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FOREWORD

How to Demonstrate That Integrlty Assessment Procedures For Steel USTs Meet EPA’ -
Recommended Performance Standards v

The Env1ronmental Protectlon Agency s (EPA’s) regulations for underground storage
tanks (USTs) require that all substandard UST systems be upgraded replaced, or-closed by
December 22, 1998. These regulations require that steel tanks without corrosion protectron

-, must be assessed for structural integrity. Then cathodic protection, lining, or both must be

added to meet corrosion protection requrrements The federal UST: regulations at 40 CFR §
" 280. 21(b)(2) state that an assessment method may be.used to ensure the integrity of steel tanks

prior to upgrading with cathodic protection if one of two things is true. One is if the '
‘assessment method is spe01f1cally listed in the regulat1ons The other is if the agency
implementing the UST program determines that an alternative assessment method prevents
releases in a manner that i isno less protectlve of human health and the envrronment than those
listed. = : : :

-Deciding whether an alternative method of integrity assessment will prevent releases ;

 in a manner that is no less protective than the methods listed in the regulations has not been

easy. Vendors of ‘such alternative methods have based the1r performance claims on a wide
variety of test methods and data bases. EPA issued guidance on July 25, 1997, titled

- “Guidance on Alternative Integrity Assessment Methods for Steel USTs Prior to Upgradlng
with Cathodic Protection,” to assist states and local implementing agencies in determining
what alternative assessment methods to allow. In this guidance, EPA recommends that after

" March 22, 1998, implementing agencies allow alternatlve (non-human entry) integrity -

assessment methods as‘meeting the December 22, 1998 requirements, but only if they meet
~one of two opt10ns

The f1rst optron isa nat10nal standard code of practice. -Although the American
" Society for Testing and Materials developed an emergency standard (ASTM ES 40) for
perforrmng such Inethods 1t has lapsed and a replacement standard has not been fmahzed

The second option is a successful thrrd-party evaluation agamst spec1ﬁed criteria. The
purpose of this document is to provide a protocol for evaluating alternative integrity
assessment procedures, in a form that is readily available via EPA's dlStI’lbuthIl channels and
that i is consistent with the T uly 1997 guidance. .

. " EPA w1ll not test, certlfy, or approve specific vendor procedures for assessmg the
structural integrity of steel tanks. Instead, the Agency is describing how implementing
- agencies may determine that an alternative integrity assessment method (not listed in the

- regulations) meets the performance standard of preventing releases in a manner that is no less

protective of human health and the envrronment than those listed in the regulatlons

Conductmg evaluation testing to demonstrate this level of release. preventlon isthe
responsibility of the vendor of such integrity assessment procedures in conjunctron with an
independent third-party testing organization. In an evaluation and certification 1 process, a

‘vendor contracts with a third party for evaluat1on The third party conducts the evaluatron and

’
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writes a report on the ﬁndmgs for the vendor The vendor can then provrde a copy of the
report to UST owners and regulators, showing that the procedure meets EPA’s recommended
performance criteria. This information should be provided to UST owners and operators, who
must keep the evaluatron results on file to show comphance with regulatory requ1rements

* Within the third-party evaluation option, EPA recogmzes two distinct ways to
determine that an integrity assessment procedure meets the federal recommended performance
criteria and should be considered to prevent releases in a manner that is no less protective than
the methods listed in 40 CFR § 280.21(b)(2)(@) though (iii)' :

1. A qualified 1ndependent third party evaluates a vendor procedure by using
EPA'’s standard test protocol and certifying that the procedure meets specified
performance criteria regarding detection of perforatrons and of either internal
or external damage, or;

2. A qualified independent third party evaluates a vendor procedure by using a
test protocol deemed equrvalent to the EPA test protocol by a nationally-
recognrzed association or mdependent th1rd—party test1ng laboratory.

This document discusses both “1ntegr1ty assessment methods” and “Vendor
procedures.” The usage here is that a “method” is a general technology (such as robotic
devices or dragnosuc modeling). A method may be described in a national standard code of
practice (such as those from ASTM) and encompass multiple vendor procedures. A “vendor
procedure” is an application of such a technology, typically marketed under a trademarked
brand name. A vendor procedure must be successfully evaluated and certified by a third party.

'However, such evaluation is not necessarily recommended for each 1nd1v1dua1 contractor who
is the local provider of a vendor procedure.

Evaluation Process

In an evaluation and certification process, a vendor contracts with a third party for
evaluation. This third party should be a qualified test laboratory, university, or not-for-profit
research organization with no financial or organizational conflict of interest. Based on the
nature of EPA's performance criteria, evaluations will likely be qualitative, but quantitative
evaluations also are acceptable. The evaluation should be performed first without and then
with any information about the leak status of the tank divulged to the vendor. The method’s
performance characteristics, both with leak data and without, are determined, summarized on
a results form, sometimes called a “short form,” and certified by the evaluator. For the
purpose of determining whether a vendor procedure meets the recommended performance
standards, the results of the procedure after incorporating knowledge about the leak detection
test results are to be used.

Implementing agencies should allow the use of those vendor procedures successfully
evaluated and certified by a qualified mdependent third party to meet specified performance
criteria regarding detection of perforations and detection or either internal or external damage.
However, those vendor procedures that were part of the 1996 field study conducted by EPA’s
Edison, New Jérsey lab can use applrcable data generated i in that study as part of a more -
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. comprehenswe evaluation. In addrtlon even if a vendor follows a standard code of practlce it
'may voluntarily put its procedure through this evaluation process in order to obtaln : ‘
. mdependent third-party documentatlon of performance

EPA Standard Test Protocol

‘This document 1ncorporates the peer-revrewed ‘Quality Assurance Project Plan W
(QAPP) prepared for EPA’s engineering study, “Field Evaluation of UST Inspectlon
Assessment Technologres  conducted in 1995 and 1996. With the associated reporting =~
forms, this document is considered a Standard Test Procedure similar to EPA’s Standard Test
‘Procedures for Evaluating Leak Detection Methods. The Agency recommends that
evaluations conducted in aocordance with this document be considered valid. The original =
QAPP called for an assessment method to be used on approximately 100 tanks, which are then
removed from the ground for testing and inspection. EPA now allows as few as 42 total.
' tanks, with at least 21 being unsuitable per the basehne testing. o :

‘ _Alternatlve Test Protocols Deemed Equrvalent to EPA’

Because of the nature of the vendor procedure in order to take advantage of exrstmg
data, or because of improved testing : methods, an alternative evaluation protocol may be more.
effective in a partrcular case than the standard protocol developed by the EPA. Removal and
: exarmnatlon of tanks as detailed in the QAPP may. not be necessary for all tanks in the
~ evaluation. An evaluation following a protocol different than EPA's may be performed by a -
qualified third party as above.  An approach that uses existing data to establish the baseline
-status-can be used in lied of some physical testing if all relevant data requirements are factored
“in. The development of other protocols is not precluded, but rather is encouraged. The
alternative protocols should be based on the same evaluation criteria as the QAPP, and the
* results should include an accreditation by the association or third-party testing organization
' ~that the evaluatron was at least as rigorous as the EPA standard test protocol

Evaluation Criteria

Within EPA’s recommended option for eualuation, the criteria for proving tank
integrity are as follows: : S :

One of the followmg o :
- a) ' Detect external p1ts deeper than 0.5 tlmes the requlred rmn1mum wall
thickness, OR . :
b) Detect internal pits deeper than 0.5 t1mes the required minimum wall

: thickness AND any internal cracks or separations.

, Note that a perforat1on of a tank is regarded as a pit that is deeper than the wall th1ckness
whether it originated from the outside or-the inside of the tank. Thus, perforatlons must be -
detected under either (a) or (b). To meet the criterion, a method must demonstrate a -
probability of detectlon of unsultable (by one of the above criteria) tanks or sites of at least
95%. A siteis con31dered unsuitable if any one of the tanks at the site is unsultable The
estimated probability of false alarm is to be reported, but there is no requlred level for this -
probabrhty Th1s isa change from the J uly 1997 gurdance




Human-Entry Inspection

This document is not intended to discourage the use of human-entry internal
~ inspection as an assessment method or tank lining as an acceptable upgrade option. EPA’s
* UST regulations allow for human-entry inspection and interior tank lining to be used as an
' upgrade option for tanks lacking corrosion protection (40 CFR § 280.21(b)(1)). This
document addresses primarily methods not specifically listed in the federal regulations (see §
280.21(b)(2)(iv)), although human-entry inspection procedures can also be evaluated
according to this document.
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SECTION 1.0
PROJECT DESCRIPTION.

1.1 Background : S ,

| By December 22 1998, all Underground Storage Tank (U ST) systems must be replaced, - |
upgraded or closed accordmg to the current Federal Regulatlons for USTs 40 CFR 280 and 281)
R Owners and operators choosmg to" upgrade their UST systems via cathodic protectlon or cathodic
: protectlon combined with an mtemal hmng must determme the mtegnty of their system prior to

:upgradlng This Quality Assurance Project Plan (QAPP) presents the expenmental de51gn and

+ criteria for evaluatlng the performance of four assessment methods for detenmmng the sultablhty
of USTs for upgradmg with cathodic protection. - _ - A ‘

o ~ Inorder to be suitable for upgradmg by cathodlc protectlon alone (that is, without also lmmg_ ‘

the tank) in accordance wuh 40 CFR Part 280, “Techmcal Standards and Correctxve Action

: Requlrements for Owners and Operators of Underground Storage Tanks,” the tank must be assessed '

| - to ensure that itis structurally sound and ﬁ'ee of corrosion holes [Sectlon 280. 21(b)(2)1)]. For tanks B

vthat are 10 years old two alternatwe cntena for upgradmg a tank with cathodlc protectxon are stated N

" in'the EPA regulatlons (CFR 28021 (2)).. '
“O The tank is mterna.lly mspected and assessed to ensure that the tank is structurally sound

and free of corros1on holes prior to mstalhng the cathodlc protectlon system, ,

“(@iv) The tank is assessed for corrosion holes by a method that is determined by the
implementing agency to prevent releases in a manner that is no less protective of human
health and the environment than subparagraphs (I) through (ii1).” ‘

' Subparagraphs (ii) and (iii) of CFR 280 21 refer to tanks less than 10 yea.rs old. By . o

December 22, 1998 when the Federal Regulatlon reqmres that all UST systems must either be
new > tanks, or-be upgraded to new tank standards, or closed there w111 be no tanks less than

10 years old that do not mieet new tank standards
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betermiriing the integrity of UST systems usually requires some type of internal in‘spection‘ ‘ |
or assessment. Past practices mvolved actual tank entry and internal inspection and required
| srgmﬁcant down time from normal operatlons Recently the Amencan Society for Testing Materials
(ASTM) Committee E-50 on Envuonmental Assessment and Subcommittee E50.01 on Storage
Tanks has 1ssued an Emergency Standard Practice, ES 40-94, Emergency Standard Practice for -
| Alternative Procedures for the Assessment of Buned Steel Tanks Prior to the Addmon of Cathodic
Protection.” The Emergency Standard Practice prov1des recommended minimum performance
practices for three alternatlve methods to internal mspectlon for assessmg the suitability of
underground storage tanks for upgradmg by addmg cathodlc protection These three methods are
tank life/corrosion rate models remote video camera tests, and robotic ultrasomc tests. These,
methods do not require human entry mto the tank to detennme the smtablhty ofa tank for upgradmg
with cathodic protection. |

The three new methods include a site survey to collect basic tank and envuonment
information. This site survey mcludes items such as tank age a check for stray d-c current, other )
buned metal structures, tank matenal and electrical 1solat10n and tank leak and repair history. In
particular, the tank is also required to have passed a suitable leak detection test. These methods all

conduct basic site-specific tests of the tank envuonment includmg

L Stray current/corrosion/interference
. Soil resistivity “

L Structure to soil potential

° Soil pH

® Electncal contmmty/xsolation

In addmon, other tests may be requu'ed by the corrosmn expert mcludmg such measurements .
as hydrocarbon, chloride, sulfide, and sulfate ion concentrations in soﬂ and resistance of the tank
coatmg Some methods have obtained approval from some State reg'ulatory authorities; however,
other State agencies are w1thhold1ng approval pendmg an evaluation of performance claims for these

systems.
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The intent of the Emergency Standard Practrce is to present alternatrve methods for
determining if cathodic protecnon is a reasonable and v1able upgradmg method for a partrcular tank

- To do this, a corrosion engrneer must consrder both the condrtron of the tank and the condltlon of

. thesoil that formis the environment for the tank. This project is desrgned to evaluate the performance

of the three methods descnbed in the Emergency Standard Practice, as well as the exrstrng method
of: 1nterna1 mspectron, 1n determrmng only the condition of the tank. The procedure for this
evaluation is to have vendors of each of the four methods apply that method to a set of underground »
~ storage tanks and report therr results. The use of the soil data to deterrmne the’ sorl's compatlbrhty
with applymg cathodic protectron is beyond the scope of this project. o ,
The tanks wrll then be removed and the actual condition of the tanks detenmned by a senes —
" of basehne tests some of which are destructrve It should be noted that the non-destructrve tank | ‘ |
' assessment methods are inherently lnmted to observmg and making measurements from the intérior v
~of the tank. The basehne tests' will have both the inside and outside surface of the. tank shell
available for determrmng the condltron of the tank. o ’ | ‘
The performance of each method of tank assessment will be estrmated by companng 1ts
conclusron as to whether each tank was suitable for upgradmg with cathodrc protectron to the
condrtron of the tank determined by the baseline testing. The results of the companson wrll be
' summanzed for all tanks in the study by calculatmg the proportron of correct decrsrons reached by
each tank assessment method. That is; the proporuon of tanks for which each assessment method - '
agreed with the ﬁndmgs of the baseline test will be calculated and reported The proportxons of each
type of drsagreement between the assessment methods and the baseline findings’ w111 also be
calculated and reported. Regulators may use these performance estrmates in decldmg which

. ,methods to allow in their _]unsdrctron. Tank owners may use this mformatron to select a method of

assessment for their tanks.
1.2 Vendor Assessment Methods to Be Evaluated

The four vendor methods below are. used to evaluate the structural soundness of the tanks.
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1.2.1 Non—mvasrve Tank ere/Corrosnon Model Tests (e, modelmg)

This method examines the environment in the specific v1cunty of the tank. A statrstlcal ‘
model is used to determine a relanonshrp between the aggressrveness of the environment and the rate
of corrosion. The site-survey and srte-specrﬁc tests noted above are to be conducted in more detail
for this method than “for the others. F or example, the stray current measurements use a
rmeroprocessor—controlled data acqursmon unit takmg data samples at 5-sec mtervals The soils data
are based on samples collected at 2-ft mtervals from two or more holes bored at least as deep as the
bottom of each of the tanks. ‘

The data mput to the model include the results of the analysrs of soil samples as well as
various electrical measurements (e g., structure to soil potentxal) The statistical model is required A
to have been developed on at least 100 sites with at least 200 tanks that were excavated and "
inspected by a corrosion expert. The model must also mclude factors such as presence of a water
table, annual precxprtatton and average temperature

The output of the model includes an estimated leak-free life of the tank (whlch must have a
standard devranon of no more than 1.5 years) and an estimated probabrhty of corrosion perforatlon
Tanks with an age less than the estlmated leak-free life and with a probability of corrosion
perforation less than 0.05 (5%) may be upgraded by the addxtlon of cathodic protection using an
appropriately desxgned cathodic protectlon system. Thrs method is described in ASTM ES 40-94.
1.2.2 Invasive Robotic Ultrasonic Tests (i.e., ultrasomc) , ‘

Following the site-survey and srte-speclﬁc tank environment tests, the robotic ultrasomc
equipment is installed in the tank through an exrstmg opemng (typlcally 4in. in drameter) The tank
will be prepared accordmg to the vendor's speclﬁcatlons (in their wntten procedure) by the vendor.
The robotic ultrasonic equipment is used to take discrete, located measurements of wall tluckness
on at least 15% of the entire tank i interior surface These measurements are de51gned to be umformly ”
drstnbuted over the tank surface (excludmg man-way entries). The data from a mathematical |
corrosion predrctxon model are used to forecast when each tank is expected to leak. The tank is
considered sultable for upgradmg with cathodic protectlon -if there is no pitting greater than 50% of
the minimum recommended ‘wall thickness and the average metal wall tb.tckness of each 9 ft? is

o )
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 greater than 85% of the minimum recommended wall thlckness Tlus method is described in ASTM
 ES40-94. In the event that one of the selected tanks does’ not have an opening large enough for the
robotxc ultrasonic eqmpment a larger opemng will be cut in the tank, since such an opemng wﬂl be
cut for the internal inspection anyway.

1.23 Invasnve Remote deeo Camera Tests (1.e., v1deo) v o

~  This method also uses the basic site  survey mformatlon and the 51te-spec1ﬁc measurements :

descnbed above In addrtlon to those, this method consists of i inserting a remotely operated video
camera and. sultable hghtlng source into the tank. The tank wrll be prepared accordmg to the
‘vendor s speclﬁcatrons (in thelr written procedure) by the vendor. This video system must be
. capable of recording a video survey of the mtenor surface of the tank, The detalled requlrements‘
' of the video system are mcluded in ASTM ES 40- 94. . . '

The video system is used to survey the interior of the tank to allow the operator to first -

determine that the tank is sufﬁcrently clean for effectrve video mspectlon Then the camera-is -

controlled to systematlcally record a v15ual mspectlon of the mternal tank surfaces w1th arecorded
voice overnde and text 1nput to document the dlrectlon and locatlon of the view and comment on
findings. The corrosion tester usmg the video will document any ev1dence of corroswn mcludmg
Perforatlons
- Rust tuberculatron ;
| Streaks
Dlscoloratlon
" Pitting
" Scaling or delammatlons |
. Weld corrosron i , ‘
. Cracks - o o ) -
Passive films~ | o

Based on. thrs v1sual exarmnatlon usmg the v1deo camera, review of the srte-spec1ﬁc
envuonmental data, and tank age, the exammmg corrosion expert makes a determmatlon of whether

any evrdence exists for corros1on or detenoratton that would mdlcate that the tank is not suitable for ‘

3 t N
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upgradmg with cathodic protection whether the tank requxres furt.her mspection by other recogmzed
procedures, or whether the tank is suitable for upgradmg with cathodic protection In the event that |
one of the selected tanks does not have an opening large enough for the robotic ultrasonic equipment, |
a larger openmg will be cut in the tank |
1.24 Invasrve Internal Inspection (Le., inspectidn)
u Determination of tank structural integrity has most commonly been accomphshed by means
- of human inspectors physmally entenng properly prepared tanks and using vanous mspectlon
techniques. Current practice is to perform a visual mspectlon either alone or in combination with
other measurements. The techniques that have been‘used in an internal inspection include: (a) visual
inspection for holes, cracks, and deformation, ®) “hammer test,” involving stnkmg the inside of the
tank with a ball peen hammer to 1dent1fy structurally weak areas and/or _]udgmg the relative thick or
thin area by the resonant sound produced; © ultrasonic tIansducer measurement of the wall
thickness (d) magnetic particle testing for cracks and (e) vanous combinations of the previous
methods. The visual inspection, and to a lesser extent visual inspection in conjunction with UT
testing, is commonly performed by apphcators of interior tank hmngs |
The mternal inspection requires physrcal entry mto a tank. Typically the top of the tank must
be exposed by excavation and an opemng (mimmum 18i inby 18 1n) cut in the top of the tank ’I'he
‘tank must be ventilated to provide a breathable atmosphere and to eliminate any fire hazard Persons
entering the tank must wear protecttve clothing and be supplied with air ﬁ'om a tank or outside
source. Sludge must be removed from the tank and the tank cleaned and abrasively blasted priorto
performing the visual inspection The vendor must follow allapplieable OHSA and other regulatory |

requirements. Generally the internal mspectlons follow the guidelines in American Petroleumv
Institute (API) 1631, “Interior meg of Underground Storage Tanks, 3rd Edition, April 1992 >
National Leak Prevention Association (NLPA) 631 “Entry, Cleamng, Intenor Inspection, Repair and
Lining of Underground Storage Tanks,” or NLPA 632 “Intemal Inspection of Steel Tanks for
Upgradmg with Cathodic Protection Without Limng
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1.3 BASELINE TESTS (1 e. Baselme) 7
_ | The vendor test methods are all done wrth the tank in the ground and consequently are
limited to the mtenor of the tank. Corrosron and prthng may occur on the outsrde of the tank. The

ﬂ basehne tests are conducted from both sides of the tank after it has been removed from the ground
to establish the actual condition of the tank. Thrs internal and external method is similar to the visual

i inspection method wrth several additions. The mtemal verucal drameter is measured while the tank

 isstill underground then the tank is excavated and moved for additional measurements and an
access hole is cut- 1n one,end The onglnal location of the drameter measurement is recorded and
. the internal vertical and horizontal dlameters of each end are measured, then the amount of shell
- deformation is calculated A gnd pattern usmg 3ftby3ft gnds is marked on the inside and outside
of the tank, and both the mtenor and exterior (before and after abrasrve blasting) are vrsually
inspected. The purpose of the mspectlon is to detect surface dlscontmumes such as cracks holes, |
: 'and pits, and to descnbe the amount and type of any corrosron observed The wntten procedure that -
- is applicable for this examination is that provrded in Sect1on 3.3. Photographs are used to document
the condition. When rust plugs are detected they are removed. The depths of the vrsually deepest B
prts are measured ‘ ‘
Ultrasomc measurements are conducted to determme wall thrckness Thxs ‘testing is done
‘ pnmanly from the msrde of the tank but may also be done from the outside. An ultrasomc testis
made at the approxrmate center of each marked gnd Addmonal ultrasomc readmgs may be taken

in any grid sectlon based on ﬁeld crew observatlon and Judgement Wall thrcknesses will also be

measured by dnllmg a sentry hole and usmg a through-wall micrometer. The mmrmum reqmred‘ -

1mtra1 wall thrckness for each tank will be determined by the tank size in accordance with -

= Underwnters Laboratory (UL) 58 “Standard for Steel Underground Tanks for Flammable and )
~ Combustible Liquids.” - | .

