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CHAPTER 3
TANK TI GHTNESS TESTI NG PROCEDURES

3-1. GCeneral. The purpose of underground storage tank (UST) integrity
tightness or tank tightness testing procedures is to determ ne the physica
integrity of UST. The EPA, under 40 CFR 280 Subpart D, has established

rel ease detection requirements for all USTs. Tank tightness testing is used
to indicate whether an UST neets the applicable rel ease standards. Tank
tightness testing should only be perfornmed on tanks that are to be abandoned
in place or tanks that are to remain active. You should choose a tank
tightness test carefully to ensure that the test does not pronote additiona
contam nati on of the surrounding environment. Both volunetric and

nonvol umetri c methods of tank tightness testing are described in this chapter
Sone of these methods may be used for pipe integrity testing; however, pipe
integrity testing is not the focus of this chapter.

3-2. Methods. Tank tightness testing can be performed in a variety of ways.
A tank tightness test is a precision test that can be volunetric or

nonvol unetric. A volunetric test neasures vol une changes quantitatively,
whil e a nonvolunetric test neasures changes qualitatively. Sonme methods
require filling tanks to capacity, known as overfilling, where the fluid | eve
reaches the fill tube. 1In these tests, the integrity of the entire tank and
associ ated pi ping can be assessed. Oher nethods enploy partially filled
tanks, where only the integrity of the filled portion of the tank can be
assessed. Tests can al so be divided between constant-|evel and variable-|eve
tests. In constant-level tests, product is added or renoved to maintain a
constant fluid level. Both overfilled and partially filled tanks can be used
in constant-level tests. Variable-level tests allow the fluid level to
fluctuate and are typically conducted on overfilled tanks. Tables 3-1 and
3-2 contain a summary of the various nethods.

a. Volunetric. Most tank tightness test nethods account for vol une
changes as a function of product-level changes. A constant-I|eve
volunetric test directly neasures the volume added or subtracted from
a tank in order to maintain a constant level. A variable-level test
nmeasures changes in the | evel of the product and converts these |eve
changes to vol une changes using a hei ght-to-vol une conversion factor
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TABLE 3-1
VOLUMETRIC LEAK TESTING METHODS
. . Relgui res Empty|
o Claimed Tota Downtime for or Full Tank for
Method Principle Accuracy, ga/h Testing Test
inlay Tank Integrity Pressure measurement by a coil-type manometer to determine product-level changein a 0.02 10-12 h (filled a night Full
Testing propane bubbling system. before 1.5-h testing)
RCO HTC Underground Level change measurement by float and light-sensing system. 0.05 4-6h No
Tank Detector
Certi-Tec Testing Monitoring of pressure changes resulting from product-level changes. 0.05 4-6h Full
"Ethyl" Tank Sentry Level change magnification by a J tube manometer. Sensitive to 0.02- Typicaly 10 h No
inlevel change
EZY-CHEK Leak Detector | Pressure measurement to determine product-level changein an air bubbling system. Lessthan 0.01 4-6 ? I(]2 h Vilalh titn )after Full
illup, 1-
Fluid-static (standpipe) Pressurizing of system by a standpipe; keeping the level constant by product addition or Gross Several days Full
Testing removal ; measuring rate of volume change.
Heath Petro Tite Tank and Pressurizing of system by a standpipe; keeping the level constant by product addition or Lessthan 0.05 6-8h Full
Line Testing (Kent-Moore) removal ; measuring rate’of volume change; product circulation by pump.
. . . Leak detection by differential pressure change in an empty tank; leak rate estimation by Lessthan 0.05 Minimum 48 h Empty
Helium Differential Bernoulli's equation.
Pressure Testing
Mooney Tank Test Measuring level change with adip stick. 0.02 14-16 h* (12to 14 h Full
or waiting after fillup)
PACE Tank Tester Magnification of pressure changein a sealed tank by using a tube (based Lessthan 0.05 14h Full
on manometer principle).
PALD-2 Lesk Detector Pressurizing system with nitrogen at three different pressures; level measurement by an Lessthan 0.05 14 h (preferably 1 day Full
electrooptical device; estimate of leak rate based on the size of leak and pressure difference before, 1-h fill testing,
across the leak. includes sealing timé)
Pneumatic Testing Pressurizing system with air or other gas; leak rate measurement by change in pressure. Gross Several hours No
Tank Auditor Principle of buoyancy. 0.00001 in the 15-3h Typicaly full
fill pipe; 0.03 at
the center of a
10.5-ft-diameter
tank
Two-tube Laser Measuring level change by laser beam and its reflection. Lessthan 0.05 4-5h?

