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C. TYPES OF UNDERGROUND
STORAGE TANKS

. Bare Steel Tanks = __

-’

Bare steel tanks constructed of mild carbon steet

.may be used in non-corrosive soil environments to store

%; mon-corrosive materials, such as gasoline and other pe-

% troleum derivative products. The compatibility of steel
with various petroleum and chemical products is dis-
cussed in Part 1 and Appendix B. The degree of en-
vironmental prosection provided by bare stecl tanks is

- minimal and ccmqnenﬂy their use has declined in re-

: CeNt YCars. )

. Please mote that many bm steel tanks have a thin

surface coating t0 protect .against rust, This is essen-

tally .2 cosmetic coating, and should not be confused
with more substantial corrosion protection coatings.
Design Standards. The capacitics, dimensions and

- construction details for bare sieel tanks penerally follow

-established standards. These include the following:

- Underwriter Laboratories (UL) Inc.: .

UL 58 — Sieel Underground Tanks for Flamma-
ble and combustible Liquids [6].

National Fire Protection Association (NFPA):
NFPA 30 - flammable and combustible Liquids
Code [19]. - .

American Petroleum lnsutu:e (APD:

API Publication 1602 — Recommended Standord

Jor Underground Gasoline Tanks [21].

APl Publication 16|I ~ Service Station Tankage
Guide [20]. g

APl Publication IGIS - Insrallanon of Under-
ground Petroleum Storage Systems [1).

- American Society of Mechanical Engineers:

o ASME/Pressure Vessel Code, Section VIIL/[14).

e Of these standards, the Underwriters Laboratories

i3 -standards are the most detailed in that they specify

. many of the tank design details. These include steel

¥ o thickness, tank head design, bracing requirements for
mlu-cmnpnmnem tanks. lh: swes of vent connections,

. The American Society of Mechamcal Engmecfs
%= -Pressure Vessel Code may be used for storage tanks in-
e  tended for industrial service.: -

The thicknesses of honzontal atmosphenc -type

N : steel tanks of various capacities as recommended in UL
"¢~ S8 are shown in Table 2.1-2. This standard also recom-
“. mends that the teagth of the 1ank be no more than six
=’ times its diameter [6). As a source of reference, the ca-
5,'_' '“"'pacily “per foot of length for tanks having diameters of
-+ 24w 144 inches is given in Table 2.1-3,
- instaliation of Umderground Steel Tanks.
Sourccs of information and recommendations of installa-
~- tion practices for underground storage tanks include API
-~ Publication 1615 [1], NFPA 30 [19] and the New York
" State Department of Environmental Conservation (NYS-
56) manual cowering ﬂandards of practice for bulk
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storage of hazardous liquids [30). Most manufacturers
supply step-by-step procedures for tank installation and
require that these steps be followed to validate the
guarantzes and warrantees.

The installation recommendations given in the APl
publication identify tank clearance, depth of excavation,
and anchoring and backfilling requirements. Examples
of the recommendations given in API Publication 1615
include the following:

®AL least 6 inches and preferably 12 inches of well-

compacted sand or gravel placed underneath the

wnk.

®A minimum tank clearance of I2 inches in all

horizontal directions.

oln areas not subject to traffic, the cover depth

shouid be a2 minimum of 24 inches, or not less

than 12 inches plus a reinforced concrete siab not
less than 4 inches in thickness,

®Where tanks are subject to traffic, cover depths

should be a minimum of 36 inches, or not less

than 18 inches of well-tamped material plus at
- least 6 inches of reinforced concrete or 8 inches
of asphaltic concrete.

It should be noted that the burial depth of a tank
is dependent upon several factors, including local regu-
lations, the type of finished surface 1o be applied, soil
conditions, topography, and suction pumping lift re-
quirement [1].

The recommendations of NFPA 30 concur with
those of API Publication 1615, with the addition that
steel underground tanks shall be set on firm foundations
and surrounded with at least 6 inches of noncorrosive
inert material, such as clean sand or gravel, well-
tamped in place [19].

The backfill for steel tanks is typically a.clean,
noncorrosive, porous material such as clean washed
sand or gravel. Backfilling operations are very impor-
tant to the life of the insiallation. It is important that the
backfill be well compacted to avoid undue stresses on
the tank. Application and compaction of the backfill in
layers is often specified to chieve optimum compaction
(eliminate voids in the backfill).
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FOREWORD

The prevention and detection of product leakige from petroleum storage and dispens-
ing systems is important to both industry and the public This recommended practice is
offered as a guide for voluntary use by architects, engincers, marketers, jobbers. and con-
tractors in the design, use, and maintenance of such systems.

Federal, state, and municipal codes or laws may have specific restrictions or requirements
that must be taken into account prior to the installation of underground tanks and piping.

The Amencan Petroleum Institute takes no position as to whether any procedure, method,
device, or product mentioned in this publication is covered by existing patent or copyright
or as to the validity of such coverage. The publication does not graat the right, by impli-
cation or otherwise, to manufacture, scll, or use such procedures, methods, devices, or
products so covered nor does it insure anyone agamst liabiliy for infringement of such
patents 0. ~opyrights.

This publication is availablc for general use by those interested. but the American
Petroleum Insttute shall not be responsible or liable in any way for loss or damage resulung
from such use or for the violation of any federal. state, or municipal regulation with which
it may conflict.
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Recommended Practice for Underground Petroleum Product Storage
Systems at Marketing and Distribution Facilities

1—GENERAL

1.1 Scope

This recommended practice describes measures necessary
to prevent and detect leaks. from underground petroleum
product storage tank systems, as defined in 2.1, at marketing
and distribution facilities, as defined in 2.2.

1.2 General Provisions

1.2.1 This recommended practice applies to underground
petroleumn product storage tank systems at marketing and

distribution facilities, except fuel oil containers of less than
1100 gallons capacity connected to burning equipment and
underground storage tanks for liquefied petroleum or natural

gases. :

1.2.2 In particular installations, the provisions of this
recommended practice may be altered at the discretion of
the authority having jurisdiction afier consideration of special
features, such as, topographical conditions, barricades, walls,
water tables, soil conditions, and proximity to buildings and

adjoining property.

2—DEFINITIONS

2.1 Underground Petroleum Product
Storage Tank Systems

Underground petroleum product storage tank systems are
tanks totally buried underground and the related system com-
posed of storage tank(s), product line(s) to dispensing
pump(s), vent hine(s), tank fill line(s), dispensing pump(s),
dispensers(s), and appurtenances for the storage ot dispens-
ing of petroleum products. This recommended practice does
not apply to aboveground storage tanks that are partially
buried or below grade, which are in compliance with other
fire and safety codes, or are excluded in 1.2.1.

2.2 Marketing and Distribution Facilities

Marketing and distribution facilities are retail, commer-
cial. and private facilities that store and dispense flammable
or combustible liquids to consumers. This recommended
practice does nuot apply to distribution  centers with
aboveground tankage or to product pipelmes, both of which
are covered by other standards.

2.3 Authority Having Jurisdiction

Authoriny having jurisdiction shall mean the organization,
office, or mndividual responsible for approving equipment,
installations, or procedures.

2.4 Combustible Liquid

A combustible liquid is a liquid having a flash point at or
above 100°F (37.8°C).

2.5 Flammable Liquid

A flammable liquid is a liquid having a flash point below
100°F (37.8°C) and having a vapor pressure not exceeding
40 pounds per square inch absolute at 100 “F (37.8°C) and
shall be known as a Class I liquid.

2.6 Listed

Listed shall mean equipment or materials included in a list
published by a nationally recognized testing laboratory,
inspection agency, or other organization concerned with
product evaluation that maintains periodic inspection of the
production of listed equipment or materials and whose listing
states either that the equipment or material meets nationally
recogmzed standards or has been tested and found suitable
for use in a specified manner.

2.7 Operator

The operator is the lessee or person(s) in control of and
hasing responsibility for the daily operation of the facility
for the storage, use, or dispensing of flammable and com-
bustuible liquids.

2.8 Owner

The owner is the person(s) who owns the tank storage
system used for the storage, use, or dispensing of flimmable
and combustible liquids.
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6 2.9 Product Line Leak Detector

A product line leak detector is a device used to detect prod-
uct or pressure losses in a pressurized product line or a
remote pumping system.

2.10 Remote Pumping System

A remole pumping system is a pressurized product line
system in which flammable or combustible liquids are sup-
plied to a point(s) away from the tank(s) by means of a pump-
ing unit(s) in or on the storage tank(s).

2.11 Suction Product System

A suction product system is a nonpressurized product line
system in which flammable or combustible liquids are re-
moved from the storage tank(s} by means of a pumping
unit(s) located at a point(s) away from the storage tank(s).

2.12 Product Handling System.

A product handling system is a system composed of storage
tank({s), product line(s}), vent line(s), tank fill hne(s), pump(s),
dispenser(s), and other apppurtances for the storage, use,
or dispensing of flammable or combustible liquids.

2.13 Observation Well

An observation well is a dug or drilled, cased well that
can be used for detecting the presence of flamrmable or com-
bustible liquids and is drilled to a depth of approximately
24 inches below the tank bottom.

2.14 Secondary Containment

Secondary containment is an impervious barrier installed
so that any volume of matena! leaked from the storage system
is prevented from reaching the lands and/or water outside
the impervious barrier for the anticipated period of time
necessary to detect and recover the spilled material.

3—PREVENTION

3.1 Selecting and Installing Underground
Tanks

3.1.1 NEW FACILITIES

3.1.1.1 Tanks shall be designed and built using noncor-
rostve material or cathodically protected steel.

3.1.1.2 A steel systemn as described in 3.1.1.1 shall be
cathodically protected by 2n impressed current cathodic pro-
tection system, sacrificial anodes, or some other iype of
equiralent protection If a cathodic protection system is used,
it shall be maintained in accordance with 4.2.2 5.

3.1.1.3 Cathodically protected steel or approved noncor-
rosive coated steel underground tanks shall be set on a firm
bave and surrounded with at [east 12 inches of noncorrosive
inert material, such as clean sand or gravel, well tamped mn
place. The tunks shall be placed in the hole with care. Drop-
ping o rolling the tank 1nto the hole can break welds. punc-
ture or damage the tank, scrape off the protective coating
of coated tanks, or damage attached cathedic protection.

3.1.1.4 Cathodweally protected steel or approsed noncor-
rosive coated steel underground tanks shall be covered with
a mmum of 2 feet of sand or shall be covered with not
less than 1 fout of sand on top of which shall be placed a
slab of reinforced concrete not less than 4 inches thick. When
tanhs are, or are likely to be, subjected to traffic, they shall
be protected from damage from sehicles passing over them

by at lcast 3 feet of backfill, 18 inches of well-tamped backfill
plus 6 inches of reinforced concrete or 8§ inches of asphalt
paving. When asphalt or reinforced concrete paving is used
as part of the protection, it shall extend at least 1 foot horizon-
tally beyond the cutline of the tank in all directions.

3.1.1.5 Nonmetallic underground tanks shall be installed
in accordance with the manufacturer’s instructions. The
minimurm depth of cover shall be as specified in 3.1.1.4.

3.1.1.6 The entire installation shall comply with the latest
requirements of the National Fire Protection Association
(NFPA)! 30, Flammable and Combustbie Liquids Code, or
the International Conference of Building Officials® Uniform
Fire Code, as applicable.

3.1.1.7 All temporary supports must be removed prior o
final bachfilling.

3.1.2 EXISTING FACILITIES

3.1.2.1 Ifit is necessary to replace or coat the interior of
an underground steel tank that developed a corrosion-induced
lezk, consideration should be given to coating the interior

'Nationa! Fire Protection  Association, Baterymarch Park, Quincy,
Massachusetts 02269

nternatiopal Conference of Building Officials, 5360 South Workman Mill
Ruad, Wrtier, California
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or replacing all other steel tanks at the facility whether or
not they are leaking. Replacement tanks should meet the
requirements of 3.1.1.1 through 3.1.1.7. If the interior of
an underground steel tank is being coated and the soil
resistiviry 1s less than 10,000 ohms per centimeter, the tank
should be provided with cathodic protection.

3.1.2.2 Dezterminations to replace unprotected steel tanks
should be based on specific site and soil conditions.

3.1.2.3 Tanks constructed of corrosion-resistant materials,
cathodicaily protected steel tanks, or noncorrosive coated
steel 1anks need not be replaced based on arbitrary factors,
such as age, alone,

3.1.2.4 Cathodic protection systems for steel tanks should
be monitored sufficiently to ensure that continuous protec-
tion is being provided as prescribed by the designer or the
manufacturer or both.

3.1.2.5 Tanks 1o be abandoned or removed should be
handled in accordance with AP1 Recommended Practice
1604.

3.2 Piping
3.2.1 NEW FACILITIES

©3.2.1.1 All underground piping shall be approved

nonmetallic pipe or cathodically protected Schedule 40 steel
pipe. If a cathodic protection system is used, it shall be main-
tained in acccordance with 4,2.2.5.

3.2.1.2 Product hines shall be installed in a single trench
between the tank area and the pump island. Similarly, under-
ground vent lines shall be installed in a single trench. If
secondary containment is provided, all lines should slope
towards the tank area.

3.2.1.3 Before underground piping is installed, the trench
shall recerve as a minimum a 6-inch deep bed of well com-
pacted noncorrosive material such as clean, washed sand or
gravel. All trenches shall be wide enough to permit at least
6 inches of noncorrosive backfilt material around all lines.

