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N O T I C E  

All questions or other  communica t ions  re la t ing to this document  should be sent only to NFPA Head- 
quarters ,  addressed to the a t tent ion  of the Commi t t ee  responsible for the document .  

For in format ion  on the procedures  for reques t ing  Technica l  Commit tees  to issue Formal  Interpreta-  
tions, proposing Tenta t ive  In ter im Amendments ,  proposing amendmen t s  for Commi t t ee  considerat ion,  and  
appeals  on mat ters  re la t ing  to the content  of the document ,  write to the Secretary, S tandards  Council .  Na- 
t ional  Fire Protect ion Association, Ba t te rymarch  Park, Quincy, MA 02269. 

A s ta tement ,  wri t ten or oral,  that  is not processed in accordance  with Section 16 of the Regula t ions  
Governing Commi t t ee  Projects shall  not be considered the official posit ion of NFPA or any of its Commit -  
tees and  shall not be considered to be, nor  be relied upon as, a Formal  In terpre ta t ion .  

Users of this document  should consult  appl icable  Federal,  State and  local laws and regulat ions.  NFPA 
does not, by the publ ica t ion  of this document ,  in tend to urge  action which is not in compl iance  with ap- 
p l icable  laws and this document  may not be construed as do ing  so. 

Policy Adopted by NFPA Board of Directors on December 3, 1982 

The  Board of Directors reaff irms that  the Nat ional  Fire Protect ion Association recognizes that  the tox- 
icity of the products  of combust ion is an impor t an t  factor in the loss of life from fire. NFPA has dealt  with 
tha t  subject in its technical  commit tee  documents  for many  years. 

There  is a concern tha t  the growing use of synthetic mater ia l s  may produce  more  or addi t iona l  toxic 
products  of combust ion in a fire environment .  The  Board has, therefore,  asked all NFPA technical  commit-  
tees to review the documents  for which they are responsible to be sure that  the documents  respond to this 
current  concern.  To assist the commit tees  in mee t ing  this request,  the Board has appoin ted  an advisory 
commit tee  to provide specific gu idance  to the technical  commit tees  on questions re la t ing to assessing the 
hazards  of the products  of combust ion.  

Licensing Provision 

This  document  is copyrighted by the Nat iona l  Fire Protect ion Association (NFPA).  The  terms and con- 
di t ions set forth below do not extend to the index to this document .  If publ ic  authori t ies  and  others 
reference this document  in laws, ordinances,  regula t ions  and adminis t ra t ive  orders or s imilar  ins t ruments ,  it 
should be with the unde r s t and ing  tha t  this document  is informat ive  in na ture  and  does not conta in  man-  
datory  requirements .  Any deletions, addit ions,  and changes desired by the adop t ing  author i ty  must  be 
no ted  separately.  Those using this me thod  ("adopt ion by reference") are requested to notify the NFPA (At- 
tent ion:  Secretary, S tandards  Council)  in wri t ing of such use. 

The  term "adopt ion  by reference" means  the ci t ing of the t i t le and  publ ishing informat ion  only. 

(For fur ther  explanat ion ,  see the Policy Concern ing  the Adoption,  Pr in t ing  and Publ ica t ion  of NFPA 
Documents  which is avai lable  upon request from the NFPA.)  

Statement on NFPA Procedures 

This  mate r ia l  has been developed under  the publ ished procedures  of the Nat ional  Fire Protect ion 
Association,  which are designed to assure the appo in tmen t  of technical ly  competent  Commit tees  having  
ba lanced  representat ion.  Whi le  these procedures  assure the highest  degree of care, nei ther  the Nat ional  Fire 
Protect ion Association, its members ,  nor  those pa r t i c ipa t ing  in its activities accepts any l iabil i ty resul t ing 
from compl iance  or noncompl iance  with the provisions given herein,  for any restrictions imposed on 
mater ia l s  or processes, or for the completeness of the text.  

NFPA has no power or author i ty  to police or enforce compl iance  with the contents  of this document  
and  any cert i f icat ion of products  s ta t ing  compl iance  with requi rements  of this document  is m a d e  at the peril  
of the certifier. 
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F l a m m a b l e  a n d  C o m b u s t i b l e  L i q u i d s  

1987 Edition 

This edition of NFPA 329, Recommended Practice for Handling Underground 
Leakage of Flammable and Combustible Liquids, was prepared by the Technical 
Committee on Tank Leakage and Repair Safeguards, released by the Correlating 
Committee on Flammable Liquids, and acted on by the National Fire Protection 
Association, Inc. at its Fall Meeting held November 17-20, 1986, Denver, Colorado. It 
was issued by the Standards Council on December 10, 1986, with an effective date of 
December 30, 1986, and supersedes all previous editions. 

The 1987 edition of this standard has been approved by the American National 
Standards Institute. 

Changes other than editorial are indicated by a vertical rule in the margin of the 
pages on which they appear. These lines are included as an aid to the user in identify- 
ing changes from the previous edition. 

Origin and Development of NFPA 329 

This recommended practice began as a report (NFPA 30B), which was published 
until 1950. A manual on this subject was published in 1959. The manual was rewritten 
as a recommended practice in 1964, with subsequent revisions in 1965, 1972, 1977, 
and 1983. 

This 1987 edition replaces the 1983 edition and incorporates the following major 
changes: 

- a new appendix covering leak detection through inventory control; 

-- revision of the procedure for hydrostatic test to 150 percent of the anticipated 
working pressure; 

- revision of the criteria for the precision test of Chapter 4. 
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NFPA 329 

Recommended Practice for Handling 

Underground Leakage of 

Flammable  and Combust ible  Liquids  

1987 Edition 

NOTICE:  An asterisk (*) following the n u m b e r  or let ter 
des ignat ing  a p a r a g r a p h  indicates  explana tory  mater ia l  on that  
p a r a g r a p h  in Appendix  A. 

In format ion  on referenced publ ica t ions  can be found in Ap- 
pendix  C. 

Foreword 

NFPA does not, by the publication of this document ,  
intend to urge action that is not in compliance with ap- 
plicable laws and this document  may not be construed as 
doing so. Users of this document  should consult ap- 
plicable federal, state, and local laws and regulations. 

Chapter 1 Introduction 

The purpose of this recommended practice is to pro- 
vide a guide for the safe and efficient handling of flam- 
mable and combustible liquids when, for whatever 
reason, they are found unconfined and unwanted.  For 
the proper installation of underground tanks, see NFPA 
30, Flammable and Combustible Liquids Code. 

1-1 T h e  Problem.  

1-1.1 Flammable liquids [those having a flash point 
below 100°F (37.8°C)] and combustible liquids [those 
having a flash point at or above 100°F (37.8°C)] are used 
by the millions of gallons daily and, of necessity, are 
stored and handled in locations immediately adjacent to 
structures, facilities, and people. These liquids include 
chemicals, cleaning fluids, motor  gasolines, diesel fuel, 
and heating oils. Motor gasolines are the most widely 
used of these liquids and they are commonly stored un- 
derground at service stations. 

1-1.2 In spite of constant effort to maintain and operate 
storage and transfer equipment  properly, accidents do 
happen,  equipment  does fail, and people do make 
mistakes that sometimes permit the escape of these liq- 
uids. Leaks may develop from corrosion, or be caused by 
mechanical  damage,  or some liquid may be spilled dur- 
ing transfer. Generally, the amount  of liquid lost is small 
and it is dissipated by evaporation or is otherwise 
assimilated before it creates a serious problem. However, 
it occasionally happens that some f lammable or com- 
bustible liquid finds its way into an underground facility, 
such as a basement, utility conduit,  sewer, or well. 
Whether  or not it creates an immediate hazard will de- 
pend on many things, such as how much liquid or liquid 
vapor is involved, where it is found, how it is confined, 
possible sources of ignition, etc. But, because a flare- 

mable or combustible liquid unconfined in the ground 
can move from place to place, any indication that such 
liquids have escaped into the ground must be considered 
as a potential, if not immediate, hazard. 

1-2 Cooperation and Responsibility. 
1-2.1 The  responsibility for proper handling of a 
suspected escape of f lammable or combustible liquids, or 
a potential hazard from such an escape, will fall upon 
various individuals and organizations. The successful 
handling of these problems will depend upon the best 
possible cooperation between them. 

1-2.2 One of the prime purposes of this guide is to pro- 
vide a basis for this cooperation. Because of the almost in- 
finite number  of variables involved, it can't  be a rule 
book in the strict sense of the word. It can, however, pro- 
vide a definite course of cooperative action that will en- 
sure the most effective use of skills and equipment,  the 
fairest assessment of responsibility, and will result in the 
best possible protection of life and property. A positive, 
cooperative attitude of  anyone potentially involved will 
benefit everyone, regardless of the final results. Lack of 
cooperation could result in inadequate protection of life 
and property. 

1-2.3 Since leakage of  f lammable liquids, especially 
such liquids having low flash points, is a fire problem, 
necessary steps to be taken will normally be under the 
jurisdiction of the fire officials. It therefore becomes im- 
portant  for such officials to understand the many facets 
of the problem, and to secure the cooperation of in- 
terested groups as outlined above. 

1-2.4 Recent developments, problems, and attitudes 
have now also involved health and environmental  of- 
ficials. When dealing particularly with water pollution 
and the more persistent slow- or non-evaporat ing com- 
bustible liquids, the concern of  these officials may be 
paramount .  

1-2.5 The  location of  leaks, testing of tanks and piping, 
removal of leaky tanks, and removal of liquid in the earth 
will require equipment  and facilities that may be more 
available to the industries involved than to the public 
authorities. In addition, much of  the work is not the re- 
sponsibility of the fire depar tment  or other agencies, but 
rather is the responsibility of  the owner of the leaking 
equipment.  

1-2.6 Regardless of the willingness of  individuals or 
companies to cooperate with governmental  agencies dur- 
ing an emergency, the agencies should recognize that 
they should officially request such cooperation. 

1-2.7 When  tanks are to be removed, or other work 
done on private equipment,  or on private property, such 
as holes being dug, this work must be authorized by the 
owner. Such authorization generally is easy to secure if 
the work has been requested by officials. In some cases, 
these requests may of necessity be in the form of a written 
order. Regardless of  conditions, leadership and a close 
spirit of cooperation should be established by the respon- 
sible agency. 
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1-2.8 In addi t ion ,  those in industry  having special 
qual if icat ions in dea l ing  with leakage should be cal led 
upon for help and guidance .  The i r  knowledge and ex- 
per ience should meri t  careful  considerat ion.  

1-2.9 This  guide  is in tended  for the informat ion  of  all 
organizat ions and persons involved. 

Chapter 2 Procedure When Life or Property May Be 

in Danger 

2-1 G e n e r a l .  The  need for cooperat ive effort by many  
individuals  and  organizat ions is stressed in the in t roduc-  
tion preceding  this chapter .  Good j u d g m e n t  must  be used 
in assembling the various groups.  Always seek assistance 
in the interests of safety, but  avoid creat ing unnecessary 
a larm or unwar ran ted  in te r rup t ion  of  normal  activities. 
Owners, operators ,  or others becoming  aware of  a haz- 
ardous condi t ion  should notify the fire depa r tmen t ,  po- 
lice, or o ther  p roper  authori ty.  However,  make  every 
reasonable  effort to de te rmine  the degree of the problem.  
Excessive a larming,  such as may  be caused by unwar-  
r an ted  evacuat ion or publici ty,  can create  more  hazard  
than  the original  p roblem.  Good j u d g m e n t  app l ied  to the 
following step-by-step guide  will mate r ia l ly  improve the 
chances for successful results. 

2-2 Cond i t ions .  The  potent ia l  that  unconf ined flam- 
mab le  or combust ib le  l iquids exist unde rg round  will nor- 
mal ly  become known by discovery of one of  the following 
condit ions:  

2-2.1 Combust ib le  or f l ammable  l iquids or their  vapors 
are repor ted  in: 

(a) Normal ly  inhab i ted  subsurface structures such as 
basements,  subways, and  tunnels; 

(b) Other  subsurface structures such as sewers, uti l i ty 
conduits ,  and  observat ion wells near  tanks; 

(c) Groundwate r  such as drawn from wells, on or in 
surface water,  or emerging  from cuts or slopes in the 
earth.  

2-2.2 User reports  loss of  stock or presence of water  in 
the storage facility. Each condition requires different 
handling: 

2-3 Condit ion 2-2.1(a) m Normal ly  Inhabited Subsur- 
face Structures such as Basements,  Subways, and T u n -  
nels. 

2-3.1 G e n e r a l .  This  condi t ion implies a strong poten-  
tial hazard  to life or p roper ty  and immedia t e  steps must  
be taken to protect  the publ ic  from the danger  of  explo- 
sion and fire. 

2-3.2 Eliminat ing  Sources of  I g n i t i o n .  

2-3.2.1 Smoking or o ther  sources of ignit ion should not 
be pe rmi t t ed  in the suspected area.  Lights and  other  elec- 
tr ical  switches should not  be tu rned  on or off and  exten- 
sion cords should not be removed from outlets.  Such ac- 

tion may  create  a spark capab le  of ignit ing f l ammable  
vapors. Use only those switches located well away from 
the con tamina t ed  area  to cut off electr ical  power, which 
may  require  the electric util i ty to make  a remote  cutoff. 

2-3.2.2 After  the presence of  f l ammable  vapors has 
been verified, the electric and  gas services to the bui lding,  
where possible and feasible, should be disconnected or 
cut off outside the s tructure.  The  shut t ing off of  the gas 
service outside of the bu i ld ing  removes the fuel from pilot 
lights and  gas burners ,  which may  be sources of  ignition. 

