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N O T I C E  

All questions or other communica t ions  relat 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 informat ion  on the procedures for request ing Technical Commit tees  to issue Formal Interpretat ions,  
proposing Tentative Inter im Amendments ,  proposing amendments  for Commi t t ee  consideration, and appeals 
on matters  relat ing to the content of the document ,  write to the Secretary, S tandards  Council ,  Nat ional  Fire 
Protect ion Association, 1 Bat te rymarch  Park, PO. Box 9101, Quincy, MA 02269-9101. 

A statement, written or oral, that is not processed in accordance with Section 16 of the Regulations Govern- 
ing C o m m i t t e e  Projects shall not be considered the official position of NFPA or any of its Commi t t ees  and 
shall not be considered to be, nor  be relied upon as, a Formal Interpretat ion.  

Users of this document  should consult  applicable Federal, State and local laws and regulations.  NFPA 
does not, by the publ icat ion of this document ,  intend to urge action which is not in compliance with appli- 
cable 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 reaffirms that  the Nat ional  Fire Protect ion Association recognizes that the tox- 
icity of the products  of combust ion is an impor tan t  factor in the loss of life from fire. NFPA has dealt  with 
that  subject in its technical commit tee  documents  for many  years. 

There  is a concern that  the growing use of synthetic mater ia ls  may produce more or addi t ional  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 appointed an advisory com- 
mit tee to provide specific guidance to the technical commit tees  on questions relat ing to assessing the hazards  
of the products  of combust ion.  

Licensing Provision 

This  document  is copyrighted by the Nat ional  Fire Protect ion Associat ion (NFPA). The  terms and con- 
di t ions set forth below do not extend to the index to this document .  If  public authori t ies  and  others reference 
this document  in laws, ordinances,  regulat ions and adminis t ra t ive  orders or s imi lar  ins t ruments ,  it should 
be with the unders tand ing  that  this document  is informative in nature  and  does not contain manda to ry  re- 
qui rements .  Any deletions, additions,  and changes desired by the adopt ing  author i ty  must  be noted sepa- 
rately. Those using this method ("adoption by reference") are requested to notify the NFPA (Attention: Secretary, 
Standards  Counci l )  in wri t ing of such use. 

The  term "adop t ion  by reference" means  the ci t ing of the title and publ ishing informat ion only. 

(For further  explanat ion,  see the Policy Concern ing  the Adoption,  Pr in t ing  and Publ icat ion of NFPA 
Docmnents  which is available upon request from the NFPA.) 

Statement on NFPA Procedures 

This  material  has been developed under  the published procedures of the National  Fire Protection Associa- 
tion, which are designed to assure the appoin tment  of technically competent  Commit tees  having balanced 
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 par t ic ipat ing in its activities accepts any l iabil i ty resul t ing from com- 
pliance or noncompl iance  with the provisions given herein, for any restrictions imposed on mater ia ls  or pro- 
cesses, or for the completeness of the text. 

NFPA has no power or author i ty  to police or enforce compliance with the contents of this document  
and any certif ication of products  s ta t ing compliance with requi rements  of this document  is made  at the peril 
of the certifier. 
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This edition of NFPA 329, Recommended Practice for Handling Underground Releases 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 Annual 
Meeting held May 18-21, 1992, in New Orleans, LA. It was issued by the Standards 
Council on July 17, 1992, with an effective date of August 14, 1992, and supersedes all 
previous editions. 

The 1992 edition of  this document 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 identifying 
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, 1983, 
1987, and 1992. 

Major changes incorporated in this 1992 edition include: 

• A complete revision of Chapter 3, addressing techniques for identifying the source of  
a release. 

• A completely new Chapter 4, "Release Detection for Underground Storage Tank Sys- 
tems." 

• A complete revision of  Chapter 5, addressing techniques for tracing the underground 
flow of released liquids. 

• A complete revision of  Chapter 6 on the proper removal and disposal of contaminated 
liquid and groundwater.  

• New Appendixes A and B, discussing the basic principles of  volumetric and nonvolu- 
metric tightness testing. 

• New Appendix C, discussing the basic principles of the flow of liquids underground.  

The text of this 1002 edition does not conflict with current U.S. Environmental Pro- 
tection Agency guidelines for underground storage tank systems. 
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NOTICE: Intbrmation on referenced publications can be 
found in Chapter 7 and Appendix E. 

Chapter 1 Introduction 

1-1 Scope. This recommended practice provides appro- 
priate methods for responding to fire and explosion haz- 
ards resulting from an underground  release of a flamma- 
ble or combustible liquid. Although this recommended 
practice is intended to address only these fire and explo- 
sion hazards, it should be recognized that other authorities 
should be consulted regarding the environmental  impact 
of such releases. 

1-2 Purpose. The purpose of this recommended practice 
is to provide for the safe and efficient handling of flamma- 
ble or combustible liquids when, for whatever reason, they 
are found unwanted or unconfined. Options are given for 
detecting and investigating the source of a release, for mit- 
igating the fire and explosion hazards resulting from the 
release, and for tracing the released liquid back to its 
source. These options are not intended to be, nor should 
they be considered to be, all-inclusive or mandatory in any 
given situation. If better or more appropriate alternative 
methods are available, they should be used. 

1-3 Caveat. The National Fire Protection Association 
does not, by the publication of this recommended practice, 
recommend action that is not in compliance with applica- 
ble laws and regulations and should not be considered as 
doing so. Users of this recommended practice must consult 
all applicable federal, state, and local laws and regulations. 

1-4 The Problem. 

1-4.1 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 mil- 
lions of gallons daily and, of necessity, are stored and han- 
dled in locations immediately adjacent to structures, facili- 
ties, 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 underground  at service stations. 

1-4.2 In spite of constant effi)rt 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 liquids. Leaks 
can develop from corrosion or be caused by mechanical 
damage, or some liquid can be spilled dur ing  transfer. 
Generally, the amount  of liquid lost is small and is dissi- 

pated by evaporation or is otherwise assimilated before it 
creates a serious problem. However, it occasionally hap- 
pens that some flammable or combustible liquid finds its 
way into an underg round  facility, such as a basement, util- 
ity conduit, sewer, or well. Whether or not it creates an 
immediate hazard will depend on many things, such as 
how much liquid or vapor is involved, where it is fi)und, 
how it is confined, possible sources of ignition, etc. But, 
because a flammable 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. 

1-5 Cooperation and Responsibility. 

1-5.1 The responsibility tor proper  handling of a sus- 
pected escape of flammable or combustible liquids, or a 
potential hazard from such an escape, will fall on various 
individuals and organizations. The successful handling of 
these problems will depend on the best possible coopera- 
tion between them. 

1-5.2 One of the prime purposes of this recommended 
practice is to provide a basis for this cooperation. Because of 
the almost infinite number  of variables involved, it can't be a 
rule book in the strict sense of the word. It can, however, 
provide a definite course of cooperative action that will 
ensure the most effective use of skills and equipment and the 
fairest assessment of responsibility and will result in the best 
possible protection of life and property. A positive, coopera- 
tive attitude of anyone involved will benefit everyone, regard- 
less of the final results. Lack of cooperation could result in 
inadequate protection of life and property. 

1-5.3 Since leakage of flammable liquids, especially those liq- 
uids 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 important for such officials to 
understand the many facets of the problem and to secure the 
cooperation of all involved parties as outlined above. 

1-5.4 Recent developments, problems, and attitudes have 
now also involved health and environmental  officials. Par- 
ticularly when dealing with water pollution and the more 
persistent slow- or non-evaporating combustible liquids, 
the concern of these officials can be paramount.  

1-5.5 The location of leaks, testing of tanks and piping, 
removal of leaky tanks, and removal of liquid in the 
ground will require equipment  and facilities that might be 
more available to the industries involved than to the pub- 
lic authorities. In addition, much of the work is not the 
responsibility of the fire depar tment  or other agencies, but 
rather is the responsibility of the owner of the leaking 
equipment. 

1-5.6 Regardless of the willingness of individuals or com- 
panies to cooperate with governmental  agencies dur ing an 
emergency, the agencies should recognize that they should 
officially request such cooperation. 

1-5.7 When tanks are to be removed or other work, such 
as excavation, is to be done on private equipment  or on 
private property, this work must be authorized by the 
owner. Such authorization generally is easy to secure if the 
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work has been requested by officials. In some cases, these 
requests must of necessity be in the form of a written order. 
Regardless of conditions, leadership and a close spirit of 
coopera t ion  should be established by the responsible 
agency. 

1-5.8 In addition, those in industry having special quali- 
fications in dealing with leakage should be called upon fi)r 
help and guidance.  The i r  knowledge and exper ience  
should merit careful consideration. 

1-5.9 This r ecommended  practice is in tended for the 
information of all organizations and persons involved 

Chapter  2 P r o c e d u r e  W h e n  Life or  
Property  Might  Be in Danger  

2-1 General. The need fi)r cooperative effort by many 
individuals and organizations is stressed in the introduc- 
tion preceding this chapter. Good judgment  must be used 
in assembling the various groups. Always seek assistance in 
the interests of  safety, but avoid creating unnecessary 
alarm or unwarranted interruption of normal activities. 
Owners, operators, or others becoming aware of a hazard- 
ous condition should notify the fire department,  police, or 
other proper  authority. However, make every reasonable 
effort to determine the degree of the problem. Excessive 
alarming, such as might be caused by unwarranted evacu- 
ation or publicity, can create more hazard than the original 
problem. Good judgment  applied to the following step-by- 
step guide will materially improve the chances fi)r success- 
ful results. 

2-2 Conditions.  The potential that unconfined flammable 
or combustible liquids exist underground will normally become 
known by discovery of one of the following conditions: 

2-2.1 Combustible or flammable liquids or their vapors 
are reported in: 

(a) Normally inhabited subsurface structures such as 
basements, subways, and tunnels; 

(b) Other  subsurfhce structures such as sewers, utility 
conduits, and observation wells near tanks; 

(c) Groundwater  such as that drawn f iom wells, on or in 
surface water, or emerging fiom cuts or sh)pes 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 Condition 2-2.1(a) -- Normally Inhabited Subsurface 
Structures Such As Basements, Subways, and Tunnels. 

2-3.1 General. This condition implies a strong potential 
hazard to life or property, and immediate steps should be 
taken to protect the public from the danger  of explosion 
and fire. 

2-3.2 Eliminating Sources of  Ignition. 

2-3.2.1 Smoking or other sources of  ignition should not 
be permitted in the suspected area. Lights and other elec- 
trical switches should not be turned on or off, and exten- 

sion cords should not be removed from outlets. An)' such 
action can create a spark capable of igniting flammable 
vapors. Use only those switches located well away t iom the 
contaminated area to disconnect electrical power. This 
might require that the electric utility effect a remote cutoff. 

2-3.2.2 After the presence of flammable vapors has been 
verified, the electric and gas services to the building, where 
possible and feasible, should be disconnected or shut out- 
side the structure. The shutting off of the gas service out- 
side of the building removes the fuel fi-om pilot lights and 
gas burners, which could be sources of ignition. 

2-3.2.3 No one should en ter  the contamina ted  area 
except as described in 2-3.3. Where liquids or vapor within 
or above the flammable range are fimnd in a building, the 
building should not be entered, and evacuation of building 
occupants, at least in areas exposed, should be ordered. 
Construction and layout as well as occupancy are factors to 
be considered in order ing evacuation. Traffic should be 
stopped through tunnels and subways until qualified per- 
sonnel determine there is no danger  of explosion or fire. 

2-3.3 Entering the Area. 

2-3.3.1 The presence of flammable vapors in a building is 
generally reported because of an odor. For example, most 
persons can detect gasoline vapor in concentrations as low 
as 0.25 parts per million. However, smell cannot be relied 
on to determine the type of vapor or its concentration. The 
use of a combustible gas indicator is the only practical, pos- 
itive method to determine the presence and extent of a 
flammable vapor concentration. 

2-3.3.2 To enter an area in which there is an undeter- 
mined concentration of  some unknown vapor is to risk the 
possibility of fire or explosion. Entry should not be made 
until the vapor concentration has been checked with a 
combustible gas indicator. Portable combustible gas indica- 
tors are reasonable in price and are recommended fi)r use 
by all fire departments.  If the fire depar tment  does not 
have such an indicator, arrangements should be made fi)r 
securing one or more f iom utilities, oil companies, or oth- 
ers who might have them available. The combustible gas 
indicator should be well maintained and used by a trained 
operator. 

2-3.3.3 Also, an additional liti~ hazard might exist because 
of toxic vapors or insufficient oxygen. If these conditions 
are suspected, instruments to detect toxic vapors or insuf- 
ficient oxygen should be used. 

