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but not on the other. Now the employees at all plants  
are under  strict  instructions to lock all switches when 
a machine is being repaired.  

Sell It 
Many employees have the mistaken idea that  a 

safety program is for the benefit of the company 
only. Your  th i rd  factor  therefore, in selling safety 
to your  employees, is to show them that  they too 
will gain by cooperating with your  program.  Deep 
down in most human  hearts  is a desire for security, 
a desire to live and a desire for  f reedom f rom the 
consequences of disaster. Jobs  mean security, food, 
clothing, family,  and recreation. Self-preservation, 
"Nature's Fi r s t  L a w , "  involves not only protection 
against  death but  protect ion f rom accidents tha t  
might  result  in in ju ry  or impai rment  to health. Sell 
the employee on his own pocket-book. Show him how 
he can profit  in dollars and cents by cooperating with 
the safety  program. Everyone  loses when an em- 
ployee has a serious in jury.  Aside f rom his own pain  
and suffering, his fami ly  has the anxiety  and the loss 
of income. The company loses in several ways, but  
usually the invisible loss is much greater  than the 
visible loss. 

I t  is only na tura l  that  the employee likes to feel 
that  he is essential or at least impor tan t  to the or- 
ganization. He likes to feel that  he is t ra ined for his 
par t icular  line of work and that  he could not be re- 
placed easily. I feel however that  the employee should 
be made to unders tand that  your  safety p rogram is 
impor tan t  and you demand his full  cooperation. 

Do It 
I have visited plants, held meetings, pointed out 

hazards, in fact, have done all the things I might  
normal ly  be expected to do, then before I could get 
home, a serious accident would occur. Your safety 
program,  if p l a n n e d - - a n d  it must  be p lanned- - i s  
only a mass of talks, booklets, rules, and posters unti l  
it is put  into practice by  men, materials,  and action. 
First ,  management  must  be sold. You may be the 

best safe ty  director and /o r  may have the best super- 
visory force in the world, but  unless you have the 
whole-hearted cooperation of management  your  safety 
p rogram will not be successful. H. Woodhead, presi- 
dent, Consolidated Vultee Ai rc ra f t  Corporation, said 
several years ago "a good safety record, in my 
opinion, is the proof  as well as tile result  of good 
managemen t . "  When  you have succeeded in selling 
management ,  then it should be comparat ively  easy 
to sell operations. Your supervisors with the assist- 
ance of the safety  director are charged with the 
responsibili ty of selling the program to the employees. 

I saw one of our supervisors one day  cut t ing metal  
with the acetylene torch without  wearing his goggles 
al though the machine had a nice new sign on it 
which read " D o  No Use This Machine Without  
Goggles."  A pai r  of goggles hung on the machine. 
When I called his at tent ion to the fact, he said that  
it would take only a few minutes for  the job and 
that  he had no goggles with him. Wi th  tha t  I reached 
for  and handed to him the goggles f rom the machine. 
That  it takes only a f ract ion of a second to lose an 
eye f rom hot metal  is not the sad pa r t  of the story. 
To any  employee who saw him or heard of t h a t  un- 
safe act he has foreover lost any influence he may 
have had in the promotion of accident prevention. 

I n  summarizing,  I would like to point  out tha t  
accident control is as much a pa r t  of your  operations 
as protein control or extraction. Unti l  your  organiza- 
tion f rom top management  down realizes this, your  
safe ty  p rogram cannot be successful. Tell your  em- 
ployees about your  program.  Show them the correct 
way to do the work assigned to them and fu r the r  
i l lustrate with posters and warning  signs. Show the 
employee tha t  the p rogram is not for  the benefit of 
the company ent irely but  for  his profit too. Your  
supervisors should set a good example before their  
men. Endeavor  to imbue each and every employee 
with a desire to protect  himself and those associated 
with him f rom accidents which may  result  in i n ju ry  
or death. And remember  too, that  accidents do not 
happen,  They Are Caused. 

Safety Aspects of Handling Heavy Fuel Oils 
JAMES F. MILLER JR., Esso Standard Oil Company, New York, New York 
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HERE ADEQUATE SAFETY provisions are incorpo- 
rated in the design of heavy fuel oil installations 
and where appropr ia te  operat ing procedures are 

followed by personnel who recognize the potential  dan- 
ger of fire, there is little hazard involved in the use of 
heavy oil as a fuel. Fires  in heavy fuel-oil-fired plants  
have been quite infrequent ,  but  where they have oc- 
curred, they have generally been t raced to one or 
snore of the following causes: f au l ty  design in equip- 
ment,  excessively high oil temperatures ,  introduction 
of water  into the system, contamination with low-flash 
hydrocarbon,  and  improper  mechanical repa i r  proce- 
dures. This paper  discusses some aspects of each of 
these potential  fire-cause factors and some recommen- 
dations on fire ext inguishment  with heavy oils. 

