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SPECIAL NOTES

 

API publications necessarily address problems of a general nature. With respect to partic-
ular circumstances, local, state, and federal laws and regulations should be reviewed.

API is not undertaking to meet the duties of employers, manufacturers, or suppliers to
warn and properly train and equip their employees, and others exposed, concerning health
and safety risks and precautions, nor undertaking their obligations under local, state, or fed-
eral laws.

Information concerning safety and health risks and proper precautions with respect to par-
ticular materials and conditions should be obtained from the employer, the manufacturer or
supplier of that material, or the material safety data sheet.

Nothing contained in any API publication is to be construed as granting any right, by
implication or otherwise, for the manufacture, sale, or use of any method, apparatus, or prod-
uct covered by letters patent. Neither should anything contained in the publication be con-
strued as insuring anyone against liability for infringement of letters patent.

[Text removed.] This publication will no longer be in effect Þve years after its publication
date as an operative API standard or, where an extension has been granted, upon republica-
tion. Status of the publication can be ascertained from the API Standards Department [tele-
phone (202) 682-8000]. A catalog of API publications and materials is published annually
and updated quarterly by API, 1220 L Street, N.W., Washington, D.C. 20005.

This document was produced under API standardization procedures that ensure appropri-
ate notiÞcation and participation in the developmental process and is designated as an API
standard. Questions concerning the interpretation of the content of this standard or com-
ments and questions concerning the procedures under which this standard was developed
should be directed in writing to the director, Standards Department, American Petroleum
Institute, 1220 L Street, N.W., Washington, D.C. 20005. Requests for permission to repro-
duce or translate all or any part of the material published herein should also be addressed to
the general manager.

API standards are published to facilitate the broad availability of proven, sound engineer-
ing and operating practices. These standards are not intended to obviate the need for apply-
ing sound engineering judgment regarding when and where these standards should be
utilized. The formulation and publication of API standards is not intended in any way to
inhibit anyone from using any other practices.

Any manufacturer marking equipment or materials in conformance with the marking
requirements of an API standard is solely responsible for complying with all the applicable
requirements of that standard. API does not represent, warrant, or guarantee that such prod-
ucts do in fact conform to the applicable API standard.
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FOREWORD

 

This standard is based on the accumulated knowledge and experience of owners, operators,
manufacturers, and repairers of steel storage tanks. The object of this publication is to pro-
vide guidance in the inspection, repair, alteration, and reconstruction of steel storage tanks
used in the petroleum and chemical industries.

If tanks are inspected, repaired, altered, or reconstructed in accordance with this stan-
dard, the owner/operator may elect to modify, delete, or amplify sections of this standard.
It is strongly recommended that such modiÞcations, deletions, or ampliÞcations be made
by supplementing this standard rather than by rewriting or incorporating sections into an-
other complete standard.

The rules given in this standard are minimum requirements. This standard is not to be
interpreted as approving, recommending, or endorsing any speciÞc design nor limiting the
methods of inspection, repair, alteration, or reconstruction.

Each edition, revision, or addenda to this API standard may be used beginning with the
date of issuance shown on the cover page for that edition, revision, or addenda. Each edition,
revision, or addenda to this API standard becomes effective six months after the date of issu-
ance for equipment that is certiÞed as being rerated, reconstructed, relocated, repaired, mod-
iÞed (altered), inspected, and tested per this standard. During the six-month time between
the date of issuance of the edition, revision, or addenda and the effective date, the purchaser
and manufacturer shall specify to which edition, revision, or addenda the equipment is to be
rated, reconstructed, relocated, repaired, modiÞed (altered), inspected, and tested.

API publications may be used by anyone desiring to do so. Every effort has been made by
the Institute to assure the accuracy and reliability of the data contained in them; however, the
Institute makes no representation, warranty, or guarantee in connection with this publication
and hereby expressly disclaims any liability or responsibility for loss or damage resulting
from its use or for the violation of any federal, state, or municipal regulation with which this
publication may conßict.

Suggested revisions are invited and should be submitted to the director, Standards Depart-
ment, American Petroleum Institute, 1220 L Street, N.W., Washington, D.C. 20005, stan-
dards@api.org.
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NOTICE

INSTRUCTIONS FOR SUBMITTING A PROPOSED REVISION 
TO THIS STANDARD UNDER CONTINUOUS MAINTENANCE

 

This standard is maintained under continuous maintenance procedures by the American
Petroleum Institute for which the Standards Department. These procedures establish a docu-
mented program for regular publication of addenda or revisions, including timely and docu-
mented consensus action on requests for revisions to any part of the standard. Proposed
revisions shall be submitted to the Director, Standards Department, American Petroleum
Institute, 1220 L Street, NW, Washington, D.C. 20005-4070, standards@api.org.
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Tank Inspection, Repair, Alteration, and Reconstruction

 

1 Scope

 

1.1 INTRODUCTION

1.1.1

 

This standard covers carbon and low alloy steel tanks
built to API Standard 650 and its predecessor API 12C. This
standard provides minimum requirements for maintaining the
integrity of welded or riveted, nonrefrigerated, atmospheric
pressure, aboveground storage tanks after they have been
placed in service. It covers the maintenance inspection,
repair, alteration, relocation, and reconstruction of such tanks.

 

1.1.2

 

The scope is limited to the tank foundation, bottom,
shell, structure, roof, attached appurtenances, and nozzles to
the face of the Þrst ßange, Þrst threaded joint, or Þrst weld-
ing-end connection. Many of the design, welding, examina-
tion, and material requirements of API Std 650 can be applied
in the maintenance inspection, rating, repair, and alteration of
in-service tanks. In the case of apparent conßicts between the
requirements of this standard and API Std 650 or its predeces-
sor API 12C, this standard shall govern for tanks that have
been placed in service.

 

1.1.3

 

This standard employs the principles of API Std 650;
however, storage tank owner/operators, based on consider-
ation of speciÞc construction and operating details, may
apply this standard to any steel tank constructed in accor-
dance with a tank speciÞcation.

 

1.1.4

 

This standard is intended for use by organizations
that maintain or have access to engineering and inspection
personnel technically trained and experienced in tank design,
fabrication, repair, construction, and inspection.

 

1.1.5

 

This standard does not contain rules or guidelines to
cover all the varied conditions which may occur in an existing
tank. When design and construction details are not given, and
are not available in the standard to which the tank was origi-
nally constructed, then details that will provide a level of
integrity equal to the level provided by the current edition of
API Std 650 must be used.

 

1.1.6

 

This standard recognizes Þtness-for-service assess-
ment concepts for evaluating in-service degradation of pres-
sure containing components.  API RP 579, 

 

Recommended
Practice for Fitness-for-Service

 

, provides detailed assessment
procedures or acceptance criteria for speciÞc type of degrada-

tion referenced in this standard. When this standard does not
provide speciÞc evaluation procedures or acceptance criteria
for a speciÞc type of degradation or when this standard
explicitly allows the use of Þtness-for-service criteria, RP 579
may be used to evaluate the various types of degradation or
test requirements addressed in this standard.

 

1.2 COMPLIANCE WITH THIS STANDARD

 

The owner/operator has ultimate responsibility for com-
plying with the provisions of this standard. The application
of this standard is restricted to organizations that employ or
have access to an authorized inspection agency as deÞned
in 3.4. Should a party other than the owner/operator be
assigned certain tasks, such as relocating and reconstruct-
ing a tank, the limits of responsibility for each party shall
be deÞned by the owner/operator prior to commencing
work.

 

1.3 JURISDICTION

 

If any provision of this standard presents a direct or
implied conßict with any statutory regulation, the regulation
shall govern. However, if the requirements of this standard
are more stringent than the requirements of the regulation,
then the requirements of this standard shall govern.

 

1.4 SAFE WORKING PRACTICES

 

An assessment shall be made of the potential hazards to
which personnel may be exposed when conducting internal
tank inspections, making repairs, or dismantling tanks. Pro-
cedures shall be developed according to the guidelines
given in API Standard 2015, Recommended Practice 2016,
and Publication 2217A that will include safeguard for per-
sonnel health and safety, prevention of accidental Þres and
explosions, and the prevention of property damage.

Special procedures may need to be developed for certain
activities described in this standard that are not fully covered
by the referenced API publications; for example, safety pre-
cautions for personnel accessing ßoating roof tanks that are in
service, or gas freeing the bottom side of a tank. Finally, pro-
cedures must comply with any federal or state safety regula-
tions pertaining to ÒconÞned spacesÓ or any other relevant
provisions.
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SECTION 2—REFERENCES

 

2.1 REFERENCED PUBLICATIONS

 

The following standards, codes, publications, and speciÞ-
cations are cited in this standard. The latest edition or revision
shall be used unless otherwise noted.

API

RP 579

 

Fitness-for-Service

 

Std 620

 

Design and Construction of Large, Welded,
Low-Pressure Storage Tanks

 

Std 650

 

Welded Steel Tanks for Oil Storage

 

RP 651

 

Cathodic Protection of Aboveground Stor-
age Tanks

 

RP 652

 

Lining of Aboveground Petroleum Storage
Tank Bottoms

 

Std 2000

 

Venting Atmospheric and Low-Pressure
Storage Tanks: Nonrefrigerated and
Refrigerated

 

RP 2003

 

Protection Against Ignitions Arising Out of
Static, Lightning, and Stray Currents

 

Std 2015

 

Safe Entry and Cleaning of Petroleum
Storage Tanks

 

RP 2016

 

Recommended Practice for Entering and
Cleaning Petroleum Storage Tanks

 

Publ 2201

 

Procedures for Welding or Hot Tapping on
Equipment in Service

 

Publ 2207

 

Preparing Tank Bottoms for Hot Work

 

Publ 2217A

 

Guidelines for Work in Inert Confined
Spaces in the Petroleum Industry 

 

ASME

 

1

 

Boiler and Pressure Vessel Code

 

, Section V, ÒNondestruc-
tive ExaminationÓ; Section VIII, ÒPressure VesselsÓ
Alternative Rules, Division 2; Section IX, ÒWelding
and Brazing QualiÞcations.Ó

ASNT

 

2

 

SNT-TC-1A

 

Personnel Qualification and Certification
in Nondestructive Testing

 

ASTM

 

3

 

A 6

 

General Requirements for Rolled Steel
Plates, Shapes, Sheet Piling, and Bars for
Structural Use

 

A 20

 

General Requirements for Steel Plates for
Pressure Vessels

 

A 36

 

Structural Steel

 

A 370

 

Standard Test Methods and Definitions for
Mechanical Testing of Steel Products

 

A 992

 

Steel for Structural Shapes for use in
Building Framing

 

2.2 OTHER REFERENCES

 

Although not cited in this standard, the following publica-
tions may be of interest.

API

Std 2610

 

Design, Construction, Operation, Mainte-
nance, and Inspection of Terminal & Tank
Facilities
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American Society for Mechanical Engineers, 345 East 47th Street, New
York, New York 10017, www.asme.org.

 

2

 

American Society for Nondestructive Testing, 1711 Arlingate Lane, Colum-
bus, Ohio, 43228-0518, www.asnt.org.

 

3

 

American Society for Testing and Materials, 100 Barr Harbor Drive, West
Conshohocken, Pennsylvania 19428-2959, www.astm.org.
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SECTION 3—DEFINITIONS

 

For the purposes of this standard,the following deÞnitions
apply:

 

3.1 alteration:

 

 Any work on a tank involving cutting,
burning, welding, or heating operations that changes the
physical dimensions and/or conÞguration of a tank. Typical
examples of alterations include:

a. The addition of manways and nozzles greater than 
12-in. nominal pipe size (NPS).
b. An increase or decrease in tank shell height.

 

3.2 applicable standard:

 

 The original standard of con-
struction, such as API standards or speciÞcations or Under-
writers Laboratories

 

4

 

 (UL) standards, unless the original
standard of construction has been superseded or withdrawn
from publication; in this event, applicable standard means
the current edition of the appropriate standard. See Appen-
dix A for background on editions of API welded storage
tank standards.

 

3.3 atmospheric pressure:

 

 Used to describe tanks
designed to withstand an internal pressure up to but not
exceeding 2

 

1

 

/

 

2

 

 lbf/in.

 

2

 

 gauge.

 

3.4 authorized inspection agency:

 

 One of the follow-
ing organizations that employ an aboveground storage tank
inspector certiÞed by API.

a. The inspection organization of the jurisdiction in which
the aboveground storage tank is operated.
b. The inspection organization of an insurance company
which is licensed or registered to and does write aboveground
storage tank insurance.
c. An owner/operator of one or more aboveground storage
tank(s) who maintains an inspection organization for activi-
ties relating only to his/her equipment and not for
aboveground storage tanks intended for sale or resale.
d. An independent organization or individual under contract
to and under the direction of an owner/operator and recog-
nized or otherwise not prohibited by the jurisdiction in which
the aboveground storage tank is operated. The owner/opera-
torÕs inspection program shall provide the controls necessary
for use by authorized inspectors contracted to inspect above-
ground storage tanks.

 

3.5 authorized inspector:

 

 An employee of an autho-
rized inspection agency and is certiÞed as an Aboveground
Storage Tank Inspector per Appendix D of this standard.

 

3.6 breakover point:

 

 The area on a tank bottom where
settlement begins.

 

3.7 change in service:

 

 A change from previous operat-
ing conditions involving different properties of the stored
product such as speciÞc gravity or corrosivity and/or different
service conditions of temperature and/or pressure.

 

3.8 corrosion rate:

 

 The total metal loss divided by the
period of time over which the metal loss occurred.

 

3.9 critical zone:

 

 The portion of the tank bottom or annu-
lar plate within 3 in. of the inside edge of the shell, measured
radially inward.

 

3.10 hot tap:

 

 IdentiÞes a procedure for installing a nozzle
in the shell of a tank that is in service.

 

3.11 inspector:

 

 A representative of an organizationÕs
mechanical integrity department who is responsible for vari-
ous quality control and assurance functions, such as welding,
contract execution, etc. 

 

3.12 owner/operator:

 

 The legal entity having both con-
trol of and/or responsibility for the operation and mainte-
nance of an existing storage tank.

 

3.13 reconstruction:

 

 Any work necessary to reassemble
a tank that has been dismantled and relocated to a new site.

 

3.14 reconstruction organization:

 

 The organization
having assigned responsibility by the owner/operator to
design and/or reconstruct a tank.

 

3.15 repair:

 

 Any work necessary to maintain or restore a
tank to a condition suitable for safe operation. Typical exam-
ples of repairs include:

a. Removal and replacement of material (such as roof, shell,
or bottom material, including weld metal) to maintain tank
integrity.
b. Re-leveling and/or jacking of a tank shell, bottom, or roof.
c. Addition of reinforcing plates to existing shell
penetrations.
d. Repair of ßaws, such as tears or gouges, by grinding and/
or gouging followed by welding.

 

4

 

Underwriters Laboraties, 333 PÞngsten Road, Northbrook, Illinois,
60062-2096, www.ul.com
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3.16 repair organization:

 

 An organization that meets
any of the following:

a. An owner/operator of aboveground storage tanks who
repairs or alters his/her own equipment in accordance with
this standard.
b. A contractor whose qualiÞcations are acceptable to the
owner/operator of aboveground storage tanks and who makes
repairs or alterations in accordance with this standard.
c. One who is authorized by, acceptable to, or otherwise not
prohibited by the jurisdiction, and who makes repairs in
accordance with this standard.

 

3.17 storage tank engineer:

 

 One or more persons or
organizations acceptable to the owner/operator who are
knowledgeable and experienced in the engineering disci-
plines associated with evaluating mechanical and material
characteristics that affect the integrity and reliability of

aboveground storage tanks. The storage tank engineer, by
consulting with appropriate specialists, should be regarded as
a composite of all entities needed to properly assess the tech-
nical requirements.

 

3.18 external inspection:

 

 A formal visual inspection, as
supervised by an authorized inspector, to assess all aspects of
the tank as possible without suspending operations or requir-
ing tank shutdown (see 6.3.2).

 

3.19 internal inspection:

 

 A formal, complete inspec-
tion, as supervised by an authorized inspector of all accessi-
ble internal tank surfaces (see 6.4.1).

 

3.20 fitness for service assessment:

 

 A methodology
whereby ßaws contained within a structure are assessed in
order to determine the adequacy of the ßawed structure for
continued service without imminent failure.
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SECTION 4—SUITABILITY FOR SERVICE

 

4.1 GENERAL 

4.1.1

 

When the results of a tank inspection show that a
change has occurred from the original physical condition of
that tank, an evaluation shall be made to determine its suit-
ability for continued use.

 

4.1.2

 

This section provides an evaluation of the suitability
of an existing tank for continued service, or for a change of
service, or when making decisions involving repairs, alter-
ations, dismantling, relocating, or reconstructing an existing
tank.

 

4.1.3

 

The following list of factors for consideration is not
all-inclusive for all situations, nor is it intended to be a substi-
tute for the engineering analysis and judgment required for
each situation:

a. Internal corrosion due to the product stored or water
bottoms.
b. External corrosion due to environmental exposure.
c. Stress levels and allowable stress levels.
d. Properties of the stored product such as speciÞc gravity,
temperature, and corrosivity.
e. Metal design temperatures at the service location of the
tank.
f. External roof live load, wind, and seismic loadings.
g. Tank foundation, soil, and settlement conditions.
h. Chemical analysis and mechanical properties of the mate-
rials of construction.
i. Distortions of the existing tank.
j. Operating conditions such as Þlling/emptying rates and
frequency.

 

4.2 TANK ROOF EVALUATION

4.2.1 General

4.2.1.1

 

The structural integrity of the roof and roof support
system shall be veriÞed.

 

4.2.1.2

 

Roof plates corroded to an average thickness of less
than 0.09 in. in any 100 in.

 

2

 

 area or roof plates with any holes
through the roof plate shall be repaired or replaced.

 

4.2.2 Fixed Roofs

 

Roof support members (rafters, girders, columns, and
bases) shall be inspected for soundness by a method accept-
able to the responsible inspector; distorted (such as out-of-
plumb columns), corroded, and damaged members shall be
evaluated and repaired or replaced if necessary. Particular
attention must be given to the possibility of severe internal

corrosion of pipe columns (corrosion may not be evidenced
by external visual inspection).

 

4.2.3 Floating Roofs

4.2.3.1

 

Areas of roof plates and pontoons exhibiting cracks
or punctures shall be repaired or the affected sections
replaced. Holes through roof plates shall be repaired or
replaced.

 

4.2.3.2

 

Areas that are pitted shall be evaluated to determine
the likelihood of through-pitting occurring prior to the next
scheduled internal inspection. If so, the affected areas shall be
repaired or replaced.

 

4.2.3.3

 

Roof support systems, perimeter seal systems,
appurtenances such as a roof rolling ladder, anti-rotation
devices, water drain systems, and venting systems shall be
evaluated for needed repairs or replacements.

 

4.2.3.4

 

Guidance for the evaluation of existing ßoating
roofs shall be based on the criteria of API Std 650, Appendix
C, for external ßoating roofs, and Appendix H for internal
ßoating roofs. However, upgrading to meet this standard is
not mandatory.

 

4.2.4 Change of Service

4.2.4.1 Internal Pressure

 

All requirements of the applicable standard (for example,
API Std 650, Appendix F) shall be considered in the evalua-
tion and subsequent modiÞcations to the tank roof and roof-
to-shell junction.

 

4.2.4.2 External Pressure

 

As applicable, the roof support structure (if any), and the
roof-to-shell junction shall be evaluated for the effects of a
design partial vacuum. The criteria outlined in API Std 620
shall be used.

 

4.2.4.3 Operation at Elevated Temperature

 

All requirements of API Std 650, Appendix M, shall be
considered before changing the service of a tank to operation
at temperatures above 200¡F. 

 

4.2.4.4 Operation at Lower Temperature Than 
Original Design

 

If the operating temperature is changed to a lower tempera-
ture than the original design, the requirements of the applica-
ble standard or API Std 650 for the lower temperature shall be
met.
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4.2.4.5 Normal and Emergency Venting

 

Effects of change of service on normal and emergency
venting shall be considered.

 

4.3 TANK SHELL EVALUATION

4.3.1 General

4.3.1.1

 

Flaws, deterioration, or other conditions (for exam-
ple, change of service, relocation, corrosion greater than the
original corrosion allowance) that might adversely affect the
performance or structural integrity of the shell of an existing
tank must be evaluated and a determination made regarding
suitability for intended service.

 

4.3.1.2

 

The evaluation of the existing tank shell shall be
conducted by personnel experienced in tank design and shall
include an analysis of the shell for the intended design condi-
tions, based on existing shell plate thickness and material.
The analysis shall take into consideration all anticipated load-
ing conditions and combinations, including pressure due to
ßuid static head, internal and external pressure, wind loads,
seismic loads, roof live loads, nozzle loads, settlement, and
attachment loads.

