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FOREWORD

How to Demonstrate That Leak Detection Methods Meet EPA’s Performance
Standards

The Environmental Protection Agency’s (EPA’s)regulations for underground storage
tanks require owners and operators to check for leaks on a routine basis using one of a
number of detection methods (40 CFRPart 280, Subpart D). In order to ensure the
effectiveness of these methods, EPA set minimum performance standards for equipment
used to comply with the regulations. For example,after December 22,1990, all tank
tightness testing methods must be capable of detecting a 0.10 gallon per hour leak rate
with a probability of detection of at least 95% and a probability of false alarm of no more
than 5%. Itis up to tank owners and operators to select a method of leak detection that
has been shown to meet the relevant performance standards.

Deciding whether a method meets the standards has not been easy, however. Until
recently, manufacturers of leak detection methods have tested their equipment using a
wide variety of approaches, some more rigorous than others. Tank owners and
operators have been generally unable to sort through the conflicting sales claims that
are made based on the results of these evaluations. To help protect consumers,some
state agencies have developed mechanisms for approving leak detection methods.
These approval procedures vary from state to state, making it difficult for manufacturers
to conclusively prove the effectiveness of their method nationwide. The purpose of this
policy is to describe the ways that owners and operators can check that the leak
detection equipment or service they purchase meets the federal regulatory
requirements. States may have additional requirements for approving the use of leak
detection methods.

EPA will not test, certify, or approve specific brands of commercial leak detection
equipment. The large number of commercially available leak detection methods makes
it impossible for the Agency to test all the equipment or to review all the performance
claims.Instead, the Agencyis describing how equipment should be tested to prove that it
meets the standards. Conducting this testing is left up to equipment manufacturers in
conjunction with third-party testing organizations. The manufacturer will then provide a
copy of the report showing that the method meetsEPA'’s performance standards. This
information should be provided to customers or regulators as requested. Tank owners
and operators should keep the evaluation results on file to satisfy EPA’s record keeping
requirements.

EPA recognizes three distinct ways to prove that a particular brand of leak detection
equipment meets the federal performance standards:



1. Evaluate the method using EPA’s standard test procedures for leak detection
equipment;

2. Evaluate the method using a national voluntary consensus code or standard
developed by a nationally recognized association or independent third-party
testing laboratory; or,

3. Evaluate the method using a procedure deemed equivalent to an EPA procedure
by a nationally recognized association or independent third-party testing
laboratory.

The manufacturer of the leak detection method should prove that the method meets the
regulatory performance standards using one of these three approaches. For regulatory
enforcement purposes, each of the approaches is equally satisfactory. The following
sections describe the ways to prove performance in more detail.

EPA Standard Test Procedures

EPA has developed a series of standard test procedures that cover most of the methods
commonly used for underground storage tank leak detection. These include:

1. “Standard Test Procedures for Evaluating Leak Detection Methods:
Volumetric Tank Tightness Testing Methods”

2. “Standard Test Procedures for Evaluating Leak Detection Methods:
Nonvolumetric Tank Tightness Testing Methods”

3. “Standard Test Procedures for Evaluating Leak Detection Methods:
Automatic Tank Gauging Systems”

4, “Standard Test Procedures for Evaluating Leak Detection Methods:
Statistical Inventory Reconciliation Methods”

5. “Standard Test Procedures for Evaluating Leak Detection Methods: Vapor-
Phase Out-of-tank Product Detectors”

6. “Standard Test Procedures for Evaluating Leak Detection Methods: Liquid-
Phase Out-of-tank Product Detectors”

7. “Standard Test Procedures for Evaluating Leak Detection Methods: Pipeline
Leak Detection Systems”

Each test procedure provides an explanation of how to conduct the test, how to perform
the required calculations, and how to report theresults. The results from each standard
test procedure provide theinformation needed bytank owners and operators to determine
if the method meets the regulatory requirements.



The EPA standard test procedures may be conducted directly by equipment
manufacturers or may be conducted by an independent third partyunder contract to the
manufacturer. However, both state agencies and tank owners typically preferthat the
evaluation be carried out by an independent third-party in order to prove compliance with
the regulations. Independent third-parties may include consulting firms, test
laboratories, not-for-profit research organizations, or educational institutions with no
organizational conflict of interest. In general, EPA believes that evaluations are more
likely to be fair and objective the greater the independence of the evaluating
organization.

National Consensus Code or Standard

A second way for a manufacturer to prove the performance of leak detection equipment
is to evaluate the system following a national voluntary consensus code or standard
developed by a nationally recognized association (e.g., ASTM, ASME, ANSI,

etc.). Throughout the technical regulations for underground storage tanks, EPA has relied
on national voluntary consensus codes to help tank owners decide which brands of
equipment are acceptable. Although no such code presently exists for evaluating leak
detection equipment, one is under consideration by the ASTM D-34 subcommittee. The
Agency will accept the results of evaluations conducted following this or similar codes as
soon as they have been adopted. Guidelines for developing these standards may be
found in the U.S.Department of Commerce “Procedures for the Development of
Voluntary Product Standards” (ER, Vol.51, No.118, June 20, 1986) and OMB Circular
No.A-119.

Alternative Test Procedures Deemed Equivalent to EPA’s

In some cases,a specific leak detection method may not be adequately covered by EPA
standard test procedures or a national voluntary consensus code, or the manufacturer
may have access to data that makes it easier to evaluate the system another way.
Manufacturers who wish to have their equipment tested according to a different plan (or
who have already done so)must have that plan developed or reviewed by a nationally
recognized association or independent third-party testinglaboratory (e.g., Factory
Mutual, National Sanitation Foundation, Underwriters Laboratory, etc.).The results
should include an accreditation by the association or laboratory that the conditions under
which the test was conducted were at least as rigorous as the EPA standard test
procedure. In general this will require the following:

1. The evaluation tests the system both under the no-leak condition and an
induced-leak condition with an induced leak rate as close as possible to (or
smaller than)the performance standard.In the case of tank testing,for example,
this will mean testing under both 0.0 gallon per hour and 0.10 gallon per hour



leak rates. In the case of ground-water monitoring, this will mean testing with 0.0
and 0.125 inch of free product.

The evaluation should test the system under at least as many different
environmental conditions as the corresponding EPA test procedure.

The conditions under which the system is evaluated should be at least as
rigorous as the conditions specified in the corresponding EPA test procedure.
For example, in the case of volumetric tank tightness testing, the test should
include a temperature difference between the delivered product and that already
present in the tank, as well as the deformation caused by filling the tank prior to
testing.

The evaluation results must contain the same information and should be reported
following the same general format as the EPA standard results sheet.

