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FOREWORD 

1. A t  i t s  Four th  Meeting,  he ld  i n  Montrea l  i n  October-November 1960, t h e  
A i rwor th ines s  Committee s t u d i e d ,  among o t h e r  s u b j e c t s ,  t h e  e f f e c t  on ae rop lane  per formance  
of c h a r a c t e r i s t i c s  of t h e  runway s u r f a c e .  It r ecogn ized  t h a t  t h e  problem posed by t h e  
p re sence  of s l u s h  o r  w a t e r  on runways was a n  impor tant  one. The in fo rma t ion  a v a i l a b l e  
on t h i s  s u b j e c t  was n o t  t hen  cons ide red  t o  be  s u f f i c i e n t  t o  e s t a b l i s h  new s p e c i f i c a t i o n s  
f o r  i n c l u s i o n  i n  t h e  PAMC on Aeroplane Performance ( C i r c u l a r  58 -~N/53) ;  however, i t  was 
cons ide red  t h a t  such  in fo rma t ion  would be ve ry  u s e f u l  t o  a i r w o r t h i n e s s  and o p e r a t i o n s  
a u t h o r i t i e s ,  o p e r a t o r s  and p i l o t s ,  f o r  guidance.  To t h i s  end t h e  Committee developed 
a n  a p p r o p r i a t e  t e x t  which t h e  A i r  Naviga t ion  Commission, a t  t h e  Twenty-ninth Meeting of 
i t s  T h i r t y - f i f t h  S e s s i o n ,  on 15  December 1960, a u t h o r i z e d  f o r  i s suance  a s  a n  ICAO C i r c u l a r .  
I n  due cou r se  C i r c u l a r  60-AN155 - Opera t iona l  Measures f o r  Deal ing  w i t h  t h e  Problem of 
Taking o f f  from Slush  - o r  Water-covered Runways - was i s s u e d .  

2. A t  i t s  F i f t h  Meeting,  he ld  i n  Montrea l  i n  May-June 1962, t h e  A i r w o r t h i n e s s  
Committee b r i e f l y  examined, i n  t h e  l i g h t  of new in fo rma t ion  made a v a i l a b l e ,  t h e  s u b j e c t  of 
d r a g  due t o  s l u s h  on runways, and acco rd ing ly  developed a n  Addendum No. 1 t o  C i r c u l a r  60- 
~ ~ 1 5 5 .  The A i r  Naviga t ion  Commission, a t  t h e  Second Meeting of i t s  F o r t y - f i r s t  S e s s i o n  on 
23 October 1962, approved t h e  i s suance  of Addendum No. 1 t o  C i r c u l a r  60-AN/55. 

3. The s u b j e c t  was f u r t h e r  s t u d i e d  a t  t h e  i n fo rma l  meeting of t h e  Members of 
t h e  A i rwor th ines s  Committee, h e l d  i n  London i n  September 1966, and a t  t h e  Committee's 
Seventh Meeting,  h e l d  i n  Montrea l  i n  November-December 1966, because  i t  was e v i d e n t  t h a t  
t h e  guidance m a t e r i a l  c u r r e n t l y  con ta ined  i n  C i r c u l a r  60-AN155 and Addendum No. 1 had been 
ou tda t ed  by subsequent  knowledge and r e s e a r c h .  A t  t h e  Seventh Meeting,  a n  ad hoc Working 
Group was formed t o  s t u d y  and examine f u l l y  t h e  performance a s p e c t s  of t h e  s u b j e c t .  

4 .  An i n t e r i m  r e p o r t  of t h i s  ad hoc Working Group, i n c l u d i n g  a  f i r s t  d r a f t  of 
a  r e v i s e d  C i r c u l a r ,  was submi t t ed  t o  t h e  F i f t h  A i r  Naviga t ion  Conference,  h e l d  i n  Montrea l  
i n  November-December 1967,  and was t h e  s u b j e c t  of Recommendation 5 /33  of t h a t  Conference.  
Th i s  recommended t h a t  t h e  t e x t  be f u r t h e r  developed and t h a t  c o n s i d e r a t i o n  be g iven  t o  
i nc lud ing  o p e r a t i o n a l  measures f o r  d e a l i n g  w i t h  t h e  problem of l and ing  on s l u s h -  o r  water -  
covered runways. 