Faulty Design of Equipment 
Excellent  guides for the design of heavy-oil-han- 

dling facilities are contained in the N.F.P.A.  Flam-  
mable Liquids Code No. 30 and N.F.P.A.  S tandard  
on Oil-Burning Equ ipmen t  No. 31. These publications 
and those of reputable  oil-burning equipment  manu- 
facturers,  if  careful ly  adhered to, should provide rea- 
sonable design safety  protection. For  this reason this 
subject need not be dwelt upon except to mention some 
design failures which have caused fires in the past  or 
have contributed to the severity or difficulty of the 
ext inguishment of fires. 

A design feature  which should not be tolerated in 
heavy-fuel-oil  installations, or lit any  other hydrocar-  
bon-handling facility, is overshot filling lines to tank- 
age. This applies equally to recirculation lines and 
pressure-relief re tu rn  lines. The process of free fall 
of liquid f rom top of a vessel to the liquid surface is a 
prolific generator  of static electricity. I f  the vapor  
space contains a hydrocarbon-air  mixture  in the flare- 
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mable range, an internal  tank  explosion can easily 
result. There are many  well-substantiated eases of 
fires caused by this phenomenon in the record. Two 
of these eases are known to have occurred in heavy-oil 
storage. One occurred in a power plant  installation 
where the fuel oil was being circulated through an 
external  heater  and re turned to the storage tank 
through a top connection. Another  took place in an 
asphalt  storage facility. Asphal t  was being charged 
to a 15 • 30-ft. vert ical  dome roof tank  through a 
fired heater  into an overhead line which allowed the 
asphalt  to cascade to the surface through a free drop 
of approximate ly  15 ft. This procedure resulted in 
an internal  tank  explosion and fire, which ul t imately  
involved several other similar tanks. There were at 
least three fatalit ies as a result. 

An additional design fai lure  caused this fire to be 
fa r  more serious than it would otherwise have been. 
All the tanks in this installation were so constructed 
that  their  roof-to-shell joints were s tronger  than  their  
shell-to-bottom joints. Each tank explosion therefore 
resulted in fai lure  of the shelI-to-bottom joint. Each 
tank left  its foundat ion like a skyrocket, spilling its 
entire flaming contents. This type of occurrence leads 
to the recommendation tha t  tanks in heated heavy 
hydrocarbon service should be constructed with the 
roof-to-shell joint  deliberately made weaker than any  
other seam in the tank. This is s tandard  practice on 
new tankage, but older existing tankage may  not al- 
ways be so constructed. Riveted tanks par t icu lar ly  
may  not have been designed in this manner.  Replace- 
ment  of roof-to-shell r ivets with a luminum rivets or 
replacement of rivets with a light single-pass weld 
are two methods of guarding  against  tank  rup tu re  
and oil spillage. 

Excessively High Oil Temperatures 
At atmospheric tempera tures  heavy fuel oils are 

essentially hazard-free both f rom the fire-prevention 
and personal-heal th  standpoint.  I n j u r y  f rom skin 
contact with the liquid or inhalation of vapors  is so 
remote a possibility as to need no t rea tment  in this 
paper.  

I t  is necessary however in the handl ing of heavy 
fuel oils to heat them above atmospheric tempera-  
tures. General ly heating is required to allow the fuel 
to be efficiently pmnped  through the system. Hea t ing  
for  pumpabi l i ty  is usual ly accomplished in the bulk 
storage tank  or in a smaller day  tank if one is pro- 
vided. F u r t h e r  heating is also required in order to 
raise the fuel  to its p roper  atomization tempera ture  
to insure efficient combustion. Atomization heat ing is 
normal ly  accomplished in an external  heater  between 
the pumps  and the burners.  

Number  6 or " B u n k e r "  fuel oil has a viscosity 
range of between 45 and 300 Saybolt  seconds furol  
at 1220F. The max imum range of viscosity which 
will assure free and efficient pumping  of bunker  fuel 
is between 400 and 500 Saybolt  seconds furol. The 
viscosity of heavy fuels decreases very  markedly  with 
the increase of temperature .  For  example, oil which 
has a viscosity of 300 SSF at 122~ has a viscosity 
of 3200 SSF at 77~ Similar ly oil with a viscosity 
of 100 SSF at  122~ has a viscosity of 700 S S F  at 
77~ I t  wilt be seen therefore tha t  heavy fuel  oil 
usual ly  cannot be effectively pumped  at  average at- 
mospheric tempera tures  even as high as 77~ and 

it is necessary to reduce the viscosity to a maximum 
of about 400 SSF. 

