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The Honorable Barbara Jacobs Rothstein

UNITED STATES DISTRICT COURT
WESTERN DISTRICT OF WASHINGTON

UNITED STATES OF AMERICA. )
)
Plaintiff )
) Civil Action No. CV02-1173R
v. )
) CONSENT DECREE BETWEEN THE
SHELL PIPELINE COMPANY LP fka ) UNITED STATES OF AMERICA
EQUILON PIPELINE COMPANY LLC ) AND OLYMPIC PIPE LINE
and OLYMPIC PIPE LINE COMPANY, ) COMPANY
)
Defendants. )
)
L. BACKGROUND
Al Plaintiff, the United States of America (United States), through the Attorney

General. at the request of the Administrator of the United States Environmental
Protection Agency (EPA). filed a civil complaint (Complaint) against Olympic
Pipe Line Company (Olvmpic) pursuant to the Clean Water Act (CWA).

33 U.S.C. §¥ 1251-1387, seeking injunctive relief and civil penalties for the
discharge of gasoline into or upon navigable waters of the United States or

adjoining shorelines. The Complaint alleges that Olympic is liable for the
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discharge of gasoline into Hanna and Whatcom Creeks, navigable waters of the
United States. and their adjoining shorelines, beginning on June 10, 1999, in
violation of Sections 301(a) and 311(b)(3) of the CWA. 33 U.S.C. §¢ 1311(a),
1321(b)(3).

B. The Parties agree that it is desirable to resolve the claims for civil penalties and
injunctive relief asserted in the Complaint without resort to litigation.

C. This Consent Decree is entered into between the plaintiff and Olvmpic for the
purpose of settlement and it does not constitute an admission or finding of any
violation of federal or state law. This Decree may not be used in any civil
proceeding of any type as evidence or proof of any fact or as evidence of the
violation of any law, rule. regulation, or Court decision, except in a proceeding to
enforce the provisions of this Decree.

D. Cooperative negotiation efforts of the United States and the State of Washingion
(State) resulted in settlements resolving civil liability both to the United States
pursuant to the CWA and to the State pursuant to Wash. Rev. Code
§3 90.48, 90.56.

E. To resolve Olympic’s civil liability for the claims asserted in the Complaint,
Olympic will pay a total civil penalty of S2.5 million to the United States, comply
with the spill prevention and mitigation requirements in Appendix A at an
estimated cost of approximately S15 million, and satisfv all other terms of this
Consent Decree. The United States has substantially reduced Olympic’s civil
penalty and agreed to a pavment schedule based on financial information that
Olympic provided during settlement discussions demonstrating that Olympic
lacks the economic ability to pay a larger penalty.

CONSENT DECREE - CV02-1178R United States Department of Justice
Post Office Box 7611
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F. To resolve civil penalty liability to the State pursuant to Wash. Rev. Code
3§ 90.48, 90.56, Olympic will enter into a settlement agreement with the State
(State Agreement) requiring Olvmpic to pay a total of $2.5 million in civil
penalties to the State which may include, in whole or in part, payments made for
State-approved expenditures for environmental projects.

G. The Parties agree, and this Court by entering this Consent Decree finds. that this
Consent Decree and these civil penalties and injunctive relief solely address the
acts and omissions of Olympic alleged in the Complaint and do not address the
alleged acts and omissions of any other person or entity.

H. The Parties agree, and this Court by entering this Consent Decree finds. that this
Consent Decree has been negotiated by the Parties in good faith, that settlement
of this matter will avoid further litigation between the Parties relaied to the claims
in the Complaint, and that the settlement embodied by this Consent Decree is fair.
reasonable. and in the public interest.

L This Consent Decree constitutes the final, complete and exclusive agreement and
understanding among the Parties with respect to the settlement embodied in this
Consent Decree. and the Parties acknowledge that there are no representations.
agreements or understandings relating to the settlement other than those expressly
contained in this Consent Decree.

THEREFORE, with the consent of the Parties to this Consent Decree, it is ORDERED,

ADIJUDGED AND DECREED:
Il JURISDICTION AND VENUE
1. This Court has jurisdiction over the subject matter of this action and the Parties pursuant

1028 U.S.C. §§ 1331, 134

wn

1355, and 33 U.S.C. §§ 1319(b). 1321(b)(7)(E).
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Venue is proper in this Court pursuant to 28 U.S.C. §§ 1391(b), 1395(a), and 33 U.S.C.

3§ 1319(b), 1321(b)(7XE).

For the purposes of this Consent Decree and the underlving claims of the United States,

Olympic waives all objections and defenses that it mayv have to jurisdiction of the Court

or to venue in this District. Olympic consents to and shall not cﬁallenge entry of this

Consent Decree or this Court’s jurisdiction to enter and enforce this Consent Decree.

PARTIES BOUND

This Consent Decree applies to and is binding on the United States and on Olympic and

its successors and assigns. Any changes in Olympic’s ownership or corporate status shall

in no way alter Olympic’s responsibilities pursuant to this Consent Decree. Nor shall any
change in the ownership of all or a portion of the Pipeline System in any way alter

Olympic’s responsibilities pursuant to this Consent Decree. If Olympic transfers

ownership of any portion of the Pipeline System to any other entity, Olympic

nevertheless shall fulfill all requirements of this Consent Decree regarding the portion of
the Pipeline System so transferred.

DEFINITIONS

Unless otherwise expressly provided herein. the terms used in this Consent Decree that

are defined in the CWA. or the regulations promulgated thereunder, shall have the

meaning assigned to them in the CW A or in such regulations. Whenever terms listed
below are used in this Consent Decree or the Appendix. the following definitions shall
apply:

a. “Appendix” shall mean Appendix A (Spill Prevention and Mitigation
Requirements) attachad to this Consent Decree and all Exhibits attached to
Appendix A.

United States Department of Justice

Post Office Box 7611

Washington, D.C. 20044-7611
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“Consent Decree” or “Decree” shall mean this document and the Appendix. In
the event of a conflict between this document and the Appendix, this Decree shall
control.

“CWA” shall mean the Clean Water Act (CWA), 33 U.S.C. §§ 1251-1387.
“Day” shall mean a calendar day unless expressly stated to be a working day.
“Working Day" shall mean a day other than a Saturday, Sunday. cr Federal
holiday. In computing any period of time pursuant to this Consent Decree. where
the last day would fall on a Saturday, Sunday. or Federal holiday. the period shall
run until the close of business of the next Working Day.

“DOJ” shall mean the United States Department of Justice.

“EPA” shall mean the United States Environmental Protection Agency and any
successor departments or agencies.

“Incident” shall mean the discharge of gasoline into or upon Whatcom and Hanna
Creeks and their adjoining shorelines in Bellingham, Washington. beginning on
June 10, 1999, as described with particularity in the Complaint filed by the United
States in this case.

“Independent Monitoring Contractor” shall mean the Independent Monitoring
Contractor selected pursuant to Section X of the Appendix.

“Olympic™ shall mean Olympic Pipe Line Company, one of the defendants in this
action, and its successors and assigns.

“OPA™ shall mean the Oil Pollution Act of 1990 (OPA). 33 U.S.C. $8 2701-2761.
“Paragraph™ shall mean a portion of this Consent Decree or the Appendix
identified by an Arabic numeral.

“Parties™ shall mean the United States and Olvmpic.

United States Department of Justice
Post Office Box 761"

Washington, D.C. 20044-7611
-5- Telephone: 202-303-0300
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“Pipeline” shall mean all portions of the Pipeline System comprising line pipe,
including all main lines, stub lines, and delivery lines.

“Pipeline System™ shall mean the system owned by Olvmpic that is used for
transporting gasoline and other petroleum products and includes approximatelv
400 miles of pipeline running between Ferndale, Washington. and Portland,
Oregon, and associated delivery lines, stub lines, structures and buildings used for
operations and administration. control equipment, pumps, valves. breakout tanks,
storage tanks, and other equipment used in the operation of the pipeline, and any
additions to such Pipeline System made during the pendency of this Consent
Decree.

“RCRA™ shall mean the Resource, Conservation and Recovery Act.

“Section” shall mean a portion of this Consent Decree and Appendix identified by
a capitalized Roman numeral.

“State™ shall mean the State of Washington.

“State Agreement” shall mean all documents constituting or describing the
agreement between Olympic and the State resolving the State’s civil penalty
claims pursuant to Wash. Rev. Code §§ 90.48 and 90.56 against Olympic related
to the Incident.

“Submit” shall mean any of the following: (1) place in certified mail in a
properly addressed envelope with sufficient postage; (2) tender to an overnight
courier in a properly addressed envelope. and prepay the delivery fees; or (3) hand
deliver and obtain signature of recipient.

“Subparagraph™ shall mean a portion of this Consent Decree and Appendix

identified by a upper or lower case letter.

United States Department of Justice
Post Office Box 7611
Washington, D.C. 20044-7611
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u. “United States” shall mean the United States of America, including its
departments, agencies, and instrumentalities.

GENERAL PROVISIONS

Compliance with Applicable Law. This Consent Decree in no way affects or relieves
Olvmpic of its responsibility to comply with applicable federal, state. and local laws,
regulations, and permits. Olvmpic shall perform all work required by this Consent

Decree in compliance with the requirements of all applicable federal, state, and local

laws, regulations, and permits. Except as expressly provided herein, the parties agree that

compliance with this Consent Decree shall be no defense to any actions commenced by
the United States or the State pursuant to federal, state. and local laws, regulations, and
permits. This Consent Decree is not, and shall not be construed as, a permit issued
pursuant to any federal, state. or local statute or regulation.

Permits. Olympic shall submit timely and complete applications for, and otherwise
diligently seek to obtain. any and all permits or apprevals from federal. state. or other
governmental entities necessary to perform work that this Consent Decree requires.
INJUNCTIVE RELIEF

To resolve the CWA injunctive relief claims alleged in the United States’ Complaint,
Olvmpic shall comply with the requirements in the Appendix.

PAYMENT OF CIVIL PENALTIES

Olympic shall pay the United States a civil penalty of' $2.500.000, payable in five
installments of $500.000 each. Olvmpic shall pay the first installment on or before
February 1. 2004. Olympic shall pay the remaining four installments on or before

February 1 of each vear from 2005 through and including 2008.

Post Office Box 7611
Washington, D.C. 20044-7611
-7- Telephone: 202-305-0300
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11 10.  Olympic shall make the payments described in Paragraph 9 in the manner specified in

2 Section XI (Pavment and Related Matters) of this Consent Decree.

3011, If any payment required by Paragraph 9 of this Decree is not paid when due, Olvmpic

4 shall pay stipulated penalties in accordance with Section X (Stipulated Penalties). and

5 interest in accordance with Section X[ (Payment and Related Matters).

6 | VIII. REPORTING REQUIREMENTS

7112 Progress Reports. During the pendency of this Consent Decree Olympic shall submit

8 certified Progress Reports to EPA and the Independent Monitoring Contractor in

9 accordance with the requirements of this Paragraph. Additionally, if requested by EPA,
10 Olympic shall meet with EPA to discuss Olympic’s compliance with the terms of this
11 Decree. The first Progress Report shall be due within 45 days of the close of the calendar
12 vear quarter during which this Decree is entered with subsequent reports due within
13 30 days of the close of each calendar vear quarter thereafter. On or after the due date of
14 the fourth quarterly report. Olympic may submit & written request to EPA to reduce the
15 frequency of required Progress Reports from quarterly to semi-annually. After receiving
16 such a request. EPA shall respond in writing to the request. EPA may, in its discretion,
17
18
19
20
21
22
23
24
25

CONSENT DECREE - CV02-1178R United States Department of Justice
26 Fost Office Box 7611
Washington, D.C. 20044-7611
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either grant or deny the request, but shall not unreasonably deny the request. Each
Progress Report shall describe:
a. a summary of all actions taken to comply with this Consent Decree during the
reporting period including, but not limited to:
1. a summary of all of Olympic’s efforts to comply .with Olvmpic’s Third

Party Damage Prevention Program attached as Exhibit 4 to the Appendix

including:

1. planned or completed corrective action to rectify any deficiencies
discovered during any audit completed during the reporting period,
or pertaining to any unresolved deficiency from any prior audit,
related to the Third Party Damage Prevention Prog-am;

1. any third party damage to the Pipeline: and

i a summary of Pipeline patrolling and inspection ac:ivities:

o

a summary of all of Olympic’s efforts to comply with Olvmpic’s
Management of Change Process attached as Exhibit 5 to the Appendix
including:

I planned or completed corrective action to rectify any deficiencies
discovered during any audit completed during the reporting period,
or pertaining to any unresolvec deficiency from anv prior audit.
related to the Management of Change Process: and

. a summary of the application of the Management of Change
Process for all changes that Olvmpic was required to document
during the reporting period pursuant to Paragraph 13 of the
Appendix;:

CONSENT DECREE - CV02-1178R United States Department of Justice

Post Office Box 7611

Washington, D.C. 20044-7611
-9- Telephone: 202-305-0300
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3. a summary of all of Olympic’s efforts to comply with Olyrapic’s
Equipment Inspection, Maintenance, and Repair Program attached as
Exhibit 6 to the Appendix including:

1. planned or completed corrective action to rectify ary deficiencies
discovered during any audit completed during the reporting period,
or pertaining to any unresolved deficiency from any prior audit,

related to the Equipment Inspection. Maintenance, and Repair

Program;
il. a summary of inspection and testing conducted; and
11i. a summary of equipment and parts repaired or replaced:;
4. a summary of all of Olympic’s efforts 10 comply with Olvmpic’s

Controller and Employee Overview Training Program attached as

Exhibit 7 to the Appendix including:

1. planned or completed corrective action to rectify anv deficiencies
discovered during any audit completed during the reporting period,
or pertaining to any unresolved deficiency from anv prior audit.
related to the Controller and Emplovee Overview Training
Program:

1. a summary of controller training conducted and number of
employees trained; and

1. a summary of employee overview training conducted. as described
in Exhibit 7 to the Appendix. and the number of en-plovees

trained.

CONSENT DECREE - CV02-1178R United States Departrnent of Justice
Post Office Box 7611
Washington, D.C. 20044-7611
-10- Telephone: 202-305-0300
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any failure to meet the requirements of the Decree that occurred or remained
unresolved at any time during the reporting period, and the reasons for any such
failure to comply;

a summary of all actions taken or planned to correct failures to comply with this
Consent Decree during the reporting period;

a summary of all actions that Olympic anticipates taking during the next reporting
period to correct failures to comply with this Decree, including any known
possible delays or other problems that may affect compliance with the Decree and
Olympic’s anticipated actions to resolve such delays or problems; and

the amount of stipulated penalties and interest, if any. accrued as cf the last day of
the reporting period as a result of noncompliance with the Consen: Decree.
including:

l. a description of each violation and the date noncompliance began and

ended. if applicable;

to

a summary of the calculation of the amount of the stipulated penalty for

each violation as of the last day of the reporting period:

(V'S)

a description of each violation for which Olvmpic has submitted to EPA
an unresolved force mujeure claim or intends to submit a jorce majeure
claim pursuant to Section XII (Force Majeure) of this Consent Decree;
and

4. a description of each violation for which Olympic has submitted to EPA
an unresolved request for, or intends to submit a request for. discretionary
waiver of stipulated penalties pursuant to Paragraph 25 of this Consent

Decree.

CONSENT DECREE - CV02-1178R United States Department of Justice

Post Office Box 7611
Washington, D.C. 20044-7611
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Certifications. Whenever this Consent Decree or its Appendix requires Olympic to
certify a report or any other submission of information, Olympic shall submit the
following written statement with the submission, signed by a responsible corporate
official:

[ certify under penalty of law that this submission was prepared under my

direction or supervision in accordance with a system designed to assure that

qualified personnel properly gather and evaluate the information submitted. I

further certify under penalty of law that, to the best of my knowledge, based on

my reasonable inquiry of the person or persons who manage the system. or those
persons directly responsible for gathering the information. the information

submitted is true, accurate, and complete. | am aware that there are significant

penalties for submitting false information, including the possibility of finz and
imprisonment for knowing violations.

SITE ACCESS

From the date of Olympic’s signature on this Consent Decree until its termination date as
described in Section XXII (Termination). Olympic agrees to provide EPA and its
contractors. and all persons performing actions at the direction of EPA. prompt access at
all reasonable times to the Pipeline System, Pipeline System employvees, and all property
on which the Pipeline System is located, consistent with Olympic’s right of access. for
the purposes of conducting any activity related to this Consent Decree including. but not
limited to, assessing. monitoring, or verifving compliance with the terms of this Consent
Decree, and verifving any data or information submitted by Olympic pursuant to this
Consent Decree.

Notwithstanding any provisions of this Consent Decree, the United States retains all of its

access authorities and rights. including enforcement authorities related thareto. pursuant

to the CWA and any other applicable statutes or regulations.

United States Department of Justice
Post Office Box 7611
Washington, D.C. 20044-7611

-12- Telephone: 202-305-0300
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STIPULATED PENALTIES

Olympic shall be liable to the United States for stipulated penalties in the amounts st
forth in Paragraphs 17 and 18 for failure to comply with the requirements of this Corisent
Decree. unless excused pursuant to Section XII (Force Majeure). *“Noncompliance™ by
Olympic shall include failure to complete the requirements of this Consent Decree within
the time allowed in the Decree in accordance with all applicable requirements of law.
The following stipulated penalties shall accrue per violation per day for any

noncompliance identified in Subparagraphs a-b below:

Penalty Per Noncompliance Period of Noncompliance

$500 per day or portion thereof Ist through 15th day

$1.250 per day or portion thereof 16th through 30th day

$2.500 per day or portion thereof 31st day and bevond

a. Failure to timely pay civil penalties in accordance with the terms of Section VII

(Payment of Civil Penalties).
b. Failure to comply with the requirements in the Appendix other than reporting
requirements.
The following stipulated penalties shall accrue per violation per day for any failure to
comply with the reporting requirements specified in Section VIII (Reporting

Requirements) and in the Appendix:

Penalty Per Noncompliance Period of Noncompliance
$250 per day or portion thereof I'st through 15th day
$500 per day or portion thereof 16th through 30th day
$1.250 per day or portion thereof 31st day and bevond

United States Department of Justice
Post Office Box 761
Washington, D.C. 20044-7611

-13- Telephone: 202-305-0300
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All stipulated penalties shall begin to accrue on the day after the complete performance is
due or the day a violation occurs, and shall continue to accrue through the final day of the
correction of the noncompliance or completion of the activity. Nothing herein shall
prevent the simultaneous accrual of separate penalties for separate violations of this
Consent Decree.

All stipulated penalties accrued as of the last day of each reporting period owed to the

United States pursuant to this Section, and reported to the United States in Olympic's

Progress Report pursuant to Paragraph 12.e(1)-(2) of this Consent Decree, shall be due

and payable on the same day that the Progress Report for that reporting period is due.

If EPA determines that Olympic has failed to comply with a requirement of this Consent

Decree, or denies a written request for discretionary waiver of penalties. EPA may give

Olympic written notification of the same and describe the noncompliance. EPA may

send Olympic a written demand for the payment of penalties. Stipulated penalties shall

accrue as provided in Paragraph 19 of this Consent Decree. and be due and owing as
provided in Paragraph 20 of this Consent Decree, however. regardless of whether or not

EPA has notified Olympic of a violation. Olympic shall pav the stipulated penalties

specified in EPA’s written demand within the earlier of the time required by

Paragraph 20 of this Consent Decree. or 30 days from the date of EPA’s demand for

pavment unless:

a. Olympic has submitted a written request for discretionary waiver of stipulated
penalties pursuant to Paragraph 25 of this Consent Decree and EP A has not
responded to the written request;

b. Olympic has submitted to EPA pursuant to Paragraph 31 of this Consent Decree a
written claim that a delay in compliance is caused by a force majeure event

United States Department of Justice

Post Office Box 7611

Washington, D.C. 20044-7611
-14- Telephone: 202-305-0300
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regarding which EPA has not issued a decision pursuant to Paragraph 32 of this
Consent Decree; or

C. Olympic has submitted to EPA a written Notice of Dispute pursuant to
Paragraph 35 of this Consent Decree, in which case the date that payment of any
stipulated penalties is due shall be governed by Paragraph 22 of this Consent
Decree.

22 Penalties shall continue to accrue, as provided in Paragraph 19 of this Consent Decree.
during any dispute resolution period, but need not be paid until the following:

a. If the dispute is resolved by agreement or by a decision of EPA that is not
appealed to this Court. accrued penalties determined to be owing shall be paid to
EPA within 20 days of the date of the agreement or EPA's decision:

b. If the dispute is appealed to this Court, and the United States prevails in whole or
in part. Olympic shall pay all accrued penalties determined by the Court to be
owed to EPA within 60 days of the date of the Court's decision or order. except as
provided in Subparagraph ¢ below;

C. If the District Court's decision is appealed by either Party. Olvmpic shall pay all
accrued penalties determined by the District Court to be owing to the United
States into an interest-bearing escrow account within 60 dayvs of the date of the
Court's decision or order. Penalties shall be paid into this account as they
continue to accrue, at least every 30 days. Within 20 dayvs of the date of the final
appellate court decision, the escrow agent shall pay the balance of the account to
EPA or to Olympic to the extent that they prevail.

23, The payment of stipulated penalties shall not affect Olympic’s obligation 10 satisfy all of
the requirements of this Consent Decree.
CONSENT DECREE - CV02-1178R United States Department of Justice
Post Office Box 7611

Washington, D.C. 20044-7611
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Nothing in this Consent Decree shall be construed as limiting the ability of the United
States to seek any other remedies or sanctions available by virtue of Olvmpic’s failure to
comply with the requirements of this Consent Decree or any applicable statutes or
regulations.

Notwithstanding any other provision of this Section, the United States may. in its
unreviewable discretion, waive payment of any portion of the stipulated penalties that
have accrued pursuant to this Consent Decree.

PAYMENT AND RELATED MATTERS

Olympic shall make the payments described in Section VII (Payment of Civil Penalties)
by Fedwire Electronic Funds Transfer (EFT) to the United States Department of Justice,
in accordance with current EFT procedures and instructions provided to Olympic bv the
Office of the United States Attorney for the Western District of Washington. The
payments shall reference the Civil Action Number assigned to this case and DOJ
Number 90-5-1-1-06967. and shall specify that the pavments are made toward CW A civil
penalties to be deposited into the Oil Spill Liability Trust Fund pursuant to

31 U.S.C.§ 1321(s), § 4304 of Pub. L. No. 101-380, and 26 U.S.C. § 9509(b)(8). Any
funds received after 11:00 a.m. Eastern Time shall be credited on the next business day.
Olvmpic shall submit to the United States. as provided in Section XV (Notices and
Submissions), notice of all payments made pursuant to this Paragraph within 10 Days of
the date of the payment.

