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Leakage from Underground 
Flammable and Combustible Liquid Tanks 

NFPA No. 329 

F o r e w o r d  

Liquid shall mean,  when not  o therwise  identified, both 
f lammable  and combus t ib le  liquids. 

Combus t ib le  liquid shall  mean  any  liquid hav ing  a flash 
point  at  or above  140 ° F (60 ° C). 

F l a m m a b l e  liquid shall mean  any  liquid hav ing  a flash 
point  below 140 ° F (60 ° C) and a vapor  pressure  not  exceed- 
ing 40 lb. per  sq. in. absolute  at 100 ° F (37.8 ° C). 

F l a m m a b l e  and combus t ib le  liquids for consumer  uses are 
c o m m o n l y  s tored in unde rg round  tanks.  T h e  ma jo r i t y  of such 
tanks  are at service s ta t ions ;  however  this repor t  is not  con- 
fined to tanks  at these places. I t  includes unde rg round  fuel 
oil tanks  in connect ion with  dwell ings and business  places, 
as well as unde rg round  tanks  conta in ing o ther  f lammable  and 
combus t ib le  liquids at industr ia l  propert ies .  Millions of gal- 
lons of these liquids are s tored in unde rg round  tanks  and it is 
of vi tal  impor tance ,  economical ly  as well  as f rom the po- 
tent ia l ly  hazardous  condit ions such tanks  m a y  present ,  that  
proper  methods  of instal lat ion be unders tood  and practiced.  

The  tex t  outl ines the proper  methods  for instal l ing under-  
g round  tanks,  min imiz ing  losses and detect ing leaks, pro tec t -  
ing con tamina ted  areas and de tec t ing  sources of seepages  and 
gives  methods  for their  removal .  These  methods  can be only 
general  as each case encountered  will have  its own peculiari-  
ties. 
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C H A P T E R  1 

Recommended Safeguards for the 
Installation of Underground Tanks 

General 

Underground tanks provide a widely accepted method 
for storage of flammable and combustible liquids. Such stor- 
age is frequently under buildings or driveways, permitting 
other uses of the area above the tanks. 

These liquids in underground tanks seldom become in- 
volved in fires even when buildings above them burn to the 
ground. However, when a tank is buried it is not, like an 
aboveground tank, accessible for inspection, maintenance and 
painting. 

The labor of repJacing an underground tank is often 
much greater than the cost of installation of the original tank 
or the value of the replacement tank. Therefore, securing 
maximum leak-free life from a tank is good economics. The 
entrance of water into a tank, or leakage of product out of a 
tank or its connected piping, can also cause serious economic 
loss and possible hazards to adjacent property. 

Because visual inspection of underground tanks is im- 
possible, minor leaks may go undetected for some time, par- 
ticularly if inventory control is inadequate. The small quanti- 
ties, which might evaporate harmlessly aboveground, may be 
protected from evaporation by ground cover. In well drained 
areas, such liquids usually dissipate harmlessly. However, 
where a high water table exists, or where the liquid follows 
natural or sewer drains, underground piping or conduits, es- 
caping liquid may travel some distance underground. 

A low flash point flammable liquid may create a hazard 
if it enters a basement, utility manhole or similar subgrade 
enclosure where vapors may accumulate and a source of 
ignition may exist. Fortunately, in occupied premises these 
vapors usually manifest themselves by odor at concentrations 
below the flammable range. 
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Fire prevent ion  and economics  both require  high stan- 
dards  of fabr icat ion and instal lat ion to extend the life of the 
t ank  and to p reven t  leakage. Therefore ,  opera t ing  methods  
which will detect  leaks p r o m p t l y  should be employed.  Re- 
liable methods  for locat ing the source of spil lage or leakage 
should be employed  and responsibi l i ty  for such inves t igat ion 
should be established. An effective and safe method  should 
be used for tes t ing  each individual tank  suspected of leaking. 

Installation 

The  excavat ion for an unde rg round  tank  should provide  
a firm level base. Ledges  or high spots  which migh t  s tress the 
t ank  should be avoided. Care should be taken  par t icular ly  
when a t ank  is to be placed in filled or rocky  ground.  A bed 
of clean sand at least  six inches in depth should be placed in 
the bo t t om of the hole. 