 

4.3.1.3

 

Shell corrosion occurs in many forms and varying
degrees of severity and may result in a generally uniform loss
of metal over a large surface area or in localized areas. Pitting
may also occur. Each case must be treated as a unique situa-
tion and a thorough inspection conducted to determine the
nature and extent of corrosion prior to developing a repair
procedure. Pitting does not normally represent a signiÞcant
threat to the overall structural integrity of a shell unless
present in a severe form with pits in close proximity to one
another. Criteria for evaluating both general corrosion and
pitting are deÞned below.

 

4.3.1.4

 

Methods for determining the minimum shell thick-
ness suitable for continued operation are given in 4.3.2, 4.3.3,
and 4.3.4. (See Section 6 for frequency of inspection.)

 

4.3.1.5

 

If the requirements of 4.3.3 (welded) or 4.3.4 (riv-
eted) cannot be satisÞed, the corroded or damaged areas shall
be repaired, or the allowable liquid level of the tank reduced,
or the tank retired. The allowable liquid level for the contin-
ued use of a tank may be established by using the formulas
for a minimum acceptable thickness (see 4.3.3.1 and 4.3.4.1)
and solving for height, 

 

H

 

. The actual thickness, as determined
by inspection, minus the corrosion allowance shall be used to
establish the liquid level limit. The maximum design liquid
level shall not be exceeded.

 

4.3.2 Actual Thickness Determination

4.3.2.1

 

For determining the controlling thicknesses in each
shell course when there are corroded areas of considerable

size, measured thicknesses shall be averaged in accordance
with the following procedure (see Figure 4-1):

a. For each area, the authorized inspector shall determine the
minimum thickness, 

 

t

 

2

 

, at any point in the corroded area,
excluding widely scattered pits (see 4.3.2.2).
b. Calculate the critical length, 

 

L

 

:

, but not more than 40 in.

where

 

L

 

= the maximum vertical length, in in., over
which hoop stresses are assumed to Òaverage
outÓ around local discontinuities,

 

Note: The actual vertical length of the corroded area
may exceed 

 

L

 

.

 

D

 

= tank diameter, in ft,

 

t

 

2

 

= the least thickness, in in., in an area of corro-
sion, exclusive of pits.

 

Figure 4-1—Inspection of Corrosion Areas
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An area of
corrosion

Legend:

Procedure:

SECTION A-A
a—e are inspection planes
selected by inspector.

t2 = least min. thickness
in entire area, exclusive
of pits.

1. Determine t2.
2. Calculate L = 3.7    Dt2, but not more than 40 in.
3. Locate L  to get minimum tavg, which is t1.

Profile along plane c , the
plane having the lowest
average thickness, t1.

L 3.7 Dt2=



 

T

 

ANK

 

 I

 

NSPECTION

 

, R

 

EPAIR

 

, A

 

LTERATION

 

, 

 

AND

 

 R

 

ECONSTRUCTION

 

4-3

 

c. The authorized inspector shall visually or otherwise
decide which vertical plane(s) in the area is likely to be the
most affected by corrosion. ProÞle measurements shall be
taken along each vertical plane for a distance, 

 

L

 

. In the
plane(s), determine the lowest average thickness, 

 

t

 

1

 

, averaged
over a length of 

 

L

 

, using at least Þve equally spaced measure-
ments over length 

 

L

 

.

d. Refer to 4.3.3.1 for minimum permitted values for 

 

t

 

1

 

 and

 

t

 

2

 

. The additional loads in 4.3.3.4 shall also be considered.

e. The criteria for continued operation is as follows:

i.  The value 

 

t

 

1

 

 shall be greater than or equal to 

 

t

 

min

 

 (see
4.3.3 or 4.3.4), subject to veriÞcation of all other load-
ings listed in 4.3.3.5; and

ii.  The value 

 

t

 

2

 

 shall be greater than or equal to 60 percent
of 

 

t

 

min

 

; and

iii.  Any corrosion allowance required for service until the
time of the next inspection shall be added to t

 

min

 

 and
60 percent of 

 

t

 

min

 

.

 

4.3.2.2

 

Widely scattered pits may be ignored provided that:

a. No pit depth results in the remaining shell thickness being
less than one-half the minimum acceptable tank shell thick-
ness exclusive of the corrosion allowance; and

b. The sum of their dimensions along any vertical line does
not exceed 2 in. in an 8-in. length (see Figure 4-2).

 

4.3.3 Minimum Thickness Calculation for Welded 
Tank Shell

 

Note: In general, the minimum acceptable thickness (

 

t

 

min

 

) for an
entire shell course is determined using 4.3.3.1(a) with 

 

H

 

 determined
to the bottom of each shell course and the results used as a basis for
judging the suitability for continued service for the tank. If locally
thinned areas are identiÞed or if speciÞc areas are investigated (such
as for a shell nozzle installation), the method of 4.3.3.1(b) may be
used to complete the evaluation with 

 

H

 

 determined for that particu-
lar location.

 

4.3.3.1

 

The minimum acceptable shell plate thickness for
continued service shall be determined by one or more of the
methods noted herein. These methods are limited to tanks
with diameters equal to 200 ft or less.

a. When determining the minimum acceptable thickness for
an entire shell course, t

 

min

 

 is calculated as follows:

b. When determining the minimum acceptable thickness for 
any other portions of a shell course (such as a locally thinned 
area or any other location of interest), t

 

min

 

 is calculated as fol-
lows:

where

 

t

 

min

 

= the minimum acceptable thickness, in in. for each
course as calculated from the above formula; however,

 

t

 

min

 

 shall not be less than 0.1 in. for any tank course,

 

D

 

= nominal diameter of tank, in ft.,

 

H

 

= height from the bottom of the shell course under con-
sideration to the maximum liquid level when evaluat-
ing an entire shell course, in ft; or

= height from the bottom of the length 

 

L

 

 (see 4.3.2.1)
from the lowest point of the bottom of 

 

L

 

 of the locally
thinned area to the maximum liquid level, in ft; or

= height from the lowest point within any location of
interest to the maximum liquid level, in ft,

 

G

 

= highest speciÞc gravity of the contents,

 

S

 

= maximum allowable stress in lbf/in.

 

2

 

; use the smaller
of 0.80

 

Y

 

 or 0.429

 

T

 

 for bottom and second course; use
the smaller of 0.88

 

Y

 

 or 0.472

 

T

 

 for all other courses.
Allowable shell stresses are shown Table 4-1 for
materials listed in the current and previous editions of
API Std 12C and Std 650.

 

Note: For reconstructed tanks, 

 

S

 

 shall be in accordance with the cur-
rent applicable standard.

 

Y

 

= speciÞed minimum yield strength of the plate; use
30,000 lbf/in.

 

2

 

 if not known.   
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Figure 4-2—Pit Measurement
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Notes: 

1. ASTM A7, A9, A10 and A442 are obsolete ASTM material speci-
Þcations previously listed in API Standards 12C and 650.

2. The yield stress and tensile strength values shown are per API 653
for welded AST material of unknown origin.

3. This provision is for riveted tanks, constructed of any grade of
material, evaluated per 4.3.4.1 of this standard.

4. This provision is for riveted tanks, constructed of known grades of
material, evaluated per 4.3.4.2 of this standard. For all courses, the

maximum allowable shell stress for both product and hydrostatic test
conditions are listed under column for Allowable Product Stress, 

 

S

 

.

5. This provision is for riveted tanks, constructed of unknown grades
of material, evaluated per 4.3.4.2 of this standard.

6. The allowable stresses for reconstructed tanks are tabulated in API
Std 650, Table 3-2 or calculated per 8.4 of this standard. 

7. The allowable stresses are calculated per 4.3.3.1 of this standard,
unless otherwise noted. The calculated allowable stresses are
rounded to the nearest 100 lbf/in.

 

2

 

.

 

  

Material Specification 
and Grade

Minimum 
Specified 

Yield Stress, 
Y (lbf/in.2)

Minimum 
Specified 
Tensile 

  Strength, #
  T (lbf/in.2)

Lower Two 
Courses Upper Courses Lower Two 

Courses Upper Courses

A 283-C 30,000 55,000 23,600 26,000 26,000 27,000
A285-C 30,000 55,000 23,600 26,000 26,000 27,000

A36 36,000 58,000 24,900 27,400 27,400 30,100
A131-A, B, CS 34,000 58,000 24,900 27,400 27,400 30,100

A131-EH 36 51,000 71,000 30,500 33,500 33,500 36,800

A573-58 32,000 58,000 24,900 27,400 27,400 28,800
A573-65 35,000 65,000 27,900 30,700 30,700 31,500
A573-70 42,000 70,000 30,000 33,000 33,000 36,300

A516-55 30,000 55,000 23,600 26,000 26,000 27,000
A516-60 32,000 60,000 25,600 28,200 28,200 28,800
A516-65 35,000 65,000 27,900 30,700 30,700 31,500
A516-70 38,000 70,000 30,000 33,000 33,000 34,200

A662-B 40,000 65,000 27,900 30,700 30,700 33,700
A662-C 43,000 70,000 30,000 33,000 33,000 36,300

A537- Class 1 50,000 70,000 30,000 33,000 33,000 36,300
A537- Class 2 60,000 80,000 34,300 37,800 37,800 41,500

A633-C, D 50,000 70,000 30,000 33,000 33,000 36,300
A678-A 50,000 70,000 30,000 33,000 33,000 36,300
A678-B 60,000 80,000 34,300 37,800 37,800 41,500
A737-B 50,000 70,000 30,000 33,000 33,000 36,300

A841 50,000 70,000 30,000 33,000 33,000 36,300
A10  (1) 30,000 55,000 23,600 26,000 26,000 27,000
A7  (1) 33,000 60,000 25,700 28,300 28,300 29,700

A442-55  (1) 30,000 55,000 23,600 26,000 26,000 27,000
A442-60  (1) 32,000 60,000 25,600 28,200 28,200 28,800

G40.21M, 260W 37,700 59,500 25,500 28,100 28,100 30,900
G40.21M, 300W 43,500 65,300 28,000 30,800 30,800 33,900
G40.21M, 350W 50,800 65,300 28,000 30,800 30,800 33,900

G40.21M, 350WT 50,800 69,600 29,900 32,900 32,900 36,100

Unknown (2) 30,000 55,000 23,600 26,000 26,000 27,000

Riveted Tanks:
A7, A9 or A10 (1,3) NA NA 21,000 21,000 21,000 21,000

Known (4) Y T Note 4 Note 4 Note 4 Note 4
Unknown (5) NA NA 21,000 21,000 21,000 21,000

ASTM Specifications

CSA Specifications

Stress, S (lbf/in.2) (7) Test Stress, St (lbf/in.2) (7)

(Not For Use For Reconstructed Tanks, see Note 6)

Allowable Product Allowable Hydrostatic

Table 4-1 Maximum Allowable Shell Stresses
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T

 

= the smaller of the speciÞed minimum tensile
strength of the plate or 80,000 lbf/in.

 

2

 

; use 55,000
lbf/in.

 

2

 

 if not known,

 

E

 

= original joint efÞciency for the tank. Use Table 4-2
if original 

 

E

 

 is unknown. 

 

E

 

 = 1.0 when evaluating
the retirement thickness in a corroded plate, when
away from welds or joints by at least the greater of
1 in. or twice the plate thickness.

 

4.3.3.2

 

If the tank will be hydrostatically tested, the hydro-
static test height, 

 

H

 

t, shall be limited by one or more of the
following methods. The tank shall not be Þlled above the
level determined by the lesser value of Ht determined below:

a. After determining the controlling thickness of an entire
shell course, Ht calculated as follows:

b. After determining the controlling thickness by 4.3.2.1 for
a locally thinned area, or at any other location of interest
within a shell course, Ht is calculated as follows:

where

Ht = Height from the bottom of the shell course
under consideration to the hydrostatic test
height when evaluating an entire shell course in
ft; or

= Height from the bottom of the length, L, (see
4.3.2.1) for the most severely thinned area in
each shell course to the hydrostatic test height in
ft; or

= Height from the lowest point within any other
location of interest to the hydrostatic test height
in ft.

St = maximum allowable hydrostatic test stress in

lbf/in.2; use the smaller of 0.88Y or 0.472T for
bottom and second courses; use the smaller of
0.9Y or 0.519T for all other courses.

Notes: 

1. Depending on the speciÞc gravity of the content used to determine
tmin, Ht may be less than H. Testing the tank to H may yield the cor-
roded area.
2. If Ht is less than H, owner/operator shall determine the conse-
quence and acceptability of operating the tank to H, its maximum
design liquid level. Repairs to shell sections above Ht shall comply
with the requirements of 12.3.2.
3. For reconstructed tanks, St shall be per the current applicable stan-

[Text removed.]

4.3.3.3 Alternatively, the minimum acceptable shell plate
thickness for tanks with diameters equal to or less than 200 ft
may be calculated in accordance with the variable design
point method in API Std 650, 3.6.4, substituting ÒS x EÓ for
ÒSÓ; E and S may be deÞned as in 4.3.3.1.

4.3.3.4 The variable design point method shall be used for
tanks greater than 200 ft in diameter, with all variables
deÞned as in 4.3.3.1.

03 Ht
StEtmin

2.6D
---------------- 1+=

Ht
StEtmin

2.6D
----------------=
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Table 4-2—Joint Efficiencies for Welded Joints

Edition
& Year

Type
of Joint

Joint
EfÞciency E

Applicability
or LimitsStandard

API 650
7th & Later Butt 1.00 Basic Standard

(1980 Ð Present) Butt 0.85 Appendix A
ÐSpot RT

Butt 0.70 Appendix A
ÐNo RT

1st Ð 6th Butt 0.85 Basic Standard

(1961 Ð 1978) Butt 1.00 Appendices 
D&G

API 12C 14th & 15th Butt 0.85

(1957 Ð 1958)

3rd Ð 13th Lapa 0.75 3/8 in. max. t

(1940 Ð 1956) Buttc 0.85

1st & 2nd Lapa 0.70 7/16 in. max. t

(1936 Ð 1939) Lapb 0.50 + k/5 1/4 in. max. t

Buttc 0.85

Unknown Lapa 0.70 7/16 in. max. t

Lapb 0.50 + k/5 1/4 in. max. t

Buttc 0.70

Lapd 0.35

Notes: 
aFull double lap-welded.
bFull Þllet weld with at least 25 percent intermittent full Þllet oppo-
site side; k = percent of intermittent weld expressed in decimal form.
cSingle butt-welded joints with a back-up bar were permitted from 
the years of 1936 to 1940 and 1948 to 1954.
dSingle lap-welded only.
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4.3.3.5 The thickness determinations of 4.3.3.1, 4.3.3.2,
and 4.3.3.3 consider liquid loading only. All other loads shall
also be evaluated according to the original standard of con-
struction; and engineering judgment shall be used to evaluate
different conditions or new information. As applicable, the
following loadings shall be taken into account:

a. Wind-induced buckling.

b. Seismic loads.

c. Operation at temperatures over 200¡F.

d. Vacuum-induced external pressure.

e. External loads caused by piping, tank-mounted equip-
ment, hold down lugs, etc.

f. Wind-induced overturning.

g. Loads due to settlement.

4.3.3.6 As an alternative to the procedures described
above, any thinning of the tank shell below minimum
required wall thickness due to corrosion or other wastage
may be evaluated to determine the adequacy for continued
service by employing the design by analysis methods deÞned
in Section VIII, Division 2, Appendix 4 of the ASME Code.
When using these criteria, the stress value used in the original
tank design shall be substituted for the Sm value of Division 2,
if the design stress is less than or equal to the lesser of 2/3Y
(speciÞed minimum yield strength) or 1/3T (speciÞed mini-
mum tensile strength). If the original design stress is greater
than 2/3Y or 1/3T, then the lesser of 1/3Y or 1/3T shall be substi-
tuted for Sm.

4.3.4 Minimum Thickness Calculation For Riveted 
Tank Shell

4.3.4.1 The minimum acceptable thickness for riveted tank
shells shall be calculated using the formula of 4.3.3.1 except
that the following allowable stress criteria and joint efÞcien-
cies shall be used:

S = 21,000 lbf/in.2

E = 1.0 for shell plate 6 in. or more away from riv-
ets. See Table 4-3 for joint efÞciencies for loca-
tions within 6 in. of rivets.

4.3.4.2 The rivet joint efÞciencies given in Table 4-3 are
conservative minimums for riveted tank construction details
and are included to simplify riveted tank evaluations. How-
ever, in some cases it may be advantageous to calculate the
actual rivet joint efÞciencies using computational methods
applicable to lap and butt type riveted joints. When this alter-

native of calculated joint efÞciencies is used, the following
maximum allowable stresses shall apply:

a. For the maximum tensile stress in net section of plate, use
the lesser of 0.80Y or 0.429T; use 21,000 lbf/in.2 if T or Y is
unknown.

b. For the maximum shear in net section of rivet, use 16,000
lbf/in.2

c. For the maximum bearing stress on plates or rivets, use
32,000 lbf/in.2 for rivets in single shear, and 35,000 lbf/in.2

for rivets in double shear.

4.3.4.3 For tanks with riveted joints, consideration shall be
given to whether, and to what extent, corrosion affects such
joints. If calculations show that excess thickness exists, this
excess may be taken as corrosion allowance.

4.3.4.4 Non-liquid loads (see 4.3.3.5) shall also be consid-
ered in the analysis of riveted tanks.

4.3.5 Distortions

4.3.5.1 Shell distortions include out-of-roundness, buckled
areas, ßat spots, and peaking and banding at welded joints.

4.3.5.2 Shell distortions can be caused by many conditions
such as foundation settlement, over- or under-pressuring, high
wind, poor shell fabrication, or repair techniques, and so
forth.

4.3.5.3 Shell distortions shall be evaluated on an individual
basis to determine if speciÞc conditions are considered
acceptable for continuing tank service and/or the extent of
corrective action.

4.3.6 Flaws

Flaws such as cracks or laminations shall be thoroughly
examined and evaluated to determine their nature and extent
and need for repair. If a repair is needed, a repair procedure
shall be developed and implemented. The requirement for
repairing scars such as arc strikes, gouges, or tears from tem-
porary attachment welds must be evaluated on a case-by-case
basis. Cracks in the shell-to-bottom weld are critical and shall
be removed and the weld repaired.

4.3.7 Wind Girders and Shell Stiffeners

The evaluation of an existing tank shell for suitability for
service must also consider the details and condition of any
wind girders or shell stiffeners. Degradation by corrosion of
these structural elements or their attachment welds to the
shell may render these elements inadequate for the design
conditions.
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4.3.8 Shell Welds

The condition of the tank shell welds shall be evaluated for
suitability for service. Any deterioration of the existing welds
that results from corrosion or pitting must be evaluated and
appropriate repair procedures established or the tank rerated
as necessary. Some typical shell butt-weld ßaws and recom-
mended procedures for repairs are given in 9.6. 

4.3.9 Shell Penetrations

4.3.9.1 The condition and details of existing shell penetra-
tions (nozzles, manways, cleanout openings, etc.) shall be
reviewed when assessing the integrity of an existing tank
shell. Details such as type and extent of reinforcement, weld
spacing, and thickness of components (reinforcing plate, noz-
zle neck, bolting ßange, and cover plate), are important con-
siderations and shall be reviewed for structural adequacy and
compliance with the applicable standard. Any noncompli-
ance, or deterioration due to corrosion, must be assessed and
repair procedures established where appropriate or the tank
rerated, as necessary.

4.3.9.2 Nozzle wall thickness shall be evaluated for pres-
sure and all other loads.

4.4 TANK BOTTOM EVALUATION

4.4.1 General

Tank bottom inspection strategies shall provide suitable
data which, when used with the procedures in this standard,
will determine the tank bottom integrity necessary to pre-
vent leakage of ßuids that may cause environmental dam-
age. Each aspect of corrosion phenomena, and other

potential leak or failure mechanism must be examined. Peri-
odic assessment of tank bottom integrity shall be performed
in addition to the internal inspections speciÞed in 6.4. The
assessment period shall be less than or equal to the appro-
priate internal inspection interval given in 6.4.2 or 6.4.3.
The use of leak detection tests or monitoring systems (such
as double bottoms or liners under tank bottoms with leak
detection pipes) will satisfy the requirement for periodic
assessment between internal inspections.

Excessive foundation settlement of storage tanks can affect
the integrity of tank shells and bottoms. Therefore, monitor-
ing the settlement behavior of tanks is a recognized practice
to assess the integrity of tank bottoms. Refer to Appendix B
for techniques for evaluating tank bottom settlement.

