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B FOREH_ORI]\ :

How to- nemonstrate That Leak Detection Hethods Meet EPA's Performance
'Standards

: " The Environmental Protection Agency's: (EPA's) regu1ations 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 CFR .

Part 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 tightnéss 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
- probabitity of faise alarm of nd more than 5%. It is up to tank owners
and operators to select a method of leak detection that has been shown to

" _meet the re1evant performance standards.

Deciding whether a method meets the standards has not- been easy,..
- however, Until recently, manufacturers of leak detection methods have
tested their eguipment 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 déveloped mechanisms for approving leak detection
methods. These approval procedures vary from state to state, making it
difficult for manufacturers to conciusively 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 teak detection equip-

- ‘ment or service they purchase meets the federal regulatory require- - .
" ments. States may have additional requirements for approV1ng the use of -
1eak detection methods._

: "EPA’ wil] not test, certify, or approve speC1f1c 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 Agency
is 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 orgdnizations. The manufacturer
will then.provide a copy of the report showing that the method meets
EPA'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 '
_requxrements. S

ERTTE
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-EPA recognizes three distinct ways to prove‘that:a particdlar.brand
of leak detection equipment meets the federal performance standards:

1. Evaluate the method using EPA's standard test'orocedures for
leak detection equipments

2. Evaluate the method using a national vo1untary consensus code or
standard developed by a nationally recognized association or
independent third-party testing laboratory, or,

3. Evaiuate the method u51ng a procedure deemed equiva1ent to an
EPA procedure by a nationally recognized association or
independent third-party test1ng laboratory.

The manufacturer of the ieak detection method should prove that the
method meets the regulatory performance standards using one of these
three approaches. For regulatory enforcement purpeses, each of the
approaches is equally satisfactory. The following sections descr1be the
ways to prove performance in more deta11.-

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 Teak
, detection. These include:

1. uStandard Test Procedures for Evaluat'ing Leak Detection .
Methods. Volumetric Tank Tightness Testing Methods" :

2. “Standard Test Procedures for Eva1uating Leak Detection ~ - .
Methods: Nonvolumetric Tank Tightness. Testing Methods" S

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 Qut-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 prov1des an exp1anetion of how to conduct the test,

_how to perform the required calculations, ‘and how to report the
results. The results. from-each standard test procedure provide the

v
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1nformation needed by. tank owners and operators to determine if the =
method meets the regu1atory requ1rements.

_ The EPA standard test procedures may be conducted” d1rect1y by equip-
~ ment manufacturers or may be conducted by an independent third party
_under contract to the manufacturer. However, both state agencies and
tank owners typically prefer that the evaluation be carried out by an
independent third-party in order to.prove compliance with the regula-.
tions. Independent third-parties may inciude 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 obaective ‘
- the greater the 1ndependence of the eva]uating organization. o

: Nat1ona1 COnsensus Code or Standard

A second ‘way for a manufacturer to prove the performance of Teak:
detection equipment is to evaluate the system following a national volun-
tary 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 evalua-

- tions 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.

: Produc§15tandards“ (FR, Vol. 51, No.-118 June 20 1986) and” OMB Circular
No. A-119. -

Al'ternat'lve Test Procedures Deemed Equivalent to EPA's

In some cases, a specific leak detection method may not be ade- -

- quately covered by EPA standard test procedures or & . 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 test1ng

. 1aboratory (e.g., Factory Mutual, National Sanitation Foundation, .
Underwriters Laboratory, etc.). The resutts should include an accredita-
tion by the association or laboratory that the conditions under which the
test was conducted were at Teast as rigorous as the EPA standard test .
procedure. In genera1 th1s will require the follow1ng.




1.

3.

5.

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 O. 125 inch of free product.

The eva]uation should test the system under at Ieast as many .
different environmental conditions as the correspond1ng EPA test
procedure. _

The conditions under which the system is evaluated should be at
least as rigorous as the conditions specified in the corre-
sponding EPA test procedure. For example, in the case of volu- -
metric 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 fi11ing 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 eva]uation of the leak detection method must include

_physical testing of a full-sized version of the leak detectien
equipment, and a full disclosure must be made of the experi- ¥

mental -conditions under which (1) the evaluation was performed,
and (2) the method was recommended for use. An evaluation based
solely on theory or calcu1ation is not sufficient.

vi
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. SECTION 1 |
INTRODUCTION
1.1 BACKGROUND o | o o |
The.regulations on undergrbund Stofage tanks (40 CFR Part 280,_§ub—

- part D) specify performance standards for leak detection methods that are

internal to the tank. For tank tightness testing, the tests must be .
capabie of detecting a leak of 0.10 gallon per hour with a probability of
{at least) 95%, while operatjng at a false alarm rate of 5% or less.

A large number of test devices and methods are reaching the market,
but 1ittle 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 determine .

~whether a tank facility is following the UST regulations, and vendors of -
tank tightness test methods need to know how to evaluate their systems.

Bresently, there are two categories of 'tank tightness testing

methods on the market: (a) volumetric testing methods, which measure
directly the leak rate in gaijons per hour, and (b) nonvolumetric testing
methods, which report only the qualitative assessment of leaking or not

“leaking.* These two testing methods require different testing and

statistical analysis procedures to evaluate their performance. The -
protoco] in this document should be followed when the method is a .
-nonvolumetric one. The evaluation of the performance of volumetvic 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 reguiations. While the approach has been
classified by some as an external (out-of-tank) method, it has several:
characteristics that are common to nonvolumetric 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 protocot includes

Conceivably, a "nonvolumetric method" could utilize some measure of

~volume change, but in &'qualitative manner..

1




procedures for detef‘mmng uhether the perfor‘mance of a method using ' .
tracers meets the performance requ1rements for tank tightness testing.

1.2 OBJECTIVES

The objectives of this protocol are twofold. First, it provides a I
procedure to test tank tightness testing methods in a consistent and '
rigorous manner. Secondly, it allows the regulated commun1ty and regu-
lators to verify compliance with regu1at1ons. _

This protocol provides a standard method that can be used to ;
estimate the performance of & tank tightness test method. Tank owners -7
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 this

Tevel of performance can be proven. The test procedure presented here is .
specific, based on reasonable choices ‘for a number of Ffactors. Informa- '
tion 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 equip-
ment or operating procedure. The vendor is responsiblie for conducting
the testing necessary to ensure that the equipment 1s 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 = B
under no-leak conditions and under induced-leak conditions, producing S
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.con- o
dition 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 deter-
mine whether the method meets the EPA performance standards.

The companion eva1uat10n protocol for volumetric tank tightness o
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 method S
being tested uses physical principles that might be affected by -




- temperature or tank ‘deformation effects, then the test series should =~
- account for these. - If the evaluator determines that the physical princi-
‘ples of the test are not affected by these variables, then the tempera-

- ‘ture 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 to
. test for these effects must be included in the design. For purposes of
““illustration, this protocol assumes that temperature and tank deformation.
effects are important, uniess 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 deter- L
- .mining 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. j

- That is, each mode of leak detection must be evaluated and compared to . . .
‘the EPA performance standards. ™ - : Co :

It is emphaéiied fhat'testing must iﬁc1ude conditions-ﬁe31gﬁed to
test the ability of the method to correctly detect a leak of the speci-

- fied size (0.10 galion per hour) in the presence of sources of interfer-

ence. - Sources of interference, such as product temperature changes, that

~ do not affect the physical principles of operation of a method do not -

need to-be included in the testing. However, the eva1uating'organizatioh

‘must consider what alternative sourcés 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 shouid be designed to cover the majority of cases; that is,

interference conditions-as extreme as would be encountered in-approxi-
mately 75% of real world tests. Testing need not include extreme cases
that are rarely encountered. ' S o L

‘This document d&dreséés qufgeneral typgs-of-ﬁoh?olumetric 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 detects.
leaks 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 detection section of the regulations on vapor monitoring (40
CFR 280.43[e]). The major requirements which must be considered in
evaluating the tracer method are therefore. ' _

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

2. The tracer must be volatiile 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 téchnique 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 typically
. uses halogenated hydrocarbons as the tracer matérial while the latter may .
use 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 Teak 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 Timited to pass/fail conclusions since it is difficult to
relate the loss of a gas through a hole to an equivaient amount of l
product 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 exposed
to the tracer. , _

The application of a single protoc01 to the various tracer-tech-
niques may present some practical probiems. The use of a tracer in an
actual test situation will contaminate the envirornment with the tracer,
rendering the site unsuitable for replicate testing, at least, for some
period of timé. 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 site .




B must be selected for the rezl1cate testing tracer, or the replicate tests
‘must wait until the tracer

as dissipated. Since several replfcations
are required for satisfactory statisticai ana1ysis, the procedures can

N prove to be ‘cumbersome ..

It is recogn1zed that new nonvo1umetric methods may be deve1oped

" after this document is published.” These new methods could bé 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 respon-
sibility of the evaluating organization to determine whether a new method
can be evaluated with the current protocol or whether the new method has

a aspects that require additional or different testing. ' In the latter

case, it is the'responsib111ty of the evaluating organization to devise =

- an appropriate test series and conduct the testing needed to evaluate the

method in a mannev such that its performance can be compared to the EPA

‘performance standards.. See the Foreword for a description of alternative
.. approaches. _

1.4 EFFECTS OF HIGH GROUND«HATER LEVEL

The ground-water Tevel is a potentia11y 1mportant variable 1n tank
testing. Ground-water levels are above the bottom of the tank at approx-

imately 25% of the tank sites nationwide, with higher proportions:in

coastal regions. Also, tidal effects may cause fluctuations in the

. ground-water level during testing in some coastal regions. If the . _
ground-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 1eve1 1s- high enough, water may

“intrude into the tank through the hole. .~

The means by which the method deals with the ground-water Jevel must :

* be documented. A method that does not take the ground-water level into

account is not adeguate. 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. Accept-

" able means of compensating are to either ensure that the tank has an out-.
- ward pressure throughout or that the groundwater exerts an inward pres-
" sure at all levels in-the tank. ‘If an alternative approach to, compensat-

ing 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 1n A

addition to those detailed in th1s document. _




1.5 ORBAHIZATION oF THIS DDCUHENT

The next section presents ‘the scope and app11catimns of this N
protocol. Section 3 presents an overview of the approach, and Section 4
presents a brief discussion of safety issues. The apparatus and mate-
rials needed to conduct the evaluation are discussed in Section §. The

step-by-step procedure, adapted for two existing types of nonvolumetric o

test methods, is presented ‘in Section 6. Section 7 describes the data
analysis and Section 8 provides some interpretation of results. Sec-
tion 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 com-
pendium of forms: a standard reporting form for the evaluation results,
a standard form for describing the operation of the method, data report- -
ing forms, and an individual test 1og. Appendix B thus forms the basis
for a standard evaluation report. ' : S

S .




"SECTION 2
SCOPE' AND APPLICATIONS . -

This document presents a standard protocol for evaluating nonvo1u-

'nmetric 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 leak-

.'-1ng?“ The nonvolumetric methods currently commercially availablie 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 1s designed to evaluate the method's

ability to detect a leak of 0.10 gallon per hour with a probability of at"

Teast 95%, while operating at a faise alarm rate of no more than 5%, as -
specified in the performance standard in the UST regu1ations.

‘The protocol also provides tests to determine the minimum water

--Tevel 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 & few inches in the bottom of the tank.

The minimum water level and minimum water. level ‘change that the method

' can 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 the

. method uses a water. sensor to detect leaks in situations such as a hign

ground-water Tevel.

The document also presents a protoco1 for evaiuating tracer methods

: at actua) tank installations. The protocol does not include laboratory
~ -testing of components such as vapor sensors. It is designed to be used
. for tracer methods thet are applied to a- tank at a Spec1f1c po1nt in

time. _ ) . o o , L7

.Subject to the 11m1tat1ons 11sted on the Resu1ts of U S. EPA -
Standard 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 USEPA.

Standard Evaluation form 1ists 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

‘15 conducted for at least the. specified time.

N j—




. SECTION 3. -

‘The evaluation protocol for nonvolumetric test methods calls for .
- conducting the testing on a tight 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: S S

1. At least three automatic tank gauging system (ATGS) records.
-~ within.a 3-month period with inventory and test modes indicating
-a.tight tank. ' o _ A -

2. A tank tightness test by_ﬁnbther test method in the 6-mnnths“-'
_ preceding testing that indicates a tight tank. - B

. 3. Continuous v&pbr_oruliquid monitofing-syétem-insté11ed‘that
- indicates a tight tank. o ) _ R

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). S S L .

- . The-protocol calls for an initial test (trial run) under stable
conditions. to ensure that the eguipment 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 évidence that the tank is tight,
should testing proceed, S - o o

- The tank tightness testing equipment is installed at the tank site
to be tested following the method's standard operating procedure. A
minimum of 21 qindependent tests of the ‘tank .under the no-leak condition
" are performed. = The results of these tight tank tests will-be used to

.- estimate the false alarm rate, P(FA). In addition, induced leaks at -

rates 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

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 a
false alarm, while the proportion of induced leak tests correctly iden- -
tified is used to estimate the probability of detection. Thus, each per-
formance parameter, P(FA) and P(D), is estimated based on at least -

21 tests. . L B o - T ' '

‘For tracer methods, the protocol calls for the use of the method on
a tank environment which is representative of a typical UST installa-

N . .

design. The conditions that may interfere with the method are applied to -

tion. 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. 1If
the monitoring is conducted in areas other than the backfil1l, the char-. -
" acteristics of the soil at the sampling location should aiso 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 =

faise 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 o

P(FA), the tracer is introduced into the product in the tank. After
mixing and after the appropriate waiting time determined by the method's -
standard operating procedure has elapsed, the sample ports are sampled to
determine 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. Co I .

For tracer methods, induced leaks are simulated by spiking the soil
with a sampie of nonregulated material containing the tracer. For -
example, a vegetable o1l containing the tracer at the working concentra-
tion (e.g., 10 ppm) could be used to spike the soil at 0.10 gaTion 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. . R S
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'SECTION 4
SAFETY

This discussion does not purport to address all the safety consider-

" ations 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 invoived in the evaluation.

In addition, each institution performing an evaluation of a leak detec--
tion device should have an institutional safety policy and procedure that

.will be supplied to personnel on site. and will .be foliowed to ensure the

safety of those perfofming‘the;evaluation._

'.'~Sihcé the evaluations are performed on actual undergroudd'storage

g tanks, the area around the tanks should be secured. As a minimum, the h\’

following safety equipment should be available at the site:

+.  Two class ABC fire extinguishers

~* One eyewash station (portable) . :

* Onecontainer (30 galions) of spill absorbent
e - Two “No Smoking” signs - . '

.. Personnel working at:the'unaergrdund storage tank facility should

wear safety glasses when working with product and steel-toed shoes when

'f hand1ing 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 sjgns that read "Authorized Personnel Only" and "Keep Out."

ANl saféty procedures'apﬁropriate.for the p?oddct in the tanks

" shouid be followed. - In addition, -any ‘safety procedures required for a
particular set of test equipment should be followed. S S

.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 con-
struction 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. o :
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. SECTION 5 .
- APPARATUS AND MATERIALS
5.1 TAKKS

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 dis-
cussed 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 not .
. have 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 of
the tank would affect the Teak rate in a real tank, that is,.the flow of.
. product through an orifice. The flow would be a function of the differ-.

- ential pressure between the inside and outside of the tank. However, in

a tight tank with Teaks induced to a controlled container separdte from

- the environment, the ground-water Tevel will not affect the evaluation
testing. Consequently, it is not necessary to require that testing
ggainst the evaluation prdtocol he done in a tank entirely above the
ground-water level. The monitoring well can alsc be used for leak detec-
tion.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 tiquid
product that occur as a result of a leak generally have worse performance -
as the size of the tank increases. Howeéver, the tank size does not =~
- affect the performance of existing nonvolumetric test methods to the same
- extent, since they are based on different physical principies.  Con-
sequently, it is not necessary to restrict the application of these test
-results to tanks with a volume equal to, or some arbitrary fraction :

. larger than, the test tank." The evaluating organization should determine
the appropriate size 1imit based on their testing, physical principles .
involved, and other available data, and state the 1imit on the results

‘ form (Appendix B). For example, tanks larger than 50,000 gallons have a ,
different construction and geometry than the standard horizontal cylin-

drical tanks used for tanks up to this size. It may be the tank geometry,' k

and construction that impose 1imits rather than the size. -



The test plian may require some test1ng with addition of product at a
different temperature from 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 the =
test level with fuel that is 5°F warmer than the product in the tank, and
some tests using fuel 5°F cooler than the product in the tank.. This
procedure requires that some method of heating and cooling the fuel be
provided, such as pumping the fuel through a heat exchanger, or by
placing heating and cooling coils in the supp1y tank or tank truck before
the fuel is transferred to the test tank. In the case of a tracer or.
acoustical method, the evaluating organization may eliminate the tempera-
ture and filling conditions if they are not relevant. The total number
of tests to be performed remains the same, however. The temperature and
fi11ing conditions would obviously be inoperative if a gaseous tracer .
were to be used in an empty tank. R

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 -
a1so needed. . o

For tracer methods, the character1stics of a tank are. 1ess
JAmportant. 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 false T
alarms. The procedure of adding and mixing tracer to the product is a
. potential source of false alarms from inadvertent re]ease of the tracer
into the enviromment. .