The evaluation of the leak detection method must include physical testing of a
full-sized version of the leak detection equipment, and a full disclosure must be
made of the experimental conditions under which (1) the evaluation was
performed, and (2) the method was recommended for use. An evaluation based
solely on theory or calculation is not sufficient.

Vi
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SECTION 1
INTRODUCTION
11 BACKGROUND

The regulations on underground storage tanks (40 CFR Part 280, Subpart D)specify
performance standards for leak detection methods that are internal to the tank. For tank
tightness testing, the tests must be capable of detecting a leak of 0.10 gallon per hour
with a probability of (at least)95%, while operating at a false alarm rate of 5% or less.

A large number of test devices and methods are reaching the market, but little evidence
is available to support their performance claims. Advertising literature for the methods
can be confusing. Owners and operators need to be able to determine whether a
vendor’s tank tightness test method meets the EPA performance standards. The
implementing agencies (state and local regulators)need to be able to determinewhether
a tank facility is following the UST regulations, and vendors oftank tightness test
methods need to know how to evaluate their systems.

Presently, there are two categories of tank tightness testing methods on the market:(a)
volumetric testing methods, which measure directly the leak rate in gallons per hour, and
(b)_nonvolumetric testing methods, which report only the gqualitative assessment of
leaking or not leaking. These two testing methods require different testing and statistical
analysis procedures to evaluate their performance. The protocol in this document
should be followed when the method is a nonvolumetric one. The evaluation of the
performance of volumetric tank tightness testing methods is treated in a separate
protocol. To simplify the terminology throughout this document, nonvolumetric tank
tightness testing methods are referred to as tank tightness testing methods.

The use of tracers for leak detection purposes is one of the approaches permitted by the
regulations. While the approach has been classified by some as an external (out-of-
tank)method, it has several characteristics that are common to honvolumetric internal
methods.In particular, the type and amount of data collected and the statistical analysis
of the data are nearly identical to those used for other nonvolumetric methods. Also,the
tracer is internal to the tank, although the sensors are external to the tank. This protocol
includesprocedures for determining whether the performance of a method using tracers
meets the performance requirements for tank tightness testing.

Conceivably, a “nonvolumetric method” could utilize some measure of volume change, but in a
qualitative manner.



1.2 OBJECTIVES

The objectives of this protocol are twofold. First,it provides a procedure to test tank
tightness testing methods in a consistent and rigorous manner. Secondly, it allows the
regulated community and regulators to verify compliance with regulations.

This protocol provides a standard method that can be used to estimate the performance
of a tank tightness test method. Tank owners and operators are required to demonstrate
that the method of leak detection they use meets the EPA performance standards of
operating at (no more than)a 5% false alarm rate while having a probability of detection
of (at least)95% to detect a leak of 0.10 gallon per hour. This demonstration must be
made no later than December 22, 1990.The test procedure described in this protocol is
one example of how thislevel of performance can be proven. The test procedure
presented here is specific, based on reasonable choices for a number of factors.
Information about other ways to prove performance is provided in the Foreword of this
document.

This protocol does not address the issue of safety testing of equipment or operating
procedure. The vendor is responsible for conductingthe testing necessary to ensure that
the equipment is safe for use with the type of product being tested.

1.3 APPROACH

In general,the protocol calls for using the method on a tight tank under no-leak
conditions and under induced-leak conditions, producing leak rates of 0.10 gallon per
hour or less. The nonvolumetric test method being evaluated determines whether the
tank is leaking or not during each test. This reported result is compared with the actual
condition of the tank during testing to estimate the false alarm rate and probability of
detection. Once these probabilities have been estimated, the estimates are compared
with the EPA performance standards to determine whether the method meets the EPA
performance standards.

The companion evaluation protocol for volumetric tank tightness tests (“Standard Test
Procedures for Evaluating Leak Detection Methods: Volumetric Tank Tightness Testing
Methods,” March 1990)requires testing under different conditions that simulate
interferences likely to be encountered in actual test conditions. For volumetric methods
these include adding product at temperatures different from that of the product in the
tank and filling the tank prior to some of the tests. Such tests address temperature
effects and tank deformation effects that can affect measurements of level or volume
change.If the nonvolumetric methodbeing tested uses physical principles that might be
affected bytemperature or tank-deformation effects, then the test series should account
for these.If the evaluator determines that the physical principles of the test are not
affected by these variables, then the temperature and tank deformation parameters need
not be varied during the test series. Conversely, if the evaluator determines that other



sources of interference (e.g., background vapor concentrations, external acoustical
noise)might affect the performance of the method,then conditions totest for these effects
must be included in the design.For purposes ofillustration, this protocol assumes that
temperature and tank deformation effects are important, unless the evaluator determines
otherwise.

Some nonvolumetric test methods use more than one approach to detecting a leak. In
this event, each approach must be tested and evaluated to determine whether or under
what conditions the system meets the EPA performance standards. For example, some
nonvolumetric methods rely on detection of water incursion during the test to detect a
leak in the presence of a high ground-water level.If this is part of the standard operating
procedure, the water detection sensor needs to be evaluated as part of the evaluation
procedure.In addition to determining the performance of the water detection sensor as a
leak indicator, the performance parameters (minimum detectable water level and
minimum detectable level change)must be related to the size of the test tank to
determine whether the water detector could sense water incursion at the rate of 0.10
gallon per hour under the test conditions with a probability of at least 95%, while
operating at a false alarm rate of 5% or less.That is, each mode of leak detection must
be evaluated and compared to the EPA performance standards.

It is emphasized that testing must include conditions designed to test the ability of the
method to correctly detect a leak of the specified size (0.10 gallon per hour)in the
presence of sources of interference. Sources of interference,such as product
temperature changes, that do not affect the physical principles of operation of a method
do notneed to be included in the testing. However, the evaluating organizationmust
consider what alternative sources of interference might affect the operation of the
method and must include tests to determine whether the method successfully
overcomes these sources of interference.The testing conditions should be designed to
cover the majority of cases; that is, interference conditions as extreme as would be
encountered in approximately 75% of real world tests. Testing need not include extreme
cases that are rarely encountered.

This document addresses two general types of nonvolumetric tank tightness testing
methods. One type is internal to the tank. A probe with sensors is placed in the tank
and senses whether some physical characteristic associated with a leak is present. The
second type introduces a tracer material into the tank. The method then detectsleaks by
monitoring the exterior of the tank for the presence of the tracer. Since the only source
of the tracer is from the tank, the presence or absence of tracer in the external
environment is taken to be conclusive evidence that the tank is either leaking or tight.

The technical requirements for the use of tracers are described in the release
detectionsection of the regulations on vapor monitoring (40CFR 280.43[e]). The major
requirements which must be considered inevaluating the tracer method are therefore:



1. The backfill where the sampling is conducted must be porous enough to readily a
low diffusion of vapors to the sensor.