3.2.1.4 Al piping shall be tested according to the require-
ments of 4 2 1.1.

3.2.1.5 All temporary supports must be removed prior to
final backfilling, :

3.2.2 EXISTING FACILITIES

3.2.2.1 Replacement of underground piping shall be done
in accordance with 3.2 1,

3.2.2.2 Repair of underground piping shall be done in
accordance with generally accepted industry practice.

3.3 Pumping Systems )

3.3.1 NEW FACILITIES

3.3.1.1 Remote pumping systems shall be designed or
equipped so that no part of the system will be subjecied to
pressures above allowable working pressures.

3.3.1.2 All new remote pumping systems shall be equipped |

with a product line leak detector. Leak detectors shall be
tested in accordance with 4.2.1.3.

3.3.1.3 For remote pumping systems, a listed, rigidly
anchored emergency shutoff valve, incorporaung a fusible
lirk or other thermally actuated device, designed to close
automatically in the event of a severe impact or exposure

10 fire, shall be properly installed in the supply line at the ’

base of each individual island-type dispenser. The automatic
closing feature of this valve shall be checked at the time of

initial installation and at least once a year thereafter by.

manually tripping the hold-open linkage.
3.3.1.4 Conventional suction systems may be used.

3.3.1.5 The operator shall advise the owner immediately
should 3 leak detector signal a suspected product loss or a
suction product system indicate a symptom of a potential leak
[that is, a meter display jumping or skipping. liquid not be-
ing pumped when a pump is on, initial pump overspeed fol-
lowed by slow pumping, erratic liquid flow (indicating an
air and liquid mixture), continued 10ss of prime in the pump-
ing unit, or others]. In no event shall the operator or his
employees tamper with the leak detector.

3.3.1.6 When advised of a suspected leak by the operator,

the owner shall take immediate action to verify the opera-
tion of the pumping system. Should a loss be determined,
the owner shall take immediate cortective action. The
affected pumping system shall be taken out of service until
the necessary corrective action has been taken.

3.3.2 EXiSTING FACILITIES

3.3.2.1 It is recommended that existing remote pumping
systems be equipped with product Line Jeak detectors. Leak
detectors shall be tested in accordance with 4.2 2 6,

3.3.2.2 A bsted, rigidly anchored emergency shutoff valve,
incorporating a fusible link or other thermally actuated
device, designed to close automatically in the cvent of a
severe impact or exposure to fire, shall be properly mstatied
In a remote pumping system supply hne at the base of each
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individual island-type dispenser. The automatic closing
feature of this valve shall be checked at the time of initial
installation and at least once a year thereafter by manually
tripping the hold-open linkage.

3.3.2.3 The operator shall immediately advise the owner
should a leak detector signal a suspected product loss or a
suction product system indicats 2 symptom of a potential leak
[that is, a meter display jumping or skipping, liquid not be-
ing pumped when 2 pump is on, initial pump overspeed fol-
iowed by slow pumping, erratic liquid flow (indicating an

air and liquid mixture), continued loss of prime in the pump-
ing unit, and others). In no event shall the operator or his
employees tamper with the leak detector.

3.3.2.4 When advised of a suspected l=ak by the operator, _
the owner shall take immediale action to verify the opera-
tion of the pumping system, Should a loss be determined,
the owner shall take immediate corrective action. The af-
fected pumping system shall be taken out of service until the
necessary corrective action has been taken.

4—DETECTION

4.1 Inventary Control for New and Existing
Underground Facilities

4.1.1 Accurate daily inventory records shall be maintained
and reconciled on all flammable and combustible under-
ground liquid storage tanks for indication of possible leakage
from tanks or piping. The records shall be made available
for inspection by the enforcing authority and shail include,
as a minimum, records showing by product, daily reconcilia-
tion between sales, use, receipts, and inventory on hand. If
there is more than one system consisting of a tank(s), serv-
ing pump(s). or dispenser(s) for any product, the reconciiia-
tion shall be maintained separately for each tank system.

4.1.2 Daily inventory shall be maintained by the cperator
for cach tank system at each location. The inventory records
for the immediately preceding 12 months shall be kept at the
premises.

4.1.3 Inventory shall be based on the actual daily measure-
ment and recording of tank product and water levels and the
daily recording of actual sales, use, and receipts. Daily mea-
surements shall be made by gage or gage stick or by readout
from an automated gaging system. The inventory records
shall include a daily computation of gain or loss. The mere
recording of pump meter readings and product delivery
reccipts shall not consistitute adequate inventory records.

4.1.4 The operator of the location shal] be responsible for
notifying the owner or person(s) in control of the facility to
take action to correct any abnormal loss or gain not explained
by spills, temperature variations, or other causes. .

4.1.5 Failure to maintain inventory procedures and records
as indicated in 4.1.1 through 4.1.4 may reselt in penalties
by enforcing authorities.

/ 4.1.6 Asa minimum, the steps described in4.1.6 1 through

4.1.6.8 shall be taken in an expeditious manner when daily
inventory records indicate an abnormal loss.

4.1.6.1 The inventory records shall be checked for error.

4.1.6.2 If no error in inventory records is apparent, an inde-
pendent calculation of apparent loss shall be made by a
qualified person starting from a point in time where the
records indicate a no-loss condition.

4.1.6.3 If the step described in 4.1.6.2 confirms an apparent
loss, the readily accessible physical facilities on the premises
shall be inspected carefully for evidence of leakage.

4.1.6.4 If the step described in 4.1.6.3 does not disclose
a leak, the dispensers used with the particular product
involved with the apparent loss shalt be checked for calibra-
tion. The drain plugs within the dispenser should be sealed
by drilling holes in plug protrusions and inserting wire lead
seals. Fill pipe openings should be locked to prevent unau-
thorized product removal.

4.1.6.5 If the steps described in 4.1.6.1 through 4.1.6.4
do not explain the apparent loss and the regulatory report-
ing or testing requirements are not known, the situation shall
be reported promptly to the authority having jurisdiction.

4.1.6.6 If the steps described in 4.1.6.1 through 4.1.6.4
do not explain the loss and if the piping system can be tested
without excavation, the piping system between the storage
tank and the dispenser(s) shall be tested in accordance with
4.2.1.1 for new facilities or 4.2.2.4 for existing facilities.
If it is necessary to excavate to perform a piping test, such
a test shall be conducted after a storage tank test has been
performed in accordance with 4.1.6.7.

4.1.6.7 If the step described in 4.1.6.6 does not disclone
a leak, the storage tank(s) shall be tested for tightness in

- eemetima -
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accordance with NFPA 329, Underground Leakage of Flam-
mable and Combustuble Liguids.

4.1.8.8 If the steps described in 4.1.6.1 through 4.1.6.7
do not confirm the apparent loss, the daily inventory shall
be continued with a daily independent verification by a
qualified person. Additional surveillance of the facility should
be engaged to ensure against unauthorized removal of
product.

4.1.7 Daily inventory need not be maintained on those days
that an installation is not in aperation. When the facility is
not in operation, the daily inventory may be waived for
periods not to exceed 13 days.

4.2 Testing
4.2.1 NEW FACILITIES

4.2.1.1 All piping.shall be installed according to the
manufacturer’s recommendations. Before being covered,
enclosed, or placed in use, the piping shall be hydrostatically
tested to 150 percent of the maximum anticipated pressure
of the system or pneumatically tested to 100 percent of the
mavymum ant:cipated pressure of the system, but not less
than 50 pounds per square inch gage at the highest point of
the system. If a pneumatic test is performed, all joints and

- connections shall be sprayed with a soap solution, and the

test shall be maintained for a time sufficient to complete
visual inspection of all joints and connections, but not less
than 10 minutes.

4.2.1.2 New underground tanks shall be tested for tightness
hy drostaticatly or with air pressure at not less thar 3 pounds
per square inch and not more than 5 pounds per square inch
after mstallation but before being covered or placed in use.

NOTE A pressure tests shall pot be conducted after petroleum product
has been placed in the tank

4.2.1.3 Product line leak detectors shall be tested for proper
operation before the remote pumping system is used after
imtia] installation.

4.2.2 EXISTING FACILITIES

4.2.2.1 The awhonty having jurisdiction may require the
operator of an underground storage system to test the system
tor tightness. at the operator's expense, when accurate daily
imentory records have not been maintained as specified in
+.12

4.2.2.2 The authonty having jurisdiction may reguire the
owner of an underground tank storage system 1o tust the
system for tightness at the owner’s expense when inventory

records reveal an unexplained loss as specified in 4.1.4 or
when flammable or combustible liquids or their vapors have
been detected in neighboring structures, sewers, wells, or
other on- or off-property location,

4.2.2.3 Product tanks shall not be pressure tested with air.

4.2.2.4 Piping tests as required in4.2.2.1 and 4.2.2.2 shall
be by a pipeline test with liquid as specified in NFPA 329,
Underground Leakage of Flammable and Combustible
Liquids.

4.2.2.5 If a cathodic-protection system is installed, an
ongoing preventive maintenance program shall be used.
Where sacrificial anodes have been installed, their proper
operation shall be confirmed by a qualified person within
6 to 12 months of installation and 1 year thereafter. If these
tests confirm proper operation, subsequent inspection inter-
vals can be extended to 5 years. However, if underground
work is performed at a protected site, cathodic protection
should be remonitored 6 to 12 weeks after work is completed
and 1 year thereafter before again extending the inspection
interval. If an impressed current cathodic-protection system
is installed, the operator shall verify, at least once a month,
that it is operating, and a qualified person shall conduct an
on-site test and inspection, at least once a year, to measure
the structure-to-soil and structure-to-structure potentials and
the rectifier voltage and current output.

4.2.2.6 Product line leak detectors shall be tested for proper
operation on an annual basis.

4.3 Observation Wells
4.3.1 NEW FACILITIES

4.3.1.1 When more than cne tank is installed, observation
wells, a minimum of 2 inches in diameter, are recommended
for installation at two corners within tank hole excavations.
If only one tank is installed, an observation well should be
installed near each end of the tank.

Note: Observationt wells should be adequately wdentified 10 2+ ord confu-
sion with product fill openings

4.3.1.2 Observation wells shall be installed to a depth of
24 inches below the tank bottom or to the top of the con-
crete slab, if used for anchoring.

4.3.1.3 Ohservation wells shall be installed with a pipe scc-
tion having 0.020-inch maximum slots with the slots extend-
ing to within approximately 12 inches of grade. This' will
atlow detection of product leaks on a fluctuating water table
and will eliminate well plugging under most soil conditions;
blank weli piping should extend the remainder of the distance
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to grade. Observation wells should be capped and protected
from traffic with & manhole and cover..

© 4,3.1.4 With secondary containment, only one observation

well is required. This well should extend to within approxi-
mately 6 inches of the bottom of containment material and
have pipe with 0.020-inch slots to 24 inches above the

. designed water level within the containment system.

4.3.2 EXISTING FACILITIES

4.3.2.1 Observation wells should nat be arbitrarily required
for existing tank installations.

4.3.2.2 Observation wells may be required where inven-
tory controls are not maintained as recommended and a local
authority required them as a result of a suspecied tank failure
or leakage.

4.3.2.3 Observation wells may be required where a high
environmental risk exists as a result of the presence of sole-
source aquifers or water reservoirs.

. 4,3.2.4 QObservation wells, when required, should be

instalied in accordance with 4.3.1.1 through 4.3.1.3.

4.4 Secondary Containment
4.4.1 NEW FACILITIES

4.4.1.1 Secondary containment is recommended for new
installations w hen sole-source aquifers are determined to need
such protection or groundwater below the facility is within
the cone of influence of municipal water wells. Where private
potable water wells are within a minimum of 300 feet of a
tank installation or hydrogeologicat conditions indicate that
8 potable water well could be contaminated by a tank leak,
sccondary containment is recommended. .

4.4.1.2 Secondary containment should be engincered for
specific site conditions using the best current engineering
practices and petroleum-resistant materials.

4.4.1.3 Secondary containment for locations with water
table elevations normally within the tank hole excavation
should consist of an impervious barrier on the tank excava-
tion walls. ‘The bottom should not be enclosed with the imper-
vious barrier because the water table will allow detection of
any petroleumn product leak via the observation well.

4.4.1.4 Where the water table is below the tank hole exca-
vation, secondary containment may be accomplished by lin-
ing the tank hole. The secondary containment should be con-
structed to maintain a water depth to the top of the tanks and
then allow excess water buildup to be discharged from the
bottam of the containment area via overflow piping or other
similar system. Any leaking tanks shall be readily detected
by daily inventory control becavse the tank will be taking
on water. Where feasible, the overflow water should be
allowed 1o discharge into the ground outside the containment
area, to a dry well, or 10 2 storm drain or sanitary sewer,
as appropriate.

4.4.1.5 Where required for new tank installations, secon-
dary containment is recommended under all underground pip-
ing connected to the tank(s). The piping secondary contain-
ment shall provide for the collection and detection of any
piping leak.