5.2 TEST EQUIPMENT

The equipment for each tank test method will be supp11ed by the
vendor or manufacturer. Consequéntly, 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 intro-
ducing 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 tc 1nterpret 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 shouid ensure that the vendor's equipment. 1s
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 the
evaluating organization should provide personne1 to opcrate the equ1pment
after the customary training. _
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- 8.3 LEAK SIMULATION EQUIPHENT

.. The protocol ca]is for indUC1ng 1eaks in the tank The method of
inducing the leaks must be compatible with the leak detection method
‘being evaluated. The éxperimental design 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 accomp11shed by
.- removing product from the tank at a constant rate, measuring the amoint -
of product removed and the time of collection, and calculating the
“resulting induced leak rate. An: explosion-proof motor. can be used.to -
drive a peristaltic pump head. The sizes of the pump head and tubing are
chosen to provide the desired flow rates. A variable speed pump head can
be used s¢ 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 into
the product in the tank. The other end 1s placed in a conta1ner. -

Although this 1eak s1mu1at1on approach may work for some - :
nonvolumetric methods, most of these methods will require a.method of
simulating leaks that is adapted to their specific principie of opera-- .
tion. Examples of leak simu1ation methods for two nonvo1umetric methods
foTiow. : _ -

5.3.1 Leak Simulation Approach for Acoustica] Methods

Fwo methods commercially avai1ab1e at the present time are based on
acoustical signals generated when product flows’ through an orifice or -
-when air is drawn through an orifice or hole in the tank that would: a1low
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 that °
1t would represent a leak rate of 0.10 gallon per hour or less if it were
present 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 app]ied, Air.
could be drawn into the tank through the orifice in the pipe. The
—orifice in the pipe can be calibrated by al1ow1ng product to flow into
the pipe and measur1ng the row rate. o
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5.3.2 Leak Simuiation Approach for Traéer 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 capabie 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 1ntroduced in the backfill. For methods
which rely on detecting the less of gaseous tracer from the tank, the
simulation equipment must be capable of delivering the tracer gas into.
the backfill in known quantities so that the ability of the system to

detect the tracer in the backfill can be evaluated. In either case, the

amount 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 control

the 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 1ntroduced 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 Teak 51mu1ation that is appropriate for a specific.

test method.

5.4 PRODUCT

The most common products in ﬁnderground stor&ge tanks are mbtor

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.qg., benzene, toluene, xylene) than when testing gasoline. " This dif-
ference was attributed to better test conditions, Ionger stabilization .
times, and better cooperat1on from tank owners. ,

LY

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 intro-

duction of regulated products into the ground is prohibited in almost all

sitvations. Therefore, for test purposes, the carrier used for liquid
tracers should be of some nonregulated Tiquid such as mineral oil or
vegetable oil. The concentration of tracer can be elevated in the

16
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carrier to reduce the actual vo1ume of mater1a1 to be 1ntroduced into the
ground. R .

) D1rect injection of the tracer gas . d11uted 1n 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’ actua1 test.

| .6 HATER SENSOR EQUIPHEHT

: _ The equ1pment to test the water sensor consists of a vertica] cy11n-
" der with an accurately known (to $0.001 inch) inside diameter. This
cylinder should be large enough to accommodate the water sensor. Thus,
it should be approximately 4 jinches in diameter and 8 or more inches.
~high, The probe is mounted so that the water sensor is in the same rela--
- tion to the bottom of the cylinder as it would be to the bottom of a ‘
tank. In addition, & means of repeatedly adding a small measured amount
. og water to the cylinder is needed. Th1s can be accomp1ished by using a.
P pette. .

5 7 HISCELLAHEOUS EQUIPHEHT

As noted, the test procedure-may require the partia] emptying and
£i11ing of the test tank. One or more ‘fuel pumps of fairly large. =
capacity will be required to accomplish the fi11ing 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 connect1ons
of equ1pment. . _ _
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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 Teak -was actually
induced. Performance is measured over a.variety of realistic conditions,
including temperature changes and fi1ling effects, if applicable. The
- evaluating organization is responsible for adding any other variables
- that may affect a specific nonvolumetric method. The range of conditions
.need not represen{ 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 statisti-
cal 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 for
some subsets of the data. Thus, they are only relevant if the method

does not meet the performance standard. . = .

For'illustr&tfve pﬁrpdses, the basic test prDCedufg iﬁtfoduces three

' --maiﬁ factors that may influence.the test: size of leak, temperature

-effects, and tank deformation. - The primary consideration is the size of

‘zl 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 ga11on7
- per hour or if the method identifies too many leaks when no leak is
- induced, then its performance is not adequate. - .

. A second consideration might'be the temperature of the-product-added'
to f111 a tank to the Jlevel 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 Teast
5°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 conditfons can be compared to determine.

whether these temperature conditions have an effect on the method's -

- 'performance. Note that some nonvolumetric methods require an empty tank
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or do not require a 'specific 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 pres-
sure 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 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 perfor-- , }

mance. Again, if, as determined by the evaluating organization, the .
operating procedure of the method is not affected by pressure changes,
this aspect of testing need not be included. : '

Nonvolumetric test méthods operate on a wide variety of princi-
ples. Consequentiy, each method may have a different set of sources of
interference related to its operating principle. . The evaluating organi- -
zation should consider possible sources of interference for the method _ -
being evaluated. The 1ist of these sources considered and the conclu- '
sions reached should be reported. The considerations do not need to
include the most extreme possible conditions, but should include condi--
tions expected to be encountered in a large majority (e.g., 75%) of the
normal tests cases. o ' a

‘In addition to varying these factors;'énvironménta1 data.are
recorded to document the test conditions. These data may help to explain
one or more anomalous test resilts. - . :

The ground-water level is a potentially jmportant 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.’ .o _ : _

. 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 dimensions

of the tank to determine the ability of the system's water sensing device

to detect inflows of water at various rates. . C




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 condi-
- tions, the following-measurements should be reported (see the Individual

Test Log forms in-Appendix B): - S o

*  ambient temperature, monitored hourly throughout each test
*  barometric pressure, monitored hourly throughout each test
- weather conditions such as wind speed; sunny, c¢loudy, or
partially cloudy sky; rain; snow; etc., . - o

ground-water level if above bottom of. tank

any special condition; that might influence the fesuits'._'

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 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 aliow
. 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. : I : - o : S

“Both normal.and "unacceptablie" 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: =~ - : SRR : R

* type of pfoduct'ih'tank: S
type of tracer(s) (1liquid or gas)
tank volume R
tank dimensions and type _ - S _
amount of water ‘in tank (before and after each test) = = .-
if applicable, temperature of product in tank before filling :
if agp!icabIe, temperature of product added each time the tank . .
is filled ' , o : _ " . -
if applicable, temperature of product in tank immediately after

: filling : L T : . R e
e if app]icable,;tempgraturg'of_productjin tank at start of test

* 0 0 8 0 b 0

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 s
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)
: Norminal
~ Nominal Tempoarature " | .
Leak Rate Differential *1 |
ik TU
EmpiyfFill cycle *2 _ -
1 . 1 - LR2 . T8
. 2 -1 LR1 : T3
Empty/Fill cycle ' ; 3
3 2 - LR ‘ T2
4 .2 LR1 T2
Empty/Fill cycle o E
5 3 LR1 T1
6 3 - LR3 . T
Empty/Fill cycle . ) .
T 7 4 LR3 _ 8
8 . 4 LR - T3 .
Empty/Fill cycle , '
9 ‘5 lLR4 . ™
10 .5 LR1 T
Empty/Fill cycle L '
1 6 LR2 T2
12 6 LR3 T2
Empty/Fill cycle : o
13 7 LR4 ™
14 7 - LR1 - T1
. |Empty/Fili cycle © B “
. 15 8 " LR3 ) T3 -
: 16 8 LR1 T8
Empty/Fill cycle I
17 ' 9 LR4 . T3
. 18 9 - LRT T3
' |Empty/Fil cycle ' '
.o 19 - [ LR1 - ™ |
20 10 S LR3 T2 '
Empty/Fill cycle ' S -
21 11 - LR3 T
22 - 11 . LRt - ™

-

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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- © " Table 1. LEAK RATE'AND TEMPERATURE DIFFERENTIAL
. S TEST SCHEDULE (Example) (Continued)

Ca * Nominal
. B \ _ S Nominal - Temperature
: . o E : .|, LeakRate -| Differential *1
. . , TostNo. | SetNo.| - (galh) (degree F)
Empty!FiJI cycle *2. L ] - ' ' L ;
23 - 12 LR 13 | R
- S ' C 24 12 Rz T3 a
LT : v.EmptyfFiucycle- : B BRER
I ' : - 25 13 LR2 - | T2
R 26 13 LR4 T2
Empty/Fili cycle T o '
. 27 14 IR3 ™ | : :
L | 28 - 14 LR1 - T3 S
. |EmptyfFill cycle L . o
[ .. 29 -~ 15 _LR1 T1 '
' 5 30 15  LR2 T1
i Empty/Fill cycle e o _
: I 31 16 LR1 T2
' - - 82 - 16 - LR1 o T2 -
o - |Empty/Fill cycle S ' . ,
O e N LRT T3
' . o 34 17 - R4 . T3
Empty/Fill cycle T S
'35 18 LR1 . -T2
1 36 18- LR4 T2
Empty/Fill cycle . - T
. .. 8% 18 : LR2 T
. ' 88 19  LR1 - ST
Empty/Fill oycle _ . S,
L - 39 20 LR1T 0~ T2
40 ‘ 20.  LR2 . T2
Empty/Fill cycle ' Co L .
T -4t 21 . LRt T
~ 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: EmptyfFiII cycles and temperature differentials may not be required.
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In Table'l, LR, denote the nominal leak rates and T1 denote the . a
temperature di}ferentiai conditions to be used in the testing. These
42 tests evaluate the method under a variety of conditions. oo

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 b11nd 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 these.induced leak
rates would be the same. Alternatively, different non-zero leak rates
could be used and the results analyzed with a logistic modeT, as '
described 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 of
7 te§ts at non-zero leak rates of LR,, LRS, and LRu, which may atll 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 j
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 prob- 4
., ability of detecting a smaller leak (e.g., 0.0l rather than 0.10 gallon
per hour) is at.least 95%. In that case, two approachas 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 S
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 to. -
be run again using a nominal leak rate larger than the example of -
0.01 galion per hour (e. 9oy 0.05 gallon per hour), with additional costs
for the evaluation. .

Another approach is to induce'three-non—zero 1eak'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, prov1ded that the probability of .detection at.a zero leak rate
(a false alarm) is less than 5%, and the detectable leak rate that could .
be claimed by the method is the leak rate at which the function first
exceeds 95%. If this option is chosen, a single test series of 42 tests
couid 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 wust.increase
steadily with the leak rate. In addition, the non-zers leak rates must
be selected so that the observed results (proportions of tests where a . :

' b
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Jeak -is detected) also 1ntﬁease:w1th“;he'induéedf1éak.rate. There mﬁét

- be very few detections (zero or.one) at zero, some missed detections at
_the smaller Teak rates, and very few at the larger leak rates. -

Temperature Differentials (if applicable)

af temperature differential is important for the test method, three
nominal temperature differentials between the temperature of the product
to be added and the temperature of the product in the tank during each

- Fi11 cycle should be used. These three temperatire differentials are .
- -5°, 0°, and +5°F (-2.8°, 0°, and +2.8°C). The temperature differential

of b°F is a minimum. Larger differences may be used. . If temperature

differences are used, the actual differences are to be calculated and” -~ . .
- reported. R - . S ) S

.Randomjzaﬁion :

A total of 42 tests consisting of combinations of the four leak.
rates (LR, = 0.0 gallon per hour, LR,, LRy, and LR,) and the three
temperature differentials (T,, T,, and T;) will be performed. LR,, LR3, |
and LR, may 311 be the same, depending on the analysis method to be .
used. 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. P : - L

A randomizatioﬁtof the_tést-schedu1e is required-to-énsure*thatfthe\

testing is done blind to the vendor. The randomization of the tests is =
~achieved by the evaluating organization by randomly assigning three .

- nominal leak rates below 0.10 gallon per hour to LR,, LRs, and LR, and by
- randomly assigning the nominal temperature differentials of 0°, -5°, and

+5°F to T,, 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 tempera-

| ~ture 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 conditionSg . 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). Each_set

- 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 ;
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product would escape or be removed from the tank if thé'induced condition
were present under normal tank operating conditions. . i _

" Notational Conventions

The nominal leak rates to be induced are denoted by LR, = 0.0 gallon
per hour, LR,, LR;, and LR,. It is clear that the nominal leak rates .
selected by the 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. . : .

X The leak rates actually induced for each of the 42 tests will be

calibrated for each test series.  They will be denoted by S;, Syse0asy,
Sy2.. - The results of each test will be denoted by Lisssesbyzs with each
Ly being either "tight" or "leaking." The L; may be coded numerically,
€.g., Ly = "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, S and Lg correspon
to the test results from the fifth test in the test secuence. :

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 eval-

vation. 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., Shouid be identi-

fied and corrected with this trial run. The results also provide addi- o
tional verification that the tank is tight and so provide a baseline for R
the induced leak rates to be run in the later part of the evaluation.. '

. The testing will be performed using a randomized arrangement of S
noeminal leak rates and temperature differentials as illustrated in Co
Table 1 above, unless the evaluating organization determines that the

fi11ing and/or temperature changes are irrelevant for the particular
nonvolumetric method. The time lapse between'the two tests in each set ,
should 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 two ' -
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tests each w111 be carried out. After each set of two fests, the test
procedure starts anew with emptying the tank to half full, refilling, :
stabilizing, etc., as necessary. The details of the test1ng schedule are :
: presented next. in accordance with the example order1ng shown in Table 1.

' Step 1: 'RandomTy assign nomina1 leak rates not to exceed 0.10 ga11on .'
per hour to LR,, LRy, and LR,. MNote that LR, is identified
with the zero leak or tight tank condition as 21 trials are run
in this condition. Also, randomly assign the temperature -
differentials of 0°, -5°, and +5°F to. T,, T,, .and T3. This~

. will be done by the organization performing the evaluation and

- needs to be kept b11nd to the crew performing the testing.

Step 2: Foi1ow the vendor's 1nstructions 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 1nterfere with,
the test equipment. . -

Step 3: Trial run. Fo1Iow1ng 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 or
Jonger. 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 the
method. Perform any necessary repairs or modificatﬁons
1dent1fied by the tr1a1 run. : , ,

Step 4:  Empty the tank to haif fu11. F111 with product at the recom-

- mended temperature. - ‘The temperature differential will be T;
(Table 1, Test No. 1), Record the date and time at the comple-
. tion of the fi11. Allow for the recommended stabilization
period, but not Tonger.. Induce the appropriate 1eak condition.

. Step 5: Cont1nue with the method‘s 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 ieak rate of the
first set in Table 1. This nominal leak rate to be induced is:
[R20 : ' . . .

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 and :
ended. Also record the length of the stabilization period. The Individ-
ual Test Log form in Appendix B'is provided for the purpose of report1ng -

"these data and the environmental conditions for each test.

Record the temperature of the product 1n the test tank and that of °
the product added to fi11 the test tank (if done; if not, document why
not on the log). 'After the product has_been'added_to_f111 the test tank, .
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record the average temperature in the test tank. Measuring the tempera—

ture 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 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 be.
spaced 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 nomina1 leak rate to the second in the first set,
that is LR, (see Table 1). Repeat Step 5. Note that there
witl 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
_Teak rate and test result, temperatures, - ca1cu1at1ons, etc.).

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

Tae

Step 8: Change the nominal 1eak rate to the first in the second set.
In this example, the rate is unchanged at LR,. Repeat
Step 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 is
LR;. Repeat Step 6. Record all results.

Step 10: Repeat Step 4, The temperature differential w111 be changed tor].
S the following one in Tabie 1. In this case, it wi11 be changed_l

© to T;.

'Step 11: Repeat Steps 5 through 9, using each of the two nomina1 leak
rates of the third set, in the order given in Table 1.

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

Normal and "unacceptable" test conditions for each method should be -

described in the owner operating manual for each method and should pro-
vide a reference against which the existing test conditions are com-
pared. The evaluation should not be done under conditions outside the
vendor's recommended operat1ng conditions.

) . v . ) I‘. . :‘r‘l.\ | ‘h . b
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6:3.1 Application of the Protocol to Acoustical Methods

" One class of commercially available nonvolumetric test methods is
based on acoustical principles. - This section describes the application
of the protocol to this type of method. A basic description-of the

‘method is needed to understand the appiication of the protocol, . -~ -

- Acoustical methods use sensitive hydrophones to detect an acoustical

. signal from the tank. This signal is recorded and is anaiyzed to iden-
‘tify a specific characteristic associated with a leak. One such method -

places the tank under a partial vacuum and investigates the acoustical

signal for a characteristic "bubble" signature induced when air bubbles

~are drawn from outside the tank (in an unobstructed backfill 2one) into a

- 1iquid through a hole in the tank. Lleaks in the ullage are jdentified by _-

a particular frequency or “whist]e" of air ingressing into the ullage
- space. Another approach analyzes the acoustical signal for a character-

~..istic sound of fluid flowing out of an orifice in the tank.

While these methods have been called "acoustical," théyftybical1y

have additional modes of detecting leaks that are used in conditions of a . _

- high ground-water level. Generally they rely on identification of water
- ingress to detect leaks in the presence of a high ground-water level, -
‘The evaluation must test all modes of leak detection used by the method -
to "detect leaks from any portion of the tank that normally contains
product." Section 6.5 contains a protocol to evaluate a water sensor

" used to detect inflow of water during a test period.

_Acoustical methods can be used with a fairly wide range of product
levels—in the tank. The deformation caused by filling the tank would not
affect these methods, nor would the temperature-of the product in the @
- tank. Consequently, the sequence of temperature and filling conditions -

- does not need to be considered with these tests.  The tank should be '
filled to a level in the range specified by the method, - .