4.4.2 Causes of Bottom Failure

The following list gives some historical causes of tank bot-
tom leakage or failure that shall be considered in the decision
to line, repair, or replace a tank bottom:

a. Internal pitting and pitting rates in the anticipated service.
b. Corrosion of weld joints (weld and heat affected zone).
c. Weld joint cracking history.
d. Stresses placed on the bottom plates by roof support loads
and shell settlement.
e. Underside corrosion (normally in the form of pitting).
f. Inadequate drainage resulting in surface water ßowing
under the tank bottom.
g. The lack of an annular plate ring when required.
h. Uneven settlement that results in high localized stresses in
the bottom plates.
i. Roof support columns or other supports welded to the tank
bottom where adequate allowance for movement was not
made.
j. Rock or gravel foundation pads with inadequately Þlled-in
surface voids.
k. Nonhomogeneous Þll under the tank bottom (for example,
a lump of clay in a sand foundation pad).
l. Inadequately supported sumps.

4.4.3 Cathodic Protection of Tank Bottoms

A selection basis for cathodic protection systems for the
underside of tank bottoms is covered by API RP 651.

4.4.4 Internal Lining Protection of Tank Bottoms

Applied linings for internal surfaces of tank bottoms are
covered by API RP 652.

4.4.5 Bottom Leak Detection

If a tank bottom is to be replaced, consideration should be
given to installing a leak detection (tell-tale) system that will
channel any leak in the bottom to a location where it can be
readily observed from the outside of the tank.5

Table 4-3—Joint Efficiencies for Riveted Joints

Type of 
Joint

Number of 
Rivet Rows

Joint EfÞciency 
E

Lap 1 0.45

Lap 2 0.60

Lap 3 0.70

Lap 4 0.75

Butta 2b 0.75

Butt 3b 0.85

Butt 4b 0.90

Butt 5b 0.91

Butt 6b 0.92

Notes: 
aAll butt joints listed have butt straps both inside and outside.

bNumber of row on each side of joint center line.
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4.4.6 Bottom Plate Thickness Measurements

Various methods for determining tank bottom plate soilside
corrosion are available. The methods vary to the extent by
which they can reliably measure general corrosion and pitting.
A combination of these methods may be required along with
extrapolation techniques and analysis to establish the probable
conditions of the entire tank bottom. Magnetic ßux leakage
(MFL) tools are commonly used, along with ultrasonic (UT)
thickness measurement tools, to examine tank bottoms. Ultra-
sonic thickness measurement techniques are often used to
conÞrm and further quantify data obtained by MFL examina-
tion, but these techniques may not be required depending on
the speciÞc procedure and application. The quality of data
obtained from both MFL and ultrasonic thickness techniques
is dependent on personnel, equipment and procedures.
Appendix G may be used to provide guidance in qualifying
personnel and procedures for obtaining thickness data.

4.4.7 Minimum Thickness for Tank Bottom Plate

Quantifying the minimum remaining thickness of tank bot-
toms based on the results of measurement can be done by the
method outlined in 4.4.7.1. Other approaches such as the
probabilistic method in 4.4.7.2 may be used.

4.4.7.1 An acceptable method for calculating the minimum
acceptable bottom thickness for the entire bottom or portions
thereof is as follows:

MRT = (Minimum of RTbc or RTip) Ð Or (StPr + UPr)

where

MRT = minimum remaining thickness at the end of
interval Or. This value must meet the require-
ments of Table 6-1 and 4.4.7.4 and 4.4.8,

Or = in-service interval of operation (years to next
internal inspection) not to exceed that allowed
by 6.4.2,

RTbc = minimum remaining thickness from bottom
side corrosion after repairs,

RTip = minimum remaining thickness from internal
corrosion after repairs,

StPr = maximum rate of corrosion not repaired on the
top side. StPr = 0 for coated areas of the bot-
tom. The expected life of the coating must
equal or exceed Or to use StPr = 0,

UPr = maximum rate of corrosion on the bottom
side. To calculate the corrosion rate, use the
minimum remaining thickness after repairs.
Assume a linear rate based on the age of the
tanks. UPr = 0 for areas that have effective
cathodic protection.

Note: For areas of a bottom that have been scanned
by the magnetic ßux leakage (or exclusion) process,
and do not have effective cathodic protection, the
thickness used for calculating UPr must be the lesser
of the MFL threshold or the minimum thickness of
corrosion areas that are not repaired. The MFL
threshold is deÞned as the minimum remaining
thickness to be detected in the areas inspected. This
value should be predetermined by the tank owner
based on the desired inspection interval. 

Areas of bottom side corrosion that are repaired
should be evaluated with the corrosion rate for the
repaired area unless the cause of corrosion has been
removed. The evaluation is done by using the corro-
sion rate of the repaired area for UPr, and adding the
patch plate (if used) thickness to the term Òminimum
of RTbc or RTip.Ó

Note: Corrosion of the bottom plate includes loss of metal from iso-
lated or general corrosion.

4.4.7.2 For the probabilistic method, a statistical analysis is
made of thickness data from measurements (see 4.4.6) pro-
jecting remaining thickness, based on sample scanning of the
bottom.

4.4.7.3 If the minimum bottom thicknesses, at the end of the
in-service period of operation, are calculated to be less than the
minimum bottom renewal thicknesses given in Table 6-1, or
less than the minimum bottom renewal thicknesses providing
acceptable risk as determined by a risk-based inspection meth-
odology, the bottom shall be lined, repaired, replaced, or the
interval to the next internal inspection shortened.

4.4.7.4 Unless a stress analysis is performed, the minimum
bottom plate thickness in the critical zone of the tank bottom
deÞned in 9.10.1.2 shall be the smaller of 1/2 the original bot-
tom plate thickness (not including the original corrosion
allowance) or 50 percent of tmin of the lower shell course per
4.3.3.1 but not less than 0.1 in. Isolated pitting will not appre-
ciably affect the strength of the plate.

4.4.7.5 The repair of internal pitting, when performed to
extend the in-service period of operation, shall be by pit

5For existing tanks, API supports the use of a Release Prevention System
(RPS). The term RPS refers to the suite of API standards that are designed
to maintain aboveground storage tank integrity and thus protect the environ-
ment. These are: the frequency of internal inspections; lining the bottom of
the tank interior; Þtting the tank with Release Prevention Barriers (RPBs);
installing cathodic protections; or some combination of these measures, de-
pending on the operating environment and service of the tank.

If a decision is made to replace an existing bottom, API supports the
evaluation of installing an RPB or continued use of an RPS. The evaluation
should consider the effectiveness of RPS controls, the product stored, the
location of the tank, and environmental sensitivities. An RPB includes steel
bottoms, synthetic materials, clay liners, and all other barriers or combina-
tion of barriers placed in the bottom of or under an aboveground storage
tank, which have the functions of: 1) preventing the escape of contaminated
material; and 2) containing or channeling released material for leak detec-
tion (covered in detail in the non-mandatory Appendix I of Std 650).
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welding, overlay welding, or lap patching, followed by
inspection and testing. The extent of weld repairs is limited in
the critical zone in accordance with 9.10.1.2. 

4.4.7.6 The treatment of bottom pitting by the use of non-
welded repairs (for example, coatings, caulking) can not be
used to increase RTip for calculating MRT.

4.4.7.7 The thickness of the projection of the bottom plate
beyond the shell as measured at the toe of the outside bottom-
to-shell Þllet weld shall not be less than 0.1 in. The projection
of the bottom plate beyond the outside toe of the shell-to-bot-
tom weld shell shall be at least 3/8 in. 

4.4.8 Minimum Thickness for Annular Plate Ring

4.4.8.1 Due to strength requirements, the minimum
thickness of annular plate ring is usually greater than 0.10
in. Isolated pitting will not appreciably affect the strength
of the plate. Unless a stress analysis is performed, the annu-
lar plate thickness shall be in accordance with 4.4.8.2 or
4.4.8.3, as applicable.

4.4.8.2 For tanks in service with a product speciÞc gravity
less than 1.0, which require annular plates for other than seis-
mic loading considerations, the thickness of the annular
plates shall be not less than the thicknesses given in Table 4-4,
plus any speciÞed corrosion allowance.

4.4.8.3 For tanks in service with a product speciÞc gravity
of 1.0 or greater, which require annular plates for other than
seismic loading considerations, the thickness of the annular
plates shall be in accordance with API Std 650, Table 3-1,
plus any speciÞed corrosion allowance.

4.4.8.4 For tanks that utilize thickened annular plates for
seismic considerations, a seismic evaluation shall be performed
in accordance with the requirements of the applicable standard,
using the actual thickness of the existing annular plate.

4.4.8.5 For the thickness and projection of the annular
plate beyond the shell refer to 4.4.7.7. 

4.5 TANK FOUNDATION EVALUATION

4.5.1 General

4.5.1.1 The principal causes of foundation deterioration
are settlement, erosion, cracking, and deterioration of con-
crete initiated by: calcining, attack by underground water,
attack by frost, and attack by alkalies and acids. To ensure
suitability for service, all tank foundations shall be inspected
periodically (see 6.3).

4.5.1.2 Some mechanisms of concrete deterioration are
brießy described below:

a. Calcining (loss of water of hydration) can occur when con-
crete has been exposed to sufÞciently high temperature for a

period of time. During intermediate cooling periods, the con-
crete can absorb moisture, swell, lose its strength, and crack.

b. Deterioration of concrete exposed to underground water
can be caused by chemical attack, by cyclic changes in tem-
perature, and by freezing moisture.
c. Expansion of freezing moisture in porous concrete, or in
concrete with minor settlement cracks or temperature cracks,
can result in spalling and/or the development of serious struc-
tural cracks.
d. Sulfate-type alkalies, and to a lesser extent, chlorides, can
act corrosively to destroy the bond of the concrete.
e. Temperature cracks (hairline cracks of uniform width) do
not seriously affect the strength of the concrete foundation
structure; however, these cracks can be potential access points
for moisture or water seepage that could eventually result in
corrosion of the reinforcing steel.

4.5.2 Foundation Repair or Replacement

4.5.2.1 If there is a need for foundation repair or replace-
ment, foundations shall be restored to the tolerance limits
of 10.5.6.

4.5.2.2 Concrete pads, ringwalls, and piers, showing evi-
dence of spalling, structural cracks, or general deterioration,
shall be repaired to prevent water from entering the concrete
structure and corroding the reinforcing steel.

4.5.3 Anchor Bolts

Distortion of anchor bolts and excessive cracking of the
concrete structures in which they are embedded may be indi-
cations of either serious foundation settlement or a tank over-
pressure uplift condition.

Table 4-4—Annular Bottom Plate Thicknesses (in.)
(Product Specific Gravity < 1.0)

Plate Thicknessa

of First Shell
Course (in.)

Stressb in First Shell Course
(lbf/in.2)

< 24,300 < 27,000 < 29,700 < 32,400

t £ 0.75  0.17  0.20  0.23  0.30

0.75 < t £ 1.00  0.17  0.22  0.31  0.38

1.00 < t £ 1.25  0.17  0.26  0.38  0.48

1.25 < t £ 1.50  0.22  0.34  0.47  0.59

t > 1.50  0.27  0.40  0.53  0.68

Note: The thicknesses speciÞed in the table are based on the founda-
tion providing a uniform support under the full width of the annular 
plate. Unless the foundation is properly compacted, particularly at 
the inside of a concrete ringwall, settlement will produce additional 
stresses in the annular plate.
aPlate thickness refers to the tank shell as constructed.
bStresses are calculated from [2.34 D (H Ð 1)]/t.
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SECTION 6—INSPECTION

 

6.1 GENERAL

 

Periodic in-service inspection of tanks shall be performed
as deÞned herein. The purpose of this inspection is to assure
continued tank integrity. Inspections, other than those deÞned
in 6.3 shall be directed by an authorized inspector.

 

6.2 INSPECTION FREQUENCY CONSIDERATIONS

6.2.1

 

Several factors must be considered to determine
inspection intervals for storage tanks. These include, but are
not limited to, the following:

a. The nature of the product stored.
b. The results of visual maintenance checks.
c. Corrosion allowances and corrosion rates.
d. Corrosion prevention systems.
e. Conditions at previous inspections.
f. The methods and materials of construction and repair.
g. The location of tanks, such as those in isolated or high risk
areas.
h. The potential risk of air or water pollution.
i. Leak detection systems.
j. Change in operating mode (for example: frequency of Þll
cycling, frequent grounding of ßoating roof support legs).
k. Jurisdictional requirements.
l. Changes in service (including changes in water bottoms).
m. The existence of a double bottom or a release prevention
barrier.

 

6.2.2

 

The interval between inspections of a tank (both
internal and external) should be determined by its service his-
tory unless special reasons indicate that an earlier inspection
must be made. A history of the service of a given tank or a
tank in similar service (preferably at the same site) should be
available so that complete inspections can be scheduled with
a frequency commensurate with the corrosion rate of the tank.
On-stream, nondestructive methods of inspection shall be
considered when establishing inspection frequencies.

 

6.2.3

 

Jurisdictional regulations, in some cases, control the
frequency and interval of the inspections. These regulations
may include vapor loss requirements, seal condition, leakage,
proper diking, and repair procedures. Knowledge of such reg-
ulations is necessary to ensure compliance with scheduling
and inspection requirements.

 

6.3 INSPECTIONS FROM THE OUTSIDE OF THE 
TANK

6.3.1 Routine In-Service Inspections

6.3.1.1

 

The external condition of the tank shall be moni-
tored by close visual inspection from the ground on a routine

basis. This inspection may be done by owner/operator per-
sonnel, and can be done by other than authorized inspectors
as deÞned in 3.5. Personnel performing this inspection should
be knowledgeable of the storage facility operations, the tank,
and the characteristics of the product stored.

 

6.3.1.2

 

The interval of such inspections shall be consistent
with conditions at the particular site, but shall not exceed one
month.

 

6.3.1.3

 

This routine in-service inspection shall include a
visual inspection of the tankÕs exterior surfaces. Evidence of
leaks; shell distortions; signs of settlement; corrosion; and
condition of the foundation, paint coatings, insulation sys-
tems, and appurtenances should be documented for follow-up
action by an authorized inspector.

 

6.3.2 External Inspection

6.3.2.1

 

All tanks shall be given a visual external inspection
by an authorized inspector. This inspection shall be called the
external inspection and must be conducted at least every 5
years or 

 

RCA

 

/4

 

N

 

 years (where 

 

RCA

 

 is the difference between
the measured shell thickness and the minimum required
thickness in mils, and 

 

N

 

 is the shell corrosion rate in mils per
year) whichever is less. Tanks may be in operation during this
inspection.

 

6.3.2.2

 

Insulated tanks need to have insulation removed
only to the extent necessary to determine the condition of the
exterior wall of the tank or the roof.

 

6.3.2.3

 

Tank grounding system components such as shunts
or mechanical connections of cables shall be visually
checked. Recommended practices dealing with the preven-
tion of hydrocarbon ignition are covered by API RP 2003.

 

6.3.3 Ultrasonic Thickness Inspection 

6.3.3.1

 

External, ultrasonic thickness measurements of the
shell can be a means of determining a rate of uniform general
corrosion while the tank is in service, and can provide an
indication of the integrity of the shell. The extent of such
measurements shall be determined by the owner/operator.

 

6.3.3.2

 

When used, the ultrasonic thickness measurements
shall be made at intervals not to exceed the following:

a. When the corrosion rate is not known, the maximum inter-
val shall be 5 years. Corrosion rates may be estimated from
tanks in similar service based on thickness measurements
taken at an interval not exceeding 5 years.
b. When the corrosion rate is known, the maximum interval
shall be the smaller of 

 

RCA

 

/2

 

N

 

 years (where 

 

RCA

 

 is the dif-
ference between the measured shell thickness and the
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minimum required thickness in mils, and 

 

N

 

 is the shell corro-
sion rate in mils per year) or 15 years. 

 

6.3.3.3

 

Internal inspection of the tank shell, when the tank
is out of service, can be substituted for a program of external
ultrasonic thickness measurement if the internal inspection
interval is equal to or less than the interval required in
6.3.3.2b.

 

6.3.4 Cathodic Protection Surveys

6.3.4.1

 

Where exterior tank bottom corrosion is controlled
by a cathodic protection system, periodic surveys of the sys-
tem shall be conducted in accordance with API RP 651. The
owner/operator shall review the survey results.

 

6.3.4.2

 

The owner/operator shall assure competency of
personnel performing surveys.

 

6.4 INTERNAL INSPECTION

6.4.1 General

6.4.1.1

 

Internal inspection is primarily required to:

a. Ensure that the bottom is not severely corroded and
leaking.
b. Gather the data necessary for the minimum bottom and
shell thickness assessments detailed in Section 6. As applica-
ble, these data shall also take into account external ultrasonic
thickness measurements made during in-service inspections
(see 6.3.3).
c. Identify and evaluate any tank bottom settlement.

 

6.4.1.2

 

All tanks shall have a formal internal inspection
conducted at the intervals deÞned by 6.4.2 or 6.4.3. The
authorized inspector who is responsible for evaluation of a
tank must conduct a visual inspection and assure the quality
and completeness of the NDE results. If the internal inspec-
tion is required solely for the purpose of determining the con-
dition and integrity of the tank bottom, the internal inspection
may be accomplished with the tank in-service utilizing vari-
ous ultrasonic robotic thickness measurement and other on-
stream inspection methods capable of assessing the thickness
of the tank bottom, in combination with methods capable of
assessing tank bottom integrity as described in 4.4.1. Electro-
magnetic methods may be used to supplement the on-stream
ultrasonic inspection. If an in-service inspection is selected,
the data and information collected shall be sufÞcient to evalu-
ate the thickness, corrosion rate, and integrity of the tank bot-
tom and establish the internal inspection interval, based on
tank bottom thickness, corrosion rate, and integrity, utilizing
the methods included in this standard. An individual, knowl-
edgeable and experienced in relevant inspection methodolo-
gies, and the authorized inspector who is responsible for
evaluation of a tank must assure the quality and completeness
of the in-service NDE results.

 

6.4.2 Inspection Intervals

6.4.2.1

 

Intervals between internal inspections shall be
determined by the corrosion rates measured during previous
inspections or anticipated based on experience with tanks in
similar service. Normally, bottom corrosion rates will control
and the inspection interval will be governed by the measured
or anticipated corrosion rates and the calculations for mini-
mum required thickness of tank bottoms (see 4.4.7). The
actual inspection interval shall be set to ensure that the bot-
tom plate minimum thicknesses at the next inspection are not
less than the values listed in Table 6-1. In no case, however,
shall the internal inspection interval exceed 20 years.

 

6.4.2.2

 

When corrosion rates are not known and similar
service experience is not available to estimate the bottom
plate minimum thickness at the next inspection, the internal
inspection interval shall not exceed 10 years.

 

6.4.3 Alternative Internal Inspection Interval

 

As an alternative to the procedures in 6.4.2, an owner-oper-
ator may establish the internal inspection interval using risk-
based inspection (RBI) procedures. Combining the assess-
ment of the likelihood of tank leakage or failure and the con-
sequence of tank leakage or failure is the essential element of
RBI. A RBI assessment may increase or decrease the internal
inspection intervals obtained using the procedures of 6.4.2.1.
The RBI process may be used to establish as acceptable the
risk of a minimum bottom plate thickness at the next inspec-
tion interval independent of the values in Table 6-1. The RBI
assessment may also increase or decrease the 20-year inspec-
tion interval described in 6.4.2.1. The initial RBI assessment
shall be reviewed and approved by an authorized inspector
and an engineer(s), knowledgeable and experienced in tank
design (including tank foundations) and corrosion. The RBI
assessment shall be subsequently reviewed and approved by
an authorized inspector and an engineer(s), knowledgeable
and experienced in tank design (including tank foundations)
and corrosion, at intervals not to exceed 10 years, or more
often if warranted by changes in service.

Some of the factors that should be considered in a RBI
assessment of a tank include the following:

a. The material of construction, including liners and coat-
ings, relative to the product temperature and ambient
conditions.

b. The design codes or standards utilized in the tank con-
struction and repair (including tank bottoms).

c. The methods used for determination of the shell and bot-
tom plate thickness.

d. The availability and effectiveness of the inspection meth-
ods and quality of the data collected.
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SECTION 8—DESIGN CONSIDERATIONS FOR RECONSTRUCTED TANKS

 

8.1 GENERAL

 

Any speciÞc design considerations other than normal prod-
uct loading shall be speciÞed by the owner/operator. Refer to
4.4.5, footnote 3, for release prevention systems and release
prevention barrier deÞnition.

 

8.2 NEW WELD JOINTS

8.2.1

 

Weld joint details shall meet the welding require-
ments of the applicable standard.

