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N F P A  No. 407T is n o t  an official s t a n d a r d  of the  Associat ion.  

All sugges t ions  for  i m p r o v e m e n t s  should be f o r w a r d e d  to  
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C o m m i t t e e  cons idera t ion .  
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Executive Office: 60 Bat terymarch St., Boston 10, Mass. 

The National  Fire Protection Association was organized in 1896 
to promote the science and improve the methods of fire protection and 
prevention, to obtain and circulate information on these subjects and 
to secure the cooperation of its members in establishing proper safe- 
guards against loss of life and property by fire. I ts  membership in- 
cludes over a hundred and eighty nat ional  and regional societies and 
associations (list on outside back cover) and fifteen thousand individ- 
uals, corporations, and organizat ions. .Anyone interested may become 
a member;  membership information ~s available on request. 

This pamphlet is one of a large number  of publications on fire 
safety issued by the Association; a complete list is available without 
charge on request. The standards, prepared by the technical com- 
mittees of the National  Fire  Protection Association and adopted in 
the annual  meetings of the Association, are intended to prescribe rea- 
sonable measures for minimizing losses of life and property by fire. 
All interests concerned have opportunity through the National  Fire  
Protection Association to participate in the development of the stand- 
ards and to secure impartial  consideration of mat ters  affecting them. 

NFPA standards are purely advisory as far as the Association is 
concerned, but  are widely used by law enforcing authorities in addi- 
tion to their  general  use as guides to fire-safety. 

Definitions 

The official NFPA definitions of shall, should and approved are: 

SHALL is intended to indicate requirements. 

SHOULD i s  intended to indicate recommendations, or tha t  which is 
advised but  not required. 

APPROVED refers to approval by the authori ty having jurisdiction. 

Units of measurements  used here are U. S. standard. I U. S. gal- 
lon f0 .83  Imperial  gallons=3.785 l i te rs .  

Approved Equipment 

The National  Fire  Protection Association does not  "approve" in- 
dividual items of fire protection equipment, materials  or services. The 
standards are prepared, as far  as practicable, in terms of required 
performance, avoiding specifications, of materials, devices or methods 
so phrased as to precluae obtaining the desired results by other 
means. The suitabil i ty of devices and materials for installat ion under  
these standards is indicated by the listings of nat ionally recognized 
test ing laboratories, whose findings are customarily used as a guide to 
approval by agencies applying these standards. Underwriters '  Labo- 
ratories, Inc., Underwriters '  Laboratories of Canada and the Factory 
Mutual  Laboratories test  devices and materials for use in accordance 
with the appropriate standards, and publish lists which are available 
on request. 
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F u e l i n g  A i r c r a f t  on the Ground 
Fire Safety Recommendations 

N F P A  No. 407-Tm1954 

At  the  1954 A n n u a l  M e e t i n g  of the  N a t i o n a l  F , r e  P r o t e c t i o n  Asso-  
c ia t ion  ac t ion  was  t a k e n  to adop t  as  a t e n t a t i v e  s t a n d a r d  t h e s e  rec-  
o m m c n d a l i o n s  on  " F u e l i n g  A i r c r a [ t  on t h e  G r o u n d . "  T h e  t e n t a t i v e  
r e c ~ ; m m c n a a t i o n s  a r e  d e s i g n e d  to  a s s u r e  m a x i m u m  f i re  s a f e t y  in  t h e  
o p e r a t i o n s  c o v e r e d  h e r e i n .  T h i s  1954 t e x t  r e p ! a c e s  a l l  p r e v i o u s  d r a f t s  
issu'~:d by  t h e  A s s o c i a t i o n  a n d  p u b l i s h e d  in  N F P A  A v i a t i o n  B u l l e t i n s  
of t h e  78 s e r i e s  a n d  in  N F P A  P a m p h l e t  No.  407-P .  T h i s  i s s u e  a l s o  
contain ,q  a n u m b e r  of a m e n d m e n t s  w h i c h  a l t e r  t h e  t e x t  a s  p r e p r i n t e d  
fo r  t h e  N F P A  A n n u a l  M e e t i n g  in  t h e  N F P A  A d v a n c e  R e p o r t s ,  !3.;~t. 

P u b l i c a t i o n  of t h e  t e n t a t i v e  t e x t  a n d  t h e  c i r c u l a t i o n  of t h i s  p a m -  
p h l e t  is  u n d e r t a k e n  fo r  t h e  so le  p u r p o s e  of a f f o r d i n g  a l l  i n t e r e s t e d  p e r -  
s o n s  o p p o r t u n i t y  to  r e v i e w ,  c r i t i c i z e  a n d  c o m m e n t  on t h e  r e c o m m e n -  
d a t i o n s  l o o t d n g  f o r w a r d  to  f u r t h e r  d e t a i l e d  e v a l u a t i o n  b y  t h e  C o m -  
m i t t e e  p r e p a r a t o r y  t o  t h e  p r e p a r a t i o n  of a r e p o r t  s e e k i n g  f ina l  a d o p -  
t i o n  of t h e  t e x t ,  s c h e d u l e d  fo r  t h e  1955 N F P A  A n n u a l  M e e t i n g  to  
be  h e l d  in  C i n c i n n a t i ,  Ohio ,  M a y  16-20. A l l  c o m m e n t s  s h o u l d  be  r e -  
c e i v e d  p r i o r  to  S e p t e m b e r  15, 1954 to  r e c e i v e  f u l l  c o n s i d e r a t i o n .  

C O M M I T T E E  O N  A V I A T I O N  A N D  A I R P O R T  
F I R E  P R O T E C T I O N  

Jerome Lederer,  Chairman, 
President ,  F l i gh t  Safety Foundation.  471 P a r k  Avenue, New York 22. 

George  H. Tryon, III ,~ Secretary, 
National  F i re  Protect ion Association, 60 Bat te rymarch  St., Boston 10. 