_ To induce a leak for the acoustical methods, it is necessary to use
.a device that will create the same signal that a real leak would cre- .
- ate. One way to do this is to use an orifice-type leak simulator. This .

- consists of a pipe inserted -into the tank through one of the tank open-
ings. The pipe is sealed to the tank.. The bottom of the pipe is fitted
. with a cap that contains a calibrated orifice to allow product to leak
into the pipe at the desired leak rate under a standard head. This .
simulator will work for either type of acoustical signal. Flow of tiquid

" through the orifice would produce the ‘signal typical of liquid flow, 1If

- the tank; s under partial vacuum, air will be-drawn into the tank through
_the orifice below the 1iquid level and will produce bubbles. A means of

‘closing the orifice is needed so that a zero leak rate can be induced and
kept blind to the vendor. T : ' PR i '

_ Since nefther femperature differential nor tank deformatipﬁ should
affect the acaustica1,methods, the approach discus;ed:eqr1igr in this




subsection is simplified as fo110ws. " The steps refer to Tab1e 1, with .

the understanding that there are no differences among T,. Tas Ta, and the
partial empiying and ref1111ng is not necessany..

Step 1:

Step 2:

Decide whether one or three non-zero leak rates w111 be used.
(The use of three may allow one to fit a model relating prob-
ability of detection to leak rate, but if this is not important
to the vendor, it is sufficient to use a single non-zero leak
rate (less than or equal to 0.10 ga1lon per hour), which may be
the preferred approach. ) :

Decide what l1eak rates will be used. If on1y a 'single non-zero
leak rate is used, -it can be selected between zero and 0.10 gal-
lon per hour. If the vendor wants to establish a smalier
detectable leak rate, a value of less than 0.10 gallon per hour
may be used.. (The risk of doing this is that if the system does
not pass, more.testing with larger leak rates below O. 10 gallon

| per hour may be needed.)

' Step 3:

Step 4:

~ Step 5:
Step 6:

Step 7:

If only two leak rates (0 and one other) are used, randomly

assign one of them to LR, and the other to all cases where LR,,

LR;, or LR, are listed. If four leak rates are to be used,

assign LR, to zero and randomly. assign the other three to LRz.

LRS, and LR,. "

Randomly rearrange the order of the 21 pairs of tests listed in.
Table 1. (This allows for additional randomization and provides’
better gontro1 on keeping the induced 1eak rates blind to the
vendor. L .

Have the ‘vendor install the test equipment in the tank.

Trial run. Fol1owing the test method's standard operating
procedure, fil1 the tank to the recommended- level. Have the
vendor conduct a test with a known zero leak rate and verify -
that the equipment has been installed and is funct1on1ng cor- .
rectly. This also provides confirmation that the tank 1s still
t1ght and is compatible with the test method. -

Induce the leak rate called for in the randomization developed
above. Have the vendor test the tank with this induced leak
rate and report the results. Record the calibrated induced leak
rate and the vendor's results (tight or leaking). Record the
environmental -conditions .data and other ancillary data on the
test logs (see Appendix B)

L3
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.will be to false alarms.

Step-ai When the first test is compieted, change the leak rate to estab-

‘1ish the second leak rate calied for in the randomized series -
(Table 1). When this induced rate has been.established, have
the vendor test the tank. Record the environmental conditions
data. . When the vendor has completed the test, record his

reported result and the-induced Teak rate.

Step 9: ‘ﬁepedi step. 8 uhtj1'a11_42 tests have been completed.

As will be described-in Section 7, the system can produce no more
than one false alarm and still pass. . Thus, if a second. false alarm - -

occurs. in the test series, the system will not pass, and testing could be
terminated. Similarly, if only one non-zero leak rate is used, and if a

second mistake is made with that non-zero leak rate, the system will not -

pass. At the point where the evaluating organization determines that the
.system will not pass, it might be desirable to conclude testing. The .

series could be completed to provide added information to the vendor. 1f

- a.Teak rate of less than 0.10-gallon per hour was used, starting the test
- series again with a leak rate closer to 0.10 galion per hour might be

done since the method might pass at that rate but not at the smaller leak
rate. ‘'If no errors have occurred when 20 tight tank or 20 induced leak ..
tests have been done, the system will pass. ~Since only one more test is

needed, it probably would not effect much savings to stop at this point,

6.3.2 Application of the Protocol to Tracer Methods

There are many:variab1es.présent in exzérhélnmonitoring fhat are

- difficult to predict or control. These include the nature of the back-
-fi11 material, moisture content of the soil, size of the excavation, type °

. of soil surrounding the excavation, the ground-water level, position of a
. leak relative to the sampling locations, and whether the method is aspi-,

rated or passive. In general, some minimum threshold concentration of

~tracer must be reached before a signal is generated. The lower the

threshold, the more sensitive the method, but the more susceptible it

For test.methods that involve the. loss nf‘product-f%om‘the.tank, the =

“induced leak rates should be designed to introduce the amount of tracer

material. into the soil that would be released by leak rates of the speci-

 fied size over the test period. Methods that add 1iquid tracer to the . = .

- product specify a concentration of the tracer in the product. Using this -

. concentration (e.g., 10 ppm), a leak rate (e.g., 0.10 gallon per hour)
-and'a test and waiting time after introducing the tracer into the tank

(e.g., 24 hours), one can calculate the amount of tracer that would be
released. This is the amount that should be released during the leak .
simutation. A suggested way to accomplish this is to make up sampTes of

.a carrier that can be introduced into the enviromment, say vegetable o0il,

with tracer added in the appropriate concentrations. These 'samples can

tracer that would be released by the specified leak rates._

be used to spike the ground at small rates, giving the same amount of




JIf the method uses gas tracers, they can be introduced into the
ground-to simulate ledks by using a flowmeter to allow the gas to flow at
the rate that would occur under the testing conditions, e.g., in a tank
at 2 PSI and through a small orifice, representing a hole that would leak
quu;d product at the designated leak rates (less than 0.10 gallon per
hour). o : .

Note that once a tracer, gas or liquid, has been fintroduced into the
soil in a test, the tracer must be eliminated before the next test. '
Forced air may be used to disperse the tracer to levels that will not be
detected and ‘interfere with the method; the next test may be conducted
with a different tracer; or a different site.may be used. - o

~ The following steps assume that mdltiple tracers are availabie, one
of which is used in the tank to investigate the false alarm possibili-
ties, and others that are used in leak simulations. o

Neither the temperature conditioning nor tank stabiltzation is an.

_ issue with tracer methods. . Consequently, it is not necessary to change.
fuel temperatures and fi1l and empty the tank frequently as part of the.
evaluation. At least 21 tests of the tank in the no-leak condition are
required, as are at least 21 tests using the induced leaks. .

- Step 1z | Decide whether & single non-zero leak or three ‘non-zero leak -
rates will be used and select these leak rates. - : ' o

"Step 2: ' ldentify the zero leak rate with LR; in Table 1. Randomly :
assign the other leak rate(s) to LR,, LRz, and LR,. - '

Step 3: Randomly rearranée the order of the 21 pa?rsiof teéts in
Table 1 that result from the assignment of the leak rates.

Step 4: Determine the rate of “introducing tracer (if a gas) or liquid -

~ carrier and tracer (if a 1iquid) into the backfill to simulate
_the selected ieak rates. If a tiquid-tracer is used, prepare
samples with the carrier and tracer in the needed concentra-
tions, label these with the randomized test sequence, and

" provide them to the test crew. The crew should not know.
“whether or in what concentration the tracer is in the leak

. simulation sampies. o ' C '

Step 5:  Prepare the tank. If a liquid tracer is used, have the vendor
introduce it at the desired concentration into the test tank
and fi1l the tank to the desired level following normal oper-
ating procedures for the method. If a gas tracer is used,
empty the tank and have the vendor introduce the gas to the
tank. The tank.thus prepared will serve to provide the data on -
the zero leak rates. L . o ' e
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) - Step.6: Have the vendor locate the sampling ports. Also locate a spik-"
. S .7 ing port for leak simulation as far from the sampling ports and

~as close to the tank as possible. Be careful not to damage the
tank in installing the ports in the backfill. - :

~ Step 7¢°  Conduct the trial run. For tracer methods, the trial.run will
Lo - be of a different nature than for other methods. The tridl run.
- for a tracer usually consists of verifying that the site condi-
tions allow the use of a tracer method. A compound is intro-
duced-at the spiking port. The test locations are sampled to
S ~determine whether the compound. is detected at the sampiing .
" — . . locations. The trial run accomplishes two purposes. First, it
- - verifies that the soil or backfill conditions are such that ‘the
tracer can migrate from the tank to the sensors. Second, it
~determines the time needed for the migration and so establishes
a test time. o o .- : S :

Stepr: Have the vendqr,éonduct a'tést"bf,thgitank_(éeto-1eak.r&te).

' Step 9: ~ Begin testing using the first non-zero leak rate. Have the
B vendor conduct a test. Note: If two different tracers are
used, it may be possible for the vendor to conduct the test on.
t?e-tank (zero leak rate) and the induced leak test at the same.
- time. . : ST T : o ' S

e ~ Step 10: When the test in step 8 and/or 9 is completed, record the .
! . - induced leak rate, the vendor's determination (tight or leak-
ing), and the environmental conditions data on the test log
_ (see Appendix B). - o R CEPE ' ST
Step 11: Ensure that the test site can be used for a second leak test
s (by removing the current tracer or using a different one).
Start the next induced leak rate as in steps 8 and 9 and have
the vendor conduct another test. Record all results.

“Step 12: Repeat step llruhtif'tﬁé test series ismcompieted;

: It should be possible. for the vendor to conduct tests on the tank.
~ containing the tracer repeatedly for the zero leak rate tests. .In con-
-ducting the repeated tests on the tight tank to estimate the false alarm .
-rate, the steps of adding tracer to the product and mixing the tracer in
. the product should be repeated. 'The process of adding and mixing tracer
-1s a Tikely cause of false alarm§ as it could lead to inadvertent release
of tracer into the environment that could be mistaken for a leak. It '
should be possible to simulate the addition and mixing of the tracer: by
using tracer-containing product and handling it in the same manner as the .
~ tracer solution. . , . R S '
- Assuming that at least two tracers are available, the tight tank 3
‘tests and the simulated leak tests can be run simultaneocusly. For each

w - test, the carrier sample is introduced in the spiking port. The con-
. tainers.of carrier’ are made up in advance and coded. Half of them .
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contain tracer and half do not. Each test wouid consist of introducing .
one tracer (say type A) into the tank and another sample (either a blank :
or containing tracer type B) into the spiking port. The testing company
samples the soil gas and reports on the.presence of any detected
tracer. A finding of tracer A would be a false alarm. A finding of
tracer B {(when it was spiked) wouid be a correct detection. If |
additional distinct tracer compounds are used, this process could
continue spiking tracer C, etc. A finding of bBoth tracer B8 (from a

 previous spike) and trecer C from the current spike would be a correct S
detection. ,

.As will be described in Section 7,”the system can record only one
fdlse alarm and still pass. Thus, if a second false alarm occurs in the
test series, the system will not pass, and the evaiuating organization
may recommend to the vendor that testing might be terminated. Sim11ar1y,
if only one non-zero leak rate is used, and if a second mistake is made
with that non-zero leak-rate, the system will not pass. At the point
where the evaluating organization determines that the system will not
pass, it-might be desirable to conclude testing. If a leak rate of less
than 0.10 galion per hour was used, starting the test series again with a
Teak rate closer to 0.10 gallon per hour might be done since the method
might pass at that rate but not at the smaller leak rate.

6.4 TESTING PRDBLEMS AHD SOLUTIONS _ . '
Inevitably, some test runs will be inconclusive due to broken equip- (&
ment, spilling of product used to measure the induced leak rate, or other -
events that have interrupted the testing procedure. It is assumed that,
in practice, the. field personnel would be able to judge whether a test
result is valid. Should a run be judged invaiid during testing, then the oo
. fo110wing rules shou1d apply. i ) L

Rule No. 1 The total number of tests must be at least 42 That is, 1fr
a test is invalid, it needs to be rerun. Report the test
results as 1nva11d together with the reason- and repeat the
test. o

Rule No. 2 If equipment fails during the first run (first test of a set
_ of two) and if the time needed for - fixing the problem(s) is -
less than 4 hours, then repeat that run. Otherwise, repeat
the empty/fill cycle, the stab11ization period, etc. Record"
.a11 time per1ods. ' - -

Note: The average stabilization time or average time after
introducing the tracer will be reported o the Results of
U.S. EPA Standard Evaluation form in Appendix B. If the
delay would increase this time noticeably, then the test
sequence should be redone. '

Rule HoJ 3 If equipment fails during the sécond run (after the first
: run in a set has been completed successfu11y), and 1f the

_..54‘ .'qul.
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a they may a1l be run individually. -

time needed for fixing the problem(s) 1s 1éss than 4 hours,

then repeat the second fun. Otherwise, repeat the whole

sequence of empty/fill cycle, stabilization, and test at the’
- given conditions. . =~ - . o SR

Rule numbers 2 and 3 are only applicable if'fhestesting'scheduie'.-'

.requires temperature conditioning and tank deformation effects. Other-

wise, the time between tests is not an important timitation.

. Note that an acceptabie a1ternat1ve'toiconducting.thé tests in. pairs -

~ is to set up the tank conditions (as required) for each test, Thuys,

while the protocol aliows for the tests to be run in pairs for economy,

" 6.5 .METHOD EVALUATION PROTOCOL FOR WATER DETECTION.

. Somérmethodé félyion detection of~watéf inéursion toaidentify 19aks '”

- . in the presence of a high ground-water level. These often use a water
" sensor installied at the bottom of the tank. A standpipe device to test

the function of the water sensor consists of a cylinder with an accu-
rately known (to £ 0.001 inch) inside diameter attached to the bottom of -

- a pipe of 4- to 6-inch diameter pipe. The probe is mounted so that the

sensor 1s in the same relation to the bottom of the cylinder ‘as to the

" bottom of -a tank when installed in the field. Enough product is put into-
. the cylinder and pipe so that the product level sensor is high enough so-
" as not to interfere with the water sensor. A measured amount of water is

then added to the cylinder until the water sensor detects it, at which

" time the water level is calculated and recorded: Additional measured

amounts of water are added to produce calculated level changes. The

.amount of water added, the calculated level change, and the level change
- measured by the method are recorded. This is done over the range of the

water sensor or 4 inches, whichever is less. When testing is

: _ compiete,
the product and water are removed, separated, and the process is :

" repeated. The testing'proceddre_is given in detail next. .

Step 1: - Install the probe temporarily in a test standpipe. The bottom. =
. section of about 1 foot should have an accurately known (to =~
$0.001 inch) inside diameter. The diameter must be large -
. enough- to accommodate the probe and must be known accurately so
‘that the volume of water added can be used to calculate the
water level. ' 3 -

Step 2: Fill the bottom sectioh of the standpipe with the product j
~ 7 (typically this will require a gallon or less). 'Enough product

- needs to be added so that the product level sensor. is high
- - enough not to 1nterfer§_with the water sensor. T

s




Step 3¢

Step 4s .

Sfep 52

Add water ‘to the cylinder with a pipette unti1 the sensor.
detects the presence of the water. .. Record the volume of water
added and the sensor reading at each.increment. The sensor

e
..' !

reading will be zero until the first sensor response. At that -

point, total the water increments and calculate the correspond-
ing level, X,, of water detected. . Record all data on page 1 of -
the Reporting Form for Water Sensor Evaluation Data in .
Append1x B. _

Add water to the cy11nder with a pipette 1n 1ncrements to
produce a height increment, h, of approximately 1720th inch.

- At each increment, record the volume of water added and the

water height (denoted by W; 3 in Table 2 of Section 7.2)
measured by the sensor. Usé pages 2 to 4 as necessary of the
Reporting Form for Water Sensor Evaluation Data in Appen-

dix B. Repeat the incremental addition of water 60 times until
a total height:of about 3 inches (or the range 1imit of the
sensor, if less) has been reached. ‘

Empty the product and water from the standpipe, refill with
product (the same product can be used after separating the -
water) and repeat Steps 2 through 4 20 times to obtain .

20 repiications. .

Record all data using the Reporting Form for Hater Sensor Evaluation Data

in Appendix B. The 20 minimum- detectablghwater levels are degﬁted by x
J=l,...,20. The sensor reading at the i
denoted by H1 .3 as described in Section 7. 2 and Table 2.

increment of the j*" test 15
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~ 7.1 ESTIMATION OF THE METHOD'S PERFORMANCE PARAMETERS.

'SECTION 7 .
* CALCULATIONS .

From the results obtained after all testing is completed, a series

~of calculations will be perforined to evaluate the method's performance.

If the method has more than one mode of leak detection, ‘then the perfor-
mance of the method must be evaiuated and the results reported for each
testing mode separately. If the performance is different for different -
modes, this may limit the conditions under which the method can be used

and these should be reported under the limitations section of the results

fom. ) . . :

The evaluation of the nonvolumetric test method is presented

first., A separate section (7.2) presents the calculations to estimate

the minimum water level and the minimum water -evel change that the water '
sensor can detect. Section 7.2 is gnly needed if -the method measures or

"';; detects water incursion as one mode of its leak detection.