2. The tracer must be volatile enough to produce vapor levels which are detectable
by the monitoring device.

3. Ground water, rain, or soil moisture must not interfere with the operation of the
monitor.

4. Background contaminations must not interfere with the detection of releases from
the tank.

5. The number and positioning of the monitoring wells must be optimized for the
detection of leaks from any part of the system.

Although these requirements are for continuous vapor monitoring devices, they apply to
the use of a tracer technique when it is used as a tank tightness test. Accordingly, the
present protocol takes these factors into account when evaluating tracer techniques.

Two types of tracer techniques have been developed: those which add tracer to the fuel
and can perform a leak test with product in the tank; and those which place a gas into an
empty tank. The former typicallyuses halogenated hydrocarbons as the tracer material
while the latter mayuse sulfur hexafluoride or helium as the tracer material. In both
cases, the tracer is placed in the tank and samples are collected outside the tank.
Depending upon the specific method, or variation thereof, the time to detect a leak may
vary from a few minutes to several days. Estimates of the leak rate can be obtained
from methods which add tracer to the product, for example, by using a spiked sample to
produce a known concentration which can be compared to the observed concentration
of tracer found at a leaking tank. Methods which use gases in an empty tank are usually
limited to pass/fail conclusions since it is difficult to relate the loss of a gas through a
hole to an equivalent amount ofproduct through the same hole. The tracer techniques
may also be used to test the product lines or any other part of the system which is
exposedto the tracer.

The application of a single protocol to the various tracer techniques may present some
practical problems. The use of a tracer in an actual test situation will contaminate the
environment with the tracer, rendering the site unsuitable for replicate testing, at least,
for some period of time. For methods which rely on halogenated compounds, it may be
possible to use several different tracers at the same site.For methods which rely on a
single tracer, the tracer must either be removed from the site using techniques such as
forced ventilation,another sitemust.be selected for the replicate testing tracer, or the
replicate tests must wait until the tracer has dissipated. Since several replications are
required for satisfactory statistical analysis, the procedures can prove to be
cumbersome.



It is recognized that new nonvolumetric methods may be developed after this document
is published. These new methods could be based on different physical principles from
those employed by currently available methods. The detailed test methods described in
this document may not be entirely appropriate for new methods in that they may not
address these new approaches. To allow for such contingencies, it will be the
responsibility of the evaluating organization to determine whether a new method can be
evaluated with the current protocol or whether the new method has aspects that require
additional or different testing. In the latter case, it is the responsibility of the evaluating
organization to devisean appropriate test series and conduct the testing needed to
evaluate the method in a manner such that its performance can be compared to the EPA
performance standards. See the Foreword for a description of alternative approaches.

14 EFFECTS OF HIGH GROUND-WATER LEVEL

The ground-water level is a potentially important variable in tank testing. Ground-water
levels are above the bottom of the tank at approximately 25% of the tank sites
nationwide, with higher proportions in coastal regions. Also,tidal effects may cause
fluctuations in theground-water level during testing in some coastal regions. If
theground-water level is above the bottom of the tank, the water pressure on the exterior
of the tank will tend to counteract the product pressure from the inside of the tank.If the
tank has a leak (hole)below the ground-water level, the leak rate in the presence of the
high ground-water level will be less than it would be with a lower ground-water level. In
fact,if the ground-water level is high enough,water may intrude into the tank through the
hole.

The means by which the method deals with the ground-water level must be documented.
A method that does not take the ground-water level into account is not adequate. If the
ground-water level is determined to be above the bottom of the tank, a method that tests
in this situation must include a means of compensating for the high ground-water level.
Acceptable means of compensating are to either ensure that the tank has an outward
pressure throughout or that the groundwater exerts an inward pressure at all levels in
the tank. If an alternative approach to compensating for ground-water effects is used,
the evaluating organization must perform an engineering evaluation of the approach to
ensure that it is adequate. If in doubt, the evaluating organization may require tests in
addition to those detailed in this document.

15 ORGANIZATION OF THIS DOCUMENT

The next section presents the scope and applications of this protocol. Section 3
presents an overview of the approach, and Section 4 presents a brief discussion of
safety issues. The apparatus and materials needed to conduct the evaluation are
discussed in Section 5. The step-by-step procedure, adapted for two existing types of
nonvolumetric test methods, is presented in Section 6.Section 7 describes the data



analysis and Section 8 provides some interpretation of results.Section 9 describes how
the results are to be reported.

Two appendices are included in this document.Definitions of some technical terms are
provided in Appendix A. Appendix B presents a compendium of forms: a standard
reporting form for the evaluation results, a standard form for describing the operation of
the method, data reporting forms, and an individual test log. Appendix B thus forms the
basis for a standard evaluation report.



SECTION 2
SCOPE AND APPLICATIONS

This document presents a standard protocol for evaluating nonvolumetric tank tightness
testing methods. The protocol is designed to evaluate methods that test a tank at a
specific point in time. The methods determine a yes or no answer to the question: “Is
the tank leaking?” The nonvolumetric methods currently commercially available use
some physical result from a leaking tank to make this determination. Some may use
more than one characteristic of a leaking tank in making their determination. This
protocol is designed to evaluate the methods ability to detect a leak of 0.10 gallon per
hour with a probability of at least 95%, while operating at a false alarm rate of no more
than 5%, as specified in the performance standard in the UST regulations.

The protocol also provides tests to determine the minimum water level that the method
can detect. In addition, the protocol tests the ability of the water sensor to measure
changes in the water level. These are evaluated over a range of a few inches in the
bottom of the tank. The minimum water level and minimum water level change that the
methodcan detect are converted to gallons using the geometry of the tank. From that,
the minimum time it would take the sensor to detect a 0.10-gallon per hour leak is
calculated. These tests are only performed if themethod uses a water sensor to detect
leaks in situations such as a high ground-water level.

The document also presents a protocol for evaluating tracer methods at actual tank
installations. The protocol does not include laboratory testing of components such as
vapor sensors. It is designed to be used for tracer methods that are applied to a tank at
a specific point in time.

Subiject to the limitations listed on the Results of U.S. EPAStandard Evaluation form
(Appendix B),the results of this evaluation can be used to prove that a nonvolumetric
tank tightness testing method meets the requirements of 40 CFR Part 280, Subpart D.
The Results of U.S. EPA Standard Evaluation form lists the limitations on the method.
For example,a minimum time for the test may be required in order for the physical
characteristic of a leak to be sensed or for the tracer to reach the sampling ports. The
performance results are valid provided the test is conducted for at least the specified
time.



SECTION 3
SUMMARY

The evaluation protocol for nonvolumetric test methods calls for conducting the testing
on atight tank. The organization performing the evaluation should have evidence that
the tank used for testing is tight, independent of the system currently being tested. The
evidence that the tank is tight may consist of any of the following:

1. At least three automatic tank gauging system (ATGS)recordswithin a 3-month
period with inventory and test modes indicatinga tight tank.

