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1.0 EXECUTIVE SUMMARY

The Naval Facilities Engineering Service Center (NFESC), Port Hueneme, California, and its
industrial partners, Vista Research, Inc. and Vista Engineering Technologies, L.L.C., have
demonstrated and validated (DEM/VAL) an innovative mass-based leak detection system for bulk
fuel underground storage tanks (USTs).  The Low-Range Differential Pressure (LRDP) system is
a computer-controlled system that can reliably detect small leaks in bulk USTs ranging in size from
50,000 gal to 12,500,000 gal.  As part of this project, it has been evaluated for performance by an
independent third party in a 122.5-ft diameter, 2,100,000-gal tank following EPA’s standard test
procedures.  The LRDP meets monthly monitoring and annual precision (tightness) test regulatory
compliance requirements using either a 10-h (overnight) or 24-h test.

All of the objectives of the project have been met, and the LRDP is ready for commercial use.  Both
(1) on-line, permanently installed monitoring systems and (2) tightness testing services using the
LRDP can be obtained commercially through Vista Research, Inc. 

The LRDP system achieves a very high level of performance against small leaks because of its high
precision (0.0002 in.) and its accurate methods of compensating for the thermal expansion and
contraction of the fuel, the instrumentation, and the tank.  Because of its innovative design, the
LRDP achieves this high level of precision and accuracy with an off-the-shelf, industrial-grade
differential pressure sensor.  Thus, the LRDP not only delivers high performance, but it is also
rugged and field-worthy.  

The LRDP system is fully automatic and comprises (1) an innovative in-tank level sensing unit, (2)
an embedded remote test controller to collect and analyze the data from a test, and (3) a host
computer to initiate, report, and archive the results of a test.  A test can be initiated by an operator
or can be automatically scheduled for a future date and time.  The in-tank sensor can be installed
through a standard 8-in.-daimeter opening without removing fuel from the tank.  The electronics
meet Class 1, Div. 1 standards.  The LRDP system is compatible with the DoD Fuels Accounting
System (FAS) and can be integrated with FAS to test the tanks in a fuel farm or a bulk storage
facility.

The in-tank sensor comprises (1) a vertical reference tube that spans the full usable height of the
tank, (2) a sealed, bottom-mounted container that houses all of the level-measurement sensors, and
(3) a special bellows-mounting system that is used to attach the system to the top of the tank.  A
valve at the bottom of the reference tube allows fuel from the tank to enter or leave.  When the tank
is to be tested for leaks, the valve is closed, thus isolating the fuel in the tube from that in the tank.
As the level of liquid in the tank fluctuates, the level of liquid in the closed reference tube mimics
it-except when the change in level is due to a leak.  High precision is achieved because the dynamic
range of the differential pressure sensor only needs to accommodate the differences in level between
the tube and the tank and not the full height of the tank.  The very small differences between the
changes in level (pressure) in the tank and those in the tube are detected by a differential pressure
sensor that is located in the sealed container at the bottom of the tube.  Because the LRDP is housed
at the bottom of the tank, where it is not subject to ambient air conditions, it avoids a common
problem of other mass-based leak measurement systems-thermally induced drift of the pressure
sensor.  In addition, the special bellows-mounting system removes any thermally induced vertical
movement of the tank, the manway, or the in-tank sensor.
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The performance of the system was independently evaluated for a 10- and a 24-h test by Ken Wilcox
Associates, Inc. (KWA), a nationally recognized third-party evaluator.  The performance was
determined experimentally and was reported in accordance with the guidelines set forth in
“Alternative Test Procedures for Evaluating Leak Detection Methods:  Evaluation of Bulk
Field-Constructed Tanks,”  a standard test procedure for bulk underground tanks that is approved
by the National Work Group on Leak Detection Evaluations (NWGLDE), an EPA-sponsored
oversight group.  A leak detection method cannot be used unless the evaluation has been approved
by this group.  The evaluation consisted of 12 blind tests conducted on a 122.5-ft diameter,
2,100,000-gal bulk UST containing jet fuel and located at the Navy’s Point Loma Fuel Terminal,
San Diego, California.  The tests were conducted over a wide range of temperature and induced leak
conditions beginning on March 22, 2000 and ending on June 8, 2000. 

The LRDP is currently listed by the NWGLDE and is approved for use in California based on a
third-party evaluation previously conducted at NAS North Island on an 88-ft diameter tank.  The
results of the current ESTCP evaluation, conducted on the 122.5-ft diameter tank at Point Loma, a
much larger tank than the one used in the North Island evaluation, have been submitted to the
NWGLDE for review and update of the previous listings.  The results of the KWA evaluation
(which are presented in this report) indicate that a single 10-h test with the LRDP-10 can detect a
leak of 1.14 gal/h with a probability of detection (PD) of 95% and a probability of false alarm (PFA)
of 5% in a 122.5-ft diameter tank.  The performance of the LRDP-10 scales with the product surface
area of the tank and improves as the tank diameter decreases.  The LRDP-10 can detect leaks as
small as 0.2 gal/h in a single test in a 51-ft diameter tank; by averaging four tests, a 0.2-gal/h leak
can be detected in a 73-ft diameter tank with the same probabilities of detection and false alarm.
The performance improves with a 24-h test.  The LRDP-24 can detect a leak of 0.69 gal/h with a PD
of 95% and a PFA of 5% in a 122.5-ft diameter tank; when the 12 monthly tests are averaged
together, the system has the capability for detecting leaks as small as 0.2-gal/h.  The LRDP-24 can
detect leaks as small as 0.2 gal/h with the same PD and PFA in a 66-ft diameter tank with a single test
and in a 93-ft diameter tank by averaging four tests together.  The LRDP-10 and the LRDP-24 are
the only in-tank, on-line monitoring systems that can meet both Option 7 and Option 10 of the
California regulatory guidelines for underground bulk storage tanks.  The LRDP-24 can meet the
monthly monitoring requirements for the full range of bulk USTs owned or operated by the DoD.

A DEM/VAL of the LRDP system configured to test 50,000-gal underground storage tanks was
performed at Hunter Army Airfield.  For these tests, the reference tube was shaped to match the
cylindrical cross-section of the tank as a function of depth.  While a third-party evaluation was not
performed, it was clear from the results of the DEM/VAL tests that the LRDP could meet the
0.2-gal/h monthly monitoring regulatory requirements with an 8-h test. 

The LRDP has several significant cost advantages over other internal and external technologies.
The cost advantages are realized because of the extremely high performance of the LRDP and the
low probability of false alarm, the on-line monitoring capability of the LRDP when permanently
installed in a tank, the capability of the system to conduct a short test (an overnight test), and the low
recurring costs associated with testing.  For each tank brought into compliance, the LRDP can
realize cost savings over other mass-based methods, in terms of installation and testing, of $250,000
or a factor of 3 over a 10-year period.  The cost savings realized by the LRDP over an in-tank tracer
method can be well over $1,100,000 or a factor of 12 over a 10-year period.  This can result in
savings of up to several tens of millions of dollars for each DoD fuel storage facility.  The savings
of the LRDP compared to other mass-based systems would result in a payback of less than three
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years.  This payback is less than one year when compared to an in-tank tracer method.  The cost of
a tracer method is expensive because of the high recurring cost of testing.  The costs of other
mass-based methods are high because of lower performance and the inability to meet both the
monthly monitoring and annual precision regulatory requirements with an on-line system.  In
addition to the installation and operational cost savings, the LRDP has the potential to save DoD
many hundred of millions of dollars in terms of clean-up and tank replacement cost avoidance.
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Figure 1.   Low Range-Differential Pressure (LRDP)
System for Bulk USTs.

2.0 TECHNOLOGY DESCRIPTION

The LRDP system is an innovative technology that was developed for the reliable detection of small
fuel leaks in the bulk underground storage tanks (USTs) that are owned or operated by the
Department of Defense [1-2].  If a tank is leaking, the LRDP quantitatively measures the leak rate
in gallons per hour, the quantity of regulatory interest.  The LRDP system can be used to test tanks
ranging in capacity from 50,000 gallons to 12.5 million gallons and will work for tanks with vertical
and/or curved walls.  The LRDP is a fully automatic, mass-based system, which is easy to install and
use.  It can be installed through a standard 8-in.-diameter opening without removing any fuel from
the tank.  The LRDP system can be permanently installed in a tank and used for on-line monitoring
and precision (tightness) testing.  It can also be used as a portable system for periodic testing of any
tank in the fuel farm.  The duration of a test can be either 10 or 24 h depending on the size of the
tank and the performance required.  A 10-h test can be used for most monitoring programs.

2.1 TECHNOLOGY DEVELOPMENT AND APPLICATION

A description of the LRDP system is given in Section 2.1.1 and four methods of implementing a leak
detection test with the LRDP are described in Section 2.1.2.

2.1.1 Description

The pre-production prototype of the
LRDP system, developed in this ESTCP
project and shown in Figure 1, comprises
(1) an in-tank level sensing unit, (2) a
local embedded remote test controller to
implement a test and to collect and
analyze the data from a test, and (3) a host
computer to initiate, display, report, and
archive the results of a test.  The
level-measurement sensor is an industrial
differential pressure (DP) sensor that is
located in a sealed container at the bottom
of the in-tank sensing unit.  An illustration
of the reference tube and the sealed
container is also shown in Figure 1.
Figure 2 shows the in-tank portion of the
LRDP system, which can be installed
through an 8-in.-diameter opening.  A test
is initiated by an operator using the host computer.  The remote test controller, located in close
proximity to the tank, automatically operates the LRDP system.  A test report is generated upon
completion of the test.  The LRDP system is compatible with the DoD Fuels Accounting System
(FAS) and can be integrated with FAS to test the tanks in a fuel farm or bulk storage terminal.

High performance is achieved with the LRDP system, because the novel design of the in-tank
sensing unit results in (1) a very high precision for making level measurements with an off-the-shelf
differential pressure sensor and (2) effective compensation of the thermally induced changes of the
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Figure 2.   The In-Tank Portion
of the LRDP System for a Bulk

UST with Vertical Walls.

fuel, the sensors, the tank, and the mounting system.  For bulk tanks, both high precision and
effective compensation are required to meet regulatory guidelines. 

The LRDP is designed to easily and accurately compensate for
the major sources of noise that might occur during a leak
detection test.  Accurate compensation is obtained because the
LRDP is specifically designed to compensate for each source of
noise without the need for arrays of temperature sensors and
delicate/expensive level sensors.  As a consequence, all of the
sensors are off-the-shelf, commercially available sensors that
have a proven track record of performance.  The reference tube,
the bellows-mounting stand, and the bottom-mounted sensors are
the key elements that lead to high performance.  Other mass-
based systems do not work as well because the sensors (1) are
mounted at the top of the tank where they are subject to large
diurnal swings in the ambient air temperature, (2) are very
delicate and expensive to achieve the level of precision required
to conduct a test, and (3) may require the use of nitrogen gas for
operation.