 

8.2.2

 

All new shell joints shall be butt-welded joints with
complete penetration and complete fusion.

 

8.3 EXISTING WELD JOINTS

 

Existing weld joints shall meet the requirements of the
original standard of construction for the tank.

 

8.4 SHELL DESIGN

8.4.1

 

Thickness to be used for each shell course when
checking tank design shall be based on measurements taken
within 180 days prior to relocation. (See 4.3.2 for measuring
procedure, number, and locations of measured thicknesses.)

 

8.4.2

 

The maximum design liquid level for product shall be
determined by calculating the maximum design liquid level
for each shell course based on the speciÞc gravity of the prod-
uct, the actual thickness measured for each shell course, the
allowable stress for the material in each course, and the
design method to be used. The allowable stress for the mate-
rial shall be determined using API Std 650, Table 3-2. For
material not listed in Table 3-2, an allowable stress value of
the lesser of 

 

2

 

/

 

3

 

 yield strength or 

 

2

 

/

 

5

 

 tensile strength shall be
used.

 

8.4.3

 

The maximum liquid level for hydrostatic test shall
be determined by using the actual thickness measured for
each shell course, the allowable stress for the material in each
course, and the design method to be used. The allowable
stress for the material shall be determined using API Std 650,
Table 3-2. For material not listed in Table 3-2, an allowable
stress value of the lesser of 

 

3

 

/

 

4

 

 yield strength or 

 

3

 

/

 

7

 

 tensile
strength shall be used.

 

8.4.4

 

If a corrosion allowance is required for the recon-
structed tank, the required corrosion allowance shall be
deducted from the actual thickness before calculating the

maximum liquid level. If the actual thickness is greater than
that necessary to allow the liquid level required, the extra
thickness can be considered as corrosion allowance.

 

8.4.5

 

The joint efÞciency and allowable stress levels used
for the design liquid level calculations shall be consistent
with the design method used and with the degree and type of
inspection made on welded joints. The joint efÞciency and
allowable stress levels for existing welded joints that are not
to be removed and replaced shall be based on the original
degree and type of inspection.

 

8.5 SHELL PENETRATIONS

8.5.1

 

Replacement and new penetrations shall be designed,
detailed, welded, and examined to meet the requirements of
the current applicable standard.

 

8.5.2

 

Existing penetrations shall be evaluated for compli-
ance with the original standard of construction.

 

8.6 WINDGIRDERS AND SHELL STABILITY

8.6.1

 

Top and intermediate windgirders for open top tanks
shall meet the requirements of the applicable standard.

 

8.6.2

 

Tanks to be reconstructed shall be checked for wind-
induced buckling in accordance with the procedures of the
applicable standard, using the wind requirements for the loca-
tion where the tank will be reconstructed.

 

8.7 ROOFS

8.7.1

 

Roof designs shall meet the requirements of the
applicable standard.

 

8.7.2

 

If the new site location requires a larger design live
load than the original site, the adequacy of the existing roof
shall be evaluated.

 

8.8 SEISMIC DESIGN

 

Tanks that will be reconstructed in Seismic Zone 2 or
greater (see API Std 650, Table E-1) shall be checked for seis-
mic stability based on the rules of the applicable standard
using the dimensions and thicknesses of the reconstructed
tank. Reconstructed tanks shall be built to meet the stability
requirements of the applicable standard. Thickened bottom
plates under the bottom shell course or anchoring of the tank
may be required even if not used on the original tank.
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9.7.3

 

As an alternative, the reinforcing plates may be added
to the inside of the tank provided that sufÞcient nozzle projec-
tion exists.

 

9.8 ADDITION OR REPLACEMENT OF SHELL 
PENETRATIONS

9.8.1

 

New shell penetrations (addition or replacement)
shall be in accordance with requirements of API Std 650 and
9.8.2 of this standard.

 

9.8.2

 

Penetrations larger than 2 in. NPS shall be installed
with the use of an insert plate if the shell plate thickness is
greater than 

 

1

 

/

 

2

 

 in. and the shell plate material does not meet
the current design metal temperature criteria. In addition, the
following requirement shall be met:

a. The minimum diameter of the insert plate shall be at least
twice the diameter of the penetration or the diameter plus 12
in., whichever is greater.
b. When reinforcing plates are used, the minimum diameter
of the insert plate shall equal the diameter of the reinforcing
plate plus 12 in.
c. If an integral reinforcement design is used, the thickness
of the insert plateÐat its periphery and for a distance of 2

 

t

 

from the edge of the weld (where 

 

t

 

 is the shell plate thick-
ness)Ñshall be the same thickness as the shell, or the insert
plate shall have a 1:4 taper to match the shell plate thickness.
d. Spacing of welds shall be in accordance with Figure 9-1.
e. The joint between new material of the insert plate and old
material of the existing shell plate shall be butt-welded.

 

9.9 ALTERATION OF EXISTING SHELL 
PENETRATIONS

9.9.1

 

Existing shell penetrations may be modiÞed if the
altered details comply with the requirements of API Std 650,
including the requirements for minimum reinforcing area and
the requirements for spacing of welds around connections.

 

9.9.2

 

When installing a new tank bottom above the existing
bottom, it may be necessary to alter existing shell penetra-
tions in the bottom course of a tank shell. If the new bottom is
slotted through the tank shell several inches above the exist-
ing bottom, the spacing between existing welds around pene-
trations and the new bottom-to-shell weld may not comply
with API Std 650 requirements. Options for altering the pene-
trations and/or reinforcing plates are given in 9.9.2.1 through
9.9.2.3. 

 

9.9.2.1

 

The existing reinforcing plate may be trimmed to
increase the spacing between the welds provided that the
modiÞed detail complies with the requirements of API Std
650. Care must be exercised during the trimming operation to
avoid damaging the shell material beneath the reinforcing
plate. The existing weld attaching the portion of the reinforc-

 

Figure 9-3A—Typical Details for Addition of Reinforcing 
Plate to Existing Shell Penetration

Figure 9-3B—Typical Details for Addition of “Tombstone” 
Shape Reinforcing Plate to Existing Shell Penetration
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ing plate to be removed shall be completely removed by
gouging and grinding.

 

9.9.2.2

 

The existing reinforcing plate may be removed and
a new reinforcing plate added except that reinforcement plate
replacement is not permitted on existing stress relieved
assemblies. If it is not known whether the assembly was ther-
mally stressed relieved, then the alteration shall meet the
requirements of API Std 650, Section 3.7.4. Care must be
exercised when removing the existing reinforcing plate to
avoid damaging the shell plate beneath the reinforcing plate.
The welds around the perimeter of the reinforcing plate and
between the reinforcing plate and neck of the penetration shall
be completely removed by gouging and grinding. The new
reinforcing plate shall be in accordance with Figure 9-3A. If
required to maintain weld spacing, a tombstone shaped rein-
forcing plate may be used. (See Figure 9-3B).

 

9.9.2.3

 

The existing penetration may be moved by cutting
the section of the shell containing the Þtting and reinforcing
plate, and raising the entire assembly to the correct elevation
(see Figure 9-4).

 

9.9.3

 

Any components of the penetration (neck, ßange, and
reinforcing plate) that are in serviceable condition after
removal may be reused.

 

9.10 REPAIR OF TANK BOTTOMS

9.10.1 Repairing a Portion of Tank Bottoms

9.10.1.1 General Repair Requirements

The use of welded-on patch plates for repairing a portion
of uniformly supported tank bottoms is permitted within the
limitations given in this section and 9.10.1.2. Refer to Figure
9-5 for acceptable details for welded-on patch plates.

a. The minimum dimension for a welded-on patch plate that
overlaps a bottom seam or existing patch is 12 in. The
welded-on patch plate may be circular, oblong, or polygonal
with rounded corners.
b. A welded-on patch plate smaller than 12 in. in diameter is
permitted if: it is equal to or exceeds 6 in. in diameter; it does
not overlap a bottom seam; it is not placed fully or partially
over an existing patch; and it extends beyond the corroded
bottom area, if any, by at least 2 in.
c. Welded-on patch plates shall not be placed over areas of
the tank bottom that have global dishing, local dishing
(except as allowed by 9.10.1.1 d), settlement, or distortion
greater than the limits of Appendix B.

Note: If the tank is still undergoing settlement, the addition of
welded-on patch plate may not be advisable.

d. A welded-on patch plate may be placed over a mechanical
dent or local dishing if: its unsupported dimension does not
exceed 12 in. in any direction; it is at least 1/4 in. thick; it is at
least as thick as the existing bottom; and does not overlap

seams nor other patches, except for tanks designed in accor-
dance with API Std 650, Appendix M, which shall have
welded-on patch plates at least 3/8 in. thick.

[Text deleted.]
e. These repairs are permanent repairs subject to an on-going
inspection and maintenance program. 

9.10.1.2 Repairs within the Critical Zone

The use of welded-on patch plates is permitted for repair-
ing a portion of tank bottoms within the critical zone (see 3.9
for deÞnition) provided 9.10.1.1 requirements and the follow-
ing additional requirements are met.

a. Maximum plate thickness for welded-on patch plates
within the critical zone is 1/4-in. and must meet the toughness
requirements of API Std 650, Section 2.2.9. 
b. When a welded-on patch plate is within 6 in. of the shell,
the welded-on patch plate shall be tombstone shaped. The
sides of the tombstone shaped welded-on patch plate shall
intersect the shell-to-bottom joint at approximately 90
degrees.      

Figure 9-4—Method for Raising Shell Nozzles
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Typical tombstone  shaped
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Figure 9-5—Typical Welded-on Patch Plates on Tank Bottom Plates
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c. Perimeter welds on welded-on patch plates within the crit-
ical zone shall be two-pass, minimum, and examined per
12.1.1.3 and 12.1.7.2. 
d. Installation of a welded-on patch plate by butt-welding to
an adjacent existing patch is not permitted in the critical zone.
e. Welded-on patch plates over existing patches are not
allowed in the critical zone.
f. The bottom plate under the perimeter of a welded-on patch
plate shall meet the thickness requirements in 4.4.

Note: The bottom plate thickness at the attachment weld must be at
least 0.1-in. thick before welding the welded-on patch plate to the
bottom plate. Refer to API PublPubl 2207 for further information.

9.10.1.2.1 No welding or weld overlays are permitted
within the critical zone except for the welding of: widely scat-
tered pits (see 4.3.2.2), pinholes, cracks in the bottom plates,
the shell-to-bottom weld, welded-on patch plates, or where
the bottom plate welded to the shell is being replaced.

9.10.1.2.2 A welded-on patch plate shall not be used if the
covered bottom plate minimum remaining thickness at the toe
of the internal shell-to-bottom weld will be less than the min-
imum thickness required by 4.4.7 or 4.4.8 at the next internal
inspection. 

9.10.1.2.3 Welded-on patch plates are not permitted in the
critical zone on a tank bottom with an operating temperature
exceeding 200¡F for carbon steel or 100¡F for stainless steel.

9.10.1.2.4 If more extensive repairs are required within
the critical zone than those listed in 9.10.1.2, the bottom
plate welded to the shell shall be cut out and a new plate
shall be installed. Weld spacing requirements shall be in
accordance with API Std 650, 3.1.5.4 and 3.1.5.5 and API
Std 653, 9.10.2.3.

9.10.1.3 The use of welded-on patch plates that do not
meet the requirements of 9.10.1.1 or 9.10.1.2 is permitted if
the repair method has been reviewed and approved by an
engineer experienced in storage tank design in accordance
with API Std 650. The review shall consider brittle fracture,
stress due to settlement, stress due to shell-bottom discontinu-
ity, metal temperature, fracture mechanics, and the extent and
quality of nondestructive examination.

9.10.1.4 Unacceptable indications such as cracks,
gouges, tears, and corroded areas discovered in bottom
plates, located outside the critical zone, may be repaired by
deposition of weld metal followed by examination and test-
ing in accordance with 12.1.7.3. Surface irregularities and
contamination within the area to be repaired shall be
removed before welding.

9.10.1.5 The repair of sumps located within the critical
zone shall be in accordance with 9.10.1.2.

9.10.1.6 The repair of corroded plates in the critical zone is
limited to pit welding or overlay welding as noted in this sec-

tion. The weld repair of bottom plate corrosion is permitted if
all of the following conditions are satisÞed.

a. The sum of the pit dimensions along an arc parallel to the
shell-to-bottom joint does not exceed 2 in. in an 8-in. length.
b. There must be sufÞcient remaining bottom plate thickness
for completion of a sound weld and to avoid burn-through.
The minimum acceptable bottom plate thickness for weld
repairs is 0.10 in. A lesser thickness is permitted for weld
repairs only if reviewed and approved by an engineer experi-
enced in storage tank design and repair.
c. All weld repairs shall be ground ßush with the surround-
ing plate material and be examined in accordance with
12.3.2.4.

9.10.2 Replacement of Entire Tank Bottom

9.10.2.1 Requirements governing the installation of a
replacement bottom over an existing bottom are given in
9.10.2.1.1 through 9.10.2.1.6. 

9.10.2.1.1 A suitable noncorrosive material cushion such
as sand, gravel, or concrete shall be used between the old bot-
tom and the new bottom.

9.10.2.1.2 The shell shall be slotted with a uniform cut
made parallel to the tank bottom. The cut edges in the slot
shall be ground to remove all slag and burrs from the cutting
operation. The new bottom plate shall be extended outside the
shell as required by API Std 650. All rules for weld spacing
shall be followed.

9.10.2.1.3 Voids in the foundation below the old bottom
shall be Þlled with sand, crushed limestone, grout, or con-
crete.

9.10.2.1.4 Except as permitted in 9.10.2.1.5, existing shell
penetrations shall be raised if the elevation of the new bottom
cuts through the reinforcing plate or if the weld space require-
ments given in API Std 650, 3.7.3 are not met.

9.10.2.1.5 For tanks constructed from materials having
50,000 lbf/in.2 yield strength or less, existing shell penetra-
tions need not be raised if the following conditions are met:

a. For reinforced penetrations, including low types, a mini-
mum of 4 in. shall be maintained between the shell-to-bottom
weld toe and the nearest penetration attachment weld toe
(reinforcing plate periphery weld, or nozzle neck weld to low
type reinforcing plate and shell welds).
b. For self-reinforced penetrations, the greater of 3 in. or 21/2
t shall be maintained between the shell-to-bottom weld toe
and the nearest penetration attachment weld toe.
c. The shell-to-bottom weld is to be welded with low hydro-
gen electrodes and with welding procedures that are designed
to limit distortion and residual stress.
d. The toes of the welds shall be blend-ground to minimize
stress concentrations as listed below:
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i. For circular reinforcement plates, blend-grind the
periphery attachment weld from the Òfour oÕclockÓ
position to the Òeight oÕclockÓ position. Blend-grind
the inside and outside of the shell-to-bottom weld a
minimum of one penetration diameter length on either
side of the penetrationÕs centerline.

ii. For diamond-shaped reinforcement plates, blend-
grind the lower horizontal length of the diamond-
shaped attachment weld. Blend-grind the inside and
outside of the shell-to-bottom weld a minimum of one
penetration diameter length on either side of the pene-
trationÕs centerline.

iii. For low-type penetrations, blend-grind the nozzle
attachment weld (shell and reinforcing plate) from the
Òfour oÕclockÓ position to the Òeight oÕclockÓ posi-
tion. Blend-grind the inside and outside of the shell-
to-bottom weld a minimum of one penetration diame-
ter length on either side of the penetrationÕs
centerline.

e. The blend-ground lengths of welds listed in 9.10.2.1.5d
shall be magnetic particle examined before and after hydro-
static test.

9.10.2.1.6 For ßoating roof tanks, the new bottom proÞle
must keep the roof level when it is resting on its support legs
in the down position. The support legs can either be jacked up
to maintain the original height or be shortened by the same
amount as the thickness of the cushion and new bottom plate.

9.10.2.1.7 New bearing plates for ßoating roof support
legs and for Þxed roof support columns shall be installed.

9.10.2.2 When removing an existing tank bottom, the tank
shell shall be separated from tank bottom either by:

a. Cutting the shell parallel to the tank bottom a minimum of
1/2 in. above the bottom-to-shell weld (cut line B-B as shown
in Figure 10-1), or
b. Removing the entire shell-to-bottom attachment weld,
including any penetration and heat affected zone by suitable
methods such as arc gouging and/or grinding.

All arc gouged areas of the tank shell shall be magnetic par-
ticle examined, and defective areas repaired and re-examined.

9.10.2.3 Installation of a new tank bottom, after removal
of the existing tank bottom, shall meet all requirements of
API Std 650. For tanks with shell plate of unknown tough-
ness that do not meet the exemption criteria of Figure 5-2,
new weld joints in the bottom or annular ring shall be
spaced at least the greater of 3 in. or 5t from existing verti-
cal weld joints in the bottom shell course, where t is the
thickness of the bottom shell course, in in.

9.10.2.4 When planning a bottom replacement, consider-
ation shall be given to removing the old tank bottom or pro-
viding other means of preventing potential galvanic corrosion

(refer to API RP 651). Also see 4.4.5 regarding bottom leak
detection.

9.10.3 Additional Welded-on Plates

9.10.3.1 If other welded-on plates such as wear, isolation,
striker, and bearing plates, are to be added to tank bottoms,
they shall be installed in accordance with 9.10.1, and exam-
ined in accordance with 12.1.7. For these additional welded-
on plates, if the lap weld spacing requirements as set forth in
Figure 9-5 are not met, magnetic particle (MT) or liquid pen-
etrant (PT) examination is required for the exposed welds or
portions of welds failing to meet minimum spacing criteria.
See Section 12 for acceptance requirements.

9.10.3.2 Welded-on plates that fall within the critical zone
(see 3.9 for deÞnition) shall be installed in accordance with
9.10.1.2 and comply with all of its requirements.

9.11 REPAIR OF FIXED ROOFS

9.11.1 Supported Cone Roofs

9.11.1.1 The minimum thickness of new roof plates shall
be 3/16 in. plus any corrosion allowance as speciÞed in the
repair speciÞcations. In the event roof live loads in excess of
25 lbf/ft2 are speciÞed (such as insulation, operating vacuum,
high snow loads), the plate thickness shall be based on analy-
sis using the allowable stresses in conformance with API Std
650, Section 3.10.3 (see 9.11.2.2).

9.11.1.2 The roof supports (rafters, girders, columns, and
bases) shall be repaired or altered such that under design con-
ditions the resulting stresses do not exceed the stress levels
given in Section 3.10.3 of API Std 650.

9.11.2 Self-Supporting Roofs

9.11.2.1 The nominal thickness of new roof plate shall be
3/16 in. or the required plate thickness given in  API Std 650,
Sections 3.10.5 or 3.10.6, plus any speciÞed corrosion allow-
ance, whichever is greater.

9.11.2.2 The details of the roof-to-shell junction shall meet
the requirements of API Std 650, Sections 3.10.5, 3.10.6, or
Appendix F, as applicable, for the intended service. Frangible
joint design, or the need for emergency venting devices in
accordance with API Std 2000, shall meet the requirements of
API Std 650, 3.10.2.5.

9.12 FLOATING ROOFS

9.12.1 External Floating Roofs

Any method of repair is acceptable that will restore the
roof to a condition enabling it to perform as required.
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9.12.2 Internal Floating Roofs

Repairs to internal ßoating roofs shall be made in accor-
dance with the original construction drawings, if available. If
the original construction drawings are not available, the roof
repairs shall be in compliance with the requirements of API
Std 650, Appendix H.

9.12.3 Repair of Leaks In Pontoons

All leaks in pontoons or compartments of double deck
ßoating roofs shall be repaired by rewelding the leaking joints
and/or use of patch plates.

9.13 REPAIR OR REPLACEMENT OF FLOATING 
ROOF PERIMETER SEALS

9.13.1 Primary Seals

Rim-mounted primary shoe seals and toroidal seal systems
can be removed, repaired, or replaced. To minimize evapora-
tion losses and reduce potential hazard to the workers, no
more than one-fourth of the roof seal system should be out of
an in-service tank at one time. Temporary spacers to keep the
roof centered shall be used during the repairs. Primary seal
systems mounted partly or fully below the bolting bar or top
of the rim usually cannot be reached to allow removal in ser-
vice. In this case, in-service repairs are limited to replacement
of the primary seal fabric.

9.13.2 Secondary Seals

Rim-mounted and shoe-mounted secondary seals may be
readily installed, repaired, or replaced while the tank is in
service.

9.13.3 Seal-To-Shell Gap

Repair and other corrective actions to maintain seal-to-
shell gap requirements, include:

a. Adjusting the hanger system on primary shoe seals, and
adding foam Þller in toroidal seals.
b. Increasing the length of rim mounted secondary seals in
the problem area.
c. Replacing all or part of the primary seal system along with
possible installation of a rim extension for a secondary seal.
This step shall be taken only after checking the annular space
variation at several levels from low pump out to high liquid
level.