2-3.2.3 No one should enter  the con tamina t ed  area ex- 
cept  as descr ibed in "Enter ing the Area"  (2-3.3). Where  
l iquids or vapor  within or above their  f l ammable  range 
are found  in a bui lding,  the bu i ld ing  should not be 
entered,  and evacuat ion of  bu i ld ing  occupants ,  at least in 
areas exposed, should be ordered.  Construct ion and 
layout  as well as occupancy are factors to be considered in 
order ing  evacuat ion.  Traff ic  should be s topped through 
tunnels  and subways until  qual i f ied personnel de te rmine  
there is no danger  of explosion or fire. 

2-3.3 Entering the Area. 
2-3.3.1 The  presence of f l ammable  vapors in a bui ld ing  
is general ly  repor ted  because of  an odor.  Most persons 
can detect  gasoline vapor  in concentra t ions  as low as 
0.005 percent .  However,  smell cannot  be rel ied upon to 
de te rmine  the type of  vapor  or its concentra t ion .  The  use 
of  a combust ib le  gas indica tor  is the only pract ica l ,  
positive me thod  to de te rmine  the presence and extent  of a 
f l ammable  vapor  concentra t ion .  

2-3.3.2 To enter  an area  in which there is an undeter-  
mined  concent ra t ion  of  some unknown vapor  is to risk the 
possibili ty of fire or explosion. Entry should not be made  
until  the vapor  concent ra t ion  has been checked with a 
combust ib le  gas indicator .  Por tab le  combust ib le  gas in- 
dicators  are reasonable  in price and  are r ecommended  
for use by all fire depar tments .  If  the fire depa r tmen t  
does not have such an indicato/ ' ,  a r rangements  should be 
m a d e  for securing one or more  from utilities, oil com- 
panies,  or others who may  have them available.  A t ra ined  
opera to r  should use the combust ib le  gas indicator ,  which 
must  be well ma in ta ined .  

2-3.3.3 Also, an addi t iona l  life hazard  may  exist 
because of toxic vapors or insufficient oxygen. If these 
condit ions are suspected,  ins t ruments  to detect  toxic 
vapors or insufficient oxygen should be used. 

2-3.3.4 Use the combust ib le  gas indica tor  cont inuously 
to de te rmine  the range of  vapor  concentra t ions  in the af- 
fected area.  If  areas of vapor  concentra t ion  above 50 per- 
cent of the lower f l ammab le  limits (LEL on indicators)  
are exposed to a source of ignit ion,  leave the area and 
evacuate  everyone within the danger  zone. Vent i la te  the 
area  to remove or reduce the f l ammab le  vapors and thus 
reduce the fire or explosion hazard .  As soon as the flam- 
m a b l e  vapor  has been reduced  below 50 percent  of the 
lower f l ammab le  l imit ,  entry may  be made  to locate and 
e l iminate  the source of  vapor.  W e a r  self-contained 
b rea th ing  appa ra tus  when entering.  

2-3.4 Venti lat ing the Area. Natura l  venti lat ion by 
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opening  doors and windows may  be adequate .  Grounded  
mechanica l  exhaust  vent i la t ing equ ipmen t  may  be re- 
qui red to remove vapors from all areas, par t icu lar ly  from 
low, confined spaces. Use fans driven by motors  approved  
for Class I, Group  D locations,  hand-dr iven  fans, or air  
eductors  to remove vapors.  (See Figure 1.) Eliminate  
sources of igni t ion near  the exhaust  outlets.  Provide 
openings for free entry of fresh air, but  never force air  
into the area.  A water  hose with the nozzle set in a spray 
pa t t e rn  may be used for vent i la t ing the area  when set in a 
window and discharging outwardly.  

2-3.5 Locating Seepage into B u i l d i n g .  W h e n  the area 
has been m a d e  safe for entry,  it may  be examined  to 
de te rmine  the source of the f l ammab le  vapors.  If  the 
place or places of entry of the l iquid  or vapors can be de- 
te rmined,  app rop r i a t e  steps should be taken to seal off 
such places. U n t r a p p e d  drains,  dry traps,  pipes, or other  
openings th rough  floors or foundat ions  are common  
sources of l iquid or vapor  entry into a bui lding.  Check 
any gas pipes in the area; the f l ammab le  vapor  may be 
fuel gas. If  this appears  to be the source, call the gas com- 
pany.  

. , , . o . . . ° o ,  o+. o . , -  " ° ° ° ° ' "  

Eliminate sOurces . , ~ , . ~ ~  J_~JL_~.I ] Provide fresh oir 
of ignition ~ . ~  J * ~ " ~ /  I " 

_ . . - 7  i , . ' . ' . . ' , .-"." 

Ai r  Hose to ] / ' ~  ~J l  

Figure 1 Exhaust Venting 

2-3.6 Preventing Seepage into Buildings. 
2-3.6.1 Entrance  of vapors or l iquids th rough  drains,  
pipes, or other  openings may  be s topped by plugging such 
openings.  Sewer pipes may  be the source of entry. If  only 
vapor  is enter ing th rough  a sewer pipe,  it may  be because 
the t rap  is dry. Fi l l ing the t rap with water  is an effective 
means of blocking fur ther  gas or vapor  entry. 

2-3.6.2 The  na ture  of  seepage may be such that  it can- 
not be effectively s topped from the inside of the structure.  
In  this case an in te rcept ing  hole or  t rench,  holes for 
pumps,  or well points may  be used outside the con- 
t amina t ed  structure,  between it and  the suspected source. 
(See Chapter 6for details.) 

2-4 Condition 2-2.1(b) - -  Other Subsurface Structures 
such as Sewers, Utility Conduits, and Observation 
Wells near Tanks. 
2-4.1 Liquids or vapors in such structures imply a 

potent ia l  for explosion or fire but,  generally,  a low poten- 
t ial  of hazard  to life and proper ty  other  than to the struc- 
ture involved. If  the detect ion of f l ammable  or combusti-  
ble l iquids or their  vapors indicates an unusual  condit ion 
wherein vapors are escaping from the sewer or conduit  
into an area  similar  to Condi t ion  2-2.1(a), or if the prox- 
imity to other  structures or facilities is such that  an explo- 
sion or fire would be relatively as serious as Condi t ion 
2-2.1(a), then proceed with the guidelines of 2-2.1(a) in 
addi t ion  to the following procedures .  

2-4.1.1 Contact  those direct ly responsible for the facil- 
ity involved: the munic ipa l  sani tary depa r tmen t  or 
highway or street depa r tmen t  for sewers; for conduit ,  the 
electrical ,  te lephone and gas companies '  engineering 
depar tments .  Normal ly ,  the ma in tenance  and engineer- 
ing depar tmen t s  of such organizat ions will be well 
equ ipped  to take charge  of  the si tuation; police, if 
needed,  may  be asked to keep the publ ic  clear of the 
danger  areas. The  fire de pa r tme n t  may  be needed to 
assist in fire control  and  purging.  Those involved with the 
storage and hand l ing  facilities of f l ammable  and com- 
bustible l iquids that  may be the source of the problem 
should offer all possible assistance. (See NFPA 328, Flam- 
mable Liquids and Gases in Manholes and Sewers, and 
Chapter 5 of this guide for further details. ) 

2-4.2 Entering the Area. Basically the same as for 
Condi t ion  2-2.1(a); however, the f l ammable  vapors in a 
sewer or condui t  may  not or iginate  from f l ammable  liq- 
uids. They may  be vapors from overheated  insulation, 
sewer-generated gases, fuel gases, or industr ial  gases. 
Consequently,  special instruments ,  equ ipment ,  and  skills 
may  be needed.  The  gu idance  of the utility owning and 
opera t ing  the facility should be solicited and followed. 

2-4.3 Ventilating the Area. 
2-4.3.1 Some type of g rounded  mechanica l  venti lat ing 
will normal ly  be required .  Use explos ionproof  equ ipment  
if the vapors are drawn out.  Remove all sources of igni- 
t ion from the vicinity of vapor  exit.  

2-4.3.2 It may  be that  water  f lushing is the bet ter  
means  of purg ing  the area  of  f l ammab le  vapors. For ex- 
ample ,  the genera t ion  of sewer gas may be s topped or sig- 
nif icantly reduced  by this method .  In a similar  fashion, 
f l ammab le  and combust ib le  l iquids may  be removed 
from the area.  

2-4.3.3 In any case, follow the gu idance  of the owner or 
opera to r  of  the facili ty as that  person will be most 
fami l ia r  with its characteris t ics  and  the consequences of 
any act ion taken.  

2-4.4 Locating the Seepage. Assist the facility owner in 
any way prac t icable .  See Chap te r  5 for in format ion  on 
t rac ing liquids underground .  

2-4.5 Preventing Continued Seepage. 
2-4.5.1 When  leakage is detected in a sewer, locat ion of 
the source of the leak should be de te rmined  by backtrack-  
ing with combust ib le  gas indicators .  If  points of entry to 
the sewer system are l imited in number ,  in tercept ion of 
the leak can be achieved by use of trenches, well holes, or 
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well points.  (See API 1628-1980, Underground Spill 
Cleanup Manual, for additional information. ) 

2-4.5.2 If  entry of l iquid or vapor  into the condui t  or 
sewer is to be s topped,  and  the inside of the facility is not 
accessible, probe  or drill  alongside the facility to deter- 
mine the extent  of  its exposure to the sa tu ra ted  soil. Un- 
cover the exposed area  and caulk the facili ty from the 
outside. 

2-5 Condition 2-2.1(c) - -  Groundwater such as Drawn 
from Wells,  on or in Surface Water, or Emerging from 
Cuts or Slopes in the Earth. 

2-5.1 G e n e r a l .  These l iquid  seepages on water  will 
often be more  of a p rob lem because of pol lut ion than as 
an explosion or fire hazard .  However,  unti l  the source of 
the f l ammab le  or combust ib le  l iquid  is found and 
s topped and all l iquid and vapor  safely removed,  there  is 
a potent ia l  hazard  of explosion or fire. 

2-5.2 Wells.  

2-5.2.1 When  f l ammab le  or  combust ib le  l iquids are 
found in well water,  stop p u m p i n g  and avoid any source 
of  ignit ion a round  well houses and water  storage tanks 
until  vapor  concentra t ions  are checked.  T u r n  power off 
outside any well house or s imilar  t rap  that  may  collect 
vapors from the well or s tored water.  

2-5.2.2 If  vapor  concentra t ions  are below 50 percent  of  
the lower explosive l imit ,  p u m p i n g  may  be resumed if 
desirable  for purging.  (See Chapter 6for details.) 

2-5.3 Surface Water. 

2-5.3.1 W h e n  f l ammab le  or combust ib le  l iquids are 
found on surface water  or water  emerg ing  from hillsides 
or cuts, concentra t ions  may develop in di tches or  collec- 
t ion points that  may  create  an explosion or fire hazard .  
Normal ly ,  the amount  of f l ammab le  or combust ib le  liq- 
uid  found on the surface water  will be in such a thin layer 
that  it does not create  a fire hazard .  This  is the case when 
the l iquid  is dispersed into small  bubbles  or pools, or 
when only color pat terns  are visible on the surface of  the 
water.  

2-5.3.2 However, if the ent ire  surface of  the water  is 
covered, or there are large pools in the order  of 20 ft (6 
m) or more  across, a fire hazard  does exist. I f  this occurs 
in an inhab i t ed  area  or  a long a street or highway, and  the 
police and fire depa r tmen t  are not present,  they should 
be called.  Traff ic  should be s topped and  the publ ic  kept  
away from the area.  If  large amounts  of vapor  are being 
genera ted ,  check the wind and  remove all sources of  igni- 
t ion within at least 100 ft (30 m) downwind of  the source. 
It is unlikely that  vapors will be in the f l ammab le  range 
far ther  than  100 ft (30 m) away. However, if large 
amounts  are involved, and  the air  is relatively still, a com- 
bust ible gas indica tor  should be used to de te rmine  the ex- 
tent of  the hazardous  area.  Its use is desirable  in any 
event if f l ammable  l iquids are involved. 

2-5.3.3 Normal ly ,  the only effective means  to stop fur- 
ther accumula t ion  will be to f ind the source and  stop it. 
(See Chapters 5 and 6.) It may  be desirable  to construct  

dikes or dams  to prevent  fur ther  spreading  of the l iquids 
or of  con tamina ted  water.  

2-5.3.4 Float ing booms can be used on flowing water to 
hold the con tamina t ing  l iquid.  (See Chapter 6 for 
details. ) 

2-5.3.5 Once the source of  f l ammab le  or combust ib le  
l iquids is s topped,  evapora t ion  or no rma l  dispersal and  
di lut ion will often be the best means  of  removal .  Collec- 
tion with adsorbents  or sk imming devices or f i l tering 
devices may  be necessary. (See Chapter 6for details.) 

2-6 C o n d i t i o n  2-2.2 - -  User Reports Loss of Product or 
Presence of Water in Storage Facility. An inventory 
loss, or water  in tanks, does not  direct ly imply a hazard  of  
fire and  explosion.  Check the immedia t e  vicinity for any 
signs of  escaping l iquid;  if any exist, follow the pro- 
cedures given for Condi t ions 2-2.1(a), 2-2.1(b),  or 
2-2.1(c), as appropr ia te .  Otherwise,  proceed in accor- 
dance  with Chap te r  4, "Test ing for Unde rg round  Leaks." 

Chapter 3 Primary Search for the Source 

3-1 G e n e r a l .  

3-1.1 Once all necessary precaut ions  have been taken to 
protect  life and  proper ty ,  the next most impor t an t  step is 
to de te rmine  the source of the f l ammab le  or combust ib le  
l iquid and prevent  any fur ther  escape. 