Oil with a viscosity of 300 SSF at 122~ would 
have to be heated to a theoretical t empera tu re  of 
118~ whereas oil with a viscosity of 100 SSF at 
122~ would only have to be heated to a minimum 
tempera ture  of 88~ 

The minimum flash tempera ture  of bunker  fuel oils 
is 150~ and typical  oils will have flash points well 
above this minimum and quite commonly on the order 
of I80~ Hea t ing  in bulk storage or day  tanks for  
viscosity reduction to meet pumpab i l i ty  requirements  
should never result  in oil t empera tures  which ap- 
proach the flash point  of the oil. 

Probably  a max imum limit of 125~ would pro- 
vide adequate pumpabi l i ty  and give reasonable as- 
surance of fire safe ty  by  providing a 25~ margin  
below the min imum flash temperature .  Exceeding 
this nominal l imit  is undoubtedly not uncommon in 
many  installations. In  many  cases fuel  oil tanks are 
deliberately held at  tempera tures  as high as 150~ 
or higher. 

Sometimes, al though a t empera ture  as low as 120~ 
is desired and thought  to be maintained,  much higher 
tempera tures  are actual ly  achieved through tack of 
effective tempera ture  control. 

In  the spr ing of this year  a disastrous fire occurred 
on the West  Coast in which a t ank  in a heated heavy- 
oil service boiled over because of the introduction of 
water  or low flash hydrocarbon.  Although details of 
this occurrence were not readi ly  available, the pre- 
l iminary  repor t  p rompted  us to review the methods 
used to control the t empera ture  of our own heavy- 
fuel-oil installations. 

We found that,  in all but  one such installation, the 
oil t empera tu re  was controlled by thermostat ic  regu- 
lations of steam to the heater  coils. The single ex- 
ception involved an older plant  with low pressure 
boilers where 15 lbs. of s team were used to heat the 
oil. We were assured that  s team pressure could not 
exceed 15 lbs. and tank oil tempera tures  could not ex- 
ceed 140~ Unfor tuna te ly  modifications were subse- 
quent ly  made to the boilers, which resulted in greater  
product ion of hotter  steam. This, in turn,  very  soon 
caused the tank  to overheat and boil its contents over 
the top. Fo r tuna te ly  this t ank  had a weakened roof 
seam, and there was no large spillage of oil. Also 
for tuna te ly  the spilled oil did not find a source of 
ignition. Since that  time we have made very  sure 
that  all bunker  tanks are equipped with thermostat ic  
shut-off controls and fu r the r  that  these controls are 
checked periodically for  proper  operation. 

Hea t ing  to provide proper  atomization viscosity 
general ly requires t empera ture  levels above the flash 
point  of the fuel and on the order of 180~ to 
240~ Whether  electrical or steam heaters are used, 
this heat ing is done in a closed system (and so is 
safe).  Fuel  oil which leaks or sprays  out of such 
systems at t empera tures  above the flash point is read- 
ily ignitible upon reaching any  source of ignition. 
An additional considerat ion,  even when ignition does 
not occur, is the hazard to personnel f rom contact 
with fuel oil at elevated temperatures .  

Thermostats  should be so located as to sense tem- 
pera ture  in the hottest  port ion of the liquid, gen- 
eral ly  ra ther  close to the steam coils. They must  be 
placed low enough in the tank so that  i t  is impossible 
for  the liquid level to fall  below the thermostat .  In  
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addition, it is necessary to keep enough oil in heated 
tanks completely to cover the heater  coils. Low liquid 
levels and uneovered heated coils allow thin films of 
oil to be heated to tempera tures  well above the flash 
point and possibly even near  the autoignit ion tem- 
perature .  Maintenance of hot oil p iping in good, 
leak-proof condition is a basic requirement  for  fire 
prevent ion and protection of personnel. 

Introduction of Water or Light Hydrocarbon 
Into the System 

I t  is not uncommon, where steam coils are used to 
heat heavy oils, to find some water  in the tank  because 
of leakage f rom the coils. Atmospheric  condensation 
may  also result  in the appearance of water  in oil 
tanks. I f  the t empera ture  of the oil should then 
exceed 212~ the water  would flash to steam, prob- 
ably causing a tank  roof rup tu re  and boil-over of 
the tank  contents. 

Contaminat ion of heavy oils with low flash hydro-  
carbon, such as solvents or nmtor fuels, lowers the 
flash point of the mixture  out of all proport ion to 
the percentage of the contaminant.  Upon heating, 
the vapor  space in tanks containing contaminated oil 
may  very easily be placed in the combustible range, 
where it needs only a source of ignition to cause a fire. 
Contanfination with low-flash materials  is usually in- 
advertent ,  but  at  least one ease on record was delib- 
erate. In  this instance a tank  t ruck load of heated 
heavy fuel oil was being delivered to a p lant  whieh 
apparen t ly  had a d i r ty  furnace, i n  the belief tha t  
alcohol added to the fuel would clean the furnaee,  
the customer proceeded to pour  some into the dome 
of the t ruck tank. While the alcohol was being poured 
in, the t ruck exploded. The source of ignition un- 
doubtedly was static electricity generated by the free 
fal l  of the alcohoI onto the liquid surface. The com- 
bustible mixture  was produced as the alcohol was 
vaporized by contact with the heated fuel oil. 