2-3.3.4 Use the combustible gas indicator continuously to 
d e t e r m i n e  the range  of  vapor  concen t ra t ions  in the 
atti~cted area. If areas of vapor concentration above 50 per- 
cent of the lower flammable limit (LEL on indicators) are 
exposed to a source of ignition, leave the area and evacu- 
ate everyone within the danger  zone. Ventilate the area to 
remove or reduce the flammable vapors and thus reduce 
the fire or explosion hazard. As soon as the flammable 
vapor has been reduced below 50 percent of the lower 
flammable limit, entry can be made to locate and eliminate 
the source of vapor. Wear self-contained breathing appara- 
tus when entering. 
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2-3.4 Ventilating the Area. Natural ventilation provided 
by open ing  doors and windows might  be adequate .  
( ; ' rounded mechanical  exhaust  vent i la t ing equ i pme n t  
might be required to remove vapors from all areas, partic- 
ularly from low, confined spaces. Use fans dr iven by 
motors approved for (;lass I, Group D locations, hand- 
driven fans, or air eductors to remove vapors. (See Figure 
2-3.4.) Eliminate sources of ignition near the exhaust out- 
lets. 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 pattern can be used for ventilating the area when 
set in a window and discharging outwardly. 

70i n rdeOaWt oO Peen i ng 
/ ~ /  evacuated 

. . . .  t _  

Ehminate sources ~ 1  I%~ ~ . . . .  
of grit on ~ ~ ~ ] k [  iPr I°t Isdeel sTee~'l~e raler 

 ,  du tor" 

Figure 2-3.4 Exhaust venting. 

2-3.5 Locating Seepage into Building.  When the area 
has been made safe for entry, it can be examined to deter- 
mine the source of the flammable vapors. If the place or 
places of entry of the liquid or vapors can be determined, 
appropr ia te  steps should be taken to seal them off. 
Untrapped drains, dry traps, pipes, or other openings 
through floors or foundations are common sources of liq- 
uid or vapor entry. Check any gas pipes in the area; the 
flammable vapor might be fuel gas. If this appears to be 
the source, call the gas company. 

2-3.6 Preventing Seepage into Buildings. 

2-3.6.1 Entrance of vapors or liquids through drains, 
pipes, or other openings can be stopped by plugging such 
openings. Sewer pipes might be the source of entry. If only 
vapor is entering through a sewer pipe, it might be because 
the trap is dry. Filling the trap with water is an effective 
means of blocking further gas or vapor entry. 

2-3.6.2 The nature of seepage might be such that it can- 
not be effectively stopped from inside the structure. In this 
case, an intercepting hole or trench, holes fi)r pumps, or 
well points can be used outside the contaminated structure, 
between it and the suspected source. (See Chapter 6 for 
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 poten- 
tial fi)r explosion or fire but, generally, a low potential of 
hazard to life and property other than to the structure 
involved. If the detection of flammable or combustible liq- 
trids or their  vapors indicates an unusua l  condi t ion  
wherein vapors are escaping fiom the sewer or conduit 
into an area similar to Condition 2-2.1 (a), or if the proxim- 
ity to other structures or facilities is such that an explosion 
or fire would be relatively as serious as Condition 2-2. l(a), 
then proceed with the guidelines of 2-2.1 (a) in addition to 
the fifllowing procedures. 

2-4.1.1 Contact those directly responsible for the facility 
inw)lved: the municipal sanitary department or highway or 
street department for sewers; the electrical or telephone, or 
gas companies' engineering departments for conduit. Nor- 
mally, the maintenance and engineering departments of such 
organizations will be well equipped to take charge of the sit- 
nation; police, if needed, can be asked to keep the public 
clear of the danger areas. The fire department might be 
needed to assist ira fire control and purging. Those involved 
with facilities that store and handle flammable and combusti- 
ble liquids that might be the source of the problem should 
offer all possible assistance. (See NFPA 328, Recommended Prac- 
tice for the Control of Flammable and Combustible Liquid,~ and Gase,~ 
in Manholes, Sewers, and Similar Lhulelground Structure~, a~d 
Chapter 5 c![ th~s recom,wuded pmctice /or /i~rther details.) 

2-4.2 Entering the Area. Procedures are basically the 
same as for Condition 2-2.1(a); however, the flammable 
vapors in a sewer or conduit might not originate fiom 
flammable liquids. They might be vapors from overheated 
insulation, sewer-generated gases, firel gases, or industrial 
gases. Consequently, special instruments,  equipment,  and 
skills might be needed. The guidance of the utility owning 
and operating the facility should be solicited and fi)llowed. 

2-4.3 Ventilating the Area. 

2-4.3.1 Some type of grounded mechanical ventilating 
will normally be required. Use explosionproof equipment  
if the vapors are drawn out. Remove all sources of ignition 
from the vicinity of vapor exit. 

2-4.3.2 Water flushing might be the better means of 
purging the area of flammable vapors. For example, the 
generation of sewer gas can be stopped or significantly 
reduced by this method. In a similar fashion, flammable 
and combustible liquids can be removed from the area. 

2-4.3.3 In any case, tollow the guidance of the owner or 
operator of the facility, as that person will be most familiar with 
its characteristics and the consequences of any action taken. 

2-4.4 Locating the Seepage. Assist the facility owner in 
any way practicable. See Chapter 5 for information on trac- 
ing liquids underground.  

2-4.5 Preventing Continued Seepage. 

2-4.5.1 When leakage is detected in a sewer, the source of 
the leak should be located bv backtracking with combusti- 
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ble gas indicators.  I f  points of  ent ry  to the sewer system are  
l imited in number ,  in tercept ion  of  the leak can be achieved 
by use o f  trenches ,  well holes, o r  well points. (See API Pub- 
lication 1628, (;rode to the Assessment and Remedtatmn of 
Underground Petroleum Releases.) 

$-4 .5 .2  I f  entry  o f  l iquid or vapor  into the condui t  or 
sewer  is to be st~)pped, and the inside of  the facility is not  
accessible, p robe  or  drill a longside the tacility to d e t e r m i n e  
the ex ten t  of  its exposu re  to the sa turated soil. U hoover  the 
exposed area and caulk the |hcility f rom the outside.  

2-5 C o n d i t i o n  2 -2 .1 ( c )  - -  G r o u n d w a t e r  S u c h  As  T h a t  
Drawn f rom W e l l s ,  on  or  in Surface  Water ,  or E m e r g i n g  
from Cuts  or  S l o p e s  in the  Earth.  

2-5.1 Genera l .  These  liquid seepages on water  will often 
be more  of  a p rob lem because o f  pol lut ion than as an 
explosion or  fire hazard.  However ,  until  the source of  the 
f lammable  or  combust ible  liquid is f imnd and s topped and 
all liquid and vapor  safely r emoved ,  there  is a potential  
hazard of  exph)sion or  fire. 

2-5.2  Wel l s .  

2-5.2.1 When  f lammable  or  combust ible  liquids are  fi)und 
in well water,  stop p u m p i n g  and avoid any source o f  igni- 
tion a r o u n d  well houses and water  s torage  tanks unti l  
vapor  concen t ra t ions  are  checked.  Disconnect  electrical  
power  outs ide  an}' well house or  sinfilar t rap 1hm might  
collect vapors  f rom the well or  s tored water.  

2-5.2.2 If  vapor  concent ra t ions  are below 50 percen t  of  
the lower  explos ive  limit,  p u m p i n g  can be r e s u m e d  if 
desirable f lu purg ing .  (See Chapter 6./or details.) 

2-5.3  Surface  Water .  

2-5.3.1 W h e r e  f l a m m a b l e  o r  c o m b u s t i b l e  l iquids  are  
f imnd on surface water  or  water  e m e r g i n g  f iom hillsides or  
cuts, explosive vapor  concent ra t ions  can deve lop  in ditches 
o r  collection points. Normally,  the a m o u n t  of  f lammable  1)1 
combust ible  liquid tound on the smthce  water  will be in 
such a thin layer that it will not  create  a tire hazard.  This  is 
the case where  the liquid is d ispersed into small bubbles or  
pools, or  where  only color  pat terns  are  visible on the sur- 
|iace of  the water.  

2-5.3.2 However ,  if the ent i re  surlace of  the water  is cov- 
ered,  or  there  are  large pools in the o r d e r  of  20 ft (6 m) or  
more  across, a fire hazard does exist. I f  Ir is  occurs in an 
inhabi ted area o r  a long a street or  highway, and the police 
and fire d e p a r t m e n t  are  not  present ,  they should be called. 
Traffic should be su)pped,  and the public kept away t i o m  
the area. If  large amount s  of  vapor  are being genera ted ,  
check the wind and r emove  all sources of  ignit ion within at 
least 100 fi (30 m) downwind of  the source. It is unlikely that 
vapors  will be in the f lammable  range  far ther  than 10(1 fi 
(30 m) away. However ,  if large amoun l s  are  invuh'ed,  and 
the air is relatively still, a combust ible  gas indicator  should 
be used to d e t e r m i n e  the extent  of  the hazardous  area. Its 
use is des i rable  in any even t  if  i t ammab le  l iquids are  
involved. 

2-5.3.3 Normally,  the only efl~ective means  to stop f lu the r  
accumula t ion  will be to find the source of  the release and 
stop it. (See Chapters 5 and 6.) It may be desirable to con- 

slruct dikes or  dams to p reven t  t m t h e r  sp read ing  of  the 
liquids or  of con tamina ted  water. 

2-5.3.4 Floating hooms can be used on flowing water  to 
hold the con tamina t ing  liquid. (See Chapter6/or details.) 

2-5.3.5 Once  the source of  f lamnmhle or  comhust ihle  liq- 
uids is s topped,  evapora t ion  or  normal  dispersal  and dilu- 
tion will often he the best means  of  removal .  Collecl ion 
with adsorbents  or  sk imming  devices or  t ihcr ing  devices 
might  be necessary. (See (Jhapter 6./or details.) 

2-6 C o n d i t i o n  2-2.2  - -  U s e r  R e p o r t s  Loss  o f  P r o d u c t  or 
P r e s e n c e  o f  Water  in S torage  Faci l i ty .  An inventory loss, 
or  water  in tanks, does not directly imply a hazard of  fire 
and exph)sion. Check the immedia te  vicinity for any signs 
o f  escaping liquid; if any exist, tolh)w tl~c p rocedures  given 
fiw Condi t ions  2-2.1(11), 2-2.1(I)), or  2-2.1(c), as approl)r i -  
ate. Otherwise ,  p roceed  in accordance  with Chal ) tc r  t, 
"Tes t ing  ti)r U nde rg r (mnd  Leaks." 

C h a p t e r  3 S e a r c h i n g  f o r  t h e  S o u r c e  

3-1 Genera l .  

3-1.1 After all necessary prccau/ i tms have been taken to 
mitigate tire and explosion hazards,  the next  most impor-  
taut step is to locate the source of  the t lammable  or  com- 
hustihle liquid and preven t  any t u l t h c r  release. 

3-1.2 ( ;eneral ly,  the source of  the liquid will he re la t iveh  
near t i le location where uncontmed l iquid or vapol  has 
been discovered.  However ,  liquids can travel h u n d r e d s  of 
fi_'et or  even miles u n d e r g r o u n d ,  t h rough  porous  soil or  
rock, th rough  t renches  tilled with porous  material ,  a long- 
side pipes or  conduits ,  or  m sewer pipes. Consequent ly ,  dm 
location i i o m  which a released l iquid might  have origi- 
nated can be r emote  and extensive and can include many 
facilities that handle  and store f lammahlc  or  combust ible  
liquids. Also, the source of  the release might  he an aban- 
d o n e d  u n d e r g r o u n d  s torage tank. If  a check of  potential  
sources adjacent  to or  within several h u n d r e d  Ibm of  the 
discovery is not conclusive, then the investigation shoukl  
he expal ]ded  to include o the r  potential  sources in the gen- 
eral area  <)f the discovery. Some potential  sources arc: 

(a) Automot ive  service stations, hoth retail and private;  

(b) Automot ive  garages or  dealerships;  

(c) Fleet opera t ions ,  such as taxicah companies ,  munici-  
pal garages,  dairies, bakeries,  etc.; 

(d) Cont rac lors  or  e q u i p m e n t  dealers who store flmls 
on their  premises;  

(e) Motor  tim] and heat ing  tuel d is t r ihulms;  

(f) Cleaning  estahlishments,  including dry cleaners;  

(g) Industr ia l  and chemical  process plants; 

(h) Airports  and marinas;  

(i) U n d e r g r o u n d  pe t ro l eum or  gas transmission lines; 

(j) Anv a b a n d o n e d  tanks that s tored f lamnmhle or  con> 
bust |hie iiquids in the past; 
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(k) Any other proper ty  on which flammable or combus- 
tible liquids are or may be stored. 

3-1.3 Effi)rts should be made to secure intormation on 
groundwater  flow patterns from the regional U.S. Geolog- 
ical Survey (USGS) office, local public works depar tments ,  
or similar agencies, and search efforts should be initiated 
up-gradient  from the leak. 

3-1.4 Obtain or sketch a map of the area, mark each tacil- 
ity fimnd on the map, and record all the information 
obtained. Well-organized, accurate data will prove invalu- 
able in subsequent efforts to solve the problem. 

3-1.5 Organize search teams of as many qualified persons 
as are necessary to conduct  the search. One efficient 
method is to assign a two-person team to each specific zone 
on the map. One of the team members should represent  
the local public authority. Begin with the nearest and most 
obvious potential sources and work out f iom the point of 
discovery,  moving uphil'l, up -g rad ien t  of  g roundwa te r  
flow, or upstream of sewer or conduit flows. 