3-1.2 General ly,  the source of a f l ammab le  or com- 
bust ible l iquid  will be relatively near  the locat ion of  the 
discovery of unconf ined  l iquids or vapors. However,  liq- 
uids can travel blocks or even miles u n d e r g r o u n d  through 
porous soil or rock, trenches fi l led with porous soil, 
alongside pipes or conduits ,  or in sewer pipes. Conse- 
quently,  the area  from which an escaped l iquid could 
have come may  be remote  and  extensive, and  include 
many  facilities storing and hand l ing  f l ammab le  or  com- 
bust ible l iquids. If  a check of potent ia l  sources (see 
3-2.2. l for checklist) immedia te ly  adjacent  to, or within a 
few hund re d  feet of, the discovery does not reveal an ob- 
vious or possible source, organize a general  search of  the 
area.  

3-1.3 Efforts should be m a d e  to secure informat ion  on 
g roundwate r  flow from the local Uni ted  States Geological  
Survey (USGS) office, publ ic  works depar tments ,  or 
equivalent  agency and p r imary  search efforts should be 
in i t ia ted  upgrad ien t  of the leak. 

3-1.4 Obta in  (or sketch) a m a p  of  the area,  m a r k  each 
facility found on the map ,  and  record all the in format ion  
ob ta ined  in a notebook.  Good da ta ,  well organized,  will 
prove invaluable  in subsequent  efforts to solve the prob-  
lem. 

3-1.5 Organize  teams of  as many  qual i f ied persons as 
are needed  and  avai lable  to conduct  the search. A very 
efficient me thod  is to assign two-person teams (with one 
person represent ing the local publ ic  authori ty)  to specific 
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areas on the map.  Begin with the nearest and most ob- 
vious potential sources and work out from the point of 
discovery, concentrat ing on moving uphill, upstream of 
underground water flow, or upstream of sewer or conduit 
flow. 

3-1.6 Quite often the source can be found by inquiry or 
simple inspection. Begin with the pr imary search de- 
scribed in Section 3-2. If  this fails to discover an obvious 
or very likely source within the first few hours, it is ad- 
visable,, while the pr imary search continues, to begin 
testing equipment  for concealed leaks at the closest and 
most probable sources (see Chapter 4) and to take the 
first steps in tracing underground  liquids (see Chapter 5). 

3-2 Primary Search Procedure. 
3-2.1 Flammable or combustible liquids will escape into 
the ground from one of  two principal sources: (a) liquid 
has been spilled during transfer and has run into a sewer 
or soaked into porous soil; or (b) a leak has developed in 
storage, transporting, or handl ing equipment.  

Use the list below to check for spills or other possible 
sources by asking questions and by a careful inspection of  
premises and equipment.  Unless an obvious source is 
found, substantial enough to account  for the seepage, do 
not stop the search at the first sign of a potential source. 
First impressions can be misleading. 

3-2.2 Liquids may travel slowly underground or may 
not move at all until the water table rises. As a result, 
there can be a considerable time lapse between the occur- 
rence of a leak or spill and the report of  finding liquid or 
vapor. Record all history or evidence of potential sources 
regardless of how long ago they occurred; do not 
eliminate any potential sources on the basis of  time until 
data is available and the analysis of that data  justifies 
elimination. 

3-2.2.1 Possible sources to check: 

(a) Gasoline service stations. 

(b) Automotive garages or agencies. 

(c) Fleet operators such as taxicab companies, dairies, 
bakeries, municipal garages, etc. 

(d) Contractors or equipment  dealers who may store 
fuels on their premises. 

(e) Fuel distributors that supply service stations or 
commercial  users. 

(f) Heating oil distributors. 

(g) Cleaning establishments. 
(h) Chemical companies. 

(i) Industrial plants that may use and store f lammable 
or combustible liquids. 

(j) Airports and marinas. 

(k) Check public records, make inquiries about any 
high-pressure petroleum or gas lines in the area. They 
may be marked with signs at street and railroad crossings. 

(1) Any abandoned f lammable  or combustible liquid 
tanks. 

(m) Any other properties on which f lammable or com- 
bustible liquids may be stored. 

3-2.2.2 Questions to ask: 

(a) Has there been a spill during loading or unloading? 

(b) Any storage or handling equipment  leaking, or has 
there been a leak? Check for excavations that may have 
damaged  underground facilities or give evidence of 
repairs. 

(c) Has any maintenance  work involved release of liq- 
uids from tanks, pipes, or equipment? 

(d) Has there been any odor or sign of liquids where 
they should not be? 

(e) Are inventory and use records kept? (See Appendix 
B.) 

(f) Has water been found in the storage facility? 

(g) Is there any knowledge of  an accident in the area 
that may have released liquid from tank trucks, barrels, 
or large fuel tanks? (A check with local police may be in 
order.) 

(h) Ask about the age of  underground facilities. If  
subsequent equipment  checks are made,  the older equip- 
ment  is suspect as a leaking source because of corrosion. 

(i) Have any pumping  problems been experienced? 

If inquiry fails to disclose any potential source, ask the 
owner or operator for cooperation in checking the equip- 
ment  and the area around the premises. If the operator 
refuses because he/she does not own the equipment,  con- 
tact the owner for his/her  cooperation. If  necessary, 
governmental  authority, such as exercised by fire of- 
ficials, may be used to obtain such cooperation. 

3-2.2.3 Checking equipment:  
(a) Check the area around fill pipes where liquid is 

transferred from trucks to tanks for signs of  frequent 
spills. Saturated and darkened soil, stained concrete, or 
disintegrated asphalt indicates repeated spills that  may 
accumulate  underground.  

(b) Check the area around aboveground tanks for sim- 
ilar signs that may indicate a leak or overfilling. 

(c) Check any exposed piping for signs of leaks. 

(d) Check pumping  equipment  for leaks. It is ad- 
visable to use a combustible gas indicator when checking 
pumps/dispensers of the type used in service stations. 
Open the cover of  the unit just far enough to insert the in- 
dicator probe into the bot tom area. Opening the cover 
wide may provide sufficient ventilation to give such a low 
reading as to indicate no leak. Also, check the hose and 
nozzle. 

(e) If a remote pumping  unit is used, check its housing 
or pit with a gas indicator before opening and then open 
for visual check for signs of leaks. 

(f) Check automotive repair areas for signs of waste 
liquids being dumped  into floor drains or sumps. 

3-2.2.4 Checking the area: 

3-2.2.4.1 If  all equipment  seems to be in order and 
there is no obvious sign of spilling or dumping  into sumps 
or sewers, check around the grounds and adjoining areas. 

(a) Look for signs of dumping  waste liquids on the 
ground.  

(b) Check nearby streams and bodies of  water for signs 
of f lammable or combustible liquids. 
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(c) Check vegetat ion in the area for any indica t ion  of 
damage  by spillage, dumping ,  or con tamina ted  ground-  
water.  

(d) Using a combust ib le  gas indicator ,  check sewers 
and other  unde rg round  cavities such as te lephone and 
uti l i ty condui t  manholes  for presence of  vapors and make  
visual inspection for signs of foreign l iquids on water  sur- 
faces. 

(e) Check nearby excavations and steep cuts or na tura l  
slopes below the potent ia l  source for signs of l iquid com- 
ing through the soil. 

3-2.2.4.2 W h e n  leaks in equ ipment  are discovered, ask 
the user and  owner to stop use of the equ ipmen t  unti l  the 
leak is repa i red .  Pump  out  l iquid in storage if it is still 
escaping through the leak. 

3-2.2.4.3 If  large spills have been repor ted  or there  are 
indicat ions that  there has been repea ted  d u m p i n g  or 
spil l ing of f l ammab le  or combust ib le  l iquids into sewers 
or on the ground,  ask those involved to modify  their  
operat ions  to prevent  recurrence.  

3-2.2.4.4 Be reasonable  and fair; recognize that  small 
spills may  inadver tent ly  occur and that  a very small 
amount  of pe t ro leum l iquid (just one cup of  gasoline, for 
example)  on a wet pavement  will spread over a large 
area,  appea r ing  to be a more  severe spill than  it actual ly 
is. Spills on the surface that  spread out will dissipate 
rap id ly  and are not likely sources of unde rg round  con- 
t amina t ion .  The  significant spills are large spills that  can 
flow to points of access to unde rg round  structures or 
areas of porous soil, or repea ted  smaller  spills that  im- 
media te ly  flow into structures or soak into soils and reach 
the water  table.  

3-2.2.4.5 If  an obvious source, or one or more  likely 
sources, has been found and  fur ther  escape of l iquids 
e l iminated ,  fur ther  search may  be temporar i ly  suspended 
to de te rmine  whether ,  in fact, the located source(s) is the 
cause of  the problem.  Whi le  removal  and  protect ive 
measures are taken,  moni to r  and  record the flow of  liq- 
uid, the amount  of l iquid,  and  the vapor  concentra t ion  at 
those locations where the p rob lem exists. If  there  is a 
dist inct  and  cont inuous decrease it may be assumed that  
the source(s) has been found and fur ther  con tamina t ion  
e l iminated .  The  decrease may  not show up immedia te ly ;  
it may,  in fact,  require  days or weeks to remove l iquid 
that  has accumula ted  unde rg round  or for it to dissipate. 
Refer to Chap te r  5, "T rac ing  Liquids  Unde rg round , "  to 
de te rmine  how much  t ime may  be requi red  before  a 
decrease at. the moni to r ing  point  may be expected.  

3-2.2.4.6 If, af ter  a reasonable  length of t ime as deter- 
mined  with the reference above, the supply of l iquid to 
the threa tened  area  does not  stop or show definite 
decrease,  fur ther  investigation should be conducted  
s imultaneously along two paths.  These  two paths  also 
should be followed if no source is found.  

3-2.2.4.7 One pa th  is to test f l ammab le  or combust ib le  
l iquid storage and handl ing  equ ipment  in the vicinity of 
the con tamina ted  area; the other  is to trace the l iquid un- 
de rg round  from its point  of discovery. T rac ing  is con- 
duc ted  to de te rmine  the extent  of the con tamina t ion ,  the 

direct ion of flow, and  any potent ia l  more- remote  
source(s). Tests on unde rg round  equ ipment  are per- 
fo rmed to de te rmine  definitely whether  or not they are a 
source. (See Chapter 4, "Testing for Underground 
Leaks, "and Chapter 5, "Tracing Liquids Underground. ") 

Chapter 4 Testing for Underground Leaks 

4-1 General. 
4-1.1 Tests to de te rmine  the tightness of unde rg round  
l iqu id -hand l ing  equ ipmen t  will have to be conducted  
when: 

(a) The  search procedures  of Chap te r  3 or the t racing 
procedures  of Chap te r  5 indicate  a p robab le  or likely 
leakage source, but  the actual  cause is not  de te rmined  
from surface observation; 

(b) There  is a suspicion of  a leak because of repor ted  
stock losses; 

(c) The re  is a repor t  of the accumula t ion  of water in a 
tank.  

4-1.2 Review all da ta  previously ga thered  to de te rmine  
the most efficient me thod  or methods  of testing. There  
are  several quick and simple tests descr ibed in this 
chap te r  that  may  reveal a leak under  cer tain cir- 
cumstances.  If  one of  these p re l iminary  tests does not  
reveal the source of  a suspected leak, it cannot  be con- 
c luded that  the l iqu id -hand l ing  system is t ight,  but  the 
possibility of  quickly solving the p rob lem will often war- 
ran t  the l imited effort involved before a Precision Test is 
under taken .  (See 4-3.11.) 

4-1.3 One or more  of  these p re l iminary  tests would be 
par t i cu la r ly  desirable if Precision Test equ ipment  is not 
immedia te ly  available.  If  such equ ipment  is available,  
t ime and  labor  costs may  be r educed  by immedia te ly  
mak ing  a Precision Test.  

4-1.4 Regardless of the testing procedure  involved, keep 
in mind  that  l iqu id -hand l ing  equ ipmen t  should be tested 
in a condi t ion as close as possible to opera t ing  condit ions.  
Excessive pressures or tests by nonrepresenta t ive  l iquids 
may  indicate  leaks where none exists or conceal leaks 
where one, in fact,  exists. 

4-2 Ac t ion  Preliminary to Tes t ing .  

4-2.1 Before ac tual  equ ipment  testing is under taken ,  
review the results of the p r imary  search in Chap te r  3. 
This  review may reveal in format ion  that  will e l iminate  
the need for fur ther  testing or this informat ion  will be 
useful in mak ing  fur ther  tests. 

4-2.2 Ensure that  spills or de l ibera te  disposal are not 
the leakage source, keeping in mind  the possible transit  of 
l iquids by trenches and unde rg round  water.  (See Chapter 
5.) 

4-2.3 Recheck stock records for indicat ions of loss; but  
do not j u m p  to conclusions. Meters may  be off cal ibra-  
tion, causing only a pape r  loss, not  a physical  loss. 
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4-2.4 Tempera ture  change may falsely indicate a loss. 
The  volume of  petroleum products is highly sensitive to 
temperature change. A drop of  one degree Fahrenheit  
will shrink 1000 gal (3785 L) of  gasoline by "0.7" gal 
(2.2 L). This may at first seem small but  consider a 
typical example. In the spring, the ground will still be 
relatively cool from the preceding cold weather, while liq- 
uids stored and transported aboveground may be 
relatively warm. 

4-2.5 A typical underground gasoline storage tank may 
handle 20,000 gal (75 700 L) in one month.  If, on the 
average, this liquid cooled 5°F (2.8°C) after delivery, 
stock records will show a loss of  5 x 0.7 x 20 = 70ga l  
(265 L). Ten degrees cooling would appear  as a 140-gal 
(530-L) loss for 20,000 gal (75 700 L) handled,  and a 
280-gal (1060-L) loss for 40,000 gal (151 400 L) handled. 
Obviously, a temperature increase would have the op- 
posite effect and could actually conceal a physical loss. 