9.13.4 Mechanical Damage

Damaged parts shall be repaired or replaced. Prior to tak-
ing this action, the cause of the damage shall be identiÞed and
corrected. Buckled parts shall be replaced, not straightened.
Torn seal fabric shall be replaced.

9.13.5 Deterioration of Seal Material

Material deterioration results from wear and corrosion on
metallic elements, and chemical and weather deterioration
of seal fabric. The service life and inspection information
shall be used to determine whether a change of material is
warranted.

9.13.6 Installation of Primary and Secondary 
Seals

9.13.6.1 The replacement or addition of primary and sec-
ondary seals shall be in accordance with the recommenda-
tions of the seal manufacturer. In addition, the Þnal
installation shall comply with all applicable jurisdictions.

9.13.6.2 If the roof rim thickness is less than 0.10-in. thick,
it shall be replaced. The new roof rim shall be 3/16-in. thick-
ness, minimum.

9.14 HOT TAPS

9.14.1 General

9.14.1.1 The requirements given herein cover the installa-
tion of radial hot tap connections on existing in-service tanks
constructed with shell material that does not require postweld
heat treatment. 

a. For tank shell plates of recognized toughness, shell plates
of unknown toughness having a maximum thickness less than
or equal to 1/2 in., or shell plates of unknown toughness hav-
ing a minimum shell design metal temperature at or above the
curve given in Figure 5-2, the connection size and shell thick-
ness limitations are shown in Table 9-1.

Recognized toughness is deÞned as meeting or exceeding
the toughness requirements of API Std 650, Sixth Edition,
Appendix D or G, API Std 650, Seventh Edition, or later, or
other industry accepted toughness requirements.

b. For tank shell plates of unknown toughness with thickness
greater than 1/2 in. and having a minimum shell design metal
temperature below the curve given in Figure 5-2 the follow-
ing limitations apply.

1. Nozzles shall be limited to a maximum diameter of
4 in. NPS.

2. The shell plate temperature shall be at or above the
minimum shell design metal temperature for the entire hot
tapping operation.

3. All nozzles shall be reinforced. The reinforcement
shall be calculated per API Std 650, 3.7.2. The minimum
thickness of the reinforcing plate shall be equal to the
shell plate thickness, and the minimum reinforcing plate
diameter shall not be less than the diameter of the shell
cutout plus 2 in.
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4. The maximum height of tank liquid above the hot tap
location during the hot tapping operation shall be such
that the hydrostatic tank shell stress is less than 7,000 lbf/
in.2 at the elevation of the hot tap.

9.14.1.2 The minimum height of tank liquid above the
hot tap location shall be at least 3 ft during the hot tapping
operation.

9.14.1.3 Welding shall be done with low hydrogen elec-
trodes.

9.14.1.4 Hot taps are not permitted on the roof of a tank or
within the gas/vapor space of the tank.

9.14.1.5 Hot taps shall not be installed on laminated or
severely pitted shell plate.

9.14.1.6 Hot taps are not permitted on tanks where the heat
of welding may cause environmental cracking (such as caus-
tic cracking or stress corrosion cracking).

9.14.2 Hot Tap Procedures

A hot tap procedure speciÞc to carrying out the work shall
be developed and documented. The procedure shall include
the practices given in API Publ 2201.

9.14.3 Preparatory Work

9.14.3.1 Minimum spacing in any direction (toe-to-toe of
welds) between the hot tap and adjacent nozzles shall be
equivalent to the square root of RT where R is the tank shell
radius, in in., and T is the shell plate thickness, in in.

9.14.3.2 Shell plate thickness measurements shall be taken
at a minimum of four places along the circumference of the
proposed nozzle location.

9.14.4 Material Limitations

Hot tap only steels of known acceptable toughness or steels
of unknown toughness that have a minimum shell design metal
temperature at or above the exemption curve shown in Figure
5-2, unless the additional requirements of 9.14.1.1b are met.

9.14.5 Installation Procedure

9.14.5.1 Pipe nozzles shall be cut to the contour of the
shell and beveled from the outside for a full penetration weld
(see Figure 9-6).

9.14.5.2 After the pipe is welded, the reinforcing plate
shall be installed either in one piece or two pieces with hori-
zontal weld. The reinforcing plate to nozzle shall be installed
with a full penetration weld. Care shall be taken to limit the
heat input to the welds. 

9.14.5.3 After the reinforcing plate has been welded to the
shell and nondestructive examination carried out, the pad
shall be pneumatically tested by the procedure described in
API Std 650. After the valve has been installed on the ßange,
a pressure test at least 1.5 times the hydrostatic head shall be
performed on the nozzle prior to mounting the hot tap
machineÑwhich shall be bolted to the valve.

9.14.5.4 A qualiÞed operator shall operate the hot tap
machine and cut the hole in the tank following the hot tap
machine manufacturerÕs procedures.

Table 9-1—Hot Tap Connection Sizes 
and Shell Plate Thicknesses

Connection Size, 
NPS
(in.)

Minimum Shell
Plate Thickness

(in.)

£ 6 3/16 

£ 8 1/4

£ 14 3/8

£ 18 1/2
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Figure 9-6—Hot Tap for Tanks

Flange, Class 150
W.N. or S.O.

Reinforcing plate (T = t )
rolled to outside radius
of tank shell

Pipe nozzle, 
Schd extra strong

See Detail a

t

T

T

Grind out root and
seal weld for
nozzle size 10 in. NPS
and larger

1/4 in.
min

HOT TAP ASSEMBLY
DETAIL a

REINFORCING PLATE DETAIL
(See Note)

1ft min.

Vertical
weld

W

Horizontal weld if
reinforcing plate
is in two pieces

Spacing per
API Std 650, 
Section 3.7.3

Horizontal weld

1in. (typ.)

1/4 in. tell-tale hole, drill and
tap for 1/8-in. pipe thread

1/2 in.

W
1/2 in.

W

Note: Reinforcing plate diameters as given in API Std 650, Table 3-8.
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SECTION 12—EXAMINATION AND TESTING

 

12.1 NONDESTRUCTIVE EXAMINATIONS

12.1.1 General

12.1.1.1

 

Nondestructive examinations shall be performed
in accordance with API Std 650 and any supplemental
requirements given herein.

 

12.1.1.2

 

Personnel performing nondestructive examina-
tions shall be qualiÞed in accordance with API Std 650 and
any supplemental requirements given herein.

 

12.1.1.3

 

Acceptance criteria shall be in accordance with
API Std 650 and any supplemental requirements given herein.

 

12.1.1.4

 

Each newly deposited weld or any cavity resulting
from gouging or grinding operations shall be visually exam-
ined over its full length. Additional NDE of these welds may
be required as described in the following relevant sections.

 

12.1.1.5

 

Appendix G may be used to provide additional
guidance in qualifying personnel and procedures when
magnetic ßux leakage (MFL) tools are used to examine tank
bottoms. Owner/operators should determine speciÞc
requirements to meet their tank bottom integrity needs.

 

12.1.2 Shell Penetrations

12.1.2.1

 

Ultrasonic examination of shell plate for lamina-
tions shall be made in the immediate area affected when:

a. Adding a reinforcing plate to an existing unreinforced
penetration.
b. Adding a hot tap connection.

 

12.1.2.2

 

Cavities resulting from gouging or grinding oper-
ations to remove attachment welds of existing reinforcing
plates shall be examined by magnetic particle or liquid pene-
trant methods.

 

12.1.2.3

 

Completed welds attaching nozzle neck to shell,
and reinforcing plate to shell and to nozzle neck, shall be
examined by the magnetic particle or liquid penetrant meth-
ods. Consider additional examination (e.g., ßuorescent mag-
netic particle examination and/or ultrasonic examination) for
hot tap connections to shell plates of unknown toughness hav-
ing a maximum thickness more than 

 

1

 

/

 

2

 

 in. or to shell plates
of unknown toughness having a minimum shell design metal
temperature below the curve in Figure 5-2.

 

12.1.2.4

 

Completed welds of stress-relieved assemblies
shall be examined by the magnetic particle or liquid penetrant
methods after stress relief, but before hydrostatic testing.

 

12.1.3 Repaired Weld Flaws

12.1.3.1

 

Cavities resulting from gouging or grinding oper-
ations to remove weld defects shall be examined by the mag-
netic particle or liquid penetrant methods.

 

12.1.3.2

 

Completed repairs of butt-welds shall be examined
over their full length by radiographic or ultrasonic methods.

 

12.1.3.3

 

Completed repairs of Þllet welds shall be exam-
ined over their full length by the appropriate nondestructive
examination method listed herein.

 

12.1.4 Temporary and Permanent Attachments to 
Shell Plates

12.1.4.1

 

The welds of permanent attachments (not includ-
ing shell-to-bottom welds) and, areas where temporary
attachments are removed and the remaining weld projections
have been removed, shall be examined visually.

 

12.1.4.2

 

Completed welds of new permanent attachments
(not including shell-to-bottom welds) and areas where tempo-
rary attachments have been removed (API Std 650 tank shell
materials of Groups IV, IVA, V, or VI), shall be examined by
either the magnetic particle method (or, at the option of the
purchaser, by the liquid penetrant method).

 

12.1.5 Shell Plate to Shell Plate Welds

12.1.5.1

 

New welds attaching existing shell plate to exist-
ing or new shell plate shall be examined by radiographic
methods (see 12.2). In addition, for plate thicknesses greater
than 1 in., the back-gouged surface of the root pass and Þnal
pass (each side) shall be examined for its complete length by
magnetic particle or liquid penetrant methods.

 

12.1.5.2

 

New welds joining new shell plate material to
new shell plate material (partial or full shell course replace-
ment or addition) need only be examined radiographically in
accordance with API Std 650.

 

12.1.6 Shell-To-Bottom Weld

12.1.6.1

 

New welding on the shell-to-bottom joint shall be
inspected for its entire length by using a right-angle vacuum
box and a solution Þlm, or by applying light diesel oil. Addi-
tionally, the Þrst weld pass shall be inspected by applying
light diesel oil to the side opposite the Þrst weld pass made.
The oil shall be allowed to stand at least 4 hours (preferably
overnight) and then the weld inspected for wicking action.
The oil shall be removed before the weld is completed.

 

12.1.6.2

 

As an alternative to 12.1.6.1, the initial weld
passes, inside and outside of the shell, shall have all slag and
non-metals removed from the surface of the welds and exam-
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ined visually. Additionally, after completion of the inside and
outside Þllet or partial penetration welds, the welds shall be
tested by pressurizing the volume between the inside and out-
side welds with air pressure to 15 psig and applying a solu-
tion Þlm to both welds. To assure that the air pressure reaches
all parts of the welds, a sealed blockage in the annular pas-
sage between the inside and outside welds must be provided
by welding at one or more points. Additionally, a small pipe
coupling communicating with the volume between the welds
must be welded on each side of and adjacent to the blockages.
The air supply must be connected at one end and a pressure
gauge connected to a coupling on the other end of the seg-
ment under test.

 

12.1.6.3

 

The existing weld at the shell-to-bottom joint shall
be examined by visual, as well as by magnetic particle or liq-
uid penetrant methods, for the full length under a welded-on
patch plate. An additional 6 in. of the shell-to-bottom joint on
each side of the welded-on patch plate shall be examined sim-
ilarly before placement of the repair plate to assure weld
integrity and to conÞrm the absence of weld cracks.

 

12.1.7 Bottoms

12.1.7.1

 

Upon completion of welding on a tank bottom,
the plates and the entire length of new welds for tank bottom
plates shall be examined visually for any potential defects and
leaks. Particular attention shall apply to areas such as sumps,
dents, gouges, three-plate laps, bottom plate breakdowns, arc
strikes, temporary attachment removal areas, and welding
lead arc burns. Visual examination acceptance and repair cri-
teria are speciÞed in API Std 650, 6.5. In addition, all new
welds, including the weld attaching a patch plate to the bot-
tom, the areas of bottom plate restored by welding, and the
restoration of welds found with defects during an internal
inspection shall be inspected by one of the methods speciÞed
in API Std 650, 5.3.3. Leaking areas shall be repaired by
grinding and rewelding as required, and the repaired area
shall be retested.

 

12.1.7.2

 

In addition to the requirements in 12.1.7.1, the
root and Þnal pass of a welded-on patch plate weld in the crit-
ical zone (see 3.9 for deÞnition) shall be visually examined
and examined by either magnetic particle or liquid penetrant
method over its full length.

 

12.1.7.3

 

In addition to the requirements in 12.1.7.1, areas
of bottom plate repaired by welding shall be examined  by the
magnetic particle method or the liquid penetrant method. In
addition, the repaired area shall also be tested using a vacuum
box and solution or a tracer gas and detector.

 

12.1.8 Shell Plate 

12.1.8.1 Shell Plate Repairs by Weld Metal Deposit

 

Areas of shell plate to be repaired by welding shall be
examined visually. In addition, shell plate areas repaired by
welding shall be examined by the magnetic particle method
(or the liquid penetrant method).

 

12.1.8.2 Shell Plate Repairs by Lap-Welded 
Patches

 

The attachment welds of new lap-welded shell patches
shall be visually examined, and shall be examined by either
the magnetic particle or liquid penetrant methods.

 

12.1.9 Roofs

 

Newly welded roof joints and repairs shall be examined in
accordance with API Std 650, 5.3.2.2 and 5.3.7.

 

12.2 RADIOGRAPHS

12.2.1 Number and Location of Radiographs

 

The number and location of radiographs shall be in accor-
dance with API Std 650 and the following additional require-
ments:

 

12.2.1.1

 

For vertical joints:

a. New replacement shell plates to new shell plates, no addi-
tional radiographs required, other than those required by API
Std 650 for new construction.
b. New replacement shell plates to existing shell plates, one
additional radiograph shall be taken in each joint.
c. Repaired joints in existing shell plates shall have one addi-
tional radiograph taken in each joint.

 

12.2.1.2

 

For horizontal joints:

a. New replacement shell plates to new shell plates, no addi-
tional radiographs required, other than those required by API
Std 650 for new construction.
b. New replacement shell plates to existing shell plates, one
additional radiograph for each 50 ft of repaired horizontal
weld.
c. Repaired joints in existing shell plates shall have one addi-
tional radiograph taken for each 50 ft of repaired horizontal
weld.

 

12.2.1.3

 

For intersections of vertical and horizontal joints:

a. New replacement shell plates to new shell plates, no addi-
tional radiographs required, other than those required by API
Std 650 for new construction.
b. New replacement shell plates to existing shell plates, each
intersection shall be radiographed.
c. All repaired intersections in existing shell plates shall be
radiographed.
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12.2.1.4

 

For reconstructed tanks, each butt-welded annu-
lar plate joint shall be radiographed in accordance with API
Std 650.

 

12.2.1.5

 

For reconstructed tanks, radiographic inspection
is required for 25 percent of all junctions of new welds over
existing seams.

The owner/operator shall, with the consent of the contrac-
tor, determine the extent of further inspection and repair that
may be required. 

Any further inspection or repair of existing welds will be
handled by contractual agreement between the owner/opera-
tor and tank reconstruction contractor.

 

12.2.1.6

 

New and replaced shell plate and door sheet
welds shall be radiographed.  All junctions between repair
and existing welds shall be radiographed.  If defects are
found, 100% radiography shall be performed on the repaired
weld.

 

12.2.1.6.1

 

For circular replacement plates, a minimum of
one radiograph shall be taken regardless of thickness.  When
the circular replacement plate is located in a shell plate with
thickness exceeding 1 in., the weld shall be fully radio-
graphed.

 

12.2.1.6.2

 

For square and rectangular replacement plates,
at least one radiograph shall be taken in a vertical joint, and at
least one in a horizontal joint, and one in each corner.  When
the square or rectangular replacement plate is located in a
shell plate with thickness exceeding 1 in., the vertical joints
shall be fully radiographed.

 

12.2.1.7

 

The minimum diagnostic length of each radio-
graph shall be 6 in.

 

12.2.1.8

 

For penetrations installed using insert plates as
described in 9.8.2, the completed butt welds between the
insert plate and the shell plate shall be fully radiographed.

 

12.2.2 Acceptance Criteria for Existing Shell Plate 
to Shell Plate Welds

 

If the radiograph of an intersection between a new and old
weld detects unacceptable welds by current standards, the
existing welds may be evaluated according to the original
standard of construction.

 

12.2.3 Marking and Identification of Radiographs

12.2.3.1

 

Each Þlm shall show an identiÞcation of the
welder(s) making the weld. A weld map showing location of
welds, weld number, radiograph number, welder identiÞca-
tion, and grading of each weld is an acceptable alternative to
this requirement.

 

12.2.3.2

 

Radiographs and radiograph records of all
repaired welds shall be marked with the letter ÒRÓ.

 

12.3 HYDROSTATIC TESTING

12.3.1 When Hydrostatic Testing Is Required

12.3.1.1

 

A full hydrostatic test, held for 24 hours, shall be
performed on:

a. A reconstructed tank.
b. Any tank that has undergone major repairs or major alter-
ations (see 12.3.1.2) unless exempted by 12.3.2 for the
applicable combination of materials, design, and construction
features.
c. A tank where an engineering evaluation indicates the need
for the hydrostatic test due to an increase in the severity of
service. Examples of increased service severity are an
increase in operating pressure (such as storing a product with
a higher speciÞc gravity), lowering the service temperature
(see Figure 5-2), and using tanks that have been damaged.

 

12.3.1.2

 

The terms major repair and major alteration refer
to operations that require cutting, addition, removal and/or
replacement of the annular plate ring, the shell-to-bottom
weld, or a sizable portion of the shell. Within this context,
major repairs and major alterations would include:

a. The installation of any shell penetration beneath the design
liquid level larger than 12 in. NPS, or any bottom penetration
located within 12 in. of the shell.

b. The removal and replacement or addition of any shell plate
beneath the design liquid level, or any annular plate ring
material where the longest dimension of the replacement
plate exceeds 12 in.

c. The complete or partial (more than one-half of the weld
thickness) removal and replacement of more than 12 in. of
vertical weld joining shell plates, or radial weld joining the
annular plate ring.

d. The installation of a new bottom. This does not include
new bottoms in tanks where the foundation under the new
bottom is not disturbed and either condition 1 or 2 are met:

1. For tanks with annular rings, the annular ring remains
intact.

2. For tanks without annular rings, the repair does not
result in welding on the existing bottom within the critical
zone. See 3.7 for a deÞnition of the critical zone.

e. The removal and replacement of any part of the weld
attaching the shell to the bottom or to the annular plate ring.

f. Jacking of a tank shell.

 

12.3.2 When Hydrostatic Testing Is Not Required

12.3.2.1 General

 

A full hydrostatic test of the tank is not required for major
repairs and major alterations when both paragraphs a and b of
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this section are satisÞed, and when either the appropriate
parts of 12.3.2.2 through 12.3.2.5 or 12.3.2.6 are met.

a. The repair has been reviewed and approved by an engineer
experienced in storage tank design in accordance with API
Std 650. The engineer must concur in writing with taking the
hydrostatic testing exemption.
b. The tank owner/operator has authorized the exemption in
writing.

 

12.3.2.2 Shell Repair

12.3.2.2.1

 

For welds to existing metal, develop welding
procedure qualiÞcations based on existing material chemistry,
including strength requirements. Welding procedures shall be
qualiÞed with existing or similar materials, and shall include
impact testing. Impact testing requirements shall follow
appropriate portions of API Std 650, 7.2.2 and shall be speci-
Þed in the repair procedure.

 

12.3.2.2.2

 

New materials used for the repair shall meet the
current edition of API Std 650 requirements.

 

12.3.2.2.3

 

Existing tank materials in the repair area shall
meet at least one of the following requirements:

a. API Std 650 requirements (Seventh Edition or later).
b. Fall within the Òsafe for useÓ area on Figure 5-2.
c. Stress in the repair area shall not exceed 7000 lbf/in.

 

2

 

. This
limiting stress shall be calculated as follows:

where

 

S

 

= shell stress in lbf/in.

 

2

 

,

 

H

 

= tank Þll height above the bottom of repair or
alteration in ft,

 

t

 

= shell thickness at area of interest in in.,

 

D

 

= tank mean diameter in ft,

 

G

 

= speciÞc gravity of product.

 

12.3.2.2.4

 

New vertical and horizontal shell butt-welds
shall have complete penetration and fusion.

 

12.3.2.2.5

 

The root pass and Þnal pass examination shall
be in accordance with 12.1.5. In addition, the Þnished weld
shall be fully radiographed.