The LRDP is the only in-tank system that has the performance
to address both the monthly monitoring and annual precision test

leak-detection regulatory requirements for bulk USTs [3, 4] without requiring the installation,
operation and cost of a second system.  Not only is the LRDP the only system that can cost
effectively meet both requirements, it can meet these requirements with a very low probability of
false alarm.  It is also the only system that can conduct an overnight test.

The in-tank level sensing unit of the LRDP system that has been designed for bulk storage fuel tanks
with vertical walls (that is, upright cylinders with flat bottoms), which is shown in Figures 1 and 2,
comprises the following:

(1) a reference tube that extends from the top to the bottom of the tank;

(2) a valve, located near the bottom of the tank, with which to open and close the tube;

(3) a sealed container mounted at the bottom of the reference tube and containing all of the
level-measurement sensors;

(4) a differential pressure sensor, mounted in the sealed container, that measures the difference
between the level of liquid in the tank and that in the reference tube;

(5) two pressure sensors, mounted in the sealed container, that can be used to measure the level
and specific gravity of the fuel in the tank;

(6) a temperature sensor, mounted on the differential pressure cell in the sealed container, that
can be used to compensate the differential pressure sensor or the pressure sensors for
temperature, and/or to measure the temperature of the fuel at the bottom of the tank;
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(7) electrical wires (4-20 ma contained in a sealed conduit) that connect the bottom-mounted
sensors to the data acquisition system outside the tank; and

(8) a special bellows-mechanical mounting system to eliminate thermal movement of the
reference tube and transducer enclosure.

The fuel in the tank is allowed to enter or leave the reference tube through a valve located at the
bottom of the tube.  The valve is opened and closed electronically (a function that can also be done
manually).  Except for a test, the valve is left in the open position.  This allows fuel from the tank
to enter the reference tube until the level of liquid is the same in both.  When the valve is open, i.e.,
when the level of liquid in the tube is identical to that in the tank, the precision and accuracy of the
LRDP system can be checked.  When the tank is to be tested, the valve is closed, isolating the fuel
in the tube from the fuel in the rest of the tank.  With the exception of a level change due to a leak,
the level of the fuel in the reference tube mimics the level of the fuel in the tank.  The DP sensor
measures the difference in the levels of fuel between the reference tube and the tank.  If the rate of
change of the level in the tank (which can be expressed in terms of gallons per hour based on a
height-to-volume conversion from the tank’s strapping table) exceeds a pre-set detection threshold,
the tank fails the test.

The remote test controller, shown in Figure 1, is located near each tank to be monitored and contains
a microprocessor, a disk, a temperature sensor, and a stable resistor.  The remote test controller can
collect up to 8 channels of data, but more channels can be added, if required.  Once a test is initiated
from the host computer, the microprocessor collects, analyzes, outputs, and stores the data and the
results.  The analysis not only includes a computation of the measured volume rate, which is equal
to the leak rate, if a leak is present, but also includes a comprehensive set of quantitative data quality
indices (DQIs) that automatically assess the quality of the data before the data are used to complete
a test.  Up to 50 tests can be conducted and stored without downloading the data.  The power supply
and sensor electronics are also located in the controller unit.  Because of the temperature sensitivity
of the pressure sensors and the large swings that can occur in the ambient temperature during a test,
a temperature sensor and a stable resistor are installed in the controller for compensation.  Only one,
either the stable resistor or the temperature sensor, is needed for compensation.  However, both have
been demonstrated as effective in this project.  

The host computer is used to initiate a test, inspect the results in real-time, and report the results of
a test.  The graphical user interface is easy to use.  A test is initiated by pressing a Start Test button.
At the completion of the test, the results of the test are displayed.  

2.1.2 Testing Methods

Table 1 summarizes four evaluated methods for conducting a test with the LRDP system that are
designed to address the regulatory requirements summarized in Section 2.2.  The name of the
method contains the duration of the test in hours and the number of tests to be averaged.  The
LRDP-10 is implemented with a 10-h test, and the LRDP-24 is implemented with a 24-h test.  The
LRDP-10-n is a test that requires the averaging of “n” tests.  All four methods, which were
submitted to the NWGLDE for updating the LRDP listing, can be used to test vertical-walled tanks
with capacities greater than 50,000 gal and diameters less than 194 ft.  The performance results for
each method scales by the square root of the number of tests, n, averaged together, and linearly the
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product surface area (PSA).  Finally, all four methods also can be used as a stand-alone monitoring
or precision testing system.

Table 1.   Summary of the Four Methods of the LRDP System for Bulk Tanks.

Name of Test Method Type of Test Test Duration Number of Tests Averaged Together
LRDP-24 Version “a” Monitoring,

Precision*
24 h 1 test

LRDP-24-n Version “a” Precision* 24 h 1 < n # 12 tests
LRDP-10 Version “a” Monitoring,

Precision*
10 h

1 test
LRDP-10-n Version “a” Precision* 10 h 10 h1 < n # 12 tests

* Can be used to address the regulatory standards for a 0.20-gal precision test, when the monthly monitoring requirement
is 2.0 gal/h or less.

Methods (1) and (2) are performed using a 24-h test, and methods (3) and (4) are performed using
a 10-h test.  For all four methods, a 2-h waiting period is required between the time of the last
transfer and the beginning of a test.  The only difference in the test protocol between the LRDP-10
and the LRDP-24 is the duration of the test.  The 10-h test duration required by the LRDP-10 allows
for monitoring tests to be conducted during an overnight period.  

Methods (2) and (4) allow the results from up to 12 individual tests to be averaged together before
determining whether or not the tank leaking.  The number of tests to be averaged depends on the
required performance.  This type of method is normally used to meet the 0.2-gal/h precision
(tightness) test requirement for the larger tanks owned by DoD.  For each method in Table 1, one
of four detection thresholds can be used to detect a specific target leak rate (TLR) with a PD = 95%,
or to operate with a specific PFA < 5%.  These thresholds were selected to insure that the LRDP
system can be used as needed to satisfy specific regulatory TLRs, to minimize the PFA (<< 5%) for
successful operations, and to compare the performance of the LRDP directly to other methods of
leak detection.  The NWGLDE requires that each threshold be described by a different version
number.  As a consequence, there are 16 different ways to use the LRDP for testing tanks, and the
evaluation results are described in four pairs of KWA evaluation reports [5-12].

2.2 REGULATORY REQUIREMENTS

The UST regulation, issued in 1988 by the EPA, deferred the requirements for testing bulk or
field-erected USTs for leaks [3].  The main reason for the deferral of field-erected USTs was the lack
of any technologies in 1988 that could reliably test these large tanks for leaks.  Only the
shop-constructed USTs, which are typically used at service stations and have capacities of 50,000
gal or less, were strongly regulated.  In contrast, the large field-erected USTs, which have capacities
between 100,000 to 12,500,000 gal, did not need to meet the rigorous leak-detection performance
standards for monthly monitoring or annual tightness testing established for the smaller USTs
typically found at retail petroleum service stations [3].  

During the late 1990s, California, where the majority of all of DoD’s bulk tanks are located,
developed regulatory guidelines for testing bulk tanks [4].  Since the DoD owns almost all of the
bulk USTs in the United States, the California guidelines were mainly prepared for DoD
compliance.  The LRDP can be used to address three of the options without using any other method.
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The basic option for testing USTs, regardless of size, is to meet the 0.2-gal/h monthly requirement
in the EPA UST regulation [3].  This option, included by California as Option 1, is overly stringent
and does not allow for testing with a low enough PFA for routine monitoring.  Two of the ten testing
options (Options 7, 10) developed by California were based on the input from discussions between
state officials, NFESC and Vista Research.  Both of these options required monthly monitoring and
a periodic precision test.  Option 7 requires that the tank be tested monthly with a system capable
of detecting a leak between 0.3 and 1.0 gal/h and annually with a system capable of detecting a leak
of 0.2 gal/h.  Option 10 requires that the tank be tested monthly between 1.0 and 2.0 gal/h and
semi-annually at 0.2 gal/h.  The system must be evaluated for performance and have a PD = 95% and
a PFA < 5%.  The other options are variances of the UST leak detection performance standards issued
for the small USTs found at service stations and are not generally consistent with the design and
operation of bulk USTs.

2.3 PREVIOUS TESTING OF THE TECHNOLOGY

The LRDP was initially evaluated for performance at the NAS North Island on an 88-ft diameter,
600,000-gal bulk UST.  The performance is summarized in a technical report and in third-party
evaluation reports prepared by Ken Wilcox Associates, Inc. [1,13].  The system is listed by the
National Work Group on Leak Detection Evaluations [5].  An engineering prototype of the system
was used in the evaluation.  While functionally it is identical to the LRDP system developed under
the ESTCP program, it could not be operated as a stand-alone, fully automatic unit, could not fit into
a standard 8-in.-diameter tank opening for installation, and could not be used to conduct an
overnight test. 

2.4 ADVANTAGES AND LIMITATIONS OF THE TECHNOLOGY

The LRDP system has the following advantages:

• The LRDP can be directly inserted into a standard 8-in.-diameter opening in the tank.

• The LRDP can be used without removing fuel from the tank.

• The LRDP can be used to test USTs with both vertical and curved walls.

• The LRDP can be used to test a bulk UST in as little as 10 h, which is a significantly shorter
test duration than other methods (24 to 72 h or longer). 

• The output of a leak detection test is easy to interpret, because it is a direct measurement of
the leak rate in gallons per hour, the quantity of regulatory and engineering interest.

• The LRDP system has been successfully demonstrated in a variety of DoD tanks.

• The LRDP system has been evaluated for performance and is listed with the National Work
Group on Leak Detection Evaluations, a nationally recognized, regulatory group that allows
the local and state regulatory agencies to select methods for their use.

• The LRDP system is the only mass-based system that can meet both the monthly monitoring
and the semi-annual or annual precision test regulatory guidelines in California.
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• The LRDP system is approved for use in California.

• Because the LRDP system is a mass-based system, it inherently compensates for the thermal
expansion or contraction of the fuel in the tank during a test.  Furthermore, accurate tests can
be initiated without a long pre-test waiting period. 

• The mounting system eliminates thermally induced movement of the reference tube during
a test.

• Thermally induced drift of the differential pressure sensor is virtually eliminated, because
it is mounted in a sealed container at the bottom of the tank.

• Because the differential pressure sensor used to measure level (volume) changes in the tank
needs a dynamic range of only 1 in. (rather than the total height of the tank, like other
mass-based systems), the LRDP has the precision (0.0002 in.) to detect very small leaks in
large-diameter tanks.