4-2.6 Finally, theft may be the cause of reported stock 
loss. 

4-2.7 Consequently, further checking must be per- 
formed before a facility is implicated on book stock losses 
alone. Check meters for calibration. Check relative tem- 
perature of delivered and stored product  during the 
period in question. Check for the possibility of theft. 

4-3 Checking Inventory Records. 
4-3.1 A careful check of  inventory records will be very 
helpful in determining the course of further investiga- 
tion. (See Appendix B for a description of inventory con- 
trol procedures. ) 

4-3.1.1 If  the reason for the check is a report of loss of 
inventory but no liquid or vapor has been reported in 
unexpected locations: 

(a) Loss due to meters out of correct calibration, loss 
by contraction due to lower temperatures,  or theft would 
indicate that a hazard need not be expected. Further 
testing is not necessary; 

(b) If  not solved as in (a), evidence of an inventory loss 
requires further testing to determine the cause. It also in- 
dicates that a potential hazard may develop from the 
escaped liquids and a check of the surrounding area 
should be made  for signs of contamination.  (See 3-2.2.4 
through 3-2.2.4.7.) 

4-3.1.2 If  the reason for the check is discovery of 
escaped liquids or vapors found underground:  

(a) Evidence of  inventory loss strongly implies the 
source has been found but subsequent checks to deter- 
mine how the loss has occurred must be made before 
definite conclusions can be drawn; 

(b) Loss partially or totally explained by off- 
calibration meters, temperature shrinkage, or theft can- 
not be considered as conclusive evidence that the site in 
question is not a source. Records are often incorrect or in- 
adequate;  unless another source is found and considered 
to be a satisfactory solution to the problem, other tests 
must be performed to draw definite conclusions. 

4-3.1.3 In-tank monitoring systems that incorporate 
automatic  gauging equipment  may be used to accomplish 
inventory control and to indicate possible leakage. 

4-3.2 Pressure Testing with Air or Other Gases. 
Pressure testing, with air or other gases, of tanks or pip- 
ing containing f lammable or combustible liquids is not 
recommended,  should not be required by regulations or 
ordinances, and should be discouraged in practice. Such 
tests are not likely to detect a leak that is below the liquid 
level in the tank, and there is severe danger  of causing a 
tank rupture,  or expulsion of contained liquid through 
normal  openings. 

NOTE:  Th e re  are systems that  use unique gases that  are not 
dependen t  on pressure for detection of leaks. 

4-3.3 Testing Underground Facilities. 
4-3.3.1 Using the information gained from the primary 
search procedure (see Section 3-2), use the following tests 
in a logical process of elimination. For example, if water 
is reported as entering a tank, or if the tanks are old and 
corrosion is known to exist in the area, make the 
preliminary checks on the tanks first. On the other hand, 
if pumping  troubles are reported, the piping is suspected 
and preliminary tests should be performed on under- 
ground piping first. 

4-3.3.2 The tests described on the following pages are 
listed in approximate order of ease of performance, the 
easiest being first. The sequence should be varied to fit 
the circumstances, as noted in the preceding paragraph.  

4-3.4 Checking Underground Pipe. 
4-3.4.1 Check for: 

(a) Recent digging, driveway repair, or other work in 
the area which may have damaged  underground lines. 

(b) Any recent repairs that may have been made in- 
dicating a previous leak or perhaps creating a leak due to 
faulty work. 

(c) Any evidence of  shifting ground,  such as frost 
heave, which may have damaged lines. 

(d) Soft spots in asphalt paving indicating solvent ac- 
tion of  liquids or vapor. 

4-3.4.2 If  information on the location of liquid under- 
g round  has been compiled by methods described in 
Chapter  5, "Tracing Liquids Underground,"  review this 
information for possible patterns that may indicate a spe- 
cific pipe is likely to be the source. It may be advisable to 
drive or drill additional holes to define more definitely 
where the liquids are and how they are flowing. (Review 
in particular the information in connection with Figure 
10 in Chapter  5.) 

4-3.4.3 The  test to be used on piping will depend on the 
method used to move or p u m p  the stored liquid. 

4-3.5 Hydrostatic Test of Piping.  Isolate the piping 
and conduct  a hydrostatic pressure test at 150 percent of  
the max imum anticipated pressure of the system, but not 
less than 5 lb per sq in. (34.48 kPa) gauge at the highest 
point of the system. The test should be maintained for at 
least 10 minutes. If  the pressure drops, it indicates the 
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possibility of a leak in the p ip ing  and it is r e commended  
that  a volumetr ic  test be per formed.  It should be noted 
that  a loss of l iquid pressure can be a t t r ibu ted  to the 
following: a line leak; a decrease in l iquid t empera tu re  in 
the line; p ip ing  distort ion due to the l iquid pressure; or 
e n t r a p p e d  vapor  in the piping.  Accumula t ed  l iquid loss 
dur ing  a volumetr ic  test of more  than  0.05 gallons (0.19 
liters) per  hour  dur ing  t imed res torat ion may  indicate  a 
leak in the piping.  

4-3.6 Suc t ion  L i n e  Testing. 
4-3.6.1 If  the p u m p  used in moving the l iquid  is above 
ground,  the supply pipe operates  under  vacuum or suc- 
t ion and cer ta in  p u m p i n g  character is t ics  indicate  ei ther  a 
leaking check valve or a leaking pipe.  If  there  is a leak, 
air  will enter  the pipe as l iquid drains  back  into the tank  
through the check valve or th rough  a pipe leak into the 
ground.  The  presence of  air  will be ind ica ted  by the ac- 
t ion of  the p u m p  in the first few seconds of  opera t ion  
after  an idle period.  If  the p u m p  is equ ipped  with a meter  
and  cos t /quan t i ty  display device such as is found in a 
gasoline service station,  p u m p i n g  of  air  is ind ica ted  by 
the display wheels skipping or j umping .  Other  indicat ions 
of  air  in the suction line are: 

(a) The  p u m p  is runn ing  but  not p u m p i n g  l iquid.  

(b) The  p u m p  seems to overspeed when first tu rned  on 
and  then slow down as it begins to p u m p  l iquid.  

(c) A ra t t l ing  sound in the p u m p  and  erra t ic  l iquid 
flow indicates air  and  l iquid  are mixed.  

4-3.6.2 If  any of the preceding  condit ions indicate  a 
leak in the suction line, the check valve should be in- 
spected first. Some check valves are located close to the 
p u m p  inlet,  others are moun ted  in the unde rg round  pipe 
just above the tank,  and  some may  be on the end of the 
suction stub inside the tank.  Some of those valves located 
in the pipe above the tank  can be inspected and  repa i red  
from the surface of the g round  through a special extrac- 
tor mechanism instal led with the valve. If  not, or if the 
valve is inside the tank,  it may  be necessary to dig down to 
the tank  to check the valve or disconnect  and  seal off the 
pipe for a hydrosta t ic  pressure test. 

4-3.6.3 Generally,  d igging down to the check valve or 
tank  should be delayed unti l  o ther  more  easily per formed  
surface tests have fai led to reveal the leak. If  there  is any 
doubt  that  the check valve seats t ightly, repa i r  it, replace 
it, or seal it off. Then  repeat  the p u m p i n g  test and,  if air  
is still en ter ing  the suction line, it may  he assumed the 
pipe is leaking unde rg round  and  it should be exposed for 
inspection.  Dig carefully to avoid damage  to the pipe 
which might  make  it impossible to verify whether  a leak 
actual ly  existed pr ior  to uncovering.  

4-3.6.4 If  the pumps  do not  exhibi t  the symptoms of a 
leak as descr ibed above but  there  is still reason to suspect 
a pipe  leak; or, if a comple te  system check has been per- 
fo rmed and it is now necessary to isolate and  check the 
p ip ing  system, individual  p ipe  runs may  be isolated and 
hydrostat ic  pressure tested. 

4-3.6.5 A l iquid volumetr ic  pressure test can be per- 
fo rmed on a suction line by connect ing  to the exit por t  of  
the air e l iminator ,  or o ther  app rop r i a t e  fit t ing. This  con- 

nect ion will permi t  pressure to be app l ied  to the suction 
p ip ing  from the p u m p  to the check valve. In this test, the 
hydrosta t ic  pressure should not exceed 15 psi (103.4 kPa) 
in order  to prevent  damage  to the p u m p .  

4-3.7 Di scha rge  P ipe  L i n e  T e s t i n g  (Pipe  under Pres- 
sure from Remote Pump). 
4-3.7.1 Quite  often pumps  are located in the tank,  or, 
on some rare occasions, just above the tank but  remote  
f rom the dispensing devices. In  such cases, the pipe to the 
dispensing equ ipment  operates  under  pressure. A leak in 
this line will cause r ap id  loss of pressure after  the pump  is 
tu rned  off. This  can be checked using the p rocedure  de- 
scr ibed in 4-3.5 or, if not pract ica l ,  in the following man-  
ner.  

4-3.7.2 At  the dispenser end of the pipe,  close the emer- 
gency shutoff  valve at the base of the dispensers or close 
any valve ups t ream of any hose to hold pressure at the 
dispenser end.  The  p u m p  end can be sealed off by sett ing 
the check and rel ief  valves in the head of the pump .  The  
check valve is readi ly accessible in the manhole  over the 
pump ,  and most are equ ipped  with a screw or bolt  sup- 
pl ied for the specific purpose of positively seat ing these 
valves for line checking. Install  a pressure gage in the line 
[a m i n i m u m  3 in. (76 mm) dial  with m a x i m u m  60 psi 
(3100 m m  Hg) range should be used to clearly show 
gradua t ions  of 1 psi (51.72 m m  Hg)].  General ly,  the best 
locat ion for the gage is in the emergency shutoff  valve 
under  the dispenser where ¼- in .  or o ther  small-size plugs 
are instal led for this purpose.  Star t  the pump ,  note the 
m a x i m u m  pressure, seat the check valve, turn  off the 
p u m p  and observe any pressure drop.  The  test should be 
ma in t a ine d  for at least 10 minutes.  I f  the pressure drops,  
it indicates  the possibili ty of  a leak in the p ip ing  and it is 
r e c o m m e n d e d  that  a volumetr ic  test be per formed.  It 
should be noted that  a loss of l iquid pressure can be at- 
t r ibu ted  to the following: a line leak; a decrease in l iquid 
t empera tu re  in the line; p ip ing  dis tor t ion due to the liq- 
uid  pressure; or e n t r a p p e d  vapor  in the piping.  Ac- 
cumula ted  l iquid losses dur ing  a volumetr ic  test of more  
than  0.05 gallons (0.19 liters) per  hour  dur ing  t imed 
res torat ion may indicate  a leak in the piping.  

4-3.8 If  the preceding  tests do not reveal a leak, they 
should not  be considered as conclusive and unde rgound  
.piping must  be inc luded in the Precision Test  descr ibed 
in 4-3.11. 

4-3.9 Checking Underground Tanks. 
4-3.9.1 Review the in format ion  ob ta ined  from the 
p r imary  search descr ibed in Chap te r  3. Ask about ,  
observe, and  note in par t i cu la r :  

(a) Method of fill ing tanks --  d a m a g e d  fill pipes, 
poorly ma in t a ine d  tight-fi l l  connect ions or hose cou- 
plings, driver carelessness, or even overemphasis  on full 
deliveries may  cause some of the p roduc t  to be spil led 
a round  the pipe when a delivery is made .  Par t icular ly ,  
check fill pipes instal led under  manhole  covers. On night  
deliveries in which the tank is filled into the fill p ipe  a 
warmer  unde rg round  produc t  t empera tu re  can cause 
considerable  overflow due to expansion before dispensing 
begins the following day; 
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(b) Any evidence of g round  set t lement  a round  tanks 
and any sign of work that  may  have d a m a g e d  the tank or 
its fittings; 

(c) History of past  or recent  work on the tanks or at- 
tached piping;  

(d) The  presence of excessive amounts  of water  in the 
tank and any history of past  water  removal .  (Use water- 
f inding paste on the gage stick.) Ascertain,  if possible, if 
the water  increases dur ing  periods of heavy rainfal l  and 
remains  constant  or diminishes dur ing  dry spells. Also, if 
possible, ascertain the dep th  of the water  table,  i .e.,  the 
static level of the g roundwater ,  by using an easily dri l led,  
probed,  or excavated  area  close to the tank(s) or some ex- 
isting undra ined  opening;  

(e) The  age of the tank; in par t i cu la r ,  as it relates to 
the history of corrosion in the vicinity; 

(f) The  locat ion and flow of l iquid found unde rg round  
by gas sensors or visual inspection. It may  be advan- 
tageous to drive or drill  add i t iona l  holes to develop more  
deta i led  informat ion .  

4-3.9.2 Use this in format ion  to guide subsequent  in- 
spect ion and testing. 

4-3.10 When Water is Reported to Be Entering a Tank.  
4-3.10.1 Check the fill p ipe  to ensure that  water  is not 
en ter ing  th rough  a loose fill cap.  

4-3.10.2 Check the surface area  a round  vent lines for 
evidence that  water  may  be enter ing by this route.  Stand- 
ing water  over vent lines may be the source. Note this 
possibility for fu ture  use. 

4-3.10.3 If  no explanat ion ,  except  a possible leak, is 
found for water  in the tank,  carefully record  the dep th  of 
water  by water- f inding paste, and t ightly close and lock 
the fill cap.  After  8 to 12 hours, remove the cap and 
again  check for water.  If  the rise in 12 hours exceeds 
in. (12.7 mm),  close and lock the cap  and  check for 
another  8 to 12 hours. If  the rise in the second per iod 
closely matches  that  of  the first period,  a leak is p robab le .  
A rise of  less than  ¼ in. (6.4 mm)  in 8 hours is in- 
conclusive due to the inabi l i ty  to measure  the water  level 
closer than  to within ¼ in. (6.4 mm) .  Longer  test periods 
will have to be used to de te rmine  definitely if a leak does, 
in fact, exist. Best results will be ob ta ined  if the water  
depth  is less than  3 in. (75 mm)  at the beginning  of the 
test. 