2. Atank tightness test by another test method in the 6 months preceding testing
that indicates a tight tank.

3. Continuous vapor or liquid monitoring system installed that indicates a tight tank.

Any of the above, verified by a tight test result on the initial test (trial run)of the method
under investigation, constitutes acceptable evidence. This information should be
reported on the data report form (see Appendix B).

The protocol calls for an initial test (trial run)under stable conditions to ensure that the
equipment is working and that there are no problems with the tank, associated piping,
and the test equipment. If the tank fails the trial run test, however, then testing should
not proceed until the problem is identified and corrected. Only if the evaluating
organization has strong evidence that the tank is tight, should testing proceed.

The tank tightness testing equipment is installed at the tank site to be tested following
the methods standard operating procedure. A minimum of 21 independent tests of the
tank under the no-leak conditionare performed. The results of these tight tank tests will
be used to estimate the false alarm rate,P(FA). In addition, induced leaks atrates not to
exceed 0.10 gallon per hour are simulated. Again, a minimum of 21 independent tests
are performed with these induced leaks. The results of these tests will be used to
estimate the probability of detecting a leak of the magnitude used, P(D).The simulation
condition (tight tank or induced leaks)is kept blind to the vendor.

If sources of interference are to be evaluated, test conditions including these
interferences are set up in a balanced experimental design. The conditions that may
interfere with the method are applied to both tight and induced leak tests. The order of
the tests is randomized to ensure that the conditions are kept blind to the vendor. The
order of both the interfering conditions (if used)and the leak conditions are randomized.
The proportion of tests under the tight tank condition that incorrectly indicate a leak is
used to estimate the probability of afalse alarm, while the proportion of induced leak
tests correctly identified is used to estimate the probability of detection. Thus, each
performance parameter, P(FA) and P(D), is estimated based on at least21 tests.



For tracer methods, the protocol calls for the use of the method on a tank environment
which is representative of a typical UST installation. It is not necessary for the tank to be
in service to be acceptable for the evaluation process. The type of backfill around the
tank, however, should be known and should be either sand, pea gravel, crushed rock,or
other material which is commonly used as backfill material. If the monitoring is
conducted in areas other than the backfill,the characteristics of the soil at the sampling
location should also be known.

The testing of a nonvolumetric method based on tracer technology also involves a
minimum of 42 tests. At least 21 tests are done under the tight tank condition and are
used to estimate the probability of a false alarm. At least 21 tests are done with an
induced or simulated leak and are used to estimate the probability of detection. As
before, if interfering conditions are to be incorporated into the experimental design,these
are established for tests in a random order. To estimate P(FA), the tracer is introduced
into the product in the tank. After mixing and after the appropriate waiting time
determined by the methodsstandard operating procedure has elapsed,the sample ports
are sampled todetermine if the tracer is detected. False alarms could occur if tracer is
accidentally released during the process of adding it to the product or mixing it with the
product. Consequently, the steps of adding the tracer and mixing the product in the tank
should be repeated for each tight tank test.

For tracer methods, induced leaks are simulated by spiking the soil with a sample of
nonregulated material containing the tracer. For example, a vegetable oil containing the
tracer at the working concentration (e.g., 10 ppm) could be used to spike the soil at 0.10
gallon per hour. This would be continued for the specified test duration and the results
recorded. To keep the process blind to the vendor, randomized samples of spiking
solution, some with and some without tracer, could be used and spiking done for each
test.



SECTION 4
SAFETY

This discussion does not purport to address all the safety considerations involved in
evaluating leak detection equipment and methods for underground storage tanks. The
equipment used should be tested and determined to be safe for the products it is
designed for. Each leak detection method should have a safety protocol as part of its
standard operating procedure. This protocol should specify requirements for safe
installation and use of the device or method. This safety protocol will be supplied by the
vendor to the personnel involved in the evaluation.In addition, each institution performing
an evaluation of a leak detection device should have an institutional safety policy and
procedure that will be supplied to personnel on site and will be followed to ensure the
safety of those performing the evaluation.

Since the evaluations are performed on actual underground storage tanks,the area
around the tanks should be secured. As a minimum, the following safety equipment
should be available at the site:

o Two class ABC fire extinguishers

¢ One eyewash station (portable)

¢ One container (30 gallons)of spill absorbent
e Two “No Smoking” signs

Personnel working at the underground storage tank facility should wear safety glasses
when working with product and steel-toed shoes when handling heavy pipes or covers.
After the safety equipment has been placed at the site and before any work can begin,
the area should be secured with signs that read “Authorized Personnel Only” and “Keep
Out.”

All safety procedures appropriate for the product in the tanks should be followed. In
addition, any safety procedures required for a particular set of test equipment should be
followed.

This test procedure only addresses the issue of the method'’s ability to detect leaks. It
does not address testing the equipment for safety hazards. The manufacturer needs to
arrange for other testing for construction standards to ensure that key safety hazards
such as fire, shock, intrinsic safety, product compatibility, etc., are considered.The
evaluating organization should check to see what safety testing has been done before
the equipment is used for testing to ensure that the test operation will be as safe as
possible.

10



SECTION 5
APPARATUS AND MATERIALS
5.1 TANKS

The evaluation protocol requires the use of an underground storage tank known to be
tight. A second tank or a tank truck is needed to store product for the cycles of emptying
and refilling,if required.As discussed before, the tank should have been tested and
shown to be tight by any of the three methods described in Section 3. The tank should
nothave any history of problems. In addition, the protocol calls for an initial trial run with
the test equipment under stable conditions. This test should indicate that the tank is
tight; if it does not, there may be a problem with the tank and/or the test equipment that
should be resolved before proceeding with the evaluation.

The tank facility used for testing is required to have at least one monitoring well. The
primary reason for this is to determine the ground-water level. The presence of a
ground-water level above the bottom ofthe tank would affect the leak rate in a real
tank,that is, the flow of product through an orifice. The flow would be a function of the
differential pressure between the inside and outside of the tank. However, in a tight tank
with leaks induced to a controlled container separate from the environment, the ground-
water level will not affect the evaluation testing. Consequently, it is not necessary to
require that testing against the evaluation protocol be done in a tank entirely above
theground-water level. The monitoring well can also be used for leak detection at the
site, either through liquid monitoring (if the ground-water level is within 20 feet of the
surface)or for vapor monitoring.