4.4.2 EXISTING FACILITIES

The technology for installing secondary containment for
existing tanks, while they remain in place, is not sufficiently
reliable or effective 10 be recommended or required.
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2. INTRODUCTION AND PUTPOSE

Any anrchandising operation m which a coipmadity
i> hapdied in bull 1~ susceptible to stock or woaeiery
losses. This prohisin becomes even morz cuticd! of
retail vaiiels seibrg rotor fuels since the princpud bulk
commod:t, handied 12 volatile. Thus, specr core must
be excrered o held produci losses to o inimunt so
as to previde oosace environment fof the operator,
emplevess, customers, and neighoors: to mimimize air
aud water polluton; cnd to max:murd profiis.

Th: negative effec: of product losses on profiis needs
no evplanatien Hosever, the operator should uader-
stand he. as well as the owner of the uand' tgrrind
storage and dispensing equipmeni, may be subticer o
financial penclies imposed by governmental cgencies
if preduct ivakoage ceuses contamination. He may 2hw
be liabic tor personal injurics and property damage
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natinpa! Sofety end Health Adnvactration (OSHA)Y re-
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woud bk stok control wnce it s the basic matlod
for recug 2 i-for 'osses, This conwol is
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inventery coat ol records,
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3, ACOCUNMNTING SYSTEMS

The mewssity of Lolshiog and eaing an i ate
goioanitn. sysiem, ros only for Bnwmtant, Let b D
tosines, in gareral, congot broeersen! Ovead o
very abnp's by stem mev Be adeguats Lo central
varrof " o'k Dol st bat it e w the it mpor-
te e thar T s ioovery Ay,
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Ay am naa, the sesteon shontd cleddy saow ek
day the foliowing mivrmatwn for cach gouds 0ty
ub stk tig.id produst:

1. A recosd of oF bulk Hquud receips (3., defiver,
joveices).

2, A record of WY buik liguid sales (obteised from
the fue! dispeiacis}.

3. A tecord of baik liguid used other thar thet sotd,

4. A dsile roconciliation betweent soivs, usd, rer Sipts,

ana “rventory-cn-hand.

Many Cfferent acceucting systerms are & aflable,
Most supplving oif companiey will advise thes epora-
tors as to the proper accounting prov riures (o he Geed,
including the use of swiable aecouebie ferne and
wacre they may b2 obtaged (a vympic
inventory record is included as Ag, :adiz 4 v

dary riaaiive

Onge the operator bas adoptad a systere, be shawld
use it conscientiousty aad accordiny 10 e i s'r.'.wm.
¥n some caser, the circwastances of a1 indrl ot vpera-
tion may hr sweh tha aftor a foaseaskic Fuiead of ww,
th: systent catt he staplifad sodnout vpabiimy |- pre
SNe OF aufasntad to provids additonm aooeirng, -
formatice Fusewr, te be of ful U

F TR L
nc matter ke i aadified musr beus -l zath,

4. SOUACES OF LOSLES

For the purroee ¢t this diseussion, ! oms. aee ¢ Lided
i two cuteprees those winch o wpase bty T

ciuse o the oxturs o the busicesy aad m.: ‘e
tes of the fupad, ael thosy whi vut U
and reduced by 6ONowing Lpee el
procedires
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o wessieabih sack o The operatr
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the Tt peoduent be bandles A postion of i predas
A v toge weakl wibl vapotive L oceupy the empty
poriion o 112 ek as a sapor-air mnor:, Whee prod-
uct @5 twrnved, fo o valent volume of vap st-ale mix-
wre s forced At threagh G veots by the lncoming
arodutt Where vrpor amisvion coatech eauipment is
e e, B vapor-wie mixture i retucaed to the tank
veck mng the Jd.livery.

Regardizs «f whethar the ¢torage system is ot &
not equipped with vapor emission cuntrol eguipment,
vapor-air mixtury = cldom, ¥ ever, expelied from under-
grovnd tarks exoept duning duiverics. The only o
umes when this condinon cocid, occur ace when the
vapor-1ir tustiee eagands as o resalt of an increass
intew govee of waen the berometeic pees.ure changes,

The wmporature - the groend around undergrovnd
ranks o 5 ot Loy cppraciably from day to day. Esen
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et e beioy forced cut.
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than twew sl oucar when deserizs wre made to
the o . werrd tofds pee o amid that they could
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G0 e betwe.n tie product h¢-
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In «illion to these nmormal lowigs, the o rabow
should recognize that an appzrent roduction of isven-
tory will ocerr when a new outlet is openued or tunks
and hnes are repaned &t un existing outlad cand the Jis-
pensing pumps are thea placed In eperudon. this by
vaused by the withdrawal of product necessary Lo ik
the lines. IThe operaror should gage the tanks andg if
necessary, muke an adjustment to his records  Neither
the line 8l nor the unavartable product 1a the tank -
low the suction stub should be considered los! sinee the
praduct remnins at the outlet and can be recluinenl or
accredited as necessary.

6. MAGNITUDE OF NORMAL LO=%=
The variances which iave been discussed cannct be
controlled by the operator, as they are inherent in the
retail outlet operation wnd in the characteristics of the
product haadled. Data from a Trenswmy Dreparniont
survey of regional differences between the veivme of
gasaline received and the volume dispensed at retail

P15 ¥
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Fr~Bulk Lizund Sieeh Cortrol 2t flatail Qullsta 3

ovtlets showve! that avercge geographis varii. ces ware
within the range of < .27 percent to — 0.40 percent.
In the -g.coate. thew variances are small encuzin to
fart withm th_ Lmits of pood business operaiing «.er-
head and «Foald be cosilered us such by the oncrator,

It s apprent from the foregoing tht a single or 7b-
selute figure caneot b doveloped to characisrize the
garavord e losses of ewoline at soectfic retail outlets
due to hrokage, vaperizetion, meter ealibration, and
oiher chasiy An oporaar siould expect small vuria-
vons i brs inveatory centrol. However, Tosses peperally
should not emceed wne %07 of one pereent (0.3 percent)
or fiv: gaflens of ever, 1,000 gallons delivered Any
outlet op :rator whuse losses exceed this amount when
measurcd over eatended periods of time should core-
fully ex1iune his operaiing practices, Of even greater
concerr -houhd be sudcor, unexplainod variances from
the ovod-thbed potiorr or small but crowing daily 1asses
{the sten: 10 be tuken shen inventory records indicate
an snexplomad varizn-e are outlined in Appzadix C).
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7. CONTROLLABLE LOSSES

The largest stock iosses ip a seivice statian opelation
occur from practices and cond'uons which are wethin
the operator’s contrel. These include ks, Wpiis, thets,
and produst used on the premises. The Twger fae
operation and th. mote persoas employed. the moie
firoessiry It beccines to adhere rigiliy to estublished
procedures for go.d stack coatrol if the busiagss is to
he succes.ful.

7.1 LEAXAGE

Leaks can occur in disperning equinront, undwvi-
ground piping, or tunxs. Losses trom this souree con e
reduced by proper product ncsountability, by reguks
inspaction of the visibie paits of the product handhing
system, :nd by the prompt recogniticr of symptonr
which «ndicate 1zoks ia the underground portion.

The dispensing cquipment should bhe mrpected ar
least once & week. If possible, thiy inspeciiun choe'd
be made witile the equipment is operatirg, Woreas. tin
operator might tighten a leakiag coanection, he shoutd
not attempt to correct a condiiion requirng oxiemsiv.
repair. Under no  circumstances LY Py
carnectiony be broken or discunncctec, If rururs or
adjustments ate requiced, the operator skould e
diately nocify those responsible {or mai nenance of the
equipment.

Evidznee of lakage from buricd equipsmznt cun be
gathered from iaventory control records and from ab-
normal vperation of pumping cquinmeat Some of the
more ¢bvious symptons of su-t lecks are:

spogl}

1. Less of product in a task durte_ poriods when
pruduct is rot dispensed woon fly indicates a lenk-
ing tank, but might also indate 2n wnaccoun.ed
for withdrawnl, theft, or oxtreine tompiature
change.

0% ]

An unaceeunichle increase 10 wiser s p0ovnder
ground taal muy be cuived by o Leak nabe (et
1 the grounc surrounding it is sutw.atnd Ulndder
such circumstunce s, watp may le .k i i as
instend of procuct feobiag ov o an
vaier may abe be cauwstd oy o L
L cop, and thuwe henbr he (anepencd o d
woertisht, of moeessary Swelare oo Neinag Lt
th tank i oo fault,
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3. Increasing dilterences botwaen tne cntwes ol
product rectived and disponssd (o
meter caltbration prohlem, thut, or
or piprag. In this case refi-to Ap, sdin O

N l\=:| - ! . :l

cal ot

Vo W Iy | % 4T emAE el v M. ., = P - - v

AnictiLan Potre. s Ins, 'us

e mm—m e et ———— ——

4. wope fill Loxos are keoated yamseciy from the
tuliks, forge ditferences anpeodng consivizatly be-
tweon the eatounts inveicad end the tink goess
abter dod™ e ns maw slicnis o jeak in e remote
il hpes B ety e tiae kol b tested

§. A hesituton i the deliveny from g s2iddard dis-
peosing maan may andeate a loak in the suction
rung  althiough such hasiteion @i/ also be
cused by o leaking fooi v:ie or, in warm
wenther, by vaporleck  Shotid this ocecur, the
wvepiory coatrel records oo, indwatc whether
the canse iy onrctomicat or whother product is
actuzily beiag fost.

6. In a remoic puniping sy-tcm. nitter spin without
product debivery may indhoat- a piptay f2ak.

7. Gasoline odor in spaces belevr pround aljus:at
to the stitiwm inay be evideoce of undorgrornd
leaks, whener in the t2a': or piping.

Siicuid tie coorator obresse any of the foragaeg
symptons, he shouid Gnmodiag:iy notify tie-e respon-
sbic for motntii: inyg the equiymnent. He shauld not at-
woapt to correct Sie condition Bimse:®, o3 the opiration
inay St elve som + hazand 2ad may reguire spesial equip-
mere, Further, in sum. loations, onl. speciatty licensed
meck i s can wirk on statien cyuipmant.

It s ine odors ace Jetoaed woan of-pre wenty loca-
doen o i aiere s evidenes of leakuze ot the cutlet, the
lecud i L department and the maneris) of uidergronad
store and dispensng cquipment <toald Se notified
imm.inatly,
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7.2 SSILLAGE

Sealfzze osses can conar dwirg recain, of proguct
the trusk hese connections are oot properhy aade
either at thz truck or m the Ll box. Thest conncinnr
should b2 obscrved by the operator at b Pegane: -
tae dolivery and correctn s mads i roeessary.

Inspucion of the tmuck’s comp riment. fo 1w - 2o
they are empiy may prevent a spill camsed b ooy
ture rem.nal of the trch hose fron the B0 iox when
delivery 5 miade From 2 cunbraie ! compa-unert by
gravty.

Core should be exaiced to wed cverilling che
undergrounda storage tanks The ' Procudhce for R
cept of Product,”™ (paye & S E) iF Dollows | vy -
verz spillag_s from this sovrce

7.2 TEESY

Aithough los through thefr wili 2o comnuonly oo,
it must b2 considered The accounting systen musi pro-
vide for periodie chechs of purchasss, s, a7 invep-
turies, I owcessive varistians of inveatory ace revealod
oy osuch (hocks, the fecitties of the outlet asd th-
operating procedures shovld be rerubiized Slosely, T
t's examination does not indicuse the cawse of the
yanavor, the 2ossivility of theft nuat oe ewplored. The
stok-iavanicry contrel system shouid pe desisned to
talie inta censideration the fact thor the pormal causes
fe:c loss ra, be utitived o cover up fruudalent ooeie-
tions. Therofoere, 10 prevent loss by it the cperawer
st matkian a consiant and curelli watch onver the
cpnraren of the systed and mmmacdancly ineesigai

ary abnormild loscas,

7.4 FRODRUCT USED CWN PRENMGESR

A carefl! record shomid B kent 8ol poocves G-
psed {07 use on the p.emises cr for the por sonl o -
o: the operrver and his employees, Such witindron, s

must be poocerly accounted Jor 3oth suwk Lopmad

raeord is 0 show a tree picteme «f ey nd 1 oseos

fovses caniot £ ascertiorad wich roy oo oo
auracy without posd cuang procsdoocs sl peepedds
w1 td dispe ang mees . The provohss - e g
seohiney oo the fodowh g sectin b, de o L
O Arccnain By, and the peractiont for 1
o the gage stick (Apper it D) ore dosizar 2ot aist
ihe dealer ia cocurately accounting for s Lafh hoaed
sic 3,
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8. PICCEDURES FOR REDUCTION OF

CUNTRCLLAELT LOSSES

15 are recormmendad for use
mag an acoerate inventory of bulk bquid
ALY It iz recognized thet the frequenecy of thase
proc: fusss will very when apphed to the wide rang? of
2 cwldt eperations dispensing motor fuel. but, xt-

The 'olleveing ponced:
IR ToH

e

L)
Ferenae 1o ive basiv printiple of mainiziaing a sound
At ceeted systens will minimize losses and pre-
¢ enhy tetection o b uses in excess of nmoneal wa-

PRHIOE
A Do Beasduees
oo e vz o donieo of badnesse

b read s mite winlen Tt e cutlet s
covatins Gin e, N nceanicg aid ouigving
ctnoosnpervioeng shosid perfoom iy daty -
gorewr, §F the L aor precued, the woming
Switaor Ghoud s mahe mvwer secding s his fir t
Coaned stbeehg o check any readings bt um
fnyothe sereras of e vre i s shift, T e
anezt e closed - b omight, comipres Jie opening

oahm o wikbe by previons elo ing e ding

-
-
-

-
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& Amnancz §etroleum Lostitets

b. Cage all tanks (detaiivd proo-iue: is il e b wit ensare pocurecy wher taak. are

C.

d.

in Appendin D).