The results of the baselme measurements are used wrth the criteria i in Sectlon 2. 2 3, “Cntena .

~ for Upgradmg,” to classify the tank as smtable or unsmtable for upgradmg W1th cathodrc protectron :
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14 STATEMENT OF PROJECT OBJECTIVES

The pnmary objectlve of the project is to determme the perfonnance i e » proportion of
corréct dectsmns, of the four tank assessment methods. Fi irst, the four assessment methods will be
conducted by vendors Second, a baselme test on the same tanks will be conducted by the |
contractor. 'I’hrrd the conclusion of each assessment method will be compared wrth the baseline
findings. Fourth, the measure of performance of each tank assessment method and their 95% |
confidence mtervals will be calculated. v \

The critical and noncritical data, measurements, and records for the four vendor methods and
the baseline tests are provided below in Table 1-1. The equrpment used for the baseline testmg is
also listed. | | A ’ | |

Table 1-2 classifies the tanks by the vendor's results and the' actual tank condition. The cells -
where the vendor's result agrees with the actual condition are correct decisions, while those where
the results disagree represent errors. The proportion of correct decisions is the number of tanks
classified in the upper left and lower right cells of Table 1-2 divided by the total number of 'tanks

Four secondary objectlves of the pro;ect are to estimate the proportrons of false alarms,
correct detectlon, mlssed detections, and correct approvals A false alarm occurs if a vendor s result
fails a tank that i is suitable for upgrading (by cathodlc protectlon) A correct detection occurs ifa
vendor's result falls a tank that is not suitable for upgrading. A missed detection occurs if a vendor's
result mdlcates that a tank is suitable for upgrading, when, in fact its actual condmon does not
quahfy it for upgrading. A correct approval occurs if the vendors result approves a tank for
upgrading and the tank is actually suitable for upgrading. Additiona.l secondary objectives are given
in Subsection 2.1. -

1.5 EXPERIMENTAL DESIGN

One hundred tanks will be used in the study. This number constltutes a statistically valid
population of tanks for assessing the performance of the vendor assessment methods. The total
number of tanks to be included in this study was set by determining the number requlred so that the
expected half-width of the 95% confidence interval for the probability of false alarm and probability
of correct detection would be 0.15. That is, the objective of estimating the performance parameter

t
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 to within at least £0.15 with 95% confidence would be met. This leci to the seleéti‘on ofa sample’
size of 100 tanks of which approxxmately half would be found sultable for upgradmg with cathod1c

protectlon as sufficient to meet this obJectlve
:Table 1-1. Critical or Non-Cntlcal Dafa, Measurementé, Records

Required Daté/Measuf#hienURecord E

Modeling:

Tank identification

Conclusion (suitable or unsuitaBle for uf)grading with CP)

Raw data from soil and electrical measurements

Expected i,ife of the Tank

Probability of vcoxi"rosi‘on hole -

- Ultrasonic:

Tank identification

Conclusion (suitable or unsuitable for upgrading with CP) -

If tank not suitable, reason for conclusion

Data i)ase of ultrasonic wall thickness measurements (and locations)

. Maximum pit depth fou;id

77 Average wall thickness for éach 3.ft by 3 ftarea

Results of their prediction model

Video:

Tank identification

Conciusion (suitable or unsuitable for upgrading wiih CP)

If tank not suitable, reason for conclusion

~ Presence of pits or rust tubercles on opposite surface 6f >0.125 in diametexf

A copy of the video tape record

Location of any perforations or. corrosion identified by the video inspection as §igniﬁcént R
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| Table 1-1. Critical or Non-Critical Data, Measurements, Records

Required Data/Measurement/Record

Inspection:

Tank identification

Conclusion (suitable or unsuitable for upgrading with CP)

If tank not suitable, reason for conclusion

Location of any perforations, deep pits, or thin walls identified

Any quantitative measurements developed, e.g., wall thickness measurements

Baseline:

Tank identification

Presence of perforations

Location of perforations using grid system developed by tape measure

Depth of pit for 5 deepest pits using depth micrometer .-

Location of 5 deepest pits*

Diameter of pits on interior using a ruler

Wall thickness measurements using throughwall micrometer

Wall thickness measurements using an ultrasonic instrument

Tank diameter (vertical and horizontal) using tape measure

Presence of observed cracks in welds

Location of cracks in welds

Internal and external detailed inspection results

Results of any external laboratory tests recommended by field crew (e.g., radiography or

sectioning of steel coupons)

Photographic documentation of each tank
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Table 1-1. Critical or Non-Critical Data, Measurements, Records

Required Data/MeasurementfRecord

- Owner:

Result of leak tests o

- Age oftank

C = Critical
NC = Non-critical

‘Table 1-2. Performance Measures or;Asses;srnent Methods

- Vendor's result

Actual condition

Tank smtable for Q_QmAppmx_a_l (Approved atank - | False Alarm (Failed a tank. suxtable for
. upgrading - suitable for upgradmg) ) 'upgradmg)

* Tank not suitable Mm_dmmgn (Incorrectly passed a tank . szm_tmmn (Failed a tank not -
for upgrading not suitable for upgrading) : suitable for upgrading) -

~ To assure that the enwronmental conditions at the tank sites would be representatlve of ,
condrtrons in the United States, the contrguous 48 states were dmded into 5 regrons The 100 tanks .
will be selected wrth an equal number of 20 from each of the 5 regrons -

The Northwest region was chosen to represent cool wet chmates and a range of soil types. '

The Southwest region represents the hot, dry condmons with sandy sorls typrcal of that area. The -

- Midwest region- represents agncultural soil types with hot summers, cold winters, and moderate o

precipitation. The Northeast region represents densely populated urban areas with rocky soils and -
chmates typical of New England, and the Southeas regron represents hot, wet climates with the .

typrcal red clay and other soil types found in that region.

EPA will an'ange with tank owners to identify tanks prevrously scheduled for removal that‘ -
can be used in this proj ject. The tanks selected will be steel tanks that have not been cathodrcally
protected or lined. The tank owners w111 be asked to supply data on. the age of each tank, its srze or'
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volume, the leak detection history, and any other information available. In planning, it has been

assumed that all tanks at a given site (within a geographlc region) would be scheduled for removal

A tank site is the spec1ﬁc locanon of the study tanks, for example a gas station. In order to control -

the cost, all tanks to be. removed at a given site will be included in the study. It is estimated that

there will be an average of 3 tanks per site, leadmg to approxunately 7 sites per geograpluc reglon

to supply the 20 tanks. In order to obtain a variety of soil types and envrronmental condrtlons at

least 6 sites within each regton wﬂl be used to provlde the 20 tanks.

EPA will develop a list of available tanks and sites within each reglon If there are more than
20 tanks within a geographical region, this list will be revrewed to select the tanks and srtes for use
in the project. The representativeness of the set of tanks is not completely under the control of the
project. In addition, the tanks to be used do not need to represent the population of tanks. Ideally, |
approximately half of the tanks to be used should be suitable for upgradmg by cathodlc protectlon
and about half should not be suitable. This would make the estunauon of the two performance
parameters about equally precise. To achieve representatlon of these two classes of tanks as well
as possible, the tanks will be selected from the list of eligible tanks by selecting equal numbers of
tanks from those that have recently passed a leak detection test and those that have not, if there are
enough tanks in each group to allow tlus If very few tanks have not passed recent leak detectlon
tests, then about half of the tanks selected will be the oldest avarlable The surtabxlrty of tanks for
upgradmg with cathod1c protectron will not be known or deterrmned until the baselme tests are
conducted Selectmg tanks from these groups is an attempt to obtam approxrmately equal numbers |

of tanks in the suitable and unsultable groups.
All tanks selected for use in the study will be tested by each of the four tank assessment '

methods to be evaluated. The vendors of the methods w:tll supply their reports mcludmg conclusrons

as to the suitability for upgrading as well as supporting data. The supporting data should be |
sufficiently documented to identify the reason for disqualifying atank, and, ifa speciﬁc problem is -
found the locatlon in the tank of that problem The vendors of each method will first present their

conclusions in the absence of knowledge about the results of a leak test on the tank Such .
conclusions may be stated conditionally on the results of the leak test. After the conclusmns of each
method without knowledge of the leak status of the tank have been Stated, the leak test results will
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be supphed to the vendors. The vendors will then prepare second conclusron reports mcorporatmg

. the results of the leak detectlon test. Thus, each method wrll provide two sets of results for each

tank, one without knowledge of the leak test result on the tank, and one mcorporatmg the results of |

" the leak detectlon test.

After the tank has been assessed usmg each of the four methods, the tank will be removed
from the ground and subjected to baselme tests, some of which will be destructlve These tests w111

- determine the condition of the ‘tank based on four pnmary parameters

e Presence or absence of holes
e Depth of pits, if found
'®  Wall thickness
° Cracks in welds
These four pnmary parameters will be used to deterrnme ifa tank is suxtable for upgrading

thh cathodlc protection. Because there is no smgle standard cntenon for Judgrng a UST. surtable

: Afor upgradmg with cathodrc protectlon the detenmnatron of surtablhty will be made usmg several

dlfferent cntena as hsted in Sectlon 2.3. Fora glven cntenon the probability of false alarms for
each method will. be est:lmated as the proportron of tanks Judged to pass by the criterion apphed to -
the baseline data which the method reported as unsurtable for upgradmg The probabrhty of '
detection for each method wrll be est1mated as the proportion of tanks failed by that method that are

| also Jjudged to fail by the cntenon apphed to the baseline data Two sets of- conclusrons will be

reported by the method--wrth and without knowledge of the leak test results Separate estimates will ,

be made for each set of conclusions compared to each of the 4 criteria for the tank

- 1.6 SCHEDULE

Three tentatlve schedules are presented as Flgures 1-1 through 1-3 Flgure 1-1 is the

, tentatlve schedule for work at an md1v1dua1 srte Figure 1-2 is the tentative schedule for all the sites -

at the ﬁrst reglon and Figure 1-3 is the tentatlve schedule for all the srtes at each of the remammg
regrons The comments below provrde the assumptrons made in developing these schedules. A

rmmmum of 6 sites per region are reqmred For the schedule and budget 7 sites per region were

. used.



Site Schedule

Work Day
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Pump I

Robotic Ultrésonic

Remote Video
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Excavate, Open Tanks,
Desludge
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Intemal Inspection
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Figure 1-1. Tentative Schedule for Work at an Individual Site




" Regional Test Schedule
- First Region
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Figure 1-2. Tentative Schedule for Sites inv t‘h‘e‘ First Region
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Reglonal Test Schedule
Remaining Regions

Week
2 3 4 5

Identify Sites
Mobilization
Scheduling
Site 1

Site 2
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Site 4

Site 5
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Site 7

Final Lab Work
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Figure 1-3. Tentative Schedule for Sites in the Remaining Four Regions
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1.6.1 Site Schedule - - v | .
n | Each of the 7 sites in a region will require apéroxixﬁétély 10 working days to co‘mﬁléie all
. ﬁeld' work by the vend,ofs and the reseafch' team It vis assumed that eécﬁ,site contains 3 tanks. Italso
assumed that théré are no maqjor délaYs duc to weéthér, \s‘chedu.le conflicts of the venddrs or the hired
. construction contractors, etc. One slack day per site, shown as a make-up day, has been
inéorporated, hqwever, to'ac;:ount for'minor d;lay§ du'e‘tq weather, schedule conflicts, etd. ’Pumpilig
~ down of the tanks will be- done by the tank owner/operator prior'to’éonduCting \?¢ndor tests.
~ Preliminary pﬁrgihg mé:y.alsd hav; occurfed, but additional piirging will be needed for a few hours
| after the start, The following ‘z'idditi.onall .aSstimgtiOns also ctmﬁ'ol the schedule. |
1.6.1.1 Modeling e R |
It is assumed that the worljcof the vendors on'site can be accdgiplished in 1 day. However,

" the data collection 'required by the vendor does not re‘c}giré access to the tank, per se, nor does jt

" interfere with the work of the oth
(beforé the tankslar;e excavated).
1612 Ultrasonic = = . |

. The vendor will require about a day at -th‘e site. » waeve;, ﬂus vend‘or and the ‘remvo.te video |
vehdof could both be at tﬁ¢ site the same day, testing o‘n'dlterda't‘é tanks. Ne\"erihéless', a total of -
9 déyg for the two methods hgs' been allocated. ~ = | ' B
1613 Video k. - ,’ | |
| | The,rvendor will réquird about Ea_‘,day at the site. However, this vendor and the robotic
- ultrasonic vendor could bloth: be at the site the same day, testing on alternate tanks, Nevertﬁeless,
~ atotal of 2 days for the two'metilods‘hasbeuen alloca;ted.:: A R

er 'vendors'. Therefore, it can be done any time dunng the ﬁrst week

- 1.6.1.4 Inspection RN | S
The internal inspection p;bcess involves makin‘g a small excé\{ation to the top of the tank,lﬁ
‘ope’ﬁjng the tank, cleaning the sludg‘_e_ from the bottom of thevrtap‘k; and abrasive blastin‘g the’ir_xterior -

of the tank prior to inspection. It has beep assumed that this work, along with the actual inspections,
will require 37, days.‘ Itis possible that the iﬂit'ilal: excavation and p;i;ging could be dbn_e on one tank
- while the others are stil] under test. Specific asstimptiods aré asfolﬁowsi L R

)

t
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Excavating about a 4-ft2 hole to the top of each tank, cutting manways, and
d take about half a day each, but some work could start
before the vendors are finished. ‘ o - ‘ .

Abrasive blasting will require about half a day per tank, but this work on one tank
could be overlapped with the desludging of another tank. :

Internal inspection, ,iﬁcluding an ultrasonic survey, should require about half a day
per tank. Again, this work could start as Soo0n as one tank has been abrasive blasted;
ahalf-day overlap between the preparatory work and the internal inspection on a site
with 3 tanks has been assumed. : A S

1.6.1.5 Baseline D . - ‘ o y .
. . Atotal of 4 days has been allotted to the baseline testing, including the necessary préliminary
work. This preliminary work includes pulling the tanks, perhaps relocating the tanks, abrasive
blasﬁgg the exterior of the tanks, and cutting open one end of each tank. Specific assumptiohs are

as follows:

® Pulling of the tanks (and relocating them if necessary) should require 1 day, and is

unlikely to be significantly overlapped with other activities.

i

One-half day has been allocated to abrasive blasting the exterior of each tank and |
cutting an access opening in one end. It is possible that there could be some slight
overlap of this and the actual baseline testing. ' .

One-half day has been allocated to conducting the‘baselivne tests on each of the three
1.6.2 Regionél Test.Schedule for the First Region

It is ?ssunied that the field work é.t the 7 sites in the first region will require 11 weeks of
effort following approval of the QAPP. The primary‘assu:mptions deal with matters beyond the
contra‘ctor's”direct control. These are thai EPA can identify the sites w1thm 3 weeks, that the tank -
oWners/opefators can comply with the contractdr's scheduie, ,and that the vendors and construction
subcontractors can compIy with the contractor's schedule. | The other assumptions are as follows.

1.  Final saf“gt& and related training and mobilization will require approximately; _
2 weeks, and can occur simultaneously with EPA's efforts to line up sites.

1
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2. Schedulmg the s1tes vendors and constructron subcontractors can start as soon as
- some of the sites are 1dent1ﬁed and can contmue after field work has started at some
sites.

3. Each site requires 10 workmg days of ﬁeld work. However work can be staged so
~ 'that work can be ongoing at more than one site ata time. A 1-week overlap has been
~ assumed for the first four sites, and a half-week overlap for the last three, as the

vanous partlclpants become more adept at their roles..

4. Abouta week and a half has been allocated to complete the lab work after all ﬁeld , |
- work is completed o

'1.6.3 Regional Test Schedule forr the Remaining Regions ) .
" The assumpnons made for the first region remam essentxally vahd for the remarmng regions.
However because of the expenence gamed by the research team and the vendors in the first region,
‘the work in each of the remarmng reglons can be conducted somewhat more expedltlously Itis -
estimated that work at the first site can begm after 2. weeks, even though all 7 srtes may not yet have |
been selected. Work at the various s1tes can be overlapped somewhat more than in the first region.
It is expected that field ‘work in the rernammg regions may proceed m_ore rapidly than in the first
region. 'As a result of all these assumptions, it is estimated all work at each remaining site can be
completed in 9 weeks compared w1th 11 weeks for the first regron
| e Pro;ect Orgamzatron and Responsrblhtxes |
» ‘ The project orgamzatron and lmes of authonty and responsrblhty are presented in Flgure 1-4.
5 Ms. Carolyn Esposito (T elephone (908) 906-6895) of the EPA NRMRL is the EPA Work
| A351gnment Manager (WAM) and will oversee all actlvmes conducted in this prOJect Ms Esposrto
‘will review the draﬁ QAPP, and rev1ew the final report to determine 1f the pro; ject obj ectlves and QA
‘requrrements have been sansfactonly addressed Mr. Guy Sunes is the EPA Quality Assurance ;

'Officer (QAO) Guy Snnes wﬂl review the QAPP or assign a de51gnee to review the QAPP to

I3

ensure that all QA requirements have been sattsfactonly addressed.

