
C I R C U L A R  I 

OPERATIONAL MEASURES 
FOR DEALING WITH THE PROBLEM 

OF TAKING OFF FROM 
SLUSH- OR WATER-COVERED RUNWAYS 

Prepared by t h e  Airworthiness  Committee and 
publ ished by a u t h o r i t y  of t h e  S e c r e t a r y  General 

Second E d i t i o n  - 1968 
Supersedes C i r c u l a r  60-AN/55 

I I 

I N T E R N A T I O N A L  
C I V I L  A V t A T l O N  
O R G A N I Z A T I O N  
MONTREAL CANADA 



Published in separate English, French and Spanish editions by the International 
Civil Aviation Organization. All correspondence, except orders and subscriptions, 
should be addressed to the Secretary General of I C A O ,  International Aviation 
Building, 1080 University Street, Montreal 3 (Quebec), Canada. 

Orders for this publication should be :;ent to one of the following addresses, together with 
the appropriate remittance (by bank draft or post office money order) in U.S. dollars or 
the currency of the cauntry in which the order is placed or in a freely convcrtihle cllrrency: 

Australia: Robertson and Muliens, 107 Peru: Representante de la OACI, Oficina 
Elizabeth Street, Melbourne, C. 1. Sudamkrica, Apartado 4127, Lima. 

Canada: Department of public Printing Senegal : Reprbsentant de I'OACI, Bureau and Stationery, Ottawa (Ontario). Afrique, Boite postale 2356, Dakar. 
France: Reprksentant de YOACI, Bureau 
Europe, 3bis, villa gmile-Bergerat, Neuilly- Sweden: C. E. Fritzes KungI. Wovbokhan- 
sur-Seine ( Seine). del, Fredsgatan 2, Box 16356, Stockhohn 16. 

India: Oxford Book and Stationery Co., Thailand: ICAO Representative, Far East 
Scindia House, New Delhi or 17 Park Street, and Pacific Office, P.O. Box 614, Bangkok. 
Calcutta. 
J ~ ~ ~ ~ :  J~~~~ civil *viation promotion United Arab Republic: ICAO Represen- 
~ ~ ~ ~ d ~ ~ i ~ ~ ,  N ~ .  38 shiba ~ ~ ~ ~ h i ~ ~ - ~ h ~ ,  tative, Middle East and Eastern African 
Minato-Ku, Tokyo. Office, 16 Rassan Sabri, Zarnalek, Cairo. 

Mexico: Editorial Hermes S.A., Ignacio United Kingdom: Her Majesty's Stationery 
Mariscal 41, MCxico 4,  D.F. Office, P.O. Box 569, London, S.E. 1. 

International Civil Aviation Organization (Attention: Distribution Officer), International 
Aviation Building, 1080 University Street, Montreal 3 (Quebec), Canada. 

Do you receive 

the lCAO BULLETIN? 

The ICAO Bulletin contains a concise account of the activities 
of the Organization as well as articles of interest to the aero- 
nautical world. 

The Bulletin will also keep you up to date on the latest ICAO 
publications, their contents, amendments, supplements, corri- 
genda, and prices. 

Available in three separate editions: English, French and Spanish. 
Annual subscription: U.S. $2.00. 



TABLE OF CONTENTS 

Page 

FOREWORD. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 

1 . I n t r o d u c t i o n . .  . . . . . . . . . . . . . . . . . . . . . . . . .  5 

2 . Engine Inges t ion  Problems . . . . . . . . . . . . . . . . . . . .  6 

3 . The E f f e c t  of Slush on Take-off Performance . . . . . . . . . . .  6 

4 . Clearance and Prevent ion of Build-up . . . . . . . . . . . . . . .  8 

5 . Measurement . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 

6 . Reporting and N o t i f i c a t i o n  . . . . . . . . . . . . . . . . . . . .  9 

APPENDIX I.- Est imat ion of Performance E f f e c t s  and In f luence  . . . . . . . . . . . . . . . . . . . . .  o f p a r a m e t e r s  10 

APPENDIX 11.- Methods f o r  Measuring Aeroplane Behaviour i n  Slush . . 20 

APPENDIX 111.- Airworthiness  Requirements 'Rela t ing t o  Operations 
in Slush.  publ ished i n  t h e  United S t a t e s  and t h e  
United Kingdom . . . . . . . . . . . . . . . . . . . .  23 



THIS PAGE INTENTIONALLY LEFT BLANK 



ICAO C i r c u l a r  60-AN/55/2 3 

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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3.4 Clea r ly  t h e  most a c c u r a t e  informat ion which can be given f o r  t h e  performance 
e f f e c t  of s l u s h  is t h a t  which h a s  been a c c u r a t e l y  measured on t h e  p a r t i c u l a r  aeroplane.  
Appendix I1 g ives  an  o u t l i n e  of t e s t  methods which have been used f o r  t h i s  purpose. 

4.- CLEARANCE AND PREVENTION OF BUILD-UP* 

4.1 The goa l  of aerodrome a u t h o r i t i e s  should be  t h e  complete removal of precip- 
i t a t i o n  from runways. To some e x t e n t  a build-up of p r e c i p i t a t i o n  can be "designed out" by 
adopt ing appropr ia t e  runway cons t ruc t ion  techniques  such a s  grooving, porous top s u r f a c e ,  
adequate c r o s s f a l l ,  good d ra inage ,  e t c .  Where t h i s  has  no t  been done o r  where t h e  r a t e  of 
p r e c i p i t a t i o n  is  s o  high t h a t  some accumulation s t i l l  occurs ,  r a p i d  c l ea rance  a c t i o n  should 
be t aken ,pa r t i cu la r ly  i n  t h e  c a s e  of snow o r  s lush .  Since  i t  i s  now thought t h a t  aquaplaning 
and hence braking and c o n t r o l  problems can occur i n  s l u s h  o r  water  dep ths  a s  low a s  1 mm 
(0.04 i n ) , i t  i s  d e s i r a b l e  t h a t  aerodrome equipment should be capable  of c l e a r i n g  t h e  runway 
down t o  b lack  top. To achieve t h i s ,  speed i s  e s s e n t i a l  s i n c e  i t  is  p a r t i c u l a r l y  important 
t o  prevent snow becoming impacted by t r a f f i c .  Consequently, t h e r e  appears  t o  be  a need f o r  
equipment t h a t  can move r a p i d l y  i n  s u f f i c i e n t  numbers t o  c l e a r  a n  adequate width of runway 
i n  one operat ion.  The equipment should be i n  a c t i o n  dur ing t h e  snowfal l  a s  f r equen t ly  a s  
t r a f f i c  permits.  