Olvmpic shall make the payments described in Section X (Stipulated Penalties) bv EFT
to the United States Department of Justice. in accordance with current EFT procedures
and instructions provided to Olympic by the Office of the United States Attorney for the
Western District of Washington. The payments shall reference the Civil Action Number
United States Departiment of Justice
Post Office Box 7611

Washington, D.C. 20044-7611
-16- Telephone: 202-305-0300
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assigned to this case and DOJ Number 90-5-1-1-06967, and shall specify that the
payments are for stipulated penalties to be deposited into the United States Treasurv
pursuant to 31 U.S.C. § 3302, Any funds received after 11:00 a.m. Eastern Time shall be
credited on the next business day. Olympic shall submit to the United Stazes. as provided
in Section XV (Notices and Submissions), notice of all payments made pursuant to this
Paragraph within 10 Days of the date of the payment.

If Olympic fails to timely make any pavment required pursuant to Section VII (Payment
of Civil Penalties) or Section X (Stipulated Penalties), then. commencing on the day after
payment is due, Olympic shall be liable to the United States for interest on the unpaid
balance at the composite prime rate computed by, and published in the Wall Street
Journal on the date that payment was due. and any costs of enforcement and collection
incurred pursuant to the Federal Debt Collection Procedure Act, 28 U.S.C. § 3001 er seq.
The United States shall be deemed a judgmient creditor for purposes of collection of any
penalties, interest. and expenses of enforcement and collection pursuant to this Consent
Decree. Olympic specifically acknowledges that, pursuant to 26 U.S.C. § 162(f). penalty
payments made pursuant to Sections VII (Payment of Civil Penalties) and X (Stipulated
Penalties) of this Consent Decree shall not be deductible for federal tax purposes.
FORCE MAJEURE

Olympic’s obligation to comply with the requirements of this Decree shal’ only be
deferred to the extent and for the duration that the delay is caused by force majeure.
"Force majeure." for purposes of this Consent Decree, is defined as any event arising
from causes beyond the control of Olympic, or of any entity controlled by Olympic . that
delays or prevents the performance of any obligation pursuant to this Consent Decree

despite Olympic’s best efforts to fulfill the obligation. The requirement that Olympic

United States Departrnent of Justice
Post Office Box 7611
Washington, D.C. 20044-7611

-17- Telephone: 202-305-0300
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exercise "best efforts to fulfill the obligation” includes using best efforts to anticipate any
potential force majeure event and best efforts to anticipate and address the effects of any
potential force majeure event (1) as it is occurring; and (2) following the sotential force
majeure event, such that any delay is avoided or minimized to the greatest extent
possible. "Force Majeure" does not include financial inability to perform an obligation
required by this Consent Decree.

If any event occurs or has occurred that may delay the performance of any obligation
pursuant to this Consent Decree, whether or not caused by a force majeure event,
Olympic shall notify orally the Manager of the Emergency Response Unit, Office of
Environmental Cleanup, EPA Region 10, or his designee (ERU Manager}, within

72 hours of when Olympic first knew, or in the exercise of reasonable diligence under the
circumstances should have known, that the event might cause a delay. Within 30 days
thereafter, Olvmpic shall provide a written notice to EPA explaining the reasons for the
delay. the anticipated duration of the delay. all actions taken or planned to prevent or
minimize the delay. a proposed schedule for implementation of anv measures planned to
prevent or mitigate the delay or the effect of the delay. and Olvmpic’s rationale for
attributing such delay to a force majeure event if Olvmpic intends to assert such a claim.
Olympic shall include with any notice all available documentation supporting its claim
that the delay was attributable to a force majeure event, which Olvmpic may supplement
as additional documentation becomes available. Failure to provide written notice to EPA
within 30 days containing the required information, and including all ava:lable
documentation. shall preclude Olympic from asserting any claim of force majeure for
that event. EPA’s ERU Manager mav, in his unreviewable discretion, waive the
procedural requirements of this Paragraph. Olympic shall be deemed to know of any
United States Department of Justice
Post Office Box 7611

Washington, D.C. 20044-7611
-18- Telephone: 202-305-0300
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circumstance of which Olympic, or any entity controlled by Olympic, knew or should
have known.

[f EPA agrees that the delay or anticipated delay is attributable to a force majeure event.
EPA will extend the time for performance of the obligations pursuant to this Consent
Decree that are affected by the force majeure event for such time as EPA deems
necessary to complete those obligations. An extension of the time for performance of the
obligations affected by the force majeure event shall not, of itself. extend the time for
performance of any other obligation. If EPA does no: agree that the delay or anticipated
delay has been or will be caused by a _force majeure event, EPA will notify Olympic in
writing of (1) EPA’s decision regarding Olvmpic’s force majeure claim: and (2) the
amount of any demand for the payment of stipulated penalties, pursuant to Paragraph 21
of this Consent Decree, related to the rejected force majeure claim. If EPA agrees that
the delay 1s attributable to a force majeure event. EPA will notify Olympic in writing of

the length of the extension. if any, for performance of the obligations affected by the

force majeure event. Any extension of time pursuant to this Section shall not be valid

unless the extension of time is confirmed in writing as provided in this Paragraph.

The dispute resolution procedures in Section XIII (Dispute Resolution) shall apply to any
dispute regarding EPA’s decision regarding a force majeure claim that Olvmpic asserts
pursuant to Paragraph 31 of this Consent Decree. If Olympic elects to invoke the dispute
resolution procedures in Section XIII (Dispute Resolution). it shall do so no later than

20 days from the date of EPA’s written decision regarding a force majeure claim

pursuant to Paragraph 32 of this Consent Decree.

United States Department of Justice
Post Office Box 7611
Washington, D.C. 20044-7611
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DISPUTE RESOLUTION

The dispute resolution procedures of this Section shail be the exclusive mechanism to
resolve disputes arising under, or with respect to, this Consent Decree. The procedures
set forth in this Section, however, shall not apply to actions by the United States to
enforce obligations of Olympic that Olympic has not timely disputed in accordance with
this Section.

Any dispute that anises under. or with respect to, this Consent Decree shall in the first
instance be the subject of good faith, informal negotiations between the Parties. The
pertod for informal negotiations shall not exceed 21 days from the time the dispute arises,
unless extended by written agreement of the Parties. The dispute shall be considered to
have arisen when one party sends the other party a written Notice of Dispute.

[f informal negotiations are unsuccessful, EPA’s position shall control unless Olvmpic
files with the Court a petition to resolve the dispute within 30 days after the conclusion of
the informal negotiation period. Within 30 days after receiving a petition filed with the

Court pursuant to this Paragraph. EPA may file a response. Except for disputes regarding

force majeure claims. during the Court proceeding Oivmpic shall have the burden of

proving by clear and convincing evidence that Olvmpic’s proposed resolution of the
issues in dispute better meets the requirements and objectives of this Consent Decree and
the CWA. During any Court proceeding regarding force majeure claims. Olvmpic shall
have the burden of proving by a preponderance of the evidence that the delay or
anticipated delay has been or will be caused by a force majeure event, that the duration of
the delay or the extension sought was or will be warranted under the circumstances. that

best efforts were exercised to avoid and mitigate the effects of the delay, and that

United States Department of Justice

Post Office Box 7611

Washington, D.C. 20044-7611
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Olympic complied with the requirements of Paragraphs 30 and 31, above. If Olympic
carries this burden, the delay at 1ssue shall be deemed to be a force majeure event.

37. The invocation of dispute resolution procedures pursuant to this Section shall not extend,
postpone, or affect in any way any obligation of Olympic pursuant to this Consent Decree
that is not directly in dispute. unless EPA agrees otherwise. Stipulated penalties with
respect to the disputed matter shall continue to accrue but payment shall be staved
pending resolution of the dispute as provided in Paragraph 22 of this Consent Decree.
Notwithstanding the stay of payment, stipulated penalties shall accrue from the first day
of noncompliance with any applicable provision of this Consent Decree. If Olympic does
not prevail on the disputed issue, stipulated penalties shall be assessed and paid as
provided in Section X (Stipulated Penalties).

XIV. EFFECT OF SETTLEMENT/RESERVATION OF RIGHTS

38. Performance of all of Olvmpic’s obligations pursuant to this Consent Decree, and
Olympic’s obligations pursuant to the State Agreement discussed in Subparagraph I.F of
this Consent Decree resolves any civil claims of the United States against Olvmpic:

a. pursuant to Sections 309 and 311 of the CWA, 33 U.S.C. §§ 1319, 1321, as
specifically alleged in the Complaint; and

b. arising from the Incident for civil penalties pursuant to Section 30J8(a) of RCRA.
42 U.S.C. § 6928(a). for violations of Section 3004 of RCRA. 42 U.S.C. § 6924,
of which the United States had knowledge on or before the date this Decree is
lodged.

39, Nothing in this Decree shall be construed to create any rights in, or grant any cause of
action to, any person not a Party to this Consent Decree including, but not limited to.

Shell Pipeline Company LP fka Equilon Pipeline Company LLC. The Urited States

CONSENT DECREE - CV02-1178R United States Department of Justice
Post Office Box 7611
Washington, D.C. 20044-7611
-21- Telephone: 202-305-0300
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expressly reserves any and all rights, defenses, claims, demands, and causes of action that
it may have with respect to any matter, transaction, or occurrence relating in any way to
the Incident against any person not a Party hereto.

Notwithstanding any other provision of this Consent Decree, the United States retains all
authority and reserves all rights to take any and all response actions authorized by law.
This Consent Decree does not resolve, and the United States expressly reserves claims

against Olvmpic related to all other matters including, but not limited to, the following:

a. claims based on a failure by Olympic to meet a requirement of this Consent
Decree;
b. liability for damages for injury to, destruction of. or loss of natural resources. and

for the costs of any natural resource damage assessments;

C. criminal hability,

d. liability pursuant to regulations of the United States Department of
Transportation, Research and Special Programs Administration, Office of
Pipeline Safety or pursuant to the Pipeline Safety Act. 49 U.S.C.

§§ 60101 er seq.

(@]

liability pursuant to Subchapter 1 of OPA, 33 U.S.C. §§ 2701-2719; and

f. liability for any past, current, or future violation of federal or state law not
resolved pursuant to Paragraph 38 of this Consent Decree.

In any subsequent administrative or judicial proceeding initiated by the United States for

civil penalties or injunctive relief, Olvmpic shall not assert. and may not maintain, any

defense or claim based upon the principles of waiver. res judicata, collateral estoppel,

claim preclusion, issue preclusion. claim-splitting, or other defenses based upon any

contention that the claims raised by the United States in the subsequent proceeding

United States Department of Justice
Post Office Box 761
Washington, D.C. 20044-7611
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should have been brought in the instant case; provided, however, that nothing in this
Paragraph affects the resolution of the civil claims resolved pursuant to Paragraph 38 of
this Consent Decree.

Olympic hereby covenants not to sue and agrees not to assert anv claims related to the
Incident, or response activities in connection with the Incident. against the United States
pursuant to the CWA, OPA, or any other federal law. State law, or regulation including,
but not limited to, any direct or indirect claim for reimbursement from the Oil Spill
Liability Trust Fund, or pursuant to any other provision of law.

The United States, by consenting to the entry of this Consent Decree, does not warrant or
aver in any manner that Olympic’s complete and satisfactory compliance with this
Consent Decree will constitute or result in compliance with the CW A or any other federal
law or regulation.

Nothing in this Consent Decree shall limit or modify the authority of the United States
Department of Transportatior pursuant to the Pipeline Safety Act, 49 U.S.C.

§ 60101. er seq.. and the regulations promulgated thereunder including 49 C.F.R.

Parts 190 and 195. Nor shall anyvthing in this Consent Decree limit or modify the
provisions of such statute and regulations or orders issued thereunder.

NOTICES AND SUBMISSIONS

Whenever, pursuant to the terms of this Consent Decree and Appendix. written notice is
required to be given or a report or other document is required to be sent by one party to

another, 1t shall be directed to the individuals at the addresses specified below. unless

United States Department of Justice

Post Office Box 7611

Washington, D.C. 20044-7611
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those individuals or their successors give written notice of a change. All notices and
submissions shall be considered effective on receipt, unless otherwise provided.
AS TO THE UNITED STATES:

As to the United States Department of Justice:

Chief, Environmental Enforcement Section
Environment and Natural Resources Division
United States Department of Justice

Post Office Box 7611

Washington, D.C. 20044-7611

DOJ #90-5-1-1-06967

As to the U.S. Environmenta: Protection Agencv:

Regional Counsel

Region X

United States Environmental Protection Agency
1200 Sixth Avenue

Mail Stop ORC-158

Seattle, Washington 98101

Manager, Emergency Kesponse Unit

Office of Environmental Cleanup

Region X

United States Environmental Protection Agency
1200 Sixth Avenue

Mail Stop ECL-116

Seattle, Washington 98101

AS TO OLYMPIC PIPE LINE COMPANY:

Bobby J. Talley, President

Olvmpic Pipe Line Company

2201 Lind Avenue. S.W ., Suite 270
Renton, Washington 9803535

Angelo J. Calfo

Harold Malkin

Yarmuth Wilsdon Calfo PLLC
1201 Third Avenue

3080 Washington Mutual Tower
Seattle. Washington 98101-3000

CONSENT DECREE - CV02-1178R United States Department of Justice
Post Office Box 7611
Washington, D.C. 20044-7611
-24- Telephone: 202-305-0300
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RECORD RETENTION/ACCESS TO INFORMATION

In addition to complying with any record-keeping requirements pursuant 1o applicable
law and regulations, regardless of any contrary corporate retention policy. Olympic shall
preserve and retain, during the pendency of this Consent Decree and for a minimum of
six years after termination of this Consent Decree, all records, documents and
information in the possession, custody, or contro! of Olympic , or which come into
Olvmpic’s possession, custody, or control, that relate in any manner to (1) the Incident;
(2) repairs, modifications, or maintenance to the Pipeline Svstem related to the Incident;
or (3) implementation of this Consent Decree, including without limitation, reports,
correspondence, data. or other documents or information related to the work performed
pursuant to Section VI (Injunctive Relief) and the Appendix.

At any time prior to termination of this Consent Decree. and for six vears thereafter.
Olympic shall provide to the United States. within 30 days of the date of a request. all
documents and information responsive to the request. within the possession. custody. or
control of Olvmpic. described in the preceding paragraph.

Olympic may assert business confidentiality claims covering part or all of the documents
or information provided to the United States pursuant to this Consent Decree to the
extent authorized by, and in accordance with. 40 C.F.R. Part 2. Documents or
information that EPA determines to be confidential will be afforded the protection
specified in 40 C.F.R. Part 2. Subpart B. If no claim of confidentiality accompanies
documents or information when they are submitted to EPA. or if EPA has notified
Olympic that the documents or information are not confidential pursuant to applicable
law, the public may be given access to such documents or information without further
notice to Olympic.

United States Department of Justice
Post Office Box 7611

Washington. D.C. 20044-7611
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Olympic may assert that certain documents, records and other information are privileged
pursuant to the attorney-client privilege or any other privilege recognized by federal law.
[f Olympic asserts such a privilege instead of providing documents. it shall provide the
United States with the following: (1) the title of the document, record, or information;
(2) the date of the document, record, or information; (3) the name and title of the author
of the document, record, or information; (4) the name and title of each addressee and
recipient; (5) a description of the contents of the document, record, or information; and
(6) the privilege asserted by Olympic. Nevertheless, no documents. reports, or other
information created or generated pursuant to the requirements of the Consent Decree
shall be withheld on the grounds that they are privileged, nor shall any claim of
confidentiality be made with respect to such documents, reports, or inforrnation. If a
claim of privilege applies only to a portion of a document, the document shall be
provided to the United States in redacted form to mask the privileged information only.
Nothing in this Consent Decree shall limit the access and information-gathering
authorities and rights of the United States pursuant to any federal law or regulation.
including without limitation, related enforcement autnorities pursuant to the CW A and
OPA.

RETENTION OF JURISDICTION

This Consent Decree shall be considered an enforceable judgment for purposes of
post-judgment collection in accordance with the provisions of the Consent Decree.

Rule 69 of the Federal Rules of Civil Procedure, and other applicable federal statutory
authority.

This Court retains jurisdiction over both the subject matter of this Consent Decree and
the Parties for the duration of the performance of the terms and provisions of this
United States Department of Justice
Post Office Box 761!

Washington, D.C. 20044-7611
-26- Telephone: 202-305-0300
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Consent Decree for the purpose of enabling either of the Parties to apply to this Court at
any time for such further order, direction, and relief as may be necessary or appropriate
for the construction or modification of this Consent Decree. or to effectucte or enforce
compliance with its terms, or to resolve disputes in accordance with Section XIII
(Dispute Resolution).

MODIFICATION

Modifications to the schedules for completion of injunctive relief pursuant to this
Consent Decree may be made without consent of the Court by written agreement between
Olympic and EPA. Except as provided in the preceding sentence. no material
modifications shall be made to this Consent Decree without written notification to and
written approval by the United States. Olympic. and the Court. Modifications that do not
materially alter Olympic’s obligations pursuant to this Consent Decree may be made
without consent of the Court by written agreement between the Parties.

LODGING AND OPPORTUNITY FOR PUBLIC COMMENT

This Consent Decree shall be lodged with the Court for a period of at least 30 days for
public notice and comment in accordance with 28 C.F.R. § 50.7. The United States
reserves the right to withdraw or withhold its consent to the Consent Decree if the United
States becomes aware of facts or considerations that indicate to the United States that the
Consent Decree is inappropriate, improper. or inadequate. Olympic agrees not to oppose
entry of this Consent Decree or to challenge any provision of this Consent Decree unless
the United States has notified Olympic in writing that it no longer supports entry of the
Consent Decree. Olympic consents to entry of this Consent Decree without further

notice.

United States Department of Justice
Post Office Box 7611
Washington, D.C. 20044-7611
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If for any reason the Court declines to approve this Consent Decree in the form presented,
this agreement is voidable at the sole discretion of anv Party and the terms of the
agreement shall not be used as evidence in any litigation.

EFFECTIVE DATE

The effective date of this Consent Decree is that date upon which it is entered by the
Court.

INTEGRATION/APPENDIX

This Consent Decree. Appendix A (Spill Prevention and Mitigation Requirements). and
Exhibits 1-7 to Appendix A, constitute the final, complete and exclusive Consent Decree
and understanding between the Parties regarding the settlement embodied in this Consent
Decree. The Parties acknowledge that there are no representations, agreements, or
understandings relating to the settlement other than those expressly contained in this
Consent Decree. The following Appendix and Exhibits are attached to and incorporated
into this Consent Decree:

“Appendix A” is the Spill Prevention and Mitigation Requirements referenced in
Paragraph 8 of this Consent Decree.

“Exhibit 1 to Appendix A™is ASME B31.4-2002 as defined in Subparagraph 1.b of
Appendix A.

“Exhibit 2 to Appendix A™ is ASME B31G-1991 as defined in Subparagraph 1.c of
Appendix A.

“Exhibit 3 to Appendix A™ is Olympic’s Form of ILI Repair Report.

“Exhibit 4 to Appendix A™ is Olympic’s Third Party Damage Prevention Program

referenced in Paragraph 11 of Appendix A.

United States Department of Justice
Post Office Box 7611
Washington, D.C. 20044-7611
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“Exhibit 5 to Appendix A™ is Olympic’s Management of Change Process referenced in
Paragraph 13 of Appendix A.

“Exhibit 6 to Appendix A” is Olympic’s Equipment [nspection, Maintenance. and Repair
Program referenced in Paragraph 15 of Appendix A.

“Exhibit 7 to Appendix A™ is Olympic’s Controller and EmpIO).'ee Overview Training
Program referenced in Paragraph 17 of Appendix A.

TERMINATION

Not earlier than five years after entry of this Consent Decree, this Decree shall be subject
to termination, in whole or in part, on motion by either Party after Olympic fully satisfies
the requirements of all or any part of this Consent Decree, except those obligations
required pursuant to Section XVI (Record Retention/Access to Information). At such
time as Olympic believes it has fulfilled all such requirements, Olympic shall so certify to
the United States. Not earlier than 30 days after such certification. either party mayv apply
to the Court for termination of all or any part of the Consent Decree. The obligations set
forth in Section XIV (Effect of Settlement/Reservation of Rights) and Section XVI
(Record Retention‘/Access to Information) shall survive termination of the Consent
Decree as contractual obligations.

SIGNATORIES/SERVICE

The Parties’ undersigned representatives certify that they are fully authorized to enter into
the terms and conditions of this Consent Decree and to execute and legally bind such
Party to this document.

Olvmpic shall identify, on the attached signature page, the name, address. and telephone
number of an agent who is authorized to accept service by mail on behalf of Olympic
with respect to all matters arising under or relating to this Consent Decrec.

United States Department of Justice
Post Office Box 761

Washington, D.C. 20044-7611
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XXIV. COSTS
62. Each party shall bear its own costs and attorneys’ fees in the action resolved by this
Consent Decree.

Dated this day of . 2003.

'COPY

UNITED STATES DISTRICT JUDGE

THE UNDERSIGNED PARTIES enter into this Consent Decree relating to the Incident.

FOR THE UNITED STATES OF AMERICA

Date: / [3. 07 /70741. W

THOMAS L. SANSONETTI

Assistant Attorney General

Environment and Natural Resources Division
United States Department of Justice

ez s

WAYNE T. AULT

Trial Attorney

United States Department of Justice
Environment and Natural Resources Division
Environmental Enforcement Section
Benjamin Franklin Station

Post Office Box 7611

Washington, D.C. 20044-7611

Telephone: 202-305-0300

CONSENT DECREE - CV02-1178R United States Department of Justice
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FOR THE UNITED STATES ENVIRONMENTAL
PROTECTION AGENCY

- Enforcement and Compliance Assurance

nited States Environmental Protection Agency

W:j. yM

CHERYL'T. ROSE
Attorney-Advisor

Office of Enforcement and Compliance Assurance
United States Environmental Protection Agency
Mail Code 2243A

1200 Pennsylvania Avenue, N.W.

Washington, D.C. 20460

United States Department of Justice
Post Office Box 7611
Washington, D.C. 20044-7611
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<L_JOHN .

