’t I t ’ l l  I i : ’  t o n  - e l I Ot ’ ‘i-I

It ’ e , u t  i’d t I  l i l t  i I h i i ! i ’ I’g i’ I t t I l I i h  I ’ u t n l k ’ l - I u o i t - - u t u g  ( u t ’ 1 h ’ I ’ e ” - C u l~~ i ’ l l  i l ~ t e  11,111 i - I l l .

I I g t t l ’ i ’ I - L i  ‘ - 1 1 0 1 , - - I hi ’ I’,IiII c i I i t  c ni, ’ h  \ Fe’ , o I l  I b It a l t h  i ’ u u l t , u  i t u , l  , i I r I c ’ ni p i’rul l i r e ’

“ i ’ l l ’ - , ’  V c u l l  t h e  Ii ’, t i ’t  I l u t ’ I I Fl’  t o l l ’  c • I I  l u F t ’ I - I l ’  ‘:15,1, - , t I l e ’ c i i  ‘ - I ’ ~ ~ 1 0  t Ilt 111 , 1 1

4 I . t p p t i ’ \  u h u l l !  t i t  e e i l h  e l t ’dI  i l l  f l i t ’  i t i l O t o g  i u l - t I t  ) b i t t  i ’d I l l  a 1 1 0 1 1 1 1 1 1 0 1 1 1  
~
‘
~~‘ -  I t  1 , 1 1 1  I I I

f l i t ’ l u  I s ’ I l - p O l l 115 1 1 1  ‘ ‘ , l ’i t lhIIlttllI t t ’ , t t  1 ( 1 1 1 > -  t t t ’ 1 1 1  O h ’ .

i’ t ’ t ’ ’ , t t h t t t t ’ I , u I  I lie ’ I I Fe’ 11011 _ u I t  ICli ’ l t t  t i t l l l I l l l t i i  I t  i t  I t l l l ’ - L~~’ l l l  C I  c’O i i ’ ~ I t I l t  Iv

i. t or h Ito S ( - ’c\ l ’c ’.u i t d ’ t lt ‘ ( o u t ’ 1110111 f i l l  si t ic - l u  c \  C I t ’’’ I ln t ’o i t t i f l i t ’ 1111 1 P Il l ‘ - l i c u m

t h u  t olil ’ S O I l ’ . ’ FS I 0 1 1 1 1  , t  i t ’ l l  I ui ’ 1. 11115 Ii  I I l ’ I h e ’ C t  “ 1’ ~ht ’tt I~I I’ , A l I R  I or It - I \ICI ’ ( i i  e ’ 1

t c t l t , t t  t I t ’ l l ’ - t l t ’ t I ll’ . l i t  t il e ’ i i  ett t itt t l l t ’~i e ’ i’ i’ l l c i I  I l o ll’ - , I 1, t lu I t t ’ e t  e I  I l l _ I k i ”  1

I I - - l u _ u i  , i n t ~I I I ’ - l ~ I I C I I I  l l l t ’ , t — i l  r t ’ I l it ’ l i  C ( I l _ l I e ’s 1 1 1 1 1 1  c ’  t 1 I I l ’ i h i u  S I i  ‘ ‘ i l l’ t , t c  ~‘‘ - . i l l  f lu e ’
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cas t’ of ohVious~ y dry conil i I 1 0115 ( I ’
~ l l > - i ’ u u l u L F l l u S  c l i ’  0: 1 1 1 )  w u h n t l u l i  ) , tile ’> Sill t I )l\

tusc ’ hrakimt ~uhfl i t y  e lf ’ a p i c k u p  t t’iuck C c l  I 1 1 b t t  i d e ’  0 e l it ~t I I t a t i c e ’  i l i e u l S I t l ’ e ’ (11 h ’ t In t ~
way  t ract ‘1011 • I i ’ i e’i’ , fros or snow i s  suspect  ~el , It PIIt4 ek ’t  01 i S  115 eel (tell, eel
behind t ruck )  to g i v e ’ ‘‘q tu ant  I t a t  l v i ’’’ F U f l W 0~~ 

(‘011(1 i t  lo ll roach rugs (RC!C I i l l  I erntls

of MU— eiet or da ta .  ‘I ke’ i’ i’ 1 i t t  I 01)5 i i i  p 11cr Wee’ln f ’ t h I— ~’let e’ ~
‘ t l’act  i on c d t ’ I t  I i’j OIl I > ~t ntcl

equnival ent RCR value ’s is p nov jclod in Sect ion 3 • r 
-

I t  appeal’s t h a t  SCAN d~i ta  lire ’ 115 eel as h a c k — t i p  on  u teh i l  t i u i i a l  i nput

t O  V 151101 inspect  1011 II t ’ t i l l ts ~ l V 511 r t ’u i c e ’s u t  ~ef 1 OV ik .  ( A f t  eu  m u  i t  l o t  t roub Ii ’
ts u th  t~u u [Si’ al a iiiis and e l ’nOhlO t i S  in t e l  i cu l t  t O I l S , t hey huit’ t’ appli reliC 1> u t dj i n s t  Oil

t h e’ e’ loct roni CS to cou~u pe n ts  u t t  e- fit  V 111(1S t ol ’ these  pt - ot>- l enis . ) l o r  st  li lt  k’ ( i  • e’.
unchanging)  W 0 I (th i ( ’  I’ (‘011th it I OIlS , tdiet li~ r I) lo~ I ng snow ( ‘I’ c i  i’a F sk C ’S i , i  t h u  i t t  hi

fros t po ten t  l al , r out  in c  l ’ t i I i W l l V  i n sp ect  to l lS stif f ie ’e’; l l e ’ l s e ’ I e ’l’ , ,u p i l o t  h i ’~i k i n g

report or a SCAN i n e I ~~cat  t o n I  of re’iltict_’cl t r I i e ’t i i) I i  l s l ) 1 l l e I  1 1 1 1 1  t O t e ’ l i l t  l t lil l te’ i i i :u t e’

runway inspect ion • Onuc e i c i n g  or snow e’oltel j  t b its u iro  Fe ’coi~n i I :e’d • 5( ’A\ s in t ’ f a ce -

i t t e l i c u u t  ions arc no long e’r Ilton i t or e d .  I f  F t n i i s ; l\  t r a c t ion  it as  cli ’! e ’ l ’ i O l ’ i I t  i’d

be low accept  ab le  1 inn its , t h o u  SCAN su l l ’ t :Ieo t Oltiperult LI Fe t n t t o  FIlIal i on  is in s e d  C 0

dote ’ tin t nu e ’ a eon i’s c- 0±  l Ie ’ I l o l l , I , ‘ . , C h ic  il l - t i l l I e tu t  j O lt of tnr ca , it  I ’oO llt i h u g  , e’ t i’ .

Ure a  i s  ti~ eei span ngl>’ (for t ’i I I I t I I C  I oh re~t son t s  ~i -- $ 13 / 1 0 0  lb  b a t ’) at
I, IS N A ,c KU : and Oh ) Iv wh i cu  uui ’cess l lrv to  t i le i t  l t u t r d e h l i ’ii i cc. As :tt i~u t t u u  ho , i t  j ~
not ;us effective ’ m l  h igh i s I I I e I S  ( I  ) ‘p i c ut l at  CI SN A SKF M c m ’  t ellu h )er uu till’ i’s I Ot, c’i’

t Itw i 20 ° F. ( l i e ’  l’e’, t I l e ’ 51 ’ ~N t e’I t t i id ’ rutt ii no clot a opp iu n’cn t C I)’ prov i di’ con s id ~’ r ,u b Ii’
glii eb ;tne ’e’. I As a genie’ n- ut C i-ui e , t hey do not  al i t  I — I Ce ’ , c it  her as a m a t t e r  of

stI-atog>- or as ,t r e su l t  ut  a lac k o f I s e ’, l t l t e ’l’ S l iltult i ons  w i t i c l i  l e ’htil t lteIliSCl\i ’S

t~ an t i  - i c i n g .  (t oweve r • urea w,us Ot)Sel’Ved ( a p p l i e d  t o  t h ic I I  I - S poeel ‘F:t ~~ I way

prior to our a n n  i v a l  ) I t )  p~~ t)\’ 1 cli ’ i’d)llt I Illh t ’ uI nIle’ 11 i n ig act t o n i  t i l l  ni l u g  C i t e ’ II  1gb 1
(Olt snow m e l t  which  du l l  t~ttnis lIi 1’c155 t h a t  area  i t l i c l  w o t dc !  t’l- i c ’ c  ~tt n i g h t I

thi-ough at h ei st t i lt ’ i!Ii t  101 S l . \  c h I t > >- c i t  t h e  v i s i t .
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2 .2  [) i s i an s s i e u i  and Siuiuuu ~i rv  of ’ SCAN P c r I o r n L u n i’e a J ~d fVe ,tt 1uer L\ ’ e n u t s  i t  K e f l , t v j k
i)ur iug L~~~ebrt ~~’c 9J~~~iJ~ ’,S

I i u  c i l’cl e ’ 1’ Ce ) o i j  e’e’t I t t - I > ’ c tO i’ I p It t ’ I’ I I t o  l i i  t t l~t I po rio flIltIlle ’e’ anl el

c u t  i i i  .~al Ic - tnt of t iuc ’ SCAN Sy s t t ’ u i l , Ito isp uil t P1’i’Si)luhlo 1 i t t  t i’hlu1)t e’il t cu nt ua i n t l  i l l U

an - oui t d— t h e — c ’ lock Sur t ’ ’ i i l t t l u c e ’ of r i l n i W u l > ’  C O l i c 1  i t  t O I l S  , St AN ~t t i I iti ’ e’ —~ 0iid it I d i ll

jodicatio tis zuud S I R ( t  act j c ’ i t  i i ’S t l t n i ’ i i i g  t u e  s i t e  v i s i t  at Ket ’ 1 u u ~- i k .  i I t ~e’

li t-part mcli t 
~~~~ 

r s eu t tne  i ~ n~ac I otis I ~ 
i t t  t ’ereil to  keep an lt o t t  r I log  of S( ‘ A N —  I1It’ l t  Si n I’Cii

s u t r t i u e ’t’ i’Oflih I I tolls uit ~ t ti ’hlu ItOt ’itt I i l ~i 115 Fe’lttI fF0111 t h e ’  ci is 1 iI~uv t t’iiIt t Ii II I .

lowe -ye ’ u’ ch IC Ii) fi’i’e 1t  l O l l  I C t ’ c’w chi~tnges , C l i i ’ 1 oC:’ se’ t.i’ hl ett i’OIllI)I e’t e’ 1111(1 C C I V  t ’ u~~~J

J cmlv  1~t _ 2i i Il l’ t e l l’ Some c t t ’ t h ~ clll >’S. (51111 1 b r  ic t~~ hillt ’ t’ Itt ’ i’ll kept lit t h e ’ pu t st . 1

C u  ~uddi t i on u , (‘:ul s p u i n t  Pt’ nso t t t u t ’  1 kept ut lt u_ i_ i t s  1 o t’ Ctii’re’hit wi-l it hi t - I’ ahiel 1)01 i’lit i ll

ru i iwu u v ft I iig cl OV e ’ I ctl)hielits l t l t d i  I C i O l i l j ) i i l I  i i’d t hu e’ Ituninwi t I l iS~t e ’ d ’ I 11) 11 Of l i ce ’  F c u l l

Jturnont)Ils i llSpl’i’t 10115 01 i-tiniw ~u > - s t n r t  ace ’s a n u c l  SCAN Sen se)  I’S

- - - _A F.’c e)rilth t g 5>510111 WaS II t S t i t I li - el a t  ~-~(~\N s e n u s c ’n ii ,f to c l i  nei’t Iv

nitonitol’ t he ’  s t t n l ’ut i ’e’ eon -tel l t l o t u  (C
1 

lUtci C , >_ n i ’, r n a i s  i l i s c t i s s e t b  I l l  Sc - c’! l o l l  1) O l t e l

tclllpt’r. t t u r o  O t i t l ) t l t  5 I~~ I i l 1 l ’  . \ e e ’ i’S S t e )  t h e’ i1l)h )l’ith )I’t i it i’ s i g n u i l s  Is I S  , t e ’ d ( t l l  I ’ i ’ cI

e)hi ti ti’ t0flit h lilLi S t l ’ i l t S  of ti l e ’ i t l ’( J ( s e e ’ F i g t n n ~e’ l - f ~’) .  R c t s t n ’ a k  l’& ’c’curclcrs lst ’Fc

se’t —u p to  i-ceo net t h e ’  C it l’e ’e’ out 1)111 S gnua I s e’Ol i t  I 11110115  ly  fF11 111 22 leb i’tilI 1-v I i ’

10 Marc i i  1978. (t\ p l’oI) li ’iuu w i  t l i  Se’h15 i t  i t i t  cul t ti l t ’ t e - I i l h l ( ’ F l u t  lI Fe l i c c I i ’ dh i tlg

5>5 tt’hhl WuiS Ilt)t l’t’lIli’eh icci In tl i i tuu t c l — c I , t > ’  oIl  2 ’ Fe’lu nina n’ ; h e ’nuc e’ , t’e ’i’eu h ’ sli ’cI

Ol lilti’ i’tt t t I re ’  clot ~u I - i ’ l’ i’ 1 1 0 1  1 1 1 , 1  i h , t I ’  I t ’ p 1’ I c l l ~ t ~i t i t o I C I l I l t ’.

• 
‘[‘ I hIlt’ i t t s t C t ! ’  L o s  o f  t i t o dat  a 111 1 11 1 i’eel Jut’ i n ig  t he’ i t ’  J u t  s e u t ’ e t i t s e ’ I t  , t t  I

at  USN A SK1~F ,ll’ e’ pro c ide~ i m u  F i g u x - e s  I S-  19. I k e st i’i p-citai ’t records  f~ r t i l t ’

C 1 (con d in ct  i t ’ l l > ’ ) , C , ( c a p~m c i t a 1 u c e )  an td  s u F i i u e ’t’ te’lltb-tt’ruttlui ’i’ signa ls art’

i’eprodueed in  F ig u r e s  15 , lb  and 1 ~‘ , r e sp e c t  i vi’ 1 y - ( l ’hte dot .i 
~ i’

i’sent t  eel i n

Fi gures  15 and 10 a t -~’ not  to be’ l I lt  e’l’p re’t i’d as ou tput  v o l t  , i g e  s of t h e ’ Si ’ i i S O l

t h e’y i1Le  S i mp l y  rt,’lll t l v i ’ do t l e ’ct 10115 cul t  11 St r i p — c i i ~u x’t  record , ‘I’ e-mpe 1-at tul ’t’

da t ,u  m t  F i g u l ~e’ 17 are ’ a h s o l t n t e  vaj ut ’s c ,m l ib r a t c e l  u’,’it i i the s> St t’lli ’S l h l t e ’FItal

ca l  I b t - ,t t  ion.) F i c~ure’s I S and lu uu re annot  a ted  w I t h i  t h e  sut ’ t j e t ’ cont ~l I t  1011

in t l i c a t  ions as read f rt)lln tilt ’ di  S p i l t > ’  te’Flll l lt lt i Ond n -ecoi’Je’eI i n  t lit ’ h o t t n l v  t o .

( l ’itt- p e r i o d s  fo r  w h i c h  t he  log ts’ I I S  ti~~in i tai tit’d is i n d i c a t e d  by t h e  c l o t t e d  I In c .
I hou r l y  t e’nupe rat ure dat a • ,t s 1-ceo i-dod ( i i i  t lIe logs ) from t he ell 

~p 1 .u ( e n n u i 1st 1 ,
1 n’e’ p l o t t e d  Li i  F t  glare’ i S .  For COnlil) i t ’ t t’ne S s , h o u r l y  a i  1’ t empe rat L1i’e’ dot  a

- I T~~ Ji. ~~~~~~ - - - - -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
C’
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meas ured by the SCAN system are compared wi th  s i m i l a r  hour ly  observat ions
reported by the Naval Weather Service in Fi gur e 19. (Dewpoint and w i n d  speed
data from the Nava l  Weathe r Service Records are provided in Appe n d i x  B . )
T h e  t i m e  ma rks on t h ese f i gur es re f er to the 0000 hour (GNH ’ and Local)  of the
ind ica t ed  days.

During the 16 days of observation at US~ A SKEF , a to ta l  of 16
“operational” , weather-related SCAN events were id e n t i f i e d  as fol lows
chronological ly :

1. A heavy frost on the  morning of 23 February , which  covered the  sensors

and runways wi th  1—2 mm of loose frost and lowered runway traction to

went coiutp l e t e l y  undetec ted  b y the  SCAN sys tem ;
2. On the morning  of 24 February , the  SCAN system ind ica ted  i c i n g  ; -

condi t ions , but f rost o r ice was not v i sua l ly detected and a reduc t ion  - ‘

from good runway t rac t ion  did not occur;

3. On the morning of 26 February , SCAN agai n gave  u t w a r n i l l g  (A I [RT) of

P poten t ia l  icing conditions , hut  ice was not v i sua l l y de tec ted  and a

reduction in runway t ract ion fro m good did not occur;

4. On the mo rning of 28 Feb ruary , art already recognized condition of snow

and blowing snow caused the  SCAN system to indicate icing conii~~tions ,

b ut runway t ract ion did not llieasurab ly deterioi-ate and remained

good;

5. Late r on 28 h cbrua ry  at I l u i e I — d a y , w h i l e  a l l  sensors cont inu eel  to indicat e ’

h AZARD , increa sed sn o w f a l l  intensity caused a reduc t ion  in t ract ion

to onl y fa ir  on SOnIC 1)0r ti O1t S of the  runways , anu d the SCAN i n d i c a t i o n

was proper;

6. In the lat e af ternoon of 1 ~larch , the m e l t i n g  (b y in t er u i i tt e nt  su n sh i l i c ’)

an d ref ree z ing of l i gh t b lowi n g sn ow ca u sed a reduction in runway

traction fron u ~~~~~~~ to f a i r — to—poor , h u t  a l l  sensors i n d i c a t e d  C I . I  .-\ R ;

*~le~~ ured values of runway t ract ion wh ich i nd i ca t e  a h r a k i i t g  act ion of less
tha n good are s u f f i c i e n t  to prompt snow and ice contro l (SIR C )  u u c t i t - i t i e s
~t t  LJSNASK EF . See Section 3 for  a d e f i n i t i o n  of r u n w a y - b r a k i n g - a c t i o n  tenn i s .
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\ t i r e  t I t ik ot ~ito~ O i l  S~~ I l S O l  # I , ~t~d~~~eI to  hi ~~0— ~~ of th t o t e r  t~ d

of a sinni Itti - t rack showit in Fi gu re 21 , we nt  u i tde ’t ec te d  i’c.r at lelts

F h r on 2 M a r c h ;

S . Du r i n g  the  m o r n i n g  o( 2 Hat -cIt  , ltccumu l at i o n u s  of ’ h i  ow i i tm ~ s l u ow re ’duc~’el

rcunway tract ion to onl y f a i r ;  b u t  SCAN seitsors reru~ti ned re l o t  i t -c  lv snow —

free’ , in t el  i e’at i ng Ch F-\R;

9 . ~Ie ’ it  ilig of’ ItL ’cUflItl 1 Itt eel snow at m i d — d a y  011 2 ~I Iu 1-eli , Ishi cli cans  eel a

re’dtte’t jolt ill runwluv t x-act ion I l’011t i~ooeh to on lv fair , was prope’r lv  iid ic _ ut ed
by t h e  ~L-\N S> ’ste ’m , pre’tnupt ing S i I t C  act k i t  I . e’S ;

10. l I t  t h e ’ p l’e ’Se ’ I I e ’ e’ 01’ 1 ighi t S I I O W  shiowers on t he ’ a f t e r n o o n  of 5 ftui-cit , t w o

SCAN seliso i’~ (not ~- l )  W e 1 t  to  IL\ AIW and AI , Fl ~T , resp e’ct i ye l~~, h u t
TlI0 ,t5111’ e’eI rt1ltWaV t r a c t i o n i  re” n : l a iuee l  ~ooi ;

11. i~i gu t  Faint Ou ch ehi’ t 2: Ic out t h t O  Ino i-iiing of 6 t l a rc h i  was reach h v Jet  e’ e’t ed

b y III 1 t o u r  ~‘(
‘ -\\ Se’ItSOI’S biowe ’ve ’i , surface tenth )eratuI- e’ at SCilS on’ ~4 u~,us

- 
~

) O~~ lulel t ,I in  co n ’re’ct Iv ilie l u e’I t t  ~‘d I hA :,-\Iw u n t  i i  s in r f a c e  t dupe’ r a t  l I r e

~ ( I  ini c l’e’,is e’el It i t o v e  tiC; ito ev id en ue -e o t’ I C e ’ WItS t ’ i s t l I t l l V  d e t e c t e d  on Ftlltw;Iv ‘

~ s u r f a c e ’ — ;

12. Li gh t  ehi ’t: :  I t ’ ,u l Ij I t oce-u t’ reeh on u the I t i t e r n o o l t  ot  0 March , and a l l  5 e ’ l l S e l l’S

in s t ant Iv re—s poItele ’~I , px’op cnl y in t ch  cat ing I ’L l ’  ( s t u  ni ’luc c  t cnn tp cr at  ur e  W I t S

- 
- - - 

--OC) ; J
I ~ . On t i t e ’ e’ t ’O l t  1 I t i ~ 0 1  7 rchi , i-1td i at i omst 1 COO I t  u u g  01 tt ’ t’t rumiwavs c~ttnsetI

t’re’c: iIs~ of ntul iwltv s C m l ’ f a c e s  ;ITt~l .1 t ’ e’ e ij d ’t tOll 01 t t’aCt i dli to poor lund r
Lt I r— to— p oe) i’ ; ite twe’ve’ l’, r~ n’ e ’n,t t lan e’ cli’>’ I ng of’ SC AN seniso r s uu r t l t C t’S

pr e ’ve ntt  eel ~het e’ct I e)Ii e)~ t i t e’ iia:;tr~Iouis cont ehi t colt l u n td  the ’  senise t i’s

i’eIlId i i te’ el I i i  I he CI,l’AI~ e’O I t e l  i t i 0n1

I . On t h u  e :uo i n i  rig of ’ ~ Ia r ch i , a t re~S t t’\ ’ elit Oe’ CII t’rt’eh wIt i ~‘ht r e ’dt te’ed r cnn twa

u’ j c’t  t o n i  t e t b e low 1¼ ’e’C l l t  able ’  v a l u e ’s se t ’e r ,t l  cu t  (lie ’ ~~1 ,-\\ Se’lt> ’ e~F5

prot’ i eled achv ,tni~’t
- W I t  n ’Ii ing of t h t e ’ t iitpem tch i ng 1st: arelouns c’~t 1iel i t  j o n  l u n ch

Ut) dt)tu lt t P I ’osj t t  t’d i ’Lt l iWi t> ’  I l t Sp t _’e’ t I O tt  lInte l  e’e t l I  t ro I 1;it’ItStIFt’S ;

On t li e’ I t  t t  C’ l ’ t IOOIt  c u t  9 III I’ c’ ii , t itt ,’ ~‘t AN SC’ltS (ii’S ills t alit Iv i ’’ u~ 1 St  c reel

I ,’! I’ w i t e i t  1 ug htt x’,t in s h i o w e ’rs beu ~lLn 1 ;

m t . Out t h o  mo r n t u n t g  of 10 M arc h , se’ve’ra I SCAN s en t s on ’ s  provide’d 0 1 1 1 ’ ) > ’

t~ a rn I l l~~ of t mpen u d i n u~ t’ret : i ng o 1’ w e t  runway s ; the warn  nc~s l~> S1’,-’c\ 
1

So
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p ronupt ed SI RC ac t i v  i t i e s  wh ich  we - I’d ’ not i n t i  t i a 1 l y s cu f f ’ i c i  en t  to

preven t It reelue - t  IOU ill I’UllWlu\ ’ ( l’Z t e ’t i Ol t  t o

Of tile ’ lt e’v en t s  eles e c-ibed , iheu v c , -I (25°o) w ere  false’ iflch C i t  i c ) i i 5  , an d Si AN

f l u  led t o  ehcte ’ct or w a u - u u  of h a z l u r c iou l s  c i u e l u t i o n s  Oil - 1 ( 2 5 ’~ ) l Ieh1 i~ i o n i a l

occasions. (An a d d i t i o n a l  f i u i lu x - e , to detect a tire track across t h e  :-e’nse~1’ .

u~IiS also observed. ) OIl S OcClt>-iolls (h ~°,,) , t i u e  ~~~~ sy s t e m  p r op e r l y  1111(1

i l s  t a l i t  ly respon d ed to  ra in  ~lul  t i t o u ig h i one s e - n i s o  i on oiuc occas c u l t  i lnp r op et’ I  
~

x ’epu rteel IIA:A1w . On 4 eutiuei’ c) C e’ IL ’- 1 0 115 t~2 5~~) SCAN p i’ope’rl v Jet  e’Ct d i t , t  :a
- - 

i C ing conud i t  ions . Lo t’ t wo of t hose  i c I nt g e v e n t  s , t h e  S ( A N  sv st enut px ’o\ i d~ d

, u ~1vwIe _ e - w~ur1ii ntgS w h i c h  pI - o l u p t e e l  t ’CII lW Ly i l t S p e ’ Ct  j o l t  l i n te l  S l h ~C ac t  i v u  1 1 c >-

t he reby en ita n ic ing aj r f i c l e l  s~c t e t y .

I t  appears t h i ~tt  t h~ >- ( AN S i I n I a e ’ e’ e’on t eh i t j o l t  j n Il u~ i’ u ; i t  i d u l l  w as  llSd’ el

us b a ck— c u p  or aeI~Ii t ional iltptlt to \ i S d I I u l i l u s lu e c t  i o n l  c i t  F I I I I W ; I V  s l l I ’t l lc c S  a t

tS\ .-\S~~E h .  For the’ obvious conch t ions of  SIIOW , 1) 1 O W j i l c  S l O W  01’ W , I i ’ I : I  no i n ,

t i t e  SCAN s>’s t cu t wa s re fe  u-red t O  Iri fi ’e’c iuen it  lv . T h e  e’Ot lS  t o u t  pi’c~ e’lt ce’ of II

4 4’, t I l l - p d -c t  O F OIl the  runiw~t>’s w i t h i  a ~ftl—Het er provided t h e  i n f o  ulnat i on

It et -eled to  cli Feet S 1 RC øpe rat  id  n is .  Mue ’ll b~ c1 spo ts  W ’  u-c ohs e i-ved dill t h e

n ’ l u n i w a v s  , SI RC pen s onne 1 were  not  i i i  Ccl lu n ch soon h Il le l  swept  or  Oi~ eel t hu e t r ca .

SL’eN ~) l ’ e ) t ’ Cet utost il Selill Ill ~~i’d ) t -  j e h i f l e ~ j I l e l i  c’I l t  jolts or w I I r I u  i n t g s  01 l I n c Xp d ’e’t ccl

c t ’ iu t  s st t c h t  as f ree:  i rig o f ’ wet  n i ln u wI l y s  and I i’OS t t o  rlu t lu t i o n .  Aut I lne -x p e ’e’t ccl

in t e hj c a t  ion of Ah , Lhth ’  or i l A ,\RI ) was St I l t  ici  cut  to 
~ r o l u p t  a i’t1tt t~’It> ’ i it sp ect  i OII

k 

h i d  s u l u f a c e  t enupe r atu re  dot a WItS Od’CIs i o n t u  1 1>’ USe ’ .I t o  gil  i d c  ~Ipp I i  c , u t  i ou t

c i te m i  c’ zt I s  . I h o w e v e t ’ , 1 1 1  ISe’ a l a rm s lu n ut , l  n lt i sseel e’t e i its  , sitch i 115 t he  (‘cost c u t ’

25 Februa ry , have ’ leach to I t  c e r t a i n  degree  of e l i s t  rust  of ( l i e ’ svs  I

Cent ral t o  t h e ’ SCAN s” st e n t ’s h u g h - u r a t e ’ cii ’ f a l s e  ~t 1~u nn s  a~~cI

111111) i i i  tv ( 1 )  Jet ect e c u - t a  in lt a :arelous i c i n g  con eh i t  ions appe lu ‘s to  he t h u e ’
Se ’flS e)l’s ’ itu ck of t ’op u’cs ent a t  i veness  of t h e  su r f l u c e  c h i l t r l u c t e ’I’ i 5 1 i c ’s l ine!

he ritu al pro pe u-t i e’S of I he ’ ru niw av S’, u r t  a c e ’ . h ) t u x - i  151 mt_’t eou ’o leuc i I e’ l u  I S i t  1511 1025 ’

cnv o l t- i ng  snow , i c I n g  or  f rost  , se nso i -  S c I r t l t e ’e’s we ’r e ’ ge l i e ’l’Iu 1 1 >  nOt t j Sll ,t I l v

rep re-s en t  at ive’ of’ ntmniwav 521 i ’f , i c ’ c ’S , et’e’ti t t ud ud lgh i  t h e ’ S e n s O r S  t >-p i c a l l  y

i -sponeled ( ie . , increased cap lu c i t ance s hi own u in Fi gure ’ 1 u~) t o  t hue gent er ,u  1

1” t’~ t’e ’ ~ 1) log ica l  eve ’Iu t . The SCAN S>’S t cit repeat  ~th lv elet ect e’~h s i g u t  i l l  can t

(h t t a l t t i t ie ’ S  c i i  51105 , ice and wate ’r , h i l t  for  sm a l l  dItlan tt it i c’S , h o w  d e l l S  I I V ,

5 /
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or brok ent coverage of snuow or ice on the sensor sur face , the  SCAN m d i  cat  ions

could riot he p red ic t  ed from observat ion-u of sensor surfaces . On s e’ve ’ra 1

e l e ’ellS ions , eli ffereneles i n  the w etn t e s S of the  sensor One! runway t r f a c e~s ,
apparent ly rcstt 1 t rig t rout elj fference ’s in  ~~ I’eis i t)’ of I lie ’ r e sp ec t  i Vt ,— Iltat en a l s

and premature dry i ng of sensor surfaces , precluded the ’  detect  i on -u of f r eez ing
runways. False a la rm s (ALER T or II AZA RI ) i n d i c a t i o n s )  typ ica l  1>’ occurred I tt

ni ght , wh en radiat j olt to th te  sk y iup p aremu t  ly cooled sensor su r faces  to

t ennp e’r a tl lr e ’S  lower than  t h o s e  of t h e  i’t i iuw ~ uv lutel  zt p p r o a c l u i  rig the ’ deWI)ojn’t t

t c-ripe rat ui - c’ , the ’  u- e’b y ezutls ing frost or i ce ’ cle’peiS i t  ion  on t lie’ s (‘IISO rs

The log ic  i live) 1 vec l in t l t e’ SCAN sys t emi t ’s ele’t c’ rnnt i nat ion of set r fac e
cond i t ion  is  reach I lv  appal’ t l t t  I ront ~t n’ ew i e’w 0 1~ the clot a h i r c’s c-itt e’eI i n  Li gu res
15—1 8 .  i t  is o b v i o u s  t h a t  a s u n  l I c e ’  e’t)ilJ i t  11) 11 o t h e r  111111 ) CI ,E A l~ ( d ry) w~us

i n t h  c’at ccl uehem u e v er  t i l e ’  elup ac 1 t alice’ S I 1~ltZl 1 ( l i  g u m  cc’ 10) m c  rC ’ItS eel I I  (‘C I ’t I t  i l - u

lUitd utI I t t above’ t lie ’ hos t’ 1 inc  vol t i c ’ . I t  iS c’ciilal 1)’ eu h i v i o t u s  , t roni ~L e’d) fllpz t F l  5 0 1 1

of F igtires lo , 17 and 18 , t ltat IIA ARI) s i gna is ( I t s  oppei sc’e1 to hiL l ’ , w i t  ii a h i g h

va lue  (uf e’;lliilC it  1111C c’) we’ re’ ite’lue- u_ i tt e’cI wlue’mu r eccu r ci ecl s t u r f - l I c e  I enupe FItt ii n’e’

( L i  gure  17) wits 0°C ( 3 2F )  01’ lowe ’ i’ ( e. g .  , cu t -u t Itt’ Into I’ll 1 li )(5 cu 1’ 3 , 0 , S , ¶~ and

10 Marehi) . flit’ cont cltict ic’ i t y  probe ’ , wIt  i h e ’ c’ l t p l ub  le cut  cit -I e’c’I i n ug water

(b ct Ii t ap  luldi r~t in - u ; e’ . g . , see 22 , 23 Fe ’lu rub I)’ a h I c l  0 It I t dI 7 Ma re-lu cull Fi gure

I S )  , 1l1)1)llIt’II t I \ ~ p I ayecl 11(1 FO h e’ ili S igulli I i u r ~i c ’ss  rig . UI ’re f ’o l’ t .’ , for SdlIS ol’

Il-I I t t  Ke I I  I t t ’  1k t , lu t  c i  t u g  t lie h e ’ d  Oci 22 F eh u r U l t  cv — h I t  I l l  n’c’lt I g , t lie ’ c’ ; ipiu e’ it IIlu e’e’

s u  gn~t I clet C ’ l ’ I l l I  l iCel  t itt’ p I ’ c ’se ’I t c e ’ of wIlt 01’ cull t iu e ’ S e n l S d ) I ’ , lIB e l st I r !  I t ce ’

‘inijic z~t t  t i n  re was us eel to  dct e ’ flIl jIl t,’ t h e  ~ I t i l 5  ~ of I h u e ’  t v ; u  c - c .

A pot c ’nl t 1 1 1 1  ly Sc’ I’ ic)IIS P i’tt hu 1 0111 , I I h ’ e’ iu  it’ l u g  c hi’ t t’i c u t ’ t lie d l  ~ P l I I > ’  Ccl

sin n I l  cc ’ t eiitpe rat  mu rc’ clOt a was oh” Sc ’ cv c-cl J u l  I I  n tg t hue ’ l i l t  I e n ’ I I e ! l t > ’ S  c i t

ohs c ’ n ’v ;t I I outs l it  Ke’ 11 i l V  I k . ‘li -ut , ’ t e’mpc’ rt t t i n  I ’ d ’ c ll tt I I  I’ d’ c’O l’chCcl lit I he’ i t rI  I ;u i’ d’

c u l t S  i d e- red I’e’,Is euItIlhl> ’ I l e ’ d’ t l l ’ I L t  c’ h ) thu e ’se ’ tt tn t hul l’s , II> - I
’I’d-c’: i ntg events tvp ic ;u I l v

c u e e ’t n’ l’c’tl whie ’ui siui’ t h e’d’ I clltlie ’rhtttul ’ e’ W I t S u 0 ’  C I t l I c i  I i ~ist c i & ’ h i O > ;  it jolt cult f l i t ’  Se’liscui ’

.lppal’e’ul t 1 llegIlI i Wi I ( ’ l i  t lte’ semisl u r t enlpe’rlL( Ill _ C’ lld’ t dech 1 h u t ’ ehe ,’w1uo I lit 1 em~x’ rh I lll ’c’ •

Ilow t’v er , el I Si l l  Iuye’dl t d’flll ue’l’11t nrc , w hi ichu Was u - h ( ’ u11’eh tt c ’ l’ I 111 t h n’ c’ce’rched t e’lll~te ’1’1 t t  l i r e ’

oil 2 2  Leli rita i’Y , WIut I re~td I up -‘~!C warnute’ r thaut ~t c t  t i l t ! , i’e’e’O rcleel t ehlupe l’at tire ’

h> I I I  flIt n c h . (Sn i ’ f a e ’e’ I emImpe’ r;mt lIre~s u l i s l i t  I lyotI  1 1,1)111 l u l l  tt u il I’ selu suu rs

di  ft ’c’ m’~ el , at inly g I von t imc , lu ) ’  up to - ~lop l’ e’e:; C t It rotig il cul t I I hc ’ 16 dll t> S 01-
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~h iso x~~h l t  ions.  ) I f ’ t lu e ’ c li sp l l u v  eel sit r f aee  t eutipe ’ 1- It t t i l ’c’ d l i i  1 uc u l’t’ I c i  he

i l t i  i i  ,>t ’ eI l o u ’  th e’ t il l l c l v  111)1) 1 ichi t l O l l  c u t  e’It e l t i C h u l - , u ;  III 11111 i — i d ’ i l t g  S I  l ’ h t t c ’gv

5t ’ l ’ l d ) t l S ;tittl  e’c)~~t ly t ’ t ’ t ’c l I ’ S e’eiti l c t  hl t’ lSc ’ I I > -  I t  r e su l t  o t  Cl ’l ’ O l l u ’ui h I S  t c’npe’ u’ h l t  it l ’ e’

t h t t O l ’ l I t I l t  wit , ~ Se ’ e’ ~;e ’ ct  tei ll 0 t c u i’ c l e ’ t I l I  I s . )

h l c u r l y  d h l t l t  t 1 ’e) Ill t h t t ’  Stt-\N h u l l ’  t e ’t l I 1 l e ’ l ’ l u t i l l ’ e’ Sd’l iSOl ’  l h l t c l  S I t It i I ~ r cli i i  It

l’Ollt th e ’  N a t a l  h e ’l l t h u  t ’ I ’ Si’ FV i c c -  i e ’  e’o i’il~ hi r e collupa reel iii i i  gtt l’e I )~ C i v  c’hi t he ’

c i t  t t ( ’ Z ’ t ’ i t d t ’>- i l l  e ’X J u e l > - l u l ’ e ’ c u t  t he ’  t u d i  I l l > ’  I r i l l l l e ’ l t t  s , t hu e ’ a i t ’  t e’u iup eni tt t i r e ’ c h u t  It

c ’ ‘c It  i )u  i t  J ’ CIL> -  O I l  I l l u  I ’,’ pooch ~ug reemuie’rt t . —

l- ’ i l t I t  11 )’ , 11 SI AN hue ’ri&tfllihtllc d ’ i )n’c)hii c-Ill obs e rv e -cl c t l t  Ct ’ t ’l ’ ht I u l C c ’ , l ’  I c O I S

~~ duu - in t o ocut ’ oh,sc- t’v;uticins hut k e ’ I l  llV 1k u% ’ lus  t hue l o c k i n g  ox ’ st i e king cu t ’ It sc’Il>’Oi ’

nt ( b i t ’  1IA A L I >  lI te l l c’ , I t  i on )  d ’t’ e ’Il t l t o i l g lt t’tlllWIl\’S W e ’ r e ’ ci rv l u n c h  t u - t u l u e - l ’, u t  tll ’ c’>- \c e ’ t ’ d’

w e ’ I I IlI u l u v e ’ t’ l e e ’: 1 1 1 0  . l’d’t’St,u l t lt e ’ I li t K e’ ‘1 u t 1 k uut’ e - t ’ cluIiIe ’ t h u  i 1iceul ’ l~ ’iii b Y

~I is eo n in i e ’ e’t i mu g  pcs~’ d’ 1’ tw Ill tIle’ 5&’IiS di i’ hUtch itl’tI . Af ’t ct ’ i’e’ -t e’ i’ t u g  p owd ’ I’ to t h e ’

t iii i i , i t  W e ’ l l  Id cu sp 1 hi)’ coi ’u’t ’c’t I v .

S - 2 - S h ) e ’ t I t I lt ’d  1)i sCclSS I c)hi ci t SCAN P~’ I ’ t o i ’ I iu, I ihc ’C Itt Ke’ t ’ I , u c ’ u k ,

22 l e’h i ’t l I l  i-v — i i )  M , u u -c i u I

l i t  t lte icu l lelt ~’ 1ftg cltSe ’lISNIOlt , It e’}tI ’u t i lOlu l t i e ’, I l  h l l t l ’ l ’, I I  i t e ’ c i t  S i O l ) j  t i c , t I u t

cc e’ , L t  itt ’ t’— • SI  NC— , u t t c i  Nt ’AN — z’t ’l  Ill ~ u l et’t’ll I ;- ~it i cit t l d ’ e ’ I t l ’ l ’ c’ t h e h t l l ’ l I l u ~ ( I t o  I s  e I , u v > -  0 1

c l l i ’ e ’l’d,t( It ’ l l t I IJSN ,-\SK b: I j s  ~~~~~~~~ ~I u ’d. \‘ls t l I ul du i us c— t ’ vh t t  Iti lts c u l u t  I l l  1 1 C c 1  t h t i ’ cit ue l ll

c i t  r ’ ’t ’t l ’ihllh ,l> ’ i f l s 1i t ’c ’t l,)ut , % l e ’ 1 t t  )te ’l’ t ’\’c’luts 111 51 5! ltC It e ’t i t  i t  I c ’S , t I ’ e ’

,tt t&t x’ t ’i ’t’]’c’lie’t ’ el ( c i  SL ’ -\N ot it j ut ut ch I l l It I l I ’ d ’ e ’l t t  c’cl i ll h i i l I l t’ e ’S IS— I t _ u 1 t l t ~I Stl p Ilclt ’t I II I’

(1  
- ‘

1 I I t O I ’ I l t I l t  l e i l t  J i t ’c l t ’ i d t ’dI unu l : t g t t n ’ e > ;  12— 1-!, i , ( t d ’ I t t  i c ) l l S  e l I  I hue ’  St ’ - ’cN sd ’ I t > , l u l ’ ’c , i’ltltW ,t \ >-

,t t tJ I ,t\IW,tV , l’,’tc ’l’e’lud ’e ’ uf I I I  (is’ cllS c ’ ltSSIetlt ni t t y  h e ’ te i t lll e l i n  I t O  l I l t ’ 12.

• 22— 23 Feb l ’ l I l t  t’v I ~t S

We’IttI it ’l ’ elt t l ’ l u p  I ht c’ 1 1 1 1  t o h  s i  ‘c d l v ; c i t  t h u t ’ > ‘ I t  e ’ V i s i t  W I>’ cidlIt t I u i l t t  c c l

I’ v iJue ’r(’his l ug  inter ,uc l i c u i t  itc ’tu’c’ t ’lI I h e’ “Ci’e’c’it Il t uel hit pit ” t c i  I l t o  i t e i  I I  h iuce ’ >- 1 1114 t l l ~’

~ 1~o 1 i r  Lt’euui t ” Wit It ’ll W I t S l e u u ’, u l  Oc l u ’ e u i t ~ - I ele ’i’IIh I ~ , c u t i l  It e l f  I c e ’ I i u i t e l . ‘fl ie ’ ~ oe ’k ‘ ;

Ic e ’ , l t  15 1’ hue ’p IU ) ( m l  el— clOY , 22 F e b . ) ic i t  l u i t i t c ’ e u i l t i l t cu h l  I Y ‘- t l i t i t v  ( t ’cu l I l I e ’ l’e’, I lum t I I lilt’

u )t year), won’nn )cl ,t’,- t l ine’ 3i~F ( 2 C ’ ) , m t t g t u t t  lint’ S t I l l_ U ’ ) : ‘— ‘fe 1 2 1 - ) , 1 t g ltI uci n utl
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condi t  ions (N E 11 5 k t  ) . [)uu’ ing th ue ’ we’ek , t h u e’ Grc e ’i tih tuiel h i g h-u b u i l t  wit i Ic  t h e

Polar  Fron t sit i t’teel nort hware l ; t ite pressure  gr ad  i cml t I g h t  cite’cI , hifl dh 1-tor t  I t —

e ’aSte ’l’ly Wiri e ls  p ick ed iui i t O  35 k t  (dlt)’ t i l f l C )  , i l e l t ’ & ’ c ’l I l u g — i l l  g n ’ t d I u u i m I  I v  c’c ultlc ’i’

lurid dr ier  ax u’; but  ~ kv s i’etlthlj lle’eh s u u i u j t v . liv 2 a ‘ e l  l ’ u t , u  I ’> , chIt)’ I I Ilie’ I e’uitp e I ’ll tilrc

was ‘2 - ! h l , — 4 .  SC) , n ig h t t  inc was 2 U ( _ 0 ~~) , hI was - ’ 1 7 F ( — 5 ~’) . I ron 2 1 t h u  rough

2o Februa ry , no pree’i pi ta t  ion  c’vt, ’litS occurred at IJSN A ,SKI F • a m l d l  h t e’n ce ItO

preci p i t ~t t  ~ OIl r eI~ut ee l  ice- —e le t ect j Olt eV C l t t S  We re eibst ’t ’~ e’d.

‘l ’lue ’ I’e’c’t)l’eh i llg s\’st e’nIb ~ut SCAN Seitscu l’ # - t  W ItS t u i > ~t , t h  I t ’d 111 1 t h e ’  lI tt er—

itoont of 2 2 Fe-b n ’tiai ’) ’ , lilt el , 115 O tt ~njt ju l tes t , the’ S e’luS (u 1’ WIt S s I l l  l t sh e ’dl w i t  hi

wa tt ’  i’ to clc’p t t t  cit 0. 5 111111 t’romit ci 530— 171)0 (~ f l .  The i’e’>’ 
~~~~~~~~~~~ 

c u t  t i l e ’

concluctuvi t y  1111(1 c a p h l c i t a n l e c  Sd ’iiS c)I ’S t o  tite lht)’e’l’ c it wa te r cait  b ’  seen

in the s p i kt’s in  Li pu res 15 au 4 itu , ri ’s lw -c ’ t i vi’ lv  . Oil t lie ’ I c )  I h o w  i l I p  l i f t  1’ l’llOcuII

(23  Feb • ) at - I - h i l t )  , h ut  a t  t e’nIpt w~us um ade t o c h I l l l~ i I t t  C’ t i l e ’ s i l l - I l l  c
_

c ’ t e’Iul~id’ FIt t U l e ’

p rolie * of  i’ ’! by c re’ltt ~IU’, a pcudd Ic of W h I t Ci ~l0 nun did’c!) cut e’ r t It e’ S e’ltso I’ l l i t e i

measu r ing  t i l e ’ I i’IIip e ’) ’ul t i l  n’ e’ eif  t he whtte r w i t  it It thc’rnllollmt’t C I’. Ag~t i ni , n o t e’ t h e ’

~p i k c ’s i n  tlte’ re’co u-dls s h o wn in Figure- 15 lund 16 cut t h e  at  t e ’I ’Iuoe ) n o f ’ 23

Feb ruau’v . In (-cotit tes t s  ( I e .  , on t h e ’  af t  ernoo mus ~u 1’ 22 i un id  23 Fe-b . ) the ’

5C,-~\ sensor u ’ c’spondcel te i t I l t ’ ~ res eiu ce of ’ hI stubs t b i t  i a l  1 ; t e ’ I’ euf  w a t  en ,

me’ 115111’ iuig , Its expe ’ct Cci , j llc i-eases i n both C itpac 1 t 1111C c’ u ric! CO luehtl e’ t iv  it)’ .