' Mr. Robert Amick (T elephone (513) 782—4759) isthe IT Pro_]ect Manager for this contract. ‘
Mr. Amlck will provide overall review of the quality, budget, and txmelmess of work conducted in
this project. Ms. Janette Martm (T elephone: (513) 782-4956) i is the IT Workr Assignment Leader ‘
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(WAL) respon51b1e for ensuring the completlon of the project. and for providing project status
information to the EPA WAM. She has ultimate respon51b111ty for ensuring project quality and
timeliness. Mr. Tom Clark (513-782-4700) is the IT QAO for the Cmcmna’u oﬂice He will monitor
the project activities to ensure the proper conduct of analyses, data reduction, and data reporting.
Mr. Dennis O'Conner, and members of a Work Group formed specifically for this Work Asmgnment,‘
will provide expen techmcal expertise and over51ght during thlS study

Ms. Martin will be assisted in conductmg the technical work by IT technical staff and
personnel from IT's subcontractor, Midwest Research Institute (MRI) The MRI Project Manager
Dr. J.D. Flora (816-753-7600), is responsxble for technical oversxght of the work conducted by MRI
and will report to the IT WAL. Ms. Carol Green (81 6-753-7600) is the MRI QAO. She will conduct
or direct audits as required in the QAPP. . '

Cornmumcatlons dunng this prOJect will be mamtamed through weekly telephone calls
between the IT WAL and the MRI Project Manager and the IT WAL and. the EPA WAM The IT “
Quality Assurance Officer and the Health and Safety Officer will be included in the calls and provide
techmcal assxstance as required dunng the pro_yect Ifa serious problem arises, IT and MRI will

immediately discuss the problem over the telephone possible corrective actions wﬂl be dxscussed

and the selected actions will be carried out.
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i EPA Work Assignment —a .
Carolyn Esposito *
ITPrY;’)ject' Director IT Senior Revigw_ef .
Robert Amick, PE. . ~ Dennis O’Conner
| Work Group Members - | - T Work Asel — 1 ——
Thomas Barlo, Ph.D. - r SAssignment neath
Quinton Bowles, Ph.D. . Leader . & Safety Officer
Bopinder Phull, Ph.D. Janette Martin - Larry Verdier, CIH, CSP
Oliver Siebert, P.E. : - -
. ‘ : H'Quality N
IT Technical Staff - Assurance Officer
o Thomas Clark
MRI Health A | MRI Quality
" & Safety Officer MRI Project Manager * Assurance Officer
‘James McHugh, CiH Jairus Flora, Ph.D. - . Carol Green
On-Site Subcontractors : _ : -
"« abrasive blasting MRI Technical Staff Commercial Labs
. * leak detection S ' I :

' Figure 1-4. Project Organization.
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| SECTION 20
QUALITY ASSURANCE OBJECTIVES

21 Overall QA Objectlves . _ :
The pnmary purpose of this study is to evaluate the performance of four dlﬁ‘erent methods
~ for determmmg the Sllltablllty of steel underground storage tanks for upgradmg wuh cathodic -
protectlon The findings of each tank assessment method will be compared wrth the results of
baselme tests that determme the actual status of the tank.
‘ - The pnmary project ob_)ectlve is to estimate the proportlon of correct dec1s10ns made by each

vendor assessment method with a 95% confidence interval having a ha.lf-w1dth of 0.15 or less

~

For example, an estlmated proportlon of correct declsxons of 0. 85 w1th a95% conﬁdence

interval of (0 78, 0. 92) would meet this objective. ,
To do tlns the followmg secondary objectlves must be met:

e A statlsuca.lly vahd number of tanks ‘must be tested. - (See Subsectlon 1.5,
' - "Experimental Design.) For design purposes 100 tanks are to be tested and between
45 and 55 of these tanks should be found to be suitable for upgradmg by cathodic - -
protectlon . , S ‘

o Vendors must follow estabhshed protocols and procedures. (See Subsectlon 22,
Evaluatlon and Documentatlon of Vendor Protocols and Procedures ) '

®  Thedata collected ﬁ-om each vendor method and the baseline 1 tests for each tank and .
“ ' coupon must be thoroughly documented and sufficiently. complete so that the
_ conclusion reached may be reconstructed (See Subsection 2.2.2, Documentatton of '
Observed Procedures.) :

° The precision of the baseline tests of the 5 deepest pit depths and the preclslon of the
through-wall thickness measurements must be within specified criteria as proof of
the reliability of the baseline tests. (See Table 2-2, Quantltatrve QA Objecnves for

-Baseline Test Procedures )

e Vendor results must be compared to the criteria for Judgmg an underground storage
* ' tank to be acceptable for upgrading with cathodic protectlon (See Subsectlon 223,
i Cntena for Upgrading. )

L3
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Each tank must be classified according to its status for upgrading with cathodic
protection as determined by the baseline tests and as -Teported by the vendor's
" assessment method. (See Table 1-2, Performance Measures for Assessment
" Methods.) ‘ ‘ ' o " |
2.2 Documentation of Vendor Protocols and Procedures )
Evaluation and documentation of vendors protocols and procedures are important to:
®  Verfy that ﬂ;e protocols and prbcedures are in compliance with applicable standards. ‘
Establish that vendor field crews both understand and foilow the writtén protocols
and procedures so that the data are properly evaluated, interpreted and archived.
2.2.1 Comparison of Vendor Protocols to Abplicable Standards

Prior to participation of a vendor in this program, the vendor will submit a written protocol ,

that describés the purpose and principles of the method. This document will generally also contain

the following inqumation:

Scope and applicability of the method

List of reference publications ‘

Delineation of applicable permits and local approvals
Personnel training requirements S

General safety requirements

Step-by-step procedures

Methodology for inspection and compliance to specifications

The pbntractor will review the vendér’s protocol and compare it to any consensus standards
such as those of the American Petroleum Institute (API), American Society for Testing and Materials
(ASTM™M), Az;leﬁcan Society of Mechanical Engineers (ASME), Underwriters Laboratory (UL), and
EPA Federal Register, and will make an engineering judgmept that the protocol meets any
app;‘opriaté agd minimal standérd, and/or note any discerned deficiency. '

222 | Documentation of Obséfved Procedures . |

Prior to the observation of the veﬁdors' operaﬁons the contractor wiH devise a check list of

the step—by-sfep procedures as delineated in the vendor's protocél. The Mfzeep alog of the
- observed procedures for comparison with the protocol. In addition to this check ﬁst, the contractor
- will note any dther information deemed pertinent. As an example, note will be made of the type and

N
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. model of equipment/instrumentation utilized, abrasive material and specifications used during
‘abrasive blasting, maintenance and/or calibration of equipment, ‘adéquacy of data obfained,rvandv
, r_e;:ordkeeping. | ‘ , R ) L ' | o -
‘For each Veﬁdor's opgfation the .contractor will provide a éﬁcbinct summary pfoviding
conclusions and reqoinméndationsQ - o
23 Criteria for Upgrading o : |
There is currently no single standard éﬁteriqn for Judgmg an undérground storage tank to be
Aacceptable for upgrading by the addition of cathodic proteétion.‘ Con‘sc;,quently, the dcteﬁhinaﬁon
of the acceptability of a tank for upgrading basedLon'the bésq}i:ie tests will be made using four
: different criteria. These are listed below. Both forms of the vendor's conclusioné will be compared
to each of thésé four criteria and the résults summarized. o , AR ,"
Criterion 1: | To be conﬁidered, upgradable by cathodic prqtectiori, the tank must V.be' free of ,
. L corrosion holes. Any perforation of the tank shell that is found in the baseline tests
will disqualify that tank. Otherwise, if no perforations exist, the tank will be deemed _

suitable. (This requirement is specified in the Federal Regulations.)

Criterion 2:  To be considered upgradable by cathodic protection the tank must be free of

S corrosion holes and the vertical and horizontal diameters of the tank may not differ
by more than 2%. - (If the diameters differ by more than 2% the tank would be judged
to be structurally unsound.) - : - ” : '

Criterion 3: A tank will be deemed suitab!e fo’; upgrading with é&hodic Pprotection if (a) there are ;

average wall thickness in each 3 fi by 3 ft area is at least 85% of the required
minimum wall thickness. A tank is unsuitable if either (a) or (b) is not met. The
required minimum wall thickness varies with the size of the tank, but is generally
0.240 in. Note: Requirement (a) implies that there can be no perforations. '

Criterion4: To be considered upgradable by cathodic protection the tank must be ﬁ'ee of
‘ corrosion holes and no cracks or separations in the tank welds (or elsewhere) are
‘observed visually after abrasive blasting. = ' : : o

24 Quantitative QA Objectives - | S
For the veﬁdér tests, only completeness bbjpétives can be established. For th,e baselir}c tests,

both precision and completeness objectives have been established for th;e tanks and any coupons }c‘ut o

i
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from a tank. A location gnd is used to document the posmon of the measurements and various

- features. Completeness objectives for the four vendor tests are provnded in Table 2-1. Ob_] ectives

for the baseline tests are prov1ded in Table 2-2.

Table 1-2 cla551ﬁes the tanks by the vendor s results and the actual tank condxtlon The cells
where the vendor’s result agrees with the actual A_cond‘mon are eorrect decisions, while those where
the results disagree represent errors. l

| ° A correct decision occurs ifa vendor's result agrees with the baseline fmdmg about

the tank's sultablhty for upgradmg w1th cathodic protectlon

A false alarm oceurs 1f a vendor s result falls a tank that is suxtable for upgradmg (by |
cathodic protection).

A correct detection occurs 1f a vendor's result fails a tank that is not suitable for
upgrading.

A missed detectlon occurs if a vendor s result md1cates that a tank is suxtable for
upgrading, when, in fact, its actual condition does not quahfy it for upgradlng

A correct approval occurs if the vendor's result approves a tank for upgradmg and
the tank is actually suitable for upgradmg

Table 2-1. Completeness Ob]ectlves for Vendor Tests

Type of test Subject Completeness (%)

Modeling Data, measurements, records,
conclusions, reason for failing

Video Data, measurements, records,
conclusions, reason for failing

Ultrasonic Data, measurements, records,
conclusions, reasons for failing

Inspection Data, measurements, records,
conclusions, reasons for failing
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"Table 2-2.- Quantltatlve QA Objectwes for Baselme Test Procedures

- o B {  Sensitivity and L o - ‘
Critical ' | - Reporting umts C , ' Completeness
measurement, . Equipment , (m) - Precision (in) %)

* Pit Depth ‘Depth Gauge

‘ ' | Micrometer Model
449AZ-3R,L.S.
Starrett Company

Wall thickness - Ultrasonic Thickness

' - Gauge Model

DM4DL,

| Krautkramer Branson
- Company using a 0.38

in transducer and

EXOSEN 30 couplant

. Wall Thickness = - | Throughwall
through 5/8" sentry * | Micrometer, -
‘holes (for nominal .} Inspectors :

_ quarter in steel tank) | Micrometer Model

- 175RLZ, L.S. Starrett
Company)

Pit Diameters , Ruler (common
(maximum and . source)
minimum if not
circular)

Location by grid Tape measure
system - (common source) -

Tank diametér | Tape measure or tank
- gauge stick (common
.source)

'NA =Not Applicable |
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For thlS study, the accuracy ofa tank assessment method is defined as the probability that
the method correctly deterrmnes that atank is sultable for upgradmg with cathodic protection. The
reliability of a tank assessment method is deﬁned as the’ probablhty that the method conectly . |

| identifies a tank that is unsmtable for upgradmg with cathodxc protectlon Thus, among tanks
~ suitable for upgradmg, the proportxon of tanks correctly passed and incorrectly failed by each
assessment method must be estimated. Naturally the sum of these two proportions is 100%. |
Similarly, among tanks not suitable for upgrading, the proportlon of missed detections and correct
detections must be estimated for each assessment method. Again, these two proponions add to
100%.

A measure of performance ofan assessmentmethod, combining both aspects of performance,

is the overall correct rate of an assessment method The overall correct rate is the proportion of _
tests in the upper left cell and the lower right cell of Table 1-2 among all tests. The complement of
this is the proportion of incorrect decisions among all tests.

The goal is to estimate the vendor's overall correct rate to w1thm +0.15 with 95% confidence.
In addition, the performance measures in Table 1-2 will be estlmated to within + 0.15 with 95%
confidence. This is referred to as the 95% confidence mterval for the proportlon havmg a half-w1dth
0of 0.15 or less. For example for a false alarm rate of 50%, 1t will be possible to esttrnate the False
Alarm Rate of 0 5£0.15 (or 50% + 15%) with 95% conﬁdence The conﬁdence mterval will be
smaller for values of the proportion close to zero or one. ,

In order to estimate these propornons the study must contain both tanks suitable for
upgrading and unsuitable for upgradmg Ifthe numbers of suttable and unsmtable tanks in the study
are equal, the estimation of the two error rates would be based on the same sample sizes and so be
of about equal precision. However, since the actual condition of the tanks in the study will not be
known until the baseline tests have been run, these sample sxzes ‘cannot be chosen in advance.

The number of tanks to be used i in the study was chosen to provxde the reqmred amount of .
data to estimate these proportions with the stated conﬁdence and length of the conﬁdence interval.
Assuming that approximately half of the tanks are found to- be suitable for upgradmg by the baseline
“tests the denommator for estunatmg ‘the probabxhty of false alarm (PFA) and the probablhty of

8
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detection (PD) will each be approxxmately 50 The max1mum wrdth of the conﬁdence interval |

would occur 1f the estrmated proportlon 15 0. 5. Usmg the normal approxrmatlon to the bmomral the

half-width of the conﬁdence mterval in this. case is | c | ‘
wesefosm

where the nurnber 1.96 came from the normal distribution fora Mo-Slded 95% confidence interval.

- IfWis specrﬁed as 0.15, this equatlon can be solved for n'to yield 43. Thus, the total sample s12e

of 100 tanks which is expected to provide about 50 tanks suitable for upgradmg and 50 that are not :

‘ smtable for upgradxng, should be sufficient to meet this Ob_] ectlve "

Tt should be noted that if the methods actually produce a relanvely small false alarm rate and

| a high rate of detecuon then the width of the conﬁdence mtervals w111 actually be shorter than the

worst case used for estxmatlng the sample size. ' :

2.5 Quahtatlve QA Objectives _

- " Comparability of data will be assured by use of the same brand of equlpment by all of the
baselme field crew members. In addmon, all baselme field crew personnel will be proﬁcxent in the
measuring.and recording methods using the equlpment o
2.6 ~Whatlf QA Objectlves Are Not Met , o

' " The primary QA obJectwe would not be met if the proportron of tanks found suxtable for

upgradmg differs substantxally from 50%, thlS w1ll affect the estimates of some of the performance :
- parameters. .In the most extreme case, if nio suitable tanks were found, the study would be unable
“to estlmate the correct approval rate (the proportlon of sultable tanks correctly identified by each
assessment method). This extreme case is unlikely. If say, the suitable group is much smaller than

the unsultable group, then the conﬁdence interval for the correct approval rate would be larger than - '

expected The conﬁdence interval for the correct detection (of unsuitable tanks) would be shorter
. than expected The conﬁdence mterval for the overall correct rate would not be aﬂected, although

it would be based on a shghtly dlﬁ‘erent combmauon of correct approvals and correct detections.
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Other QA objec’uves would not be met, for mstance 1f tnphcate measurements of pit depth |
did not meet the precision obji ecnves ThlS would reduce the statlstlca.l confidence level of the study .
and possibly cast doubt on the conclusmns reached concerning the tank. An overall outcome would
be a weaker study with the p0551b111ty of the study gaining less acceptance from mdustry and

regulators.
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| | SECTION 3.0
SITE SELECTION AND SAMPLING PROCEDURES :

31 Slte Selection: o
| Tanks will be selected by the contractor from an EPA list of a tank populatlon provxded by
the industrial and corporate community. Ideally, approx1mately half of the tanks selected will be
‘smtable for upgradmg and half will not. The owner/operator of the tank wrll be asked to prov1de
mformatron regarding the condmon of the tank.’ Deﬁmtlve data regarding whether a tank 1s smtable
for upgradmg will not be known in .a,dvance. Therefore,,mfonnatton provided by the owner/operator
. (such as leak detection results, age, etc.) will be used to determine the approximate condition of the
Steel tanks that have not been cathodrcally protected or lined wﬂl be selected to provrde a ;_
'populatton encompassmg a wide range of tank condmons mcludmg

e Leakmg tanks (tanks that have farled a leak-detection test)

* Nonleaking tanks (tanks that have passed a leak-detectlon test)
. Tanks of unknown condition ; _

- Tanks in a variety of geographlc locatlons ‘

3.2 | Samplmg Locations = .

' - With regard to samplmg strategy, results of vendor reports will be used to help 1dent1fy areas |
’for conductmg baseline tests. The tank will have a grid system applled with each grid being
approxxmately 9 ft’. See Appendlx\B fora ﬁgure showing the samplmg gnd numbermg pattern
~ scheme to be used for all tanks All grids will receive ultrasonic measurements Lacking indications

of problem areas, randomly selected areas will be chosen for additional testmg The random '

, selectron will be stratrﬁed to mclude areas known to be problematlc (i.e., beneath the fill plpe top o

of tank, bottom of tank, etc.). Basehne testmg wrll consist of axis measurements plt depth, wall', :
_ thickness and p1t diameter measurements .

A rmmmum ofoneand a maximum of five prt depth measurements will be made in each grid

of the tank on the exterior (1f p1ts of apparent depth of least 0.05 in. are v1sually detected) Onthe
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interior of the tank a minjmum‘of one and a max1mum of five pit depth measurements will ‘be made |
on each grid of the tank for WhJCh pits of apparent depth at least 0.05 in. are v1sually detected
Tnphcate measurements will be made of the ﬁve deepest p1t measurements for each tank. The
average and standard dev1at10n of the pxt depth for each of these ﬁve plts will be calculated |

Pit dtameters of at least 0.125 in will be measured at the place on the inside of the tank

farthest from the remote video camera locatron If the pit dlameters on the surface furthest from the
point of access for the video camera are near 0.125 in, the field tearn will have the pit diameter
measured by two persons to:conﬁrm that the diameter eitherexceeds or is less than 0.125 in- If pit
diameters are substanually larger than 0 125in,a smgle measurement will suffice. Pit depth (m51de
or outsrde) and pit diameter (msrde) are not necessanly measured on the same pit. ‘

| Ultrasonic tests of wall thickness will be made at the approxrmate center of each gnd For
any grid in which a thickness reading less than 90% of the minimum requtred wall thickness as
specified in UL 58 is obtained, the grid will be subdxvrded into nine smaller gnds and readmgs w111 _
be taken from each subsection.

In addmon, approximately l-ﬁ2 coupons will be cut using a cuttmg torch from tanks which
| have passed all on-srte tests. Areas for samplmg coupons will be selected by searchmg for areas of
greatest corrosron potential or observed corros1on and two coupons will be cut for each tank.
Coupons wrll be labeled accordmg to the scheme descnbed in Subsection 3.5, Sample Custody
33 Baselme Testing _ }

The baseline tests listed below will be perforrned Appendix B provides field procedures and |
forms for the baseline tests. The number of measurements of each type will be a function of the tank |
size. Table 3-1 provides the approxrmate number of measurements of each type fora nommal 8000 |
gallon tank that is 8 ft in diameter and 21 ft long. The contractor s field crews may increase the“
number of measurements based on observations and judgement if it appears that this would give a
more complete determination of the tank condition. Such a tank would have a gnd with 66 locations
consisting of 8 sections around the circumference and‘ 7 sections along the length of the cylinder plus
5 sections on each end consisting of a center circle and 4 sections around the ouﬁide of the central

circle.
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_ Table 3-1. Number of Measurements

Measurement Type

Ultrasonic Wall Thickness o 66

'Pit'DepthGauge(")“ - o o 162-690

Pit Diameter® . - 10

Tank Diamefer

| T'hrough'-wall micrometer wall
thickness

_Based on a nominal 8000 gallon tank, 8 fi. diameter and 21 fi. long ‘ )
Minimum number based on one pit dépth measurement per grid square (66) plus triplicate measurement of 5 deepest
pits (15) for both interior and exterior. Maximum number. based on five pit depth measurements per grid square
.(330) plus triplicate measurements of 5. deepest pits (15 ) for both interior and exterior. Actual number may vary .
depending on number of pits observed.

Up to ten pit diameters will be measured; actual number may vary dependmg on number and size of pits observed

1. . Priorto excavation and removal of the tank, axistmeasurements will be madewith

a'tape measure or tank gauge stick to-document the vertical diameter of the tank.

- This checks for the tank's “out of roundness” due to deformatxon and nges a gross
mdlcatlon of tank condltlon

The vertical diameter will be measured at the fill pipe from outside the tank while it
is still in the ground and this measurement recorded. After the tank has been
removed and an access hole cut in one end, the internal vertlcal diameter at the same
location will be measured. If this measurement agrees with the original measurement
- 'to within 0.5 in, no substantial deformation occurred during removal. In this case,

. the honzontal diameter at that location will be measured. If the difference between
the original vertical dxameter measured before removal and the horizontal diameter
is more than 2% of the average of these two d1ameters, the tank w111 be judged to be -

- structurally deformed. '
If the original vertical d1ameter measured before removai dlffers more than 0. 5 in
from that measured after the tank is out of the ground, internal vertical and horizontal
diameters will be measured at each end (where the end caps provide additional
strength and would not deform). The average of these four diameter measurements

-" isused as the original diameter of the tank. If the ongmal veruca.l dxameter measured
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| before removal dlﬁ‘ers ﬁom this average diameter by more than 2%, the tank will be
judged to be su'ucturally deformed.

The tank will be excavated and removed by the tank owner or their subcontractor.
The contractor's field crew will hose down the tank or carefully brush away loose
‘soil. The tank will have a 3 ft by 3 ft grid pattern applied to the exterior using a
combination of chalk hnes and wax markers. The grid will be applied in the fol-
lowmg manner:

° The length of the tank in feet wxll define the number of horizontal grid
sections, Whlch run longltudmally along the cylinder of the tank

® The cucumference of the tank w111 be dmded into as many equal segments “

‘ as the tank dlameter in feet

‘® Starting at the opened end of the cyhnder marks w111 be made every 3 ft for H
a circumferential gnd line. This provides the grid of the cylindrical surface.
Each end will have a center cn'cle of 9 ft2 area defined (a radius 20. 375 in). -

[ The remaining area will be d1v1ded into equal segments of about 9 ft2 each.
For example, an 8-ft diameter tank has about 45 ft? of surface on each end

o Appendix B contains a ﬁgure showmg the samplmg grid numbenng pattern
- scheme to be used for all tanks

A visual inspection of the exterior of the tank will be conducted after the grid has

been applied. The purpose of the inspection is to detect surface discontinuities such

as cracks, holes, pits, general corrosion, and other porosities in the tank. A data form

will be provided for documentation of the visual inspection. This inspection and

other visual inspections of the interior and exterior will follow the procedure

provided in Appendix B. The type of examination is a direct visual examination.