The performance of the nonvolumetric test method is judged on the

basis of the percentage of false alarms and the percentage of correctly -

identified leaks. The performance standards specify that the false alarm

‘rate must be no more than 5% and that the probability of detecting a leak

-rate of 0.10 gallon per hour must be at least 95%. The test procedure

includes 21 tests of the tank in the no-leak condition and 21 tests of .
the tank with leaks induced at rates of 0.10 gallon per hour or less.

probability of detection directly.

These data are used to estimate the probability of false alarm and . .

After all tests are performed according to the schedule outlined in
Section 6, a total of at least 42 test results will be available, OFf
these, 21 will have been obtained under tight- tank conditions, and 21

-under induced leak conditions. The probability of false alarm, P(FA), -
" . and the probability of detection, P(D), are calculated next. o

" 7.1.1 False Alarm Rate, P(FA)

The results obtained from the tests performed under tight tank

~ conditions will be used to calculate P(FA). Let N, denote the number of

these tests, normally 21. (Note: . This number must be at least 21, but

. could be larger if more tests are called for in the experimental plan set
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up at the beginning of the testing.) Let TL, denote the number of cases .
where the method indicated a ieak. If the test resuits, Ly, are coded as
zero when no leak is indicated and 1 when.a leak is indicated, then .

1

L.

TL, =
1 1-1

* i

L - IS

where the sum is taken over the N,_tests'at zero leak rate. The P(FA) is .
estimated by the ratio : ' : oo : S

" P(FA) ?.TL,/NI

in order for the system to meet the performance standards, the estimated
P(FA) must be iess than or-equal to 5%. Thus, in order for the system to
meet the performance standards, TL, must be no more thén 1 if the o
standard 21 tests are performed. - o

If the method did not identify the tank to be leaking when it was
tight, that is, TL, = 0, then the proportion of false alarms becomes .
0%. However, this does not mean that the method is perfect. The
observed P(FA)} of 0% is an estimate of. the false alarm rate based on the
evaluation test results and the given test conditions. E

One can calculate an upper confidence 1imit for P{FA) in the case of @ °

no mistakes. Let N, bé the number of tests performed under the tight S
+ank condition. Choose a confidence coefficient, (1 - -a), say 95% or
. 90%. Then the upper confidence timit, UL, for P(FA) is calculated as:

_— Cam
UL for P(FA) =1 -a =

In the case of 0 falise alarms out of 21 tests, the upper limit to P(FA)
becomes 0.133 or 13.3% with a 95% confidence coefficient. That is, P(FA)
js estimated at 0%, and with a confidence of 96%, P(FA) is less than or '
equal. to 13.3%. .In general the confidence interval for P(FA) can be -
calculated from the binomial distribution with N, trials. The 95%
confidence interval must be calculated and reportied on the results form

in Appendix B (see page 48). ' - o

7.1.2 Probability of Detécting a Leak, P(D) -

The probability of detection, P(D), is calculated for a specific
size of leak. The size of leak that can be detected with this proba-

bility is also to be reported. Normally this will be 0.10 gallon per * v
hour, as required by the performance standards. The exception to this




.wou]d occur if. a method 1s tested using 1nduced 1eak retes smaliler than
" 0.10 gallon per hour, for example, 0:05 galion per ‘hour. Report the
3 probability of. detection, P(D), together with the maximum: leak rate used
- in the evaluation testing. The Teak rate corresponding to the P(B) will

be O. 10 gallon per hour or 1ess

The results obtained from the. tests performed under induced leak
conditions (1eak rates 1ess than or equal to '0.10 galTon per hour) will:

‘be used to calculate P(D). Let N, be the number of. such tests. Typi-.

cally, N, will ‘also be 21, but could be larger if the evaluation was
initially set up to 1nc1ude more .tests. Let TL, be the number of cases -
where the method indicated a leak. . As before, the test results, Li' are
coded as zero when the tank is declared to be tight and 1 when the tank
is dec1ared to be 1eak1ng. Thus,” TL2 is ca]cu]ated as

TL2 = zle- Co
SRR 1% R A

where the sum is taken over the N2 tests with induced 1eaks. ThefP(Dj is

‘then est1mated by the rat1o

Pto) ='T£2/sz

:The esttmated P(D) must be at least 95% for the system to meet the per-.

formance standards. Thus, TL, must be either 20 or 21 (out of 21 tests)
for the estimated probab111ty of detect1on to be at least 95%. _

If the method 1dent1fied the tank to be 1eak1ng in all tests where a
leak was simulated, then the proportion ‘detected becomes 100%. However,
this does not mean that the method is perfect. The P(D) .of 100% is an
estimate of the probab111ty of detection, based on the eva]uat1on test
results and the given test cond1t1ons. : ,

One can calculate a Tower conf1dence Timit for P(D) 1n the case of

no mistakes. Let N, be the number of ‘tests performed under the induced

leak conditions. Choose a confidence coefficient, (1-- a), say 95% or

: 90%. Theh the lower confidence 11m1t, LL, for P(D) is calculated as: -

lfﬂ
LL for P(D)

In the case of correct 1dent1f1cat1on of 21 tests performed under
leak conditions, the lower 1imit to P(D) becomes 0.867 or 86.7% with-a o
95% confidence coefficient. That 'is, P(D) is estimated at 100%, and with
a confidence of 95%, P(D) is greater than or equal to 86.7%. The 95% .
confidence interval for P(D) must be calculated based on the b1nom1a1

© distribution with N, tr1als and reported on the results form in.

Appendix B (see page 48}, -
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7.2 WATER DETECTION MODE - - T .
This section is only applicable if. the method being evaluated uses |
detection of water incursion as a leak detection mode.”

Two parameters will be estimated for the water detection sensor: S
the minimum detectable water level or threshold that the sensor can ' .
determine, and the smallest change in water level that the device can
record. These results will alsc be reported on the Results of U.S. EPA
Standard Evaluation form in Appendix B. These. parameter estimates will
then be used to calcuiate the minimum time needed to detect water
incursion at 0.10 galion per hour for various tank sizes.

s

7.2.1 Minimum Detectable Water Level

The data obtained consist of 26 rehlicationS'ofja determination of
the minimum detectable water level (see test schedule, Section 6.5).

These data, denoted by Xj,j=1,...20, are used to estimate the minimum
water level, or threshold, that can be detected reliably. -

C -

Step 1: Ca1cd1ate the mean, f; of thé'zo ob;erjatiqns:
X = X./20 A -

& @
Step 2: Calculate the standard,deviétion,'SD; of‘the 20 obser&ationé;_

20 . 2
> X -% |

=1 3 .

20-1

sp =

Step 3: From a table of tolerance coefficients, K, for one-sided normal
" tolerance intervals with a 95% probability level and a 95% .
coverage, obtain K for a sample size of 20. This coefficient is
K = 2.396. {(Reference: Lieberman, Geralid F. 1958, "“Tables . -
for One-Sided Statistical Tolerance Limits." Industrial Quality
Control. Vol. XIV, No. 10.} L ,




) -

Step- 4. Caiculate the upper to1erance 11m1t, TL, for 95% coverage w1th
: * .tolerance coefficient 95%' o o
“TL = X +'_ K-SD,
: .oor ,
TL = X + 2.396 SD
T estimates the mininum level of water that'the sensor can

detect, That is, with 95% confidence, the method should detect water at '
Teast 95% of the time when the water depth in the tank reaches TL. :

_ 7.2.2 Minimum Water Level Change

The fo1low1ng stat1st1cal procedure provides a means of EStimating

'-the minimum water level change that the water sensor can detect, based - 0N
g the scheduie outlined in Section 6.5. .

Denote by N1 j the sensor reading (in 1nches) at’ the jth replicate
(j—l,....ZD) and the ith increment (i= 1,...,nJ, with n being 60 1n -each

_ replicate) Note that the number of steps in each replicate need not be

the same, so the sample sizes are denoted by ny.. Denote by XJ the water

level detected for the first time by the sensor at the jth replicate.‘

Denote by h the level change induced at each 1ncrement. The Ievel

- change, h, should be chosen to beé consistent with the system's claimed

resolution. That is, the increments should be about half (or 1ess) of
the method's claimed reso1ution. f ) |
Step 1: Calculate the differences between consecutive sensor readings.d
. ' The first increment will be Wy 1-X; for the first replicate
-(J=1)s more genera11y, W j-xj, for the jth replicate. The -
second. 1ncrement will be Hz l-wl 1 for the first replicate, more;
' generaily, Nz j-wl j for the jth rep11cate, etc._

:Step 2: Caleculate the difference, at each 1ncrementa1 step, between n,

- the lével change;induced'during‘testing,'and the difference
obtained in Step 1. Denote these differences by d; ,j° where i ,

and j represent 1ncrement and rep11cate numbers, respect1ve1y.-

~ Table 2 below summarizes the notations._j

a1




Table 2. ~ NOTATION sumARv FOR WATER ssusoa READINGS : .
' AT THE jth REPLICATE ) . : :

Calculated C Meastred. - Incremént

Tevel Sensor sensor difference
: change - reading increment  calculated-meas. .
increment (inch) . (inch) (inch) ~ {inch) ,
No. . A - B . C . C-A :
1 +h . “l,j . Hl’ij:j* . . dl,j .
2 +h W2, Wo,3N1,5 - d2,; .
n + h . W -0 do .. |
J - . nj':.l 'n.J.!j nj'lsj o ‘nj'j .

* Xj is the water level (inches) detected for the first time
by the sensor during the jth repiication of the test.

Note that using the first sensor reading, Xy, may vary from'fép11Cate to
replicate, so that the number of differences d; 3 will also vary. Let n;
-be the number of 1ncrements hecessary during replicate 3.

J,

Step 3: Calculate the average, DJ, of the differences d1 js i= 1,...,nj,'
separate!y for each replicate j, j=l,...,20.

. nj‘ .:' ‘. | ) . ‘
52 44y S
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~ Step -'4:_ : .Ca'lcu'late the variance of the differences d L i= 1,...,11
' separate]y for each rep'l'lcate j, J=l,...,20 ! , J

) Smy T S
_ L .- .( : . 2 . Lo .
_J.Varjl-: \;gl (4 5 - DJ)_/(njf}) -

Step 5: :Calcu1ate the pooled var1ance, Varp, of  the 20 variances- .
' . Vﬁrl,...,varzoo . ) ) :

o (nye1) Vary + eee + (nyil) Varyg
Vary = =" PN -
- > Ans-l
: .:;z=.1 R

Step 6: Calculate the pooled scanqdrd deyic;ioh,_sﬁb.

. Step 72 From a table of to1erance factors, K, for two-sided toierance

© intervals with 95% probability and 95% coverage, obtain K for.
(En -20) degrees of freedom for the approximately 60 increments =
. per. ;eplicate. K = 2,04. This value corresponds to a total of -

- 900 degrees of freedom . and can be used uniess the number of dif-
ferances obtained is less than 600. (Reference" CRC Handbook
of Tables for Probability and Statistics.: 1966. . Wi114 iam H. Beyer

: .(ed ). PP, 31- -35. - The Chemica1 Rubber Company )

. Steph' 8: CaTcu1ate the m'lmmum water leve) change, MLC that the sensor

. can detect
L hLC -*—_K_SDp .__-
, or
MLC = 2.04.snp "

“The resu'lt, MLC, is an .estimate ‘of the min'imum water 'leve1 change
that the water sensor. can detect.




7.2.3 Time to Detect an Increase in Hater Level.

The minimum detectable water level and the minimum detectable change

can be used to estimate thé minimum time needed to detect water incursion
into the tank at a specified rate. This time is specific to each tank
size and geometry and depends on specific assumptions. The calculations
are illustrated for an 8 000-ga11on steel tank- that is 96—1nch diameter
and 256 inches 1ong. , ,

Suppose.there are x inches of water in the tank. The t&ﬁk'is'made ﬂ

of quarter-inch steel, so the inside diameter is 95.5 inches; giving a
radius, r, of 47.75 inches and a length of 255.5 inches. The water sur-
face will be 2d wide, where d, in inches, is calculated as

= Jrz-{r-x72

where x is the water depth. The area of the water surface at depth of

X inches of water is then given by 255.5 x 2d inch2. Multiplying this by’

the minimum level change and dividing the result by 231 inch3 per gallon
gives approximately the volume change in gallons that the 'sensor can
detect reliably. This differs with the level of water in the tank. .

For these calculations, the fo1low1ng assumptions are used. The
probe is assumed to be inserted at.the midpoint of the tank length and to
~ rest on a striker plate the top of which is 0.63 inch above the bottom of
' the tank. The initial water depth is taken as the minimum depth the
sensor can detect with 95% probability plus the striker plate depth of
0.63 inch, rounded up to the next quarter inch. The tank is assumed =~
Tfevel. (Calculations show that if the tank is tilted, the cross-
sectional area of the water surface will be slightly less for the same
water depth at this iocat1on, so these ca1cu1ations s1ight1y overest1mate
the volume.) . \

To determine how long the method w111 take to detect 'a water 1ncur-
sion at the rate of 0.10 gallon per hour, divide the minimum volume
change that the water sensor can detect by 0.10 gallon per hour. ‘As a
numerical example, suppose the minimum depth of the water detectable is
0.3 inch and the minimum detectabie change is 0.02 inch. This gives
X = 0,95 inch (0.3 + 0.625 rounded up). In an 8,000-gallon tank with
inside diameter 95.5 inches and 1ength 255. 5 1nches, the water surface
width, d, is caiculated as : .

d = \/(47 75)2 - (46 8)2 = 9.48 inches

The volume, in §a1lons, correspond1ng to a 0. 02-1nch 1ncrease is .
= 2(9.48) X 255.5 X (0.02)/231 |
or. |
V = 0.42 gallon
. _44I .
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The time that the sensor will take to detect water incursions at the rate
of O‘IO gallon per hour willlbe G : . S

~ time = 0.42 gaTTon/0.10 galion per hour = 4.2 hours -

| Thus,,the sensor would detect water coming in at the rate of O;IO_gaI1on :

+per.hour after about 4 hours 15 minutes. -The incursion of the water into

-the tank shouid be obvious under these conditions if the test is run for
- at least 4 hours 15 minutes. ' C . ' ' -

The minimum amount of water in-a tank that can be detected by a
sensor. depends on the placement ‘of the sensor, any tilt of the tank, the
- tank size, and the sensor threshold. - This minimum amount varies from .

- about 2 galions to 10 or 15 gallons, depending on the combination of .
‘these factors. If water enters at & rate of 0.10 gallon per hour, it
would require anywhere from a day to a week for enmough water to be

detected, starting with no water in the tank. .

7.3 OTHER REPORTED CALCULATIONS

¢+ . .This section describes other calculations needed to complete the

- .Results of U.S. EPA Standard Evaluation form (Appendix B). Most of these
- calcuiations are straightforward and are described.here to provide com- -
plete instructions for the use of the results form. ' _ _ .

, ~These sections are.only required if they are applicable to the

particular nonvolumetric method being evaluated. If a.section is not"
- applicable, skip the calculations and report “not applicable" on the
results form. - - ' I

Size-of Tank = | | : o :
The evaluation results are applicable to tanks up-to at most 50%
larger capacity than the.test tank and to all smaller tanks. Multiply

- the volume of the test tank by 1.50. Round this number to the nearest
- 100 gallons and report the result on page 2 of the resuits form._




Max*umm A'I'Iowab'le Temperature D1fference C - _ o L .

This section is only applicable if temperatdre cond1t10n1ng was - !
needed and used as part of the evaluation procedure. If temperature does L
not affect-the operation of the method, ignore this Sect1on and indicate . L
*not applicable” on the resu1ts form. _

_ Calcu1ate the standard deV1at1on of the 21 temperature differences
actually achieved during testing. - Multiply this number by the factor
<+ 1.5 and report the result as the temperature range -on the ]1m1tat1ons
sect1on of the results form.

The nominal temperature difference of 5°F used in the des1gn was |
obtained from data collected on the national survey (Flora, 3. D., Jr.,
and J. E. Peilkey, "Typical Tank Testing Conditions;” EPA Contract
No. 68-01-7383, Work Assignment 22, Task 13, Final Report, December
1988). This difference was approx1mate1y the standard deviation of the .
temperature differences observed 'in the tank tests conducted during the
national survey. The factor 1.5 is a combination of two effects. One -
effect vresults from scaling up the standard deviation of the design
temperature differences to 5°F. The second effect results from using the
rule that about 80% of the temperature differences on tank tests are -
expected to bé within £ 1.282 times the standard deviation. , |

Average Waiting Time After Filling

Calculate the average of the time intervals between the end of the
fi11ing cycle and the start of the test for the 21 tests that started
immediately after, the specified waiting time. (Note: .If more than’

21 tests are done immediately after -the filling, use all such tests. ,
However, do not use the time to the start.of the second test in a pair as.
this would give a misleading waiting time.) Report this average-time as
the waiting time after adding product. on the.results form. Note: The
median may be used as the average: 1nstead of -the mean if there are
atypical waiting times. _ :

For tracer methode, the average waiting time may more appropriately - - .
be the time from add1ng the tracer to the ‘tank until. the comp]et1on of T '
-the test. h . _ R

Average Waiting After "fopping Off"

If the method fills the tank up into the fill pipe, calculate the
average time interval between the time .when the final topping of f was
compieted and the start of the test. Calculate this average using data
from ali tests when this step was performed. Report the result on the
results form as the waiting time after "topping of f* to the final testing,
level. If this step is not performed (e.g., for a test with the tank at

95% of capacrty), enter NA {not app1icab1e) in the appropr1ate space on

« - @




the res01ts form. Note. The med1an may be used 1nstead of the mean 1f
there are some atypica] wa1t1ng times.

i Average Data CoI1ect1on Time Per Test

. Use the durat1on of the data co11ect1on phase of the tests to :
~calculate the average data collection time for the total number (at least
42) of tests. Report this time as the average data c011ection time per

- test. - o _ . § : .