111 t i l c ~ i l it ( ’rt ’ ll I b ’_’t Wee’lt t lie t W o  a t e ”  u’etuuei ut i uiue ’el test ‘ dl I Si’liSel ~
‘ 4

1 C .  , 011 th e’ Ilu ciri t i up  of ’ 23 February , 0 ‘‘he~u v> ’’ I l - l u s t  i’V ( ’ i tt  Oce’t t l ’t ’ e’ch l i r ie!  W e ’llt

conup i Ct e ly  unde t  ect e e l  by t h u e ’  S CAN s\ ’s te l l l . ‘ h u e  I i’(tS t c ucc tl l’t’e’el IS 11 )‘e’SU i t  c l i ’
FIl ch I h ut 5)11111 coo I i  up o I’ u’utnwa s ’ 5 1 1  hl I t C e ’s uncl e’ i’ c it’ll 1’ itoet tl t’fllt I skvs  • w i t  ii I t

ei e ’ts’J)di i It I d e l i  l’e’SS l O ll  0 I 011 1)’ 2° F ( 1  , 1 C
~t ) . 1 1 1 1 1 1 1 1 1  1 I ’ d) S t t O u ’ i l I h l t  I d u l l  tc ’ I S  l l c ) t  Ce!

Ill - 1’ St) ( M’I’ on 22 Fe’b n u l h l x y  , b i u t  uu l ’t i n t w h l y  i n sp e c t  icu t showed tcIII—Me’ter t i’ l t e ’t ion
coefl’ie’ iclits (IC) of (60/60/60) ** (see Sect ion 3 for  ~ui cxp l ar i a t  ion ) for  t I l t ’
l- t’spce’t I C c ’ t i t i  rdls of ’ t h e ’  FtiItWO~ I e ’nug t iu  . Subseqile ’l t t  c lueck s ot ’ runway I I~h~

COhielit [cultS uit 2300 l I n t e l  0201) (iI’F (23 F eb. )  Sh ’,owe ’d a g r utch u hi l t h i  cke ’nu i n ip of ’ the ’

*‘fhte cal  i br a t i o n s  in d i c a t e d  t h a t  d i s p l a ye d  su r face  t t ’ inluc r h i tu r e  W 1IS W i t h i n - u
c 0 , 4 °C of w a t e r  ba th  t oml)erature .

**‘flue numbers re fer  to averages over respect ive  juort ions of t h e  runwluv , iri t h i s
case t h i rd s ; 40 i s  ~~~~ runway t rac t ion , 36-39 is  ~~~ d 1-to - f a l r , 30-35 is f a i r ,
2b-29 is t a i r -t O- j iOor ,  and 25 is

I
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s t i l l  I i  g l u t  iros t loud runway IC of ’ (60/ t t )/ 60) .  lløw& ’t’t’i’, b 1)2 111/25 h e - l i .,

lC ,IC) t’j’eu st , I’ l t t t ’f y like ’ hi 1 i g iut  ditis t I n g  ol  S I t e i W , d ’ e l C e ’ I ’e ’dl tli c’ I ’ t t I t i c , t \ ’h I c i  II

eh e ’~ u t h l  ol ’ 1 — 2  utitu . ‘l’ l’h le’t ionu  on R W 12 wi t s  nu eh lSu l ’ e’dl , t t  (2S/_ ’~t ’2c ’ ’21 ) , I h u e  l u t  t e ’ n’

rd’ Idtil I
~ 

lit’ Iti’ St ’ ,-\N sensor  112 . It I lseel  on t Ile-Sc’ ed ’ - ; c’ n ’\ ’ l l t  l e i l u S  l O u d  p i ’d ’ v l c l l l > ’

L ’\ 1 ud ’l ’ u c l u C e , b ro onuntg  WIIS i mmcci i at el y ili I t  t I l t d’dI . At ()~‘0() , l I l t e’ I ’ t i n e ’  PI ’l ’
~ 

I i ’ ,’

thud , I u i ’eioms clow n u th u e ’ c e - mi t  e’2’ cut ’ t l i t ’ i ’ i l l iWII V , t r a c t  I c u n i  d m 1  h0~ 3t ) IcI u ~; ( 3~~/ 5~~- f  t i-I -

S f 7 2 2 ) , t hue’ lIlt tei’ t W() l’d’lIeI I lip s cult t l i e ’ 115 ye t  out ! - r t u o m i ie ’ el I101’t I O i l  ci I t h e ’ h~t~

r l i d ’ , l l ’  sI AN # 1 . The t m n l S w e ’ h l t  Scu i th t  I’h l xi tc , Iu’ stltiw e’d I t ’ i l l ’ ( 2 9 / 3 2 - ’25 )  . St AN ‘S ,

t’ I e ’ I i t l t V  I C  (1 7/ U ) / ) f l , i c a : ;  c’d l V d ’ l ’ d’ dI w i t h  (1 ,5 11111 oh tn ’ cu~-t ltl td l it eh i c Ilt l u g  —(ii ’,

t ’ l I . -\R ; SCAN -I h ta ei 1 . 5—2 111111 c i f  i 1 ’e l S t  , ‘IC  ( ,2S ) , b u l l  Ic’l t S  j n t c h i e ’ , t I  i r i p  —51 ’ , i ’ l l -  \R .

Fit o b i-owns c’ont i m~tte ’eh sw ’e- p i r ip ,  wo n-k I up 1’ re in t he ’ C e’ntt c- i’ te l t Is’ ItI ~ d ’ dt ~~ c’S . At

iiS - 12 , t i-o ct  ion on Rh~ 1 2 was  (Ss/  -1(1/ 3 5/ -hO )  l I f t  c ’I ’  One’ e’c ) I I l I l I  t ’t e ’ h i l ’e l e l t i l pu ss

On th e ’  I h i  —Sp ec- cl ‘I ’ ll X I  W I t ) ’  • t he It  l’d’O wit cit  11114 I u c ’e’ll I’ re -v i culls Iv  t i’d’I t t  dc ci

w i  t h u 22 ii:u’,s cut ’ tl i’ e’ut ( c u n  21 Fe-lu .) w u t s  wet hut  1111 1 d i i  ne’ch I t I l n ’ i1 1”t l v  by sell I ci ,

i i i  c-k t ’ u’ cu st  at t hte edge’ c u t ’ t hue’ liii t r o t  I e’ el i ’ t n f l W I t V .  ‘I ’hu C t’, u l l  cu tc  l u g  ~ !I - N t ’ t i-n’

I r: t e’t i cul l  c lOt It  WI tS  Z i d ’t h i t i Feel
I~e’ I tch  I I l i ~S ( i t  I C e i hiu 1ull h c ’el
St _ r m ,j~ i t  -\ t e ’ r c e’

()t ’ d’l ’ II l’e ’ It  — t re-Itt cci , t  I ’ e ’I I  15/ -i S 55

I ) i, e ’ 1’ tIl l t t ’d’I t t  t ’cl I i  )‘c’hl 2 S

‘Ilu,’ dl ht t I I  I lie! ie’I it  e’ t bu tt Li h e !  t i l t’ t i ’ ei st  e’\’ cii t I ’ c ’enu ~u re el i c’t c_ cl ( uie’tc ~e) l i l t  hi l l el

si iu ’I ’ute ’e’ t c’utu p e ’ i-at lire’ i i i  fdu n l l u u t  I c u l l  , I t u t t  I — i c ’ I  mu p Iiie ’I t: - llre ’ :- i’ e i t t  I I  l i , c ~ c ’ ~ 
l’ t ’t ’ c ’ I l t  ed

i’c’clti e’t 1111 1 c) I t i’IlCt 1 dul l Cell,’ t t t e ’t c-I -ut s h , t ’ I cuw ‘-I (~

i ie ’e’ h l i l s e  cut ’ I hte ’ ~~~~ 
O u t  l i t ~~’ c i t  e’e l l t t  [ l l u l e ’ eh I’i’c u s t  dle’hueua i t  t d i l l , t lie ’ i~ r e ) c OtiS

t i e ’  k ep t  weurk i nig in  t h i s  t t ’ 1uc ’ u t ’ si  I m i a t  ion h Ilt i I s e u l I t l ’  u ’ I t e l I lt t  i d ) n i  I u c’e’ c) ,Itd’ S

t ’ I t e ’ e’t i V e ’ iii W u l n l u u l - u g  t ’ i u t w lv s i t l ’t l l e ’es. (Sun u u’i Sc ’ W h I S  It t  \ , ( F I O S .  ) Liv 0950 ,

t I ’ , i e ’t Idl!i II I t i t e -  e’c’ i i t  e r  
~~ 

i’t W It  c u t ’ RIO u S W I tS  ( 7 0 / (u 2 1  , ~ I u t  1 e ’ I h - u e f r o s t  ccuvc i ’ecl

~~l i t ~ 1u u t i ’ t  i h t l I i  t l e ’I t e c l ) e’dpe’s uce’ l’e ’ ( 5 / 2 5 / 2 9) ,  At 1(1 12  t ; M ’I - , I n l e t  l O l l  i ’ l l  t l t e’

~ i’oonie’eI I ’ldlrt i O U  c u t ’ JiW l 2 %- ,‘ I t : -  ( 5u t 1’55/ t ~2 / 5 5/ . )~~) , W I  t i t  t ’ n ’ e u ’ ; t rc’t ’ei nut I i t c~ 1)1 1 hue ’

I i t  t e’ r end . Al 102 0, e’Vt ’li t ho tmph  niueus t c ut ’ t hue rk Inc ~’ ;1v h i u t c l  !e’e’it ‘ I c e p t b , t  I’d ’ ,

S( ’ ,\N ~‘I WItS (‘d)C’CI’t’dl w i t  Ii I — I .5 nun ot ’ “I oust ’” tr eis t hillel lelt S St i i  I i i u e h  c I t t  I l ug

( ‘ l , i  A N .

~i I

— r,~~~~~ ’ 
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Tiuroughtout the  above described frost  event , dur ing  w h i c h  runway
t rac t ion -u  dropped beloW hlU —He t e r  values of 30 ( imldl i cat  ing  f a i n ’ —  t u — l ~~or hI l le l

~~~~ brakinug h u c t  i c u n i  ) , a l l  four  SCAN sensors i’emaine’eh i i i  t he  CI I1 , -~N — e ’ondt j t ion

rt’uuelout ont the  d ispl  hi> ’ te r i t t i i tal  . Inspect  ion of 1:1 gores 15 and t o  II 1 so :~I u c i w s

t hat  ItO ii -uCl ’C1ISCS in - u e i t hwr  capac ’ i t antcc 01’ c o n d u c t i v i t y  Oct ’uI’l’e-ei e l tuFi  lip t ite
pe r iod .  Hence , SCAN was unab le  to detect th i s  type of f r o s t  e ’Vemt t , pt ’obzub 1)’
as II result  of the f r o s t ’ s low den s i t y .

. 2 3 — 2 - I  F e- lu rtua 17 1978

By the  e v e n i n g  e lf  23 February , t h e  a i r  hu a d coole’ eI h i l l e l  ehl ’ I t’el

(dew point t dep ression -u W I t S  5— 6 ° F (“~3°C)) hillel the winds  fre shu enc ’ d s i i t ’t’ i C i e r ut 1>’
t ha t  not thue merest h i i t of f r o s t  was elC t CC t CeI on exposed sur fac-c ’s .  However ,
beg i n n i  mug at 1531) ~H’i’ hu nch f o r  t he ren i rider of the n ig h t  t int  i i  0900 , SCAN ‘-1
e liS l u l hIy ’e ’.l IiA :AR[) si  g n h l l s . Be-p i n l u i n g  at Il i l e l i l i gh t , 113 1 m u e i I Cat  cel .\I , ! k I’ t o  r t he

i’e ’mnai nele ’r of the -  n i g h t  . (Se’mlso i-s #1 lunch 2 remu intee l il t h e  C l I - AN cou ch t ion

th roughout  t he  e’Ve’it t

Ins  lie-ct j e u n  cii’ t hue ’ scuts o r he-act s r evea led  a very t i i i  ii I’i I nn of  che’nS t’

ice/ f rost  (Li l ock  i C e ”,’) t cu tal ly  e l i  f f erem it  fro luu t h e  t’rost of ’ t u e  pre y  icuus

m i i cu rmu in g ; yet , run way t rae’t ion  was mnii’astii’eei at (60/ 60/ 60) u t l  1 ii I pIt t • Fre t s t
WItS Pot ele’ t c’ c’t Cci cu rt cut lu e ’l ’ sull’ fllces stnc hu as l l i t t o h i t o h u  i i  c’S . F lu e I Ce’ F I Innu , hIll el

I IA ARI ) w a1’nli rip , Was rctnov e’ci b y cc i p i lug t hue s ens cur set i’fulC e’ v I c~ ei  l’ c ’ u S  I ~ W i t  it I i

rag (in om It’ inst 1111Cc’ 0 wi re’ b i’hlsii) , or L u y w ar in im ig  thu e -  Sd’hlSel  i’ It i t  ii tut u ’ hthiflels .

Th e’ COltel it jolt tiS tthu 11 >’ tite ’mu t’CiiiIl 1 ltd ’el Still ) It ’ fo r - ; -I hu r , wi ie ’t i  t lie ’ I h , .\ :,\RI 1

in t e l  i ChIt iOn We u ti  tel  Collie’ OIl il’e~ It I ni .

‘I’he i’e’d’cu l’ehS i’e’p ro cht ue ’ e’dI i ll F ig ore ’s 1 5 hOtel In  l’c”C e’hl 1 t hth t  I I h u e ’ c’ l t  11 1 1 e’ i t  It Iie ’e’

S igmiht l ill e ’t’c’IiSe ’cl si ig h i t  I >  , h’u l u r c ’ lv  rc’g u S t d ’r im u g t h e -  ~ t’e’5d’nk’1,’ c i t ’ t i e ’  t l u i  n ie ’t’ I’i i niu

cul l  t lie ’ s t u r t  ace ’ ot Se ’iiSd ) F ~‘-1 . Such t i t i n t  I’i In s  c uf  i c’ e ’ ~u mt t he ’  S d ’ I I S C I  I ’ , it iii eLi d’ I t l l S ( ’ cl

r id  d u b v louts r e - e l t uc t  ion  i l - u  ru n w a y  t r lue t  i dun and wit I cit llt ltv be’ t I - u i ’ t ’ c’S t u t  t c u t ’

cl i  I Ic ’ r e - mu e’ c’S I ll F I l ch l I l t  C Ol t  cc) ! (ii’ hit ch t h e’ I’Ihtll I 1l1’eiPcrt i d’s u t  I lie’ s e’n”cu n ’ It d ’h t dl

u’tinw a v S t i  i’I .ic ’e’ , lull )’ lit ’ t i t t’  cause’ of sonic of t h ue ’ 1~t 1st’ 111 a tins ’’ c’xpe r i  CIle’e’el j
lit ke’f I ILV ik ~iru.I ci se ’wi -uv re - (St ’ t ’ Aph ien ’te l i x  f l .

I !
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fl The conductivity record (Figure 15) for the n ight  of 23-24 February

shows the initial observation -u of a series of almäs t daily periods of apparent

fl reduced conductivi ty.  A to ta l  of 19 such episodes’. are evident  in the record ,
ranging in duration from 1.5 to 5.5 hr and aver ag int~, 3 .75  hr. The ep isodes
of reduced conductivity were stat istically wel1-dist i~ihuted throughout the

day , with 26% occurring during the f i rs t 6 hours of th’e day ,  26% dur ing  the
second quarter , 21% during the third quarter , and 26% du ,r ing the fourth quarter

fl of the day . Inspection of these records , as wel l  as weat ’ber and S1RC ac t iv i ty
records , revealed that the indications were neither diurnal in nature nor

II re- l a t e d  to any weather or SIRC event . We have not been able- to a t t r i b u t e
these periods of “reduced conduct ivi ty ” to anything other than elect rical
“noise ” in the circuitry of the SCAN conductivity probe .

No further precipi tat ion , icing or H AZARD events occu~ red through

[ 25 February .

- 
. 26 February 1978

~~t the mo rning of 26 Feb ruary , sensor #4 went to ALERT and remained

2 in that status from 0700 through 1000 GHT ; all other sensors reported CLEAR
through the period. Skys were 60% overcast , air  temperature was -3.5 ,

dewpoint was -7 .0°C, SCAN #4 surface temperature was -4 °C , and runway traction
was (60/60/60) throug hout t h e  period and for the remainder of the cIa ’ .

Figure 16 shows a s l igh t increas e itt capacitance at the t ime , but F igure  15

-~ shows no respons e of the conduct iv i ty  probe. There W O S no obvious nieteo ro-

logical cause , or reduced t raction event , to warrant ALERT s tatus at tha t

{ t ime. It is l ikely  that this indication was either the resul t  of a ~‘ery minute

I 
~ f i l m  of frost  or ice on the sensor surface or an electrontic prob l em pro du cing

an indication that was not consistent with measured t raction coefficient s.

• ~7 February— i March 1978

In t ermit tan t , light snow showers began after 0700 GMT on 27 Febru ary

and continued throughout the day . With surface temperatures of e--(uC, snow
did not stick to the runways , runway traction remained (60/50/60), and all

SCAN sensors repor t ed CLEAR throug hout the day .
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1:
By ~2000 snow f lurry activity had become more continuous (v i s ib i l i t y

“~7 mi ) ,  and , at 2010 , SCAN sensor #2 went to ALERT status ; a l l  other sensors
reported CLEAR and runway traction was (60/60/ 60) through midnig h t .  Inspection
of the sensor revealed no obvious ice , snow or water and wiping the sensor

with a rag at ~20l5 did not affect  the indication , Similar  wi ping of the sensor

at 2 300 G~IT br ief l y changed the sensor indication from ALERT to CLEAR , but the
sensor went back to ALERT by midn ight .  As expected , no increases in capacitance
or conductivity at sensor #4 were observed . 2

By 0100 on 28 February , prolonged snow f lu rry  ac t iv i ty  and more

intense blowing snow (v i s ih i li t i e s  were approximately 1 mi)  resul ted in

traces of snow on runway surfaces.  Sensor #1 was indicat ing CLEAR , wh i l e
11’s 2 and 3 were indicat ing ALERT and #4 was reporting HAZARD . Runway t rac t ion

remained (60/60/60) and SCAN sensor readings continued this way un t i l  near

sunrise (‘t0845), w i t h  the  exception of SCAN #3 which went hack to CLEAR between

0400 and 0600. Inspection of the capacitance data in l i g u r e  16 shows a dramatic L
increas e in capacitance at the exact t ime sensor #4 indicated HAZARD. ~~
increas e in conduct ivi ty  was not observed , although such an increase was not
necessarily expected sinuce the conductivity of ice is s igni f icant ly  les s Lfl~~ri

that  of water and not much greater than that of air. Through the ear ly

mo rning hours , recorded surface temperature (Fi~ tn rc 17) was -SC whi l e  dis-

played surface temperature was reported at -SC.

During this time , vis i b i l i t y  remained genera l ly less than  one m i l e .

All  runways were clear and dry except for the  eas t end of runway 12-30

(near sensor # 1) ,  which had patches of l igh t  snow over about 50% of i t s  area,

This was probably d UO to tite previous heavy use of urea t r a d i t i o n a l l y  on this

part of the runway . Au’uy’ excess that migl t t  have s t i l l  been around could have

caused some me l t ing  and eventual s t icking and bui ldup of snow . During this

time there was no observable bui ldup of ice or snow on any of t he  sensors .

By 0715 continued blowing snow accortupa itied by f lu r r ies  b eg am t to accumula te ;

sensor # ‘ s I and 3 were showing ALERTs and 11 1s 2 and 4 were i n d i c a t i n g  HAZARD ,

but runway traction remained (60/60/ sO). SCAN #4 continued to show an increase

in cap acitance (Figure  16) apparently in d i c a t i n g  the presence of ma te r i a l  on the

sensor.
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I l i t -d y ) , b l o w i n g  s h o w  conut u iuucd tlirai ug httii t t h c ’  I l l  a~. I .  l o l l  on
Iti’mS — 21 ~~~ ( 52/49/ 55)  ut OS ’lh , z ui i e i  s e l l s t ’ r  ‘- . W e - l i t  t o  I-\ . \ l t I i  1’i ~~~p 

.

I 0930 , t ract ion oni R%.5i1_ 12 is i i ~ (- ~ti ,’~~~, 55/ 52) , and I tac t 1, 111 on ~
- - ‘ i

lax  LWd\ ’  Is ~~S (3 .~ 1;  ii u o  i h 1 i ~ cit  ( l i e -  n Iufit ’.li)’S Is - o~ i i i  i t  i i t e’d . I ()t)(i , t :a~ t n

sTh ith0~~21 i s t ~’ ~~‘3 - / - i~~- ( ‘0) :uu d  h t I l t  I~~I I n l i i~ ( S I , -n ‘ h~/ -n \ ! i i i : ,

I Se ’ l t s s )r  # 1 w en t  t o  CLL\R , but a l l  o t h er  ~i- n s u n - s  col i t  u n i a l t o  i t  I1 A \ k i i .

l~~~I u r c  1 31’ shows a v i e w  of s e n sor  #2 , an ud  th e -  1 r - s i i  ‘ i i ’oon ~, r I l I i, I v  iii - t , u c c

1 s i ur r o u n d i  ui ~~ t , w hen i t  wa~ i r id i cat i flg I 1 A . -’eR D

Ih e- ~t I t  rii(I(tti 1’ 1OIii ~I lt c i t iu t  i m i t -d b l o w i  i i i ~ - n ’ i ~ ; un j  i I u r n - r i  t~~~ n i t l t  Id  I I

:‘c n - i’ ej s  i ii  l i t  
-~ t t j ilt’ s • l u b e -  t he e’~~i i s I  t iOn of s i i - ~’ , h I t t i s  i l l ’ -- - lOIs  Is I S  l s s O ~ ’ i I  I

l r e - t t t i e ’ :i t  rwuwa ~- Lli: ;1t~
’et I oiIs n e’ re u sed t o  det er~ui in c  t h i ’ i ’ u i u i w i u v  C O i l s !  i t  I t i iu . I h t ~

di -
~~ 

1 liv Is i i ’ - 110 1 t ) I u i ~,(’ I ilieilt it oi’e’d. At 110 t WI’ IsilS Ii i t’ll 1 1 1 1 1 1 1  I Cd 1 t he

i ’ uouw ,x  ; h i- ti s 1i~~ t ook  i’d re ’ of ~u u~ accumu l  at  i’d s i tow . •\t I 5 o 2  t ~- ct  n i t  on Rlu b 3 _ .~ 1

E 
~~~ ( I s S/ S S ,- 5 ~~) ~ind al l  RW3I 1— 12  was (3S/-1~ /50) ; on t h e ’ l l u - ~~p~ i-J ‘l i x u  w ay idiere

SIlO -s \sllS d C C t i b l i l i I i l t  i n n  &in ( l i i ’ W t ’ t  , u r ea— p ie ’ ! I , t r l I e ’t i o n  s;o I 30 ) .

E 

SlioI ~ I’Iu r r v  ac t  c v i  t v  and b l o w i ng n n i o w  cone! L I iolis t_’t t i i t  I l iuid ’ d , ‘ut

e l i m i r i j s l i e ’ el w i t h  de ’creas i n g  I s i l I s I S , tltnuigh the ’ f o l  l o w i n g  d~u ’  I I  ~‘t iu r e ’!t ) I n n - u t  1
e e - u ” j n u g ab rup t  lv  at 1~~ti() (~ V I on 1 N;un - ch i. A l l  se -Iii- -~’rs con ut IliItc ~l t o  i n l i c i t  t’[ 1 I \ , \ i t I t  t 1ir ou~ li 1700 w i t h  th~’ e x c e p t  i o n  of 3 idi  I o i l  wen t t o  I\ I - I i z i i  I0~ ~Ind

cve ’n t t u a l  lv to  ‘ l I ~AR I t ’s I 7(1(1 (~~I I .  At I SOt ) ~u 1 i  ~cns , t  r -  we ’lIt t o  ( ‘ I l .\R t o n ’  t ho

I iiW,’ r of t h e  diiv , S un t i l  t d i i e ’i%t tS 1Y Is i t  Ii  ti - u t’ e lIdl i ld ’ i ll ~ I l I I  t~~ c t O n s l  i t  i on

t raIn I l .V ’ARI ) t e l  C l h \ l ~, t l t e  Ca !i lue - I  t~ t l u e ’e’ SI t i l l !  t t “ 1  (Fu ~i l r e - 11 I i ’ opped ! , i ~’k

~~ t o  1 f l t’W , l o w e r  base I l I l t ’ V I I I Iii ’. l o  r seliso ~ I , t ii l t t l ~~ l l ( , l I l  I I t  I S c i l t  I n - I i )  li i’

~.l-uOW aru ct b 1ot~ j u g  s n o w  i’ve- lit , (lie’ e- ;I pa c I t in-: ,- s u g i i ~i I r -I : l , i  n e d  j I ’a ’s e a ‘ i - ~e’ I I

~~ t i l  no , s n l r t i R - e’ t einpe ’rat lu re ’  r c rnuu j i i e ’~l lie I oI~ t i ’ i’, I J)~I~ , anti ut! I S i  I osl s l i r t  we -

e-~aid  it ion  rema t ned  on IIA : 1\RI ) ;  lie) I 1tC 1 , 1St I I I e’o n udi i eI I \ I V Is I t  l t i ~ 1st  t i e s I

~l uu r i  IIg t 1 e  pt’riod . h u r t  rtg t h e  4u h r  j i e r i  at ! , t Iue Sd ’ii ~- t  i~ u~~~ - .u i’~ J t o  he ’ ~~~ e’ r e d

[ w i ft t h i n  f i  Ins  of  i ce’ ant e 1 were ct’ rtaunu ft n ot  , , t’ s  t - r s ’d is I t l i  l ao - to  s i l s is

Br 1 SOt ) all I ~l in r ch  • t he re  i~, us  - l i t  I i  i i  e’n ut  - l ul l s!) i ns~ I , ~ b i l e ’ 1  t , i  V t l ’\

i i  l ie t ’ i In of the ’  1 i~ l u t  Sllt )W 1)11 t lit ’ I I U I I s , I \  , 1t ’ ’ I’ t c I l ie S ( ; u e t  I i l l ’ d i F  I d’hl iJs e ‘ u—

- 
I t i r es  OIl I)’ reached a h i gh of ~uboi i t  — I ~~~~ ( I l l  - -p 1 Ivc ’ sl s t u  u~~~w

- o t S lilp o l i t  n rc’ s
- 

r l uuge ’sl f rom —i ~~ ~‘ ( I 1~ i )  t o  — 2 . t ) C ; i- -c t i r c he’~l s i I r f ~~i e ’ e - t n l j t o b - t u t  bI l e l o u  “ -1 , sIiai ~ni

-~ ~~~~~~~~~~~
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in Figure 1” , i n d i c a t e d  — l  .O C . )  ‘l’h e mel t  ing (and r e f reez in ig ”) r e s u l t e d  i i i

low va lues  of runway t r a c t i o n  (25/ 30/ 33) at 1800 , but the  SCAN sensors a l l

i n ehic at  eel CI FAR .  (The’ low IC va hues we’re e1u ck l y ra I See1  by broom i rug .  ‘I i t  i s

~ i ke i r  tha t  the  observed inicon s i s t en cr  be tween  s u i r t ’ace condi t tolls antd se ’ u lc or

indicat  j olts was due to  d i f f e rences  in sur face  c h a r a c t e ri s t i c s  and th e - rinal 
—

propert ies  of t lt e sensors line! runway surface.  . -

At 1830 , w i t h  the  c a p z u c i t a h l c e  s igna l  of I14 at a base I inc  v a l u e ’  and - -~ -

a l l  sent so  rs i r u d i c a t  ing CI~EAI~, a t i cc t r ac k of ce-su-utpr cssed snow was obst ’rve ’d

run uni  ug ac ross the  sur face  0 t’ 5e ’l lSO r 4. The ltln i otn ln t 0 t 5110W ün t h C  S cltSo I’

surface’ was  j u d ged to  be e-50— 75 ’ of t ha t  of a s mu l ay  t i  r c— t  r a c k — o n — s e - n i s o r

shown at the b ot to m of Figure ’  2 1 . The t i r e’ impr in t  r emai ned on the  sen sor
surface’ t h r o u g h at 1 cius t 11 30 c~rr on 2 ~larch , int el , at no t i me dun rug t h e ’

pe’ riot!, eli ci t h e  senuso r r eg i s t e r  II A ARD

• ~ March 1~Y’S

t e u ~v wjntelv con di  t ions  cont ittued throtug h the day , can s j u g  It low i ng

snow to cont cuna l Iv move across the r’suntQays . In the ’  a f t e r n o o n , sk i  i’s c i  t o  reel
St)Itl eWhla t ~u l  l o w i n g  i n t e r m i t  t en t  sur t sh i n t i -  . -‘t i n  t e’nuperat cure rentai ne ’el aI ) t _~ It

— 5 °C th r ocug hotit  the  clay .

~i une • iu c t i s t  rt i s i tS  r eqtn i reel of  t h i t ’ SI i-IC c~ re’ws to  pr eve’nt ~n e ’culinu t a t  ion

at  !~ low m o  snow on wet  spo ts  (whe re  urea WI ts  i~ne ’se ’nt t ) ou’  et r i  i t  S Olt t h e  ~‘u u n t s ; i v

R u n n w a v  I ltS~~t’c t ion h u e !  SI RC eelu 1 pliucflt I e’ i~ e’X tens i ‘~ ‘ e on lip u ’e’ss e-d S Ile ’W I r ack s

ot t i  t ii s ’ i’IIIIW I’s : wh e’lu ~njeut- el to t rn ct i ~i nu i ’’ s~’ i t  lOll • l i n e s  C ‘i t c l s  ‘s - - I i ’ 15 Ib I S ‘ s t  I

ft p is~ t f l u  I s ~e’~~ • h i  ~~ ~ • U t h ~- - 1 ( 1 0 , i I s  e utti of flue r t Inus ’ I u v  wi t e -r e

II I s l’.i t t t u O t h t i e l I t  1 ) S l I t  l u s h  t i rug c i  e’hL r~u n i e - c’ t a de’p~n rt  • I It o hot ex h a i t s  t a t ’ t he

I s I  0)101 nt’S C i ) I S C ~l InC I t  i tug antd sul’seeiuent Ice f I hti fo rmat  i eTh . Yb is  port b I t

t s f  t !ls ’ I’tilIIs ~i\ !‘t’cIUIut ’ Vt ’rv si  i ck , w i t h  t ract j olt coe’ffi C i c - n u t s  of (Si ) ) lu e’ i n~~
I ’  l ’\

I l t u  r i  n~ th e’ m o n t  i l i~~, a cit  Sc replui c) ’ ~lev e  I opec! !‘t ’twe ’ent ~~~
‘ .-\\ se n so r

r ’ i ~l l  l i t ; dut ~h t hue u t  t u a l  con ’sd i t  ions of t ~~~t s u n -  t a s ’e s  of t h e  n’u l l lwavs  ant ,l St ’n Sei n’5 .

Al  I Sells s i t S  I s t ’l’ I’ show t rig ci i’a r , h~rt t ract  ion  e’oe’ff  i ct  c iu t  s w e -  ye’ down ~i I  i t  e’

L
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lois , ilud Ich u t  Ing onu I~ l i i i -  atid t h l i r — t O — I t sis l l  l ’r hl k iIi f ,i ot h al t . ‘1 (Y’3u) , I C ’ s a nt

R!c31 1 _ 12 dI~~l l’Wt~3— 2l Is’’t’e’ ~3O i b l / S S St t )  ;uiicl f t ~!3I ‘- 1) , r e s pe c t  u ’ s - o I~ ;it t ) t ~ I~~,

I t li$ 2 1 isas ( 3 1 / 2 9  $_ ‘); ;uuel It t h ilt ) 1711 . ltiti2— ~ t b 5 1)5 (So 30/35) ush i he

d ’ s 1 ’ s - - 2 I  W In - ~$O . 3, I ’ ) ,  !sIle lI s \,lbll j llt ’si . ftc’ 5s!l~’5l l s i I r f I c ~~-s  i s t l e  C t ’ \  0 l ’ e ’ s~ WI I Ii

t h i n  LO t alIsI 5110W i i  h i s  (o f  ‘ 0 .1’ lblil i t h u tC k lic ’SS ) . \t ’t Ite’l t h e  r t i l e ’ e d h i l i c i  an tce

~ 

I 11111  n o r  d l  sp Un t el ’bli 11111 1 i ’ d \  c ally e’V i denci’ (i t’ W h u r l i  i nt~ of  I eblss’ree! t i , u s  t I Oil .

(1 1 ls t OllI lii- ’ . l) ~l h i l s O s  l I t  5 5 5  ye ca n t  I ntueci to ~u I  l ev i h it e t h t ’  I alt — I l’act 551’ c O l isi i i  I c - l b s

\t  l Iu i ~ I - d J \  an 2 ) I u t - c h , t i-action cm RI~0 3 -2 l  w a s  (‘l~~/ - I - i  ‘H I , hu t

1 , 1 s t  Is ’li r idIl u 11) ~ e’Is t’ reel t o  s i  ui ’s ii u t iit ’ h o w  SO ’ s , SeIlse Ir ~ 1 1st  l i t  ( s t  Al I - P

it 123~ • u d  t o  II  \ ARI ) bY 1~~;l0~ s e f l S O V  15 2 in5l ic ,it ed A! IPI .ut I ,S59, by I L : - ,

h I l t I i  ~1i ’ s I l I t  IttiW . l—e ’ f l S s~~l 5  )t 
• 2 hIlt! ‘I ise ’rt’ i n t d i c ~i t  in g  l l\ : \ i t l i ; s t ’ I i s a r  1 1 3

u s -: ; . m e t !  i n  t i-u i’ L i  F \R  c O l l c l l t j~~Il t iloll ;Ils llu t tilt ’ p e r i o d ,  l i lt ’ I \ 1 A I~ i) lI l t! j o l t e’sI

Sc - I ceS I 1 ’c n ~I’ sSl1s I s  I s ~ dli I l l s  re - un ’s l It t ile ’ c IiS ,lc it dllce sj,~u l i 1  in - c hi ll SC Si CII iii

i s u r e ’ I n ;  a n t  i l l O  r e i n - s i n  Cs Sllc l b,It’t l ’ s it )’ i~ , iS n ot  aSset -vet ! .  l ’ilese’ in~l I Cat i sil lS

5socnrIc ’cI ~u s n - ’suF f ,w s t ; l :n p e - l ’J t  cu r e s  c 1;  l i e d  0 i t ’oi~t ~el’~ cli’~~l’CCS Ce i c  i l ls , t s l i i  h e ’

a l l ’ t s 1 1 1 ’ O l a t  tire’ t’e’lii i I l iCe !  at x— I I . . “C \\ Si l l ’  fa c e  t t’lllpc I ’ i t U re r e e L )  l~eIt ’sI ( I  I ~n re I

th e  Ri’L I  ~n s I i c i t c e !  hi ‘lduxinlltlt:I o f  - i i  I t  t i l t ’ t i lile ’ ( ~- l - I 0 0  LM ! ) t h a t  i l i s 1s i~iv

r a t  n rc ’ ( F I u Z I I I ’ e  I S )  isdn ’ i l l s i i C i t  III, 1 : : I , L \  n llltlm c’ f 2 i : .  I n s p e c t  ion  c’t SCltSc-rS

- 15- IS I - e v c d l e ’d t h e  t o l  l OIs 1l - u~~ scllsol ~~ • rc’~idiin z l ’ h I \ P  a t  the t i l ls’, is,IS

,_ _ ( ) _ Cs t t s s ’l ’ t’e! is it l t s l u i l l  1 pa t  s I l L S  01 lO t ’ hilt s! 51 - us~(S -~elis5 ’r 112 , i ls! l c’ ,i t jfle~ I I A 7 A I W _

w i ”  ‘sSO Cs ’’s C l ~0si  is t h  drop s ot’ u cc an d  1s u t  d i e ’S of  snow ; 5e ’l l so l  I ha d  s l i  ~ht  l v

le’~~S S l l , ’Is JIlel 1 s t ’ C s ’’s C i~~1~~ e t h a n  112 h I l l e l  Is I s , , I t  t h e ’ h~~~e I l l i s t i l _ I t I l lS SOt I s sc ’li

I I  \ \ i ~L l l I l t !  C L I  AR . II’ c~ ~ Cll’0 1’ ~~~ 5 Was re ’ a e l u n ~ ; l  I AP a nd Ii io ke~d I i’t’c 0)  ICC u l l s l

n— It Ois

Ihc ’ above 5lc ’s5- r il ~ed ‘-I l \ \  i n 5 l i - o _ u t  j e i l l S .  n h i e ’iu  cc s r u - e’ l i t e  ~I n c  11 w i t h

Il l l e t  c~ l n - w i  n -n ltlll t’nt t S O t t  t ’JC t  t O l l Cs~ i I (1 C i ent s cli’s,’ l c ’ , I ’  I n~ 1:0111 c - - I t 1 ( 0  less t li , i i i

tO t i t t t ’t ’ - 123i ~ i M F . Is o re ’ s t l t t i c l i ’lut t o  ISI’dilfl h it SIP1 ’ lo t  u ’ s - i t  I i’S (ti - ~l o t  l Oll n-s u n - I l l s ’ —

n- i’ll t 5 ant!  1’ roan -u i  lii ’ ’! . I t  .u~~~e’~i 15 t I - u  it t lie rt’~ltide ci t I d e  t 1 e~u i u nd  Is ~i 1.1-u i I~~ S I ton - i n-1

i ss  re’ c h i t ’ t 1~ lilt’ I t  i Ill’., 1’’ i n t  s I’ lll i t  1 s l I t  ~i tt e r l l s ~ali 51111511 ne , I _ I I h i l l  n - Il 1 1  100

I i  h ibi o l  t h i s ’ eir~
’ S l t t i I c  n i n i  CS i s I S  pl’e - l s’ l I t  01 -u ( I i i  l ’ i I l i l s , I ’ s . ( ‘ s i l l  I e~ I in’ ~I i ’ s

l’t - 1 sre-sel lt eel l i e s  i t h n : , i  r~i • t l ue ’ t l i i  i u  1 i I III 01 b I t  en re’siI I t  cc! I l l  a vs In -  n - i  I ok

s l u l t d e s ’ 115 w e l l  h u n ’  ~II ’1’an’
e’l1t in - elli )lIt tll ci t n i s i t \  t o  he ’ s!e’t cot i’s! i~ \ t h e  s e l i s s’ r S .
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It appears t it at  thte sen s i t i v i t y  of SCAN to ice or snow is dependent  eupon Sluow

d e n s i t y ;  i .e.  , SCAN ap p a r e n t l y  w i l l  not detect very dry , l ig ht snow tint  i i

S (11) 5 t 1111 t i a 1 hUUoLl flt S i lh ive  ac Cuj ulu I at ed. (Broo ru i ntg SOOn 1) nought  RCRs b a c k  up

to Ziccepthlhi i i’ VII  1 ui’s . u~;oo~h t rhli t ion Wd S call f i  flit’s! liv two a i rc r~t f t  ( 2  i t t!

l )C— $) in report s of good !srak ing condit  ionS tl~ OIt l a n d i n g . )

• S— - i Harcit 19’S

On 3 larch , W e ,I I i e ~ r cii nu t  i n it t ec !  Ce) i c i  (li i r t e’llii)i’ rat t ire \ — SC a l l  dilly )

h IlL! Wine !> (n torth i—no rthwc ’st li t 2 ( k t s )  w i t h  i n u t e r l u i l t t e n - u t  , 1 i ght  Sltow showers .

E a r l — -  r n o r I l i n c~ s u rt h i c t ’ t c’ll Ip c I’h I t  u res  of ‘ — S  warmee ! to  0~ C (disp lay t i- rmi na l

r e ; u d i n t g  W I t S  +2C ) eI tu I ’ in l i t  I l l i d — i f t  ernoon.  l)ry h l o w i n t g  SNO W d i d  h o t  e f f e c t

runway t raction wii oh rc’nllairue ’el goosI at ( 55- ’ bO/ 5 )  th ro t t g ltout t h e  ~I a y .  SCAN

sensor s  ~t i  1 j ne l j c ,u t  i’d ‘ s h E A R  av e r  ( h i s  per iod , lll)eh I-ui) i’xcurs jolts of t he

conu e lu ct  i v i t v  or  c h i p l u c  i t  duct ’ S i gltal s (F ig t l  res 15 ht r t d i ts , respect  i y e  ly )  we’ ye’

al ’serve’d.

Sunny altel C O l d  W c’llt  he ’ i~ pne’elonlti nat eel th  rouglt t it e dan -- ott -I M arch

w i t h  n i i e i — a f t e r n o e m  t e’ rnperh t t u l - c’s of  n - — tC ; WIE ld S we’re ,IZ ’f lCr Z l l  ly e a s t e rl y at

Li ) k t  s . Runway s were dry ale! bare hId ! a l l  SCAN sensors  report  i’d C l E A R

th roug hou t the  dilly .