Regional Administrator, Region X
United States Environmental Protection Agency
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KEITH E. COHON

Assistant Regional Counsel, Region X

United States Environmental Protection Agency
1200 Sixth Avenue

Seattle, Washington 98101

United States Department of Justice
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- Washington, D.C. 20044-7611
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FOR OLYMPIC PIPE LINE COMPANY:

\

R N S O U

BOBBY J. TAL[ TALE,EY \ =
President ) -

Olympic Pipe Line Company
2201 Lind Avenue, S.W., Suite 270
Renton, Washmgton 98055

Agents Authorized to Accept Service on Behalf of Olympic Pipe Line Company:

CONSENT DECREE - CV02-1178R

ANGELO J. CALFO

HAROLD MALKIN

Yarmuth Wilsdon Calfo PLLC
1201 Third Avenue

3080 Washington Mutual Tower
Seattle, Washington 938101-3000

Counsel for Olympic Pipe Line Company

United States Department of Justice
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Washington, D.C. 20044-7611
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The Honorable Barbara Jacobs Rothstein

UNITED STATES DISTRICT COURT
WESTERN DISTRICT OF WASHINGTON

UNITED STATES OF AMERICA,
Plaintiff

)

)

)

) Civil Action No. CV02-1178R
V. )
) APPENDIX A TO THE CONSENT
SHELL PIPELINE COMPANY LP fka ) DECREE BETWEEN THE UNITED
EQUILON PIPELINE COMPANY LLC ) STATES OF AMERICA AND
and OLYMPIC PIPE LINE COMPANY, ) OLYMPIC PIPELINE COMPANY

) (SPILL PREVENTION AND

Defendants. ) MITIGATION REQUIREMENTS)
)
I. INTRODUCTION
A The United States alleges in the Complaint, based on information currently available to

EPA. that the following factors caused or contributed to the Incident involving the

Pipeline System:

1. Failure to supervise, inspect, or monitor construction activity near the Pipeline so
as to prevent or detect physical damage to the Pipeline near the location of the

rupture;

APPENDIN A-CVO02-1178R United States Department of Justice
Post Office Box 761 |
Washington, D.C. 20044-7611
-1- Telephone: 202-305-0300



1 2 Failure to evaluate properly and repair physical damage to the pipzline near the

2 location of the rupture;
3 3. Inadequacies in the design. construction, maintenance. and operat:on of a facility
4 on the Pipeline System known as the Bayview Station and equipment located at or
5 near the Bayview Station;
6 4. Inadequacy of the computer svstem used to monitor and control the Pipeline
7 System:
8 5. Operator error on the day of the rupture; and
9 6. Management decisions related to these factors.
10 | B. Based on initial reports and information currently available to EPA. the United States
11 alleges that the portion of the Pipeline that ruptured was buried at a depth of several feet.
12 ] C. Olvmpic, by entering into the Consent Decree and performing the work required by. and
13 complyving with the other requirements of, this Appendix, does not admit anv liability to
14 the United States arising out of the transactions or occurrences alleged in the Complaint.
15| D. The Spill Prevention and Mitigation Requirements described below are designed to
16 address the alleged causes or contributing factors of the Incident described above in
17 Paragraph A.

18 | IL DEFINITIONS

19 | 1. Unless otherwise expressly provided herein, the terms used in this Appendix that are
20 defined in the CWA. or in the regulations promulgated thereunder. shall have the
21 meaning assigned to them in the CW A, or in such regulations. Additionally, the terms
22 used in this Appendix shall have the meaning assigned to them in Paragraph 3 of the
23 Consent Decree to which this Appendix is attached, ASME B31.4-2002. and
24
25
APPENDIX A- CV02-1178R United States Department of Justice
26 Post Office Box 7611

Washington, D.C. 20044-7611
-2- Telephone: 202-305-0300
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ASME B31G-1991. Whenever terms listed below are used in this Appendix or in the

Exhibits attached to this Appendix, the following definitions shall apply:

d.

b.

[¢]

J.

k.

“ASME" shall mean the American Society of Mechanical Engineers.

“ASME B31.4-2002" shall mean a document entitled “Pipeline Transportation
Systems for Liquid Hydrocarbons and Other Liquids. ASME Code for Pressure
Piping,” 2002 edition. a copy of which is attached to, and incorporated into this
Appendix as Exhibit 1.

“ASME B31G-1991" shall mean standards prescribed by the ASME entitled
“Manual for Determining the Remaining Strength of Corroded Pipelines,” a copy
of which s attached to, and incorporated into this Appendix as Exhibit 2,
“Analyzed ILI Data” shall mean a written report from an ILI Contractor or other
qualified employee or agent of Olympic analyzing raw data from an ILI to identify
suspected or predicted defects and anomalies.

“Bottom-Side of the Pipeline™ shall mean the portion of the Pipeline below the
4:00 o’clock and 8:00 o’clock positions on any part of the Pipeline.

“BP” shall mean BP PLC.

“[LT" shall mean in-line inspection.

“ILI Contractor™ shall mean an entity in the business of performing ILIs of
hazardous liquid pipelines using ILI tools that generate data regarding suspected
defects on hazardous liquid pipelines and provide analysis of the cata.

“IMC or Independent Monitoring Contractor’ shall mean the Independent
Monitoring Contractor selected pursuant to Section X of this Appendix.
“MAOP” shall mean maximum allowable operating pressure.

“MFL" shall mean magnetic flux leakage.

APPENDIN A-CV02-1178R United States Department of Justice

Post Office Box 7611
Washington, D.C. 20044-7611
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[RS]

(9P)

10

11

(93

s

._.
N

18

19

20

m.

“One-Call System™ shall mean a system which complies with Revised Code of
Washington § 19.122 or Oregon Revised Starutes § 757.557 whereby interested
members of the public may, without charge. obtain information about the location
of buried pipe.

“OPS” shall mean the United States Department of Transportation, Research and
Special Programs Administration, Office of Pipeline Safety.

“Pipeline” shall mean all portions of the Pipeline System comprising line pipe.
including all main lines, stub lines, and delivery lines.

“SMYS” shall mean the specified minimum yield strength.

“Supervisory Control and Data Acquisition System” or “SCADA System” shall
mean a computer-based communications system that gathers, processes, and
displays data from field instrumentation and allows an operations controller to
execute control functions. Olympic’s SCADA System consists o7 a network of
(1) SCADA System host computers and associated peripherals and software:;

(2) pipeline controller workstations, consoles. and software; and (3) field
communications and control devices including programmable logic controllers,
remote terminal units, flow computers, and software. Olympic’s SCADA Sysiem
operates on a private network that is isolated from any corporate network and the
Internet by means of firewall appliances.

“Top-Side of the Pipeline™ shall mean the portion of the Pipeline above the 8:00

o’clock and 4:00 o’clock positions on any part of the Pipeline.

HI.  CONSTRUCTION OF THIS APPENDIX

2. If compliance with a provision of an ASME publication would prevent compliance with

this Consent Decree, Olympic shall comply with this Consent Decree. [f compliance

APPENDIN A- CV02-1178R Jnited States Department of Justice

Post Office Box 7611
Washington, D.C. 20044-7611
-4- Telephone: 202-305-0300
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with a provision of this Consent Decree or of an ASME publication would prevent
compliance with an applicable provision of law, regulation, or OPS Corrective Action
Order CPF No. 59505H. Olympic shall comply with the requirements of applicable laws,
regulations, or OPS Corrective Action Order CPF No. 59505H.

INSPECTION FOR DEFECTS IN PIPING AND REPAIRS

Al ILI Inspections and Repairs

[LIs Using Deformation and MFL Tools.

The Pipeline consists of the segments described in the table below.

Segment Size | Length (miles)
Cherry Point-Ferndale 167 5.0
Ferndale-Allen 16 41.1
IAnacortes-Allen 167 10.3
Allen-Renton i6” 75.6
Allen-Renton 20” 76.2
Renton-Seattle DF 12 124
Renton-SeaTac Terminal 12" 5.5
Renton-Portland DF 14™ 147.6
Tacoma Jct-Tacoma DF 8" 39
Olympia Jct-Olympia DF 6" 15.5
Vancouver Jct-Vancouver DF | 127 4.3

a. Olympic shall perform an ILI during 2003 using a deformation ILI tool on all

segments of the Pipeline. as described in the above table.

b. Olympic shall perform ILIs using both MFL and deformation ILI tools on each
segment of the Pipeline. as described in the above table, during 2004 or 2005.

C. For each ILI, Olympic shall ensure that each vendor calibrates the inspection tool
in accordance with applicable vendor standards and that each vendor provides
verification of the calibration to Olympic.

Excavation Requirements and Standards. Within 6 months after Olympic receives or

develops Analyzed ILI Data for the ILIs required by Paragraph 3 of this Appendix, but in

APPENDIN A- CVO02-1178R United States Department of Justice
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no event later than 1 year after Olympic or its ILI Contractor completes each ILI required

by Paragraph 3 of this Appendix, Olympic shall excavate and further evaluate the need to

repair any portion of the Pipeline for which Olympic has reasonable grounds to predict or

suspect any of the defects or anomalies described below.

a.

g

dents on the Top-Side of the Pipeline of a depth that excéeds 2% of the nominal
pipe diameter;

dents on the Bottom-Side of the Pipeline of a depth that is greater than or equal to
4% of the nominal pipe diameter;

any dent located on any detected long seam, repair weld, or girth weld;

any dent, identified by ILI tools, which has indication of metal loss;

metal loss anomalies located in the main body of the Pipeline that have depths
equal to or greater than 40% of the nominal wall thickness:

metal loss anomalies located in the main body of the Pipeline that have depths
between 20% and 40% of the nominal wall thickness and either have (1) a
predicted failure pressure less than or equal to 100% of the SMY'S of the affected
pipe based on criterion in ASME B31G-1991; or (2) a predicted fzilure pressure
greater than or equal to 139% of a reduced MAOP if the reduced MAOP is
calculated based on criteria in ASME B31G-1991 related to factors other than
pipe design:

metal loss anomalies located within 0.2 feet of a girth weld that have depths equal
to, or greater than 40% of the nominal wall thickness:

metal loss anomalies that are determined to be preferential to any detected long
seams, girth welds. or heat affected zones;

metal loss anomalies identified by ILI tools as gouges or grooves;

APPENDIN A-CV02-1178R United States Department of Justice

Post Office Box 7611
Washington, D.C. 20044-7611
-6- Telephone: 202-305-0300



o

(VS

18

19

20

j. any casing-end that is either touching the carrier pipe or is eccentric and has
associated metal loss; or
k. metal objects that are touching the pipe.
5. Repair Requirements and Standards. Within 6 months after Olympic receives or

develops Analyzed ILI Data for ILIs required by Paragraph 3 of this Appendix, but in no

event later than 1 vear after Olympic or its ILI Contractor completes each ILI required by

Paragraph 3 of this Appendix, Olympic shall repair, or remove and replace. any portion

of the Pipeline that has any of the defects described below. Olympic shall perform the

repair, or removal and replacement, of any portion of the Pipeline pursuant to this

Paragraph in accordance with the standards in ASME B31.4-2002 Parts 451.6.2(b)-(c)

and 451.6.3, and in a manner sufficient to ensure the integrity of the Pipeline.

a. dents of any size containing a scratch, crack, gouge, or groove;

b. dents of any size with metal loss;

C. dents of any size that affect pipe curvature at & girth weld. longitudinal seam
weld. or repair weld such as a patch, sleeve. or puddle weld;

d. dents of any size coincident with an internal defect;

e. dents of a depth that is greater than or equal to 4% of the nominal 2ipe diameter;

f. selective seam corrosion of, or along, seam welds;

g. corrosion metal loss with a failure pressure less than or equal to 100%; of the
SMY'S of the affected pipe, calculated using the criterion in ASME B31G-1991;

h. metal loss greater than 50% of the nominal weall thickness in areas of general
corrosion;

L. weld anomalies with a metal loss greater than 50% of nominal wall thickness;

]. cracks of any size;

APPENDIN A-CV02-1178R United States Department of Justice
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k. scratches, gouges, and grooves of any size; or

1. arc burns of any size.

Notwithstanding the schedule for excavations and repairs in Paragraphs 4 and 5 of this
Appendix, Olympic shall repair immediately any defect that poses an imminent threat to
the integrity of the Pipeline including. but not limited to, corrosion metal loss greater than
or equal to 80% of the nominal wall thickness. For the purpose of this Paragraph only,
“immediately” shall mean as soon as reasonably possible but in any event no longer than
30 days.

Extensions of Time to Complete Excavations and Repairs. If Olympic cannot compleate

excavations and repairs in the time required by Paragraphs 4. 5, and 6 of this Appendix
despite reasonable and diligent efforts to do so, Olympic may submit a written request for
an extension of time to EPA on or before the original deadline for completing the
excavation or repair. After receiving a written request for an extension of time from
Olympic pursuant to this Paragraph, EPA shall provide Olympic with a written response
in which EPA may. in its discretion, either grant or deny, in whole or in part. the
requested extension of time. EPA shall not unreasonably deny a request for an extension
of time pursuant to this Paragraph.

B. Reporting Requirements

ILI Repair Reports. In addition to the Progress Reports required pursuant to

Paragraph 12 of the Consent Decree, within 30 days after the end of each calendar
quarter, Olympic shall submit to EPA and the Independent Monitoring Contractor (1) all
Analyzed ILI Data received during the quarter; (2) all photographs required by
Paragraphs 9 and 10 of this Appendix taken during the quarter; and (3) an ILI Repair

Report that describes the evaluation and repair of anomalies required by Faragraphs 4-6

APPENDIN A- CV02-1178R United States Department of Justice
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of this Appendix during the quarter. Additionally, for each anomaly that Olympic

excavates or investigates in any way, the ILI Repair Report shall state:

a.

b.

APPENDIN A- CV02-1178R

Olympic’s Anomaly Designation number and Mile Post Calculation;

the date of the ILI inspection;

the identity of the ILI vendor and a description of the ILI tool used;

a description of the anomaly as reported in the Analyzed ILI Data;

the date that Olympic or its agents excavated and evaluated the anomaly:

a summary of Olympic’s findings from each evaluation including:

l.

2.

wn

the depth of gouges and grooves as a function of nominal wall thickness;
the depth of dents as a percentage of pipe diameter;

whether or not the dent affected pipe curvature or a seam or girth weld
and, if so. how;

whether or not the dent with the most injurious defect identified at a
location contained a scratch. gouge. or groove:

1. the length of the scratch. gouge. and groove: and

. the depth of the scratch, gouge. and groove at its deepest point;
measurements and other field observations regarding crack. indications;
and

the extent of corrosion as a function or its length, its circurnferential extent
around the pipe, and as a percentage of wall thickness loss at the deepest

point of corrosion;

whether or not the anomaly was repaired or the affected portion of the Pipeline

was removed and replaced: and

United States Department of Justice
Post Office Box 7611
Washington, D.C. 20044-7611

-9- Telephone: 202-3035-0300
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h. a description of any repair, or removal and replacement, of the affected portion of
the Pipeline.

The form prescribed as Exhibit 3 to this Appendix is an acceptable way cf presenting the

information required by this Paragraph. Olympic shall certify, pursuant to Paragraph 13

of the Consent Decree. that the evaluation and disposition of each defect complied with

this Appendix, and shall certify the accuracy of the information contained in each IL]

Repair Report. Within 10 days after receiving any request from EPA for a copy of any

ILI data, Olympic shall submit the requested ILI data to EPA.

Photographs. Olympic shall take digital or other color photographs at each excavation or

repair required by Paragraphs 4-6 of this Appendix. Olympic shall make reasonable

efforts to ensure that each photograph clearly and accurately depicts the subject of the

photograph. At a minimum, the photographs of each excavation or repair shall include:

a. at least one photograph of the excavation site after the pipe is uncovered;

b. at least one photograph of each discovered defect or anomaly regardless of
whether or not this Consent Decree requires repair;

c. at least one photograph of the exposed pipe at each defect or anomalyv location
after repairs are completed but before recoating; and

d. at least one photograph of the exposed pipe after recoating.

Olympic shall label each photograph required by Paragraph 9 with the date and time of

the photograph and with either a task or location designator .

THIRD PARTY DAMAGE PREVENTION PROGRAM

Olympic shall comply with the Third Party Damage Prevention Program attached to this

Appendix as Exhibit 4.

APPENDIN A-CV02-1178R United States Department of Justice
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Required Audits of the Third Party Damage Prevention Proeram. At intervals not

exceeding 15 months, but at least once each calendar year, Olympic shall conduct an
audit sufficient to ensure compliance with all provisions of Olvmpic’s Third Party
Damage Prevention Program and prepare a written audit report. Within 10 days after the
date of each audit report required by this Paragraph, Olympic shéll submit a copy of the
audit report to EPA and the Independent Monitoring Contractor.

MANAGEMENT OF CHANGE PROGRAM

Olympic shall have in force at all times from the Effective Date of this Decree until this
Section of Appendix A is terminated pursuant to Section XXII (Termination) of the
Consent Decree the Management of Change Process attached to this Appendix as Exhibit
5. Olympic shall comply with applicable processes set forth in Exhibit 5. and shall
document such compliance, for any (1) construction or modification to operational
facilities on the Pipeline System; (2) activities required by the Third Party Damage
Prevention Program attached to this Appendix as Exhibit 4; (3) activities required by the
Equipment Inspection. Maintenance, and Repair Program attached to this Appendix as
Exhibit 6; (4) activities required by the Controller and Employee Overview Training
Program attached to this Appendix as Exhibit 7; and (3) activities required by Section IV
(Inspection for Defects in Piping and Repairs) of this Appendix. Olympic shall prepare
the documentation required by this Paragraph no later than 30 days after the change under
consideration is adopted and, within 10 days after receiving any request from EPA or the
Independent Monitoring Contractor for a copy of any such documentation, Olympic shall
submit the requested documents to EPA or the Independent Monitoring Contractor.

Required Audits of the Management of Change Program. At intervals not exceeding

15 months, but at least once each calendar year, Olvmpic shall conduct an audit sufficient
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to ensure compliance with Olympic’s Management c¢f Change Process and prepare a
written audit report. Within 10 days after the date of each audit report required by this
Paragraph, Olympic shall submit a copy of the audit report to EPA and the Independent
Monitoring Contractor.

EQUIPMENT INSPECTION, MAINTENANCE, AND REPAIR PROGRAM
Olympic shall comply with the Equipment Inspection, Maintenance, and Repair Program
attached to this Appendix as Exhibit 6.

Required Audits of the Equipment Inspection, Maintenance. and Repair Procram. At

intervals not exceeding 15 months. but at least once each calendar vear, Olvmpic shall
conduct an audit sufficient to ensure compliance with all provisions of Olympic’s
Equipment Inspection, Maintenance, and Repair Program and prepare a written audit
report. Within 10 days after the date of each audit report required by this Paragraph.
Olympic shall submit a copy of the audit report to EPA and the Independent Monitoring
Contractor.

CONTROLLER AND EMPLOYEE OVERVIEW TRAINING PROGRAM
Olympic shall comply with the Controller and Employee Overview Training Program
attached to this Appendix as Exhibit 7.

Required Audits of the Controller and Emplovee Overview Trainine Proeram. At

intervals not exceeding 15 months, but at least once each calendar year. Olympic shall
conduct an audit sufficient to ensure compliance with all provisions of Olvmpic’s
Controller and Employee Overview Training Program and prepare a written audit report.
Within 10 days after the date of each audit report required by this Paragraph. Olympic
shall submit a copy of the audit report to EPA and the Independent Monitoring

Contractor.

APPENDIN A- CVO02-1178R United States Department of Justice
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19.

79

INDEPENDENT MONITORING CONTRACTOR

Within 30 days of the Effective Date of the Consent Decree, Olympic shall initiate the

procedure in Section X of this Appendix to select, and contract with, an Independent

Monitoring Contractor (IMC) to perform the duties described in Paragraph 22 of this

Appendix.

Olympic shall cooperate fully with the IMC and shall provide the IMC with access tc all

records. employees, contractors. and the physical Pipzline System that the IMC or EPA,

in their unreviewable discretion, deem appropriate to effectively perform the IMC’s

duties described in Paragraph 22 of this Appendix.

Qualifications. The IMC shall have one or more registered professional engineers

experienced in:

a. the use of ILI technology;

b. pipeline repair and maintenance;

C. monitoring third party construction near pipelines:

d. surveying and the placement and content of pipeline markers: and

e. operation of systems similar to Olympic’s SCADA svstem during normal and
abnormal operations.

Duties of the Independent Monitoring Contractor. The Independent Mon:toring

Contractor shall perform the following duties:

a. review the reports required by this Consent Decree and any other documents that
will help the Independent Monitoring Contractor verify compliance with this
Appendix;

b. review and verify audits conducted by Olympic as required by this. Appendix. as

requested by EPA;

APPENDIN A-CV02-1178R United States Department of Justice
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h.

19
[

conduct each calendar year up to four physical site visits lasting up to 5 days for
each visit, in the unreviewable discretion of the Independent Monitoring
Contractor or at the request of EPA, including emplovee or contractor interviews,
record review, and inspections and observations of any activities if deemed
appropriate. to assess whether or not Olympic is complying with this Appendix;
confer on request by either Olympic or EPA, after the party contacting the
Independent Monitoring Contractor provides the other party a reasonable
opportunity to participate in the conference, to discuss implementation of this
Appendix and to assist in dispute resolution;

investigate concerns regarding potential noncompliance with this Appendix as
requested by EPA;

immediately notify Olympic of problems that may affect compliance with this
Appendix, and if the problems are not resolved within ten days afier the
Independent Monitoring Contractor notifies Olympic, notify EPA and Olympic of
the problems. and summarize those problems in a report to EPA and Olympic that
includes recommendations regarding how Olvmpic can resolve those problems;
immediately notify Oiympic and EPA of any circumstance that may constitute
noncompliance with this Appendix and summarize those circumstances in a
report to EPA and Olvmpic that includes recommendations regarding how
Olympic can again achieve compliance; and

prepare any reports requested by EPA.

Neither Olympic nor the United States shall be bound by the recommendations of the

Independent Monitoring Conztractor.
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PROCEDURE FOR SELECTING, CONTRACTING WITH, AND REPLACING
THE INDEPENDENT MONITORING CONTRACTOR

Qualifications and Background. The Independent Monitoring Contractor shall have the

education and experience required by Paragraph 21 of this Appendix. The Independent

Monitoring Contractor shall not be:

a.

b.

a present employee or contractor of Olympic or BP;

a present employee of any contractor of Olympic or BP. or any owner, parent
corporation, subsidiary, or predecessor corporation of Olympic or BP: or

an Olympic contractor, or employee of such contractor, hired to implement any
provision of this Appendix other than the provisions of Section IX (Independent

Monitoring Contractor).

Selection Procedure. The Independent Monitoring Contractor shall be selected pursuant

to the procedures described below.

d.

Within 30 days from the Effective Date of this Consent Decree or 30 days frem
the date that the parties agree on the need for a replacement consultant pursuant to
Paragraph 27 of this Appendix, or a final dec:sion affirming the need for a
replacement consultant is rendered pursuant to the dispute resolution procedures
in Section XIII (Dispute Resolution) of the Consent Decree. Olympic shall submit
to EPA a letter providing (1) the names of at east three proposed independent
consultants who are willing to serve; (2) a resume or curriculum vitae of each
individual who would perform the required work; (3) the terms of pavment for
each consultant’s services; and (4) a description of any current or past financial
relationship between each proposed consultant. and the consultant’s employees

who will perform the required work, and Olympic, BP, or the related entities

United States Department of Justice
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specified in Paragraph 24 of this Appendix, which Olympic shall certify as
accurate. After receiving such information, EPA shall submit a letter to Olvmpic
that either accepts one of the consultants or rejects all of them. If the letter from
EPA accepts one of the consultants, Olympic shall contract with the consultant to
perform the required work in accordance with the procedure in Paragraph 26 of
this Appendix.