4.2 Clearance should be  c a r r i e d  gut  over t h e  complete l e n g t h  of t h e  runway t o  a 
width  of ar; l e a s t  30 m (100 f e e t )  f o r  runways up t o  2 100 m (7  000 f e e t )  long i n  cond i t ions  
of favourable  winds and v i s i b i l i t i e s .  For longer  runways and l e s s  favourable  cond i t ions  
t h e  c l ea rance  width should be  a t  l e a s t  36 m (120 f e e t ) .  I n  bo th  cases ,  t h e  a r e a  of c l e a r -  
ance  should b e  inc reased  t o  45 n, (150 f e e t )  a s  soon a s  p o s s i b l e  a f t e r  i n i t i a l  c learance.  

4.3 Experience has  shown t h a t  t h e  most e f f e c t i v e  equipment f o r  c l e a r i n g  down t o  
t h e  runway s u r f a c e  i s  t h a t  having a brush i n  combination wi th  a blower. Some resea rch  
i n t o  t h e  use  of a mechanical squeegee is  being undertaken and t h i s  could  prove u s e f u l  f o r  
c l e a r i n g  small dep ths  of water o r  wet s lush .  

4.4 The c lea rance  procedure must no t  r e s u l t  i n  any s i g n i f i c a n t  w a l l s  a t  t h e  s i d e  
of the  swept a r e a  i n  view of t h e  hazard t o  aeroplanes  which t h i s  w i l l  c r e a t e  i f  the  s u r f a c e  
i s  s l i p p e r y ,  and p a r t i c u l a r l y  when crosswinds e x i s t .  Aerodrome a u t h o r i t i e s  should be  
provided wi th  adv ice  on the  maximum accep tab le  h e i g h t s  of snow banks which may be  permit ted  
f o r  t h e  most l i m i t i n g  type us ing t h e  a i r f i e l d .  

5 . -  MEASUREMENT* 

5.1 It  may be many y e a r s  be fo re  t h e  i d e a l  of completely c l ea red  runways i s  achieved 
i n  a l l  S t a t e s .  Those S t a t e s  who have not t h e  f a c i l i t i e s  t o  achieve c lea red  runways w i l l  
need t o  provide  a measuring and r e p o r t i n g  s e r v i c e  t o  enable  compliance wi th  Chapter 5 of 
Annex 6. This  c a l l s  f o r  account  t o  be taken of t h e  e f f e c t s  of snow, s l u s h ,  i c e  and water 
on aeroplane performance. 

* It should be noted i n  r e s p e c t  of both paragraphs 4 and 5 t h a t ,  a t  t h e  time of developing 
t h i s  t e x t  (1968), a n  ICAO Study Group on Snow, Slush,  I c e  and Water on Aerodrones was i n  
process  of developing d e t a i l e d  adv ice  on measurement and r e p o r t i n g  p r e c i p i t a t i o n  on 
runways. Th i s  work included d e s c r i p t i o n s  of t h e  va r ious  measuring dev ices  a v a i l a b l e  
and recommended repor t ing  procedures.  
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5.2 I n  t h e  case  of snow and s l u s h ,  o p e r a t o r s  w i l l  r e q u i r e  informat ion on dep th  
and dens i ty  of t h e  p r e c i p i t a t i o n .  A t  present,measurement of snow and s l u s h  depth  i s  
l a r g e l y  made by us ing a c a l i b r a t e d  d i p  s t i c k  and a  s u b j e c t i v e  assessment of d e n s i t y  is 
a l s o  given. Because of v a r i a t i o n  i n  depth along runways, i t  i s  u s u a l  t o  t a k e  measurements 
a t  about 300 m ( 1  000 f e e t )  i n t e r v a l s  a long the  runway on e i t h e r  s i d e  of t h e  c e n t r e  l i n e .  
A more s o p h i s t i c a t e d  equipment, which has  been undergoing o p e r a t i o n a l  trials, p rov ides  a  
mean drag f i g u r e  f o r  t h e  usab le  l eng th  of runway. To overcome v a r i a t i o n s  due t o  depth ,  
d e n s i t y  and p r o p e r t i e s  of t h e  p r e c i p i t a t i o n ,  t h e  equipment has  been c a l i b r a t e d  t o  i n d i c a t e  
t h e  equ iva len t  depth  of water so a s  t o  provide measurements i n  terms of a  medium of known 
d e n s i t y  and phys ica l  p r o p e r t i e s .  It i s  hoped t o  develop a  f u r t h e r  refinement which w i l l  
provide  t h e  a c t u a l  depth of t h e  depos i t  and so  enable  a  r e a l i s t i c  d e n s i t y  t o  be determined 
A t  p resen t  t h i s  informat ion is on ly  a v a i l a b l e  by s u b j e c t i v e  assessment.  

5 . 3  I n  t h e  case  of water ,  some e s t i m a t e  of depth w i l l  be  r equ i red  by o p e r a t o r s .  
This  informat ion should a l s o  t ake  account of s i g n i f i c a n t  ponding on o the rwise  d r y  runways. 