-\ nj lt ei  1’ 1 1 1 0  r o a s t ’ i l l  cap iuo  i t aloe’ :ut s14 W115 observt’ei cl t i i ’  lug t i e ’  i tot u ys
( 11( 10 to  05 t h ) ei nt ‘1 ~lhLt’Cl t  jSc ’c’ F i g u r e ’ i t ’)  wite it  stii’t ~icc 5 I t ’niupc r l lt  tIre ’  ( F  i p l i r e s  I .
h u e !  I S)  rd’hLo1hc ’~I t’liIl 1 11111111 V d ItIsS S pasS i I - s ly s igna  I i  ng I nit m l  t i-o s t d ep o s i t  ion

At 0100 rece rcleei alle ! e li Sp iavt ’c! stlFt hlt’e’ t en-up erat t ir es  Is i ’ re’ — I OC h Ilt1 — 91’ , respect  i v i’!)
wit i i  e elewpoint ( .\ppt ’ne! iX h )  W d S  — I 1C; hit 0200 re’corclc— cI lUt i ! d l  s p l hivc ’eI s u r f h n c  e
t Cfllperllt (I1’e’S we re’ — 9C and — C , rt ’spec t l \’ i’i)’ , w h i l e ’  cli’wpet m t  isilS — 9 . -IC .  At
0400 , surface  t emp era tu res  were -S an -ut! -CC , respect iv c l > - , w h i l e  dewp oint was

—S . 9C . I Us ’ u’e ;Is i nn c iciCle ! cove’ r a f t  e’ r 1)201 ) app arelt t  1) reduced rat! i at i e ) It hl I
coo l i n g  cit t l t c  sensor sui’fact’, pne~v ciutin tg fur t h t ’r sl esve’lopnuentt of f r o s t .  , The’
C I l h i h I i ’ L t  IlnuCe ’ signal t ite nu i st ’l i t  1)110k to ‘1150 1111 1’ Vh litl e ’S

• 5 ~I ,u r ch I9~ S

‘rite us-Chi t he’ r t ii rougluout t h e’ nil flu I lug WItS i’I i iuiclv u I  t h  w insis ellis i’a l i v  
Ifro m t I - u t~ l i N E  at ah i o tu t  10—1 5  kt  S • A I. i  rge l a w  p~’c’ssure ’ s \- S t  e’nu , I o c h i t  i’d sotlt h—

I

L - - - - 

-- - - - - I



west ot’ t i t i ’  i s l a n d , I’t ’ Ill 1 s t  ‘ s l i t  l u e n u c e ’ t i u c’ l , c i t  !li’l’ 1 , lt i’X’ t h a t  ~ t t d ’rll s isl ll i lls

evcnuing . Br it’f, intermit t o s t Sliais SIi s~W s ’l’s paSsc’sI I i n ’on sh  dil r ilip t i n -  l i t  i’ i l i ~ ’ ’l l ,

h il l s! WlIle!S ilicre’hist’dl t s s  21)  k t s . I . h u t t ’r t h a t  s’ve ’nll ;L, is il i elS i ’ i’c I I : l s ’ \ i ’ I ’ V  ~5 l st ) ,

UIte! wet  snow sit owc ’rs I l l  xe ’d is I t  ii FIt i l l  oco u r r e e !  15 . 1 1 1 -  t c’liliic ’ r h l t  I I  l’ e ’C 1110 1d’ ,l Scsl

to abo v i’ f r ee’: i ng a t t  e ’u- 2 100 ;~ rr

RunlwIl v iltSpt ’ct j OIn -  lit O ’30 hOld! 1430 s h o w e ’~h ,u I I  50115015 ,lIIs! rtl5W ,I\

sur taces  to be c l ea r  h tl td ti’act is)n sc,IS rt’jus ’rt ce 1  115 ( ( s i ’ ‘ t s i ~ n i t )  . 1 1 1 1 1  S h ot s

began at i n S t u , hU lL!  i sv I 7i10 , senso r  ~ I Wellt t o  .\I I R I .  At F’,i l c t - I l n , s ) 1’

went  to IlA :ARi i , hu t  ~ ‘ s S and -1 r e ’nuhl I l l o s I  ill the ’ C I I  Alt  Cs ) I l d l  I l s s i i  . \t  1 “ S ’s~
t rz te’t ion On t l t I - s0 ~~l2  isas ( 5(s  (s - I  ‘9 ) .  Ins l l i ’ct I a n  of I !lt ’ S el l -s irs I i L i~

t’env ca l  ed thh it “2 l lhid a I c ’ts , 1 liv t i  hike’s o I l i s ~ \s ( I I l l  ~l 1 , I 1 i s  I in )  i’ll I

st u rface , tha t  “4 had e’vt’n fi’we ’r S h I l l s  f l~~k c’s s ’I l  i t S  5 i 1 1 ’ t , t C t ’ . l l i s l  S I l t  11 1

ap 1)earcd comp le’t e’l y f r ee  o 1~ Sleiw (The pho tog rap h is f n-c’lh SO t - S , s l:~s u ~n Ill

Figure Sb , was t a k e n  at 15011 ,t~rl’

The gr adult  I I)’ wanitlng l ’ t l l iWdV s e u l ’ i h i c e ’ S is erd ’ 0,015  i l l ~~ Slts l\s  t i  I I ’ s s

to s t i ck to t I l e st - stun t dc-es. At l ”2 i ~, sen t sor ~ 2 w a s  i lus , l  I C h i t  illi t ,l S t l ) ’  L IC O

t emp of +2C , wit i ic ,t l  I ei t h i ’r sc’llseirS W er e’ reg i st c l - l u g  b e l o w  fi ’ i’e’: i n~~

t e~uup er at t i r e s  . The wa nue r su t-face at # 2  cot~ it !  hav e’ C , l b I s i s e l  S t  I s ’ P ItO hlllsl

nnel t  iitg of snow wh j olt  t r i ppe ’d t h e ’  tlA:Altl ) a lan n u , w h i  i i ’ tb c ’ SnI ,’W Is i S  he I IlL

blown from t i te’ ~-oo le’r s u i’fa c ’ c’s of the ’ s i t  lien sen sors

By 2000 itours , a l l  Sensors WeI ’C ag~i i n  report  lug C l I i , -~R . S C l l Ss’ 15

. and 4 report c~I C i t - A R  for the en t i r e  cihl \  01 5 Mard i , Ib s )  j I l O  1 i s~lS~,’ i l l  co t1~i lI Ct i ’ s  i t ’ s

was observed , and onl y hi minor increase in  capa c i t ance ’ occu rred Hot W i ’ c l i

and 2000 t~ fl- for ~4 .

• 6— Ma r ciu l9TS

h , ii ’,ht  ra in hit -ut! d r i z z l e’, wh i oh ii c’ i ’, lUi at - - 0ii00 OIl C’ t9 ,ur e ’!i , Ic ’ 11

almost continuous iv (except for t it e pt ’rj eid Oi ) Si 1~ I S_ t O c t  C’ I , )  r ob ) c!ii 1.l I tt  I’ h i n d

?-Iarclt . The SCAN s~’st i’m apparent lv  re ’sponnle ’e! t h u C ck 1) t ci SI lih I l I I r , b e  c’S s i t  1 1 5 1 1 1 1

whi t er on the’ senso i- surface’s altI r enuaj nc’d t! isp i dvi in~ !‘si l illst I Chit I s ’ I lS  I s ’ r t h e

bet t ci’ part of two s i l l — S .  (Wet c i i ’  thIUflhi rllIIw,In - S lure’ not phirt I CII 1111 . 1 )’

hazardous hit Ke’ f i  h IS ,’ 1k S 111Cc’ t n - j  1011 ! t ract  ion i’ot ’f l i d ’ I t ’ll t s of hli ’Oil t I, 55) d i’ t ’

measured w i t  I t h e ’  Ii ~~lc t e n .

(59
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D i - i z z l e  began at 0555 GI’IT on 6 March and the  c a p a c i t a n c e  si g n a l

(F i gure 16) at l:4 immed iat e l y began to increase.  Prii c to  1)41)0 , su r face

coiidit  jolt was report eel CLEAR by  all sensors ; by 0700 , #2 ls1lS i n d i c z i t  I ng !c E i ,

u ’ S 1 and 3 were  i n d i c a t i n g  ALERT , and #4 was i n d i c a t i n g  IIA ARI ) . (Logged

d isp l a y — t e r m i n a l  d a t a  arc luot a v a i l a b l e  for  t i te  1ieriod 0400 t o  0600 .)  At

0~’09, d i sp layed seni-face t enuperatures were as fo l l ows : sensor ~ 1 , +2C;  #2 ,

+ -~C ; i53~ +2C ; alit! ~-I (Fi gure  18), +3C. By 0900 , sensors # 1 , 3 and 4 were

i n d i c a t i n g  WET , and # 2  was i n d i c a t i n g  IIA ARD . At 0945 , ~2 went  to WET , and

a l l  sensors  i n d i c a t e d  lIFT throug h 1200 GMT .

The iIAZAIW i nd i ca t i on  b y sen sor #4 at 0700 and 0800 a p p a r e n t l y stemmed

front the  s u r f a c e  t enulper ature  ac tua l l y being sensed. Conuparison of recorded

an~l disji i ayed surface temperateure data for the period 0400 to 0800 (s i townt

ill I:igurcs I and 15 , respectively) reveals that , w h i l e  the disp lay terminal

in ih i ca t ed  +SC , a c t u a l  s u r f a c e  t en u up era tu r e  was be ing  sensei l  ztt ~~~~ at t ite

1

’ RI’U . By 0900 IWO —recorded  teliij)crature (Figure 17) WCltt hiboVe I) . 5C and SC I S O F

U 4 wen t  fronu iA:AR D to lIFT. No evidence of ic ing was de t ec t ed  on -u runway surfaces .

I)iffi’relloes in the  the i~ui1 properties of the sensor and nt lnwzu y aggregate  may

a c c o u n t  f o r  ih i fferences ilt surface temperature and , hence , sensed c o n d i t i o n.

At 09 5() t h~ d r i : :le  stopped , and , at 1201) , sensor ‘s 1 and 2 wen t

to  C I 1 I A R ;  at 12 5(1 , “ ‘ s S hll ti h 4 wet -u t  to CL E AR.  N o t e  t h a t  t he  capac i  ta itc e

k 
~ i gnhu 1 ( F i gure Is)  ilropped to near  base ii no V h t l u e s  i) Ct W C C I  1200 dId 1400 CM I’ .
[ ) u u n i n ~t t h e ’ p e r i o d  1000 to 125 (1 , t h e  c i u n t d i i c t  i v i t y  s i g n a l  ( F i L t l r e  15) i l u c r e - h u s e d

t o  V I I  l ines  hup p rox i l l i lu t  i ng t hose iil)sCi’Ved on 22 and 23 Fell ru~iry u~helt t hue  S y S  t etli

~~~ hi’ [r ig t e s t  i-il tc i t  ii W a t t ’  i’. -~ Ph0 to g  rap ii of sensor  ~‘ 4 , t h I k s ’ll hIt 11-15 C~I l

w I 5 i - I u  i t  w I t s  in e l i o l i t  i l l e t  !V EI  and s it o w int ~ i t  spe’c’kled hille l i’oVi’re ’~l ~(i0’ b y l s l l t c ’r ,

u s  provi ehec! in  Fi gure ISo . At the ’  t True ’ of t h e  ph o t o g r a p h , t i l t’ 01 11) 110 i t al t c’t’

sigIla I W I t S  S t u l l i t s  (coruphired to  a i- shlSe’ I Un’ of 2 or 5 1111(1 d IIlZi \i lh ilHuu of 13

re’g is t creel lit 0800) , anu d t h e  conduct iv i t y  ~ i gtu~i 1 I s l I  S lIt h e’ll r I1ihlX itlflhfli \‘h i  l i l t’.

As showlu b y t l e ’  pitotog raph , I t 111)1)11 re-n - ut  l y ii idn ‘t reqin ire nut i c hi  Is li t er 011 the

sulr f lice’ of t he  sensor te l proeltici ’ in c r ea s e s  u t  c ap  - i t  ance and conduct  m v - u  t’O

l i g h t  d r i : zle  began again at 1530 on C’ March and cont inued , do C o h l l p h u n  i Cc!

by fog , t i t roug h ~l6St ) on ‘ March . The capaci tance  signal for #4 i m m e d i a t e l y
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[l-;I t hlihl nflilill h - )  itiL -ri’Il~- l d  Ii) ; i I , v s  1 11501 il - ui - V I l i l e S  ( h I l l e l  00111 l l l i l i ’sI t~~ l f l C l ’c - , i Se’

h i ~ - i5~~t~ -r  l C C illIhhll ,i t ~~ OIl 1110 sCbl Sl ,F ) , lint! h i l l  51’til,dl I’lh l~ c l I t  t o  51 I ; t h e se -

cotidit 10115 C e i h it I l l l i d  t l  ob l L i u d l 5 I ) ( )  ‘ I i  cl I l t l h u i ’  s E .  Approx 1 1 1 1 : 1 1  c l v  s Il t - 11011 1 - i i ’  C

ji’u:~~le ’ b c . ’an l i t  1 1531 1 , (~ t I , l l e l )  h il le l 115 t , h l t e I ’  h I C C t l l h l i l l l l t i s l  OIl t 115 - 501501’. 1110

Cell ) Slo t i v l t y  51 . lIdI at rupt l ’ s-  L IlOie ’hll- ’ s! f O S S I l  l ’h iSi ’ l ill  Ia Il s -ar 11105 iblill I l l VI1IIIC ’5

~~-\ ~~~~~~~~~~ at  S i h i l - s O # 1  ( I l i t h i l ’s 1 3111 h It !nSS i l l  n t I I I ’ C h  S l i as s HId Sc  b I S s l r

5 5 .  Csl \ i ’~~c s  i~ i t h  a t h i n  f Ill :l ol vOl Ct’ .) I I I i  I n C l ’ C ll- c m I  C c 1 I d l i o t  l ’ s  l t ~~ is l lS

ot sc~~~c5l t i - u  O i I ~~I l  2330 St I  I , Wi -ue’II c l I ’I  -- I s ’ Iflt c’IIS it Y s l OC I’ l S i ~ I O1I s I  1 Sc S i s ’II OI is ’l t t

SaoP t o  1’ h O e  1 i n t e  V ,  I l c O  , ,: 11 1 I bOs S din 115 t l i  i~ 21 Iii’ ~~~~~~~~~ 
c c l , 110 t i’ltlpCl ’Ot I I I

life1 Su r f  ie’i~ t e 0 j l C ’ i i  i l l ’ S  i t - o t i t  e I l S p l l u v d h i ld I  rt ’oc t ’ e i c s I ) 15 111 ,1 I l l i ’il , l I e ) V s  l i c  ~- :  i l l ,

lUte ! t t ’~iC I I OI l On Rt’~ 12 I s O  - - O C 1 l e b r t  Ccl 115 1 f~~/ 59 -  ‘ 5 1

The’ low pres sure - ~~S I  t e l l  i cO- ~~~~hl 5  I I ~ l e ’ f s  I I I i s  Oi ’ l t  l o t ’ o f  n ti  ~ i i  C O I l —

t i I l l l c ’d t o  c h o l h i j h i h l t c ’ I I I  - ; :ls ’ O l l i l l C  h I l l s !  s I I F 1 \  h I l t t ’i l lOi ’I l  l s C . L t  l l e ’O  0!  ~ I h l l  c l i , C o t  1’ l I t  -

t h e’ Ou r - u t  i IitIe ’iI I I 55 t c m i  ,:: le  Ohl i l L ~1 I 501155 n I  ill 1 hi 
~ 
re’C i’sl I Os ’ 

~
‘1  O s . ’ 0 1 l 1 - t h . C III—

j b d l ’ I l t h h I e S  e!llViO ~ t h e  m or i l ing  r i - I ; 1 ; u in t c s l  hi  r i i t i I I L .  I’ i t  ii Sc h - i - i  ‘ so i l  of h i Cel l S

trou t I I I  1 1011 i 2 1 5 , ls’lIiihS s h i  t t e ’d t s i  (h -l Ilt 1; t o  P t  S , I t t ie l  I e I l h I b c ’ l i i i l l ’ C S  S l c O s l \

l’i’fh ll l I )  d r i l l . By 1901) ltOIII ’S . y i c i l s h i y s  111 h i l l  I s  I S O  111 1 h I l l s  I’ e l i - i  l~ i hi  sP l e S ,

l o f l i c c I  ive ~e’l I s , :lov ing III i c )  iSo ll~ (,, 1 s lII 5 ht Ii Cs iI 1 l ii ’ of Isoihit Ce! ~ ! l  - - -

S flOls’ c-H s o s l i s  i l - u  t i l e ’ eVc’ll ilI g. IV inb! s ~l 11111111  O l i c c I  I i t  i’ I II C ’ s  CII I 1St 10 ‘ l b ’ s  P t  s -

S l b l i i s h t v s  Ice’ I’C is lO t t l i  rOlIu lIOll t t h e ’ h l O l ’ J )  ‘s uu ~ antI  b l O b s I c l i  liii ’ hi l t  c 101001

Is I t h  st oo d t v :ic ’t lol l (S7S9~’5S) l’Cl )lO t i’el e l I ’ h u l l  r i h h 1 1 ~ l i \  ~~. I~ ’ st  5 t h~’ c’d~~~h i s i l i l i c s

hIl lel c V I l S l l C t  I V i t V  Si 511,1 I s pe’ l I P & ’SI ~h iIi — b li~ a j i i~ ’~ od c ii l i s ’ ;IV I c i ’ iou  il l ,ui I ii 1 I I I  -

l i i  t i  th e ’  end 1 1  pfc’i’ip i thl t Lol l  ( ‘- l iLsO 1 ; I F I )  , c l n l i ’In5 s k v s , l c ~ is c i ’ j t I e ~ hilib I h i S I  ( 5

l L I i ~ h is I lllI \ C O f l i h i t l O l l S  , Si lt’! ,isi’S hs ’5111l t o  sh i v . .-\t 1 ‘20 , S o h i S s l i ’  I 501 11 I s ’

CLU\ I - I , and , ~‘s 190(1 , 5i’I i S s l l ’ sl ‘2 l I l t !  I ts i’nt t e l  CLE -’cR ; ~~~~ 10111 1 i l -ui - si ( VI 1 l I t  1011 1 1

- h E ’  capae’ i t an t i ’e’ S igllh l I 01  ‘ -I eI I ’opj le I ( 1 ’ l ’ h l S c ’ I i  110 \,i I t I i ’S ,l t I

191)0 , O c O s )  I c l c el S u n  li Ce’ t C 1 h I l i ’ I O u t  i l l ’ C’ ( - -i , F i su n ’  1 ~ ) e l r ) p ) - e’sI o

t~°C (el i sp lay I cnupi’u’htt t i r e ’ tc~ i5 - I C 1 , dItch , ‘v 2 0(111 ( a nt !  t !t_ ’rc’Iu I t  C u-) , 10C c ’ l’eli ’eI

S I l l ’f hlLl C t C llI1 ’ C l’ht~ ilI’ i w i S  — I L .  A l s o  ~i t  190u ~ ( -
~~ 

Sums -I ), tc ! i i  I i ’ I hi’ SCI ’sSsll ’S

1~~ ’0 C  dr  , pools 11 i s h l t  C I ’  til l t i c ’ s t i l l  w et  u-iltuWliv 5th !,lOc ’5 iss 15’ s’h5i I’~ c’S t 0

Se lI ’CC 01 15, ll ll hli ’ C’lb t l v  h i  resu lt 0! nllehulut l V e ’ 01)0 1 111 5 l i  c’\ l’sosc ’il St IOl IC S

At 1915 . t “ac ’t ion w a s  m i -h i s u r e e !  011 itl ,~~0 — I 2  :11 ( - i 7 / i Y - l ~~) hId i’l l l - t ( ’ s 0 S — 2 1  h i t  ( - 1

3~ 191 , hll ttl I’ra~’uluiI tg ishtS iII [t i ; u t e ~ I . \ t  1 1  I I I , I 1’iuCt it ’ll 011 R I ’ s S V — 1 2  ~~~

“ 1
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(25/ 29’ 27), At 1955 , II Nl i V\ ’  P — S lan ele’ el hI  f t  e’r E e l  nig adv is  Oi l of j~~or F U I I W I I y

t r ac t  iOfl. ti s i 15 e)nt I )  l l lif l  im~u 1 ii ra P i h g  hill el t t l r i )opr e)J ) s  to  eice’e I c’ uout e , t l Id

p i l o t  repo rt e’cl that iuc ’ 5 1 1 5  sz i t  i s  f l e d  i~ i I i i  tin ’ I h i n I c l u l u g  S b I t - l ’ h l i ’ s .

in sp e c t i onu  of the  sensors  at at -ouncl 2000 CMI’ r ev ea l ed  t h e  t o l  l o w i n g :

l it  1950 , ~ 1 was [ l I d  I c h i t  u i 5  Cl EAR h ille l hlZu ~l It f e w  t in I r o  :nhi wet spo t s  on i t s  s u r f a c e

wI t i Ic t h e  rt Iuu i ~ uy Sn i’ta c e S e l r n uu u l d l  I ug t he ’  sent sor  W I t S  fl-ozi’1t h ill e l  s l i c k  ; a t  2000 ,

S C I I S O !’ ~~2 wa~ i i i d  i i ’ h i t  [lug CLl ;AR anlel W as  c o t c ’red is i t h l  Ii t h u  f I  1111 of i c ’ c’ ~u n tc l hi

t ’ i ~ sp o t s  (1 !  I rci hl c - I l  l r O i ) l i t s  ; ‘,sCIisOFS ‘ 1  hUlil 3 wc ’nl t  t e l  AL ER ’h at 2005); at

2010 , Se ’IISe i’ ~4 suis i iud m i’lI t iii Cl EAR h I l t  l s , I S  csbvs ’r(’cl ~0 -  by  f r o : . e i u  ellS )p l e’t S

wE I t s ’ t rz i i t j il It ciii the surrotiniel i n g  ntulwhu y was measured at. (23); at 2(12(1 , ICc

c’ el\ ’i ’i’h1 5( ’ Ul t ~ S WItS S tIll 111 1 1- 1 i) t It at  pre’V ieius I 
~
‘ 0i) Si ’is ’ C’il 011 I I  , hill el IIICIISLIiC iI

t r h i C tj 0 l l  wh us (23/27/29) CIII RW21— 03 lIfe1 (-19/11/35) on I1LIS — 30 . The’ e’ h i p h l c ’i I h i h l i ’ e’

Si ~t il ;ul 01 )l~~ l’e’IlIhu i I lCeI  hi t  !) h l S i ’  1 T I l e ’ ValueS iluri nug t h e  p i ’ri oct 1~i20 to  2330.

A pparen t  1) t i l i ’  SCAN S)Sti’lul WIts unab l e  tel ilOt C - c t  t h t i s  I l’ CC’ i 115 p e r i o d  !)i ’chltlse ’

h u h  I Ss’IISOI’O W e’ie s I l  , wii i is ’ the ’ 11W s u l r n e ) i I l u c l i 115 ( ‘ 11011 Ss ’n s t ) F  W l l s  i ie ’COIll I nug i cy

l int !  hh i : l l r e k u i l s  . The ’ 1110( 11-us is till ’ Ii ’ s hc’t We ’eIl  t il e - I nih i c h i t  i on s  ii i sp  1 ayei l  h l \

S( ’’sN lunl t h e  act  toi l ntlhiwl uv COlle! i t ions ag h u i n  110 l i - u t  to t i ue  pr ol  len (if d l j  f’fC’roIlt

liii n’l h iC C ’ chill l’IIct en is 1 [CS 01 th e’ Si’hiS (i i’ vs . t 1’se i’dihtWhiV

By 23( 11) , ~ii 1 senso u -s we ’re ’ i n c h  ii’ at i l l5  CL EA R . \t 233( 1 , 1 isn’t i on  ant
P 5 3 0 — I  2 Is 1111 

~~L~I 
( 3 2/ 3- 1/ 3 5)  l~’ 1  t h u snow c ov C - i ’ hl s t e ’ 0 c SO-i0 ’t , , wE i I o Sensor ~~

i l . I e I  11 S ItI h i  h i  5110w sIr i f t  h O  15)55 eille ’ Ca f l i e ’ i ’ . At  23-1( 1 , hi S l I h i  h i  5110W d r ’ s  f ’t was ~
u l s o  o h s i i ’ s e d  on SC ’n s l ’ 1’ l~1. At 234 5 , Rl - IoS — 21 ~~~ - ‘  so’~ co\’cl’e’d w~~t It 5110W hI lt s !

I i h l C t  i o n  w as  lhi c’huS l l i i ’ e! h u t  ( $C ’/ $S/ 35)  ; 5c ’lISOl’ # 1 , (Ill t l u ~u t rtIllwlIv llp 1ieh il’Cdh Ce) he

f r c e  i> f  I Cs  h i l l e l  S 110W , At .1350 , 0 5111111 1 ci I’t I I  1) 1 l b llsli- WIlS Cd’~~e’ I’Ve’S e Vi ’ r t i c ’

unit e-ri l i e - i b e t w e e n  t u e  F t i I l W I i \  dUsl Si’I’uS si l’ ~~ I , At b lijIII t lIt , 50111 : 0  ‘ i  wi’l l t  t o

wi :i , 5 h ’i i~ a l l  o t h e r Si ’l ISo l ’S  l 5 ’ I l l l u i l l e ’ci C I L A I t . I ) i S l i l h l v e ’eI S i l l ’ i  lICe ’ I e ’ l I l h l i ’ r l l t i l l i ’

101 ’ h i ’ S I h i l le l  ‘I Wh O - + I C , w h i  h e  O i ’ C O O s I e sl te’I ’lp - l- h u t i l l ’ i’ I o n  ~-1 i s h IS  — I C .  I t

h I h l p e - hu re’ci t hihl t 1’ 1’Oe)IlIl 115 lli ’t l v i  I los  l I i i c l  5I I I e’h l  I - c ’cl S I I 1W 01’ I C C ’  s l I l  Si ’ l u S ( u  r # 1

-
I

S S i’iIti’Cl t 11175

( V I  I i i  Cont  inune ’ d broeuu ll i 15 h i l l e l  II i’u’ I’Shlt j el l - u cli SlI(lIs f h i i r u ~
- 1101 i \ i  t V  , I

1011111,15 OOlle!i t [0115 gl’Zl elt lhi  1 l~ I n uju r o ’s ’ e’ sI t !le>lig !1 t in ’  i - i u j ’ l v  1110 I’ll i lu g 110111-5 e l f  S

M :ir c!i . I I ’ h l c ’t  l o l l  011 I I IVSO— I S  5011 1 from (33/35/-to) h I t  002( 1 C~V I t a ( 5 3/ S n/ 5 2 )  l iv
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(b - ( 0 . A l I I~s5iS e l i ’ S  i C t b l h l  I l i e ’ s! l I L A C I I I  I s ’ l l ) 5 1  t i n ’  nu i g h - u t , Is I t  hu h e -  
~ -:~~~ ‘t  I s l i t  0 1

wh 1 Ch l  i l l - I e t l ~ ’ 1 l i e 1  I e ’ h i t  c’S I1A AItI )  I t  O(~( 10.  ‘li ii ’ I I A S A I I I I  1 l I s l i s it loll l s, l - I t  1 i  l ’~i l  1

t o  li r o c i m i  115 h I l l s !  I’S’S i e l i i h i  I S IlOls ’ l c f t  s i l l  t i l e ’ ~ c ’ l l 1 0 I’ . I 1 0111 h I  ‘II b ’ s ’ I i i , I t  is

o l s y  le lils t h a t  t l ie ’ l L ’CARII i h i s l  I d l i i  1 ( 1 1 1  c’ s b r l e l ~ I i o I u d t c ’eh to II I ’ u ’ j  c ’t  I l l s  I’ c l l - Y  I l l

J CiI ~~i i C  i t  1111cc ’ ( t roth 0 tO 1 111111 S ) h i t  hI  1 I 1110 b s’ ! i t O l i  I ’ u ’ c’ ei i shCcI  1 - S I l l  I c e ’ ( ‘O Ils I ’h l t I l l s

is h i S  — 1( . .  (1 i iS ~i 1 h i y O ~I s i l r f h l C i ’  I I ’119 )C ’I’ h i t  I l l S ’  I s b O  ~-1 S h I l l  ~~‘ .)

I’h n inu i t i l  t i l l ’ OC ’ l l l l l l l i e ! d ’ l 5 1 1  t i l e ’  ~I i v  l I l t  i’ l ’I’l I t C (‘III l v  S i l l I l y  s i - v s  h I llel isO 1 111

t i ’ l II h i c ’ r h u t t l l e s ;  ( O i l  s s l l l l i ’ I i i c ’s! t e l  e l i y  i ’l lIlShi\ 1- . l I h I C t  l e l l i  i~~h I 1 -  t y p i o l  I h \ ’  I l s 3~~l s~, b ,  I ,

o i l  5 0 1 5 0 01  i l I s i L C h u t  e ’eI ( ‘ 1 . 1  AR h I l l e l  5 1 1 0 1 1 1 C C  t C ’t ’ l p e ’ I ’ h l t l l r e ’S s i  i s i 1 ’~~,I t e l  ~
( I b c ,  ‘ I - I C e! I

hIl ls ! 55 (sI  i s h l i  , l ’ s t ’i l )  . 1 l i i I I l l - ~ t h e ’ h i l t s ’ O l i s l I l l I  t h e ’ i’J p h i d ’ i t  111cc ’ 5 1: ’ b I h I  I ~ f I

dl reip j i t~cl t e l  1 I l ~~ i1 , b Ite 1’ 11 , 1’ e I i l I d’ ‘ s Il l l ie ’ ~l I (1 ,

liv L u t e  e V e l i l  l u g ,  I ’ l i e l i h t t  h d ) I i h i l  d I d ! 1 1 1 5  h O d  e h i e l p p e ’ ei - l I l f l C c ’ I O l l ( l C I i t  I l l S -

t e l  I t c ’h i  l t l ’ e e ’Z i h g  . Bet Wee- l u  .5)011 h I l l e l  2100 , re csindee!  S i l r t h i C e ’ t c l l l I l c 1 ’ l I i l  I’ d’ i c l O  “

slrei h lp e’sl from (b C t o  — SC ( S I I S I 1 I I IVc ’el t i’I lip o r h i t  l i r e ’ t neilli - s - I l  t e l  I C ) , h i l l s !  c O I h l i i C I  t I l l ,  -

I n c  rt ’h is  e e l  s I i g h t  l y ( t e i  3) t i\ i u li  t he ’ hh i s c ’  I i  lId’ of 0 .5 .  By 2300 , Se ’l i ’ - s l  I’ b ’ 5  Is C I I I

I d )  I I A T , \ R l l  It lie l l’c’lllhilli d ’ cl il l t h h i t e’dllle h i t 1011 (1115)111th 11(iOO : h i t  t hin t I Ilid’ , scm’ - , ’ I

110 5 el i sp Liv 115 Ii S i l l ’ f I c e ’ t i’llipe ’ 1 , 11 tI l’e’ i l l  (1 “ 1 ’ . I sv i elt ’l lt I ~ , S e l i s u l O  ‘ 2 hIll e l t i 1 t ~

C l i p h l c j t I h i C e ’ S l i t n h l h  f or  -I (~‘ l  I c ’ l l i h l l l i 0 e h  C I I A it 11111 1 1 1 11 1 1 1)  ile ’ b c  l I l e l i c h i t  111 5 t I l l

I l l i t  l h l  I t o  l’Ih lll t le l l l ~i f  i i o s  t 511 cil  r t s h t l c e ’ eh r t l l I W , I \  I rh Ii ’t 1( 111 e l I ’  I v  0fl I l i i ’ lb l sll ’ ll I

e l i  Il ~lhlr d ’iu

• ‘) f t i a r ~ h 1975

• ‘l’lti’ i reist O V i - I l t  , Wlu ldhl hIi ’ghiIl 1111 C dill S M l i h ’ c h i  , c’Ol l I  I l l t l s ’eI t o  5 L ’ s e’ h e i p

I hi l’ohlClI the ’  (‘hi I’ l ’s lIle~t’Ii 1111’ , 011 9 ~ki l’cil . Se’liso I’ ll I~ l i ne !  -t ice ’lut t o  I I -\ \5 ( 1  I ’ ’ 0 ( i S ’

w lu i I i ’  Se ’ I i S i ) O U I  W o n t  t o  A I , E R h ’  at th u h u t  I hue’ . (Si ’IiiuoC 115 5051 110011 1 11 th l i l t  I b I s ’

i IA. A ItI1 s l i i i ’ s’ 2 St 1t ~ . 1 h u  t I l l s  t I ll- I lilie S ’, I l ie ’ c’hi ~~h 1s ’ i t  1111Cc ’ 5 I ~~~ 1 I t in ’  1 1 1 e ! j  d i l l t I

is-gI ll Iii l lli l’i’hlSt’ lil lOV e ’ i t s  prd’Viiltls \ h u l tu(’ il l it I I  (~ l - I5  At 0- 1(1 0 , l’ e Oe)t’dlt ’el Il ls !

d i  op Li ’s I e’I l I l i er . i t  Ul’eS t e )  I’ 51, 1 1 5 5 - 0  - 1 ~ e ’ l’ s’ — SI  h I lt1 + I i , • rs ’’~l s s ’ e I I i s  I ~
‘ h I t

~ i (  h I d  ~S( ’ , l’e’spect i v c ’ h y .  Fr o st h l C C 1 i l I l t l L l t  l o l l , . I l i e l , l u h ) h ) h i r d ’l l t  h , iss i rli l l u I 5 ~ by

t h i s ’ SI AN 5\’ S l  s I l l , W or e ’ S t i t t i c  i s ’n t  t e i  1 10011 1 1 ) 1  l i r ( i d i l l l l l l l t  act  l ’ s  i t  I s ’s’ at  11 10(1 .

I t ic  I l l  I 115 Ii 1’ t (‘ilipe’ 1, 1 t I l l ’ s’ -- hl!le ’ l I e !  of hi f 1 1 1 1 ~ t I l l ~~1 - 5  115 5 e’ h h I i S i ’ el

I’, l s l l b , i l  Wa 1 111 1 115 sf 01111505 l I l t  ,lC e ’Ib . liv  i b o t l O , I’ s e s ’ r e l e ’ el h I l l e l  d l i  I,p i IV e ’th I t ’l l lp e ’ l I t  i l l e -

—
- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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t’e) l~ ~ -4 1s c ’ l’O it °c h i l l e l  -I “ u, ; , I’es ~ d’ d’ t I v e ly ; by 050(1 , s t i r f a e’e t ei~ipe Fli t  U u-es I s e ’  Fe ’

5 i t  hO ld + !C , l’tlSpC’Ct lye’!)’ • Sensor ~t 3  W e’Itt to AI , lIil ’I ’ lit 050(1 hillel to i \ l ~ I i t

i l n 0 i u  ; ~2 l , e - I l t  t o  W! Y l  I tt  0700 ; I I I  We’lit t o  W I Y I  ~it 0800 * ; and ‘I I , wit I i~I hhl dl  i l e ’Ol I

m I d  I Ch It I 15 A l !  R I ’  S I l i d ’s ’ ( 1 1 ( 1 11 , w e - l I t  t e l  (‘. 111  l i t  ( 1900. l)ry 111 5 Ce )llt I niii e’ eI , htlldl ,

l l \  11-I S , t u e  e’I L I ) h i C  i t  110Cc’ 5 15 11111 Cl i  #4 dli ’ilpp c- eI to  baSi l t i u c ’  V illiI e,5 . Seli Sdi u’s

~ts h O ld ! S w~~n~t tel I l I A C  at 1355 , hu t  St’flSI)l’S I’ I hille l -t d i d  ‘ t I ’Ol i s i  Cl EAR u li t  i i

151) 11 . (At 1- 1- IS s e n s o r  1 11115 d l i l s i ’ r\ ’eel to  Elu d e hi l’c -u, - t i n y  st  rea P s of I s h i t  e l ’

e)li it s Siil ’t lie e’. )

• 9 1 0  Nhlrelil 197 5

A I i5 t ilt e lu i 1, ’ shl e iwe ’ r w a s  I’ e - l u e i r t  i’d ~it 1353 i~~U , h i l l e l  t u e  C h u p h u d ’ i t  hllli ’L’

S1~~ lt i1 l I e ~~I ’ I~4 1lICl ’i’ItSe’ci hihovi’ basi’l iluc’ fou- hI short Pel’ioiI ~it  1-135 . Pre’s - I p it h it ion
iSO cci x’red ~ug~u I I I  , u t  155- 1 , Shell  I i  gh ’ s t  no iii lInt! Sri :, :1 C hi lii it ili’Vi’ 1 i)l)eel hille l C e l l )  —

t i l l i l e e l  L l i t e r l l l l t t C I i t  i s ’ f o r  t i t e  O i ’ l b l h u i n e l c’r 01’ t u e  day A l l  SCAN s e n s o r s , i l l C l l l , I i l l u ’,

f f 1 , IsO IS’ t I l e !  ecat  i l i lt C l E A R  , ut  1 Si lO and repor t  iu t g  W11i’ at 1110 1) . F i le  ne l l  i t  CI’ • l i i  1
S e l iSe l i ’ s. s p or t  i ’ d! i’ i l l l t  I I l i l o t I S  I v  ( V h F  t !l1’otug!l the ’ rd’lllhl lI st en at t iii’ sIl ly hil lel l l lto

0011) nlIo i ’ll 1110, i l l - u  1(1 ~!,i l’d’!1 . At 17 i ~l) , botil tile’ Ciih ih l e ithi lCe ’ h I l l e l  C O f l d t I d’t  i ’ s I t \

si gn, Is - ihs ’ I i t  - t e l  Ilih i X 1 1111111 V l I l i l d ’5 . l E e  c’ellldl .i e t  L v I t \  S l g I l h I I  Wi ’l lt  h h i d h c  t o  ha~~e’l t I le ’

It l s b ,Sb , C o l t  t i le  C h i p I e i t  1111c c’ ~h i g n a l  n e ’ l l l l i i l l e ’d lit i l t g h ‘ s i  lues  i i l t i I l a t e  ( I l l  t in ’

S I I’ll 1115 a i 10 S I n c l u  . l i i  l’Ollg l l eli lt t h i s  p i ’ i~[o~I 130 0—5300  e l I  11 ~t 1l l ’ e’1i , I ’C c’e lr d i ’el

h i l l e l  ~l i ‘Ip i a’s s’sl Si li ’C Ice ’ I e ’llIpe ’ I’hi t I I  I c ’S1 ( St’llSei 1’ b I t )  l’e’l I I h i  I l l e d h i l i o \ ’ i’ t r s ’e’ ’  I 15 hit e - I ( ’

, i l l s l  ~SL • I’ s ’s- pd- i’ I iv e l  v

\ t  2330 , 
~
i i c c  I ll i t  ,it ( s i l l  ent eli- e1 , h Cilel Sk\ ’S hi ’ gdI i  t cb c lc ’ ur - Rail I lit i anal

s a c s  I I u s  C U l l - e e l  t hId’ Sill ’! li e s’S is t t lie set I’I,illis,i) ’ 5 te l coo l , h i l l e l , l ’v (11 1 1 1 1 OIl

10 ~C,I l’e’!l • l’e’c’e s l’sli’iI ‘,lil ’ t h u e s ’  I e’III 15’I’ h i t  i l  l’ e’ I s h I  5’ l l ”~ ; e l i  sp l  O \ O e I  S t l l ’ t  lie’ s’ t C ’ull Ili’ l I t  ili ’ e ’

11,15 s3 i, . i l l s l  l i t  I’ t s’b ll l l c ’l’ _ I I  I i I ’ s i l l s  +0 ,0. Ov 0 ’00 , l’ e ’C c t ) ’ i lc ’dI 5 i l1’ t  d i ’ s’ t e ’l l l p e r h l l  (I t’ s’

fs n’ ~ l ie.I , _ I b . SC W i l l  Ic  1 111511 V , I 1 I I C  u s t  c’h l I b a C  i t h i l l i ’e’ 11,15 he’ ing ObSe’l’V Cdl . ‘ct

01 i i ’ , SCIlSe ) I’ I l l  Ile ’lI t t e ’  ,~I E C l  h I lls ! 114 IIC ’Ii t te l  h I A 7 \ I t I b , d’e l l ’ l ’ e ’l-i I i O f l e l l l l i ~ I’e ’i Ig i l I V

t o  t h u s ’ I l Isl e’ il 1111 I e ’h i c ’ e O l ’ eli ’ e! l ; l l l ’ t h u e d ’ t e’l lIp e ’ u, i t  lit ’ s i t  II~ el l ’O I ip c ’dl !~c’ le ’W t I e ’ s’ , I 11 5 ,

~~~ o 5 h ~ • 11 l a c k — l I p  h i I - e li ’ I c ’b bl  1111’ - l~i l5 h is ’ c’t C ’ s! h i t  Se ’ i I ~ ’il l’ 1 s t  
• S 1 11Cc ’ 1 1 5 15  l’e’h is! 1 115

I I - \ .l A i t t )  h i l l e l  I b l i  I ’ C l e d ’ I d ’l i i l le ’  151 1 IllS’S S C ’ l’s’ h l l ’ d I V t ’ I l’(’c’,l I l l s . I t i  l’c ’Isleth) ’ C l i i ’  S i t  I l hi t jeifl

t i I ( ’  S d l l S ( ) I Is IS b l l s ’I l l i 9 l I  ,l IS lv  t l n l l i l i i g l t s ’el at t i l e ’  htl’th , and! I h I d , 50u Sd I’ I lIIllle ’el l Ilt s’ l v
wi ’ll t t s s  1, 1 F ( h I t  05001. I ’hs ’ lock lu l i ,IIIe l St ii ’k ilI g ill t h e ’ h 1A ARI 1 I l l d l j c h i t  j s lf l

1 1 1 1 111 l’d ’ll I 1)’ sle i’II l’ s- t I ’(’t (tls ’b l I l y Is I t  ii 51121111115 t e ’liupt ’r a t ii it’s; a ft  eu ’ t e l  11 5 i5ilisi i t  I ellIS

~
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rsc)llll 5 2 , h I S IsO I I hiS his’ t II I 1 I l I i iIll Pd’ i’liilIl 110 1 , its l’c’ sk e- l l n I s 11

111111 5 1 5 l l i t l d S I l l t 1’t l l I I c ,~ \ ic ’ i l l g  i s c s i i l e h  s s d ’ Oi I I ’ , h u i t  1 t ot ic k 1 5 . 1 5 ’  s- i ’l l t  e ) t I I  t s s  5 1 5 1 1 1

ur e’hi t 0 It (VO 3~ S 1 I’ei I’ I C C  Pl’e V C ’l l t I CIII . ( l i i i  C c l  l’t iltu h i t t’l \  , I iii ’ I I-l ick Ii r a ke - sI s ) I ~ It

.ii ’ I e l ’  It~)~i1 y L 1l g  ( il l !)  11 1 i 5h t  C O l I t  i I lg  (11 ( iX’ e’hi t e l  I lii ’ l l l i i l d l t ’ cI t  t i l e ’  hi c’t i V i  11111511) . I

S~inui’ Si) ti) ~ () 111 1 iiu t i-s h i t t  t’I’ SCAN h u h lel 511 r ll e ’et 01 I’tiilW hl \’ I C I 115 , hi  1 I r l h I I I s 5 l y - ~ S O l e ’

C()t’ e’I ’C d I s i t l l  l e O . At 07-15 Se l lSOV ‘ I osis c’c) ’s’ e’l’OcI Si ti u s i l I s i l ; I l l  ( ) S ( l t l  I I , u c I  I t b l l  ~ -

oil I tW (l S— SI Wh i s (~l7 / l 9/ I 1)) , hill el 501151)1’ ‘3 Sh I5  Ill s1 I Chit 1 n4 (‘sTi’ 111 15 It’ ll 5 c c l ’ s  C l ’ s ’cl

Is 1111  s l u s h  to hI 5011111 of ‘2 nUll . At 1) 815 t u ’ I i C t  i o n  dill t h l x i l s h u y S  l s ,0 I  u ( 1 5 )  111,1

I s ’s 05 5( 1 t l’ h l C t  l o l l  oIl I t l I S I — O S  was (1 ) 9 / I ( S)  . 5-\ C — I S O  l h l l l chc ’il hut ti l i S I hue ’ h l ll e!