If EPA rejects all of Olympic’s proposed consultants, EPA shall then submit to
Olympic a letter providing (1) the names of at least three proposed independent
consultants who are willing to serve; (2) a resume or curriculum vitae of each of
consultants” personnel who would perform the required work; and (3) a
description of any current or past financial relationship related to this case
between each proposed consultant and the United States. Olympic then shall
have 30 days from the date of such letter to submit to EPA a letter accepting one
of the three proposed consultants or rejecting all of them. If Olvmpic accepts one
of the three consultants proposed by EPA. Olvmpic shall contract with the
consultant to perform the required work in accordance with the procedure in
Paragraph 26 of this Appendix. If Olympic rejects all of the consultants proposed
by EPA. EPA then may select one of the six consultants proposed by Olvmpic
and EPA to perform the required work and notify Olympic in writing of the
consultant selected. Within 30 days of the date of EPA’s written notification of
the consultant selected, Olvmpic shall either enter into a contract with the
consultant to perform the required work in accordance with the procedure in
Paragraph 26 of this Appendix or invoke the dispute resolution procedures in

Section XIII (Dispute Resolution) of the Consent Decree.

APPENDIN A- CVO02-1178R United States Department of Justice

Post Office Box 7611
Washington, D.C. 20044-7611
-16- Telephone: 202-305-0300



[§S]

wn

~d

Contracting Procedure. Within 30 days of the date of a letter from EPA or Olympic, or a

final decision pursuant to the dispute resolution procedures in Section XIII (Dispute
Resolution) of the Consent Decree, designating the Independent Monitoring Contractor,
Olvmpic shall draft, and submit to EPA for approval, a proposed contract obligating the
Independent Monitoring Contractor to perform the duties described in Paragraph 26 of
this Appendix. Within 15 days after the date of any letter from EPA notifying Olympic
of any needed revisions to the contract with the Independent Monitoring Contractor.
Olympic shall incorporate the revisions and submit the revised contract to EPA for
approval. Within 30 days of the date of EPA’s written approval of the contract, Olympic
shall enter into the contract with the Independent Monitoring Contractor, and submit a
copy of the executed contract to the United States.

Replacement Procedure. If the Independent Monitoring Contractor becomes unable or

unwilling to perform or complete the required work, or for other good cause, Olympic
and EPA shall confer in good faith regarding whether or not Olvmpic and EPA need 1o
select a replacement Independent Monitoring Contractor. If Olympic and EPA agree on
the need to select a replacement Independent Monitoring Contractor, Olympic and EPA
shall select the replacement Independent Monitoring Contractor in accordance with the
selection procedures in Paragraph 25 of this Appendix. If Olvmpic and EPA do not agree
on the need to select a replacement Independent Monitoring Contractor, either Olympic
or EPA may invoke the dispute resolution procedures in Section XIII (Dispute
Resolution) of the Consent Decree. The inability or unwillingness of the [ndependent
Monitoring Contractor to perform its duties shall not result in an extension of the

duration of the terms and provisions of this Appendix or of the Consent Decree.
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XI.  FORMS

28.  Where this Appendix requires the use of specified forms, samples of which are attached
to this Appendix. Olympic may use different forms, including electronic forms.
containing the same information.

XII.  EXHIBITS

29, The following exhibits are attached to, and incorporated into this Appendix:
“Exhibit 1" is ASME B31.4-2002.
“Exhibit 2" 1s ASME B31G-1991.
“Exhibit 3” is Olympic’s Form of ILI Repair Report.
“Exhibit 4™ is Olympic’s Third Party Damage Prevention Program.
“Exhibit 5" is Olympic’s Management of Change Process.
“Exhibit 6™ is Olympic’s Equipment Inspection, Maintenance, and Repair Program.

“Exhibit 7" is Olympic’s Controller and Employee Overview Training Program.
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FOREWORD

The need for a national code for pressure piping
became increasingly evident from 1915 10 1925. To
meet this need the American Engineering Standards
Committee (later changed to the American Standards
Association) initiated Project B31 in March 1926 at
the request of The American Society of Mechanical
Engineers, and with that society as sole sponsor. After
several years’ work by Sectional Committee B31 and
its subcommittees, 2 first edition was published in 1935
as an American Tentative Standard Code for Pressure
Piping.

A revision of the original tentative standard was
begun in 1937. Several more years’ effort was given to
securing uniformity between sections and to eliminating
divergent requirements and discrepancies, as well as
to Keeping the code abreast of current developments
in welding technique, stress computations, and refer-
ences to new dimensional and material standards. During
this period a new section was added on refrigeration
piping, prepared it cooperation with The American
Society of Refrigeration Engineers and complementing
the American Standard Code for Mechanical Refrigera-
uon. This work culminated in the 1942 American
Standard Code for Pressure Piping.

Supplements 1 and 2 of the 1942 coce, which
appeared in 1944 and 1947, respectively, introduced
new dimensional and material standards, a new formula
for pipe wall thickness, and more comprehensive re-
quirements for instrument and control piping. Shortly
after the 1942 code was issued, procedures were estab-
lished for handling inquiries that require explanation
or interpretation of code requirements, and for publish-
g such inquiries and answers in Mechanical Engi-
neering for the information of all concerned

Continuing increases in the severity of service condi-
tons. with concurrent developments of new materials
and designs equal to meeting these higher requirements,
had pointed to the need by 1948 for more extensive
changes in the code than could be provided by supple-
ments alone. The decision was reached by the American
Standards Association and the Sponsor 1o reorgamize
the Sectional Committee and jts severa] subcommittees,
and to mnvite the various interested bodies to reaffirm
their representatives or to designate new ones. Following

its reorganization, Sectional Committes B31 made an
intensive review of the 1942 code, and a revised code
was approved and published in February 1951 with
the designation ASA B31.1-1951, which included:

(a) a general revision and extension of requirements
to agree with practices current at the time;

(b) revision of references to existing dimensional
standards and material specifications, and the addition
of references to new ones: and

(c) clarificaton of ambiguous or conflicting require-
ments.

Supplement No. 1 to B31.1 was approved and pub-
lished in 1953 as ASA B31.1a-1953. This Supplement
and other approved revisions were included in z new

edition of B31.1 published in 1955 with the designation

ASA B31.1-1955.

Areview by B31 Executive and Sectional Committees
i 1955 resulted in a decision to develop and publish
Industry sections as separate code documents of the
American Standard B31 Code for Pressure Piping. ASA
B31.4-1959 was the first separate code document for
Oil Transportation Piping Svsterns and superseded that
part of Section 3 of the B31.1-1955 code covering Qil
Transportation Piping Systems. In 1966 B31.4 was
revised to expand coverage on welding, inspection, and
testing, and to add new chapters covering construction
requirements and operation and maintenance procedures
affecting the safety of the piping systems. This revision
was published with the designation USAS B31.4-1966,
Liquid Petroleum Transportation Piping Systems, since
the American Standards Association was reconstituted
as the United States of America Standards Institute
in 1966.

The United States of America Standards Institute,
Inc,, changed its name, effective October 6, 1969, to
the American National Standards Insdwute, Inc., and
USAS B31.4-1966 was redesignated as ANSI B31.4-
1966. The B31 Sectional Committee was redesignated
as American National Standards Committee B31 Code

- for Pressure Piping, and, becanse of the wide field

involved, more than 40 different engineering sociefies,
government bureaus, trade associations, institutes, and
the like had one or more representatives on Standards
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Committee B31. plus a few ‘‘Individual Members’
to represent general interests. Code activities were
subdivided according to the scope of the several sec-
tions, and general direction of Code activides rested with

——-——Standards Committes -B31 . officers and an Executive

Committee whose membership consisted principally of
Standards Committee officers and chairmen of the
Section and Technical Specialists Committees.

The ANSI B31.4-1966 Code was revised and pub-
lished in 1971 with the designaton ANSI B21.4-1971.

The ANSI B31.4-1971 Code was revised and pub:
lished in 1974 with the designation ANSI B31.4-1974.

In December 1978, American National Standards
Committee B31 was converted to an ASME Committee
with procedures accredited by ANSIL The 1979 revision
was approved by ASME and subsequently by ANSI
on November 1, 1979, with the designation ANSV/
ASME B31.4-1979.

Following publication of the 1979 Edition, the B31.4
Section Committee began work on expanding the scope
of the code to cover requirements for the transportation
of liquid alcohols. References to existing dimensional
standards and material specifications were revised, and
new references were added. Other clarifying and edito-
nal revisions were made in order to improve the text.
These revisions led to the publication of two addenda
to B31.4. Addenda “‘b"" to B31.4 was approved and
published in 1981 as ANSI/ASME B31.4b-1981. Ad-
denda **c’’ to B31.4 was approved and published in
1986 as ANS/ASME B31.4¢-1986.

The 1986 Edition of B31.4 was an inclusion of the
two previously published addenda into the 1979 Editdon.

Following publication of the 1986 Edition, clarifying
and editorial revisions were made to improve the text.

Addinonally, references to existing siandards and mate-
rial specifications were revised. and mew referznces
were added. These revisions led to the publication of
an addenda to B31.4, which was approved and published
i 1987 as ASME/ANSI B31.4a-1987.

The 1989 Edidon of B31.4 was zn inclusion of the
previously published addenda into the 1986 Edition.

Following publication of the 1989 Edition, clarifying
revisions were made to improve the text. Additionally,
references to existing standards and material specifica-
tons were revised and updated. These revisions led to
the publication of an addenda to B31.4, which was
approved and published in 1991 as ASME B31.4a-1991.

The 1992 Edition of B31.4 was an inclusion of the
previously published addenda into the 1989 Edition
and a revision to valve maintenance. The 1992 Edition
was approved by the American National Standards
Insttute on December 15, 1992, and designated as
ASME B31.4-1992 Edition.

The 1998 Edition of B31.4 was ar inclusion of the
previously published addenda into the 1992 Edition.
Also included in this Edition were other revisions and
the addition of Chapter IX, Offshore Liquid Pipeline
Systems. The 1998 Edition was approved by the Ameri-

can Nadonal Standards Institute on November 11, 1998, .

and designated as ASME B31.4-1998 Edition.

The 2002 Editdon of B31.4 is an inclusion of the
previously published addenda into the 1998 Edition
along with revisions to the maintenance section and
updated references. This 2002 Edidon was approved
by the American National Standards Insttute on August
5, 2002, and designated as ASME B31.4-2002.
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The ASME B31 Code for Pressure Piping consists
of a number of individually published Sections, each
an American National Standard. Hereafter, in this Intro-
duction and in the text of this Code Section B31.4,
where the word *‘Code”’ is used without specific idernt-
fication, it means this Code Section.

The Code sets forth engineering requirements deemed
necessary for safe design and construction of pressure
piping. While safety is the basic consideration, this
factor alone will not necessarily govern the final specifi-
cations for any piping system. The designer is cautioned
that the Code is not a design handbook; it does not
do away with the need for the designer or for competent
engineering judgment. )

To the greatest possible extent, Code requirements
for design are stated in terms of basic design principles
and formulas. These are supplemented as necessary
with specific requirements to assure uniform application
of principles and to guide selection and application of
piping elements. The Code prohibits designs and prac-
uces known to be unsafe and contains warnings where
caution, but not prohibition, is warranted.

This Code Section includes:

(a} references to acceptable material specifications
and cbmponent standards, including dimensional re-
quirements and pressure-temperature raungs;

(b} requirements for design of components and as-
semblies, including pipe supports;

{¢) requirements and data for evaluation and limita-

tion of stresses, reactions, and movements assoclated

with pressure, temperature changes, and other forces;

(d) gmdance and limitations on the selecdon and
application of materials, components, and joining
methods;

(e) requirements for the fabrication, assembly, and
erection of piping; .

(/) requirements for examination, inspection, and
testing of piping;

(g) procedures for operation and mainteaance that
are essential to public safety; and

(h) provisions for protecting pipelines from externz.
corrosion and internal corrosion/erosion.

It is intended that this Editdon of Code Secton B31.4
anc any subsequent Addenda not be retroactive. Unless

e INTRODUCTION

agreement is specifically made between contracting
parties to use another issue, or the regulatory body
having jurisdiction imposes the use of another issue,
the latest Edidon and Addenda issued at least 6 months
prior to tne original contract dats for the first phase
of acuvity covering a piping system or systems shall
be the governing document for all design, matenals,
fabricatior, erection, examination, and testing for the
piping until the compledon of the work and inital
operation.

Users of this Code are cautioned against making use
of Code revisions without assurance that they are
acceptable to the proper authorities in the junisdiction
where the piping is to be installed.

Code users will pote that paragraphs in the Code
are not necessanly numbered consecutively. Such dis-
continuities result from following a common outline,
insofar as practicable, for all Code Sections. In this way,
corresponding material is correspondingly numbered in
most Code Sections, thus facilitating reference by those
who have occasion to use more than one Section.

The Code is under the direction ¢f ASME Committee
B31, Code for Pressure Piping, which is organized and
operates under procedures of The American Society of
Mechanical Engineers which have been accredited by
the American Natiopal Standards Institute. The Commit-
tee is a contnuing one and keeps all Code Sections
current with new developments in materials, construc-
tion, and industrial practice. Addenda are issued periodi-
cally. New editions are published at intervals of 3 to
5 years.

When nc Section of the ASME Code for Pressure
Piping specifically covers a piping system, at his discre-
tion the user may select any Section determined to be
generally applicable. However, it is cautioned that
supplementary requirements to the Section chosen may
be necessary to provide for a safe piping system for
the intended application. Technical limitations of the
various Sections, legal requirements, and possible appli-
cability of other codes or standards ace some of the
factors 10 be considered by the user in determining
the applicability of any Section of this Code.

The Committee has established ar orderly procsdure
to consider requests for interpretation and revision of
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9 Code requirements. To receive consideration, inguiries
must be in wriung and must give full paraculars (see
Mandatory Appendix covering preparagon of tachnical
inguines ).

T 10 the inquirer. In addinon, the queston anc reply will

be published as part of an Interpretation Suppliement

1ssued to the applicable Code Secuor.

A Case is the prescribed form of reply to an inquiry
when study indicates that the Code wording needs
clarification or when the reply modifies existng require-
’ ments of the Code or grants permission to use new

materials or alternative constructions. Proposed Cases
are published in Mechanical Engineering for public
review. In addidon, the Case will be published on the
B31.4 web site at http//www.asme.org/codes/.

A Case 1s normally issued for a limited period, after
which it may be renewed, incorporated in the Code,
or allowed to expire If there is no indication of further
need for the requirements covered by the Case. How-

The approved reply 10 an inquiry will be sent directly

ever. the provisions of a Case may be used after is
expiration or withdrawal. providing the Case was effec-
tive on the original contract date or was adopted before
completion cf the work and the coawacung pertes
agree to iIs use.

Materials are listed in the swess tables onlv when
sufficient usage in piping within the scope of the Code
has been shown. Materials may be covered by a Case.
Requests for Iisting shall include evidence of satisfactory
usage and specific data to permit establishment of
allowable stresses, maximum and minimum temperature
limits, and other restrictions. Additional criteria can be
found in the guidelines for additon of new materals
in the ASME Boiler and Pressure Vessel Code, Section
I and Secton VIII, Division 1, Appendix B. (To
develop usage and gain experence, unlisted materials
may be used in accordance with para. 423.1.)

Requests for interpretation and suggestions for revi-
sion should be addressed to the Secretary, ASME B31
Commitiee, Three Park Avenue, New York, NY 10016
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- SUMMARY OF CHANGES

Changes given below are identified on the pages by a margin note, 02, placed nex: to the affected arez

Page Locarion Change
B

X Foreword (1) Next-to-last paragraph revised Q

(2) New last paragraph added

(1) Definition for bluns imperfection added

2 400.2
(2) Footnote 2 added
10 402.3.2 Subparagraph (e) added i
41-46 434.8 Revised in its entirety ’
47 434.13.4 Subparagraph (c) revised
48 434.18 Revised in its entirety
57 451.3 Revised in its entirery ,
58, 59 451.6.2 (1) Subparagraph (a)(1) revised ‘ @
(2) Subparagraph (a)(2)(d) added
(3) Subparagraphs (b)(2)(a) and (b)(3) revised
61 451.6.3 Subparagraph (b) revised
4519 Subparagraph (a) revised
92 Index Welding qualification records entry revised to
to reflect revision of para. 434.8.3
NOTE:

(1) The Interpretations to ASME B31.4 issued between January 1, 2001, and December 31. 2001,
follow the last page of this Edition as a Separate suppiement, Interpretations No. 7.
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400—-400.1.1

CHAPTER I

400 GENERAL STATEMENTS

(aj This Liquid Transportadon Systems Code is one
of several sections of the ASME Code for Pressure
Piping, B31. This Section is published as a separate
document for convenience. This Code applies to hydro-
carbons, liquid petroleum gas, anhydrous ammonia,
alcohols, and carbon dioxide. Throughout this Code
these systems will be referred to as Liquid Pipeline

Systems.

(b) The requirements of this Code are adequate for .

safety under conditions normally encountered in the
operation of liquid pipeline systems. Requirements for
all abnormal or unusual conditons are not specifically
provided for, nor are all details of engineering and
construction prescribed. All work performed within the
Scope of this Code shall comply with the safety stan-
dards expressed or implied.

{c) The primary purpose of this Code is to establish
requirements for safe design, construction, inspection,
tesung, operation, and maintenance of liquid pipeline
systems for protection of the general public and op-
erating company personnel as well as for reasonable
protection of the piping system against vandalism and
accidental damage by others and reasonable protection
of the environment.

(d) This Code is concerned with employee safety
to the extent that it is affected by basic design, qualiry
of materials and workmanship, and requirements for
construction, inspecton, testing, operation, and mainte-
nance of liquid -pipeline systems. -Existing—industrial
safety regulations pertaining to work areas, safe work
practices, and safety devices are not intended to be
supplanted by this Code.

(e) The designer is cautioned that the Code is not
a design handbook. The Code does not do away with
the peed for the engineer or competent engineering
Judgment. The specific design requirements of the Code
usually revolve around a simpiified engineering ap-
proach 1o a subject. It is intended that a designer
capable of applying more complete and rigorous zaalysis
to special or unusual problems shall have latride in

'SCOPE AND DEFINITIONS

the development of such designs and the evaluaticn of
complex or combined stresses. In such cases the designer
Is responsibie for demonstrating the validity of his
approach.

(f) This Code shall not be retroactive or construed
as applying to piping systems installed before date of
issuance shown on document title page insofar as design,
materials, construction, assembly, inspection, and testing
are concerned. It is intended, however, that the provi-
sions of this Code shall be applicable within 6 months
after date of issuance to the relocation, replacement,
and uprating or otherwise changing existing piping
systems; and to the operation, maintenance, and corro-
sion control of new or existing piping systems. After
Code revisions are approved by ASME and ANS], they
may be used by agreement between contracting parties
beginning with the date of issuance. Revisions become
mandatory or minimum reguirements for new installa-
tons 6 months after date of issuance except for piping
installations or components contracted for or under
constructon pior to the end of the ¢ month pericd.

(g) The users of this Code are advised that in some
areas legislation may establish governmental jurisdiction
over the subject matter covered by this Code and are
cautioned against making use of revisions that are less
restrictive than former requirements without having
assurance that they have been accepted by the proper
authorities in the jurisdiction where the piping is to

“be installed. The Department of Transportadon, United

States of America, rules governing the transportation
by pipeline in interstate and foreign commerce of
petroleum, petroieum products, and liquids such as
anhydrous ammonia or' carbon dioxide are prescribed
under Part 195 — Transportation of Hazardous Liquids
by Pipeline, Tide 49 — Transportation, Code of Federal
Regulations.

400.1 Scope

400.1.1 This Code prescribes requirements for the
design, materials, coastruction, assemtly, inspection,
and testing of piping transporting liquids such as crude

o
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oil, condensate, natural gascline, namral gas liguids,
Iiquefied petroleurm gas, carbon diox:de, liquic aicohcl.
Iiquid anhydrous ammonia. and liquid pewoletm prod-
ucts between producers’ lease faciiities, tank farms,

_natural gas processing plants, refineries, stations, ammo-

nia plants, terminals (marine, rail, and truck), anc other
delivery and receiving points. (See Fig. 400.1.1.)

Piping consists of pipe, flanges, bolung, gaskets,
valves, relief devices, fittings, and the pressure con-
taining parts of other piping components. It also inciudes
hangers and supports, and other equipment items neces-
sary to prevent overstressing the pressure containing
parts. It does not include support structures such as
frames of buildings, stanchions, or foundations, or any
equipment such as defined in para. 400.1.2(b).

Requirements for offshore pipelines are found in
Chapter IX.

Also included within the scope of this Code are:

(a) primary and associated auxiliary liquid petroleum
and liquid anhydrous ammonia piping at pipeline termu-
nals (mnarine, rail, and truck), tank farms, pump stations,
pressure reducing stations, and metering statons, includ-
ing scraper traps, strainers, and prover loops;

(b} storage and working tanks, including pipe-type
storage fabricated from pipe and fitings, and piping
mterconnecting these faciliues;

(cj liquid petroleum and liquid anhvdrous ammoniza
piping located on property which has been set aside
for such piping within petroleum refinery, natura gaso-
line, gas processing, ammonia, and bulk plants:

(d) those aspects of operaton and maintenance of
Liquid Pipeline Systems relating to the safety and
protection of the general public, operating company
personnel, environment, property, and the piping sys-
tems [see paras. 400(c) and (d)].

400.1.2 This Code does not apply to:

{a) auxiliary piping, such as water, air, steam, lubri-
caung oil, gas, and fuel; :

(b} pressure vessels, heat exchangers, pumps, meters,
and other such equipment including internal piping
and connections for piping except as limited by para

(c) piping designed for internal pressures:

(1) at or below 15 psi (1 bar) gage pressure
regardless of temperature;

(2) above 15 psi (1 bar) gage pressure if design
temperature is below minus 20°F (-30°C) or zbove
250°F (120°C);

(&} casing, tubling, or pipe usec in oil wells, wellhead
assemblies, oil and gas separators, crude oil production
tanks, and other producing facilides;

2
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fe; pewroleum refinerv. natural gasoline, gas pro-
cess:ng., ammonla, carbon dioxide processing, and bulk
plan: piping. excepr as covered under para. 400.1.1(c);

(/) gas transmussion and dismibution piping;

{g) the design and fabricadon of proprietary items
of equipment. apparatus, Or instruments, except as Lm-
ited by para. 423.2.4(b);

(k) ammonia refrigeradon piping svstems provided
for in ASME B31.5, Refrigeration Piping Code;

(i) carbon dioxide gathering and field distribution
system.

400.2 Definitions

Some of the more commoa terms relating to piping
are defined below.!

accidental loads: any unplanned load or combination
of unplanned loads caused by human intervention er
patural phenomena.

blunt imperfection: an imperfection characterized by
smoothly contoured variations in wall thickness.?

breakaway coupling: a component installed in the
pipeline to allow the pipeline to separate when a
predetermined axial load is applied to the coupling.

buckle:  a condition where the pipeline has undergone
sufficiznt plastc deformation to cause permanent wrin-
kiing 1o the pipe wall or ¢xcessive cross-sectional
deformation caused by loads acting zlone or in combina-
ton with hyvdrostagce pressure

carbor. dioxide: a fiuid consisung predominantly of
carbon dioxide compressed above its critical pressure
and, for the purpose of this Code, shall be considered
to be a Liquid

cold springing:  deliberate deflection of piping, within
its vield strength, to compensats for anticipated thermal
expansion.

column buckling: buckling of a beam or pipe under

compressive axial Joad in which loads cause unstable
lateral deflecton, also referred 1o as upheaval buckling.

connectors: componett, except flanges, used for the
purpose ¢f mechanicallv joining two sections of pipe.