The  tank  should be placed in the hole wi th  care. In  some 
cases the tank  is equipped with lugs so cables can be a t tached 
for lower ing  the t ank  with a crane or shovel boom. A hoist  on 
an auto  wrecker  is somet imes  useful for small  tanks.  Drop-  
p ing  the tank  or roll ing it into the hole should be avoided. 
Such handl ing m a y  break a weld or punc ture  or damage  the 
t ank  metal ,  and m a y  scrape off the protec t ive  coat ing if 
the t ank  has been coated. If  no other  me thod  is available,  
however ,  and the t ank  mus t  be rolled into the hole, ropes 
should be used to control  m o v e m e n t  of the t ank  while it is 
being lowered.  

P ip ing  should be installed free of leaks, and in a manner  
to p reven t  leaks f rom developing.  Welded,  screwed joints or 
approved  connectors  should be used. F langed  joints  are not 
r ecommended  for unde rg round  service but  if used, they  should 
be of steel. Threaded  joints  and connect ions  should be made 
up t igh t ly  with a sui table lubricant  or p iping compound.  Ha rd  
se t t ing  compounds ,  such as l i tharge or red lead are not recom- 
mended.  

Pipes  pass ing  th rough  concrete  should be in pipe sleeves, 
mast ic  or be o therwise  free. I f  not  so protected,  set t lement ,  
frost  action, vibrat ion,  or traffic may  break  or loosen the 
piping. 
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After  the t ank  is piped, both  piping and tank  should be 
tested.  See Chapte r  I I  and Chapte r  I V  of the F l ammab le  
and Combust ib le  Liquids Code, N F P A  No. 30. 

In  areas where  a h igh-wate r  table  exists  it m a y  be neces- 
sary  to fill the t ank  at  once with  wa te r  or product .  In  such 
case, in addit ion to air tes t  on the lines, a before and after  
gage  read ing  should be taken  of the liquid in the tank. Be- 
cause liquid will be forced into the suction line by the air 
pressure,  it is desirable to first fill the t ank  with liquid and 
then test  it hydrosta t ica l ly .  The  immedia te  filling of the tank  
with wa te r  or p roduc t  m a y  be avoided if sufficient anchorage  
is a t tached to each end of meta l  s t raps  laid over  the top of the 
tank  to overcome buoyancy .  

A sand back fill at  least  six inches on all sides of the tank  
is desirable,  bu t  back fill may  also be clean soil. No construc-  
tion debris, cinders, s tones or o ther  foreign mater ia l  should 
be al lowed to get  into the excavat ion.  Back fill should be well 
t amped  and, where  subject  to traffic, t ank  and piping should 
be pro tec ted  by  adequate  cover. 

NotE: For fur ther  information on tank and piping installations 
see the Flammable and Combustible Liquids Code, N F P A  No. 30. 

Corrosion 

T h e  foregoing  discusses the prevent ion  of leaks f rom 
mechanical  causes  dur ing  installat ion.  Howeve r ,  t ank  and 
piping mee t ing  these r ecommenda t ions  can develop leaks 
th rough  corrosion. In  fact, all corrosion is e lectrochemical  
m nature.  The re  are three  principal  causes for corrosion,  any 
one or all of which m a y  be present .  

1. The  nature of some soils in which the tank is buried. 
The  na ture  of some soils in which the t ank  is bur ied is of the 
g rea tes t  importance.  T w o  soils wi th  different proper t ies  in 
contac t  wi th  the t ank  or piping will set up corrosive  action 
very  rapidly.  Th is  is par t icular ly  t rue  if cons t ruc t ion  debris,  
cinders, shale or o ther  foreign m a t t e r  is mixed even in very  
small  quant i t ies  wi th  the normal  back  fill. E v e r y  effort  mus t  
be made therefore  to keep all such foreign mater ia l  out  of the 
excavat ion.  I t  is even more  impor t an t  tha t  cinders, shale and 
other  foreign ma t t e r  be kept  out  of the 6 inches of clean sand 
or ear th  in which it is usual ly  specified tha t  a t ank  mus t  be 
buried. I t  is this foreign m a t t e r  tha t  gives the service stat ion 
indus t ry  its b igges t  corrosion problems.  
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Prope r  back fills, the use of necessary  measures  to ex- 
clude foreign ma t t e r  f rom the excavat ions  and back fills, and 
the use of proper ly  applied pro tec t ive  coat ings  especially 
on the tank  are means  for p ro long ing  the life of tanks  and 
piping. 