Chech all ionks o mater, comr =0 with §oe-
vicus read. g, and ' aecin . adjustivant
for zaov vaqirtry Ax undetocl it thane in Lo
amount of vut2r ia the twk vonl! cacnee o
lev2i of the product and predese o aan nowne
readotg (sawctions for gagng fo0 woner oz
giver in sppendix E}.

Record o' sales and .Ahur u.es
occurring during g-ging period

2° proetuet

€ Prepare meter ard tar reconcilinticn b, prol-

uct systzm, mairtainins records in s 2 mova
that trends over a pericd of hime -~z enily
discernad.

B. Pro:edure for Receipt of F roduct
1. Before and after dolivery-

Although a few minutes might b saved in
gaging toks by limiting these po - fures to
those tanks involved with the anticip.i:d roceipt
of proda.i, it is recommeaded that ' tunks be
gag>d. This will not only reved! an, @'srakes
which mizht occur {dumpirg into vriug (anks,

[

magifol-led or wiion ¢ diorpmental ieguirements
.opriaure/vactem valvs on

TV nyoeoTanet

the .

AR s ghodhd e cotpleted o simulane-

s’ 5 poasaole ¢wd s seen after tae deliveny
b, ke Compluicet so 28 1o avoid delaying
U travt 3 W ovarictions be expenienced with
inte conntat 2 ', a second zage shoubu then
he ottken of Tenst wonslt o roloter when the

rocet bevel has cgaoalized. A record should be
ko3t of W gases, bt the last and rere accurale
gige thoutd be used for in:ento:ry purposes.
Cheg\ ol tanhs *or waler Seifers and aiter deiiv
e1v. kB thes hes been done in the preceding
12 havis, it aze.d not be repected before accept-
ing the delivery, tut it should always be dune
alter e tanks e flled. v suppi.cr williully
delwvees scater, bl bu'k plam uperations and
prezodures someticies result in water reaching
the vih-cle tanks wuhout the knowlzdg: of the
foad = .An increasc i1 182 worer levs! will result
in ar :rieneous culzuletion of the amount

58,

e

o1y
Hapikiiegg,

Y.
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received unless the water is dulected and the
records adpsted accordingly.
d. Reinsicli afl B and gage cap.

Rl

CAUTION—Duae ¢ many changes in storage and dis-
pensing facilities during recent y:ars us revessi-
tated by environmental protecticn considarations,
the outlet operator must thoroughly undorstand
Lis particuler system. It should be reccgnizad
that ¢ pressuze or vacuum ray exisi yndsr cer-
tain conditicns, in which cose pecessary pre-
cantions should be observed. Most suaplying ol
companies will advise their ratzirers concerning
such precautions when requested,

2. After dedivery:
a. Make adjustmients for variation in waier lewve]
if any.
b. Make adjustments for transaciions diriagz b
delivery, if any
c. Calc.latz amount of preduct rec.ived art
coripue With amount shown on the nveice
d. Miake sure fill and gage caps nre tight and
locked, if required.
3. Night deliveries with station closad:
a. The difference between the closing gages and
the opening gages of those tanks which were

——mbe e Ewom -

fitd slendd e comnared with the armou.t
-1owa on thr ivvaion,

b. Vi 1wks should bt checked {or weater at the
corming of hasingss GHowing the dalivery cad
adjusiments mede oo wny sooiabion in walker

eve! from tae prevasul ooy

i Y.
c M=ule sure
leshad, ¥ oreqaieed,
C. Sponal Circumsiznces
Turks should be cheched for witer after a thaw
er Dzavy rain, as under thess circamstances, watar
may smer the tank through leaking 6il or gage
cLp

£l ant pfege ceps are tight und

1

§. SUMMARY

Produ -t fosses con be covirelled and seduced by
follcwing the prccedures and metinods doscribed heron,
coupled witn the conscieatious use of a suitable avsount-
g, system Emploress snould be trained ia toesc proce-
duses and required to follow them. Wiwnever the trend
in product varations signifcacdy changes or excocds
thii rormany encouniered in retaii outlet oparaticns,
suitable ¢eorective mouitres shou'd be token imewzdi-
ately ané rotification giver ta all soncerned,




SALIFL)

EPvEMGIR A

AGASOLINE ) \1"‘-\{'1‘3& 342 _.{"\.)I-.L

At;-a,mcem raview thie Ta o weets dedly investory t2ecran

A B
Opering
Piysical
Prodnst

Tnventory -

C D E F G
Cluwing
Paysicul
fivrntory

Cer
{Short)

inveniory

.
| AR LI e

Seles 4 | S 13 —

TOTAL -

1

CLOSING INVENTORY STICK READINGS

Tank Fret/Inchs

-
Proluct Galloas

.

P Vi

——————— e e —en - ———

Iadtiade 3 DL —_—

P R,

MOTE: TCRWA
ONNEX T DAY S i .'.'C_-.

Ci OSINL' R RNV N 4

e, ;‘ TSOQEENING f“ VERIAL INVENTOLY B

viT




IrEwLne e b o s ar oy -

FROCEOURE FOG ¥
GASOLINE-OIF
EGUIPHMEN]

A proving con of S-palasie Supacity s the only sporid
eguinmans reguirad. The vap 1 porticn of W1y can con-
sisis of 2 nech appreximaicy 4 inches B dieme:
having a sight glass with @ adjacent senje groduaisd
ir cubic inches above and belorv a zeto putnt. o inhicaies
the runber of cubic inches delivered Ty th: meter
gresier or fess thin the ameuat indicated wn the .-
penser dizl.

If local reguiations roquirs the station operaic- o
pericdically check the dispensing unirs, the Lecal brirsag
of weigh's and measares should be consulivu concarning
the siz> aad type of provinz can to Le usicd Otherwise,
a cuitabie can may be perchuszd from o rcllable auto-

motive eqiripment supdhe.. Ech can should be checked
for accuracy periodically ard/or as may be reguired
by local regulations.

~ =g .

Ay
Eh‘ "

2w = --

SSTING ACLUNADY OF
VIREHNG METES
BPROJEDUAC ,
Loabes the can b WEon vl pred e el ek
W, ard It 3he rrodueh o e stvags
tuak.
2ORGAN fel oot s e e indicenad o the
oo with the S hily g (B aximae

L)

.2
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inche dwidversd s o o bt Jhne D2 Guaningy

aoce b, dirence.
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shaen on the alisne s 2ol

- Retwrn the product v the oo o storngs
CRefiftie can as pranip 2 hnt sich the aozzh porily

closed o it flow 10 app et 5

Fromeoute,

collans
:

CRepeat steps 3 aad w

AE e ettty Juibee od

D osteny 2 oee Toagils e

Foabrg oo abn e s rvan the 2uto
qual-Ted panp roriene

The ¢pervbe fhonid! e

wore thon
point. adiustieine By o
should be arropy ™
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arcemet (o aditst L e Ll

CNote B e mert iy reend the chieeed iy
1 rdtegs cassedt by e dldieny of tw oot
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FEPENDLIX C
LEAK INVESTIGAT!ION PALGCEDLIS

The following stops, ag a minimun, shonit o0 thea
in an e4peditious mamner when laily inventory records
iadicate exccssive s1oc loss:

1. The records of inventery. receipts, and d%:p. aing

should be ciz.led for error.

2. If no error is anparent, an independent caicu'atioa
of apparest loss shouid be made by a qualificd
person starting from a point in tiric whero in2
records indica'z a no-loss cordition.

3. K step 2 confirms an appatent loss, the reudily
accessibie physicu! facilities on the premises should
be carcfully inspected for evidence of leakage ind
those responsiblz for the maintenance of the ezuip-
mert should be notified immediately.

4. If step 3 does not disclose a leak, the dispensass
used w(th the particular product invoived with the
appareat loss should be colibrated.

5. I «tep 4 dres not expliin tie ioss, the piping sys-

tem berween the storore tanl: zad dispessars should
b. tested in an aczeptilie manner t¢ determine
if tais segment of the s-iwem i; leaking. If the tack
has 2 remote fill ane the yaristions coour at the
ttme o0 deliver'es, ta? remciz fill linz shouid also
be e xd (see item o under * Leakage").

JH ostep 5 dees rot disclose Ta seik, the storaze

tarh.{s) sheuld t: t-i:d in zn acceprable maaner
to deter ginz of there is » losk in the tenk(s).

.If sieps i throaph 6 do not confrm the apparent

io:5, the daily inventory shculd be contiruid with
u daily independent verification by 2 qualified per-
son. Alxo, allitfondl su-veiliznce cf the facility
should Le enguged to insure against unauthorized
remosai of poeduct.

et AP W =k ~mmme + - &

e




APPENDIN D
CAGING PROCECURE FOR UNCERGHDLV.D HORIZGHTAL TANKS

EQUIFrMENT

A pcle mad: of varpished Lardwoal (maniz) o
other noasparking material dhwed e el Tag pole
shouid bz leng enougii 1o reach th: beiinm of the tiea
(usually © fzet to 10 fect), 2nd si- vid me iboemt 1 inch
wide by 1% inck thick. Ihe rolz shonkd Lot & warpad.
Onz s:de o: the pole shovid be marked i inchses with
Y iach subdivsicus, the zero marking should e o
the bottom or tip of the pole. If the pole i. uscd fur
gaging gasolne or other volitile product, the side ad-
jacent tc the graduatsd side shoald be prowved cvowy
4% inch in ocder to retard crespage.

The gage stick is used in conjunction with a caliora.
tion chart or charts furnished by th: sapplier. The chart
shows the number of gallons for 2och inch oa the pag:
stick. Each chart is calculated for 2 .unk of pmtivelur
dimensions and capacity, and the char: used mnst be
the prone: one for the tank being ga:cd

PROCEDUZE

Iesert the pole through the gase hele of the tank
uniil the tip touches the tank boticmi. The pulc s+ ould
b inscrted ai the same pount in the gage hole cact: tins:
u go 22 is taken and should be keld in a vertical position,
Be sure that it does not 1est on a projectinn on the
tank bottony, Withdraw the pole guickly to avout ¢mecp-
age of the product, and road the product “on”™ on the
graduated scale ta the nemest ¥4 inch. Wner gasolice
or unuihes volutilc product w gaped, 1he rending ad-
Jacent to the “cui” or the grooved p.ation of the pole

b, Subtiact gailoeage «Lown on stalr of thaee e
reacings, e, for the LG allon tank (diar-
shou!d be taken o ' goge. Clzan the po' at the “cut”™ L‘t-'"““ inch2s; ienyin 12 dn ‘3145)2
by wiping with a <loth ard vepeat tte proacdurs to Chart rexding e 37 i, = 789 gallens
check. Chart reading at 26 in. = 771 gallons
Sat-racting = 1% gallors
c. Multinty this g Lhusage by the fraction of az

mch, 1e.:

USE GF TAMK CALISRATION CHART

Alier gying the tank, select the comect calibrat'vn 8 il ey 1o = 9 gatiens
chart and nroceed as follows: ) ¢OAdd e o e shown on e chort for the
1. Raad chert directly for all gaze. wb.°h e to the lowor wlieic inch gaze and the aidons caleulated
evact inch {t.dcrance plus or rrinee 7 L6 inch) | STERSAN (1) I X
2. For pages of 14 inch over or uadar o~ exactirch Gul'ons at 46 incbes = 771 sulions
procecd 2y follows: Gal'oesat e iach = 9 guilons
u Read chart fur exact inch gan: on scule abre Wi g 760 zulons
and below actual stick-gage re vhng --for exam- Th zele .2 the tank yaye of 4612 i-ches represents
pie. i stick goge reads 46L2 inches, recd Jra T80 wedons of predect moihe 1,600 gallon tan's {Aume-
at 46 inches and 47 inches. 2ot ¢ 4 inchae, bepath 72 juches).
i1
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XOTE: Uadei tround wnks ave fabricuted

It a water peaciix E) has been takan,
e qmntt'. of water o l"r.-'l‘\.G in e tank qs ety
raipad by tie sams praceduies. The total asicunt of
wainr shoutd b subite ed from the totl] anount ¢f
Vguid ia the tank (as diirrmined inosiep d) e
mine the net gedons of ;roduct contained.