Volumetric methods that measure volume or level changes of liquid product that occur
as a result of a leak generally have worse performance as the size of the tank
increases.However, the tank size does notaffect the performance of existing
nonvolumetric test methods to the same extent, since they are based on different
physical principles. Consequently, it is not necessary to restrict the application of these
test results to tanks with a volume equal to, or some arbitrary fractionlarger than, the test
tank. The evaluating organization should determine the appropriate size limit based on
their testing, physical principles involved, and other available data, and state the limit on
the resultsform (Appendix B). For example, tanks larger than 50,000 gallons have a
different construction and geometry than the standard horizontal cylindrical tanks used
for tanks up to this size. It may be the tank geometry and construction that impose limits
rather than the size.

The test plan may require some testing with addition of product at a different
temperaturefrom that of the fuel already in the tank.This requirement is to verify that the
method can accommodate the range of temperature conditions that routinely occur. The
procedure requires that some tests begin by the tank being filled from about half full to
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thetest level with fuel that is 5°F warmer than the product in the tank, andsome tests
using fuel 5°F cooler than the product in the tank. Thisprocedure requires that some
method of heating and cooling the fuel be provided,such as pumping the fuel through a
heat exchanger, or byplacing heating and cooling coils in the supply tank or tank truck
beforethe fuel is transferred to the test tank. In the case of a tracer oracoustical method,
the evaluating organization may eliminate the temperature and filling conditions if they
are not relevant. The total number of tests to be performed remains the same,
however.The temperature and filling conditions would obviously be inoperative if a
gaseous tracerwere to be used in an empty tank.

If the protocol or the method requires that the tank be filled or emptied a number of
times, a second tank or a tank truck is needed to hold reserve product. A pump and
associated hoses or pipes to transfer the product from the test tank to the reserve
product tank or truck are also needed.

For tracer methods,the characteristics of a tank are lessimportant. However,the test
tank must be tight. The primary purpose of the tank is to provide an environment which
is representative of typical tank installations. The tank is important for testing for
falsealarms. The procedure of adding and mixing tracer to the product is apotential
source of false alarms from inadvertent release of the tracer into the environment.

52 TEST EQUIPMENT

The equipment for each tank test method will be supplied by the vendor or manufacturer.
Consequently, it will vary by method. In general,the test equipment will consist of some
method for monitoring the tank for the effect used by the method to indicate a leak. For
tracer methods, the equipment will also include some method for introducing the
tracer(s)into the tank or the backfill. The test equipment also typically includes
instrumentation for collecting and recording the data and procedures for using the data
to interpret the result as a pass or fail for the tank.

It is recommended that the test equipment for the method being tested be operated by
trained personnel who regularly use the equipment in commercial tests. This should
ensure that the vendor’s equipmentis correctly operated and will eliminate problems that
newly trained or untrained individuals might have with the equipment. On the other
hand, if the equipment is normally operated by the station owner, then theevaluating
organization should provide personnel to operate the equipmentafter the customary
training.

5.3 LEAK SIMULATION EQUIPMENT

The protocol calls for inducing leaks in the tank. The method of inducing the leaks must
be compatible with the leak detection method being evaluated. The experimental design
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in Section 6 gives the nominal leak rates that are to be used. These leak rates refer to
leak rates that would occur under normal tank operating conditions.

For volumetric methods, leak simulation can be accomplished by removing product from
the tank at a constant rate, measuring the amount of product removed and the time of
collection, and calculating the resulting induced leak rate. An explosion-proof motor can
be used todrive a peristaltic pump head. Thesizes of the pump head and tubing are
chosen to provide the desired flow rates. A variable speed pump head can be used so
that different flow rates can be achieved with the same equipment. The flow is directed
through a rotameter so that the flow can be monitored and kept constant.One end of the
tubing is inserted intothe product in the tank. The other end is placed in a container.

Although this leak simulation approach may work for some nonvolumetric methods, most
of these methods will require a method of simulating leaks that is adapted to their
specific principle of operation. Examples of leak simulation methods for two
nonvolumetric methods follow.

5.3.1 Leak Simulation Approach for Acoustical Methods

Two methods commercially available at the present time are based on acoustical signals
generated when product flows through an orifice orwhen air is drawn through an orifice
or hole in the tank that would allow it to leak.In order to simulate a leak condition for such
a method, an orifice must be introduced into the tank so that product or air can flow
through it during the test. A simulator of this type has been developed and is in the
patent process. Its principle is described below. The size and location in the tank of the
orifice must be determined so thatit would represent a leak rate of 0.10 gallon per hour
or less if it werepresent under normal operating conditions in the tank. One approach is
to insert a pipe into the product in the tank through one of the openings in the top of the
tank. The pipe has an orifice of the required size, allowing product to leak from the tank
into the pipe, where it can be removed and measured. Likewise, if a partial vacuum is
applied, aircould be drawn into the tank through the orifice in the pipe.Theorifice in the
pipe can be calibrated by allowing product to flow into the pipe and measuring the flow
rate.

5.3.2 Leak Simulation Approach for Tracer Methods

Two types of leak simulation equipment are required, depending upon the type of tracer
technique in use. For methods which rely on detecting the loss from the tank of product
containing tracer,the simulation equipment must be capable of delivering a liquid
containing the tracer into the backfill close to the tank. The rate of delivery is used to
control the volume of product introduced in the backfill. For methods which rely on
detecting the loss of gaseous tracer from the tank, the simulation equipment must be
capable of delivering the tracer gas intothe backfill in known quantities so that the ability
of the system todetect the tracer in the backfill can be evaluated. In either case,
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theamount of tracer introduced into the backfill should reflect the amount that would be
released if the tank were leaking at a rate of 0.10 gallon per hour or less. To do this,the
rate of delivery is used to controlthe amount of material introduced into the backfill. To
simulate a zero leak rate, the tracer material is introduced into the test tank and mixed
with the product as appropriate. However, a blank spike (without a tracer)would be
introduced into the backfill.

Other nonvolumetric methods may use principles different from those of the methods in
these examples. The evaluating organization will need to develop a method of leak
simulation that is appropriate fora specific test method.

54 PRODUCT

The most common products in underground storage tanks are motor fuels, particularly
gasoline and diesel fuel. Analysis of tank test data based on tanks containing a variety
of products has shown no evidence of difference in test results by type of product, if the
same size tank is considered. The only exception to this observation is that one tank
test method did produce better results when testing tanks with pure chemicals (e.g.,
benzene, toluene, xylene)than when testing gasoline.This difference was attributed to
better test conditions, longer stabilization times, and better cooperation from tank
owners.

Any commercial petroleum product of grade number 2 or lighter may be used for testing,
depending on the availability and restrictions of the test tanks. The choice of the product
used is left to the evaluating organization, but it must be compatible with the test
equipment.