• The system is self-calibrating, and the performance and functionality of the LRDP can easily
be checked between leak detection tests.

• The sensors used to measure differential pressure, pressure, and temperature are robust and
have been used commercially in the pipeline leak detection systems that Vista Research has
been selling for many years.

• The recurring cost of using and maintaining the LRDP is significantly lower than tracer
methods.  The cost of compliance with other mass-measurement systems is significantly
more expensive than the LRDP because these other mass-measurement systems cannot meet
both the monthly monitoring and the annual precision testing regulatory requirements.

• The LRDP system can be modified for testing aboveground storage tanks (ASTs).

The main limitation of the method is that all of the valves in the fuel facility that isolate the tank
from its associated piping must seal completely; if these valves do not completely seal, the LRDP
system detects this flow.  This is not usually a problem for monitoring because the monitoring
standards are high enough to accommodate small flows across the valve.  For precision tests,
however, the valves must seal completely.  If the tank fails a test (either a monitoring or precision
test), a detailed inspection of the tank and pipe valves is performed next assuming this is the reason
for the failed test, and if necessary, valve blinds are installed to complete the test.  In many
instances, closing the valves tighter is all that is needed.  The magnitude of this problem is not
known for bulk tanks, but it is the same problem encountered and successfully addressed for routine
monitoring of underground storage tanks at service stations.
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3.0 DEMONSTRATION DESIGN

3.1 PERFORMANCE OBJECTIVES

The objective of this ESTCP project was to demonstrate and validate (DEM/VAL) a reliable,
cost-effective leak-detection system for monthly monitoring and periodic precision testing of the
bulk underground storage tanks (USTs) with vertical walls that are owned and operated by the DoD.
This project was an expansion of the previous testing and regulatory approval obtained in California
for the LRDP on an 88-ft diameter bulk UST at NAS North Island [1,13].  The present tests were
designed to demonstrate the system on larger tanks and to obtain regulatory approval for use of the
system as an on-line monitoring system and with test duration shorter than 24 h (i.e., 10 h).  The
output of the project is an alpha-prototype of the LRDP leak detection system (1) that is ready for
pre-production testing by industry and (2) that has been evaluated for performance by an
independent third party following a standard test procedure developed by the EPA.  An additional
objective was to demonstrate that the LRDP system also can be used to test the smaller, 50,000-gal
underground storage tanks with cylindrical walls.

The performance objectives of the DEM/VALs were established by the regulatory guidelines for
detection of leaks in bulk USTs.  The regulatory requirements for bulk USTs were deferred in the
EPA regulation issued in 1988, because, at that time, there were no technologies available to test
these large tanks [3].  Since there are no national regulatory compliance standards for bulk USTs,
the California regulatory guidelines were adopted as the basis for the performance objectives of this
project, because they are practical and the most stringent standards.  These guidelines indicate that
the leak detection system must be evaluated for performance by an independent third-party
following a standard test procedure and submitted to the NWGLDE for review and approval [14].
Once the evaluation is approved, the method is included on a national list of leak detection methods
that are ready for use by the states for meeting their leak detection compliance requirements.  In
order for a system to be used to meet the regulatory requirements for leak detection, it must have
completed a third-party evaluation, be listed by the NWGLDE, meet the regulatory requirements of
a state, and be approved by the state.

The results of this evaluation must be reported in terms of a probability of detection (PD) of a target
leak rate (TLR) and a probability of false alarm (PFA).  The regulatory requirements of each state are
specified in terms of PD, PFA, and TLR.  At a minimum, the PD must be equal to or better than 95%
and the PFA must be less than or equal to 5%.  The TLR for bulk USTs are typically 1, 2, or 3 gal/h
for monthly monitoring and 0.2 gal/h for precision testing performed semi-annually or annually.
For 50,000-gal USTs, a leak detection test must be conducted monthly and the TLR is 0.2 gal/h. 

3.2 SELECTION OF TEST SITE/FACILITY

Since the leak detection system is not affected by soil conditions and site geology, and the
evaluation procedure only requires a tank that is not leaking, two criteria were used in selecting a
site.  First, it was desired to perform the DEM/VAL in a tank with a large enough diameter to
address all of the tanks used by DoD.  The standard test procedure described in [14] allows the
results of the evaluation for mass-based systems to be used for any tank smaller than the tank used
in the evaluation and any tank whose product surface area (PSA) is less 250% of the PSA of the
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Figure 3.   Tank 175 at the Point Loma Fuel
Farm.

evaluation tank.  Second, it was desired that no inflow or outflow due to leaking valves or drainback
from piping occur during the evaluation.  

The Point Loma site was selected because of (1) the large size of the tanks storing fuel, (2) the
valves isolating the tanks from the transfer piping were new double-block and bleed valves, (3) the
integrity of the valve could be verified, and (4) the need and interest of the fuel farm for a
cost-effective system for testing the tanks at the facility.  The Hunter Army Airfield site was selected
for the DEM/VAL, because this is typically the largest tank found at Army sites and there was
on-site support and interest in fielding a DEM/VAL.

3.3 SITE/FACILITY CHARACTERISTICS

DEM/VALs of the technology were conducted at two sites.  Brief descriptions of the Point Loma
and Hunter sites are provided below.  For more details, see the ESTCP Demonstration Plan [15].

3.3.1 DEM/VAL 1:  Point Loma Fuel Terminal (Third-Party Evaluation)

The Point Loma Fuel Terminal stores and supplies
fuel to other facilities in the area (e.g., the NAS North
Island).  The facility has over 30 bulk USTs.  The
evaluation was conducted in Tank 175, one of the
largest field-erected bulk USTs owned by DoD.  Tank
175 is located in a hillside and stores 2,100,000 gal of
JP-5 fuel.  Fuel is pumped into the tank to fill it and
the removal of fuel from the tank is accomplished by
gravity.  The tank is 122.5 ft in diameter and 23.5 ft in
height.  The tank is buried about 5 ft below the surface
of the ground.  The product surface area (PSA) of the
tank is 11,786 ft2.  Level changes in this tank are
converted to volume changes using a height-to-volume
conversion (HVC) factor of 7,347 gal/in. 

3.3.2 DEM/VAL 2:  Hunter Army Airfield

There are 30 shop-fabricated 50,000-gal tanks at the Hunter Army Airfield (a sub-unit of Fort
Stewart).  Each of these tanks are nominally 10.5 ft in diameter, 80 ft in length, and are made of
3/8-inch thick welded steel.  These tanks were installed in the 1952-53 time period.  Until 1996, the
tanks were used to store JP5.  In 1996, the facility converted to JP8.  Each 10-tank battery has a
6-inch diameter manifold connected supply pipeline and a 12-inch diameter discharge piping system
running to the aircraft fueling area.  An internal inspection, in 1997, of three selected tanks revealed
the interior coating to be intact, with no signs of deterioration or significant corrosion.  A DEM/VAL
was conducted in Tank 45, one of the thirty 50,000-gal USTs.

3.4 PHYSICAL SET-UP AND OPERATION

The first DEM/VAL, a third-party evaluation, was performed in Tank 175, a bulk UST with vertical
walls located at the Point Loma Fuel Terminal, San Diego, California.  The second DEM/VAL was
performed in Tank 45, a 50,000-gal UST with cylindrical walls, located at the Hunter Army Airfield,
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Figure 4.   Installation of the
LRDP in the Point Loma Tank.

Savannah, Georgia.  While a 50,000-gal UST is not considered a bulk UST, these large tanks are
found at almost every bulk fueling facility and are used for storage of fuel before transfer into a
hydrant pit or a loading rack.  A formal third-party evaluation was not performed for this type of
UST.  Enough tests were performed to determine whether or not the technology had sufficient
performance to meet EPA’s 0.2-gal/h, monthly monitoring regulatory requirement for that type of
tank [3].  If the LRDP is to be used for testing cylindrical USTs, a third-party evaluation will be
required.

3.4.1 DEM/VAL 1:  Point Loma Fuel Terminal (Third-Party Evaluation)

The LRDP was installed in the tank and checked out on 15-17
February 2000.  Representatives from NFESC, KWA, Vista
Research, and Vista Engineering were present.  The LRDP was
installed in an 8-in. opening (Figure 3).  Figure 4 shows the top of
the installed LRDP.  A two-person team is needed to install the
system.  The total installation time requires less than 4 h to
complete.

The evaluation procedure requires that 12 tests be conducted with
an induced leak rate that is not disclosed until after the evaluation
is completed.  The induced leaks were produced by pumping fuel
out of the tank with a peristaltic pump.  In three of the tests, no
leaks were induced (0.0 gal/h).  Leaks of approximately 0.4, 0.8,
and 2.0 gal/h were randomly induced during the evaluation.  This
blind testing insures the integrity of the evaluation.  The
evaluation procedure requires that the evaluation be performed
when the tank is approximately 90% of capacity and that six of the
12 tests be conducted following a fuel transfer.  Before every

other test, the fuel in the tank is lowered to 50% and fuel from another tank is then transferred into
the tank to raise the level to 90%.  Such transfers simulate operational conditions and produce a
different temperature condition for each transfer.  The temperature of the received fuel and the fuel
in the tank is measured for each test and reported as part of the evaluation. 

Testing during the evaluation was accomplished by KWA personnel following the LRDP testing
procedures specified by NFESC and Vista Research.  Leak simulations and fuel deliveries were
defined and monitored by KWA.  Leaks were induced by KWA with a peristaltic pump through the
manway.  The LRDP system was operated by KWA.  The output of each test was automatically
output from the system.  The results from additional test durations were also output from a
worksheet used by KWA using the same analysis procedure as used in the system.  The evaluation
was interrupted, as required by fuel farm personnel, to support military and fuel operations.  Delays
of one or more days to a week or more sometimes occurred in executing the evaluation protocol. 

For each test, the volume rate measured by the LRDP system was compared to the leak rate induced
by KWA.  Neither the nominal nor actual leak rate was made known to NFESC or Vista Research
until many months after the evaluation had been completed and the final evaluation report was
prepared.  Leak rates were calculated from the total mass of fuel removed from the tank during the
test and the density of the fuel that was measured with an analytical balance in a laboratory.  The
mass of the fuel removed from the tank was measured by pumping the fuel into a barrel hanging
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from a load cell.  The uncertainty in the induced leak rates was less than 0.01 gal/h.  During each
test, KWA also verified the magnitude of the induced leak rate by measuring the pump rate with a
graduated cylinder and a stop watch. 

Fuel levels and fuel temperatures were electronically monitored by KWA throughout the evaluation
using a level gauge and an RTD array.  This allowed KWA to record and document the exact times
and temperatures of the fuel deliveries.  The temperature array consisted of RTDs located in the
bottom 50% of the tank.  A second LRDP, the one originally used at North Island, and KWA’s level
gauge and RTD array were installed in a 22-in.-diameter manway located about 10 ft away from the
8-in. opening (Figure 3).  The peristaltic pump used to induce leaks in the tank was also located in
this manway.   