4-3.10.4 The  above tests are not conclusive if the water  
table  is above the top of  the tank,  as water  could be enter- 
ing a round  pipe connect ions into the tank top or through 
unused p lugged or c apped  openings in the top of the tank  
that  are not water t ight .  Also, if water  is enter ing the t ank  
at these top openings it is not  significant from the stand- 
point  of  tank  leakage.  Likewise, these tests are not con- 
clusive if the tank  is full, or substant ia l ly  full, of product .  

4-3.10.5 In fact, water  may  not enter  the tank  if the 
level of p roduc t  is at or above the level of the water  table  
outside the tank.  These tests are relatively effective if the 
tank  is pract ica l ly  empty  and  the water  table  is high but  
still below the tank  top. A tank par t ia l ly  below the water  
table  can have water  enter,  or lose product ,  th rough  the 

same leak depend ing  on the relative levels of the ground-  
water  and  the p roduc t  in the tank.  

4-3.10.6 If  a leak is ind ica ted  by the above test, take ap- 
p ropr ia te  action.  

4-3.11" Precision Test. 
4-3.11.1 Precision Test, as used throughout  this pam- 
phlet ,  means  any test that  takes into considerat ion the 
t empera tu re  coefficient of expansion of the product  
being tested as re la ted  to any t empera tu re  change dur ing  
the test, and  is capable  of de tec t ing  a loss of 0.05 gal (190 
ml) per  hour.  

4-3.11.2 A test chosen from current ly  avai lable technol- 
ogy to reasonably de te rmine  whether  an unde rg round  
l iquid storage and handl ing  system is leaking should be 
used. Any testing device used for the Precision Test  must  
be capab le  of  de tec t ing  leaks as small  as 0.05 gal (190 ml) 
in one hour,  adjus ted  for variables,  a l imit ing cri ter ion 
widely accepted  by most authori t ies .  Precision Tests 
should be per formed  by qual i f ied technical  personnel ex- 
per ienced in the use of the test me thod  and in the inter- 
p re ta t ion  of da ta  produced .  

4-3.11.3 The  test p rocedure  should measure  the 
amoun t  of l iquid lost based upon  fundamenta l ly  sound 
principles.  It should detect  a leak anywhere in the com- 
plete unde rg round  storage and hand l ing  equipment .  If 
the net change  exceeds 0.05 gal (190 ml) per  hour  or 
equivalent  cr i ter ion establ ished for the technology 
employed,  a leak is likely to exist, and appropr i a t e  cor- 
rective act ion is necessary. 

4-3.11.4 The  Precision Test  should account  for all the 
variables that  will affect the de te rmina t ion  of the leak 
rate.  An under s t and ing  of what  these variables are and 
how they are hand led  is essential to effective per formance  
of the test. Following is a discussion of  some of those 
variables and how they affect the measurement .  

4-3.12 The Effect of Temperature. 
4-3.12.1 Liquids expand  with an increase in tempera-  
ture and cont rac t  with a decrease in t empera ture .  Figure 
2 lists the thermal  coefficient of expansion for some of the 
more  common  f l ammab le  and combust ib le  liquids. 

4-3.12.2 For example ,  note that  a t empera tu re  decrease 
of only 0 .02°F (0.011°C) in one hour  in a 6000 gal 
(22 710 L) tank conta in ing  gasoline would cause a volu- 
metr ic  decrease of 0 .02°F (0.011°C) x 0.0007 x 6000 
gal  (22 710 L) = 0.084 gal (318 ml) which exceeds the 
0.05 gal (190 ml) considered to indicate  a leak. If this 
t empera tu re  change was not detected and accounted  for 
in a test, a leak would be assumed where none existed. 
And  in a like manner ,  if the t empera tu re  increased,  a 
leak could be concealed by volumetr ic  expansion if the 
t empe ra tu r e  change was not detected.  

4-3.12.3 It  is sometimes proposed that  this p roblem can 
be overcome by filling the tank 10 or 12 hours before a 
test run,  on the assumption that  the produc t  t empera tu re  
will stabilize. Extensive tests have shown that  this is 
seldom if ever true. W h e n  l iquid is added  to fill a tank for 
testing, it will often require  several days for the l iquid to 
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Thermal Expansion of Liqu id s  

Acetone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Amyl  acetate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Benzol (benzene) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Carbon  disulfide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ethyl e ther  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ethyl aceta te  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ethyl alcohol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

*Fuel Oil #1 - Kerosene . . . . . . . . . . . . . . . . . . . . . . . . .  
*Fuel Oil #2 - Diesel . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
*Gasoline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Methyl alcohol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Toluol  (toluene) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
W a t e r  -- at 68°F . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Volumetric 
Coefficient 

of Expansion 

per  Degree 
0.00085 
0.00068 
0.00071 
0.00070 
0.00098 
0.00079 
0.00062 
0.0005 
0.00045 
0.0007 
0.00072 
0.00063 
0.000115 

*These are  typical coefficients of expansion, but  m a y  vary depending  
on components  of  the mix ture  and  on the t empera tu re .  See ASTM D 
1250-80, Pet roleum Measurement  Tables ,  for fu r ther  informat ion.  

Figure 2 

stabilize to ground  tempera tu re ,  which in itself is con- 
stantly changing.  The  rate  of t empera tu re  change in the 
first day or two will general ly  be in the range of 0 .02°F 
(0.11°C) per  hour  to 0 .25°F (0.7°C) per  hour.  In addi-  
tion, the rate of t empera tu re  change will vary depend ing  
on the t empera tu re  and volume of the produc t  in the 
tank as well as the product  added.  Obviously, the test 
must  be capab le  of de tec t ing  t empera tu re  changes to the 
accuracy necessary to assure compl iance  with 4-3.11. 

4-3.12.4 Another  t empera tu re  effect that  must  be rec- 
ognized and  accounted  for is t empera tu re  s trat i f icat ion 
or  " layer ing."  Layer ing  occurs when produc t  of a dif- 
ferent t empera tu re  is a d d e d  to produc t  a l ready in a tank 
(i .e. ,  p roduc t  is added  to warmer  produc t  a l ready in the 
tank); in addi t ion,  layering occurs as a result of g round  
t empera tu re  variat ions with depth .  T e m p e r a t u r e  mea-  
surement  must  include a me thod  for averaging any dif- 
ferences in t empera tu re  th roughout  the tank.  

4-3.13 The Effect of Tank End Deflection. 
4-3.13.1 Some techniques require  filling the tank to a 
point  above grade.  This increase in height  of l iquid in- 
creases the pressure inside the unde rg round  tank over the 
normal  opera t ing  pressure. This  is i l lustrated in Figure 3. 

n Stand Pipe 
, g for vol. 

I T  ~" Height to H~~ 
, i ~ ~ Liquid Surf6ce • 

r~elght to / u / ~ H I + H 2 
Liquid S w f a c e ~  of Tank 

NORMAL OPERATION TEST CONDITION 

Figure 3 

4-3.13.2 In a 6-ft (1.8-m) d iamete r  tank the average 
pressure on the end or "head"  of a tank full of typical  

gasoline is 0.98 psi (50 m m  Hg). If  the tank is bur ied  3 ft 
(1 m) under  the driveway (typical  for most gasoline 
tanks), the average pressure on the head  will increase to 
approx imate ly  2.95 psi (153 m m  Hg) when the fill pipe 
and  s tandpipe  are filled to 3 ft (1 m) above grade.  The  in- 
crease of approx imate ly  1.95 psi (100 m m  Hg) in the 
average pressure exerts an addi t iona l  force on the end or 
"head"  of the tank of about  8000 pounds,  or 4 tons. 

4-3.13.3 Most tank ends ~ of the type normal ly  used un- 
de rg round  are made  of ¼- in .  (6 .4-mm) thick steel plate  
and  will deflect ou tward  as pressure inside the tank in- 
creases. (See Figure 4.) 

~ Sto~lpipe 

I ~I~. Head when trek is 

_ A V ,  oo",. 
f I-,---~Pressure of liquid proportionate to ~ ~---I.lead is forced out 
[ J  height of liquid in tank or standl~Pe, I f  in proportion to 
/ I J internal pressure 

! V " " '  
Figure 4 T a n k  End Deflection 

4-3.13.4 If  the tank is located above g round  and the 
heads are not suppor ted  in any way, it is possible to 
predic t  the amount  of movement  that  will result from any 
given change in pressure and,  when the amount  of move- 
ment  is known, the result ing increase in volume of the 
tank can be calcula ted.  However,  when tanks are located 
unde rg round  they are subject  to an infinite var ia t ion in 
suppor t  from the sur rounding  soil, and  it is not possible 
to predict  how much  movement  will take place.  Very 
solid soil may provide close to full support ,  but  normal ly  
soils will consolidate to some degree,  par t icu la r ly  if they 
are wet, thereby al lowing tank expansion and end deflec- 
tion. 

4-3.13.5 Extensive study and testing have revealed that  
in almost all cases tank movement  significant to the test 
for leaks will occur.  It will not occur suddenly because of 
the t ime requi red  to consolidate the soil. Under  a con- 
stant  increased pressure it will normal ly  take several 
hours for the tank to stabilize. The  table  in Figure 5 
shows the volume increase as a result of various degrees of 
movement  in the tank ends. The  figures under l ined are 
the m a x i m u m  normal ly  encountered  with underground  
steel tanks; the last f igure in each horizontal  row is the 
m a x i m u m  possible for the tank size in that  row. = 

The  Precision Test  me thod  employed  should be able to 
clearly indicate  the possible effects of  tank end deflection 
and ei ther  provide a means of compensa t ion  or el imina- 
tion of the effects. 

~Although most fiberglass tanks have oval or spherical ends, the same 
p h e n o m e n o n  of expansion will occur  due to flexure between the ribs on 
the sides of the tank. 

2Compatible figures are not yet available for fiberglass tanks. T h e  
latest da ta  indicate that  expansion due  to side flexure may  exceed that  
for flexure of steel tanks. 
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Apparent Loss of Liquid Volume in Gallons 
Due to Increased Pressure in a Tank 

Outward Deflection at C e n t e r  o f  Head in I n c h e s  

i 

I • 49 .98 1.4__...~7 1.95 2.44 2,93 3.42 
s ,  1 7 4  2 0 1  3 4 8  4 3 5  5 2 ,  0 1 0  0 9 7  

. 7 2 , 1 . 1 0  4 4 1  5 5 1  6 6 2  1 1 0  
d 84J  1.50 3.00 4.50 6.00 7.50 9.00 10.50 12.00 15.0 18.0 21.0 

961 1.96 3.91 5,87 7.82 9.77 11.7~-5 13.70 15.65 19.6 23.5 27.4 31.3 
9 1 0 2  2,21 4.42 6.65 8.25 11.06 13.30 15.50 17.70 22.6 26.6 31.0 I 35.4[  

1201 3.06 6.12 9.18 12.25 15.30 18.4 21.4 24.5 30.6 36,7 42.8 49 .01  | I 

F o r  S I  U n i t s :  1 i n .  = 2 5 . 4  m m .  
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4-3.14 T h e  Effects of  Water Table.  As stated in sub- 
section 4-3.10, there are many  instances where water  may 
enter  a tank system. The  Precision Test me thod  
employed should be able to indicate  clearly the possible 
effects of water  in the ~ackflll  area  a round  the tank 
system and provide a means  of ei ther  compensa t ion  or 
e l iminat ion  of the effects. 

4-3.15 Effects of Entrapped Vapor .  High-vapor -  
pressure mater ia ls  combined  with air  in the form of a 
vapor-a i r  pocket will be affected by both  t empera tu re  
and pressure changes; volume expansion or cont rac t ion  
will occur. Precision Test  methods  employed should be 
able to indicate  the presence of en t r apped  vapor  that  may  
affect the results of the test. The  test me thod  must  re- 
quire  the removal  of the e n t r a p p e d  vapor  or compensate  
for the effects of the e n t r a p p e d  vapor.  

4-3.16 Effects of  Evaporation.  Some liquids, espe- 
cial ly highly volat i le  l iquids,  have high rates of 
evaporat ive losses if their  surfaces are exposed. The  Preci- 
sion Test  me thod  employed  should be able to indicate  
clearly the possible effects of evaporat ive losses and com- 
pensate  for them. 

4-3.17 Water Testing. 
4-3.17.1 Tests involving the addi t ion  of water  to a tank 
may  be useful when tanks ~re empty.  W a t e r  is difficult  to 
use in cold weather.  It will not detect  leaks of  less viscous 
liquids, and  contar , ' ina t ion  of the storage and dispensing 
system can be a major  p roblem.  

4-3.18 In summary ,  the following major  factors must  be 
accounted  for in the Precision Test  to de te rmine  the 
presence or absence of a leak in an unde rg round  l iquid 
storage facility: 

(a) The  t e m p e r a t u r e  change  of  the l iquid in that  
per iod of t ime.  

(b) The  movement  of t ank  ends as pressure is in- 
creased. 

(c) W a t e r  table.  

(d) En t r apped  vapor.  

(e) Evaporat ion.  