! Welding terms which agree with AWS Standard A35.0 are marked
with an asterisk (*). For welding terms used in this Code but not
snown ere, definitions in accordagee with AWS A3.0 appiv.

: Sharp imperfections mav be rendered biunt by grinding, but the
absence of a sharp imperfection must be verified by visual and
noadesyuctive examination.

02

:
3
H
N
ks
<
3




ASME B31.4-2002

Proguction field ——m " -—7 =
.e : ﬁ H l
. (e i CFa o

'@

Pipeline terminal *

Tank farm and/or pump station -
SrT
Procuctior field ——-;;«_L - P [—' —
*e J__J—_— 71— Petroleum refinery
4 g
I___E: _JI Gas processing piant

Ammonia plant
I Chemical plant
-~
X Pipeline terminal *

Tank farm and/or pump station

Pipe rype storage ’— - —']
c=q ' .
—ﬁ-ﬁ i
| S——
— — =t — —
Process‘ area _ 3 | I ahage | 1
Petroleum refinery [ ey
Gas processing plant :: L= B - —
Ammonia plant ::1 ’ Y el |
Chemical plant . —-—t—4
L_. L s Sy N ——

r

' 1 i i l‘——— Tank farm, terminal,® or process area

1 |
e o 1

1

Bulk plant

Tank farm

—— Terminal*

[p——y

—— Pipeline terminal,* tank farm, ancl/or pump station

. Marine, rail, or truck (all loading or unioading)
e Onshore or offshore
—— Piping within B31.4 scope
——i Continuation of B31.4 scope through area
——]  Start or end at B31.4 scope within piot area
<=*-+s .« Limits of production lease or field
————— Piat (or platfarm) fimits of production, petroleum refinery, chemical ptant, ammonia
plant, bulk plant, or gas processing operating faciiities
—— — —— Corridor within property of petroleum refinery, chemical plant, ammonia plant, or
gas processing plant set aside for 831.4 piping
——— — Property line of petroieum refinery, chemical plant, ammonia plant, gas processing
plant, or bulk glant

F1G. 400.1.1 DIAGRAM SHOWING SCOFPE OF ASME B31.4 EXCLUDING CARBON DIOXIDE
PIPELINE SYSTEMS (SEE FIG. 400.1.2)
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dejec:: an imperfection of sufficient magnitude to
waTTant rejecuon.

design life:  a period of time used in design calcula-
uons, selected for the purpose of verifving that a

~ repiaceableof permanent component is suitable for the

anticipated period of service. Design life does not
pertain to the life of the pipeline system because a
properly maintained and protected pipeline system can
provide liquid tramsportation service indefinitsly.

engineering design: detailed design developed from
operating requirements and conforming to Code require-
ments, inciuding all necessary drawings and specifica-
tions, governing a piping installation.

general corrosion: uniform or gradually varving loss
of wall thickness over an area.

girth weld:  a complete circumferential butt weld join-
Ing pipe or components.

imperfection: a discontinuity or irregularity which is
detected by inspection.

internal design pressure: internal pressure used in
calculations or analysis for pressure design of a piping
component (see para. 401.2.2).

liguenied petroleum gas(es) (LPG): liquid petroleum
composed predominantly of the following hydrocarbons,
either by themselves or as mixtures: butane (normal
butane or isobutane), butylene (including isomers), pro-
pane, propylene, and ethane.

liquid alcohol:  any of a group of organic compounds
contamning only hydrogen, carbon, and one or more
hydroxy! radicals which will remain liquid in a moving
stream in a pipeline.

liquid anhydrous ammonia: a compound formed by
the combination of the two gaseous elements, nitrogen
and hydrogen, in the proportion of one part of nitrogen
to three parts of hydrogen, by volume, compressed to
a liquid state. s e - -

maximum steady state operating pressure: maximum
pressure (sum of static head pressure, pressure required
to overcome friction losses, and any back pressure) at
any peint in 2 piping system when the system is
operating under steady state conditions.

miter: two or more straight sections of pipe matched
and jeined on 2 line bisecting the angie of junction
so as to produce a change in direction.

rominal pipe size (NPS): see ASME B36.10M p. 1

for definitior.

4002

operating company: owner or agen! curreatly responsi-
ble for the design, constuction. inspsction, (esting,
operadon, and maintenance of the piping system.

perroleurn:  crude cil, condensate, patural gasoline. nat-
ural gas liquids, liquefied petroleura gas, and liquid
petroleurn products.

pipe:  atube, usually cylindrical, used for conveving a
fluid or trapsmitting fluid pressure, normally designated
“'pipe’’ in the applicable specification. It also includes
any similar component designated as ‘‘tubing”” used
for the same purpose. Types of pipe, according to the
method of manufacture, are defined as follows.

(a) electric resistance welded pipe: pipe produced
in individual lengths or in continuous lengths from
coiled skelp, having a longitudinal or spiral butt joint
wherein coalescence is produced by the heat obtained
from resistance of the pipe to the flow of electric
current in a circuit of which the pipe is a part, and
by the application of pressure.

(b) furnace lap welded pipe: pipe hzving a longitudi-
nal lap joint made by the forge welding process wherein
coalescence is produced by heating the preformed tube
to welding temperature and passing it over a mandrel
located berween two welding rolls which compress and
weld the overlapping edges.

(¢} furnace burt welded pipe

(1) furnace butt welded pipe, bell welded: pipe
produced in individual lengths from cut-length skelp,
having its longitudinal butt joint forge welded by the
mechanical pressure developed in drawing the furnace
heated skelp through a cone-shaped die (commonly
known as the “welding bell”) which serves as a com-
biped forming and welding die.

(2) furnace burt welded pipe, continuous welded:
pipe produced in continuous lengths from cotled skelp
and subsequently cut into individual lengths, having
its longitudinal butt joint forge welded by the mechanical
pressure developed in rolling the hot formed skelp
through a set of round pass welding rolls.

(d) electric fusion welded pipe: pipe having a longitu-
dinal or spiral butt joint wherein coalescence is produced

in the preformed tube by manual or automatic electric )
P Y

arc welding. The weld may be single or double and
may be made with or without the use of filler metal.
Spiral welded pive is also made by the electric fusion
welded process with either a lap joint or a lock-
seam jolnt.

(e) electric flash welded pipe: pipe having a longitu-
dinal butt joint wherein coalescence is produced simulta-
neously over the endre area of aburtting surfaces by

T A LI T TLML RIN TTE S v et ey aparme e L
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L12 heat obtained from resistance wc the fiow of electic
current berween the two surfaces. and by the application
of pressurs after heating is substandally completed.
Flashing and Upsetung are accompanied by expulsion
ot metal from the-joint. - :

(fs doubie submerged crc welded Dpipe: pipe having
2 lorgitudinal or spiral bur joint produced by at least
two passes, one of which is on the inside of the pipe.
Coalescence is produced by heating with an electric
arc or arcs between the bare metal electrode or electrodes
and the work. The welding is shielded by a blanket
of granular, fusible material on the work. Pressure is
not used and filler metal for the inside and outside
welds is obtained from the electrode or electrodes.

(g) seamless pipe: pipe produced by piercing a billet
followed by rolling or drawing, or both.

(hj electric induction welded pipe: pipe produced in
individual lengths or in continuous lengths from coiled
skelp having a longitudinal or spiral butt joint wherein
coalescence is produced by the heat obtained from
resistance of the pipe to induced electrc current, and

by application of pressure.

pipe nominal wall thickness: the wall thickness listed
in applicable pipe specifications or dimensional stan-
dards included in this Code by reference. The listed
wall thickness dimension is subject to tolerances as
given in the specification or standard.

pipe supporting elemenis: pipe suppordng elements
consist of fixtures and structural attachments as follows.

{a) foxtures: fixtures include elements which transfer
the load from the pipe or structural attachment to the
supporung structure or equipment. They include hanging
vpe fixtures such as hanger rods, spring hangers,
sway braces, counterweights, turnbuckles, struts, chains,
guides and anchors, and bearing type fixtures such as
saddles, bases, rollers, brackets, and sliding supports.

(b) structural antachments: structural attachments in-

clude elements which are welded, bolted, or clamped
to the pipe, such as clips, lugs, nngs, clareps, clevises,
swaps, and skirts.

pressure: unless otherwise stated, pressure is ex-
pressed In pounds per square inch (bar) above atmo-
srherc pressure, ie., gage pressure as abbreviated
psig (bar).

shall:  “shall” or “shall not” is used to indicate that
& provision is mandatory.

snowid:  “should” or “it is recommended” is used to
ndicate that a provision is mot mandatory Sut recom-
mended as good practice.

ASME B31.4-2002

soil liquefacrion:  a soll condition. tvpically caused bv
dyraraic cyclic loading te.g.. 2arthquake, waves) where
the effectuve shear swength of the soil is reduced such
that the soil exhibits the preperties of a hHquid.

span:  a secton of pipe that is unsupported

lemperatures:  are expressed in degrees Fahrenheit (°F)
unless otherwise stated.

weight coating: any coating applied to the pipeline
for the purpose of increasing the pipeline specific
gravity.

arc welding*: a group of welding processes wherein
coalescence is produced by heating with an electric
arc or arcs, with or without the application of pressure
and with or without the use of filler metal.

awornazic welding*: welding with equipment which
performs the entire welding operation without constant
observation and adjustment of the controls by an opera-
tor. The equipment may or may aot perform the loading
and unloading of the work.

fllet weld*:  a weld of approximately triangular cross
section joining two surfaces approximately at right
angles to each other in a lap joint, tee joint, or
corner joint.

Jull filler weld*:  a fillet weld whose size is equal to
the thickness of the thinner mermber joined.

gas welding*:  a group of welding processes wherein
coalescence is produced by heating with a gas flame
or flames, with or without the application of pressure,
and with or without the use of Aller metal.

gas metal arc welding*: an arc welding process
wherein coalescence is produced by heatng with an
electric arc between a filler metal (consumable) electrode
and the work. Shielding is obtained from a gas, a gas
mixture (which may contain an inert gas), or a mixture
of a gas and a flux. (This process has sometimes been
called Mig welding or CO, welding.)

&as mungsten arc welding*: an arc welding process
wherein coalescence is produced by heating with an
electric arc between a single tupgsten (nonconsumable)
electrode and.the work. Shielding is obtained from a
gas or gas mixture (which may contain an inert gas).
Pressure may or may not be used and filler metal may
or may not be used. (This process 1as sometimes been
called Tig welding.)

semiautomatic arc welding™: arc welding with ecuip-
ment whick controls only the filler metal feed. The
advance of the welding is manually controlled.

v e
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shieided metal arc welding=: an arc welding process
wherein coalescence 1s produced by heatng with an
electric arc berween a covered metal electrode and the
work. Shielding is obtained from decomposition of the

..e—.—_electrode covering. Pressure is not used and filler metal

)

is obtained from the electrode.

submerged arc welding*: an arc welding process
wherein coalescence is produced by heating with an
electric arc or arcs between a bare metal electrode or
electrodes and the work. The welding is shielded by
a blanket of granular, fusible material on the work.
Pressure 1s not used, and filler metal is obtained from
the electrode and sometimes from a supplementary
welding rod.

tack weld*: a weld made to hold parts of a weldment
in proper alignment until subsequent welds are made

4002

weld=:  a localized coalescence of metal wherein co-
alescence is produced by heatng to suitable tempera-
tures, with or without the application of pressure, and
with or without the use of filler metal. The filler metal
shall have a melting point approximately the same as
the base metal.

welder=: one who is capable of performing a manual
or semiautomatic welding operation.

welding operator*: one who operates machine or auto-
matic welding equipment.

welding procedures*: the detailed methods and prac-
tices including joint welding procedures involved in
the productior of a weldment.
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CHAPTER II

PART 1
CONDITIONS AND CRITERIA

401 DESIGN CONDITIONS

401.1 General

Paragraph 401 defines the pressures, temperatures,
and various forces applicable to the design of piping
systems within the scope of this Code. It also takes into
account considerations that shall be given to ambient and
mechanical influences and various loadings.

401.2 Pressure

401.2.2 Internal Design Pressure. The piping com-
ponent at any point in the piping system shall be
designed for an internal design pressure which shall
not be less than the maximum steady state operating
pressure at that point, or less than the static head
pressure at that point with the line i a static condition.
The maximum steady state operating pressure shall be
the sum of the static head pressure, pressure required
to overcome friction losses, and any required back
pressure. Credit may be given for hvdrostatic external
pressure, 1n the appropriate manner, in modifying the
internal design pressure for use in calculations involving
the pressure design of piping components (see para.
404.1.3). Pressure rise above maximum steady state

operatng pressure due to surges and other variatons -

from normal operations is allowed in accordance with
para. 402.2.4.

401.2.3 External Design Pressure. The piping cor-
ponent shall be designed to withstand the maximur
possible differential between external and internal pres-
sures to which the component will be exposed.

401.3 Temperature

401.3.1 Design Temperature. The design temperza-
ture is the metal temperature expected in normal opera-
ton. It is not necessary to vary the design swess for
metal temperatures between —20°F (-30°C) and 250°F
(2120°C). However, some of the matenals conforming
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to specifications approved for use under this Code may
not have propertes suitable for the lower portion of
the temperature band covered by this Code. Engineers
are cautioned to give attenton to the low temperature
properties of the materials used for facilities to be
exposed to unusually low ground temperatures, low
atmospheric temperatures, or transieat operating condi-

uons.

401.4 Ambient Influences

401.4.2 Fluid Expansion Effects. Provision shall be
made in the design either to withstand or to relieve
increased pressure caused by the heatng of static fluid
in a piping component.

401.5 Dynamic Effects

401.5.1 Impact. Impact forces caused by either exter-
nal or internal conditions shall be considered in the
design of piping systems.

401.5.2 Wind. The effect of wind loading shall be
provided for in the design of suspended piping.

401.5.3 Earthquake. Consideration in the -design
shall be given to piping systems located in regions
where earthquakes are known to occur.

401.5.4 Vibration. Stress resulting from vibraton
or resonance shall be considered and provided for in
accordance with sound engineering practice.

401.5.5 Subsidence. Consideration in the design shall
be given to piping systems located in regions where
subsidence is known to occur.

401.5.6 Waves and Currents. The effects of waves
and cuments shall be provided for in the design of
pipelines across waterways.

401.6 Weight Effects

The following weight effects combined with loads
and forces from other causes shall b= taken into account
in the design of piping that is expcsed, suspended, or
not supported continuously.

{
'
i
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401.6.1 Live Loads. Live loads include the weight
of the liquid tansported and any other exwraneous
materials such as ice or snow that adhere to the pipe.
The impact of wind, waves, and currents are also

401.6.2 Dead Loads. Dead loads include the weight
of the pipe, components, coating, backfill, and unsup-
ported attachments to the piping.

401.7 Thermal Expansion and Contraction Loads

Provisions shall be made for the effects of thermal
expansion and contraction in all piping systems.

401.8 Relative Movement of Connected Components

The effect of relative movement of connected compo-
nents shall be taken into account in design of piping
and pipe supporting elements.

402 DESIGN CRITERJIA

402.1 General

Paragraph 402 pertains to ratings, stress criteria,
design allowances, and minimum design values, and
formulates the permissible variations to these factors
used in the design of piping systems within the scope
of this Code.

The design requirements of this Code are adequate
for public safety under conditions usually encountered
in piping systems within the scope of this Code, includ-
ing lines within villages, towns, cites, and industrial
areas. However, the design engineer shall provide rea-
sonable protection to prevent damage to the pipeline
from unusual external conditions which may be encoun-
tered in river crossings, inland coastal water areas.
bridges, areas of heavy traffic, long self-supported spans,
unstable ground, vibration, weight of special attach-
meants, or forces resulting from abnormal thermal condi-
tions. Some of the protective measures which the design
engineer may provide are encasing with steel pipe of
larger diameter, adding concrete protective coating,
iccreasing the wall thickness, lowering the line to a
greater depth, or indicating the presence of the line
with additional markers.

402.2 Pressure-Temperature Ratings for Piping
Components

402.2.1 Components Having Specific Ratings.
Within the metal temperature limits of -20°F (=30°C)
to 250°F (120°C), pressure ratings for components shall
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conform o those stated for 100°F (40°C) in material
standards listed in Table 423.1. The nonmetallic trim,
packing, seals, and gaskets shall be made of materials
which are not injuriously atfected bv the fiuid in the
piping system and shall be capable of withstanding the
pressures and temperatures to which thev will be sub-
jected in service. Low temperatures due tc pressure
reduction situations, such as blow downs and other
events, skall be considered when designing carbon
dioxide pipelines.

402.2.2 Ratings — Components Not Having Spe-
cific Ratings. Piping components not having established
pressure ratings may be qualified for use as specified
in paras. 404.7 and 423.1(b).

402.2.3 Normal Operating Conditions. For aormal
operation the maximum steady state operatng pressure
shall not exceed the internal design pressure and pressure
ratings for the components used.

402.2.4 Ratings — Allowance for Variations From
Normal Operations. Surge pressures in a liquid pipeline
are produced by a change in the velocity of the moving
sweam that results from shutting down of a pump
station or pumping unit, closing of a valve, or blockage
of the moving stream.

Surge pressure attenuates (decrezses in intensity) as
it moves away from its point of origin.

Surge calculations shall be made, and adequate con-
trols and protective equipment shzll be provided, so
that the level of pressure mise due to surges and other
variations from normal operations shall not exceed the
internal design pressure at any point in the piping
system and equipment by more thzn 10%.

402.2.5 Ratings — Considerations for Different
Pressure Conditions. When two lines that operate at
different pressure conditions are connected, the valve
segregating the two lines shall be rated for the more
severe' service condition. When a line is connected to
a piece of equipment which operates at a higher pressure
condition than that of the line, the valve segregating
the line from the equipment shall be rated for at least
the operating condition of the equipment. The piping
between the more severe conditions and the valve shall
be designed to withstand the operating conditions of
the equipment or piping to which it is connected.

402.3 Allowable Stresses and Other Stress Limits

402.3.1 Allowable Stress Values
{a) The allowable stress value S to be used for
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calculations ir para. 404.12 for mew pipe of
specificanion shall be estzbiished as foliows:

des:an

knowrn

§ = 0.72 x E X specified minimum
vield srength of the pipe, psi (MPa) - -

where

0.72 = design factor based on nominal wall thick-
ness. In setting design factor, due consider-
ation has been given to and allowance has
been made for the underthickness tolerance
and maximum allowable depth of imperfec-
tons provided for in the specifications ap-
proved by the Code.
weld joint factor (see para. 402.4.3 and
Table 402.4.3)

Table 402.3.1(a) is a tabulation of examples of
allowable stresses for reference use in wansportation
piping svstems within the scope of this Code.

(b) The allowable stress value S to be used for
design calculations in para. 404.1.2 for used (reclaimed)
pipe of known specification shall be in accordance with
(a) above and limitations in para. 405.2.1(b).

tc) The allowable stress value § to ke used for
desigr. calculations in para 404.1.2 for pew or used
(reciaimed) pipe of unknown or ASTM A 120 specifica-
uon shall be established in accordance with the follow-
ing and Lmitations in para. 405.2.1(c).

E =

5 =072 x E X minimum yield strength of the pips,
pst (MPa) [24,000 psi (165 MPa)] or vield strength
determined in accordance with paras. 437.6.6 and
437.6.7]

where

-0.72 = design factor based on nominal wall thick-
ness. In setting design factor, due consider-
ation has been given to and allowance has
been made for the underthickness toierance
and maximum allowable depth of imperfec-
tions provided for in the specifications ap-

proved by the Code.
E = weld joint factor (see Table 402.4.3)

(d; The allowable stress value S to be used for
design calculations in para 404.1.2 for pipe which has
been cold worked in order to meet the specified mini-
mum yield strength and is subsequently heated to 600°F
(300°C) or higher (welding expected) shall be 75% of
the applicable allowable stress vaiue as determined bv
para. 4023.1(2), (b), or (c).

(e) Allowable stress values in shear shall not exceed
45% of the specified minimum vield swength of the
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pipe. and allowable stress vajues in bearing shall not
excesd 90% of the specified minimum vield swength
of the pipe.

(i Aliowable tensile and compressive stress values
for materials used in stuctural supports and restraints
sball pot excesd 66% of the specified minimum yield
swength. Allowable stress values in shear and bearing
shall not exceed 45% and 90% of the specified minimum
yield streagth, respectvely. Steel materials of unknown
specifications may be used for structural supports and
restraints, provided a vield strength of 24.000 psi (165
MPa) or less is used.

() In no case where the Code refers to the specified
minimum value of a physical property shall a higher
value of the property be used in establishing the allow-
able swess value.

402.3.2 Limits of Calculated Stresses Due to
Sustaiued Loads and Thermal Expansion

(a) Internal Pressure Stresses. The calculated stresses
due to internal pressure shall not exceed the applicable
allowable stress value S determinsd by para. 402.3.1
(a), (b), (c), or (d) except as permitted by other subpara-
graphs of para. 402.3. A

(b) External Pressure Stresses. Stresses due to exter-
nal pressure shall be considered safe when the wall
thickness of the piping components meets the require-
ments of paras. 403 and 404.

(c) Allowable Expansion Stresses. The allowable
stress values for the equivalent tensile stess in para.
419.6.4(b) Tor restrained lines shal not exceed 909
of the specified minimum yield swength of the pipe.
The allowable stress range S, in para. 419.6.4(c) for
unrestrained lines shall not exceed 72% of the specified
minimum yield strength of the pipe.

(dj Addinve Longitudinal Stresses. The sum of the
longitudinal stresses due to pressure. weight, and other
sustained external loadings [see para. 419.6.4(c)] shall
not exceed 75% of the allowable stress value specified
for S4 in (¢ above.

(e) Effective Stresses. The sum of the circumfereatial,
longitudinal, and radial stesses from internal design
pressure and external loads in pipe installed under
railroads or highways, as combined in API RP 1102
shall not exceed 0.90 SMYS (specifc minimum vield
swength). Loads shall include earth load, cyclic rail
load, and thermal stresses.