The evaluation was conducted over a three-month period beginning on March 22, 2000 and ending
on June 8, 2000.  The evaluation tests were conducted with the fuel at approximately 90% of
capacity; the level was checked before each test to insure that it was below the top of the reference
tube.  The level of the fuel was lowered and raised approximately 10 ft to simulate a transfer of fuel;
these transfers occurred immediately prior to the start of Tests 1, 3, 5, 7, 9, 11, and 12.  Fuel
transfers ranged from 467,271 gal (a level change of 63.6 in.) to over 852,255 gal (a level change
of 116 in.).  The temperature conditions ranged from -0.6° F to +1.4° F.  The leaks induced by
KWA, nominally 0, [-0.2, -0.3, -0.4], [-0.8, -1.0], and -2.0 gal/h, ranged from 0.0 gal/h to -1.93 gal/h.

Table 2.   Summary of the Test Results and Induced Leak Rates for the LRDP Systems at
Point Loma.

Test No.

Test Start
(m/dd/yy
hhmm)

Induced
Leak Rate

(gal/h)
LRDP-10

VR* (gal/h)

LRDP-10
VR Error

(gal/h)
LRDP-24

VR* (gal/h)

LRDP-24
VR Error

(gal/h)
1 3/22/00 1539 -0.372 -0.179 -0.148 -0.372 0.000
2 3/23/00 1736 0.000 0.470 -0.470 0.232 -0.232
3 3/27/00 1519 -0.444 -1.142 0.698 -0.726 0.282
4 3/28/00 1728 -0.824 -0.908 0.0838 -1.072 0.248
5 4/05/00 1715 -1.040 -0.724 -0.316 -0.832 -0.208
6 4/06/00 1919 0.000 -0.059 0.059 0.081 -0.081
7 4/18/00 1614 -0.765 -1.014 0.249 -1.053 0.288
8 4/19/00 1740 -0.170 -0.566 0.395 -0.453 0.283
9 4/27/00 1308 -1.934 -2.194 0.260 -2.162 0.228

10 5/11/00 1500 -1.820 -1.797 -0.023 -1.834 0.014
11 5/12/00 1731 0.000 -0.238 0.238 -0.190 0.190
12 6/07/00 1557 -1.845 -1.786 -0.060 -1.997 0.152

*VR = Volume Rate

The measured volume rates measured by the LRDP for a 10-h test and a 24-h test are presented in
Table 2.  As part of the tests, data quality indices automatically checked to verify the quality of the
data and to determine whether or not the tank was inadvertently used during the test (e.g., product
transfers, or fuel or water sampling).  The difference between the measured volume rate and the
induced volume rate are also presented in Table 2.  The volume rate errors are used to develop the
performance of the LRDP system for each test duration.
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Figure 5.   Installation of the LRDP in
the 50,000-gal UST at the Hunter

Army Airfield.

 

Figure 6.   Top of the LRDP Being
Installed in an 8-in Opening in a

50,000-gal UST at the Hunter Army
Airfield.

3.4.2 DEM/VAL 2:  Hunter Army Airfield

The DEM/VAL was conducted between 29 November and
2 December 1999 in Tank 45.  The tank contained 38,100
gal (74% of capacity) for these tests.  Figures 5 and 6 show
the LRDP being installed in the tank through the standard
8-in. opening in the tank.  The LRDP can be installed in less
than four hours by a single person.  The primary objective of
the test was to demonstrate that the system could be used to
test horizontal tanks for leaks.  A special reference tube,
whose cross-sectional area changed as a function of depth
was used instead of the constant-diameter tube used for bulk
USTs [16].  Three types of tests were conducted.  The first
was to demonstrate that the level of the fuel in the tank could
be measured and used for inventory purposes.  The second
was to show that the system would respond if a known
volume of product were to be removed or added to the tank.
The third was to demonstrate that the LRDP had the
capability to detect leaks as small as 0.2 gal/h.  

A 24-h test was first
c o n d u c t e d  t o
determine whether or not the tank was leaking.  Having
determined that the tank was tight, a demonstration of the
system was conducted for site personnel.  The data
collection period for the DEM/VAL was extended several
days to acquire additional data to make an estimate of
performance.  After the demonstration, additional analyses
were performed to estimate of performance of the LRDP for
use in 50,000-gal USTs using test durations of 8 and 24 h.

In a vertical right regular cylinder, the free surface area of
the fuel is constant regardless of level.  In a tank with curved

walls, however (e.g., a horizontal cylinder, or a vertical cylinder with a spherical top and bottom),
the free surface area varies as a function of level.  In this type of tank, a differential pressure sensor
will not completely compensate for the thermal expansion or contraction of the fuel.  To address this
type of tank, the LRDP system incorporates a second design in which the cylindrical reference tube
is replaced by a variable-shaped tube that mimics the cross-sectional changes in the tank’s geometry.
The same shaped reference tube can be used for all tanks with the same diameter, regardless of
capacity.  For best accuracy, the design of the tube should change as the diameter of the tank
changes.  For 50,000-gal tanks, two reference-tube designs would cover the range of tank diameters
(generally 10.5 to 12.0 ft) found in commercial and DoD tanks.

To satisfy the 0.2-gal/h monthly monitoring regulatory standard, the LRDP would have to be able
to detect a leak of 0.2 gal/h with a PD = 95% and a PFA < 5%.  This performance is achieved if the
standard deviation of the error in the tests used in an evaluation is less than or equal to 0.06 gal/h.
If only a single test was conducted, the error in this test would have to be less than 0.10 gal/h, as
determined by a hypothesis test using a student’s t distribution at a level of significance of 0.05.
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A full-scale evaluation was not performed, because the scaled results of the bulk UST evaluation
indicates that this level of performance would easily be achieved by the LRDP in a 50,000-gal UST.
As a consequence, only a few tests were performed and a statistical comparison was made.  A 24-h
test was conducted on 19 November 1999, and 74 h of additional test data were obtained starting
on 20 November 1999.  The data from these two periods were grouped, and as shown in Table 3,
the data were analyzed in 8 h and 24 h segments to make an estimate of performance.  If the LRDP
were to be used in these USTs for regulatory compliance, the LRDP would have to undergo another
complete third-party evaluation.  

Table 3.   Summary of the Test Results for the LRDP Systems in a 50,000-gal UST at
Hunter Army Airfield.

Test No.

Test Start
(m/dd/yy
hhmm)

Induced
Leak Rate

(gal/h)

8-h Test
VR*

(gal/h)

8-h Test
VR Error

(gal/h)

24-h
VR*

(gal/h)

24-h Test
VR Error

(gal/h)
1a 11/19/99 1155 0.000 -0.087 -0.087 0.014 0.014
1b 11/19/00 1939 0.000 0.027 0.027
1c 11/20/99 0339 0.000 0.123 0.123
2a 11/21/99 1604 0.000 -0.049 -0.049 0.010 0.010
2b 11/21/99 0004 0.000 0.051 0.051 0.010 0.010
2c 11/21/99 0804 0.000 0.042 0.042 -0.008 -0.008
2d 11/21/99 1604 0.000 -0.037 -0.037
2e 11/22/99 0004 0.000 0.013 0.013
2f 11/22/99 0804 0.000 0.014 0.014
2g 11/22/99 1604 0.000 -0.080 -0.080
2h 11/23/99 0004 0.000 0.010 0.010
2i 11/23/99 0804 0.000 -0.025 -0.025
2j 11/23/99 1604 0.000 0.066 0.066

*VR = Volume Rate

3.5 SAMPLING/MONITORING PROCEDURES

The third-party evaluation of the LRDP was conducted by Ken Wilcox Associates, Inc. (KWA) in
accordance with the protocol described in the report “Alternative Test Procedures for Evaluating
Leak Detection Methods: Evaluation of Bulk Field-Constructed Tanks” [14].  This test procedure
follows EPA and ASTM standards for conducting and reporting the results of a third-party
evaluation [14, 16].  This standard test procedure has been approved by the NWGLDE and is
accepted by federal, state and local regulatory agencies as the means for demonstrating the
performance of bulk tank leak detection systems.



17

-60
-50
-40
-30
-20
-10

0
10
20

0 2 4 6 8 10 12 14 16 18 20 22 24

Time - h

V
ol

um
e 

- 
ga

l

Figure 7.   Level Data Obtained with the
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Figure 8.   Least-Squares Lines Fitted to the Test
Results of the LRDP-10 and the LRDP-24.

4.0 PERFORMANCE ASSESSMENT

The performance of the LRDP system was assessed for its suitability for both monthly monitoring
and for annual or semi-annual precision (tightness) testing.  The results of both DEM/VALs are
summarized in this section.  The performance of the LRDP for conducting both monthly monitoring
and annual/semi-annual precision leak detection tests in bulk USTs that was determined during the
third-party evaluation in the first DEM/VAL at Point Loma is described in Section 4.1.  An estimate
of the expected level of performance of the LRDP for conducting tests in 50,000-gal USTs that was
determined during the second DEM/VAL at Hunter Army Airfield is described in Section 4.2.  The
performance of the LRDP system depends on the diameter of the tank, the duration of the test, and
the number of tests averaged together.

4.1 THIRD-PARTY EVALUATION RESULTS FOR BULK USTs

Ken Wilcox Associates, Inc., has prepared four evaluation reports (LRDP-24, LRDP-24-n,
LRDP-10, LRDP-10-n) [5, 7, 9, 11] summarizing the performance of the LRDP determined in the
third-party evaluation.  The performance estimates for additional implementations of  the methods
are summarized in a second set of reports [6, 8, 10, 12].  The results of this evaluation will replace
the results for the LRDP-24 presently included in the eighth edition of the NWGLDE listing of leak
detection systems with approved evaluations [13].

4.1.1 Point Loma Evaluation Test Results

An example of the level data measured with the LRDP
for a 24-h test is shown in Figure 7.  The tests of the
LRDP-10 were initiated at the same time as those of the
LRDP-24, but only the first 10 h of the test were used in
the analysis.  The level data shown in Figure 7 are from
Test 10, which was initiated at 1500 on 11 May 2000.
The induced leak rate was 1.82 gal/h, and the leak rate
measured by the LRDP system was 1.83 gal/h.  The test
was started at 1700 after a 2-h waiting period.  The
precision of the level measurements (i.e., the standard
deviation of the data about a regression line fit to the data) is less than 0.0003 in.  The linearity of

the 24-h data in Figure 7 suggests that the volume
rate estimated with these data should be about the
same for both the 10-h and 24-h tests.