5.4 For water depth  measurement, t r i a l s  a r e  being conducted i n  one s t a t e  wi th  
p r e c i s e  depth gauges l e t  i n t o  t h e  runway su r face .  Deptha a s  low ad 1 nun (0.04 i n )  can be 
recorded wi th  t h i s  dev ice  which au tomat ica l ly  r e p o r t s  and records  i n  t h e  c o n t r o l  tower. 
Where p r e c i s e  methods of water depth  measurement a r e  no t  used,  a  s u b j e c t i v e  assessment 
of t h e  degree of wetness on t h e  runway should be provided, toge the r  wi th  genera l  adv ice  
on p r e c i p i t a t i o n  r a t e s ,  i.e., heavy r a i n ,  d r i z z l e ,  e t c .  

5.5 I c e  depth  is  not  measured s i n c e  t h e  e f f e c t s  on performance of such contami- 
na t ion  does no t  vary  wi th  depth.  

6.- REPORTING AND NOTIFICATION 

6.1 I n  t h e  EUM Region of ICAO, a  procedure* has  been developed and accepted by 
t h e  S t a t e s  concerned f o r  t h e  r e p o r t i n g  of runway s t a t e  and s i g n i f i c a n t  changes t h e r e t o .  
N o t i f i c a t i o n  i s  made by SNOWTAM and t h e  a c t i o n  requ i red  is  desc r ibed  i n  Annex 15. It is 
not  normal f o r  r a i n f a l l ,  i .e . ,water  depth  informat ion,  t o  be included i n  such r e p o r t .  

6.2 It i s  d e s i r a b l e  t h a t  the  depth  of snow o r  s l u s h  should be repor ted .  The 
r e p o r t  should be i n d i c a t i v e  of t h e  s i t u a t i o n  on t h e  runway a s  a whole. 

Note.- When the influence of density on take-off performance is k n m  (see Appendix I ,  
Figure 5A), aerodrome authorities are encouraged t o  report density, even if only i n  
subjective terms. 

6.3 The presence of i c e  o r  i c e  patches  should be  repor ted .  

6.4 Informat ion on water depth should be  given i n  s u b j e c t i v e  terms i f  a c t u a l  
depth measurement is not  a v a i l a b l e ,  i.e.,damp, very  wet, e t c .  Ponding where p r e s e n t  
should a l s o  be  n o t i f i e d .  I n  o rde r  t o  g ive  p i l o t s  some i n d i c a t i o n  of t h e  l i k e l y  change 
of runway s t a t e , b r o a d  informat ion on r a i n f a l l  r a t e  o r  expected r a t e  should be provided. 

* This procedure has  now been incorporated i n  Annex 15 and a s  such a p p l i e s  on a  world- 
wide bas i s .  
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APPENDIX I 

ESTIMATION OF PERFORMANCE EFFECTS AND INFLUENCE OF PARAMETERS 

ft is now well established that the drag due to slush may be expressed by the 
relationshid : 

where DS = total aeroplane retardation force due 
to slush 

Pw = density of water 

as - relative density of slush 

Vg = aeroplane ground speed 

ds = slush depth 

b = chord length of tire cross-section 
at slush surface 

'DS 
= slush drag coefficient. 

The product ds as is frequantly termed the "water equivalent depth" (W.E.D.) of slush. 

a chord length of tire cross-section at the slush surface may be expressed 
approrimatelyB as: 

b = 2w 

where w = maximum tire width 

6 = vertical tire deflection. 

The slush dra coefficient of an isolated single aeroplane wheel has been 
established by experinen$ in both slush and water as close to 0.75. There is sore 
evidence that in dry snow there is a significant reduction in drag coefficient due to the 
fact that the wheel does not remove all the snow from its path,as is the case for slush 
and water. 

The presence of an undercarriage leg or additional wheels considerably 
modif irs the isolated single wheel drag coef f icien&. For example, a dual-tanaem (four- 
wheel-bogie) wheel arrangement enjoys reductions in drag from the favourable interference 
effect of side-by-side wheels and from the slush clearing effect of the leading wheels but 
suffers considerable losses due to spray impingement drag on the undercarriage leg. 

Drag is generated by spray impingement on areas other than the undercarriage 
leg. Full scale tests have show that the spray from nose wheels impinging on the airframe, 
notably the flaps, can contribute a significant part of the total retarding force on the 
aeroplan&/. Where aeroplane geometry poses a spray impingement problem, some relief may 
be obtained by spray deflection using "chined" tires or spray drag alleviator&/. 
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The assumption that slush drag is proportional to (ground speed)* is valid 
until the aquaplaning speed is approached when the wheels begin to rise to near the top of 
the slush layer, supported by hydrodynamic force&/. The aquaplaning speed is a function 
of a number of slush, tire and runway surface parameters but to a first approximation may 
be expressed, for water,/ by: 

where V is aquaplaning speed in kt; 
P 

p is tire inflation pressure in kgcrn-2; 

or: v = 9v 
P 

where p is tire inflation pressure in psi. 

If slush may be treated as an incompressible fluid, it is reasonable to 
assume that the aquaplaning speed in slush is given by: 

where V is aquaplaning speed in kt; 
P 

p is tire inflation pressure in kgcm-2; 

as is relative density of slush; 

or: V = 
P 

where p is tire inflation pressure in psi, 

but test confirmation of this relationship is incomplete. 

The onset of aquaplaning of main or nose wheels is accompanied by the start of 
a progressive reduction in the associated slush drag/ I / .  This reduction is approximately 
proportional to (ground ~peed)~. The small amount of full-scale testing at speeds well 
above the aquaplaning speed suggests that the slush drag coefficient reduces to zero at 
about 160% to 180% of the aquaplaning speed/ 61 although the controlling parameters are 
not well understood. 
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A somewhat ideal ized representatio&1 of the slush drag or speed relationship 
for a typical large jet transport aeroplane is shown i n  Figs. 1A and 1B. 