402.3.3 Limits of Calculated Stresses Due to
Occasional Loads

(a) Operanon. The sum of the longitudinal stresses
produced by pressure, live and dead loads, and those

02

y

ne rsere pun

oy,

Rl L L TS TR AU,

% )




)

ASME B31.4-2002

TABULATION O

TABLE 402.3.1(a)

SYSTEMS WITHIN THE SCOPE OF THIS CODE

T EXAMPLES OF ALLOWABLE STRESSES FOR REFERENCE USE IN PIPING

W@

Specified Min.
=~ - Yield Strength,

Allowab € Stress Value 5,
—20°F to 250°F ¢-3C°C to 120°C:,
psi {(MPa)

Specification Grade psi (MPa) Weld Joint Factor £
Seamiess
LED 5L R2E 25,000 (172) 1.CO 18,000 (124)
API 5_, ASTM A 53, ASTNM A 106 - 30,000 {207) 1.00 21.600 (149)
LP] EL, ASTM A 53, ASTM A 106 E 25,000 (241) 1.0C 25,200 (174)
API 5_ X42 42,000 (289) 1.0C 30,250 (208)
API 5L X46 46,000 (317) 1.00 33,100 (228)
APL 2L X532 52,000 (358) 1.00 37,450 (258)
AFT S0 X356 56,000 (386) 1.00 40,300 {278)
AFL 3L X62 60,000 (413) 1.00 43,200 (298)
APl S5 Xo3 65,000 (448 1.00 46.80C (323)
API 5L X735 70,000 (482; 1.03 50.40C (347)
API 5L X80 80,000 (551! 1.00 57 600 (397)
ASTM A 106 c 40,000 (278) 1.02 28 800 (199)
ASTM A 335 & 35,000 (241) 1.03 25 000 (174)
ASTN ASZ4 I 35,000 (242) 1.09 25 20C (174)
ASTM A =24 K 30.000 (207) 1.00 21,600 (149:
Furnace Butt Weided, Continuous Welded
ASTM A EZ A 25,000 (172) Cc.60 10,800 (74}
APl 3 Classes I and [I A2S 25,000 (172) 0.60 10,800 (74)
Electric Resistance Welded and Electric Flash Welded
API 5L A2% 25,000 (172) 1.00 18,000 (124)
API 5L, ASTM £ 53, ASTM A 135 A 30,000 (207} 1.00 21,600 (149)
API 5L, ASTM A 53, ASTM A 135 E 35,000 (241) 1.00 25,200 (174}
APISL Xa2 42,000 (239) 1.00 30,250 (2C8}
API 5L X46 46,000 (317) 1.0C 33,100 (228}
LPI 5L Xs2 52,000 (358) - 1.0C 37,450 (288)
API 5L Xse 56,000 (336) 1.0C 40,300 (279)
API 5L - Xo60 60,000 (413) 1.0C 43,200 {297)
API 5L Xe5 £5,000 (448) 1.0C 46,300 (323)
LPI BL X70 70,000 (482) 1.0C £0.400 {347}
ADT 5L X80 80,000 (£51) 1.0C €7 400 (397}
ASTAN & 323 6 35,000 (241) 1.00 25 000 (174)

11

{continued)
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t
TABLE 402.3.1(a) (CONT'D)
TABULATION OF EXAMPLES OF ALLOWABLE STRESSES FOR REFERENCE USE IN PIPING
SYSTEMS WITHIN THE SCOPE OF THIS CODE
Specified Min. Allowable Stress Vaiue S,
e ——— © Yied Strength, —20°F to 250°F (~30°C to 120°C),
Specification Grage psi (MPa) Weid Joint Factor £ psi (MPa;
Eiectric Fusior Welded
ASTM A 134 0.80
ASTM A 139 A 30,000 (2G7) 0.80 17,300 (119)
ASTM & 139 B 32,000 (241) 0.80 20,150 (2139)
ASTM A 671 Note (1) 1.00 [Notes (2), (3)] . (
ASTNM A 671 Note (1) 0.70 [Note (4)] -
ASTM A 672 Note (1) 1.00 [Notes {2), (3)
ASTM A €72 Note (1) 0.80 [Note (4)]
Submerged Arc Welded
API 5L A 3C,000 (207) 1.00 21,600 (149}
API sL B 35,000 (241) 1.00 25,200 (174,
API SL X42 42,000 (289) 1.00 30,250 (208)
AP] sSL X46 46,00G (317) 1.00 33,100 (228)
AP] 5L X52 52,000 (358) 1.00 37,450 (258)
API 5L X56 56,000 (386) 1.00 40,300 (278) i
APl SL X60 60,000 {413) 1.00 43,200 (298) ;
APl 5L XeS 65,000 (448) 1.00 46,800 (323) {
APl 5. X7¢ 70,000 (482) 1.00 50,400 (347) !
API 5L X80 80,000 (551) 1.0 57,600 (397) [’
ASTI A 381 Y35 35,000 (241) 1.00 25,200 (1749)
ASTM £ 381 Y42 42,000 (290) 1.00 30,250 (209)
ASTM A 382 Yab 46,000 (317) 1.00 33,100 (228)
ASTM A 382 Y48 48,000 (331) 1.00 34,550 (238)
ASTNM A 381 Y50 50,000 (345) 1.00 36,000 (248)
ASTM A 381 Y52 52,000 (358} 1.00 37,450 (258)
ASTM A 381 Yé60C 60,000 (413) 1.00 43,200 (298)
ASTM A 381 Y65 65,000 (448) 1.00 46,800 (323) (5 g
- ®

GENERAL NQTES:
(a) Allowabie stress values S shown in this Table are equal to C.72 £ (weld joint facto~) x specified minimum yield strength of the pipe.

(b} Altowable stress values shown are for new pipe of known specification. Allowble stress values for new pipe of unknowr specification, ASTM
A 120 specification, or used (reclaimed) pipe shall be determined in accordance with para. 402.3.1.

(¢} For some Code computations, particularly with regard to branch connections [see para. 404.3.1(d)(3)] and expansian, flexibility, structural
attachments, supports, and restraints (Chapter II, Part 5), the weld joint factor £ need not be considered.

(d} For specified minimum yield strength of other grades in approved specifications, refer to that particular specification. .|

(e; Allowable stress value for cold worked pipe subsequently heazed to 600°F (300°C) or higher (welding excepted) shall be 75% of the value

listed in Table.
7) Definitions for the various types of pipe are given in para. 4G0.2.
) Mezric stress leveis are given in MPa (1 megapascal = 1 million pascals).

(3
NOTES:
(1) See applicable plate specification for Yield point and refer to para. 402.3.1 for calculation of S
(2) Factor agplies for Classes 12, 22, 32, 42, anc 52 enly.

(3% Radiograpny must be parformed afier hea! treaument.

(2) Facztor applies for Classes 13,23, 33, 43, anc 5= only.
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produced by occasional loads, such as wind or earth-
quake. shall not exceed 80% of the specified rinimum
vield sength of the pipe. It is not necessary to consider
wind and earthquake as occurring concurrently.

b} Test. Suesses due to test conditions are not
subject to the limitations of para. 402.3. It is pot
necessary to consider other occasional loads, such as
wind and earthquake, as occurring concurreny with
the live, dead, and test loads existing at the tme of test.

402.4 Allowances

402.4.1 Corrosion. A wall thickness allowance for
corrosion Is not required if pipe and components are

protected against corrosion in accordance with the -

requirements and procedures prescribed in Chapter VIII.

402.4.2 Threading and Grooving. An allowance for
thread or groove depth in inches (mm) shall be included
in A of the equation under para. 404.1.1 when threaded
or grooved pipe is allowed by this Code (see parz. 414).

402.4.3 Weld Joint Factors. Longitudinal or spiral
weld joint factors £ for various types of pipe are listed
in Tabie 402.4.3.

402.4.5 Wall Thickness and Defect Tolerances.
Wall thickness tolerances and defect tolerances for pipe
shall be as specified in applicable pipe specifications
or dinensional standards included in this Code by
reference in Appendix A.

402.5 Fracture Propagation in Carbon Dioxide
Pipelies

4025.1 Design Considerations. The possibility of
brittle and ductile propagating fractures shall be consid-
ered in the design of carbon dioxide pipelines. The
design engineer shall provide reasonable protection to
limit the occurrence and the length of fractures through-
out the pipeline with special consideration at river
crossings, road crossings,”and -other-appropriate areas
or intervals.

402.3.2 Brittle Fractures. Brittle fracture propaga-
Uon shall be prevented by selection of a pipe steel
which fractures in a ductile manner at operating tempera-
tures. API 5L supplementary requirements or similar
specificatons shall be used for testing requirements to
easure the proper pipe stes] selection.

402.2.3 Ductilé Fractures. Ductle fracture propaga-
tion shall be minimized by the selection of a pipe
steel with appropriate fracture toughness and/or by
the instaliator of suitable fracture arrestors. Design

4023.3-404.1.1

considerarion shall include pips diameter, wali thicknass,
fracre toughness, vield swength, orerading pressure,
re, and the decompression character-

operaiung lemperan

istics of carbon dioxide and its associated impurities.

PART 2
PRESSURE DESIGN OF PIPING
COMPONENTS

403 CRITERIA FOR PRESSURE DESIGN OF
PIPING COMPONENTS

The design of piping components, considering the
effects of pressure, shall be in accordance with para.
404. In addition, the design shall provide for dynamic
and weight effects included in para 401 and design
criteria in para. 402.

404 PRESSURE DESIGN OF COMPONENTS

404.1 Straight Pipe

404.1.1 General

(a) The nominal wall thickness of straight sectons
of steel pipe shall be equal to or greater than r,
determined in accordance with the following equaton.

L, =1+A

(b) The notations described below are used in the
equations for the pressure design for straight pipe.

t» = nominal wall thickness satisfying requirements
for pressure and allowances

! = pressure design wall thickness as calculated
in inches (mm) in accordance with para.
404.1.2 for internal pressure. As noted under
para. 402.3.1 or para. A402.3.5, as applicable,
In setting design factor, due consideration has
been given to and allowance has been made
for the underthickness tolerance and maximum
allowable depth of imperfections provided for
iz the specifications approved by the Code.

A = sum of allowances for threading and grooving
as requirsd under para 402.4.2, corrosion as
required under para. 402.4.1, and increase in
wall thicsmess if used as protective measure
under ‘para. 402.1.

P; = internal design gage pressure (s=e para.
401.2.2), psi (bar)

D = outside diameter of pipe, in. (mm)

Ctauet e
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TABLE 402.4.3
WELD JOINT FACTOR £

L PP Y AWJ
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Specification Nc.

Pipe Type [Note (1)

Weid Jeint Factor £

ASTM A 33 Seamiess
Eiectric resistance welced
Furnace butt weided
ASTM A 106 Scamiess
ASTM A 134 Electric fusion (arc) weided
ASTM A 135 Electric resistance welded
ASTM A 139 E ectric fusion (arc) welded

ASTM A 333

ASTNM A 331

ASTM A 671

Seamless
Electric resistance weld

Doubie submerged arc welded

Eisctric fusion we.ded

ASTM A 672 Eiectric fusion weided
API 5L Seamless
Eiectric resistance weidec
Electric induction welded
Submerged arc weigec
Furmace butt waided, continucus weic2d
Known Known
Unknown Seamiess
Unknown Efeztric resistance welaed
Unknown Eleczric Fusion weloed
Unknown Over NPS 4
Unknown NPS 4 and smaiter

- 1.00
l1.00
0.60

l.0¢
0.80
1.00

C.EC

1.00
1.00

1.00

1.00 [Notes (2], (3):

0.80 [Note (4)Z

1.00 [Notes {2), (3}
0.80 [Note ()]

1.00
1.0¢
1.00
1.00
C.eC

Note (5)

1.00 [Note {0l
1.00 [Note {v!]
0.80 [Noe (&)]
0.80 [Note (7.3
0.60 [Note (81]

-

]

NGTES:

(1) Definitions for the various pipe types (welid joints} are given in para. 40C.2.

(2

Factor applies for Classes 12, 22, 32, 42, and 52 oniy.

(3) Radiography must be performed after heat treatment.

(4] Factor applies for Classes 13, 23, 33, 43, and 53 only.
(5) Factors snown above apply for new o~ used (reciaimed) pipe if pipe specification and pipe type are <nown.
(6) Factorappiies for new or usea pipe of unknown specification and ASTM A 120 if type of weld joint is known.
{7) Factor applies for new or used pipe of unknawn specification and ASTM A 120 or for pipe over NPS

4 if type of. jont is unknown.

(8) Factor applies for new or used pipe of unknown specification and ASTM A 120 or for pipe NPS 4 and

smaller if type of joint is unknown.

§ = applicable allowable stress value, psi (MPa),
in accordance with para. 402.3.1(z), (b), (¢},
or (d)

404.1.2 Straight Pipe Under Internal Pressure.

The internal pressure design wall thickness 7z of steel
pipe shall be calculated by the following equation.

404.1.3 Straight Pipe Under External Pressure.

Pipelines within the scope of this Code may be subject
to conditions during construction and operation where

2 s A ——
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the external pressure exceecs the internal pressure (vac-
pum within the pipe or pressure outside the pipe
when submerged). The pipe wall selected shall provide
adequate swrength to prevent collapse. taking into consid-
eration mechanical propertes, varjations in wall thick-
ness permitted by material specifications, ellipticity (out-
of-roundness), bending stresses, and external loads (see
para. 401.2.2).

404.2 Curved Segments of Pipe

Changes in direction may be made by bending the
pipe in accordance with para. 406.2.1 or installing
factory made bends or elbows, in accordance with para.
406.2.3.

404.2.1 Pipe Bends. The wall thickness of pipe
before bending shall be determined as for straight pipe
in accordance with para. 404.1. Bends shall meet the

flantening limitations of para. 434.7.1.

404.2.2 Elbows

(z) The minimum metal thickness of flanged or
threaded elbows shall not be less than specified for the
pressures and temperatures in the applicable American
National Standard or the MSS Standard Practice.

(b) Steel butt welding elbows shall comply with
ASME B16.9, ASME B16.28, or MSS SP-75 and shall
have pressure and temperature ratings based on the
same saess values as were used in establishing the
pressure and temperature limitatdons for pipe of the
same or equivalent materials.

404.3 Intersections

404.3.1 Branch Connections. Branch cononections
mav be made by means of tees, crosses, integrally
reinforced extruded outlet headers, or welded connec-
tions. anc shall be designed in accordance with the
following requirements.

(a, Tees and Crosses

/1) The minimum metal thickness of flanged or

threaded tees and crosses shall not be less than specified
for the pressures and temperatures in the applicable
American National Standard or the MSS Standard

A, a
Cule.

2) Steel butt welding tees and crosses shall com-
plv with ASME B16.9 or MSS SP-75 and shall have
pressure and temperature ratings based on the same
stress values as were used in establishing the pressure
and temperature limitatons for pipe of the same or
equivalent material.

(3) Steel butt welding tees and crosses may be
used for all rados of branch diameter to header diameter

404.13-4043.1

and all ratos of design hoop swess to specified minimum
vield sength of the adjoining header and branch pipe.
provided they comply with (1) above.

(b) Integrally Reinforced Extruded Outler Headers

(1) Integrally reinforced exmuced oudet headers
may be used for all rados of branch diameter to header
diameter and all ratios of design hoop stress to specified
minimurn vield stength of the joining header and
branch pipe, provided they comply with (2) through
(8) immediately following.

(2) When the design meets the limitations om
geometry coatained herein, the rules established are
valid and me=et the intent of the Code. These rules
cover minimum requirements and are selected to assure
satisfactory performance of extruded headers subjected
to pressure. In addition, however, forces and moments
are usually applied to the branch by such agencies as
thermal expansion and contraction, by vibraton, by
dead weight of piping, valves and fittings, covering
and contents, and by earth sertlement. Consideration
shall be given to the design of exmuded header to
withstand these forces and moments.

(3) Definition

(a) An extruded outlet header is defined as a
header in which the extruded lip at the outlet has a
height above the surface of the header which is equal
to or greater than the radius of curvatre of the external
contoured portion of the outet, ie. kh, 2 r, See
nomenclature and Fig. 404.3.1(b)(3).

(b) These rules do not apply to anv nozzZle in
which additional nonintegral material is applied in the
form of rings. pads, or saddles.

(c} These rules apply only to cases where the
axis of the outlet intersects and is perpendicular to the
axis of the header.

(4) Notaiion. The notation used herein 1s illustrated
in Fig. 404.3.1(b)(3). All dimensions are in inches
(mm).

d = outside diameter of branch pipe
internal diameter of branch pipe

il

c

D = outside diameter of header
D, = internal diameter of header
D, = internal diameter of extruded outlet measured

)

: at the level of the outside surface of header
h, = height of the exmruded lip. Th.is must be equal
to or greater than r, excedt as shown in
(4)(t) below.

L = height of the reinforcement zone
= 07 /T,
t; = required thickness of the branch pipe ac-
cording to the wall thickness equation in
para. 404.1.2
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7, = acmal nomipnal wall thickness of branch
= required thickness of the header according
to the wall thickness equation in para. 404.1.2
7; = actwal nominal wall thickness of header
finished thickness of extruded outlet measured
at a_height equal to r, above the outside
surface of the header _
half-width of reinforcement zone (equal to D,)
r, = radius of curvatre of external contoured
portion of outlet measurec in the plane con-
taining the axes of the header and branch.
This is subject to the following lLimitations.
{a}) Minimum Radius. This dimension shall
not be less than 0.054, except that on branch
diameters larger than NPS 30 it need not
exceed 1.50 in. (38 mm).
(b) Maximum Radius. For outlet pipe sizes
NPS & and larger, this dimension shall not
exceed 0.10d + 0.50 in. (13 mm). For outlet
pipe sizes less than NPS 8, this dimension
snall not be greater than 1.25 in. (32 mm).
(c) When the external contour contains
more than one radius, the radius of any arc
sector of approximately 45 deg. shall meet
the requirements of (a) and (b) above.
(d) Machining shall not be emploved in
order to meet the above requirements.
(3) Required Area. The required area is cefined
as A = K(1,D,), where K shall be taken as follows:
{a) for d/D greater than 0.60, X = 1.00;
(b) for &/D greater than 0.15 and not exceeding
0.60, K = 0.6 + %d/D;,
(c) for d/D equal to or less than 0.15, K = 0.70.
The design must meet the criteria that the reinforce-
ment area defined in (6) below is not less than the
required area.
(6) Reinforcement Area. The reinforcement area
shall be the sum of areas A; + A, + A3 as defined

below.

|

,
W
I

(a) Area A,. The area lving within thé reinforce-
ment zone resulting from any excess thickness available
in the header wall, i.e.,

Ay = Da (Th ~ 9]

(b) Arec A:. The area lying within the reinforce-
ment zone resulting from any excess thickness available
in the branch pipe wall, ie,

Ay = 2L (T, ~ 1)

{c) Areac A:. The area lying within the reinforce-

40421

ment zone resulting from excess thickness available in
the extruded oudet lip, i.e.,

A3 = 27‘, (To - T‘,)

(7) Reinforcement of Mulriple Openings. The re-
quirements oulined in para. 404.3.1{e} shall be fol-
lowed, except that the required area and reinforcement
shall be as given in (5) and (6) above.

(8) The manufacturer shall be responsible for es-
tablishing and marking on the sectior containing ex-
truded outlets, the design pressure and temperature,
‘‘Established uader provisions of ASME B31.4,”” and
the manufacturer’s name or trademark.

(c) Welded Branch Connections. Welded branch con-
nections shall be as shown in Figs. 404.3.1(c)(1),
404.3.1(c)(2), and 404.3.1(c)(3). Design shall meet the
minimum requirements listed in Table 404.3.1(c) and
described by items (1), (2), (3), and (4). Where reinforce-
ment is required, items (5) and (6) shall apply.

(1) Smoothly contoured wrought tees or crosses
of proven design or integrally reinforced extruded head-
ers are preferred When such tees, crosses, or headers
are not used, the reinforcing member shall extend
completely around the circumference of the header [see
Fig. 404.3.1(c)(1) for typical constructions]. The inside
edges of the finished opening whenever possible shall
be rounded to a %5 in. (3 mm) radius. I7 the encircling
member is thicker than the header and its ends are to
be welded to the header, the ends shall be chamfered
(at approximately 45 deg.) down to a thickness not ia
excess of the header thickness, and continuous fillet
welds shall be made. Pads, partial saddles, or other
types of localized reinforcements are prohibited.

(2) The reinforcement member may be of the
complete encirclement type [see Fig. 404.3.1(c)(1)],
pad or saddle type [see Fig. 404.3.1(c}2)], or welding
outlet fitting type. Where attached to the header by
fillet welding, the edges of the reinforcement member
shall be chamfered (at approximately 45 deg.) down
to a thickness not in excess of the header thickness.
The diameter of the hole cut in the header pipe for a
branch connection shall not exceed the outside diameter
of the branch connection by more than Y, in. (6 mm).

(3) Reinforcement for branch connections with
hole cut NPS 2 or smaller is not required [see Fig.
404.3.1(c)(3) for typical details]; however, care shall
be taken to provide suitable protection against vibrations
and other external forces to which these small branch
connections are frequently subjected.

(4) Reinforcement of opening is not mandatory;
however, reinforcement may be required for cases in-

TR e e
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Optional we:d Opticna’ weid

These longitudinal

welds may be [
i located anywhere ! |
around circumference

GENERAL NOTE: GENERAL NOTE: .
Since fiuid pressure is exerted Provide hole in reinforcement to reveal

on both sides of pipe metal under tee, leakage in buried welds and to provide

the pipe metal does nat provide venting during weiding and heat
reinforcement. treatment [see para. 404.3.1(d)(8)].

Tee Type Not required for tee type.
Sleeve Type

fvlll

KZZIZD 2

.
”‘ . .
Optiona! weid %g Optionai weid Optionai weid
23 Ve
m‘§ »
) -y
A\
N

Saddle and Sieeve Type Saddle Type

GENERAL NOTE:
If the encirciing member for tee, sleeve, or saddle type is thicker than the header and its ends are to be welded 1o the

header, the ends shall be chamfered {(at approximately 45 deg.) down to a thickness not in excess of the header thickness.

FIG. 404.3.1(cX(1) WELDING DETAILS FOR OPENINGS WITH COMPLETE ENCIRCLEMENT TYPES
OF REINFORCEMENT
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Branch

or

.3 Header

4
L= = "
Pad
"::3
Same as Fig. Same as Fig.
404.3.1 (c) (3} 404.3.1 (c) (3)
or
Header
L NARANY .
Saddle
M = nominal wall thickness of pad reinfarcement Th = nominal wall thickness of header
member Wy (min.) = the smailer of T, , M, or 3/B in. (10 mm) i
M, = nominal wall thickness of saddie at branch end Wy {max.) = approx. T} i
% M, = nominal wall thickness of saddle at header end W5 {min.} = tnesmalier of 0.7 T, 0.7 M, or 1/2in. (13 mm)
N = 1/16in. (1.5 mm) (rr'.lin_), 1./8‘in. FS mrz) ‘,m,a:),(uile,ss Wy (max.) = approx. Ty, ;
back welded or backing strip is used) Wi {min.) = the smaller of 0.7 T, 0.7 My, or 1/2 in. (13 mm) ;
T, = nominal wall thickness of branch . )
W4 (min.) = the smaller of Ty, My, or 3/8 in. (10 mm)

GENERAL NOTES:

(a) All welds are to have equal leg dimensions and a minimum throat equal to 0.707 x leg dimension.

{b) If the reinforcing member is thicker at its edge than the header, the edge shall be chamfered (at
approximately 45 deg.) down to & thickness such that leg dimensions of the fillet weld shall be
within the minimum and maximum dimensions specified above.