Chapter 5 Trac ing  Liquids Underground 

5-1 G e n e r a l .  The  underground, as referred to in this 
r e c o m m e n d e d  pract ice,  consists of an almost infinite var- 
iety of  rocks and soils, tunneled,  pierced,  and  t renched by 
m a n - m a d e  structures and pipes. All these provide paths  

for movement  of  l iquid underground .  Flow of  l iquid in 
tunnels,  sewer pipes, and open trenches is obvious and 
relatively easy to trace by observat ion and vapor  testing. 
Flow in soil and  rocks is a compl ica ted  mat ter .  A few 
basic principles will provide an unders tanding  that  will 
often prove sufficient to solve many  problems of t racing 
the source of unconf ined liquids. Even though such basic 
unders tand ing  may  prove inadequa te  for a pa r t i cu la r  
p roblem,  it is essential to select and  coordinate  the par-  
t icular  expert  skills necessary to solve the more  complex 
problems.  

5-2 Background.  
5-2.1 The  pr incipal  character is t ic  that  permits  l iquids 
to enter,  and  accumula te  or flow through soil or rock is 
porosity or, simply, the space or "voids" between the par-  
ticles that  make  up the soil or rock. The  size of the voids 
in soil will vary from large in gravel, through small in 
sand and topsoil,  to essentially zero in fine, dense clay. 
Rock almost never has large voids but  sandstones and 
limestones have voids s imilar  to a fine sand. 

5-2.2 Rate  of  flow through soils and rocks depends  
largely on the size of the voids; with large voids (gravel) 
the flow can be several feet per  minute;  med ium voids 
(sand) will provide several feet per  hour;  and fine voids 
(shale or sandstone) may be as slow as one foot per  day. 

5-2.3 The  term used to express this rate  of flow is per- 
vious. A very pervious soil will permi t  fast l iquid flow; a 
relatively impervious soil will permi t  only very slow flow. 
W h e n  the word impervious is used alone, it implies no 
flow; thus glass is impervious to the flow of water.  

5-2.4 Porosity does not ensure a pervious condit ion.  If  
the pores of a rock are not in terconnected,  the rock will 
be impervious.  

5-2.5 Crystalline rocks, such as grani te  and marble ,  are 
essentially impervious in their  solid state but  these rocks 
often have fractures or cracks that  do permit  flow. Rate 
of flow through rock fractures will vary from large con- 
t inuous cracks which will act like a pipe,  to very small ir- 
regular  cracks which may  result in flows similar  to those 
found in fine sand. 

5-2.6 Almost  all f l ammab le  and combust ib le  l iquids are 
l ighter  than water  and  consequently they will float on 
water  unless they are water  soluble. When  these liquids 
escape into the g round  they will normal ly  flow down to 
the water  in the g round  and there move with that  water.  
An under s t and ing  of  g roundwater  flow is essential to 
t race f l ammab le  and combust ib le  liquids underground .  

5-2.7 W a t e r  is almost universally found underg round  at 
some level in soil or rock. It may  be in very l imited quan- 
tities and  only "dampen"  the soil. But when it fills all the 
voids and "saturates" the soil or rock up to a certain level, 
it becomes similar  to water in a pail  and  establishes a 
defini te  top, referred to as the water  table.  

5-2.8 Figure 6 i l lustrates that  this g roundwater  may oc- 
cur in several layers underground .  A porous layer be- 
tween two nonporous  layers may be complete ly  filled or it 
may  be only par t ia l ly  filled and have its own water  table.  
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Figure 6 

The  p r imary  concern with unconf ined  f l ammab le  and 
combust ib le  l iquids is with the uppermost  layer and  its 
water  table.  However,  o ther  layers must  be recognized 
because even though they may be very deep at one loca- 
tion, they may be near  the surface and hence the top 
layer at other  locations. (See Figure 7.) 

5-2.9 All groundwater ,  with the except ion of  narrow 
bands  along the seacoasts, comes from rain or snow fall- 

~TE TAB E 

L"F'"° ~ j ~ , ~  

el I / 
Figure 7 Hypothetical Groundwater System 

ing on the surface and flowing down into the soil. Figure 
7 shows that,  at any given location,  the water  may  have 
come from rain or snow on the surface immedia te ly  
above; or it may have flowed unde rg round  for long 
distances through pervious soil or rock from a point  
where the pervious layer "outcrops" or comes to the sur- 
face. W a t e r  from rain and snow may also flow to lakes 
and rivers and  then into unde rg round  layers. 

5-2.10 W a t e r  tends to seek its own level unde rg round  
just as it does on the surface as it flows through the soil. 
However water  flowing unde rg round  will not  flow as fast 
as water  on the surface because of the interference or 
resistance of the part icles in the soil. This has the effect of 
s teepening the slope of the water  table  because the water  
does not move through  the soil to lower levels as fast as it 

fills the soil at the higher  elevation. The  same effect is 
shown where the lake is supplying water  to the pervious 
soil. Expressed in another  way, pressure is requi red  to 
overcome the resistance to flow, and the increase in eleva- 
tion of the water  table  provides the necessary pressure. 

5-2.11 The  height or elevation of the water  table  will 
depend  not only on how fast the water  flows out of the 
s t rata ,  but  also on how fast it is fed into the s t ra ta  by rain 
or mel t ing  snow. W h e n  no water  is being added,  t~.e 
water  table  will d rop  as water  flows out at springs and is 
taken out by wells, or "wicks," through dry soil to eventu- 
ally evapora te  into the air. W h e n  water  is being added  
faster than  it flows out, the water  table  will rise. This rise 
and  fall can be several feet in a few days as the weather  
changes from wet to dry, or from dry to wet. 

5-2.12 In summary ,  the pr incipal  factors impor t an t  to 
t rac ing unconf ined liquids unde rg round  are: 

(a) Most f l ammab le  and combust ib le  l iquids float on 
water.  

(b) W h e n  unconf ined  in the ground,  these l iquids will 
float on the top or water  table  of the g roundwate r  and  
move with that  water.  

(c) Groundwate r  will flow through  pervious soil or 
rock toward  lower elevations. Flow rate  will vary from 
several feet per  minu te  to only one or two feet per  day. 

(d) Groundwate r  may be t r a p p e d  unde rg round  and be 
s ta t ionary as if in a lake. 

(e) The  top or water  table  will be level with no flow but  
slope down in the direct ion of  flow when flow occurs. 

(f) The  water  table  will rise and fall (in some cases 
several feet in a few days) depend ing  on supply by rain or 
mel t ing  snow. 

5-2.13 The  following examples  i l lustrate how these 
principles are app l ied  to t rac ing  f l ammab le  and com- 
bust ible  liquids. 

5-2.13.1 Figure 8 shows the effect of the slope of under-  
g round  s t ra ta  on the di rect ion of  flow of l iquids. Parts A 
and B show ident ical  surface condit ions.  A four-story 
a p a r t m e n t  bu i ld ing  is approx imate ly  midway in the 
block, between two streets 400 ft (122 m) apar t .  The  sur- 
face of the g round  slopes up from left to r ight  at a 5 per- 
cent grade ,  p lac ing  the elevation of the upper  street (on 
the r ight)  20 ft (6 m) higher  than  the lower street. 

5-2.13.2 In Figure 8(a), the unde rg round  s t ra ta  follows 
the general  slope of  the surface and groundwater  in the 
sand and gravel layer flows from right  to left. Under  these 
circumstances,  if gasoline in l iquid or vapor  form was 
discovered in the subbasement  of  the apa r tmen t  
bui lding,  the source of that  gasoline would most likely be 
from the service stat ion on the r ight  at the h igher  eleva- 
tion, or from other  tanks far ther  up the hill. 

5-2.13.3 However, Figure 8(b) shows an unde rg round  
s t ra ta  condi t ion  in which the station downhil l  is the most 
p robab le  source. In this case, the water -bear ing  s t ra ta  of 
sand and gravel slopes down from left to right,  opposi te  
that  of the surface of  the ground.  Groundwate r  flow 
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would also be from left to r ight  and  would carry gasoline 
escaping from the lower stat ion to the basement  of the 
a p a r t m e n t  bui lding.  

5-2.13.4 One other  condi t ion i l lustrated in Figure 8(a) 
is the effect of a rising and fal l ing water  table.  Dur ing  the 
dry season, when the water  table  is below the subbase- 
ment  floor of the a p a r t m e n t  bui lding,  gasoline on the 
water  table  would not  be discovered. But when the water  
table  rises the gasoline will be l if ted above the subbase- 
ment  floor. The re  have been many  cases where this was 
the cause of a l t e rna t ing  discovery and d i sappearance  of 
escaped gasoline due to a significant rise in the water  
table with each significant rain.  

5-2.13.5 Figure 9 i l lustrates another  example  of how 
unde rg round  water  flow can be contrary  to the surface 
slope of the ground.  In this case, f l ammable  l iquids are 
stored in an u n d e r g r o u n d  tank a few hundred  feet from, 
and 30 or 40 ft (9 or 12 m) above, a small lake. From the 
surface, it would appea r  that  an escape of l iquids from 
this tank would show up in the lake. But, because the 
tank is in a pervious water -bear ing  layer that  slopes away 
from the lake, wells at houses high above the service sta- 
t ion are con tamina t ed  by the gasoline that  has escaped. 
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Layer 
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Note also that  if an unde rg round  leak existed unknown 
for a long per iod  of t ime and there were no wells in the 

s t ra ta  to discover con tamina t ion ,  the first discovery of 
escaped f l ammable  or combust ib le  l iquids could occur in 
the te lephone cable  condui t  on the other  side of  the hill 
from the service station,  possibly several miles distant .  

5-2.13.6 Figure 10 i l lustrates o ther  impor t an t  effects of 
a rising and fal l ing water  table  and  the abil i ty of trenches 
dug in relatively impervious soil but  filled with sand or 
other  porous ma te r i a l  to act like in terconnected  piping.  
Figure 10(a) is a p h a n t o m  view of a tank conta in ing  
gasoline instal led in a hole dug in clay and backfi l led with 
sand. The  suction and vent lines are likewise in trenches 
dug in clay and backfi l led with sand. 

5-2.13.7 Figure 10(b) is a p lan  showing the layout  of a 
tank instal led next to a bu i ld ing  with a basement .  A 
water  line to the bu i ld ing  on the left is also a t rench 
backfi l led with sand as is the city water  ma in  and sewer. 
And,  finally, a low area between the bui ldings was filled 
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with sand and gravel dur ing  construct ion.  

5-2.13.8 The  "paren t"  or original  soil is clay. A water  
table exists in the clay but  has very little horizontal  move- 
ment  because of the resistance of  the clay to flow. As a 
consequence,  the water  table rises and  falls in direct  
response to supply of water from rain.  Dur ing  wet periods 
the water  table will be within a foot of the surface and 
dur ing  dry periods will drop  to or below the bot tom of the 
tank hole. 

5-2.13.9 It is easy to see how a leak in this tank could 
cause a collection of gasoline on a low water  table in this 
hole much as if it were in an open square tank. Then,  if 
rainfal l  raised the water  table above the bo t tom of the 
pipe trenches, water  with gasoline on top could flow 
along the sand-fi l led trenches much  as it would through a 
pipe. At points where the trenches intersected other  tren- 
ches or the sand and gravel fill between the buildings,  the 
flow could find its way to the bui ld ing  or to the sewer or 
water main  in the street. 

5-2.13.10 Note that  it will not necessarily enter  the 
sewer pipe in the street. The  water  and  gasoline may flow 
along the outside of the sewer or water  pipe in the porous 
backfill  of those .pipe trenches and not appea r  until  it 
comes to some point  where it could leak into a manhole  
or sewer inlet. 

5-2.13.11 Another  condi t ion i l lustrated by Figure 10 is 
the potent ia l  for a f l ammable  or combust ib le  l iquid to 
move without  the aid of groundwater .  If a severe leak oc- 
curred in the suction line, pure  gasoline could flow along 
the trenches. 

5-2.13.12 The  principles and concepts discussed in the 
preceding pages point  up the impor tance  of knowledge 
about  unde rg round  soil condit ions and unde rg round  
facilities when t racing the source of escaped liquids. It 
will not always be possible to obta in  all the da ta  desired 
but  the effort should be made .  

5-3 Test  to D e t e r m i n e  U n d e r g r o u n d  Flow.  

5-3.1 The  sequence of what  to inspect and  what test to 
use will depend  to considerable  degree on the cir- 
cumstances of the problem,  informat ion  gained from the 
pr imary  search, and  previous tests. Consequently,  the 
following methods are not necessarily in the proper  se- 
quence for all condit ions.  They  are, however, in an ap- 
p rox imate  descending order  of impor tance .  Tools are 
noted as they are needed.  

5-3.1.1 On a sketch of the local area  (scale: 1 in. = 100 
ft) note unde rg round  facilities as i l lustrated in Figure 
10(b) and  any geological  da t a  available.  Be sure to in- 
c lude a b a n d o n e d  ditches and s t reambeds  that  have been 
filled and covered. Sources of  in format ion  are: 

(a) Surface observat ion of manholes ,  fill pipes, pumps,  
vent risers, etc. 

(b) City engineer;  sewer, water  and street depar t -  
ments;  highway engineer;  city, state, and  federal  
geological  depar tments .  

(c) Util i ty companies .  

(d) Owners of the facilities and local residents. Do not 
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overlook the o ld- t imer  who may  have valuable  knowledge 
of  the area before it was built  up. 

(e) Metal detectors  can be used to locate steel p ipe  if 
condit ions warrant .  

5-3.1.2 In format ion  ga thered  to this point  and plot ted 
on the sketch may  indicate  that  a cer ta in  nearby facili ty is 
a very likely source. If  so, proceed with a test for leaks as 
descr ibed in Chap te r  4. If not: 

5-3.1.3 Check potent ia l  paths  for l iquid flow by: 

(a) Visual check in manholes ,  inlet boxes, wells, open 
trenches,  exposed slopes or cuts, etc. Put samples of  water  
in a glass bot t le  for close inspection to de te rmine  the 
possible presence of f l ammable  liquids. 