The results of the leak detection tests for the
LRDP-10 and the LRDP-24 that were presented
in Table 2 are summarized graphically in Figure
8.  Each test result is plotted against the leak
induced for that test.  In Figure 8, the test results
measured by the LRDP systems appear on the
y-axis, while the KWA-induced leak rates appear
on the x-axis.  A least-squares line has been fitted
to the results of the tests with each LRDP system.
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The slope of the line is nearly 1.0 (1.039 for the LRDP-10 and 0.979 for the LRDP-24); this
indicates that the volume changes due to the induced leaks are additive with any other volume
changes in the tank. 

A summary of the statistics of the LRDP-10 and LRDP-24 determined in the evaluation is presented
in Table 4.  The performance in terms of PD and PFA are determined from the standard deviation
assuming that the histogram of the noise and signal-plus noise are normally distributed.  

Table 4.   Mean and Standard Deviation of the Difference between the Measured Leak
Rates (Test Results) and Induced Leak Rates for the LRDP-10 and LRDP-24.

Type of LRDP System Number of Tests
Mean Volume Rate

(gal/h)
Standard Deviation

(gal/h)
LRDP-10 12 0.080 0.318
LRDP-24 12 0.097 0.192

A statistical hypothesis test, as required by the evaluation protocol, was performed to determine if
the mean was statistically different from zero.  The results of a two-sided student-t test conducted
at a level of significance of 0.05 indicated that the mean could not be distinguished from zero.  This
means that the system has no bias and that the mean computed in the evaluation does not have to be
included in the threshold. 

The performance of the LRDP-24 is better than the LRDP-10 because of the longer test duration.
The difference in performance between the LRDP-10 and the LRDP-24 can be attributed to one or
two of the evaluation tests.  If the LRDP-10 measured the same result as the LRDP-24 for Tests 2
and 3, the mean and standard deviation of the LRDP-10 would be 0.066 gal/h and 0.226 gal/h,
respectively, which means the performance of the LRDP-10 is similar to the LRDP-24 for most
tests.  Although its quoted performance is not nearly as good, in operation, it will give similar results
for 80% of the tests conducted.

4.1.2 Performance Estimates for a Single Test (LRDP-10 and LRDP-24)

Estimates of the performance of the LRDP-10 and the LRDP-24, in terms of PD and PFA, were
generated for the evaluation tank from the standard deviation of the test results given in Table 4.
The minimum detectable leak rate (MDLR) is tabulated in Table 5 for the 122.5-ft diameter
evaluation tank and is the leak rate that can be detected with a PD = 95% and a PFA = 5%.  The
MDLR is determined from the 12 tests performed in the evaluation by multiplying the standard
deviation by 3.592.  The 3.592 value is twice the value obtained from a Student’s t Distribution table
for 11 degrees of freedom and a one-tailed test for a level of significance of 0.05, which results in
a PFA = 5% and a PD = 95% (see reference [14] for more details).  The MDLR for the LRDP-24
scales to a detectable leak rate of 0.36 gal/h in an 88-ft diameter tank, the diameter of the bulk UST
used in the first third-party evaluation at NAS North Island.
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Table 5.   Estimates of the Minimum Detectable Leak Rate (MDLR) for the LRDP-10 and
the LRDP-24.

Type of LRDP
System

Threshold (gal/h) Target Leak
Rate (gal/h)

Probability of
False Alarm (%)

Probability of
Detection (%)

LRDP-10 0.570 1.14 5.0% 95.0%
LRDP-24 0.345 0.69 5.0% 95.0%

The formula for computing performance of the LRDP-10 and the LRDP-24 are summarized in the
two tables in Appendix B for the various implementations of the method.  For most implementations
of the methods, the PFA is usually less than 0.5%.  Examples of the performance for different tanks
diameters and target leaks rates are presented and discussed in the final report [18].  

The performance of a leak detection system can be affected by the size and geometry of the tank.
This relationship is not quantitatively understood for volumetric methods, but is predictable for
mass-based systems like the LRDP system.  For most mass-based technologies, performance is
proportional to the product surface area of the fuel in the tank.  The evaluation protocol specifies that
the threshold for declaring a leak must be adjusted when testing tanks that are smaller or larger than
the tank used in the evaluation.  For a mass-based system, the threshold and the TLR are obtained
from the ratio of the surface area of the tank being tested and the product surface area (PSA) of the
tank used in the evaluation.

According to the evaluation protocol [14], the maximum tank size to which a mass-based method
may be applied is determined by the product surface area of the tank and is limited to two and
one-half times the surface area of the tank used in the evaluation.  Since the surface area of the
122.5-ft diameter, 2,100,000-gal tank used in this evaluation is 11,786 ft2, the LRDP-10 and the
LRDP-24 can be used to test tanks with diameters up to 193.4 ft.  The maximum tank capacity (in
terms of volume of fuel in the tank) that can be tested with the LRDP systems is not constrained by
the evaluation and will depend on the height of the tank.

4.1.3 Performance Estimates for More than One Test (LRDP-10-n and LRDP-24-n)

The performance of the LRDP-10 and the LRDP-24 (or any leak detection system) can be improved
significantly by combining the results of two or more tests.  Averaging two or more test results
before applying the threshold will improve both the probability of detection and the probability of
false alarm over that obtained for a single test.  Performance improves as the number of tests
averaged together increases.  The performance will depend on the test duration and the number of
tests, n, averaged together.  For example, the performance of the LRDP-10-4 is a factor of 2.0
(square root of 4) times better than a single 10-h test with the LRDP-10; the LRDP-10-4 uses a test
duration of 10 h and averages four 10-h tests together.

The performance of the LRDP-10-n and LRDP-24-n systems, where n is the number of independent
tests averaged together, is obtained using the standard deviation of the mean test result, Sm, of the
LRDP-10 and LRDP-24 systems. The standard deviation of the mean test result can be determined
from the standard deviation of the single-test results, S, computed in the third-party evaluation.
Once the standard deviation of the mean test result is known, the performance of the mean (average)
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test result (in terms of PD and PFA) can be computed using the same methods as for the single test
results. 

For independent tests, Sm of the LRDP-10 and LRDP-24 is obtained from S and the number of tests,
n, averaged together.  The standard deviation of the mean, Sm, is given by 

Sm = S /(n)0.5.

The average test result is important because it allows the same in-tank leak detection system to meet
both the 0.3-1.0 or 1.0-2.0-gal/h monthly monitoring and the 0.2-gal/h annual leak testing
requirements established by the state of California for bulk USTs.  All of the LRDP systems can
easily meet the monthly testing requirements with a very low probability of false alarm (<1%).  With
averaging, all of the bulk USTs owned or operated by the DoD can also meet the precision test
requirements of 0.2 gal/h.  

4.1.4 Summary of Performance Results for Different Size Bulk USTs

Tables 6-8 further summarize the results of the evaluation for different size tanks and different
number of tests, n, averaged together.  Table 6 gives the MDLR for n = 1, 4, 6, and 12 for three tank
sizes.  

Table 7 gives the largest tanks in which the LRDP-10, LRDP-10-n, LRDP-24, and LRDP-24-n can
meet the precision test TLR requirement of 0.20 gal/h with two different PFAs.  Table 8 gives the
largest tank diameters in which the LRDP-10 and the LRDP-24 can meet the monthly monitoring
standards of 0.3-1.0, 1.0-2.0, and 2.0-3.0 gal/h.  Also, Table 7 shows that an annual precision test
can be conducted in any tank with a diameter of less than 51 ft with a PFA = 5%, which covers over
50% of the bulk USTs.  The LRDP-10 can also be used to meet the precision requirement using a
single test at a PFA = 0.3% for all tanks with diameters less than 43 ft.  Table 8 shows that the
LRDP-10 can be used to address the 0.3-1.0-gal/h and the 1.0-2.0-gal/h monthly monitoring
requirement for tanks with diameters up to 95 and 135 ft. respectively, with a very low PFA (0.3%).
This covers the full range of bulk USTs owned or operated by the DoD.

Table 6.   Example of the MDLR in gal/h (PD = 95% and a PFA = 5%) as a
Function of Tank Diameter.

Method PD-% PFA-%
Target Leak Rate - gal/h for tank diameters of

122.5 ft 88 ft 60 ft
LRDP-10 95% 5% 1.14 0.59 0.27
LRDP-10-4 95% 5% 0.57 0.29 0.14*
LRDP-10-6 95% 5% 0.46 0.24 0.11*
LRDP-10-12 95% 5% 0.33 0.17* 0.08*
LRDP-24 95% 5% 0.69 0.36 0.17*
LRDP-24-4 95% 5% 0.35 0.18* 0.09*
LRDP-24-6 95% 5% 0.28 0.15* 0.07*
LRDP-24-12 95% 5% 0.20 0.10* 0.05*

*Although the computed MDLR is less than 0.20 gal/h, the performance of the system must be reported and the system
operated at 0.20 gal/h.
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Table 7.   Largest Diameter Tank in which a 0.20 gal/h Leak Rate Can Be Detected as a
Function of the Number of Tests Averaged*.

Method PD  PFA TLR-gal/h For Tank Diameters #
n=1 n=4 n=6 n=12

LRDP-10-n 95% 5.0% 0.20 51 ft 73 ft 80 ft 96 ft
LRDP-10-n 95% 0.3% 0.20 43 ft 60 ft 67 ft 79 ft
LRDP-24-n 95% 5.0% 0.20 66 ft 93 ft 103 ft 123 ft
LRDP-24-n 95% 0.5% 0.20 56 ft 80 ft 88 ft 105 ft

* PD = 95% and a PFA < 5% for the LRDP-10, LRDP-10-n, LRDP-24, and LRDP-24-n as a Function of Tank Diameter and Averaging
(n = 1, 4, 6, 12)

Table 8.   Largest Diameter Tank in which Various Leaks Can be Detected as a Function of
Target Leak Rate (TLR)*.

Method PD-% PFA-% Tank Diameters for TLRs in gal/h
for TLR in gal/h = 0.30 1.0 2.0 2.0

LRDP-10 95% 0.3% 52 ft 95 ft 135 ft 165 ft
for TLR in gal/h = 0.30 1.0 2.0 3.0

LRDP-24 95% 0.5% 69 ft 126 ft 178 ft 218.ft
* PD = 95% and a PFA # 5% for the LRDP-10 and the LRDP-24

As shown in Table 8, with the LRDP-24, the 0.3 - 1.0-gal/h monthly monitoring requirements can
be addressed for all but a few of the largest bulk USTs owned by DoD.  The advantage of using the
0.3 - 1.0-gal/h criterion is that only a single precision test at 0.2 gal/h is required each year.  In
addition, Table 8 shows that the LRDP-24 can be used to address the 0.3 - 1.0-gal/h and the 1.0 -
2.0-gal/h monthly monitoring requirement for tanks with diameters up to 126 and 178 ft
respectively, with a low PFA (0.5%).  This covers the full range of bulk USTs owned or operated by
the DoD.  Also, Table 7 shows that an annual precision test can be conducted with the LRDP-24 in
any tank with a diameter of 66 ft with a PFA = 5%, which covers over 50% of the bulk USTs.  If a
precision test is conducted with the LRDP-24, then all of the 88-ft diameter tanks at the North Island
fuel farm can be tested in compliance with California regulations by conducting a precision test four
times a year.