 

12.3.2.2.6

 

Shell welds for the reinforcing plate-to-nozzle
neck and nozzle neck-to-shell joints shall have complete pen-
etration and fusion. The root pass of the nozzle attachment
weld shall be back-gouged and examined by magnetic parti-
cle or liquid penetrant methods. The completed weld shall be
examined by magnetic particle or liquid penetrant methods

and by the ultrasonic method. Examination and acceptance
criteria for nondestructive examinations shall be in accor-
dance with 12.1.

 

12.3.2.2.7

 

See 12.3.2.4 for shell-to-bottom weld restric-
tions.

 

12.3.2.2.8

 

Door sheets shall comply with the requirements
of this standard for shell plate installation, except they shall
not extend to or intersect the bottom-to-shell joint.

 

12.3.2.3 Bottom Repair Within the Critical Zone

12.3.2.3.1

 

Repairs to the annular ring or bottom plates,
within the critical zone (see 3.7) shall comply with the fol-
lowing:

a. Meet the requirements of 12.3.2.2.1 through 12.3.2.2.3.
b. Be examined visually prior to welding, and examined
after the root pass and the Þnal pass by the magnetic particle
or liquid penetrant methods. Annular plate butt-welds shall
also be examined by ultrasonic methods after the Þnal pass.
Examination and acceptance criteria for nondestructive
examinations shall be in accordance with 12.1.

 

12.3.2.4 Shell-To-Bottom Weld Repair

12.3.2.4.1

 

Repair of the weld attaching the shell to the
annular ring or the shell to the bottom plate shall meet one of
the following requirements:

a. A portion of the weld (of any length) may be removed and
replaced as long as the replaced weld meets the size require-
ments of API Std 650, 3.1.5.7, and the portion replaced does
not represent more than 50 percent of the required weld
cross-sectional area.
b. The weld on one side of the shell may be completely
removed and replaced for a length not exceeding 12 in.
Shell-to-bottom weld repairs replacing more than 50 per-
cent of the required weld cross-sectional area shall not be
closer than 12 in. to each other, including repairs on the
opposite side of the shell.

 

12.3.2.4.2

 

Repairs shall be examined prior to welding,
after the root pass, and after the Þnal pass by visual, as well as
magnetic particle or liquid penetrant methods. Examination
and acceptance criteria for nondestructive examinations shall
be in accordance with 12.1.

 

12.3.2.5 Minor Shell Jacking

12.3.2.5.1

 

Tank shell and critical zone materials shall meet
one of the requirements of 12.3.2.2.3

 

12.3.2.5.2

 

The engineer shall consider all pertinent vari-
ables when exempting a minor shell jacking repair from
hydrostatic testing, including but not limited to: the magni-
tude of jacking required; material; toughness; quality control;
inspection before and after repair; material temperature;
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future foundation stability; and jacking techniques (including
controls and measurement). Careful consideration shall be
given to potential stresses and damage that may result from
jacking.

 

12.3.2.6 Fitness-For-Service Evaluation

 

The owner/operator may utilize a Þtness-for-service or
other appropriate evaluation methodology based on estab-
lished principles and practices to exempt a repair from hydro-
static testing. The procedures and acceptance criteria for
conducting an alternative analysis are not included in this
standard. This evaluation shall be performed by an engineer
experienced in storage tank design and the evaluation meth-
odologies used.

 

12.4 LEAK TESTS

 

New or altered reinforcing plates of shell penetrations shall
be given an air leak test in accordance with API Std 650.

 

12.5 MEASURED SETTLEMENT DURING 
HYDROSTATIC TESTING

12.5.1 Initial Survey

12.5.1.1

 

Where settlement is anticipated, a tank receiv-
ing a hydrostatic test shall have the foundation checked for
settlement.

 

12.5.1.2

 

Tank settlement shall initially be surveyed with
the tank empty using the number of bottom plate projection
elevation measurement points, 

 

N

 

, uniformly distributed
around the circumference, as indicated by the following for-
mula:

where

 

N

 

= minimum required number of settlement mea-
surement points, but no less than eight. All frac-
tional values shall be rounded to the next higher
whole number. The maximum spacing between
settlement measurement points shall be 32 ft.

 

D

 

= tank diameter, in ft.

 

12.5.1.3

 

Tank settlement measurements in 12.5.1.2 shall
be evaluated for acceptance in accordance with Appendix B.

 

12.5.2 Survey During Hydrostatic Testing

 

Settlement shall be measured during Þlling and when water
reaches 100 percent of test level. Excessive settlement in
accordance with Appendix B shall be cause to stop the test for
foundation investigation and/or repair.

N D
10
------=





 

A-1

 

APPENDIX A—BACKGROUND ON PAST EDITIONS OF API 
WELDED STORAGE TANK STANDARDS

 

API published a speciÞcation for welded steel storage tanks in 1936 entitled API Standard 12C, 

 

API Specification for Welded
Oil Storage Tanks

 

. Fifteen editions and seven supplements to Standard 12C were published between 1936 and 1961. API Std 12C
was replaced by API Std 650, 

 

Welded Steel Tanks for Oil Storage

 

; ten editions and Þfteen supplements, revisions or addenda to
API Standard 650 have been issued. The current edition of API Std 650 is the Tenth Edition, published in November 1998. 

The table below provides a list of editions, supplements, and revisions to API Std 12C and API Std 650.

 

Table A-1ÑEditions of API Standard 650 and Its Precursor, Standard 12C

 

Standard 12C,

 

 API Specification for Welded Oil Storage Tanks

 

Standard 650, 

 

Welded Steel Tanks for Oil Storage

 

Edition Date Edition Date

First July 1936 First December 1961

Second October 1937 Supplement 1963

Supplement 1 April 1938 Second April 1964

Supplement 2 September 1938 Third July 1966

Supplement 3 April 1939 Supplement 1 December 1967

Third April 1940 Fourth June 1970

Fourth March 1941 Supplement 1 April 1971

Fifth May 1942 Fifth July 1973

Sixth August 1944 Supplement 1 October 1973

Seventh August 1946 Supplement 2 April 1974

Supplement 1 September 1947 Supplement 3 March 1975

Eighth September 1948 Sixth April 1977

Supplement 1 December 1949 Revision 1 May 1978

Ninth October 1950 Revision 2 December 1978

Tenth September 1951 Revision 3 October 1979

Eleventh September 1952 Seventh November 1980

Supplement 1 September 1953 Revision 1 February 1984

Twelfth October 1954 Eighth November 1988

Thirteenth September 1955 Ninth July 1993

Supplement 1 October 1956 Addendum 1 December 1994

Fourteenth October 1957 Addendum 2 December 1995

Fifteenth 1958 Addendum 3 December 1996

Addendum 4 December 1997

Tenth November 1998

Addendum 1 March 2000

Addendum 2 November 2001

Addendum 3 August 2003

 

Note:
Ordering information for past editions of API Std 12C and API Std 650 is available by calling 
Global Engineering Documents at 1-800-854-7179 (www.global.ihs.com).
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APPENDIX B—EVALUATION OF TANK BOTTOM SETTLEMENT

B.1 Introduction

 

B.1.1

 

In determining the effects of soil settlement on stor-
age tanks, it is common practice to monitor settlement of the
tank bottom. In most cases, such a monitoring program is
initiated during the construction and continued during
hydrostatic testing and operations. During operations, set-
tlement measurements should be taken at a planned fre-
quency, based on an assessment of soil settlement
predictions. For existing tanks that do not have initial settle-
ment data, a program of settlement monitoring should be
based on prior service history.

 

B.1.2

 

If at any time settlement is deemed excessive, the
tanks should be emptied and releveled. Releveling of a siz-
able tank is expensive and rather difÞcult to achieve. Thus, a
decision to relevel a tank is a crucial one, and relies very
much on the proper interpretation and evaluation of the moni-
tored settlement data.

 

B.1.3

 

Approaches used to correct tank shell and bottom
settlement include techniques such as localized repairs of the
bottom plates, partial releveling of the tank periphery, and
major releveling of the entire tank bottom. Major releveling
of the tank, involving total lifting of the tank shell and bottom
at one time, can introduce highly localized stresses in the
structure and impair its integrity. Therefore, when choosing
techniques for correcting settlement problems, an alternative
to total lifting of the tank shell and bottom should be consid-
ered as a Þrst choice. If it is decided to lift the entire tank shell
and bottom at one time, it should be done by personnel with
demonstrated experience in this technique.

 

B.2 Types of Settlement

 

B.2.1 ELEVATION MEASUREMENTS

 

The principal types of tank settlement consist of settle-
ments that relate to the tank shell and bottom plate. These set-
tlements can be recorded by taking elevation measurements
around the tank circumference and across the tank diameter.
Figures B-1 and B-2 show recommended locations on a tank
shell and bottom plate for settlement measurements. Data
obtained from such measurements should be used to evaluate
the tank structure. Additional settlement readings may be
required to deÞne local depressions.

 

B.2.2 SHELL SETTLEMENT EVALUATION

 

Settlement of a tank is the result of either one, or a combi-
nation of the following three settlement components.

 

B.2.2.1

 

Uniform settlement.

 

 This component often can be
predicted in advance, with sufÞcient accuracy from soil tests.

It may vary in magnitude, depending on the soil characteris-
tics. Uniform settlement of a tank does not induce stresses in
the tank structure. However, piping, tank nozzles, and attach-
ments must be given adequate consideration to prevent prob-
lems caused by such settlement.

 

B.2.2.2

 

Rigid body tilting of a tank (planar tilt).

 

 This com-
ponent rotates the tank in a tilted plane. The tilt will cause an
increase in the liquid level and, therefore, an increase in the
hoop stress in the tank shell. Also, excessive tilting can cause
binding of peripheral seals in a ßoating roof and inhibit roof
travel. This type of settlement could affect tank nozzles that
have piping attached to them. Figure B-3 shows that the set-
tled location of the tank shell, after rigid body tilt, can be rep-
resented by either a cosine or sine wave with respect to its
original position in a horizontal plane.

 

B.2.2.3

 

Out-of-plane settlement (differential settlement).

 

Due to the fact that a tank is a rather ßexible structure,
chances are great that the tank shell will settle in a nonplanar
conÞguration, inducing additional stresses in the tank shell.
The out-of-plane settlements at the bottom edge lead to a lack
of circularity at the top of the tank, and in the case of a ßoat-

 

Figure B-1—Measurements of Shell Settlement 
(External)

0
11

10

9 3

1

7

8

6
5

4

2

Tank shell

Maximum spacing of 32 ft around circumference. 
There must be at least 4 equally spaced diametrical 
measurement lines.

Notes:
1. There must be at least eight settlement points.  The maximum spacing 
of the settlement points is 32 ft around the circumference.
2. Points shall be equally spaced around the tank shell. See 12.5.1.2 for
method of determining the number of measurement  points.
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ing roof tank, the extent of the induced ovality may impede
the proper functioning of the ßoating roof in such a way that
releveling is required. Also, such settlements may cause ßat
spots to develop in the tank shell. This type of settlement
could affect tank nozzles that have piping attached to them.

 

B.2.2.4

 

While uniform settlement and rigid body tilt of a
tank may cause problems as described above, the out-of-
plane settlement is the important component to determine and
evaluate in order to ensure the structural integrity of the shell
and bottom. Based on this principle, a common approach is to
determine the magnitudes of the uniform and rigid body tilt
component (if any) for each data point on the tank periphery.
Once this is carried out, the plane of rigid tilt is then impor-
tant as a datum from which to measure the magnitudes of the
out-of-plane settlements.

A graphical representation illustrating the effect of tank
shell settlement components is shown in Figure B-3. The con-
struction of this settlement plot has been developed in accor-
dance with the following:

a. The actual edge settlement (in most cases an irregular
curve) is plotted using points around the tank circumference
as the abscissa.
b. The vertical distance between the abscissa and the lowest
point on this curve (point 22) is the minimum settlement, and

it is called the uniform settlement component. A line through
this point, parallel to the abscissa, provides a new base or
datum line for settlement measurements called adjusted
settlements.
c. The plane of rigid tilt settlement is represented by the opti-
mum cosine curve between the maximum and minimum
values of the actual edge settlements. Several methods exist
for determining the optimum cosine curve. The least accurate
method is by free hand drawing techniques, a kind of trial and
error procedure to Þt the best cosine curve through the data. A
better method is to use the mathematical and graphical capa-
bilities of a computer.
d. The vertical distances between the irregular curve and the
cosine curve represent the magnitudes of the out-of-plane set-
tlements (

 

U

 

i

 

 at data point 

 

i

 

).
e. The most commonly used and accepted method is to use a
computer to solve for constants 

 

a

 

, 

 

b

 

, and 

 

c

 

, to Þnd the opti-
mum cosine curve of the form:

 

Elev

 

pred

 

 = 

 

a

 

 + 

 

b

 

 

 

´

 

 cos (

 

q

 

 + 

 

c

 

)

Where 

 

Elev

 

pred

 

 is the elevation predicted by the cosine
curve at angle theta. A typical starting point for a computer
best-Þt cosine curve is a least-squares Þt where 

 

a

 

, 

 

b

 

, and 

 

c

 

 are
chosen to minimize the sum of the square of the differences
between measured and predicted elevations. The optimum
cosine curve is only considered valid (i.e., accurately Þts the
measured data) if the value 

 

R

 

2

 

 is greater than or equal to 0.9.

where

 

S

 

yy

 

= sum of the squares of the differences between
average measured elevation and the measured
elevations,

 

SSE

 

= sum of the square of the differences between
the measured and predicted elevations.

Obtaining a statistically valid cosine curve may require
taking more measurements than minimums shown in Figure
B-1. In many cases, the out-of-plane settlement may be con-
centrated in one or more areas and the least-squares Þt under
predicts the local out-of-plane settlement and is not conserva-
tive. In these cases, 

 

R

 

2

 

 will typically be less than 0.9. Appro-
priately selecting 

 

a

 

, 

 

b

 

, and 

 

c

 

 will result in very little difference
between predicted and measured elevation at all but one or
two measurements points, and 

 

R

 

2

 

 will be greater than 0.9.
One method of selecting 

 

a

 

, 

 

b

 

, and 

 

c

 

 in these cases is to ignore
one or two points that do not appear to Þt the initially calcu-
lated cosine curve, and recalculate the optimum cosine curve.
The remaining points will show a good estimate of the true

 

Figure B-2—Measurements of Bottom Settlement 
(Internal) Tank Out-of-Service

Maximum spacing
of 32 ft around
circumference.
There must be at
least 4 equally
spaced diametrical
measurement lines.

Tank shell

Maximum spacing
of 10 ft across
diameter.

0
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42

1 5

0

Note: See 12.5.1.2 for method of determining the number of �
measurement points.
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APPENDIX D—AUTHORIZED INSPECTOR CERTIFICATION

D.1 Examination

 

A written examination to certify an authorized inspector
within the scope of API Std 653 shall be administered by a
third party designated by API. The examination shall be
based on the current API Std 653 Body of Knowledge as pub-
lished by API.

 

D.2 Certification

 

D.2.1

 

An API Std 653 authorized inspector certiÞcate will
be issued when an applicant has successfully passed the API
Std 653 certiÞcation examination, and satisÞes the criteria for
education and experience. Education and experience, when
combined, shall be equal to at least one of the following:

a. A bachelor of science degree in engineering or technology
plus 1 year of experience in supervision or performance of
inspection activities as described in API Std 653.
b. A 2-year degree or certiÞcate in engineering or technol-
ogy, plus 2 years of experience in the design, construction,
repair, inspection, or operation of aboveground storage tanks,
of which 1 year must be in supervision or performance of
inspection activities as described in API Std 653.
c. A high school diploma or equivalent, plus 3 years of expe-
rience in the design, construction, repair, inspection, or
operation of aboveground storage tanks, of which 1 year must
be in supervision or performance of inspection activities as
described in API Std 653.
d. A minimum of 5 years of experience in the design, con-
struction, repair, inspection, or operation of aboveground
storage tanks, of which 1 year must be in supervision or per-
formance of inspection activities as described in API  Std 653.

 

D.2.2

 

An API certiÞcate for an authorized inspector is valid
for 3 years from its date of issuance.

 

D.2.3

 

An API Std 653 authorized inspector certiÞcate is
valid in all jurisdictions and any other location that accepts or
other wise does not prohibit the use of API Std 653.

 

D.3 Certification Agency

 

The American Petroleum Institute shall be the certifying
agency.

 

D.4 Retroactivity

 

The certiÞcation requirements of API Std 653 shall not be
retroactive or interpreted as applying before 12 months after
the date of publication of this edition or addendum of API
Std 653. The recertiÞcation requirements of API Std 653,
Section D.5 shall not be retroactive or interpreted as apply-
ing before 3 years after the date of publication of this edi-
tion or addendum of API Std 653.

 

D.5 Recertification

 

D.5.1

 

RecertiÞcation is required three years from the date
of issuance of the API Std 653 authorized inspector certiÞ-
cate. RecertiÞcation by written examination will be required
for authorized inspectors who have not been actively engaged
as authorized inspectors within the most recent three-year
certiÞcation period. RecertiÞcation exams will be in accor-
dance with all of the provisions contained in API Std 653.

 

D.5.2

 

ÒActively engagedÓ as an authorized inspector shall
be deÞned as a minimum of 20 percent of time spent perform-
ing or supervising inspection activities as described in API
Std 653 over the most recent 3-year certiÞcation period.

 

Note: Inspection activities common to other API inspection docu-
ments (NDE, record keeping, review of welding documents, etc.)
may be considered here.

 

D.5.3

 

Once every other recertiÞcation period (every six
years), inspectors actively engaged as an authorized inspector
shal demonstrate knowledge of revisions to API 653 that were
instituted during the previous six years.  This requirement
shall be effective six years from the inspectorÕs initial certiÞ-
cation date.  Inspectors who have not been actively engaged
as an authorized inspector within the most recent three-year
period shall recertify as required in D.5.1.
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APPENDIX E—TECHNICAL INQUIRIES

E.1 Introduction

 

E.1.1

 

API will consider written requests for interpretations of Std 653. API staff will make such interpretations in writing after
consulting, if necessary, with the appropriate committee ofÞcers and committee members. The API committee responsible for
maintaining Std 653 meets regularly to consider written requests for interpretations and revisions and to develop new criteria dic-
tated by technological development. The committeeÕs activities in this regard are limited strictly to interpretations of the standard
and to the consideration of revisions to the present standard.

 

E.1.2

 

As a matter of policy, API does not approve, certify, rate, or endorse any item, construction, proprietary device, or activ-
ity, and accordingly, inquiries that require such consideration will be returned. Moreover, API does not act as a consultant on spe-
ciÞc engineering problems or on the general understanding or application of the standard. If it is the opinion of the committee,
based on the inquiry information submitted, that the inquirer should seek other assistance, the inquiry will be returned with the
recommendation that such assistance be obtained. All inquiries that do not provide the information needed for the committeeÕs
full understanding will be returned.

 

E.2 Inquiry Format

 

E.2.1

 

Inquiries shall be limited strictly to requests for interpretation of the standard or to the consideration of revisions to the
standard based on new data or technology. Inquiries shall be submitted in the format described in E.2.2 through E.2.5.

 

E.2.2

 

The scope of an inquiry shall be limited to a single subject or a group of closely related subjects. An inquiry concerning
two or more unrelated subjects will be returned.

 

E.2.3

 

An inquiry shall start with a background section that states the purpose of the inquiry, which would be either to obtain
an interpretation of the standard or to propose a revision to the standard. The background section shall concisely provide the
information needed for the committeeÕs understanding of the inquiry (with sketches as necessary) and shall cite the applicable
edition, revision, paragraphs, Þgures, and tables.

 

E.2.4

 

After the background section, an inquiryÕs main section shall state the inquiry as a condensed, precise question, omitting
superßuous background information and, where appropriate, posing the question so that the reply could take the form of ÒyesÓ or
ÒnoÓ (perhaps with provisos). This inquiry statement should be technically and editorially correct. The inquirer shall state what
he/she believes the standard requires. If he/she believes a revision to the standard is needed, he/she shall provide recommended
wording.

 

E.2.5

 

The inquirer shall include his/her name, mailing address, e-mail address, telephone, and fax number. Inquiries should be
submitted to the director, Standards Department, American Petroleum Institute, 1220 L Street, N.W., Washington, D.C. 20005
(standards@api.org).

 

E.3 Technical Inquiry Responses

 

Note: Original Appendix TI moved to this Appendix.

 

Following are selected responses to requests for interpretation of API Std 653 requirements. A more extensive listing of inter-
pretations can be found at www.api.org in the ÒCommittees/Standards DevelopmentÓ section.

 

SECTION 1 SCOPE

 

653-I-10/98

 

Question

 

: To apply API Std 653 to a repair of a riveted tank, what rules are applicable?