I-Productl.evel T e

. If all tests are done at the same product 1eve1. report that ]eve1 '
‘on the results form. If testing was done at different, levels, report the
~applicable product level as the acceptabie range (e g., from 60% to 90%
. fu11) used in the testing. 3 .

. .Hinimum Total Testing Time

Finally, calcu]ate an average tota1 test t1me from the test data.
This is the time it would take from the time the test crew arrives at the
site until a test is comp1eted, the equipment dismantled, and the tank
returned to service. Typically, it will be the time from initial setup
of equipment through the first test data collection, plus the time
required to dismantle the equipment. Report this total time lapse on the
results form as the minimum time -that the tank can be expected to be out -

o of service for a test of this type..

I serv1ce.

L The intent of this is to provide an estimate of ‘the t1me that the -
‘testing will interfere with normal operation of the tank. The nonvolu-

metric methods will differ in those parts of their operation that requ1re"' o

- the tank to be out of service. Consequently, the time.that should be
reported here is the estimated time for which ‘testing with this method
- will interfere with the use of the tank by requ1ring that it be- out of

- 7.4 SUPPLEMENTAL CALCULAIIOHS AHD DnTA AHALYSES (OPTIONAL)
This section d1scusses some additiona1 data ana1yses that may be

) possible with the data, depending on the actual results.. It also pro-
vides some rationale for the. sample 51ze selection. : - Lo
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7.4.1 One-Sided Confidence Limits on P(FA) and P(D)

It is-possible to estimate the false alarm rate and probability of
detection directly as done in Section 7.1 with any sample size. ' However,
for fewer than 20 tests, the estimate of P(FA) will be zero or will =~
exceed 5%, depending on whether any false alarms are found. -Similarly,
P(D) will be 100¥% or less than 95% for sample sizes less than 20 depend-
ing on whether any leaks are missed.or not. ' Thus, the sample size of 20'
is the smallest that allows for one mistake in each case and still pro-
vides estimated performance meeting the EPA standards. The sample size
of 21 was chosen from experimental design considerations to balance the
different conditions. - ' ‘ o

Confidence limits for P(FA) and P(D) can be calculated based on the -
observed results and the sample sizes. The formuias for perfect scores

were given in Section 7.1.1 for P(FA) and in Section 7.1.2 for P(D).. =~

These' also depend on the selected confidence coefficient. Table 3 below

gives 90% and-95% one-sided confidence 1imits for P(FA) and P(D) based on
samples of 21 tests for the case of no mistakes and one mistake, the two . .~

conditions under which the method meets the EPA performance standards if
evaluated with the minimum 21 tests. = - S

- Table 3. ONE-SIDED CONFIDENCE LIMITS
77 7" FOR P(FA) AND P(D) -

Field test . . Confidence coefficient

results - 90% 9%

' 0 Error out of 21 P(FA;=5-0.104 PﬁFAj's 0.133
o 1 Error out of 21 ' P(FA) < 0.173 . P FA) s 0.207

0 Error out of 21 P(D) > 0.896 . P(D) 2 0.867
1 Error out of 21 P(D) = 0.827 . P(D :2.0'793-

Table 3 shows that the confidence limits st&ff to becdme faifly large for

high .confidence with even one érror. Using a larger sample size would
improve the confidence 1imits, but would add significantly to the cost of
testing. The sample sizes were selected as a compromise to provide -
reasonabie estimates while not requiring excessively expensive testing.

7.4.2 Alternative sgatistical Nodel

If the evaluation uses three non-zero leak rates and if the method
fails to detect some of the induced leaks, an alternative statistical
analysis may be possible. This alternative statistical method fits a -
Togistic model to the data, assuming that the probabi1ity 'of ‘detecting a

.
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T .

leak .increases with the size of the leak. If one assumes that the 1o§is{

. tic model with parameters A-and B holds, then the probability of detect.
~ 'ing .a leak can be expressed as: _ . . a

_P[Détectihg a leak g1ven:h'1eak;of size S] = I/[l;ex§(A+BS)]j

there is an actual induced leak rate, S, is given by the Togistic func-

tion. The data from all 42 tests can be used. to estimate the parameters .
- A and B of the equation. This requires an iterative estimation technique -
- that is available in several commercial statistical software packages -

such as SAS, BMDP, or SYSTAT.  The estimation will not converge if no
mistakes are made, and it may not converge if only a few mistakes are

- That is, the probability that the test method will indicate a Teak when

made. If the estimates do converge, then the function with the'estimated'

can be substituted to compare with the EPA performance standards-for .

probability of detection.

'7:4.3 Estimation of Temperature Effect

" If the temperature and stabilization time variables influence the

operation of the test and testing is done according to the full set of -

-conditions in Table 1, the logistic mode] can also be used to test .

whether the additional variables did have a significant effect on the
performance. Again, whether this is possible depends on the number and

~ pattern of the actual data results. The approach is to add one or more :
- indicator variables to the logistic model to estimate the effect of the
- additional factor.  The model would become _ ‘ E o

-values of A and B can be used to estimate the P(FA) of the.method by sub-
-stituting S = 0.- The P(D) can be estimated for any leak rate S by sub~
. stituting.S into the equation. Specifically,.S = 0.10 galion. per hour.

P{Deteéting,a leak giyen-a_léak of size §] = 1/[1+exp(A+BS+Ciji)]._ -

where the three temperature conditions were identified by T; and coded

appropriately. - This modeling becomes rather involved. The evaluating
organization should invoive statistical support if these additional cal- -
culations are warranted. Note that this modeling will-generally not be
possibile if the system performs so well that the direct estimates of
P(FA) and P(D) described in Section 7.1 meet the EPA performance stan-

dards. -Thus, this approach 1s supplemental to provide information for a

- vendor to use in improving a method by identifying factors that signifi-

cantly affect the system's performance.




© Jeak.

. SECTION 8 |
~ INTERPRETATION

The'resu1ts repofted'are vaiid for thelexper1menta1‘cdndiiions:duf- -
ing the evaluation, which have been ‘chosen to represent situations com-

- monly encountered in the field. - These should be typical of most tank .
--testing conditions, but extreme conditions can occur and might adversely .

affect the performarice of the method. It should be emphasized that the

performance estimates are based on average results obtained in the
-tests. An individual test may not do ds well.. Some individual tests may -

do better, .

8.1 BASIC PERFORMANCE ESTIMATES

J‘-The relevant pefformance'meﬁsures for hroving that a tightness test

'method meets EPA standards are the P(FA) and P(D) for a leak rate of -

0.10 gallon per hour. The estimated P(FA) can be -compared with the EPA
standard of P(FA) not to exceed §%.  In general, a lower P(FA) is -
preferable, since it implies that the chance of .mistakenly indicating a
Teak on a tight tank is less. For a concern with many tanks, there will
be fewer false alarms. However,. reducing the false alarm rate may also

-reduce the chance of detecting a.leak. The probability of detection

generally increases with the size of the leak. The EPA standard .spec- -.
ifies that P(D) be at least 95% for a leak of 0,10 gallon per hour. A
higher estimated P{D) means that there is less chance of missing a small o

The discrete nature of the data implies that only a few values of °

. P(FA) or P(D) are possible. With the standard 21 tests for each test .

condition (tight or leaking tank), the possible values are.0, 1/21, 2/21,
etc. Consequently, the reported estimates are only precise to about
5%. The confidence 1imits reported in the case of a perfect score

~indicate the range in which the true P(FA) or P(D) is expected to be.
- For example, a method that achieved zero false alarms out of 21 would.not

be expected to have a zero false alarm rate. Instead, 1ts false alarm

rate should_bq 1ess than 10.4%'with_95% canfidence.

If testing is done at an induced lak rate less than 0.10 gallon per |

‘hour, the P{D) may be reported at the smaller leak rate actually used.

The standard test, using an induced leak rate of 0.10 galion per hour,

" would report P(D) for the rate of 0.10 gallon per hour. In general, a

»
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method that can detect.a smaller leak with high probability is to be . .
preferred because it will identify a potential problem earlier. This may
yeduce thé amount of pollution and the cost of remedial action. .

8.2 LIMITATIONS

Nonvolumetric tank tightness testing methods that are based on
different operating principles will have different factors that can
interfere with their performance. Consequently, the limitations on the
applicability of the performance estimates will also vary with the o
method. If a factor, for example temperature, does not affect the
principle of operation, it should not be reported as a.limitation.

However, there may be interfering factors other than those listed in the
experimental plan that affect a particular test method. If so, those
additional factors might 1imit the applicability of the method. The )
reporting form provides a place io identify other sources of interference - .
and to state the test conditions for them. s L

Some nonvolumetric test methods use more than one mode of R
operation. If so, different limitations .may apply to each mode of leak
detection. It is possible that one mode of operation may be unaffected
by size of tank, but that another may depend strongly on tank size. For
example, a water sensor may be used to test for leaks in the presence of
a high ground-water level. It may do so by sensing water incursion, in _
which case it must be able to detect water incursion at the rate of o
0.10 gallon per hour. Since the time requived for the water level to be O
.detectable at a Fixed rate of incursion will be a function of the size of’ ’ :
the tank, this mode of leak detection is dependent on tank size. T

. 8.3 WATER LEVEL DETECTION FUNCTION

If the system uses a water level sensor, the folTowing results are - 1
_ reported. R , .

The minimum water level detected by the sensor- is estimated. from the -
average threshold of detection, and the variability of the water tevel
threshold is estimated by the standard deviation of the test data. The
mininum water level that will be detected at least 95% of the time is the
level to be reported. Statistically, this is a one-sided tolerance
Timit. p - 3

The ‘tolerance 1imit calculated in Section 7.2.1 estimates the
minimum water level that the sensor can detect above the bottom of the ,
probe. If the installation of the sensor leaves the probe at a specified
distance above the bottom of the tank (for example, 1:inch), then this - '
minimum distance needs to be added to the reported minimum detectable
" water level. ' , A T
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. 8.4 MINIMUM NATER LEVEL CHANGE MEASUREMENT

The water sensor may be used to test for leaks in the event of a
high ground-water level. If the ground-water level is-above the bottom
" of the tank, there will be an inward pressure when the product level] is
sufficiently low, and if there is a hole in the tank, water will flow
- into the tank under these conditions. Based on the ability of the water
sensor to detect a change in the level of water in the product, one can -
determine how much water must enter the tank in order for. an increase in
the water level to be detected. From this information, in turn, one can
“determine the size of a leak of water into the tank that the system can
detect at a given time. ST '

. The standard deviation of the differences between the change in
water level measured by the sensor and the change induced during the
. tests is used to determine the ability .of the water level sensor to
detect changes in the water level. A two-sided 95% tolerance interval is
: 'then calculated for this detection ability (Séction 7.2.2). o _

. The minimum change in water level that .can be detected is used to
compute a minimum change in water volume in the tank. This conversion is
specific to the tank size. Using the minimum change in water volume that.
‘the sensor can detect, the time'needed for the method to detect am incui-
- sion of water at the rate of 0.10 gallon per hour is calculated (Sec-
tion 7.2.3). This calculation indicates the minimum time needed for the
water detector to identify an inflow of water at the minimum leak rate -

. ; ,' - and to alert the test operator that the water level has increased. -

8.5 ADDITIONAL CALCULATIONS

: . If the performance estimates do not meet the performance require-
ments, the vendor may want to investigate the conditions under which
errors occurred. - Calculating the percent of errors by  size of leak, by

. temperature condition, and by length of stabilization time as applicable
may suggest ways to improve the method. This may:be as straightforward
as identifying conditions that lead to poor performance and revising the

- operating procedure to avoid those, or it may require redesign of the
method. ’ , . . : o :

The relationship of performance to test conditions is primarily of
interest when the method does not meet the EPA ‘performance standards.
Developing these relationships is part ‘of the optional or supplementary
data analysis that may be useful to the vendor, but not to many tank

_owners or operators. > o . o ,
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N SECTION 9
oS R_EPORTIIIG.'OFJ R.l_-:SUL'TS_'

.. Appendix B is designed to be the framework for a standard report,
There are five parts to Appendix B, each of which is preceded by instruc- -
tions for completion. The first part is the Results of U.S. EPA Standard
‘Evaluation form. ~This is basically an executive summary of the find- -
 ings. It is designed to be used as a form that would be provided to each
tank owner/operator that uses this system of leak detection. Conse- -

- quently, it is quite succinct. The report should be structured so that
this results form can be easily reproduced for wide distribution. .. . -

A method that uses more than one mode of leak detection may achieve
different performance results for the different.modes of operation. The
-results form is structured to allow for reporting the P(FA) and P(D) - .
. separately for different modes of leak detection. The method meets the
EPA performance requirements only .if all modes of leak detection meet
those reqguirenents. ‘ . . C - .

Suppose that a method had two modes of testing, a basic one and an
.ancillary one for testing in the preésence of a high ground-water level. - -
Suppose that the test method when evaluated in the case of "high ground-
water level did not meet the EPA performance requirements, but the basic
one did., Then .a report could be issued, stating that the method meets:
the EPA performance requirements, but cannot test when the ground-water -

- level is above the bottom of the tank.. . . o o -

: -The_statemént of coﬁp]iaﬁcé’hith-the EPA performaﬁce standards must
be consistent with stated 1imitations on the form and also with the
standard operation of the method as déscribeq on gha-DgSeriptipnfform.

 The second part of the standard réport consists of the Description
of the method. A description form is included in Appendix B and.should
be ‘completed by the evaluating organization assisted by the vendor. .

. The third part of the standard report contains a Reporting Form for
.Leak Test Results, also described in Appendix B. This table summarizes
the test results and contains the information on starting dates and

: times, test duration, leak test results, etc. '




The fourth part of Appendix B contains a blank Individual Test ' .
Log. While the Individual Test Log has been designed to be flexibie, it

may need modifications for some test methods. - This form should be repro-
duced and used to record data in the field. Copies of ‘the completed

daily test logs are to be included in the standard report. These serve

as the backup data to document the performance estimates reported.

The fifth part of Appendix B provides a form to record the test
results when evaluating the system's water sensor. The data to be
recorded follow the testing protocol (in Section 6.5) o determine the .
minimum level of water and the minimum water level change that the system
-can detect. This part is only app1icab1e if the system uses a water
Sensor.

If the optional ca1cu1ations described in Section 7. 4 are performed,
they should be reported to the vendor. It is suggested that these
results be reported in.a separate section of the report, distinct from
the standard report. - This would allow a user to identify the parts of
the standard report quickly whi]e still having the supplemental 1nforma—_
tion available if needed.. ‘

The 11m1tations on the resuits’ of the evaluation are to be reported
on the Results of U.S. EPA Standard Evaluation form. The intent is to :
document that the results are vniidtunder conditions represented by the , e
test conditions. Section 7.3 describes the summary of the test condi- - = .
tions that should be reported as Timitations on the results form. These -~
items are also discussed below. The test conditions have been chosen to ".
represent the majority of testing situations, but do not include the most'
extrene conditions under which testing could be done. The test condi- -
tions were also selected to be practical and not 1mpose an undue burden
for evaluation on the test companies. ' .

One practical limitation of the results 15 the si e of the tank.
Tests based on volumetric changes genera11y perform -1ess well as the size
of the tank increases. However, for some nonvolumetric test methods,
.stze is not such a restriction. The evaluating. organization must deter-
mine the extent to which tank size affects performance and report a size
Timitation here.

A second potentia] 1imitation on the results is the temperature
differential between the product added to the tank and that of the
product already in the tank. Testing during the EPA national survey
. {Flora, J. B., Jdr., and J. E. Pelkey, "Typical Tank Testing Conditions,”
EPA Contract No. 68-01-7383, Work Assignment 22, Task 13, Final Report, -
December 1988) found that temperature differentials were no more than 5°F -
. for at least 60% of the tests. However, it is clear that largér differ- -
ences could exist. If temperature dffects the method, then the tempera- _
ture differences used in the evaluation must be reported. If the physi- B
cal principle of the method is not affected by temperature, then report
that the method is not 1imited by temperature and the bhasis for this
conclusion. The evaluation testing may be done using larger temperature

-

, 56




‘sensor.

S

| differentials, reporting those actué]iy used. The results cannot be

guaranteed for temperature differentials larger than those used in the

- evaluation.

A third limitation on the results is the time needed by the method.
for its operation. For example, tracer methods require some time for the
tracer to move through the backfill to the sensors. The Individual Test

Logs call for recording the actual time used in the testing. The average"-.'
time is to be reported and the results should be valid for times at Jedst -

this long. It may be the case for some nonvolumetric methods that the .
time for preparation does not require taking the tank out of service. If -
so, this should be noted. | - ' ' . , LT

“The duration of the data collecting phase of the test is another -

_1imitation of the method. If a test shortens the daia collection time
~ and so collects less data, this may adversely affect the method's perfor-
mance. As a consequence, the results do not apply if the data collection

time is shortened. This is primarily of concern in documenting that a
tank is tight.  If results clearly indicate a leak, this may sometimes be -
ascertained in less time than needed to document a tight tank, particuy--

larly if the leak rate is large. Thus, while the false alarm rate may be

. Jarger if the test time is shortened, this is not usually a problem in-

that if test results indicate a leak, efforts are usually made to iden-

' tify.and correct the source of the ieak.