4.1.5 How to Use the LRDP System

The LRDP system gives the tank owner or operator great flexibility in developing a testing strategy
for meeting the monthly monitoring and the precision test regulatory requirements.  The overnight
testing capability of the LRDP-10, the high performance of the LRDP-24, and the capability for
averaging tests together allow a testing strategy to be developed that includes both methods.  Tables
7 and 8 suggest how the system may be used.  The detailed calculations can be made using the
formula in Appendix B.

The guiding principle that should be used when developing a testing strategy is to minimize the
probability of a false alarm.  Any PFA that is less than 1% will suffice, but it is highly desirable to
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have the PFA < 0.1%.  Experience shows that the PFA computed using a normal distribution, as
required by the EPA standard test procedures, is reasonably accurate for estimating the PFA at 5%
but results in a lower than observed PFA for PFAs < 1%.

The performance of the 10-h test is sufficiently good that almost all of the monthly monitoring tests,
regardless of tank size, can be conducted using a 10-h test.  For tanks with diameters less than 51
ft, the 10-h test could also meet the 0.2-gal/h precision testing criterion established by the State of
California.  By averaging 4 tests together, tanks as large as 73 ft in diameter could be tested.  When
the LRDP was used for monitoring at 1.0, 2.0 or 3.0 gal/h, both tests had a PFA < 0.3% for all tanks
owned or operated by DoD.  

The LRDP can be used to address all three of the California regulatory options for testing bulk
USTs.  These three testing options are described in Section 2.2.  As indicated by Table 7 for the
smaller bulk USTs, the LRDP-10 or LRDP-24 meet the 0.2-gal/h monthly monitoring requirement
outright.  However, it is probably more cost efficient and less disruptive to operations for 12
monthly tests to be performed using the 0.3 - 1.0-gal/h monthly monitoring option and one annual
test at 0.2 gal/h than 12 monthly tests at 0.2 gal/h.  This latter approach minimizes the potential for
false alarms and provides excellent environmental protection well within the regulatory standards.
If this latter approach is used, small valve weeps would not interfere with the monthly monitoring
testing.  For the largest DoD bulk USTs, the only available strategy may be to use the LRDP-24 to
test at 0.2 gal/h.

The exact option to select for the tank owner/operator to use will depend on the size of bulk USTs
at the facility.  The provider of the LRDP can help the tank owner/operator design a testing program
that is best for the facility.  The first step in the design process is to determine which LRDP system
can be used for monitoring and which LRDP system can be used for precision testing with the
fewest tests to be averaged and the lowest PFA that can be used.  Once this is completed, a test
protocol which uses the minimum number of testing combinations (methods and versions) should
be selected.  The added time required to design the testing program in the beginning will have great
benefits once it is implemented.

4.2 RESULTS OF THE DEM/VAL OF THE LRDP IN A 50,000-GAL UST

The results of the DEM/VAL conducted on a 50,000-gal UST at Hunter Army Airfield (Table 3)
showed that the LRDP has more than sufficient performance to test tanks with cylindrical walls and
meet the 0.2-gal/h regulatory criteria for monthly monitoring.  This was accomplished by conducting
a few tests and showing the results were not statistically different than the evaluation results for the
larger bulk UST at Point Loma.  The evaluation results indicated that the LRDP would be able to
detect a TLR = 0.2 gal/h with a PD = 95% and a PFA < 5%.  A formal third-party evaluation was not
performed for this type of UST.  If the LRDP is to be used for testing cylindrical USTs, a third-party
evaluation will be required.

The LRDP was used as a portable system for these tests.  The system was unpacked, pressure tested,
and installed in Tank 45 in less than a day.  Though there were two people on-site at all times, for
this size of system (10.5-ft-diameter), a single person could easily install and remove the system.
Upon installation, it was demonstrated that the LRDP could measure the level of the fuel in the tank
to within 1/8 in., the regulatory requirement for inventory measurements.  
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A 24-h test was then performed with the LRDP system to determine whether or not the tank was
leaking.  The test result was a PASS.  The LRDP-24 measured a volume rate of 0.014 gal/h, which
is significantly less than a threshold of 0.16 gal/h that would be used to declare a leak in this tank.
Based on this test it was clear that a shorter test than 24 hours could be used and still meet the 0.2
gal/h monthly monitoring criteria.  A 74-h data set was obtained and the data were evaluated for test
durations of 8 h and 24 h.  The results summarized in Table 9 show that a leak rate criterion of
0.2-gal/h is achievable in the 50,000-gal tanks with an 8-h test duration.

Table 9.   Estimate of Performance for the LRDP Made for an 8-h and a 24-h Test
Duration in a 50,000-gal UST.

Performance Parameters 8 h 24 h
November 19-20,1999 Data
Test Duration - h
Mean -gal/h 0.000 0.006
Standard Deviation - gal/h 0.047 0.010
Count 13 4
Threshold - gal/h 0.084 0.023
MDLR gal/h 0.168 0.047
Precision Test MDLR - gal/h 0.200 0.200
Precision Test Threshold - gal/h 0.116 0.177
Precision Test PFA 1.5% <0.001%
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5.0 COST ASSESSMENT

This section summarizes the cost and cost savings achievable with the LRDP for testing bulk USTs.
This section also compares the cost of the LRDP to other in-tank mass-based systems and external
tracer-based systems.  The cost advantages of the LRDP are realized because of the extremely high
performance of the LRDP, the on-line monitoring capability of the LRDP when permanently
installed in a tank, the capability of the system to conduct a short test (an overnight test), and the low
recurring costs associated with routine testing to address regulatory requirements. 

5.1 COST REPORTING

Two DEM/VALs of the technology were conducted.  The cost of these DEM/VALs are summarized
in Table 10.  The first DEM/VAL was to install an LRDP system in a 2,100,000-gal bulk UST (Tank
175) at the Point Loma Fuel Terminal, San Diego, California, and to conduct a third-party evaluation
to determine performance.  The second DEM/VAL was to conduct a series of tests with the LRDP
in a 50,000-gal shop-fabricated UST (Tank 45) at Hunter Army Airfield, Savannah, Georgia.  With
the exception of the reference tube, the same LRDP system was used for both DEM/VALs.  The
DEM/VAL costs include an initial site visit, installation, checkout, and removal of the equipment,
and conduct of the DEM/VAL (data collection, analysis, and briefing of the results).  The
DEM/VAL at Point Loma required the collection of data over a 2-month period to check out the
system and over a 3-month period to conduct the third-party evaluation.  The DEM/VAL at Hunter
was only a demonstration of the technology and was completed in less than two weeks.

Table 10.   Summary of the Costs of the Two DEM/VALs of the LRDP System.

DEM/VAL Cost of the DEM/VAL Cost of the Third-Party Evaluation Total
Point Loma Fuel Facility
Hunter Army Airfield

Total

$75,000
$25,000

$100,000

$45,000
N/A

$45,000

$120,000
$25,000

$145,000

5.2 COST COMPARISONS

The total life-cycle cost of leak detection includes the following items:

• Cost of Regulatory Compliance:  Purchase, installation, and operation of a leak detection
system (direct and recurring costs)

• Cost Avoidance

– Fines and Shutdown of Operations:  Costs associated with fines for not being in
compliance and the cost impact on operations and operational readiness. (direct cost)

– Tank Replacement Cost Avoidance:  Pre-mature replacement of tanks (direct cost)

– Remediation/Cleanup Cost Avoidance:  Clean-up costs due to lack of testing or
testing mistakes (direct cost)
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• Commercialization and Technology Transfer Cost:  Commercialization of the
pre-production system (direct cost)

It is possible to make an estimate of all of these costs, because the performance of the leak detection
system is known through the third-party evaluation.  The PD and PFA allow estimates of the cost of
testing mistakes, remediation, and tank replacement to be made.  The cost of regulatory compliance
is described below; the costs associated with cost avoidance and commercialization and technology
transfer are described in Section 6.2. 

Regulatory compliance will include the costs associated with the purchase, installation, and use of
a leak detection system.  It is estimated that the DoD owns or operates approximately 300 bulk UST
with capacities greater than 100,000 gal.  The life-cycle cost of a leak detection technology is
composed of the elements in Table 11.  The Startup costs are fixed costs associated with the
purchase, installation, and operator training.  The Operational and Maintenance costs are also fixed
and are small for the LRDP.  The recurring costs associated with Compliance Testing and Test
Mistakes are very small.  Once the LRDP is permanently installed, a test can be initiated by pressing
a start button.

In general, it is not the direct costs that control the price of a leak detection system.  Rather, the
recurring costs of monthly monitoring and annual precision testing tend to control.  For poor
performing systems with a higher than desired PFA, the cost of testing increases, because

• additional tests with the same system or another system will have to be conducted to
distinguish false alarms from leaks,

• site investigation may be required in terms of monitoring wells or uncovering of buried tanks
to determine whether or not the tank is actually leaking,

• such false declarations may have to be reported to regulatory authorities with all the
ramifications of such a report, and

• the activities required to determine whether or not a failed test is a false alarm will shutdown
facility operations until the false alarm can be resolved. 

If the PFA is unacceptably too high, operational experience indicates that fuel farm personnel often
do not operate or trust the equipment, and thus, leaks may go undetected.  This can be very costly
because of the remediation costs associated with undetected leaks.

Table 11 summarizes the costs associated with regulatory compliance with the LRDP.  A Parts List
for the LRDP is presented in Section 6.4 of the final report [18].  The purchase price of an LRDP
assumed for this estimate is based on the purchase of 10 to 20 in-tank sensor units.  Table 11
presents the cost model in terms of a percentage (%) of the equipment purchase price.  The costs of
false alarms and missed detections are based on an assumed price for additional testing ($500) and
an average remediation cost ($750,000 per incident).  The average remediation cost is based on 890
remediation jobs performed by the Navy.  These two costs are indicated in the table heading.  It is
assumed that the PFA is less than 0.1%, and that the probability of a missed detection is PMD = 1-
PD = 5% for a target leak rate of 0.2 gal/h.  It is further assumed for this computation that 10% of
all of the bulk USTs owned by the military are leaking.  Because small leaks can be detected with
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the LRDP, the large average cost of remediation can be greatly reduced; for this calculation, it is
assumed that the cost of remediation is 25% of the average cost.