 

Reply

 

: For riveted tanks, the rules in the original code of construction should be applied for issues not covered in API Std
653. Refer to 1.1.5 of API Std 653. Otherwise, all of the applicable rules in API Std 653 apply. 

 

Note: The minimum thickness calculation for a riveted tank shell is covered in 4.3.4.
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SECTION 4 SUITABILITY FOR SERVICE

 

653-I-04/01

 

Question

 

: Given that an inspection in accordance with API Std 653 is pending for selected tanks constructed in accordance
with the 7th Edition of API Std 650, are these tanks required by API Std 653 to be upgraded to meet the require-
ments of the current (10th) edition of API Std 650? 

 

Reply

 

: No. However, if there is a change in service involved, or there is a reconstruction, repair, or alteration required,
then the requirements in API Std 653 generally invoke the current edition of API Std 650 for the evaluation/con-
struction work required. Refer to the appropriate sections in API Std 653.

 

SECTION 4.4.3 MAXIMUM THICKNESS CALCULATION FOR WELDED TANK SHELL

 

653-I-09/00

 

Question 1:

 

When evaluating the retirement thickness in a corroded plate away from welds at a distance of at least the greater
of one inch or twice the plate thickness, should a joint efÞciency of 

 

E

 

 = 1.0 to be used?

 

Reply 1

 

:  Yes.

 

Question 2

 

: If the joint efÞciency 

 

E

 

, for an existing tank is less than 1.0, should this value for 

 

E

 

 be used in calculating the min-
imum required thickness of the tank?

 

Reply 2

 

: Yes.

 

SECTION 4.2.4 CHANGE OF SERVICE

 

653-I-10/00

 

Question

 

: Shall the design requirements of the latest edition of API Std 650 be considered for tanks that will have their oper-
ating temperature increased above 200¡F?

 

Reply

 

: Yes. See Sections 1.1.5 and 4.2.4.3.

653-I-03/01

 

Question 1

 

: An existing tank greater than 100 ft in diameter with a lap-welded bottom is currently in heated service (> 200¡F).
This tank is removed from service for a routine internal inspection. Does this tank have to be retroÞtted with an
annular ring per API Std 650, Section M.4?

 

Reply 1

 

: Yes. See Sections 1.1.5 and 4.2.4.3.

 

Question 2

 

: An existing tank greater than 100 ft in diameter with a lap-welded bottom is being changed to heated service. Does
API Std 653, 4.3.3.4 require this tank to be retroÞtted with an annular ring per API Std 650, M.4.1? Or is it accept-
able to evaluate the tank per M.4.2 to determine if stresses, minimum Þll height, and Þll/empty cycles will be
acceptable with the existing lap welded bottom?

 

Reply 2

 

: Yes. See Sections 1.1.5 and 4.2.4.3.

 

SECTION 4.4.7 MINIMUM THICKNESS FOR A TANK BOTTOM PLATE

 

653-I-04/00

 

Question

 

: Does API Std 653 require that tank bottom expected service life calculations for a bottom that has been repaired
with patch plates Þllet-welded over areas of underside pitting, be based on the corrosion rate (UPr) of the repaired
areas or the unrepaired areas?

 

Reply

 

: Refer to API Std 653, Section 4.4.7.1. The last paragraph in the note in this section requires the use of the corro-
sion rate of the corroded area be used, unless the cause of the corrosion is removed in which case the corrosion rate
of the unrepaired area can be used.
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SECTION 6.3 INSPECTIONS FROM THE OUTSIDE OF THE TANK

 

653-I-12/99

 

Question

 

: Does API Std 653, 6.3.2, indicate when the 5-year external inspection interval is to be measured from, e.g., the
date last inspected, the date on the last inspection report, or the date put back in service?

 

Reply

 

: The inspection interval is to be measured from the date of the last inspection. See API Std 653, 6.3.2.1.

 

SECTION 6.4.2 INSPECTION INTERVALS

 

653-I-03/02

 

Question

 

: Referring to Sections 6.4.2.2 (last sentence) and 6.4.3 (5th sentence), do they mean together that the inspection
interval shall not exceed 20 years unless an RBI assessment is performed to support an extension?

 

Reply

 

: Yes.

 

SECTION 7.3 ORIGINAL MATERIALS FOR RECONSTRUCTED TANKS

 

653-I-14/98

 

Question:

 

Does API Std 653 permit the welding of electrical conduit supports (unistruts) be welded onto the projection of
bottom plates outside the shell of tanks built to API Std 650?

 

Reply:

 

Section 7 of API Std 653 defers this issue to API Std 650, which requires that the material comply with Section 2.
The welding and NDE should comply with API Std 650, 5.2.3.5.

 

SECTION 8.4 SHELL DESIGN

 

653-I-06/99

 

Background

 

: API Std 653 2nd Edition, Addendum 2, 6.4.2 requires the use of hydrostatic stresses (

 

S

 

t

 

) from API Std 650, Table
3-2. Prior to the issuance of Addendum 2 of API Std 653, the formulas in API Stds 650 and 653 were the same except for the
joint factor (E) contained in the API Std 653 formula. 

A reconstructed tank with its original weld (or riveted) joints must maintain the joint efÞciency of its original construction.
API Std 653 requires the design and hydrostatic stresses from API Std 650 be used for reconstructed tanks. This indicates that
the formulas from API Std 650 should also be used for design and hydrostatic testing of a reconstructed tank. The addition of a
joint factor is required if original joints remain in the tank. If all old joints are removed, the current API Std 650 design formula
may be used. Since API Stds 650 and 653 formulae were the same before Addendum 2, this posed no problem. 

 

Question 1:

 

Now that there is a difference in the formulas (dropping the Ò1Ó from the API Std 653 formula), is it the intent of
API Std 653 that the API Std 650 formula (below) with an Ò

 

E

 

Ó, added for the joint efÞciency, be used when a
reconstructed tank is involved?

 

Reply 1:

 

Yes.

 

Question 2:

 

Is it the intent of API Std 653 that the API Std 650 formula for the hydrostatic test height be used when a recon-
structed tank is involved?

 

Reply 2:

 

Yes.

 

Question 3:

 

Did the committee intend that the formula given in API Std 653 with allowable stresses for a new tank from API
Std 650 be used for the design of a reconstructed tank?

 

Reply 3:

 

No. The committee is currently considering an agenda item to modify API Std 653 to avoid this confusion.
Changes resulting from this agenda item will appear in a future edition or addendum to API Std 653.
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SECTION 9.1 TANK REPAIR AND ALTERATION

 

653-I-09/98

 

Question

 

: A tank has been repaired and hydrotested according to the requirements of API Std 653. Following the hydrotest,
a condition not complying with API Std 653 is discovered, e.g. a weld spacing being too small, that was not iden-
tiÞed prior to testing. Is this tank acceptable for service?

 

Reply

 

: At the time the tank repair and testing was completed the tank is acceptable for service per API Std 653, assuming
there was no prior knowledge of the noncompliant condition. If the condition was identiÞed after hydrotesting,
that condition must be evaluated and handled as required by the tank owner/operator and the local jurisdiction.

653-I-03/00

 

Question 1:

 

With reference to API Std 653, does an authorized inspector have to be on site during reconstruction, repairs and
alterations? 

 

Reply 1:

 

No, but the authorized inspector is required to be on the site for the external and internal inspections required by
API Std 653, 6.

 

Question 2:

 

Can a company have more than one API Std 653 Inspector under the same inspector authorization number?

 

Reply 2:

 

No.

 

Question 3:

 

Is an API Std 653 inspector qualiÞed to inspect site construction for ÒnewÓ API Std 650 tanks?

 

Reply 3:

 

 API Std 653, and its inspector certiÞcation program, does not apply to new construction per API Std 650.

 

SECTION 9.2 REMOVAL AND REPLACEMENT OF SHELL PLATE MATERIAL

 

653-I-14/98

 

Question:

 

Do the welding requirements for the critical zone of 9.2.2 of API Std 653 apply to the welds made for attaching
supports, such as unistrut supports welded to the projection of bottom plates?

 

Reply:

 

 No. The critical zone is inside the tank shell.

 

SECTION 9.3 SHELL REPAIRS USING LAP-WELDED PATCH PLATES

 

653-I-13/99

 

Question 1:

 

Referring to API Std 653, 9.3.1.1, what is the alternative repair method if the shell course is greater than 

 

1

 

/

 

2

 

 in.?

 

Reply 1:

 

The rest of Section 9 speciÞes the applicable repair rules.

 

Question 2:

 

Is API Std 653 retroactively applicable to a tank that had patches installed on a tank shell, with a thickness greater
than 

 

1

 

/

 

2

 

 in., prior to the issue of API Std 653?

 

Reply 2:

 

Yes, see 9.3.1.

 

SECTION 9.8 ADDITION OR REPLACEMENT OF SHELL PENETRATIONS

 

653-I-17/98

 

Question

 

: When adding a new nozzle into an existing shell plate > 

 

1

 

/

 

2

 

 in. which does not meet the current design metal
temperature criteria, which of the (alleged) conßicting rules are to be satisÞed: 9.8.2b of API Std 653,
3.7.3.1a of API Std 650, or 3.7.3.1b of API Std 650? 

 

Reply

 

: Refer to API Std 653, 9.8.1 which requires that the rules of 9.8.2 and API Std 650 be met. Section 3.7.3.1a
applies to the spacing from shell-joints to insert plates, reinforcing plates, or nozzles. Section 3.7.3.1b
applies to spacing between adjacent nozzles, reinforcing plates, insert plates, or any combination. Section
9.8.2b speciÞes the minimum size of the insert plate if a reinforcing plate is used. These rules, including
9.8.2d, need to be worked together. There is no conßict.
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653-I-11/01

 

Question

 

: Does API Std 653 allow nozzle-type clean out fittings that are half above floor level and half below floor level to
be replaced in an old tank or installed in a new tank? If so, what section permits them to be replaced?

 

Reply

 

: No.

 

SECTION 9.9 ALTERATION OF EXISTING SHELL PENETRATIONS

 

653-I-18/98

 

Question

 

: When making a “tombstone” modification to an existing penetration, extending the reinforcing down to the shell-
to-bottom weld, does API Std 653 permit increasing the thickness of nozzle reinforcing plates and proportionally
decreasing the vertical dimension from the nozzle centerline to the tank bottom?

 

Reply

 

: Yes, provided the requirements for reinforcement and weld spacing comply with API Std 650. See 9.9.1.

 

SECTION 9.10 REPAIR OF TANK BOTTOMS

 

653-I-19/98

 

Question

 

: When a new raised bottom is installed in an existing tank, what criteria apply to the spacing between the existing
shell nozzles and the new bottom-to-shell weld?

 

Reply

 

: Refer to API Std 653, 9.10.2.1.4, which requires that the minimum spacing specified in API Std 650, 3.7.3, be met.

653-I-01/99

 

Question 1:

 

In API Std 653, 9.10.2.1.2, is “cutting a slot” intended to mean a complete severing of the tank wall?

 

Reply 1:

 

Yes.

 

Question 2:

 

Is there a sketch or more definitive explanation of what is described regarding the slotted detail? 

 

Reply 2:

 

No.

 

Question 3:

 

Is there any provision in API Std 653 for a shell to-bottom weld (for a replacement bottom) that could be welded
from the inside of the tank? 

 

Reply 3:

 

No. Two-sided welding is required. See API Std 653, 9.10.2.3 which refers to API Std 650 (including 3.1.5.7 of
API Std 650).

653-I-01/00

 

Question:

 

Referring to API Std 653, Figure 9-5 and 9.10, can a patch be placed near a three-point seam as shown below?

 

Reply:

 

Yes, unless the patch plate covers the 3-point lap. See Note 5 in Fig. 9-5.
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SECTION 9.14 HOT TAPS

653-I-11/00

Question 1: Referring to API Std 653, is there any problem and concern with applying the hot-tapping method to 18 in. and
larger connections?

Reply 1: Refer to 9.14.1.1, which limits hot-tapping to nozzles 18 NPS maximum, with additional limitations as noted. API
does not publish the rational for the technical requirements in its standards.

Question 2: If we apply the hot-tapping method to 18 in. and larger connections, is it required to do PWHT to the nozzle neck?

Reply 2: API Std 653 does not permit hot-tapping sizes over 18 NPS. See 9.14.1.1.

653-I-09/01

Background: API Std 653 speciÞes a minimum shell plate thickness of 1/4 in. is required to install a 2-inch hot tap. We must
install hot taps on some tanks in which the shell thickness is less than 1/4 in. The tanks are approximately 50 years
old.

Question: Does API Std 653 allow hot tapping NPS 2 connections in tank shells less than 1/4 inch thick when the material is
of unknown toughness? 

Reply: Yes, if the thickness is not less than 3/16 inch. Refer to Table 9-1 and to Section 9.14.1 for further restrictions.

SECTION 10.5 DIMENSIONAL TOLERANCES

653-I-06/98

Question: Would it be correct to assess planar tilt and calculate limits via use of the plumbness rules in API Std 653, 10.5.2?

Reply: API Std 653 has no rules on tilt of existing tank shells, per se. The only tolerances applicable to reconstructed tank
shells are for plumbness, roundness, peaking, and banding, as deÞned in 10.5. However, 10.5.6 provides rules that
in effect specify the permitted planar tilt of the foundation. Also, refer to Appendix B, B.2.2.2, which provides
guidelines on rigid body tilting.

653-I-14/99

Question 1: Are the foundation tolerances in API Std 653, 10.5.6, applicable only to reconstructed tanks or repairs on tank
foundations originally constructed to the tolerances of API Std 650, 5.5.5, and Appendix B?

Reply 1: Yes.

Question 2: Are the foundation tolerances in API Std 653, 10.5.6, applicable to re-leveling tanks when the original tank foun-
dation was constructed to the tolerances of API Std 650, 5.5.5, and Appendix B?

Reply 2: No. The foundation tolerances in API Std 653, 10.5.6 apply only to reconstructed tanks and do not apply to re-lev-
eling existing tanks. Sections 12.3.1.2 and 12.3.2.5 provide requirements on re-leveling work.

SECTION 12 EXAMINATION AND TESTING

653-I-09/99

Question: Consider a tank built in the 1950s to API 12C rules, but having vertical and horizontal welds that will not pass the
API 12C radiography criteria. If only the vertical welds were repaired, can the tank be put back in service meeting
the API Std 653 requirements?

Reply: The horizontal and vertical welds examined must be evaluated/repaired based on the rules in API Std 650, 7.6, and
API Std 653, Section 12, before placing the tank back in service. 
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SECTION 12.1 NONDESTRUCTIVE EXAMINATIONS

653-I-08/98

Question: Does API Std 653, 12.1.4.2, in its entirety, apply only to attachments welded to Groups IV through VI material?

Reply: Yes.

653-I-04/02

Question: Does API Std 653 require radiographic tracer shots on repairs of new shell plate to new shell plate welds and new
shell plate to old shell plate as is required in new construction repairs with API Std 650.

Reply: Yes. See Section 12.1.1.3.

SECTION 12.2.1 NUMBER AND LOCATION OF RADIOGRAPHS

653-I-05/00

Question: With justiÞable cause and at the request of the owner, is it allowable to substitute the RT in Section 12.2.1 of API
Std 653 with UT?

Reply: No.

SECTION 12.3 HYDROSTATIC TESTING

653-I-15/98

Question 1: Does API have any thoughts as to when it is infeasible to get water for hydrotesting?

Reply 1: The API Pressure Vessels & Tanks Subcommittee is strictly limited to interpretations of API Std 650 requirements
and to the consideration of revisions to the present standard based on new data or technology.

Question 2: Are there any tank testing methods, as an alternative to those speciÞed in API Std 650, that one might consider in
a variance situation with a stateÕs tank law, such as welding shut vents and using helium under a few pounds of
pressure, providing leak detection and stressing the tank as well?

Reply 2: API does not act as a consultant on speciÞc engineering problems or on the general understanding or application
of its standards. APIÕs activities in regard to technical inquiries are limited strictly to interpretations of the standard
and to the consideration of revisions to the present standard based on new data or technology.

653-I-01/01

Question: To meet the requirements of a hydrostatic test exemption per API Std 653, Section 12.3.2.1(a), must all repairs be
reviewed, or just the items that are covered in the scope of the major repair?

Reply: Section 12.3.2.1(a) applies only to the items within the scope of the major repair.

SECTION 13 MARKING AND RECORDKEEPING

653-I-10/01

Background: We are working with API 653-certiÞed inspectors to perform API Std 653 inspection services for various clients. A
question has arisen over whether monthly Òroutine in-service inspectionÓ records are to be kept for the life of the
tank, or whether some shorter retention interval, such as 10 years, might be considered adequate.

Question: How long does API Std 653, Section 11, require inspection records to be retained?

Reply: API Std 653 does not specify the retention period.

03

03



 

F-1

 

APPENDIX F—NDE REQUIREMENTS SUMMARY

F.1 Introduction

 

This appendix is a summary of all nondestructive exami-
nation requirements for repairs and reconstruction of tanks.
It is provided only as a guide to assure that the proper exam-
inations are performed and that the acceptance standards,
examiner qualiÞcations, and procedure requirements are
followed.

 

F.2 Visual Examination

 

F.2.1

 

Visual examinations are required for:

a. Cavities from removal of repads (see API Std 653,
12.1.2.2).

b. Completed welds of stress-relieved assemblies after stress
relief but before hydrostatic testing (see API Std 653,
12.1.2.4).

c. All Þllet welds and completed repairs of Þllet welds (see
API Std 650, 5.3.2.2 and API Std 653, 12.1.3.3).

d. Completed welds of new permanent attachments and areas
of removed temporary attachments (see API Std 653,
12.1.4.2).

e. New shell plate-to-shell plate welds (see API Std 653,
12.1.5).

f. Tack welds left in place (see API Std 650, 5.2.1.8).

g. Bottom plate and all welds, including the weld attaching a
patch plate to the bottom, for new bottom plates (see API Std
653, 12.1.7.1).

h. Root and Þnal weld pass of patch plate to bottom in the
critical zone (see API Std 653, 12.1.7.2).

i. Areas of a bottom plate repaired by welding (See API Std
653, 12.1.7.3).

j. Areas of a shell plate to be repaired by welding (See API
Std 653, 12.1.8).

k. Cavities from removal of weld defects (see API Std 653,
12.1.3.1).

l. Annular plate butt-welds root pass and Þnal pass (see API
Std 653, 12.3.2.3.1b).

m. Repaired areas of the shell-to-bottom weld (see API Std
653, 12.3.2.4.2).

 

F.2.2

 

The examination acceptance standard is API Std 650,
6.5.

 

F.2.3

 

There are no requirements for examiner qualiÞca-
tions.

 

F.2.4

 

There are no procedure requirements.

 

F.3 Magnetic Particle and Liquid 
Penetrant Examination

 

F.3.1

 

Magnetic particle or liquid penetrant examinations
are required for:

a. Cavities from removing existing reinforcing pad welds
(see API Std 653, 12.1.2.2).
b. New welds of nozzle neck-to-shell, nozzle neck-to-repad,
and repad-to-shell (see API Std 653, 12.1.2.3).
c. Completed welds of stress-relieved assemblies after stress
relief, before hydrostatic testing (see API Std 653, 12.1.2.4).
d. Cavities from removal of weld defects (see API Std 653,
12.1.3.1).
e. Completed welds of new permanent attachments and areas
of removed temporary attachments on API Std 650 material
groups IV, IVA, V, or VI (see API Std 653, 12.1.4.2).
f. The back-gouged surface of the root pass and the Þnal sur-
face of new shell plate welds where the shell is thicker than 1
in. (see API Std 653, 12.1.5).
g. Existing shell-to-bottom welds that will be under a patch
plate, plus 6 in. on each side (see API Std 653, 12.1.6.3).
h. Root and Þnal weld pass of patch plate to bottom in the
critical zone (see API Std 653, 12.1.7.2).
i. Bottom plate restored by welding (see API Std 653,
12.1.7.3).
j. Areas of a shell plate repaired by welding (see API Std
653, 12.1.8).
k. MT or PT repairs to the annular plate or bottom plates
within the critical zone after root and Þnal pass (see API Std
653, 12.3.2.3.1b).
l. MT or PT repairs to the shell-to-bottom welds before and
after root pass, and after Þnal pass (see API Std 653,
12.3.2.4.2).
m. The back-gouged surface of the root pass of full penetra-
tion nozzle neck-to-shell and repad welds as required by API
Std 653, 12.3.2.2.6, speciÞc hydrostatic test exemption
requirement.
n. The back-gouged surface of the root pass and Þnal surface
of new vertical and horizontal shell joints as required by API
Std 653, 12.3.2.2.5, speciÞc hydrostatic test exemption
requirement.