This Committee was reorganized in 1946 to replace the NFPA Aviation Committee (or- 
ganized 1928) and the NFPA Committee on Aircraft Fire Fighting (organized 1944~. The 
present Committee is charged with the responsibihty "to develop aeronautical fire protection, 
including the elimination of fire hazards in aircraft design and operation, the installation of 
fire protective equipment in aircraft, the control of fire hazards in aircraft maintenance and 
storage, fire protectmn for airports and aircraft rescue and fire fighting." 

EXECUTIVE DIVISION. 
H a r v e y  L. H a n s b e r r y ,  Chairman, 

Civil Ae~onautlcs Administration, Technical Development and Evaluation Center, 
P. O. Box 5767, Indianapohs 21. 

Col. Edwin E. Aldr in , t  Ins t i tu te  of 
the Aeronautical  Sciences. 

Ben W. A s h m e a d ,  Civil Aeronautics 
Board. 

J. A. Bone, Underwri ters '  Labora- 
tories, Inc. 

J. A. Brooker, Minis t ry  of Civil Avi- 
ation (United Kingdom).  

Carl M. Chris tenson ,*  United Air 
Lines. 

General  D o n a l d  H. Connolly, Airport  
Operators Council. Director of 
Aviation. City of Baltimore. 

Gifford T. Cook, U. S. Air Force. 
Al len  ~V. Dallas,  Air Transpor t  Asso- 
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Charles  F r o e s c h ,  Society of Auto- 
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Safety Foundation.  

Carl Ljungberg,**t  In te rna t iona l  
Civil Aviation Organization. 

W. A. McCallum, Squadron Leader, 
Royal  Canadian Air Force Fire  
Marshal.  

Harold L. Miner, NFPA Committee 
on Flammable  Liquids.  

John A. Neale, National Board of 
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J. A. O'Donnell,* American Airlines. 
W i l f r e d  M. P o s t ,  Jr. ,  American Assn. 
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Insurance Ra t ing  Bureau. 
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W. B. Spelman, Civil Aeronautics Ad- 
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A d v i s o r y  C o m m i t t e e  for  Aero-  
naut ics .  

J o h n  A. Dickinson,  Na t iona l  B u r e a u  
of S t a n d a r d s .  
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H e n r y  E.  H a l p in ,  F a c t o r y  Mutua l  
E n g i n e e r i n g  Divis ion.  

I .  J .  H a m m i l l ,  F i r e  E q u i p m e n t  Manu-  
f a c t u r e r s  Associa t ion .  

J .  B. H a r t r a n f t ,  J r . ,  A i r c r a f t  O w n e r s  
and  Pi lo ts  Associat ion.  

H.  A. K l e i n , t  U. S. A. F. W r i g h t  Air  
D e v e l o p m e n t  Center .  

~T. E. K o n e e z n y , t  Civil Ae ro n au t i c s  
Board .  

A. W. Krulee ,*  Ca rdox  Corpora t ion .  

H e r v e y  F.  Law,*  Th e  P o r t  of New 
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Sub-Committee on Fueling Aircraft 
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F o r e w o r d  

Act ive  N F P A  work  conce rn ing  the  p r e p a r a t i o n  of fire sa fe ty  rec-  
o m m e n d a t i o n s  on fuel ing a i r c r a f t  on the  g round  s t a r t e d  in 1951 wi th  
the  publ ica t ion  of N F P A  Avia t ion  Bul le t in  No. 78 cover ing  this  sub-  
ject .  This Bul le t in  was  issued solely for  the  purpose  t h a t  the  r ecom-  
m e n d a t i o n s  con ta ined  the re in  m i g h t  rece ive  full C o m m i t t e e  cons idera-  
t ion at  a scheduled  m e e t i n g  held J a n u a r y  21, 1952. I t s  i ssuance  fol- 
lowed coord ina t ion  b e t w e e n  the  Execu t ive  Office of the  N F P A  and  
the  work  u n d e r t a k e n  on this  same  sub jec t  by the  Air  T r a n s p o r t  Sec-  
tion of the  Na t iona l  Sa fe ty  Council. The  Council  issued, in 1952, Da ta  
S h e e t  D-A-4 unde r  the  t i t le  " A i r c r a f t  Ground  Fue l  Serv ic ing  F i r e  
Haza rds . "  

At  the  1952 Annua l  Mee t ing  of the  Assoc ia t ion  a special  paper  was  
p r e s e n t e d  on "S t a t i c  E lec t r i c i t y  Dur ing  T r a n s f e r  of F l a m m a b l e  
Liquids" by Mr. George F. P ru s s ing  in which  defini te  issue was  t a k e n  
wi th  the  s t a t i c  g round ing  r e q u i r e m e n t s  con ta ined  in Civil Air  Regu-  
lat ions,  in N F P A  No. 404 cover ing  "S ta t i c  E lec t r i c i ty  in A i r c r a f t  
Ope ra t ions  and  M a i n t e n a n c e "  (1950) and the  NSC D a t a  Shee t  D-A-4 
{1952). A rev ised  d ra f t  of our  previous  Avia t ion  Bul le t in  No. 78 was  
then  issued in J u n e  1952 unde r  the  des igna t ion  No. 78-A inco rpo ra t ing  
the r e c o m m e n d a t i o n s  of Mr. P ru s s ing  and the  c o m m e n t s  t h a t  had  
been rece ived f rom the  Avia t ion  Technica l  Service  C o m m i t t e e  of the  
Amer ican  P e t r o l e u m  Ins t i tu te .  This  revised  d r a f t  was  s u b m i t t e d  
for  ba l lo t ing  to the  full N F P A  C o m m i t t e e  on Avia t ion  and  A i rp o r t  
Fi re  P r o t e c t i o n  wi th  the  r e su l t  t h a t  28 voted  a f f i rma t ive ly  for N F P A  
No. 78-A and 22 voted  negat ively .  This  ser ious ly  spl i t  vote  ind ica ted  
the  need for technica l  da ta  on the  sub jec t  of e l ec t ros t a t i c  h aza rd s  
and p ro tec t ion  and in Ju ly  1952 the  C o m m i t t e e  r eques t ed  the  Civil 
Aeronau t i c s  A d m i n i s t r a t i o n  to u n d e r t a k e  a specific a i r c r a f t  s t a t i c  
r e sea rch  p ro jec t  t see N F P A  Avia t ion  Bul le t in  No. 78-B}. 