FIGURE 1A 
I I 

SLUSH DEPTH X RELATIVE OEHSlTV 

FIGURE 18 
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In  order t o  i l l u s t r a t e  t he  e f f e c t s  on take-off performance of a number of 
aeroplane and s lush parameters, es t imates  of take-off ground r o l l  f o r  t he  t yp i ca l  j e t  
transport aeroplane of Figs 1 A  and 1 B  have been made f o r  I S A ,  sea-level,  zero wind 
nr.' l eve l  runway conditions. Other assumptions a r e  a s  follows: 

1) Net acce le ra t ing  force  i n  the  absence of s lush  approximated by: 

T-D = 27 200 - 0.388 vg2 

where T and D a r e  t h r u s t  and drag, respect ively,  i n  kg; 

V i s  aeroplane ground speed i n  k t ;  
8 

or :  T-D = 60 000 - 0.854 vg2 

where T and D a r e  t h ru s t  and drag, respec t ive ly ,  i n  lb.  

2) Lift-off speed: 

where V is l i f t - o f f  speed i n  k t ;  LO F 

W is aeroplane all-up weight i n  kg; 

where W is aeroplane all-up weight i n  lb. 

3) Aquaplaning speed: 

where V i s  aquaplaning speed i n  k t ;  
P 

us i s  r e l a t i v e  densi ty  of slush. 

4 )  Haximum aeroplane all-up weight: 

Wmax = 136 000 kg 

or: WDax 
= 300 000 lb .  

Ground r o l l  d i s tances  t o  l i f t - o f f  have been estimated by step-by-step 
in tegra t ion  of : 

'LOF n 
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The e x t e n t  t o  which ae rop lane  take-off performance i s  modified by t h e  presence 
of s l u s h  is  a func t ion  of f o u r  major parameters:  

1 )  The th rus t lwe igh t  r a t i o  of t h e  aeroplane.  

2) The aquaplaning speed of t h e  t i r e s  i n  r e l a t i o n  
t o  t h e  l i f t - o f f  speed. 

3) Slush depth.  

4) Slush dens i ty .  

Thrust  /Weight R a t i o  

Figure  2 i l l u s t r a t e s  t h a t  an inc reas ing  th rus t lwe igh t  r a t i o ,  achieved i n  t h i s  
example by reducing t h e  aeroplane a l l -up weight ,  l eads  t o  a r educ t ion  i n  ground r o l l  
increment a s s o c i a t e d  wi th  given s l u s h  cond i t ion .  This  e f f e c t  is p a r t i c u l a r l y  marked a t  
the  g r e a t e r  s l u s h  depths  where take-off performance is becoming marginal.  

(unooo) 
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Aquaplaning Speed 

Peak s l u s h  drag occurs  a t  o r  near  aquaplaning speed and any displacement of 
t h i s  peak towards higher  speeds and hence t o  a r e a s  of lower excess  t h r u s t  has  an  adverse  
e f f e c t  on t h e  performance pena l ty  a s s o c i a t e d  wi th  a given s l u s h  cond i t ion .  Figure  3 
i l l u s t r a t e s  t h e  marked r i s e  i n  ground r o l l  increment r e s u l t i n g  from a displacement of 
aquaplaning speed towards l i f t - o f f  speed. It is  ev iden t  t h a t  r e l a t i v e l y  high t i r e  p r e s s u r e s  
and hence aquaplaning speeds severe ly  c u r t a i l  an ae rop lane ' s  a b i l i t y  t o  opera te  s a t i s f a c t o -  
r i l y  i n  s i g n i f i c a n t  q u a n t i t i e s  of s l u s h .  

I FIGURE 3 
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Slush Depth 

Figure 4 i l l u s t r a t e s  the high s e n s i t i v i t y  of ground t o l l  performance t o  s lush 
depth which occurs a t  s i g n i f i c a n t  s lush depths. Even i f  s u f f i c i e n t  runway is avai lable  
to  permit a  part icular operation with a 60% ground r o l l  increment, a s e n s i t i v i t y  of 5% 
distance per 1  mm (0.04 in)  depth poses severe measurement problems. 

FIGURE I 

SLUSH DEPTH - ds 
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Slush Dsnsi ty  

Figure  5A shows t h a t  t h e  ground r o l l  increment assoc ia ted  with  a p a r t i c u l a r  
s l u s h  depth is r e l a t i v e l y  i n s e n s i t i v e  t o  s l u s h  dens i ty  over the  usua l  range ellcountered i n  
operation. It is important t o  note  t h a t  t h e  g r e a t e s t  performance pena l ty  is no t  i n  f a c t  
a s soc ia ted  with the  h ighes t  va lue  of s l u s h  dens i ty ,  

I f  the  measure of s l u s h  depth is  "water equivalent  depth" any reduc t ion  i n  
s lush  dens i ty  is accompanied by an inc rease  i n  a c t u a l  depth. The sharp  r i s e  i n  performance 
penal ty  a s  s l u s h  d e n s i t y  reduces from 1.0 t o  0.6 is due t o  a p rogress ive  delay i n  t h e  onse t  
of aquaplaning and t h e  achievement of h igher  rmd higher peak drags.  (See Fig.  1A). No 
f u r t h e r  pena l ty  occurs a t  s l u s h  d e n s i t i e s  below those f o r  which Vp = VwF (as = 0.54 i n  
t h i s  example). 
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FIGURE 50 

The examples of t h e  v a r i a t i o n  of performance penal ty  with th rus t /we igh t  r a t i o ,  
aquaplaning speed, s l u s h  depth and dens i ty  given i n  Figs  1 t o  5 i n c l u s i v e  a r e  f e l t  t o  be 
not  un typ ica l  of modern jet t r a n s p o r t  aeroplanes  but  i t  is not intended t h a t  t h e  numerical 
r e s u l t s  should be app l icab le  t o  any p a r t i c u l a r  aeroplane nor should i t  be assumed t h a t  
some o t h e r  parameter may not  be s i g n i f i c a n t  i n  p a r t i c u l a r  cases ,  
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APPENDIX I 1  

METHODS FOR MEASURING AEROPLANE BEHAVIOUR I N  SLUSH 

The primary func t ion  of s lush  t e s t i n g  i s  t o  a s s e s s  s lush  drag,  impingement 
damage and powerplant i n g e s t i o n  c h a r a c t e r i s t i c s  of aeroplanes .  