Improper Mechanical Repair Procedures 

A high proport ion of fires involving petrolemn 
occur dur ing shut-down, start-up, and inechanicaI 
repair  work. Par t i cu la r  at tent ion should be given to 
these operations to insure against  accident. Even  the 
seemingly nonhazardous job of cleaning heavy-fuel-  
oil tanks can result  in fire. This job is usually done 
with hot water  jets or steam. Par t i cu la r ly  where hot 
water  is used, it is absolutely necessary to pmnp  out 
all possible fuel oil and allow the heating coils and 
residual oil to cool before introducing water. Fa i lure  
to do this was the cause of at least one very costly 
fire. Here  again, the water  flashed to s team as it con- 
tacted the hot coils, the tank  roof came off, oil spewed 
out, found a source of ignition, and flashed. 

Ho t  work, such as welding and burning,  should 
not be done even on outer surface of heavy fuel tanks 
without  first cleaning the interior  surface to bare 
metal. This has been tr ied many  times in the past  
and has also resulted in explosions. 

Combustible gas indicators should never  be used to 
determine whether the vapor  space in heated tankage 
is within the combustible range. These instruments  
are reliable only at atmospheric temperatures .  The 
safest procedure is not to pe r fo rm even cold mechani- 
cal repairs  on heated tanks without allowing them to 
cool. Where  such jobs must  be pe r fo rmed  while the 

t ank  is hot, calculations based on oil t empera ture  and 
flash point are likely to be more reliable than  com- 
bustible-gas-indicator readings. 

Fire Protection 

The first precaution to be taken in fire protection 
of heavy-fuel-off installations is proper  design. Tank 
spacing and distances f rom adjacent  buildings should 
conform to N.F.P.A. standards.  Dikes should always 
be provided around above-ground heated tankage to 
contain the contents in ease of spill or t ank  rupture .  
P ip ing  should pre fe rab ly  be of welded or flanged steel 
construction, par t icu lar ly  within the diked area. Stor- 
age tanks should be equipped with a steam-smothering 
or foam-inlet  connection. 

F i re  fighting on tanks containing heated heavy oils 
presents a difficult problem. I f  such fires are not very  
rap id ly  extinguished, the oil t empera ture  steadily in- 
creases at the burn ing  surface and this t empera tu re  
wave progresses steadily down through the body of 
the oil. As the oil t empera tu re  exceeds the boiling 
point of water,  applicat ion of foam or water  can 
become hazardous. Foam will rap id ly  break do.wn 
and, if  applied at normal  rates, may  cause a slop- 
over to car ry  burn ing  liquids outside the tank. Also 
solid water  s treams or continuous water  fog streams 
directed into the t ank  could cause a slop-over. Any  
boil-over or stop-over is very  hazardous as the burn-  
ing liquids can car ry  into the air  and flow over fire 
banks to endanger  personnel and equipment  in the 
vicinity. 

Wate r  should be applied to cool the outer surface 
of the tank  on fire and any  adjacent  tanks or struc- 
tures exposed to the rad ian t  heat. Careful  applica- 
tion of foam or f requent  short- interval  applicat ion 
of water  fog to the burn ing  surface may  be a t tempted  
to smother the flames or cool the surfaee below the 
ignition temperature .  

Wherever  there is a possibility of boil-over, per- 
sonnel a t tending the fire should be l imited to those 
actual ly required by fire-fighting activities, and strict  
precautions should be taken to prevent  fire fighters 
f rom being t rapped.  

S u m m a r y  

1. Make sure fuel oil handl ing facilities conform to 
N.F.P.A. standards.  

2. Avoid overshot filling lines. 
3. Provide weakened seams on above-ground tank 

roofs. 
4. Limit  storage tank or day tank  tempera tures  

to 125~ Provide positive control to prevent  over- 
heating. 

5. Make sure thermostats  are located in the hottest 
par t  of the oil. Operate  storage so as not to uncover 
either the thermosta t  or the heat ing coils. 

6. Do not contaminate fuel oil with water  or l ight 
hydrocarbon.  

7. Cool tanks and heaters before introducing water  
for  cleaning. 

8. Do not pe r fo rm hot work repairs  above the 
liquid level on tanks in service. 

9. Do not rely on combustible-gas-indicator read- 
ings when the t empera tu re  of the vapor  space being 
sampled is above atmospheric. 

10. Be wary  of boil-overs when l ighting fuel oil 
tank  fires. 