I’e’IioI’t i
_
el giss i s l  i ’rhik i 115 Ili’t l u l l  , l i t l t  t i u i ’ p 1 lot ( iSe ’el is ’d’ e’ l’Si’—p i t i’il—pl ’(up si hi llel 11s )t

lll5i kc’5 fel t’ ehd ’~
’e’ l i’rh l t ilI 5 . ) It) ’ (I S-IS , t r h l i ’t jail , i s e ’g i lIfl i 115 ( d l  i l b l l s l ’ i b t e , I s h I S

ll l ( ’h IS ( l i ’ e’el lit \ - (  I S )  e l l  h tWSl  —0 3 . Se’llsdi r b’ ,t , Wil l d l  I s h i S  cesvereel W i t  ii  II  I i u i  h i h h l V e ’ 0

0 I iCe ’ h i llel reg i s  t or i  nu g hi h (g Il Chi juhid it 1111Cc’ 5 igtl~ i 1 , W as i’elud) u t 1115 CLEAR i t 0SS,~ -
su red s t irfa ce ’ t c’nupe rat t ir e ’ was —1 ) • SC lills ! ib i s  p 1 iiy c’sI sti rtac e I c’lIuh )c ’ Oh Iii I ’ d ’

1 1 , 1 5 1  +3C .)  Tr a c t i o l l  011 I t t I S i - O S  WOS (13 / 3 3/ 55 )  hIt 0535 hil lel ( i0j - I 5 S 2 )  III 5 100 ,

The ’ lis 1115 SUit elU jik Iy aj de ’d i II WhirlIl i 115 t hue l’tlIlWhi)’S , h iIl ~i h I i t  Se ’llSO l’ s C d O c i l E

#2  W e- I’d’ 1 it ch icat  i l lg  IVE ’I ’ by 0931) . (Till’ i’a l i h i i ’ it hlIli’i’ S I gl ih i l e s t “ -2 il l’OhlllecI 1 , 1  1 1 0 1 1

b , u s e ’Ij l l e  v a l u e s  h11’iefl y tar tile pei ’j oel  0 9 1 5 _ l l 9 ) S .  1 IieCou ’ e h e - e I  S l i l ’ t , l e ’e s ’I l l I l s I I 1  I I I ’ , ’

hit Se’llSei i’ ~-l WItS 0 °C l i t  11 1130 , +o .s t: l i t  1(100 , hIlu el + SC hit 1 1 1 1(1 h~l I ’ .

1)111, 1 h i C e l i l  is i t  l e lIl h i t  K e ’ t l , i v i k  WhiS t e f l l l i l t h i t c ’ el :it I 11 1) C t I l ’  s ’ I1  h u b 5 I I d i l

1 97 5 .

FI le’ c- d e l - u t  e l f  I t )  ~l I i I ’C l l  ch s’Sc l ’ l lb e eI i l l  t i l e ’ pi’e’ce’ e h i n g  s I I S C I I I ’ S i a l I , I I I  i s e h  I

1 151 tIle’ fr o s t  e’d’i’llI e l l l  t hI d ’ 1110 I’ll iIl5 at  11 Ha i’ch , We ’re t h i s ’ ~ t i h e ’ i llS I l i l I s e S  ( i l ’ l i s ’ I’V s c !

d Ili r ilig tile’ Sit C V i s i t  to  l I S N , \ S K h ~h i i l l  Wh u i’ll t h e  SCAN s v S t s ’I sl 1 11111  l s h c ’sI I I ” i ’ t  I l l

pu’ e’ t l l  e ’t  I d l ’  ill Islrlulhi t ion . l ’lte lle ’d’c’S Shil’y i ll l’o 1111111 t O l l  5115 511 11 1 1 1 1 c’ sl I I t i l e ’ ~l I s p ! ,o

nu lon i t a i ’ , dle -sp l  Ii ’ I l u s ’ 11101 t h a t  t i l e ’ S i5 l lS i i l’ d O l t  P~~
t 51510115 Iec ’l’ i’ Il si t !S’ i 115

LIlt c’ rlurc- t i’ d Cu I’l’t C  t I ) ’  • At t h i s ’  i l l  I I  111 1 m c !  I c’h l t  m a l i  a I’ 1 C I I I :  ‘‘s 150’ 51~ \\ ‘‘s t  d Ol l

(ill 10 ~- ltii ~i’lu • 11 I i  gu t u 11) 5 1’ cii I I I ’ s’d i s h I S  1111111 i c e l  I i i  l i i i ’ l l i ’t i ’ s - c ’ I ’ i I l l W h i ~

AilS i t  1 011111 urea  wai l  IsI  E l i d e ’ l ’e ’C I l  111111 11 s’sl h it  th h l t  t l I l l e ’ s ’ \ e l ’ h i t  t e i  0 till ’ 11 1 1 11 t l i l l s  I I ‘Il

~~ t t lue ’  urea St) r d ’IWI -r , h i n d  1)rohlhlh i I V  SOIl 1~l hl h IVC’ 
~
‘ l O t  I ’ l i t  t’ sh I Iuc ~ ‘s o  i) h i s :  h i  t ehs lll S

I ’llll s,I\’ i’s)Iu eI it i sills Wil iCh ~uh is eS (tli ’lut l~’ OCCLil’I ’Cil  . li t  I hi  I n s t  . i l l s ’ c ’ • C h is ’  55 ‘c’,

S y S  t enu appeared t o  su p p ly  1111 i qtne ’ h ild ‘ s h i  I t o i l ’  i i ’  I I l fo n h l l u t  i s l I l  It’ll I dli I I  d c , 1  ‘ I RI ’

1 1 0 1 1 ~ t i f l l l e  1 h l l lsl e’flhhlfld’ i’d l i i  1’1uo u’I SII t o t  V

75

- - ~~~~ ~~~~~~~~~~~-
_ i

~~~ ~~~~~~~~~~~~~~~~~~~~~ - - .~~~ - -— .~~~~ - -- -



-‘ 

~ j i  
‘

~~~~~~~~

“ ~~~~ T27~~ T’~

5.3 Discussion and Summary of SCAN Pe rformance 1111(1 U t i l i z a t i o n  at

Ot h er Air f ie lds

~~ ~~~~~~~~~~~~ discussed , short site visits Sd e Conductedt to Iii 1

a i r f i e lds  where SCAN systems were known to be operati ng * to acquire information

on the u t i l i z a t i o n  and performance of the respect ive SCAN systems . The s i t e
v i s i t s  were conducted during l ate Wi n t er 1978 , and a dcthl i leel  p resen ta t ion
of t ite i n fo rma t ion  acquired is provided itt Appendix B . SCAN Ut i l i za t i o n  and

performhtil ce , as determined through i n t e r v i ew s  wi th  operations alte l m a i n t e n a nc e

personnel and inspect ion of SCAN insthillations at each of these  l oca t i ons ,

is summarized in this  Sec t ion .

During l a t e  W i n t e r  1978 , SCAN systems were in operation at the

f ol low in g ai rf ields : Ancltorage In t e r n a t i o n a l  Airpor t  (2 sensol ’s),  G r e a t e r

j Cincinnati Airport (2 sensors) ,  Det roit Met ropo l i t an  Ai rport ( 1 sensor ) ,
- I Indianapol is  I n t e r n a t i o n a l  Airport  (1 sensor)  , Ka nsas C i t y  I n t er n a t i o n a l

Airport  (3 sensors ) ,  Ke f l a v i k  Nava l Ai r  S t a t ion  ( I c e lan d )  (4 s e n s o r s ) ,

Sco t t  Air  Force Base ( I l l i n o i s )  (3 s e n s o r s ),  and Canhte lian Forces Rh i se

(Trenton , Onut ar io )  (3 s enso r s ) .  At these a i r f i e ld s , SCA,\ sensors are
n o m i n a l l y mounted f l u s h  w i t h  the  runway sur face , aitil S iglthllS hire t ransun i t te d

frona nearb y rem ote  p i’occ~~~~~g Intl its ( R P U )  to  I t  d i s p l ay  td’l’lll i lii i t y p i c a l  I y

locate-cl in  a t’ielcl h I I L i l I l t e I l h U l C C  office’.

*Si nce Sprinl g 1978 , Ii 3—sensor  system was ulelivereel hInd! int st zull e ch at O ’hhhure
(Cit ich lgo)  , and I 1— s e ’ l i S d l r s y s t em  (w i t h  7 ad d i t i o n a l  sensors  on order) I s IlS
dcl ivu’red to Pi t  t s ht u r g h . I i i  adili t ion , t h e  fllaJtufhtCt urer h hiS I 115 t al ic u !,
free ol’ cit~trgc ’  , l b s  S e’I lS i lrS  ( w i  th a neW caphici t anco_prohie confi guua t ion)
and 110W RPt I’ s at Aui cltor age’ , C i n c i n n a t i , Ind ian apol i s  ansI Kht mlsh i s  C i t y  and
pl t tns  to do so hit K d ’ f l h u v i k  dur ing  Sulu llu lor  1979 . ( m it ih I l ill (liChlt iOltS t’rolll
th e’ hulbO Ve ’  1 ttii’f I i - le ls  stigges t t h a t  the new Sensors pro’s; ide more Cor r e Ct
s ur f lt c e’ cone l it  loll  repol-t s . ) Orders for  SCAN s y s t em s  h h i \ ’c  boon p lace ’S 1w
St. Louis ’ Lhimh ) er t  h i d  5 (5 sensors)  , N e’wburg lt , N . Y .  (S s en sors ) , hIll e l

(fl hIS gow h il l S Ed in hu u-g ii , SCot 1 and (2 sel tsors  , elidE) . At leas t 10 0 titer
a i r f i e l d s  ~u re’ contemplating p~1rchhtsd’ of ice  d et ec t  ~eil sy s t ell s during 1979 ,
i n c l u d i n g  Aitchur ag i’ One1 I)et ro i t , both of Wilicil ~ lhtIl  to  add a d d  i t  I c l l l h t l
sensors tel tiR-Ir exiStilug SCAN s y s t em s .  (Tu e fo rego ing  i n format  ion was
suppl ied by the lnarn l facturer  i n  February 1979 . )

7(1
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I S1~~I 5 h t l t rhJ,j t s i l Ij Ss i Onl  i S  Vi1t rhtdio t e lcl ’te t ry  at C inc inna t i and

Ke I’ l ay i k ~ite1 by underground cab I e’ Ot a 1 1 otit e r locat i (1115 . At Auu cl lo rag i’

1 out S Dot roit , e x i s t  i nig FAA cals le runs ( Cj lc ’l iSds !  il l  C O l u d l t l j  t ) ;u u’ e’ us eel i s ’  I’ I l I e ’

SCAN sy -s tern ; b u t  h I l t  o the rs , i n c  I diding the ’  c-an y Kef ia ’s- i  k i t -us t a l l  hi t  ~ @it ,

u s e d  di rect — h u r i c ’ 5 1 Ch i l l  ic ’s. A cons iderable  alulodint of t r o u b l e  (includintg

rodent damage , wit t (‘1’ seepag e ari d darnhtg c by heavy cqui pn u iemtt ) has he’eit

• t ’X l ie r ieIlCCeI w i t h  the’ underg round cable systems at Kansas C i t y,  Sco t t  Al 5 0

011(1 previous ly lIt Ke ’t ih iv jk . I n I  v i ew of expense of i’ury ing Ch ib les , I5-h I cht

e , l l I  &‘xci’ed t h e ’  pt i l ’Ci h i se ’  j i r i i’e of a SCAN S~~S t ellu , radio te l  ellIot i~ of SCAN

I dot hi ~S rcConuiblerlel if FAA condo i t 1 intes hire ItO t avai l ab l e .

Sensor  ins t o l l  at ion hipp ehl 2’S hap h a :hir i l , 1)ro~ial1 ly his 0 u’esu I t  a t ’

- i iulpr oj uer i n s t a l l  ~it ion procedures by ai rJ)ort lila itt e’n ance’ pe’ 1- sesni n li ’  I , hi llel

sensors do tiot a lways  Ilua tcIl the  color  arid rougiut es s c h th l r h t C t e r i s t  iCs at

the runway seir f ace  . Fi gures 20 a— d provide v iews of ty p i cal sen sor

imp laccinents  hit Sco t t  AEB , Anchorage , Ci IIC i I l i l h i t i , and D e t r o i t , respi ’ct i t ’ d ’ I V

Note , fo r exaunp i e , the  ext  rc~nie 1 y roug h runway so i’face s t i r rounie l i  ntg t i l e ’ Sen Se)  l

m t Figure  2Oht , t i te  ma jo r  depress ion (Il l lowing  hi ccu nl i l l l l t  ion of wat  e’r hi t c h

ice/ snow ) around t h e  square (ohsoli ’tt ’ ‘s- c l’s ion)  sensor ill  Fi gure .0h  , the ’

oVe ’i’ l y darkened ( t a r  covered ) Seiisu -1 ’ i ll F i gure 2Db , and the phi r t  i l ii I t a r —

cover ed sensor in - u Figure  20c . ‘these ’ type ’s of liii sl ’iht t CII at ’ sensor  hi l l e l  l ’l l l lW , iv

s u r f a c e  ChaI’ hlCtcSrl S t  h i’S mI re ito iloub t respons ib le  for much of t I - u t’ Oi lSc’ I”s’ c’eh

cli  sc 1-ej iali i’y it  ‘‘ so r face’ conld i t 1(111 ” I ’ e- t Wee’fl t hi’ u -unw ay h ind sensor  st i  r i a c  os

The in fonllua t ion disp l aye’S by tll e SCAN system (i C. , s u r f a c e ’ con ch I t  Is lb l

r hill e l tempera ture)  is u t il  i ze’eI to  a g reater  or 1e’~ s extol -ut  hit \‘ h i r i e b i l s  ht i  I ’ll O l d -

- 
depending on SI RC St  I’htt e-gy , s e v e r i t y  of weat  I-i or , eleillancl on SI RC opel-at iii n - us

h il le l past  t’x per ieit~ e wi th  t ite SCAN s y s t e m .  tnt  terms of S IRC ope l-at jolts

f surface ~ ~‘mpc ra ture s the onl y- Sat 11 on ique to  the ’  SCAN sy ’s I cnn . l’orsssllI c’ 1

L I I  ch.i i-ge of SI RC operat ions kee1, a b rea s t  of weathe  u ’ (bo th currd’ll I h i tC h

S 
t o r e ch l s t  ) hOlet make rou t ine , f i r s t — l u h in d  I nu spect  ion -us of r u l r uw h i ) -  s tmu ’f  ace

condit i oils; t hld ’\’ ge n era l l y’ kn oW Cul r r enu t  we ’ath er  and wha t to e’xpe’Ct in  t lt~’
i~-iinediut e f u t u r e . At the  a i r f i e ld s  where SCAN is i n s t  h i l l e ’ s! , I iuc ’  s u r f a c e ’

I - Cofleljt ion indicators are not used uni less the ’s ’ j r i t h  Chit C l l l l e ’ \ j ) C i I  t e l  I v ;  h i n t
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e l t ! k - r , , t I l l  ~c a la rms  aiud discrepancies between actual  and indicated surfacc-

~~~u s i i  t h it had p cr sol i l lc - l d i s t r u s t f u l of t he  indica t ions .  Surface t c-lulperature

~ supp i j Oel by SCAN can be ’ art important  guide  iii  t he  o f f i e - i e a t  h ind t i l u t e ] )’

;tppl icat  ion of ice contro l cilelnicals and are used to some ext cnt  b y SIR C

i i”r so l lu le l .  h o W e v e r , the  forecast capabi l i ty  of the trend in surface t empera ture

is flat  I u t i lj Z e e l  to its maximum potential . The general viewpoint of SIRC personnel 
- -

Ld ~ncerni 11g t u e  SCAN system is that “it  is only a tool arid should be viewed as
sucl .  . “

lit tems of economicS , airport availability and safety considerations ,

t h e  props r and tihhtel y 0 1) 1)liChl t i on  of chemicals  is the  key elelulent to SCAN

u t i l i t y .  ~k-d l~~ih i c a l  procedures arc dependent on met eorological  cond i t i ons  and

are nut  si~~~~i~~ i c a i i t 1y  impacted by SCAN . The annual costs of chenu ical app l i c a t i o n - u
— are de’penihcnt on the  severity of weather , the areas of rurway to be t r ea ted  and

the costs of t h e chemicals themselves . For anti—icing a 10000 ft runway, one app li-

ca t ion of urea costs ‘~$5o0-$i000 , whi le  one app licat ion of Ucur costs $2000-
- - 

$3000 (at 19711 p r ices) ;  chemical costs for Se-icing arc- 2 to 4 t imes greater .
Aru i lua l  expenses for chemicals range from $l000 0—$2 000 ( )  for  Scott , C i n c i n n a t i ,

Trenton ari d Brunswick NAS to > $60000 for Anchorage, D e t r o i t  h O ld In d i an ap o l i s .

— 
Kcflmtvil-. NAS and Kansas City f a l l  between those va lues , w h i l e  Aelak NAS uses no

cl lei u l iC hilS.

5.3 .1 Scuit Utilization anuS SIRC Strategy at I n e lj v i d ’ s u h x I  A i r f i e l d s

- I The f o l l o w i n g  is a summary of the inform at iol t  provided in Appendix  B .

• Alldllorage lllternational Ici rport ,  A la ska  (S Ap r i l  1978)

A 2— sens w’  SCAN system was i n s t a l l e d  at Anchorage (A lA )  p r ior  to

th e  W i t it e r  of 1973—1 974. The two sensors , one at the  touchdown poin t  and 0110

tu e-a r t h e ’  t a x  ii - . : iy  exit , are mounted  on runw .y 06R about 51) f t  f rom t it e cent  or

Ii lIe cit  t i u e  rItlIWhi )- . Nei ther  of the two sensors (obsolet e square shape)
h ij )j ) e ’h l l ’c d to  he f l u s h  w i t h  the runway surface and large depressions in t h e

epoxy s u t - u - ou i i i d i i i g  t h e  sensors (sec Figure 20b) l ikely ’  compromised t h e i r
I a l l a h  op crh i t~ ofl. (One of the sensors had recent l y ’ bee mu di s  lodged by a

~r-;icIe ’r. ) i loth s”n sors except for the  conduc t iv i ty  probes were covered w i t h  ,l
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l ,ive ’ r ot ’ 1,1 h I t  —h ~ 1 hiCk Co lor e - il t a r .

l’hi ‘ j l h t r t  1~ c t i l  h i I’ SCAN system was one of the  earl y i l i l i t  S produce d

I >
- SSI hi l l e l  W I t . - e’Sse’ Iltihi l l y hi prototype. The system has proven t u r d  i hib le ,

i n C o n s i S  t e l -u t  , hii ~ l O t t e l l  errolleous , especially for surface f’re’ - :irug conuditio ius.

AJ ,\ er sonn ie ’ l i io t ec l  t l l h l t  t he  pr imary b e n e f i t s  of SCAN are che ’ i’ i ‘s’ecl f rO m run—

l~ ay ‘t i m ’  I JCe- t eIslI)e’l’at 11 X’ e nl lem L S d l rCl I ie’It t s , but tiuhit ‘‘re ii hIll 1 e i l lS  i Chit  l u l l s  of 
—

t. h LLCe’ con ch t 1 011 ~~ i i i  d hic  h i w e  icomed and useful  l uxu ry .” As at o t h e r  a i i- —

1 1 ’ S , t i t e ’ l’llll w , t \  S IU ’ f h i C e  t ellipc i’ature m e a s ti r e men t s  hire tise’d to  de ’tenn ine  t h e

lle~’e’~~s i t v  or lI t  i l i t > ’  o f  app ly i n g  e~i’ea. O c ch t s i O l ht l 1)’ , ce’rt al i t  ice coitd i t  j o l ts  l —

( ;LLur  wil l cii do not l’e’qua ire- c o n t r o l  nueasure s  . Accoril ing to  Al A ~-u er s o I in e  I ,
‘‘i-:e at — 2 t 1  ~i: p rov ides  (r e ’i hi t  i vi’ I v )  vet ’> ’ good t rac t ion , ’ and hence ’ , ‘‘ hIlt

air p o r t  such I t :  Phi l I’bh inkS t~lu i ch i  exper iences  ext reme Ci) id eloesn ‘ t ne’eil the

SCAN sy a t e  - i ” 
‘ -

‘

EJi’ c’ ,i , t lie 
~ 

r i lh la l -y  c l u e ’ n u i c a l  used at AlA , is boug ht by t he  t r u c k l o a d

(not  i h i)dgS I c l i  re’e I i > f 1~ ohl Ii  p l antt I uchit eel %l 50 m i le s  h t w h l v  . Af t  or snow

l’I uj se ,V , l l  opC rh i t  I OIlS , t l r eh i  is hip p i ie’el fo r  f i n a l  C le h i l i—II J )  to h icil i cvc Ii dry runway ;

I’ ’ ’I , l d l d l a l  t ire - a is t iue’ n c o i l n u t  ed on t o  h e l p  d u r i n g  the lt ex t  Slld) W Si  t t lh i t ion .

\~~\ t ’ i rst  CX l) e ’l’ i !hiellt ed w i  t i i  dlI ’Ch i ill 19( 8, u S i n g  5 ( l — ( iO to l ls  t ha t  w i n t e r .  In

t u e  ~c i l lt ~~ I’ ( l 9 7 ~ - l~~73) p r i o r  to  SCAN in st a l  lot ion , tIle ) ’ tn sed -~S0() to l l s  of

nr ’. a , howe-ye’ r , t hie ’  r& ’ I. e-re- 111101)’ illS ta ltce ’s  in w h i c h  i t  usa s not e f fec t  i y e . The

i .~ xt  w i l i t e r , w i  t h i  SCAN prov i ih ing  su rface t empera tu re  dot hi , t hey  dI Sedi o n l y 
- 

-

~‘3e ~ td~l-uS ; ‘
~ 

$ 1- [/ t O l l  , t h e> ’ lit t i ’ ib tm t e i l  mi s a v i n g s  of ’ -~$3 OK in im r e~i a lone  to  the  - 
-

~‘AN I~\’S t c-Ill . Ali api’ 1 i cat b I t  to the  1110111 runway requi res  ‘~3 - S to l ls  , w h i l e  —

bo th  rumiwa ys anel t a x  i i ~ iys mig ht  require  mis f l I d I Ch  h i S  10 tolls ( $ 1500) . -

‘l’he s t  rat e’t~y- h i t  ,- \ I A  is to keep t i le  l ’tll twh l) ’S dr y . Dt lr l lt g  w i m u t c i -

n io ui th s  , runways  are i n sp e c t ed  hit  lehis  t on uce  per si t i  f t  b the forenual t  hind more  -.

fx ’ e e [i l d  l it  ly hIS cOn ( I  i t  iOll S de’lll aI l dh . A mu—Ine t  er hind ! or ‘101)1 cy dew ice arc’ u seel when

runway CO n chi t I On S  hil)l)d’hLi ’ to i)e de ter io ra t  in g ,  and RCR ’ s hi re immedia t e l y report e el

I V i’hi elj O to th e ’  toi~er. t~eh1thle r forecasts  for  AIf ~ hire Ol i th l l f l C dl  II lii i n i l n u m  of

d)l~~ e’/sii 1 f t  b y t i - i c - phone f i~ un thue  N a t i o n a l  l,’ e ’h it lt er  Se’rv ice in  eIOWl ttO t ~ll :~ lchorhtge ,

h~~t t h e  fo I’ e - c , s ~; t s a I ’ d’ not used for de ta i led , advautc e p laluuin g. T u e  f o l l o w  i ng

j r iee dute ’  re ’ l . it  ive-  t o  SII1C op erh i t  i ons  and use’ of the  SCAN s>’s t cm was o f i e ’ r e ’il: J
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1 i - u t h e  l l i h i I :4 of  a l’e’ e L I t t  S inch snowf a l  1 , si n r f h i c c y  t C l l L I ) e O h I t t m i ’ C Wh15 31 o 1~ 111) 5 st I l t —

s1 t I l e ’ I~ h iS e X ’ 5 ~. ‘c t eel ; So i l l S t Chie l  o f u si ii ~~ UI’ ehl  h In d i)I’ OOIIi S , t h e > ’  s i I l t j l  1 y u sed  r u l I s I ’ s r
‘ 

lilacIe d ~u 1ows hillel 01 lOi~’ed t ue sun to  m e l t  re’sidlu hil SIti)I%’ . The savings hl tt i’ jhilt h lI ~

,— t C) ~~~~~ S i l t ’ fh iCe ’ t emp o r at u r e  dot II hi~~C t hiu s use 1 1 1 1 lu s t  l h t t  i’d.

4 ’
S (, I’e’h l t e’l ’  Ci llc i lu l ’ lh i t i Al I ’p or t  , ke n t i l Ck y ( I Hhi r ch 1

C in c i  lunh i t  i (C l ,’A) 11115 tWo S( ’:\N Sd ’ l lSd ) l’s . The ’ first set isol’ (# 1) W h iS

I l1S 1 1 1 1 1  oil i n  Sept c’lflhei’ 19 7(-i ; ailc h the S i’carud , b e c a u s e’ I h i ’>’ we’ I ’d’ 
~~

1 e’his ed u.. I t h u

p~ 
n’ forniizu uce of th ~’ f i r s t , was i I-us t I l l  led in Peh rt imi  i’> 1977 . One S 01150 r (~ 2

is I fllhd’ ileleeh i l l  COI C1’e’t C (Sd ’e h i g u re  20c )  hi t  the ’  i l l  t e rs C o’t i e) l l  o ( Rh I S — 3 .  h i l l e l

27 1, — YR W il i Ic SCAN 1 is i lmllu ed i le - il in  asph a l t  Iuear the ’ t ouchdownu : a lu i ’ of ’ Rh IS .

Tin’ Pr u l -u a -u ’ Y  i c e/ s l I O W  i’c i l i t  rid 5 t r h t t e ’5~V hi t CC-\ ~ J)t ’ d’V e ’l t th t t  i x e ’

c a nt  ri -i l , Sl l l i’e ‘‘ h u t t i — i c i l t g  ~5 mum ci t  e h is i e l ’  arid le ’s~ c o s t l y  t i lh l l t  is dlc ’— I C l l h ~ . ’’
• l i i i ’> h i l l t  I ci  pa t e’ conclit j ei llS b h iSd ’~l d)It i ,e a t il c l  Sc i’V i cc’ fo r e Ch i s  I s and , ile ’pe ’llel i llg

on x i stl h i l 1y - detect  eel i c i  ntg / snow and/ or  SCAN read out s (p 1’inlari  1>’ s u r fac e ’

e -I :ipe l hit ui’e) , t l ie ’)’ i l l i 1 lot  C COIlt rO 1 lll d’hiSLil’ eS.  h’e i’SOiut i’  1 h I t  (~L\ ~ire ~ 
I eas cii

t.. it ii t he ’ S CAN S’sS t 0111, ‘‘eS~
)ec i h i lI )~ the su rt ’acc’ t elllperat lIre’ l l l ( ’h iSul re l l le ’llI • ‘‘ It

p roy i des guidlhinCe , hold t h e y  ~ire ’ c e r ta in  t h at ‘‘i I hhl5 S hi~ ’e’eI 1111111)’ 111)1) 1 I c h I t  i O l l S

of e’hemi chils this wint er t h a t  otherwise’ w o u l d  have ’ been l t c ’c ’ i I l O S S l V  I . . I i s t e i t .”

The oiu l ’s~ C i t e n i l i ch i  l usc-el hit 1XA is ii qu i d  IJCAR , hillel it iS 111) 1) 1 i’d

l hifl el t h i e ’TI b rushed away) oit 1) hit telilperat t Ire ~‘15° F. \ typ i  e’III 111) 1) 11 e’hl t i 011 d)l

~ one ’ l’ih llw aV rd’qdli l’e’s -\ b olt g a l l o n - u s  of UCAR c $2 .  n O / g a l )  . ( \nruua 1 exp e’~i S e ’ ’

t o  I’ th Ai- h lIre hh ’20000. ‘) I it the  e’hL S e i) I sub— f r ee’: i ng t enflhie’u’hIt urc ’s (h ot  h a I r

luld surf ace) hind hi f o  I ’echls  t fil l’ f roe: in g  rh in (apphirellt I Y hi cd)lllllldi l t ~l ~~ct I I ’l ’ e’ l I  cc ’

t h e r e) , the ’ p i’oceilure is  to  put UCAR au tite Rh’s t o  pl’d°~e’ltt l e’i’ f F0111 l~illh l i  ut ~
t a t lie ’ s ul’face ’ . LOt e’ r, hidil i t  io nt a l  cho nu u ic a I is u s oil hiS ne’e’ilc’il t o I s I’i’,u K tI~

, i e’ ct u l l i I  lot  ed ice .  (For SnoW , t i uc ’y S 1 11111 1>’ h i 10t~ 01’ u S C  hi Collli) 11111 011 il I’i)OS hil l el

h lowe ’r  C I I  I led a Snou..’ I l l as  tc ’r . )

Rul l twh tv  i f l 5  poct iOlls are norma 11 > Ihlhie he ’ t hI re d’ I I fi le’s e i b l  i 1>’ — — h i t  c i i i  I.. I I

l i t  1100 11 hUhI lit d u s k .  11’ a IIA ARI ) l’.’II rn -u i ug is in S i c a t  eel , lii i j l I sp e d i I i inu  I S

m m d l  hi t c h > ’ m i t  jhit e’el, (Oe ’ e’h i s  hOtthi l fa lse ’ h l A N A l U t  W h i r l u i lt s h i S e  u ’X1)c’l ’ld ’ I I C C ’ci .

I l l sp d ’e t  ion of sensors , itt this  d i s c  , ur s u la  l i v  reve ’als a t h i n - u  I h i v e ’r at ’ f r o s t

c) I’ i~~c . ‘l’o I’d’s t o r e  sensor readi ntg t O liOlilI hi 1 , they  u s  c’ hi l i t  t i i ’ Whi 11)1 W h i t  c’ 1’
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lute! dry wi th  a rag . False alarlu ls are apparent 1>’ not a nIaj or problem.

During  the ( ‘an y morning hours prior to t h e -  s i t e  x’i s i t  and l i t t e r —

V i e W S  , the C i f l C i l l l l h t t i  area exper ienced  a l i ght  s n o w f a l l  ( ~l/ 2  in c h ) .  Ci rcum —

s tal l ed ’ s , t h e r e f o r e, provided an o p p o r t u n i t y  to wi tness  snow removal operat ions

aIR! the - performance’ of the  SCAN sy stenu . During the period of observat ion from

09 10 to 0950 , air I enl p el ’hl t t i r e  Is’ItS ~— 5 C , s u r f a c e  temperate  wlts — 3C , and bot h
S i ~ z~~ ) 1’5 we’re indica t lug II A AIU ) . Brooming began at -- --0830 FS’l’ , mmcl at 0923 ,

t h e? h i i l t h o r  Is his j ltV l t u i l  to  inspect  t iue  runway s and SCAN sensor heads . Several

pite) t o S  of tite l iro omin tg  op e ra t ion  (b etween 0930 at ud 0945) are provided in

Figure  21 . hi ie  Sitow B las t e r s  Ill s t ag g e r e d— t a n d e m  Iscre ’ w i t n e s s e d  to comp l e t e l y

clear , in - u  one pass , hi l- whl th equal to  s-2/ 5 t h e  rwl whly wi  elth . They did

hi superb job , and it  is ce~-t am that  runway tract jolt was nearl y’ (60/ 00/  60)

h owever , e’hidiu of t u e  SCAN sensors was covered w i t h  res idual  hu llounts of snow

and t I i’c t racks  (as shoi-.’n in Figure  2 1) hind thus  were s t i l l  I’ehiding h fA:A R [)  hu t

now (at 0950) incorrectly- l I t  t e rm s of genera l  i’uu-uw~iy c o n d i t i o n s .

• Det roi t  bic t rop o li tan  Ai rp or t ,  U ich i i gan (6 ~fat’ch 1978)

Det roit  (1)~lA) has one SCAN se~tsor  located -~35 fee t  o f f  t he  cent te ’ i’ l inc

of RK21 R— 0 3 i , ,  near  t h e  mid po in t  of the  runway leng th . Dt L-\ pur chased  t i t e  SCAN

s>’stem in 1974 on a “t r ia l  has is ,“ hi llel SS 1 i’ep l aced the  o Id SeI tSor  f ree of

chhi rge i i i  t h e  1: 111 1 of l Y 7 n , O S te lt s  h i > 10 1l 1’
~
mVL ihe’ a lllOi’L’ l’epl’eSeltthlt ive-

radia t  ion color  • l i i  cc hail Ii lot  of f a l s  c’— a l  11)111 11i’OhlelI ls  i.. i Ib  t h e’ ol ci Solt so I’

hut  hhi x - e had 0111 >’ o l lC h i d  d ie - l i t  ( t h a t  !~ IA P~’~ s onne’ 1 ecu lii remember) w I t i l  t he

n ew sCflSO r ( rehlili ng C C I ’  wh t i ,’ti 1 t sh a ll  15 il h Ivs - I - -iee I1 C i ,L \ i i )  • The SCAN s enso r  is

cr5ubeeldech I I I  concre te  (see Fi gul ro  205 ) , wlie l’e t lie i’dllt1~hi)’ is g i’oii vi ’ el ill t h e

cr OS S— Ri .  direct ion .  l’hs ’y p lau i  t o  p u I r c h l I m s e  two  hidili I i onh i l  sensors  ( fe) r t i -ic

approach -u e’nels of Rh 2 1 R— 0 3h , )  h Ut d  I I I ’O Cdl i’re ’flt I v  l s,n sk i rig i u i te )  Fail i s )  t e l  e’flict I’) ’

Th e SCAN S)’S t CIU 1 hiS or i g in a l  1> - boug h t  to be ’ ‘cmi i i h r h i t e o l  I’or  l o c h ]

condi ( i o n s  and to  t h e r eb y increas e t iue ’  I eaol t m b ’’ 111 hu2 V hiul c e ’ 01’ l c m l u e~ C O I l —

Si t  ions.  ‘ftc i’d’hio lOtl t iS i l l  an o f f  I ~ ishi e’re ’ i t  c ou l d  he’ 11101) 1 t ii reel dill Il 2-1 —

hour , 3 si -u i f t  h ;ms is. Ill had m~ s h t t  her , t h e ’> - man i i  01’ t lie ’ sys te lu l colts ( mu - u t I>

keep i l ig t r ack  of t rends in  $ cnr fa ce  and Iii i’ t emp e u - hit  lIre h i s  use -il his ru~uw ~m y
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conditions in order to implement contro l measures . (They also employ a

private weather service to provide forecasts of potential icing conditions
and surface temperature.)  DMA thinks “it is a fair ly valuable ins t rument”

and they obviously think they make use of the runway condition readouts.

UCAR is the ice control chemical used at DMA, and , for ice conditions
>1/8-1/4 inch , they might use “i~30OO gallons (@ $2.55/gallon) on one runway .
(Annual expenses for chemicals are “e’$60000.) They pretty-much use manufacturer ’s

recommendat ions for IJCAR application rates (a function of condition , i ce dep th

and temperature) and have instal led a metering device on the tank truck to

hel p adhere to man ufacturer ’s specifications . Run ways are inspected once/ shif t ,
3 shif ts/day during good weather and as frequently as every 15-20 minutes
during storm conditions . During suspected low traction conditions , a MU-Meter
is used to measure runway traction and to gauge ice contro l progress. If
traction is in the low (20 ’ s ),  they cont inue contro l operations ; if (35) or

greater, they feel traction is good and they cease contro l measures . When

a p ilot calls in nil-braking conditions , the runway is closed ; if inspection
of the runway indicates traction (>30) , then they reopen .

• Indian apolis International Airport, Indian a (16 February 1978)

Indian apolis (h A) was one of the firs t purchasers of the SCAN

system . The original unit was essential ly a prototype and has been modi f ied

extens ively by SSI at no charge. Due to their involvement in the development

of t h e dev ice , personnel at h A  are fam il iar  with  its operation and apparentl y
rel y heavily on it for decision-making concerning snow and ice control

operations . The one SCAN sensor at IIA is installed on that part of the

main runway which typ ically experiences the wors t icing conditions . Since

- - 
IAA was essentially a development site for SCAN , the system was qui te

unreliable during the firs t two winter seasons . After modif icat ion by SSI ,
it has apparently performed well , requiring only periodic routine ca l ib ra t ions .

Indianapolis used both urea and UCAR to combat snow and ice. For

runway surface temperatures >15 °F , urea is used , whi le  UCAR is used for  su r f ace

t emperatures < 15°F and for anti—icing operations. It was es t imated t h a t
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urea us age had dropped from 300—350 tons/year before the SCAN system to about
200 tons/year; and , l ikewise , 1JCA R purchases hail dropped from 15-20000 ga l ions/

yea r to about 12 ,000 gallons/year  a f t e r  i n s t a l l a t i o n  of the SCAN system .
h A  personnel est imated that  -~$l00 ,000 ( in chemica l s )  h as bee n sa ved as a

result  of the surface temperature data provi ded by SCAN .

While h A  could supply no records to support claims of such-i

dramat ic  savings because of the SCAN system, a specific snow storu was

described in which the runway temperature never dropped below freezing. Since
it was known that the snow would not bond to the warn’ runway , no chemicals

were appl ied , and the  brooms readi l y removed the snow.  The es t imated s av ings

in urea for one runway in this s i tua t ion  was $2700 .

SIRC personnel at h A  are devout proponents of the SCAN s y s t e m .

They argued that , even in the  absence of possible  monetary savings , ti - ic

system was wor th  the investment price because of the increased safet>- which

resul ted  from the addit ional information provided by the SCAN system .

• Kan sas City International Airport, Kansas (2 March 1978)

Kansas I ity (KCIA) has 3 SCAN sensors installed in the main runway’,

Ri~ 19-01. The SC1 N sensors were , at the t ime , inoperat ive (an d itad been for

a la rge fraction of the time s ir-ce ins ta l la t ion 3-4 years ago) due to rodent
problems with  their  buried-cable da ta-l inks .

At KCIA, both urea and IJCAR are used for runway ice control. Icith

• respect to usage of urea vs. UCAR , the more expensive UCAR is reserved for

- 
- 

runways and urea is used on taxiways . Urea is not used at temperatures
• < 15°F; but they have no temperature minimum s for 1JCAR. tirea is used

primarily in clean-up operations a f te r  runway plowing for snow removal and

du ring periods of repeated freeze-thaw cycles .

KCIA personnel are concerned about the expense of UCAR app l i ca t i ons

(“udOOO gal per runway @ $2.80/gal) ari d , hence , use it sparingl>- . Since t h e

runways are grooved, it runs in the grooves and is wasted. With rain, it

becomes diluted quickly and runs off.  Thus , in freezing rain s i tua t ions ,
they usually allow a crust to develop before apply ing IJCAR . (Annual expenses
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for chemicals are ‘~$3OOOO.,)

During periods of bad weather, the runways are inspected at least
every hour. They use a MU-Meter for these inspections and report the data
to the Tower for dissemination. The information, however, is not used by the

Maintenance Department to gauge control progress. Cessation of ice/snow

control operations is based on visual inspection and inspector’s judgement.

As indicated, KCIA has had a lot of trouble (mostly cable problems)
with the SCAN system, but “when it works, it works well.” They remarked that

“the major benefit of the SCAN system is its surface temperature measurement.”
Operations personnel generally know what runway conditions are, but surface

temperature in conjunction with weather forecasts allows some measure of

planning/strategy. KCIA personnel said that the SCAN system “is a good tool,
but only a tool”, adding that it will be nearly impossible to make much

sense of economics data (for KCIA) because of differing control strategies
depending on personnel mood and storm characteristics. Apparently, they

are very reluctant to apply chemicals (UCP~R) for economic reasons. The 1
sensors “have been especially useful in determining the need for chemicals,

but as yet there have been no identifiable savings in ice control costs.”

• Scott Air Force Base, Illinois (7 April 1978)

A 3-sensor SCAN system was installed at SAF B in the Fall of 1976.
Initial cost of the unit with three sensors was $32K with an additional $31K
required for installation of the buried cable by a private contractor. The sensors

are located about 8 ft from the center of the runway , but sensor positions
have been changed twice by SSI. Due to the accidental cutting of the buried

cable data-link by a civilian contractor, the system was inoperative for the

entire 1976-1977 winter. The cable was spliced, and the unit was operational
for the 1977/1978 winter; however, due to moisture in the cables, two of the -.
three sensors frequently gave erroneous readings of both. temperature and .
surface condition. In addition, there was a systematic problem with surface

condition indications which appears to have been minimized with adjustments

to the SCAN logic ~y SSI personnel. The impression relayed by SAFB personnel

is that the surface condition indications are still not of acceptable
—

~~
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I quality.  The system bei ng inoperative for  the e n tir e t y  of the  f ir :~t wi n te r
and frequently giving erroneous readings throughout the pas t w i n t e r  have

I 
drastically reduced the conf i dence of most bas e per soniu l in the  usefulnes s

of the un i t ;  although , they do have conf i dence i n  and make us . ’ of t h e  sur face

I 
tempe rature data.  Haintenance for  the system has been suppi ieil court csy

of SS1.

I 
Ure a is the onl y chemical  used at SAFB ; ~2 O0 ( ’ bags ( l o t )  l b/ hag )  of

urea were used in t h e  w in te r  of 76— 77 and ~3O00 bags (@ $6/bag) were used

in the  win te r  of 77-78; no (tat a are avai lable  for previous years . Base

I personn el though t that no appreciable sav ings in urea had been reali zed as

a resu lt of SCAN.

j A Jwaes Brake Decciero ineter is used to measure runway t r a c t i o n  for

f ie ld  condition reports and to guide SIRC operat ions . RCR ’ s arc measured

[ every 1000 f t  wi th in  25 f t  of and on both sides of the runway c e n ter l i n e .

During preci pitation weather , they use SCAN surface t emperature as a guide

for use of the J .B. device ( i . e . ,  when surface temperature drops be low 33’~F) .

RCR ’ s arc also USed to gu ide SIRC operations. They also use the alanu an d

hazard signals of the SCAN system because “it ( the SCAN system) a s s i s t s  in

assuring that they have up — to—the — minu te  runway condi t ion  reporl s. ”

L 
The miss ion  requirements at SAFB are very l i m i ted  and p r i n i a r i  l y

involve  t ra in ing ,  medical  and VIP transport suppo rt ; hence they have l i t t l e

L 
n igh t t ime  t r a f f i c  and minimal  alert status . As a resul t , t h e i r  snow/ ice

cont rol strat egy is very casual , a prime dead l i i i i  being ~063() when ai r c ra f t

departures usual ly  beg in.  During ni ght t ime snowfal  ls , they s i Iu l ) lv  p low and

[ broom and , depending on surface temperature (SCAN), apply urPa. They
onl y p low the n iiddle 50 f t  of t h e  150 f t  wide runways because of th e  type

[ of aircraf t  served there ; plow ing  is accomp l ished in two 12 f t  swath s  on

ei ther  sUe of the runway cen ter l ine .  Surface t emperature fr u m  SCAN i s  ii . ~cd

[ to det ennine the bes t t ime for  apply ing  urea in time for the  0630 a i rc raf t
- operations.

I The Air Force hou)~ht and installed the  SCAN system at Scott  to

evaluate it for the ~t i1itaiy A t r l i f t  Command. Due to the discont inuous
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operation of the unit (a point which will undoubtedly influence the conclusions
of the evaluation), the unit will not receive as thorough evaluation as was

planned. Apparently, their report will make the following conclusions:

(1) SCAN provides unique measurements (if somewhat unreliable and frequently
erroneous) of runway surface conditions and runway surface t emperature ;
(2) data supplied by SCAN may be a usef ul aid in planning SIRC operations and U
the applicat ion of urea; (3) the mild winters and light air traffic (most of
which are not urgent and can be delayed) at SAFB combine to minimize the
economic feasibility and functional usefulness of SCAN at SAFB ; and, (4)

it is likely that some Air Force bases further north of SAFB would benefit

sufficient ly from SCAN to justify its acquisition.

• Canadian Forces Base, Trenton, Ontario (29 March 1978)

The Can adian Fo rces Base-Trenton (CFBT) has three SCAN sensors
and two readout stations. The present sensors are located 6 ft from the edge

of the RW and hence are in an area not thoroughly cleaned during ice/snow
control operations . The SCAN system was originally purchased in 1975 on a

“trial basis ,” but sensor installat ion was delayed until November 1977 .
The system CFBT purchased in 1975 is the original version which has since

been modified three times (and the ~:ater depth electronics removed) by the
manufacture r as he upgraded the system .

Urea is the only chemical used at CFBT. If there is any question
of the need for urea, it is applied, at least down the center strip of
the runway. (~e application including the main runway and access taxiways
and requires theee tons of urea (@ $175/ton). Yearly urea usage has ranged

from ‘~45 to ‘I~9O tons.

CFBT is conducting a limited “evaluation ” of the SCAN system ’s
performance for the Canadi an Forces ; at present CFBT does not hold a
favorable view of the system. CFBT ’ s disenchantment with the syst em
apparent ly stems from their attempts to mak e maximum use of the readout
signals. Problems with nonrepresentativeness , false alarms , nonindicat ion
of hazardous conditions , and differences in temperature signals read off the

I
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J two sep arate readout stat ions have occurred. Their early at t empt s at
complete reliance on the runway surface condition signals were met with

I failure , and they now use only the surface temperature information. No

doubt the location of the SCAN sensors (6 f t  from the runway edge) in an

r area where contro l operations are marginal played a role in the poor
I performance of the system at CFBT.

5.3.2 SI~~ Operat ions at NAS Brunswick and NAS Adak

. Brunswick Naval Air Station, Maine (17 March 1978)

Naval Air Station Brunswick (NASB) does not have a SCAN system .

NASB is bas e fo r three perm anent and two part-time squadrons of
P-3’s. There are 36 P-3’s permanently based at NAS B, with a potential for

- about 54 ; P-3’s account for about 90% of their air traffic. NASB has two
parallel , nongrooved , 8000 foot runw ays and an inactive shorter , perpendicular

- . RW. The inboard runway (O1R-l9L) is the main instrum ented runway .

SIRC operations at NASB are the responsibility of the Air Operations
Office r. He is briefed on expected met eorological conditions by the NWSED

and relays forecasts of icing/ snow weather to the Public Works Officer who
in turn alerts the Sea Bees . When precipitation begins or fall ing
temperatures indicate potential freezing of wet runways, the Weather Service
contacts Public Work s personnel who actually perfo rm the SIRC operat ions .

£ RCR ’s are measured by Tower personnel with a James Brake Decelerometer at
irregular and sometimes infrequent intervals , depending upon availability

[ of equipment and personnel. The measured RCR ’ s are not available to SIRC
personnel (Public Works) for gauging snow/ice control progress.

I Urea is the only chemical used at NASB in SIRC operations , and it
i was introduced on ly last winter (1976-77) on a trial basis. Five tons of

urea (~$800) are required for a typical application to one of the 8000 foot
lIV ’s. Annua l urea expenses are estimated at ~$l2000.
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NASB weather is said to be completely different from that occurring
at Portland (“.30 miles to SW). Apparent ly “a cold pocket occurs along the
coastal margin all the way south to Boston .” NASB f requent ly gets 1-2 inches
of snow followed by freezing rain , which can result in several inches of ice.

They figure on plowing ice and snow ‘.10 t imes/year; light snows require

sweeping an additional six times/year. (NAS B has not been closed during

the past eight years due to weather.) In the winter, the ground is usually

cold, and , hence, snow on the runway is usually dry and nonmelting .

A number of NASS personnel , with the exception of the Public Works

Officer , are anxious to acquire a SCAN system. They feel that anything that

will help improve SIRC operations is worthwhile. Those in favo r of the
system voiced the following arguments : (1) SCAN would provide continuous

informat ion on runway conditions to be used in conjunction with runway - 
-

inspections ; (2) the unique measurement of surface temperature would be

available t~’ aid in predictions of runway freezing, the use of urea, and

in the summer, better estimates of runway air temperatures for estimat ion of

available engine thrust; and, (3) advanced warning of icing which would

allow anti-icing rather than de-icing measures. The Weather Officer would

like to have RCRs every hour , but manpower and equipment are not available

to do this--”SCAN could provide this data for hourly report s” he said. The 
-

~

P .W. officer suggested that NWSED personnel mount a thermometer on the RW

and periodically refer to it for determinat ions of surface temperature.

Further , since the SIRC strategy is to maintain dry , clean RW ’s he doubted

the need for a means of measuring runway icing; “becaus e snow removal is
• more of an art than a science. ”

• Adak Naval Air Station, Alaska (22 March 1978)

Naval Air Stat ion Adak (NASA) does not have a SCAN system .

NASA has two crowned , ungrooved , 7000 ft , asphalt runways (05-23

and 08-26) . As at NAS Brunswick, about 90 % of the ai r t raffi c using NAS A

runways are P-3’s , with the maj ority of the remainder being propeller-driven

t ransports (C—130 ’s). Because these aircraft can use reverse propeller j

90 1
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- pitch to provide deceleration during landings , there seems to be minimal
concern about RCR’ s at NASA.

Within the last year or so the respons ib i l i ty  for SI RC operations
at NASA have been transferred from Public Work s to Air Operat ions . The goa l
of SIRC operations at Adak is to maintain a maximum of 0 .75 inches of Snow/

1. ice. SIR C operations are perfo rmed with five snowblowers and f i v e  roll -over
-

~ 

- p low~;; no chemicals or brooms are employed at NASA. The procedure is to
plow ice or SHOW to with in  3/ 4 ”  of runway surface. When the banks of snow

- 
r e su ltLng from p ltn ~i i ig  get s u f f i c i e n t l y  la rge , they arc blown fro m the
runways . According to Weather  Detachment personnel , the weather at NAS A
is suc h tha t  the snow from major snowsto nns is rare ly ever on the ground for

¶ 
~ 

more than a day . A typical winter  storm at NAS A apparent ly begins with
mi xed snow and rain eventually turning to raili which melts a l l  of the

- .  accumulated snow . Aircraft pat ro l act ivi t ies  at NASA apparentl y can be
delayed unt i l  acceptable runway condit ion s arc achieved , whether due to

- nature or SIRC operat ions.

• 
• - Officers of Public Works , the VP ’ s (P — 3 patro l squadrons),  and

• N W SE I) at Adak have recommended against the acquisition of a SCAN system .
• 

• lu cy feel that snow and icc arc such temporary problems that there is no
j u s t i f i c a t ion for the exp end itu re . Their casual approach to S1~ C operations
is u mw to imb t c dly due , in part, to relaxed mission objectives and the type of
a i rcra f t  b i l le ted at Adak .

S.4 Conclus ions

The follow ing principal comic lus ions regarding the operat ional
- 

performance of the SC,\N sys t em were derived fro m interv iews and inspections

.*t .iirfieId ~; where SCAN systems were in operation and from an extended f i e l d
• - 

~vaL uat ion condu ct ed at the U.S. Naval Air Stat ion at Kef I avik , Icel and :

1. liii sen .ors ’ capacitance measurement repeatab ly det ected s igni  f i c an t
qu:uit it i c s  of water , ice and snow ; but for bro ken coverage , sma l l
quI. L n t i t i es  and low dens i ty  snow/fro st , the SCAN indicat ions could not
he I~redicted fro m observat ion of sensor surfaces .
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2. Given an indication of precipitation by the capacitance signal, the

sensor’s measured surface temperatu re was used to define the phase of

the precipitation (ic., at surface temperature < 0°C, HAZARD (ice)

was indicated); the conductivity probe did not appear to function as

advertised .
3. Differences in the radiation color and thermal properties of the sensor

epoxy and runway aggregate apparently give rise on certain occasions

to differences in the temper atu re of the respective surfaces; e.g.,

noct urnal tempe ratures of the sensor ’s surf ace are apparently colder
than those of the runway surface , giving rise to fros t deposition or
freezing events on the sensor before occurring on the runway .
(Advan ce freezing on the sensor provides an advance warning of runway
freezing as advertised by the manufacture r but probably, more oft en ,
results in a false alarm of hazardous conditions) .

4. Di fferences in porosity of the sensor epoxy and runway aggregate
(probabl y in conjunction with differences in temperature of the two
surfaces) in certain wet runway situations permits premature drying of
the sensor su rface and , on occasion , precludes detection of subsequent
runway freezing .

S. Probably as a result of differences in temperature and surface roughn ess ,
the sensors were not always visually representative of general runway ice

conditions .
6. Surface temperature data recorded at the remote ~rocessing unit (RPU) of

sensor #4 at Keflavik is considered reasonably accurate, since freezing

events typically occurred on the sensor when its temperature was ~O°C
and frost deposition began when the sensor t emperature neared the
ambient dewpoint tempe rature ; however , an apparent drift in the
elect ronics between the RPU and the display terminal caused displayed .j
temperature to read “.4°C warmer than actual, sensed surface temperature
- - a potentia l ly serious, but correctable , error for effective and time ly I •
imuplementation of anti-icing strategy .

7. Air  temperature measurements by the SCAN sensor appear to be reasonably
accu rate.

L 
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m m  r f i e l d s  tnt erv iem% s w i t h  ope rations p er sonn e l at  •~d~ik and l~ i ’imrm -- m* m

indi cate t h a t  thei r re~ u m re’ments  fo r  S l h ~C act i i i t ~ ’ a r O  S i m ~i i t  t i c . l t l t  I v  l o s ’
st r im ige n t  t h an  • m t  K e f L . t v i k , w h i c h  i s  on a c on s t a n t  ‘. i ier t ’ s t a t u s  m * u t h

• h i g h  pe rfo nnamicm ’ at rc r a f t  • At B r u n sw i c k  and Ad •uk . f l i g h t  s c um m f r c t h m m e n t  1 ~
he schedu led  a ro un d se r ious  runway i c I mug c o n d i t i o n s .  h u r t  h u e  r , t lit ’

p r i m a r y  t r~m f f i c  at these two a i r f i e l d s  i f l v o i v e s  P — •S at  N raft witici m c lii

m’ ff~~ ~ L’ 1 v and safe lv w m t h  s (gu t f t  cant snow • m c c m m a m m  1 m It ’ll CII t ho

• runway .  I n  a d d i t i o n . Adak current iv uses no chenu i c a l  for  ice  c o m m t  t o t
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and Brunswick estimates annual costs for chemicals at only $12,000.

Brunswick and Adak , therefore, currently have little need for such a

system. - ‘
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Sec t i o n 6

I Cm ) S F - Eli~\ l1 E l i  A~AL YS IS OF SCAN UtVNl h~~h ( II

I ~~~ • 1 i n t r o d u c t i o n  amid Back ground

In  general u sage , . or 3 SC~ \ sensors are imbed de d a t  S e l e c t e d

I L oot  ions in a runwa y . Most a t  rports  , however , have at leas t  t tSO r m m m m m * a v s

I I t U s  , a n o r m a l  complement  of sensors at an a i r p o r t  would  be of the orde i- e t

I 3 t o  S. A l l  sens ors  are connected to a cent r a t  ly  l oc at ed  m o n i t o r , c i t i m e m

hr h a r d  ~ i re or r a d io  sy s t e m , and the  m o n i t o r  is desi g ned to  pro v l t l C

L -~o~j uen t  Lii di sp I i s  of i u i fo rmat ion re loved from each  of the  Sen s o r s  . l i t ’

h a s  c i n f o t -mot ion provided by the SCl~\ s~’stcnm i s :

I
i .  Su r f . t c e  t e m p e r a t u r e  of the runway