3-1.6 ()tten the source can be fimnd by inquiry or simple 
inspection. Begin with the procedure  outlined in Section 
3-2. If  an obvious or very likely source is not fi)und within 
several hours, it is then advisable, while the pr imary search 
continues, to begin testing the closest and most probable 
sources, such as equipment,  unde rg round  storage tanks, or 
underground  piping, fi)r concealed points of  release. 

3-2 Search Procedure .  

3-2.1 Flammable and combustible liquids will most likely 
escape into the ground  tor the following reasons: 

(a) Liquid has been spilled du r ing  transfer  and has 
reached an unde rg round  conduit  or soaked into porous 
soil; 

(b) A leak has developed in a storage, t ransportat ion,  or 
handling system. 

Use the lists in this section as a guide in checking for 
spills or other possible sources of the release by asking 
questions and by careful inspection of  the premises and 
equipment.  Unless an obvious source that is large enough 
to account for the release is fimnd, do not stop the search 
at the first sign of a potential source. First impressions can 
be misleading. It is useful to check available public records 
for any pr ior  history of releases. 

Also, because liquids can travel  slowly t h rough  the 
ground or not move at all until the groundwater  table 
rises, a considerable amount  of time can pass between the 
actual release of liquid and its discovery. Therefore,  record 
all history or evidence of potential leaks or spills, regard-  
less of  how long ago they occurred.  Do not eliminate any 
potential source on the basis o f  t ime until all intormation is 
available and its analysis justifies elimination of that source. 

3-2.2 The  following questions should be asked of  all facil- 
Ity operators  in the area of the search: 

(a) Has there been a spill dur ing  loading or unloading? 

(b) Is any storage or handling equipment  leaking or has 
there been a leak? Check fi)r excavations or other  evidence 
of repairs that might have damaged unde rg round  tacilities. 

(c) Has there been any maintenance on pipes, tanks, or 
other  equipment  that might have resulted in a release? 

(d) Has there been any odor  or other  signs of liquids in 
areas where there should not be? 

(e) Are inventory and use records kept? Do they show 
any indication of a release? 

(1) Has water been tound in an}" unde rg round  storage 
system ? 

(g) Is there any knowledge of an accident that might 
have released liqtfids from a tank vehicle, container,  or 
storage tank? A check with local law enforcement  agencies 
is usefifl here. 

(h) Ask about the age of underground facilities. If subse- 
quent tests are made, the older equipment might be suspect. 

(i) Have any problems been encountered  dur ing  pump-  
ing and liquid transfer? 

3-2.3 If inquiry tails to disclose any potential source, ask 
each premises owner or opera tor  for cooperat ion in check- 
ing equipment.  If an opera tor  fetuses because he or she is 
not the owner, then obtain permission from the owner. If 
necessary, enlist the assistance of local governmental  offi- 
cials to secure such cooperation. 

3-2.4 The  fi)llowing guidance will be helptul in checking 
equipment:  

(a) Inspect on-site leak detection equipment  for p rope r  
operat ion and fi~r indications of  a leak. 

(b) Check the areas a round  fill pipes where liquid is 
t ransferred from tank vehicles to storage tanks fi)r signs of 
spillage. Saturated or  darkened  soil, stained concrete, or  
disintegrated asphalt  indicates that repeated spills might 
have occurred and accumulated underground.  

(c) Check the areas a round  aboveground tanks for sim- 
ilar signs of leakage. 

(d) Check all exposed piping for signs of leaks. 

(e) Check dispensing equipment  for leaks. It is advisable 
to use a combustible gas indicator when checking dispens- 
ers of  the type used at automotive service stations. Open 
the cover of  the dispenser  just  enough to insert the indica- 
tor probe into the area beneath the dispenser.  Opening the 
cover wide might provide enough ventilation to dilute any 
vapors present  and give a reading low enough to indicate 
no leak. IF T H E  VAPOR C O N C E N T R A T I O N  INDI-  
CATES A POTENTIAL RELEASE, REMOVE THE DIS- 
PENSER COVER AND INSPECT PIPING, VALVES, AND 
FITFINGS FOR SIGNS OF LEAKS. Check the dispensing 
nozzle and hose also. 

(t') If  a remote pumping  unit is used, check its housing 
or pit with a combustible gas indicator before opening. 
Then open the unit for inspection. 

(g) Check automotive repair  areas for signs of waste liq- 
uids being d u m p e d  into i napprop r i a t e  floor dra ins  or  
sumps. 
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The use of any equipment  found to be leaking should he 
stopped until repairs are effected. Any storage tank or pip- 
ing that is found to be leaking should be emptied if liquid 
is still escaping. 

3-2.5 If all the equipment  appears to be in order and 
there is no obvious sign of spilling or dumping  into sumps 
or sewers, check the grounds and areas around the pre- 
mises. The tbllowing guidance will be helpfifl in checking 
the area: 

(a) Look for signs of waste liquids having been dumped 
onto the ground. 

(b) Check nearby streams and bodies of water fi)r signs 
of flammable or combustible liquids. Look f n  a sheen or 
slick on the surface of the waler and along the banks. 

(c) Check vegetation tor indication of damage by spill- 
ing, dumping,  or contaminated groundwater. 

(d) Using a combustible gas indicator, check sewers and 
other underground  conduits and cavities, such as utility 
manholes, |br the presence of vapors and make visual 
inspection tot signs of fi)reign liquids on the surtace of an,',' 
standing water in these areas. 

(e) Check the barrels of any fire hydrants in the area. 

(f) Check nearby excavations and steep cuts or natural 
slopes down-gradient from the potential source fi~r signs 
of liquid. 

3-2.6 Keep in mind that dumping  or spilling flammable 
or combustible liquids into sewers or on the ground might 
be a violation of state or federal law and should be 
reported to the proper authorities immediately. 

3-2.7 Keep in mind that small spills do occur inadvert- 
ently and ufight indicate a release that is much larger than 
it really is. For example, a small amount  of liquid (one cup 
of fuel, for example) spilled onto a wet pavement  will 
spread over a relatively large area. Small spills that spread 
out over a large area will dissipate rapidly and are not 
likely sources of underground  contanfination. The signif- 
cant releases are large spills and repeated small spills that 
can flow to points nfaccess into underground  structures or 
porous soils and then reach the groundwater table. 

3-3 Procedures to Verify the Source. 

3-3.1 Once an obvious source or one or more likely sources 
has been found and further release of liquid has been 
stopped, further search efforts can be temporarily sus- 
pended. It now must be determined if each identified source 
is, in fact, the actual source of the release. While removal and 
protective measures are taken, monitor and record the flow 
of the liquid, the amount of liquid, and the vapor concentra- 
tions at those locations where the problem exists. I fa  distinct 
and continuous decrease occurs, then it can be assumed that 
the source of the release has been identified. The decrease 
might not occur immediately; it might, in fact, take days or 
weeks tor liquid that has accumulated underground to be 
removed or to dissipate. Refer to Chapter 5 for thrther infor- 
mation on estimating the time required fi)r a decrease to 
occur at the monitored point. 

3-3.2 If after a reasonable length of time, as determined 
in accordance with Chapter 5, the flow of liquid to 1he 
affected area does not stop or show a definite decrease, 
further investigation should be conducted sinmltaneously 
using the two procedures described below. These two 
paths should also be followed in cases where an obvious or 
likely source is not fimnd. 

(a) Conduct release detection tests on any liquid storage 
or handling system in the vicinity of the affected area. 
These tests will identit\' those systems that are, m tact, 
releasing liquid. Refer to Chapter 4, "Release Detection for 
Underground Storage Tank Systems." 

(b) Trace the path of the liquid underground  fiom its 
point of discovery to the source. Tracing will determine the 
actual extent of the release, its direction of flow, and any 
potential, more remote sources. Refer to Chapter 5, "Trac- 
ing Liquids Underground."  

Chapter 4 Release Detection for Underground 
Storage Tank Systems 

4-1 General. 

4-1.1 Before actual equipment  testing is under taken ,  
review the results of applicable search procedures con- 
ducted in accordance with Chapter 3. This review might 
reveal information that will eliminate the need fi)r further 
1esting or be useful in making |ur ther  1ests. 

4-1.2 Ensure that spills or deliberate disposal are not the 
leakage source, keeping in mind the possible movement of 
liquids by trenches and underground water. (See Chapter 5.) 

4-1.3 Check stock records fin indications of loss. 

4-1.4 Review all data previously gathered to determine 
the most efficient method or methods of testing. There are 
several quick and simple methods described in this chapter 
that can reveal a leak under  certain circumstances. If one 
of these preliminary techniques does not reveal the source 
of a suspected leak, it cannot be concluded that the liquid- 
handling system is tight. But the possibility of quickly solv- 
ing the problem will often warrant  the limited effort 
involved befi~re a tightness test or other release detection 
method is undertaken.  

4-1.5 Regardless of the procedure involved, keep in mind 
that l iquid-handling equipment  should be evaluated in a 
manner  that is as close as possible to normal operating 
conditions. Excessive pressures or tests by nonrepresenta-  
tire liquids might indicate a leak where none exist or might 
conceal leaks that do, in tact, exist. For example, pertora- 
tion of a tank shell might not be detected due to imperme- 
able backfll, the water table, sludge, or rust plugs, all of 
which can inhibit release of product flom the tank. 

4-1.6 Tests conducted to de te rmine  the tightness of 
unde rg round  l iquid-handling equipment  or to evaluate 
whether there has been a release to the subsurthce envi- 
ronment  will have to be conducted where: 
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(a) The search and tracing procedures of Chapter 3 
indicate a probable or likely source of the release, but the 
actual cause is not determined from surface observation; 

(b) There is a suspicion uf a leak because of reported 
stock losses; 

(c) There is an unexplained accumulation of water in a 
tank. 

4-2 Action Preliminary to Release Detection/Tightness 
Testing. 

4-2.1 Checking Underground Tanks. 

4-2.1.1 Review the information obtained from the search 
procedures described in Chapter 3. Ask about, observe, 
and note in particular: 

(a) Method of filling tanks. Damaged fill pipes, poorly 
maintained tight-fill connections or hose couplings, driver 
carelessness, or even overemphasis on full deliveries might 
cause some of the product to be spilled around the pipe 
when a delivery is made. Particularly check fill pipes 
installed under  covers. 

(b) Any evidence of ground settlement a round tanks 
and any sign of work that might have damaged the tank or 
its fittings. 

(c) History of past or recent work on the tanks or 
attached piping. 

(d) The presence of excessive amounts of water in the 
tank and any history of past water removal. (Use water- 
finding paste on the gauge stick.) If possible, determine 
whether the water increases dur ing periods of heavy rain- 
fall and remains constant or diminishes dur ing dry spells. 
Also, if possible, determine the depth of the water table 
(i.e., the static level of the groundwater) by using an easily 
drilled, probed, or excavated area close to the tank(s) ur 
some existing undrained opening. 

(e) The age of the facility. 

(f) The location and flow of liquid found underground  
by gas sensors or visual inspection. 

All of this information will be useful in guiding subse- 
quent inspection and testing. 

4-2.1.2 When Water Is Reported to Be Entering a Tank. 

(a) Check the fill pipe to ensure that water is not enter- 
ing through a loose fill cap. 

(b) Check the surface area around vent lines for evi- 
dence that water might be entering by this route. Standing 
water over vent lines could be the source. Note this possi- 
bility for future use. 

(c) If no explanation other than a possible leak is found 
for water in the tank, carefully record the depth of water 
using water-finding paste or other appropriate means on 
the gauge stick and tightly 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 1/2 in. (12.7 mm), close and 
lock the cap and check after another 8 to 12 hours. If the 
rise in the second period closely matches that of the first, a 

leak is probable. A rise of less than I/4 in. (6.4 ram) in 8 hours 
is inconclusive due to the inability' to measure increments 
to within J/4 in. (6.4 ram). Longer test periods will have to 
be used to determine if a leak does, in fact, exrst. Best 
results will be obtained if the water depth is less than 3 in. 
(75 ram) at the beginning of the test. 

(d) The above test is not conclusive if the water table is 
above the top of the tank, as water could be entering aroull(l 
pipe connections into the tank top or through unused, 
plugged, or capped openings in the top of the tank that are 
nut watertight. Also, if water is entering the tank at these top 
openings, it is not significant ti-om the standpoint of tank 
leakage. Likewise, these tests are nut conclusive if the tank is 
full, or substantially full, of product. 

(e) In fact, water might not enter the tank if the level of  
product is at or above the level of the water table outside 
the tank. This test is relatively effective if the tank is prac- 
tically empty and the water table is high but still below the 
tank tup. A tank that is partially below the water table can 
have water enter or can lose product through the salne 
leak, depending on the relative levels of the groundwater 
and the product in the tank. 

4-2.2 Checking Underground Piping. 

4-2.2.1 Check fi)r: 

(a) Recent digging, driveway repair, or other work in 
the area that might have damaged underground  piping. 

(b) Any recent repairs that might have created the leak 
due to faulty workmanship or that might indicate a previ- 
ous leak. 

(c) Any evidence of shifting ground,  such as a fiost 
heave, that might have damaged piping. 

(d) Soft spots in asphalt paving indicating solvent action 
of liquids or vapor. 