5. At t h e  Eighth  Meeting of t h e  A i rwor th ines s  Committee, h e l d  i n  Amsterdam i n  
April-May 1968, a  d r a f t  r e v i s i o n  of t h e  C i r c u l a r  60-AN/55, p repa red  by t h e  ad hoc  Working 
Group, was examined and a  c o r r e c t e d  d r a f t  was ag reed .  A s  amended, t h e  Eighth  Meeting 
recommended t o  t h e  A i r  Naviga t ion  Commission t h e  i s suance  of t h i s  r e v i s e d  C i r c u l a r .  The 
A i r  Naviga t ion  Commission a u t h o r i z e d  i s s u e  of t h i s  r e v i s e d  e d i t i o n  of C i r c u l a r  60-AN155 
a t  t h e  E igh teen th  Meeting of its F i f t y - e i g h t h  Ses s ion  on 26 June 1968. I t  i s  t o  be  no ted  
t h a t ,  i n  s o  doing ,  t h e  A i r  Naviga t ion  Commission d id  not  p a s s  judgement on,  o r  endor se ,  
t h e  t e c h n i c a l  c o n t e n t s  recommended by t h e  A i rwor th ines s  Committee. 

6. I n  a d d i t i o n  t o  completing a c t i o n  on t h e  o p e r a t i o n a l  measures f o r  d e a l i n g  
wi th  t h e  problam of t a k i n g  o f f  from s lu sh -  o r  water-covered runways, t h e  Eighth  Meeting of 
t h e  A i rwor th ines s  Committee t ook  i n t o  account t he  views exp res sed  a t  t h e  F i f t h  A i r  Navi- 
g a t i o n  Conference and cons ide red  t h e  o p e r a t i o n a l  a s p e c t s  of t h e  e f f e c t  on l a n d i n g  perform- 
ance  of such contaminants  on runway s u r f a c e .  Here,  however, i t  was agreed  t h a t  i n fo rma t ion  
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on the  e f f e c t  of a v a i l a b l e  braking f r i c t i o n  should be included i n  t h e  Aeroplane F l i g h t  
Manual r a t h e r  than i n  the  revised Ci rcu la r  60-AN/55/2, although it was recognized t h a t  a t  
t h a t  time p r a c t i c a l  methods s u i t a b l e  f o r  i n t e r n a t i o n a l  s t andard iza t ion  were i n s u f f i c i e n t l y  
developed. 

7. S t a t e s  a r e  i n v i t e d  t o  use  t h e  s p e c i f i c a t i o n s  contained i n  Ci rcu la r  60- 
AN/55/2 and t o  n o t i f y  ICAO of the  ex ten t  t o  which they a r e  being appl ied.  Should any 
S t a t e  f i n d  i t  d e s i r a b l e  or  necessary t o  adopt any s i g n i f i c a n t  v a r i a t i o n s  from t h e  speci-  
f i c a t i o n s ,  t h a t  S t a t e  is i n v i t e d  t o  n o t i f y  t h e  Organization of these  d i f fe rences .  
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F R O V I S I O N A I  ACCEPTABLE MEAu'; OF COMPLIAXCE - 
I'PEbATIONAL MEASbItES FOR UFAL ::IG '.JIT!l THb ',I' 1.i:i 

3 F  TAKING OFF FROM SLLJSH- OR WATER-COVERED R1,NWAYS 

I n t r o d u c t ~ r y  - i l ' g t s .  - Proughout  t h i s  c l r - ~ l a r  the t e r r ~  ",;l~.sh" L,- :L;.ed t o  co'ler t he  whole -- 
range of p r e c i p i t a t i o n  d e n s i t i e s  from t h a t  of d r y  snow t o  t h a t  ~f free standizg 9at.r. 

1.- INTRODUCTION 

1.1 There a r e  a  number of problem a r e a s  i n  t h e  o p e r a t i o n  of c i v i l  t r a n s p o r t  
ae rop lanes  which, a l though they  e x i s t e d  f o r  p is ton-engined t y p e s ,  have become a c u t e  o n l y  
wi th  t h e  i n t r o d u c t i o n  of turb ine-engined ae rop lanes .  Not t h e  l e a s t  of t h e s e  i s  a s s o c i a t e d  
w i t h  o p e r a t i o n s  from slush-covered runways. 