~~~. S uc fa c e  c o n d i t i o n  (“ dz -v ” , “wet ”, ‘‘ alert ” ei - “ i c e ”)

[ 3. A i r  t e mp e r a t u r e .

Fhe informat ion generated by SCAN is desi gned  to a s s i s t  in  t h e

::mo j u t  enance  of runways d u r i n g  w i n t e r t i me c o n d i t i o n s  • The c i a  i ins made i’[ t he  Jevt- l opers and m a n u f a c t u r e r  of SCAN are that  i t  w i l l :

1. Improve the e f f i c i e n c y  of the use of i c e -c o n t r o l chemicals

[ .~~. Reduce equ i pment and nanhours

3. Minimi ze runway downtime
4 .  Improve  t h e  s a f e t y  of t he ru n wa oper at  t t’I I  .

Bas ic  stie w and ice cont ro l and removal oper . it  i oti s ( c m m m~o r i  zed fy 01 ;

St -ct  ions  3 arid 5) em ic omp as s the  f o l l o w i n g  genera l con di t  ion s , omd p r o c e d u r e s

1. Up to 4’ ’ of loose snow — —  b rooming and b l o w i n g ;

h eavy snow or more snow— — p lowing  fo 1 iom% e J  l v  b r o o m i n g  aui ~l
b I ow i t Ig  • am i d d ep e n d i n g  on c I rcum —

s t ances , dc-icing;

3. A n t i — i c i n g  — —  app l i c a t i o n  c i  i c e — c o n t r o l  cht ’ n i i t a l s

f o l l o w e d  b y b r o o m i n g ;

4. Dc— i c i n g  — — app i ic a t  ion of i c e — c e n t i-el c h e m i c a l ;

followed by ru ~‘w tu g. broom i
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In this section , a cost-benefit , breakeven analysis of SCAN owner- -
•

ship is presented. For the purpose of the analysis , it is assumed that runway
maintenance is performed by competent personnel and that runway downtime is to

be kept at a minimum . Implicit in the first assumption is that SCAN infornia-

tion which can be readily ascertained by visual inspection does not contribut e

significantly to runway maintenance . The second assumption provides that

immediate , remedial action is taken when runway condition s beg in to deteriorate.

Finally, it is assume d that  the SCAN system is in working condition and that

comparable meteorological data are available to the operat ing personnel

i rrespective of the presence of a SCAN system.

Preliminary Assessment

As previously noted, the three basic informational outputs of the

SC- ~\ sstem are surface temperature , air temperature and surface condition .

Only the first data item is unique to the SC AN system . Air temperature is

avoilable eithe r by on-site measurements or meteorological reports, and
surface conditions are readily determined by visual inspection . Mechanical

runway maintenance actions must be implemented whenever conditions demand.

Such actions are dictated by extant meteorological conditions which are

visually apparent and are, therefore, independent of information provided

by the SCAN system.

j Surface temperature , however, is an important consideration in the

application of ice—cont rol chemicals for anti-icing and de-icing . Surface

temperature togethe r with existing meteorological conditions and forecasts

determine when the application of ice-cont rol chemicals is warranted and the
• • type of i ce-cont ro l chemical  which can be a pp l i e d .

The applicat ion of chemicals for anti-icing is designed to prevent
• • ice formation on the runways. Conditions which result in icing are rain ,

sleet or wet snow with surface temperatures at or below 0°C (32 ° F ) .  Wi th
hi gher su r fa ~ e temperatures , ru nway maintenance can be accomplished by

96 1
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I
p 1 um ~ i n  ~ b rooni i r i g  . At be low f ree: i ng sur  face  t i’mnp e ra t  ni i - s , i • c~ l i t  Il) I

I c h e m i c a l s  ; u - ~t he applied for  a n t i — i c i n g  ~ol lowed t p 2~~w m n ~ ~‘:oo:;; l z m~~. I f ,

i c a l  an t  i— icing is not pe m - f o r i c d  imi i t  m a  1 ly iii a t h u t ’ I 1 i ~~i i 1 On ,

[ it  e w i l l  for m on the  z -unw avs . ~l heu i  t Ii i s  oc c lu - s , c u t -a i ca l  Jo — 1 c m  h g  i u l l  o~~ -a

b~ p lew i n g b ~eorn i u g  is  required. It shou ld be n o t e d  t h i t  s i go i f i  can t  I

[ 10 i g e  r a ; f l U ; i t m  t 5 0 t i Ce — c on t r o l c h e m u m i Ca is are requ i red for  do — ic 1 ng t h t i  f or

an - i c i n g  , rig the  opt - rat ion cons ide rob Iv cos t  l i e  ~~ .

L I w o  t yp e s  of chen i i cal s  ar c  gene r a l l y  euti p loved it  a i rpo rt S — — ar t -a

iad Ct l ; v  I ene  -
, I r e e l - u r e a  (U CA R ) - Fhe f a nn e r  is u~~ua l i v  d i  s p m n s e d  ;m~ a so LI

I at  t ’ i- i  -~ I pos dci - ) 
• t l ie  1 at t t’ u’ as a l i q u i d .  I h e  s e l e c t  i on of  one ci- t he

• 

• 

lie m- c h e m i c a l  i s  a fu n e t  ion ~f t he su r f a c e  t o m p ; r a t i m l - e md , i i ;  t h e  case  ~~t

ar e a  • wi r id cond i t  i o n s .

Ure -i C , Lu be omp b e d  whe n t he su i- f a c e  t empe rat  ‘ m i -e t s above -o - 4 C

• ~~~
“ F)  . At low e r  s u r f a c e  t e m p er a t u r e s , the u r e a - w a t e r  r i x t u r e  w i l l  for ;;; in

n u d e st  i a i ’ l t ’ c i  - l~re i  app l i c a t i on is not p r a c t i c a l  when w i n d  c o n d i t  i o n s

cau s e  t he ii r e m  t o  be shep t  t i ff the runway

• l~t liv 1 cue g lyc e  I - urea  e aui  be e f f e c t  ive  when s i m i - f a c o  cape m a  t i m  ros a i c

low as — i S ~ C (O ° 1~) .  I t s  app l i c a t i o n  , m s a l i q u i d  i s  l a u - l u n a f f e c t e d  by

s m d  c o u t d t  t j a i l s .

- 
I t  i s  cone I u m d e d  f ront I l i t ’ preced 1 1 m g  d i s c i m - ~s l o l l  h a t  t I  p h -  t u e  i p .m I

• ‘o l  i ce nt  i i b i m t  to lls u t  t l ~~’ S \\  50510111 t o  i ’ i m i i o m v  ; ; m  i n t o u i t m i c t - d i t i t a g  m~ n m t  or

~omitI i t  t o ru s ir e

I. l’ rout -nt t ime . i p p i i c m t  i o n  et  i c e  c on t r o l c lim - r ; i c ;m l~ t o t -  m i t t  i
w h e n  no t ul t - ce ssa  i-v

.~~. P r even t  t 1’ app I m e a t  t e r m  of i ce -c o n t  ro l  cl iouti c a l  s I ci- art i - I c I
OI  d c — i c  i n g  ISIILil inetlect tie bec ause  of Ion  s u n  l O t ’ 1 om~~o ; m t  it

.~~ . i n d i c a t e  t h e  a p p l i c a t i o n  of i c e - c o n t r o l c l u t ’ n m u c a l s  f or  a m i l  I
i c i n g ,  he reby el m m i n . i r  j u g  t h e  neet l fo r  s t m b s c q m m t ’ tmt  Jo — ~ l u g

~ md i n  t h e  se I i’c t i o n  of  t he pr opo  r i c e - c c i t t  u - c l  c l ient  I c m  I

B oth c h e m i c a l s  .mre not n e c e s s a r i ly  available at all airports.
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The last item is considered to be of lesser iTuportaflCe since man)’ airports

• stock only one type of ice-control chemical . Its potential significance is 
-

due to the large cost difference between urea and ethylene glycoi-urea . -

Another potential bent. fit of SCAN is in the reduction in the frequency

of run way inspect ion and concomitant labor savings . Lirport maintenance person-

net , however , have direct responsibility for maintaining the runways in operable

condition and aircraft safety. As a result , they will most likely continue

to make frequent visual inspect ions rather than rely largely on sensor

information . Finally, there is no data from which it can be inferred that

mechanical runway maintenance actions as measured by the frequency and type
of operation , will be significantly different with or without SCAN in place .

In the section following, the areas in which major potential
benefits of SCAN may accrue are examined in mo re detail.

6.3 Analys is of Econom ics of SCAN Ownersh ip

The analysis conducted is a parametric breakeven analyses in which J
potential benef its (sav ings) are comp ared with the cost of ownersh ip of the
SCAN system . Fou r areas of potential benefits were identified earlier.
These actually represent only three considerations in terms of cost benefit

analysis. These are:

1. The prevention of ice-control chemical application either -

because it is not necessary due to warm surface temperatures - ,
or because it is ineffective due to low surface temperatures.

2 .  The timely implementation of anti-icing action , thereby 
-

precluding the need for dc-icing .

3. Assist in the selection of ice-control chemicals.

Note that potential benefits are essentially the same whether ice-control j
chemicals are not applied because they are not needed or because they would

be ineffective. The third potential benefit listed applies only to airports

at which both ice-control chemicals are used. In part , the ice-contro l

chemical selection problem is included in the first area. Specifically,
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w h a t  w i l l  be addressed here is the  use of the lowe r, cost  t . m t  lmL r t l i on  t lie

h i gher  cost i c e - c o n t r o l c h e m i c a l  when the form m ie r can p : a u  i d e  t- t f t c t  I

ri -s ti lts -

a. 3. 1 Cost s amid Cost F act  ors *

1. SCAN sv s t  c u t  cap i t a l  wid annual  costs  i n c o r p t i r a t  i n g  I t o  r un w a

• embedded sens or s  am-c shown in Table 1 . The f o l l o w i n g  co st  f a c t  em’ s ar e

appi  t e d ;

t r u s t  , m l I  at ion and Clie ekout  . . . . 1 0’~ of ui  S C Ct1ti i P u t - l i t  c o st

h u t  m , m l S l ir e s  l5~ of b a s i c  e u 1u i i p u i t e i i t  cost

A m a  rt m ~at ion 5 y ears  —

Opt’ u- at  io n an d ~l m  i n  t en ance  . . . . l 5~ of bas ic  eq u I p ini on t co s t

titus , fo r  1 to  5 sensom - systems , capital costs r ange fr au , $ 2 t)  . 00( 1 to ~~~~ . 1111( 1 ;

an nu a l  cos ts  ( ir i c i  u d in g  amno rt 1 :at ion) fr oni m $6 . 500 t o  $ It, , 000.

Ure a costs can range li -aunt $ 18 0 to abo u t $300 per  n me t  r i  c t en  (
~ lOc

$2 70/ sho r t  t e u m )  dep endi  rig on the 1 ocat ion of an a 1 rpo rt re I a t  m ye  t o  i P~~’ 
am 0

source of s up p l y .  t h e  cost of e th y lene  glyco 1—ure a (U CAR )  can  vary  fu - m~u ;

~‘J. ”O to  Sl .0S per l i t e r  ( $ 2 .6 0  — $4.00/ ~~a 11oui t l e p e u i d i n g  on i i  rpo rt l o c . m t  t o n I  -

I m - a z m s p o r t a t x o n  can represen t  a s i g n i f i c a n t  coSt f or  1)0th ~I i c m i c 5 m 1 s .

Repr esen t  at ive  ra tes  of app I t  cat j o l t  f o r  t lit ’ t e e —  t e n t  m~o I d iem m e a l s

~\ 
. are :

II rca
e. Anti -ic mng 2 . 9  k g/ l O U  un (t~ I I ’ , 1 , 000 f t  2 )~~.

1k’ — i c i n g  7 .3 kg/ 100 lmu (15 1 1 / 1 , 000 I t

~ t h ~’l enc i l y c o l - Ur c u

A ti t  i - i c i m i g  1.3 1/ 100 2 (0.33 i l / I , 000 1 t )
be- icing S.! 1/100 rum ( 2 . 0  g a l / I  . 000 1 t )

• \ I  1 milouueta i-n 11 gur es a re based on mii i d— 1978 p i - i c e s .

It i s c t u s s m o n  w i t h  per-sound at B u f f a l o  mJr ea t er  I n t e i m u t  j o n a h  A t  1- 1itli-t , 110 ~I , m u

(JC~ IZ Runway I - I cc r , On i on Cam -b i de Corpor at  j on , F t m nc t  i ona 1 Cl ient i ca I s ,
.~ ‘0 P a r k  \v~- t t t ue , New York , NY 10017 .
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TABLE I

SCAN SYSTEM COSTS -~~

~~ 1

Number of Sensors - .
1 2 3 4 5

CAPITA !. COSI’

EQLJ I PM1~N I *

Sensor System $ S • -200 $10 , 800 $16 , 200 $21 ,600 $27 , 000

S Channel M o n i t o r  5 ,800 5,800 5 ,800 5,800 5,800

25 Watt RF Amplifier 2 ,300

Single Channel Radio Rec . 2,300

Multipl ex Radio Systemu 5,-tOO 5,600 5,900 6,10(2

Subtotal $15 ,800 $22 ,000 $27 , 600 $33 , 300 $38 ,900

INS TA I ,LA I ION i~ (iIECKOU 1’ $ 1 , 600 2 , 200 2 , 800 3, 300 3,900

I N I T I A L  SPARES 2,40() 3, 30(2 4, 100 5 ,000 5, 800

Total $19,800 $27 ,500 $34,500 $41 ,600 $48,~ 00

-I
ANNUAL COST

AM ORTI ZAT iON $ 4 , 95() $ 6,880 $ 8,600 $10 ,400 $12 ,150

OPERAT I ON ~ MAINTENANC E 1 ,580 2 , 2 00 2 , 800 3 , 300 3, 900

‘Iota ! $ 6,53() $ 9 , 08() $11  , -I0O $13 , 700 $1~~ , 050

*SotIrcc : Surface Systems , Inc . , St. Louis , MO , 15 February 1978.
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,• \ct  t i a  I icc—con t ro I d iem i ca l  app I ic-at ions can ~‘a r d e p e n d i n g  an t ru mm u ~- av Sti r ta t t-

and met coro log i ca l  condi  t t o r u s  ex t  ant at the  a ir -p o r t s at  t h e  t i ru me of ’ app I i  c m

t I till

6 . 3 .2  l : v a l u a t  ion

Tb roe a t  rp or t  runway co n f i g u r a t i o n s , d e s i g n a t e d  as A , B a nd  C

di ’t’ coutsidered m u  t he t - v a l u a t  ion . Runw ay U i uuuenisions , expressed i n l e n g t h
~ t r m r m i w a v  a r i d  run w ay  ar ea  t o  be IuiU L n t aj i i e d  f r ee  of ice  and snoW a rt’

p r e s e n t e d  b e l o w . 
-

R um iwai -
- l)o -~ 1~~i m , m t i o r ~ Len t h  k i d t h ~ re~m t o  be ~a i i m t ~~i i i ed

2 , 59u ) m um ( 8 , 501) I t )  ( l o t )  it )  78 , 107t )  itt 850 , 0010 f t
* 

II 3. OS 0 in (10 , OUt ) I t )  ( 150 It )  1 39 • 350 1,12 ( 1 , 500 , 000 l’t
C’~ S , t ,-~t( tt~ ~1S , 5U0 I t )  21 8 , 320 u t 5 ( 2 , 350 .100 1 t ’t

• (:~+B)

i , i ( ’  I t~ 2 prest’ui t a r m  t m - i c  I m u g an t I  t I e — t o  i iig ca s t  s t u m i d  q t i ; u r t  I i s  u

u p p l  i c o t  i on  iou’ t ilt ’ post m u t a t e d  t - t m r i w t u v  c an t  i g m u r a t h u m s .  ( ‘as)  b e i r n u d s  itt -r e
I t r ’t ’u l u l l s  l i  Sj I t ’C i f t  t -~l ion ’ t h e  c l i en t  c:u I s . ‘ t h e  I t m w t - r c ou t  S I t t ’ e m n j u l a v e ~l t o
c o m u q I u u t t ’ Hit’ c o s t s  I i s t e d  i i i  t i m e  “ l o c , u I ”  c o l t i u u t n s ;  t u e  ( t i g l i cu -  c o s t s  f or  I Imi ’

u c u u o t  c’ c o l i u u u t t i s  . l O t  -~ ~I t ’ s i u ~r i ; i t  t o u t  i s  t u h u h u n . o h u r j t i t  t’ S t i l d e  I l’~i r l s l  r t a t l o u  co~- t
l i m i t ’ ,i su ~~u m m f i t , m t i t  n u m p . m c t  t in t h e  c o s t s  o f  i i - e -t - o r m t  u -e l c h i t - t u t i c i l s  i t  - m p i t t  t c t u l m i

• hu i t  i o n .

An t  i - icin g ~ n ud t l t - I C I l i  o p e m a i t  j o l t s  i t i t h  c i t e t u m i t - ; u l s  c a r t  be t’\t ‘ eu: ~i I ~
d u s t  I~ . Co~~t s fo r  , u m u  i - t c i t u g  m’ ;u r i g e  t ’ u - om $ 010 t~ $.~ , O00 ~~ .1 s i n i g l t - ap (11 i c u t  t~ut~L t ouu ~’~u r m l ’ I e  th t ~ I c  11 mg co~- t  5 a rt - c o r u s  i d e r a h i y h i gher , i- m m - v t r i g  bet  we er t  $1  , Oll m ’ am i d

• ~ l , ~ , tu ) (I , Po t  eu~t j o t  say  t u g s  wh jt ’I i  c a m i  a cc rue  hy n ot  O~~~l \  l u i g  c h m e m i c , i  I ;  mdn- tt

m u u m u u t - c e s ;, t t - v or m f l e t ’f e c t  i v e  , u t t ~( , or by I i nn ie l v  an t  i - i~ t r i g  I t  h r t u s  p r e c lu d  h u i ~
t i e ~o q u u t -ni  tIO - m c u r i g )  a rt ’ i’ead 1 ly ap p a r e n t  -

Con fi gurat ion C assumes a i r -p o r t  has omie short  (A ) an tI  one l o n g  ( I t )

101



~~~~~~~~~~~ • ~ :~~~~T T ~~
’ 5 -  

____ • L  ‘~r ~~~
-
, ,—

. 4

J
0 0 00 0

E —~~~ r 
~~~~ u - -i-

O r —  ‘—~~~~-

n_u 
~~~~~~~ ——0 0  0 0

— ‘~~~r— 01 00 0 0

“~~~~~ —
~~~ 

‘
~~ to r r ~~ 

- m

‘0 —  —

—
1— 0

-— 0 0 0 0 ‘
~~
‘

n_u ~- ~,) ~~ i-ri 0 s-ri ‘‘- 
~~

- “‘- 
~~

~‘-l 0 Ci 00 ~ C’ —‘ 00
.-~ 0 - .  - .  0 + - ’ c~
Q. E — t~’~ — 4 000
0. 00 4) — . 1 t  CO

-~~ Vu .,.4 ~~ 
0 Ci

‘.~~ >.* 144 0 0 -
Vu 00 ‘-i’m •

-~ ~~~ 0 . —  ‘ _ ‘
~~~< Z U _ _

O ~~ -‘ 0 0  0 0  ‘

~“ m t ~i NO
U N. 00 csi Ci ~-‘ 0 0

Ui U.. -

~~ 0 ~~ .25 •—, — i’- , 0 C I CO IN
U

q ~~~~~~
-~ z — —
0~~~~~ U ‘-‘
I—.

IN I 4) 0 0 0 0o U~ 4.’ 01 00 — 00 •
U ~~ ~~~~ ~~~~~~

-
.

00 t,U ~ ‘1) •_4 ~~~ 
. . Cu

~ U Z
I-’ N -

mn .-
~ c” l~~~,

o z I N t O
— ‘.1 00  0 0  ‘~~ ~~~~~~~

Vu U .“4 ~~~ r-~~00 *
Li-u U ~~ 0 N ~~ 

0 0
0 -

— *-i , CC ~~~ -~