 

F.3.2

 

Magnetic particle examination alone is required for
weld removal areas of the bottom-to-shell welds when
removing a bottom (see API Std 653, 9.10.2.2 b).

 

F.3.3

 

The magnetic particle examination acceptance stan-
dard is ASME Section V, Article 7. The acceptance standards
for the removal and repair of defects shall be in accordance
with ASME Section VIII, Appendix 6, paragraphs 6-3, 6-4,
and 6-5.
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F.3.4

 

The liquid penetrant examination acceptance stan-
dards is ASME Section V, Article 6. The acceptance standards
for the removal and repair of defects shall be in accordance
with ASME Section VIII, Appendix 8, paragraphs 8-3, 8-4,
and 8-5.

 

F.3.5

 

The requirements for examiner qualiÞcations shall
follow API Std 650, 6.2.3, requiring an examiner with ade-
quate vision and competent in the examination, interpretation,
and evaluation of results.

 

F.3.6

 

Procedure requirements shall follow ASME Sec-
tion V.

 

F.4 Ultrasonic Examination

 

F.4.1

 

Ultrasonic examinations are required for:

a. Shell areas over which lap patch plates are to be welded
(see API Std 653, 9.3.1.9).
b. Shell areas over which new reinforcing or hot tap nozzles
are to be welded (see API Std 653, 12.1.2.1).
c. Completed repairs of butt-welds unless radiographed (see
API Std 653, 12.1.3.2).
d. The full penetration nozzle neck-to-shell and repad welds
as required by API Std 653, 12.3.2.2.6, speciÞc hydrostatic
test exemption requirement.
e. Repairs to annular plate butt-welds after Þnal pass (see
API Std 653, 12.3.2.3.1b).

 

F.4.2

 

The ultrasonic examination acceptance standard shall
be agreed upon by the owner/operator and contractor (see
API Std 650, 6.3.4).

 

F.4.3

 

The requirements for examiner qualiÞcations shall
follow ASNT Level II or III, according to ASNT SNT-TC-
1A. Level I personnel may be used if they are given written
acceptance/rejection criteria prepared by Level II or Level III
personnel, and are under the direct supervision of Level II or
Level III personnel.

 

F.4.4

 

Procedure requirements shall follow ASME Sec-
tion V.

 

F.5 Vacuum Box Testing

 

F.5.1

 

Vacuum box testing is required for:

a. New shell-to-bottom welds, unless diesel tested (see API
Std 653, 12.1.6).
b. New bottom welds, unless tracer gas tested (see API Std
653, 12.1.7).
c. New roof plate welds for tanks designed to be gas tight
(see API Std 650, 5.3.7).

d. Potential bottom plate leak paths, (see API Std 653,
12.1.7.1).
e. Patch plates welded on to the bottom, (see API Std 653,
12.1.7.1 and 10.1.7.2).
f. Bottom plate restored by welding (see API Std 653,
12.1.7.3).

 

F.5.2

 

The requirements for examiner qualiÞcations shall
follow API Std 650, 6.6.4, requiring an examiner with ade-
quate vision and competence in the examination method,
interpretation, and evaluation of results.

 

F.5.3

 

Procedure requirements shall follow API Std 650, 6.6
(3 lbf/in.

 

2

 

 gauge minimum).

 

F.6 Tracer Gas Testing

 

F.6.1

 

Tracer gas testing is required for new bottom welds,
unless vacuum box tested (see API Std 653, 12.1.7).

 

F.6.2

 

There are no requirements for examiner qualiÞca-
tions.

 

F.6.3

 

Test must be performed to a procedure that has been
reviewed and approved by the tank owner/operator.

 

F.7 Diesel Oil Test

 

F.7.1

 

Diesel oil testing is required for:

a. The Þrst pass of new shell-to-bottom welds and the Þnal
new shell-to-bottom weld, unless the Þnal weld is vacuum
box tested (see API Std 653, 12.1.7).
b. Floating roof deck seams and other joints required to be
liquid tight or vapor tight (see API Std 650, H.7.2 and C.4.2).

 

F.7.2

 

There are no requirements for examiner qualifica-
tions.

 

F.7.3

 

There are no procedure requirements.

 

F.8 Air Leak Testing

 

F.8.1

 

Air leak testing is required for 

a. Repad-to-shell, repad-to-nozzle, and nozzle-to-shell welds
of new or altered shell nozzles (see API Std 653, 12.4).
b. Initial pass of the shell-to-bottom welds and inside and
outside of the shell, if the weld is not tested by vacuum box or
diesel oil (see API Std 653, 12.1.6.2).

 

F.8.2

 

There are no requirements for examiner qualiÞca-
tions.

 

F.8.3

 

Procedure requirements shall follow API Std 650,
5.3.5.
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F.9 Radiographic Examination

 

F.9.1

 

Radiographic examinations are required for:

a. Insert plates for installing penetration butt-welds shall be
fully radiographed (see API Std 653, 12.2.1.8).
b. Repairs to butt-welds, unless ultrasonically examined (see
API Std 653, 12.1.3.2).
c. Vertical and horizontal joints and junctions of new shell
plates welded to new shell plates and new plates welded to
existing plates (see API Std 653, 12.2) This section covers
shell replacement plates and door sheets.
d. Tank shell butt-welds on reconstructed tanks (see API Std
653, 12.2.1.5).
e. New annular plate joints (see API Std 650, 6.1.1).
f. New and replaced shell insert plate and door sheet welds
(see API Std 653, 12.2.1.6).

g. Vertical and horizontal shell joints as required by API Std
653, 12.3.2.2.5, speciÞc hydrostatic test exemption
requirement.

 

F.9.2

 

The examination acceptance standard is ASME Sec-
tion VIII, paragraph UW-51(b).

 

F.9.3

 

The requirements for examiner qualiÞcations shall
follow ASNT Level II or III, according to ASNT SNT-TC-
1A. Level I personnel may be used if they are given written
acceptance/rejection criteria prepared by Level II or Level III
personnel. These procedures must contain the applicable
requirements of ASME Section V, Article 2. All Level I per-
sonnel must be under the direct supervision of Level II or
Level III personnel.

 

F.9.4

 

Procedure requirements shall follow ASME Section
V, Article 2.
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APPENDIX G—QUALIFICATION OF TANK BOTTOM EXAMINATION 
PROCEDURES AND PERSONNEL

G.1 Introduction

 

G.1.1

 

This Appendix provides guidance for qualifying both
tank bottom examination procedures and individuals that per-
form tank bottom examinations. Owner/operators may elect to
either apply this appendix as written or modify it to meet their
own applications and needs. Tank bottom examinations are an
important factor in providing the owner/operator increased
assurance of tank integrity. As a result, it is important that
qualiÞed examination procedures and personnel are used in
these examinations. SpeciÞc agreements and requirements for
qualiÞcation of tank bottom examination procedures and tank
bottom examiners should be established between the owner/
operator and the authorized inspection agency. 

 

G.1.2

 

There have been many NDE tools developed for
inspecting tank bottoms. Most of these tools are complex and
require the operator to have a high level of knowledge and
skill. The effectiveness of these examinations may vary
greatly depending on the equipment used, the examination
procedure, and the skill of the examiner. 

Often the owner/operator will not have the ability to easily
determine if the tank bottom examination has been effective
in assessing the actual condition of the tank bottom. The
requirements in this Appendix will provide the owner/opera-
tor additional assurance that the tank bottom examination will
Þnd signiÞcant metal loss.

 

G.2 Definitions

 

G.2.1 essential variables:

 

 Variables in the procedure
that cannot be changed without the procedure and scanning
operators being re-qualiÞed.

 

G.2.2 examiners:

 

 Scanning operators and NDE techni-
cians who prove-up bottom indications.

 

G.2.3 bottom scan:

 

 The use of equipment over large
portions of the tank bottom to detect corrosion in a tank bot-
tom. One common type of bottom-scanning equipment is the
Magnetic Flux Leakage (MFL) scanner.

 

G.2.4 authorized inspection agency:

 

 Organizations
that employ an aboveground storage tank inspector certiÞed
by API (see 3.4).

 

G.2.5 non-essential variables:

 

 Variables in the proce-
dure that can be changed without having to re-qualify the pro-
cedure and/or scanning operators.

 

G.2.6 qualification test: 

 

The demonstration test that is
used to prove that a procedure or examiner can successfully
Þnd and prove-up tank bottom metal loss.

 

G.2.7 scanning operator (or operator):

 

 The individ-
ual that operates bottom-scanning equipment. 

 

G.2.8 sizing (or prove-up):

 

 The activity that is used to
accurately determine the remaining bottom thickness in areas
where indications are found by the bottom scanning equip-
ment. This is often accomplished using the UT method.

 

G.2.9 tank bottom examination:

 

 The examination of
a tank bottom using special equipment to determine the
remaining thickness of the tank bottom. It includes both the
detection and prove-up of the indications. It does not
include the visual examination that is included in the inter-
nal inspection.

 

G.2.10 tank bottom examination procedure (TBP):

 

A qualiÞed written procedure that addresses the essential and
non-essential variables for the tank bottom examination. The
procedure can include multiple methods and tools, i.e., bot-
tom scanner, hand scanner, and UT prove-up. 

 

G.2.11 tank bottom examiner qualification record
(TBEQ):

 

 A record of the qualiÞcation test for a speciÞc scan-
ning operator. This record must contain the data for all essen-
tial variables and the results of the qualiÞcation test. 

 

G.2.12 tank bottom procedure qualification record
(TBPQ):

 

 A record of the qualiÞcation test for a tank bottom
examination procedure. This record must contain the data for
all essential variables and the results of the qualiÞcation test. 

 

G.2.13 variables or procedure variables:

 

 The spe-
ciÞc data in a procedure that provides direction and limita-
tions to the scanning operator. Examples include; plate
thickness, overlap of adjacent bottom scans, scanning speed,
equipment settings, etc.

 

G.3 Tank Bottom Examination 
Procedures

 

G.3.1

 

Each authorized inspection agency performing tank
bottom examinations is responsible to have and use tank bot-
tom examination procedure(s) (TBP). These procedures pro-
vide direction for examiners performing tank bottom
examinations. A procedure also allows the owner/operator or
authorized inspector to verify whether the examiners are cor-
rectly performing the examinations.

 

G.3.2

 

The authorized inspection agency that performs the
tank bottom examinations should develop the tank bottom
examination procedures (TBP). 

 

G.3.3

 

Each TBP shall address essential and non-essential
variables. Section G.5.4 provides guidance for determining
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appropriate TBP essential and non-essential variables. Each
procedure should specify limits on appropriate variables, e.g.,
plate thickness range.

 

G.4 Tank Bottom Examiners 

 

G.4.1

 

Examiners need only to be qualiÞed for the work
they do in the Þeld. For example, scanning operators who
only use the bottom scanning equipment and do not prove-up
the ßaw with a follow-up method need only to be qualiÞed
for the scanning operation.

 

G.4.2

 

The purpose of qualifying the tank bottom examiner
is to determine if the examiner is capable of satisfactorily
using a qualiÞed procedure to determine the condition of the
tank bottom. 

 

G.4.3

 

Each authorized inspection agency is responsible to
train, test and qualify the scanning operators and examiners
they employ using follow-up techniques. QualiÞcations
gained through one authorized inspection agency are not nec-
essarily valid for any other authorized inspection agency (see
G.4.4 and G.4.9(f).

 

G.4.4

 

The authorized inspection agency is responsible for
training each scanning operator they employ. Each scanning
operator should receive a minimum of 40 hours of training.
This training should include:

a. Instruction on the NDE principles/methods used by the
bottom scanner, limitations and application of the speciÞc
scanning equipment and procedure, scanning equipment cali-
bration and operation, key scanning equipment operating
variables, etc. 

b. Hands-on operation of the bottom scanner under the direct
supervision of a qualiÞed scanning examiner.

When hiring experienced examiners, the authorized
inspection agency should verify and document previous
examiner training and provide any additional training if nec-
essary. Experienced examiners should be provided training
regarding speciÞc procedural requirements and test equip-
ment to be utilized by the new employer.

 

G.4.5

 

The authorized inspection agency is responsible for
testing each scanning operator by written examination. The
test questions should be appropriate for the scanning method
to be used. The authorized inspection agency should establish
the passing score for the written examination. 

 

G.4.6

 

The authorized inspection agency is responsible for
qualifying all examiners they employ. All examiners (scan-
ning operators and examiners performing prove-up on the
indications) shall be qualiÞed by performing an examination
on test plates as speciÞed in G.5. Only third-party companies,
having no conßict of interest in tank bottom examination
applications, or owner/operator companies may facilitate

qualiÞcation tests. The examiner shall be considered qualiÞed
if the acceptance criteria speciÞed in G.5.3 has been met.

Examiners performing prove-up of indications using
ultrasonic testing methods should be qualiÞed in accordance
with API Std 650 and supplemental requirements given in
this Appendix.

 

G.4.7

 

During the qualiÞcation test, a tank bottom examiner
qualiÞcation record (TBEQ) must be completed for each
examiner. The TBEQ is a record of the variables used during
the qualiÞcation test. On the TBEQ, the qualifying company
must record: 

a. The essential variables from the qualiÞcation test.

b. The qualiÞcation test results.

c. Number of hours the individual has been trained.

d. Test score from the written training examination.

The TBEQ shall be certiÞed (signed) as accurate by a rep-
resentative of the authorized inspection agency and a repre-
sentative of the company facilitating the test. 

 

G.4.8

 

The TBEQ may be written in any format that con-
tains all the required information. 

 

G.4.9

 

The bottom-scanning examiners (operators and/or
UT examiners) should be re-qualiÞed when any of the follow-
ing apply:

a. When the examiner is not qualiÞed to the TBP that is to be
used at the owner/operator facility. 

b. When the authorized inspection agency changes the TBP
and that change requires the procedure to be re-qualiÞed. 

c. When the operator has not performed a tank bottom scan
in 6 months. 

d. When the operator has not used the speciÞc procedure
(TBP) for 12 months.

e. When the authorized inspection agency has reason to
question the ability of the examiner.

f. When an examiner changes to a new employing autho-
rized inspection agency that uses procedures with essential
variables that are different from the previous employerÕs
procedures.

 

G.5 Qualification Testing

 

G.5.1 QUALIFICATION TEST PLATES

G.5.1.1

 

The qualiÞcation test will be performed on a sam-
ple tank bottom with designed ßaws. The sample tank bottom
should be a minimum of 70 ft

 

2

 

 to provide space for the
designed ßaws. The plate material used to fabricate sample
plates may be either new steel or used steel. It should be
noted that the results obtained during qualiÞcation tests might
not be indicative of the results of examinations performed on
other plates of differing quality or permeability. When used
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steel is utilized for qualiÞcation purposes, the qualiÞcation
test acceptance standards recommended in G.5.2 may not be
appropriate. The owner/operator should establish its own
acceptance standards in such cases.

 

G.5.1.2

 

The minimum number and types of underside test
pits located on the test plates are described below:

where:

 

T

 

= nominal bottom thickness,

 

t

 

= remaining bottom thickness at test plate ßaws.

 

Note: Test pits should generally be hemispherical having a
depth-to-diameter ratio of from 20% Ð 50%. Test pits should
not be ßat bottom holes since examiners may interpret these
as a lamination. Also, machined conical holes should not be
used since they are difÞcult to size with UT methods. 

 

The owner/operator may consider placing additional ßaws
near the plate edge, i.e., less than 6 in. from the edge, to deter-
mine if such ßaws can be detected by authorized inspection
agency procedures. Any ßaws placed closer than 6 in. to the
plate edge should be in addition to those shown above and
should not be included in determining qualiÞcation unless
speciÞcally required by an owner/operator and such defects
are stated as being detectable in authorized inspection agency
procedures.

 

G.5.1.3

 

The minimum number and types of product side
test pits located on the test plates are described below:

 

G.5.1.4

 

There should also be at least one area representing
general soilside corrosion. This area should be at least 10 in.

 

2

 

(64.52 cm

 

2

 

) and have a remaining bottom thickness of about

 

1

 

/

 

2

 

 

 

T

 

 (nominal plate thickness). 

 

G.5.2 QUALIFICATION TEST ACCEPTANCE 
STANDARDS

G.5.2.1

 

The following acceptance criteria must be met
when qualifying either an examination procedure or an exam-
iner. If all the acceptance criteria are met, the procedure or
examiner shall be considered qualiÞed. Owner/operators may
substitute alternative acceptance criteria, either more or less
conservative, based on their speciÞc needs and requirements. 

 

G.5.2.2

 

When qualifying either a procedure or a scanning
operator, the operator must be able to detect the following
ßaws:

 

G.5.2.3

 

When qualifying either a procedure or an exam-
iner, who proves up the indications, the examiner must be
able to determine the ßaw depth as follows:

The owner/operator should determine if additional ßaw
dimensions must be addressed in the qualiÞcation process.

 

G.5.2.4

 

While false calls, also referred to as over-calls,
tend to be more of an examination efÞciency issue than a tank
bottom integrity issue, the owner/operator should determine if
they should be addressed in the qualiÞcation process.

 

G.5.3 QUALIFICATION TEST VARIABLES

G.5.3.1

 

Essential variables are those items that may have a
signiÞcant effect on the quality of the examination if they are
changed from those used during the qualiÞcation test.

 

Remaining Bottom 
Thickness (

 

t

 

) (in.)
Minimum Number 

of Pits

 

t

 

 < 0.050 2

0.050 < 

 

t

 

 <
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Remaining Bottom 
Thickness (

 

t

 

) (in.)
Minimum Number 

of Pits

0.050 < 

 

t

 

 <
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2
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/
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 < 
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 < 
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/

 

3
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Remaining Bottom 
Thickness (

 

t

 

) (in.)
Flaws That Must

Be Found

 

t

 

 < 0.050 90% Ð 100%

0.050" < 

 

t

 

 <

 

1

 

/

 

2

 

 

 

T

 

70% Ð 90%

 

1

 

/

 

2

 

 

 

T

 

 < 

 

t

 

 < 

 

2

 

/

 

3

 

 

 

T

 

40% Ð 60%

Area of general corrosion 100%

Type of Tank Bottom Prove-up (Flaw Depth)

Not coated ± 0.020 in.

Thin coating < 0.030 in. ± 0.030 in.

Thick coating > 0.030 in. Per agreement with 
owner/operator
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G.5.3.2

 

Table G-1 lists suggested items that may be con-
sidered as essential variables for the qualiÞcation test when
qualifying either a tank bottom examination procedure or a
tank bottom examiner. Essential variables may be different
for different types of tank bottom scanners. Authorized
inspection agencies are responsible for determining what
additional variables should be considered essential variables
for each tank bottom scanner.

 

G.5.3.3

 

Essential variables and the values must be
recorded on the TBP and on the TBEQ. 

 

G.5.3.4

 

Non-essential variables are those items that will
have a lesser affect on the quality of the examination. Non-
essential variables may be different for different types of tank
bottom scanners. 

 

G.5.3.5

 

Non-essential variables must be listed on the TBP
but need not be addressed on the TBPQ or the TBEQ. The
following is a list of examples of items that might be consid-
ered as non-essential variables. Equipment manufacturers and
authorized inspection agencies are responsible to determine
what addition factors should be considered non-essential vari-
ables for each tank bottom scanner. 

a. Scanner speed.

b. Scanning pattern.

c. Height limitations.

d. Overlap between scans.

e. Plate cleanliness.

f. Non-critical equipment settings.

 

Note: Some of the listed non-essential variables may actually be
essential variables for speciÞc types of scanners. 

 

Table G-1ÑSuggested Essential Variables for QualiÞcation Tests

 

Essential Variable Used During Test Qualified

 

Scanner Equipment As tested Same as tested

Prove-up Equipment As tested Same as tested

Prove-up Procedure As tested Same as tested

Plate Thickness (

 

T

 

)

 

T T

 

 + 0.050 in. / Ð 0.130 in.

Coating Thickness (

 

t

 

c

 

)

 

t

 

c

 

 = 0.000 in.

0.008 in. < 

 

t

 

c

 

 < 0.030 in.

0.030 in. < 

 

t

 

c

 

 < 0.080 in.

 

t

 

c

 

 > 0.080 0.000 in.

0.001 in. Ð 0.030 in.

0.030 in. Ð 0.080 in.

0.080 in. Ð 

 

t

 

c

 

Distance from Shell (

 

d

 

s

 

)

 

d

 

s

 

Lesser of 8 in. or 

 

d

 

s

 

Critical Equipment Settings As tested Per manufacturer

Threshold Settings (

 

T

 

h

 

)

 

T

 

h

 

< 10%

 

T

 

h

Calibration or Functional Check As tested Same as tested
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