BN faue A

L
wLb-

as pri-fin-
‘o-: items. The tank manvfctorer wrpjuics

arts *atende! 1o re nsed for att tenhks of e
samz numinag dnceagioms and eopacities. Le-
peading on the fabncating meihad, these tanks
are likely do vary by a frectica of aa mell in
J-.,n'-'tc. oc ienzih, Theeefore, the chni

w be coasidered as absolutely scctirate oi-
though the amaent of inaccurazy is Wetivuiy (0
mirute to be of covsequerce,

-
fe

o leng tanls a2 eguwpied wath o gage well
t ewch tnd Thess ace installzd cor wee if the
tank settler waevondy with oee end Tower than
the cther. L1t is pof nsoessary v dor oodinery
circumataneces o guge thre bo.h welis.
iL woutd Lo uetolsable, however, o chueck oo-
cuasionaily 10 doierming that the product is
appronimacely ot the sane levet in barh gage

Ay

if the gnee well i die center of the tank,
scitlerzeat will not afiect the accuracy of the
gage. But, if seti-ment oours, the water will
colleat at the lywer end, and 2 waler gage
tizun ab the centyr roay not indizate oo rus
coenudition.,

T .'--n")' the accurucy of ramote gages,

tanks
sattizped vilh such devices showid be periodi-
catly sdok gamed
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A water-finding pasre, which is unaffoczad by gasoii.e,
but which will chargze color in waer, is used to check
for water at the boitem of storage tanks. Information
on satisfactory poesie may be obtainod from the suprher

It is uszd as follows:
Coat the end cf the gage stick on the graduzted side
wizh a light, even fiim of the paste izr approximately
3 inches Insert the pole through th2 gage hole until
the pole reaches the bottom of the tank. Be sur: thar
the pole is kept in a vertical position and that it dues
not rest on an obstruction or othesr projection oa the
ank botton. Keegp tic pole in this position for the tim.
specificd for the product. Then withdraw it and read
the water “cut” (as noted by chanze in color of the
paste) on the graduated scale to the noarest 14 inch.

The immersion time for a water “cut™ is approxi-
1:iely 10 seconds for light preducts such as gasaline
and kerosene, and 20 to 30 seconds for heavier prod-
ucts. I the test shows more than 13 1ach of water,
arrungements should be made for its immediaie remov.l
and the supalier notified.

NOTE: Occuazionally, a submerged and/or suciion

pump will deliver water with the product, but
no woter will show when iz tank 1s cheched.

AYILS g
— o A
'—ir'\ﬁ‘p P h Eﬂ *,,-l‘
5&Luﬂt.g-};§; 3
DARYTE ¢

This vsually indicates that the tunk is not tevel % _‘,i

anl the water has accum-alatzq at the low end

aw iy from the gage well, Some lora tarks ae equipped with a gage well
at curl end and waier may be found only

Simida-ly, a suction pump may Cispeiss water wiler the lower end

with thic preduce when there s a6 undergroun:i

sucticn hine k. k and a coincidiny high sater Aovaioegiipped with omiv o center gage well

tal.le Sach o conditivn ot be checked ot may et show zecumalaied water if the tank

ant currectoy immudiately, Is ot s -
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Regulations 1985
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Recommended Practice for the Interior Llnmg of Existing Steel Underground
. Storage Tanks

1.0 Scope

This publication recommends punimum requirements for
the interior lining of existing stee! underground tanks used
for the storage of petroleum-based motor fucls and middie
distillates. In general, it outhines requircments, procedures
and operating conditions to be followed by contractors, me-
chanics and enginecrs. Methods -for gas-frecing tanks, re-
moving sediment and cleaning interior surfaces of steel tanks
arc also included. All work must be accomplished in ac-
cordance with the applicable federal, state and local re-
quirements as well as accepied safely standards.

The intcrior lining process can be used to repair certain
corroded tanks or 1o protect underground steel tanks from
internal corrosion. The lining itself is not intended 10 replace
the structural strength provided by the steel tank shell or
prevent future cxternal corrosion.

2.0 Permitting and Training

Where required, contractors must be approved by local
authoritics and all applicablc permits must be obtained prior
to beginning any work. Contractors should certify to the
owner thal employees and subcontractors responsible for
tank lining have been trained in the following: (a) the han
dling and disposal of tetracthyl lead and its by- products; (b)
the use of equipment and procedures for testung and gas-
frecing tanks; (c) all applicable safety rules and regulations;
and (d) the application and handling of the tank lining ma-

- terial.

In addition, contractors should certify that his employecs
and subcontractors are knowledgeuble of:

® APl Pubhication 2015, Cleantng Petroleum Storage
Tanks, Third Editon. 1983;

® APl Publication 2015A, A Guide for Controlling the
Lead Hazard Associated with Tank Entry and Clean-
ing, 1982,

® APl RP 2003, Protection Against 1gnitions Arising out
of Staree, Lightning and Stray Currents, Fourth Edi-
non, 1982,

® NFPA 327, Cleaning Small Tunks and Containers; and

® AP RP 2027, lgnition Huzards Involved tn Abrasive
Blusting of Tunks in Service, First Edition, 1982.

Care should also be 1ahen 1o use procedures and equip-
ment necessary 1o comply with all applicable safety rules
and repulations.

3.0 Coating (Lining) Specifications

Matenals used for interior lining of underground tanks
may be cpoxy-based resins, isophthalic polyester-based res- -
ins or other acceplable coztings CAUTION: Some coating
malerials are not acceptable due to incompatibility with

- petroleum products or product additives. Acceptable coating

materials shall satisfy the following three requirements as
certified by the manufacturer:

A. Boxping Coatings, when applied to properly-prepared
steel surfaces (sce Scction 7.3). must maintain bond to the |
tank while in its designated service for the period of the

. tank lining's waranty.

B. CoerrICIENT OF THERMAL Expansion The coating’s -
cocfficient of thermal expansion shall be compatible with
stcel, so that inordinate stresses will not resuit due (o tem-
perature change. . .

C. IMMERSION TesTS Representative coating samples shall
be tesied to determine compatibility of the lining material
with stored products. Samples shall be immersed in the
liquids listed below at either 38°C (100°F) for periods of
one, threz and six months, or 23°C (74°F) for periods of
onc, three, six and twelve months. Upon compiletion of each

- immersion period, testing of the samples must venfy that

the coating has not substanually deteriorated in accordance
with the following:

TEST PURPOSE
ANSI-N512-1973 Bonding Strength
ASTM D790-7% Flexural Strength

ASTM D2794-69
ASTM D2583-67
or Barcol Hardness -
Barber Coleman GYZJ 835-1 and 934
ASTM D543-67 Procedure 1

LIQUIDS FOR IMMERSION TESTING:

ASTM Reierence Fuel C

Unleaded Gasoune

Leaded Gasoline

No. 2 Fuel Ou or Dvesel Fuel

Toluene

Xylene

Gasohol {10% Ethanol)

Distifed Water

NOTE: A warranly cerifying chenical compatability i1s 10 be
prov.ded o the oviner by the manufacturer belore siorage
1s permitted of iquids other than those lisled.

Impact Rasistanca

Film Integrity

Physical properties after the final immersion period shall
be a minimum of 30% of the onginal physical propertics
before immersion with a stable trend indicating little or no
further long-term detenioration for oluene, xylene, and dis-
tilled water; and 50% for ail other listed materials.




. 4.0 Preparation for Opening the Tank -

4.1

Sources ol 1gmition must be removed from the area sur-
rounding the tank(s) and vapor vents during periods when
tarmmable vapors nught be expelled Work wall not com-
mence 1f the direction of the wind mught carry vapun 1mto
arcay where they could produce a hazardous condstion {c.g.
ignition, breathing).

A combustible gas indicator shall be used to cheek for
hazardous vapors in the area. All open flame and spark-
praducing equipnicnl within the vapor hazard arca shall be
shut down. Electrical equipment used in the area must be
explosion-prool (Class 1, Division 1, Group D) or approved
for the service.

Safety Precautions

4.2 Tank isolation

Before any work on the exterior surfuce of the tank be-
gins, tanks must be inspected to determine how the tank s

_ to be isolated. If a tank is equipped with 2 manifolded vent

or fill linc or syphon assembly. necessary measures must
be taken fo isolate each tank. The vent for the tank being
hined should be isvlated from vents for other tanks which
may stll be in service. This may require a temporary sep-
wate vent for the tank being hined. All electricai switches
supplying electrical current to submerged pumps and/or oiher
*equipment connected to the tank shall be disconnected and
locked.

4.3 Removal of Liquid Product

As much product, water and sediment as possible shall
be removed using explosion-proof or air driven pumps. Pump
motors and suction hoses must be bonded to the tank to
prevent clectrostatic ignition hazards. A small quantity of
water can be pumped into the tank to float the product from
a low spot to where 1t can be pumped from the tank, Also,
where povsible, il (drop) tubes shall be removed to allow
for maximuwm removal of all liguid and to prowdc for ad-
cqu;m. air ventilation.

4.4 Removal of Flammable Vapors
(Gas Freeing)

The tunk shall be thoroughly purged only with air to
remove Hanunable vapors or residuc capable of producing
Haiunuble vapors. The conceatration of flammabie vapors
in a tank may go through the flammable range before a safs
atmosphere 1s obtained. It therefore is necessary that pre-
cautions arc taken to climinate the possibility of the dis-
charge of static eleciricity during gas frecing procedures.

Asr pressure in the tank must not exceed § psig. To
prevent excess air pressure the vent line must be checked
to muhe certain it is frec from obstructions and traps.

-

Ventilztion of the tink can be accomplished by one of
two mcthods which are listed below:

a. An cdudtor-type wr mover (see Figure 1) usually dri-
ven by compressed air, shall be properly bonded o
prevent the posatoality of static electricity gencration
and discharge. When using thns inethod, the fill {drop)
tubc should remam-in place to ensure ventiltion at
the bottom of the tenk. Tanks equipped with fill (drop)
tubes whuch are not removable should be purged by

this method. An eatension shall be used to discharge .

vapors a ninimum of twelve (12) feet above grade.

b. Duffused blown-air is illustrated in Figure 2. When
using this purging methed it 1s imperative that the ar-
diffusing pipe is properly bonded to prevent the dis-
charge of a spurk. Fill (drop) tubes must be remaved
to allow proper dilfusion of the air in the tank. Air
supply should be from a compressor, which has been
checked to ensure a clean air supply, free from volatile
vapors. Air pressure in the tank must not exceed 5
psig.

4.5 Testing Flammable Vapor - .
Concentrations

An important phase of the operation is the testing for
flammability of the vapor in the excavaied area and in the
tank. Such tests are to be made with a combustible gas
indicator which 1s properly calibrated on hexane in air.and
thoroughly cheched and maintatned 1n accordance with man-
ufacturer’s instructions. Persons responsible for testing must
be completely familiar with the use of the instrument and
the interpretation of the instrument’s rcadings.

The tank vapor space 1s (o be tested by plac:ng the com-
bustible gas indicator probe mnto the fill opening with the
fill (drop) tube removed. Readings should be taken at the

bottom1, middle and uppar portions of the fank and the in- - 7

strument should be cleared after each reading. If the tank _'
is equ:pped with a non-removable [l tube, readings should

be taken through another opening. Liquid product must not ~ 1 -2¥

enter the probe. The vapors should be tested ar the vent
riser or cductor whilc the air mover is in operation and
purging is in progress, and also in the tank itself with purge
air shut off. Readings of 10 perceat or less of the lower
flammable limit (LFL). ay indicated tn the tank and at the
veat riser or eductor, must be obtiunced before the lank is
corsidered safe Jor vpening.

5.0 Opening-the Tank

If no manwuy eaists, an vpening with the minimum di-
mensions ol [8” by I8 shall be cut i thetank top avoiding
welded scams. The tank section 1o be removed should be
marked with chalk and a hole drilled with an explosion-
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. INTER.OR LINING OF STEE
UNDERGROUND STORAGE TANKS
TYPES GF TANK VENTILATION AR MOVERS .
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(SEE DETAIL 1A) &
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od] COMPRESSED AIR
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A .
GL r -
—t—
b FILL (DROP) TUBE AIR FLOW
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',_ FIGURE 3
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$H, ] FOUR ROWS OF 35— %" HOLES
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. .
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|5 f TSN 4" TO FIRST HOLE :
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PIPE MUST TOU i
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G FOR GROUND USE 12 GAUGE GROUND WIRE
e - 3 FROM FILL PIPE TO WATER PIPE
] .. OR GROUND ROD,
; - . FIGURE2
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proot txu;h as ..:r-d..u.n‘) dritl at one corner of the section,
Atter the hole is dalled, the tenk vapors must again be
lested by inserting the meter probe into the hole to venily
that the vapor concentration does not exceed 10 percent
LFL. )

Note: [t s important that the purging, air venulation and
testing continue throughout the eatue lLining op-
cration. During the tank cutting operation ounimal
air pressure should be mutnanned to prevent a biow
nut.

The tank should be cut using an explosion-proof (such

as air-driven) saber saw or snipper using lubricating oil to
reduce friction, heat and possible sparks. Prior to the finzi

“¢ut, the plate should be supponcd to prcvx.m its falling into

the fank.

6.0 Tank Entry

Belore entering tanks, the procedures described in APL
Publication 2015, **Cleaning Petroleum Storuge Tanks™,
and 2015A, “*A Guide for Controlling the Lead Hazard
Assocwated with Tank Entry and Cleaning™' . should be fol-
lowed This includes checking the oxygen content inside
the tank with a properiy calibratcd oxygen monitor.

At all temes, personnel entering the tank shall be equippad
with positive pressure air supplied equipment with [ull face

! . -
enclosure and safety harness connccted 1o a safety linc held

by an attendant outside the tank. Oil and water-resistant
rubbér or ncoprene boots and gloves shali be worn. Clothing
shall cover the anns, legs, torso and head of tank entry
personael. Disposable clothing, impervious to product, s
preferred. Clothing saturated with product shall be removed
immediately. All personnel workmg inside the tank should
be faniliar with ANSI Z117.1, ' Confined Spaces Safery™”.