(b) Use a combust ib le  gas indica tor  to de te rmine  
presence of vapors.  To check unde rg round  porous 
backfil l  or pervious s t ra ta  use a ba r  ( ~  in. to 1 in.) (19 to 
25.9 mm) and a sledge h a m m e r  to drive a hole to the level 
to be checked.  A small  hand -ope ra t ed  ear th  auger  is very 
useful for this purpose.  A larger  auger ,  as used for power 
posthole digging,  is also good and has the added  advan- 
tage of providing a visual check and the oppor tun i ty  to 
ob ta in  both l iquid and soil samples. This equ ipment  is 
usually avai lable  from a state highway depa r tmen t .  
Main ta in  an accurate  log of soil samples,  and,  in par-  
t icular ,  note the top and bot tom depths  at which any soil 
samples have an odor  ind ica t ing  con tamina t ion .  Reta in  
representat ive samples of soil in vapor t ight  containers .  

(c) Use a rod or stick with water- f inding paste and a 
paste sensitive to the con tamina t ing  l iquid to de te rmine  
the water table  elevation. Note these elevations on the 
sketch and de te rmine  the p robab le  direct ion of  flow. 

5-3.1.4 If  the potent ia l  of na tu ra l  or sewer gas still exists 
at this point  in the search,  make  pa r t i cu la r  note of in- 
dicat ions by the combust ib le  gas indica tor  relative to the 
locat ion of sewer and gas lines. 

5-3.1.5 When  this test ing has de t e rmined  the p robab le  
direct ion from which the con tamina t ion  is coming,  ex- 
tend the search ups t ream using these same methods  to 
de te rmine  the next most likely source. Check on both 
sides of the direct ion of  flow to de te rmine  its width.  

5-3.1.6 The re  is new technology to de te rmine  ground-  
water  flow direct ion without  the need for dr i l l ing 
numerous  test wells. 

5-3.1.7 As the area  of search extends beyond the 
original  sketch, ob ta in  a smaller  scale m a p  or sketch, and  
plot  and  record all da ta .  As the area becomes larger,  the 
da ta  become more  impor t an t  to the search and subse- 
quent  disposal of con tamina t ion .  

5-3.1.8 If the init ial  efforts, approx imate ly  one day's 
checking,  fail to establish a clearly def ined problem,  ad- 
d i t ional  exper t  help should be engaged.  Ask industry for 
the assistance of  experts  who have had  experience with 
these problems;  and,  whenever  possible, ob ta in  help  f rom 
a local geologist fami l ia r  with local geology. 

5-3.1.9 It is beyond the scope of  this r ecommended  
pract ice  to cover the p rob lem in all its potent ia l  complex- 
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ities; that  is the purpose of  seeking the assistance of  ex- 
perts. However, it will probably be advisable for those 
originally in charge to maintain  control while the experts 
act as consultants and advisors. The  following informa- 
tion will be helpful in understanding, appraising, and 
coordinating the expanded effort. 

5-3.1.10 When  the investigation fails to locate an active 
source of  seepage, it is possible that the product  could be 
a residual accumulat ion from some previous equipment  
failure, spill, or improper  disposal of  petroleum product.  
Experience has indicated that many  such residual 
deposits have existed and remained undetected over a 
long period of time before they became sufficiently large 
to make their presence known. 

5-3.1.11 As the problem becomes more complex, other 
methods of testing and tracing may be helpful or sug- 
gested. However, both the advantages and disadvantages 
of these tests must be recognized if valid conclusions are 
to be reached. 

5-4 Other Tracing Test Methods. 
5-4.1 Dye. 

5-4.1.1 The  use of  dye is often suggested as a means of 
tracing. The  method is to add a strong dye to the stored 
liquid suspected of  being the source and see if it shows up 
at the point of discovery. This is seldom successful for 
several reasons. 

(a) Dye may cause pollution of  underground  water 
supplies. 

(b) If  only vapor is found at the discovery point, dye 
will be useless. 

(c) The dye may be leeched out or bleached by 
chemicals in the soil before it reaches the point of 
discovery. 

(d) If  underground flow is very slow, too much time 
will be consumed in the tests. 

(e) It may  very likely make the liquid tested unusable. 

(f) If  it is used but does not appear  at the point of  
discovery, it is not conclusive because of item (c). It would 
be of benefit only if it did appear.  

5-4.1.2 Dye is not a recommended method of  tracing 
but may be used as one possible source of information in 
special cases. 

5-5 Chromatographic and Spectrographic Identifica- 
t ion of Components. The chromatograph and spec- 
t rograph are instruments capable of  detecting traces of 
elements in almost any compound.  They can, for exam- 
ple, detect a trace of  some element unique to a particular 
method of manufac ture  and therefore identify where the 
liquid originated. They can also detect the amount  of an 
element involved. They  are relatively inexpensive tests 
and only involve a sample of  the product  found at the 
point of discovery. These tests should be used in cases of 
complex mixtures as a possible source of  additional infor- 
mation.  However, they may not be conclusive because 
some identifying element may be lost in the ground,  or an 
element not in the original liquid may be picked up from 
the ground or from contact with buried materials. 

5-6 Othe r  Chemica l  Analysis. Any other chemical 
analysis is essentially the same as the chromatographic  
test and the same comments  apply to both. One signifi- 
cant factor that may be determined by chemical analysis 
is the age of the contaminant .  

Chapter 6 Removal and Disposal 

6-1 The presence of unconfined f lammable and com- 
bustible liquids will continue to be a potential hazard un- 
til the contaminat ion has been reduced to a safe level. 
While methods by which this can be accomplished de- 
pend upon the physical circumstances of the polluted 
areas, the most effective results are obtained when the ef- 
forts of  all interested parties are coordinated under  the 
direction of  the fire marshal 's office or other enforcing 
authority. It is their inherent authority to recommend 
compliance in all phases of the cleanup operation, and it 
is their recognized responsibility to the public to exercise 
this jurisdiction from the moment  that migrat ion of  flam- 
mable  liquid or vapors in sizable volume is reported until 
safety is assured. 

6-2 Removal and disposal methods will depend on the 
liquid involved and the area contaminated.  

6-3 The  characteristics of  liquids significant to methods 
of removal and disposal are: 

(a) Liquids that rapidly vaporize at ambient tempera- 
tures and leave little or no residue. Typical examples are 
solvents and gasolines. These are referred to as volatile 
liquids. 

(b) Liquids that do not readily vaporize. Typical ex- 
amples are heating oils and food processing oils. These 
are referred to as nonvolatile liquids. 

6-4 In general, purging a facility of volatile liquids is 
primarily a mat ter  of ventilation, while nonvolatile liq- 
uids must be collected and picked up. 

6-5 The principal categories of area relating to methods 
of removal are: 

6-5.1 Normally inhabited subsurface structures. 

(a) Basements and similarly confined areas. 
(b) Subways, tunnels, and mines. 

6-5.2 Normally uninhabi ted substructures (see NFPA 
328, Control of Flammable and Combustible Liquids and 
Gases in Manholes, Sewers, and Similar Underground 
Structures). 

(a) Utility conduits. 

(b) Sewers. 

6-5.3 Water  surfaces. 

6-5.4 The soil. 

(a) Surface. 

(b) Subsurface. 
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6-6 Basements. 
6-6.1 With very few exceptions, the quanti ty of  liquids 
found in basements will be relatively small, as detection 
will normally occur before significant quantities can ac- 
cumulate and further flow will be quickly stopped. When  
volatile liquids and their vapors are involved, the pr imary 
removal and disposal action is ventilation as described in 
2-3.4. Small amounts of liquid not evaporated can be 
picked up with rags or commercial  absorbents. 

6-6.2 Be sure to put contaminated rags or absorbents in 
covered metal containers to prevent further spread of 
vapors. Final cleanup is accomplished by flushing out 
basement sumps and floor drains with water and washing 
down contaminated surfaces. Only water is necessary for 
flushing volatile liquids from drains; biodegradable 
detergents may be used on surfaces. Maintain ventilation 
and checks for vapor throughout the cleaning period. 

6-6.3 In those rare cases involving relatively large 
volumes of volatile liquids, ventilation may not be able to 
sufficiently reduce the vapor concentration to a safe level 
due to continuing evaporation from the liquid. In such 
cases, bail or pump the liquid into barrels, drums, or 
tank trucks, and dig holes outside the structure to prevent 
further contaminat ion (see Section 6-11). 

6-6.4 When nonvolatile liquids (fuel oils, etc.) are in- 
volved, ventilation will not be an effective method of 
removal. Use absorbents for thin films or solid surfaces. 
Whenever possible, pick up liquids with pumps or by 
bailing. Put water mixtures into barrels or drums for 
separation by settling. Siphon off the water and carry the 
contaminat ing liquid to a disposal facility (see Figure I1). 
If  final cleanup requires flushing sumps and drains and 
washing surfaces, check with local sanitation and pollu- 
tion authorities before flushing such liquids into sewers. 
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6-7 Subways, Tunnels, and Mines. 
6-7.1 If  only small amounts of volatile liquid are in- 
volved, ventilation may be adequate  to permit entry and 
possibly even continued use of the facility. In such cases, 
the same removal and disposal methods as described pre- 
viously for basements may be used. However, additional 
precautions must be employed because of greater ex- 
posure to the public and, normally, more exposure to 
sources of  ignition. The  authority responsible for the 
facility, the fire department ,  and police must effect a 
cooperative effort for max imum safety. 

Subways, tunnels, and mines will normally have much 
greater exposure to underground seepage than do other 
substructures such as basements. Consequently, even 
though entry of a f lammable liquid is thought  to have 
been stopped, monitoring with a combustible gas in- 
dicator must be continued for an extended subsequent 
period to ensure against recurrence. Maintain a constant 
check for at least 24 hours after cleanup. 

6-7.2 If  results are negative, extend check periods to 8, 
12, or 24 hours depending on use of the facility. Subse- 
quent checks should be continued to include extreme 
conditions of groundwater  changes. Significant rainfall 
and rising groundwater  may carry additional liquids 
from the soil. 

6-7.3 If  relatively large amounts of volatile liquids are 
involved or leakage continues, it may be necessary to close 
the facility to the public and suspend normal  operations. 
Maintain ventilation, and provide a pumping  point, and 
pump liquids out with explosionproof equipment.  Use a 
drum or tank for separating water by settling; transfer 
the volatile liquids to drums or tanks for transport to 
disposal facilities (see Figure 11). Consult with the au- 
thority operat ing the facility to determine the degree to 
which flushing and cleanup are necessary. Normally, 
once further entry of volatile liquids has been stopped, 
such facilities can be adequately purged of volatile liquids 
with reasonable periods of  ventilation. 

6-7.4 When  nonvolatile liquids are involved, the poten- 
tial for fire or explosion is greatly reduced. However, 
make sure that continued use or operation does not pres- 
ent a potential ignition source; for example, it may be 
necessary to deactivate high-power electric lines and 
tracks if they are anywhere near the contaminat ing liq- 
uid. 

6-7.5 Absorb, bail, or pump the liquid as appropriate,  
using drums or tanks for separation by settling, and 
remove the nonvolatile liquid for transport to disposal 
facilities. Consult with the authority operating the facility 
to determine the acceptability of using detergents, disper- 
sants, or coagulants for final flushing and cleaning. As 
with volatile liquids, periodic monitoring must be per- 
formed to detect any possible recurrence. Use the same 
time periods and groundwater  changes as described 
above for volatile liquids. 

6-8 Utility Conduits. 
6-8,1 Removal and disposal methods for these facilities 
are different from the other substructures previously 
covered for three principal reasons: 
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(a) Normally, concentrations of contaminat ing liquids 
will be much higher because early discovery and preven- 
tive measures are unlikely. 

(b) Access to entry points and contaminated areas is 
usually f rom manholes but in some cases such access is 
not available. 

(c) Exposure and danger  to the public are greatly re- 
duced. The  utility operator  must be consulted on all 
details of  the proposed purging procedures; his/her  
special knowledge is essential in such work and normally 
he/she will select the exact procedures and techniques 
used. 

PLAS'rlC FOAM POI.~TY~NE I~TEO 'i na 4 ~00gN~ER IqbI.ED TUBE FLOAT FiRE HOE POlE 

For  SI Uni t s :  1 ft = 0.305 m;  
l i n  = 2 5 . 4 m m .  
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6-8.2 Where  water is mixed with the contaminat ing liq- 
uid, it is preferable to separate the two by settling in 
drums or tanks to avoid contaminat ion of  downstream 
drainage facilities. 

6-9 Sewers. 
6-9.1 Sewers, on occasion, may collect f lammable or 
combustible liquids from a surrounding contaminated 
area, and it is seldom practical to effectively seal off all 
entry points. Consequently, removal of contaminat ing 
liquids will normally be a continuing effort until the en- 
tire area is purged.  When  relatively large amounts  of the 
contaminat ing  liquid are involved, every reasonable ef- 
fort should be made to divert the affected sewer flow to a 
separator where water and contaminant  can be separated 
by gravity. If  this is not practical, it may be possible to set 
up a skimming facility somewhere on the stream flow. 
One method is to throw a floating boom of polyurethane 
foam or an inflated tube such as a fire hose across the 
stream flow. If  the contaminant  is mostly on top of the 
water and surface flow is not turbulent,  significant 
amounts of the contaminated  liquid can be t rapped 
behind the boom and removed with skimmer pumps 
arid/or  absorbent materials (see Figures 11 and 12). Weir 
boards can be used in the same way by raising them to 
permit water flow underneath  and should be used 
whenever possible because of their greater efficiency, par- 
ticularly when flow rates exceed 3 ft (1 m) per second (see 
Figure 13). 

6-9.2 When  relatively small amounts of liquid are in- 
volved, or the contaminat ing liquid is mixed with the 
water, settling tanks or basins must be used for separation 
by gravity (sewage treatment  plants may have such 
facilities). 