Dur ing  1952 and 1953 the  Civil Ae ronau t i c s  A d mi n i s t r a t i o n  e~n- 
sul ted  wi th  o the r  g o v e r n m e n t a l  agenc ies  on the  problem,  including 
the  Na t iona l  Advisory  C o m m i t t e e  for  Aeronaut ics ,  the  Un i t ed  S t a t e s  
Air  Force ,  the  Uni t ed  S t a t e s  Navy  and the  Na t iona l  Bureau  of S tand-  
ards.  The N F P A  was  advised unde r  da te  of May 1, 1953 (see N F P A  
Avia t ion  Bul le t in  No. 78-C) t h a t  the  CAA was  d i scont inu ing  f u r t h e r  
e f for t s  to g a t h e r  a i r c r a f t  e l ec t ro s t a t i c  r e s ea r ch  da ta  since they  h a d  
been in fo rmed  by the  Air  Ma te r i a l  Command ,  U. S. A. F. t h a t  t h a t  
agency  had  conduc ted  "an  ex tens ive  eng inee r ing  s tudy"  of the  sub- 
jec t  and t h a t  the  m e a s u r e s  es tab l i shed  were  comparab l e  to the  s t a t i c  
p ro tec t ion  r e c o m m e n d a t i o n s  con ta ined  in N F P A  P a m p h l e t  No. 404 
(1950 ~. 

In  D e c e m b e r  1953 a r e d r a f t  of N F P A  r e c o m m e n d a t i o n s  was  pre-  
pa red  and  c i rcu la ted  in Avia t ion  Bul le t in  No. 78-D r e i n s t a t i n g  the  
s ta t i c  g rounding  r e c o m m e n d a t i o n s  de le ted  in Bul le t in  78-A. This  re-  
d r a f t  was  fully cons idered  a t  a m e e t i n g  of the  S u b - C o m m i t t e e  on 
Fue l ing  A i r c r a f t  held  J a n u a r y  26-27, 1954 and the  p r e s en t  t ex t  he re -  
in cons t i t u t e s  a r e f i n e m e n t  of the  conclus ions  r each ed  a t  t h a t  m e e t -  
ing and the  1954 Annual  Mee t ing  of t he  Associa t ion.  The  p r e s e n t  text ,  
however ,  is no t  an official N F P A  s t andard ,  has  only been  T e n t a t i v e l y  
Adop ted  and is be ing c i rcu la ted  in i ts  p r e s e n t  fo rm for  f u r t h e r  con- 
s idera t ion  and  comment .  
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Fueling Aircraft on the Ground 
Fire Safety  Recommendations 

N F P A  407-T--1954 

Part I. General 

100. Scope: 

101. These recommendations are intended to apply to 
the fuel servicing of all types of a i rc ra f t  on the ground. 
They do not apply to airborne refueling or to fueling of flying 
boats  on the water .  

102. Fueling aircraf t  involves the t rans fe r  of flam- 
mable liquids under conditions which are of ten fire hazard- 
ous. "All weather"  flying and the demand for  "on-time" per- 
formance have made it necessary for  fueling crews to per- 
form their  duties efficiently and quickly under all types  of 
weather  conditions, at  all hours, and concurrent with a num- 
ber  of other  a i rcraf t  servicing operations. The increasing 
fuel capacities of modern air t ranspor ts  and mil i tary air- 
craf t  aggravates  the problem and makes it imperative to 
follow certain basic fire safe ty  procedures. These recom- 
mendations are intended to reduce the occurrence and danger 
of accidental fuel spills and to eliminate and control fuel 
vapor ignition sources insofar  as is present ly  practical. I t  is 
recognized tha t  there  are certain hazards (especially the  
operation and use of internal combustion engine operated 
a i rcraf t  servicing equipment and ground power generators  
in close proximity to fueling operations) over which positive 
control cannot be present ly established for  practical reasons. 
Specific cautions are given herein with regard to these haz- 
ards. 

110. The General Nature of the Fire Hazard: 

111. From a fire hazard standpoint,  aviation gasoline 
does not differ radically f rom ordinary gasoline. Some je t  
fuels (such as JP-1) are kerosene type  hydrocarbons and 
thus  less hazardous. Other je t  fuels, being blends (such as 
JP-3 and JP-4) require the  same safe ty  precautions recom- 
mended for  aviation gasoline since their  flammable vapor 
hazards  are practically identical with those of gasoline. 

112. In general, gasoline has a flash point of about  minus 
40°F. JP-3 and JP-4 je t  fuels (MIL-F-5624A) have flash 
points of approximately  30°F. and minus 10°F. respectively 
while JP-1 (MIL-F-5616) has a flash point of about  l l 0 ° F .  
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The vapor densities of aviation fuels are such that released 
vapors, particularly under calm wind conditions, may travel 
considerable distances along the ground and collect in de- 
pressions where they may not readily dissipate. The concen- 
tration of fuel vapors in the area surrounding the aircraft  
under normal atmospheric conditions depends upon wind 
velocity and rate of fueling. Every effort should therefore 
be made to prevent fuel spillage which represents the great- 
est hazard. 

113. Principal ignition sources for both types of fuel 
most likely to be present during aircraft fuel servicing are: 

a. Electrostatic sparks 

b. Operating aircraft engines 

c. Operating automotive or other internal combustion 
engine servicing equipment in the vicinity 

d. Arcing of electrical circuits 

e. Open flames 

f. Energy from energized high frequency radar equip- 
ment. 

114. Effective fire prevention measures are directed to- 
ward the elimination or control, as far as practicable, of (1) 
spillages, (2) release of excessive flammable vapors, and 
(3) ignition sources. 