The written procedure for this is provided in Appendix B and calls for viewing the

entire surface with the human eye at a light level of at least 161 lumen/m? from a
"distance of no more than 24 in. A magnifying glass will be used to observe

questlonable areas.

Stlll photography using a 35 mm camera with oolor film will be used to document |
the tank condition. Areas of discoloration, apparent corrosion, exterior evidence of
petroleum product, or obvious holes will be identified and referenced. Speclal
attention will be paid to the bottom of the tank and to the lower weld seams as well
 as to bungs, fittings, and connections. If any rust plugs are identified, simple means
of extracting them will be made, such as w1th a screwdnver or hammer.

4
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The exterior of the tank will be abraswe blasted to bare metal (NACE 2 or SSPC--
SP10) and the grid will be reapplied. -A second visual inspection of the tank exterior

~will be conducted. This wﬂl be accompamed by still photography to document the

tank condltlon -

In makmg the basehne vrsual observauons the field personnel will charactenze any

apparent corrosion accordmg to the followmg descnptrons

- Note presence, loca’uon, and approxnnate size of any perforations

Prov1de an estimate of the nature and approxrmate percentage of area wrthm
each grid locatlon ofa glven type of corrosron

“Note .the presence, nature and approxunate density of shallow plts

sub_]ectlvely Judged to be <0.05 in deep v

_Note the presence, nature, and approxunate densrty of deep plts subJectlvely | .
~ judged to be 0.05 to 0.10 in deep :

Note the presence, nature and approxrmate densrty of very deep pits

. subj ectlvely judged'to be >0.10 in deep.

Note the corrosmn pattern, i.e., plts wrdely dxspersed isolated, overlappmg,_
or in hne -

Note an association of pitting with tank geometry or structural features, e.g.,

‘top of tank, bottom of tank, under a gauge sticking port, at an apparent sludge

line or ullage line, or assocrated w1th a weld, bend -or other stress risers

Note surface condmons such as general roughness, ev1dence of coatmg, rust

‘ plugs, tubercles, and scale

Prov1de a charactenzatron of corrosion product including color loose or
tightly adhering, soft .or hard, wet or dry, and any dlstmctlve smell such as

. that of hydrogen sulfide -

Prov1de a charactenzauon of plts as concave and hetmsphencal elongated,
A 'vertlcal sides,: undercuttmg, subsurface, narrow and deep, or horizontal
‘tunneling. : :




Sectio‘n No. 3
Revision No. __1___
Page-_&.o‘uﬂ_ |

" Particular attentlon will be paid to those areas 1dent1ﬁed in the 1mt1al mspectlon and
to problem areas not earlier evident but made visible by the abrasive ‘blastmg These
problem areas will be documented

The end of the tank that was closest to the placement of the internal video camera
location will have an entry hole cut in it and the interior will have a grid applied as
previously described. The interior of the tank will have been abrasive blasted to bare
metal during the vendor assessment tests. A visual inspection of the interior of the
tank will be conducted. This will be accompamed by still photography to document
the tank condmon Areas of discoloration, apparent corrosion, or obvious holes will
be identified and referenced for specific area testing. -

Ultrasonic measurements will be conducted to determine wall thickness. This testing
‘will be done primarily from the inside of the tank, but may also be done from the
outside. If areas of the inside are pitted or rough to the extent that the ultrasonic
instrument does not indicate a satisfactory coupling with the surface, the
measurement will be taken from the outside.

Each 3 ft by 3 ft area will be defined by the gnd reference system for that tank =

described in Section 3.5. An ultrasomc test of the wall thickness will be made at the
approximate center of each marked grid. The minimum required original wall
thickness for each tank will be determined by the tank size in accordance with UL
58. The thickness varies with tankage volume. Typically, the minimum required
wall thlckness is expected to be 0. 240 in for a tank with a nominal wall thickness of
0.25 in.

Any grid section in which an ultrasomc thickness reading less than 90% of the

. minimum required wall thickness was obtained will be subdivided into nine smaller

 grids. Then, a reading will be taken from each subsection. The average of these nine
readings will be taken as the average wall thickness of that section. The field crews
may elect to take additional ultrasonic readings in any grid section based on their
observations and judgement. All readings taken in a grid section will be averaged
for the average wall th1ckness of that section.

Areas of the tank wall 1dent1ﬁed as lnkely to be thm will be marked. A pomon of -
these areas, to include the suspected thinnest wall sections, will be subjected to direct
physical measurement. This will be accomphshed by drilling sentry holes through
the tank wall of 0.625 in diameter (for nominal wall thickness of 0.25 in) to accept
~a thickness gauge or micrometer. Buirs will be removed from the drilling by filing
or grinding. A micrometer will then be inserted through the hole and the thickness
‘measured directly. Duplicate wall thickness measurements will be made through the
sentry holes. If the ultrasonic measurement indicates that the wall thickness is less

‘
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than: 90% of the requu‘ed ‘minimum - wall thickness; up to 5 d1rect thlckness'
measurements will be made using sentry holes to conﬁrm the ultrasomc readings.

For each 3 ft by 3 ft gnd area of the interior and extenor of the tank that has one or
more pits that are visually judged to be 0.05 in deep or more, at least one pit depth
‘measurement will be taken with a depth micrometer and recorded. After these
- measurements have been completed, the five deepest pits will be measured two more
‘times, giving triplicate measurements. For these 5 deepest pits, a measuremént of the

o remaining wall thickness will be attempted using the ultrasonic instrument from the

side opposite the pit. The ultrasonic instrument will be set in a mode to store the
minimum thickness measured, and then used to scan across the area of the pit from
the opposne side of the tank wall.. o

- In cases where the pit depth of the deepest pits cannot be accurately measured with
a depth micrometer (for example, the pit is on the curved section of the end wall
-where it is welded to the cylmdncal portion of the tank, or the pit in questlon is
surrounded by other pits or areas of severe corrosion such that the depth gange has
" no good bearing surface), the pit depth must be measured by other methods. At least
two of the followmg methods will be attempted ‘

a .Taklng an ultrasomc measurement of the remmmng Wall thlckness

b. - Dnllmg a sentry hole next to the p1t and usmg a throughwall mlcrometer
¢ Cutting a coupon containing the p1t from the tank and sendmg xt to a

‘ laboratory for sectioning and photonncroglapmng (see following d1scussron)

In cases where the deepest plts are in an area of overlapping plts, SO that the ongmal
surface does not remain, the remaining wall thickness will be subtracted from the
" required minimum wall thickness to give a depth. If the apparent original wall
thickness of the tank can be determined from a relatlvely uncorroded section of the
. ‘tank and if it exceeds the minimum wall thickness, the remaining wall thickness of
the pits will be subtracted ﬁ'Omthis value to give a determination of pit depth. '

~ In cases where no perforatlons were found in the tank shell, coupon samples for

laboratory analysis will be taken. At least two coupons, measuring approximately . -
- 12 x 12 in, will be identified by the field crew and cut from the tank by the tank
removal subcontractor using a cutting torch. In all cases, the feature of i interest will

o be at least 2 in. from the edge of the coupon to avoid any effect from cuttmg the’

coupon One coupon will be taken from the tank wall area ‘that had the least wall
thickness as measured by the uhrasomc instrument. The second coupon will be taken
from the area that had the most severe corrosion in the opinion of the field crew
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" based on the v1sual 1nspect10n For example this might be an area of overlapping

pits on the exterior or an area along the bottom that had many small pits with

. apparent or possible undercuttmg Examples calhng for, additional coupons may be
 taken at the discretion of the field crew. Examples calling for additional coupons

would include but not be limited to corrosion along a weld, an apparent crack ina

. weld, two dxstmct areas with different types of corrosion such as overlapping pits on
- the outside and intergranular corrosion on the inside, or a deep pit whose depth could

not be measured satisfactorily by other methods.

The coupons will be.nennanently marked in the‘fielud for identification. Conpons
. containinig suspected weld cracks will be taken to H.R. Inspection Service, a

commercial laboratory in the Kansas Clty area, for radiography testing. See

Appendlx A for the Radlographm Tesnng Procedure

- All coupons w111 be photographed at MRI with markmg applied to show the location
- of interest. They will be subJected to wall thickness measurements by ultrasonic
"and/or micrometer as well as pit depth measurements. If these measurements are not
. definitive and if additional data are needed to classify the tank according to the
~ criteria in Section 2.3, smaller sections that contain the area(s) of interest will be cut

from the coupons at MRI. These smaller sections, along with copies of the MRI
photographs, will then be sent to Sherry Labs Oklahoma in Tulsa, Oklahoma for

. sectioning and mountlng Photomlcrographs will be taken by that lab and returned
* along with the mounted specimens to MRI for definitive measurements of the wall
.. thickness, pit depth and weld cracklng

3.4  Sampling Equlpment

Sampling eqmprnent to be used for the baselme tests mcludes dnll with 5/8" blt (for sentry |

holes), tape measu.re, chalk line, and wax marker (for gnddlng) All other equlpment are for

measurements. Abrasive blasting equipment and an acetylene torch fo_r cutting coupons will be -

supplied by the tank contractor on site.
3.5 Sample Custody .

The five regions will be assigned numbers as follows:

R1
R2
R3
R4
RS

Midwest

Northwest

Southwest S
Southeast '

- Northeast




rSeActiof.n No._3
. Revision No.__3__

Wrthxn each region, sites will be assrgned numbers sequentlally once the hst of ta.nks and
sites has been identified. At each’sne, tanks will be assigned sequential numbers and identified by
. location and size on a sketch of the site. Once atank has had its grid marked on'lt, each grid section
‘will be identified by a letter and number as described in Appendix B, and within each grid section,
each squarefoo‘t will have a number from 1 to 9 assigned to it. Thus, each tank can be identified by
the regron sxte and tank number; e.g., R1, S2, T1 would denote tank 1 at site 2 in regxon 1
(mrdwest) A location on that tank would be 1dent1ﬁed by a sequence of a letter and two numbers;
_e.g., D-5-4 would denote square foot number 4 i in the grid section that begms 15 ft from the opened
end of the tank atposition D around the crrcumference This location scheme will be used to mark .
the coupons to be cut from the tank. ’

Sample coupons will be mrtlally marked wrth chalk and engraved or punched on their surface
prior to leaving the site in order to provrde permanent 1dent1ﬁcatron Coupon Hlstory Forms wxll
 be provrded to document sample collection and sample hrstory for each coupon taken at each srte ‘

Flgure 3-1 provxdes an example of a Coupon History Form. Coupons and forms wﬂl then be
packaged and sthped accordmg to DOT regulations. ‘ |

- The field crew chief will be responsxble for samples durmg ﬁeld samphng Respon51b1ht1es
will include labeling samples and preparatlon of the sample documentatlon form. Samples wﬂl be
 permanently. marked by engraving or punchmg in the ﬁeld and shrpped to MRIL A sample mstory

J form (Figure 3-1) w111 be prepared for each set of samples (one site's samples) and will travel with
the sample setasitis moved about for testmg and analysis.
~ - Each nme a sample set begms to undergo testing, the sample hrstory form wrll be reviewed
and samples checked for correctness and completeness If problems witha sample set are discovered

(such as missing or incorrect samples) the nature of the problem will be noted on the sample lustory

»

form and reported lmmedlately to the MRI Pro;ect Manager and MRI QAO
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SECTION40 .
~ ANALYTICAL PROCEDURES AND CALIBRATION

4.1 E]PA-Approved or Other Vahdated Standard Methods
The vendor methods are attached in Appendrx C The three new- vendor methods (1 €.,
_ modelmg, video, ultrasomc) are adapted from ASTM ES40-94 The internal mspectron method is
. adapted from API 1631, NLPA 631,0rNLPA 632. | - o
The baseline method has been summanzed in Subsectlon 3 3. The basehne method consists - ‘
of visual mspectmns of the interior and extenor depth, width, and ‘thickness measurements N
“evaluation of the type of corrosmn, and the plt depth tests descnbed in Subsectlon 3 3. The critical
measurement, type of measurement, and type of equipment used for the basehne tests are shown
| :belowm Table 4-1. ‘ LT |
4.1 Calibration T - B
" The depth mlcrometer will be cahbrated at the begmmng and end of measurements for each
tank and the zero readmgs reported The average will be used to correct all readmgs for accuracy |
‘ The through-wall nucrometer will be cahbrated atthe begmnmg and end of measurements
", for each tank and the zero readmgs reported These will be used to correct the readings. |
| The ultrasonic gauge calibration will be checked upon mstrument power-up and prior to
beginmng each series of readmgs on each tank and its value recorded. If the cahbrauon value is off -
by more than 5%, a two-pomt calibration will be done to cahbrate the instrument. The calibration -
checks w111 be recorded by the field crew and revxewed at the data reductlon stage. The calibration
of the ultrasonic gauge will also be checked ona portlon of the tank that appears to have httle orno
A corrosion. A measurement of wall thickness on such an area will be made with the through-wall g

- m1crometer usmg an edge or a sentry hole and also w1th the ultrasomc gauge The two readmgs w1ll.

be compared and must agree to wuhm +.01 in. ThlS will ensure that the steel of the tank is not '
' appreclably different from that of the cahbratmn block '
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Table 4-1. Measurement, Type, and Equipment

~for Baseline Testing of Tanks and Coupons

Critical Measurement and Type . Equipment

Pit depth (distance) ' Depth Gauge Micrometer

‘Wall thickness (distance) Ultrasonic Thickness Gauge

Wall Thickness through 0.625 in sentry holes (distance) . Throughwall Micrometer

Pit diameter (distance) : _ Ruler

Location by grid system (distance) ‘ Tape measure

Tank diameter (distance) ‘ Tape measure or tank gauge stick

The baseline methods and forms are provided in Appendix B.

The calibration frequency and requirements are summarized in Table 4-2 The nucrometers
will be checked before and after maklng measurements on each tank and the zero readings recorded
The ultrasonic calibration will be checked on the 0.2551n standard before beginning a series of
readings. Ifitis more than 5% diﬁ'erent ﬁ'om the standard, atwo point ealibration of the instrument
will be done and the calibration re-checked The calibration readmg will be reported

Table 4-2. Scheduled Baselme Test Calibrations

Equipment Frequency iteri Corrective action

Depth At the beginning .01 i " If zero <0.01, record and correct all
Micrometer and end of readings; if greater than 0.01 adjust
measurements "] zero.

for each tank

Through-wall At the beginning .01 i If zero < 0.01, record and correct all
micrometer and end of readings; if greater than 0.01 adjust
measurements zero.

for each tank ' .

Prior to < 5% relative to NIST Record calibration value. If greater
measuring each traceable standard than 5%, recalibrate with 2 point
tank 025in- calibration and re-check.

<+ 0.01 in compared to Recalibrate to match micrometer and
through-wall micrometer | re-check on NIST calibration block.
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SECTION 5. 0
DATA REDUCTION VALIDATION AND REPORTIN G
5.1 Data Reduction . v ‘
’ The vendors are responsible for data reduction of their tests
The MRI PrOJect Manager i is responsible for data reduction of the baselme tests. There are

) four pnmary measurements to be made on each tank dunng the basehne test: tank drameter plt
depth, p1t drameter and wall. thlckness | ' '

 For baseline tests each tank will be mspected for penetratlon and if any holes are found the .

presence, location, and approxunate dlameter of holes will be noted. The quahtatlve assessment of
" corrosion on each 3 ft by 3 ft area of tank wall surface that is made as part of the visual mspectlon
o w111 be reduced by prov1d1ng a textual statement summanzmg the condltlon of the tank in terms of
the amount and type of corrosion identified during the v1sual mspectron ‘ - ’
The pit depth data will be reduced by reporting the maxrmurn pit depth found for each tank
 Ifatankhasa corrosxon hole, this will be deemed a pit completely through the tank wall thickness- |
. and will be noted as a hole, with a numerical value that is the larger of the fominal wall thickneSs
: (usually 0.25 in) or the largest wall thxckness measurement observed on that tank. If atank hasa
hole, the deepest nonpenetratmg prt depth will also be reported v ,
The ﬁve deepest non-perforaung p1ts will be measured ultrasomcally from the sxde opposxte the p1t
to measure the remaining wall thxckness The minimum wall thickness found in the area of the pit .
will be used as the remammg ‘wall thrckness at the pit. ‘This value will be subtracted from the larger'
of the measured remammg wall thrckness in the area of the pit and the requn‘ed mrmmum wall
-thickness (typlcally 0.240 m) to give another measure of pit depth. This lel be compared to the pit.
~depth measured by the depth rmcrometer and the larger value used to report the maximum pit depth
This maximum will be reported asa percent of the reqmred mlmmum wall thickness as well asin =
the directly measured units. ' ' )
7 The dlarneters of several pits, if any, on the interior surface of each tank at the maximum ,
i drstance from the mtema.l video camera will be measured Typxcally this surface will be the circular - I

end of the tank whlch will generally be 8 ft in diameter. These data wrll be summanzed by‘-
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reporting whether any pits on that surface were found that were 0.125 in. in diameter or larger and
whether the internal video mspecuon 1dent1ﬁed them or not. thle this is not a criterion for
determining whether the tank is suitable for upgrading, it is a requirement stated in ASTM ES 40-94
for the video inspection method. | o | | D
The precision estimates of the triplicate detemtinati()ns of pit depths for the 5 deepest pits
and the duplicate measurements of the wall thlcknesses using the through wall rmcrometer will be
calculated and reported as standard dev1attons The formula for precxsron calculatlons is provided
- in Section 8. ‘
The ultrasonic thickness measurements from each 3ft bv 3 ft area of tank surface will be
averaged using the arithxtretic mean to provide anaverage wall thickness for the shell of the tank.
Any 3 ft by 3 ft section that is found to have a th1ckness measurement less than 90% of the required |

minimum wall tluckness will have the average of the 9 measurements of wall thickness for that 3

ftby 3 ftarea reported separately. The locatlon of that sectlon w111 be 1dent1ﬁed by its grid reference ’

and reported. v o

For each criterion for accepting a tank for upgrading,the performance measures described |
in Section 2.0 will be calculated for each tank assessment method. A confidence interval for each
eshmated proportlon will be calculated and reported If the sample size available to estunate the
proportlon is sufficiently large, the normal approxxmatlon to the binomial w111 be used to calculate
the confidence mterval If the sample s1ze 1s too small or the proportron is small exact conﬁdence
intervals based on the bmonual drstnbutron will be used. Formulas for these calculations are ‘-‘
provided below. | ' | _ |

The 95% confidence intervals for the performance measures will be calculated using the
binomial distribution. Each performance measure will be estimated as the observed proportion of |
tanks that were classified hy the vendor in a particular categoryw' For example, suppose that the
baseline method determined that 50 tanks were suitable for upgrading. Each vendor's probablhty
of false alarm would be estxmated as the proporuon of those 50 ta.nks that the vendor concluded were
not suitable for upgradmg Let

Y; = 0’ if a vendor determmed that the I-th tank was smtable for upgradmg
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Y, = 1 - 1f a vendor detenmned that the I-th tank was not suitable for
: ' ‘ upgrading. o . :
Let . : ' ’ L
N = = the number of tanks determmed by the baselme to be sultable for upgradmg

Then the probabxhty of false alarm, PFA is estlmated as
PFA —Z Y/N
| The 95% confidence interval for PFA will be calcnlated using the binomial distribution. If
both . - | | |

and
Nv ﬁNS —Nu
are both at least 5 or more, the normal approxnnatlon to the bmormal will be used to calculate the

conﬁdence mterval

That 1s, the conﬁdence interval for PFA w111 be given by

PFA:t 1. 96\/PFA(1 -PFA)IN

o If the requlrements for usmg the normal approx1matlon to the bmom1a1 are not met, then
exact bmoxmal conﬁdence lnmts will be calculated Denote the cumulatlve bmom1al dlstnbunon
by | '

. Bipn =X (Cop « -2y

where the summation is on x from 0 to A the observed number of events. In the equauon 2Cyx stands
for the combinatorial number of ways to choose X 1tems from n items. That is

: C = n'/[x'(n-x)'] , :
- Then the lower conﬁdence limit is found b}tvsolving the equation |
1~ Bi(mp,y-1) = a2 |
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for Pa- Generally the solution must be found 1terat1vely The upper conﬁdence 11m1t is found by
solving the equation ’

Bi(n,p,;y) = a/?. | .
for p,, where again the solution must generally be found mteractlvely The result i isa two-sxded
confidence interval with conﬁdence coefﬁcrent 100%(1-a) In tlus example the number of events, |
¥ is the |