Coat ings  and wrapp ings  are extens ively  used on under-  
g round  piping and to a much  lesser extent  on buried tanks.  A 
proper ly  selected, well applied and well inspected coa t ing  will 
often provide years  of excellent service. Coatings,  however ,  
have two or three  major  deficiencies that  are difficult to over-  
come. These  all result  f rom the fact  tha t  a coat ing is no bet ter  
than  its weakes t  spot, jus t  as a chain is no be t te r  than  its 
weakes t  link. Many  times, o therwise  perfect  coat ings  concen- 
t ra te  corrosion at a few holidays (breaks  in the coat ing caused, 
for example,  by  air bubbles  or rough  handl ing of the tank)  and 
consequent ly ,  actual ly  accelerate corrosion. 

Soils with low electrical resistance,  such as migh t  be 
found in filled land, are usual ly very  corrosive.  Soils which 
do not permi t  rapid drainage of wa te r  also are usual ly  corro- 
sive. W h e n  an excavat ion is made in a heavy  imperv ious  clay 
and sand back fill is used around a tank,  the back fill may  
actual ly  become a mois tu re  holding pocket.  I f  the mois tu re  is 
rich in soluble salts, a very  corrosive condition m a y  result.  
This  condit ion f requent ly  occurs in clay soil areas  where  salt 
is used for snow and ice removal .  The  salt laden wate r  seeps 
into the pocket  around the tank  and wha t  was once a non- 
corrosive soil becomes a very  corrosive envi ronment .  

Cathodic protect ion of t ank  and piping buried in such 
soils is usual ly  the best  action to be taken  for prolonging the 
life of such tanks  and piping. Cathodic protect ion is the appli- 
cation of a direct cur rent  f lowing to the metal  being protected 
tha t  is of sufficient magni tude  to p revent  currents  f rom leav- 
ing the metal.  Cathodic protect ion is applied by  two methods.  
Somet imes  the required current  flow is establ ished by  creat ing 
a ba t t e ry  in the g round  which will force cur ren t  in the proper  
direction. An anode of a more  act ive meta l  is buried in the 
ground and electrically connected to the t ank  and pipes to be 
protected.  The  pro tec ted  tank becomes the cathode of the 
ba t t e ry  and cur rent  flows toward  it. Magnes ium is now the 
most  f requent ly  used sacrificial or galvanic  anode a l though 
zinc and a luminum are somet imes  used. 

In  the o ther  method  of cathodic protect ion,  direct current  
f rom an external  source is forced f rom an artificial g round bed 
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to the meta l  to be protected.  Rectifiers are mos t  general ly  
used as the cur rent  source and carbon or scrap steel sect ions 
provide adequate  g round  beds. Cathodic protect ion sys t ems  
should be de-energized dur ing main tenance  of the t ank  and 
piping, and this protect ion sys t em should be opera ted  at  not 
over  the r ecommended  vol tage.  Suitable warn ing  signs should 
be displayed where  such protec t ion  is installed. 

2. The  act ion of two dissimilar  meta ls  in the  t ank  and 
piping sys tem.  The  corrosive action of two dissimilar  metals  
in the t ank  and piping sys t em occurs at points  where  valves  
and fitt ings of steel and brass,  or o ther  such dissimilar  metals  
are connected.  Obvious ly  such combina t ions  of metals  should 
be avoided wherever  possible. 

3. S t ray  currents .  S t ray  currents  m a y  set up corrosive 
action but  their  presence may  be difficult to de te rmine  until 
af ter  the action has p rogressed  to the point  where  damage  
has been done to the tank  or piping. W h e n  currents  f rom an 
external  source flow on buried meta l  objects  and leak off of 
the metal  to cause corrosion, the resul t ing deter iorat ion is 
usual ly called s t ray  cur rent  electrolysis.  S t ray  currents  can 
come f rom st reet  car sys t ems  using the rails for a negat ive  
return,  rai l road signal sys tems,  direct  current  genera tors ,  
p la t ing equipment ,  electric furnace equipment ,  elevators,  
electrolyt ic  chemical  process  equ ipment  and direct  current  
industrial  equipment .  Even  a l t e rna t ing  current  equ ipment  
such as res is tance welders  which allow direct cur rent  compo-  
nents to escape on meta l  grounds  may  be responsible  for corro- 
sion. W h e r e  s t ray  currents  are suspected a thorough  investi-  
gat ion should be made and proper  correct ive measures  taken. 
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C H A P T E R  2 

Methods  to Min imize  L o s s e s  and Detec t  L e a k a g e  

The  Prob lem 

W h e n  a tank is buried two or three  feet underground  or 
under a concrete pavement  or slab, detect ion of leaks is diffi- 
cult. Never theless  there  are effective methods  to indicate 
whether  such a tank is leaking. One or more of these methods  
should be used as a regular  par t  of good business procedure.  
Others  are employed when leakage is suspected. More exten- 
sive methods  may be necessary when it has been established 
that there is leakage somewhere  in a ne ighborhood and ordi- 
nary methods  have failed to disclose the source. 