I nterferometer System

1 Including thetime for tank end stabilization when testing with standpipe.
2 Including 1 to 2 h for reference tube temperature equilibrium.

Source: PA 1986.
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TABLE 3-2

NONVOLUMETRIC LEAK TESTING METHODS

Total Downtime

Requires Empty
or Full Tank for

Method Principle Claimed Accuracy, gal/h for Testing Test
Acoustical Monitoring Sound detection of vibration and elastic waves generated by a leak in a Does not provide leak rate; 1-2h No
System (AMS) nitrogen-pressurized system; triangulation techniques to detect leak location. |detects leaks as low as 0.01

gal/h.
Leybold-Heraeus Helium Rapid diffusivity of helium; mixing of a tracer gas with products at the Does not provide leak rate; None No
Detector, Ultratest M2 bottom of the tank; helium detected by a sniffer mass spectrometer. helium could leak through 0.005-

in leak size.
Smith & Denison Helium Rapid diffusivity of helium; differential pressure measurement; helium Provides the maximum possible Few-24 h Empty
Test detection outside a tank. leak detection based on the size | (excludes sealing

of the leak (does not provide leak time)

rates); helium could leak through

0.05-in leak size.
TRC Rapid Leak Detector |Rapid diffusion of tracer gas; mixing of a tracer gas with product; tracer gas |Does not provide leak rate; None No
for Underground Tanks and |detected by a sniffer mass spectrometer with a vacuum pump. tracer gas could leak through
Pipes 0.005-in leak size.
Ultrasonic Leak Detector Vacuuming the system (5 Ib/in?); scanning entire tank wall by ultrasound Does not provide leak rate; a Few hours Empty
(Ultrasound) device; noting the sound of the leak by headphones and registering it on a leak as small as 0.001 gal/h of (includes tank

meter. air could be detected; a leak preparation and

through 0.005-in could be 20-min test)

detected.
VacuTect (Tanknology) Applying vacuum at higher than product static head; detecting bubbling noise |Provides approximate leak rate. 1lh No

by hydrophone; estimating approximate leak rate by experience.
Varian Leak Detector Similar to Smith & Denison. Similar to Smith & Denison. Few-24 h Empty
(SPY2000 or 938-41) (excludes sealing
time)

Source: EPA/600/2-86/001, “Underground Storage Tank Leak Detection Methods: A State of the Art Review.”

900¥ -T-0TTT N3

86 d3S 0¢€



EM 1110-1
30 SEP 98

b

C.

- 4006

Nonvol unetri c.

(1) Nonvolurnetric tests can be divided into vacuumtests, probe
tests, and tracer tests. The vacuumtest subjects the tank to a
slight vacuum enough to counteract the fluid head within the
tank. When a leak is encountered, bubbles format the |eak,
separate at the tank, and undergo a vol une pul sati on of constant
frequency that can be used to deternine |eak size.

(2) The methods currently available for nonvolunetric tank testing
use either a type of vapor nonitoring or conduct the test under
a vacuum Neither method will provide an exact |leak rate.
However, each method will provide an analysis of the systemin
relation to the 0.1 gallons per minute (gpn) leak rate at a
probability of detection of 0.95 and a probability of false
alarm of 0.05. When selecting a nonvolunetric test method, make
sure the nethod is approved for the entire volume of the tank
and not just for the volune containing liquid on the day the
tank is tested.

Performance. The performance of a | eak-detection test nmethod is
nmeasured by the accuracy and reliability of that test method in

det erm ni ng whether or not a tank is |eaking. The best performance
test nmethods are able to discrininate between the vol unme changes
produced by a leak (signal) and other volume changes that normally
occur in both nonleaking and | eaking tanks (noise). This noise can
often be confused with the | eak by masking or m m cking the signal of
the | eak.

Results. A |leak-detection test has five possible outcones:

(1) Correctly identified | eak: an accurate test result where the
measured condition reflects actual conditions.

(2) Correctly identified tight tank: an accurate test result where
the integrity of a nonleaking tank is confirnmed.