J’=ZY.- |

Al

where the Y were defined above These formulas can be used to calculate the conﬁdence mtervals
for each of the estimated proportions in the performance parameters '
52  Data Validation |

The MRI Project Manager will be respons1ble for ensunng that validation checks are done
on the data reported All raw data, mcludmg cahbratxon and prec1s1on data, and calculated data will
be examined for completeness and comphance to all requu'ements and objectlves The calculated
data will be examined for accuracy. Any assumptlons w111 be exammed for reasonableness Any
data affected by problems will be ﬂagged in the records and m the report as follows

C (did not meet calibration reqmrements)

P (did not meet precision requirements)

| T (did not meet completeness requlrements) | |

X (did not meet compliance requlrements ie., did not follow test protocol/procedures or |

documentation requirements)
53 Data Reporting

The results of the vendor tests will be supphed to MR in reports Cahbratlon, quahty control

checks, calculatrons assumptions, and evaluation will be documented and retamed in the project
files. The ﬁeld crew leader will be responsrble for prepanng a data report containing the data |
‘recorded on each tank. The PI'O_]eCt Manager will be responsrble for prepanng the final report. The
data reported w111 include those shown prev10usly in Table 1-1. All baseline data for pit depth, p1t

diameter, and wall thickness will be reported in inches.
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The conclusrons of each assessment method will be presented in the report as shown below ,

(where n_is planned to be 100):
Table 5-1 Conclusmns of Each Vendor Assessment Method

VENDOR RESULT |
BASELINE .| SUITABLE | UNSUITABLE ' INCONCLUSIVE
| SUITABLE T g ny n, .
'UNSUITABLE n, ' hg n, n,
n, | n, n; n,

Such a table will be prepared for each of the four criteria hsted in Sectlon 2.3 and for both
versions of the vendor's conclusions (i. e. wrth and w1thout knowledge of the results of the leak test).
~ To illustrate how the perfonnance parameters are determmed, assu.me a vendor produces the

data shown in Table 5-2, as compared to one of the evaluatlon cntena (e g., presence or absence of ‘

penen'atlons found in the tanks) 7 ‘ i
Table 5-2. Sample Data |
| VENDOR RESULT | | - ’
| BASELINE SUITABLE ' | UNSUITABLE | INCONCLUSIVE
SUITABLE 45 5 5 . 55
UNSUITABLE 8 31 6 45
o 53 36 11 100

» Wrth these data, the followmg can be calculated
Correct Declslon Rate
= (n,, + nzz)/n
=76/100=0.76 = 0. 084
, Proportlon of Correct Approval (Accuracy)

=1y, 7‘
: ‘45/550r0818:t0104
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Proportion of Correct Detection (Relrablhty)
= Nyy/Ny ’
=31/45 or 0.689 + 0.138
Proportion of False Alarms
=n;5/n;, o
= 5/55 or 0.091 % 0.076
Proportlon of Missed Detectlons ‘
=ny/n,,
=8/450r 0.178 £ 0.114
Proportion of Inconclusive Results
~nyfn |
=11/100=0.11 + 0.063
Proportihn of Inconclusives for Suitable Tsnks
=n;s/n;

= 5/55 = 0,091 + 0.078

Proporﬁqn of Inconclusives for Unsuitable Tanks

=Tiy3/My,
= 6/45=0.133+0.101
The final report will also mclude a QA section that documents QA/QC activities and results.
Thrs section will compare the QA ﬁndmgs to the QA objectxves and w111 include a statement regard-
ing whether these objectives were met. If the objeetrves were not met for any measurementsfor.
some tank, the impact of this will be assessed and reported Since ‘the purpose of these
measurements is to determine whether a tank is quahﬁed for upgradmg with cathodic protection, |
- assessment of any impact will be on whether that decision can be made adequately on the basis of

the data collected. For example measurements of p1t depth that do not meet the standard deviation
requirement wouId not affect the results if the tank has a corrosion hole, or if another pit also exceeds
the threshold for maxrmum pit depth
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Raw and ﬁnal hard copy data w111 be stored as pennanent records in MRI Archives.
Computer data will also be stored in  MRI Archives, but the life is dependent on the media. Coupons .

will be stored by the MRI PrOJect Manager for a maximum penod of 12 months after the ﬁnal report

B has been subnutted then dlsposed of. accordmg to IT dlrectlons
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SECTION 6.0 ,
INTERNAL QUALITY CONTROL CHECKS -
6.1 Types of Qc Checks .
The field staff w111 be proﬁment in the use of the baselme equlpment and procedures
Replicate field measurements will be made as follows |

o 'I‘nphcate depth measurements will be made for the five deepest pits (excludmg '
~_ holes) on each tank and all three measurements and their average and standard
deviation will be calculated and reported. In making the pit depth measurements, the
. field crew will adjust the position of the depth gauge to obtain the maximum reading.
‘These data will be rev1ewed for consrstency and the precrsxon will be deterrmned and'
reported , .

. Duplicate wall thlckness measurements wrll be made usmg the through wall )
micrometer. C

o Ifthe dJﬁ‘erence between the largest and smallest of the measurements exceeds 0. 02.
in, the measurements must be repeated : S
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SECTION 7.0
PERFORMANCE AND SYSTEMS AU])ITS

- The IT and MRI QAOs will conduct one or more Technical Systems Audlts (TSAs) and the
| MRI QAO will conduct one or more Audlts of Data Quahty (ADQs) Performance audits are not
appropriate to the scope of work and thus w111 not be conducted Results of the audits by the MRI
‘ QAO will be reported to the MRI Pl'OjeCt Manager and department management The MRI Project
Manager wﬂl report the results to the IT Work Assignment Leader Results of audxts by the ITQAO
will be reported to the IT Work As51gnment Leader. Audlt results and any correcnve actlons taken

h w111 be summanzed in the ﬁnal report ' '
- 7.1 Techmcal Systems Audlts .
| The IT and MRI QAOs will conduct techmcal systems audlts durmg the initial phase of the .

. 'work asslgmnent, and penodlcally thereafter All components of the data gathermg and management' S

~ system will be audited to determine if these systems have been properly designed to meet the quality

objectlves The techmcal systems audit will include a review of the adequacy of the expenmental o

" - design, the control procedures, and the analytical procedures This review also includes compllance

to the QAPP, personnel quahﬁcatlons pI'O_]eCt management structure, adequacy and safety of the
facility and equipment, and the data management and reportmg system The. systems audit will end |
with a review of the report, actions taken by MRI Pl'OjeCt Manager on mspecnons and follow-up
‘ 1nspect10ns and an audit of the records at the completlon of the study IT and MRI wﬂl also |
| part1c1pate in any external audlts scheduled by the EPA Work Assxgnment Manager durmg th1s

study
7.2 . Audits of Data Quality -

The audlts of data quahty, an lmportant component of a total system audlt, are the cntlcal o "

-evaluauon of the measurement, processmg, and assessment steps to deterrmne if systemattc errors
have been mtroduced into the system or if speclﬁc questlons regarding the quality of the data need
to be resolved Dunng the data audtt the MRI QAO wﬂl audlt elther randomly selected data that
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will be followed through the testing and reporting process, or audit all data in question, if specific

quesnons of quahty need to be resolved. In addmon, the quahty conu'ol and calibration data will be
audxted The audit verifies that the data-handhng system is coxrect and assesses the quahty of the
data generated to ensure that the data quality objectives are met -
The completeness of all the data will be checked by the MRI PrOJect Manager after recelpt
of data from each tank and field site.
7.3  Site Audlts
The IT WAL, IT Senior Reviewer, and MRI Project Manager will conduct one site audit per
region to assess the field evaluation procedures, compliance to the QAPP, and field data reporting

procedures.
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SECTION 8 0
CALCULATION OF DATA QUALITY INDICATORS :

This section descnbes the calculatron of the data quallty mdlcators that will be used on thlS'
pI'OJ ect. Sensitivity is deﬁned as the smallest possrble eqmpment measurement '
8.1 . Precision . , o

| For the triplicate or duphcate measurements the umt of precision will be the standard ‘

deviation of the replicate measurements where the standard devratron is defined as follows

s = JZ(y;?)’/(n-l)
© N st

* where: | s = standard devratlon o
- y; = . measured value of the ith rephcate o
'n = number of replicates o
Yy =

mean of the replicate measurements.

8.2 Completeness

Completeness is defined as follows for all measurements |

%C = 100% X ()
=T

where: © ~ %C = percent completeness

V= number of measurements judged valid |

T = total number of measurements.
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. SECTION 9.0
CORRECTIVE ACTION .

Correctlve actmns are requlred for any ma_;or quahty-related or comphance problem. Such

problems may be detected dunng routine mspectlons or by audlts The MRI Pro;ect Manager is

* responsible for notifying the IT WAL makmg sure actions are taken to prevent recurrence. of such

problems, and that the actions taken are documented ina report to the MRI QAO and department
‘ rmanagement The MRI QAO must evaluate the effectiveness of corrective. actions taken and must
document the results ina report to the MRI PrOJect Manager and department management The MRI :
: Pro_; ect Manager is responsrble for provrdmg these results to the IT WAL Typlcal problems and :
actions to be taken are hsted below. - . , - o
' @ If problems are due to lack of tralmng, the MRI QAO and/or the MRI PI'O_]eCt Manager wﬂl
' nnplement the necessary training. PR

® Ifthe problems are, due to lack of sufficient resources, the MRI Pr03ect Manager wﬂl mform .
department management, who will then prov1de the requlred resources. :

‘@ If the problems are due to madequate planmng, the plan will be modlﬁed approved as
requlred and then dlstnbuted to those on the drstnbuuon list.
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: ' SECTION 10 0
QUALITY CONTROL REPORTS TO MANAGEMENT
. The IT and MRI QAOs will be responsible for conductmg systems audlts early in the pro_;ect
-The MRI QAO will be respon51b1e for conductmg data audits soon after the data become avmlable -
The IT and MRI QAOs will prepare wntten QA audit reports used to keep project and department
- management informed. Such wntten reports will include 1tems appropnate to this proj ect, such as:

L Items/areas audited and the results of the audits

. ® QAPP changes or dev1at10ns, QA/QC problems, and recommendatlons for correcttve action -
® Summary of any training and any 1mprovements noted |

e Data quahty assessment and Imutatrons, and the possrble 1mpact on data quahty
° Followup and assessment of the effecttveness of any correcttve acttons taken '

If major quahty-related problems are detected durmg an audtt, the IT and MRI QAOs wﬂl

,nnmedrately so inform the IT WAL and MRI Pro;ect Manager then follow up with a written report. _. !







Section No. ‘] ]v'

_ Revision No. __1
- Date: Qctober 4, 1995 -
~Page:_1 of_2 -
SECTION 11.0
REFERENCES

. 40 CFR Part 280 and 281, “Techmcal Standards and correcnve Actron Reqmrements for

- Owners and Operators of Underground Storage Tanks,” 1988. These regulations stipulate
that in order to be suitable for upgrading by cathodic protection, a tank must be assessed to
~ ensure that it is structurally sound and free of corrosion holes

ASTM Emergency Practlc'e Standard ES 40-94, "‘Emergency Standard Practice for -
. Alternative Procedures for the Assessment of Buried Steel Tanks Prior to the Addition of

. Cathodic Protection,” 1995.. This standard provides the following requirements for tanks to’ o

- be suitable for cathodic protection: - no pitting greater than 50% of the minimum
" - recommended wall thickness; average metal wall thlckness of each 1 m?is greater than 85%
of the original wall thlckness

Section V, Article 9of the ASME Boiler and Pressure Vessel Code (ASME SE-797) The
code provides a visual examination procedure consisting of viewing the entire surface with
the human eye at a light level of at least 161 lumen/m2 from a distance of no more than
- 61 cm. \ _

ASTM Standard G 1-90 (Re-approved 1994) “Standard Practice for Prepanng, Cleaning, and
Evaluating Corrosion Test Specimens.” This standard wﬂl be used as the reference for
marking and preparing coupons for testmg

ASTM Standard G 46-94 “Standard Guide for Exarmnauon and Evaluanon of Plttmg
Corrosion,” 1994. This standard will be used as the reference for testmg coupons for the
evidence of plttmg corrosion. The gulde is used for the corrosion examination tests

ASTM Standard E 114 “Practlce for Ultrasonic Pulse-Echo Stra.lght-Beam Exammatlon by |
the Contract Method,” 1990 ' g

ASTM Standard E 797 “Practice for Measunng Thrclcness by Manual Ultrasomc Plﬂse-Bcho ‘
Contact Method ”1990. ‘

API Standard 1631 “Interior Lxmng of Underground Storage Tanks,” 3rd Edmon, Apnl | .
' 1992

| Nauonal Leak Prevention Assocranon NLPA 631 “Entry, Cleanmg, Intenor Inspectlon and
B RepaJr and meg of Underground Storage Tanks,” F ourth Ed., 1991 .
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Underwnters Laboratones Standa.rd UL 58, “Stee] Underground Tanks for Flammable and
Combustible Liquids,” 1984

-

H.R. Inspectlon Semce Inc Shawnee, KS “Radlographlc Testmg Procedure NDE- RT o

National Leak Preventlon Assocmtlon NLPA Standard 632 “ Internal Inspecuon of Steel
Tanks For Upgrading with Cathodic Protectlon Wxthout leng,” First Ed '1990.
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' RADIOGRAPHIC TESTING PROCEDURE

NDE-RT

SCOPE

R110 1 The procedure covers the requlrements for radio-
‘ graphic examination of ASME codes including the
ASME Boiler and Pressure Vessel Code (Sections I,
V, and VIII) and ANSI/ASME 831 l and B31.3.

SAFETY REQUIREHENTS

' R120.1 Each 1nstallatlon or area where xX-ray or radio-
active material is used shall have a radiation
survey made during the initial operation and any
other time when the conditions change, to assure
adequate personnel protection. 1In all instances,
each person using the radiation source shall wear
a radiation film badge and a pocket dosimeter.
Personnel radiation exposure shall not exceed the

limits called for in Title 10, Code of Federal
Reglster.

APPLICABLE
Contract Spec;f;catlons and Codes.' ' '
R130.1 ASME Bo;ler and Pressure Vessel Codes - 1992 ed.
1. ‘Sectlon I Power Bo;ler
2.“Sectlon VIII Plessure Vessels
3. Sectlon‘V Nondestructlve Examlnatlon
| a. Artlcle 1 | |
b. Article 2
c. SE94 & SE142 |
MR130.2 ANSI/ASME B31 1 Power Plplng - 1992 ed.

R130.3 ANSI/ASME B31.3 Chemical Plant and Petroleun
: " Refinery Plplng - 1992 ed.




R-220 GENERAL REQUIREMENTS.
R-221.v Surface Preparation.
R=-221.1 Maferiels

Surfaces shall satlsfy the requirements of the
applicable materials specifications, with add-
itional conditioning, if necessary, by any
suitable process to a degree that surface
irregularities cannot mask or be confused with
dlscontlnultles.. , .

R-221.1 Welds

When, required, the weld ripples or weld surface
lrregularltles on both the inside (where
- accessible) and outside, may be removed by any
suitable process to such a degree that the = -
resulting radiographic image due to any
lrregularltles cannot mask or be confused wrth
the lmage of any. dlscontlnulty.

3-221.3 Surface Flnlsh

The flnlshed surface of all butt-welded joznts

- may be flush with the base materials or may have
reasonably uniform crowns, with reinforcement
not to exceed that specified in the referencing
Code Section (Par PW-35 of Section I & Table
127 4.2 of ANSI 331 1). o ,

TR—230: ‘INDUSTRIAL RADIOGRAPHIC FILMS,_SCREENS AND RADIOGRAPHS.
"‘R¥231 : Film Selection. ' - ' )

Radiographs shall be made us;ng film equal to or flner
grained than Type 2 of Recommended Practice SE-94.

R=232 . Screens.

Except when restrlcted by the referenc;ng Code Sectlon,
‘1ntens;fy1ng screens may be used with the frlm types
specified in R-231. _




R-233 ?ilm Processihg.

R-233.1

a.

Liquid x-ray developer, fixers, short stop and
Photo-Flo shall be prepared in accordance w1th
manufacturer s recommendations.

Solutions shall be thoroughly stirred before
proceSSing.

‘Development time shall be standardized based

on temperature ‘and exposure technique must be
adjusted for the developing time.

Film shall be agitated during developing at one
minute intervals. o

After development, the film shall be transféerred
to the short stop for one minute. The film
should be agitated for the first 15 or 20 seconds
in the short stop.

After the short top the film shall be transferred
to the fixer and agitated for 10 seconds. They are
to remain in the fixer for ten minutes minimum or
twice the film-clearing time. Films shall not
remain more than 15 minutes in fresh fixer.

The film.must 'be washed for a minimum of 30 minu-
tes to remove all residual fixer prior to drying.

The film shall be transferred to the Photo—Flo
solution for 90 seconds before drying.

All films shall be free from processing or other .

‘defects which would interfere with proper inter-

pretation of the radiograph.

R—233 2 Quality of Radiographs.

a1l radiographs shall be free from mechanical,
chemical or other blemishes to the extent that
they cannot mask or be confused with the image
of any discontinuity in the object being radio-
graphed. Such blemishes include, but are not
limited to: ‘

S, a. Fogging. ‘
b. Processing defects such as streaks,
. water marks, or chemical stains.
c. Scratches, finger marks, crimps, dirt,
static marks, smudges or tears.
d. Loss of detail due to poor screen to
-£ilm contact.
e. PFalse indications due to defectLVe
screens or internal faults.




. R-234 Radiographic Density:
R-234.1 Density Limitations of‘Radiogrqphs.

The film density through the radiographic image of
the body of the appropriate penetrameter and the - ,
area of interest shall be 1.8 minimum for single film
viewing for radiographs made with an x-ray source
‘and 2.0 minimum for radiographs made with a gamma-ray -
‘source. For composite viewing of double film expos-
ures the minimum density shall be 2.6. Each radio-
- graph of a composite set shall have a minimum density
‘0f-1.3. The maximum density shall be 4.0 for either
single or composite viewing. A tolerance of 0.05 in
- density is allowed for variations between densito-
meter readings. ) ‘ ‘

R-234.2 Monitoring Density iimitatipns‘of,Radibgraphs..

Densitometers shall be used for assuring compliance

with film density requirements and 'a national stand-~

ard calibrated step wedge film shall be used for
.checking densitometer calibration. Step wedge comp-

arison film may be used, for direct comparison with
- production radiographs to show compliance with
‘density requirements, as a permissable alternate
“to thé use of a densitometer as required above.

R-235 . Scattered Radiation.

‘ 3—235;1 Back*Scatter'Check.¢' | | ]
. As a check on back-scattered rédiation, a léad symbbl

- "B", with minimum dimensions of 1/2 inch in height
and 1/16 inch in thickness, shall be attached to the.
. back of each film holder.. : * L

R—235,2_ Excessive Scatter.

If a light image of the "B" appears on the darker
background of the radiograph, protection from back-
- scatter if insufficient and the radiograph shall be
considered unacceptable. A dark image of the "B"
on a lighter background is not cause for rejection.

R-236 System of Identification of Radiographs.

A system of Radiograph identification shall be used to
produce permanent identification on the radiograph trace-
- able to the contract, component, weld seam, or part _
numbers, as appropriate. In addition, the manufacturer’s
symbol or name and the date of the radiograph shall be
plainly and permanently included on the radiograph. This
identification system does not necessarily require that

. the information appear as radiographic images. In any
' case, this information shall not obscure the area of

interest.




‘Location‘Markers.

Location markers, which are to appear as radiographic
- images on the film, shall be placed on the part, not on
the cassette, and their locations shall be marked on the
surface of the part being radiographed or on a map in a
manner permitting the area of interest on a radiograph
‘to be accurately located on the part for the required
retention period of the radiograph and providing evid-
ence on the radiograph that the required coverage of the
region being examined has been obtained. ILocation
markers shall be placed as follows (see Flg. T-275)

R-237.1 Slngle-Wall Vlew1ng.
R-237.1.1 Source side markers.

‘Source side location markers shall be used
when radiographing the follow1ng.

a. Flat components or longitudinal jolnts‘
in cylindrical or conical components'

b. Curvedwor spherlcal components whose
concave side is toward the source and
" when the source to material distance is
 less than the inside radius of the
‘ ~‘com.ponen't:"

‘ Curved or spherrcal components whose
. convex s;de is toward the source.

R-237.1.2 Film Slde Markers.

‘a. Film side markers shall be used when
radiographing curved or spherical
- components whose concave side is toward
the source and when the source to mater-
ial distance is greater than the inside
radrus.l‘ \

As an alternate for source side markers
" in R-237.1.1 (2), £ilm side markers may
be used when the radiograph shows cover-
age beyond the location markers to the
. extent demonstrated by Fig. T-275 (e)
- and when this alternate is documented in
accordance WLth R-293.,

“R—237}1.3 Elther Slde Markers.