An important cost is the cost of shutdown associated with testing and testing mistakes (false alarm
investigations).  Since the military is not selling fuel commercially, any short-term or permanent
shutdown of fueling operations is difficult to quantify in terms of dollars.  However, it is
unacceptable to shutdown military operations, or to seriously impact operational readiness.  An
estimate of $40,000 for a False Alarm mitigation was used in Table 11, resulting in a $40 per tank
cost at a PFA of 0.1%.  The total cost per tank is $69,000.  A cost comparison of the LRDP and tracer
and other mass-measurement systems is given in Section 5.3.

Table 11.   Compliance Monitoring Technology Costs for the LRDP on a Per Tank Basis.

Direct Environmental Costs Recurring or Variable Environmental Costs

Startup Operation &
Maintenance Compliance Testing Testing Mistakes

Equipment
Cost $40,000 Equipment

Cost $40,000 Equipment
Cost $40,000

FA Mitigation $40,000
Remediation $750,000

Activity % Activity % Activity % Activity %
Facility
preparation,
mobilization

$4,000
(10%)

Labor to
operate
equipment

$4,000
(10%)

Monthly
monitoring

$400
(1%)

False alarms
(PFA = <0.1%)

$40
(0.1%)

Equipment
Design

$4,000
(10%)

Utilities $800
(2%)

Annual
precision
testing

$400
(1%)

Missed
detections*

$928
(0.125%)

Equipment
Purchase

$40,000
(100%)

Consumable
and supplies

$400
(1%)

Facility
shutdown
costs for
testing

$1,200
(3%)

Installation $8,000
(20%)

Equipment
maintenance

$2,000
(5%)

Training of
Operators

$2,000
(5%)

Training of
Operators

$800
(2%)

Total $58,000
(145%)

Total $8,000
(20%)

Total $2,000
(5%)

Total $978

* It is assumed that the PD =  95% against a TLR = 0.2 gal/h and the number of leaking tanks is 10% of the 300 bulk
USTs owned by the DoD.  It is further assumed that all of the tanks are tested at a TLR of 0.2 gal/h, and as a
consequence of testing at such a small leak rate, the remediation average remediation costs are assumed to be 25% of
the average remediation costs.
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5.3 COST COMPARISON

The LRDP has several significant cost advantages over other technologies.  An estimate of the cost
savings realized by the LRDP over two other methodologies is shown in Tables 12 - 14.  Method
1 represents a tracer method with a high recurring cost of Compliance Testing.  Method 1 assumes
that a tracer must be added to the tank; no cost estimate is provided for tracer methods that use
constituents in the fuel as tracers, because their performance has been found to be unacceptable.
Method 2 is an in-tank mass-based method with the capability to only meet the monthly monitoring
requirements.  No other permanently installed in-tank, mass-based system besides the LRDP has the
capability to meet the annual 0.2-gal/h performance standard.  No specific commercial methods are
identified by brand name here, but the cost savings achieved with the LRDP over a tracer method
is due to the small recurring cost of testing with the LRDP and over the other in-tank methods is due
to the fact that the LRDP can be used to meet the annual precision test as well as the monthly
monitoring tests.  The best way to interpret the tables is to examine the relative cost savings between
the LRDP and the other methods.  The calculation uses the fixed Start-up costs and the recurring
Compliance Testing costs from Table 11 for the LRDP.  

The cost comparison calculation is done as follows.  First, it was assumed that the Startup and O&M
costs are the same for all methods.  Established price lists for bulk leak detection systems are not
generally available, because most product sales or testing jobs are performed under a unique contract
bid.  This computation assumes $75,000, which is higher than anticipated for the LRDP and is
probably lower than anticipated for Methods 1 and 2.  This estimate includes the one-time purchase
of the equipment for $40,000 (same as for the LRDP), as well as the operation and maintenance cost,
the cost of testing and testing mistakes.  The one-time purchase of equipment can be as high as
$75,000 for mass-based systems.  Second, the real cost savings of the testing tends to be controlled
by the recurring cost of testing or the cost of additional testing because of lack of capability of the
method to satisfy both the monthly monitoring and the annual precision test.  The estimate assumes
that 12 monthly tests and one annual precision at 0.2 gal/h are conducted each year.  Third, there are
significant cost savings associated with cost avoidance and remediation/cleanup because accurate
and reliable leak detection is being performed.  It is safe to say that the DoD would realize
significant cost savings (many hundreds of millions of dollar) if any leak detection system was
installed and used.  If a reliable and accurate leak detection system is used, these savings can be a
factor of 2 to 5 greater.  These latter cost savings are not included in this calculation.  Fourth, this
cost comparison does not include the costs of Testing Mistakes.  The number of tests to be
conducted each year will be increased (1) if the leak detection system is susceptible to false alarms,
or (2) if tests need to be repeated, because they are too long and must be prematurely terminated or
because they interfere with operations. 

Table 12 summarizes the cost of the initial purchase and installation of the leak detection system,
the cost of performing 12 monthly tests, and the cost of performing an annual precision test.  It is
assumed that Methods 1 and 2 have the capability for performing the monthly monitoring test, but
only Method 1 also has the capability for performing the annual test.  It is assumed that Method 2
must use Method 1 to perform the annual precision test.  It is also assumed that the recurring cost
of testing is high for Method 1 as compared to the LRDP and that the recurring cost of testing is the
same as the LRDP for Method 2.  Table 13 summarizes the total cost of meeting the regulatory
requirements for a single bulk UST for all three methods.  Clearly, the recurring cost of Method 1
dominates the cost of testing.  Table 14 summarizes the cost for a fuel farm containing 15 bulk
USTs.  The total cost savings throughout DoD would be a factor of about 20 higher. 
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The ratio of the cost of each method relative to the LRDP are given in the tables.  The savings of the
LRDP compared to Method 1 would result in a payback period of less than one year, and the savings
compared to Method 2 would result in a payback period of approximately three years, even without
including the savings due to fewer tank replacements and lower remediation costs.  When Methods
1 and 2 are compared to the LRDP, the cost of the other methods is a factor of 3 to 12 higher than
the LRDP.

Table 12.   Comparison of the Cost of Testing in Dollars ($) with Monthly Monitoring and
an Annual Precision Test for Each Bulk UST for the First Year.

Purchase of
System Monthly Monitoring Precision Test

Total
Cost of

Compliance
for Year 1

Initial
Purchase
for One

UST

Cost of
a Single

Test

Cost of
12

Monthly
Tests

Cost of
Monthly

Monitoring for
First Year

Annual Cost of
Precision Test

Method 1
Method 2
LRDP
Method 1/LRDP
Method 2/LRDP

75,000
75,000
75,000

10,000
240
240

120,000
2,880
2,880

195,000
77,880
77,880

25,000
195,000
102,880
77,880

2.5
1.3

Table 13.   Comparison of the Cost of Testing in Dollars ($) with Monthly Monitoring and 
an Annual Precision Test for Each Bulk UST Over 1, 3, 5 and 10 Years.

Testing Method
Total Compliance for

First Year Three Years Five Years Ten Years
Method 1
Method 2
LRDP
Method 1/LRDP
Method 2/LRDP

195,000
102,880
77,880

2.5
1.3

435,000
158,640
83,640

5.2
1.9

675,000
214,400
89,400

7.6
2.4

1,275,000
353,800
103,800

12.3
3.4

Table 14.   Comparison of the Cost of Testing in Dollars ($) with Monthly Monitoring and 
an Annual Precision Test for 15 Bulk USTs Over 1, 3, 5 and 10 Years.

Testing Method
Total Compliance for

First Year Three Years Five Years Ten Years
Method 1
Method 2
LRDP
Method 1/LRDP
Method 2/LRDP

2,925,000
1,543,200
1,168,200

2.5
1.3

6,525,000
2,379,600
1,254,600

5.2
1.9

10,125,000
3,216,000
1,341,000

7.6
2.4

19,125,000
5,307,000
1,557,000

12.3
3.4
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6.0 TECHNOLOGY IMPLEMENTATION

6.1 COST OBSERVATIONS

The DoD owns and/or operates almost all of the bulk USTs in the United States.  While the leak
detection requirements for bulk USTs (i.e., field erected USTs) were deferred in EPA’s UST
regulation issued on 22 September 1988, many of the states have or are in the process of requiring
testing of such tanks.  California has developed a set of regulatory guidelines for testing bulk USTs.
Other states, like New York, Michigan, Maine, and Florida also require bulk USTs to be tested.  The
requirement for testing may cost many tens to hundreds of millions of dollars, depending on the
testing approach used.  The LRDP can realize significant cost savings for the DoD because of its
high performance (low PFA ) for detection of small leaks, low recurring cost for routine testing, and
the ability to address both the monthly monitoring and the annual precision testing with the same
system.  The recurring cost of the LRDP is a factor of 3 to 12 times less than competing
technologies.

The cost of compliance and a comparison of the costs between the LRDP and other methods were
described in Section 5.  A discussion of the additional cost savings that can be realized due to cost
avoidance and commercialization/technology transfer is presented in Sections 6.1.1 and 6.1.2.

6.1.1 Cost Avoidance

The magnitude of the cost savings that can be realized by minimizing testing mistakes, managing
tank replacement efforts and minimizing remediation/clean-up efforts through early detection of a
release is a direct function of the use and performance of the leak detection system.  If equipment
is used frequently and the performance is high (i.e., the probabilities of false alarm and missed
detection are low), then the need to routinely replace tanks can be minimized.  They can continue
to be used with confidence that they are not leaking, and if a leak develops, that it will be quickly
detected.  This reduces the volume of fuel released into the ground and the scope and cost of the
cleanup.  The high performance of the LRDP means that the number of false alarms and missed
detections will be much smaller than other technologies.  Furthermore, the high performance of the
LRDP allows the probability of false alarm of the system to be set to a very low level without
sacrificing the detection of small leaks.  The other mass-based systems and some tracer-based
approaches do not have the performance to operate with a low probability of false alarm.  In
addition, other mass-based methods must operate at a higher target leak rate.  The total cost savings
that can be realized by implementing a reliable leak detection program can be $500 million to $1
billion dollars.  These cost savings are described below.

Fines and Shutdown of Operations.  The cost of testing more than offsets the cost of the fines that
may be levied if the tanks are not tested within the specified regulatory guidelines and are out of
compliance.  Fines may be $25,000 per day per facility, or more.  Ultimately, if the bulk USTs are
not in compliance, fuel operations can be shut down.  Since the military is not selling fuel, any
permanent or short-term shutdown of fueling operations is difficult to quantify in terms of dollars.
However, it is unacceptable to shutdown military operations, or to seriously impact operational
readiness.  Because the LRDP has the performance to perform both the monthly monitoring and the
annual precision test, it is the most cost effective way to be in compliance.  Because in many
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instances, an LRDP test can be performed in 10 h rather than the 48 or 72 h required by other
methods, the impact on shutdown is significant.