Tests with the combustible gas indicator and oxygen mon-
stor should be performed periodically in the tank to ascertain
that the tank vapors and oxygen content are in the safe range.
It should be recognized that if'the tank is perforated, product
or vapors which have leaked into the soil may re-enter the
tanh through a perioration. The vent line shall remain clear
and unobstructed to allow continuous ventilation. All other
fines and openings shall be plugged or capped off to insure
no liquids or vapors may enter the tank during the laung
OPCIUIH)[I.

7.0 Preparation of Tank Interior
7.1 Sludge Removal

Sludge accumulation on the botiom of the tank must be
removed and placed in tightly sealed containers. It must be
disposed of 1n accordunce with local, state and federal reg-

- ulations, which may require mandatory documentation as

well as sufe disposal.

Noter Tank sludge and scule are potentially hazardous as
ifey muy coniain tetacthy! lead vapors which can

e inhaled, or toaic liquid tetracthy! lead which

may be absorbed through the skin. if the dry - .

sernul surface of the tank is scruped, the resulting

atmosphicee may contain dangerous quantitics of .

lzad. The quantity of lead 1 the tank atmosphere
should be cheched using a lead in air analyeer. .

7.2 Tank Inspection

During inspection, the entire intenior sucface of the tank
shall be :nspected wsing a hight fiature approved for Class
1, Duvisica 1, Group D - Huzardous Locations. The struc-
twral integrity of the steel shell around perforations (holes)
or areas of severe corrosion should be deternuned by tapping
with a brasy bulfpeen hanuner. Sufticient steel shell must
remain inact (ufter abrasive blasting) to provide structural
support fcr the interior lining. The following puidelines may
be utilized to identify 2 tank that may be repaired.

I. A tzak having an open scam or split no loager than
three (3) inches; or .

2. A wnk having a perforation no larger than one and
onz-haif (1 ¥:) inches in diameter except under the
gauging opening where the perforation may be no
targer than two and one half (2 4) inches in diameter;,
or :

3. A tznk with less than five (5) perforations (none larger
thaz one half inch in diameter) in any one square foot
arcs.

4. A ak with less than twenty (20) perforations (none
largar than one half inch in diameter} in a five hundred
(3GJ) square fool arca.

Tanks tat excecd any of the above should not be interior
lined unizss approsved by the avthority having jurisdiction,

To deizrmine adherence to these guidelines, perforations |

and seam.s shall be brass ballpeen hammered (before and
after abrzaive blasting) to remove thin meial and obtain
structurally sound edges. Perforations and scam splits shall ™

be reamcd until the edges of the hole or split arc a minimum

of W' th.ok.

7.3 Surface Preparation

All blusting persoanel should be familiar with the hazards
cescribed in APL Publication 2027, ““lgnition Hazards In-
volved in Abrasive Blusung of Tanks in Service'. All per-
forztions shall be plugged with boiler plugs or hydraulic
cement prior to abrasive blasting; scams may be plugged
with hyd-.zlic cement '

CAUTION: BEFORE ABRASIVE BLASTING, THE

TANK SHOQULD BE CHECKED AGAIN
WITH THE COMUUSTIBLE GAS INDI-
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» CATOR 1O ENSURLTHAE NO FLAM-
= MABLE VAPFORS HAVE ENTERED THE
TANK.
BLAST CLEANING OPERATIONS
SHALL NOT BE CONDUCTED ON SUR-
FACES THAT WILL BE WET AFTER
BLASTING AND BEFORE APPLICA-
TION OR WHEN THE SURFACE IS LESS
THAN 5°F ABOVE DEW POINT, OR
WHEN THE RELATIVE HUMIDITY OF
THE AIR IS GREATER THAN 85%.

The entirc internal tank surface shall be abrasive blasted
complerely free of scale, rust and foreign matter to SSPC-
SP 5-63 (5.5.5.a3) (White Mectal Blast Clcaning). When
sand is used as the blast material a minimum of 90 psi and
18 mesh grit material should be uscd during blasting.

Note: A White Metal Finish is defined as a surface with

a gray-white uniform metalhic color. roughencd to
form | Y2-2 Mil anchor profile pattemn for coatings.
The surface, when viewed without magrification,
shall be free of all oil, grease, dirt, visible mill-
scale, rust, corrosion products, oxides, paint or
other forcign matter.

Abmslve blast operators shall wear approved helmets con-
nected to sources of clean air. Bonding should be provided
between the blasting nozzle and the work surface, or clse
the blasting nozzle should be eflectively grounded to provide
cquivalent protection from static charges Scparators and
traps should be used to remove oil and water from com-
pressed air. Following completion of the abrasive blasting
operation, the surface shall be brushed with a clean hair,
bristle, or fiber brush, blown with compressed air, then
vacuwined. Boiler plugs and hydraulic cement plugs shall
be covercd with epoxy or polyester then covered with fi-
berglass cloth (minimum 1 Y2 0z./yd?, silane treated) which

overlaps 2l! sides of the plug with a munimum of two (2)

inches. If perforation in a seam is present, the perforation
shall be sealed with hydraulic cement then covered with
glaws cloth and resin, overlapping the perforation by six (6)
inches.

8.0 Application of Lining

Puor to the application of lining matcnal, a 4" stecl
reinforcing plate rolled to the contowr of the ok and with
minimum dincosions of 87 by 8” shall be installed under
the fill (drop) wbe and gauging tube. This plate shall be
covered with Niberglass cloth imbedded in resin. The blast-
cleaned surfuce should be coated within eight hours after
blasting and before any visible rusting occurs. Only those
limng maternials meeting the ' specifications in Section 3.0
shall be used. Manulacturer’s instrugtions are to be followed

on handling urd nusing of 1esn compounds, amd these
compounds shall be appled to the entire intenior surluce of
the tanh by the manufacturer or hus designated distributor
following the spaciticd method of apphcauon 10 the des-
ignated thickness and at the recomimended application tem-
perature. I a haater i1s used to aceelerate the curing process,
all other work which might release fammable vapors must
be halied and tise heating unit aust be attended whenever
it is in operation.
the manufaciurer
cty, and pinhules using a Holiday Detector. If any exceptions
are found they shall be repaired to manufacturer’s specifi-
cations. Contractor shall protect the coated sucfaces fram
contamination by foreign matter. The coating thickness shall
be cheched with an Elcometer Thickness Gauge or equiv-
alent and tested for hardness using o Barcol Hardness Tester

or cquivalent to cnsure compliance with manufactures’s -

specifications.

Personnel safety and clothing n.qulrcnu.nzs must comply

with Section 6 0.

9.0 Tank Closing -t

If an opening has becn cut, the tank shall be sealed as
follows:

a. A A" thick steel cover plate. rolled 10 the contour of

the tank, shiall be made to overlup the holc at least
two inches on cach side (e.x.. should measure ai least
26" by 26" if manhole_was cut 22" by 227).

b. The cover shall be used as a template to locaie %*
drameater Roles not exceeding five inch centers, one
inch from the edge of the cover.

c. The cover piate shall be sandblasted to White Metal
on bath sides and the entire mside surface shall be
couted with coating material 1o act as a gasket.

d. Belore the coating on the cover cures. the cover shall

be fustened 1o the tank using A" (minimum) diameler

bolts. The balt shafts are to be placed through the
holes from the inside of the tank and held in place by

spring clips. then fastencd with local washers and nuts

as iltustrated in Figure 3.

¢. Alter being bolted to the tank, the caver plate and
surrounding -tank surface shell be properly sand-
blasted, couted with coating material and allowed 10
cure belore backlilling the hule.

10.0 Tank Tightness Testing

Before backiilling. the tank should be tightness tested
using lucally accepiable methods. Particular attention shauld
be paid 1o the cover plate and all exposed Fittings.

The coating shall be cured lhoroubhly o’
“s specifications and cheched for air pocks. |
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1. FOREWORD

The prevention and detection of product leakage from petroleum storage and
dispensing systems is important to both industry and the public. In preparing this
bulletin, careful consideration was given to:

Safety;

Protecting the environment;
Preventing tank and piping failures;
Minimizing maintenance;
Protecting product quality; and
Minimizing installation costs.

Furthermore, attention was also given to the applicable sections of National Fire
Protection Association (NFPA) 30, Flammable and Combustible Liquids Code,
NFPA 329, Underground Leakage of Flammable and Combustible Liquids, and
Underwriters’ Laboratories, Inc. {UL) 58, Specifications for Underground Storage
Tanks.

This bulletin, covering the instatlation of underground gasoline, diesel fuel and
waste oil systems, is offered as a guide for use by architects. engineers, marketers,
jobbers and contractors. Its primary application is at retail and commercial facili-
ties. It is not intended to cover specialized installations, such as airports, marinas,
home-heating oil systems or tanks to be installed inside buildings.

Federal, state and municipal codes or laws may have specific restrictions, which
must be taken into account prior to the installation of underground tanks and
piping.

The information in this bulletin may be used by anyone desiring to do so. but the
American Petroleum Institute shall not be heid responsible or liable in any way.
either for any loss or damage resulting therefrom, or for the violation of any federal.
state or municipal regulations with which it may conflict.

Note: Vapor recovery systems have not been covered in this bulletin. Anyone

preparing to make an underground gasoline tank and piping installation in an

Environmental Protection Agency Air Quality Control Regicn should investigate

the local requirements and current methods of compliance in that region

SR
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2. INTRODUCTION

Many underground storage tanks and piping systems
installed in the United States have operated safely and
free of leaks in excess of 30 years. Materials and proce-
dures currently are available to help ensure that today’s
installations also can be operated without problems for
the life of the facility. Success depends on a number of
factors, including:

#® Sound design of installation;

® Proper selection of materials for the specified loca-
tion;

e Installation procedures in accordance with good
engineering specifications and manufactuters’ in-
structions;

® Capable and adequate supervision and inspection
during installation;

® Thorough testing at appropriate stages of progress;
and

® Appropriate monitoring and maintenance pro-
grams.

Prior to construction of a facility and the installation
of underground equipment, a detailed analysis of the
selected site is necessary. At a minimum, the analysis
should include a determination of soil conditions, water
table level and drainage. In addition, a review should be
made of the corrosion history of the area. If sufficient
data are not available and metal tanks and piping are to
be used, a corrosion survey should be performed by a
qualified person.

Uncontrolled corrosion can lead to product leakage.
Corrosion is the result of a flow of direct electrical
current, which removes metal from the surface. It can
be caused by the corrosive nature of the soil. stray
electrical currents and/or bimetallic celis.

® Corrosive nature of the soil: Several factors ac-
count for the corrosive nature of soils. These include
low soil resistivity (the ability of the soil to conduct
electrical charges), moisture content, acidity, and the
presence of sulfides, as well as the differentials which
exist within these factors. Probably the most significant
of these is low soil resistivity. Other factors being equal,
soil resistivity under 3,000 ohm-centimeters may indi-
cate a very corrosive soil; 5,000 ohm-centimeters, a
moderately corrosive soil; and over 10,000 ohm-centi-
meters, a relatively noncorrosive soil. However, a soil
having both a high resistivity and a low pH (acidic)
could be potentially corrosive.

® Stray electrical currents: Stray electrical currents
that come from underground power lines or from im-
properly constructed electrical systems can be a source
of corrosion.

® Bimetallic and galvanic cells: Corrosion cells which
derive their driving voltage from the interaction of two
different metals are called “bimetallic cells.” Such celis
are created when two dissimilar metals are connected.
Typical examples might be found where a bronze check
valve is joined to steel piping, or where galvanized pip-
ing is connected to a steel tank. In many cases, the
circuit connection may be obscure. For instance, a cop-
per water pipe crossing a service station property does
not necessarily have to be in direct contact with a gas-
oline line for a “cell” to be created. If the electrical
service in the station is grounded to the water service,
a circuit can exist at the pump island, where both the
electrical conduit cable and the gasoline piping reach a
common junction point. Corrosion cells can also be
created where the same metal is used, for example
where there are impurities such as slag inclusions, or
where weld metal is used that differs from the parent
metal or piping has been scratched or cut.

‘Two important points should be kept in mind by per-
sons planning on installing new tanks and piping sys-
tems, or replacing existing systems that are leaking due
to corrosion:

First, unprotected steel tanks should be used only in
non-corrosive areas. Otherwise, install either:

® A system constructed of non-corrosive materials

such as fiberglass-reinforced plastic (FRP) or its
equivalent; or

® A steel system cathodically protected by an im-

pressed current cathodic protection system, sacri-
ficial anodes, or some other type of equivalent pro-
tection.

Second, if it is necessary to replace or interior-coat an
underground steel tank which developed a corrosion-
induced leak, it is recommended that all other steel
tanks at the facility—which are of the same age or
older—also be treated similarly, even though they may
not be leaking at that time. Newer tanks can be anodic
to old steel, Therefore, they should be uncovered suffi-
ciently to determine if additional protection or replace-
ment is required.

Other factors to consider when making a choice be-
tween the use of metallic or nonmetallic tanks or piping
would include initial and operating costs, and the avail-
ability of qualified personnel for the installation and
maintenance of the selected corrosion control equip-
ment.

If a cathodic protection system is used, an ongoing
preventive maintenance program must be in effect. If
sacrificial anodes have been installed, their proper
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operation should be confirmed by a qualified person at
least once a year.