Elther source srde or fllm s;de locatlon
markers may be used when radiographing curved
or spherical components whose concave side

is toward the source and the source to
material distance equals the inside radius
of the component. :




‘R-250
R-251

R-252

R-237.3  Location Marking with a Map.

- ness over object to source distance.

R4?37,2'? Double-Wall,viewing., 

For double-wall viewing at least one location
marker shall be placed on the outside surface
adjacent to the weld (or on the material in
- the area of interest) for each exposure. -

° When inaccessibility or other limitations
prevent the location of markers as stip-
ulated in R-237.1 and R-237.2, a dimension-
ed map of the geometric arrangement includ-
-ing marker locations shall accompany the
radiographs and shall show that full coverage
has been obtained. - . o ‘

 SHARPNESS OF RADIOGRAPHIC IMAGE.

Geometrical Unsharpness Limitations.

Whén requjired by the referencing éode Séction, geometric
unsharpness of the radiograph shall not exceeq the

following:
Material Thickness, inches . - Ug Maximum, inches
Under 2 = = = = = & = ¢ o 0 = = = = 0.020
2 through 3 = = = = = = = = = o =« - 0.030
- Over 3 through 4 < - - - - - = o'~ 0.040
Greater than 4 - = = - « - - ==« 0.070

Note: Material thickness is the thickness on which
‘the penetrameter is based. R
Geometrical Unsharphess.‘

Geometrical unsharpness equals source size times thick-

where: . l“v7_7 o o D
Ug =;geomet:icél unsharpness'

F = source size, inches-the maximum effective dimen-
- sion (diameter) of the radiation source (oxr
-focal spot) in the plane of the distance D from
the weld, see table R-251. ' oo '

T = thickness in inches of the weld or other object
being radiographed assuming the film is against
the weld or object; otherwise it is the thick-

- ness of the weld or object plus the space
'between the film and the weld or object.

D ' = distance in inches between the source and the
~weld or other object being radiographed. .

8




'TABLE R-251

Determination Factor "F" | : - .Isotope Source‘Prdjected
Length B . o - . ‘
Dia. X Length o F = inches
1/32 X 1/32 I  0.044
1/32 X 1/16 |  0.070
1/16 X 1/16 | o ~ 0.088
1/16 X 3/32 ' . 0.112
1/16 X 1/8 -  0.140
.10 X .10 | 0.4
1/8 x 3/32 - o.156
1/8 X 1/8 I 0.177

. NOTE: Refer to Recommended Practice SE-94, Section 10, for a
method of determining geometric unsharpness. Alter-
natively, a nomograph as shown in Recommended Practice
SE-94 may be used. - |

R-253 Calibration of Source Size.

The equipment manufacturer’s certification of the maximum
effective dimension of the source shall be acceptable.

R-260 Image Quality Indicétérs (IQI).‘
R-261 IQI (Penetrameter) Sensitivity.

Radiography shall be performed with a technique of suffi-
cient sensitivity to show the penetrameter image and the
specified hole, which are essential indications of the
image quality of the radiograph. The radiographs shall
also display the identifying numbers and letters.

R-262 IQI Design and Selection.
R-262.1 IQI Design.
Penetrameters shall be manufactured and identified
in accordance with the requirements or alternates
allowed in SE-142 and Appendices. ASME standard

penetrameters shall consist of those specified in




R-262 2 IQI Selectlon.

'nThe essentlal hole size and deszgnated penetrameter
. shall be as specified in Table R-276.
i " A smaller hole or a thinner penetrameter than listed
- o for each range may be used, provided all other
‘requirements for radiography are met. :

7R9262.2-1 - Welds With Reinforcements;

- For welds with reinforcements the thickness on
which the penetrameter is based is the nominal
single wall thickness plus the maximum rein- .

- forcement permitted by the referencing Code
Section. Backing rings or strips are not to be
considered as part of the weld or- reinforcement

‘ thxckness in penetrameter selectlon. i

: R—262 2 2 TWelds Wlthout Relnforcements.

For welds without relnforcements the thlckness

.on which the penetrameter is based is . the

nominal single wall thickness. Backing rings

or strips are not to be cons;dered as part of
the weld th;ckness. g . ‘ : o

R-263 ' Use of Penetrameters to Monltor Radlographlc Exam;nation.
' %R-263 1 Placement of Penetrameters. ﬂ

-a. Source Side Penetrameter(s) The penetrameter(s) shall
be placed on the source side of the part being examined,
except in the condition described in R—263 1 (b).

- b. Film Side Penetrameter(s). Where inaccess;blllty
. prevents hand placing the penetrameter(s) on the
source side, it shall be placed on the film side in
contact with the part being examined. A lead 1etter.
.-~ "F" at least as high as the penetrameter
(. ~identification number(s) shall be placed adjacent to
~or on the penetrameter(s), but shall not mask the
'“essentlal hole where hole penetrameters are used.

c. Penetrameter Location for Welds - Hole Type ‘The
penetrameter(s) may be placed adjacent to or on the
L weld. The identification number(s) and the lead
: ‘ letter "F", when used, shall not be in the area cf
interest unless either part geometry makes it
: - impractical to place the penetrameter outside the
- ‘ area of interest or the weld metal is not
) radiographically similar to the base metal.

10
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' d. Penetrameter Location for Welds - Wire Type. The
penetrameter(s) shall be placed on the weld so that
.the length of the wires is perpendicular to the length
of the'weld. The penetrameter(s) shall not be placed
in the area of interest unless conditions exist as
stated in R-263.1 (c). :

R—f63.2 Number of Pehetrametefs.‘k

a. For components where one or more film holders are
" used for an exposure, at least one penetrameter
" image shall appear on each radiograph except as
:outlined in R-263.2 (b) through (f).

If the requirements of R-261 are met by using

more than one penetrameter, one shall be in the
lightest area of the radiograph and the other

‘'in the darkest; the intervening densities on

the radiograph shall be considered as having
‘acceptable density. If the density of the

. radiograph anywhere through the area of interest
varies by more than minus 15% or plus 30% from the
“'density througth the body of the penetrameter,
. within the minimum/maximum allowable density ranges
'specified in R-234.1 then an additional penetrameter
~shall be used bor each exceptional area or areas
‘“and the radiograph retaken. When calculating the
“allowable variation in density, the calculation
. may be rounded to the nearest 0.1l.

'Por cylindrical vessels or flat components where
_one or more exposure cassettes are used for an
exposure, at least one penetrameter image shall
' appear on each radiograph except where the
.source is placed on the axis of the object and
" a complete circumference or portion of the
. circumference is radiographed with a single expo-
' sure, in which case, at least three penetrameters
- shall be spaced approximately 120 degrees apart.
‘When the source is placed on the axis of the
.circumference and a portion of the circumference
- (four or more film location) is radiographed
during a single exposure, at least three
penetrameters shall be used. One penetrameter
_shall be in the approximate center of the
. section exposed, and one at each end. When the
section exceeds 240 degrees, three penetrameters
‘spaced 120 degrees apart may be used. In each '
- case, additional film locations may be
- required around the circumference to
- establish 120 degree penetrameter spacing,
otherwise at least one penetrameter image shall
 appear on each radiograph. Where portions of
" longitudinal welds adjoining the circumferential
* weld are being examined simultaneously with the
circumferential weld, additional penetrameters
shall be placed on the longitudinal welds at

11




“the ends of the sections most remote from the
source of those welds being radiographed. When
an array of objects in a circle is radiographed,
at least one penetrameter shall show on each
object image. , -

d. For spherical vessels, where the source is
~ located at the center of the vessel and one or
' more exposure cassettes are simultaneously ’
exposed, at least three equally spaced penetra-
meters per 360 degree circumferential seam plus
one additional penetrameter for each other seam
shall be. used. ' :

e. If the required penetrameter image and specified -
hole does not show on any film in a multiple .
film technique, but does show in composite view-
ing, interpretation shall be permitted only by
composite film v1ew1ng. :

R-263.3 Shims Under Penetrameters.};

“a. A shim of material radiographically similar to -
the weld metal shall be placed under the pene-
trameter if the weld reinforcement and/or back-
~ing strip are ‘not removed.» :

"b. The shim thickness ‘shall be selected so the
~ total thickness being radiographed under the
'~ penetrameter is at least the same as the norm-
inal single wall thickness plus the maximum
reinforcement permitted by the referencing Code
Section (if reinforcement is not removed) plus
backing strip (if not removed) and other thick-
ness variations such as in nozzle geometries., '

c. When shims are used the plus 30% density ,

. restriction of R-263.2 (b) may be exceeded, .
prov1ded the required penetrameter sensitivity
is displayed and the density limitations of .
R-234.2 are not exceeded.ﬁ

d. The shims dimensions shall exceed the penetra-
meter dimensions such that the outline of at
least three sides of the penetrameter image
shall be ViSible in the radiograph.r

R-270 RADIOGRAPHIC 'I‘ECHNIQUE.
R—27l, Single wWall Technique.

‘Rﬁ27l.1 Radiography, regardless of the configuration .
oY -of the material, shall be done using a single-
: ‘ wall radiographic technique whenever pract-
- ' icable. Penetrameter size and placement
shall be per R-262 and R—263, as applicable.

12




R=271.2

For complete radiographic coverage of cylind-
rical girth welds, a minimum of four expos-
ures 90 degrees apart is required when the
source is placed outside and the film inside
the object.

R-272 Double-Wall Technique

' R-272.1

R-273.3

Double-Wall Viewing.

Unless otherwise specified, for materials and
for welds in pipe and tubes 3.5 inches (89 mm)
or less in nominal outside diameter, a technique
may be used in which the radiation passes
through two walls and the weld (material) in
both walls is viewed for acceptance on the same

"film. For welds, the radiation beam may be off-

set from the plane of the weld at an angle suff-
icient to separate the images of the source side

and film side portions of the weld so there is

‘no overlap of the areas to be interpreted in

which case a minimum of two exposures taken at
90 degrees to each other shall be made for each
joint. As an alternate, the weld may be radio-

. graphed with the radiation beam positioned so

the images of both walls are superimposed, in
which case at least three exposures shall be

" made at 60 degree to each other. For double-

wall viewing a source side penetrameterx shall be
used and placement shall be as indicated in
R-263.1.

Single Wall Viewing.

‘a.” For material and for welds in pipe and tubes

 with a nominal outside diameter greater than
3.5 inches (89 mm), radiographic examination
‘shall be performed for single-wall viewing
‘only. An adequate number of exposures shall
be taken to ensure complete coverage.

For welds in pipe or tubes with a nominal
outside diameter 3.5 inches (89 mm) or less,
single-wall viewing may be used provided the
. gource is offset from the plane of the weld
certerline as outlined in R-272.1. As mini-
mum, three exposures 120 degrees apart shall
be required. A film-side penetrameter shall

be used and placement shall be as indicated

‘in‘R—263;1‘(C)‘and (d).

Penétrameter Selection.

. The désidnated.hole pene£rameter with

essential hole or wire diameter shall be
as specified in Table R-276. o
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R-274

R-280
R-281

R-282

.R-290

R-291

' PROCEDURE REQUIREMENTS.

Selectlon of. Energy of Radlatlon.-

R-274.1 X-Radiation. Except as provzded in R-274.3,
: the maximum voltage used in the examination
- shall not exceed thé value shown in Flgures

C T=272. 1(a) (b), or(c), as appllcable.

R-274;2 Gamma Radiation. Except as. provrded in R-274 3,
: the recommended minimum thickness for which
radioactive lsotopes may be used is as follows:

o Minimum Thickness (in.)

' . Ix 192
Steel - . 0.75 1.50
Copper or Nlckel N S 0.65 1.3 -

Aluminum | 2.5 L e——

The maxﬁmum thickness for the use of radioactive
' isotopes is primarily dictated by exposure time;
therefore, upper limits are shown. The minimum
recommended thickness limitation may be reduced:
.. when the radiographic techniques used demonstrate
that the required radlographlc sensxtiv;ty has
" been obtained. ~ :

i

‘Procedure Compllance Wlthout a ertten Procedure.

Compliance Wlth the dens;ty and penetrameter image
requirements on production radiographs shall be consid-
ered ev;dence of quallflcatlon of the procedure used.

Requlrements for a ertten Radlographlc Procedure.

, When requlred by the referenc;ng Code Sectlon, a written

procedure shall contaln, -as m;nlmum, the followzng tech-
nique variables: =~

a. mater1a1 and thlckness range

b. isotope used or maximum x-ray voltage
c. minimum source-to film dlstance

d. maximum source size

e. film brand or type

f. screens used. ,

d’EVBLUATION OF RADIOGRAPHS.

Facilities for VieWLng Radlographs.

”Vlewxng facilities shall provide subdued- background

lighting of an intensity that will not cause troublesome
reflections, shadows, or glare on the radiograph. Equip-
ment used to view radiographs for interpretation shall
provide a light source sufficient for the essential

"penetrameter hole to be visible for the SPECLfled density
- range. The v;ew;ng condltlons shall be such that light
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from around the outer edge of the radiograph or coming
through low-density portions of the radiograph does not
interfere with interpretation.

Evaluation by Manufacturer.

Prior to being presented to the inspector for acceptance,
the radiographs shall be examined and interpreted by
qualified Level II radiograhic personnel as complying
with the referencing Code Section and with radiographic
procedure. The qualified Level II or Level III radio-
graphic personnel shall record, on a review form accomp-
anying the radiograph, the interpretation of each radio-
graph and disposition of the material examined.

Radiogtaphiq Setup Information.

To aid in proper interpretation of radiographs, a sketch,
drawing, written procedure, or equivalent record shall be
prepared to show the setup used. The information shall

accompany each group of radiographs if the same informat-
ion applies. Reference to a standard setup is acceptable

if descriptions of this standard setup are readily avail-
able. As a minimum, the information shall include:
a. Number of fiims,‘ |  ‘ o
'b. The data specified in R-236 and R-237.3 when
applicable.

QUALIFICATION OF RADIOGRAPHIC PERSONNEL.

Reqﬁirements.

Personnel shall be qualified in accordance with the
requirements of SNT-TC-1lA, 1984 Edition.

a. NDT LEVEL I - An NDT Level I individual shall be
~qualified to properly perform specific calibrations,
. specific tests and specific evaluations according to
. written instruction and to record the results. He
‘ shall receive the necessary guidance or supervision
‘from a certified NDT Level II or III individual.

" NDT LEVEL II - An NDT Level II individual shall be

qualified to set up and calibrate equipment and to
interpret and evaluate results with respect to

. applicable codes, standards and specifications. He

" shall be thoroughly familiar with the scope and
‘limitations of the method and shall exercise assigned

" responsibility for on-the-job training and guidance

' of trainees and NDT Level I personnel. He shall be
"able to prepare written instruction, and to organize
and report nondestructive testing investigations.

i
.




' ,NDT I..EVEL IIT - An ND'I‘ Level IIX :Lndz.v:l.dua.l shall be
- capable of and responsible for ‘establishing
" techniques, interpreting code, standards and specif-

ication, and designating the particular test method

.. and technique to.be used. ‘He shall be responsible

for the complete NDT operation he is qualified for
and assxgned to.and shall be capable of evaluating

- results in terms of existing codes, standards and

specifications. He shall have sufficient practical
background in applicable material, fabrication, and/

- or product technology to establlsh techniques and to

assist the design engineer in establishing acceptance

criteria where none are otherwise available. It is

desirable that he have general familiarity with other

}1 commonly used NDT methods. He shall be responsible

for the training and examination of NDT Level I and
Level II personnel for certification. The actual
administration of training and grading of examina-
tions may be delegated to a duly selected represent-
atlve of the Level III 1nd1v1dual and so recorded.
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TABLE ?-233.1
PENETRAMETER DESIGNATION THICKNESS,
AND HOLE DIAMETERS

Penetrameter = Penetrameter 1T Hole 2T Hole 4T Hole
Designation Thickness: Diameter Diameter Diameter

-

0.005 0.010 0.020 0.040
0.007 0.010 © 0.020 0.040
0.010 0.010 0.020 0.040
0.012 0.012 0.025 0.050
0.015 - 0.015 0.030 0.060
0.017 0.017 0.035 0.070
0.020 0.020 0.040 0.080
0.025 0.025 0.050 0.100
"0.030 0.030 0.060 0.120
0.035 0.035 0.070 0.140
0.040 0.040 "0.080 0.160
10.045 0.045 0.090 0.180
- 0.050 0.050 0.100 . .0.200
0.060 0.060 - 0.120 0.240
0.080 0.080 0.160 0.320°
0.100 0.100 0.200 0.400
0.120 0.120 0.240 0.480
0.160 0.160 0.320 0.640
0.200 0.200 0.400 - -
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| L for Tank Inspectidhs

- Clip Board
Data Forms
Pens v
Tape Measure (25 ft)
Chalk Sticks
Wax Marker
Chalk Line
Chalk Powder
Twine or Strong String
6-ft Step Ladder
Extension Cords
12.  Multiple Outlet Adapter
13.  High Intensity Light (500 W)
14.  Jack Knife
15. Hammer
16.  Center Punch
17.  Small Cold Chisel
18.  Work Gloves
19. Camera
20. Fim ‘ v ) *
21.  Flash '
22.  Screw Drivers
23.  Vise Grips
24, DM4 DL Ultrasonic Thickness Gauge |
25.  Couplant and Apphcator .
26.  Calibration Blocks
27.  Laptop Computer
28. Hand Calculator
29.  Micrometer Depth Gauge
30. Micrometer Wall Thickness Gauge
31. Heavy Duty Drill Motor
32.  5/16 in Drill Bits (2)
33. 5/8 in Drill Bits )
34. Safety Glasses with Side Shields
35. Oil Can
. 36. Extra Oﬂ
'37.  Hand Files
38.  Shop Vac (supplied by sandblaster")
'39.  Drinking Water
40.  Brush or Wisk Broom
41.  Wire Brush
'42. Hard Hats
43.  First Aid Kit

LONALA LN
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.




10.
11.

12,

'GENERAL INSTRUCTIONS FOR INSPECTING TANKS

" Complete the Initial Tank Data and History form. .

one end for safe access. ’

After the tank is removed from the grouhd, have a 4-ft by 4-ft '6r larger opening cut in
If possible, allow. thé outside of the tank to dry off, 1f wet, and sweep or scrap,e' off
excessive soil. L e ‘

Grid the inside and outside of the tank to allow for future ldcat_ion references. See
special instructions for doing this. : :

On at least four locations (two inside and two outside, on opposite sides of the tank),

~mark off and label the subsection lines for future refgrence. (See illustration for

guidance.)
Complete the Tank ‘Welding Details form and the Tank Views chart.

Conduct internal and initial external inspection of the tank, using the ‘Tank Visual
Inspection forms provided. . - : ‘ ' L ‘

Conduct the ultrasonic inspection. = The Krautkramer Branson DM4 DL ultrasonic
thickness gauge or equivalent should be used after checking its calibration. Preferably,
it should be used with' its data logger capability and the data then-transferred to a PC.
Otherwise, use the Ultrasonic Inspection form. (Note, this step may- be conducted before
or after steps 9 and 10.) o 2 - '

" Have the exterior of the tank sandblasted. ‘

* Conduct a second exterior inspection of the tank, using the Tank Visual Inspection forms -

provided.

Take ﬁit depth measure'mehts"of the déepest' pits found, using the Starrett micrometer
depth gauge and the Pit Depth forms provided. ' o , ‘

Drill sentry holes. For 1/4 inch plate, first, drill a 5/16 in pilot hole, followed by a 5/8
in sentry hole. Back off the larger nut on the anvil side of the thickness micrometer and
~pull anvil against spring tension until it can be rotated 90°, Then feed anvil through .
sentry hole, rotate the anvil back to its normal position, and using the ratchet stop on the -
spindle take a thickness measurement. Rocking the. micrometer slightly will enable you
-to get the minimum reading. Record reading on the Wall Thickness forms provided.




INSTRUCTION_S FOR GRIDDING THE TANK

The tank is to be d1v1ded into 3 ft by 3 ft (or less) segments with a grid work First,
measure the diameter and length of the tank. In all of the following, the process may .
be made easier if at some point the tank can be rolled 90° so you don’t have to work on
the top of the tank.