{c) A hole shall be provided in reinfarcement to reveal leakage in buried welds and to provide venting
dunng welding and heat weatment [see para. 404.3.1{dK8)}.

? F13.404.3.1(cX2) WELDING DETAILS FOR OPENINGS WITH LOCALIZED TYPE REINFORCEMENT
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0

Branch

45 deg. min.

Tlmpmrrriaatotts,

45 deg. min.
AN 7
78RN - 2 - N
_J '  Meader Header
N -—

GENERAL NOTE:
When a welding saddie is used, it shall be inserted over this type

of connection. See Fig. 404.3.1 (c) {2).

nominal wall thickness of header

Ty =
Tp = nominal wal! thickness of branch

Wylmin) = the smaller of Ty, Tpor 3/8in. (10 mm)
N = 1/16in. (1.5 mm) (min.), 1/€ in. (3 mm)} (max.}

unless back welded or backing strip s used

FIG. 404.3.1(c)(3) WELDING DETAILS FOR OPENINGS WITHOUT REINFORCEMENT OTHER THAN
THAT IN HEADER AND BRANCH WALLS

TABLE 404.3.1(c)
DESIGN CRITERIA FOR WELDED BRANCH CONNECTIONS

Ratio of Diameter of Hole Cut for Branch Connection to Nominal

Ratio of Design Hoop Header Diameter
Stress-to Specfied
Min. Yield Strength

More than 25%

of the Header 25% or less Threugh 50% More Than 50%
20% or less 4 (4} 14)(5)
More than 20% (2)(3) (2} 11}

through 50%

More than 50% (233}

{6, The reinforcement shall be designed in accor-

dance with para 404.3.1(d).
(d) Reinforcemen: of Single Openings

(1, When welded branch connections are made to
pipe in the form of a single connection. or in a header
or manifold as a series of conrectiors, the design shall
be adequats to control the siress levels in the pipe within
safe limits. The construction shall take cognizance of
the stresses in the remaining pipe wall due to the opening
in the pipe or header, the sheer swesses produced by

volving pressure over 100 psi (7 bar). thir wall pipe,
or severe external loads.

(5) If a reinforcement member is required, and
the branch diameter is such that a localized type of
reinforcement member would extend around more than
half the circumference of the header, then a complete
encirclement type of reinforcemeat member shall be
used, regardless of the design hoop swess, or a smoothly
contoured wrought steel tee or cross of proven design
or extruded header mav be used.

.r’h‘
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the pressure acting on the area of the branch opening,
and anyv external loading due to thermal movemert
welght, vibrador, etc., and shall meet the minimum
requirements listed in Table 404.3.1{c). The following

~ paragraphs provide “design ‘rules based on the -swess

intensification created by the existence of a hole in an
otherwise symmetrical section. External loadings, such
as those due to thermal expansion or unsupported weight
of connecting pipe, have not been evaluated. These
factors should be given attention in unusual designs
or under conditions of cyclic loading.

When pipe which has been cold worked to meet the
specified mirimum yield strength is used as a header
containing single or multiple welded branch connections,
saesses shall be in accordance with para. 402.3.1(d).

(2) The reinforcement required in the crotch section
of a welded branch connection shall be determined by
the rule that the metal area available for reinforcement
shall be equal to or greater than the required cross-
sectional area as defined in (3) below and in Fig.
404 3.1(d)(2).

{3) The required cross-sectional area Az is defined
as the product of 4 times f;:

Ag = 41,

d = length of the finished opening in the header
wall measured paraliel] to the axis of the header
t, = design header wall thickness required by para.
404.1.2. For welded pipe, when the branch
does not intersect the longitdinal or spiral
weld of the header, the allowable stress value
for seamless pipe of tomparable grade may
be used in determining #, for the purpose
of reinforcement calculations only. When the
branch does intersect the longitudinal or spiral
weld of the header, the allowable stress value
S of the header shall be used in the calculation.
The allowable stress value S of the branch
shall be used in calculatng .
(4) The area available for the reinforcement shall
be the sum of:

(a, the cross-sectonal area resulting from any
excess thickness available in the header thickness (over
the minimum required for the header as defined in
para 404.1.2) and which lies within the reinforcement
area as defined in para. 404.3.1(d)(5) below;

(b) the cross-sectional area resulting from any
excess thickness available in the branch wall thickness
over the minimum thickness required for the branch

404.3.1

and which lies within the reinforcement area as defined
in para. 404.3.1(d)(3) below:

(c) the cross-sectional area of al! added reinfore-
ing metal, including weld metal, which is welded to
the header wall and lies within the reinforcement area
as defined in para. 404.3.1(d)(5) telow.

(5) The reinforcement area is shown in Fig.
404.3.1(d)(2) and is defined as a rectangle whose length
shall extend a distance d [see para. 404.3.1(d)(3)] on
each side of the transverse centerline of the finished
opening and whose width shall extend a distance of
2", times the header wall thickness from the outside
surface of the header wall, except that in no case shall
it extend more than 2Y% times the thickness of the
branch wall from the outside surface of the header or
of the reinforcement if any.

(6) The material of any added reinforcement shall
have an allowable working stress at least equal to that
of the header wall, except that material of lower allow-
able stress may be used if the arsa is increased in
direct ratio of the allowable stressss for header and
reinforcement material respectively.

{7) The material used for ring or saddle reinforce-
ment may be of specifications differing from those of

. the pipe, provided the cross-sectional area is made in

correct proportions to the relative strength of the pipe
and reinforcement materials at the operating tempera-
tures, and provided it has weiding qualities comparable
to those of the pipe. No credit shal be taken for the
additional strength of material baving a higher swrength
than that of the part to be reinforced.

(8) When rings or saddles are used which cover
the weld between branch and header, a vent hole shall
be provided in the ring or saddle to reveal leakage in
the weld between branch and header and to provide
venting during welding and heat treating operations.
Vent holes shall be plugged during service to prevent

" crevice corrosion between pipe and reinforcing member,
" but no plugging material shall be uszd that would be

capable of sustaining pressure within the crevice.

(9) The use of ribs or gussets shall not be consid-
ered as contributing to reinforcement to the braach
connection. Tais does not prohibit the use of ribs or
gussets for purposes other than reinforcement, such as
stiffening.

(10) The branch shall be attached by a weld for

the full thickness of the branch or header wall plus a -

fillet weld W; as shown in Figs. 404.3.1(c)(2) and
404.3.1(c)(3). The use of concave fillet welds is to be
preferred to minimize corner stress concentration. Ring
or saddle reinforcement shall be artached as shown by

PrrTIerey
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“Area of reinforcement” enclosed by — — — lines

Reinforcement area required A, = dt,
Area available as reinforcement = A, + A+ A

A ={T,-t)d
A, =2(T,-t)L

A, = summation of area of all added reinforcement, including
weld areas that lie within the “area of reinforcement”
A, + A; + A, must be equal to or greater than Ag

where

-
h
Ts
b

nominal wall thickness of header

nominal wall thickness of branch

design branch wall thickness required by para. 404.1.2
& = design header wall thickness required by para. 404.1.2

d = length of the finished opening in the header wall
(measured parallel to the axis of the header)

M = actual (by measurement) or nominal
thickness of added reinforcement

FIG. 404.3.1(d)(2) REINFORCEMENT OF BRANCH CONNECTIONS

Fig. 404.3.1(c)(2). If the reinforcing member is thicker -

at its edge than the header, the edge shall be chamfered
{ar approximately 45 deg.)-down to a thickness-so leg
dimensions of the fillet weld shall be within the minj-
mum and maximum dimensions specified in Fig.
404.3.1{c)(2).

(11 Reinforcement rings and saddies shzll be accu-
rately fited to the parts to which they are attached.
Figures 404.3.1(c)(1) and 404.3.1(cX2) illustrate some
acceptable forms of reinforcement. _

Branch connections attached at an angle less thar
90 deg. to the header become progressively weaker as
the angie becomes less. Any such design shall be given
incividual study, and sufficient reinforcement shall be
provided o compensate for the inherent weakness of

-~y

such construction. The use of encircling ribs to support
the flat or reentering surfaces is psrmissible and may
be included in the strength considerations. The designer
is cautioned thar stress concentrations pear the ends of
partial ribs, straps, or gussets may defeat their reinforc-
ing value, and their use is not recommended.
(e} Reinforcemens of Multiple Openings

(1, Two adjacent branches should preferably be

spaced at such a distance that their individual effectdve

-areas of reinforcement do not overlap. When two or

more adjacent branches are spaced at less than two
times their average diameter (so that their effective
areas of reinforcement overlap), the group of openings

shall be reinforced in accordance with para. 404.3.1(d). . - &

The reinforcing metal shall be added as a combined
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reicforcerent, the swength of which shall egual the
combined sxengths of the reinforcements ttat would
be requirec for the separate openings. In no case shall
apy poruon of a cross section be considered to apply
1o more thar -one -opening,-or be evaluated more than
once in a combined area.

/2) When more than two adjacent openings are
to be provided with a combined reinforcement, the
minimum distance between centers of any two of these
openings shall preferably be at least 1% times their
average diameter, and the area of reinforcement between
them shall be at least equal to 50% of the total required
for these two openings on the cross section being
considered.

(3) When two adjacent openings as considered
under para. 404.3.1(e)(2) have the distance between
centers less than 1Y% times their average diameter, no
credit for reinforcement shall be given for anv of the
metal between these two openings.

(4) When pipe which has been cold worked to
meet the specified minimum yield suength is used as
a header containing single or multiple welded branch
connecuons, stresses shall be in accordance with para.
402.3.11d).

(5} Any number of closely spaced adjacent open-
ings. in any arrangement, may be reinforced as if the
group were treated as one assumed opening of a diameter

pnr’]omna all such 0"3""‘25

404.3.4 Attachments. External and internal attach-
ments 0 piping shall be designed so they will pot
cause flattening of the pipe, excessive localized bending
stresses. or harmful thermal gradients in the pipe wall.
See para. 421.1 for design of pipe supporting elements.

464.5 Pressure Design of Flanges

404.5.1 General

(a} The design of flanges manufactured in accordance
with para. 408.1 and the standards listed in Table 426.1
shall be considered suitable for use at the pressure-
temperature ratings as set forth in para. 402.2.1.

(b) It is permissible to inside taper bore the hubs
on welcing neck flanges having dimensions complying
with ASME B16.5 when they are to be attachsd to
thin wall pipe. It is recommended that the taper shall
not be more abrupt than a rato of 1:3. MSS SP-44,
NPS 26, and larger ‘‘pipeiine” flanges are designed
for atachment to thic wall pipe and are preferred for
this service.

(¢ Where conditons require the use of flanges other
than those covered in para. 408.1, the flanges shall be

4043.1-404.7

designed in accorcance with Appendix II of Section
VIIL, Division 1, of the ASME Bciler and Pressure
Vessel Code.

(d) Slip-or flanges of rectzngular ¢ross secdon shall
be designed so that flange thickness is increased to
provide stwength equal to that of the comesponding
hubbed slip-on flange covered by ASME B16.5, as
determined by calculations made in accordance with
the ASME Boiler and Pressure Vessel Code, Seciion
VIII, Division 1.

404.6 Reducers

{a) Reducer fitings manufactured in accordance with
ASME B16.5, ASME B16.9, or MSS SP-75 shall have
pressure-temperature ratings based on the same stress
values as were used in establishing the pressure-tempera-
ture limitations for pipe of the same or equivalent
material.

{b) Smoothly contoured reducers fabricated to the
same nominal wall thickness and of the same type of
steel as the adjoining pipe shall be considered suitable
for use at the pressure-temperature ratings of the adjoin-
ing pipe. Seam welds of fabricated reducers shall be
inspected by radiography or other accepted nondestruc-
tive methods (visual inspection excepted).

(c) Where appropriate, changes in diameter may be
accomplished by elbows, reducing outlet tees, or valves.

404.7 Pressure Design of Other Pressure Containing
Components

Pressure containing components which are not cov-
ered by the standards listed in Tables 423.1 or 426.1
and for which design equations or procedures are not
given herein may be used where the design of similarly
shaped, proportioned, and sized components has been
proven satisfactory by successful performance under
comparable service conditions. (Interpolation may be
made between similarly shaped proved components with
small differences in size or proportion.) In the absence
of such service experience, the pressurs design shall
be based on an analysis consistent with the general
design philosophy embodied in this Code, and substant-
ated by at least one of the following:

(a) proof tests (as are described in UG-101 of Sectior
VI, Division 1, of the ASME Boiler and Pressure
Vessel Code);

(b) experimental stress analvsis (such as described
in Appendix 6 of Secton VIII, Division 2, of the
ASME Boiler and Pressure Vessel Code):

(c) engineering calculations.

[FOTSUS
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PART 3
DESIGN APPLICATIONS OF PIPING
COMPONENTS SELECTION AND
LIMITATIONS

405 PIPE

403.2 Metallic Pipe

405.2.1 Ferrous Pipe

(aj New pipe of the specifications listed in Table
423.1 may be used in accordance with the design
equation of para. 404.1.2 subject to the testing require-
ments of paras. 437.1.4, 437.4.1, and 437.4.3.

(b) Used pipe of known specification listed in Table
423.1 may be used in accordance with the design
equation of para. 404.1.2 subject to the testing require-
ments of paras. 437.4.1, 437.6.1, 437.6.3, and 437.6.4.

(c) New or used pipe of unknown or ASTM A 120
specification may be used in accordance with the design
equation in para. 404.1.2 with an allowable stress value
as specified in para. 402.3.1(c) and subject to the testing
requirements of paras. 437.4.1, 437.4.3,437.6.1,437.6.3,
437.6.4, and 437.6.5, if 24,000 psi (165 MPa) yield
strength 1s used to establish an allowable stress value;
or para. 437.4.1, and paras. 437.6.1 ttrough 437.6.7
inclusive, if a vield strength above 24,000 psi (165
MPa) is used to establish an allowable stress value.

(d) Pipe which has been cold worked in order to
meet the specified minimum yield swength and is
subsequently heated to 600°F (300°C) or higher (weld-
ing excepted) shall be limited to a stress value as noted
in para. 402.3:1(d).

(e} Coated or Lined Pipe. External or internal coat-
ings or linings of cement, plastics, or other materials may
be used on steel pipe conforming to the requirements of

this Code. These coatings or linings shall not be consid-

ered to add strength.

406 FITTINGS, ELBOWS, BENDS, AND
INTERSECTIONS

406.1 Fittings

406.1.1 General

(aj Steel Burr Welding Fiinge. When steel butt
welding fittings [see paras. 404.2.2(b), 404.3.1(a)(2),
and 404.3.1(a)(3)] are used, they shall comply with
ASME B16.9, ASME B16.28, or MSS SP-75.

(b) Steel Flanged Fintings. When steel flanged fittings
[see paras. 404.3.1(a)(1) and 404.5.1] are used, they
shall comply with ASME BI16.5.

ASME B31.4-2002

(c) Finings Exceeding Scove of Standard Sizes. Fit-
tngs exceeding scope of swandard sizes or otherwise
deparung from dimeasions listed In the standards re-
ferred to in para. 406.1.1(a) or 406.1.1(b) may be used,
provided the designs meet the requirements of paras.
403 and 404.

406.2 Bends, Miters, and Elbows

406.2.1 Bends Made From Pipe

(a) Bends may be made by bending the pipe when
they are designed in accordance with para. 404.2.1 and
made in accordance with para. 434.7.1.

(b) Except as permitted under para. 406.2.1(c), the
minimum radius of field cold bends shall be as follows:

Minimum Radius of

Nomina! Pipe Size Bend in Pipe Diameters

NPS 12 and smaller 18D
14 21
16 24
18 27

NPS 20 and larger 30

In some cases, thin wall pipe will require the use of
an internal mandrel when being bent to the minimum
radii tabulated above.

(c) Bends may be made by bending the pipe in
sizes NPS 14 and larger to a minimum radius of 18D;
however, bending pipe to radii approaching 18D that
will mest requirements in para. 434.7.1() will be
dependent upon wall thickness, ductility, ratic of pipe
diameter to wall thickness, use of bending mandrel,
and skill of bending crew. Test bends shall be made
to determine that the field bending procedure used
produces bends meeting the requiremeats of para.
434.7.1(b) and that the wall thickness after bending is
not less than the minimum permitted by the pipe
specification.

406.2.2 Mitered Bends. In systems intended to oper-
ate at a hoop swess of more than 20% of the specified
minimum yield swength of the pipe, miter beads are
prohibited. Miter bends not exceeding 12Y deg. may
be used in systems operated at a hoop swess of 20%
or less of the specified minimum yieid strength of the
pipe, and the minimum distance betwesn miters mea-
sured at the crotch shall not be less than one pipe
diameter. When the svstem is to be operated at a hoop
stress of less than 10% of the specified minimum
vield strength of the pipe, the reswiction to 124 deg.
maximum miter and distance berwees miters will not
apply. Defiections caused by misalignment up to 3 deg.
are not considered miter bends.

ABLyE
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406.2.3 Factory Made Bends and Elbows
fa) Factory made bends and factory made wrought
steel elbows may be used provided they meet the design

requirements of paras. 404.2.1 and 404.2.2 and the

- —-— - construction requirements of para. 434.7.3. Such fittings

shall have approximately the same mechanical properties
and chemical compositdon as the pipe to which they

are welded.
(b) If factory made elbows are used in cross-country
lines, care should be taken to allow for passage of

pipe-line scrapers.
406.2.4 Wrinkle Bends. Wrinkle bends shall not
be used.

406.3 Couplings
Cast, malleable, or wrought iron threaded couplings
are prohibited.

406.4 Reductions

406.4.1 Reducers. Reductions in line size may be
made by the use of smoothly contoured reducers szlected
in accordance with ASME B16.5, ASME BI16.9, or
MSS SP-75, or designed as provided in para. 404.6.

406.4.2 Orange Peel Swages. Orange peel swages
are prohibited in sysiems operating at hoop stresses of
more than 20% of the specified minimum yieid strength
of the pipe.

406.5 Intersections

Intersection fittings and welded branch connections

are permitted within the limitations listed in para. 406.1
(see para. 4043 for design).

406.6 Closures

406.6.1 Quick Opening Closures. A quick opening
closure is a pressure containing component (see para
404.7) used for repeated access to the interior of a
piping systern. It is pot the intent of this Code to
impose the requirements of a specific design method
on the designer or manufacturer of a quick opening
closure.

Quick opening closures used for pressure containment
under this Code shall have pressure and temperature
ratings equal to or in excess of the design requirements
of the piping system to which they are artached. See
paras. 401.2.2 and 402.2.

Quick opening closures shall be equipped with safery
locking cdevices in compliance with Section VIII, Divi-

406.22-407.1

sion 1, UG-33(b) of the ASME Boiler and Pressure
Vessel Code.

Weld end preparation shall be in
para. 434.8.6.

406.6.2 Closure Fittings. Closur, fitangs commonly
referred to as ‘‘weld caps’’ shall te designed and
manufactured in accordance with ASME B16.9 or MSS
SP-75.

406.6.3 Closure Heads. Closure heads such as flar,
eliipsoidal (other than in para. 406.6.2 above), spherical,
or conical heads are allowed for use under this Code.
Such items shall be designed in accordance with Section
VI, Division 1, of the ASME Boiler and Pressure
Vessel Code. The maximum allowable stresses for

accorcéance with

‘materials used in these closure heads shall be established

under the provisions of para. 402.3.

If welds are used in the construction of these heacss.
they shall be 100% radiographically inspected in accer-
dance with the provisions of Section VI, Division® 1.

Closure heads shall have pressure and temperature
ratings equal to or in excess of the requirement of
para. 401.2.2. It 1s not the intent of this Code to
necessarily extend the design requirements of Section
VIIL Division I, to other components ir. which closure
heads are part of a complete assembly.

406.6.4 Fabricated Closures. Orange peel bull plugs
are prohibijted on systems operating at a hoop stress
more than 20% of the specified minimum yield strength
of the pipe. Fishtails and flat closures are permirted
for NPS 3 pipe and smaller, operating at less than 100
psi (7 bar). Fishtails on pipe larger than NPS 3 are
prohibited.

406.6.5 Bolted Blind Flange Closures. Bolted blind
flange closures shall conform to para. 408.

407 VALVES

407.1 General

(a) Steel valves conforming to standards and specifi-
cations listed in Tables 423.1 and 426.1 may be used.
These valves may contaifi certain cast, malleable, or
wrought iron parts as provided for in API 6D.

(b) Cast iron valves conforming to standards and
specifications listed in Tables 423.1 and 426.1 may be
used for pressures not to exceed 250 psi (17 bar). Care
shall be exercised to prevent excessive mechanical
loadings (see para. 408.5.4).

(c) Working pressure ratings of the steel parts of
steel valves are applicable within the temperamre limita-

SeTReenen mroens. -
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407.1-408.5.1

tons of —=20°F (-30°C) tc 230°F (120°C) (see para.
401.3.1). Where resilient. rubberlike, or plastic matzrials
are used for sealing. they shall be capable of withstand-
ing the fuid, pressures, and temperatures specified for

____the piping syslem. .

407.8 Special Valves

Special valves not listed in Tables 423.1 and 426.1
shall be permitted, provided that therr design is of at
least equal strength and tghtness and they are capable
of withstanding the same test requirements as covered
in these standards, and stuctural features satisfy the
material specification and test procedures of valves in
similar service set forth in the listed standards.

468 FLANGES, FACINGS, GASKETS, AND
BOLTING

408.1 Flanges

408.1.1 General

fa;j Flanged connections shall conform to the require-
ments of paras. 408.1. 408.3, 408.4, and 408.5.

(b) Steel Flanges Within Scope of Standard Sizes.
Welding neck. slip-on, threaded, and lapped companion
flanges, reducing flanges, blind flanges, and flanges
cast or forged integral with pipe, fitungs, or valves,
conforming to ASME B16.5 or MSS SP-44, are permit-
ted 1n the sizes listed in these standards and for the
pressure-temperature ratings shown in para. 402.2.1.
The bore of welding neck flanges should correspond
to the inside diameter of the pipe with which they are
to be used. See para. 404.5.1 for design.

(c) Cast Iron Flanges Within- Scope of Standcrd
Sizes. Cast iron flanges are prohibited, except those
which are an integral part of cast iron valves, pressure
vessels, and other equipment and proprietary items [see
para. 407.1(b) and 423.2.4(b)].

/d; Flanges FExceeding Scope of Standard Sizes.
Flanges exceeding scope of standard sizes or otherwise
departing from dimensions histed in ASME B16.5 or
MSS SP-44 may be used provided thev are designesd
i accordance with para. 404.5.1.

(e) Flanges of Rectangular Cross Sectior. Slip-on
flanges of rectangular cross secdon may be used pro-
vided they are designed in accordance with para.
404.5.1(3).

ASME B31.4-2002

408.3 Flange Facings

408.3.1 General

{a) Standard Facings. Stee! cr cast iron danges shall
have contact faces in accordance with ASME B16.5
or MSS SP-6.