(3) A false alarm an erroneous test result where the test
m stakenly indicates a | eak.

(4) A missed detection: an erroneous test result where the test
m stakenly indicates that the tank is tight when it is |eaking.
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(5) An inconclusive test that does not provide either positive or
negative evidence of a |leak. Also, a positive result may or may
not indicate whether the leak is in the tank or the associated

pi pi ng.

3-3. Requlations. 40 CFR 280 Subpart D specifies the follow ng genera
rel ease detection requirements for all UST systens in § 280. 40:

a. Rel ease Detection. "Owers and operators of new and existing UST
systens must provide a nmethod, or conbination of methods, of rel ease
detection that:

(1) Can detect a release fromany portion of the tank and the
connect ed underground piping that routinely contains product;

(2) Is installed, calibrated, operated, and maintained in accordance
with the manufacturer's instructions, including routine
mai nt enance and service checks for operability or running
condi tion; and

(3) Meets the performance requirenments in 8§ 280.43 or 280.44, with
any performance clains and their nmanner of determ nation
described in witing by the equi pnent nmanufacturer or installer
In addition, nethods used after December 22, 1990, except for
nmet hods permanently installed prior to that date, nust be
capabl e of detecting the leak rate or quantity specified for
that method in § 280.43 (b), (c), and (d) or 280.44 (a) and (b)
with a probability of detection of 0.95 and a probability of
fal se alarm of 0.05."

b. Tank Ti ght ness Testi ng. Section 280.43(c) specifies the foll ow ng
tank tightness testing performance requirenments: "Tank tightness
testing (or another test of equival ent performance) nust be capable
of detecting a 0.1 gallon-per-hour |leak rate fromany portion of the
tank that routinely contains product while accounting for the effects
of thermal expansion or contraction of the product, vapor pockets,
tank deformation, evaporation or condensation, and the |ocation of
the water table."

3-4. Test Procedures. A sunmary of attributes of reliable integrity
tightness testing nmethods has been devel oped by the EPA based upon research
performed on over 25 commrercially available nethods. The testing nmethods are
summari zed in the follow ng docunents:

- Standard Test Procedures for Evaluating Leak Detection Methods:
Vol unmetri ¢ Tank Ti ghtness Testing Methods, EPA/ 530/ UST-90/004, March 1990.
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- Standard Test Procedures for Evaluating Leak Detection Methods:

Nonvol une

tric Tank Ti ghtness Testing Methods, EPA/530/UST-90/005, March 1990.

- Standard Test Procedures for Evaluating Leak Detection Methods:

Pi pel i ne
- List
Syst ens,
a.
b

Leak Detection Systens, EPA/530/UST-90/101, Septenber 1990.

of Leak Detection Evaluations for Underground Storage Tank (UST)
EPA/ 510/ B- 97/ 004.

Docurmentation. Either the manufacturer or an independent third party
can performthe denonstration tests. However, sonme states do not
recogni ze results fromdenonstration tests performed by the equi pnent
manuf acturer. \Wen purchasing rel ease detecti on equi pment or having
a tank systemtested, the organi zation providing the service or

equi prent nust provide the owner/operator of the systemwi th the
manuf acturer's docunmentation of equi pment conpliance with performance
standards outlined in 40 CFR 280.40(a). This documentation nmust be
retained at the facility to neet the record keeping requirenents
outlined in 40 CFR 280. 34.

Sel ection. Before selecting a tank tightness test nethod, check wth
state and | ocal agencies to make sure the proposed nethod was
adequately eval uated and denonstrated in the perfornmance test report.
Sone states have additional evaluation methods and standards. They
may require third-party testing or limt the rel ease detection nethod
to certain size (capacity) tanks. The standards used to eval uate the
rel ease detection nethod will be in the performance test report.
These reports will provide the follow ng i nformati on about the test
equi prent: nethod description, test results, the product used for
testing, techniques used for measuring tenmperature and |evel, how
data are acquired and recorded, linmtation of the test nmethod, and
certification of results. Fromthis, a determi nation can be made
about the follow ng:

3-6
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TABLE 3-3
MAJOR VARIABLES AFFECTING LEAK DETECTION

Variable

Impact

Temperature Change

Expansion or contraction of a tank and its contents can mask leak and/or leak rate.