(e) Evidence of abandoned,  capped, or disconnected 
piping, such as unused dispensing islands or other tmused 
ancillary facilities. 

(f) Evidence of improper operation of in-line leak detec- 
tion devices. 

4-2.2.2 If information on the location of liquid under- 
ground has been compiled by methods described in Chap- 
ter 5. Review this information fin possible patterns that 
indicate a specific pipe to be the source. It might be advis- 
able to drive or drill additional holes to determine exactly 
where the liquids are and how they are flowing. (In partic- 
ular, see Section 5-2.) 

4-2.2.3 Preliminary Testing of Piping Systems. The test 
to be used on piping will depend on whether the stored 
liquid is moved by suction or pressure. 

4-2.2.4 Testing of Suction Piping. 
(a) If the pump used in moving the liquid is above 

ground and the supply pipe operates under  vacuum or 
suction, certain pumping characteristics will indicate either 
a leaking check valve or a leaking pipe. Air will enter the 
pipe through a leaking check valve or through a pipe leak 
as liquid drains back into the tank. The presence of this air 
will be indicated by the action of the pump in the first few 
seconds of operation after an idle period. If the pump is 
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equipped with a meter and cost/quantity display device 
such as is found in a gasoline service station, pumping  of 
air might be indicated by "skipping" of the volume display, 
a rattlin'g sound in the pump, or erratic liquid flow due to 
mixing of air and liquid. Another indication is overspeed of 
the pump when first turned on, followed by slowing of the 
pump as it begins to move liquid. A third indication is 
"churning" of the pump, i.e., running,  but not moving liq- 
uid at all. 

(b) If any of the preceding conditions indicate a leak in 
the suction line, the check valve should be inspected frst. 
Some check valves are located close to the pump inlet, oth- 
ers are mounted in the underground  pipe just  above the 
tank, and some are installed on the end of the suction stub 
inside the tank. Some of these valves located in the pipe 
above the tank can be inspected and repaired from the 
surface of the ground through a special extractor mecha- 
nism installed with the valve. If the valve is inside the tank, 
it might be necessary to dig down to the tank to check the 
valve or disconnect and seal off the pipe for a hydrostatic 
pressure test. 

(c) Generally, digging down to the check valve or tank 
should be delayed until uther, more easily performed sur- 
face tests have failed to reveal the leak. If there is any 
doubt that the check valve seats tightly, repair it, replace it, 
or seal it off. Then  repeat the pumping test and, if air is 
still entering the suction line, it can be assumed that the 
pipe is leaking underground  and it should be exposed for 
inspection. Dig carefiflly to avoid any damage to the pipe 
that might make it impossible to verify whether a leak actu- 
ally existed prior to excavation. 

(d) If the pump does not exhibit symptoms of a leak, as 
described above, but there is still reason to suspect a pipe 
leak, or if a complete system check has been perfi~rmed 
and it is now necessary to isolate and check the piping sys- 
tem, individual pipe runs can be isolated and hydrostatic 
pressure tested. 

4-2.2.5 Testing of Pressurized Piping. 
(a) Quite often, pumps are located remote from the dis- 

pensing devices, either in the tank or, on rare occasions, 
just  above the tank. In such cases, the pipe to the dispens- 
ing equipment operates under  pressure. A leak in this line 
will cause rapid loss of pressure after the pump is turned 
off. This can be checked using the following procedure. 
The method described is specific to pressurized piping at 
vehicle refueling operations. At other types of facilities, a 
comparable method might have to be used. 

(i) At the dispenser end of the pipe, close the emer- 
gency shutoff valve at the base of each dispenser served or 
close all valves upstream of any hose to hold pressure at 
the dispenser end. The pump end can be sealed off by set- 
ting the check and relief valves in the head of the pump. 
The check valve is readily accessible in the manhole over 
the pump and most are equipped with a screw or bolt for 
the specific purpose of positively seating these valves for 
line checking. 

(ii) Install a pressure gauge in the line. A minimum 
3-in. (76-ram) dial with maximum 60 psi (3100 mm Hg) 
range should be used to clearly show graduations of 1 psi 
(51.72 mm Hg). Generally, the best location tor the gauge 
is at the emergency shutoff valve under  the dispenser 
where l/4-in, or other small-size plugs are installed f)r this 
purpose. 

(iii) Start the pump, note the maximum pressure, 
seat the check valve, then turn off the pump and observe 
any pressure drop. The test should be maintained fi)r at 
least 10 minutes. If the pressure drops, it indicates the 
possibility of a leak in the piping. However, it should be 
noted that a loss of liquid pressure can be attributed to the 
following: a line leak, a decrease in liquid temperature in 
the line, piping distortion due to the liquid pressure, or 
vapor trapped in the piping. 

(b) If the preceding test does not reveal a leak, the pro- 
cedures described in Section 4-3 should be followed. 

4-2.3 Checking Inventory Records. 

4-2.3.1 A careful check of inventory records will be very 
helpful in determining the course of further investigation. 
(See Appendix D for a description of mvento~ control procedure~.) 

4-2.3.2 If the reason tbr the check is a report of loss of 
inventory but no liquid or vapor has been reported in 
unexpected locations, check the fi)llowing: 

(a) Loss due to meters that are not correctly calibrated. 

(b) Loss by contraction due to lower temperatures. 

(c) Theft. 

(d) Use of a conversion chart that does not contorm to 
actual tank geometry. 

(e) Malfunctioning automatic tank gauging probe. 

In any of these cases, further testing is not necessary. 

4-2.3.3 If a loss of inventory cannot be attributed to an)' 
of the causes noted in 4-2.3.2, or if a statistical inventor), 
reconciliation procedure discloses a loss of product, further 
testing is necessary. It also indicates that a potential hazard 
might develop from the escaped liquid, and a check of the 
surrounding area should be made for signs of contamina- 
tion. (See Chapter 3.) 

4-2.3.4 If the reason for the check is the discovery of 
escaped liquid or vapor underground:  

(a) Evidence of inventory  loss strongly implies the 
source has been found but subsequent checks to determine 
how the loss has occurred should be made betore definite 
conclusions can be drawn. 

(b) An)' loss that is partially or totally explained by off- 
calibration meters, temperature shrinkage, or theft cannot 
be considered as conclusive evidence that the site in ques- 
tion is not a source. Records are often incorrect or inade- 
quate. Unless another source is found and considered to be 
a satisfactory solution to the problem, other tests must be 
periormed to draw definite conclusions. 

4-2.3.5 Temperature  change may falsely indicate a loss. 
] 'he volume of petroleum products is highly sensitive to 
temperature change. A drop of I°F will shrink 1000 gal 
(3785 L) of gasoline by 0.7 gal (2.2 L). Obviously, a temper- 
ature increase would have the opposite effect and could 
actually conceal a physical loss. 

4-2.3.6 In summary, there are other factors to consider. 
Further checking should be perfi)rmed befi)re a facility is 
implicated on inventory losses alone. Theft or meter inac- 
curacies might be the actual cause. 
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4-3 Release Detection Methods. 

4-3.1 With the infi)rmation gained ti-om the search proce- 
dures of Chapter 3 as a basis, use the techniques described 
in 4-3.2 through 4-3.7 in a logical process of elimination. 

(a) Means and methods of release detection conducted 
or installed in accordance with federal or state regulations 
should be operated in accordance with manufacturers'  rec- 
ommended procedures. Personnel utilizing these methods 
should be properly trained in their use and operation. 
Proper documentation of procedures and results should be 
provided. Additional intormation regarding recommended 
procedures is provided in EPA/530/UST-89 1012, Detecting 
Leaks: Successful Methods Step-by-Step. 

(b) Methods of release detection must comply with appli- 
cable local, state, and federal environmental regulations. 

(c) Means and methods of release detection should be 
documented relative to their detection capabilities in accor- 
dance with local, state, and federal regulatory require- 
ments. Third party validation is recommended. 

(d) If a release is indicated by any of the described 
methods, filrther investigation is required by either con- 
firming testing (see Section 4-4) or the tracing techniques 
described in Chapter 5, whichever is most appropriate. 

(e) If no release is indicated by the described methods, 
the investigation should be expanded to other off-site 
potential sources. 

4-3.2 Manual Tank Gauging. For tanks of 1,000 gallons 
(3785 L) capacity or less, a manual tank gauge can be used, 
if the liquid level measurements are taken at the beginning 
and end of a period that is at least 36 hours long and dur- 
ing which no liquid is added or removed fiom the tank. 
See Appendix D. 

4-3.3 Automatic Tank Gauging. If the tank is equipped 
with an automatic tank gauging system that has a "leak 
test" mode, a "leak test" should be conducted in aecof  
dance with the manufac turer ' s  operat ing instructions. 
Automatic tank gauging equipment  must be capable of  
detecting a leak rate at least as low as 0.2 gallon per hour 
(0.8 L per hour) from any portion of the tank that rou- 
tinely contains product, with a probability of detection of 
0.95 and a probability of false alarm of 0.05. 

4-3.4 Tank Systems Equipped with Secondary Containment. 

4-3.4.1 If the tank system is of double wall construction 
or is installed with a secondary containment system, the 
interstitial space monitor point or the well(s) located within 
the secondary containment area, whichever is applicable, 
should be checked fi)r the indication of a release. When 
groundwater is present, the monitoring method utilized 
must be capable of detecting the presence of at least I/~ in. 
(3.2 mm) of free product. 

4-3.4.2 Interstitial monitors might indicate either the 
presence of leaked liquid or gaseous products or monitors 
can check fi)r a change in condition indicating a breach (for 
example, by loss of vacuum or change in a liquid level 

established between tile walls of a tank). Monitoring can be 
continuous or intermittent. Even a dipstick can be used at 
the lowest point of contaimnent to check fi)r leaks. 

WARNIN(;: The imerstilial space of a double wall tank 
should not be tested with pressure beyond the mauutactur- 
cr's recommendations, particularly since materials and con- 
sn'uction techniques vary. 

4-3.5 Vapor or Groundwater Monitoring Wells. If vapor 
or groundwater monitoring wells have been installed in the 
tank system excavation area, thev should be checked for indi- 
cation of a release. When groundwater is present, the moni- 
toring method utilized must be capable of detecting the pres- 
ence of at least l/s in. (3.2 ram) of fi~ee product. 

4-3.6 Underground Piping Line Leak Detectors. If line 
leak detector(s) are installed on pressurized product piping 
systems, operational testing should be conducted. 

4-3.7 If inventory records have been analyzed by quanti- 
tative statistical methods, the analysis should be examined 
fi)r indications of a probable release, assuming that the 
data can be analyzed conclusively. 

4-3,8 Other methods might be approved by the local reg- 
ulatory agency. 

4-4 Testing. 

4-4.1 If the release detection methods described in Sec- 
tion 4-3 are not available or do not yield conclusive identi- 
fication of the potential source of a release, testing of the 
piping, tank, or both, might be necessary. The test proce- 
dures should detect a leak anywhere in the complete 
underground  storage and handling system unless other 
infi)rmation has eliminated some portion of the system 
from the search. Certain test methods might allow addi- 
tional product to be released from the system or might 
cause structural damage to the tank or piping dur ing the 
test. Where it is reasonable to assume that a leak exists, the 
effects on safety and the environment  should be considered 
when determining which test method to use. 

4-4.2 Tightness testing of the tank and piping must be 
capable of detecting a leak of as little as 0.10 galhm (380 
ml) per hour, with a probability of detection of 0.95 and a 
probability of false alarm of 0.05. This is a peril)finance 
standard to determine the detection capabilities of the test- 
ing device and procedure. The detection threshold for 
declaring a leak will vary based on individual manufactur- 
er's specifications. Additional information on volumetric 
and nonvolumetric tightness test methods is provided in 
Appendix A and B, respectively. 

4-4.3 If the results of a tightness test indicate that a leak 
might exist, either appropriate corrective action or addi- 
tional testing to confirm the leak should be performed. 

4-4.4 Pressure Testing. 

4-4.4.1 Pressure Testing with Air or Other Noninert 
Gases. 

WARNIN(;: Pressure testing with air or uther noninert 
gases of tanks or piping that contain flammable or combus- 
tible liquid is not recommended, should not be reqnired by 
regulations or ordinances, and should be discouraged in 
practice. 
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4-4.4.2 Testing with Inert Gases. Inert  or unique gases 
can be used for the purpose of detecting a leak for both 
tank and piping systems. The pressure exerted by both the 
product and the inert gas must not exceed the limits rec- 
o m m e n d e d  by the tank m a n u f a c t u r e r .  The  use of 
pressure-fimiting devices is required in this application. 

4-4.4.3 Atmospheric underg round  storage tanks are nor- 
mally fabricated according to standards established by a 
trade association or a testing laboratory and recognized by 
the authority having jurisdiction. Tanks are tested in accor- 
dance with these recognized standards. To prevent struc- 
tural damage, tests used to de te rmine  tank tightness, 
whether positive or negative pressure, should not exceed 
the limits recommended by the tank manufacturer. Con- 
sideration for hydrostatic and geotechnical influences 
should also be provided in the test procedure. 