If an impressed current cathodic protection system is
used, it is necessary to verify—at least once a month—
that the rectifier is operating. Such systems are subject
to vandalism, and the electrical service may be discon-
nected by accident or on purpose, making periodic in-
spections mandatory. While it may be feasible for local
personnel to monitor operation, & qualified person
should conduct an on-site test and inspection of the
facility no less than once a year to measure the struc-
ture-to-soil and structure-to-structure potentials, and
the rectifier voltage and current output.

L]

The installation of cathodically prolected systems
usually involves the use of wiring connections between
anodes and test stations. The exact location of such
wiring and anodes should be carefully identified on a
plot plan of the facility, and a copy of this plan should
be kept at the site. A notice board should be placed
adjacent to the tank location reading:

CAUTION: THIS SITE HAS CATHODICALLY
PROTECTED TANKS. BEFORE EXCAVATING,
CONTACT:

{Insert name and telephone number of company
representative.}

3. TANKS

A number of factors must be considered in the (1)
selection, (2) location, (3) installation, and (4) testing of
tanks.

(1) Selection: Primary considerations in tank selec-
tion include the material required for the anticipated
service, tank dimensions, and the capacity desired.

(a) As previously noted, the material to be used at a
particular site will depend upon the conditions at that
Jocation (see “Introduction). Steel fabrication should
comply with the latest issue of UL 58. Steel Under-
ground Tanks for Flammable and Combustible Liquids.
Both steel and FRP tanks should bear the applicable
UL Label.

{b) Selection of tank dimensions is somewhat flex-
ible. This can be of importance where a high water table
exists or where rock conditions or suction pumping lift
requirements dictate a shallow installation. Tanks of
the same nominal capacity can be secured in many
areas, with various diameters and lengths.

For example: 6,000 gallon steel tanks are available in

the Eastern 1.8, in diameter/length combinations of

95°'/17': 84''/21'; and 72''129°.
The shorter lengths may be required to fit a site with
restricted dimensions.

Note: Prior to instailation, tanks shouid be measured
to confirm the tank gauging chart(s) that should be
supplied by the manufacturer it is necessary to have
this information available for product purchase/sale
transactions, as well as for testing and maintenance to
determine any Jeakage that may occur as a result of
installation or subsequent damage or corrosion.

(c)} Tanks of the most commonly used capacities are
available in most areas. FRP tanks are avaitable 1n any
size normally used at service stations Steeltanks can be
cecured for underground petroleum service in almost

any capacity. The selection of tankage capacities and
numbers for a particular site are discussed in detail in
API Bulletin No, 1611, Service Station Tankage Guide,
1961.

(2) Location: Whenever possible, tank fill openings
should be iocated so that a minimum amount of maneu-
vering will be required by the truck or transport making
the product delivery. The driveway grade should be
such that the tank truck will drain properly.

(a) Tanks should be located so that the parked tank
truck will not be on the public right of way. block the
driveway to consumer use, obstruct the motorist’s view
of the service station building, or interfere with the
operator’s use or visual control of the driveway.

(b) Regulations may permit underground tanks to be
located closer than 10’ to a building, but care should be
taken to avoid possible damaging effects to the founda-
tion of the building where this option is used.

(3) Installation: Tank excavations should be suffi-
ciently large to prowde a minimum clearance of 12’ (in
the case of steel tanks) and 18" (for FRP t_a-ﬁks) in all
horizontal directions. The_excavation should be deep
enough to provide for a backfill below the bottom of the
tank of at Jeast 6" for steel tanks and 12" for FRP
tanks. The burial "depth of the tank is s dependent on
local regulahons, the type of finished surface to be ap-
plied, soil conditions, topography, s suction pumping }ift
requirements, and the piping cover needed.

In areas not subject to traffic, the cover depth of
underground tanks should be a minimum of 24", or not
less than 12'’ plus a reinforced concrete slah not less
!han 4 in th:ckness Where tankc s_are suhject to or
hkely tg be sub]ect to traffi ic, cover depthq should be a
minimum of 36’'. or not le: lecs than 18" of weli- |dn‘lpld
malenal plus at Ieast 6” of remforced concrele or 8" of
gsp_h_ﬂl_lg_(.__concretc
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(a) Backfill below, around and above tanks should
be clean, noncorrosive porous material, such as clean
washed sand or gravel for steel tanks and, for FRP
tanks, must be in accordance with manufacturer’s speci-
fications.

Backfilling operations are most important to the life
of the installation. The owner should continuously
supervise these operations to ensure that only specified
materials and installation methods are foilowed by the
contractor.

{b) 1t is recommended that tanks be ballasted with
product as soon as possible after backfiliing. Water bal-
last may be used as an alternative, but it is necessary to
defer installation of submerged pumping units in the
tank until after the water ballast is removed. If ballast-
ing is necessary in order to prevent tank flotation (from
a high water table or from rain), the end-use product
should be used as a first choice.

{c) With product ballast, attention is required in
handling, inventory control, and safeguarding against
accidents or thefts. All fill caps and pumps should be
focked during unattended periods.

{d) Anchoring should be used to prevent tank flota-
tion from a high water table. When a concrete slab is
used for anchoring, tanks should be separated from the
slab by no less than 12’' of sand. Tanks should not be
set directly on the concrete nor placed on hard or sharp
material that could cause deformation or damage to

either the tanks or tank coatings. Anchor straps should
be installed so as not to damage tanks or tank coatings
and to ensure that the tank is electrically 1solated from
the anchor straps. This can be accomplished by placing
a section of rubber tire between the tank and anchor
strap.

The entire instaliation should comply with the re-
quirements of NFPA Code 30.

(4) Testing: Requirements for the testing of under-
ground tanks vary with state and local reguiations. Tests
can be performed (1) at the time of the delivery of the
tank to the site; (2} in hole prior to covering: (3) after
installation but prior to completing the backfilling: and
(4) after the paving and all piping has been installed.

(a) Since damage can occur to tanks at any stage of
construction, specific testing requirements would be
dictated by the degree of control the awner must exer-
cise. Any damage to the exterior coating should be
repaired using material of similar nature.

(b) Testing should comply with NFPA Code 30 re-
quirements.

(c) As a minimum, it is recommended that all tanks
be tested with air pressure prior to installation. PRES-
SURE MUST NOT EXCEED 5 POUNDS PER
SQUARE INCH (psi). All fittings, seams and visible
dents should be soaped during this period, and in-
spected for bubbling.

4. PIPING

As is the case with tanks, proper care must be taken in
the (1) selection, (2) installation, and (3) testing of pip-
ing for underground tankage.

(1) Selection: The location of the piping will deter-
mine the type and size that should be used.

(a) Schedule 40 steel pipe, either galvanized or
wrapped black iron, or UL approved nonmetallic pipe.
is recommended for all underground piping; and Sched-
ule 40 galvanized steel pipe should be used for above-
ground vent piping. Piping with a 1'/2'' or 2"’ diameter
is generally used. As a minimum, couplings and fittings
should be 150-1b. malleable iron.

(b) Delivery piping from tanks to dispensers should
be sized according to the recommendation of the pump
manufacturer. In determining size, consideration must
be given to the length of runs, flow rates, and number
of dispensers to be served.

(c) Siphons may be used to equalize product levels in
two or more tanks storing the same product. Material
for siphons may be galvanized iron, wrapped black iron
or nonmetallic. It is recommended that siphon piping be

the same size as the suction and/or delivery lines to the
dispensers.

(d) Each tank should be vented through adequately
sized piping. This is necessary to prevent the build-up of
excessive pressure, or the blow-back of vapor or liquid
at the fill opening, while the tank is being filled. The
maximum rate of fill can be limited by the diameter of
the vent line. Two-inch diameter vents (in lengths up to
150") should be adequate for flow rates incurred using
4'’ delivery equipment. If nonmetallic pipe is used for
underground vent piping, special adapters are required
at the point where this pipe connects with the steel
swing joint. Such adapters are available from the pipe
manufacturer.

(2) Installation: Product lines should be run in a
single trench between the tank area and the pump is-
land area. Similarly, vent lines, between the tank area
and the building or other structure to which the above-
ground vent lines are attached, should be placed in a
single trench.

e o a n A n mar
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{a) Before any underground lines are aid, the trench
or dich for such piping should receive a minimum
6" -deep bed of well-compacted noncorrosive material,
such as clean, washed sand or gravel. Afl trenches
should be wide enough to permit at least &' of such
protection around all underground hines. This applies to
both metallic and nonmetallic underground piping.
Bedding and the covering backfill should be of the same
material. This will be heipful for grading the lines, and
in providing corrosion protection for any adapter fit-
tings used with non-metallic piping.

{b) The actual location of pipe runs should be noted
on as-built drawings, if there is a change from installa-
tion drawings. Photographs of underground piping are
desirable as part of the permanent record of piping
locations.

{c) Piping should be arranged so that lines do not
cross over underground tanks.

{d) Underground product fines should have a uni-
form slape of not less than /s~ per foot taward the tank.
Product lines should be at least 12'’ below the finished
surface. Underground piping requires careful attention
1o the tightness of joints and pipe fittings. A pipe dope
certified for petroleum service is to be used for galva-
nized or black iron pipe fittings. while the manufac-
turer's recornmendation will apply for the cement to be
. used in nonmetallic piping joints.

(e) Possible breakage of underground piping and
vent lines, or the loosening of pipe fittings resulting in
product leaks, will be minimized through the use of
swing joints. These should be installed in lines at pomnts
where the piping connects with the underground tanks.
and where the piping ends at the pump islands and vent
risers. Fiberglass piping, which is inkecently fBexible,
does not require swing joints, if at least 4’ of straight run
is provided between any directional change exceeding
30 degrees.

Note: When nonmetallic piping (that has been ap-

proved for underground use} is selected, it is ex-

tremely important that it be instailed swictly in ac-
cordance with the manufacturer's specifications.

{f) Occasionally, it is necessary or advisable to in-
stall more than one storage taok for a given grade of
product. Such maltiple tanks may be interconnected
shrough a siphon connection. This permits the equali-
zation of the product in the cannected tanks. How-
ever, 2 siphon system will give reliable service only if
care is taken 1o see that all joints in the siphon mani-
fold are tight.

{g) Interconnmected tanks should be the same dia-
meter and be installed with the bottoms at the same
depth. Although it is not recommended, if it is neces-
sary to siphon-connect tanks of different diameters at

a new instailation, both the tank bottorms and the
ends of the suction stub piping should be at the same
fevel. Additionally, care should be taken to see that
thie vent tine leaving the smaller diameter tank rises
verticaliy to a point higher than the top of the larger
tank before the horizontal section of the vent piping
is instajled.

(h} Remote pumps are avaifable with a siphoning
attachment, which can be connected to a siphoa man-
ifold. This permits one pump to draw the contents
from two or more interconnected tanks. The manu-
facturer’s installation instructions should be fol-
lowed,

{i) Vent piping should be at least {2'’ below the
finished surface beginning from the point where it
rises vertically {or 4’ in ao-load areas). and slope
uniformly towards the tank. The slope should be no
less than Y4’ per foot, and the piping laid so as to
avoid sags or traps in the line in which liquid can
collect. Just as with product piping, swing joints
should be instalied at the tank and vent riser ends of
all underground steel vent piping. No swing joints are
nesded where fiberglass piping is used, provided at
least 4’ of straight run is used between any changes in
direction exceeding 30 degrees.

()) Vent piping aboveground shouid be located. or
protected and anchored, so as to prevemt damage
from traffic and other sources of potential damage.
Vent outlets should be located 50 as 1o prevent fam-
mable vapors from entering building openings or
reaching hazardous areas. Vent outlets must dis-
charge upwards, and the discharge point musi not be
fess than 12’ above adjacent ground.

{3) Testing: It is essential that, during testing of
piping, the piping be disconnected from the tanks,
pumps and dispensers. Failure to disconnect the pip-
ing from the tanks could result in damage to the tanks
and product foss. The piping shouid then be sub-
jected to an air test of 1'/2 times the working pressure
but not less than 50 psi, and the pressure maintained
for a mimmum of 60 minutes, with only a minimal
change. Leaks may be detected by soaping ait joints,
while the system is under pressure.

(s} After all piping has been tested and found to be
tight. all exposed threads of galvanized pipe should be
coated with a coal tar product or tape film. This pre-
vents the formation of an electrolytic cell between the
galvanized firting and the threaded area where the pro-
tective galvanized layer has been removed. Electrolytic
cells can cause prernature pipe faiture. Where sacrificial
tank anode cathodic protection systems are instalied,
non-metallic tank bushings should be installed in tank
openings at all points of connection of product and vent
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piping to the tank, and separate protection provided for
steel piping. When remote pumps are used, an insulat-
ing fitting should be installed in the electrical conduit a;
the pump.

(b) All piping must be covered with the same ma-

terial used in the bedding. Depth of such material
should not be less than 6,

5. EQUIPMENT

Although this bulletin is primarily a guide to under-
ground tank and piping installations, consideration
should be given also to the type of pumping system to
be used, and to the tank fittings. The type of system
selected (suction pumping, and remote or submerged
pumping) has a direct bearing on the kind of tank and
piping installed.

® Suction Pumping: This system usually consists of a
pump at each dispenser on the pump island, with indi-
vidual product suction lines running from each pump to
the underground storage tank.

(a) When a suction type pumping system is used, the
height to which the pumps can lift the product may be
a critical factor.

(b) The tank diameter and the length of product pip-
ing between the tank and the pump should be kept to a
minimum. This is especially important in warmer cli-
mates and at higher altitudes.