6-9.3 Water  surfaces, as referred to in this chapter,  are 
those on top of  the ground exposed to the open air. When  
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such contaminat ion exists, the problem should be re- 
ferred to the proper water pollution authority. Water  sur- 
faces underground,  such as in sewers, are covered in Sec- 
tion 6-9. 

6-10 U n d e r g r o u n d  Soil Contamination. 
6-10.1 A knowledge of the local geology is basic to ef- 
fective removal of f lammable and combustible liquids 
from subsurface areas. Consequently, a geologist, 
familiar with the area, should be consulted whenever 
possible. 

6-10.2 The removal of  f lammable or combustible liq- 
uids from underground will involve gathering of the liq- 
uid in some pooling point, generally from the top of 
groundwater ,  or mixed in with that groundwater.  
However, the liquid will often be present above the water 
table as well as on it, and removal and disposal is not 
complete until this liquid is also purged. Some concept of 
how this occurs is essential to an understanding of 
methods of removal. Reference to the discussion on 
geology in Chapter  5 will be helpful. When  a liquid is re- 
leased into a porous soil or rock, gravity will pull it 
downward through the pores or cracks. As it moves, some 
will be left behind on the surface of each particle that it 
contacts and some will be suspended by surface tension 
between two surfaces that are nearly in contact  (see 
Figure 14). 

6-10.3 The  liquid will continue to move downward un- 
til the supply is exhausted by the coating action and by 
retention in the corners of the voids or until it reaches a 
barrier such as an impervious layer of soil or rock or the 
water table. If  the supply of  liquid continues after the 
barrier has been reached, the lower portion of the porous 
layer will begin to fill (see Figure 15). 

6-10.4 If the barrier is the water table and the ground- 
water is moving, the contaminat ing liquid will tend to 
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After a liquid has passed through a porous soil each particle will be 
coated with a thin film of that liquid and surface tension will hold small 
amounts of that liquid in corners of the voids as shown here in the dark 
areas, 

Figure 14 
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Figure 16 

move with it. However,  most of the con tamina t ing  l iquid 
that  has r emained  up in the porous soil above the water  
table  will stay there until  it is washed down by subsequent  
rainfal l  or o ther  water  flowing down through  the con- 
t amina t ed  soil. 

6-11 R e m o v a l  of L iqu ids .  

6-11.1 T r e n c h e s .  

6-11.1.1 Sometimes the same me thod  used for remov- 
ing liquids from unde rg round  will serve to l imit  fur ther  
spread.  An in te rcept ing  hole or holes or t rench i l lustrated 
in Figure 16 and Figure 17 are such methods.  It will 
great ly  improve the abil i ty of the t rench to prevent  escape 
of the con tamina t ing  l iquid if the downst ream side of the 
t rench at the water  surface is l ined with an impervious 
barr ier .  Figure 16 fur ther  i l lustrates various methods  of 
using wells or trenches as interceptors  ups t ream of con- 
t amina t ed  buildings.  
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6-11.2 Wells. 
6-11.2.1 Recovery wells can be used instead of intercep- 
t ing trenches.  These  wells are pract ical  in cases when the 
con tamina ted  s t ra ta  is both  shallow and deep. A cone of 
depression is c rea ted  by lowering the water  level in the 
well below the sur rounding  na tu ra l  water  table.  Flam- 
mab le  l iquids will then migra te  along the top of the water  
table  into the well (see Figures 19 and 20). This pro- 
cedure  will establish an unde rg round  funnel rad ia t ing  
ou tward  in all directions.  

6-11.2.2 Care must  be exercised in dr i l l ing and casing 
moni to r ing  wells to ensure that  the p roper  dep th  is not 
exceeded and that  the well does not create conduits  
th rough  impe rmeab le  layers. 

6-11.2.3 W h e n  the area is extensive, a line of recovery 
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wells with overlapping cones of depression can be used to 
create an effective underground  barrier  preventing the 
further migration of con taminan t ,  while at the same time 
collecting it for removal. 

6-11.2.4 If significant lowering of the water table near 
buildings is possible, check with local engineering 
authorities to ensure against damage to substructures. 
(See A P I  1628, Underground  Spill  C leanup  Manual ,  f o r  
additional information.  ) 

6-11.3 P u m p i n g  the  C o n t a m i n a n t  Out .  

6-11.3.1 Refer to Figure 11 for the method of separating 
the oil and water mixture once it is raised to the surface. 
If large quantities of water are involved, bolted steel 
tanks can be obtained in sizes of several thousand gallons. 

6-11.3.2 If the water table is reasonably shallow, two 
methods are available for removing the volatile liquid. 
One is a recovery well using a cone of depression to cause 
the contaminant  to flow into the well. Floating filter 
buoys, skimmer, and pumps (see Figure 21) are available 
to collect and remove the con taminan t .  The  second 
method is a trench, which may be dug if soil conditions 
permit (see Figure 17), and the same floating filter buoys 
and skimmers may be used. 

It should be noted that the cone of depression will 
greatly speed the recovery process since it is drawing the 
spilled liquid to the recovery point.  

6-11.3.3 If the water table is reasonably shallow [20 ft 
(6 m) or less] and the soil permits the digging of a trench, 
a "skimmer" suction at the top of the water table can be 
used. Figure 19 illustrates one method of skimming by 
using a funnel on the end of the suction hose moun ted  on 
the end of a pole for control. 

6-11.3.4 Another  method of skimming at shallow dep- 
ths is illustrated in Figure 20. The  depth at which this can 
be done will depend on the pump  used. There  are several 
available for use in decorative fountains; most will have a 
lift of 8 ft to 10 ft (2.5 m to 3 m), but  some special units 
are available for lifts up to 20 ft (6 m). The  p u m p  is 
lowered by a rope or wire into the hole upside down to a 
level where its suction is just covered by the l iquid sur- 
face. It is run intermit tent ly or continuously depending 
on how fast the con tamina t ing  liquid is being generated. 

6-11.4  D i s p o s a l .  

6-11.4.1 In disposing of mixtures of contamina ted  
material, local regulatory officials should be consulted to 
ensure that the disposal method has their approval. 

Append ix  A 

This Appendix is not a part of the requirements of this NFPA docu- 
ment but is included for information purposes only. 

Physical Properties 
Common Flammable and Combustible Liquids 

Flash  Flammable Limiu Specific 
Point Lower Upper Gravity 

°F (°C) % by Vol. Water= 1.0 

Acetone -4 (-20) 2.16 13 0.8 
Amyl acetate 60 (16) 1.1 7.5 0.9 
Amyl alcohol 91 (33) 1.2 10 0.8 
Benzene (Benzol) 12 (- 11) 1.3 7.1 0.9 
Butyl acetate 72 (22.2) 1.7 7.6 0.9 
Butyl alcohol 84 (28.9) 1.4 11.2 0.8 
Carbon disulfide -22 (-30) 1.3 50.0 1.3 
Ethyl acetate 24 (-4.4) 2.0 11.5 0.9 
Ethyl alcohol 55 (12.8) 3.3 19 0.8 
Ethyl benzene 59 (15) 1.0 6.7 0.9 
Fuel oil (diesel 100-130 
furnace & kerosene) (37.8 54.4) 0.7 5 < 1.0 
Gasoline -45 (-43) 1.4 7.6 0.8 
Heptane 25 (-3.9) 1.05 6.7 0.7 
Hexane -7 (-21.1) 1.1 7.5 0.7 
Isopropanol 53 (11.7) 2.0 12.7 0.8 
Methyl alcohol 52 (11.1) 6.0 36 0.8 
Methyl cyclohexane 25 (-3.9) 1.2 6.7 0.8 
Naphtha (high flash) 85 (29.4) 1.0 6.0 < 1.0 
Naphtha (regular) 28 (-2.2) 0.9 6.0 < 1.0 
Stoddard solvent 100-130 

(37.8 54.4) 0.7 5 <1.0 
Toluene 40 (4.44) 1.2 7.1 0.9 
Xylene-o 90 (32.2) 1.0 6.0 0.9 

A-4-3.11 It is impor tan t  to emphasize that NFPA 329 is 
a recommended practice, and that the Precision Test is 
one method of de termining  whether or not a tank system 
might  be leaking. It was never in tended to preclude other 
technological approaches that might  achieve the same 
end result. 

The  0.05 gph (0.19 L /hr )  criterion is not in tended to 
imply that there is an acceptable level of leakage. Rather,  
that criterion was demonstrated to be a measurable  rate 
given all of the variables associated with volumetric 
testing that render accurate testing difficult. 

The  0.05 gph figure was arrived at when typical tank 
sizes ranged from 6000 gallons to 10,000 gallons. The 
testing is admittedly more difficult on increasingly larger 
tanks. For that reason, the following table is suggested as 
an alternative to the 0.05 gph when tank sizes exceed 
12,500 gallons. 
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Table A-4-3.11 Precision Test Accuracy Criterion 

Tanks Up to and 
Greater and Including Criterion 

T h a n  (gals) (gals) (gph) 

0 12,500 0.05 
12,500 17,500 0.063 
17,500 22,500 0.075 
22,500 27,500 0.088 
27,500 32,500 0.100 
32,500 37,500 0.113 
37,500 42,500 0.125 
42,500 47,500 0,138 
47,500 52,500 0.150 

Tanks larger than 52,500 gals require special consideration on a site- 
specific basis. 
For SI Units: 1 gal = 3.785L: 1 gal/hr = 3.8 L/hr.  

Appendix B Inventory Control Procedures 

B-1 Inventory Control Procedures. 

B-l-1 Tanks with Metered Dispensing. For this 
method to be effective, all meters that measure liquid 
dispensed from the underground system should be prop- 
erly calibrated. A meter that reads significantly higher 
than actual volume pumped may be hiding a leak. Con- 
versely, a meter that indicates less than the true volume 
may suggest a leak where one does not exist. 

B-1-1.1 Daily Procedures. At the beginning of each 
business day (or shift), tank volume should be manually 
measured using a gage stick or other means and a calibra- 
tion chart to convert the tank level into gallons. This gag- 
ing operation should be carried out with great care to en- 
sure maximum accuracy. Opening meter totalizer 
readings should also be recorded for each dispenser. 

When liquid is added to the underground tank, the 
tank volume should be gaged both before and after the 
delivery. The operator should also check his tank for the 
presence of water using a water finding paste on the end 
of the gage stick. This should be done on a daily basis as 
part of the opening routine as well as immediately after 
any delivery into the tank. Water that is detected should 
be accounted for in the inventory procedures and any 
significant accumulation [i.e. greater than ½ in. (12.7 
mm)] should be promptly removed. 

At the close of the business day (or the end of the shift), 
tank volume should again be gaged and meter totalizer 
readings recorded. The difference between the opening 
and closing totalizer readings is the sales for the inventory 
period. All readings that are recorded as part of this pro- 
cedure should be kept in a safe location and retained for 
a minimum of one year. Detailed instructions covering 
tank gaging, water gaging, meter calibration checks, and 
recordkeeping are contained in the American Petroleum 
Institute Publication 1621. 

B-I-I.2 Daily Reconciliation. Inventory reconcilia- 
tion consists of comparing the measured closing inventory 

to the "book inventory," which is obtained by adding 
deliveries and subtracting sales and on-site usage from 
the measured opening inventory. Due to variables in- 
herent in the process, this reconciliation will rarely 
balance exactly to the gallon and small daily "over" or 
"short" figures are to be expected. The calculated 
variance should be carried forward each day with the new 
over or short figure added (algebraically) to that of the 
previous day. Using this technique, the operator is able to 
identify trends over time; daily fluctuations tend to 
cancel out over the long term. 

B-l - l .3  Inventory Reviews. The operator of an un- 
derground tank system storing flammable or combustible 
liquids should review the daily inventory records once a 
week. The operator should be concerned with small but 
growing daily losses or sudden unexplained changes from 
the established pattern. Either of these symptoms could 
indicate a potential leak. 

For a facility that stores more than one variety of simi- 
lar liquid (such as a retail service station), the operator 
should compare inventory records for the various tank 
systems. This will mitigate the effect of temperature- 
induced errors on the inventory accounting. Since the im- 
pact of temperature should be roughly the same, a signif- 
icant difference in the inventory variance from one prod- 
uct to the next may indicate a leak. The first step in in- 
vestigating this would be to check the meter calibrations 
on the support system. 

At the end of each month, the operator should again 
review the daily inventory accounting. A cumulative 
shortage greater than 0.5 percent of the system through- 
put for the month may suggest a leak. The operator 
should look closely to see if the negative variance is a one- 
time fluctuation or if there is a consistent negative trend 
throughout the inventory period. 

B-l-2 Tanks Without Metered Dispensing. For these 
systems, the inventory review is complicated by the fact 
that all withdrawals can only be measured by gaging the 
tank. Tank levels should be accurately gaged and record- 
ed before and after any input or withdrawal. To deter- 
mine if the storage system is losing liquid, the operator 
should compare the volume before an input or with- 
drawal with the measured volume after the previous in- 
put or withdrawal. This loss or gain figure for each 
period of tank inactivity should be carried forward and a 
cumulative variance maintained by adding the gain or 
subtracting the loss from the previous number. Since tank 
gaging errors are completely random, they should tend to 
cancel out from one measurement to the next. A consis- 
tent and increasing negative or positive trend indicates a 
potential leak that should be investigated. 

For additional information on the subject, see the 
following. 

(a) American Petroleum Institute Publication 1621: 
Recommended Practice for Bulk Liquid Stock Control at 
Retail Outlets, Third Edition, 1977. 

(b) Environmental Protection Agency: More About 
Leaking Underground Storage Tanks: A Background 
Booklet for the Chemical Advisory, October 1984. 

(c) Radian Corporation: Analysis of Factors Affecting 
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