Stock  Control  

A leaking tank may create a potential  hazard if the vapors  
seep into sewers, manholes or basements,  but  many  leaks are 
solely economic losses to the operator .  W h e t h e r  it be s torage 
incidental to a big industry,  or the principal merchandise  in- 
ven tory  of a local gasoline dealer, leak control  is economical ly 
important .  Therefore ,  it is not surpris ing that  direct economic 
methods are the most  effective means of control.  

Accurate  inventory  control  should be maintained for each 
underground tank. A stick accurately calibrated in gallons, 
or a stick marked in inches accompanied by a gage chart  for 
each par t icular  tank, is an essential inventory  tool. At  the be- 
ginning of operat ions and at the beginning and end of each 
account ing period, accurate inventory  should be made by 
"s t icking" the contents  of each underground  tank. Mechanical 
gages or submerged gage pipes with check valves should be 
used for tanks under  buildings. 

Stock loss control  can be accomplished by one of the 
following methods  : (1) Gaging of tanks  before and after  bulk 
deliveries;  (2) Checking the quant i ty  of liquid th rough  the 
open tank vehicle domes on arrival and again for complete 
empty ing  before leaving ; (3) If del ivery is by meter,  the meter 
readings should be observed before and after  each delivery. 

An additional reason for gaging a tank before bulk de- 
liveries is to determine whether  the receiving tank has ade- 
quate unused capaci ty to hold the quant i ty  to be delivered. 
Sometimes overflowed product  may  seep underground  and 
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appear  in sewers,  manholes  or basements  even quite some 
distance away,  or some t ime later, and create  a hazard  or 
falsely indicate a leaking tank.  If  a spill occurs,  the fire de- 
p a r t m e n t  should be called, the p roper  personnel  in the com- 
pany  mak ing  the del ivery should be notified, and a record 
should be made  of the gal lons spilled. T h e  fire depa r tmen t  
should call the sani ta t ion or other  affected depa r tmen t s  and 
take proper  s teps to e l iminate  or control  the hazard.  

Accura te  gage  readings  taken  at" the end of each shift  or 
day, toge ther  wi th  the records of deliveries and sales, should 
disclose any  liquid loss. Most  service s ta t ions  have dispensing 
pumps  with  to ta l iz ing meters .  A s tat ion opera to r  should check 
three ways  : by  gage  stick for quan t i ty  r emoved  f rom the t ank  ; 
by mete r  for quant i ty  delivered ; and cash received. A discrep-. 
ancy could mean  a loss but  not necessar i ly  a leak. 

Many  unde rg round  tanks  contain liquid for use ra ther  
than for sale, as in factories or fleet terminals .  These  present  
addit ional  p rob lems  in inven tory  control ,  and procedures  mus t  
be establ ished to accura te ly  measure  and record products  used. 
Cases of severe leakage have  occurred  in such instal la t ions and 
because the only records kept  were  of liquids delivered, the 
leak was not discovered for some time. 

Any  discrepancy be tween  the recorded quant i t ies  received 
into and those  r emoved  f rom the t ank  should be invest igated.  
Inaccuracy  of e i ther  the del ivery or dispensing device could 
cause a discrepancy.  

Small  discrepancies,  however ,  m a y  resul t  f rom evapora-  
tion. T e m p e r a t u r e  changes  also affect vo lume m e a s u r e m e n t s  
and these should be calculated.  One of the fol lowing methods  
can be used to de te rmine  the presence of a leak. 

Overnight Tests 

A simple tes t  to de te rmine  the presence of a leak is to 
take an accurate  st ick reading  when  the s ta t ion closes at  n ight  
and ano ther  reading  the fol lowing morn ing  before opening  for 
business.  A loss dur ing  this period, when there has been no 
del ivery or wi thdrawal  of liquid, may  indicate a leak. H o w -  
ever, this  tes t  migh t  not disclose a small  leak, a leak near  the 
top of the tank,  or in the piping.  To  check these  places, 
a r r angemen t s  can often be made for a del ivery to comple te ly  
fill the t ank  into the fill or gage  pipe jus t  before closing of the 
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station. W h e n  compar ing  any change in level the next  morn- 
ing it might  be necessary to compute  and allow for expansion 
or contract ion of the liquid, if a considerable quant i ty  was 
delivered to fill the tank, and the delivery tempera ture  varied 
several degrees f rom the underground  tempera ture .  