~~~ 

_ _ _  _ _  

_ _ _ _ _ _ _ _ _ _

102 
I

_ •~r:~~’ ‘ : “::~~~-~~~



-
‘ . .———‘• — —-- - -—-j- • - •— -—-5- ——- —- —‘--‘~i.: —~~

——- ---- —- .
~

~~~~~~~~~~~~~~~~~~~~~~~~

The number of anti-icing, de-icing, am~ anti-icing in lieu of

dc-icing operations which yield costs eq ual to the annua l cost of SCAN
ownershi p are shown in Table 3. A two-sensor SCAN installation is assumed

for runway configuration A , three for B and f i v e  for C. These data , in
fact , indicate the number of times a year the SCAN system must prevent the

unnecessary, ineffective , unt imely or inappropriate application of ice-

cont rol chemicals to achieve cost-benefit equivalency . The quantities of

ice-control chemicals represented by these numbers of appl ications are
shown at the bottom of Table 3.

For ex ample , consider a “remote” airport with runway configura-

tion B. Approximately 9 -applications of urea which were unnecessary or

ineffective because of low surface temperature entai l a cost equivalent

to the annual cost of a SCAN system. Cost parity would also be attained

if , as a result of the SCAN system, about 6 anti-icing operations were

iiiuplemen ted which made de-icing unnecessary . As seen from the analysis ,

the number of “mm1isapplications ” of ice-control chemicals which SCAN

must prevent in order to pay for itself is generally quite small , partic-

ularly at “remote” airport locations where large runway areas must be

ma jil t aimed.

An i n d i ca t o r  ot ’ t he  P o t e n t i a l  number of “missapplications” is the

quantity of icc-comitro l chemicals used a n n u a l l y  at an airport compared wit h

t h e  qtiant i t  ies listed in  ‘Fable 3. The larger  the d i f f e r e n c e , the grea te r  is
t h e  l i k e l i h o o d  of an en-or in the application of chemicals , particularl y if

the locality experiences frequent temperature fluctuations.

Va ri ou s types of “misapplications ” of i ce -con t ro l chemica l s  can occur

~tt a p a r t icu l a r  s i t e .  The most l i k e l y  are he! ieved to be the a p p l i c a t i o n  of
a n t i - i c i ng chemicals , e i t h e r  when unnecessary or ineffective and the failur e

to apply ant i—ici ul g chemicals in a timely manner , thus requiring subsequent ,

more costly dc-icing operations.

H
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The t rade-offs between these two types of ac t ions  ,i i-e plotted in

Fi gure 22 for t he two ice-contro l chemicals presently in use .  Any c o m b i n a t i o i i

of nuinhi e s of i n ap p r o p r i a t e  a p p l i c a t ions of ant  i - - i c  l u g  c h e m i c a l s  and t m d i

ant  i — i c I i’g opt ’ ra t  ions t h a t  p r e c l u de  stibse (luC.—IIt ti t’ — I c i r ig  ( )~~~t ’ r i t  lu ll s o u t  ,i i n ed

I f rom t h e  cu rves ~‘ i i ,’l ~ t~- i cost 5~IV ing L’qU [I l  t o  t lit ’ a n i i i t i , t l  ~i -\-\ ~-\~~t& ’iii t ’ii ” t

Foi’ e x a m p l e , ~isstnne tha t ui-eu j s  t lii,, i c e — c o n t r o l chcin i~- a l  used a t  a ‘ l o c a l ’ ’

‘I a i rp o r t  w i t h  a ruiuw - coiitigu ratioil A . The SCAN Sy s t e m  i’. i l l  P~IY for  it ’~&’h f i i~

i t  p r e v e n t s  t he  i n ap p r o p r i a t e  a p p l i c a t i o n  of un -a t’on -  a n t i  - i c i ng  22 t m ire s - , i c hi

y t ’al - . Sim i lanl y, cost t’qui  v a l  dnt ’v i s  obt . i  nied i t ’ f i  Vt ’ i n a p p r o p r i a t e  a n t  i — i ~
- i ug

Op e l a t  1011 5 L i F t ’ p r e v en t e d  and on e l e ven  o c c - i - - i o i n s  a n t  i — icing I c  pt -r t i n i ied

I 
u~h i c h  e I n i n i n a t e - s ~l e —  i c i n g  n’eq ui  ren ient s . 

4

I t  I ’ — e v i d e n t  t’rom F i gure  22 t h a t  a 5 ’\ \  c i s t e r n  i ’ . i  11 p.iy t on - it - - i - I  I

i t ’ i t  ~-ani , iii tact , p r e c l u i ~k’ t h e  ‘‘m i s a p p l i c a t i o n ’’ of i , ’ t’ .~-oii t r o l  ~‘ h i e i i i i c a h  -
~ on

I r e l i t  iv t ’ l~ few o c c a s ion s , F h i s  is  p a r t  i c L I l a n l \ ’  t rue at l i r p o r ’ t s  ichei -e I L i - ~’~-
nuinwa sur- faces must he ma i nt  a i ned f ree  ot ’ i c e  and ‘.n oi~ and t he on - c ~t ‘

of icc-cont rol chemicals is high. Obviously, a limited SCAN inst a l lat i on , i. e .,

fewer sensors than are assumed in the fo rego ing  ana lys  is , w o u l d  be ‘-‘veni  more

I cost e f f e c t i v e .

I 6 . 4  Summary and Conclusions

The princi pal conclusions den ~‘eJ from an ev a l u a t  ion  of t he

I economics of SCAN ownership are :is follows :

Acquis  i t  ion , operat ion and i~at n t e n i m n c e  cost S c’% a S-CAN sy s t e m

are r e l a t  i v e l v  low . Annti .u l costs (ini d— li ) ’S prices), including1 a m o r t i z a t i on of cap i t a l  i n v e s t m e n t , range f rom $9 , 000 - $ lt~ . 000

for 2 to S sensor systems , respectively *

I 2 .  The princi pal potent jul economic cont r i b u t  ion s of t h e  SI AN

system are

1 a .  Prevent  t h e  app i i  cat  ion of i c e  cont  ro l  chem I ca I s for
a nt  i — i c i n g  when not uecessai- v

I b. P r even t  t he  app i i c at  iOn  of i c e — d o n t  rol  ch ein i ca I s  for
an t  i — i c I ng or de— i c in g  when I IIe ffec  t i vi ’ bec , i i i — ,e t u I ’ b c
su r face  t e m p e r a t u r e

1
I 
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Figure 22 : Breakeven Analysis:  Trade-offs Between the Number of IInappropriate Applications of Ice-Control Chemi cals and
the N umber of Implementatio ns of Ant i - Ic ing  in Lieu of
Dc- Icing Which Wi l l  Pay for the Annua l Cost of SCAN
Ownershi p for Runway Configurations A , B and C.
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I
I c. Indicate the application of ice-contro l chemicals for

ant  i — i c i n g , thereby ci im m a t  ing t he  n eed for subsequent
d c - i c i n g

I d. A i d  in the s e l e c t  ion of the  I) iopt ’ l’ i c e — c o n t  X’ii I chemic a l

3. The SCAN system , in order to pay for  i t s e l f , must prevent  t h e

I m i s a p p l i c a t i o n  of ice-control  c h e m i c a l s  an d/ o r  provide  for  t h e

t i m e l y  a p p l i c a t i o n  of ice-cont ro l ch em i c a l s  only a relativel y

I few times each year .

4. Condit ions which favor u t i l i z a t i o n  of the SCAN system are

I a. Frequent fluctuations in surface and air temperatures
around and bel ow 0°C (32°F) in the pressence of
precipitation

I b. Large runway areas which must be maintained free of snow
and ice

I C .  Frequent usage of high-cost , ice-contro l chemicals

5. There is no evidence that SCAN impacts significantly on

I mechanical runway clearance operations.

6. The SCAN system may provide additional benefits in the areas

I of safety and runway availability. The value of such benefits

could easily exceed the SCAN ownership cost , howeve r, the

I quantification of these beiv’fits was beyond the scope of this

study .

I
I
I
I
I
I
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Section 7

CLIMATOLOGICAL STUDIES

7.1 Introduction 
*

The purpose of the clitnatological study was to determine which , if

any , N aval Air Stations could potentially benefi t from addi t ion of a SCAN
system to their snow and ice removal and control (SIRC) operations. The ap-

proac h was multi-faceted with three diffe rent types of climatological analyses ‘

carried out . First , by applying criteria to the station climatic summaries ,

the set of Naval Air Stations was reduced to those stations which would ex-

perienc e a h igh frequency of SIRC operations. Secondly, the character of the

SIR C problem as a function of climate was examined by preparing a bi-variate
distribution of preci p i tat ion type versus temperature for five rep resentative

stat ions. Thirdly, the climatolog ical frequency of freezing of precip itation

on a runway was examined as a possible index from which to judge the need for

a SCAN system to improve SIRC operations for other than frozen precipitation

(ie., snow) events.

2 Naval Air Stations with Frequent SIRC Problems -

The complete set of Naval Air Stations was obtained from the station -

li st contained in the U.S. Navy and Marine Corps Meteorolog ical Stat ion cli- ‘

matic Summaries ( 1975) and cross referenced with a list provided by the contract -

technical monitor. Two criteria were applied to the dat a contained in the

station climatic summaries to determine those Stations which would experience

a high frequency of SIRC operations. The criteria were : (1) at least one

winter month (December through March) with a minimum temperature below freezing ,

and ( 2 ) ,  10 or more d~ys per w in t e r  w i th  snowfal l  greater  than 0 . 1 inch . Of

the total 76 stations only 12 satisfied both criteria. Of these , one is not

associated with the administration of airport facilities and one is run by the -

Air Force (Se i fr idge AFB , Detroit , Mich.). Of the remaining 10, two arc’ in

the Antarctic (Ilallett Station and McMurdo) where highly specialized landing

procedures are utilized. The remaining eight stations arc listed below w i th

108 1
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t h e i r  mean w i n t e r  season temperature , s n o w f a l l  and number  of day s w i t h  Snow-

fall -‘ 0.1 inch  and — 1.5 inch :

Mean l~i n te  r Ext  i-eine l~i nt e i -  Me an
Snow fall Snowfall Winter

Days Amounts  Tempera tu re
— 0.1 in  -‘ 1.5 in Miii Max ( ° F)

Adak , Alaska 59 lb 75 19b 34
Misawa AB , h onshu I., Japan 53 21 -- 110 - — - 32
Kefi av i k , Iceland 3 7  13 55 178 33
Brunswi ck , Me. 28 15 74 203 25 -

~ 
-
-

i l e n v i e ~~, 111.  22 8 3( 119 28

F South  W eym outh , ~‘ta . 22 9 4S  129 30
Quo n set P t . ,  R . l .  15 8 35 118 33
Lakehurs t  , N .J . 13 4 23 103 35 - 

-

-
~

1l e i g h t  s t a t i o n s  are located  n o r t h  of 40N . Two have ocean climates (Ad ak

.m J K e f l a v i k  : one has  a c o n t i n e n t a l  c l i m a t e  at the Great Lakes (G l env i ew)
and the remaining five (four in the  U n i t e d  States) have the climat e of the

e~t-~t coas t  of cont i n e n t s .  (Th e number of s now f a l l  day s w i t h  1.5 inches  of
snow i s  p robably a good approximat ion  of the annual number of SIRC operat i ons

Jays involving snow - -  e .g . ,  in the  i n t e r v i e w  at B runswick NA S , it was learned

that they p lan  on ~I t ~ snow-re la ted  SIRC operations per winter.)

-‘
. B i — V a r ~ate D i s t r i b u t i o n s  of Preci p i t a t i o n  Type vs Temperatu i-e

Fh e proposed approach was to obtain b i—variat e ci imato log i es for  at

least five climatic reg ions into which the set of N a v a l  Air St at ions could be

categor i z ed .  I n i t i a l  analys i s  of the stat ion climatic summaries indicated t h a t

three climat e types would suffice: ocean , continental , and east coast of

cont inent * h oweve r , as the program evolved and s ite intervie ws were conduct ed ,

it became clear that five bi-variate c l i m a t o l o g ies were needed. C o n se q u e n t l y

climatologies were run for Adak , K ef l av ik , Drunswick , Anchorage (Alaska) , and
Indianapol is (Indiana) .

Keflavik was chosen to represent the ocean ci ima te and also becaus e

it was a site for wh ich the most dat a on an installed SCAN sy s t e m  was available.

Be cause of part icular Navy interest in the site , Brunswick was chosen to re-

present the climate of the east coast of continents. In the interview with
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Adak personnel , it was learned that frozen precipit at i on frequently either

melted as it fell (because air temperature was above freezing) or melted be-

cause temperatures rose above 32°F relatively soon after precip itat i on fell.

Th us, it was suggested that SIRC operat ions at Adak had few problems , a1thou~h

the station clim .ttic analysis indicated a potential p r - b l c n t  s ince  Adak had
e s s e n t i a l l y  the same nean winter temperature as Keflavik and more snowfa l l

days. The bi-va ri~.te climatology for Adak was preparc d to examine th is  s i tua —

t ion .

In  the  site interview at Anchorage , it was i nd i ca t ed  t h a t  the  runway

t emperature feature of the SCAN s stem was useful to SIRC operat i ons in m di-

cat ing when the temperature was below 18°F so that urea a p pl i cat  ion wa s  no

longer effective . A hi-variate distribution was prepared for Anchorage to

i nve St i~~ate  t h i s  imp i -ess ion .

L’he fifth climatology was prepared for Indianapolis , Indiana.

I n d i a n a p o l i s  was one of the s i tes  v i s i t e d  and provided a c o n t i n e n t a l  c l i m a t e

d~stunc t 1 y south and in lan d of Anchorage . In add i t i on  it provided a c l ima te

for comparison with the coastal climate at Brunswick and was close enough to

~ the Great Lakes so that i t s  c l imat e mi ght approximate that  of Glenview , I l l .

— All special climatolog ies (i.e. those not r o u t i n e ly  av a i l a b l e  from

N i t ional Climatic Center at Asheville , N-C.) were prepared f rom the hourly

L obsci-vatiomi series available from Asheville. These dat a were supplied by

Ash eville on magnetic tape in a format called Tape Data Fiunily-14. In order

to prepare the climatology from these series of observations , t he t a pe had

to be conver t ed  in to  a workab le  fo rma t .  This conversion was done at Ca i sp a n

for a l l  f i v e  s t a t i o ns .  In a d d i t i o n , computer programs were  w r i t t e n  to  process
t E L - converted t apes and prepare the desired c l ima to log ie s.

The bi-variate distributions were prepared for the temperature

catt ories ~~. 37° F , 3t °-35°, 34 0 _ 3 3 0
, 32°-31 °, 300_ IS O , and 18°F and for the

availabl e precipit ation categories of non e , rain , rain squall , snow , snow

showers , f r e e z i n g  rain , freezing drizzle , and s l ee t .  The complete , de ta i led

distributions are included in Appendix C. For inirposes of this discussion

only c e r t a i n  portions of the distributions arc presented. The t eni~erature
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I at e~ u i - ies  were  chosen to  de l inea t e the occurrence of f rozen  p rec i p i t a t i o n ;

t h u s  t he  f i n e  resolut i on near  f r e e z i n g .  In a d d i t i o n , the break po in t  at lS ° F
sa-; in c l u d e d  in orde r t o  i n v e s t  igate the  l ) r e c iP i t a t  ion and temperature be—

havior around the temperature below wh i ch urea ceases to be effect ive .

I lable -1 shows the  frequency of p r e c i p i t a t i o n  for the five stat ions

for  the i n d i c a t e d  t e a p e r a t u r e  ca tegor ies . The stations are listed in order of
deci-easiiig i iumb er  of o b s e r v a t i on s of pr eci p i t a t i on in the normalized wint er

season (2904 hours) *

Fi 1-st con s idei- K e f l a v i k  where the SCAN sestem has heei-i in opera t  ion

for a fL-w yeai- s and where SIRC operations are frequent . In l a b l e  5 , 72’~ of

I K e f l a v i k ’ s w i n t e r  prec ip itation occurs above 32°F, showing t he  o c e a n i c  c l i m a t e

o f  t h i s  hi gh Lit it ude s t a t i o n . h owever , 74% of the  snow and snow showers  occur

with temperatures below 32°F i n d i c a t i n g  the  need for frequent SIRC op e r - at i o n s .

For Adak , not e that 750, of Adak ‘s winter p i-ecipitat ion occurs with

t em~eratures above free:~ ~ig, showing, as for Keflavik , the  oceanic ci m a te  of

I t h i- hi gh latitude statioi~. Almost 47% of Adak ’s snow and snow showers

also occur at air temperat ures above freezing. In addition , b3~ of Adak ’s

I n o n — p r e c i p i  t at  ion ob serva t  i ~iis are above freezing. Thus , with almost hal f
u t  the snowfall occurring at above freezing temperatures aad with a /3 chance

I h a t  subsequent non—precip it ation hours will be above freezing, the claim that

snusf al 1 h as a hi gh proba hi lility of either melting as it falls or me l t i n g

I subsequent to precipitati on ending is suported. The number of S1RC o p e r a t i o n s
at Adak will likel y be fewer than at Keflavik.

I As shown by the data , Anchorage has an entirely di fferent ci imat e

than either Adak or Keflavik ; i.e., (in Table 4) on ly  12% of its winter season

is above 32°F. This percentage continues to hold when the breakdo’~-.-n b e t w e e n

I precipitat ion and non-preci p i t a t i on is taken into account (Table  5) . Thus the

SIRC operation at Anchorage is mainly concerned with precip itation t h a t  occurs

~ 
at below freezing temperatures. Approximately 40% of the preci p itation below

) freezing takes place at temperatures 18°F, and , even when the preci pitat ion

I stops , the temperature is below 18°F 56% of the time . Thus , claims of monetal-y

savings , resulting from knowledge of surface temperature at Anchorage , are

supported by this climatology .

I l l
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TAB LE 4

SI-VARIATE DISTRIBhJ~ION OF PRECIPITAT ION EVENT S VS . TEMPERATURE

Percentage of Total Observations

Precipitation Seasonal Total Total *

Station Event T o t a l s  -
~ 32°F £ 32°F

Adak Pre cipitation 37 27 10
Non-Precipitation 63 40 23 - .

Keflavik Precipitation 25 18 7
Non-Precipitation 75 39 36

Anchorage Precipitation 18 3 15
Non-Precipi tat ion 82 9 73

Brunswick Precipitation 17 8 9
Non-Preci p i ta t ion 83 26 57

Indi anapolis Preci pi ta t ion 20 11 9
Non-Precipitation 80 39 41

( TAB LE S

DI STRI B IJCION OF PRECIPITATIO N EVENTS VS. TEMP E RAT U RE

Percentages of Precipitation Ev ’nt Total Observations

Precipitation
Station Event > 32°F ~.32°F

Adak Precipitat ion 75 25
Non-Precipitation 63 37
Snow and Snow Showers 47 53

Keflavik Precipitation 72 28
Non-Precipitation 52 48

A Snow and Snow Showers 26 74

Anchorage Precipitation 17 83
Non-Precipitation 11 89
Snow and Snow Showers 12 88

Brunswick Precipitation 47 53
Non-Precipitation 30 70
Snow and Snow Showers 14 86

Ind anapolis Precipitation 53 47
Non-Precip itation Si 49
Snow and Snow Showers 12 88
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I ih c ,- umit imi emit ai m i l t  thence at Hrumisw ick , l ike Anchiom a~~- , i~. rct I~~ct. cJ
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of  “runway freezing .”

To model the runway freezing event we reviewed the data acquirod

during the s i t e  vis it at Keflavik . During the period 25 F e b r u a r y  to 10 March — .
1978, two runwily freezing event s occurred , on 7 March and 10 March . In both
eases, meteorolog ical dat a we re obtained from the Federal Meteorolog ical Form

1- 10 Surface Weather Observation (fo nnerly cal led the WIIAN form) and compared

to the SCAN observations of surface t eunperature (Figure 17 , Sect ion 5). The

analysis revealed t ha t  p re c ip it at iot i  occurred in the four hours befo re runw ay

freezing occurred and that , when runway freezing occurred , air temperature

dropped below 36°F and surface  temperature dropped to 32 ° F or b elow . In

addition , total sky cover went to less t han 5/10 coverage .

Us imi g the above i n f o  rmna t ion , we cons ruct ed a model for  cm sequence

of WBAN-recurded meteorolog ical con d i t  ions which  described rai lway freezing

conditions:

1) Ihe WBAN c m i i -  t empe ra tu r e  must cross a threshold.

2 )  The WBAN air temperature uuiust be at or mhove the t h r e s h o l d

fur t h e  four hours be fo re it crosses the t h r e s h o l d , am t tl must

remain below the threshold for four bout-s after i t Cl’Osses

the t h r e s h o l d .  The four  h our criteria was designed to

ci. i n t in a t e  s i t u a t ion s  wh en  the t etmtpe i-at u i-c fiuct tiates cm rotllt d

t he th reshold  t emap era tu r e .

3) The total sky cover went t o  less thuu 5/10’s ‘s- over foi- the

hour , and subsequent hour , at wit i cii thi ’s’ t eu mipe r ature  t Ii r eshol d

was crossc’d .

As cm test , th is mode l was run l’or bot h K e f l a v i k  and B r u n s w i c k  on the win t e r

:;e mson data cotit~ m e d  on the converted ci ituta tolog i cal dat a t apes. It W;IS

dcc ide~1 t o  run t he model for a range of crossover t eutipo rat ui-os , i .e • , -St °
~~ I

34° and 32 °F .

The results of t he  m mmdcl run s a I s  shown in T able Ii . Brunswick  had I
a tota l record lcngt ii of b897t) hours atid K’s’ (1 ci v i k had s8208 hours . With a

winter season of 121 day s, or 290-I i t o t i i s  , each i’ecord had approximatel y 24 1
winter s~’a~ otis • For all three threshold t emuperat tires and assuming mode l
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I
I
I criteria , Brunswick has on the  average 1.3 occurrences of runway freezing per

winter seasomi and Keflavik has one event every two winter seasons. Thus , with

I t hs’se unodel cr1 t 01-ia , runway freezing is a rather rare event at both 51 It b u s ,

in  ‘s-jew of the two c’s-emits witnessed at Kefl avik during out- two-week site visit ,

I t h e est iinated c l imato log ical frequency seemed too sm a l l .  The conclus ion was

t- ecmc hted t hat some of the meteorolog ical criteria which  defined the runway

u t - e e z i u i g o c c u lt  m us t  be re l a t i vel y inf requent , and thus the condi t iona l  pro b-

I i ! ’ i l i tv of all t h e ci-ite ria together was very low.

I TABLE 6
Climatology of Probable Runway Freezing Events

L t c it h l’otal Sky Cover Less Than 5/10’s

K e f l a v i k  Tempera ture  Total  Events  Per  W i n t e r  Season
Thre sho ld  Events1 3 5

34 4
32 2

1 11 0.5

B rtt n sts ’ i c k  3u 10

1 34 9
32 13

i 
32 1.3

A test w i t h  a four hour t i m e  i n t e r v a l  fo i- 34 ° F t h re sho ld  at Ke fl a v i k

I ~~~~~~~ one less occurrence of runway freezing than did the eight-hour-window

c i - i t e r i a .  It  was t hen  concluded tha t  the tota l  sk y cove r c r i ter i an  mi ght  be

t h e  most rest r ic t i v e , and it was decided to i rocess the climatolog ical record

tor cmli temperature crossovers for the three threshold t emnp era iu r e s  regard-

less of sky  cover. The r e s u l t s  are shown in Table 7.

When the events are normalized to a winter season , Keflavik hits ,

as an uppe r limit , ;21 events per winter; Brunswick has -~lb . With 121 days

in ,t season , the average fi-equency of occurrence is one event per every six

Jays at Keflavik and one event per every 7.6 days at Brunswick , in good

agreement with the observed frequency of such events during our visit to

Ke flav ik (i.e., one per 8 days).
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1 TABLE 7

Climatology of Probable Runway Freezing Events

Without Regard to Sky Cover

Kef lav ik  Temperature Total Events  Per W i n t e r  Season
Threshold Even ts

36 163
34 177

-~ 

- 

136
476

Brunswick 3 112
34 127-

‘ 32 146
385 16

W i t h i n  the scope of this effort , it was not possible to perfo~ n

these analyses for Adak . But , with the substantially warme r t emperatures cx--

perienced there , it is likely that the  frequency of such runway freezing

events is Lower than those of Brunswick and Kefl avik .

7 .S Conclusions

1. Of 76 Naval  i n s t a l l a t i ons , only 12 were found wh ich experience 0 .1

inch es of smiow on each ot more than 10 days d u r i n g  the  w i n t e r  ( L)ecemhcr

throug h March) and at least one w i n t e r  month in which  mean minin t u in

temperature is 32°F. For administrative reasons , four of those

Station s are eliminated from conside ration .

2 . Of the r cm na im t ing  eight i n s t a l l a t i o n s  -- Adak , Brunswic , Glenview ,

K e f l a v i k , Lai churs t , Misawa , Quonset Point , and South Weymout h --

approximately half experience snowfalls exceeding 1.5 inches fewer

than  10 tim el- per winter. Without additional experience with the

SCAN sys tem , it does not seem appropriate to consider its imp lement at i on

at ai r f i e lds  wi th less seve re winter  wea ther t han t hese ei ght .

3. More de ta i l ed  c l imuto log ies for Brunswick , Adak and K e f l a v i k  suggest

t hat , iii terms of the nu mber of re quired SIR C operat ions , the stat ions

are s imn i lar. Further , wet- runway—free z ing events may he as i mport an t
for SLRC activities as is snowfall.
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1 4 . Th us f~~m cl imatolog ical considera ti ons alone , SCAN sys tems could

be useful at the three cmi rfields of greatest interest to the Navy and

I pe~’haps at the o ther  f i v e  a i r f i e l d s  l i s t ed  above .
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A LIGNMENT PROCEDU R E
I

1) To align the system the followin g are requ i r ed:

A)  Small screwd river
B) A vo ltmeter (VM)

2) With the fuse removed , connect the sensor , power and t e l e m n e t r y  as shown
• on the connection diagram inside the doo r .

~~ 
Remove the five (5 )  p lugs f r o m i t  thr s c r e w d r i v e r  i t U L O S S  holes  in the c i r cui t  board
ho ide r — hou s ing  unit (do not ren tove housing) - -

4) R otate t e s t  potenti ometer  C21’ and t h e  f i v e  pots on the ~-ircuit boards CCW to
the i r  s tops .

5) Place all five (5) swi tches  of the test  swi tch  a s s em bly  in the tes t  position
(down ). It is advisab le  t o use  a sma l l  sc r ewdr iv t ’  r or p enci l  to move these
switches .

I
6) With Vrn set to read on the  nega t ive  It )  volt  scale , connect  the negative (black)

lead to TB D— 1 and the  posi t ive  ( r e d )  lead to T B I ) —  S (C,  t e s t) .

7) A pp l y power b y s c r e w i n g  fuse in to  i t s  h o ld e r .

8) Adjus t pot C2P CW , Vm should swing throu g h 0 vo l t s  and in to  the  posi t ive range .
Change po lar i ty .  Set the vo l t age  at  + 1. - -‘0 ~oJt s  and the  “ice t ’ s ta tu s li ght should
come on.

4) Set Vm range to read pos i t i v e  10 vo l t s  and connect pw~itive lead to T B D — 6  (C 1 tes t ).

I 0) Adjus t  C 1 lev el  pot on d r  cuit hoa rd  P t  CW u n t i l  Vni  r e a d s  exactly 10 volts.

1 1 )  Connect  posi t ive  lead of Vin to T B D — 7  ( t en ip) .  It should read approx imate l y
2 . vo l t s .

* I 2) Adjust  zero  pot C\V on c i rcu i t  board P2 u n t i l  it r eads  exac t l y zero (0) vo l t s .

I 
~) Set V!fl funct ion switch  for n e g at i v e  r a n g e  ma d P~~~1’ swit cli no. I of the  t e s t

switch a s sembly into the 330 posi t ion (up).  Viii should read app rox ima te l y
-2 . 5  vol ts .

- . 14)  Disconnect  Vm n posi t ive  l ead ,  change  f u n c t i o n  t o  r ead  pos i t ive  10 volt s • t h e n
connect to ‘F131 ) —6 (C t m ’ s t  ) .  ~‘m s hould ht -  on U v o l t s  and the  ‘‘ wet ’’ li ght
should he on .

• 

j
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;) Adjust spa n pot on c ir cu i t  m a  ret (~~V unt i l  in’ vo l t .i ge C ha ngm-  f r i m m i m  m~ ‘ I U .
volt s and the status li ghts change froni ‘‘ we t ’’ t o  ‘ i t -o ’ ’

~ k ( - I ) e . i(  I i s  i i i  I~ I~~t I i i i ’ l i t
s e ver a l  t i m e s  to set the t h r e s h o l d  as closel  v is  pos ibi . whi ’ r i’ t he l i g h t s  inst
change from “ice ’’ 10 wet (not Wet ’ to  ‘ It - I ’ ) . t I t i ’~~I~ t h i s  I m m i c t m s ’ m m  liv : i e  i t Ion - -
b ack .mnel f o r t h  bt’twet’mm 2 •m m md (switch ito . I) on the I ,- - ,  - - i t  i t t- h .i - - — - i-miihl
‘ W e t ’’ li ght should be on in po sition antI l t ~ m’ Iii liii - - • I ’ ~ ’~~l t i u l  I.~’.tiSW i t c h  in  p o s i t i o n .

i - I  ‘m’m m t h a d i s p l ay  m i l t i l m i t o r  o i i m w l  t e d  m c r o — - s  tI - r Iimi m hml ~ l’’ l .mi~,i 1 i t t —  - - I  ( I , , ,’
t o t  tnt’ r , t o  lep hon o l in e  sir - _ t d i t ’  l i n k )  ~ui ins t s ~ .m I t- pot - m m ~- i I’s - k i l t ho.t rd I ’

- mm u t  i t  t l i t  st i r t~m t - e t i ’ m m l p c m - .i t LI  i t -  c i i  ~mI~ v hid i t  ti es Note - turn the ~, c t t

and \t a it a ICW ~ t- ~-ouds to r t he  log ic mm t h e  mi — o n it  01- t s~ ci ~t sp lay  t Ill ’ mmi’ tt-
su r t . m c e  t e m m m p e r . m t u r . - . A1s~ t i m e  -- a-ct  ( h i n t ’ ) l i g ht  on t I m e  m i m o n i t o r  ~ ht ’t t iel b -
t i n .

- - 5 -  - - - .I 1 \ to~ z~ m% ~(t  hi ‘~ I I 0 - im  —‘ p o s m t i e m n  (dott m m ) .  t h u  st . t  li i i- ’  i t  i l i t  •i I t i e  i i i m ’ m i m t ~ ’ m ~
— i t ’ m m l d

go to ice ’’ m m m d  so  r t a t t ’  tt ’ ltijit ’raturm ’ indic ate •m~mpr oxitmm.ttm ’lv

I ~s) Place switch ‘s 2 in the ope rate p o s i t i on  ( u p) .  l ’h e smu rt. mt - ,’ t ‘-nip eratu ro m~~i I l i t -

sensor should noti be cli sp lay od - (Status li ghts will iiiei j c- a to ‘‘ t t ~i ’ 
• i f  s e ll- ~o r

I etmi p t ’  ra t im r i ’  i s  Lit ’ low 3 .~~~~ V ml ‘‘ wet ’’ if a l i t i  v e ~~~~ I- . I

I - m i  Set Viii  ot t  n e g a t i v e  ~m nd t h -  - volt  sc a le .  N to v ’  — a - i t ~ - i t  ‘- ‘ of mlm ~’ t i s t  s~i i1 ~~h

~t s s e ’ n m b 1 v to the o per a te  p o 5 l t i t i m m  ( i m p )  and connec t  pttsltj\ e !t’atl It ’ I IU)— ~ (4- *

10) — \ *lmust idl e pot tin circuit boa ru P’-~ in t i mi ’  ‘-~ W di r i - e - t i o m m  - Vhii ’ ~- o l t a g -  w i l l  i t ’
in tht’ pos i t  ic—c di ret’ t j on a miii t im roug ii 0 i-n I t s  . Ch an g e \ m i~ t o  i m m m l i  cat C ~~ t h y 1 -
ve ’lt agt ’ s antI set i t t i t ’  pot at 0. ~ ~-o1ts . Fhe ‘‘clt ’.i r ’’ li gh t on ‘in- m onit or
should he tin and . m I l  t !me  l i g h t s on t i m e  R P V  i~~mu ’ l o f t .

I ) I ‘Ia t -e ha mmd or w,m t or on se n s o r  ii i ’.t d. \‘m i i  s hmni m l i i  iii , - u- c ’.m so I,, iim -t win’ mm I -

umI 2, ~-~ s 1t  s. Liii’ w e t  l i g h t  s h i o u l m i  0 i l  ic  t O t  O i l  h i ’  t i m o m i m h ’  r i ’d U I ‘ I ’  ~‘ m i,-
it th e  s u r fa ~

• e t cmi ip i’ r a tu re ~i hot - e .‘‘‘ 1- ’ -

~‘•i P~’V s l i t  s e n sor  head , the ’m ~

.-\ ) sw it t -h  I’ ~ pos it ion (up)
i t)  ~‘v i t ch  $2  in t e st  pos i t ion  (dowu l

1 s w i t c h  ~ in test pos itiom i (dtiwmm )
i i )  sw it ch a4 in test p t ’ s m t t t i n  (down)
V 1 sic - i t 5 - t i  q -

~ ~~ t e s t  pos i t  iomi (doic-n I

~ \lnnito r should i n d i ca t e  ‘‘ wet ’’ ~m iiiI dr grot-s. \Itm vt ’ ‘.‘.‘h’ 1iot t ’W t o  0
t- tilt , . Monitor should indicate — °‘~ and a l l  l i g h t s  oil (l~ Pit ~ •-t ’ st  i t u  *

li ght cc -il l still ii ’ on).

I
I
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24) Move C2 P CCVt T url i I V i i i  r eads  0. 10 volts - The ii inn ito r should s till indjc a’e

— o)~ and all lig hts off (a l l  li g h t s  on t he  U PU })~I t t C l  ivi I I now I~~- m i f f )  -

25) Move C2 P to 0, 5 v o l t s .  The’ m i t o n i t o r  shu) cmld mi oct - cbs jt1~m y ci s ~
‘ (-t ’~~ a m i d  ‘‘ 5 - l e a  c ’ . 

—(A l l  l ights  off on R P U . ) This t- otmt pl e tt --- the t e s t  of t h t .  ‘ - OL ’ ’ h - r  ‘l imi t  i l O W l i  t-i r~- i i t . 1
2(’) A) Switch i-~ I in t i  position (up l

It) Switch •~2 j i m  opt ’ r a t e -  p o s i t i o n  (up)
C) Swi tch  ~ 3 in opt- r.m to posit ion (up )
1)) Switch ~4 iii opt’r.t~ e p o s it i on  ( t i p )  

—F) Sc~ i t c h  ~ c in  t c s t  p o s i t i o n  (d o w f l )

l’he ‘ s-lea m - l ig ht  should he on. Rotate C2h’ m ’\’~ m l i i  ft ~- i ,  ‘ ‘I s  I
v o l t s  N a t o  t h a t  it tal’ m- s sm pp m ’ox i n i a i t - l t- one  ( I )  m ’ : i t i ~~~i 5 - i s - - s h a l t  - - to i i i u ’ ,’ 4f r on t  ‘‘ c l e a r  to ‘.vet ’’ (u .m h o t e  t ” ’j ’ )  ‘Ih is i s  m i t t -  ‘ t - t m v 5 m :

2 7) I lace  i l l  s w i tch e s  in  o~ ’ i - r a t m -  po si t ion (tin) .mnml l e a s e  ( ‘2!  p m ’ ’ i t  i : - ~ l m - ~s e t t i n g .  V 111 should read 0, ‘~0 volts i~ t h e  S en s or  lie &d dm -t -

2 8 )  This co Imi l ) l e t e s s t h e  • t l i ~~i i i i i t - ~~t and  t h e  s v s t e y i m  i s  unit- iii t h e’ ()j)t’l t t e i i odo ,

1’
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RP I 1  7000

~\ L I O N M E N T  Plw(’ I-: tM1 lU- :
D ) - GR E1 - -S CELSIUS

I I Fe a l i g n  the s v s t t ’nt t hi t~ km liocc- m mig a i’ m ’ r i - q c i m r ’ d:

-\l S m t i a l l  s c r e w d r i v e r
- i A t - o l t t n e t o r  (~‘M)

- ‘I W i t h  t h e  fu s e  r e ’ l l i ( i v e d . c onn e c t  t h e  s - i i s u r , ) ‘i \ i t ’ r ~tn ’~ ~ i . 1  011 I ri ~i~~( 5 I t U ~ Ii

omi t he  conne’c t ion (hag ra Ii Iii si (It’ t i~.- doo m -  -

~I l~~’i~~c m v e  t h e  f i v e  (-S I p lugs f r o nt  t i m e  s c r e w d r i v e r  ~m m -
’ -~ ; S  l t o i m - ~- i i i  t la - ci  N -t i l t  - i ’ m  rd

ho ide r — hon sing unit (do not ri’ inoc - e l ions  ng 1.

- 1 )  U t~t ~t h i ’ t m - st  pul  t ’nt i t s r  ci  m (11 P a iid I l ie  liv e s on i i i ’  - S i  r -  - t i l t  i s ~ s N Is C( ‘% ~ i

t h e i r  s t ops .

S) Pljt- t - a l l  five (~‘) SwItche s a t  t h e  t e s t  s~v i t c h  a s s e m b l y in the I~~ s1 p o s i t i s ’i i
(deicc -n) . It S a c lv i  sil t) Ic t t ‘ 115 e a i t ,i Ii s~- t’ -wd i i  v i ’ 1’ OF pt’ nc i i  to iii ovi’ t ii t ’se

s wi t ch e s  -

m l  W i t h  \in st- t to read oh t h e  m u - g a t i t e  10 it t i t s t al ” , ~ o t i n t - c t t h e  r i e g i t t i e  ( b l a c k )
h ea l to ~1W— I and t i n -  h o s i t l i t - ( r e e l ) It-ad to  T l l l ) — ~ (C ) t e s t ) .  - -

1 ~~ pp IV 
~~~~~~~~~~~~~ 

)V s t  I. ’w t u g  I t N t ’ I itt ’ ’ its l i t ’ i m t e i ’  -

1 :\ d ust put (‘2 P C ‘.V , \ n s h oim l i t  s i -  i r i g  t h  t ’ ougl t  0 i o i l s  m , i ~I :i t - ‘ h i -  pu s  h i .  ‘‘ ra ugi- -

t i m u g , ’ p o l a r i t i - . Set h i t -  i-u1t ~m g e  i t  I . ~s ( )  i - t i l t s  and the ‘ i t  m -  ‘ t i t u s  l i g h t s I i U t i I ( l

C i ’ t I l t ’ (iii

1) S~-t V I I  r a n g e  t o  i- i - m d s s ’ s i t j v e  t O  v o l t s  and & a r i i i e t t  i m m ~~~i i t \ t -  I s - au  1~ m l’H - i -  (C
1 

i e t )

0)  -\ di  tis t C 1 it’ i- e l  n u t  t in  t i  N I l  i t  boa rd P I CW ii ut i I n ’ rea - I - t ’’~ a s t  l~ i t )  i ‘ i t  - - -

I l l  ( ‘t~t m i ~oct  p~~~s m t i v t -  l ead of \ m ~ t t o  T l h I ) — 7  (tm-mo p). Ii ~i ii ’ tmiml r ’- : i ’ ’ i - ,~~~ m n ~ t i s -k

2. )5 v o l t s  -

I ,‘)  —\d jtm st ‘. e r o  pot CW on ci rcuit h o ar d  P.’ u n t i l  it n aiL exac ~l v  /. i ’ N’  (t)l t o l l s

1 ~) Set Viii fu n c t i o n  s w i t ch  f o r  n e ga t i v e  r a i l g i’ a nd  t u s h  - ‘ v i t s  ~t m i t t  c i  ¶ h t  t e s ’ - -

switch assembly into the t o posi t ion (up ) .  \‘ n~ sh ,imuid re m ’ 1  ~~‘ni ,~~ i i ’ t m i t - li ’

— 2 .  ‘ v o l t s ,

I - ; ) i) i s c t s n i t t ’ e~t Vi i i  p u s i t t v t -  lead . cha m mg m - f c m n c t m m ’ n  l i i  i t ’ ! ~s ’ ’ s i t i t t  I t ) ~~~~~~~~~ l u - t i

-o nni ’ct  t - ’  F B l ) — ~i (
~- ‘ l t e s t ) .  V i i i  shou ld  h i - tot 0 it u lts , i t , !  ~~

- i’ e ’ l m m ~
t l

s h e m m i l e l he on.
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1 5 )  Adjust span pot on circu it bo-m rd CW until the v o l t a g e  ch a n g e s  fr u i t 0 te l  t l O .  0

~ro 1ts and the s tatus  li ghts change fro m-n ‘‘ we t ’’ to ‘‘ i c e ” . R ep e a t  t i i i  s a d iu st n i e n t
several time s to set the threshold as closel y as possibl e w he r e  t h e l i g h t s  j u s t
change f r o t t i  ‘‘ice ’’ to ‘‘ w e t ’’ (not  ‘‘ wet ’’ to ‘‘ i c e ’ ’ ’ ) .  C h e c k  t h i s  f u n c t i o n  by s w i t c h i n g
back and forth betic e-en — 170 amid 10 ( s w i t c h  no. I) en t l i i ’ t e s t  sw m t c h  a s sem b l y.
‘ ‘\ ‘~et ’’ light should be on in 10 p o s i t i o n and ‘‘ice ’ ’ i n  t h e  _ 17 0  positioii l e a t e

switch in 1 0 position .

I ~ I With a d isp la t- monitor connected ac ru ss t e  u - i n i t i a l s  T R E —  .3 and T R E —  4 (b y
jumpe r, telep hone lin (- or radio link) adjust s c i  le pot on ci r m ,’ ui t  boa rd P .t

CW until the surface tenipe ratu re di sp lay i t - u i  i c . mt t ’ s  t o - Not ~ tut-n the pot

and wait t few second s for the logic in t he  n m o t i  i t o  r U ’ di s p ia v t hi’ neic’

surface teni p t~rattmre’ Also t }u- ‘ ‘ w et ’’ (hiut’) l i g h t  on the m onitor s hould  be

on.

1 7 )  Move si t -i tch  q 1 tc) tile 2 pos itiOti (clowii ) the  st a t u s  l i g ht  on the ’  m o n i t o r  sh ould

go to ‘‘ ice ’’ and  s ur t ;n - - tempe ratur e’ in d i c a t e  a p p r o x i ma t e l y -
,

18)  Place sic-itch 4 12  in  t h e  o p e r a t e  p o s i t i o n  ( t ip ) . The’ s n r f ~t c e  t m ’ l t ) T ) m ’ r a t i i r e  (if t h e ’
sensor should now hi- d i sp l a v e ’t l .  (S ta tu s l i g h t s  w i l l  i m i d i c a t i - i ce ’’ i f  s e nso r

f ten i p c - ra t  t ire is  be lou ’ 00 C and  - ‘ w m ’t - ‘ if a 1s~ u- e  00 -

i s I ) Set \~ ii e)fl ni ’ .~, i t i v ”  and the  S v o l t  s c , i l e .  Move  sit i t t -h PS oh t he  t e s t  s w i t c h
asserti b lv to the ’ op c ’r a t c ’ position (up) ~i m i d  c on n e ct  p~t s m t i u  i- lead to 1’131 )— ~ ((Th t e s t ) .

~‘0) Adjust idl e- pot on e - i r t - u m t hoard 1~~ in  t h e ’  CW d i m - c - d i e m .  I’ht’ u-olt age it i l l  go
in the pos i t L V t ’ d i  r oct m o n  m f l ( t  t i t  r o u t z h t  0 ~o It s. C La ii gu ’ V in I c )  umic l  it— a to  posit i t- i’

voltages and set  i d l e ’  pot at 0. 5 v o l t s  - Time - ‘  C I t - a  r ’’ I ig lit i t o  t h e  111011 i to  r

should be tin and all t h e  l i g h t s  out t he’ R PU pa imel m i ff

~‘l ) Place hand or w at e r  on se ’n sor  he ’ael . Vn i  Sht’ul (I in crease t a  b e t w e e n  I .  ~
and 2. - v o l t s .  The ‘ ‘ wet ’ I i  g in s hould coin t’ 00 ci i i  t h e  i nn  m i I t o h ’  and R I ~l pa mie l

if the  s u r fa c e  t empo  nature is ab ove ’ 0°C -

22 )  I)ry off  sensor  hea d , t h et i :

A) s w i t c h  41 l in 1° pos i t  io n (up)
It) sw i t c h  ~ 2 in t e 5 t  pos i t ion  (down)
C) swi tch # 3  in t e s t  p o s i t i o n  (down)
1)) s w i t c h  ~4 i n t e s t  pos i t i on  (dowti )
El s w i t ch  ‘t S in t e s t  p o s i t i o n  (down)

2 ) Moni tor  s heu lel  m n d i c a t  e’ ‘‘ Wt’t - .ttid I de ’g i- e l ’ \ l m a v  m’ ( ‘2 P 1i mit C\\ to 3 . 0 v o l t  S -

N i on i t o  r shou ld im - & d i c a t  e’ — ‘i’) and a I l  l ig h ts  off  (R Pt ’  ‘ ‘ it- e- t ’’ s t a tu ’  Ii  g u t  ivi I I
s t i l l  he on ) .