The apparatus  and techniques  employed by R.A.E. i n  t h e i r  i n v e s t i g a t i o n s  on 
t h e  Ambassador and o the r  aeroplanes  a r e  w e l l  documented and some experience has  been 
gained by a number of manufacturers dur ing prototype t e s t i n g ,  covering both s l u s h  drag 
and inges t ion  problems. This experience has allowed a broad s p e c i f i c a t i o n  of d e s i r a b l e  
but no t  n e c e s s a r i l y  e s s e n t i a l  f a c i l i t i e s  and procedures t o  be drawn up a s  follows: 

(a) Test  F a c i l i t y  

Although s a t i s f a c t o r y  r e s u l t s  have been obtained using t roughs of only 45 m 
(150 f e e t )  l eng th ,  inc reas ing  aeroplane take-off speeds and t h e  need t o  ensure  a s t a b i l i s e d  
spray p a t t e r n  suggest t h a t  a minimum trough l eng th  of 90 m (300 f e e t )  should be provided. 

I n  order  t o  minimize t h e  e f f o r t  r equ i red  t o  conduct r o u t i n e  t r i a l s ,  t h e  i d e a l  
procedure is t o  set up a permanent f a c i l i t y  t o  accommodate cur ren t  aeroplane types  on a 
runway not l e s s  than 3 000 m (10 000 f e e t )  long with  t h e  s l u s h  ponds not nearer  than 
1 2 0 0  m ( 4  000 f e e t )  from e i t h e r  end. A runway width of 90 m (300 f e e t )  i s  d e s i r a b l e  
wi th  the  s lush  ponds pos i t ioned  t o  one s i d e  of t h e  runway t o  l eave  s u f f i c i e n t  unobstructed 
width f o r  normal f l y i n g  operat ions .  

It is, of course ,  necessary f o r  t h e  b a s i s  of t h e  troughs t o  be l e v e l  t o  a 
f a i r l y  high degree of accuracy; + 1.5 mm (f 1/16 i n )  has  been achieved using f i n e  g ra in  
cement. 

Ponds f o r  main and nose wheels a r e  d e s i r a b l e  t o  allow t h e  s e p a r a t e  s tudy of 
main and nose wheel e f f e c t s .  Ponds dhould be a s  wide a s  poss ib le  t o  minimize spray i n t e r -  
f e r e n c e  e f f e c t s  from t h e  pond wal l s  and t o  a l low t h e  maximum number of aeroplane types  t o  
use  t h e  f a c i l i t y .  

The containment of the  water o r  s l u s h  by f l e x i b l e  rubber wa l l s  of inver ted  
'T' s e c t i o n  bonded t o  t h e  l e v e l l e d  runway s u r f a c e  is  s a t i s f a c t o r y .  Addi t ional  c ross  'damsi 
a r e  necessary t o  minimize v a r i a t i o n s  i n  water depth due t o  wind. 

(b) Test  Media 

Water allows t h e  e a s i e s t  handling and va luab le  t e s t i n g  can be c a r r i e d  ou t  
us ing t h i s  medium. A r t i f i c i a l  s l u s h  manufactured from crushed i c e ,  s i m i l a r  t o  t h a t  
employed by NASA has  been used s u c c e s s f u l l y  although t h e  manpower requirement i s  consider- 
ab ly  g r e a t e r  than  f o r  water. Ambient temperatures of around 10% have proved most s a t i s -  
f ac to ry .  Higher temperatures r e s u l t  i n  too r a p i d  mel t ing and lower, non-freezing, 
temperatures r e s u l t e d  i n  non-uniform consis tency during melting. 

I n v e s t i g a t i o n s  a r e  i n  hand on the  use of snow-making machines t o  provide 
a r t i f i c i a l  s lush .  This should provide a medium of more uniform consis tency but r e s u l t s  
a r e  not y e t  a v a i l a b l e .  
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(c) Ins t rumentat  ion 

The most s a t i s f a c t o r y  method of a r r i v i n g  a t  t h e  drag f o r c e  on t h e  aeroplane 
da r ing  i t s  passage through water o r  a r t i f i c i a l  s l u s h  is t h a t  f i r s t  employed by NASA, 
namely t o  compare t h e  aeroplaiie l o n g i t u d i n a l  a c c e l e r a t i o n  be fo re  and a f t e r  pass ing,  wi th  
t h a t  dur ing passage,  through t h e  trough. The parameters  which must be recorded a r e  
aeroplane ground speed, p i t c h  a t t i t u d e  and l o n g i t u d i n a l  a c c e l e r a t i o n .  Measurements of 
p i t c h  a t t i t u d e  a r e  necessary  t o  a l low c o r r e c t i o n  of l o n g i t u d i n a l  a c c e l e r a t i o n  f o r  changes 
i n  p i t c h  a t t i t u d e  a s  t h e  aeroplane e n t e r s  and l eaves  t h e  troughs.  The most e f f e c t i v e  
means of measuring aeroplane speed is by k ine - theodo l i t e ,  Longi tudinal  a c c e l e r a t i o n  and 
p i t c h  a t t i t u d e  a r e  b e s t  measured by i n t e r n a l  recording ins t rumentat ion.  

To a l low a  s tudy  of sp ray  p a t t e r n s ,  f a i r l y  generous cine-camera coverage i s  
requ i red ,  Records from the  s i d e ,  f r o n t  and overhead have been found d e s i r a b l e  t o  b u i l d  up 
a  f u l l  understanding of t h e  spray p a t t e r n .  Cameras mounted on t h e  ae rop lane  have been 
proved l e s s  u s e f u l  t o  d a t e  because of t h e  view being obscured by spray.  A po la ro id  p l a t e  
camera arranged t o  provide  three-quar ter  f r o n t  views of t h e  aeroplane pass ing  through t h e  
trough has  been used t o  provide  va luab le  informat ion t o  t h e  t e s t  c o n t r o l l e r  wi th  t h e  
minimum of delay.  