Water Accumulation 

There  is another  way in which stick gaging may disclose 
a leak. In many areas of the count ry  where there  is a h!gh 
ground-water  level, and almost  anywhere  in wet  rainy 
weather ,  a leak may let water  into the tank. If the end of the 
gage stick is periodically smeared with water- indicat ing 
paste, a sharp line between the two colors will show the 
presence of water  in the tank. This  inexpensive paste, obtain- 
able from service station equipment  suppliers, remains un- 
changed in gasoline or other  petroleum product  but  changes 
color upon touching water. 

The  presence of water  in an underground tank does not 
necessari ly mean there is a leak. In wet weather,  the water  
may be enter ing the tank through a defective or improper ly  
t ightened surface fill or gage cap. Operators  should check 
these after  every  filling and gaging. Threads  should be good, 
gaskets in place and in good condition and the caps fully 
t ightened.  Grease on the threads will permit  t ightening 
threaded fittings more easily and will also help seal out  water.  

Small accumulat ions  of water  may  also result from con- 
densation. W a r m  humid air drawn into tanks as product  is 
pumped out  may  cause droplets to form on tank sides at 
cooler underground  temperatures .  Upon refilling, these will 
be washed to the bot tom of the tank. 

Leaks in Piping 

A leak in underground  piping is one of the most  difficult 
to detect. A fill line leak can cause loss during each delivery 
but  none in the intervals between.  A leaky suction line to the 
dispensing pump is more easily detected. Air may  be drawn 
through the leak when the pump is running  and product  leaks 
out when the pump stops. Al though it might  be merely a leak 
through the check valve in the suction line, air in the line on 
the first pumping operat ion in the morn ing  or loss of prime 
between periods of operat ion could indicate a leak in the suc- 
tion line. 
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CHAPTER 3 
Tests and Procedures for Determining the Existence of 

Leaks in Underground Tanks and Piping 

W h e n  it is suspected tha t  an unde rg round  tank  or its con- 
nected piping may  be leaking, the fol lowing s teps m a y  be used 
to confirm or refute  the leakage.  

Suction Line Testing 
To inspect  d ispensing units  and aboveground  piping for 

leaks, r emove  the panels  of the d ispensing unit  to expose the 
pump  body,  air el iminator ,  me te r s  and produc t  piping. A close 
observat ion  will reveal  the existence or absence of leaks at 
joints  and fittings. A vulnerable  point  in the product  piping 
is in tha t  section in the sump be tween  the g round  and the 
pump body.  

The  a t t endan t  at the service s tat ion should be quest ioned 
about  the operat ion of the d ispensing unit. If  there  is evidence 
of hesi tat ion in del ivery of p roduc t  at any  t ime af ter  the nozzle 
is opened, or if the p u m p  loses its prime,  it usual ly  indicates 
that  the suction line is not full. Th is  can be the resul t  of 
either an improper ly  opera t ing  check valve,  or of a leak in the 
suction line. The  check valve should be checked and if neces- 
sary, put  in proper  ope ra t ing  condition. The  check valve may  
be a foot va lve  located at the end of the suction line in the 
tank, an angle check valve located at top of the tank,  or an in- 
line check valve located at the base of the p u m p  in the dis- 
pens ing unit. 

I t  m a y  be advisable  to disconnect  the suction line at the 
d ispens ing unit,  to observe  the liquid level in the line. This  
will require d isconnect ing the piping and electrical circuit  and 
r emov ing  the dispensing unit  f rom the island. Wi th  the piping 
full of liquid, observe  the level for app rox ima te ly  15 minutes.  
I f  the level drops s teadi ly af ter  it has been de termined  tha t  
the check valve is holding, there is p robab ly  a leak in the line. 

I t  will then be necessary  to uncover  the suction line f rom 
the island to the check valve to de termine  the location of the 
leak, and appropr ia te  steps to el iminate the leak should be 
taken.  

Tank and Connected Pipe Testing 
The  fol lowing procedure  will be useful where  it is desired 

to check the t ightness  of any  underg round  s torage  tank and 
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its piping. T h e  equ ipment  is s imple and easily assembled  f rom 
readily avai lable  mater ia ls .  T h e r e  will be no need to uncover  
the t ank  unless leakage is indicated. 