Tank Replacement Cost Avoidance.  Most bulk USTs are expensive to replace; the costs per tank
can be tens of millions of dollars.  Replacement costs can be minimized, avoided, or delayed by
using accurate and reliable leak detection.  There are two types of tank replacement programs.  First,
the DoD has considered simply replacing all of the bulk USTs with bulk ASTs.  The costs associated
with such an approach would be well over $400,000,000.  Second, the DoD will need to replace or
retrofit tanks as required for safe storage.  The use of accurate and reliable leak detection can
justifiably and safely avoid premature replacement of tanks.  The cost savings associated with the
use of leak detection is very large.  For example, the U. S. Army has estimated that it would cost
over $10,000,000 just to replace the 50,000-gal USTs at the Hunter Army Airfield (without testing
equipment or testing services) as opposed to $3,100,000 for implementation of a testing program
with the LRDP over a 10-year period.  For our calculations, we assumed that the cost of replacement
is $5 per gallon of stored fuel.  

Remediation/Cleanup Cost Avoidance.  The cost of remediation and cleanup are by far the largest
costs associated with leaking tanks and clean-up cost avoidance can be the most significant cost
savings realized with the purchase, installation and use of reliable leak detection.  It is difficult to
estimate the portion of the costs associated with clean-up that can be avoided, but it is significant.
The Navy has 659 future LUFT sites to clean up and has estimated that the total cost will be
$890,000,000.  Early detection of leaks can significantly reduce the total cost of cleanup because
the concentration and areal extent of the plume is smaller than it would be if the leak was not
detected early.

6.1.2 Commercialization and Technology Transfer

The costs associated with technology transfer and commercialization have been minimized for the
LRDP, because the third-party evaluation has already been completed and submitted to the
NWGLDE for review and approval, and one company, Vista Research, has already commercialized
the pre-production system.  The former is a significant barrier (both in cost and time) for entry into
the marketplace, and the later can take many years for industry to commit the resources needed for
commercialization.

6.2 PERFORMANCE OBSERVATIONS

All of the performance objectives of this program were met.  The LRDP was successfully
demonstrated in two DEM/VALs.  The evaluated performance obtained in the third-party evaluation
during the first DEM/VAL at Point Loma is sufficient to address all of the regulatory requirements
for DoD’s bulk USTs.  The results of the DEM/VAL on the 50,000-gal USTs at the Hunter Army
Airfield indicates that the system has the performance to meet EPA’s 0.2-gal/h monthly monitoring
requirements for testing these tanks.

6.3 SCALE-UP

The DEM/VALs were all conducted on full-scale, operational underground storage tanks.  The
DEM/VALs were conducted on one of the largest bulk USTs and the largest cylindrical USTs tanks
found in the DoD.  The performance of the LRDP in other tanks scales with tank diameter (or
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equivalently, the product surface area of the fuel in the tank).  As the tank diameter decreases, the
performance improves and smaller leak rates can be detected.  The LRDP can be used to test tanks
with capacities as small as 50,000 gal and as large as 12,500,000 gals, which includes the largest
tanks found in the United States.

6.4 OTHER SIGNIFICANT OBSERVATIONS

All tank operations must cease during a test; no fuel transfers in or out of the tank are allowed.  This
temporary shutdown of the tank is minimized by the LRDP in comparison to other in-tank leak
detection systems, because the duration of the test is shorter than the other methods.  The LRDP can
meet the monitoring and precision regulatory requirements in a 10- or 24-h test.  The other
technologies typically require 24 to 72 h, and other than the LRDP, none of the permanently
mounted in-tank systems have sufficient performance to perform a precision test.

6.5 LESSONS LEARNED

In order to conduct a leak detection test with this technology, the tank must be isolated from the
piping associated with the tank.  Thus, it is important that all valves at the tank be completely sealed
before a test is initiated.  This is particularly important when conducting a precision test at 0.2 gal/h.
Many of the valves at DoD facilities are double-block and bleed valves, which allow a visual check
of the seal and a measurement of the flow across the valve if it does not seal.  The monthly
monitoring standards are sufficiently large in comparison to the performance of the LRDP that small
valve leaks can be tolerated during a test without impacting the results.  It is also important that any
drainback of fuel into the tank has ceased before a test is initiated.  It is for this reason that a 2-h
waiting period was implemented.  However, if drainback is not a problem, then no waiting period
is required for the conduct of a leak detection test with a mass-based system like the LRDP.

6.6 END-USER ISSUES

The LRDP is ready for commercialization.  The drawings, specifications, and software screens are
described in Appendices C and D of the final report [18].  The LRDP already has regulatory
approval, and the evaluation conducted as a DEM/VAL at Point Loma has been submitted for
approval by the NWGLDE in April 2001.  Since this submittal parallels the previous submittal, no
significant technical acceptance problems are anticipated.  As of this publication date, the third-party
evaluation is still under review by the NWGLDE.

At the request of NFESC, during this ESTCP project, a workshop was conducted by the
Environmental Technology Evaluation Center (EvTEC) of the Civil Engineering Research
Foundation (CERF) to introduce the technology and to describe the advantages of the system for
regulatory compliance [20].  Technical experts and representatives from the petroleum industry, the
Defense Energy Support Center (DESC), and the U. S. Air Force, Army, and Navy were present.
The LRDP was also submitted for an R&D 100 award.  

Vista Research, Inc., has commercialized the LRDP and is now offering products and services based
on the LRDP implemented using a PLC in place of the remote test controller.  Product description
and product specification sheets are available (Appendix C of the final report [18]).
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Immediate commercialization of this technology has been possible, because industry was involved
during the demonstrations and the bulk storage tank facilities have a real need to address.  Some
limited sales of the LRDP have already occurred.  For example, the LRDP has been used to test
other bulk USTs at Point Loma, other than Tank 175 used in the first DEM/VAL, to determine the
integrity of these tanks.  In addition, under a pre-production initiative with the Navy, the LRDP was
recently installed in one of the 12,500,000-gal tanks at Red Hill for a third-party evaluation.  The
results of the evaluation are consistent with the results of the performance evaluation obtained at
Point Loma [19].  If the LRDP is used to test 50,000-gal USTs or tanks with curved walls for
regulatory compliance, another third-party evaluation will have to be conducted.

6.7 APPROACH TO REGULATORY COMPLIANCE AND ACCEPTANCE

Two practical regulatory guidelines for using in-tank mass-based measurements in California were
developed and recommended by NFESC and Vista Research (Options 7 and 10).  Option 7 requires
monthly monitoring tests with a system capable of detecting a leak between 1.0 and 2.0 gal/h with
a PD > 95% and a PFA < 5%, and a semi-annual precision test with a method capable of detecting a
leak of 0.2 gal/h with the same PD and  PFA as for the monthly monitoring test.  Option 10 is similar
to Option 7, except the monthly monitoring criteria is 0.3 to 1.0 gal/h, and the precision test need
only be conducted annually.  While the precision test requirement of 0.2 gal/h is stringent, it is
achievable by the LRDP and for many tanks with only a single test.  The monthly monitoring
requirements of 0.3 to 1.0 gal/h or 1.0 to 2.0 gal/h are operationally practical and easily met by the
LRDP. 

The approach to regulatory requirement depends on the size of the tank to be tested as was discussed
in Section 4.1.5.  The main recommendation is to operate the system such that the regulatory
requirements can be met with the lowest probability of false alarm.  Given the choice, the monthly
monitoring should be addressed using the largest target leak rate as possible less than 2.0 gal/h.  This
minimizes any minor system problems that might otherwise interfere with a test (i.e., a small flow
across a valve).
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APPENDIX B

RESULTS OF THE PERFORMANCE EVALUATION FOR DIFFERENT 
IMPLEMENTATIONS OF THE LRDP-10 AND LRDP-24 LEAK DETECTION

SYSTEMS

Table B-1.   Formula to Compute the Threshold and Target Leak Rate as a Function of
Tank Diameter for the LRDP-10.

Method Tank Diameter Target Leak Rage
(Probability of detection of 95%
with a probability of false alarm
of 5%)
Version 1.2a

(Probability of detection of 95%
with a probability of false alarm
of 0.29%)
Version 1.1a

(Probability of detection of 95%
with a probability of false alarm
of <0.15%)
Version 1.0a

For tank diameters less than 51.3 ft
For tank diameters (D in ft) up to 193.7 ft
For tank diameters D = [2,635.0*(n)0.5]0.5

      (LRDP-10-n)

For tank diameters (D in ft) up to 193.7 ft
For tank diameters D = [1,817.3*(n)0.5]0.5

      (LRDP-10-n)

For tank diameters (D in ft) up to 193.4 ft
For tank diameters (D in ft) up to 193.4 ft

0.20 gal/h
(3.14*(D*0.5)2/11,786)*1.139 gal/h 

0.20 gal/h (average of 1 < n # 12 tests)

(3.14*(D*0.5)2/11,786)*1.653 gal/h

0.20 gal/h (average of 1 < n # 12 tests)

(3.14*(D*0.5)2/11,786)*(2.0-0.569) gal/h
(3.14*(D*0.5)2/11,786)*(3.0-0.569) gal/h

Table B-2.   Formula to Compute the Threshold and Target Leak Rate as a Function of
Tank Diameter for the LRDP-24.

Method Tank Diameter Target Leak Rage
(Probability of detection of 95%
with a probability of false alarm
of 5%)
Version 1.2a

(Probability of detection of 95%
with a probability of false alarm
of 0.48%)
Version 1.1a

(Probability of detection of 95%
with a probability of false alarm
of <0.003%)
Version 1.0a

For tank diameters less than 66.0 ft
For tank diameters (D in ft) up to 193.7 ft
For tank diameters D = [4,439.0*(n)0.5]0.5

      (LRDP-24-n)

For tank diameters (D in ft) up to 193.7 ft
For tank diameters D = [3,172.4*(n)0.5]0.5

      (LRDP-24-n)

For tank diameters (D in ft) up to 193.4 ft
For tank diameters (D in ft) up to 193.4 ft

0.20 gal/h
(3.14*(D*0.5)2/11,786)*0.69 gal/h 

0.20 gal/h (average of 1 < n # 12 tests)

(3.14*(D*0.5)2/11,786)*0.946 gal/h

0.20 gal/h (average of 1 < n # 12 tests)

(3.14*(D*0.5)2/11,786)*(2.0-0.345) gal/h
(3.14*(D*0.5)2/11,786)*(3.0-0.345) gal/h
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e-mail: estcp@estcp.org
www.estcp.org