Water Table

Hydrostatic head and surface tension forces caused by groundwater may mask tank leaks partially or completely.

Tank Deformation

Changes or distortions of the tank due to changes in pressure or temperature can cause an apparent volume change when none exists.

Vapor Pockets

Vapor pockets formed when the tank must be overfilled for testing can be released during a test or expand or contract from temperature and pressure
changes and cause an apparent change in volume.

Product Evaporation

Product evaporation can cause a decrease in volume that must be accounted for during a test.

Piping Leaks

Leaks in piping can cause misleading results during a tank test because many test methods cannot differentiate between piping leaks and tank leaks.

Tank Geometry

Differences between the actual tank specifications and nominal manufacturer's specifications can affect the accuracy of change in liquid volume
calculations.

Wind When fill pipes or vents are left open, wind can cause an irregular fluctuation of pressure on the surface of the liquid and/or a wave on the liquid-free
surface that may affect test results.

Vibration Vibration can cause waves on the free surface of the liquid that can cause inaccurate test results.

Noise Some nonvolumetric test methods are sound-sensitive and sound vibrations can cause waves to affect volumetric test results.

Equipment Accuracy

Equipment accuracy can change with the environment (e.g., temperature and pressure).

Operator Error

The more complicated a test method, the greater the chance for operator error, such as not adequately sealing the tanks.

Type of Liquid Stored

The physical properties of the liquid (including effects of possible contaminants) can affect the applicability or repeatability of a detection method
(e.g., viscosity can affect the sound characteristics of leaks in acoustical leak-detection methods).

Power Vibration

Power vibration can affect instrument readings.

Instrumentation
Limitation

Instruments must be operated within their design range or accuracy will decrease.

Atmospheric Pressure

A change in this parameter has the greatest effect when vapor pockets are in the tank, particularly for leak-rate determination.

Tank Inclination

The volume change per unit of level change is different in an inclined tank than in a level one.

Source: USEPA 1986. Underground Storage Tank Leak Detection Methods: A State of the Art Review. EPA/600/2-86/001.
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(1) The anpunt of tine required for the tank's contents to stabilize
after a delivery of product.

(2) The required test duration for collecting data to accurately
deternine the condition of the tank.

(3) Limtations of the test method (such as tank capacity).

(4) The actual minimumleak rate the test method can detect to a
probability of detection of 0.95 and a probability of false
al arm of 0. 05.

(5) Whether a third party or the equi pnent nmanufacturer conducted
t he performance test.

c. Performance. The performance clains for |eak-detection devices
produced by commercial manufacturers will not be discussed in this
docunent. Refer to EPA/ 625/9-89/009 Volunetric Tank Testing: An
Overvi ew and EPA/ 510/ B-97/004 List of Leak Detection Evaluations for
Under ground Storage Tank (UST) Systens and literature fromindividua
manuf acturers for additional information on the performance of
specific comercially avail abl e devi ces.

3-5. Precautions. Table 3-3 summari zes the vari ables that can affect |eak
detection. Three of the nmajor variables are discussed bel ow

a. Noise. A tank tightness or volunetric test measures the change in
the volume of fluid in a tank, accounts for other sources of noise
(normal ly occurring volume changes), and attributes the adjusted
vol une change (if it is above the threshold level) to a | eak
Therefore, it is essential that a test method differentiate between
and conpensate for nonl eak-rel ated vol ume changes (noi se) versus
actual |eaks. There are five comopn nonl eak-rel ated product-vol une
(or product-level) changes that are sources of anbient noise, sone
potentially producing larger errors than others. Precautions are
i ncorporated in nost reliable test methods to conpensate for those
phenonena and to mininize the probability of false al arns.

(1) Thermal expansion or contraction of the product resulting from
product addition or renoval during volunetric testing can be a
maj or source of noise and, thus, error in tank tightness
testing. Volune changes due to expansion and contraction of the
product in a filled tank may be as large as 3.8 L (1 gallon) per

3-8
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hour. Reliable test nethods conpensate for this phenomenon by
requiring a waiting period follow ng any tank additions prior to
measur ement col | ecti on.

Vapor pockets conmmonly occur in tanks and the associated piping
that have been filled to capacity. Tenperature fluctuations and
pressure changes in the tank contents cause the expansion or
contraction of vapor pockets. Volume changes of trapped vapors
produce product-I|evel changes that may be nmisinterpreted as

| eaks. Vapor pockets as snmall as 38 liters (10 gallons) in a
38,000 liter (10,000-gallon) tank can influence test results.