Equipment 
1. A piece of clear plast ic pipe or s tandard  weight  steel 

pipe approx ima te ly  four feet long, three  inches or four inches 
in diameter ,  th readed  on both ends. For  repet i t ive  use, the 
steel pipe should be equipped with  a boiler gage  glass close 
to the upper  end. If  this is not  readily available,  readings of 
sufficient accuracy can be made by measur ing  f rom the top 
of the pipe down to the f lammable  liquid level wi th  a measur-  
ing tape or ruler.  

2. Th readed  bell reducer  (or coupl ing and bushing)  to 
connect  the test  pipe to the fill opening of the tank.  

3. F ive  gallon capaci ty  safe ty  cans. 

Procedure 
1. To  permi t  m a x i m u m  t empera tu r e  equal izat ion and to 

help e l iminate  entra ined air, the t ank  should be filled shell 
full wi th  the same product  which is in the tank,  8 to 12 hours  
or more  if possible,  prior  to mak ing  the test. T h e  delay for 
t e m p e r a t u r e  s tabi l izat ion can be omi t ted  if equ ipment  and 
procedures  are used by which accurate  t empera tu re  measure -  
ments  and vo lume ad jus tmen t s  can be calculated. For  gasol ine 
the ad ju s tmen t  factor  of 0.6 gallons per 1000 gallons per one 
degree Fahrenhe i t  t empe ra tu r e  change  dur ing the test  should 
be used. If  two or more  tanks  are connected with  siphons, all 
tanks  so connected mus t  be filled. Manifold connections be- 
tween  tanks  should be disconnected and the lines capped. 

2. R e m o v e  fill pipe cover  and, if necessary,  remove the 
fit t ing onto  which it screws, expos ing  the pipe thread on 
the fill pipe. By  means  of a coupling,  the bell reducer or 
bushings  a t tach  the tes t  pipe to the fill opening.  Threads  
mus t  be in good condit ion and mus t  be made up product  t ight  
us ing  pipe dope if necessary.  T i gh t l y  cap the fill pipe of all 
o ther  tanks  connected to test  t ank  by siphons, as all tanks 
so connected will be tes ted as a unit. 

3. P u m p s  to which this par t icular  t ank  siphon is con- 
nected mus t  be t empora r i ly  taken  out  of service, blanked off 
or disconnected.  I f  the vent  line f rom this t ank  is manifolded 
to tha t  f rom any  o ther  tank,  the ven t  line mus t  be discon- 
nected and capped ;  if the vent  line serves this t ank  only, it 
need not be d is turbed for the present .  
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4. Fill the test  pipe by pour ing product  in the top until 
the level is close to the top of the gage glass, or within a few 
inches of the top of the test  pipe. Make a prel iminary inspec- 
tion to see that  there  is no leakage at the point  where the test 
pipe connects  to the fill pipe of the tank, at the pump, or at 
any other  point  where piping is exposed. 

5. After  a period of 30 minutes  or more, depending on 
the size of the tank, mark the liquid level on the gage glass, 
or accurate ly  measure and record the distance from the liquid 
level to the top of the test  pipe. This  stabilizing period is to 
allow for additional t empera tu re  change, the release of en- 
trained, absorbed,  or t rapped air bubbles, and the possible 
slight bulging of the head of the tank due to the increased 
pressure. The  top of the tes t  pipe should then be covered 
(not  air t ight)  to prevent  loss by evaporation.  

6. The n  cons tant ly  observe the liquid level in the test  
pipe, recording differences in level every  15 minutes.  Tem-  
perature  readings of the liquid in the tank also should be 
recorded every  15 minutes.  If the drop in level with a con- 
stant  liquid tempera ture  is more rapid than approximate ly  
one inch in a four inch diameter  tes t  pipe, or two inches in a 
three inch diameter  test  pipe per hour  and is continuous,  
a leak in the system is indicated. W h e r e  there  is a change of 
liquid tempera ture ,  changes in liquid volume must  be calcu- 
lated before a conclusion is reached as to the t ightness  of the 
system. If a s teady release of air bubbles is observed in the 
test pipe, and the drop in level per hour  exceeds that  shown 
above, it would be desirable to postpone the s tar t  of the test  
until the  release of air has decreased or stopped al together.  

I t  will be noted that  the tests to this point  include not 
only the tank but  also the fill pipe, vent  line, and piping up 
to and including the pump. If significant leakage is found, 
it will be necessary to disconnect  the piping and repeat  the 
test  in order  to determine that  it is the tank that  is leaking 
and not  the piping. Hence,  if leakage is indicated, continue 
the test  by taking the fol lowing additional steps. 