4-4.5 Hydrostatic Testing of Piping. Hydrostatic testing 
of piping is a relatively simple test that can quickly indicate 
a leak. If the pressure drops, it indicates the possibility of a 
leak in the piping, and it is recommended that a volumet- 
ric tightness test be performed. It should be noted that a 
loss of liquid pressure can be attributed to the following: a 
line leak, a decrease in liquid temperature in the line, pip- 
ing distortion due to the liquid pressure, or vapor trapped 
in the piping. 

4-4.5.1 Pressurized Piping. Isolate the piping and con- 
duct a hydrostatic pressure test at 150 percent of the max- 
imum anticipated pressure of the system, but not less than 
5 psi (34.48 kPa) gauge at the highest point of the system. 
The test should be maintained fi)r at least 10 minutes. 

4-4.5.2 Suction Piping. A liquid volumetric pressure test 
can be performed on a suction line by' connecting to the 
exit port of the air eliminator or other appropriate fitting. 
This connection will permit pressure to be applied to the 
suction piping from the pump to the check valve. In this 
test, the hydrostatic pressure should not exceed 15 psi 
(103.4 kPa) to prevent damage to the pump. 

Chapter 5 Tracing Liquids Underground 

5-1 General.  Although the tbllowing guidelines are given 
in an approximate order of importance, they are not nec- 
essarily in the preferred order for all cases. The actual 
sequence of procedures and the actual choice of test meth- 
ods will depend on the circumstances of the problem, 
information gained from the primary' search, and any pre- 
vious test results. 

5-2 Procedure for Determining Underground Flow. 

5-2.1 On a sketch of the local area (preferably on a scale 
of 1 in. = 100 ft), note any' undergound  facility' as illus- 
trated in Figure C-10. Also note any pert inent geological 
data that is available and the locations of manholes, tanks, 
fill pipes, vent risers, and pumps. Include any abandoned 
ditches or stream beds that have been filled and covered. 
Some sources for this information are: 

(a) Municipal and state public works agencies, water 
departments, and sewer departments. 

(b) Local, state, and federal geological departments.  

(c) Utility companies. 

(d) Facility owners and local residents. (Pay special 
attention to elderly and long-time residents. They will 
often provide valuable infi)rmation about the area prior to 
its development.) 

5-2.2 If necessary, use metal detectors to locate and trace 
buried steel pipe. 

5-2.3 Information gathered and plotted on the sketch up 
to this point might indicate that a specific nearby facility is 
a very likely source. If so, proceed with tests to verify this, 
as described in Chapter 4. 

5-2.4 Check potential liquid flow paths as follows: 

(at Visually check manholes, inlet boxes, wells, open 
trenches, exposed slopes and cuts, etc. Samples of water 
should be taken to test for the presence of flammable or 
combustible liquids. 

(b) A combustible gas indicator should be used to deter- 
mine the presence of vapors. 

(c) If checking underground  structures does not give a 
clear indication of the direction of movement of the under-  
ground flow, a more detailed search can be conducted in 
porous backfill or pervious strata by testing for vapors in 
the soil. This testing can be conducted in a number  of 
ways. The simplest method is to drive a :"/4-in. to 1-in. 
(19 to 25 ram) diameter bar into the ground with a sledge 
hammer,  then test the atmosphere in the hole with a por- 
table detection instrument. Alternatively, a hand-operated 
soil augur can be used to drill the hole, thereby reducing 
the risk of damage to any underg round  utility line or struc- 
ture. Another method is to drive a hollow soil probe into 
the ground and pump vapors out of the probe to a porta- 
ble detection instrument.  The soil probe method is more 
sensitive than the dr iven bar or soil augur  methods 
because there is less opportunity fi)r surta.ce air to mix with 
and dilute the atmosphere in the hole, thus making detec- 
tion of flammable or combustible vapors more accurate. 
Care should be taken to avoid damage to underground 
utilities. If there is any' question about the presence or 
absence of such, then investigation in that area should be 
suspended until specific locations can be identified. 

5-2.5 If the potential fi~r natural gas or sewer gas exists, 
make particular note of the readings of a combustible gas 
indicator relative to the location of sewer and gas lines. 

5-2.6 When this testing has determined the probable 
direction from which the contamination is coming, extend 
the search upgradient  using these same methods to deter- 
mine the next most likely source. Check on both sides of 
the direction of flow to determine its width. 

5-2.7 As the area of the search expands beyond the orig- 
inal sketch, obtain a smaller scale map or sketch and plot 
all additional data. As the area becomes larger, the data 
become more important to the search and subsequent han- 
dling of tile contamination. 

5-2.8 If the initial efforts (about one day's checking) fail 
to establish a clearly defined problem, additional expert 
assistance should be obtained. Local industries might be 
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able to provide some of this assistance. Whenever possible, 
obtain the help of a local geologist who is familiar with the 
local geology. 

5-2.9 It is beyond the scope of this recommended prac- 
tice to cover the problem in all its potential complexities; 
that is the purpose for seeking expert assistance. Other 
methodologies such as soil gas analysis and test wells can be 
beneficial. 

5-2.10 If the investigation fails to locate an active source 
of release, it is possible that the problem could be a result 
of an accumulation from a previous equipment  failure. 
spill, or improper disposal of the liquid. Experience has 
indicated that many such residual deposits have existed 
and remained undetected for long periods of time before 
becoming large enough to make their presence known. 

5-2.11 As the problem becomes more complex, other 
methods of testing and tracing might be useful. However, 
the advantages and disadvantages of each test procedure 
must be recognized if valid conclusions are to be reached. 

5-3 Dye Tracing. The use of a dye tracer is often sug- 
gested as a means of tracing the flow of liquid. The method 
involves adding a strong dye to the storage system sus- 
pected as the source of the release, then seeing if the dyed 
liquid appears at the point of discovery. 

5-4 Chromatographic and Spectrographic Analysis. 
The chromatograph and the spectrograph are instruments 
capable of detecting traces of the elements of almost any 
compound.  For example, they can detect a trace quantity 
of an element that is unique to a particular method of man- 
ufacture, thus identifying the source. They can also detect 
the amount  of the element present. These are relatively 
inexpensive tests and only involve a small sample taken at 
the point of discovery. These tests should be used in cases 
that involve complex mixtures, such as petroleum liquids. 
However, these tests might not be conclusive because some 
identifying component  can be lost in the ground or a com- 
ponent  not originally present can be picked up from the 
ground or from contact with buried materials. 

5-5 Other Chemical Analysis. Other methods of chemi- 
cal analysis are available. They are essentially the same as 
the tests described in Section 5-4, and the same comments 
apply. One significant factor that can sometimes be deter- 
mined by chemical analysis is the age of the contaminant.  

Chapter 6 Removal and Disposal of 
Contaminated Liquid 

6-1 General. 

6-1.1 The presence of unconfined flammable or combus- 
tible liquid will continue to present a hazard until the con- 
tamination has been reduced to a safe level. While methods 
by which this can be accomplished will depend on the 
physical circumstances of the contaminated areas, the most 
effective results are obtained when the efforts of all inter- 
ested parties and authorities are coordinated by the local 
or state fire official, usually the fire marshal. It is their 

inherent  authority to entorce compliance with all rules per- 
taining to the cleanup operation, and it is their recognized 
responsibility to the public to exercise this responsibility 
from the time of discovery until safety is assured. 

6-1.2 Removal and disposal methods will depend on the 
liquid involved and on the contaminated area. 

6-1.3 The characteristics of liquids that are significant to 
the methods of removal and disposal are: 

(a) Liquids that rapidly evaporate at ambient tempera- 
ture will leave little or no residue. Typical liquids are vola- 
tile solvents and gasolines. 

(b) Liquids that do not readily evaporate will tend to 
remain in place for long periods of time and will leave res- 
idues. Typical liquids are heating oils, food processing oils, 
and other nonvolatile liquids. 

6-1.4 In general, purging  a structure or enclosure of 
vapors of volatile liquids is primarily a matter of ventila- 
tion, while nonvolatile liquids must be physically collected 
and removed. 

6-1.5 The principal categories of receptors involved are: 

(a) Normally inhabited subsurface structures, such as 
basements, subways, tunnels, and mines. 

(b) Normally uninhabited subsurtace structures, such as 
crawlspaces, sewers, and utility tunnels. 

(c) Bodies of water and groundwater. 

(d) Soil. 

6-2 Basements. 

6-2.1 With very few exceptions, the quantity of liquid that 
will be found in a basement will be relatively small, because 
the liquid will normally be detected before significant quanti- 
ties can accumulate and additional flow can be intercepted oi  
stopped. Where w~latile liquids and their vapors are involved, 
the primary removal and disposal action is ventilation, as 
described in Chapter 2. Small amounts of liquid that remain 
can be removed with commercial absorbents. 

6-2.2 Contaminated absorbents should be placed in cov- 
ered metal containers to prevent the further spread of 
vapors. Once all liquids have been removed, final cleanup 
can be accomplished by flushing out basement sumps and 
floor drains with water and washing down all contaminated 
surfaces with a biodegradable surfactant. Ventilation and 
checking with a combustible gas indicator should be con- 
tinued throughout  the cleanup procedure. 

6-2.3 In the rare cases involving relatively large volumes 
of volatile liquids, ventilation might not sufficiently reduce 
the vapor concentration to a safe level due to the continued 
evaporation of the liquid. In these cases, bail or pump the 
liquid into barrels, drums, or other suitable containers or 
into portable tanks or tank vehicles. It might be necessary 
to dig an interceptor trench between the source of the 
release and the affected structure. 

6-2.4 When nonvolatile liquids, such as fuel oils, are 
involved, ventilation is ineffective because the liquid evap- 
orates at such a low rate. Absorbents should be used for 
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thin films of liquid on water surfaces or  on solid surfaces. 
Whenever  possible, remove liquids with pumps or  by bail- 
ing. Contaminated water should be put  into barrels or 
other  containers to allow separation by settling. The  water 
can then be s iphoned off and the remaining liquid brought  
to a disposal  facility. (See Figure 6-2.) If  final c leanup 
requires flushing sumps and drains and washing surfaces, 
check with local sanitation and environmental  authorities 
before flushing such liquids to sanitary sewers. 

6-3 Subways ,  T u n n e l s ,  Mines ,  Etc. 

6-3.1 I f  only  small  a m o u n t s  of  vola t i le  l iquids  a re  
involved, ventilation alone might be adequate to permit  
safe entry and possibly continued use of the facility. In 
such cases, the same removal and disposal methods as 
described previously for basements can be used. However, 

added  precautions must be employed due to the greater  
potential exposure  to the public and, normally, due to the 
greater  exposure to potential ignition sources. The author-  
ity responsible for the facility, the fire depar tment ,  and 
o ther  public safety officials should effect a cooperat ive 
effort for maximum public safety. 

6-3.2 Subways, tunnels, and mines will normally be more 
prone to unde rg round  seepage than other subterranean 
structures, such as basements. Consequently, even though 
ent ry  of  a f lammable  l iquid is though t  to have been  
s topped ,  moni to r ing  with a combust ib le  gas indica tor  
should be continued for an extended per iod of time after 
remediat ion to check for recurrence.  

Maintain a constant check for at least 24 hours after 
remediat ion has been completed.  If  results are negative, 
extend the check periods to an 8-, 12-, or 24-hour cycle, 

Contaminant  and water 

Water 
H sy ph o n " - , ~  

~ d ~  Water 

I I ~" 

1LSlcti°nfr°ll funnelor m 
I perforated pipe / 

7' 
Pump or 
drain 
contaminant  

i 

Contaminate 
container 
for  disposal 

! ! 

I I 

Hose to pump suction 

S / Perforated pipe StUaPpp°r ting 

funnel trap to support  

Contaminant  / 
 r. aee 

Boom or f loat  / 

pump suction Wate r - . .~__ .~  Boom or f loat  

Counterweight  to control  
pipe elevation 

Contamina t Slotted 4 in. plastic sewer pipe 

Bot tom of sewer or channel 

Figure 6-2 Typical skimming and gravity settling installation. 
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depending on the use of the facility. Subsequent checks 
should be continued to include periods of extreme changes 
in g roundwate r  levels. Significant rainfall and  rising 
groundwater can carry with it more liquid. 

6-3.3 If a relatively large amount  of liquid is involved or 
if leakage continues, it might be necessary to close the facil- 
ity to the public and suspend normal operations. It might 
also be necessary to deactivate any high w)hage electric 
lines or electric transit tracks in the vicinity of the seepage. 
Maintain ventilation and provide a collection point for 
intercepting seepage and pumping it out. Use only a non- 
sparking or air-operated pump motor. 

Use a drum or small tank for liquid settling and separa- 
tion; transfer the separated volatile liquid to drums or 
tanks for transport to a disposal facility. Consult with the 
facility operator to determine the degree to which cleanup 
and remediation are necessary. Normally, once further 
entry of volatile liquids has been stopped, such facilities can 
be adequately purged of vapors with reasonable periods of 
ventilation. 

6-3.4 If nonvolatile liquids are involved, the potential for 
ignition is greatly reduced. However, make sure that con- 
tinued use or operation does not present a potential igni- 
tion source. It might still be necessary to disconnect any 
electric services near the seepage, as explained in 6-3.3. 