The number of crrcumferenttal segments is equa.l to the drameter in feet. Thus an 8-ft
diameter tank should have 8 cu-cumferenttal segments a 10—ft dxameter tank 10 segments,
etc. '

The length of the tank should be divided into equal increments, with each increment to
be no more than one meter. Tanks eight feet in diameter should be divided
longitudinally as follows: ‘ '

6,000 gal 5 segments

8,000 gal 7 segments
10,000 gal 8 segments
u 12 000 gal 10 segments

For the mtenor of the tank detenmne the length of the arc needed for the gnd For
example if the diameter is 8 feet, the circumference is IIxD = 301.6 in. One eighth of
this is 37.7 in, or approximately 37.75 in. Then, at both ends of the tank mark off with
chalk or a wax marker the eight (approximately) equal segments. It is best to start from
the top of the tank, as the top is more easily identifiable than any other reference.

Using a carpenter s chalk lme snap longltutmal gnd lines between the marks. placed in
step 4.

Lay out the longitudinal segments. For example, for a 6000 gal tank, which is 16 ft
long, use 16/5 ft, or about 38.5 in. Make a set of marks this distance apart for the
length of the tank at three or four locations around the circumference (eg., at 60, 180,
and 300 degrees from the top). Then, using a piece of chalk or wax marker, draw a set
of circumferential grid lines through the marks. (There will be 4 such lines for a 16-ft
tank. ) -
The process on the outside of the tank is basrcally the same "It is recommended that the
initial marks at each end of the tank around the cucumference be augmented with a
center punch or chisel, so they can be readily relocated after sandblasting or rain. A
carpenter’s chalk line can be used for both the longitudinal and circumferential grids,
unless the surface is wet or extremely dirty. In that case, use a piece of regular string
as a guide and draw the hnes w1th a wax marker.

For the circular ends of the tank, locate the center. Mark a vertical diameter and a
horizontal diameter, dividing the end into 4 parts. Mark a circle 20.3 in in diameter in
the center. The center circle becomes one section, the other 4 sections are defined by




the center cu'cle and the verttcal and honzontal marks. This glves approx1mate1y 9 ft?
areas for an 8-ft diameter tank. If it is necessary to divide the end into 1 ft areas, begin
with the vertical diameter and mark a vertical line every ft in both directions. Then
‘begin with the horizontal diameter and mark a vertical line every ft in both directions.
. The result divides the end into 1 fi*> sections. A division into squa.re feet for tanks of
d1fferent diameters is shown in the ﬁgure : : : o

Note 1 meter 39. 36 inches; 1 ga]lon = 231 cublc mches

v




Tob

Opening 1 2 3 4 5
A
%\7 .
g D
w B
‘U -
- Q@
C
@ -
ol C
@
— -
k Nomen_clature: This is subsection B2-9.-
| | l l ] l I
1 ' 2 | 3 3 | 2 | 1 9 | 8 | 7 7 | 8 »| 9
T T D
4 | 5 | 6 6 5 4 6 5 | 4 4 | 5 | 6
R I R I R R
7‘8',9 9|'8|7 3'.2.|1 1|2|3
L 1| L L L "1
.~ B2Exterior B2 Interior G2 Exterior G2 Interior
Note: Interior and exterior hotations are identical for same portion of tank. 0524 SEV glauz scm 1 062085

Also, notation does not change with rotation of tank.




- QUADRANT LINE

SUBDIVISION LINE

3

%——QUADRANT UNE
9\

2\

~<— SUBDIVISION LINE

RIGHT

'8

1213

243

B

d( ——n o

|
+.\h..r.l.\.
o

\“\
4,| 5\| 8

6

4

]

\§
Fl

21311
213141

1
1

12 FOOT DIA
10 FOOT DIA

glel717[8\

P

\

2

ko e
7

21
7
/4

1
T e R s e
1

T

4
i
1
17
BOTTOM FLOOR OF TANK

1713 ]2

'5\//4 645

8 FOOT DIA:
 6FOOTDIA

/2171342

T 7
8’

5

3.
A.

3l2}113]2

3]2

-t




INSTRUCTIONS FOR COMPLETING TANK VIEW INFORMATION

Provide proper project tank 1dent1ﬁcauon number and locatron of site.

Sketch the locatlons of all tank opemngs Show bung locatlons on the top, and mdrcate
their diameters (eg., 4inor?2 m) Indicate the size and location of the manway. Sketch
the size, shape, and location of the tank end wall opening.

Show locations of all tank welds except the head joints. Include longitudinal and
crrcumferenUal welds on the cyhndncal portron and any welds on the heads

Sketch and label the grid system used on the two heads wrth 4 or 5 sections per head
Show the approx1mate locatrons of any holes v1srble before exterior sandblastmg

Indrcate whether or not the tank had obvrously been coated locations where coating has
deteriorated or is mrssmg, and the general condition of the coating.

Indicate the apj:roximate locations of visually unusual sections of the tank prior to
_exterior sandblastmg, if any. This would include areas of major damage, discolored
areas, areas symptomatlc of product leakage, etc.

Provide addmonal comments on your mmal mlpressron of the tank. See example below.




Tank No. - v - Tank Location:

Date: = = . Data entered by:

INITIAL TANK DATA AND HISTORY

1L "Site contact, nanié and phone

2 | Tahkcapacity, diameter, z_mvdvl'ength‘ -

3. Tank manufaéturér

4. Tan]k nomina] wail thicknesé .

. ‘5. | :Tan]k sena] no. or other 1dent1ﬁcat10n

6. Tank age, 1fknown ‘

7. .Product.storedmtank —

8. Was cathodic protection used (yes/no) ? _

9. Was tank cbated intemall‘y'()?es/no)? ~

10, "Was tank coated extemally (yes/no)"

-11.. Backﬁll matenal

- 12, vadence of product l_eakage in ‘baclvcfill

13. . Leak and repair history, if available —

/

14. Other observations




Tank Location:

H

Data entered by:

Internal/External

* TANK VISUAL INSPECTION FORM |

Sandblasted (Y /N)

GHdID —
Hole Subgrid _
Many Shallow Pits?

Comments

Percent Area Comoded —
V. Deep Pit Subgrid

Pattern?

Subgnd of Large Dent

Deep Pit Subgnd

General Cor.ros10n‘7

GadID

Hole Subgrid —
Many Shallow Pits?

Percent Area Corroded

V. Deep Pit Subgnd

~ Subgrid of Laf'ge Dent

Deep Pit Subgrid

Pattern?

General Corrosion?

Comments

GridID —
Hole Subgrid

Many Shallow Pits?

Comments

Percent Area Corroded —

V. Deep Pit Subgnd

Pattem‘7

Suogﬁd of Large Dent

‘Deep Pit Subgrid

General Corrosion?

GridID —
Hole Subgrid
‘Many Shallow P1ts‘7

Comments

Percent Area Corroded —_—

V. Deep Pit Subgnd _—

Subgnd of I..arge Dent

Deep Pit Subgrid

‘Pattem? ‘

General Corrosion?

GridID
Hole Subgrid —

Many Shallow P1ts'7

*Comments

Percent Area Corroded .___ |
V. Deep P1t Subgnd _;.__

Pattem‘7

Subgnd of Large Dent

Deep Pit Subgnd

General Corrosion‘?

_Pa_ge eeeeermeen



Tank No. S | _Tank‘cha’tiori;

Date: SR I || Data entéred by:
TANK WELDING DETAILS
el. Companng with the ﬂlustranons below, what type of weld construction is used for the
»shell Jomts" No. ‘ ,
2. ‘Companng w1th the illustrations below, what type of weld construction is used for the
head joints? No. __ v
| SHELLJOINTS ~~ ° ~ HEADIOINTS |
- o - . e Hep -
' ;,‘l . t—D-—1 F ‘ L \x . \ '
P A 7\ \ 'ﬁ_,
© No.i-ALL DIAM. ©  No.2-ALL DIAM. * No.3-ALL DIAM. ‘ NO.O No.u - Moz

" I N . . in‘ ] : c . . .
B L i (PTR I o - L :’ : '.
—_— e Vs ﬂ  nowe D m;s}-—;

ol eetr2® MinG127em) — 8 b—c Pyl =

No.4=MAX. DIAM -~ No.S-ALL DIAM..  No.6-ALL DIAM. el l"" .
o , A ‘ el (:imm)uin. Sevaration '—q :ﬂ
PV == = D o
= T |

1= !
. ) ¥ Lt-tr2® Min.l .
C Za.amm) ’ ; —.M-—
| Mo TonaX DM 65 No. 8-ALL DIAM. o g =
. .65 m} . TN
' C . : no.21
B —»O\ndap-‘llzinchﬂzJ mm) minimum, - ( S i —is l 2
. -’
"€ — Continuous welds. . o ’ ) :‘:l' ’ ?*6 e ‘Lﬁ ' L—ri l
: ‘ ) No22 W NO.23 ‘ NO.24
CF - = An,lap welds shall be continuous full fillet welds., - Lo :
o) - Overtap — 1/2 inch (12.7 mm) minimum for B o Overiap — ilz inch (12.7 mm) minimum.
. dismeters 48 inches (1.2 m) or less; 3/4 inch (19.1 | s
mem) minimum for diameters over 48 inches (1.2 m). c — Continuous welds.
. E -— 1!2 inch (12.7 mm) minimum diameter lock weld CF = Shall be continuous full fillet welds.
’ not over 12 inches (305 mm) spart. S . )
.. F = Notless than five times head thickness — minimum
T — Tack weid 1 Inch (25 mm) spots, not over 12 inches - . 172 inch (12.7 mm). )
(305 mm) apaﬂ. ' N :
: ' J - —JohnNo.z*x—llluimumuﬂdmcuofo.*ﬂs‘linch
t —Wmmwmumumn : o (4.24 mm). ’

K. = Joint No. 22 = Hndanulrebnclng (see No. 1
) and 2 of Figurs 6.2). Illnlmummlcmsofo.*lw
N L (4.24 mm).

T ~-m:n:umatm::h(zsrmn).pma.mm:«mulm:hes
‘ (3°5mm)lplrt.

t —w:umum.1xmnwcm

Hud:myboﬂat.dtshod.creom -
Hoighle!comhcm-notmmnom-
mmnamur




Tank No. Tank Location:

Date: Data entered by:

., ULTRASONIC INSPECTION FORM

Grid — | Grid —— | Grid—— ____ | Grid e | Grid

Subgrid Subgrid Subgrid Subgrid Subgrid

Thick. . | Thick. — | Thick. — | Thick. — | Thick.

Grid | Grd e |Grid e {Grid——____| Grid

Subgrid Subgrid Subgrid Subgrid Subgrid :
Thick, e | Thick, —— | Thick, ——_ | Thick. — | Thick. —uw
Grid—____|Grid— | Grd—_____|Grd—— _____|Grd______
Subgrid Subgrid Subgrid Subgrid Subgrid
Thick., e | Thick. — | Thick. .. | Thick..—____ | Thick, —
Gid— | Grid— | Grid— | Grid— | Grid

Subgrid v Subgrid Subgrid Subgrid Subgrid

Thick. ————_ | Thick. — | Thick. | Thick. e | Thick.
Grid e |Grid— | Grid—_______ | Grid — .| Grid

Subgrid Subgrid Subgrid — | Subgrid . Subgrid '
Thick. | Thick. | Thick. ________ | Thick. — | Thick. —
God e {Grid— | Grid—_______|Grid_—_______ | Grid

Subgrid Subgrid Subgrid Subgrid : Subgrid

Thick. — | Thick. —___ | Thick. —— | Thick. - | Thick. —
Grd oo |Gnid e |Grid— | Grid——_____ | Grid

Subgrid Subgrid Subgrid Subgrid Subgrid

Thick, ——— . | Thick. e | Thick. — | Thick. ——— | Thick. —
Grid oo | Grid e | Grid e | Grid e | Grid

Subgrid Subgrid Subgrid — . | Subgrid Subgrid ..
Thick, - | Thick. — | Thick. eeeeeeeo | Thick. — | Thick. —
Grid— |eid——___ |Grid— | Grd— | Grid

Subgrid Subgrid Subgrid . | Subgrid Subgrid

Thick. e | Thick. | Thick. — | Thick, e | Thick.
Grid — o |Grid e |Grid—____|Grid—______ | Grid

Subgrid Subgrid Subgrid Subgrid | Subgrid

Thick, ——— | Thick. . ______ | Thick. — | Thick, e | Thick. —
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Results of Evaluation’F(l)rm}st ‘







- Results of Evalustion For_ms
Integrity Assessment Procedure for Steel UST's

, This form tells whether an integrity assessment procedure used to assess steel USTs prior to

' upgrading with cathodic protection meets the performance standards recommended by the -
EPA. The evaluation is of a vendor procedure for assessing tank integrity, and was conducted

~ by athird party acting as a consultant to the vendor. The vendor procedure was evaluated

according to the Quality Assurance Project Plan (QAPP), "Field Evaluation of UST Inspection

Assessment Technologies" of October 1995 or equivalent protocol The full evaluatmn report

, 1ncludes a form summarlzmg the test data.

The evaluation consisted of the vendor applying the procedure to-a number of tanks or sites.
After the vendor’s conclusions were reported, the baseline results were determined by -
removing the tanks from the' ground and inspecting the tanks. The baseline inspection
determined that a tank was not suitable for upgrading if the tank had any perforations or had
any pits (either external or internal, depending on the assessment procedure) that were deeper
than 50% of the required minimum wall thickness for tanks of that size.

. 'Where the UST program implementing agency allows or requires evaluations for compliance,

- UST owners and operators of steel tanks that have been upgraded by the addition of cathodic -

protection should keep this form on file to prove compliance with the federal regulations.

" Tank owners should check w1th State and local agencies to make sure that this form satlsf1es
their requlrements :

Vendor Procedure
Procedure Name
Version '
Vendor Name
Vendor Address ____ ‘ -
Vendor Phone _ _ Pax
‘E-mail -

Description of Procedure S Lo

This vendor procedure assesses s the 1ntegr1ty of a steel UST by (grve a brief descnptlon below -
of the operatmg pnnc1ples of the procedure) ‘




This procedure is operated in accordance with the folblowing‘ standard operating procedures or
national codes (List any applicable procedures and codes below):

“ Test Conditi?ns Durmg Evaluation

“The evaluation used a total of tanks at _ dlfferent sites. The ages of the tanks
-ranged from years to years with a mean average age of years.
Groundwater was found above the bottom of the tank at the time of the evaluation at
sites with tanks. The evaluation data included tanks with a minimum wall
thickness of 3/16 inch, tanks with a minimum wall thickness of 0.24 inch (1/4
nominat), and tanks with a minimum wall thickness greater than 1/4 inch.

Evaluatmn Results

List the vendor’s criteria for declaring a tank unsuitable for upgradmg with cathodic
protection. Note that these are the criteria according to the vendor’s standard operating
instructions, and not the EPA’s evaluatlon cntena (Llst below.)

In some cases, assessments done in the normal course of busmess are not completely
conducted only by a single- vendor company. Instead, part or all of the assessment procedure
-is conducted by a licensee or other company or person. The assessments within an evaluation

must not have more 1nvolvement of the original Vendor that is seen in normal practice.

A llcensee or other company or person bes1des the original vendor __was __ wasnot
involved in the assessments that were a part of this evaluation. If licensee or or other company
or person was involved, the nature and level of 1nvolvement was (describe below):

The evaluation resulted in data summanzed in the table below The data are reported in the
‘Reporting Form for Evaluation Data: Integrity Assessment Procedures for Steel USTs. Note |
‘that some assessment procedures report results on a per tank bas1s while others report ona
per site basis. See the instructions for an explanation of reporting on a per site basis. Indicate
by checking the appropriate box which reporting basis was used in thrs evaluation:

The evaluation data were reportedona [ per tank 1 per site  basis.




| | VENDOR RESULT (without leak test knowledge) |
BASELINE  |SUITABLE = | UNSUITABLE ‘| INCONCLUSIVE TOTAL "
SUITABLE R - )
'UNSUITABLE
"TOTAL

3 , VENDOR RESULT (after inclusion of leak test results) , ’
| BASELINE " SUITABLE : UNSUITABLE | INCONCLUSIVE TClTAL
SUITABLE |
UNSUITABLE "
TOTAL |

Note that the performance estimates are to be interpreted as applying on a per tank or per site
‘basis, depending on the way that the data were reported. The results are based on the
calculations described in Section 5 of the QAPP “Field Evaluation of UST Inspectron
Assessment Technologies.” Based on the data summarized above obtained during the
evaluation, the following performance estimates were found based on the vendor’s results
after including the results of any leak tests:

1.  Correct Decision Rate (This is the number of tanks [or sites] declared
‘suitable by both the vendor and basehne plus the number declared unsuitable by both vendor
and baseline, divided by the total number of tanks [or sites] and converted to percent.) °
The 95% confidence interval was from to . P.

2. Proportion of Correct Approvals (Accuracy). %. (This is the number of
tanks [sites].declared suitable by both the vendor and baseline, divided by the number found
suitable by the baseline tests, converted to percent.) o

The 95% confidence interval was from . to — %. ‘ o

3. Proportion of Correct Detections (Reliability) %. (This is the number of
tanks [sites] declared unsuitable by both the vendor and baseline, divided by the number
found unsuitable by the baseline tests, converted to percent EPA recommends that this
proportion be 95% or greater.) ,

The 95% confidence interval was from _ " to '} %,




4. Proportron of False Alarms %. (This is the number of tanks [sites]
declared unsuitable by the vendor but found suitable by the baseline tests, divided by the total
‘number found suitable by the baseline tests, converted to percent )

‘ The 95% conﬁdence interval was from ___to %.

s, Proportron of Missed Detectlons ‘ ‘% (This is the number of tanks [sites]
declared suitable by the vendor, but found unsuitable by the baseline tests, divided by the total
‘number found unsuitable by the baseline tests, converted to percent.)

The 95% confidence 1nterva1 was from to__ %. .
6. Proportion of Inconclusive Results of total results %. ‘
| The 95% confidence interval was from o %.
7. Proportion of Inconclusive Results for Suitable Tanks _ %.
The 95% confidence interval was from to %.
8. Proportion of Inconclusive Results for Unsuitable Tanks %.

The 95% confidence interval was from to _ - %.

- In order to meet the performance requirements, the proportion of correct detections (the

“proportion of unsuitable tanks correctly detected as other than suitable) must be at least 95%.

- The proportion of correct detections is computed as 100% minus the percent reported in

.number 5 above, and was__ %. Based on the results from this evaluation the procedure
(mark apphcable box) |

O does meet the performance standards, or

O3 does not meet the performance standards.

Limitations on Results

The performance estimates above are only va11d when

L The procedure is performed in accordance w1th the standard operating instructions
used in this evaluation; and ,
L4 The procedure has not been substantlally changed

Other limitations specified by the vendor or determined during the evaluation are (list below):




" Evaluator Certification of Results -

~ Procedure Name -__
Version _
Vendor Name

I certify that the vendor conducted the assessment of the integrity of steel tanks prior to
" upgrading with cathodic protectlon in accordance w1th the vendor s standard operating
procedure - , N
I also certify that this vendor procedure was evaluated according to the plan in “Field
Evaluation of UST Inspection Assessment Technologles” and that the results presented above
-are those obtained during the evaluat1on

Ialso certify that, outside this evaluation ‘1 and my organization have no financial interests in
the vendor company, and that the vendor company has no f1nanc1a1 1nterests in myself or my
organization:

‘ Name (person)- 'Organization performing evaluation -

Signature j . - - Address of ’Oréanization

Date o S ~ 'Phone :




Vendor Certification of Independence

I certify that, outside this evaluation, I and my organization have no financial interests in the .
‘evaluator or her or his company, and that the evaluator and her or his company have no
financial mterests m myself or my orgamzatlon

Name (person) ‘ | Vendor Organizétion

Signature - Addréss of Organization

Date




Tank Integrity Assessment Procedures for Steel Tanks
(Use as many pages as needed.) Page ____ of

Reporting Form for Evaluatlon Data

(Indlcate whether reported on tank or s1te ba81s by circling appropriate word in colunm 1or2)

Tank .