7. Pump product  out of the tank th rough  the service 
stat ion pump to lower the liquid level to the top of the tank. 
Uncover  the tank and disconnect  and cap the suction connec- 
tion of the tank. Refill the test  pipe and repeat  the test. If no 
leakage is indicated, the leak must  be in the suction line. If 
the leakage persists, it must  be ei ther in the tank or vent  
piping, and another  step will be necessary. 
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8. P u m p  ou t  p r o d u c t  to lower  the  level  in  the  t e s t  pipe, 
t h e n  d i s c o n n e c t  a n d  cap all p i p i n g  at  the  top of the  tank.  
Refill  the  t e s t  p ipe  a n d  r epea t  the  test .  If  l eakage  st i l l  per- 
s!sts,  t h e n  it  is the  t a n k  t h a t  is l e a k i n g  a n d  a p p r o p r i a t e  s teps  
3n~st be t a k e n  for r e m o v a l  or a b a n d o n m e n t  (see N F P A  No. 

, A b a n d o n m e n t  or R e m o v a l  of U n d e r g r o u n d  T a n k s ) .  
W h e n  two  or more  t a n k s  have  been  t e s t ed  as a un i t ,  th is  
final t es t  m u s t  be m a d e  on  each t a n k  i n d i v i d u a l l y .  

Table I 

T H E R M A L  EXPANSION OF L I Q U I D S  

Acetone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Amyl acetate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Benzol (benzene) . . . . . . . . . . . . . . . . . . . . . . . . . .  
Carbon disulfide . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ethyl ether . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ethyl acetate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ethyl alcohol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fuel oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Gasoline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Methyl alcohol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Toluol (toluene) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Volumetric 
Coefficient of 

Expansion, per 
Degree F. 

0.00085 
0.00068 
0.00071 
0.00070 
0.00098 
0.00079 
0.00062 
0.0004 
0.0006 
0.00072 
0.00063 

Inches 
of 

Table II 

C H A R T  F O R  C O M P U T I N G  L O S S  OR GAIN 
IN S T A N D P I P E - - - I N  GALS. 

Nominal Pipe Sizes* 

Change l~Dia ,  l ~ " D i a .  1 ½ " D i a .  2 " D i a .  2 ~ " D i a .  3 "Dia .  3 ~ " D i a .  4"Dia .  

~ "  . 0 0 0 8  .0013  .0019  .0034  .0053  .0076  .0104 .0136 
~ "  . 0 0 1 6  .0026  .0038  .0068  .0106  .0152  .0208  .0272 
~" . 0 0 2 4  .0397  .0057  .0102  .0159  .0228  .0312 .0408 

1" . 0 0 3 4  .0053  .0076  .0136  .0212  .0306  .0416 .0544 
2" . 0 0 6 8  .0106  .0152  .0272  .0424  .0612  .0832  .1088 
3" . 0102  .0159  .0228 .0408  .0636  .0918  .1248  .1632 
4" . 0 1 3 6  .0212  .0304  .0544  .0848  .1224  .1664 .2176 
5" . 0 1 7 0  .0265  .0380  .0680  .1060  .1530  .2080  .2720 
6" . 0204  .0318  .0456  .0816  .1272  .1836  .2496  .3264 
7" . 0 2 3 8  .0371 . 0532  .0952  .1484  .2142  .2912  .3808 
8" . 0 2 7 2  . 0424  .0608  .1088  .1696  .2448  .3328  .4352 
9" . 0 3 0 6  . 0477  . 0684  .1224  .1908  .2754  .3744  .4896 

10" . 0 3 4 0  .0530  .0760  .1360  .2120  .3060  .4160  .5440 

*The internal diameter of different grades and types of pipe varies slightly from the 
nominal pipe sizes given. This variance, however, is not considered to be of sufficient 
significance to be a factor  in the general use of this table. 
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C H A P T E R  4 

Protective and Remedial Procedures 
for Handling Underground Seepages 

W h e n  a f lammable  or combus t ib le  liquid has seeped into 
a building, s u b w a y  or tunnel,  s teps mus t  be taken to pro tec t  
the public f rom the danger  of explosion and fire. T h e  fire 
depa r tmen t  or fire marsha l ' s  representa t ives  should be no- 
tiffed immediate ly .  (For  informat ion  on f lammable  liquids 
in other  underground  s t ructures ,  see F l a m m a b l e  and Com- 
bustible Liquids and Gases in Manholes,  Sewers  and Similar  
Underg round  Structures ,  N F P A  No. 328.) To  enter  an area 
in which there is an unde te rmined  concentra t ion  of some un- 
known vapor  is to risk the possibi l i ty  of fire or explosion, also 
an addit ional life hazard  may  exist  because of toxic vapors  
or insufficient oxygen.  