- If the method uses a water detector as part of its operation, the
minimum depth of water that the sensor can detect is reported. In addi-
tion,. the minimum change in water level that the sensor can detect is
reported. From this minimum detectable change in water level, a minimum
volume change can -be calculated based on the tank size and depth of the

~ water.” A minimum time for detection is calculated and reported as the

time needed for water flowing into the tank at the rate of 0.10 galion
per hour to increase the water volume enough to be detected by the

It ﬁs expected that.nbnvolumetric methods mhy requirefsbmé

~modification of the forms., It is hoped that the forms supplied will be

flexible enough to provide for most of the data recording needs. - How-
ever, if modifications are needed to accommodate a particular method,  the

". evaluating organization should make the required modifications and use-

the resulting forms. The conditions during the evaluation tests are to

be recorded. The factors that affect the performance of the method being - -

evaluated must be recorded. The.performance results are limited by the

- test conditions actually used and reported.
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-APPENDIX A

DEFINITIONS AND NOTATIONAL: CONVENTIONS




The probability of detection is estimated by conducting a series of

. those trials during which the method correct1y identifies the tank as.
. leaking. _ ! .

Hominal Leak Rate: : The set or'target 1eak rate to be achieved as

JIn this, protocol leaks are viewed as product lost from the tank. As
a convention, leak rates are positive numbers, representing the amount of
product loss per unit time. Thus a larger ieak represents a greater
product loss. Parts of the leak detection industry report volume changes
per unit time with the sign indicating whether product is lost from the
tank (negative sign) or is coming into the tank. (positive sign). We

. .
. I—
'

'

emphasize that here, leaks réfer to the direction out of the tank and, the\-

rate to the magnitude of the flow.

The performance of a 1eak-detection'method 1s'expres§ed in terms of
the false alarm rate, P(FA), and the probability of detecting a 1eak of .
specified size, P(D(R)}), where R is ‘the leak rate. - In-order.to under—
stand these concepts, some expianation is he1pful. oL

Nonvolumetric test methods make a determ1nation of. whether a tank is
Jeaking or not. The false alarm rate is the proportion of times that the
method -would incorrectly indicate that a tight tank is leaking. The
probability of detection is the probability that the method will cor-

. rectly identify a leak of specified size, R. Usually, the larger the

leak rate, the more 1ikely the method is to detect it, so the probability
of detection must specify the leak rate to be detected. In evaluating
nonvolumetric methods, the performance measures are generally estimated -
directly from the test results. The false alarm rate is estimated by
conducting a number of trials on a tight tank and calculating the pro-.
portion of those during which the method incorrectly indicates a leak.

trials with an induced leak rate, R, and calculating the proportion of

Befinitions of some of the terms used throughout the protoco] are
presented next.

closely as possible during testing., It is a
positive number in gallon per hour. .

Induced Leak Rate: "~ The actua]-leaklrate, in ga11on'per_hour, used
. ' . during testing, against which the results from
a given test device'w111 be compared. ’

False Alarm: | Decliaring that a ‘tank is leaking when 1n fact _
- 1t is tight. '

Probability of - - * The probability of declaring a tank 1eaking '

False Alarm, P(FA): when it is tight. In statistical terms, this

is aliso called the Type 1 error and is denoted
by aipha (a). It is usualTy expressed in
: percent, say, 5%. '
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Appendix B'provideé“fivé'Sets'qf blank forms. Once £illed out, thése';

..1.

T2,
3.’

4.

’ 5.'

forms will provide the framework for a standard report. They consist of
‘the following: ' . L C

‘Resuits of U.S._EPA Standard Evaidation--ﬂonvo]pﬁetric'Tank nghi-

ness Testing Method (four;pages) _ '

,Descfiption--Honvolumetéic-Tank Tightnéss Testing Method (Sixipages)_ -

Reporting Form for Leak Test ReéultsQ-HOnvo1umetrfc‘Tgnk Tightness
Testing Method (three pages) | ‘ ' ' I
Individual Test Log--Nonvolumetric Tank fightness Testing Method
(five pages) B : o S

~ Reporting Form for Water Sensor Evaluation Data--ﬂonvqumetrichank_

Tightness Testing Method (four pages) .

~ Each set of forms is preceded by instructions on how the forms are to be -

filled out and by whom. The following is an overview on various
'responsibi11t1es.- . L - N . :

.- 1‘..

2.

3.

4.

Who is responsible for filling out which form?

Resﬁlts'of U.S. EPA Stanhardhfvaluation. The evaluating organiza--
tion is responsible for compileting this form at the end of the ,
evaluation, . T . : S

‘Description of Nonvolumetric Tank Tightness Testing Method. The

evaluating organization assisted by the vendor will complete this -
form by the end of the evaluation.. o A

Reporting Form for Leak Test Results. This form is to be completed

by the evaluating organization. In general, the statistician’
analyzing the data will complete this form. A blank:form can be

~ developed on a personal computer, the data base for a given .
~evaluation generated, and the two merged on the computer. The form °

can also be filled out manually. The input for that form will. -
consist of the field test results recorded by the evaluating .
organization's field crew on the-Indiyidua? Test Logs (below) and .

~ ‘the vendor's test results.

Individual Test Logs. These. forms are to be used and completed by

the evaluating organization's field crew. These forms need to be

-kept blind to.the vendor during testing., It is recommended that the
evaluating organization reproduce a sufficient number (at least 42 ° -

copies) of the blank form provided in this appendix and produce a

~ bound-notebook for the complete test period.

It is expected that nonvolumetric methods may require some modifica-
tion of the test log. The form provided in this appendix was .
designed from a volumetrit test log. It is the responsibility-of
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the evaluating organization to design the appropriate forms with the o
vendor's input. It is jmportant to include in the test logs all
parameters relevant to the evaluation of a specific method. In
particular, it is necessary to document the induced 1eaks.

5. Reporting Form for Water Sensor Evaluation Data. These forms pro-
vide a template for the water sensor evaluation data if the method
includes such a leak detection.mode.  The forms are to be used.and
completed by the evaluating organization's field crew. 1t is
recommended that the evaluating organization reproduce a sufficient
number (at least 20 copies) of the blank form prov1ded in this
appendix and produce a bound notebook to be used in the field.

At the comp1et1on of the evaluation, the eva1uat1ng organizat1on will
collate all the forms into a single Standard Report in the order listed
above, In those cases where the evaluating organization performed addi-
tional, optional calcutations (see Section 7.4 of the protoco]), these
results may be attac..d to the standard report. There is no reporting
requ1rement for these calculations, however.

Distribution of the Evaluat10n Test Results

vendor describing the results of the evaluation. This report consists
primarily of the forms in Appendix B. The first form reports the results |
of the evaluation. This four-page form is 'designed to be distributed i ;
widely. A copy of this four-page form will be supplied to each tank ’ ’ !
owner/dperator who uses this method of leak detection. The owner/ O
operator must retain a copy of this form as part of his record keeping
requirements. The owner/operator must also retain copies of each tank
test performed at his facility to document that the tark(s) passed the
tightness test. This four-page form will also be distributed to regula-
tors who must approve leak detection methods for use in the1r Jur1sd1c-
tion. : :

The organ1zat10n perform1ng the evaluation will prepare a report for ‘the : 7‘

The complete report, including a11 the forms in Append1x B, w111 be
submitted by the evaluating organization to the vendor of the leak detec-.
tion method. The vendor may distribute the complete report to regulators
who wish to see the data collected during the evaluation. It may also be
distributed to customers of the leak detection method who want to see the
additional information before decad1ng to select a particu%ar Teak detec--
tion method. .
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The optional part of the'calcdlatidhs_(Sectfbn'7.4),‘if.dbne, would be
reported by the evaluating organization to the vendor of the leak detec-
tion method. This is intended primarily for the vendor's use in under-

-standing the details of the performance and perhaps suggesting how to .

improve the method. It is left to the vendor whether to distribute this

'__form.“and if so, to whom. =~ =

" The evaluating organization of the leak detection method provides the

report to the vendor. Distribution of the results to tank owner/

-operators and to regulators is the responsibility of the vendor.

The forms, each preceded by its. instructions for completion, are
‘presented next. - L _ o
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Method Description -

Results of U.S. EPA Standard Evaluation
-Nonvolumetric Tank Tightness Testing Method

Instructions for completing the form

. This 34pagé"form.ié to be filléd-bﬂt.by the éﬁa]uating;organizétion upon

completion of the evaluation of the method. This form will contain the

. most important information rélative, to the method evaluation. AT} items

are to be filled out and the appropriate boxes checked.. If a question is

~not applicable to the method, write "NA* in the appropriate space.

Thisuform'cdnsists_of six main parts. These are:

1. Method Description

2. Evaluation Results =~

- 3. Test Conditions During Evaluatioh

4. Limitations on the Results

.7 5. Certification of Results . S
6. Additional Evaluation Results (if applicable)

Indicate the commercial name of . the miethod,’ the version, and the name,

‘address, and telephone number of - the vendor.  Some vendors might use

different versions of their method when using it with different products

~or tank sizes. If so,-indicate the version used in the evaluation. If

‘the .vendor is not the party responsible for the development. and use of
- the method, then indicate the home office name and address of the

. responsible party. s R T

Evaluation Results

' The evaluation results must-be reported.separate]y.for eﬁcﬁ detection '_ -

mode if the method operates in different detection modes depending on
field conditions. Describe the mode of detection for which the resylts
are app]icab1e. L A . S R _ . "

P(FA) ‘s the probability of false alarm as calculated in Section 7.1.1,

'Report the number of false alarms and the numbeﬁ'of‘tjghf tanksteéts, and
‘report the 95% confidence interval based on the binomial distribution

. with N, tests.  Some values are-tabled on page 48.

The leak rate .used 1n,the eva1uétion,3s'to be inserted in-the-b1ank.."

Thjs'is the jggg rate correspohdjng to the reported P(D) below..

P(D) is_the probability of detecting a leak of the sizé induced (no more
than 0.10 gallon per hour) as calculated in Section 7.1.2. : :

Report the number of correct detections and the mumber of simulated Teak
tests, and report the 95% confidence interval based on the binomial '
‘distribution with N, tests. Some.va1ygs are tabled on page 48.

B-5




If the ca1cu1ated P(FA) 15 5% or less end if the calcu1ated P(D) is 95%
or more, then check the "does® box. Otherwise, check the "does not?.

"box. Note: the P(FA) and P{D} requ1rements app]y to. each leak detection’
mode used by the method.

Indicate whether this method operates under mdre ‘than one mode: of detec-
tion. Check the appropriate box and complete page 4 (Add1t1ona1 Evalua-
tion Results) if app11cab1e.

Test Cond1t}ons-nuring Evaluation

Insert the information in the blanks provided.  The nominal volume of the
tank in gallons is requested as is the tank material, steel, or fiber- -~
glass. Also report the backfill material in the tank excavation, €.9.,
clean sand or pea gravel. Give the tank diameter and. length 'in inches. .
Report the product used in the testing. Give the range of temperature ' :
differences actually measured as well as the standard deviation of the . I
observed temperature differences. Report the ground water. level for the - - :
test tank in inches above the bottom of the tank. Report zero for ground.
water at or below the bottom of the tank ' L
Other sources of interference may affect non-voiumetr1t methods. Report
any sources of interference specific .to the method on the lines pro-

vided. Also report the range of test conditions for the indicated
interference source. If no additiona] sources of interference were -
identified, check “None." ,

L1m1tat'ions on the Results S o _I ,' o .' _ ‘.

The size (ga11ons) of the 1argest tank to which these .results can be
.apptied may be calcu]ated as 1. 50 times the size (gallons) of -the test
tank. _

The temperature differential, the waiting time after adding product'until
testing,- and the total data collection time should be completed using the
rasuits from calculations in-Section 7.1.4. Alternately, if the
principle of operation of the method is not affected by product : 5
temperature changes, check the box indicating that temperature is not a -
limiting factor and give the Justification.

Certifzcat1on of Resnlts

Here, the respons1b1e person at the eva1uat1ng organ1zat1on 1ndicates o
which test procedure was followed and provides his/her name and signa- -
ture, and the name, address, and telephone number of the organizat1on.

ﬂdd1t1ona1 Evaluat1on Results (if app11cab1e)

If the "yes" box relating to other leak detection modes on page 1 was

checked, then provide the necessary information for the P(FA) and P{D)

for the additional leak detection mode. These probabilities will have

been calculated as described in Sections 7.1.1 and 7.1.2, based on the o
evaluation results obtained in that detect1on mode. P . c L
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Fill out this section_as destribéd on page B-5. SR

If the method includes a water sensor, then complete the results for that
sensor. N o A - |

' The minimum detectable water Tevel and ‘the minimum detectabie Jevel
.~ change that the sensor can detect will have been obtained from the
- calculations in Sections 7.2.1 and-7.2.2. - - .

The minimum time for the water sensor to detect a leak of 0.10 gallon per
- hour by detecting an increase in the water level in the tank will have
been obtained from the calculations in Section 7.2.3. This time. is :
calculated based on a water depth equal to the striker plate height plus -
* the minimum detectable water level (above. the striker plate). It assumes
a level tank and that the sensor is located midway along the tank length.
The minimum detectable increase is used to calcuiate the volume change
-needed. . This volume is divided by 0.10 gallon per hour to get the time
‘reported.. Indicate the size of the tank on which this time calculation
. is based. A o e T




o geéults of U.S. EPA Sfandard Evaluation L
~ Nonvolumetric Tank Tightness Testing Method

: This form tells whether the tank tightness testing method described below complies with the
petformance requirements of the federal underground storage tank regulation. The evaluation was
conducied by the equipment manufacturer.or a consultant to the manufacturer according to the
U.S. EF'A’s “Standard Test Procedure for Evaluating Leak Detection Methods: Nonvolumetric

. Tank Tightness Testing Methods.” The full evaluation report also includes a form describing the
" method and a form summarizing the test data. -~ . IR S

- Tank owners using this leak detection system sh.oulc-! keep this form on file to -prdve compliance
with the federal regulations. Tank owniers should check with State and local agencies to make sure
this form satisfies their requirements. A o _ ) -

Method Descriptio

.Name__:_ -
Version * |
. Vendor
(stree:t adaress) _ o _
@y eEe @ (Phome)

: .Evaluat!on Results _ . |
~, This method, which declares a tank to be leaking when

has an estimated probability of false alarms [P(FA)] of __%basedonthetest =
resultsof _____ falsealarmsoutof. . - tosts. A 95% confidence interval for P{FA)

isfrom . ol _ - Co e o
- to %, LT T

The corresponding probability of detection [P(D)]ofa - gallon per hour leak is
: % based onthe testresultsof __~_ -~ detections out of ___ SN
~ simulated leak:tests. A 95% confidence interval for P(D) is from ' to___ %.

‘Does this method use additional modes of leak detection? [] Yes' []No. if Yes, complete, -

additional evaluation results on page 3 of this form, o S
Based on the results above, and on page 3 if applicable, this method [Jdoes LJdoes not -
‘meet the federal performance standards established by the U.S. Environmental Protection

" "Agency (0.10 gallon per hour at P(D) of 95% and P(FA) of 5%).

- Test Conditions During Evaluation

“The evaluation testing was conductedina_ ' -galion [steel ] fiberglass tank .
that was . inchesin diaglet%l?nd___,_!__ inches iong, installed in
— ' _backfil. . — S0 T

- . The ground-water level was _ ihches above the bottom of the tank.

- Noﬁvolumetric]‘l‘l‘ Method - Results Form - o : o o S A Pageiofa -
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. Nonvolumetric TTT Method
Version

Test Conditions During Evaluation (contlnued) I — B o
The tests were conducted with the tank _ percent full I

The temperature difierence between product added to fill the tank and product
already inthe tank rangedfrom ___ °F to — e _____°F,
with a standard deviationof - °F. .

The product used in the evaluation was

This method may be affected by other sourcee of interference. List these mterferenees below
and give the ranges of conditions under whrch the evaluatton was done (teheck None if not’
applicable.) =

[J None

interferences =~ - Range of Test Conditions

. leitatlons on the Flesults :
The performance estimates above are only velld when:

e The method has not been substantlally changed _ - | ]
¢ The vendor’s instructions for using the method are followed - E o ' f
e The tank contains a product identified on the method descnphon form.- | ' '
e The tank capacityis _ gallone or smaller.

e The difierence between added and in-tank product temperatures
is no greater than + or - ___degrees Fahrenheit.

O check i applicable: :
Temperature is not a factor because

e The waiting time betwéen the end of filling the test tank and the start of the test deta ooliec- o

tionis atleast " hours.
e The waiting time between the end of “toppmg off” to final testxng level and the start of
the test data collection is at least ___ hours _ . o L
o The total data collection time for the test is at Ieast ‘ - hours. ' L
e The product volume in the tank during testing is % full. .
e This method []can [} cannot be used if the ground-water Ievel is clbove the bottom of
the tank. - - o s
Other l:m:tataons specified by the vendor or determined during fcestlng: : '_ L I
L B
Nomvolumetric TTT Method - Resuts Form - . . Page2of3



" Nonvolumetric TTT Method_
- Version A

. > Safety disclaimer: This test procedure only addresses the issue of the method’s
ability-to detect leaks. It does not test the equipment for safety hazards.

- Additional Evaluation Results (If applicable) .
This method, which declares a tank to be leaking when

L

~  has an estimated probability of faise alarms [P(FA)] of - % based on the test ,
reésults of _falsealarms outof _____ tests. Note: A perfect score during testing
-does not mean that the method is perfect. Based on the observed resuilts, a 95% confidence
interval for P(FA)isfromOto - %. = . o - . . i

" The corresponding probability of detection [P(D)] of a . gallon per hour leak js
—_%basedonthetestresutsof . detectionsoutof .  simulated
. leak tests. Note: A perfect score during testing does not mean that the method is perfect.
. Based on the observed results, a 95% confidence interval for P(D)isfromOto __ - %.