Part II. Fueling Recommendations 

200. Intent: 

201. These recommendations are intended to represent 
good practice requirements for fire safety in fueling aircraft 
while on the ground. (See Part  I, General) 

210. Spill Prevention: 

211. Careful operation of fuel servicing equipment in 
compliance with these recommendations will prevent the ma- 
jori ty of accidental spills. Proper training of fuel servicing 
personnel is essential. Proper maintenance of the equipment 
is another essential. Every spill, no matter  how small, 
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should be investigated as to its cause so tha t  remedial action 
may be taken. Employees shall report  each spill to super- 
visory personnel. Every spill should be t reated as a poten- 
tial fire source and the spilled fuel removed by one of the 
methods detailed in Pa rag raph  212. 

212. In event of extensive fuel spills on the ground, a 
fire guard shall be immediately posted to establish and main- 
tain a restr icted area around the spill and to keep unau- 
thorized personnel f rom entering the area. To insure safe 
debarking of all passengers following a bad spill, fueling 
equipment, and all other equipment, in the vicinity which 
would constitute a fire hazard should be wi thdrawn or left  
"as is" until the spill is removed or made safe. No fixed rule 
can be made on this subject since fire safety will vary  with 
individual circumstances. However, it should be remembered 
tha t  " shut t ing  down" equipment or moving vehicles may 
provide the ignition source if no fire immediately results 
from the spillage. Neither any idle a i rcraf t  nor any idle 
automotive or spark producing equipment in the area of the 
spill shall be s tar ted before the spill is cleaned up. If  the 
vehicle engine is running at  the time of the spill it  is nor- 
mally good practice to remove it f rom the hazard area af ter  
being sure tha t  any fuel hose in use or connected to an air- 
craf t  is safely stowed. 

213. Small spills may be absorbed by rags or oil absorb- 
ents. Large  spills should be blanketed or covered with foam. 
They should then be washed f rom critical areas with water  
or allowed to completely evaporate before the site of the spill 
is again used for  normal operations. (The nature  of the 
ground surface and exposure conditions will dictate the 
method to be followed.) Fuel should not be washed into 
sewers or drains. I f  spillage should enter  sewers, adequate 
flushing should be accomplished at  once. The use of carbon 
tetrachloride on fuel spills in an effort to render the fuel 
nonflammable is not recommended because it is only par- 
tially and temporar i ly  effective. 

220. Elimination and Control of Electrostatic Sparks*: 

221. Over-the-Wing Fuel Servicing: During over-the- 
wing fuel servicing operations the almost unavoidable pres- 
ence of flammable vapors in the air in the immediate proxim- 

*For detailed information, see N F P A  Pamphlet  No. 404, "Static Elec- 
tricity in Aircraft  Operations and Maintenance," 15 cents per copy. 
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i ty  of open fuel intakes may  create a fire hazardous condition. 
(Note:  Any leakage or spillage increases the area of the  
hazard.) Protect ion against  electrostatic spark ignition of 
such flammable vapor-air  mixtures  as may  be created at fuel 
intakes during this fuel servicing necessi tates control over 
the accumulation of such charges and good practice dictates 
the draining of any electrostatic charges tha t  have accumu- 
lated on the ai rcraf t  or the fuel dispenser. Bonding of the  
fuel nozzle at  the tank filler opening will prevent  the develop- 
ment  of a static charge sufficient to create a spark hazard in 
the vapor-hazard area around the fill opening. Grounding of 
the ai rcraf t  and fuel dispenser, as indicated below, will drain 
any latent stat ic charges tha t  may  not have "bled" to ground 
through rubber  tires. 

a. Procedures  with Mobile Fuel Trucks:  When mobile 
fuel t rucks are used for  over-the-wing fuel servicing the 
following specific procedures apply (see Figure  1) : 

(1).  Connect a grounding cable from the t ruck to a 
sa t is factory  ground. 

(2).  Connect a grounding cable f rom the ground to 
the ai rcraf t  (on landing gear axle or other  
convenient unpainted metal part, excluding 
propeller or radio antenna) .  

(3).  Connect a bonding cable f rom the t ruck to the 
aircraf t . t  

NOTE : The most  practical way  of accomplish- 
ing I tems (1) to (3) is to use a "Y" or "V" 
cable permanent ly  connected to the truck. 

(4).  Connect a bonding cable f rom the fuel nozzle to 
the  aircraft .  

(a) Where  a i rcraf t  and fuel nozzles are equipped with 
"plug and jack"  bonding facilities, the  nozzle bonding "plug" 
shall be in positive wiping contact  with the  a i rcraf t  " jack"  
before the  a i rcraf t  fuel tank filler cap is opened. This bond 
between the nozzle and the a i rcraf t  is most  essential and 
shall be maintained throughout  the  fueling operation (until 
a f te r  the fuel tank filler cap has been closed). 

tConducuve  type  fuel  hose is not  a sa t i s fac to ry  me t h o d  of accompl ish-  
ing the  p rocedu re s  outl ined.  
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Figure 1. A typical over-the-wing tank truck fuel servicing operation showing static grounding and 
bonding recommendations and certain other details. 

I 
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{b) When fueling a i rcraf t  not having bonding jacks  
and in fueling all a i rcraf t  having fabric covered wings, the  
bonding clip at  the  end of the  nozzle bond wire shall first be 
touched to the tank filler cap before it is opened to assure 
that  no difference in electrostatic potential  exists between 
the two elements. The nozzle shall be equipped with a s t rong 
bond wire having a ba t t e ry - type  clip which shall then be 
firmly a t tached to the  lip of the  metal  tank filler neck (or 
adjacent,  uninsulated metallic par t  of the a i rcraf t  such as 
fill point access door) and this contact shall be maintained 
th roughout  the  fueling operation (until the flow of fuel has 
been discontinued and all measur ing completed).  