Continuous i n t e r n a l  r ecords  of a l l  r e l e v a n t  parameters a s s o c i a t e d  wi th  power 
p l a n t  and o the r  vu lne rab le  systems a r e  d e s i r a b l e  f o r  i n g e s t i o n  t e s t s .  

(d) Test  Technique 

( i )  Drag 

NASA and R.A.E.work has  suggested t h a t ,  f o r  a  g iven  aeroplane configu- 
r a t i o n  and s l u s h  cond i t ion ,  t h e  drag due t o  s l u s h  may be c l o s e l y  rep resen ted  a s  fo l lows:  
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Thus t h e  es tabl ishment  of t h e  l i n e s  AB ( A B 1 )  and BC ( B ' C 1 )  by a  s e r i e s  of t e s t  medsurerne-ts 
over a  range of speeds provides  b a s i c  da ta  on t h e  s l u s h  d r a g v s . s p e e d  r e l a t ~ o r ~ s h i p  br!o  
and above aquaplaning speed and c l o s e l y  f i x e s  t h e  aquaplaning speed i t s e l f .  T e s t s  ir. a 
range of s l u s h  dep ths  and d e n s i t i e s  a r e  necessary t o  e s t a b l i s h  the  r e l a t i o n s h i p  between 
these  parameters and s l u s h  drag and aquaplaning speed. 

( i i )  I n g e s t i o n  

T e s t s  t o  s tudy  i n g e s t i o n  and d rag  e f f e c t s  a r e  sometimes c a r r i e d  out  
s e p a r a t e l y  s i n c e  t h e  optimum techniques  f o r  t h e  two t y p e s  of test may d i f f e r .  

To ensure  t h a t  a n  aeroplane i s  f r e e  from i n g e s t i o n  problems o r  a l t e r n a -  
t i v e l y  t o  e s t a b l i s h  t h e  cond i t ions  i n  which i n g e s t i o n  becomes unacceptable ,  i t  i s  f requen t ly  
necessary  f o r  t h e  ae rop lane  t o  p a s s  through a  s e l e c t i o n  of s l u s h  cond i t ions  a t  a  range of 
speeds up t o  t h e  maximum t o  b e  used opera t iona l ly ,  u n l e s s  a  marked change i n  spray p a t t e r n  
a s s o c i a t e d  wi th  t h e  onse t  of aquaplaning makes f u r t h e r  t e s t i n g  unnecessary. 

Inges t ion  problems a r e  more u s u a l l y  a s s o c i a t e d  wi th  sp ray  from t h e  
nose wheel r a t h e r  than t h e  main wheels. Auxi l iary  air i n t a k e s  and systems s i t e d  i n  under- 
c a r r i a g e  bays have posed i n g e s t i o n  problems dur ing p a s t  t e s t i n g .  

( i i i )  Damage 

An assessment of a c t u a l  and p o t e n t i a l  s t r u c t u r a l  damage due t o  sp ray  
impingement is u s u a l l y  p o s s i b l e  dur ing drag and i n g e s t i o n  t e s t s .  
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APPENDIX I 1 1  

AIRWORTHINESS REQUIREMENTS RELATING TO OPERATIONS I N  SLUSH 
PUBLISHED I N  THE UNITED STATES AND THE UNITED KINGDOM 

A .  E x t r a c t s  from F e d e r a l  Av ia t ion  Agence 
Advisory C i r c u l a r  No. AC91-6 

Subjec t :  Water, S lush  and Snow on t h e  Runway. 

"3. FAA GUIDELINES 

Based on t h e  a v a i l a b l e  in fo rma t ion ,  t h e  fo l lowing  g u i d e l i n e s  a r e  b a s i c a l l y  
sound : 

( a )  Take-offs should n o t  be a t tempted when s t a n d i n g  wa te r ,  s l u s h  o r  wet 
snow g r e a t e r  t han  12.5 mm (0.5 i n )  i n  dep th  cove r s  a n  a p p r e c i a b l e  
p a r t  of t h e  runway. 

(b) Since  SR-422 s e r i e s  r e g u l a t i o n s  a r e  p r e d i c a t e d  on c l e a n ,  d r y  runways, 
c e r t a i n  c o r r e c t i o n  f a c t o r s  should be a p p l i e d  t o  t h e  take-off  d a t a  when 
o p e r a t i n g  i n  wet snow, s l u s h  o r  s t a n d i n g  wa te r  i n  d e p t h s  up t o  12.5 m 
(0.5 i n ) .  

(d)  The o p e r a t i o n s  manual of t h e  a i r  c a r r i e r  and commercial o p e r a t o r  o r  
o t h e r  a p p r o p r i a t e  documents f o r  g e n e r a l  a v i a t i o n  a i r c r a f t  shou ld  
i n c l u d e  s p e c i f i c  i n s t r u c t i o n s  f o r  each t y p e  of t u r b o - j e t  a i r c r a f t  
showing t h e  g r o s s  weight r e d u c t i o n  and/or  a d d i t i o n a l  runway l e n g t h  
r e q u i r e d  f o r  t h e  c o n d i t i o n s  desc r ibed .  These i n s t r u c t i o n s  should  
c l e a r l y  o u t l i n e  d e t a i l s  of t h e  methods t o  be used i n  de t e rmin ing  
runway c o n d i t i o n s  a s  c l o s e l y  a s  p o s s i b l e  t o  t h e  p lanned d e p a r t u r e  
t ime and t h i s  i n fo rma t ion  should i n c l u d e  t h e  method by which t h e  
c o n d i t i o n  of t h e  runway is  determined." 