D

Site
ID

Tank
Age

Baseline Results

Vendor Conclusion

Perforation -

(Y/N)

‘vDeepest Pit

Depth
(Indicate
internal or

Inépection‘

Conclusion

Without
Leak Test

| After Leak -
Test

external)







SECTION 3
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Instructions for Filling out Results Forms s

- The evaluatlon is based on the procedures outhned in the ¢ Quahty Assurance Project
Plan: Field Evaluation of UST Inspection Assessment Technologies” (QAPP) of October 1995,
. or an equivalent protocol.” The standard test procedure document supplements the QAPP and
provides instructions for completmg the results form for the evaluation of a tank 1ntegnty
assessment method for steel USTs prior to up gradmg with cathodlc protectlon

Vendor Procedurek‘

. In this section, provide the name of the vendor procedure. This is usually/a trademarked
name. If there is a version of the system or a date, list that under the version. The vendor name
.. is the name of the company that performs the assessment or supphes the specific procedure used

. by licensees or users. The company’s address and phone number should be supplied. An
optlonal FAX number and/or e-mail address could also be. supphed

vDescrlptlon of Procedure

Give a brief description of the type of assessment here. Examples might be an internal |
video camera or a corrosion model. If the procedure is performed or operated according to an
industry standard code or standard operating procedure, give the appropriate reference(s) as the
answer in the next section. & :

Test Conditi()'ns During Evalu‘ation
This section documents the condmons and data used in the evaluation. Record the
number of tanks 1nvest1gated and the number of distinct sites. Typically all tanks in a single
~ excavation would be a single site. However if there were two separate tank excavations
separated by some distance, this could be two sites even if it was a single address or facility.
Report the youngest and oldest age of tanks in the study. Also report the average tank age. If
there are tanks with unknown ages, use the best approximation of age in computing the average
and the minimum and maximum. Report the number of tanks of different wall thicknesses. If
the wall thickness is not known, use the minimum required by the Underwnters Laboratory
4 Standard 58 based on the capac1ty of the tank

, The QAPP was developed on a per tank basis and called for mvestlgatmg about 100

tanks. With an average of about 2.5 tanks per site, this would translate to about 40 sites. For
procedures that report on a site basis, the evaluation should iniclude at least 42 sites, with at least
21 sites that were determined by the baseline tests to be unsuitable for upgrading. Note that this
will probably involve more than 21 fanks at these sites. No minimum requirement is specified
for the number of suitable sites. Procedures that report on a per tank basis should include at least
42 tanks, with a minimurn of 21 unsuitable tanks as determined by baseline tests. '

v
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Evaluation Results

Describe briefly how the vendor determines that a tank is unsuitable for upgrading. For
example, the vendor’s decision might be based on a visual review of the internal video of the
tank, or it might be based on the predicted life of the tank compared to its age based on a
corrosion model. '

Indicate whether the vendor procedure makes a determmatlon separately for each tank, or
whether one decision is made that applies to the site (with possibly multiple tanks) If the vendor
reports results on a per site basis, the site as a whole is judged suitable for upgradlng by the '
addition of cathodic protection or the site as a whole is judged unsuitable. If the vendor reports
on a site basis, the baseline results must also be reported on a site basis rather than on a per tank
basis. For this purpose the baseline testmg results are interpreted to mean that a site is not
ghitable for upgrading by the addition of cathodlc protection if any of the tanks at the site is not
suitable. For a site to be judged suitable for upgrading, all tanks at the site must be suitable for
upgrading with cathodic protection.

The QAPP calls for the vendor to report findings ﬁrst in the absence of mformatlon about
whether the tank has passed a leak detection test, and then again using the results of a leak

detection test. Correspondmgly, the results form has a table for the vendor’s conclusions in the
-absence of knowledge about the leak detection test and a subsequent table for results 1nclud1ng

that knowledge. The data to be entered in the table are descnbed in detail with examples in
Section 5, page 5 of 7, of the QAPP - :

Compute the percentages for items 1 though 8 as described in the QAPP, Section 5, pages
5 and 6 of 7, and report them in the indicated blanks. Note that these items are based on the
vendor’s results zncludmg knowledge of any leak detection test results.

The performance requirements are based on the probablhty of correct detection. The )
probability of a correct detection is computed as 100% minus the percent reported in item 5. For
example, if item 5 were computed as 2% (based on incorrectly declanng 1 unsuitable tank out of
50 unsuitable tanks as suitable), then the probab1hty of correct detect1on would be '98%.

Mark the “does” box if the estlmated probab111ty of detect1on is at least 95%. OtherWlse
mark the “does not” box. '

Limitations on Results

List any and all restrictions or special requirements of the procedure here. For example,
1f there are any special cleaning requirements for the tanks in preparation to performmg the
assessment, these should be described here. Similarly, if the evaluation only reflected certain
situations, and not the full range of vanables that might be encountered in the field, then these

" should also be described as lumtanons




Certification of Results

Repeat the procedure name, version and vendor’s name as indicated. Give the name of
the person in charge of the évaluation in the first position, followed by the name of the evaluating
organization. On the second line, the person in charge of the evaluation should sign the form.
This is followed by the address of the evaluating organization. On the next line, enter the date ‘
followed by the evaluatmg orgamza’uon s telephone number. '

Vendor Certlfieatlon of Independence K
The vendor’s representatlve should complete and s1gn
Reportmg Form for Evaluatlon Data

The QAPP contams deta;lled data reporting forms for the baseline inspections of the .
tanks. The indicated data should be summarized for each tank on this reporting form. This
- includes the identification of the tank and site, whether or not each tank had a perforation, and
the depth of the deepest pit found during the inspection, leading to the inspection conclusion as
to Whether the tank was suitable or not. Note that a specific procedure is required to assess only
one side of the tank shell, but must 1dent1fy all perforations. The baseline conclusion should be
based on the deepest pit found on the same side of the tank shell (interior or exterior) that is
assessed by the vendor’s procedure. The vendor’s conclusions both without knowledge of the
leak test results and with that knowledge are also reported These data form the basis for'the’
tables in the reporting form. : ,
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SUBJECT: - Guidance On Alternative Integrlty Assessment Methods For Steel USTs Prior To '
Upgrading With Cathodic Protectron ' ‘ ‘

" FROM: ! ina Hopkirs Vir 1ck, Dlrector .
' Office of Underground Storage Tanks
‘TO:.  EPA UST/LUST Regional Program Managers
State UST Program Managers . '

Thrs memorandum prov1des guidance that pertams only toa relatlvely small subset of all
underground storage tanks (USTs). This subset.of USTs consists of steel USTs that are not yet
protected from corrosion, that will not be internally lined to meet the 1998 deadline for corrosion
protection, and that will-be assessed by alternative methods other than either human—entry ‘

_internal inspection or leak detection before cathodic protection is added.

" In our memorandum of October 21, 1996, we recommended to UST program
unplementmg agencies that they continue to follow their current policies regarding allowed
integrity assessment methods for this subset of tanks until more information and guidance
became available. On March 6, 1997, we circulated addmonal information and draft guidance.
Today’s memorandum finalizes our guidance on this subject. The guidance promotes protective
and affordable mtegnty assessments whrle mamtarmng regulatory ﬂexrbxlrty for 1mplement1ng

agencies.

[

Guidance On The Use Of Alternative Integnty Assessment Methods
- Federal UST regulations require that existing steel tanks without corrosion protectlon
* must be assessed for structural integrity before cathodic protection can be 4dded to meet )
- corrosion protection requirements. Basically, tanks that are not structurally sound must not have
their operational lives extended. Specifically, the federal UST regulations at 40 CFR -
§ 280. 21(b)(2) state that an assessment method may be used to ensure the integrity of steel tanks’
prior to upgrading with cathodic protection if the assessment method is listed in the regulations
_ or if the implementing agency detérmines that an alternative assessment method prevents
' ‘releases in a manner that is no less protective of human health and the environment than those
- listed. Today’s guidance pertains to determinations of alternatlve integrity assessment methods

.‘ that are not listed in the federal regulatrons




EPA recommends that lmplementlng agencles determme that an alternatlve
integrity assessment method that meets either Option A or Option B below be considered to
prevent releases in a manner that is no less protective of human health and the
env ironment than the methods listed in 40 CFR § 280.21(b)(2)(i) through (iii), which
include human-entry internal mspectlon and, for tanks less than 10 years old, certain leak
detection methods

Option A. Ensure tank integrity by using an alternative integrity assessment method that is
in accordance with a standard code of practice developed by a natlonally recognized

assoclatlon or lndependent testmg laboratory

Option B. Ensure tank integrity by using a vendor-supplied procedure that has been
successfully evaluated and certified by a qualified independent third party to meet
specified performance criteria regarding detection of perforations and detection of
either mternal or external damage. Wlthm Optlon B, the crlterla for proving tank
integrity are as follows:
1. Detect all perforations; and
2. One of the foIIowmg ‘
a) Detect external pits deeper than 0.5 times the requlred mmlmum
wall thickness, OR
b) Detect internal pits deeper than 0.5 times the required minimum
wall thickness AND any mternal cracks or separations.
To meet a crlterlon, a method must demonstrate a probablhty of detection of at least
95 percent and a probability of false alarm of no more than 5 percent ‘

After March 22 1998, EPA recommends that 1mplement1ng agencles approve the
use only of alternative integrity assessment methods meeting either Option A or Option B.
Before March 22, 1998, agencies should maintain their current policies for alternative
integrity assessment methods that do not meet either Option A or Option B. Also, before
March 22, 1998, agencies should allow upgraded tanks that have used alternative integrity
assessment methods meeting either Optlon A or Option B to select a leak detection method
from those avallable after March 22, 1998 (as discussed below in today’s guldance)

This gmdance is not mtended to dlscourage the use of human-entry mternal 1nspect1on as
an assessment method or tank lining as an acceptable upgrade option. EPA's UST regulations
allow for interior tank lining to be used as an upgrade option for tanks lacking corrosion
protection (40 CFR § 280.21(b)(1)). This guidance addresses only § 280.21(b)(2)(iv), ‘which
regards methods not spec1ﬁcally listed in the federal regulauons

The Difference Between “Method” And “Vendor-Supplied Procedure”
. Option A addresses “integrity assessment methods” and Option B addresses “vendor-
supphed procedures ” Both “methods” and “procedures” share the common essent1al task of
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'verlfymg the 1nteor1ty of the tank “but they differ in the guldance as follows. A “method” is a '
general technology (such as the use of robotic devices or diagnostic modeling) that is in '
“accordance with a standard code of practice.. A “vendor-supplied procedure” is an application of .

*-a technology, usually marketed as a patented brand name and procedure. Under Option B, a-

“vendor-supplied procedure” must be successfully evaluated and certified by a third party.
However, the guidance does not recommend the certifying of each individual contractor who
may be the local provider of a “vendor-supplied procedure.”

) Optlon A: Standard Codes Of Practice
, Option A recommends that each altematrve integrity assessment method comply with a )
standard code of practice developed by a nationally recognized association or independent testlng
laboratory.” Compliance with a standard code is a requirement in almost all other areas of the
federal UST technical regulations. Codes of practice are often updated over time, and so the
“code used must be the code applicable at the time that the alterna'tiye assessment is conducted.
The American Society for Testing and Materials (ASTM) has been the most active code
. body for alternative integrity assessments. A standard is being drafted by a joint task group
" under Subcommittees E50.01 on Storage Tanks and G01.10 on Corrosion in Soils. The first
draft of the “Standard Guide for Three Methods of Assessing Buried Steel Tanks” was recently
- balloted, and is very similar to the expired ASTM ES 40, “Emergency Standard Practice for
Alternative Procedures for the Assessment of Buried Steel Tanks Prior to the Addition of
Cathodic Protection.” Since balloting is within G01.10 only, interested parties should contact
 ASTM’s Robert Held at (619) 832-9719 for information about part101pat1ng in this standard
. development activity.
Although ASTM committees have been the most actrve other natlonally recogmzed ‘
associations and 1ndependent testmg laboratorres are not precluded from developmg standard
codes of practice. '

Option B: Evaluatlon And Certification Process - :
- Optlon B recommends that each vendor-supplied procedure intended to ensure tank
integrity must receive third-party evaluation and certification that it meets criteria for
establishing the integrity of a tank. Implementing agencies should allow the use only of those
vendor-supplied procedures successfully evaluated and certified by a qualified independent third
party to meet specified performance cntena regardmg detecuon of perforatrons and detecuon of
either internal or external damage. .

- Inan evaluation and certification process a vendor ﬁrst contracts with a third party for
evaluation. This third party should be a qualified test laboratory, university, or not-for-profit
research organization with no financial or organizational conflict of interest. Based on the nature
- of the performance criteria, evaluations will likely be qualitative, but quantitative evaluations.
also are acceptable. The evaluation i is performed first without and then with information about
the leak status of the tank divulged to the vendor. The method’s performance characteristics,
both with leak data and without, are determined, summanzed on a “short form,” and certified by
the evaluator. Owners and regulators can then use this documentation, along with other
information, to make decisions that are right for their particular situations. -

-
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We have determined that an independent evaluation and certification process is already |
available for use in the UST community. This finding is based on discussions with vendors and
third-party evaluators and industry’s experience with other UST system technologies.

In an evaluation, the determination of whether or not a vendor-supplied procedure meets
the criteria may be based in part on leak detection data. This is allowed because protectiveness is
‘based on the performance of the complete vendor-supplied procedure, and leak detection results
often play a large role in integrity assessments. However, the performance of a vendor-supplied
procedure wrthout 1nclus1on of leak detection data should st111 be reported on the short forms for
informational purposes.

As is clear from the recommendations, no integrity assessment methods or vendor-
supplied procedures that have been in use before March 22, 1998 should be ¢ ‘grandfathered” or
considered exempt from following a standard code or from evaluation after March 22, 1998.
However, those vendor-supplied procedures that were part of the 1996 field study conducted by
EPA’s Edison lab can use applicable data generated in that study as part of a more
comprehensive evaluation. In addition, even if a company follows a standard code of practice, it
may voluntarily put its vendor-supplied procedure through this evaluation process in order to
obtain independent third-party documentation of performance characteristics.

Ew aluation Protocols For Optlon B

More detailed information on evaluation can be found in the “Quality Assurance Project
Plan” (QAPP) prepared for EPA’s engineering study conducted in 1995 and 1996. We consider
the original QAPP written for the EPA field study to be a viable, peer-reviewed evaluation test
” ‘protocol We recommend that evaluations conducted in accordance with it be considered valid.

However,,r,egoval and examination as detailed i in the QAPP may not be necessary, at least not
for all tanks used in an evaluation. An approach that uses data in lieu of physical testing can be
used if all relevant data requirements are factored in. An evaluator may choose alternative
evaluation protocols or procedures, because of the potentially high cost of following the QAPP to
the letter or because of special characteristics of the vendor-supplied procedure under evaluation.
(The QAPP calls for an assessment method to be used on approximately 100 tanks, which are
then removed from the ground for testing and inspection.) The development of other protocols is
not precluded, but rather is encouraged.

We have mvestrgated the EPA/pnvate sector Environmental Technology Verification
program, and found that it probably cannot provide assistance in the needed time frame. EPA
will ot be involved in the writing of addltlonal protocols or in the funding of evaluations.
However, EPA staff will be available to comment on draft protocols and to prov1de guidance to
implementing agencies. In addition, we will provide optional summary forms, or “short forms,”
for the QAPP, as suggested by commenters. These will help industry give implementing
agenmes and owners relevant mformatlon in a consistent and understandable format.

Evaluatlon Criteria In Optlon B
"The cntena in Option B above are based on those found in the QAPP. On each criterion,

methods must demonstrate a probability of detection of at least 95% and a probability of false
alarm of no more than 5%. Note that 100% accuracy is not spemfied We have found it
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protectwe and cost- effectwe to rely on a series of mult1ple complementary, and h1gh—quahty

- measures to achieve the greatest protection at a réasonable cost.

In addition to a mandatory criterion on. perforat1ons a method must pass evaluation of a
criterion for either external or internal damage. We structured the criteria in ‘this way based
partly on consistency with internal (human-entry) inspection standard codes. In addition, these
criteria are based on our belief that not allowmg the upgradlng of tanks with either significant
interior or exterior damage (unless they are repaired) yields s1gmﬁcant benefits over the costs .
incurred. We do not believe, however, that the additional cost of assessing a tank for both -
internal and external damage. provides a net beneﬁt in significantly greater protect‘ion. s

A criterion for loss of wall th1ckness over a wide area of the tank is not: 1ncluded because
our research found that failures due to uniform corrosion are very rare. Likewise; a criterion for = .
tank deformation is not 1ncluded because it is generally found to be an 1ssue only in ﬁberglass
tank installations. o . S,

Recommended Commencement Date. : ) * :
Setting the recommended commencement date of March 22, 1998 allows time for
standards to be developed and evaluations to be conducted, and comes before a significant
port1on of the anticipated assessment work. We extended the date proposed in our draft guidance .
in' response to comments requesting more time. Note: the -December 22, 1 998 deadline Sfor all
existing UST systems to meet spill, over_'f Il, and corrosion protectwn requzrements wzll not be
extended. o -

Monthly lLeak Detection Not Requlred

We earlier proposed to include stand-alone monthly leak detection momtormg in. ,
combination with the integrity assessment options. However, this monitoring is no longer part of
our recommendation for integrity assessment methods fulfilling Option A or vendor-supplied
procedures fulfilling Option B. We deleted monthly monitoring based on technical merit,
consistency, and simplicity. We believe that if an integrity assessment method complies with
either a standard code of practice or evaluation procedures as described above, then leak
. detection monitoring beyond that required in the federal regulations is not warranted ona |
nationwide basis, and we have not found performance data that indicates otherwise. In addition,
deleting the additional monitoring brings all assessment methods in line with each other and
simplifies the compliance picture. -

If the implementing agency follows today s guldance ‘compliant USTs (correctly
upgraded through alternative assessment, cathodic protection, protected piping, and spill/overfill
protection)' could follow the requirements of § 280.41(a)(1) allowing either stand-alone monthly
monitoring or, forup to ten years, the combination of inventory control and tightness testing -
every five years. Note that the penod during which this combination leak detection method is -
valid may be less than 10 years if the tank itself meets the 1998 standards for corrosion
protection before other UST system components meet 1998 standards for spill, overfill, and
corrosion protection, as clarified in our memorandum of July 25, 1997, “Applicability Of A
Combination Leak Detection Method For Upgraded Underground Storage Tanks.”
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Recommendation Against Leak Detection As An Integrity Assessment
The question of whether leak detection alone should be used to assess older tanks prior to

uipgrading with cathodic protection has been raised from time to time. We received numerous
comments on this subject, nearly all in agreement that leak detection alone is not sufficient.
Although we recognize the important role leak detection generally plays and allow the use of
" leak detection results in evaluations of integrity assessment methods, EPA does not recommend
that Jeak detection alone be considered sufficient to assess the integrity of USTs 10 years old or

older. | | o |

State Program Approval o

A decision either to adopt or not adopt EPA’s recommendations regarding integrity
assessmient would not affect the status of state program approval or of an application for
approval. This is because EPA is providing recommendations only and not amending its
regulatory criteria for state program approval. ' ' K
Federal And State Consistency | . )

We hope this guidance is accepted by implementing agencies because there are benefits
to having consistency across jurisdictions. However, EPA recognizes that State and local
requirements may differ from Federal requirements. We have included in Attachment 1
additional items that implementing agencies may consider in developing their integrity
assessment policies. ‘ ' .

Guidance Intended To Ensure Quality Of Integrity Assessments
N EPA believes today’s guidance will benefit the UST community and protect human
health and the environment by ensuring quality alternative integrity assessments that can lead to
extended operational life of older steel tanks. Option A can ensure that alternative integrity

- assessment methods are valid by being in accordance with national codes of practice. Option B
can ensure that vendor-supplied procedures have met rigorous third-party evaluation and
certification. However, for these Options to be most successful, UST owners will need to be |
informed to use only methods that meet code or vendor-supplied procedures that have been
certified. Implementing agencies should make concerted attempts to inform their UST owners
about what they need to look for to make sure they get a reliable integrity assessment.
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final agency action, but are 1ntended solely as guidance. They are not intended, nor can they be
relied upon, to create any right, benefit or trust respon51b1hty, enforceable by any party, in
litigation with the United States. - '
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 ATTACHMENT 1

* ADDITIONAL ITEMS FOR CONSIDERATION IN
DEVELOPING INTEGRITY ASSESSMENT POLICIES

Agencies that implement underground storage tank programs may find the followmv items
useful in conjunction with EPA’s guidance in constructing their integrity assessment policies: -
- ¥ Requiring certain documentation be submitted by vendors to UST owners or implementing
’ agencies (or both). An example for human-entry assessments followmg NLPA 631 is Form -
- CF-2, “Internal Inspection Affidavit,” which must be maintained by the owner, according to
the standard. An exafnple for an alternative assessment would be a certification by the
. vendor that the work meets code or a short forrn summanzlng the evaluatlon and hmrtatlons
‘of a particular method. :
Requiring that companies, mdrvrduals or both be hcensed in order to perform assessments.
Requiring monthly stand-alone leak detection momtonng following assessment and upgrade.
Limiting the time between assessment and upgrade (for example hm1t the time to six
months).’ ~ : :
* Puttmg mechanisms in place to make' the vendor responsible for a tank failure due to
~ improper assessment. :
* Reviewing each vendor-supplied procedure before allowmg it to be used, even if a vendor .
~ claims the procedure complies with a standard code of,practice, to ensure the procedure
meets all requirements of the code and of the agency. :
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