NOTE: Disconnect in reverse order  on com- 
pletion of fuel servicing. 

b. Procedures  with Fueling Hydrants ,  Pi ts  or Cabin- 
e t s :  When a hydrant ,  pit or cabinet is used for  over-the- 
wing fuel servicing, grounding of the  fuel piping is normally 
provided for  in the construction. The procedure to be fol- 
lowed in this case is as follows: 

(1).  Connect a bonding cable f rom the grounded dis- 
penser  f rame  or connection to the  a i rcraf t . t  

(2).  Connect a bonding cable f rom the fuel nozzle to 
the  aircraft .  [Follow same instructions as 
given in Paragraph  221.a.(4)] .  

NOTE: Disconnect in reverse order  on com- 
pletion of fuel servicing. 

(3).  Where  mobile dispensing carts  are provided on 
hydrant  fueling systems,  they  shall be ground- 
ed as required for mobile fuel trucks. 

c. Procedures  Using Chamois Fi l ters :  The practice of 
using chamois should be discouraged as its use is hazardous 
under  any conditions. Where a chamois is used to filter the 
fuel, an increase in the static hazard results  f rom the pas- 
sage of fuel through the material .  The nozzle, chamois 
filter and funnel shall be bonded to the ai rcraf t  as specified 
in paragraph 221. a. (4). (b) and the a i rcraf t  shall be prop- 
erly grounded. 

d. Procedures  Using Drums:  Where  a i rcraf t  are 
serviced with flammable liquids f rom drums by  means of 

tConductive type fuel hose ~s not a satisfactory method of accomplish- 
ing the procedures outlined. 
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hand-operated or power-driven pumps, the procedures out- 
lined in Paragraph 221.a. shall be followed. Gasoline and 
other low flash point flammable liquids shall not be handled 
in open buckets. 

e. Procedures on Ice, Sandy, or Desert Terrain, etc.: 
Where fuel servicing operations are conducted on ice, sandy 
or desert terrain, or wherever it may not be practicable to 
secure a satisfactory ground, the aircraft and the fuel dis- 
penser shall be connected by a bonding cable and the pro- 
cedures described in Paragraph 221.a. (4). followed. Under 
these conditions, reliance is placed on equalizing rather than 
draining static charges that  may accumulate on the air- 
craft, fuel dispenser, fuel hose and nozzle. It is important 
that objects possessing different electrostatic potentials not 
be brought into contact with this equipment in a manner 
which may produce a spark gap in the proximity of a flam- 
mable vapor-air atmosphere. 

f. Aircraft Structural Bonding: The bonding connec- 
tion recommended herein assumes that all adjoining air- 
craft  structural (plate) surfaces of metal covered aircraft 
are bonded so that  a single point bond will satisfactorily 
equalize all static charges on adjoining surfaces. 

222. Under-the-Wing Fuel Servicing: For under-the- 
wing fuel servicing, the chance of an electrostatic spark 
ignition of flammable vapors is greatly reduced since the 
"in-the-wing" fitting is completely closed as is the mating 
nozzle and "splash filling" is avoided. The fuel does not flow 
until the complete attachment is made and electrostatic 
bonding is normally provided in the design of the nozzle and 
tank fitting. However, grounding and bonding of the air- 
craft  and fuel servicing vehicle as required in Paragraph 
221 (except for nozzle-to-aircraft bond) is still necessary. 

223. Equipment for Electrostatic Bonding, Grounding: 

a. Bonding and grounding cables shall be bare and of 
a gauge which will be satisfactory from the durability stand- 
point (as influenced by mechanical strains and usage). 
(Speedometer, preformed steel or equivalent cable will mini- 
mize danger of employee hand injury.) 

b. The plug and jack assembly and the spring jawed 
clip shall be of unpainted metal. 
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C. The  bonding  s y s t e m  (cab les  a n d  connec t ions )  shal l  
be  t e s t e d  f o r  e lec t r ica l  r e s i s t a n c e  w h e n  in i t ia l ly  secured  and  
m o n t h l y  t h e r e a f t e r .  As  low a r e s i s t a n c e  as  poss ib le  should  
be  secured  and  m a i n t a i n e d .  C o n t i n u i t y  of  bond ing  cables  
m a y  be eas i ly  checked  w i t h  a s imp le  b u z z e r  a n d  d r y  cell 
b a t t e r y .  The  use  of  b a r e  s t r a n d e d  bond ing  wi re  is des i rab le  
since b r e a k s  can  t h e n  be v i sua l ly  de tec ted .  

d. G r o u n d i n g  e lec t rodes ,  cons i s t i ng  of  p ipes  or  rods  1%2- 
inch  to  3~-inch in d i a m e t e r ,  of  ga lvan ized  iron,  s teel  or  cop- 
p e r  weld steel,  d r iven  into  t he  g r o u n d  to r e a c h  below the  per -  
m a n e n t  g r o u n d  m o i s t u r e  level ( n o r m a l l y  no t  m o r e  t h a n  6 f t .  
long)  a r e  c u s t o m a r i l y  used.  The  top  of  t h e  rod  should  be  
level w i t h  t he  s u r f a c e  of  t he  a p r o n  or  r a m p ,  w i th  a d i shed  
ou t  a r e a  a r o u n d  t h e  rod  f o r  a t t a c h m e n t  to  t he  leads.  F l u s h  
t y p e  t e r m i n a l  f i t t ings  which  m i n i m i ze  t r i p p i n g  h a z a r d s  a r e  
avai lable .  Since t he  conduc t i v i t y  of  t he  soil va r i e s  in dif-  
f e r e n t  locat ions,  due p r inc ipa l ly  to the  m o i s t u r e  con ten t  of  
t h e  soil, i t  m a y ,  in c e r t a i n  locat ions,  be n e c e s s a r y  to emp loy  
g r o u n d  rods  longer  t h a n  6 f t .  in l eng th .  Tie  down bol ts  im-  
bedded  in conc re t e  r a m p s  have  s o m e t i m e s  been found  to be  
s a t i s f a c t o r y  as  g r o u n d i n g  e lec t rodes ,  bu t  w h e n  us ing  t h i s  
t y p e  of  g r o u n d  the  connec t ion  shal l  be m a d e  to the  eye bolt, 
not  t he  t ie  down r ing ,  and  all such  eye  bol ts  shall  be t e s t e d  
in i t ia l ly  (and  y e a r l y  t h e r e a f t e r ,  p r e f e r a b l y  d u r i n g  d r y  
seasons)  to  a s s u r e  t h a t  t h e y  ac tua l ly  do c o n s t i t u t e  a sa t i s -  
f a c t o r y  g r o u n d i n g  m e d i u m .  (See also Pa r .  223.f. and  Fig .  1) 

e. An  a d e q u a t e  n u m b e r  of  su i t ab le  g r o u n d i n g  connec-  
t ions  shal l  be  p rov ided  on a p r o n s  and  r a m p s  w h e r e  fuel  
s e rv i c ing  o p e r a t i o n s  m a y  be conducted.  