E x t r a c t  from F e d e r a l  Av ia t ion  Regula t ion  No. 2 5  

"25.1091. A i r  Induc t ion  

(d) For t u r b i n e  engine  powered a i r p l a n e s  - 
(2) The a i r  i n l e t  d u c t s  must be l o c a t e d  o r  p r o t e c t e d  s o  a s  t o  

minimise the  i n g e s t i o n  of f o r e i g n  m a t t e r  d u r i n g  t ake -o f f ,  
l and ing ,  and t ax i ing . "  

B. E x t r a c t  from B r i t i s h  C i v i l  Airwor th iness  
Requirements Sec t ion  D 

"Chapter D2-2. Appendix 

1.6.3 Where c e r t i f i c a t i o n  f o r  take-off  from p r e c i p i t a t i o n - c c v e r e d  runways is sough t ,  
t h e  Take-off Run Required and Take-off D i s t ance  Required a p p r o p r i a t e  t o  t h e s e  c o n d i t i o n s  
should be determined and scheduled i n  accordance wi th  D2-3,  4 .1.1.  The d a t a  should  cover  
a  range of r e l a t i v e  p r e c i p i t a t i o n  d e n s i t i e s  from 0.2 t o  1 .0 .  
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iNotes.-(1) CompZiunce wi th  02-7, 3.3 and D5-5, 2.3.1 w i l l  a l so  have t o  be shorn. 

. . 
( 2 )  The Flight  Manual uiZZ s ta t e  whether or not t.7Fe-7f.f f r r ~  7' )  +-7 ;CJ,- 

covered runways i s  permi,ssibZe. 

( 3 )  Any special aerop lane handling techniques necessary t o  snmre coq- iiance 
should s t i l l  comply with 02-2, 6.4.  

( 4 )  I t  w i l l  not usually be acceptable for data obtained by means of t e s t s  
i n  water or other high densi ty  precipi tat ion t o  be extrapolated t o  a 
precipi tat ion depth i n  excess of 50 mm (2 i n ) ;  e.g., for depths of dry 
sna ,  greater than 50 m (2 i n )  d i r ec t  evidence of the performance u i ' l l  
be required. 

(51 The data may be expressed i n  terms of equivalent depth of water provided 
tha t  the  favourabZe e f f e c t s  of aquaplaning are not assumed t o  occur below 
the aquaplaning speed for the lowest densi ty  of slush for which data are 
available. 

(61 Acceptable methods for simulating precipitation-covered runways should 
be agreed with the ~ o a r d .  

"Chapter D2-3 

4.1.1 P r e c i p i t a t i o n  on runways. The Take-off Run Required and Take-off Dis tance  
Required a p p r o p r i a t e  t o  take-off  from p rec ip i t a t ion -cove red  runways s h a l l  be  t h e  a l l -  
power-units-operating Take-off Run Required and t h e  a l l -power-uni ts -opera t ing  Take-off 
D i s t ance  Required r e s p e c t i v e l y  a p p r o p r i a t e  t o  t h e  p r e c i p i t a t i o n  cond i t ion ,  and s h a l l  be 
determined i n  accordance wi th  5(a)  and 6 ( a ) .  

"Chapter D2-7 

3 . 3  P r e c i p i t a t i o n  on runways. Where c e r t i f i c a t i o n  f o r  take-off  from p r e c i p i t a t i o n -  
covered runways is sought ,  ( s e e  D2-2, App. 1 .6 .3)  a  technique  f o r  such t ake -o f f s ,  compat ib le  
wi th  D5-5, 1.3.1, s h a l l  be  e s t a b l i s h e d .  It s h a l l  be demonstrated t h a t  t h e  technique  is  
such t h a t  when t h e  ae rop lane  i s  t a k i n g  o f f  i n  p r e c i p i t a t i o n  dep ths  up t o  t h e  maximum f o r  
which take-off  d a t a  a r e  t o  be scheduled ,  t h e r e  is  - 

( a )  no damage t o  p a r t s  of t h e  ae rop lane  such a s  would adve r se ly  a f f e c t  
a i r w o r t h i n e s s ,  and 

(b) no accumula t ion  of p r e c i p i t a t i o n  on o r  i n  p a r t s  of t h e  ae rop lane  
which could cause  immediate o r  subsequent hazard ,  e . g . , l o s s  of 
c o n t r o l  o r  i n a b i l i t y  t o  change c o n f i g u r a t i o n ,  and subsequent 
i n g e s t i o n  by t h e  power-units of hazardous  q u a n t i t i e s  of accumulated 
s l u s h  which become detached from t h e  aeroplane .  

Note.- Any special aeroplane handling techniques nscessary t o  ensure compliance u i t h  t h i s  
requirement should s t i l l  comply with 02-2, 6.4. 
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"Chapter D5-5 

1 .3 .1  Take-off from prec ip i t a t ion-covered  runwavs. Except where i t  i s  obvious,  by 
inspec t ion  o r  o the r  means, t h a t  p r e c i p i t a t i o n  on t h e  runway would not e n t e r  engine  i n t a k e s  
dur ing  t h e  take-off run,  compliance s h a l l  be shown with t h e  reauirements  of ( a )  o r  (b)  a s  
appropr ia t e .  