Absorb, bail, or pump the liquid, whichever is more 
appropriate, using drums or tanks for separation by set- 
tling, and remove the liquid for transport to a disposal 
facility. Consult with the facility operator to determine the 
acceptability of using detergents, dispersants, or coagulants 
for final flushing and cleaning. As with volatile liquids, 
periodic monitoring must be performed to detect any pos- 
sible recurrence. Use the same time periods and ground- 
water changes as described in 6-3.3. 

6-4 Utility Conduits. 

6-4.1 Removal and disposal methods for utility conduits 
differ from those described for other subterranean struc- 
tures previously covered for the following reasons: 

(a) Concentrations of contaminat ing liquids will nor- 
really be higher because early discovery and preventive 
measures are unlikely. 

(b) Access to entry points and contaminated areas is usu- 
ally from manholes, but such access might not be available. 

(c) Exposure and danger  to the public are greatly 
reduced. 

The utility operator should be consulted on all details of 
the remediation effort and the proposed purging proce- 

dures. The operator's special knowledge will be essential to 
selecting the exact procedures and techniques to be used. 

6-4.2 Where water is mixed with the contaminating liq- 
uid, it is preferable to separate the two by settling in drums 
or tanks to avoid downstream drainage facilities. 

6-5 Sewers. 

6-5.1 On occasion, sewers can collect flammable or com- 
bustible liquids from a surrounding contaminated area. It 
is seldom practical to seal offall entry points into the sewer. 
Consequently, removal of contaminating liquids will nor- 
mally be a continuing effort until the entire area is purged. 
When relatively large amounts of liquid are involved, every 
reasonable effort should be taken to divert the affected 
sewer flow to a separator. 

If this is not practical, it might be possible to set up a 
skimming facility at some point on the stream flow. One 
method is to float a boom or inflated tube (such as a fire 
hose) across the stream. If the contaminant  is mostly on the 
surtace of the stream flow, and flow is not turbulent,  signif- 
icam amounts of the contaminating liquid can be trapped 
behind  the boom and can be removed with skimmer 
pumps or absorbents. [See Figure.~ 6-2 and 6-5(a).] Weirs 
can also be used in the same way by installing them in such 
a manner  that water can flow underneath,  trapping the 
liquid behind the upper  part of the weir. Weirs should be 
used whenever possible because of their greater efficiency, 
particularly where the stream flow exceeds 3 it per second 
(lm/sec). [See Figure 6-5(b).] 

6-5.2 Where  relatively small amoun t s  of l iquid are 
involved or where the contaminating liquid is mixed with 
the water, settling tanks or basins must be used ibr separat- 
ing the contaminant  from the water. Sewage treatment 
plants might have such facilities. Note that this is only 
applicable to liquids that are immiscible with water. 

6-5.3 Where contamination exists on the surface of a 
body of water that is directly exposed to the open atmo- 
sphere, the problem should be referred to the appropriate 
environmental  authority. 

6-6 Unde rg round  Contamination.  A knowledge of the 
local geology is basic to effective removal of flammable or 
combustible liquid contamination from subsurface soils. A 
geologist who is familiar with the area should be consulted 
before field activities are begun. Subsurface assessment will 
most likely be required to further determine the move- 
ment of contamination, to define the extent of the contam- 
ination, and to properly design the remediation efforts. 
Additional information can be found in API Publication 
1628, Cuide to the Assessment and Remediation of Underground 
Petroleum Releases. 
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For SI Units: 

C o n t a m i n a n t  

Plastic foam 
f i l led tube 

Po lys ty rene In f la ted Wood 4 in, x 4 in. 
f loa t  f i re hose or larger 

Ef fec t ive  in currents  up to 3 f t /sec.  

1 ft = 0.305 m; 1 in. = 25.4 mm. 

Figure 6-5(a) Typical  floats and booms for trapping contaminants floating on water. 

Wood 
pole 

Con tam,nan t  , ~  

Water ~ - - ~ ~ . ~  

~/~/~, Sewer or channel " / / / / / / / / / / / / / / / / / ~  

Wier board (dam) 

% 

Adjust  clearance to b o t t o m  to 
. d ~ - ~  prevent  c o n t a m i n a n t  car ryunder  

Con tam inan t  

Water 

Sewer or channel 

Wier board (dam) / 

Downs t ream water  surface 

Ad jus t  clearance so tha t  c o n t a m i n a n t  
---~'lS no t  carried under wler board 

B o t t o m  

When cur ren t  f l ow  exceeds 3 f t /sec,  con tam inan ts  can be trapped by creating a d i f ference in upstream 
and downs t ream surface w i th  a baf f le or wier board. 

Figure 6-5(b) Typical  installation of  a wier in a flowing stream. 
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C h a p t e r  7 R e f e r e n c e d  P u b l i c a t i o n s  

7-1 T h e  following documents  or  por t ions  t he reo f  are  ref- 
e renced  within this r e c o m m e n d e d  practice and should be 
considered part  of  the r e commenda t i ons  o f  this document .  
T h e  edi t ion indicated for each reference  is the cu r ren t  edi- 
tion as of  the date  of  the NFPA issuance of  this document .  

7-1.1 N F P A  P u bl i ca t ion .  National  Fire Protect ion Asso- 
ciation, 1 Bat te rymarch  Park, P.O. Box 9101, Quincy,  MA 
02269-9101. 

N EPA 328, Recommended Practice for the Control of Flamma- 
ble and Combustible Liquids and Gases in Manholes, Sewers, and 
Similar Underground Structures, 1992 edition. 

7-1 .2  A P I  P u b l i c a t i o n .  Amer ican  Pe t ro l eum Inst i tute ,  
1220 L St., NW, Washington,  DC 20005. 

API Publication 1628, Guide to the Assessment and Remedi- 
ation of Underground Petroleum Releases, Second  Edit ion,  
1989. 

7-1.3 U.S. G o v e r n m e n t  P u b l i c a t i o n .  Office o f  U n d e r -  
g r o u n d  Storage  Tanks ,  U.S. E n v i r o n m e n t a l  Pro tec t ion  
Agency, Washington,  DC 20460. 

EPA 530/UST-89 1012, Detecting Leaks: Successful Methods 
Step-by-Step, N o v e m b e r  1989. 

A p p e n d i x  A V o l u m e t r i c  T i g h t n e s s  T e s t i n g  

This Appendix is not part of the recommendations of thts NFPA docu- 
ment, but is included for informational purposes only. 

A-I  Def in i t ion .  

T h e  te rm volumetric tightness test, as used in this recom- 
m e n d e d  practice, refers to any test that fulfills the detec- 
tion capabilities set forth in Section 4-4 and quantifies a 
leak rate. T h e r e  are  a n u m b e r  of  variables that affect the 
ability o f  any part icular  t ightness testing technology to per-  
form within these de tec t ion  capabili t ies.  T h e  fo l lowing 
informat ion addresses some, but  not  all, of  the variables 
that  might  be encoun te red .  An u n d e r s t a n d i n g  of  these 
variables and how they are  hand led  is essential to effective 
pe r fo rmance  of  the test. Each manufac tu re r  of  a volumet-  
ric tightness testing technology should identify in wri t ing a 
p rocedure  or  means  of  deal ing with the variables descr ibed 
in this Appendix ,  as applicable. 

A-2 Var iab les  A f f e c t i n g  V o l u m e t r i c  T i g h t n e s s  T e s t i n g .  
T h e  variables that are addressed  here  are  as follows: 

- -  T e m p e r a t u r e  
- -  T a n k  deflect ion 
- -  Water  table 
- -  En t r apped  a i r /vapor  
- -  Evaporat ion 
- -  Tank  vo lume 
- -  Vibration 
- -  Wind 

- -  O p e r a t o r  e r ro r  
- -  Product  characterist ics 
- -  T a n k  conf igura t ion  
- -  Preexis t ing soil or  g r o u n d w a t e r  contamina t ion  
- -  Tes t ing  with water  

A-2.1 T e m p e r a t u r e .  Liquids e x p a n d  or  contract  with a 
change  in t empera tu re .  Table  A-2 lists the the rmal  coetfi- 
cient of  expans ion  for some of  the more  c o m m o n  f lamma- 
ble and combust ible  liquids. For  example ,  note  that a tem- 
pe ra tu r e  decrease  o f  only 0.04°F (0.022°C) in one  hour  in 
a 6,000 gal (22,710 L) tank con ta in ing  gasol ine would  
cause a vo lumet r ic  decrease  of  0.04°F (0.022°(;) × 0.0007 
× 6,000 gal (22,710 L) = 0.168 gal (636 ml), which 
exceeds  the 0.10 gal (380 ml) leak detect ion capability. If  
this t e m p e r a t u r e  change  were  not  de tec ted  and accounted  
for in a test, a leak would  be assumed where  none  existed. 
And,  in a like manne r ,  if  the  t e m p e r a t u r e  increased,  a leak 
could  be concealed  by vo lumet r ic  expans ion  if the t emper -  
a ture  change  was not  detected.  

Table A-2 Coefficients of  Thermal Expansion for 
Some Common Liquids 

Volumetric Coefficient 
of Thermal Expansion 

per °F 

Acetone 0.00085 
Amyl Acetate 0.00068 
Benzene 0.0007 I 
Carbon Disultide 0.00070 
Ethyl Ether 0.00098 
Ethyl Acetate 0.00079 
Ethyl Alcohol 0.00062 
Fuel Oil No. 1 & Kerosene* 0.00050 
Fuel Oil No. 2 & Diesel Fuel* 0.00045 
Gasoline* 0.00070 
Methyl Alcohol 0.00072 
Toluene 0.00063 
Water (at 68°F) 0.000115 

*The coefficient of thermal expansion given for each of these liqukls is t', p- 
ical fi)r that liquid, but naa,~ var~ depending on the components of the 
liqtfid and on temperature. See ASTM 1)1250-80, Peholeum MeasttJemePtl 
Table.~, tbr |urther infi)rmation. 

It is somet imes  p roposed  that this p rob lem can be over-  
come by filling the tank 10 to 12 hours  before  a test run,  
on the assumpt ion  that the p roduc t  t e m p e r a t u r e  will stabi- 
lize. Extensive tests have shown that this is seldom, if ever,  
true. When  liquid is added  to fill a tank for testing, it will 
often r equ i re  several  days for the l iquid to stabilize to 
g r o u n d  t empera tu re ,  which in itself is constant ly changing.  
T h e  rate of  t e m p e r a t u r e  change  in the first day or  two will 
general ly  be in the range  o f  0.02°F (0.011°C) per  hour  to 
0.25°F (0.7°C) per  hour .  In addi t ion,  the rate o f  t empera -  
ture  change  will vary d e p e n d i n g  on the t e m p e r a t u r e  and 
w)lume of  the p roduc t  in the tank, as well as the p roduc t  
added.  Obviously,  the test must  be capable  o f  de tec t ing  
t e m p e r a t u r e  changes  to the accuracy necessary to ensure  
compl iance  with Chap te r  4. 

Ano the r  t e m p e r a t u r e  effect that must  be recognized  and 
accounted  fi)r is t e m p e r a t u r e  stratification or  " layer ing."  
Layer ing  occurs when a p roduc t  of  a different  t e m p e r a t u r e  
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is added to a product already in a tank (i.e., the product 
added is colder than the product already in the tank). In 
addition, layering occurs as a result of ground temperature 
variations with depth. Tempera ture  measurement  must 
include a method for averaging any differences in temper- 
ature throughout the tank. 

A-2.2 Tank Deflection. Some techniques require filling 
the tank to a point above grade. This increase in the height 
of the liquid increases the pressure inside the under-  
ground tank above its normal operating pressure and will 
deflect the tank ends outward. This is illustrated in Figure 
A-2.2(a). 

In a 6 ft (1.8 m) diameter tank, the average pressure on 
the end or "head" of a tank that is filled with gasoline is 
0.98 psi (50 mm Hg). If the tank is buried 3 ft (1 m) below 
grade (typical for most gasoline tanks), the average pres- 
sure on the tank head will increase to approximately 2.95 psi 
(153 mm Hg) when the fill pipe and standpipe are filled 
to a level 3 ft (1 m) above grade. This increase in pressure 
of approximately 1.95 psi (100 mm Hg) exerts an addi- 
tional force on the end or "head" of the tank of about 
8,000 pounds, or 4 tons. The ends of most tanks typical of 
underground  use are made of t/4-in. (6.4-mm) thick steel 
plate and will deflect outward as pressure inside the tank 
increases, as shown in Figure A-2.2(b). Although most 
fiberglass tanks have dished or hemispherical ends, the 
same phenomenon  of expansion will occur due to flexure 
between the ribs on the side of the tank. 

If the tank is located above ground and the heads are not 
supported in any way, it is possible to predict the amount of 
movement that will result from any given change in pressure 
and, when the amount of movement is known, the resulting 
increase in volume of the tank can be calculated. However, 
when tanks are located underground they are subject to an 
infinite variation in the mechanical support from the sur- 
rounding soil, and it is not possible to predict how much 
movement will take place. Very solid soil can sometimes pro- 
vide close to full support. But normally soils will consolidate 
to some degree, particularly if they are wet, thereby allowing 
tank expansion and end deflection. 