In preparation for tightness testing, if vapor pockets of 40 to
80 liters (10 to 20 gallons) or nore are suspected, the tank and
I ines should be bled as a precaution

In addition to level, tenperature, and pressure changes
associated with a product, the tank itself will exhibit
expansi on and contraction, or structural deformation. This
deformation, in turn, causes the product |evel to change, which
could be nistaken as a | eak. Both instantaneous defornati on and
ti me-dependent relaxation of a tank occur. Reliable tank
testing procedures introduce a waiting period between product
addi ti on and measurenent collection as a precaution to allow the
tank deformation effects to subside.

M nor volune fluctuations nmay result fromthe evaporation of
product fromthe fluid surface or condensation of product on
tank walls. This phenonmenon is nore likely to occur in tanks
that are not conpletely filled and contain air or vapor pockets.

Conpletely filling and bl eeding tanks and lines prior to test
initiation are precautions that will mnimze this type of
“noi se.”

Surface or internal waves may be caused by nechani cal vibrations
or tenperature boundary layers within a tank. These waves can
produce apparent |evel changes that could be m staken for vol une
changes or leaks. |Infrequent sanpling that does not detect this
wave phenomenon, known as biasing, can indicate a false result.
To prevent this, use reliable test nethods such as frequent

sampl ing and averaging of data during the test. Performtests

3-9
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during hours when local traffic, especially trucks, would be
| ess prevalent so the inpact on test results would be mnimzed.

b. Groundwater. The location of the groundwater table at the tinme of
testing is another factor that can interfere with accurate tank
tightness testing. Unlike the five factors nmentioned previously, the
groundwat er | evel does not minmc a |leak; however, it may have a
direct effect on the apparent size of the leak. Existing site
i nformati on (boring | ogs) should be used to estimate the depth to
groundwat er rather than nobilizing a rig and crew to determine the
depth to groundwater. When the groundwater |evel is above the |eak
it can restrict or prevent the flow of product out of a tank, and a
| eak can go undetected. As a precaution, it is inportant to nonitor
the groundwater |level with respect to the bottomof the tank each
time a tank tightness test is conducted. Best results are obtained
when the water table is below the tank. |If the tank normally is
above the water table and recent precipitation has altered that
situation, consider delaying the test until the water table has
dropped and this potential interference is renoved. |If at al
possi bl e, a test should not be conducted while the water table is
fluctuating. |If this situation cannot be avoided, such as in a tida
area, it should be understood that the test results will be |ess
accurate and reliable.

c. Volunetric Methods. Tank tightness testing using volumetric nethods
shoul d not be conducted through the fill pipe. Volunetric test
nmet hods record tenperature at various points along the diameter of
the tank and require precise nmeasurements for the test to be valid.
The fill pipe would mask the true tenperatures of these various
poi nts along the tank dianeter.

3-6. Equipnment. Each conmmercially available | eak detection nethod has two
conponents: equi prent and procedures. Both the equi pnent (physical devices,
conput er hardware, and instrunmentation) and procedures (operator
responsibilities, conmputer software, theoretical and anal ytical approaches)
can vary fromone nmethod to another. This can result in variances in nethod
performance for different |eak rates and threshol d val ues.

a. Temperature/Volume. The mpjority of tank tightness test requirenents

i ncl ude equi pnent that neasure the tenperature and vol une of the
product in a tank, such as therm stors and hei ght or vol une sensors.

3-10
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Sone met hods include arrays with nultiple sensors that better
represent actual conditions vertically within the tank.

b. Data Measurenent. The nore sophisticated nmeasurenent and data
anal ysis equi pment is often used to take frequent neasurenments that
can be statistically anal yzed and provide a good representation of
actual conditions within the tank. This frequent nmeasurenent rate
and the resulting statistical analyses are typically facilitated by
conput er equi prent .

c. Additional Information. The reader is directed to manufacturers
literature for details about specific test nmethods. EPA/625/9-
89/ 009, Volunetric Tank Testing: An Overview, is also recomended as
a source of information about a nunber of different nmethods that were
eval uated by the EPA.