' > Water detection mode (if albpliéable)"' .

- Using a false alarm rate of 5%, the minimum water leve/ that the water sensor can detect
with a 95% probability of detection is | . inches. o - :

, . Using a false alarm rate of 5%, the minimum change in water level that the water sensor:
¥ can detect with a 95% probability of detection is _ inches. . B

Based on the minimum water level and change in water level that the water sensorcan
. detect with a false alarm rate of 5% and a 85% probability of detection, the minimum time for
. the system to detect an increase in water level at an incursion rate of 0.10 gallon per hour is
___-minutés in a ' -gallon tank. - S ' S

 Certification of Results =~ I |
[ certify that the nonvolumetric tank tightness testing method was installed and operated
- according to the vendor’s instructions. | also certify that the evaluation was performed
‘according to the standard EPA test procedure for nohvolumetric tank tightness testing
- methods and that the results presented above are those obtained during the evaluation.

prmedname) . — | - {organization perf_or;ning evaluation)
Gignare) — - (Gity, state, Zip) —
- (date) | _ ‘_ — : (phone number)

.. Nonvolumetric TTT Method - Results Form
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'Descriptidn of Nonvoiumetffﬁ Tank‘Tightness Testing Method
| | Iﬁstructions for completing the form -

This 6-page form is to be filled out by the evaluating organization with

assistance from the vendor, as part of the evaluation of .the method, -
This form . provides supporting’ information on the principles behind the

system or.on how the equipment works.

'To minimize the time to complete this form, the most fréduent]y expeéted

answers to the questions have been provided. For those answers that are
dependent on site conditions, please 'give answers that apply in "typical"

method that you beljeve is important. K _ | .

- -conditions. Please write in any additional information about the testing

. There are seven parts to‘this form, These are;'

l.. Method Name and Version .
2. . Product
> Product type
- > Product level

3.+ Principle of Operation
4, Temperature Measurement
. 5. Data Acquisition
6. Procedure Information

> Waiting times L
© > Test duration e
'~ > Total time o R - B _
‘> Other important elements of the procedure .or method =~
-> Tdentifying -and correcting for interfering factors
. > Interpreting test resuits R
7. Exceptions R e

'Indicaté the;commércia] name and the heféipn-of the method in the first

part.

NOTE: The version is provided for methods that .use different versions
of the equipment for different products or tank sizes.

For the six'rehaihing.pafts,_éﬁebk all appropriate boxes for each
question. Check more than one box per question if it applies. . If a box -

. "Other" is checked, please compiete the space provided to specify or

briefly describe. the matter. If necessary, use all the white space next
to a question for a description. . - _ ;

The section "> Other import&nt elements of the procedure or method"
should be completed carefully. List here any other important elements of .
the procedure or method that could affect its performance. For example:

= Ifrfhe pressure in the u11age'$§éce.i§ different from atmospheric

- during testing, indicate whether a negative or positive préssure was
app1ied.'-Repdrt that pressure and its units. ' A
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- If the method used 15 a tracer method clearly document the process of
~.adding the tracer to the tank and in the spiking port.

- If a tracer is added to the product in the tank. provide informat1on on

© the following items: _

* type of tracer(s) ' f

~* tracer concentration in the product

* type of carrier

* time between 5p1k1ng and starting the test

* type of sampling, e.g., whether sampling is active or passive (1n
other words, how does the tracer reach the sampiing ports? by
natural diffusion process? is the process enhanced by adding forced
air? etc.)

% other relevant items

- When sampling ports are instaiIed for tracer methods, measure the .
distances between any part of the tank to its nearest sampling port.
Report the largest of these d1stances._ : _ _

B-12




: - ' - Descrlption _ - '
. - Nonvoﬂumetrlc Tank T:ghtness Testmg Method

" This section descnbes briefly the i lmportant aspects of the nonvolumetnc tank tightness testmg
method. It is not intended to provide a thorough descnptlon of the prmmples behmd the
" -method or how the eqmpment works, - . .

_Method Name and Vers:on

/

~ Product
> Product type :
For what products can thls method be USed? (check all appllcable)
[J gasoline |
[ dieset - o o o
[ aviationfuel o o L - -
3 fuel oil #4 o o | R
- [ fuel oil #6
-. -+ [0 solvents
. [ waste oil
3 ‘) © [ other gist) _
. - > Product level :
What product level is requnred to conduct a test?
- [ above grade -
[O within the fit pipe
[ greater than 90% full .
- [ greater than 50% full

[ empty -
n other (specnfy)

"Nonvoiumét_ricﬂT'Mg_thogi-DeScription Lot o Pagetofé -




Principle of Operation : . .
What principle or principles are used to :dent:fy a Ieak‘? o | _' | . ) : o
[7] acoustical signal characteristic of aleak o ‘ A4
- [ identification of a tracer chemical outside the tank system
[ changes in product level or volume -
[J detection of water inflow
[] other (describe briefly) |

Temperature Measurement

If product temperature is measured dunng a test how many temperature Sensors
are used? o

[] single sensor, without circulation
[ single sensor, with circutation
[ 2-4 sensors
[0 5 or more sensors
[ temperature-averaging probe

If produot temperature is measured during a test what type of temperature sensor is used? _
[ resistance temperature detector (RTD) IR o L
1 bimetallic strip ' o DR (D )
] quariz crystal
[ thermistor
L] other (describe briefly) _

if product temperature is not measured durlng atest, why not‘? _

L] t(he factor n;easured for change in level or volume is 1ndependent of temperature
e.g., mass .

[] the factor measured for ohange rn Ievel or volume setf-oompansates for changes in
temperature _ _

[ other (axplam briefly) ‘ . 2 | - N

| Data Acqunsntlon
How are the test data acquired and reoorded'?

O manually .
[ by strip chart ) )

L3 by computer S e
‘Nonvolumetrich‘TMethod'-Deso‘riptio'n _ o _ : L - .. . Page20f6
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. : Proldedure Inforrnétﬁon
| > Waiting times _\ o . o o )
. What i$ the minimum waiting period between adding a large volume of product to bring the
~ level to.test. requirements and the beginning of the test (e.g., from 50% to'95% capacity)?
[ not applicable - | o C DR
O no waiting period
[J'less than 3 hours
DB-B hours
~ O 712 hours
[ more than 12 hours | - o
3 variable, depending on tank size; amount added_,-operat_ok discretion, stc, -

.

> Test duration - - o
‘Whet js the minimum time for collecting data?
o iess than 1 hour. :

- O thour
. 2nours
S B [ 3 hours . _ | . o _
‘gw H4pous -7 S e
. O stonours P T

13 more than 10 hours -
[ variable
. > Total time- o ) o
- What s the total time needed to test with this method?
- (setup time plus wafting time plus. fesi'ing time plus tirhe to return tank {0 service) o

hours___ " minutes

"> Other important elements of the procedure or method |
- List here any other elements that could affect the performance of the procedure or method -

(e.q., positive or negative ullage pressure, tracer concentration, distance between tank and- |
sampling ports, etc.) - . ‘ _ : o

:INom{olpmetricTTTMathod-Descri'ptipn S T B T ) .'Pégeéofs_




> ldentifying and correctmg for mterfermg factors

How does the method determlne the presence and Ievel of the ground water above the
bottom of the tank? ;. .

[C] observation well near tank. .
.l information from USGS, etc. A

[ information from personnel on-site

L] presence of water in the tank -

[ other (describe briefly)

[ Jeve! of ground water above bottom of the tank not determined

How does the method correct for the mterference due to the presence of ground water
above the bottom of the tank? .

[J head pressure increased by raising the level of the product
[ different head pressures tested and leak rates compared
I3 tests for changes in water leve! in tank

[J other (describe briefly)

[ no action

Does the method measure tnﬂow of water as well as loss of product’ (gallon per hour)‘? | |

[ yes
O no

Does the method detect the presence of water in the- bottom of the tank? --
M yes ' '
Ono

How does the method |dent|fy the presence of vapor peckets'?

M| erratic temperature jevel, or temperature-compensated volume readlngs |
[ sudden targe changes in readings

[ statisticat analysis of variabiiity of readings

O other (describe briefly) _ -

- not identified -
O not applicable; underfilled test method used

Nonvolumetric TTT Method - Description “ ' '_ o | ' _Pag'e 4 of 6




: How does the method oorrect for the presence of vapor pookets‘?

' bleed off vapor and start test over .
] identify periods of pocket movement and dlsoount data from anelysrs

|:| other (descnbe brleﬂy) T e
13 not corrected’ ' S "
3 et appllcable, underfilled test method used

How does the test method determlne when' tank deforme_tio,n has stopped following
dellvery of product? . - _ o , S i

L

1 waita specified period of time before beginning test - B
- [ watch the data trends and begin test when decrease in produot level has stopped :
3 other (describe briefly) _ o -

‘I3 no procedure : .
[:| not appiicable, does not sffect prrnotple of operation

Are the method S sensors oallbrated before each test‘? ' o
[:Iyes A o o
[]no-' _‘ B ' S o

- If not, how often are the sensors callbrated'? _

[:l weekly o R

[ monthly ‘ o .

" d yearly or less frequently

. [ never

Interpretmg test results . : N
" What effect is used to declare the tank to be Ieaklng‘? (L:st aII modes used by the method ) g

- Ifa change in volume is used to detect leaks what threshold value for product volume \
. change (galion per hour) is used to declare thet a tank is Ieeklng‘? : '

“[1 0.05 gallon per hour
[] o.10 gation per hour
CJ 0.20 gallon per hour
E] other

Nonvolumetrioﬁ'l'MethodiDesoriptionl S o .. Page 5‘of‘6 :




Under what oondrtuons are test resuits considered 1nconclusrve? EE T
[ ground-water level above bottom oftank o I o o
O presence of vapor pockets . S B
[ too much variability in the data (standard dewat!on beyond & <;rven value) L
[ unexplained product volume increase : I
[ other (describe briefly)

. Exceptions : - : :
Are there any conditions under which a test should not be conducted?
O ground-water level above bottomof tank '
[J presence of vapor pockets |
" O targe difference between ground temperature and delivered product temperature '

C extremeiy high or low ambient temperature

[ invalid for some products (specify)
" [ soil not sufficiently porous

1 other (describe bneﬂy)

What are acceptable devnatlons from the standard testlng protocol‘?
1 none - | S
" [ tengthen the duration of test .
] other (describe briefly) '

‘What elements of the test procedure are left to the discretion of the testlng personnei
on-site? : .

[ waiting period between ﬁlllng tank and beglnnrng test :

L] length of test |

[ determination of presence of vapor pockets N T
[ determination that tank deformation has subsided S e
[ determination of “outlier” data that may be discarded o
O other (describe bneﬂy) i - -
O none -

A
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: Répprti"Q-FQrﬁ'fOr_Leak Test Results
. Nonvolumetric Tank Tightness Testing Method

o Instructions for éompletjng:the form u'

" This 3-page form is to be filled out by the evaiuating'organizatfon_upon'
- completion of the evaluation of the method in each of its leak .detection -

modes. This form provides for 60 test results, although the minimum
number of tests required iin the protocol is 42, ‘Use as many pages as:

- necessary to summarize all of the tests attempted. Report the results
- for each leak detection mode on separate forms. o '

Indicate the commercial name and the version of the method and the period’
of evaluation above the table. The version is provided for methods that
might use different versions of the equipment for different products or
tank sizes. Also, indicate the leak detection mode for which these

 results were obtained, - -

'_Iﬁ’géneral}fthé'§£&t1st1cian.ana1yzing the data will complete. this

form. A blank form can be developed on a personal computer, the data

-base for a given evaluation generated, and the two merged on the com~
- puter. The form can . also be filled out manually. The input for that form

will consist of the field test results recorded by the evaluating :
organization's field crew on the Individual Test Logs and the 'vendor's
test resuits. - B : I o : - .

?he tabTé consists of 10 columns. One 1ine is proéided'fbr'éhchﬁtestn

‘performed during evaluation of the method. If a test was_inva1ih:or.was'.

aborted, the test should be listed with the approprfate notation (e.qg.,
invalid) on the line. - e . . .

.The Test Number in the first column refers to the test.nuhber.fromfther7

randomization design determined according to the. instructions .in Sec-
tion 6.2 of the protocol. Since some changes to the design might occur
during the course of the field testing, the test numbers might not always

~be in sequential order.

- Noté that the resulfé_from the trial run need to be reported here as |
well.. . o - PR _

" The following.1ist matches the column input required with its source, for

each column in the table. .

- B-18°




Répofting-Form'for Leak Test Results
Nonvolumetric Tank Tightness Testing Method

Instrudtiohs for completing the form-

This 3-page form is to be filled out by thé‘évaluatiﬁg organization updn:

- completion of the evdluation of the method in each of its leak detection -

modes. This form provides for 60 test results, although the minimum
number of tests required in the protocol is 42. Use as many pages as .
- necessary to summarize-alt of the tests attempted. Report the results
for each leak detection mode on separate forms. R

‘Indicate the commercial name.and the version of the method and the period
of evaluation above the tabie. The version is provided for methods that
might use different versions of the equipment for different products or

tank sizes. Also, indicate the leak detection mode for which these '

results were obtained. . ' o o : : ‘

-~ In general, .the statistician analyzing the data will complete this

- form. A blank form can be deveioped on a personal computer, the data -

base for a given evaiuation generated, and the two merged on the com-

puter. The form can also be filled out manually. The input for that form

- will consist of the field test' results recorded by the evaluating
organization's field crew on the Individual Test Logs and the vendor's

test results. . - ' C S e

The table consists of 10 columns. One line-is provided for each test
performed during evaluation of the method.  If a test was invalid or was
aborted, the test should be 1isted with the appropriate notation (e.g.s
invalid) on the.line. ~ ~ ... I S o

The Test Number in the first column refers to the test number from the -
randomization design determined according. to the instructions in Sec-
‘tion 6.2 of the protocol. Since some changes to the design might occur

~during the course of the field testing, the test numbers might not always_'

be in seguential order. 

‘Note that the results from the trial run need to be reported here as
well. . B P

The fo1lowing list matches the boiumnkiﬁput'rEquﬁred'with jts source, for
each column in the table. o ' o

Lot
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Column No. Input ‘ © .7 source

1 Test number or trial run. - Randomization design
2 Date at completion of last fin Individua] Test Log
(if applicable) '
3 Time at completion of last f111- . Individual Test Log
(if appiicable) , o - L
4 Date test began. - . Individual Test tog .
5 Time test began. - - -Individual Test Log
6 Time test ended - Individual Test Log
7 Product temperature different1a1 . Individual Test Log
— (if applicable) : .
8 Nominal leak rate Random1zat1on design
9 -Induced leak rate i . Individual Test Log
10

Leak test result | B Vendor s test resu]t_

Note: the product temperature differential (cq}umnrY) is the difference
~ between. the temperature of the product added and that of the product in
the tank each time the tank is filled. This temperature differential is
the actual differential achieved ir the fieid and not the nominal '
temperature d1fferent1a1.

.B-20 L N L A




. | | - o B | ReporﬁrgrmforLeakTeisesults R o o .

, - - Nonvolumetric Tark Tightness Testmg Method R ,
Method Name and Version: ______ ' o _ . : Leak Detectlon Mode
-Evaluation Period: from _~_~ - to _ ' {Dates)
_If applicable [ If applicable | . : ,' ' X "~ [ivappiicabie
. Date at Time at : B . -} Product ' _
Completion | Completion | Date Test’ | TimeTest |- Time Test Temperature| - Nominal | ‘Induced | Tank Tight? |
of LasiFili | ofLastFiii [ Began ‘Began . Ended Differential | Leak Rate | Leak Rate { (Yes, No, or | .
TestNo. | (midly) (military) * | (midiy) (military) | (military) | (degF) | (gaim) (galth) - | Test invalid) {
Trial Run | BB -1 ' T 0 ¢ | 0 - )
1
2
- 38
4
= B
6
7
8
S 9 R
' 10
L)
- . 12 ) -
13
14
15 -
16
17
18 -
19 N
20 /

Nonvolumetric TTT-Data Reportiig Fom ~ ~~ T T : -+ Pagetpf8 .




. Method Name and Version: _

" Evaluation Period: from

Reporti'nQ'm for Leak Test Results

If applicable

_ i applicable

(Dates)

.. Leak Detection Mode: |

If applicable

- Nonvolumetric Tank Tightness Testing Method

| Test No.

Date at
Complstion
of Last Fill

Time at

- Completion

. of Last Fill
(military)

. Date Test’
Began

Time Tést

Began

_ '__ﬁme Test
‘Ended

- Product
Temperatire
Ditferential

NoimHne
Leak Rate

widucad

Leak Rate

- (gah)

Tank Tight?
-fYes, No; or

21

(idly) |

{midly) -

military)

{military) :

(deg F)

(gaii) _

Test Invalid)

T 22
23
24
25
26
27
28
29
30

T3
32
33
34
35
36
37
as
38 |,
40 }

Nonvolumetre TTT-Data Reporting Form Page 20f 3




. L - ._ F’leportiﬁ&?mfOrL‘eakl'l‘estHesultsi S | .
| ~ Nonvolumetric Tank Tightness Testing Method o

" Method Name and Version: __ ' o ' Leak Detsction Mode: ___- .