Extensive study and testing have revealed that, in almost 
all cases, tank movement that is significant enough to affect 
tightness tests occur. It will happen suddenly because of 
the time required to consolidate the soil. Under  a constant 
increased pressure, it will normally take several hours for 
the tank to stabilize. Table A-2.2(c) shows the volume 
increase as a function of tank end deflection. The numbers 
underl ined are the maximum normally encountered with 
underground  steel tanks; the last figure in each horizontal 
row is the maximum possible for the tank size in that row. 
Similar information is not yet available for fiberglass tanks. 
The latest data indicate that expansion due to side flexure 
might exceed that for flexure of steel tanks. 

The test method employed should be capable of clearly indi- 
cating the possible effects of tank end deflection and should 
provide a means of compensation or elimination of the effects. 

A-2.3 Water Table. As stated in 4-2.1.2, there are many 
instances where water might enter a tank system. The rela- 
tionship of the water table to the depth of burial of the tank 
system has a direct bearing on volumetric tightness testing 
procedures and results. The test method employed should 
be able to indicate clearly the possible effects of water in the 
back fill area around the tank system and provide a means 
of compensation or elimination of the effects. 

A-2.4 Entrapped Air/Vapor. Stored materials combined 
with air in the form of a pocket of air/vapor mixture will be 
affected by both temperature and pressure changes. Vol- 
ume expansion or contraction will occur. Volumetric tight- 
ness test methods employed should be able to indicate the 
presence of entrapped vapor or air that might affect the 
results of the test. The test method must require the 
removal of the entrapped vapor or compensate for the 
effects of the entrapped vapor. 

A-2.5 Evaporation. Some liquids, especially highly volatile 
liquids, have high rates of evaporative losses if exposed to the 
ambient atmosphere. The volumetric tightness test method 
employed should be able to clearly indicate the possible 
effects of evaporative losses and compensate for them. 

.:.~J.!'='-~.~..31~',~'-lt-~ftl.-~-]lalq " ," • "~.'" "'~"- '- 

. ~ L  Height to 
~ l iquid surface 

Normal  operat ion 

H2 

H 1 

Stand pipe 
f o r  vol.  

T e s t  c o n d i t i o n  

F i g u r e  A-2.2(a) Static p r e s s u r e  on  tank shel l  - -  n o r m a l  operat ion  vs. test condi t ion .  

1992 Edition 



APPENDIX A 3 2 9 - 2 1  

. . . . . .  , ~  . . . . . . .  o , , . . . . . . z , , . , . , ,  . . . .  ~ , .  ~ ,. - . . .  - . : . ~ . : . . .  . ~ . , .  . . . ~ .  . . ~ . . - #  

9 1 - ~  Stand pipe 

Pressure of  l iquid p ropor t i ona te  to 
height o f  l iquid in tank or  s t a n d p i p e  

L' 
Figure A-2.2(b) Tank end deflection. 

~ Head when tank is 
empty  

~ H e a d  is fo rced ou t  
in p ropo r t i on  to 
internal pressure  
f r o m  I~quid 

Table A-2.2(c) Increase in Volume, in Gallons, of Tank Due to Tank End Deflection 
Apparent Loss of Liquid Volume in Gallons Due to Increased Pressure in a Tank 

Outward Deflection at Center of Head in Inches 

48 

~' 64 ~a 
" 72 

.~: 84 
I 

96 

,~ 102 

120 

1/16 1/s 3/16 1/4 5/16 3/8 7/16 I/2 5/8 3/4 7/8 I 

.49 .98 1.47 1.95 2.44 2.93 3.42 

.87 1.74 2.61 3.48 4.35 5.22 6.10 6.97 

1.10 2.20 "L31 4.41 5.51 6.62 7.72 8.82 11.0 

1.50 3.1)0 4.50 6.00 7.50 9.00 10.50 12.00 15.0 18.0 

1.96 3.91 5.87 7.82 9.77 11.75 13.70 15.65 19.6 23.5 

2.21 4.42 6.65 8.25 11.06 13.30 15.50 17.70 22.6 26.6 

3.06 6.12 9.18 12.25 15.30 18.4 21.4 24.5 30.6 36.7 

21.0 

27.4 31.3 

31.0 35.4 

42.8 49.0 

For SI Umts: 1 in. : 25.4 mm. 

A-2.6 T a n k  V o l u m e .  Differences  in the  n o m i n a l  v o l u m e  
a n d  the  actual  t r ue  w) lume of  an  u n d e r g r o u n d  s torage  
tank  can affect the  accuracy  o f  the  m e a s u r e m e n t  t echnol -  
ogy e m p l o y e d  d u r i n g  a v o l u m e t r i c  t igh tness  test. T h e  best  
sources  of  i n f o r m a t i o n  r e g a r d i n g  the  t r ue  v o l u m e  of  an  
u n d e r g r o u n d  t ank  a re  the  " s t r a p p i n g "  c h a r t s  s u p p l i e d  
with the  t ank  b e i n g  tes ted  or  by c h e c k i n g  with the  t ank  
m a n u f a c t u r e r .  I f  these  cha r t s  a re  no t  available,  t h e n  vol- 
u m e  char t s  based  on  des ign  specif icat ion a n d  no t  t r ue  vol- 
u m e  mus t  be used.  U n d e r  no  c i r cum s t ance  s h o u l d  tes t ing  
p e r s o n n e l  "bes t  guess"  the  t r ue  w) lume  of  the  tank.  

I f  t h e r e  is no  o t h e r  r ea sonab le  m e a n s  o f  d e t e r m i n i n g  the  
t rue  vo lume,  a m e t e r e d  del ivery  of  p r o d u c t  cou ld  be  m a d e  
a n d  the  tank  size calculated.  

A-2.7 V ib ra t i on .  Vib ra t ion  in the  test  a rea  can  affect the  
capabil i t ies of  test  a n d  m e a s u r e m e n t  e q u i p m e n t .  T i g h t n e s s  

t e s t i ng  e q u i p m e n t  h a v i n g  a c o m p u t e r - d r i v e n  m e t e r i n g  
p u m p  associa ted with the  v o l u m e  m e a s u r e m e n t  systems o1 
a m a n u a l  t igh tness  t es te r  with  an  au to - leve le r  on  the  vol- 
u m e  m e a s u r e m e n t  system are  two m e a n s  of ten  used  to 
e l imina te  or  min imize  this  var iable .  

A-2.8 W i n d .  Wind  can affect the  accuracy o f  some vo lume 
m e a s u r e m e n t  devices.  Sh ie ld ing  the  m e a s u r e m e n t  equip-  
m e n t  f rom the  effects of  the  wind should  c o m p e n s a t e  fi)r this. 
I f  the  tes t ing system is o p e r a t e d  by a microprocessor -based  
compute r ,  it migh t  be  possible to calculate ou t  the  effects. 
W h e r e  a volumetr ic  t ightness  test is be ing  p e r f o r m e d  "in the  
tank"  (below the  tank top), winds across the  vent  can also 
in ter fere  in the  accuracy of  the  test. 

A-2.9 O p e r a t o r  Error.  T h e  m o r e  compl i ca t ed  the  tes t ing  
p r o c e d u r e ,  the  g r e a t e r  the  po ten t i a l  for  o p e r a t o r  e r r o r .  
Typical ly,  this  is m i n i m i z e d  or  r e d u c e d  by us ing  t r a i n e d  
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and  exper ienced operators  to conduct  the testing. All test- 
ing personne l  should have documen ta t i on  as to t ra in ing  
and  qualifications for the testing e q u i p m e n t  be ing used. 

Having been t ra ined on the technical aspects of the test- 
ing e q u i p m e n t  is not  sufficient. A good general  working  
knowledge of the mechanical  componen t s  of the tank sys- 
tem is also necessary to avoid tes t ing p rob lems  and  a 
potential  release of p roduc t  as a result  of  opera tor  error .  

A-2.10 Product Characteristics. Most t ightness test ing 
technologies have been  developed for use with motor  fuels 
or o ther  pe t ro leum-based  liquids and  water. Pe t ro leum 
products  that have a greater  viscosity than  motor  or avia- 
tion fuels may not  be easily tested by most testing technol- 
ogies. For example,  No. 6 fuel oil at a stored t empera tu re  
less than  120°F is normal ly  not  free flowing. Al though a 
release detec t ion technology might  be able to measure  
observed volume changes in the tank despite the viscosity 
of the product ,  a leak might  not  be detected. 

Tes t ing  n o n - p e t r o l e u m - b a s e d  solvents can also be a 
problem due  to incompatibil i ty of the stored material  with 
the test equ ipment .  

A-2.11 Tank Configuration. Most t ightness testing tech- 
nologies are des igned to be used on tank systems of a spe- 
cific configurat ion.  Usually tanks are horizontal  cylinders 
with fiat or  hemispherical  ends  and  a n u m b e r  of  vertical 
access ports  or a manway, Where  a computer ized  tester is 
involved, the data base is often des igned to measure  tem- 
pera ture  and  volume change  in a tank of this configura-  
tion. If the same tightness testing system is used to test a 
vertical cyl inder  or a square concrete fuel bunker ,  modifi- 
cat ion of the mechanica l  c o m p o n e n t s  of the data  base 
might  be necessary. 

The mechanical components of a tightness testing system 
often require direct access to the tank through a vertical fill 
pipe. If the tank system has only a remote fill pipe (i.e., pipe 
where there is no direct access to the tank), mechanical modifi- 
cation of the tank components might be necessary. 

When  a product  level-sensitive detect ion me thod  is used 
to de te rmine  leaks in an  u n d e r g r o u n d  storage tank, tank 
incl inat ion can affect detect ion accuracy. In  an incl ined 
tank, the vo lume change  per  un i t  of  level change  is differ- 
ent  than  in a level tank. This  is due  to the difference 
between cross-sectional areas. This effect can be corrected 
by m e a s u r e m e n t  of the level changes due  to a known prod-  
uct volume change.  

Some tightness testing technologies detect an ingress of 
water. Where a tank is installed on an incline, water sensing 
equipment  might not be capable of detecting an ingress. 

A-2.12 Preexisting Soil or Groundwater Contamination. 
Tightness  test ing technologies that  detect  an ingress of 
water might  fail to sound an a larm or might  indicate a tight 
tank where  there  is a substant ial  concen t ra t ion  of  free 
product  in the soil a r o u n d  the tank pr ior  to the test. 

A-2.13 Testing with Water. Tests that  involve a d d i n g  
water to a tank can be useful when  tanks are empty.  How- 
ever, water is difficult to use in cold weather.  It will not  

detect leaks of less viscous liquids, and  con tamina t ion  of 
the storage and  d ispens ing  system can be a major  p rob lem 
(and result  in ti 'ozen pipes in cold weather).  If a tank pre- 
viously contained a petroleum product and a test using water is 
considered, it might be more difficult to dispose of the product- 
contaminated water than to fill the tank with product for the 
test. Water is often used for an initial test of a new tank system 
that has not yet contained any product.  Also, water has a 
greater surface tension than some petroleum products. I fa  test 
is performed using water, it is recommended that a surfactant 
be used to lower the surface tension of the water to near that of 
the product stored for a more accurate test. Contact the manu-  
facturer of the tightness testing method regarding the use of a 
surfactant and check with local authorities regarding the dis- 
posal of the water alter the test. 

A p p e n d i x  B N o n v o l u m e t r i c  T i g h t n e s s  Tes t ing  

Ttus Appendix i~ not part oJ the recommendation~ of thi~ NFPA docu- 
ment, but i~ included for reformation purposes only. 

B-1 Def in i t ion .  The  term non-volumetric tightness test, as 
used in this r ecommended  practice, refers to any test that 
fulfills the detection capabilities set fiwth in Section 4-4 and  
that does not  quantify' a leak rate. There  are a n u m b e r  of 
variables that affect the ability of any particular tightness test- 
ing technology to per tbrm within these detection capabilities. 
The  following information addresses some, but  not  all, of the 
variables that might be encountered.  An unders tand ing  of 
these variables and  how they are handled is essential to effec- 
tive perfi)rmance of  the test. Each manufac turer  of a non-  
volumetric tightness testing technology should identify in 
writing a procedure  or means of dealing with the variables 
described in this Appendix,  as applicable. 

B-2 Variables Affecting Nonvolumetric Tightness Testing. 
The  variables that are addressed here are as follows: 

- -  Ext raneous  noise 
- -  Water  tab le / impermeable  soils 
- -  Opera to r  e r ror  
- -  Product  characteristics 
- -  T a n k  characteristics 
-- Preexist ing soil or  g roundwa te r  con tamina t ion  

B-2.1 Extraneous Noise. Extraneous  noise can be a fac- 
tor where  the chosen non-vo lumet r ic  t ightness testing tech- 
nology relies on sound-sensi t ive signals to detect a release, 
El iminat ion of  the source of the ex t raneous  noise might  be 
necessary for comple t ion  of a valid test. 

B-2.2  Water Table / Impermeable  Soi l s .  Some  n o n -  
volumetr ic  t ightness testing technologies employ the use of 
tracer materials to detect  a leak. The  m o v e m e n t  of these 
tracer materials can sometimes be inhibi ted by imperme-  
able soils or  g roundwate r ,  thereby reduc ing  the detect ion 
capability of  the testing technology or causing an extension 
of the test time. 