f .  As  low a r e s i s t a n c e  as  poss ib le  should  be  secured  
a n d  m a i n t a i n e d .  10,000 ohms  is a p r a c t i c a l  r e c o m m e n d e d  
m a x i m u m  w h e n  d e t e r m i n e d  by  s t a n d a r d  procedures .*  

*There are several methods of measuring the resistance to 
ground of buried metallic structures. Two satisfactory methods that 
are practical and may be accomplished by relatively inexperienced 
personnel are given below. 

l. The first method is to connect a 24 volt aircraft battery in 
series with the ground electrode to be measured, a multi-scale am- 
meter (calibrated) and a buried metallic structure such as a water 
pipe. The resistance of the water  line will be so small in comparison 
with the resistance of the ground electrode, that for all practical pur- 
poses the total circuit resistance can be considered to be the resist- 
ance of the latter. All connections should be cleaned thoroughly 

(Footnote continues next page.) 
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g. All bonding and grounding connections shall be firm 
and to clean, unpainted metal parts. 

230. Aircraft Engines and Heaters: 

231. Fuel servicing shall not be done on an aircraft until 
the aircraft 's engines (or engine) have been stopped (igni- 
tion OFF). 

232. Aircraft combustion heaters shall not be operated 
during fueling operations. 

240. Safeguards Against Hazards Incident to Automotive 
Equipment Operation: 

241. No vehicles, other than those performing aircraft 

(Footnote continued .from previous page.) 

(filed) to a s su re  a good m e t a l  to m e t a l  contac t .  The  c i rcui t  r e s i s t ance  
can read i ly  be d e t e r m i n e d  by r ead ing  t h e  b a t t e r y  vo l tage  and the  
mi l l i amperes  f lowing in t he  circui t .  

Thus  w h e r e  R is in ohms  
1000E E is in vol ts  

R ~  I I is in mi l l i amperes  
Since t h e r e  will  be, in genera l ,  a po t en t i a l  d i f f e r ence  b e t w e e n  the  
g round  e lec t rode  and  the  w a t e r  pipe (usual ly  f r o m  0.15 to 0.60 vol t ) ,  
a r ead ing  should be ob ta ined  and  t h e n  a second read ing  wi th  the  
po la r i ty  of t he  b a t t e r y  r eve r s ed  should be recorded .  An ave rage  of 
t hese  two  r ead ings  will give app rox ima te ly  the  co r rec t  reading.  

2. The second m e t h o d  requ i res  t h r e e  se ts  of r ead ings  to  be t a k e n  
b e t w e e n  t h r e e  g round  e lec t rodes .  L e t  R1 = r e s i s t ance  of f i rs t  elec- 
t rode  in ohms;  R 2 : r e s i s t ance  of second e lec t rode  in ohms;  and  
Rs = r e s i s t ance  of t h i rd  e lec t rode  in ohms.  Then  m e a s u r i n g  the  
r e s i s t ance  b e t w e e n  all 3 pa i r s  of the  t h r e e  e lec t rodes  as ou t l ined  in t he  
f i rs t  m e t h o d  t h e r e  r e su l t s :  R1 + R2 -- A; R1 -F R.s : B; R 2 + R.~ = C, 

f 1000E for  the  t h r e e  w h e r e  A, B and  C a re  the  ca l cu l a t ed  va lues  0 
pai rs  respec t ive ly .  

Solving the  above  s i m u l t a n e o u s  equa t ions  t h e r e  r e su l t s  - -  
A + B - - C  A + C - - B  B + C - - A  

R1 -- 2 R., - 2 R3 2 
Inaccu rac i e s  ar ise  in t he  above m e n t i o n e d  m e t h o d s  due to s t r a y  

cu r ren t s ,  polar izat ion,  and  back  emfs.  However ,  for  t he  purpose  
i~ tended,  t h e y  a re  su f f i c i en t ly  a c c u r a t e  to  : recommend t h e i r  use  by  
m a i n t e n a n c e  personnel .  A h igher  degree  of accu racy  could be ob ta ined  
us ing  A.C. as a source  of power ;  however ,  this  is not  no rma l ly  as  
read i ly  avai lable  on a i rpor t  aprons  as an a i r c r a f t  ba t t e ry .  

I n s t r u m e n t s  specif ical ly des igned  to m e a s u r e  ground  re s i s t ances  
d i rec t ly  are  commerc ia l ly  available.  
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servicing functions, shall be permitted within 50 feet of air- 
craft during fuel servicing operations. 

242. All vehicles performing aircraft servicing functions, 
other than fuel servicing (e.g. baggage trucks, air condition- 
ing vehicles, etc.), shall not be driven or be parked under 
aircraft wings while fueling is in progress. Drivers shall be 
thoroughly instructed as to the hazards inherent in operat- 
ing or parking such vehicles in close proximity to fueling 
operations. [Aircraft servicing normally requires mechan- 
ized equipment and it is most often impractical to suspend 
such operations during fueling. Minimum precautions dic- 
tate superior ramp vehicle maintenancet (to avoid arcing 
across vehicle electrical terminals, emission of sparks or 
backfire flames from exhausts, prevention of vehicle ignition 
system short circuits, etc.) and schooling of vehicle opera- 
tors in recognizing potentially hazardous conditions such as 
spills.] 