5.5 TRACERS AND CARRIERS

When testing tracer methods,additional considerations apply.While use of petroleum
products spiked with tracer would be ideal, the introduction of regulated products into the
ground is prohibited in almost all situations. Therefore, for test purposes, the carrier
used for liquid tracers should be of some nonregulated liquid such as mineral oil or
vegetable oil. The concentration of tracer can be elevated in the carrier to reduce the
actual volume of material to be introduced into the ground.

Direct injection of the tracer gas diluted in air can be used to evaluate methods which
rely on the loss of tracer gases from the tank. The concentrations of tracers injected
during the simulation process should approximate those contained in the tank during an
actual test.

56  WATER SENSOR EQUIPMENT
The equipment to test the water sensor consists of a vertical cylinder with an accurately

known (to £0.001 inch)inside diameter. This cylinder should be large enough to
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accommodate the water sensor. Thus, it should be approximately 4 inches in diameter
and 8 or more incheshigh. The probe is mounted so that the water sensor is in the same
relation to the bottom of the cylinder as it would be to the bottom of a tank. In addition, a
means of repeatedly adding a small measured amount of water to the cylinder is
needed. This can be accomplished by using apipette.

5.7 MISCELLANEOUS EQUIPMENT

As noted, the test procedure may require the partial emptying and filling of the test tank.
One or more fuel pumps of fairly largecapacity will be required to accomplish the filling in
a reasonably short time. Hoses or pipes will also be needed for fuel transfer. Some test
methods require some reserve product for calibration or establishing a specified product
level. In addition,containers will be necessary to hold this product as well as that
collected from the induced leaks. A variety of tools need to be on hand for making the
necessary connections of equipment.
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SECTION 6
TESTING PROCEDURE

The overall performance of the method is estimated by comparing the method’s results,
leaking or tight tank, to whether a leak was actually induced. Performance is measured
over a variety of realistic conditions, including temperature changes and filling effects, if
applicable. The evaluating organization is responsible for adding any other variablesthat
may affect a specific nonvolumetric method. The range of conditionsneed not represent
the most extreme cases that might be encountered, because extreme conditions can
cause any method to give misleading results. If the method performs well under various
test conditions, then it may be expected to perform well in the field.

The test procedures have been designed so that additional statistical analyses can be
done to determine whether the method’s performance is affected by the size of the leak
or other factors. These additional analyses can only be done if the method makes a
substantial number of mistakes so that the proportion of errors is between zero and one
forsome subsets of the data. Thus, they are only relevant if the methoddoes not meet
the performance standard.

For illustrative purposes, the basic test procedure introduces three main factors that may
influence the test: size of leak, temperature effects, and tank deformation. The primary
consideration is the size of the leak. The method is evaluated on its ability to detect
leaks of specified sizes. If a method cannot detect a leak rate of 0.10 gallonper hour or if
the method identifies too many leaks when no leak isinduced, then its performance is not
adequate.

A second consideration might be the temperature of the product added to fill a tank to
the level needed for testing. Three conditions could be used:added product at the same
temperature as the in-tank product, added product that is warmer than that already in the
tank, and added product that is cooler. The temperature difference should be at
least5°F and should be measured and reported to the nearest degree F. For some
methods, the temperature difference is needed to ensure that the method can
adequately test under realistic conditions.The performance under the three temperature
conditions can be compared to determinewhether these temperature conditions have an
effect on the method’s performance. Note that some nonvolumetric methods require an
empty tankor do not require aspecific product level. If the principle of the nonvolumetric
method is not affected by product temperature as determined by the evaluating
organization, the test need not include this set of conditions, although the total number of
tests must not be decreased.

Another consideration might be the tank deformation caused by pressure changes that
are associated with product level changes. This consideration is addressed by requiring
several empty-fill cycles. One test is conducted at the minimum time after filling
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specified by the test method. A second test follows without any change in conditions
(except, possibly,leak rate). Comparison of the order of the test pairs can determine
whether the additional time improves the method'’s performance. Again, if, as
determined by the evaluating organization, theoperating procedure of the method is not
affected by pressure changes, this aspect of testing need not be included.

Nonvolumetric test methods operate on a wide variety of principles. Consequently, each
method may have a different set of sources of interference related to its operating
principle. The evaluating organization should consider possible sources of interference
for the method being evaluated. The list of these sources considered and the
conclusions reached should be reported. The considerations do not need to include the
most extreme possible conditions, but should include conditions expected to be
encountered in a large majority (e.g., 75%)of the normal tests cases.

In addition to varying these factors, environmental dataarerecorded to document the test
conditions. These data may help to explainone or more anomalous test results.

The ground-water level is a potentially important variable in tank testing, and the
system’s means of dealing with it is to be documented.A system that does not determine
the ground-water level and take it into account is not adequate. Ground-water levels are
above the bottom of the tank at approximately 25% of underground storage tank sites
nationwide, with higher proportions in coastal regions.

If the method uses water incursion to account for high ground-water levels, this protocol
evaluates two aspects of the system’s water sensing function: the minimum detectable
water level and the minimum detectable change in water level. Together, these can be
used with the dimensionsof the tank to determine the ability of the system’s water
sensing device to detect inflows of water at various rates.

6.1 ENVIRONMENTAL DATA RECORDS

In general, the evaluation protocol requires that the conditions during the evaluation be
recorded. In addition to all the testing conditions,the following measurements should be
reported (see the Individual Test Log forms in Appendix B):

e ambient temperaturemonitored hourly throughout each test

e barometric pressure, monitored hourly throughout each test

e weather conditions such as wind speed; sunny, cloudy, or partially cloudy sky;
rain; snow; etc.

e ground-water level if above bottom of tank

e any special conditions that might influence the results

When testing tracer methods, the tank environment should also be documented as
completely as possible. A detailed site diagram should be prepared which identifies the
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positions of the tanks, piping, and other features which are present at the site. The type
of backfill and soil at the site should be verified, at the minimum,to be porous enough to

allow migration of vapors from the leak to the sensors. The evaluation should not be run
under backfill conditions outside the range suggested by the vendor.

Both normal and “unacceptable” test conditions for each method should be described in
the operating manual for the method and should provide a reference against which the
existing test conditions can be compared. The evaluation should not be done under
conditions outside the vendor’s recommended operating conditions.