B-2.3 Operator Error. The  more  complicated the testing 
procedure ,  the greater  the potential  for opera tor  error .  
Typically, this is min imized  or reduced by using t ra ined 
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and experienced operators to conduct the testing. All test- 
ing personnel should have documentation as to training 
and qualifications for the testing equipment  being used. 

Having been trained on the technical aspects of the test- 
ing equipment is not sufficient. A good general working 
knowledge of the mechanical components of the tank sys- 
tem is also necessary to avoid testing problems and a 
potential release of product as a result of operator error. 

B-2.4 Product Characteristics. Most tightness testing 
technologies have been developed tot use with motor fuels 
or other petroleum-based liquids and water. Petroleum 
products that have a greater viscosity than motor or avia- 
tion fuels may not be easily tested by most testing technol- 
ogies. For example, No. 6 fuel oil at a stored temperature 
less than 120°F is normally not free flowing. Although a 
release detection technology might be able to measure 
observed volume changes in the tank despite the viscosity 
of the product, a leak might not be detected. 

Testing non-petroleum-based solvents can also be a 
problem due to incompatibility of the stored material with 
the test equipment. 

B-2.5 Tank Configuration. The mechanical components 
of a tightness testing system often require direct access to 
the tank through a vertical fill pipe. If the tank system has 
only a remote fill pipe (i.e., pipe where there is no direct 
access to the tank), mechanical modification of the tank 
components might be necessary. 

Some tightness testing technologies detect an ingress of 
water. Where a tank is installed on an incline, water sens- 
ing equipment may not be capable of detecting an ingress. 

B-2.6 Preexisting Soil or Groundwater Contamination. 
Tightness testing technologies that detect an ingress of 
water might fail to sound an alarm or indicate a tight tank 
where there is a substantial concentration of free product 
in the soil around the tank prior to the test. 

B-3 Internal Inspection. If war ran ted ,  an in t e rna l  
inspection of the tank should be conducted to evaluate the 
condition of the tank interior. Proper procedures for safe 
entry should be followed. 

Appendix C Basic Principles and Concepts of 
Underground Flow 

This Appendix ~s not part of the recommendations of this NFPA docu- 
ment, but is included for information purposes only. 

C-I The principal characteristic that permits liquids to enter, 
accumulate, and flow through soil or rock is porosity: the 
space or voids that exist between the particles that make up the 
soil or rock. The size of the voids will vary from large, as in 
gravel, through small, as in sand and topsoil, to essentially zero, 
as in fine, dense clay. Rock almost never has large voids, but 
sandstones and limestones have voids similar to a fine sand. 

Crystalline rocks, such as granite and marble, are essen- 
tially impervious, but these rocks often have fractures and 
cracks that will permit flow. The rate of flow through rock 

fractures will vary from large continuous cracks that will 
act like a pipe, to very small irregular cracks that result in 
flows similar to what would be found in fine sand. 

The rate of flow through soils and rocks depends largely 
on the size of the voids, with flows ranging from 6 ft per 
year in fine clays to 6 ft per day in gravels. The term used 
to describe soils that allow flow is pervious. A very pervious 
soil will allow rapid flow of liquid, while an impervious soil 
will allow only very slow flow. When the word impe~,tous is 
used alone, it implies absolutely no flow; for example, glass 
is impervious to the flow of water. It should be understood 
that porosity does not always mean a pervious condition. 
In order for the soil or rock to be pervious, the pores must 
be interconnected. A porous rock whose pores are isolated 
from each other will be impervious. 

C-2 Almost all flammable and combustible liquids are 
lighter than water and will float on the water, unless the 
liquid is water soluble. When these liquids escape into the 
ground,  they will normally flow downward until  they 
encounter  a layer of groundwater.  Then  they will flow 
along with the groundwater.  Understanding the flow of 
groundwater is essential to tracing the flow of a flammable 
or combustible liquid underground.  

C-3 Water is almost universally found underground  at 
some level in soil or rock. It might be in very limited quan- 
tities and only able to dampen the soil. But when it fills all 
the pores and voids in the soil and saturates the soil or rock 
up to a certain level, it becomes somewhat like water in a 
bucket and establishes a definite top surface, called a water 
table. Figure C-3(a) shows that groundwater  can occur in 
several layers underground.  A porous layer between two 
impervious layers might be completely filled or might be 
only partially filled and have its own water table. However, 
other layers must be considered, since, even though these 
might be very deep at one location, they can be close to the 
surface at others. See Figure C-3(h). 

C-4 All groundwater, with the exception of narrow bands 
along the seacoast, originates as rain or snowfall that seeps 
into the soil. As shown in Figure C-3(b), at any given location, 
the water might have come from precipitation on the surface 
immediately above or it might have flowed underground for 
long distances through pervious soil or rock from a point 
where the pervious layer "outcrops" or intercepts the surface. 
Of course, water from precipitation can also flow to lakes and 
rivers and then into underground layers. 

C-5 Water tends to seek its own level underground,  just 
as it does on the surface. However, water flowing under-  
ground will not flow as fast as on the surface because of the 
resistance of the soil particles. This has the effect of steep- 
ening the slope of the water table. The water does not flow 
to lower levels as fast as it fills the soils at shallower depths. 
The same effect is shown where a lake or other body of 
water supplies water to the pervious soil. Expressed 
another way, pressure is required to overcome the resis- 
tance to flow and the increase in elevation provides the 
necessary pressure. 

C-6 The  height  or elevation of the water table will 
depend not only on how fast the water flows out of the 
strata (layers), but also on how fast it is fed into the strata 
by rain or melting snow. When no water is being added, the 
water table drops, as water flows out at springs and wells and 
as it "wicks" through dry soil to evaporate at the surface. 
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Ground s u r f a c e - ~  _ _  

Dry or clamp soil Water table 

Pervious soil t 

Soil f i l led w i th  water  ~ 1 . - -  Upper layer o f  

Figure C-3(a) " L a y e r i n g "  of  groundwater between and above impervious strata. 

When water is added faster than it can flow out, the water 
table rises. This rise and fall can be several feet in a few days, 
as the weather changes from dry to wet and vice versa. 

C-7 In summary, the principal factors that are important 
to tracing unconfined liquids underg round  are: 

(a) Most flammable and combustible liquids will float on 
water. 

(b) When unconfined in the ground,  flammable and 
combustible liquids will float on the top of the water table 
and will flow along with it. 

(c) Groundwater  will flow through pervious soil or rock 
toward lower elevations at a flow rate that will vary from 
several feet per day to several feet per year. 

(d) The top of the water (the water table) will slope 
downward in the direction of flow. 

(e) The water table will rise and fall (in some cases, sev- 
eral feet in a few days), depending on the supply of rain or 
melting snow. 

C-8 Figures C-8(a) and (b) show the effect of the slope of 
the underground  strata on the direction of liquid flow. The 
figures show identical surface conditions, but differing sub- 
surface conditions. A 4-story building lies approximately 
midway between two streets that are 400 ft apart. A 5 per- 
cent grade from left to right places the street on the right 
about 20 ft higher than the street on the left. 

In Figure C-8(a), the underg round  strata follows the 
general slope of the surface and groundwater in the sand 
and gravel layers flows from right to left. Under  these con- 
ditions, if gasoline liquid or vapors were found in the sub- 
basement of the building, the source of that gasoline would 
most likely be from the service station to the right, at the 
higher elevation, or from other tanks farther up the hill. 

In Figure C-8(b), the situation is such that the service 
station downhill  is the most likely source. The water- 
bearing strata of sand and gravel slopes down from left to 
right, opposite to that of the surface of the ground.  
Groundwater  flow would also be from left to right and 
would carry any gasoline escaping from the service station 
on the left to the subbasement of the building. 

One other condition shown in Figure C-8(a) is the effect 
of a rising and falling water table. During a dry season, 
when the water table is below the subbasement floor of the 
building, gasoline floating on the water table would not be 
able to enter the subbasement. But, as the water table rises, 
the gasoline will be lifted along with it, eventually reaching 
the subbasement level. There have been many cases where 
this has been the reason for the alternating appearance 
and disappearance of contaminating liquid. 

C-9 Figure C-9 illustrates another example of how under-  
ground flow can be contrary to the slope of the ground 
above. In this case, flammable liquids are stored in a tank 
that is some distance above a small body of water. From the 
surface, it would appear that escaping liquid would flow 
into the pond. But, because the tank is over a pervious 
strata that slopes away from the pond, the liquid flows in 
that direction, contaminating wells that serve buildings at a 
much higher elevation than the tank. Note also that if the 
wells were not present, discovery would be delayed, prob- 
ably until the release reached the ground on the other side 
of the hill. This could be several miles away. 

C-10 Figures C-10(a) and (b) illustrate some other aspects 
of a rising and falling water table and the ability of trenches 
to behave like interconnected piping, especially when dug 
in relatively impervious soil, then backfilled with a more 
porous material. Figure C-10(a) shows a tank installed in 
an excavation dug in clay and backfilled with sand. Prod- 
uct supply and vent lines are likewise in trenches dug in 
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Figure C-5(h) Hypothetical groundwater systems showing significant features. 

clay and backfilled with the same material as the tank. Fig- 
ure C-10(b) shows the layout of a tank installed next to a 
building with a basement.  The  water supply line to the 
building is also in a trench backfilled with sand, as is the 
city water main and sewer line. Finally, a low area between 
the buildings is filled with sand and gravel. 

The  parent  or original soil is clay. A water table that 
exists in this clay will have little horizontal flow, due to the 
resistance of the clay. Consequently, the water table rises 
and falls wilh changes in the weather. For this example,  
assume that the water table is within 1 ft of the surface 
during wet periods, but  falls to a level below the bottom of  
the tank excavation dur ing dry periods. 

It is easy to see that a leak in the tank will result in con- 
taminating liquid collecting on the bottom of  the excava- 
tion, as if it were in an open square tank. I f  rainfall raises 
the water table to a level above the bottom of the pipe 
trenches, then the contaminated groundwater  can flow 
along the pipe trenches, much as it would flow through a 

pipe. By means of intersections with other trenches or with 
zones of more pervious fill, this contaminated water can 
spread to the adjacent buildings or to the sewer and water 
main trenches. Note that it will not necessarily enter the 
sewer pipe in the street. It might flow along the trench, out- 
;ide of the pipes themselves and not appear  until it comes to 
a point where it can seep into a manhole or catch basin. 

Another  condition illustrated here is the potential  for 
the contaminating liquid to move without the presence of  
groundwater .  If  a serious leak were to occur in the suction 
piping, pure  liquid could flow along the trenches. 

C-11 Summary.  The  principles and concepts discussed 
in this Appendix point out the importance of  a knowledge 
of  the unde rg round  soil conditions and subterranean fea- 
:ures when tracing the movement of escaped liquids from 
the point of discovery back to the source. It will not always 
be possible to obtain all the data desired,  but  the effort 
must be made for remediat ion to be successful. 
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Figure C-8 Effect of  slope of  underground strata on groundwater flow. 
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Appendix D Inventory Control Procedures 

This Appendix is not part oJ the recommendations of this NFPA docu- 
ment, but is included/or information purposes only. 

D-1 Tanks with Metered Dispensing.  For this method to 
be effective, all meters that measure liquid dispensed from 
the underground  system should be proper ly  calibrated 
to local standards for meter  calibration or an accuracy of  
6 in)/gal  for every 5 gal (approximately 5 ml per  Liter) of 
products  wi thdrawn.  A mete r  that  reads  significantly 
higher than actual volume pumped  can hide a leak. Con- 
versely, a meter  that indicates less than the true volume 
might suggest a leak where one does not exist. 

D-I.1 Daily Procedures .  At the beginning of each busi- 
ness day (or each shift, if preferred) ,  the tank volume 
should be manually measured using a gauge stick, or  other  
means, and a calibration chart  to convert the tank level 
into gallons. Level measurements  should be based on the 
average of two consecutive stick readings. This gauging 
operation should be carried out with great care to ensure 
maximum accuracy. Open ing  meter  total izer readings  
should also be recorded for each dispenser.  

When liquid is added  to the unde rg round  tank, the tank 
volume should be gauged both before and after the deliv- 
ery. The  opera tor  should also check the tank for presence 
of water to the nearest 1/8 in. using, for example,  water- 
finding paste or other  appropr ia te  means. This procedure ,  
however, is not applicable to water-miscible liquids. Water  
that is detected should be accounted for in the inventory 
procedures  and any significant accumulation [i.e., greater  
t h a n  1/2 in. (12.7 mm)] should be prompt ly  removed.  

At the close of  the business day (or the end of  the shift), 
tank volume should again be gauged 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 fi)r a 
minimum of one year. Detailed instructions covering tank 
gauging,  water gauging,  meter  cal ibrat ion checks, and 
record keeping are contained in American Petroleum Insti- 
tute Publication 1621, Recommended Practice for Bulk Liquid 
Stock Control at Retail Outlets. 

D-1.2 Dai ly  Re c onc i l i a t i on .  Inven to ry  reconci l ia t ion  
consists of compar ing the measured closing inventory to 
the book inventory, which is obtained by adding  deliveries 
and subtracting sales and on-site usage from the measured 
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