124



- 

I ~~~~~~~~~~~~~~~~~~~~~~~

-

~~

- -

~~~~~~~~

-

~~ ~~~~~~~~

- -  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

2-h ) Move C2P CCW until Vm reads 0 volts. Tim e moni to r s hou l d  st i l l  i nd ica te
-99 and all l ig hts off (all l ights  on the RPU pane l wi l l  now be o f f ) .

25) Move CZP to 0. 5 volts .  The moni tor  should now d isp la y 1 de g ree and “ clei~r ”
(all l ights  off on RP U ) .  This comp letes the t e s t  of the encoder  shut  down c i r c u i t ,

24~) A) Swi tch  #1  in 10 position (up)
B) Switch  #2  in operate  position (up)
C) Sw itch #3 in opera te  posi t ion (up )

:1 D) Switch #4 in operate  posi t ion (up)
F.) Switch I / S  in tes t  posit ion (down)

The “ c lea r ” lig ht should be on. Rotate C2P CW unti l  the Vm reads  1 . 5
volts.  Note that  it takes approxima tel y one ( 1)  minute  for  s t a t u s  to change

I f r o m  “ clear ” to ‘t wet ” (if above 00C). This is the delay c i r c u i t .

27) Place all swi tches  in operate position (up) and leave CZP pot at i ts  las t
sett ing . Vm should rea d 0 ,50  volts if the sensor head is d r y .

28) Thi s comp letes th e a li gnment and the sys tem is now in the ope ra t e  mode ,

—

I

I
‘ i i
~ I

I
‘ 1

I

‘ - I

I

I

’ 
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•t,J’i~I~N [) 1X I~
I’ L 1 \ I  t~ 1) — UM~-L-~R1 1 ~

- OF I N } O R I ’ L A I  iON 1 - ~~TII1~~RE I) DURI NG  S IT F  V l S I  1~~

\~ ~‘ i-t of t h e  e f f o r t  to  ev a lu a t e  the  op erat  ional iit-1- f0i-m~cnL
- c’ ot

i~ ’ - -~~ .uid it S pot cut itl impact  on runway snow and ice cont  ro l  -

t - - c i  U s  ~~C I C  con ducted to a number of airfields - b o t h  ishere SCAN is  ~iri J

t~~s Ila it t i I - t 1 l  l e d .  1’Itt’ purpose of t hese S i t e  \ i st t s Was to  acqll l re i n t o r m a t  l C ~I I

SC \\ u t  t i i  .it iOn and pei~t o  l’Ilia!lCc’ - SnOW and ~ cc’ co m it  rol pt’oct’dUi’c’S and

- i t ~~~~ u c ’s  • .111 Cl asSocia te d coS tS  toi’ 1 abor - nat cr1 al and CqIL i pllic’llt - ilt c’

L- I loh LI1a ~ a i i’t i c ’  lcis • w here SCAN sy s t e ms  -‘ i-c ’ un s t  ci led , were  vi S t ed: \ iuc ’ra~ c’

I ~t c’rfl.)t t o f l , I  I A i r p o r t  - G i e~ctei’  C i nc i i in ~tt 1 -‘U i’pOl’t - [let i-ui t Met ropol i tafl \i I-~

~~C I ~~ - I m~~( c . I n aj a o  i i  s 1 l tt ei’nat  lOILI 1 Al i’port - Ka i i sa s  C i t y  I l it  c’ m a t  t O1t~ C 1 \ 1 rp ort  -

kc ’ t l a u  1k N a u ~~~c 1  .-~ir Station (Iceland) - Scott Air i’oi-cc’ Base 1 111 inois) - an d

C cii i~i i a m i  l -o x ’ca. ’s B3se (Tr enton - O n t a r i o)  . \ i sitS ta e rc also ni~dc’ t o  Br t n i sw ick

\ .L V . )  1 ‘U t- St  at u~’n ~M aj ne )  and to Buf fa lo  I I t t e l ’ m Ll t  iOlLL 1 I i  u i lor t  . lelep l i om i c’

i 1~ a.’ rv u ~~~ w~ - r~- cond ucte d  w i t  It pe ’rsonne 1 at Adak N a v a l  \ i  r St at  ion I-\idS k~c)

anal  \ I a ’a c-a I - a l l  s -\ impor t  . ‘l’hc’ infommat ion acqu I red dur i n g t h ese il it  c ’rv i CWS ,

a 1C~i I~ w i t h  i~
a c’ap h rased qU o t e s  • are p r o v I d e d  in na rr at  I Vt ’ t o  i’iflat in  t I - a  i s

S c ’ C t  t ’ f l  -

I- - ~ ~‘ re V i ty - t he  fol lowing al’hic ’v i . i t  10115 a i~c’ used in t he text

RI~ — rUnWay

s I KC — snow and ice removal and cont  ro I
— runway condition report

— MU — Me te  r reading

J. [l .  - James Br ake Dt’ce l e’i-o mct er
— spec i I icat  ions

i n f o  - informat i on

sic - surface
•

- Sur f ace  S s st em s , I n c .
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Anchorage I n t e r n a t i o n a l  Airport , Alaska (5 April 1978)

Anchorage Internati onal (AlA) has two , parallel , asphalt , ungrooved
ruiiwavs which are perpend icular to prevailing Winter winds : RIcO6R-24L ,
11~ 90O feet; and RWO6L-24R , 10,60’J feet . Daily air traffic averages about
100 l andings per day for aircraxt over 6000 lb gross wei ght with h ighe r
t r a f f i c  occur r ing  in summer months .

The SCAN sy s tem was i n s t a l l e d  at All  p r ior  to the 1973— 1974 w i n t e r
at a t o t a l  cost of $ 12-13K .  Two sensors , one at the touchdown point and one
near  t he ~~~~i~S .t- C’ e xi t , are mounted on runway 06R about 50 ft from the center
line of the runway . Neither of the two sensors (obsolete square shape)

It appeared to be flush with the runway surface , and large depressions (see
Fi gure 2 0 h)  in the epoxy surrounding the sensors likel y compromised their
functional operation . (One of the sensors had recent ly been dislodged by
a grader.) Both sensors except for the c o n d u c t i v i t y  probes are covered

-‘ with a lay er of f l a t - b l a c k  colored tar. The information from these sensors
is relayed through established FAA ground cables to a sin ~~1e m o n it o r  l o c a t e d

ç in the maintenance building. -\ shielded air temperature sens o i -  i s  mounted
about 5 feet o f f  the ground , ‘~30 feet from the corner of thc Main t enance
building.

This particular SC.-\N system was one of the earl~ units produced
-
‘ by 551 an d was essentiall y a Prototype. The system has proven unre lial le ,

inconsistent , and often erroneous , especially for surface ft - e e :i n g  conditions.
.-\I.-~ personnel noted that the primary- benefits of SCAN are d e r i v e d  from run-
w a y  si~r ace temperature measurements , but that reliable indications of
surface condition would  be a welcomed and usefu l luxury . As at o t her  air-
port s. t h e runway surface temperature measurements are used to determine t he
necessity or utility of app lying urea.  O c c a s i o n a l ly ,  ce r t a in  ice cond i t ions
occur which do not requ i re control measures. According to All personnel ,
“ice at -20 ° F pr ov ide s ( r e l a t i v e l y )  very ’ good t rac t ion , ’ an d he n c e , “ an
ai rport su ch as Fairbanks which experiences extreme cold doesn ’t need the
SC~~ sy s t e m. ”

[lc spite t h e  problems AI - \  has experienced w i t h  SCAN , III personnel
a re  sufficientl y- convinced of its usefulness that they are in the process
of p rocur ing  a new system w i th  radio t e l emet r y - , The main runway (06R) is to
be resurfaced dur ing June 1978 and AlA hopes to secure the new system and
i n s t a l l  the sensors in the runway prior to the resurfacing. It is p lanned
t ha t  t he sensors be covered and protected from the resur fac ing  m a t e r i a l ;
a f t e r  resur fac ing  is comp leted , the new sur fac in g mat er ia l  wou l d  be grou n d
down around the SCAN sensor , leaving i t  in a bowl-shaped depress ion in the
runway- .
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instead of using urea and Sicard b I-Qolns at an operational cost of $100/hour ,
the)’ simply used rubber bladed p lows . In addition , the t i m e  i-cqu~ red to clear
the runways was reduced by 40°b of that r equ i  red ~l uc- n bc-ooms are used.
According to AlA , “most snow-be l t  a i r p o r t s  have  i people Problem , not 1 snow
p r o b l e m .  Snow/ i ce  cont i-ol is much s m p l er  t han most PCOP it’ make it

Runway conditions are quan titatiu.cl y determined at All by a MU-
meter and/or a Tap le)- (a British device apparently similar to the James
Brake Deceleromneter) . A series of comparison measurements at III have shown
that the two devices agree very well for traction coefficients --30 (actually
0.30); below 30, the Tapley consistently y ields slig htly hi gher values .

— While the MU-Meter appears to be the most wide l y’ accepted device for deter-
minations of runway tractiom i coefficient , the lapanese p i l o t s  us ing  AlA
demand t h a t  a Tupley also be used.

I)uring winter months , runways are inspected at least once per shift
by the foreman and more frequently as conditions demand. The mu-meter and!
or Tap ley are used when runway conditions appear to be deteriorating, and
RCR’s are immediately reported by radio to the tower. An official not ifi ca-
tion is subsequent ly submitted to airport security and is processed through
the appropriate channels. Based upon these reports , individual airlines

4 make independent decisions concerning usage of AlA runways (except for an
4 SIRC foreman report of nil braking which closes the airport) . The current

Field Maintenance Supervisor proudly stated that there have been no diversions
of aircraft due to runway surface conditions during his tenure at AlA (-~8
years). In fact , Elmandorf Air Force Base , located just to the north of
Anchorage , occasionally has to divert aircraft to AlA despite the fact that
Elmandorf  has more SIRC equipment .

I’
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Iha -  t;x’eater C in c i n na t  i Ii rport (CC -\ ) has t hr e t - ‘ i-uoved x-i i iiw a- s

~W is 3b , 9501) f ee t ;  RW 2 7 L — 9 R . 7800 feet  ; and RW 27l- ~- 9 I . 5500 f e e t .  GL\
has two SCAN se-uus oi-s , one readout s t a t  ion l o c a t e d  in t h e  b i t e  L ) ep ar t uluc ’nt ‘ s I -
CoiiUilUIl i cat t o n s  o f f  ice  - and a i’eiulot e ;m l a m  buz ;:e~ i- i n  t lit’ F i r e  Dep :m r tme l i t  ‘S - -

i- ar drooui i . Lm at  a t r , u u i s m i  ss ion is  v i i  c-ad io  te le in e t  c-y - The f i  rst sensor (#1)
was i list ailed i i i  ~ -j t t e u n b e r  l~)7a a n i  the  sa~~ouitI , bi’a ause  t hey  we i-c 1)1 eased
w i t  f t  pa.- r fo r imian Cc ’ - i t h e  f i i s t  - was ins  t ; u  l i e d  i n  Feb rua iy 1 ~T’7 . One s e - m i s a .’ V
1 t~2 I i s  imumbeddc -d to caiii ~~l-et t - (see Fi gure 20 c) at the  in te i -s ec t ion  of RW is- St’
1l)ci 2/L— ~)R while 

k-CAN 1 is imbedded in asp h a l t  ne-ar the  tou chelown zone of
RW 15. the remote process ing  and r a d i o  teleme try electronics boxes l ay’,
h o t - I L o u i t a l  in  the g ra s s , -~ I 0 — 3 0  feet  off  t he  cdgc -s of the RW

The pr in ia u-y ice/ snow cont rol St r at egy at CCA i s  p r e v e n t a t  lye’ coli t nol
since “ant i  -icing is mnuch e a s i e r  and less cost ly than is dc—icing .” th ey
an t i c i p ate con d i t i o n s based on Weathe r Service foi-ecasts Uflel , depend ing  on
v i s u a l l y det ected i c ing/ snow and/or SCAN readouts ( p r i m i m a r i  lv sfc temperatui-e)
they initiate contro l measures.

In the eve’nt of ice at teinperatui-e < 15°F , heated sand is dispensed
fro lli seven t rucks , a l l  equi pped with fromit—end plows an d sand spreaders - The - -
san d is  kept  in a heated b u i l d i n g  ( h e a t i n g  coi i s  i m i  the f loo r  p rov ide  a
tempera ture  of -~95 °F at the bottom of the  sand p i l e )  w i t h a c a p a c i t y  t o r  501)
tons  - The sand is mixed w i t h  IJCAR before d i spens ing  by sp i -aving  ~S0 gal ions
e ’t ’ UC:~R over  each t ruck load.

rhe only chemical used at CCA is 1 iquid UCAP , and it is ap p l i ed
(au~i the ’i brushed away)  on ly at t empera tu re  —1 5 °F. A typ i c a l  app ii cat  ion  oii
one RW requires ~1O00 gal lons of UCAR (~ $2. bO/gal) . In t h i -  case of sub-
t r e e z i n g  tempera tures  (both a i r  and su r f ace )  and a forecast fo r  f r e e z in g
ra iii  ( i lppa i-en t 1 y a common occurrence there)  - the procedure i 5 to  put  UC -\R on
t lie’ RW to p 1-event icc’ from hondi ti g to t he  sur face . h a t e ’  r , a d d i t i on a l  ehieuii i C-al
a.s used as needed to  break up accumulated ice. Snow is silnp ly liroomed off
t lie RIV . (iCA app m rent 1 )- does not expe r i ence  the  typ e of fi-ost observed  at
Ke f i  av i k . ) Obv i Ot iS  1>- the SCAN s f c t e’unp e i-at i i i e  that  a pro s’ i di- cons id e’ rab Ic’
g u i d a n c e , and “cost sat - i m i g s  aie  r e a l i z e d  by c-educing the  n umber of UCA R
app i i  eat ions  to  o n l y  those ben ch  c i i 1 t iuiies ’’ as a r e su l t  of SCAN - Runway
i n s p e c t i o n s a c-c’ no rnia 1 ly mad e three t imnes daily — — at  dawn - at noon ant i  ~i t
dusk .  1 1 a IIA :Ak h ) w a r n i n g  is  i n d i c a t e d , an inspect  ion is i m n m e d i a t e ly
i m u  i t  i at e’d - (Ot -eas i om ia 1 f~ml Sc’ IIA ARI ) warnings are experienced. Inspect ion
of - - e l i ~~ors - i n  t h  i s case , usually revea ls  a t h i n  l a yer  of fi-ost  oi- ice • To
i- a . s t  0 r ’- senso t r e ad i  img t o  norma l , t hey  use a l i t t l e  w arm w ; m t  ci- ; uu - md airy w i t  hi
; i u u ~ - I i  1 ~~

- a l a t - u n s  a Fe app u rent  l y mio t a maj  or problem . ) - 
-
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When snowfall rates are < 1 inch/hour, snow and ice control at GCA
is no rmal ly accomplished between flights; therefore , airport operations are
not s i gn i f i can t ly  affected by contro l operations. It is claimed that “3
Snow Blasters  in tandem can clear the 5500 foot RN in 20 minutes ”; and that
they “can clear 2-6 inches of snow from the 9500 foot RW in 45 minutes .”

Traction measurements , per se , are not made at GCA , although some
thought has been given to acquiring a device. Since these devices are
re l a t ive ly  new and most commercial p i lo t s  are u n f a m i l i a r  w i t h  the meaning
of the dat a , GCA is wai t ing  un t i l  this typ e of measurement gains general
acceptance and until the best of the t r a c t ion  measuring devices is proven .
At present , they use pilot reports and up date repo rted con d i t i ons as
necessary .

GCA has only one field maintenance crew (13 personnel) who are
subject to call any time and may work many hours overt ime un t i l  the RW
si tuation is s tab i l i zed .  The crew members are fed overt ime meals and are
required to keep t ime slips which detail  dai ly  ac t iv i t i e s  ( inc lud ing  both
regular and overtime hours for snow removal operations) . The cost of labor
for snow removal in calendar 1976 was $12 , 474 . (Actual  overt ime hours are
not known but are estimated to account for ~70~ of the labor Cos t s . )  For
the fi rst half  of calendar 1977 , snow removal labor amounted to $27 , 382.
In November-December 1977, 592 overtime hours and an estimated 250 regular
time hours were accrued during snow removal operations , for a total calendar
1977 labor cost of $35, 500. Costs of materials , overtime meals and con-
tracted services for snow removal and ice control in calendar  years 1976
and 1977 amounted to $18 , 859 and $64 , 555 , respec t i ve ly .

The Field Maintenance Department operates a f leet  of spec ia l ty
vehicles and equipment as follows :

- I
I t

- 
- - 4 Snow Blasters  Type B- 16A (a combinat ion  f ront -end

broom and air b l a s t ) ,  2 blowers , 1 Sicard ( towed)
broom , 7 t rucks equipped with front-end plows and
rear spreader boxes (sand) , and 1 Tank t ruck  with
2300 gal lon capacity and a 30 foot spray bar for
spreading UCAR .

- .- During the early mo rning hours prior to the s i te  v i s i t  and inter-
view , the Cincinnati area experienced a light snowfall (~ l/2 inch) . Circum-
stances , therefore , provided an opportunity to wi tness  snow removal operat ions
and the perfo rmance of the SCAN system . The fo l lowing  SCAN data were recorded
during the period of observation :
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SCAN Air SFC
TIME Sensor Temperature Temperature Condition

0910 #1 22? 26F IIAZARI )
2 22 24 II A Z ARI ) 1

0922 1 22 26 IIA ZA IU )
2 22 2t ’ JIAZAIW

0950 1 24 28 h AZARD
2 24 28 IIAZA RI)

grooming began at -t~08 30 FST . At 0923 , I was i nv i t ed  to inspect  the runway s and -

SCAN sensor heads . I took several  photos of the brooming operation (between
0930 and 0945) - I witne ssed the Snow Blasters  in s taggered- tandem comp let e l~’
clearing, in one pass , a swath equa l to ‘~2/ S the runway widt h (see Figure 18).
[‘he y rea l ly  did a superb job , and I am certain that RN t r ac t ion  was nea r ly  MM
too/ 60/bO ) - l f owev er , each of the SCAN sensors was covered w i t h  residua l amounts

~~ of snow (see Figure 2 1) and thus were s t i l l  reading h AZARD but now (at 0950)
i ncorrectly in terms of general RN conditions . I also took close-up photos 

- .

of the sensor heads. (The head which has the t a r - f i l l  around i t  is #~ -
‘ 

-

(Fi gure 20c) , imbedded in concrete at the in tersect ion of RW36 and OR) -

I -
Personnel at GCA are pleased with the SCAN system , “especially the

-• sfc temperature measurement .” I t  provides guidance , and they are cer ta in  t ha t
“i t  has saved many applications of chemicals th is  win te r ” ( a ~8) that  o t her w i s e
would have been needlessly wasted. h owever, “it is only a tool and should be
viewed as such .”

I
I
I
I
I

I
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De t t-u i t  Met ropolitan Airport , Mich i g~~ (~ March 1978)

Snow and ice  cont c o i  at Det ro i t  Me t r opo l i t an  Ai i-po rt ( DMA ) i s  the
• i-espons lb ii i t y  of the Ma in t e i cane -e De -pa c-tc i ien t - but request s fo r  co n t rol

ope c-at ions , runway inspect  ions , t he SCAN sy s tem , and l ow e - c. l i a i s o n  are
handled by the Opera t ions  Department . DMA has four  rum iwa ’.-s (2iR-03L . 10 . 500
feet ; 21C-03C , 5 , 500 feet ; 211 -0 3R , 10 , 000 feet ; and 09-2~ . S , 70i) f e e t)  and
one S CAN sensor  located ~35 feet o f f  t he  c e n t e r l i n e  of RI~2 I R — 0 3 L , n ea r  the
m i d p o i n t  of the  runway - l e n g t h ,  The SCAN s i g n a l  is fed to  the i - ca d—o ut
s t a t  io n in the Operat i ons Of f i ce  v i a  undergroun d cab le  (3, 01)0 fec’t) encased
in conduit . (Only  a short Port ion is di r ect — b u n  ee l . )  DMA purchased the
SCAN sy s t e m  i i i  1974 omi a “ t n i a l  basis ,” and SS1 re’p i ace’d the o l d  sensor free
ot~ cha rg e ’ in the Fall of 1~)7b , ostensibl y to p r ov ide’ a more ceprese’ntat i V c ’
c-adia t  ion color. The~- had a lot of f~else— alat-in problems w ith the old se- i i s o r
but  hat e had o n l y  one in c  ide-nt t h a t  DMA p ei-sonncl  rememub e’ i- w i t h  t he  miew
senso r  ( r e a d i ng  WFT when it should have been CLFAR) - The SCAN sensor  is
imbedded in concrete (see Fi gure 20d), u~h ec -e  t he  runway is grooved in the
e i-o ss -RW d i r e c t i o n . They plan to e v e n t u a l ly  purchase two a~tdit i o na l  sensors
th or  th e  approach ends of Rts’2 1R-03L) , and they arc c u r r e n t ly  lo o k i n g  in to
i-a ,t io  te-le metrv -

I h e  SLAN s y s te m  was o m - i g i n a l l y  bought to be “cal i h i -a t e d  hoc - loca l
condition s and to thereby increase’ the lead t imn e ’’ iii advance of i c i n g  con—
J E t  ions . The z-eadout is in an office where it could he mon ito red on a 24 -
h o u r , 3 shi ft  has is ne ,ir lv const ant l v .  In  bad weat her  - t hey non i t o  m - t h e

\ sy s tem eon’~t -ant lv keep in4  t r a c k  of t rends in s f c  and a i r  t einp er i tture  as w e l l
as RW com id i t  ions i n  o ra i e r  t o  i nip l eme mit  cont i-u I measures - ( I  hey ~u 1 so eu u ip 1 a~y
a p r i v a t e ’  w e a t h e r  sec -v i ce to  pc -ot iel e fo recas t s  ot  p o t e n t i a l  t e t m i g  ~e i c t d t t  i ons
and suc -face ’ t en ip era t  ui-c . ) DMA t h i n k s  ‘ ‘ i t  i s  a Ia i c - t v  v a t  uat ’ i e’ m i s t  ru inent’ ’
and t he’v ob v i o u s  1 v t hi ink  t he” make use of the’ RW c o n d i t i o n  m- ea~Iout  s -

UCAR is t he ice coot rol chemi c , u l  used at  DM.-~ . l ’hev L1~ a.’ a ~00O g a l -
ion t an k e r , and fo i- I C c ’ c om i d i t  ions — 1 / 8 — 1 . 4 in ch , t h e ’.’ m i g h t  use  a l l  ot ~ i t  on
one RN (~ $2 .  55/ ga lion) - l h e ~’ ~ 

ret t y — m n u c h  use m a n ’t i  a~- t tic-c t- ’ s recoiuimeii~tat I oti s
fo r  UCAR app1 i c a t  ion r at a .’s Ia fun ct  ion of c o nd i t  ion , i ce dep t h i ami d  t e m p e r ~u
t tire ) amid have in s t  a l i e d  a m ete  r i n g  dcv i  ci - on t h e ’ t am ik t m - t ick  t o  he 1 p a ai h e ’ c e
to manufac tu r e ’ .-  ‘ s specs.  i mi  a a ld i t  ion , t h u e ~v l isa . ’  sand ~ms a ‘‘I a st  r e sor t  , u

‘ 
it i s  s now in g  and n i l  b r ak i n g  cond i t  ions ac-c ’ i-epox -ted . ’’ Fhte ’a ’ Use ’ dcv s inai
IP X - c’.- cou ~~1y h e a t e d )  w h i c h  must m eet FAA amid Ii  r i  inc specs - t - ’i - g i - a i n  S i  L a ’ -
The -’.’ h ave  cn d o o i -  s t or a g e  fac l ilt ic’s fur t he  sand , w i t h  a cap ic i t y  ~‘f 2
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Runways are inspected once/ sh ift, 3 shifts/day during good weather
and as frequently as every 15-20 minutes during storm conditions. During
suspected low traction conditions, they use a MU-Meter (they have two). The

,j MM i s  run by the Operations Department , and the da ta (av eraged ove r respec ti ve
thirds of the RN) are transmitted to the Tower and to a radio service which
broadcasts pilot weather information . The M’4 data are used to gauge RN ice
control progress; if MM is in low 20’s, they continue contro l operations; if
35 or greater , they feel traction is good and they cease control measures. - -

When a pilot calls in nil-braking conditions, the RW is closed; if inspection ,,
of the RN indicates MM 30, then they reopen . They run the MM at any speed ,
but usually try for 35 mph, and claim that “ it is more accurate than the
James Brake device ” .

The weather at DMA during Winter  1977- 1978 “hasn ’t been warme r than
32F in a long t ime , and thus they haven ’t really needed the SCAN system this
Winte r ” . DMA apparent ly “gets a lot of freezing rain , but not this  Win te r . ”
They s t r ive  to complete all  clearing operations wi th in  1.5 hours, but do not
always make i t .  They can clear a RN in 20 minutes , but RW access and taxi-
ways take much more time . “On the average , it takes 1.5-2 hours to remove
2 inches of dry powdery snow; longer if wet snow .”

DMA has 32 maintenance personnel but f inds  it d i f f i cu l t  to “m uster
19 to break into shifts for long-duration , snow contro l operations. ” They
“feed’ em and sleep ’em on the job”. Personnel are paid straight-thru meal
times , rather than reimbursed for meal costs.

Total snow-removal/ice-control costs for FY77 (1 December 1976-
30 November 1977) were $189 , 000 , including $90 ,000 for contracted snow
removal on aprons , but not including equi pment costs. For runway snow and
ice contro l , DMA employs 5 plows , 4 blowers , 3 brooms , 2 spreaders , and
1 tanker.

I
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l net i~u~~~e i l i s l1 i t e r1hI t ion a1 A i z p o r t , I n d i a n a  ( l~ Feb ruary  I~~ S)

Im id ian _ ip ol is imiternat ioital (I I A )  was  one of the t i z s t  p o r c h _ i — e m s
of t he SCAN sv st  cm ii . The o i l  g I m i a l  c m i  t wa s  e’s se i it  i al iy a 

~ ro t otype  and has
beer ’. mcd i f l ed  Cxt c-m is i v e l v  b y SSL at no charge .  Due t o  thei i i n v o l v e m e n t
in the dcvi- iopmmi ent 01 t he d e v i c e ’, personi te  I at I IA are fami liar w i t h  its
opc’ r at  ion amid appa r ent I i.e 1 heat - I I  y on i t for d e c i s i o n — m a k i n g  c on e - a.- rmi log
snow and ice coot rot ~pe V~it  io n S  - 11 .\ pe i-semIte 1 est  i i iiat  ea.l that -~ 11)0k ht ~is
he-eu s iced  as a m-esu it ot the  use of the  dc v i  cc’ and apparent  l y we i-c inst rim—
m e n t a l  i i i  c o m i v i n c i m i g  th e’ N a v a l  A i r  S t a t i o n  at Ke flavi k , Iceland , of the
need t o  r such a ate’.’ I c e .

I IA has t w o  10 , 000 i t  ce)mI nncrc i al runway’s and one ’ 3 , 500 f t  i-unway
t or  p r i v a t e  au -c r a f t . I t s  250 f l i ght op e r a t i o n s  p er  da c l a s s i f y i t  as a

f medium huh al rpo c-t - t h e  one SCAN sensor at 1 IA is inst at led in  t h a t  pai -t
of the RN w h i c h  t yp i c a l l y  expe r i ences  the worst  icing c-ondi t ions - Since
lA.-~ was c-s s e’nt i a l  lv a de-velopment s i t e  fo r  SCAN , the  sys t em was q u i t e -

unre  ii at’ le du r ing  t he I i c-st two w i n t e r  seasons. A f t  e’r mcdi fi cat  ion by SS I
it has pe-rformited We’l l , requii-ing on ly r o u t i n e  p e r i o d i c ’ c a l  i b r a t  i ons .

W I’. l i e’ I Ala. cocci d supp ly  no re’co rds to support ci  aims of such
d r a iii at I c  s.c’. i m ig s because’ of the  SCAN syst em , a spec i f.i e snow s to r m was
desc i-i he’d in  w h i c h  t h e  RW t empec-at ore m ie ’v a.- m- dropped below f i - eez in g  . S ince
it w ~~ known t h a t  t ha.- smiow woul el not  bond to the  wa run runway , lie) cl ’.ciii i ca is
we Fe’ ,c i~i~ l i e d  am id t h e ’ brooms read i  iv  c-emno ved t he  snow . ‘l’he cost of app l y ing
t i r ’ a  to Ofle’ RW W as e S t  im ate d  to  be $2700. -\t~It~iremlt Iv , a i r  t emnpe t -at t i r e s  do
n ot  t ’. .ive - t o  be’ c~r e at  e’i  than fr e e L  ing  to i RI’. su r t a c e  te’ilip era t l i re ’s to be ~ih o v a .’

z inig . On t he day of t h e  v is it • t h e ’  sky was he av  i lv overcast and the
t e’mU p ec ~_it t i r e was 24°F , whi t Ic’ a RN s t m t - f _ c c e ’ t c im ipe’r . i t u r e ’  of ;4 0 1: ( SCAN m e a e h i n g )
w a s  ohse rve ’eI -

I n d i a n a p o l i s  uses bo th  ci rca (a g r a n u l a ted  s o l i d )  and U CAR I - i  l i q u i d )
to com bat snow and i ce ’ . Foi’ RN su r face  t emper a tu re’s g re at er  t h a n  15 ° } , t h e’
urea is used; whil e ’ 1k:\k is use’d for RN surface t e mp e r a t u r e s  less t han  15 ° F
and for anti — i clog ope c-at m om i s  - Uhe tic - c-a is spread by a sami d e  i mmnie -h I Ike’ we
commumton ly St’e’ cm the  hi i ghways aro um id B u f f a l o  . A  10 , 000 g a l l o n  t a n k  t n-tuck t~ i t  ii
s p e ci a l  extended booms is cise’el t o  lay t h e’ II CAR ove’ F the’ cot I i-c RN in o n ly  one
pass - Mi- . Powe c-s St at e’et that l i F e - a usag e’ hi ~id ci ropped f r o m im 300—3 50 ton s , ye .i  r
he fore t h e  SCAN ~-y - s t  em t o  about 2(11) t o n s - v  ear and . l i k e w i s e -  , ( (CAR pci’.-ch’.asc’s
h~iel dropped front 15— 20 t hto ii ’~,imc d g .cl loris - ‘.‘e’ar to about  12 , 000 ga l  l o u i s , ’ v e , i r

• a ft c-c I n s t  .cl 1 at ion of t h e ’ SCAN s y- st  cm. On l y  a m i n i m a l amount  of sand i s
used on the’ R W— s itiCe - i t  can be’ ext i-end >- h a r m f u l  to  et eng ine - s
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SIRC personnel at h A  are devout proponents of the SCAN syst em mm .They argued t hat , even in the absence of poss ib le’ moneta ry  s a c - l o g s , the ’ 

Isystem was wor th  the investment price because of the increased sa f e t y  w h i c hresulted from the add it i ona l  information provided by the  SCAN sy s t e m .
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Kansas Ci ty  Intern ational Ai rport , Kansas (2 March 1978)

~ I 
Kansas City In te rna t iona l  (KCIA) has two runways (19-01 and 09-27)

and 3 SCAN sensors installed in the main runway, RW 19-01 . The SCAN sensors
are currently inoperative (and I gather they have been for a large fraction
of the time since ins t a l l a t ion  3-4 years ago) due to rodent problems wi th
their  buried-cable da t a - l i nks .  Snow/ ice contro l (and the SCAN system) is
the responsibi l i ty  of the Field Maintenance Department .

At KCIA , both urea and UCAR, as well as “heated” sand , are used
for runway ice control ;  salt  and CaC12 are used on road- and walkways . With

• respect to usage of urea vs. UCAR , the mo re expensive UCAR is reserved for
runways and urea is used on taxiways . Urea is not used at temperatures <15 °F;
but they have no temperature minimums for UCAR. Urea is used primarily in
clean-up operations a f t e r  runway pl owin g for snow removal and during periods - - -

{ 
of repeated freeze-thaw cycle.

KCIA personnel are concerned about the expense of UCAR applicat i ons
(~ l00O gal per runway @ $2.80/gal ) and , hence , use it sparingly.  Since the
runways are grooved~ it runs in the grooves and is wasted.  With  rain , it
becomes diluted quickly and runs of f .  Thus , in freezing rain situations ,
they usually allow a crust to develop before applying UCAR .

In the si tuation of deep snow , they just  keep p lowing  - -  “it  is
just a waste of chemicals to apply them ” in that s i tua t ion . Af t e r  snow has
stopped ard plowing has been completed , they apply “h eated” san d , occasional ly —mixing urea with  i t .  The sand is heated (hot) when it is del ivered by the
contractor , but it is stored outdoors . They s t i l l  call it “heated” sand .
Chemicals are also stored outdoors.

Dur ing period s of bad wea ther, the runways are inspected at least
every hour. They use a MU-Meter (and a James Brake Decelerometer when the
MU-Meter is inoperative) for these inspections and rep~ft the data to the

— Tower for dissemination . The information , however , is  not used by the
Maintenance Department to gauge control progress. Cessation of ice/ snow
control operations is based ocr visual inspection and inspector ’s judgenent.

The fo l lowing  data for snow and ice contro l expenditures for the
past four f iscal years (1 May-30 Apri l)  were provided:
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SNOW / ICE CONTROL EXPENSE S

Total  Total (San d , Chem.)  C o n t r a c t  Sn ow-
Labor $ Labor Hours Mater ia l s  Remov al - 

-

3/ -i FY 77-78
( thru Jan . 1978) $12 ,937 1843.2 $17,012 $9,000

FY “6-77 24,-~7S 3512.5 31,755 0

FY 75-76 15 , 111 2377.8 16 , 482 0

FY 74-75 27,016 4483.5 37,419 0

These f igures ai- e l imi ted  exclusive ly to control operations for runways and
taxiway-s . As of December 1977, the Maintenance Department had 48 full-time
emp loyees;  13 of which  are clerical and supervisory personnel. The remaining
35 are e i i ’ . I J —.’d i n to 2 12-hour shifts for snow removal operat ions. It was
estimated t h a t  -~50% of the labor costs are overtime .

Vehicles used for snow/ice control at KCIA include : 11 plows ,
6 brooms , 5 blowers and one tanker.  Total depreciation on al l  runway-
involved vehicles in FY 76-77 was $76 ,518. (Two sweepers are now fu l l y
depreciated ; Sicard brooms are depreciated over eight years ; snow plows
over ten years.) Vehicle fue l costs for FY 76-77 were as follows: $53 , 000
(119,140 gal) regular gas; $2,926 (5,650 gal) Diesel; and $760 propane .

As indicated , KCIA has had a lot of trouble (most ly cable problems)
with the SCAN system , but “when it works, it works wel l . ” They remarked that
“the major benefit of the SCAN system is its sfc temperature measurement .”
Operations personnel generally know what RW conditions are, but sfc tempera-
ture in conjunction with weather forecasts allows some measure of planning/
strategy . KCIA personnel said that the SCAN system “is a good tool , but only
a tool” , adding that “it wi l l  be nearly impo ssible to make much sense of
economics data (for  KCIA) because of differing contro l strategies depending
on personnel moo d and storm characteristics.” Apparently, they are very
reluctant to app ly chemicals (1JCAR) for economic reasons. The sensors “h ave
been especially useful in determining the need for  chemicals , but as yet
there have been no identifiable savings in ice contro l costs. ”

KC IA is planning to purchase a radio telemetry l ink  for the apt roach
zone of RW 19-01 later in 1978 at a cost of ~$6K (including a new sfc sensor) .
Eventual ly ,  they w i l l  replace all three sensors on RW 19-0l and add one to
RW27-O9.

I
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~ef1a~- i k  N a v a l  A i r  S t a t i o n ,  I c e land  (2 1 F ebr ua i> - — 10 March  l~t S )

Snow- and ice con t ro l (and the  SCAN S V S t e ’mii ) a t  t h e’ U S  - N a v a l  A i r
S t a t i o n , K e f l ay  i k (USNA SK I~F) is the  r e s p o n s i b i l i t y  ot  the  F i r e  D ep ar tment
unde r- a d m i n i  si r at  ion from t h e  A i r  O p e rat i on s  O f f i  cci’ . f t e se’ ~iut  i es were
t rans fe’rred to the N r c  D e p ar t m en t  in September  19~~ am i d c o n s i s t  of i n s pec t  ion
and ma l n t e ’fldflce to  i n s u r e  sj f e ’ 1’ i-ak lug comi d i t  ion s  on a l l  ,ci c-craf t  — u s e d  pave-
m e n ts  . Renit inc r tm nwa v  i n s p e c t  ion  d i rt  ies we re added at t he  request  and expense’
o t~ t he’ U Force ~ t i i  TIS . ) P r i  or to  the  F i r e  Depart  me-nt ~s cur ren t  FOle’
snow m -emo~ a I wa s hand led  t’v the  e q u i v a l e n t  o f ’ t h e  Fase  Motor  Pool  and cons steel
p r i  ~a i i  lv  o i~ H’oom in g  and p low i n g ,  w i t h  apparen t  lv not  —~‘er> - — sat is f a c t or y  r e s u l t s  -
\~‘5o l u t e  1>’ TiO ch e m i c a l s  wore  used , cdi i Ic sand was t h e  p r i m a r - v  ag e n t  used in
i cc’ con t  rol . Now . c!ie’mc cai S arc t i se ’d extensive 1>- and t he  c-unwavs are rout r u e  lv
i n s p e c t e d  Runw ay  In s p e c t  ion Ot ’fi cer) four t i mes dai  lv al i el c o n s tan t  lv d u r i m i g
t rmes  of a l e r t  - The-se inspect i om-ts assist personnel c f~ Snow ’ and I c e  Removal
and Coot ro l (SIR C ) Opc r .ct  io n s . he aded by the  ‘‘Snow K i n g . ’’ in d e t e r m i n i n g  a
course ’ (or ’ cent inuat  ion) of a c t i o n . A l l  t he  Fiie Depar tment  p er s o n nel  are
c i v i l  in I ce- l an d er - s ; they  w o r k  a 24 hour s h i f t  and t he’n get  t W O  J ~ WS ot ’f
(except for supervisory p e r s o n ne l )  -

The C h i e f  of t h e  F i  ie Depar tmen t is 1-ospon s ID Ic f o r  the  cu r r en t
successfu l  SIRC s t r a teg y  employed at USN A SK U F.  When assi gned tile responsibility
for snow and ic e  cont ro l  , he apparently attended 5fl0W— Coult i-el symp o s i a  ami d
reviewed the literature on s t a t e — o f - t h e - a r t  c o n t r o l  measur e s  b e f o r e  d e s i g n i n g
and implement  ing h is  own coot rol  st r a t e g y . lie imp l e m e n t e d  t h e  use of urea dO e!
was larg ely  responsible  for  acqu i s  it  ion o C he SC.-\N s y s t e m .  l i e  dO e! p er s o n ne l
of the  Fire Dep ar tment  are deel i cateel , be y o n d  words  , to t he resp on s ii ’ ii it
entrusted to them . There is no doubt t hat  t h e  qua lit > - of r c m mlwa t ract ion
management  now enjo ed at USNAS K Ii F is l a rge ly  due t o  t h i s  dedi cat i o m i and the
ab i l i t y  -and desi re  of Fi r - c  Department  p ersom im i e l to learn  f rom t h e i r  expe r iences .

The a i r f i e l d  at USN,-\SKFF is compris e d  of two  m a i n  runways  ( 03 - 2 1  -
10 ,000 f t ;  and 12-30 , 10 ,0 15 f t )  and two short runway s (,0 - 2 ~ , ~,8S5 ft ; and
34- 16, S . 7~-0 ft) - The SC,-~N s\-stem installed at USN \SXIF c on s i s t s  of fou r
runway surface  sensors  located r e spec t ive ly  at the  appi -oach ends of the two
main runway s, two readout stat ions (at the Fire Depar tmen t  Comniunic at  i our s
Center and at SIRC Operat ions Building) and two a i r  tempera tur e  sensors
located on the roofs of the respective readout-s ta t i on b u i l d i n g s .  Personnel
at the Fire  Department Coimnunicutions Center  cons tant ly  mon i to r  the SC AN
readouts (one mon i to r  which  c yc l e s  through the output s from the  four  se-m is ers )
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and aler t  the ru llwav inspec tor  w- ii e ’mi ~~~~ Ai - l~R~ ci i- IIAL\ gI 1 cone! it ions occur- . m i
th e’ eve’m it of these  condi t ions , t h e  inspector makes a v i s u a l  and t r a c t i o n  measure —
lacut inspect iou of all runw ay- surface’s .  In the ’ cas t - of obvious l y dry cond i  t iom rs
( f a l s e  alaniis or ear ly w a r n i n g )  , t hey  s im p l y  use b m.ak u i -~ mli i lit y ui a ~ 1
t ruck ( q u a l i t a t i v e -) t O  flie .LS ii re runway t ract ion . I I i e~~/ i ros t suio~ iS su i spec t  tel ,
a ~- lt ) — Me- t e  i. i s  used ( towe d  beh i nd t r u c k )  to give ‘‘eltralit i t  at ive - ’ r u n w a y  cou ch t i e ) mi
readings  (RCR) in  t e ’  tins of M U — M e t e r  (MM ) d a t  a. The re- I at ionsh i p b e t  w con MM —

— ~t e t  d r  t i-act con co~- t f  c c i en t s  an~l e q u i v a len t  RCR v a l ue s  is sh ow mr be low .

Ui-act i on  Cot - iii cient  i-s ,. RCR

Tapic ’- - l~q u i t ’ a 1 e u i t  Br ak i  uig
‘~,a l ue 

— Vo l u me RCR -\ct ion

�o. —i t )  ..OI) ~::_‘0 (;ooel

0. 39~ O . 3b ~- i - (  16— 19 ~ooel—F ui

0.35—0.30 ,Sn—~ l 10—15 Fa it -

0. 2 9 — 0 .  2t- 25—32 6—9 l:air_pooi~

~ ~). 2S 2~ ~ S Poor

ice had ma~y oppo r - t i mm i  i t i es to accompan y the I~unway - I n s ect  or  ( a n d  made’
it a point te ) do so)  to  i-is int l ly inspect  the  runway’ s , t O  obse l v i  flit’ fl it -as lIre ’uue m r t  —
ae-ejuisition and re-port ilig proce- elurc s , and to inspect the M U— ~k-t or -  s t  ~ p cha rt
records . In orde r to  p roy ide the most reliable’ dat a ( r e l a t ive  t o  CL nrc I at I om i
with actual  a i r c r a f t— e x p c -  n i e ’ i rcd ’d ti-act iou ) t lie’ MM must be tow~-d at 41) n up hi - The’
data ac-c’ recorded on a t i c  ii char t  (where ~-l inch e- s = ~-3 m1i~ I : , u - i  ui~ a
re-solution of \-50— 100 Ct) , dUel the drive’r has an electroni c- i u 1 t ~-r pu - i ’t e ’r (c om i u l i  or )
which al lows h i m  to o\ - e ’r ac ~e’ readings over an>- eies i i-eel d i  s ta nce - . l 1 - -~ c ~i v e r r ~~ -~-
are t y p i c a l l y computed ( am id  reported ) f o r  c’ ; -  It thi rd of the’ ruu i t ~ iv 1 ei i~;t hi -
)I ’ i  CO LL S lv , a lot of in f o r m a t  iomi is l ist in the’ aver -ag ing  but t h e  dat  a a no
rece idt’el m i  much i c -ate r- elet a I amid cou ld be’ reported its such.  I i  I lie’ cv em i t
of re duced t r ac t  iou-c I. 4c 1 ; act ual ly- 0 .4  M~I reading) due t o i c e /— cow - fro s -

aye rage-s arc obtained over shor ter  dis tances ( -1—6 t ime’s/ runw iv , c-a \ mi g d~ w ui  t i t e ’
— cen te r l ine -) and occasional  l v  tw ice  along ti re runway . F—- i I n t c r c c p t  ~- m ’ f l i gh t s

a no cu i ce ’  ili-el in conch t ions  of -~ 30 (0. 3); b o n e — d r y  paveme’m -m t  us am 1 y rc-~ I St e r s
~(i() (0.6)

tirea is used spar ingl y (for f inancial  reasons —1 -$l 3 1Cc lb h a f  I at
HSN\ -~K FF and onl y when ne cessary to m e l t  harde-neel ice . As at I ’u f f a  la  , i s  nO t
as - f t c  c ti ve in high winds  (typica l  at SNAS K~ F) or t emper atu res  l o w e ’r I mi

- ~ - (Here , t he SC’~N t enipe rature data appa rent ly- p roy i etc cons I eli’ rab h e  g in  ~i a m i ~. e .
-~~ a enera l rule- , th e y ’ d- not dc—ice , e i the r  as a m a t t e r  of St  r a t e -~~ o n -  as a
re- - n i t  of a lack of wca ~ tic r s i t u a t i o n s  which lend t h cmmi s e lve — s t o  d e — i - ~ i a ’ . h ow—
ece ’r , w e’ observed i m r o a  (app l ied  to the’ U i — S peed t a x i w i t v  p r i or  t~ ec i i r  - r u - a l  t o  —
p r ’oi-ide cont inued  mir e - I t  i n~ act j0n eiu i r mni c~ the nic~ht (on snow me i t  w i  i ci - I i  i i i
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r -ei m rs ,rc t o s s  th at  a re-~L iutel w o u l d  f i- cc ae ~i t nil au t ‘I ci  I t - ; c s  I t i  roii~’ hi  t h e  in i t  i ml
six da>-s of  t h e ’ v is i t -

i t  appe a rs t h a t  SCA,\ c l _ i t a a a ~r - a ~l its l i c k — i m p  or a d d i  t i t u t a l  i n i p r m t
to v i S i m L l  i n s p e c t  1(1 11 01 rur m ic ~a\ s u r f a c e ’s at  k c f i a v i k .  ( . \ f t v i  ‘a lot of m i t  i ,cI

• t i ’oii h I&~ i~ i t i c  I a  i s o  ; c t , i  ii~is ~iuid  er r c ’m ieni s  m u d  1 c i t  oti s , t h eY l~~y e’ iipp a remit 1 y adj inst e’cl —

the  e’lect r o u t e s  to  compens ate ’  f o r  icies t ( 1  t I r e s . - p r o b l e’uuis . ) I-or s t a b l e  ( i  . c - . ,
unchang ing)  we -~ct he’ r c~~m iet i t  I otis , w i t e t  hie ’r b ioc~ ing SliO% ~ c l ’  c l e ar  skies i tic hi  ghi
t ic S t pot e f l t  ial  , rout  i nrc  ruu iw iv i l l s  poc t ions  s i u t f i c c ’ ; ho t s ever , a p i l o t  i i u - a k  i ng

r-t Ci- cc S C A N  intl i cat  iOf l  c i t  r - c tlti ce’ei t i - a c t  ion woul  ci i iii t i a t e  an I unme -d i a t  e i - r m mi —
way imispect ion . , ) m i c e - u c i u i g  or smu t, e O u l e l i t  b u s  a re  ree’o g m c i  :t ’di , Sf\\ s u r t ’-ice
i i i c ~ L e a f  ieil i S are’ no 1 c ’uigL ’ I. flie )ml i t  ore - cl . 11 ru mm cw uv t r a e t  i omi 1105 diet on en-a ted bt’ low
ace -e p t a b l c  u n i t s , thc’mi Si~ \\ su r f at - t e ’ i u h ) e r ; r t l i r e  iu c fc ’ unc ,i ti omi is used  to  e l o t e m - —
;i c m ii ’ a course of ac t  iou , I • e’ - , t Ire app 1 i ca t  ion  f circa . b room i u i - ~ , t~ t ~

‘ —

l~i s c u i s s  l o u i s  o f t h e  cos t e ’ffc -c t i v e ’ness of SC-\ N w i t h  S I  RC p er s o u i n e l
i t ’s u l t e e t  i i i  t h e  i iIi j m ’ c s s i c u l  t h a t  S t r i n g s  ; i r ’  m i o t  i t s  5 1-eat as t h - , - m i t  ~~ i
Cc) r r e’sponeience’ t i’Ofl Kt’f Imi’  i k ~-lig ~ c’s t e’ei - ~I5\ yS ki I h a s  3 s ; cuudt ’rs , :; l~ rooms , 7
P l o w s , 3 ii l o w e ’i’s a u c i  one b a de 1 ~ul wi A l l~c c i’C\s of’ ~-1 3 p i t i s  Snp e’rv isor s -