3-7. Mterials. Once a tank tightness test method has been sel ected, the
operator will provide the necessary equi pnent, handling/transferring
procedures, and training on material safety data sheets (MSDS) for the |iquids
to be used. The only material that is typically necessary is additiona
product to fill the tank.

To ensure an accurate test, use product identical in fornulation to that which
is already in the tank. The added product should al so be approximately the
same tenperature as the product already in the tank to mnimze vol une
expansi on or contraction due to tenperature variations. |If tenperatures are
not identical, the required settling tine prior to testing should be
sufficient to allow the tenperatures to equalize.

It should be noted that topping off tanks with product may be difficult. The
Def ense Fuel Supply Center that contracts for nost of the Arny's fuel has
stated they will not contract to have the tanks topped off. Individuals
responsi ble for performing the integrity testing will provide added fuel to
top off the tanks to be tested.

3-8. perations, Procedures, and Instructions. There are three steps
involved in all tank tightness testing: preparation, testing, and analysis.
Al t hough operations, procedures, and instructions will vary for each
comerci al test method selected, the conmon el enents of the methods are
descri bed. The procedures for a particular test nust be strictly followed to
assure the perfornmance cited.
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a. Preparation.

(1) The tank is first filled to the level required for testing with
t he sane product at the same tenperature as the tank contents.
A waiting period follows to allow tenperature variations, wave
actions, and structural deformations to subside. |f necessary,
the tank is bled to reduce vapor pockets.

(2) The sensor instrumentation is inserted into the tank. 1In the
case of overfilled tests, the tank is topped off by adding or
renovi ng small amounts of product to bring the product to the
test level. A second waiting period is observed.

(3) Values are taken to determine the coefficient of thermal
expansi on and/or the height-to-volune conversion. The water-
table level is also nmeasured if it is in the vicinity of the
tank and if there is a nmonitoring well

b. Testing. The sensors inserted into the tank nmeasure the tenperature
and the level (or volune) of the product in the tank over tinme.
Oten these two nmeasurenents are collected at the same rate. The
i nstrument readings are recorded either electronically or manually.
The test ends based on the data results. Oten this is a function of
time, but sometimes the decision to end the test is controlled by
ot her measurenents.

c. Anal ysis.
(1) Convert the level data to volunme data and conpensate for
t emper ature changes using procedures defined by the
manuf acturer. Use these data to calculate a volunetric fl ow

rate of | eakage fromthe tank.

(2) Conpare this calculated volunmetric flowrate to the

predeternm ned detection criterion for the test. |If the
cal cul ated volunetric flow rate exceeds the detection criterion
a leak is suspected. |If not, it is assumed that no leak is
present.
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3-9. Wiste Disposal. Typically, no wastes are generated during integrity
tightness testing. |If any product is spilled as a result of the testing, it

shoul d be handl ed consistently with procedures outlined in Chapter 6.

3-10. Reporting and Docunent ati on.

a. Reporting. Owmners and operators of UST systems nust report suspected
rel eases based upon tank tightness test results to the inplenenting
agency within 24 hours, or another reasonable tinme period specified
by the inplementing agency. This requirenent is mandatory unless the
noni toring device is found to be defective and is i mediately
repaired, recalibrated, or replaced, and subsequent nonitoring does
not confirmthe initial result.

b. Docunent ati on.

(1) Al UST system owners and operators must maintain records
denonstrating conpliance with applicable regulations.

(2) The records must include the foll ow ng:

(a) Al witten performance clains pertaining to any rel ease
detection system used, including the manner in which these
clains have been justified or tested by the equi pnent
manuf acturer or installer. C ains nust be maintained for 5
years, or for another reasonable period of tine detern ned
by the inplementing agency, fromthe date of installation

(b) The results of any sanpling, testing, or nonitoring nmust be
mai ntai ned for at least 1 year, or for another reasonable
period of time determ ned by the inplenmenting agency. The
results of tank tightness testing nust be retained until the
next test is conducted.

(c) Witten docunmentation of all calibration, maintenance, and
repair of release detection equiprment permanently | ocated
onsite nust be mmintained for at |east 1 year after the
servicing work is conpleted, or for another reasonable tine
peri od determ ned by the inplenmenting agency. Retain
schedul es of required calibration and mai ntenance provi ded
by the rel ease detection equi prent manufacturer for 5 years
fromthe date of installation

3-13
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