® Remote or Submerged Pumping: In this system,
the pump is located in or above the underground stor-
age tank. This permits the use of a single product line
from each product pump to the dispensers on the pump
islands. The system permits the use of more dispensers
for each product, and a reduction in the quantity of
buried piping. An impact valve, level with the top of the
island, is to be installed at each dispenser.

(a) Leaks in these lines will tesult in an gutward flow
and loss of product, but leaks into the system are mini-
mized.

(b) With submerged pumping systems, the delivery
of product is not dependent on the diameter of the tank
nor—within limits—on the length of product piping.

& Other Factors: Other factors to be considered in
the selection and installation of pumps include the fol-
lowing:

(a) Pump construction, seals and trim should be de-
signed for and be compatible with the liquids to be
handled.

(b) Suction stubs in suction-type pumping systems
should be the same diameter as the product line they
serve. Such stubs and remote pumps should extend to
within 3" of the bottom of the tank or as specified by
the tank manufacturer.

(c) It is recommended that a double poppet (under
the pump or angle check valve at the tank) be installed

on each product line, where suction-type pumps are
used. If the fitting is to be installed under concrete, an
extractor angle valve manhole or concrete breakout can
be used.

(d) With remote or submerged pumping systems, a
leak detection device is required by NFPA Code 30.

(e) Pumping systems should be equipped with clearly
identified and easily accessible electrical switches or
circuit breakers. These should be lecated away from
dispensers and pumps, and permit the shutting off of all
dispensing devices, in the event of an emergency.

(f) Dispensers should be of an approved type. which
meets requirements of UL 87, and bear the UL Label.

® Tank Fittings: Tanks should be constructed to rec-
ognized standards of design (such as UL 58/1971, Stan-
dards for Steel Underground Tanks for Flammable and
Combustible Liquids), and equipped with the desired
number and size of tank openings. Tank manufacturer’s
specifications and drawings must be checked to deter-
mine what types (steel or FRP), sizes and capacities are
available, and whether they conform to recommended
standards.

(a) Tank openings of 4’ diameter are recom-
mended, and most steel tanks will meet that specifica-
tion. Fill pipes, fill caps, and fill tubes normally are also
4'' in diameter. Submersible pumps, designed with the
capacity to meet normal service station Jayout and oper-
ation requirements, are built to fit 4’’ tank openings. If
greater capacity is needed, larger pumps and tank open-
ings may be required.

(b) Double-tapped bushings are used to reduce the
size of the tank opening, so that appropriate fittings can
be attached, and connecting pipes inside and outside of
the tank installed.

(c) At the time of installation, temporary plugs in
unused openings should be removed and replaced with
malleable iron plugs that are wrenched tight.

(d) Nonmetallic tanks are fitted with threaded open-
ings to receive the same double-tapped bushings or
plugs referred to above, or shown in the installation
diagrams which follow.

(e) Fill pipes may be located at any opening in the
tank.

(f) Tight fill connections are recommended. A fill
tube should be inserted at the fill opening. and should
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extend to within 6'' of the tank bottom The use of tight
fill connections and fill tubes will increase the rate of
product flow during filling, and decrease turbulence
and product vapor loss.

(g) A hquid-tight fill cap. equipped with a lock,
should be installed. This may be used in conjunction
with a manhole ring and cover (see Figure 2). The fill
assembly or manhole ring should be marked with prod-
uct identification and tank size. This can be done either

by using a color code. or by having the product name
stamped or applied to the fixed portion of the fil} as-
sembly, or both.

(h) A float activated vent valve should be installed in
the tank to help prevent overfilling

{i) Vent caps should be installed. where required by
local ordinances or special conditions, so as 1o not re-
strict the discharge of vapors from the outlet.

6. PREVENTION AND DETECTION OF LEAKAGE

The prevention of product leaks and overfills from
storage and dispensing systems is necessary to provide
a safe environment for the community, employees, cus-
tomers and neighbors; and to minimize air and water
pollution. Prevention of leaks should be given high pri-
onty. This can best be accomplished by properly install-
ing and maintaining a tight storage and dispensing sys-
tem. specifically designed and protected for its particu-
lar environment.

Should 3 leak develop, it must be detected promptly.
This can be done through the daily preparation and
reconciliation of inventory control records, and recog-
nition of the symptoms of leaks, For inventory control
procedures, the reader is directed to API Bulletin No.
1621, Recommended Practice for Bulk Liquid Stock
Control at Retail Qutlets.
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Cathodic Protection of Underground Petroleum Storage Tanks and Piping
Systems

l. Foreword

Persons planning to construct an underground storage
facility. replace existing underground storage tanks and pip-
ing system, or cathodically protect existing underground
storage tanks and piping should refer to applicable local,
state and federal fire, safety and environmental regulations
as well as the following publications and material:

® API 1615, Installation of Underground Petroleum
Storage Systems

® API 1621, Recommended Practice for Bulk Liquid Stock
Control at Retail Quitlets

® NFPA 30, Flammable and Combustible Liguids Code

® NACE RP-01-69, Control of External Corrosion on
Underground or Submerged Metaliic Piping Systemy

® National Electrical Code

The information in this bulletin may be used by anyone
desiring to do so, but the American Petroleum Institute shail
not be held responsible or liable in any way, either for any
loss or damage resulting therefrom, or for the violation of
any federal, state or municipal regulations with which it

" may conflict. .

Il. Scope

This bulletin covers two methods for providing cathodic
protection to buried steel petroleum storage and dispensing
systems. Its intent is to provide information specific to steel
structures buried at service stations such as motor fuel stor-
age tanks and delivery piping, waste oil tanks. heating o1l
tanks, and automobile lifts. Informaticn presented for ser-
vice stations is not necessarily applicable to buried tanks
and piping used for other purposes. This bulletin is meant
to serve only as a general guide to marketers, architects and
engineers interested in cathodic protection of underground
petroleum storage and dispensing systems. Specific cathodic
protection designs are not given. Such designs shouid be
developed or reviewed by a qualified corroston engineer or
a person thoroughly familiar with cathodic protection prac-
tices.

ill. INTRODUCTION

Corrosion may be defined as the deterioration of metal
due to a reaction with its environment Exiernal corrosion
of buried steel structures is an electrochemical process. For
the process to occur, areas with different electrical potentials
must exist on the metal surface. These areas rust be ¢lec-

trically connected and they must also be in contact with an
electrolyte. There are, therefore, four components 1n each
electrochemical corrosion cell: an anode, a cathode, a me-
tallic path connecting the anode and cathode, and an elec-
trolyte (See Figure 1).

® At the anode the base metal goes into solution (cor-
rodes) by releasing electrons and forming positive metal
ions.

@ No metal loss occurs at the cathode. However, other
chemical reactions occur which consume the electrons
released at the anode. )

® The metal path connecting the anode and cathede con-
ducts efectrons generated by the chemical corrosion
reactions at the anode to the cathode where they are
consumed.

® Positive current flows through the electrolyte from the
anode to the cathode to complete the electrical circuit.
In the case of buried structures the electrolyte is moist
soil.

Corrosion is usually rot limited to a single point as shown
in Figure 1. In the case of general corrosion, thousands of
tiny micro corrosion cells may occur randomly over the
metal surface resulting in relatively uniform metal loss. In
pitting attack the individuat corrosion cells tend to be larger,
and distinct anode and cathode areas can often be identified.
Metal loss may be concentrated within relatively small areas
and substantial areas of the surface may be unaffected by
corrosion.

Both metal composition and environmental factors may
determine which areas on a metal surface become anodes
or cathodes. Steel is an inherently nonhomogeneous material
and for a particular environment. potential differences be-
tween adjacent areas can result from uneven distnbution of
alloying elements or contaminants within the metal struc-
ture Differences in weld material and the steel plate can
also cause comrosion cells.

Physical and chemical properties of the soil electroiyte
may also influence the location of anodic and cathodic areas
on the metal surface. For example, differing oxygen con-
centrations at different areas on a buned steel structure may
generate potential differences. Areas with low oxygen levels
become anodic areas and areas with higher oxygen concen-
trations become cathodic areas. This may result in more
severe corrosion attack at the bottom of a buned tank than
at the top of the tank since oxygen concentration in soil is
primarily dependent on diffusion processes (See Figure 2).
The same mechanism can also contribute to corrosion in
arcas where cliy or debris contact a steel tank buried in a
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CATHODIC PROTECTION OF UNDERGROUND PETROLEUM STORAGE TANKS

sand backitll or where a tank 15 burted in two ditterent types
of sal (See Figure 3)

Soil charactensuics substantially affect the type and rate
of corrosion occurnng on buried structures  For example.
dissolved safts influence the current ciury ing capucity of the
sotl electrobhvte and help determine reaction rates at anode
and cathode areas Soil musture content. pH (measure of
acdity ), and the presence of suitides also influence corro-
sion These factors, and perhaps others, interact in a com-
plex fashion to influence corrosion at each location.

Corrosion processes described above are often referred
to as galvanic corrosion. In additon to galvanic corrosion
stray current and bimetallic cormosion may also be encoun-
tered on buned steel structures. Like galvanic comrosion,
these corrosion processes also involve electrochemcal re-
actions.

® Stray currents are electric currents which travel through
the soul electrolyte. Direct current (DC) stray currents

are the most common and potentully the most dum-
aging These currents are generated from grounded DC
electric power operations including electne railrouds.
subways. welding machines and cathodic protection
syslems. Stray currents may enter o burred mecal struc-
ture and travel through the low resistance path of the
metal to an area on the structure closer to the current
source. Current feaves the structure at this point o
retutn to the source through the soil electrolyte. Cor-
rosion occurs at the area where current leaves the struc-
ture (See Figure 4).

® Bimetallic corrosion occurs when two metals with duf-
" ferent compositions are connected n a s0il electrolyte.
For example, bimetallic corrosion ¢an occur where a
bronze check valve 1s joined 1o stee! piping or where
galvanized pipe is connected to a steet tank. in the
bronze check valvesstzel pipe example, the steet pipe
becomes the anode and the bronze check valve 1s the
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FIGURE 4 STRAY CURRENT CORROSION

cathode. Since cumrent takes the path of least resistanue.
the most severe corrosion attack on the steel pipe oeeurs
in the area immediately adjacent to the check valve
(See Figure 5),

Corrosion of buned steel structures may be eliminatad by
proper applhication of cathodsc protection. Cathodic pratec-
tion (s a echmigque for preventing corrosion by meking the
entire surface of the metal 10 be protected a cathode of an
electrochemucal cell Currosion 1s not eliminated. It 1s sun-
ply transferved from the metal surface to an external anode

There are two methods of applving cathodic pretection
to underground metal structures:

@ Sacrificial or galvantc anodes
@ [mpressed current

Four saenificial or galvanic anode systems, & metu} apcde
mure negative than steel in the galvamic series (see Tuble |
for » portial galvanic series) 15 electneally connected to the
structure to be protected and buried n the sml. A galvamc
corrosion cell develops and the active metal anode corrodes
(is sacnificed) while the structure becomes cathodie and 1s
protected As the protective current enters the struciure it
oppuses. overcomes, and prevents the Mow of any corrosion
current from the metal structure. The protective current then
retwms to the sacnficial anode through a metaliic conducior
(See Figure 6)

Advantages of saenificial anode cathodic protection sys-
tems include.

© No exiernal power supply Is necessary
@ Installation is relutively easy
@ Coaty are low for low current requirement situations

Table |
PRACTICAL GALVANIC SERIES
{Neutral Soils and Water)

METAL VOLTS
(REFERENCED TO
COPPERICOPPER SULFATE)

Commercially pure Magnesium ~-175
Magneswm Alloy (B%A), 3%:2n, ~1.6
0 15%Mn)
Zing ~11
Aluminum Alloy (5%2Zn) -10
Comrmerciafly pure Aluminur -08
Mild Steet (Clean and Shiny) -05t0 -08
Llild Steel {Rusted) -02w 05
Cast iron -05
Lead -05
Mild Steel in Concrete -02
Copper, Brass, Bronze -02
Righ Sicon Cast Iron -02
Mill Scale on Steel -Q2
Carban, Graphite, Coke +03

® Moaintenunce costs are minimal after instalichion

& [nierference problems (siray currents) on foreign strue-
tures are rare

o Sacnficia! anodes may be attached directly to new,
coated tanks by tank manufacturers

Disadvantages of sacnficial anode cathodic protection
sVstems are.

¢ Limited driving potential

® Low current output. preventing protection of other
sfructures -

© Subject to sotl resistivity limitations
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© Noi apphicubile for protectinyg lurge bare steel structures
©® Possibility of a short hife

The seeond method of applying cathodic protectiun (o a
buned metal structure 15 to use impressed current from an
eaternal source Figure 6 illustrates a typical 1nstallation of
this type using an AC power supply with a ectifier. The
DC current from the rectfier flows through the soil to the
structure from @ buried electrode In this case there is nu
need for the anode itself to corrode to provide current to
the structure, so impressed current anodes are typic.ally made
of relatively inert materials.

Advantages of impressed current cathodic protection sys-
tems are:

e Large d-riving potential

o High current output capable of protecting other un-
derground steel siructures with a low operating cost

© Possibility of flexible current output control

o Applicability 10 almost any soil resistivity
® Cupuble of proiecting turge bare stecl structures

Impressed current cathodic protection systems have the
fullowing di