.‘c:uniual niaint e’li :Ui ce ’ ar id C iec~ s a l , i n i  Os l O F t ’ S 142 K and S 1 4 i s K , sos peat i i-c lv , in
j~\ 7c ; $00 K one! $.~c 0 k  • u - d~spe’c t i iso lv , m i  I ’ )  ; — I l i c c i  r i s  050 W O S  (5 I ours  ($1 7 K )  in c

-~~~ MYTh ~Ulel 1-10 t omis ( S 3 c o k )  i m r  F’)
~1

~ Ii hi It’ ;t~i ah i c iu i d ;u r  c~e’ o C dat ii cOld rt ’- o  isis h , cve  he ’e-n i s ec u m l~~ l , i t  ;ipp c~I ts
t hat con e lus ive ,L ’te r un i r i a t  ions of the’ in f l u o u c e’ of SCAN on Si lIt ccist s w i l l  l ie
d i  I i i  en lt clIme f e  t , i i i c n t  i on of ci n n tml i t — r  of  f a L l  o r-s ~ j u i c e  SI  \N  i OS t a l l  at  i o u i
(change ’  in SI  FtC pens  o mim ie ’ 1 am id P i O C  eeliui-es . it’ I i  alice ’ omi l l1t l— i fl t ’t Cr5 • use 01 ii r e;i
_ tuiei i- , ir - I at ions  iii we’at hoc-) . or t’\ ais h l l t ’ . t l i t ’ c in ui r i c i  1 (Ca  Ie ’mici ; i r > - e :n i - )  a n - c o s t  im i g
‘cii LiS,i~ c l v  ti le ’ I —- b~ s of tire ’ \i m l o r ce ~ 7 t I r  l a c t i c _ t i  I m i t e r ~- c - p t  oc -  Sqi i cdr o n
( T I S )  i~as ~is t o l l s ’iss :

- t 19. 
~ 1 2U~ .ii ’re’sl s W i t h io i i t  SC

I S  cii’re ’s t s  l~ i t h e iu t  SC. - \N
19 135 :nr i - t’s~ s h i t h i  Sc \ \
10 ’

~ ~t o _~~ Fe~~. ) 04 , l n r t ’sts  WI t it SC\N

‘‘h t ’ a t i i e ’ i i-. , i - ~ so Dat in c 10Th t h a t  f r e ’q cue ’nt lv  p l~nne- s c e i t m i d  t i ot  ge t  o f f  round

~(licl :1_ly h ave’ comi t ru but  od t o  ~i loi-~ ui tmiiuiiCi’ of a l’rest S •

- i ke’ SCAN svs  t em at I I S \ \ S k l -  I w a s  i n s  t c u l led in Sept ouuibo r 10 t’ aflel
ac - i i u i a i l y- con t o  c ui c d t lie’ e 1 t ’c t rou i i cs 1s t i s c  t or  dc-pt Ii se- m is i h g  . Appci r e n t  I’
S e n i s O  m con 11 gti t- ,c t lo ll ;r m ieh ael l us t cat -Itt s I nt t lie ’ t’ 1 oct ron ics to  enal -’ Ic  wa t  or d ept h
semis m g  compromis e’el t he  r c a  clot  e ’Ct  ion  c~Il ,ia j u t  id _ s of t i l e’ st ’uuso i ~s t h e ’u ’~’f o r c ,

h i e w a t  or ~h ep t h i  lil e’, l S l i  it ’i ; ieti  t ca i ) c i i )  i i i  t V ~~iiS i t ’iiiO\ O~i t i ’ T H  t h e ’ S\5 t Clii . lilt ’ S(’~\
SV S  I 0’ ; l 1~5 I S  i l i c i 1i e r , it  i ve  fo r  t i l t ’ pe’r— iod s l i m u i e — S e p t  t’i ;il ’ e 1 I 0~~ O l l e t  S i1 t c C l f l he~r_
10 - I i n n _ i  iv 1 0 5  • ,I pa i-c-nit I y c h i l e ’ t o  rae! io t ci  e’une’t l 1) 1_ e l i  e’ucrs -
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Scot t A m  u’ Ca rec 1~ac ’e , 111 i u i o i s  (~~~A pi’ i i  1078)

At the  rCe(uest  of base pe rson n e l  , a re pres emu t at  ice of 55 1 was  1) l’ t’Se ’it t
for  a l a n g e’ f r a c t i o n  of o cm r i n t c i ’v i eu s ’s a t  S c o t t  AM ) .

Sco t t  -Ii r Force Iluse ’ (SAFO ) has one ma u i (7 1)40 f t )  m c e u u i — g r o o v e d  rumi—
way (oriented 013—310) , cm l am’ ge’ p o r t  ion of w h i c h  i s  cui c-recl s- lIl t ii new Porous

‘ - ‘ -  -, -5 - ‘  - . -  ‘C r i  et ion Loui’sc 1taV icig hUt Ci’) lii ( sec  1— j i t u r e  _0a . i ke’ p nic c ic i r ’, , t i n ’  t raft cc
consists of A i r  Force 1’ -3 1) ’ s am id C — 9 ’ s, i s i t h i  cm iside ‘, c m j ’ i e ’ t \ ’  of t ran s l en t  a i r - —
c r a f t  a l s o  u s i n g  the runways. Of’ the two pr - i u i ca r v  ai m c i - a f t , t h e  I — ,~i ~~ arc’
most c r i t i c a l  of 11CR s ince -  the~’ h a t e  no v e t o  r se  t h r u s t  c apcu l t  j i l t  v and l l a n v
do not  h av e  anti— skid b rc tk  i n to , sys tems .

SC- ’eN Iscis  j ous t  cii  led at SAF [~ i n  t lie C a l l  of 19T’ &u . ‘l’Iie- svs  t e r n  t r a n s c i u r  t s
data j’i-om t h e ’ sensors  t o  t he’ t t i o n it or s  i-i  a b u n  eel ciii) los - I n i t i a l  cost  of  the
un i t  w i t h  three s e n s o r s  was $32 K w i t h  an cedetit ional  $3 1K i-eqcii m’~- J  f or  i m i s t a l l  a-
t ion of t i l e’ bui-  t e d  cable  by a p n i v c m t e  c o n t r a c t o r  - l a ck  se i t so r ’  i s  c u i I ’ r O m i t  i v
1 ecc cttcd about S ft fronci t h e  cen te  n- of t h e - runway ; t h e  Se’ h i S O V  l’~’° i t jolts Ic iv~-

- ( be’cii changed I w i c e  by 551 - Duo to t he  a c c i den t a l  c t u t  t lo g  of t h e  b u r i e d  cob t o
by a c l i ’ i i i  an cou r t  r act o r , t h e  sys t  em S,tS m ope -r u t  it - c t ’~-’ r the ’ emit i I’e 1971i .- 11)77
w i n t e r .  I’he cab l e  was sp i i c e d , and the  u n i t  i’.’ctS ope’rat i o na l  i’u m  t he  l~

t ‘‘1 1)7S

wmute i-; howove u- , two of t u e  th  ice se’flse) rS f i’eqUe’nt lv  g a v e ’ t’ t ’ t ’ü uiooi ts  re . c s l  t u g s
o f both  t emp enatui -e  and sum ’ f~mce co ndit  i on - I’hie e r r om m eous m’ c ’ c t 5l i l l . ;  s Se’re’

a p p a r e n t l y  clue’ to ino i s tc m i ’ u. i n the  bur ied  cab l e .  In with i t  ion , the  l’e’ w a s  a 
•svst  c l imat ic  prob loin w i th  surface condit ion i n d i c a t i o n s  wh I cli i i l ip e~~l rs to li , u ‘cc

b e em i  t u c in i i i i i  :ed w i t i t  a d j u s t  ni ent s to t h e SCAN log ic by 551 po I’sonnc I - ike
- l I j il l )  lesS 1011 i-el ;myed b y SAFB pe’ i- sonnet is t h a t  t l m c  su m - f a c t - c e tnd i  t i on i n i d i  c u t  I O I l S

, irc s t i l l  nut  of a ccep t ab l e  q u a l i t y .  The svst ei mr b e i n g  inop era t  u t o  fo r  t h e
em i t  i m -ety of t he  f i  r st  w h i t e r -  amid  f r equen t  iv  g iv  im ig cru ’ omieo us r eci di  tugs  throu gh—
out  t h e’ l a s t  s - j I t t e r  h t c m v t ’ elr~i st  I c - m i  l y’ r educed the c o n f i  clence of uu i o st  b t sc’

m - souine  1 in th e u s e f u l n e s s  of the ti n i t ;  a l t h o t m s ~lc , they  d o  have  cem i t’i ~~ nec
i n  :nne t make 1usd 5 of the  s t i t ’f a co  t e lu lp era tUl -ec da t cu  - ~sIc t I i c t e n a n c e  ton’ tile ’ s ’cst e’Il i

- - 
has  bc~en supp l i e d , cou r t e sy  of ’ 55 1 -

SI I-IC operat i ttii’ , and cquipn u e ’nt , are  t l ce -  r e s p o n s ib i l i t y  of t lie C i i i l
l im o , in c  ers group in t lie Pavement  ant i  i ;r oum i ds  l l c - p c ur tmni eu i  t at S-\Ci~ . 1;e -mi e i- . u l  -\ i i
Force g u i d e l i ne -s ~Ie t ’ i m c i t’ig re’s p o n s i b i l i t m e s  and p r i o r I t  I t ’S fom’ smie’w c on t r o l
are fol  lowc . 1 cml S- ’cCl t . 5li~ ts colit  rol  er ect ’s a re ’ d i v i d e d  i n t o  t h ree sk i  ft s of
--Il Imi el i  e ach L o t ’  ~-i h i d _ t v  o f cm’a t  i o n s ;  the  7: 30 u _ m n .  — ‘ 1 : 0 0  p _ m u ,  s i t u f t  is
c iv  I l i o n  and t h e ’ e)t l i c’ u-S are’ mu i i  it it’\’ - ‘‘i f o s t  n e s i u  i t s  are  c u c h  i€ -v e d  C i’aia th e
n i i i  to t’y personnel’’ but  t h a t  cit . m be elite’ to the  lessen  l o g  of a 1 i -c ra f t  t m’, t f l ’i c
i t  I l i g h t  . ihase Operat i on s is con cern ed t~’ i t h i  r im nwa y  s ui t - a t e e a c m i d i  t iOli amid

t l i I l c  is i’e 1’e n~~Ib le ’  f u r  ope- I’at ion e’f c m t att les h) i’iike’ dle’ \ I e e ’  L t I i j  ~it S S c ’ I i i i i t , t t  l O l i

~ f 11CR J c m t c i

15(1
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I’ The mission requirements at SAFB are very l imi ted  and p r imar i ly
4 involve t ra ining,  medical and VIP t ransport support ; hence they have l i t tl e

nigh t t ime  t r a f f i c  and minimal  alert  s tatus . As a result , the i r  snow/ ice
contro l strategy is very casual , a prime deadline being ‘e~O63O when a i rc raf tr departures usual ly  begin .  During ni gh t t i m e  snowfall s , t h ey si mp ly p low and
broom and then , depending on surface temperature (SCAN), apply urea. They
only plow the middle 50 ft of the 150 ft wide runways because of the typ e of

-
~~ aircraft  served there ; p lowing is accomplished in two 12 ft swaths on e ither

side of the runway center l ine . Surface temperature from SCAN is used to
determine the best t ime for apply ing urea in t ime for the 0630 ai rcraft
operations .

The fo l lowing  anecdote was offered as an example of the i r  s trategy
and how SCAN would have helped had they more experience with  i t :  “During lat e
win te r  th i s  year , wi th  a cold runway surface , SAFB was experiencing sleet and
rain u n t i l  ~ 2lO0 when the air cooled and snow began . They continued p lowing
and broom operations all night , but by morning RCR ’ s were still bad. Had they - -

- - anti-iced , the situation may have been better handled.” Because of mission
requirements and casual ice control strategy, SAFB personnel said the “SCAN
system is not economically feasibile at SAFE .”

(

I 
Urea is the cnly chemical used at SAFB : sand is used only on roadways ,

but the same trucks ar used for urea and sand and occasionally residual sand
• may get on the runways . A September 1976 SIRC Op. Plan suggests that 750 bags

- of ure a are required annua l ly ,  however , ‘t~2000 bags (100 lb/bag) of urea were
used in the winter  of 76-77 and ‘u~3000 bags (@ $6/bag) were used in the w in ter
of 77-78; no data are available for previous years . Base personnel thoug h t
that no appreciable savings in urea had been realized as a result of SCAN .

‘ For 1 October 1977 to 28 February 1978 , snow/ ice contro l costs were quoted at
$148K .

Probably because of the i r  l ow- t r a f f i c  and min ima l  SIR C requi rements ,
SAFB has on ly a l imi ted  complement of ice/ snow control  equi pment . They have
2 Airbiast  sweepers , 4 rol lover  plows , 2 graders , 2 b lo wers , 2 loaders an d

I t urea-san d t ruck (wi th  an addit ional  t ruck on order) -

Base Operations uses a James Brake Decelerometer  to measure runway ’
tract ion for f ie ld  condition reports and to guide SIRC ope ra t ions .  R CR ’ s

I are measured every 1000 ft wi thin  25 ft of and on both sides of the RW center-
l ine.  During preci pi tat ion weather , they use SCAN surface temperature as a
guide for use of the J.8 device (i.e., when surface temperature drops below
33°F). RCR ’s are also used to guide SIRC opera t ions .  They - a l so  usc the  a la rm
and hazard signa ls of the SCAN system beca use “it (the SCAN 5)-stem) assists in

assuring that they have up- to- the-minute  runway cond i t ion  repor t s , ” 

- 

‘1 

-
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i’he Ai u- Force bought and i n s t a l l e d  the  SCAN sy st  c-ui a t  Sco t t  t o
ev a l u a t e  it  foi- t h e  Mi l i t  a i-v ,-~i r l i f t  Co mmimn and. Due to the’ I i  i cont  inu ouus , 

-

opel-at ion 0 t the  u n i t  (a p o in t  which  w i l l  u n d o u b t e d l y -  iii ft ta- m ice the’ con—
clus i cun s of t h e  c-v a l u a t i o n ) , th e  u n i t  w i l l  h o t  1- ec e- ive -  ds t h o r o u g h c -v a l u a t i o n
is was p l a n n e d .  Apparent ly ,  t h e i r  report w i l l  mmiake t he  fol  ioc~ i mug comic Ins ions :
(1) SCAN p r o vi d e ’s uni que measurements  (if somewhat tin i - e l i  c i i -  I c  and f requen t  ly

- - erroneous)  of runway s u r fac e  conehit  ions and runway sun ic ~‘e t cimup e rat ure ;
(~~) data  supp l i e d  by SCAN m a y  be a use fu l  aid in p l a n n i n g  S I R C  ope r at i o n s an d

- — t he  app l i c a t i o n  of urea; (3) the mi ld  win t ex - s and li ght a i r  t i-affic (mmiost of
which are not urgent and can be delayed)  at SAFB combine to ium i nt i n i i :e’ the
economic  l e - c u s i b i l i t y  m e l  f u n c t i o n a l  use fu lness  of SCAN ~t SAFB ; ami d , (4)  it
i s  l i k e l y  t hat  some Air  Fo :-ce bases f u r t h e r  n o r t h  of SAl-B w o u l d  benef i t
s u ff i c i e n t  t o  fr omci SCAN t o  j u s t  i f y’ its acquis i t iom i .

H

Laumbert  F i e l d  ( the  lm uz l jo r  S t .  Louis a i rpor t )  is now a t t e m p t i n g  to
acqui re  fede r-al fumiding to buy a SCAN u n i t .  W h i l e  ag ree ing  tha t  the  sys tem
s-is not necessary at SAFB , the SSI r ep resen ta t ive  wa s  ae lani anit in h is  c o n t e n—
t ion t h at  SCAN would be use fu l at Lambert F ie ld  (9th  bus ies t  U . S .  a i rport
f o l l o w i n g  P i t t s b u r g h) . lie suggested that  heavy a i r  t r a f f i c  at Lamn b er t  F i e l d

d i f f e r en t i a t e s  it fro m SAFI ~ and increases the potent  iii u s e f uln e s s  of SCAN in
opt i m n i :  ing S I R C  operat ions and mm iinim nizing down time of Lambe ’ u-t F ie ld  runways -

lie also st resseel the  enhanced ant i — i c i n g  c ap a b i l i t i e s  result ing from SCAN Jatci .
(P i t t s b u r g h and O ’h - I ai-e are also m i  the process of o b t a i n i m i g  SCAN s y s t e m s . )
Despit e ’ the ra ther  casual app roach to SIRC at SAFB , it was ch im ed that
Lanibc- rt o c c a s i o n a l l y  has to divert ti’affic to SAFB due to  runway i c e -  at
I,a-imib e’rt -

I

-
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Canadian Forces Base , Trenton , Ontario (29 March 1978)

The Canadian Forces Base-Trenton (CFBT) has one main 10,000 ft
asphalt , nongrooved , crowned RW (06-24) and one 3,000 ft cross RW (13-31) .
CFBT has three SCAN sensors and two readout s t a t ions ;  one in the tower and
one in the wea the r  s t a t ion . The a i r  temp sensor is located %3 f t  off the
groun d near the RW s i t e  of one of the sfc condit ion sensors , and the da ta
are fed to the readout s t a t ions  via underground cables .  The present  sensors
are located 6 f t  from the edge of the RW and hence are in an area not
thoroug hl y -  c leaned dur ing ice/ snow contro l operat ions . ‘rite sc~~ sy s t cmiu
was ori g i n a l l y  purchased in 1975 on a “t r ial  basis , ” but sensor i n s t a l l a t i o n
was de l ayed u n t i l  Novemm iber 1977, The system CFB T purchased in 1975 is the
ori g inal  ve rsion which has since been modif ied  three t imes  (and the wa te r
depth e lec t ron ics  removed) by the manufac turer  as he upgraded the sys tem .

At CFB’I’ , RW condit ion is under the control  of the  Tower , and
snow/ ice control  is handled by Base T ranspor ta t ion . A senior  N C O supervises
equi pment operators and two Snow Clearing Foremen . The two fo i em en work
12 hour s h i f t s , as necessary , throughout snow/ ice contro l o p e r a t i o n s .  lVhcri —

bad weathe r is forecast , the Tower and foreman are aler~ ad ;  whe n preci p i t c u -
t i o n beg i mis , the Tower a l e r t s  the foreman who then inspects  the RI~ and
i n i t i a t e s  appropriate  act ion .

The Special Purpose Vehicles Division of Base Transportation employ- s

k 28 equi pment operators (60~ ci v i l i a n )  who are dj v ided  in to  two 14—man , 8-houi-
sh i f t  s s h i f t s are extended to  12 hours for cont inuous  operat ions as nee d ed .
Co n t i n u o u s  12-hour s h i f t s occurred the Ic in ter  1977-1978 as f o l l o w s :

• (-lb December 1977 , 20-23  licce mri ber , 29 P e c emnb er -2 Jannai-v  1978 , 8 J a n u a ry ,
14— 15 January , 1 8 — 2 5  January , 2 7 an d 28 Janua ry , (non t ’ in Feb m a  m y )  , :u nel
26 -2 7  March 1978. Between 2b November 1977 and 29 Ma r e - l i  1975 , each opera tor
,uccu mulate d an average 200 hours over t ime . The w i n t e r  of 197b-19 77  was abou t
the  same as 1977-1978, and the operators were compensat e-el (fo i- their ~200

4 ove r t ime  hours) w i t h  60 days t i m e  o f f .  The w i L t e r  of l 9 ’ S -  197n m - eq u i r ed
only ha l f  t im e overt ime accumulated in 1976-1977 or 19” - 1978.

The Tower at CFBT controls  and operates  ci m u m u - m n c t e r .  Two c i v i l i a n s
operate the device , ari d when the RW is dry and bare , i t  is  o n ly  checked omice
a day . When weather  is bad , t he mu-mete r  is used as of t en as is  mi ecess at - y~
it is sometimes used to guide ice/snow contro l opex’atiomis. If a m e t - m e t e r
run indica tes  reduced t r a c t i o n , the  Tower a le it  s the  Snow Fo reman . A f t  er
ice/ snow control  opera t ions  are comp l eted , the runways are checked w i t h
the mu-mete r .

- 
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Urt- .~ i s  t h e  on I v  c h i e m u u i c a l  used at CFB ’I , a l t h o u g h  t hey  are look ing
u I : ~ f e  I t c i  ~~L~i .t (cInch will-fl u storage) . i~ t~uex- e i s  am iy q t m e’st i on  of the need

lie, - t h e  c l i ~~lv  it , at least down t h e  RW c e - mi te r  s~ r i p .  On e i l p j ) h i c a t i o n
~u - - i u k L - - - I i u l , u  i i i  d~ il uie l a c C c s S  t aXi way~; a nd re’L l u i  r e- s t re -c I O I l S  of t i r e - c u

~~ ~ ot ~~) - 1 e a i I v  ‘t i e - a U S a l ~e’ has l’een ~L S t o t  lowi ; :

-~~ ~~~ t’ah e- u -  l9 ,’~ -~~9 Ma r e - l i  l97t ~ 90 tons
m t  - - 1976— I9 7~ 4S ton s . -

•~ L u i t  • - m - 1 9 ’ 5 — 1 9 7 n  N . A .
)~ • u u t t- r V 4 —  1975 40 tons

l i t  t -  u~ ~~~ 3—1974 76 to n s

I : F B F has i i i  u~ j i OWS , S C V e ’ii i lewe rs , Coin- I~W cud L- - l e ’r s , one grader , 
- - -

- u - wit  5~~ \ L I I  ~i IcI f t u’e ic ks  ( four  a re  used ciii RW ‘ s w i th  sweep e- i-s t lire-c
it - - I ~‘i - i - ~~t~~~

- :iutl  ~ro i m u d s — ~~t i~o satit i s~~rc~ tiers am i d one Ut ~ l i t > ’ ) - This e q u i p —  L I  
-

i i i d i i  , 15 5 I I t ’d i u i duo i-

Cii F i s  cum i duc t  ing a l i m it ed  “evaluat iomi ” of the SCAN system ’ s 
- -

pei-forniam lce - 1~ t ime Canad ian Forces; at present CFBT does not h o l d  a
i LVt ’ u d i ) l C  c ic w  e) f the  sys t em . CFBT ’ s disenc hantmn ent  w i th  the s y s t e m uu

c t~’j’.i i-emi t u> St ems from :i t h e i r  at tc- mm lp ts to make maximum use of the rea d ou t
S i ’ ~~, l l 5 .  Ce-UI~ l e ’m m ls i % i t h  u onrepresen ta t iven c ss , fa l se  a l a rms , Im o n in d i c a t  ion
of lt cm: are l eu l s  c o i m d i t  ion s , and differences in tempera ture -  si gnals  read of f
the t so separate’ i-eadout stat ions have occurred. Their ea r ly  at tempts at
COlu p lete’ re- l lance  on t h e -  RW condit ion si gn als wer e met wi t h f a i l u r e , and

tie -v uiow use e)Fi lv the surface temperature in format ion - No doub t the locat ion
~ t the  SCAN sensors  (ti ft from RW edge) in an area where contro l operations
~i rc ma u-g in a l  p 1 iye -~I a role  in the poor performance of the sy - st e mm i at CFBT .
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Brunswick  N a v a l  A i r  S t a t  iom i , M a i n e  (17 Mat-cit 1978)

L Naval A i r  S ta t  ion B i-un swick (NASB ) does not have  a SCAN s v s t o t m i .

NAS B is base for  three  permane nt  and two pai - t — t  imm i e squadrons of
P -3 ‘ s. There a i-c S i  P - 3’ s pe rmamt ent ly has eel at N ,-\S B , w i t  Ii a pot emi t i ~u 1 fo m-
abo ut 54; l’ — 3 ’  s ac c o t i mi t  for  ab otm t ~~~ of t h e i r  ai i t r a f f i c  - [luring SCR- ~MBl I -

- t he  P — 3 crews have ci max im um ummi of fou r hon i-s to get a i i-bo rue . N.-\SB has t ho
pam - a 1 le 1 , nongroov ed , 8000 foot RIV ‘ s ~Uiet an m ac t i  ~‘e’ SliO Ite m , j ) e’i ’petid cii  l a m -

- T im e i mibo at - el P,W ( O 1 R —  19 1,) i s  the  m u ia i i i  in s t  i -u imm en ted  11W and , cor m se qum e ’l i t  l v ,
t h e  most act  ly e ’; 11I’~ 011, - 1911 is u s e d  p i - imuari  1>- f o r  ‘‘ t o u c h — a n d - go ’s .‘‘

SI RC operat  loliS at  N\S 13 are the  respomisihi l i t > -  of t he  \i i’ I1 pt-ma

t ions O f f i c e r .  lie is b r i e f e d  on expected mn e te ’om - o lo g i ca l  e-oneh t i o n s  by 0 i i ’

- NWS E D and re l ay-s fo recas t s  of i c i n g / s n o w  w e a t h e r  to  t ime  Pub l i e -  IV o i -k s O f u t  c~’ m -
- who in turn ale r ts  the  Se-a Bees.  When preci p i t a t i on beg ins  ~~i- fc i  I I  i mig

t empe t -atur es  in d i ca t e  potent ial  l’re e: iu ig of wet 11W s , t h e  W e a t h e r ~~‘m ’v L e - e’

- Ce ) l i t act s  P u b l i c  W orks  personne l who actually p er fe rm the SI RC operot  i ous  -

11CR’ s a re me asured h> - Towe’ m - 
~~ 

r sonne 1 w i t  Ii ci J aine s B r ake  Dcccl e’ r omm ie t em -
- (mount ed in a p ickup  t ru e -k )  at i r r egu lai -  :inei somet ini es i m l t m - eqt le m mt  i mi t  e m - v a  I s ,

depend i mi g upon a v a i l a b i l i t y -  o I equi pmmi e nt aud i pe 1- sonm ie - 1 - rite flu e - cm s i m m - e d  Ri ‘11
- are n ot av a i l a b le  t o  S I RC pe r sonne l  ( P u b l i c  W orks )  f o r  g c u u g  l u g  snow ~e- e’

con t ro l p i-ogress .

k - ‘rhe l ack  of SIRC expei-ience ( compared  t o  t- i v i  I a i  I~fICIeI oper at  l o t u s )
I ’>- pe i- som mn e 1 i i i  ge -t ie m -al at  NAS B i~ ~ 

m-obah 1y h U e ’  t o  f m - c ’ q u u e ’nt rot at ion  of  N i t  
~. pel-sonne I and appears  to  li e’ a mna j om - d r awb ack  im i t he N .-\S F a pp r oach t o  SI RC

It  appears t h a t  NAS B is gu-aelua l lv t u r n  im ’ug t o  c i v i l  i an emn p lo ve ’& ’s to  perform
SI RC op erat ions. This t r end  was m i t  iated in 197~i— ~~i and has c u c ’coi in teeh  t o y
$ 0 K  to  date  du r ing  the 1977— 7S w i m i t e m - . P re sen t  lv , ~0 e- i v i  l i am i s  are  used omi

a par t  — t ime  has is (guam -al l  t ee’eI 20 hours i we’e’k ) a nd a me’ c a l l  eel i n  on oVe ’ i~t inc
for  severe  st o rimu s - At NAS Ke f l a v i k  e t u r i m i g  p e r i o d s  w i t  Ii l i t  t Ic i-equi reel
Si RC act  l v i  ty  . c l v i i i  an SI )IC pe’ rs onne 1 we i c’ re-tin i red t o  pe rio i-rn any - o I a
number of tasks  o ther  than  norma l SI RC opet-at ions - I t  was sugges tee 1 t ha t

- - U . S - labor un i ons are not l i k e l y  to  a l low sue-l i i i  1 — d e f i n e d  j ob desci- i pt ions
at NA S B . As a r e s u l t ,  i t  mn i ght not he f e a s i b l e  t o  p e m f o i-m S I R C  opel-at ions
w i t h  a devoted c i v i l i a n  crew at s tates iek  bases .

Ure a is the on ly  chemical  used at N AS B iii SI RC opem’at ions , and i t
- was imi t r od uc ed  o n l y  la s t  w i n t e r  ( 197 6— 7’i Ori a t i - io l  b a s i s .  F i v e  t on s  of

urea ( ~$S00) are requ I red for  a t y p i c a l  app l i e ~~ut  i ott to  omie o f t he  Si)00 foot
- RW ’5.
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NAS B has not been closed dut -ing t he  past eight years dime to weather.
h owever , dur ing  5Ct’ e’l~c’ s torm s • the’ S1RC op eratIons and ai  r c r a t t  :iiu~I i n g ~- ir e 

- -
a l t e r n a t e d  at two hour i u i t cr v cm is. P— 3 s can land on jce wit Ii m i i i  — b r a k i n g

~on d i t  iomi s (at  p i l o t ’ s discrc t ic -ill) ; a l ter n a t e  land ing  f i e l d s  are 70 , 100 . an~l
l~ O m u les away . re’sp ect i v e l v .  They u su a l l> -  d i v e r t , u mid e r  ic e-  coi di t lou is ,

whe im cross w I mm ds are ~ 15 kt s.

NAS B weather is said to be completely different from t h - 1 t  o c cu r r i n g
at Por t  LinJ ( - ~30 m i l e s  to SW ) . Apparently “ a cold pocket occurs  a l o n g  the
cu ,istal marg in  ,tl 1 the way south  o Boston “ NAS B f r e q u e n t l y  gets 1- 2 jute -ties
h~ I ~ u m o i ~ f o l l o w e d  by- f r ee - i m m g  r a in  whi cli can result in several i ite-lie ’s of le - c -

ut ’V I i  gun ’ on P l o w i n g  ice and sn 1W ~- i t )  t i m e s/ y e a r ;  l i ght smiows r equ i r e
~ *d -ep t i e -  an aUdit iu~~~l s ix  t imes’’--eam- - in  the win te r , the  ground is usual  1>-

ami d - h e -ui ce • —now on t h e ’ 11W is usually dry and nonme it  ing - l im e We ,u t h er
‘~ t t ~~~r ~ d-i u I d  l i k e  to have the SCAN readout in h i s  o f f i c e  s ince  S 1RC pm -c -

is I i  ~- s t c’t all >- on w e a t h e r  forecasts based oh s t anda rd  obst’ m - vci t  ion - I 
-

llt~ t o  11 os L u g  anhmuo 1 ( l o v C  rm minc ’ui t Fl) maimit  c im an c e  and m a t e r i a l
w e  u- k - sui l i l i l it ’d:

S l R u  V e h i e - l e s  Sumow R em o v a l
M a i i : t e - m m a i i c e  aliel M at e r i a l s  C i v i l i a n  Lab or  anti M a t e r i a l s

!~~~~~~~~L 
Mater ia l  l abor ! ‘ L - m t e r i i ml ( u r e , i )

hi ~~ i l}’  to 2 S ’ S  ~~0 . ” l i  $S8 , 9b7 $75 , 805 $ 7,900
19 ~4 , 250 71 , 204 60 , 971 l2 , -10
1) ’c up to !‘ IS Th 51 , 719 47 , 792 35 ,742 5,4 19

‘t~ p h o~ s - S I’ lowe - u-s - 3 b r oo m u-is • 3 gi-aders . 1 sande r , I ui-ca ( d i s p e n s e r)

I he - S c ’ I ic ~ i n c l ude a l l  snow removal cos t s  (ro adway - s , 11W. p a r k  i mmg l o t s  - et c  -

a t  \ ~~ j ; 
- but do not  i nc l u d e  costs of i m m i l i t  ax-v l abo r .

:\ n unibem- of NAS h pem -seinne l . w i t h  time except ion of th e-  P u b l i c  Woi-ks
O f f  & ce ’r . o re- .in.~ io us to a e -h I u i  i-c ~m SC-\N sys tem . They f ee l  t h a t  a n y - t i m i n g  t h a t
w i  11 h el p m r e-OVe’ SIRC ope rations is worthwhile . Those in f a v o r  of the
5> - s t ern  v o t e - e d  the fol lowing am-guments : (1) SCAN would p rovide  c o n t i n u o u s
iii tormim itt ion on 11W condit ion s (I .e- . , elrv , wet • or f r o : e - m m )  to be used in cc i m m j u u me - —
t ion w i t h  11W inspec t  ions ; ( 2 )  the uni que Ifl easut - enient of RW su r face  t empera tu re -
h’ciIzI J be ova i labic to aid in prc (hictions of 11W fm-ce: ing , time u S e~ of Li re-a -
in tim e stunme r , b e t t e r  e’St i mna t c - s of 11W a i r  t empera tu r e -s for es t im ua t  ion of
av :~ i la b l t ’ eng inc  t h r u s t ;  am id . (3) advanced warn ing  of 11W i c ing  wh ich  h e ’i t l i  di
allow ant i—icing r a t h e r  than dc—icing measures. The Weather Offi cer w o u l d
l ik e to have  RCR s c-very hour , hut manpowe i- and equi pment are imot av cm i lable to
do th is —— ”SCAN could provide this data for hourl y- report s ’ he sa i d .  The- P . W .
o f f i c e r  sugges ted  that  N WSE [) personnel immoun t a th ernmom et ei -  on t ime 11W am id
p er i o d i c a l l y  refe r to it for  de t e rmina t i on s  of 11W s u r f a c e’ t e m p e r at u r e ’ - F u r t t m e - i .
since the  S1RC stri~tegy- is to maintain dry , cle: ’- n 11W ‘s , he doubt eel  t h e ’ mi ee -~l
Ce’ a means of measur ing  11W icing; “because snow removal is  no me of ami att
than ci sc ience .”
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Gr e a t e r  Buffalo I n t e r n a t i o n a l  Airpor t ,  New York (13 February 1978)

Greater Buffalo Internat ional (GBIA) does not have a SC~\ systemu .

GBIA has two runways (05-23 and 13-31) and exper iences  f requent  and
some t imes prolonge d snow storms . GB IA handles about 400 flight operations
( combined landings  and t akeof f s  for cou nj umercia l , p assen ger  and private) each
day , ciassif>-ing it as a lai-ge-mediuun airport . As is exp la i ned be low , GB IA - -

personnel t h i n k  tha t  a SCAN ice detector system would be of m i n i m a l  va lue  to
t his  p a r t i c u l a r  a i rpor t .

The s t r a t egy  of GBIA snow removal pe rsonne l  is to p reven t  snow and
ice from becoming a problem by constant  a t t e n t i o n  to the  x-unway surface .
Their philosop hy of operation is to keep the runways dry ; snow , s l u s h  or ice
are not a l lowed to accumulate  on the main 1-unway . Runw a> - snow/ i ce  contro l
is a t hree-shi f t  (8- 10 men and supervisor) , seven- day a week ope ra t ion  unde r
the general direct ion of the General Manager at G B IA .  Con t ro l  opera t ions
begin immediately when snow s tar t s ox- i c e/ s l u s h  appears oui t he  i -un way - s .
Constan t updates on current  wea thcr  and w e a t h e r  f o r e ca s t s  by t i m e sh i f t
supervisors provide for constant  preparedness dur ing  ic i ng co n d I t i o n s .  St i c- -’
(even lake effect) at GBIA usually begins at warmer t emperatui-es ahead of or
associated w i t h  f ronts  and is followed by much colder  a i r  beh ind  the f r o n t s .

The only  chemical applied to runways at GI3IA is  d i -> - , pe’i l e t i : e- d
urea , and i t  is applied only at ( a i r )  t emperature s -‘25 ° F. Urea does not w o r k
e f f e c t i v e l y -  under the dry , wind y condi t ions u s u a l l y  encountered at l~u f f a l o
when temperatures  drop below 25° F . Ot he r chem i c a l s  such as U c a r  and g l y e - o l

- - are considered too s l i ck  (runway t rac t ion  prob l ems) , e spe c ia l l y- wh e u m ui-ca
(combined w i t h  removal procedures) works so effectively at G B I - ~ - Urea is
purchased in 30 lb bags at a cost of about $165/s .toum . Bulk purchase’ would
be cheaper , howeve r, storage requireun ents  (warm and dry ) pose a p r o b l e m .
A n t i - i c i n g  requires about 2 s.tons of urea to clear the  maim i  runway (8 , 200 x
75 f t )  area.  Th i s  represents an appl icat ion i-ate of ~.5 lh/1000 ft- . l)e”-’
i c ing  requires an appl icat ion rate 2 to 3 t imes g rea t e r .

At temperatures -‘25° F , the procedure is as follows: (1) app l y Ur e a ;
(2)  wai t  20-30 minu te s ;  (3) broom; (4) apply g r i t  (hea ted  s a nd )  ; and (5) broo rn~
The procedure requires  about one hour , and the resul t  is a ~~~ , runway w h i c h
usually remains dry . Addi t ional  dry snow usua l ly -  blows off or is readily -
removed by brushing. (Melted snow or slush is not a l lowed  to remain on t he
runway , as it presents a po ten t ia l  hydrop laning ha z a r d . )
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At temperatures  < 25°F, the runway- s are u s u a l ly  d r y  as a r e s u l t .  of
t i me -  ab~ v~- procedures - In t h i s  in stance , dry urea is  i u m e f f c c t  i ye b e c ,m u s e’ of
the  rd it ively dry conditio:ms , t he low temper atu re  and usua l lv c ’ i i c tmr re -nt
c m o s s  w inds  which blow it c ff  the runw a - A l t h o u g h  t e c h u m i q i m - s  for api- l y I g

urea e -X i S t  - t hey  are not c o n s i der e d  u l -cc ’ :- s . ;\  t he - re - fo re- ,
u se d at  GB[:\ (because - runway ’ s a x-c not pc i  ‘mt t t e d  t o  I ’~. Cc I - . .’ e- c o v e r e d  at
I ow t empera t ures)  - For the t i t f r equen t  OCr is i en s’h i Li s .  -~ u t d  i t ion does
O ’e ur , heatee l  san d ( f o l l o w e d  b y- b rooming)  is e f i c e  i \e ’ - ii tim e da>-t i ;s- , ‘

so l ar -  r i J  jot ion r a ises  runwa t emp er at  m ire ~ t o  the  p
~ 

in t Je u-c ui~c~. no be:
C l i e ’ C t  i \ e- -

lea lable  equ ip iimemi t inc ludes  t l i m ’c ,- p 1-~i~,~~ t i 1 d c t :  Uri c d i  s p e m l - e ’~-
mc m i-ui sand ; one dispenses the ure’a ; and on~’ d i s s e - u n i n it  - s  so it on o r -  e-ss road s
~om d pa r k t n g  lots. 1m m add it ion , b m u o n s  , h i oWe - i-s - shove- i 1 r i d e r s  am id a m u—
n o t e :  i- are a~ai lable’ . Bi jonis niust be rep laced  a f t  em mib o mi t . 10(10 ti u t i r > .  use-

- $7~ 0 - s e t )  , am id c~’p rox iu n a te -  Iv 8— 10 broe sim re-li I is are used j~c ’Z’ ye ir  ( y e - a r —
m ound U5a~~ i) aim e~ oi pmne nt budi ’et oC about $200 11 for  FY78 was me-mi t i oiie -d.

S to  rage barns ai~c i m e c e s s a m - v  for both equ i pment and  m a t e r i a l s ;  sand is kep t

k’orm (a t  75 ° F) u n d - r  r ad i an t  I criters .

A i n n — m e t e r  and a type of i n e r t i a l  sensor art - a v a i  lah ic ’  for u l l e m - - - m r  :mg
runwa y ’ t i-act i o um - Measurements w i th  these ,I _ ’vices have been foumid t o  i - c ’ i : m c o n —
s i s t en t , especially - unde r conditions of wet snow and gm - it , 1%- it im t ile: l ’ r t k i u i ~
a b i l i t y  observed by pilots. Consequent ly’ , GBI1 \ I )ers Onfle’l i-c- I >’ t ipo mi p i l o t
t ’oe d—ba ck  to  judge runway sur face ’  tract ion ; umm ea sui - e uuie n t s , pet - sc , ax-c se- I don
i f  eve’r o b t a i n e d .

The obvious pro f e s s i o n a l i s m  and concei-n for  sa fety -  at G B I . \  may -  be-

~m im i m n p o r t a m m t  f a c t o r  in the a b i l i t y  of personnel  to h a n d l e  t ime sever e ’ W i l t t e l
cond i t i ons  - They —aid that “You have to USc br o ou tm s min d  y - om l  have  t o  use
c-hieuum i cals - ‘‘ and attributed time success of the mtw :t i - d— i - -im iui ing Gl~l A  si-OW re ’rr5 ~\ ol
r-,y s t  emit to ‘‘(1) enoug h equi pment ii i  good w o r k i n g  order , (2 )  manpower a l i c o r s

-t  i l m i h i e  • and (3) personnel  who know t h e i r  Job s .” I t  is l ikely - t h a t  t h e  ke >
-~~ t h e i r  ab i  l i t > ’  to m a i n t a i n  good rum way c o n d i t i o n s  is e - xpe :  u - i  cu - ice  - 11w

rv isory p er sonne l  know what  act ions to i n i t i a t e for  g i ve’n ru nw ay  couid i —
t ion S - S i n C - ,’ t ime > - k eep on t oj ?  of the weather  and are successfu l j i m S l l tC
oporat  iom m ’ -  , t hr> -  fee -I  t ha t  an ice de t ec t i on  sy’st e ’ni w o u l d  he of um u i n in a  I Va l i m e
i t .  t S I A .
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Adak N a v a l  Air Stat ion, Alaska (22 March 1978)

N a v a l  A i r  S ta t  ion -\dak (NASA) does not have a SCAN sy s t e m .

N.-\S,-\ has two cro wned , ungrooved , 7000 f t , asph a l t  runways  (0 5-23
and 08—26) - As at NA S Bruns w ick , about 90”~ of the  a i m -  t m - a f f i  c u s i n g  NASA
rui wav s am -c P— 3 ’ s , w i t h  the u n aj o r i t y  of the  reunaim i de m - b e i n g  p m-ope l l cm - — d r i v e ’n
t m-auspor t  s (C— 130 ’ s) - Because t hese ai m - c m - aft  can USC ~ 1 e - V e’15e’ l) m OP e l le l -  p i t c h
to  prot - ide dece l e r a t i on  du x - im i g  l am m din g s  , t imex - c seems t o  be’ uu u in  iu u i a 1 cori c t-r mm
about RCR ’ s at N A SA .

W ith in time last year or so time respom isibi lit v for SIRC operations
at  NA S .-\ ha ve’ bee n t ransfer i -ed  from P u b l i c  W orks to  .-\i  F Opc- u -at  lou i s  - Few , i f
arty • ci v i  1 i an s are- used in SI RC operat i otis - ( I h e  re are few c i v i l i a n s  at

1! Adak - p e r i o d . )  A 3/4” deep layer of ice or snow on t h e  ruu way ’s is t h e  goa l
of -~iR C operat iouis at ,-\dak . SIR C operat iou i s are perf ormed wi  tim fiv~’ snow-
blowers  and f i v e  i -o i l -ove r p lows ; no chemica l s  or  1) rooms are emp i oy -ed at
NA SA . The procedure is to  p low ice or snow to w i t l i i m u  3/4 ”  of t -uuiw ay - s u r f a c e  -
Whemi the banks  of snow i-e-sult ing from p lowing get s u f f i c  i e n t l > -  l a r g e ’ , t he y
are blow n from the z-unway-s . According to Weathe r  D etac imu n en t  p e m - s o u m u m e l , t i me
wea the r at NA SA is such t h a t  t ime smiow fromm i mim a j or smmmm’ st ox -ins is  i- a x - e l > -  eve r
on t ‘ m~roun d for  more than  a day- . A t >-p i cal  w i n t e r  s torm at NAS A apparent  1>-
b c,~ - w i t h  m ixed snow amid r a in  ev en t ual ly ’ tu  i-li i rig t o  i-a j u l  wh i cii melts all

~ of the accumula ted  snow . Ii i-craft  pat rol act u-it ies at NAS .-\ ap p a r e n t l y  co mm
be elela ed t int i i  acceptable runway - condi t ions am -c a ch i eved , w h e t h e m -  due- t o
flat mum _ i’ o r SI RC ope- rat ions.

O f f i c e r s  of Public t~orks , the VP’ s (P- 3 pat ro l squaeh m - om i s )  , am id
Nl ~Si~I have recounmended to  t i m e  CO at Ad~tk a g a i n s t  ti-ic ae q u i s  i t  ion of a SCAN
sy s t e m .  11m ev feel t ha t  snow and ice arc such t empom - a i-v p 1-01)1 ems tim _ it time -re
is rio just c fi cat ion fo z- time cxpendi tux-e - T h e i r  c i su a l  approach  t o SI RC
opt ’ r at  ion s is  undoubt  ee l ly  due , imm pa r t , to  ie I axe - d  m i s s  i on o bj e c t  j ye’s an d
t h e  t y p e -  of a i r c r a f t  employed at Adak .
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N i a g a r a  1a 1 1  ~~~~~ o r t , \em Y o r k  (15 Februai -y  19Th)

Ni mt’ ,am-a F a l l s  :\I i-~ om-t (N F l)  doe’s mmot  h ave  a ‘-~C -\\ Sy’st c’un

ih me - c’ 0. ~~iIi 1 at I c - iS  have :  s e p : i r . L t e  r c s p O I I S i  b .i l i t  Icr d x  lIe ic -I:

- I: . mc i~~C - o f lt  ~-eI oio m ’ l t j o h ms SI \F .-\:  t he  .- \j r Fo m-re’ Re-sc-rye ’s have’ the’ i’c-spcii-

~ ~:~I i i  t~ ’ t o m  r u n  , u i  n i n g  t h e’ Oj~~iI i l . ”t  ru uuic u i t m -u nuav  ( 2 S Rj l i_ ) I N i  . i - _
~:m l -- u

I i ~ — t  ict- t ’ m - au is i t  A u t I . e r i t v  f - i -  r ime sIm ox’ t r u m n i c , u o r ;  (24 ~ 32 , 1-1 and 251,/ laIR)
an d  t h e ’ .\i r N a t  i _ - n i l  Cmi : u - eI t’cm c le’a r ing  b m ~ i e -r s  at  e’ae-li cS~l of 2S5 ’ l O l _ .
S ~~~- m-cpom-t f o c u s e s  ~ 1> en t ime m a i n  r tm m mw ay’  a im d c on t r o l  Ope’r :it  i c u m s  cit

~‘ i~ i~ve~ S -

The- p m  m r , .  -v i c c  snow ’ con tx -u i  st rat c-~ v used I r v  t iie~ Re -sc’ I ’V e  S i~
p h ome i zig - Fhe’y- e’: p 1 m~ j fit-et of S Oshkoslm road ~ rii~le rs w i t  im 12 t o o t  p l ‘:~-s
m u d  b i uum:m ~ ~m t i m  i -:mi i t  — in ~ im -  b l a s t e r s .  Fhe’v bc- m~~m i SWcep ine :  o p e r a t  j e l l s  (On

che’r su m ow s t a r t s  , and i f  the s n o w f a l l  is too l ie - a v’ - t im e -v t tu m m m  t o  t h i S

p l o w s .  ‘\ t  mu ::ip lm , t h e > -  ea m m c l e a r  t ime 1-unway- i n  \ l  i u i r ; ’’ : 1  t.c- r  p1o m ~tm i ~~_
t i m e - v  b rooni m, tim air blas t  (nonheated) . In  the even t  O t  5 C V e ’i’ c’ i r e , t i m e’> ’ j u st
‘‘ p low ov em - and u \ e ’i ~ t a k i n m z  o f f  -~1/2’’ at a t i u t i e . ’’

ih e - keep isopr op> - l ,el coho l and U x - C O  cmi hand bu t  e 1 \  Se’I derri  tir ;e-
he’~~~ c he m i c a l s  - ‘ It  is e i t l m e r  t oo  co l d  or too wiu iel v ’ ’ fo m - the- i m  ~ - i m e - r a  1 m i s c

at NbA. lche’n t i m e -v  u se  c i memimica l  s , the  p rocedure  is  is lo  1 l o W s : ~,1) app l y
- i cohmol ; (2) app l y - u re a ;  (3) p low amid b i -ush .  (h-it i s  p i - oh i b  i t e - d  by A i i  P r i c e ’
r e’g mL l i t  i ens a m i d  i s  u m e - v e r  used -

h o  de te  m m m c  wi -m e - m m s u f f i c  iem’m t t r a c t  ion Ii , is  be-en c’: al ’ i i  shed - t l i e - V
m is c  a t I:IIe-s Brake Pe’celerometcr w h i c h  is . i t t a c l m e u  to  t ime - l’e-d of  mi p i c k m z p
t ruck - l ime - d e v i c e  d i sp l ay - s  a nm ete r  re- m i d i  r i g ,  RCR ( m - u z m wa y ecui eh i t i o n  i- cad in ~~) 

-

on a ~~~
- .i Ic  01 0 tm ’ 2o _ ‘‘A mm RCR of 12 ‘F bet tet -  imp l i e s  ~0e md b r a k in ~ cor d  i —

t i e m -is . ‘‘ I I t h e  RCR is  < 12 , they r e m I t  inue 
~ 

I e m w i i m m Z  Wiel l’m - iish i az opem-at 1 ellir ’ -
I t ’ t im o  1 m R  i s  10 and 11 , t h e -v  f ee l  i t  is ‘‘ e~ lose  cu mo u ~ h Sh e1 t h e y  r ~z iim ct do -~ a

b et  tc ’i -

LA 
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APPI )N D T X  C

B i — V a i - ia t e  D i s t r i b u t  ions of P re ci p i t a t  ion Type

\e -i - sus  Tempera tu re  fo r Adak , Armc h orage ,
B r u n s w i c k , I u m d i a n ap o l i s  and K e f l u i v i k

Th ese c l i ma tolog ies were p i-epared from ti -me hourl y obse m -vat i on series
I 

- s u p p l i e d  by the  N a t i o n a l  C l i m a t i c  Center  at A s h e v i l l e  on u t i agn e t i c  tape in a
fo rmat ca l led  Fape Da t a  F a m i l v - 14 .  The b i - v a r i a t e  d i s t r i bu t i ons were prepared
f or  t h e  t e mp e r a t u r e  c a t e g o r i e s  37 ° F , 36 ° -35 ° , 3 40 _ 3 3

0
, 32 0 _ 3 1 0

, 30°—1 8°, and
- 18 ° F ar md fo r the  pr eci p i t a t i o n ca tegories  of miom ie , ra in , ra in  squ a l l , snow ,
snow sh owers f r eez i n g rai n , f r e e z i n g  dr i z z l e , and sleet. The table entries
I r e ’ in  hou rs of a w i u m t e r  season , w i t i m  2904 t o t a l  hours in a season . [ (- )  i r m d i —

r a t e s  less  than  one hour  per  seasom-m .
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Brunswick

W i n t e r  Seas on Hours  of -2b~ e r v a t i o n  Pe r  Ca t egory

- .  Temp ( ° F) Ca tegor ies  > 3 7  36-35 3 4 - 3 3  3 2 - 3 1  30 - 18  iS

Preci p itation Categories

N one  456 149 138 160 879 607

Rain  84 23 17 5 1 0

Rain Sc~u a1l  20 9 7 2 - (1

Snow 1 7 23 28 1-14 56 I 
-

(
I 

Snow Show ers 1 2 2 3 13 -1
F r e e z i n g  Rain - — 1 4 1 -

F r e e z i n g  D r i z z l e  0 0 — 2 9 1

Slee t ~~~~~~~ - - 1 1 3 -

Ind i a rma p o l  is

~ 

‘

~ I W i n t e r  Season Hours  of Obs~~r’ a t i r i i  7 cr  Cat e~ o m’v

Te~~ ( ° F) Ca tegor i e s  ~37 36- 53 34-33  32 - 5 1 39- 18 15

-~~~~~ P r e c i p i t a t ion C a t e g o r ie s

None 785 160 187 176 724 292

Rain 168 26 22 3 - 0
Rain Squal l  44 12 14 4 - 0
Snow 1 3 t~’ 25 97 22
Snow Showers  1 2 7 8 58 20
F r e e z i n g  Rain 0 I.) - 6 9 -

F r e e z i n g  D r i z z l e  o o - 4 6 0
Sleet -

- - 1 - 1 -
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K e f l a v i k

Winter Season Hours of Observat i on P e r  C x t e g o rv - .

Temp ( ° F) Categories — 37 36-35 34-33 3 -31 30-IS — 18

P r e c i p i t a t t o n _ Ca!~~ ories  
— -

None  ~ 3t) 254 232 203 804 ‘.
R aim m 

- 
27o 57 12 

- 1) - -  
-

Rai n S j u a l l  7 1 6 3 1 - (I

Snow 1 7 27 33 68 2 - ‘

Snems Showers 2 10 21 28 66 -~

F r e e z i n g  Ra In  0 — - - — 0
F r ee : tng  Dr i : : le  (1 0 — — — 0

Sleet  — 1 — — 3
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