1.2 There a r e  t h r e e  o p e r a t i o n a l  problems which a r i s e  when o p e r a t i n g  from s l u s h -  
covered runways; f i r s t ,  t h a t  r e l a t i n g  t o  take-off  where t h e  d i s t a n c e  r e q u i r e d  f o r  take-  
o f f  i s  inc reased  due t o  s l u s h  drag;  second,  t h a t  r e l a t i n g  c h i e f l y  t o  take-off  where s l u s h  
sp ray  thrown up by t h e  wheels e n t e r s  engine  i n t a k e s  caus ing s e r i o u s  l o s s  of t h r u s t  o r  
even complete s toppage of t h e  engine ,  w i t h  consequent l o s s  of performance; t h i r d ,  t h o s e  
r e l a t i n g  t o  both  take-off  and l and ing  where,due t o  reduced f r i c t i o n  between t ires and 
runway,there i s  reduced d i r e c t i o n a l  c o n t r o l  and a l s o  reduced b rak ing  f r i c t i o n  caus ing  
inc reased  d i s t a n c e s  r equ i r ed  f o r  l and ing  and f o r  abandoned take-off .  The purpose of t h i s  
c i r c u l a r  is c h i e f l y  t o  d e a l  w i t h  t h e  f i r s t  of t h e s e  problems a l though  some mention is  made 
of t h e  second. 

1 .3  I n  de t e rmin ing  t h e  e f f e c t s  of s l u s h  on an  ae rop lane  du r ing  t ake -o f f ,  t h e r e  
a r e  a  number of a s p e c t s  of t h e  problem t o  be  cons idered:  

( a )  The e f f e c t  on ae rop lane  performance due t o :  

( i )  r e t a r d a t i o n  e f f e c t s  on a e r o p l a c e  wheels running through 
t h e  s l u s h  l a y e r ,  and 

( i i )  d rag  due t o  impingement on t h e  ae rop lane  of sp ray  thrown 
up by t h e  wheels;  

( b )  The p o s s i b i l i t y  of s t r u c t u r a l  damage due t o  s p r a y  impingement; 

(c )  The p o s s i b i l i t y  of power l o s s  o r  system ma l func t ion  due t o  s p r a y  
i n g e s t i o n ;  

(d)  The p o s s i b i l i t y  of jammed l and ing  gea r  due t o  f i l l i n g  of wheel 
w e l l s  w i t h  s l u s h  followed by f r e e z i n g ;  

( e )  The p o s s i b i l i t y  of wing f l a p s  tecomirlq inope ra t  l v e  due t o  
accumulated s l u s h .  

1.4 The c h a r a c t e r i s t i c s  of turbine-enginpd aeroulanos  wh%cn tend t o  make t a e  
problem more a c u t e  than f o r  piston-engined a e r o p l m e s  a r e :  
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(a )  Higher take-off ground speeds mean t h a t  t h e  presence of s l u s h  
on t h e  runway i s  much more s i g n i f i c a n t  from drag  and damage 
cons ide ra t ions ;  

(b)  Increased s e n s i t i v i t y  of take-off performance t o  d rag  
i n c ~ e m e n t s  due to :  

( i )  t h e  g r e a t e r  p ropor t ion  of t h e  take-off d i s t a n c e  
being spen t  on t h e  ground, and 

( i i )  t h e  marked diminut ion i n  excess  t h r u s t  which r e s u l t s  
from any a t tempt  t o  l i f t  o f f  a t  speeds below t h e  
normal va lues ;  

(c)  Lower wing and engine  he igh t  i n  r e l a t i o n  t o  aeroplane l eng th  
i n c r e a s e  s u s c e p t i b i l i t y  t o  inges t ion  and impingement damage; 

(d) A tendency t o  o p e r a t e  from runways of c r i t i c a l  l eng th  on a 
h igher  percentage of occas ions .  

1.5 The need t o  minimize i n g e s t i o n  e f f e c t s  and impingement damage w i l l  tend t o  
impose upper l i m i t s  on s l u s h  depths ,  whereas cons ide ra t ions  of performance w i l l  tend t o  
permit  take-off i n  a range of s l u s h  cond i t ions  depending on take-off d i s t a n c e  a v a i l a b l e .  