250. Prevention of Arcing of Electrical Circuits: 

251. During fuel servicing, aircraft batteries shall not be 
raised or lowered nor shall battery chargers be connected, 
operated or disconnected. 

252. Aircraft  ground-power generators should be located 
as far  as practical from aircraft fueling points and tank 
vents to reduce the danger of igniting flammable vapors 
that may be discharged during fueling operations at spark- 
ing contacts or hot surfaces of the generators. Ground power 
generators shall not be placed under wings or just aft  of the 
trailing edge of wings. The act of connecting or discon- 
necting ground power generators shall not be accomplished 
while aircraft  fueling is in progress. 

253. Electric hand lamps or flashlights used in the im- 
mediate proximity of the fueling operation should be of the 
~ype approved for use in Class I, Group D, Division 1 haz- 
ardous locations (as defined by the National Electrical Code, 
NFPA No. 70). 

t F o r  i n d u s t r i a l  t r a c t o r s  see N F P A  P a m p h l e t  No. 505B,C., " S t a n d a r d s  
for  the  M a i n t e n a n c e  a n d  Safe  O p e r a t i o n  of I n d u s t r i a l  T rucks , "  25 
cen ts  p e r  copy. F o r  o t h e r  vehicles ,  see N F P A  P a m p h l e t  No. 512 
" T r u c k  F i r e  P r o t e c t i o n , "  25 cen t s  p e r  copy. 
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254. No electric tools, drills, buffers or similar tools liable 
to produce sparks or arcs shall be used during fueling opera- 
tions. 

255. Aircraft electrical switches which control units in 
wing or tank areas should not be operated during fueling 
operations except in an emergency. 

256. Photo flash bulbs shall not be used in the immedi- 
ate vicinity of the aircraft during fuel servicing. 

257. Electrical equipment in fuel pits shall be of the type 
approved for Class I, Group D, Division 1 hazardous loca- 
tions (as defined by the National Electrical Code, NFPA 
No. 70). 

NOTE: See also Section 240 for internal com- 
bustion engine equipment which may have 
electrical sparking hazards. 

260. Elimination of Open Flames: 

261. No open flames or lighted open flame devices shall 
be permitted within 50 feet of aircraft undergoing fueling, 
including: 

a. Lighted cigarettes, cigars, pipes, etc. (All entrances 
to fueling areas from adjacent buildings should be posted 
with "NO SMOKING" signs.) 

b. Exposed flame heaters (liquid, solid or gaseous de- 
vices, including portable and wheeled gasoline or kerosene 
heaters).  

c. Welding or cutting torches, blowtorches, etc. 

d. Flare pots or other open flame lights. 

262. Matches and cigarette lighters shall not be per- 
mitted on persons engaged in fueling operations. 

270. Control of High Frequency Radar Equipment: 

271. High frequency radar equipment mounted in air- 
craft shall not be operated during fueling operations. Fuel- 
ing operations shall not be conducted within 100 feet of en- 
ergized airborne radar equipment or within 300 feet of en- 
ergized ground radar equipment installations. 
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280. Additional Precautions: 

281. Fueling Location: All a i rcraf t  fuel servicing shall 
be done outdoors, separated by 50 foot distances f rom build- 
ings or other  a i rcraf t  to minimize the danger of ignition of 
flammable vapors discharged during fueling operations by  
sources of ignition liable to exist in such buildings or other  
aircraft .  

282. Outage Space: Fuel expansion space should be left  
in each tank to prevent  overflow in event of t empera ture  in- 
crease. A three  per  cent outage space is recommended. (Fuel 
expansion is at  the  ra te  of about  one per cent for  each 14°F. 
of t empera ture  rise.) 

283. Concurrent Operations: No concurrent a i rcraf t  
maintenance operations shall be conducted which might  pro- 
vide a potential source of ignition for  fuel vapors being dis- 
charged during fueling operations. 

284. Positioning of Fueling Trucks:  A clear path shall 
be maintained to permit  rapid removal of fueling equipment 
from an aircraf t  in an emergency. Fuel servicing vehicles 
shall not be located where  they  would obstruct  egress f rom 
occupied portions of the  a i rcraf t  in the event of fire. The 
hand brake shall be set on the fuel servicing unit  before the  
operator  leaves the cab. The expected flow of vapors  and of 
fuel spills on wings will be toward the trailing edge (except 
where wind conditions direct vapor travel in other  direc- 
t ions).  Fuel servicing vehicles and other  gasoline or electric 
powered vehicles or equipment shall be positioned so that  
in event of spillage or excessive vapor travel, the fuel or its 
vapor will not flow on or near  the equipment and create a 
fire hazard. Fueling t rucks  may be positioned under wings 
only outboard of the outboard engine, in a position where 
it can be moved prompt ly  wi thout  backing and located so 
that  the vehicle engine is not under  the wing. (See Figure  1 ) 

285. Aircraf t  Occupancy: If  passengers  remain aboard 
an aircraf t  during fueling, an a t tendant  shall be present  at 
the cabin door and passenger  loading steps shall remain in 
place. A "NO SMOKING" sign shall be displayed in the 
cabin and the rule enforced. Food and cabin servicing may 
be done during fueling but  care should be taken to prevent  
dangerous blocking of cabin egress facilities if the a i rcraf t  
is occupied. The a t tendant  should promptly not ify fueling 
personnel if fuel vapors  are detected in the passenger  com- 
par tment  or of any condition which might  be a potential 
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hazard. Upon such notification, fueling should be stopped 
until the condition is corrected. 