Pertaining to the tank and the product,the following items should be recorded if
applicable:

e type of product in tank

o type of tracer(s)(liquid or gas)

e tank volume

¢ tank dimensions and type

e amount of water in tank (before and after each test)

e if applicable, temperature of product in tank before filling

¢ if applicable, temperature of product added each time the tank is filled
o if applicable, temperature of product in tank immediately after filling

o if applicable, temperature of product in tank at start of test

6.2 INDUCED LEAK RATES AND TEMPERATURE DIFFERENTIALS

Following a trial run in the tight tank, a minimum of 42 tests must be performed
according to an experimental design illustrated in Table 1. (As discussed in Section 7, a
larger number of tests could be used.) For illustrative purposes, this table presumes that
temperature and tank deflection effects could interfere with the method.
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Table 1. LEAK RATE AND TEMPERATURE DIFFERENTIAL
TEST SCHEDULE (Example)

Nominal
Nominal Leak Temperature
Rate (gal/h) Differential *1

Test No. | Set No. (degree F)
Trial run 0 0
Empty/Fill cycle *2

1 1 LR2 T3

2 1 LR1 T3
Empty/Fill cycle

3 2 LR1 T2

4 2 LR1 T2
Empty/Fill cycle

5 3 LR1 T1

6 3 LR3 T1
Empty/Fill cycle

7 4 LR3 T3

8 4 LR1 T3
Empty/Fill cycle

9 5 LR4 T1

10 5 LR1 T1
Empty/Fill cycle

11 6 LR2 T2

12 6 LR3 T2
Empty/Fill cycle

13 7 LR4 T1

14 7 LR1 T1
Empty/Fill cycle

15 8 LR3 T3

16 8 LR1 T3
Empty/Fill cycle

17 9 LR4 T3

18 9 LR1 T3
Empty/Fill cycle

19 10 LR1 T2

20 10 LR3 T2
Empty/Fill cycle

21 11 LR3 T1

22 11 LR1 T1

Note 1:  The temperature differential is calculated as the temperature ofthe product
added minus the temperature of the product in the tank.

Note 2:  Empty/Fill cycles and temperature differentials may not be required.
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Table 1. LEAK RATE AND TEMPERATURE DIFFERENTIAL TEST SCHEDULE
(Example) (Continued)

Nominal
Nominal Leak Temperature
Rate (gal/h) Differential *1

Test No. | Set No. (degree F)
Empty/Fill cycle *2

23 12 LR1 T3

24 12 LR2 T3
Empty/Fill cycle

25 13 LR2 T2

26 13 LR4 T2
Empty/Fill cycle

27 14 LR3 T3

28 14 LR1 T3
Empty/Fill cycle

29 15 LR1 T1

30 15 LR2 T1
Empty/Fill cycle

31 16 LR1 T2

32 16 LR1 T2
Empty/Fill cycle

33 17 LR1 T3

34 17 LR4 T3
Empty/Fill cycle

35 18 LR1 T2

36 18 LR4 T2
Empty/Fill cycle

37 19 LR2 T1

38 19 LR1 T1
Empty/Fill cycle

39 20 LR1 T2

40 20 LR2 T2
Empty/Fill cycle

41 21 LR1 T1

42 21 LR4 T1

Note 1:  The temperature differential is calculated as the temperature of the product
added minus the temperature of the product in the tank.

Note 2:  Empty/Fill cycles and temperature differentials may not be required.
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In Table 1, LR, denote the nominal leak rates and T; denote the temperature differential
conditions to be used in the testing. These42 tests evaluate the method under a variety
of conditions.

The 42 tests are arranged in 21 sets of two tests each.Table 1 shows a possible
ordering of the 21 sets.In practice,the evaluating organization should randomly
rearrange the order of the sets so that the leak rates are blind to the vendor.

Leak Rates

Of the 42 tests, half will be performed under tight-tank conditions, that is, at a leak rate of
0.0 gallon per hour. The remaining 21 tests will be performed under induced leak
conditions with leak rates not exceeding 0.10 gallon per hour. Typically, all of
theseinduced leak rates would be the same. Alternatively, different non-zero leak rates
could be used and the results analyzed with a logistic model,asdescribed in Section
7.4.2. The test schedule in Table 1 is an example of 21 tests at a 0.0 gallon per hour
leak rate (LR;) and 3 groups of7 tests at non-zero leak rates of LR, LRs, and LR,4, which
may all be equal.

The most direct evaluation of a nonvolumetric method uses only the zero and 0.10
gallon per hour leak rates. This, assuming that the test results had at most one error at
each leak rate, would provide the needed performance evaluation. However,a vendor
may want to claim that his method exceeds the EPA performance standards and
establish that the probability of detecting a smaller leak (e.g.,0.01 rather than 0.10 gallon
per hour)is at least 95%. In that case, two approaches are possible.One is to use the
smaller leak rate as the induced leak rate.Again,this is straightforward. However, if the
nominal leak rate selected is close to or less than the leak rate that the method can
actually detect with 95% reliability, the testing may result in too many detection errors at
that reduced leak rate. In order to demonstrate that the method meets the performance
standards, the 21 induced leak rate tests would have tobe run again using a nominal
leak rate larger than the example 0f0.01 gallon per hour (e.g., 0.05 gallon per hour), with
additional costs for the evaluation.

Another approach is to induce three non-zero leak rates and estimate the probability of
detection as a function of the leak rate.In this case, the method would demonstrate that it
meets the EPA performance standards, provided that the probability of detection at a
zero leak rate (a false alarm)is less than 5%, and the detectable leak rate that couldbe
claimed by the method is the leak rate at which the function firstexceeds 95%.If this
option is chosen, a single test series of 42 tests could demonstrate that the method
meets the EPA performance standards at the smaller leak rate determined by the
evaluation. In order for this approach to work, the probability of detecting a leak must
increase steadily with the leak rate. In addition, the non-zero leak rates must be
selected so that the observed results (proportions of tests where aleakis detected)also
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increase with the induced leak rate. There must be very few detections (zero or one)at
zero, some missed detections at the smaller leak rates, and very few at the larger leak
rates.

Temperature Differentials (if applicable)

If temperature differential is important for the test method, three nhominal temperature
differentials between the temperature of the product to be added and the temperature of
the product in the tank during each fill cycle should be used. These three temperature
differentials are-5°, 0°,and +5°F (-2.8°, 0°and +2.8°C).The temperature differentialof 5°F
is a minimum. Larger differences may be used. If temperaturedifferences are used,the
actual differences are to be calculated andreported.

Randomization

A total of 42 tests consisting of combinations of the four leak rates (LR, = 0.0 gallon per
hour, LR», LR3, and LRs)and the three temperature differentials (T4,T», and T3)will be
performed. LR,, LR3, and LRymay all be the same, depending on the analysis method to
beused. The 42 tests have been arranged in pairs (sets), each pair consisting of two
tests performed at the same temperature differential. However, the leak rates within a
pair have been randomly assigned to the first or second position in the testing order.
The test schedule is outlined in Table 1.