1.6 It is t h e  purpose of t h i s  c i r c u l a r  t o  c o l l e c t  any c u r r e n t l y  a v a i l a b l e  d a t a  
which l e a d s  t o  a more complete understanding of t h e  problem,and t o  suggest  procedures i n  
both t h e  a i rwor th iness  and opera t ions  f i e l d s  which w i l l  l e a d  t o  e f f e c t i v e  c o n t r o l  of t h e  
r i s k  l e v e l  a s soc ia ted  wi th  take-off from precipi ta t ion-covered runways. 

2 . -  E N G I N E  I N G E S T I O N  PROBLEMS 

Considerable a t t e n t i o n  has  been paid t o  t h e  problem of inges t ion  of s lush  
dur ing take-off by manufacturers,  o p e r a t o r s  and a i rwor th iness  a u t h o r i t i e s .  

The consequence of t h i s  a c t i v i t y  has  been t h a t  most r ecen t  t r a n s p o r t  
aeroplanes  have e i t h e r  been demonstrated t o  b e  f r e e  of i n g e s t i o n  t r o u b l e s  o r  opera t ing  
techniques developed which avoid any s e r i o u s  d i f f i c u l t y .  

Note. - - See Appendix 111 for extracts from U.S. and U.K. dirworthiness Requirements. 

3 . -  THE E F F E C T  OF S L U S H  ON TAKE-OFF PERFORMANCE 

3.1  Typical  increments t o  t h e  take-off ground r o l l  of a j e t  t r a n s p o r t  aeroplane 
a r e  g iven i n  Table 1. 
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TABLE 1 -- 

The assumptions made i n  t h e  es t imat ion  of these  increments a r e  d i scussed  i n  
Appendix I which i n d i c a t e s  a method f o r  e s t imat ing  e f f e c t  of s l u s h  on take-off performance, 

Note.- While the method of Appendix I alZows the estimation of these e f f e c t s  a t  any slush 
depth or density, some operators may prefer i n  view of the d i f f i c u l t i e s  of assessing the 
values of the depth or density acmate ly , to  calculate the e f f ec t s  for only one or tLIo 
cr i t i ca l  values, for example: 

Depth: For the limiting depth of slush or water for the aeroplane under 
consideration; t h i s  e f f ec t  might then be used for a22 lesser depths. 

Density: For one density i n  the dry s n m  range of possible densit ies,  and 
one density i n  the sZush/water range of possible densit ies.  I n  each 
case,the worst density i n  the particular density range would have t o  
be determined and used. Owing t o  the e f f ec t s  of aquaplaning, t h i s  
might not be the highest density i n  the range of possible densit ies.  

3 . 2  The d i scuss ion  i n  Appendix I w i l l  i l l u s t r a t e  t h e  marked e f f e c t  t h a t  a number 
of parameters can have on t h e  performance e f f e c t s  of s l u s h .  Thus the  f i g u r e s  quoted i n  
Table 1 should be t r e a t e d  as a rough guide only.  

3 . 3  Although Appendix I g i v e s  a n  o u t l i n e  of methods which can be  used f o r  e s t i -  
mating t h e  e f f e c t  of s l u s h  on take-off performance, opera to r s  may have d i f f i c u l t y  i n  
ob ta in ing  t h e  b a s i c  aerodynamic d a t a  of t h e i r  aeroplanes  i n  s u f f i c i e n t  d e t a i l  of enab le  
them t o  make perfcrmance es t imates .  

I n  t h e  United S t a t e s  a Federal  Aviat ion Agency Advisory Circular* states 
t h a t :  " the  opera t ions  manual should inc lude  s p e c i f i c  i n s t r u c t i o n s  showing t h e  g r o s s  
weight reduct ion and/or a d d i t i o n a l  runway leng th  requ i red  f o r  t h e  cond i t ions  described." 
The United Kingdom B r i t i s h  C i v i l  Airworthiness Requirements* s p e c i f y  requirements f o r  t h e  
determinat ion and scheduling i n  t h e  F l i g h t  Manual of t h e  e f f e c t  of p r e c i p i t a t i o n  on take- 
off performance. 

Thus, in cases  where an aeroplane i s  manufactured o r  operated i n  e i t h e r  t h e  
United S t a t e s  o r  t h e  United Kingdom, i t  may be p o s s i b l e  t o  o b t a i n  s u i t a b l e  informat ion on 
s l u s h  performance e f f e c t s  from t h e  opera to r s  o r  manufacturers i n  those  coun t r i es .  

* See Appendix 111 f o r  e x t r a c t s  from U.S. and U.K. Airworthiness Requirements. 
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