286. Manning of Fueling Equipment: Adequate man- 
power shall be available to quickly shut off the flow from the 
servicing equipment (trucks, hydrants, pits or cabinets) in 
an emergency. Fuel nozzles used in over-the-wing fueling 
hose assemblies shall be self-closing so that  the nozzle will 
close and the flow of the fuel will stop when the hand of the 
operator is removed. Blocking nozzles in an open, position, 
even momentarily, shall be prohibited in all types of fueling 
operations except for under-the-wing fueling where cam 
operated nozzle valves are required to be blocked in the open 
position but where in-the-tank controls will automatically 
prevent over-filling. Only competent and qualified operators 
shall be permitted to operate the equipment (See paragraph 
401). Kinks and short loops in the fueling hose should be 
avoided. The fuel nozzle should never be allowed to drag 
along the ground. The hose should not be stretched with the 
complete weight of the hose off the ground as this places 
extra strain on the nozzle coupling. (See Figure 1) 

287. Lightning Storms: Extreme caution should be used 
in fueling during lightning and electrical storms. Opera- 
tions shall be suspended during severe disturbances. 

288. Fire Extinguishers:* Class "B" fire extinguishers 
of both the quick smothering and final blanketing types are 
desirable. The amount of hand extinguishing equipment 
available should be related to the quantity of fuel likely to 
be spilled due to accidental overflow, hose or coupling failure, 
etc. and the availability of major fire apparatus (aircraft 
rescue and fire fighting equipment**) and fixed fire fighting 
equipment.t At least a fifty pound carbon dioxide extin- 
guisher or a thir ty  pound dry chemical extinguisher is rec- 
ommended for the quick smothering unit. A thirty-three 
gallon foam extinguisher is recommended as a minimum for 
the final blanketing type. It is recommended that  all ramp 
extinguishers be mounted on mobile carts or be of the 
wheeled type and at least one such extinguisher shall be 

*For  de ta i led  in fo rma t ion  on fire ext inguishers ,  see N F P A  P a m p h l e t  
No. 10, 50 cen ts  a copy. 

**For  de ta i led  in fo rma t ion  on a i r c r a f t  rescue  and fire f ight ing equip- 
ment ,  see N F P A  P a m p h l e t  No. 403, 50 cents  a copy. 

~For  de ta i led  in fo rma t ion  on a i rpor t  f ixed fire f ight ing equipment ,  
see N F P A  P a m p h l e t  No. 409, 50 cents  a copy. 
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located within 100 feet of each fueling location (closer if 
weather conditions or ramp traffic would handicap move- 
ment of extinguishers in an emergency). Where hose reel 
fire protection equipment is installed for ramp fueling pro- 
tection, this type protection is preferred to portable ex- 
tinguishers if adequately supplied from bulk cylinder or 
tank sources and is particularly recommended where fuel 
dispensing is at a rate in excess of 100 gallons per minute. 
Such fixed equipment, however, only replaces the type of 
hand extinguisher supplying the same extinguishing agent. 
(See Figure 1) 

Part III. Defueling Recommendations 

301. Defueling operations are similar to fueling opera- 
tions and present approximately the same fire hazards. 
Draining operations present greater fire hazards because the 
procedures are more difficult to accomplish and because 
drainage provisions are seldom convenient. Normally, ini- 
tial drainage will be accomplished by suction with a hose in- 
serted at the fuel tank filler neck utilizing pumping equip- 
ment. Following this, remaining liquid must normally be 
drained from the fuel piping system, most often from the 
sumps or central valves in the system. Final draining shall 
be done with temporary pipe or hose connected into vented 
drums or covered containers. 

302. The safeguards listed herein for electrostatic bond- 
ing and grounding during fueling apply equally during de- 
fueling. The necessity for providing static bonds at such 
points of possible spark gap where flammable vapors may be 
present remains obligatory despite the relatively small 
amounts of fuel and slow rates of delivery experienced in 
this draining operation. 

303. Variations between different types of aircraft pre- 
clude the establishment of standard procedures but the same 
principles apply in all cases. 

Part IV. Personnel 

401. Fire Safety Training: A new employee shall be 
given indoctrination training covering these and similar 
safety essentials that  relate to his employment. Follow-up 
and advance training shall be given as soon as the employee 
is sufficiently acquainted with the work to benefit from such 
training. Supervisors shall be given training in the more 
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technical aspects  of fire safe ty  so tha t  they  may  know the 
"why"  for  these and similar requirements  and have an ap- 
preciation for  proper safe ty  supervision. All men shall be 
given adequate training with ext inguishers  and extinguish- 
ing equipment so as to use such equipment effectively in an 
emergency. Such training should be given on fires of the  
type that  may  be encountered on the job. 

Appendix A 

Preventive Maintenance and Inspection of 
Aircraft Refueling Hose 

A-1. A f requent  source of fuel spillage and, therefore,  
a f requent  cause for  increased fire hazard in a i rcraf t  re- 
fueling, is the failure of a i rcraf t  refueling hose in service. 

A-2. Most a i rcraf t  refueling hose is built specifically 
for  this type  of service and is mounted on reels. The 
N F P A  recommends that  each fuel hose in this service be a 
continuous length. If  not continuous, such hose may  be 
made-up of two sections coupled with s tandard male and 
female screw couplings. The use of hose clamps is pro- 
hibited. 

A-3. Principal reasons for  failure of a i rcraf t  refueling 
hose are mishandling, such as dragging hose over rough 
surfaces, flattening or crushing by  vehicles, continual ex- 
posure to severe weather,  l ift ing hose to wings of a i rcraf t  
with excessive end pull, dropping hose to ground from air- 
craf t  wings or t ruck  platforms, and sharp bending or kink- 
ing of hose. In the  past, splicing of hose on reels by  inserting 
rigid pieces of pipe or makeshi f t  field repairs  of hose have 
been other  causes of refueling hose failures. Sudden opening 
and closing of valves creat ing surge pressures  in the hose 
have caused leaks at  weaker  points. 

A-4. Safe fuel delivery from aircraf t  refuelers or other  
fixed or mobile fuel dispensing equipment is highly depen- 
dent upon the integr i ty  of the hose used. 

A-5. The following minimum preventive maintenance 
and inspection program is therefore  recommended. 

(a). Continual Hose Inspection Record: Each section 
of hose should be labelled and identified at t ime of purchase 
and a Record Card initiated and maintained to show its 
progressive prevent ive maintenance and inspection. This 
record card should contain: 