A randomization of the test schedule is required to ensure that the testing is done blind
to the vendor. The randomization of the tests is achieved by the evaluating organization
by randomly assigning threenominal leak rates below 0.10 gallon per hour to LR, LR3,
and LRsand by randomly assigning the nominal temperature differentials of 0°,-5°,
and+5°F to T4, T, and T3, following the sequence of 42 tests as shown in Table 1. In
addition, the evaluating organization should randomly assign the set numbers (1 through
21)to the 21 pairs of tests.The results of the randomized sequence should be kept blind
to the vendor.That is, the vendor should not know which induced leak rate is used or
which temperature condition is present in advance. The vendor should test for the
induced leak rate based on his instrumentation and standard operating procedure
without knowledge of the induced conditions. Randomization should be done separately
for each method evaluated.

In summary, each test set consists of two tests performed using two induced leak rates
and one induced temperature differential (temperature of product to be added -
temperature of product in the tank). Eachset indicates the sequence in which the
induced rates are used to remove the product volumes (in gallons per hour)from the tank
at a given product temperature differential.In some cases,e.g., when a partial vacuum is
applied to the tank, the simulated leak will not actually remove product from the tank. In
this case, the indicated rates are those at which product would escape or be removed
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from the tank if the induced condition were present under normal tank operating
conditions.

Notational Conventions

The nominal leak rates to be induced are denoted by LR; = 0.0 gallon per hour, LR,,
LRs,and LR,. Itis clear that the nominal leak rates selected bythe evaluating
organization cannot be achieved exactly in the field. Rather, these numbers are targets
that should be established by a calibration process. The maximum must be no more
than 10% greater than the nominal 0.10 gallon per hour.

The leak rates actually induced for each of the 42 tests will be calibrated for each test
series. They will be denoted by S;, S,, ..., Ss. The results of each test will be denoted
by Ly, ..., Lsp,with each L; being either “tight” or “leaking.” The L; may be coded
numerically, e.g., L; = “0” for tight and “1” for leaking, for convenience.

The subscripts 1, ...,42 correspond to the order in which the tests were performed (see
Table 1). That is,for example,Ss and Ls correspond to the test results from the fifth test
in the test sequence.

6.3 TESTING SCHEDULE

The first test to be done is a trial run. This test should be done with a tight tank in a
stable condition and this should be known to the vendor. The results of the trial run will
be reported along with the other data, but are not explicitly used in the calculations
estimating the method’s performance.

There are two purposes to this trial run. One is to allow the vendor to check out the tank
testing equipment before starting the evaluation. As part of this check, any faulty
equipment should be identified and repaired. A second part is to ensure that there are
no problems with the tank or the test equipment. Such practical field problems as loose
risers,leaky valves, leaks in plumber’s plugs,etc.,should be identified and corrected with
this trial run. The results also provide additional verification that the tank is tight and so
provide a baseline for the induced leak rates to be run in the later part of the evaluation.

The testing will be performed using a randomized arrangement of nominal leak rates and
temperature differentials as illustrated in Table 1 above, unless the evaluating
organization determines that the filling and/or temperature changes are irrelevant for the
particularnonvolumetric method. The time lapse between the two tests in each
setshould be kept as short as practical. It should not exceed 30 min, and preferably
should be held to 15 min or less. Twenty-one sets of twotests each will be carried out.
After each set of two tests, the test procedure starts anewwith emptying the tank to half
full, refilling, stabilizing, etc., as necessary. The details of the testing schedule are
presented next, in accordance with the example ordering shown in Table 1.
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Step 1: Randomly assign nominal leak rates not to exceed 0.10 gallon per hour to
LR», LR3, and LR,. Note that LR, is identifiedwith the zero leak or tight
tank condition as 21 trials are runin this condition. Also., randomly assign
the temperature differentials of 0°, -5°, and +5°F to Ty, T,,and Ts. This
will be done by the organization performing the evaluation and needs to
be kept blind to the crew performing the testing.

Step 2: Follow the vendor’s instructions to install the leak simulation equipment in
the tank if this has not already been done, making sure that the leak
simulation equipment will not interfere with the test equipment.

Step 3: Trial run. Following the test method’s standard operating procedure, fill
the tank to the recommended level, and allow for the stabilization period
called for by the method orlonger. Any product added should be at the
same temperature as that of the in-tank product. Conduct a test on the
tight tank to check out the system (tank, plumbing, etc.)and/or themethod.
Perform any necessary repairs or modifications identified by the trial run.

Step 4: Empty the tank to half full. Fill with product at the recommended
temperature. The temperature differential will be T; (Table 1, Test
No.1).Record the date and time at the completion of the fill. Allow for the
recommended stabilization period, but not longer.Induce the appropriate
leak condition.

Step 5: Continue with the methods standard operating procedure and conduct a
test on the tank, using the method’s recommended test duration. Record
the date and time of starting the test. This test will be performed under
the first nominal leak rate of the first set in Table 1.This nominal leak rate
to be induced is LR,

When the first test is complete, determine and record the calibrated induced leak rate,S;,
and the method'’s reported leak condition, L;. If possible,also record the data used to
determine the leak condition and the method of calculation. Save all data sheets,
computer printouts, and calculations. Record the dates and times at which the test
began andended. Also record the length of the stabilization period. The Individual Test
Log form in Appendix B is provided for the purpose of reporting these data and the
environmental conditions for each test.

Record the temperature of the product in the test tank and that of the product added to
fill the test tank (if done; if not, document whynot on the log). After the product has been
added to fill the test tank,record the average temperature in the test tank. Measuring the
temperature of the product in the tank is not a trivial task. One suggested way to
measure the temperature of the product in the tank is to use a probe with five
temperature sensors spaced to cover the diameter of the tank. The probe is inserted in
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the tank (or installed permanently), and the temperature readings of those sensors in the
liquid are used to obtain an average temperature of the product. The temperature
sensors can bespaced to represent equal volumes or the temperatures can be weighted
with the volume each represents to obtain an average temperature for the tank.

Step 6: Change the nominal leak rate to the second in the first set, that is LR;(see
Table 1). Repeat Step 5. Note that there will be an additional period (the
time taken by the first test and the set-up time for the second test)during
which the tank may have stabilized. When the second test of the first set
is complete, again record all results (times and dates, induced leak rate
and test result, temperatures, calculations, etc.).

Step 7: Repeat Step 4. The temperature differential will be changed to T..

Step 8: Change the nominal leak rate to the first in the second set.In this
example,the rate is unchanged at LR;. RepeatStep 5. Record all results.

Step 9: Change the nominal leak rate to the second in the second set if it is
different. In this example the second leak rate isLR;. Repeat Step 6.
Record all results.

Step 10: Repeat Step 4. The temperature differential will be changed to the
following one in Table 1. In this case, it will be changed to T,

Step 11: Repeat Steps 5 through 9, using each of the two nominal leak rates of
the third set, in the order given in Table 1.

Steps 4 through 9, which correspond to two empty/fill cycles and two sets of two
tests,will be repeated until all 42 tests are performed.

Normal and “unacceptable” test conditions 