Specific procedure  varies with individual cases where  
these liquids or their  vapors  are found in a bui lding but  the 
following general  p rocedure  is usual ly  in order.  

General Size-up of the Situation 
W h e r e  these liquids are found in a building, the bui lding 

should not be entered and evacuat ion  of bui lding occupants ,  
at least in areas exposed,  should be ordered. Const ruc t ion  and 
layout  as well as occupancy  are factors  to be considered in 
order ing evacuat ion.  

W h e n  f lammable  vapors  are repor ted  in a building, the 
sense of smell cannot  be relied upon to de termine  the type  or 
concent ra t ion  of vapors.  However ,  if odor is s trong,  ent ry  
should not be made until the vapor  concent ra t ion  has been 
checked with a combust ib le  gas  indicator. T h e  use of a com- 
bust ible  gas  indicator is the only posi t ive method  to de termine  
the presence and extent  of a vapor  concentra t ion.  W h e n  
vapors  are found to be within or above their  f lammable  range,  
the evacuat ion of the bui lding m a y  be ordered. 

Eliminating Sources of Ignition 
Smoking  or other  sources of ignit ion should not be per-  

mit ted in the suspected area. Af ter  the presence of f lammable  
vapors  has been verified, the electrical and gas  services to the 
building, where  possible and feasible, should be disconnected 
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or cut off outside the s t ructure .  T h e  shut t ing  off of electrical 
equ ipment  in areas where  f lammable  vapors  exist  has provided 
the source of igni t ion for fires and explosions.  The  shut t ing  
off of the gas  service outside of the bui lding removes  the pilot 
l ights and gas  burners  which m a y  be sources of ignition. 

Ventilation of Area 
W h e n  the presence  of f lammable  vapors  in a bui lding has 

been verified, immed ia t e  s teps should be taken  to vent i la te  
the area. Na tu ra l  vent i la t ion,  by open ing  windows  and doors, 
may  be adequate .  A p p r o v e d  mechanica l  vent i la t ing  equip- 
ment  m a y  be necessary  for the remova l  of vapors  f rom sub- 
surface areas.  Pr ior  to en t ry  into the affected area, a com- 
bust ible  gas  indicator  should be used to de te rmine  the con- 
cent ra t ion  of the vapors .  Th i s  can be done by  p rob ing  th rough  
some opening  before en te r ing  and t ak ing  cont inuous  readings  
as caut ious en t ry  is made.  Vent i la t ion should cont inue until  
the area no longer  contains  f lammable  concent ra t ions  of 
vapors  as indicated by repeated tests  at  different locat ions 
and levels wi th  the combust ib le  gas  indicator.  

Locating Seepage into Building 

W h e n  the  area has been made safe for entry,  it m a y  then  
be examined  to de te rmine  the source of the f lammable  vapors .  
If  the place or places of ent ry  of the liquid or vapors  can be 
determined,  appropr ia t e  s teps should be taken to seal off such 
places. U n t r a p p e d  drains, pipes or other  openings th rough  
floors or foundat ions  are com m on  sources of liquid or vapor  
en t ry  into a building. 

Preventing Seepage into Building 
Ent rance  of f lammable  vapors  th rough  drains, pipes, or 

o ther  openings  m a y  be s topped by  p lugg ing  such openings. 
I f  necessary  to p reven t  addit ional  liquid or vapors  f rom en- 
te r ing  the s t ructure ,  a hole or t rench should be dug or well- 
points  installed be tween  the s t ruc ture  and the source of the 
seepage.  This  hole, t rench or wel lpoint  should be of sufficient 
depth to t rap  all seepage and of such size as to facil l tate re- 
moval  of the liquid which should be placed in d rums  or tanks.  
Suitable warn ings  and barr iers  should be placed around such 
a hole or trench.  Exper ience  has shown tha t  seepage may  
cont inue over  a long period of t ime and m a y  reappear ,  par-  
t icularly af ter  a rain, w a r r a n t i n g  the hole or t rench to remain 
open until  seepage has been el iminated.  