Evaluation Period: from ___- o (atey . . L

If applicable | if applicable N . if applicable
Dateat | Timeat . _ ' = o |~ Product . - S
Completion | Completion | DateTest | TimeTest | TimeTest |Temperature| Nominal | mduced | Tank Tight?
_ ofLastFill | ‘oflastFill Began Segan | Ended | Differeniiai | Leak Rate | Leak Rate | (Yes, No, or
-TestNo. | (midly) | - (military) ~(midly) | (military) (military)- | (degF) | (gal/h) | (gallh) | Test Invalid)
42
43
44
‘45
46
47..
48 : . ST . _ - 5
29 | - | I | 1 T R
53
54
55
. 56 -
’ ' 58
60

Page 30of 3
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. . "Ihdivfdual-Test tog ..
Nonvolumetric Tank Tightness Testing Method

instructions for completing the form

" This 5-page test log form is to be £i11ed out by the Field crew of the

“evaluating organization.. A separate form is to be filled out for each- .. .

individual test including the trial run (at least 43.) The information
on these forms is to be kept blind to the vendor during the period of .
evaluation of, the method. Adaptations of the form may be made as needed
- {0 document the evaluation data. - ' : S

The form consists of nine parts.. These are:

‘1. - Header information o o L.
2. General background information -

3. Conditions before testing

4. Topping off records (if applicable)

5. For tracer methods only .

6. Conditions at beginning of test -

7. Conditions at completion of testing

8. Leak rate data . o :

9. Additional comments, if needed o . o
~ 10. -Data sheet for leak simulation for tracer methods
- 11. Data sheet for induced leak rate calibration. - '

“.A11 items are to be fﬁi]éd_out and the appropriate boxes checked. If'a -
question’ is not applicable, then indicate so as "NA". The following
provides guidance on the use of this form. S

 Header Information

The header information is to be repeated on all five pages, if used. If -
a page is not used, cross it out and initial it. The field operator from -
the evaluating organization needs to print-and sign his/her name and note
. the date of the test on top of each sheet. S R

- The test number is tﬁe number obtained'frbm thé‘?andbmizatibn desiﬁn. It

is not the sequential running test number. If a test needs to be rerun,
indicate .the test number of the test being rerun and indicate that on the

test log (e.g., Test No. § repeat).
General Background Information

- Indicate the commercial name of the method. Include a version identifi-
cation if the method uses different versions for different products or

- tank sizes.' The vendor's recommended stabilization period (if appli--
cable) has to be obtained from the vendor prior to testing. This is

- important since it will impact on the scheduling of the evaluation. A1l
other jtems in this section refer to the test tank and product. Indicate
the ground-water level at the tjme_of.the test. ' . _

.\
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e Theoretica11y, th1s 1nformation would remain unchanged Tor the who1e
- evaluation period. - However, weather conditions couid change and affect
- the ground-water level. A1so, the evaluating organizat1on could change
© the test tank. . - _ :

Conditions Before Testing -

+ Fi11 in all the blanks. If the 1nformation is obta1ned by calculation

. (for example the amount of water.in the tank is obtained from the stick
reading and then converted to volume), this can be done after the test is
completed. Indicate the unit of a11 temperature measurements by check1ng
" the appropriate box. - _ ..

' "Note that the term "cond1t1on1ng“ refers to alil act1v1t1es undertaken by
the evaluating field crew to prepare for a test. As such, the term
refers to emptying or filling the tank, heating or coo]ing product, -and .
changing the leak rate. -In some.cases, all of the abové is performed, in :
others, only one parameter might be changed. For tracers, “conditioning“-' !
refers to preparation of the tank for testing. It includes. the determin-
at1on of the time to wait between sp1k1ng -and test1ng. S :

Topping Of ¥ Records (1f applicab1e)
If this step is performed f111 in the appropr1ate b1anks._d
For Tracer Hethods On]y

Fi11 4n the appropriate 1nformat1on. Follow the instructions and
complete the form on page 4. S S B

j-CondItions at Beginning of Test - __l.f '_ ' f'“ I R

The. evaluation organ1zation s f1e1d crew will have ca11brated the 1eak
simulation equipment prior to the test. A1l leak rate calibration data'
need to be documented using the form on pages 4 or 5, as appropriate.

* Refer to previous ca11brat1on if this has been done. Adapt the form as
'necessary. - . . o '

Cnce the evaluat1ng organizat1on s f1e1d crew i§ ready with the 1nduced .
.leak rate simulation, and the vendor starts the actual testing, record
the date and time that the vendor's test data collection starts. Also,
indicate the product temperature at that time. Fi11 out the weather
condition section of the form. Indicate the nominal leak rate which is
obtained from the randomization design. '

Conditions at Comp1etion of Testing ‘ .
" Indicate date and time when the test is completed..- :

. Again, stick the tank and record the read1ngs and the amount of water in
the tank. Record a11 weather conditions as. requested.
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Leak Rate Data.

statistician or analyst performing the .calculations. -This section can
therefore be filled out as the evaluation proceeds or at. the end of" the
‘evaluation. : :

This sect1on is to be f111ed out by the evaluating organ1zat1on s - oA

The nominal leak rate is obta1ned from pagevz (Conditions at Beginning'of"__-

Test). It should be checked against the nominal leak rate in the .
randomization design by. match1ng test numbers..._ co

The induced leak rate is obtained from the simulation data- reported by '
the evaluating field crew on page 4 or 5 of this form. .

The test rasult is that obta1ned by the vendor for that test.

Give the mode being 1nvest1gated on the line fo11owing the test answer if "V

the method uses more than one mode of leak detection.
Additional Coments (3if needed)

Use this page for any comments (e.g., adverse weather conditions; o
equipment fa11ure, reason for invalid test, etc.) perta1n1ng to that
test. o . o :

. Leak Simulation Form for Tracer Hethods (page 4)

For tracer methods, use the form on page 4 to document and measure _
delivery of the carrier with the appropriate concentration of the tracer

to the spiking ports. Indicate the. tracer used and the concentration of -

tracer in the carrier in the appropriate spaces. Report the distances
. between spiking port and all sampling ports. Record the time and amount

- of material released in the spiking port to document the leak 51mu1ation-_s:

for tracer methods. Use as many pages as needed. '
Induced Leak Rate Calibration Form (page 5)

For acoustical methods, the form on page 5 may be used to ca11brate the
Tiquid flow through the simulator under a standard set of conditions.
The indyced leak rate is the rate at which the 1igquid will flow at a
specified head or depth of product. This rate is determined by =
calibration and used as the leak rate for detection. The calibration
will have to be done at a different time, preferably before) than the

tasting. A calibration is needed for each distinct leak rate. Once the
calibrations have been done, document on each daily test tog the simula-

tion conditions and reference the appropriate calibration data sheets,

which should be attached to the da11y test log that first yses the given_ '

" induced teak rate.
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Name of Field Operator _ _ . _
Slgnature of Field Operator _ - TestNo._

Date of Test__

: Individual Test Log
Nonvolumetrlc Tank Tlghtness Testmg Method

Instmctions 2
Use one log for each test,

_Fill in the blanks and check the boxes, as appropnate C

. Keep test log even if test is mconcluswe : .

: General Backgrounc! information
.. Method Name and Version
Product Type o | - o
. TypeofTank _- - - = L
Tank D'imensions'(nominal)_ o S e PR
' Diameter _____inches

Length. - _inches = - : L
 Volume gallons A
Ground-water level _____inches above bottom of tank
- Recommended stablllzatuon period before test, (per vendor SOP)

hours mmutes ‘

1

Conditions Be,fore Testing _ '
Date_ - ___ and military time __ at start of oondltxomng test tarik

“Stick reading before partlal ernptymg of tank , o o
Product___.inches___ gallons . . -~ ~ 

 Water __ inches _ | | gallons | B - 3

Temperature of product in tank before partlal emptylng. - ] or°C [].

- ‘Stick reading after partial emptylng of tank .

Product __ inches gaitons , o , .
Amount of product removed from tank {by subtractlon) | - gallons
N Stick readlng after ﬁlllng tank to testlevet - . _ o
Product______incheés-__  galions |
Water inches . _palions | -
‘ Amount of product added 1o fill tank (by subtraction) _ gallons

'th\'folume;ric'TTT._Methoq..-Test Log - ‘ S A o S Page 1 0f5




Name of Field Operator

Signature of Field Operator___ | - TestNo.
Date of Test

. Conditions Before Testing (continued) , I
Temperature of product added to fill tank °F'D or°C L _
Temperature of product in tank immediately after filling _______ °F Clor °C |:|

Date and military time at completlon of fill

Topping Off Flécords (it applicabie) .

Date_ . and military time__ at completion of topping off

Approximate amount of product added. . . gallons ‘

If tank overfilled, height of product above tank ___inches.

For Tracer Methods Only D . _ .
Date ~ and military time__~ .~ tracer(s) is'added to product in test tank- - -

Tracer qsed
Amount of tracer used
Amount of product in test tank _ gallons

> Compiete the Tracer Leak slmulatlon form (use page 4)
Date and military time____ at start of test - .
Date__ and military time at conclusion of test

- Conditions at Beginning of Test

Date and military tlme . vendor began sethng up test equupment

> Document mduced leak rate determinatnon (use page 5).. _
* Date and military time : at start of vendor’s test clata oo!iectton
Temperature. of product i in tank at start of test N L__\ or °C D

Weather Conditions

Temperature °F[J orec ] R

Barometric pressure ‘mmHg[] or in. Hg (J

wind none(J  LightT) - Moderate [l strong [l

Precipitation ~ None(J  Lightl]  "Moderate[] . Heavy[]
sunny[}- - Partly Glouay [ Cloudy L] o

‘Nominal leak rate gallon per hour .

Nonvolumetric TTT Method - Test Log o ' o Page'2 of 5




Name-_df Field Operator S - _
' Signature of Fisid Operator_-~~ ~ - ‘Test No._

. Conditions at Completion of Testing
‘Date_ - and military time : at completzon oftest data collectlon
' Stick reading at completlon of test data collection . -
~ Product ___ rnches gallons |
. Water _ ___inches . gallons
‘Date of Test_ | ' B

Condltlons at Cornpletlon of Test]ng (contmued)
‘Weather Conditions

Temperature ______ °F Clor °C [ o
Berometricpressure . mmHglor __ inHg) . - :
wind - - None[J. Lightl] ° Moderated  strong[J
Precipitation - None[ ]  Lighttl  Moderate ] l-!_eavy O -
sunnylJ - Partly Cloudy 0 - C!oudy L] |
Date __and military time._ : ._test equipment |s dxsassembled (it done .
for this test) and tank is ready for service Coe
'I'Lea[k Rate Data '
~ Leak cletectlon mode _ _
‘Nominalleakrate - -galh
lnduc:e’d_ leak 'rate _ | galfh

Findings for Tracer Methods | B
- [ONo tracer found DTracer(s) found
If tracer(s) found list ‘

- Test answer | Dleak'ihg N Dtlght | Dinc_oncl'u'sive

'Additlonal Comments (Use back of page if- neaded)

Nonvolumetric TTT Method - Test Log - o ~ Page3ofs




Name of Field Operator :
‘Signature of Field Operator

Date of test o L . Test No.

Leak Simulation Form for Tracer Method

{(Reproduce form if needed)

Tracer used ' o
Cartier
- Concentration of tracer in carrier _

Distance from spiking portto: = -
Samplingport1 Sampling port 5
Samplingport2 Sampling port &
Samplingport3 _____ Sampling port 7

* Samplingport4 _____ Sampling port 8.

Carrier ambunt_ i
Time releasedin | Comments
{military) spiking port .

o |o |~ |o o |a [ ] |~

s
o

)
)

-t
N

-t
o

ry
-8

-h
(4]

-h
o]

i
~I

-
[+2]

-t
o

20

&

- Indicate all measurement uni_fs!

Nonvolumetric TFT Method-Test Log
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Name of Field Opekat’er _
_ Slgnature of Field Operator : : _ _
. Dateoftest . . T " TeétNo." E
!nduced Leak Rate Cahbratlon Form __ |
(Reproduce form if needed) '

Time | Amount* |Comments .
{military) : S

.

© o [N [0 o [n [0 [ [=

-
o

-l
-l

g
[

ik
(5]

s
R

iR
W

-t
m .

"y
I

-
x

-
©

b
o

N
-

n
w

R

" Indicate all measurement units! . o

Nonvolumetric TTT- Method-Test Log ‘ , S o . A o Page 50t5




Reporting Form for Hater Sensor Evaiuation Data
Nonvolumetric Tank T1ghtness Testing Hethod

This 4-page form. 1s to be filied out by..the field crew of the eva]uating

 organization when evaluating the performance of the method's water

. sensor, if applicable. A separate form is to be filled out for each
individual test repiicate (at least 20). The form provides a template to

-record the data and con31sts df three parts. These are° L

1. Header information ' ' : '
2. Template for recording the data obta1ned to determ1ne the minimum
~ water level that the sensor can detect in each-replicate (page 1)
3. Template for recording the data obtained when determining the
< minimum water level change that the sensor can detect in each
rep11cate (pages 2—4)

*Header Information

‘The header information is to be repeated on a11 four pages, 1f used. If
a page is not used, cross it out and initial it. R

Indicate the ‘commercial name of the method., Inc]ude a version 1dentif1- '
cation if the method uses different versions for different products or
" -tank-sizes. Compiete the date of test and product type information. -
Indicate the test (repl1cate) number ‘on each sheet for each test. .

_ The field operator from the evaluating organizat1on needs to print and '
sign h1s/her name and note the date of the test on top of each sheet.

M1n1mum Detectabie Water Level Data

"Fo1low the test protoco] described 1n Sect1on 6 5 and record all data on

' page 1 of the form. When the sensor first detects the water, stop test-

ing for this replicate. The minimum detected water level is calculated .

.+ from the total amount of water added until the first sensor response and
the geometry of the probe and the cylinder. This calculation can be done -

after alt testing is completed and is generally performed by the statis—
tician or other person respons1b1e for data ana1ys1s. _ :

‘-Minimum Detectable Hater Level Change

After the first sensor response, continue with the test protocol as
described in Section 6.5. Record: 211 amounts of water added and the
sensor readings at each increment .using pages 2 to 4 as necessary. The
'data to be entered in the third, fifth, and sixth columns on pages 2, 3,
and 8 of the form will be ca]culated once all testing is completed. '
. Again, the person responsible for the data analysis will.generaily— _
- compute these data and enter the calculated minimum water 1eve1 detected

o in that replicate run. -
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Nonvolumetric TTT-Water Sernisor -

'Product Typé:

Reportmg Form for Water Sensor Evaluatlon Data -
Nonvolumetnc Tank T‘ghtness Testlng Method

Method Name and Verszon

Date of Test:

: Volume of - Sensor
Increment| - Water Added | Reading

D) . (inch)

Name of Fleld Operator

Sugnature of Field Operator

o]w|~fo|nlslw|w]«|E

" TestNo.

Calculated Minimum

Total
Volume

(m) -

- | Detectable Water Level (inches)

NOTE: This form provides a template for data reportmg Smce the numher of .
increments is'not known from the start the Eength of the report form

- wnll vary from test to taest

'_ Page 1 0f4




Method Name and Veréion:

Date of Test:

Product Type:

'Reporting Form for Water Sensor Evaluation Data

Nonvolumetric Tank Tightness Testing Method -

Namé of Field Opel_'atdr:"
‘Signature of Field Operator:

i : ‘.

Increment
No.
A

Volume of
Water Added
(mL)
B

"Calculated .
Water Height

increment, h

(in}
C .

Reading

(i)
D

Sensor

Measured
Sensor
increment
(i)

E

Calc.~Meas.

Increment
" Difference

~(in)

Minimum water level detected, X:

C=-E

1

inches (from page 1)

OeINI o] jw]|N

NOTE:

This form provides a template for data reporting.
Use as many pages as necessary. .

Norivolumetric 'I'l'l'- —Water Sensor

Ca
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| Methocl Na

| _Da.te of Test:_ '

Product Type:

"'Reporting Form for Water Sensor Evaluation Data
Nonvolumetnc Tank Tlghtness Testing Method

me and Versmn

Name of Field Operator: .

: Signature pf.Field Operator;

" TestNo.

Increment
No.
. A'

Volume of
Water Added
(mL)

B8

' Calculéted-
Water Height |
Increment, h

(in)
o

Sensor .

Reading

-{in)
D

. .Measured

‘Sensor.

" Increment

~ (in)

" lncrement

Difference
Caic.-Meas. .

in)
. C-E

26

27

28

29

30

. 3t

32

33

34 .

- %

36

a7 -

38

39

40

41 -

42
43
44
45

46

47

48

49

50

" NOTE:

This form provides a template for data reportmg.

Use as many pages as- neoessary '

Nonyolumetric TTT-Water Sensor

Page3o0f4




) . Reporting Form for Water Sensbr Evaiuation Data .' .
Nonvolumetric Tank Tightness Testing Method

Method Name and Version: ___ : ' - | - : ‘.

Date of Test: Name of Field Operator:.____ N ' i -

_ Product Type: :

. Signature of Field Operator;

Test No. ____

lncrt_ament
No.
A

Volume of

Water Added _

(mL)
B

o Calwia’te_d

Water Height

- Increment, h

(in)

- Sensor - -

Reading -
im) -
D .

Measured
_ ‘Sensor
. Increment

(in)
E

- Increment
Difference
Caic.-Meas..
R (1) I

Ke; C-E
51 g : L
53 . ’ - i} - T o
56 - . - i
57 . : h . . :
58 . _ -
. 59 : : R _ .
60 ' K |
3 ‘ — —T sz : _
64
65
70
71
72
73"
74
75

NOTE:  This form provides a template for data reporting. . o o , .. .

Use as many pages as necessary. -

L8
*

" Page 4 of 4 ]
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