( a )  Aeroplane c e r t i f i c a t e d  f o r  take-off from prec ip i t a t ion-covered  runways. It 
s h a l l  be demonstrated t h a t  when t h e  aeroplane i s  t ak ing  o f f  and t r a v e r s e s  
a r e a s  of p r e c i p i t a t i o n  up t o  whichever is  t h e  g r e a t e r  of 19 mm (0.75 i n )  
depth o r  t h e  p r e c i p i t a t i o n  depth f o r  which take-off d a t a  a r e  t o  be scheduled,  
t h e  power-units opera te  s a t i s f a c t o r i l y  without unacceptable  l o s s  of power a t  
a l l  aeroplane speeds up t o  t h a t  a t  which t h e  t r a n s i t i o n  t o  climbing f l i g h t  i s  
completed and i n  t h e  a t t i t u d e s  l i k e l y  t o  be used i n  t h i s  speed range.  (See 
a l s o  D2-2, App. 1 . 6 . 3 )  Compliance wi th  t h i s  requirement may be shown e i t h e r  
by means of complete take-offs  i n  t h e  s p e c i f i e d  precipitation c o n d i t i o n s  o r  
by means of a s e r i e s  of demonstrations i n  a r e a s  of p r e c i p i t a t i o n ,  t h e  l e n g t h  
of which is agreed by t h e  Board t o  be s u f f i c i e n t  both t o  determine t h e  e f f e c t s  
on aeroplane performance and on engine behaviour and response ,  and t o  e s t a b l i s h  
t h e  s t a b i l i s e d  spray p a t t e r n .  

Note.- Any special aeroplane handling techniques necessary t o  ensure compliance with t h i s  - 
requirement should s t i l l  comply with 02-2, 6.4. 

(b) Aeroplane not  c e r t i f i c a t e d  f o r  take-off from prec ip i t a t ion-covered  runways. 
It s h a l l  be demonstrated t h a t  when t h e  aeroplane i s  t a k i n g  o f f  and t r a v e r s e s  
a r e a s  of p r e c i p i t a t i o n  up t o  19 mm (0.75 i n )  i n  depth and not  l e s s  than  90 m 
(300 f e e t )  i n  length  i n  t h e  d i r e c t i o n  of take-off ,  t h e  power-units o p e r a t e  
s a t i s f a c t o r i l y  without unacceptable  l o s s  of power a t  a l l  speeds  up t o  t h a t  
a t  which t h e  t r a n s i t i o n  t o  climbing f l i g h t  is  completed and i n  a l l  a t t i t u d e s  
l i k e l y  t o  be used i n  t h e  s p e c i f i e d  speed range.  

Notes.- ( 1 )  The Board should be consulted where there i s  d i f f i c u l t y  i n  meeting t h i s  
requirement, i n  which case the Board w i l l  agree with the Applicant sui table 
operational l imitat ions t o  ensure sat is factory operation from a runway on 
ljhich there are areas of slush or water, even though the runway i s  nominaZly 
clear. 

(2) An aeroplane may be accepted as complying with t h i s  requirement even i f  the 
poss ib i l i ty  of serious power reduction i s  found t o  e x i s t  i n  spec i f i c  circwn- 
stances; for example, uhere the poss ib i l i ty  of power reduction ar ises  only 
a t  a point from uhich a take-off could safely be abandoned (even i n  adverse 
braking conditions) and no unacceptable damage i s  caused t o  the power-units." 
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The following summary gives the status, and also 
describes in general t e r n  the contents of the uorious 
series of technical publications issued by the Inter- 
national Civil Aviation Organization. I t  does not include 
specialized publications that do not fall specijically 
within one of the series, such us the ICAO Aerona~~tical 
Chart Catalogue or the Mt*~xmdogical Tabla  for 
International Air Navigation. 

INI'ERNA1'IONAL STANDARDS AND RECOM- 
MENDED PHACZ'ICES are adopted hy the Cou~icil 
in accordance with Articles 54, 37 and 90 of the Con- 
vention on International Civil Aviation and arc desig- 
nated, for cu)nvenierlce, as Annexes to the Conventio~~. 
The ~mifoml application by Contracting States of the 
specifications comprised in the International Standards 
is recognized as necessary for the safety or regularity 
of international air navigation while the uniform appli- 
cation of the specifications in the Recommended Prac- 
tices is regarded as desirable in the interest of safety, 
regularity or efficiency of international air navigation. 
Knowledge of 'any differences between the national regu- 
lations or practices of a State and those established hy 
an International Standard is essential to the safety or 
regularity of international air navigation. In the event 
of non-compliance with an International Standard, a 
State has, in fact, an obligation, under Article 38 of 
the Convention, to notify the Council of any differences. 
Knowledge of differences from Reconlmended Practices 
may also be important for the safety of air navigation 
and, although the Convention does not impose any obli- 
gation with regard thereto, the Council has invited Con- 
tracting States to notify such differences in addition to 
those relating to International Standards. 

PROCEDURES FOR AIR NAVIGATION SERVICES 
(PANS) are approved hy the Council for world-wide 
application. They comprise, for the most part, operating 
procedures regarded as not yet having attained e suffi- 
cient degree of maturity for adoption as International 
Standards and Recommended Practices, as well as 
material of a more permanent character which is con- 
sidered too detailed for incorporation in an Annex, or 
is susceptible to frequent amendment, for which the 
processes of the Convention would be too cumbersorne. 
As in the case of Recommended Practices, the Council 

has invited Contracting States to notify any differences 
between their national practices and the PANS when the 
knowledge of such differences is important for the safety 
of air navigation. 

REGIONAL SUPPLEMENTARY PROCEDURES 
(SUPPS) have a status similar to that of PANS in that they 
are approvect by the Council, but only for application in 
the respective regions. They are prepared in consolidated 
form, since certain of the procedures apply to overlapping 
regions or are conlmon to two or more regions. 

The following publications are prepared by autl~ority 
of the Secretary General in accordance with the 1)rinciples 
ccrld policies approved hy the Council. 

ICAO FIELD MANUALS derive their statiis from the 
Illternational Standards, Recommended Practices and 
PANS from which they are compiled. They are prepared 
primarily for the use of personnel engaged in operations 
in the field, as a service to those Contracting States 
who do not find it practicable, for various reasons, to 
prepare them for their own use. 

TECHNICAL MANUALS provide guidance and in- 
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AIR NAVIGATION PLANS detail reauirements for 
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53-AN/48/2 - Provisional Acceptable Means 
-of Compliance - Testing of pressure-sensitive ......... altimeters. 2nd e d i t i o n ,  1965.  37 pp .  U.S. $0 .75  
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