(bj Special Facings. Special facings are permissible
provided they are capable of withstanding the same
tests as those in ASME B16.5. See para. 408.5.4 for
bolting steel to cast iron fianges.

408.4 Gaskets

408.4.1 General. Gaskets sha.l be made of materials
which are not injuniously affectsd by the fluid in the
piping system, and shall be capable of withstanding
the pressures and temperatures to which they will be
subjected in service.

408.4.2 Standard Gaskets

{a) Gaskets conforming to ASME B16.20 or to
ASME E16.21 may be used.

(b) Metallic gaskets other than ring tvpe or spirally
wound metal asbestos shall not be used with ANSI
Class 150 or lLighter flanges.

(¢) The use of mewal or metal jacketed asbestos
(either plain or corrugated) 1s not limited [except as
provided in para. 408.4.2(b)] as to pressure, provided
that the gasket material 15 suitable for the service
temperature. These types of gaskets are recommended
for use with the small male and female or the small
tongue and groove facings. They may also be used
with steel flanges with any of the following facings:

lapped, large male and female, large tongue and groove,

or raised face.

(d) Asbestos compositon gaskets may be used as
permitted in ASME B16.5. This type of gasket may
be used with any of the various flange facings except
small male and female, or small tongue and groove.

(e) Rings for mng joints shall be of dimensions
established in ASME B16.20. The materials for these
rings shall be suitable for the service conditions encoun-
tered and shall be softer than the flanges.

408.4.3 Special Gaskets. Special gaskets, including
insulating gaskets, may be used provided they are
suitable for the temperatures, pressures, fluids, and other
conditions to which they may be subjected.

408.5 Bolting

408.5.1 General
(a) Bolts or stud bolts shall extend completely

through the nuts.
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(> Nuts stall conform with ASTM A 192 or A 323,
except that A 307 Grade B nuts mayv be used on
ASME Class 150 and ASME Class 200 flanges.

_ 408.5.2 Bolting for_Steel Flanges. Boltng shall
conform to ASME B16.5.

408.5.3 Bolting for Insulating Flanges. For insulat-
ing flanges, Y4 in. (3 mm) undersize bolting may
be used provided that alloy steel bolung material in
accordance with ASTM A 193 or A 354 is used.

408.5.4 Bolting Steel to Cast Iron Flanges. When
bolting Class 150 steel flanges to Class 125 cast iron
flanges, heat treated carbon steel or alloy steel bolting
(ASTM A 193) may be used only when bowr flanges
are flat face and the gasket is full face; otherwise, the
bolting shall have a maximum tensile strength no greater
thap the maximum tensile swength of ASTM A 307
Grade B. When bolting Class 300 steel flanges to Class
250 cas: iron flanges, the bolting shall have a maximum
tensile strength no greater than the maximum tensile
stength of ASTM A 307 Grade B. Good practice
indicates that the flange should be flat faced.

408.5.5 Bolting for Special Flanges. For flanges
Gesicned in accordance with para. 404.5.1 'see paras.
408.1.1(d) and 408.1.1(e)], bolung shall conform to the
applicable section of Section VI, Division 1, of the
ASME Boiler and Pressure Vessel Code.

409 USED PIPING COMPONENTS AND
EQUIPMENT

gj Used piping components, such as fitings, elbows.
bends, intersections, couplings, reducers, closures,
flanges. valves, and equipment, may be reused. [Reuse
of pipe is covered by para 405.2.1(b).] However,
such components and equipment shall be cleaned and
examined; reconditioned, if necessary, to insure that
they meet all requirements for the intended service;
and sound and free of defects.

In addition, reuse shall be contingent on identification
of the specification under which the item was originally
produced. Where the specification cannot be identified,
use skall be restricted to a maximum allowable operating

g’ pressure based on 2 yield strengta of 24,000 psi (163
MPa) or less.

408.5.1-418.1

PART 4
SELECTION AND LIMITATION OF
' PIPING JOINTS

411 WELDED JOINTS

411.2 Butt Welds

Burt welded joints shall be in accordance with Chap-
ter V.

412 FLANGED JOINTS

412.1 General

Flanged joints shall meet the reguirements of

para. 408.

414 THREADED JOINTS

414.1 General

All external pipe threads on piping components shall
be taper pipe threads. They shall be line pipe threads
in accordance with API 5B, or NPT threads in accor-
dance with ASME B1.20.1. All internal pipe threads
on piping components shall be taper pipe threads, except
for sizes NPS 2 and smaller with design gage pressures
not exceeding 150 psi (10 bar), in which case straight
threads may be used.

Least nominal wall thickness for threaded pipe shall
be standard wall (see ASME B36.10M).

418 SLEEVE, COUPLED, AND OTHER
PATENTED JOINTS

418.1 General

Steel connectors and swivels complying with API
6D may be used. Sleeve, coupled, and other patented
joints, except as limited in para. 423.2.4(b), mzy be
used provided:

(a) a prototype joint has been subject to proof tests
to determine the safety of the joinis under simulated
service conditions. When vibration, Zatigue, cyclic con-
ditions, low temperature, thermal expansion, or other
severe conditions are anticipated, the applicable condi-
tons shall be incorporated in the tests.

(b) adequate provision is made to prevent separation
of the joint and tc prevent longitudinal or lateral
movement beyond the limits provided for in the joining

member.
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PART 5
EXPANSION, FLEXIBILITY.
STRUCTURAL ATTACHMENTS,
SUPPORTS, AND RESTRAINTS

419 EXPANSION AND FLEXIBILITY

419.1 General

(aj This Code is applicable to both aboveground
and buried piping and covers all classes of materials
permitted by this Code. Formal calculaticns shall be
required where reasonable doubt exists as to the ade-
quate flexibility of the piping.

(b) Piping shall be designed to have sufficient fiexi-
bility to prevent expansion or contraction from causing
excessive stresses in the piping material, excessive
bending moments at joints, or excessive forces or
momeats at points of comnection to equipment or at
anchorage or guide points. Allowable forces and mo-
ments on equipment may be less than for the connected
plping.

{c) Expansion calculations are necessary for buried
lines if significant temperature changes are expected,
such as when the line is to carry a heated oil. Thermal
expansion of buried lines may cause movement at
points where the line terminates, changes in direction,
or changes in size. Unless such movements are restrained
by suitable anchors, the necessary flexibility shall be
provided.

(d) Expansion of aboveground lines may be pre-
vented by anchoring them so that longitudinal expansion,
or contracton, due to thermal and pressure changes is
absorbed by direct axial compression or tension of the
pipe in the same way as for buried piping. In addition,
however, beam bending stresses shall be inciuded and
the possible elastic instability of the pipe, and its
supports, due to longitudinal compressive forces shall
be considered. o

419.5 Flexibility

419.5.1 Means of Providing Flexibility. if expan-
sion 1s not absorbed by direct axial compression of
the pipe, flexibility shall be provided by the use of
bends, loops, or offsets; or provision shall be made to
absorb thermal strains by expansion joints or couplings
of the slip joint, ball joint, or bellows type. If expansion
joints are used, anchors or ties of sufficient strength
and rigidicy shall be installed to providz for erd forces
due to fluid pressure and other causes.
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419.6 Properties

419.6.1 Coefficient of Thermal Expansion. Tae lin-
ear coefiicient of thermal expansion for carbon and
low alloy high tensile stee] may be taken as 6.5 X
107 in/ic /°F for temperatures up o 250°F (11.7 x
10 mm/mm/°C for temperatures up to 120°C).

419.6.2 Moduli of Elasticity. Flexibility calculations
shall be based on the modulus of elastcity at ambient
lemperature.

419.6.3 Poisson’s Ratio. Poisson’s ratio shall be
taken as 0.3 for steel.

419.6.4 Stress Values

{a) General. There are fundamental differences in
loading conditions for the buried, or similarly restrained,
portions of the piping and the aboveground portions
not subject to substantial axial restraint. Therefore,
different limits on allowable longitudinal expansiou
stresses are necessary.

(b) Restrained Lines. The net longitudinal compres-
sive stress due to the combined effects of temperature
rise and fluid pressure shall be computed from the
equation:

SL = EQ(TZ - Tl) - VSh

where

S; = longitudinal compressive sxess, psi (MFa)

S» = hocp stress due to fluid pressure, psi (MPa)

T} = temperature at time of installadon, °F (°C)

7; = maximum or minimum operating temperature,
DF (OC)

E = modulus of elasticity of steel, psi (MPa)

a = linear coefficient of thermal expansion, in/in/
°F (mm/mm/°C)

v = Poisson’s ratio = (.30 for steel

Note that the net longitudinal stress becomes compres-
sive for mocerate increases of T, and that according
to the commenly used maximum shear theory of failure,
this compressive stress adds directly to the hoop stress
to increase the equivalent tensile stress available to
cause yielding. As specified in para. 402.3.2(c), this
equivalent tensile stress shall not be allowed to exceed
90% of the specified minimum yield stength of the
pipe, calculated for nominal pipe wall thickness. Beam
bending stresses shall be included in the longitudinal
stress for those pordons of the restrained line which
are supperted above ground.

(c) Unrestrained Lines. Stresses due to expansion
for those portions of the piping without substantal
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axial restraint shall be combined in accordance with
the following equaton:

Sr = stress due 1o expansion

MY + (1Mo
N z

= equivalent bending stress, psi (MPa)
S, = M,/2Z = torsional stress, psi (MPa)

M. = bending moment in plane of member (for
members having significant orientation, such
as elbows or tees; for the latter the moments
in the header and branch portions are to be
considered separately), in.-lb (N-m)

M, = bending moment out of, or transverse to,
plane of member, in.-Ib (N-m)

M, = torsional moment, in-b (N-m)

i; = swess intensification factor under bending in

plane of member [from Fig. 419.6.4(c)]

= stress intensification factor under bending out

of. or wansverse to, plane of member [Tom

Fig. 419.6.4(c)]

7 = section modulus of pipe, in.’ (cm®)

The maximum computed expansion Stress range —
Se without regard for fluid pressure stress, based on
100% of the expansion, with modulus of elasticity for
the cold condition — shall pot exceed the allowable
stress range S,, where 4 = 0.72 of specified minimum
yield strength of the pipe as noted in para. 402.3.2(c).

The sum of the longimidinal stresses due to pressure,
weight, and other sustained external loadings shall not
exceed 0.755, in accordance with para. 402.3.2(d).

The sum of the longitudinal stresses produced by
pressure, live and dead loads, and those produced by
occasional loads, such as wind or earthquake, shall not
exceed 80% of the specified minimum yield strength
of the pipe, in accordance with para. 402.3.3(a). It is
not necessary to consider wind and earthquake as
occurdng concurrently.

As noted in para. 402.3.3(b), stresses due to test
conditions are not subject to the limitatons of para.
402.3. It is not necessary to consider other occasional
loads, such as wind and earthquake, as occurring concur-
rently with the live, dead, and test loads existing at
the ume cf test

419.6.4-421.1

419.7 Analysis

419.7.3 Basic Assumptions and Requirements

(a) The efect of restraints, such as support friction,
branch connections, lateral interferences, eiwc., shall be
considered in the stress calculations.

(b) Calculzations shall take into account stress intensi-
fication factors found to exist in components other than
plain straight pipe. Credit may be taken for exwa
flexibility of such components. In the absence of mere
directly applicable data, the flexibility factors and stress
intensification factors shown in Fig. 419.6.4(c) may
be used.

(c) Nominal dimensions of pipe and fittings shall
be used in flexibility calculations.

(d) Calculations of pipe stresses in loops. bends, and
offsets shall be based on the total range from minimum
to maximum temperature normally expected, regardiess
of whether piping is cold sprung or mot. In addition
to expansion of the line itself, the linear and angular
movements of the equipment to which it is attached
shall be considered.

(e) Calculations of thermal forces and moments on
anchors and equipment such as pumps, meters, and
heat exchangers shall be based on the difference between
installation temperature and minimum oOr maximum
anticipated operating temperature, whichever is greater.

420 LOADS ON PIPE SUPPORTING
ELEMENTS

420.1 General

The forces and moments transmitted to connected
equipment, such as valves, strainers, tanks, pressure
vessels, and pumping machinery, shall be kept within
safe limits.

421 DESIGN OF PIPE SUPPORTING

ELEMENTS

421.1 Supports, Braces, and Anchors

(a) Supports shall be designed to support the pipe
without causing excessive local stresses in the pipe
and without imposing excessive axial or lateral friction
forces that might prevent the desired freedom of
movement.

(b) Braces and damping devices may occasionally
be required to prevent vibration of piping.

{c) All attachments to the pipe shall be designed to
minimize the added stresses in the pipe wall because
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Stwess Intensification

Factor
Fiexitility Flexibility
Description Factor k (1) i (2] Characteristic 4 Sketch
=+
Weiding elbow,® % 5 & 7 163 0.9 . P I,
cr pioe bend n Pl =% ~ )
R = Bend radius
Cicsely spaged 182 0.9 0.75 cot § s
miter benc,® 4 7 556 423 =z A
s< A1 +tan 8}
Widely spaced 1.52 0.9 0.75 1~cot@ ¢
mizer penc,® 7i & 2 123 =z 2 r
s2 Ll +tan 6)
Weiding tee® * ) . e 0.9 ¢ —+— - .
per ASME B16.9 0.754 + 0.2 Pz 442 1
~ 3,49
re:ntorcec tee’ ™ 0.9 1 - B3N
with caa or saacie 1 6750+ 0.25 23 V;ﬂ
vith cie -
f PEZa
Unreinforced e 5 0.9
faoricated tee? * 1 0750+ 0.25 =z P
-1
Y
Exirudec weidirg tee’ 4 11 .9 SN .
s o005 1 0.75/,+ 0.25 = 1+ _L L
o2 0. -z ! rir 4 —
< 1l.5¢: !

Vit
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Stress Intensification

Factor ]
Flexibility Flexibility
Description Factor & i-(1) i, (2) Characteristic # Sketch
Butt weiged joint, reducer, R Lo
cr weiding neck fange - :
;bie we:ced slip-on
Doubie we lip-on 1 12

fiange

Fitle: weided joint {singie
welged), or singte weitied 1 1.3

slig-cn fiange

_apped fiange {(with . 1 1e
ANSI B16.9 lap-joint stub) :

Threagec pipe joint, :
P Dv J 1 23
or threagec fiange

Corrugated straight pipe, or
10 5 2.5
corrugated cr creased bend

NCTES:

(1) Ir-plane.

{2} Out-of-plane.

(3) For ftuings and miter bends, the Rexibility factors & and stress intensification factors 7 in the Table apply to bending ir any piane and shall
no: be less than unity; factors for torsion equal unity. Both factars apply over the effective arc length (shown by heavy center lines in the
sketches) for curved and miter eilbows, and to the intersection point for tees.

(4) The vaiues of k and /can be read directly from Chart A by enteving with the character stic # computed from the equations given, where

~ = berd radius of welding elbow or pipe bend, in. (mm)

7 = pad or saddle thickness, in. (mm)

& = outsice diameter of branch

r = mean radius of matching pipe, in. (mm?

r, = see Note {11)

s = miter spacing at center line

¢ = nominal wall thickness of: part itself, for elbows and curved or mited bends; matching pipe, for welding tees; run or header, for
fabricated tees (provided that if thickness is greater than that of matching pipe, increasec thickness must be maintained for at
jeast one run 0.D. to each sioe of the branct 0.D.).

!, = the crotch thickness of tees

6 = one-half angle between adjacent miter axes, deg.

(5) Where flanges are attached to one or both ends, the values of & and /in the Table shall pe corrected by the facto,:lsﬂc‘l given beiow, which
2 1.

(8"
(G
o

can be read directly from Chart B, entering with the computed /= one end fianged, A% > 1; both ends flanged,

) The engineer is cautioned that cast butt welding eibows may have considerably heavier walls than that of the pipe with which they are

used. Large errors may be introduced unless the effect of these greater thicknesses is censidered.
In iarge diameter thin wall elbows and bends, pressure can significantly affect the magnitude of fiexibility and stress intensification factors.

5 cerrect varues obained from Table for the pressure effect, divide:
o P AP (R
Fiexibility factor k by 1+6—|= -
E-\t \ T
P ,) 5/ (R\ 273
Stress intensificat.on faczor 7 by L+ 3.28 — (— :—l
Se \r* i\r

whnere

£. = cold moduius of elasticity

F = gage pressure

Alsc includes singie miter joint

When 7> 1%t use 4 = 4.05 tr. -

crs snown apply to bending; fexibiiity facter for torsion equais 0.9.

ract

FIG. 419.6.4(c) FLEXIBILITY FACTOR k AND STRESS INTENSIFICATION FACTOR /(CONT'D)
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[

tc tne foifowing iimitations:

(a2} minimum radius r,: the lesser ¢f 0.057 2 38 mm (1.5 in);

{b) maximum radius r, shall nct excesd:

ASME B31.4-2002

Racius of curvarure of external contoured soriisn of outle! measurec in the plane containing the axes of the rur anz branch. This is subjecs

(1) for branches DN200 (NPS 8) and larger, 0.104+ 13 mm (C.50 in);

(2} icr branches fess than DN200 (NPS 8}, 32 mm (1.25 in.);

~ (c) when tne external contour contains more than ene radius, the radius 071 any arc sector of approximately 45 geg. shali meet the

requirements of (aj anc (b) above;
(d;

machining shali nct be empiayed in order i0 mee: the above requirements.

FIG. 419.6.4(c) FLEXIBILITY FACTOR & AND STRESS INTENSIFICATION FACTOR /(CONT'D)

of the attachment. Nonintegral attachments, such as
pipe clamps and ring girders, are preferred where they
will fulfill the supportng or anchoring functons.

{dj If pipe is designed to operate above 20% SMYS,
all attachments welded to the pipe shall be made to
a separate cylindrical member that completely encircles
the pipe, and this encircling member shall be wzlded
1o the pipe by continuous circumferential welds.

{e) The applicable sections of MSS SP-58 for materi-
als and design of pipe hangers and supports and of
MSS SP-69 for their selection and application may

be "used.

PART 6
AUXILIARY AND OTHER SPECIFIC
PIPING

422 DESIGN REQUIREMENTS

422.3 Instrument and Other Auxiliary Liquid
Petroleum or Liquid Anhydrous Ammonia

Piping
All mstrument and other auxiliary piping connected
to pnmary piping and which operates at a gage pressure

ts

exceeding 15 psi (1 bar) shall be constructed in accor-
dance with the provisions of this Code.

422.6 Pressure Disposal Piping

Pressure disposal or relief piping between pressure
origin point and relief device shall be in accordance
with this Code.

422.6.1 A full area stop valve may be installed
between origin point and relief device providing such
valve can be Jocked or sealed in the open position.

422.6.2 Disposal piping frora relief device shall be
connected to a proper disposal facility, which may be
a flare stack, suitable pit, sump, or tank. This disposal
piping shall have no valve between relief device and
disposal facility unless such valve can be locked or
sealed in the open position.
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g0 _ Flexibility factor for
- 0/ T . ] - / elbows k = 1.65/h
~ s 60 \ »
// Fiexibility factor for
40 — - |~ miters k = 1.52/h*
30 \ ]
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\ / Stress intensification
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FIG. 419.6.4(c) FLEXIBILITY FACTOR £ AND STRESS INTENSIFICATION FACTOR 7 (CONT'D)
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CHAPTER 11

a ~ MATERIALS

423 MATERIALS — GENERAL
REQUIREMENTS

423.1 Acceptable Materials and Specifications

{a) The materials used shall conform to the specifica-
tions listed in Table 423.1 or shall meet the requirements
of this Code for materials not listed. Specific editions
of standards incorporated in this Code by reference,
and the names and addresses of the sponsoring organiza-
tions, are shown in Appendix A, since it is not practical
to refer 1o a specific edition of each standard in Table
423.1 and throughout the Code text. Appendix A will
be revised at intervals, as needed, and issued in Addenda
to the Code. Materials and components conforming to
a specification or standard previousiy listed in Table
423.1, or to a superseded edition of a listed specification
or standard, may be used

(b) Except as otherwise provided for in this Code,
materials which do not conform to a listed specification
or standard shall be qualified for use by petdtioning
the Code Commuittee for approval. Complete information
shall be supplied to the Code Committee and the
Code Committee approval shall be obtained before the
material may be used.

423.2 Limitations on Materials

423.2.1 General

(a) The designer shall give consideration to the
significance of temperature on the performance of the
material.

(b) Selection of material to resist deterioration in
service is not within the scope of this Code. It is the
designer’s responsibility to select materials suitable for
the fluid service under the intended operating conditions.
An example of a source of information on materials
performance in corrosive environments is the Corrosion
Data Survey published by the National Association of
Corrosion Engineers.

423.2.3 Steel. Steels for pipe are shown in.Tabls
423.1 (except as noted in para. 423.2.5).

423.2.4 Cast, Malleable, and Wrought Iron
fa) Cast, malleable, and wrought iron shall not be

used for pressure containing parns except as provided
in paras. 407.1(a), 407.1(b), and 423.2.4(b).

(b) Cast, malleable, and wrought iron are acceptable
in pressure vessels and other equipment noted in para.
400.1.2(b) and in proprietarv items [see para.
400.1.2(g)], except that pressure containing parts shall
be limited to pressures not exceecing 250 psi (17 bar),

423.2.5 Materials for Liquid Anhydrous Ammeonia
Pipelize Systems. Only steel conforming to specifica-
tions listed in Appendix A shall be used for pressure
containing piping components and eguipment in liquid
anhydrous ammonia pipeline systems. However, internal
parts of such piping components and equipment may
be made of other matenals suitable for the service.

The longitudinal or spiral weld of electric resistance
welded and electric induction welded pipe shall be
normalized.

Cold formed firtings shall be normalized after fabri-
cation.

Except for the quantities permitted in steels by indi-
vidual specifications for steels listed in Appendix A,
the use of copper. zinc, or alloys of these metals is
prohibited for all pressure piping components subject
to a liquid anhydrous ammonia environment.

423.2.6 Materials for Carbon Dioxide Piping Sys-
tems. Blow down and bypass piping in carbon dioxide
pipelines shall be of a material suitable for the Jow

temperatures expected.

425 MATERIALS APPLIED TO
MISCELLANEOUS PARTS

4253 Gaskets
Limitations on gasket materials zre covered in para.
408.4.

425.4 Bolting
Limitations on bolting materials are covered in para
408.5.

T e O
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TABLE 423.1
MATERIAL STANDARDS
Standard or Specification Designation
— Pipe - —_— e - - -
Sipe, Steel, Biack & Hot-Dipped, Zinc-Coated Welded & SEaMISSS . ...\ utie ettt e e e e ASTM A 53
Seamless Carbon Steei Pipe for High-TemDeratlire ServiCe . .. vttt et ottt et et e e e et et ASTM A 106
Sipe, Steei, Electric-Fusion (Arc)-Welded (Sizes NPS 16 and OVer) ...ttt it it e et et ASTM A 134
Ciectric-Resistance-Welded Steel Pipe .. . . e e e ASTM A 135
Electric-Fusion (Arc)-Welded Steel Pipe (NPS 4 and Over) ... .. ..ot e e et e ASTM A 139
Searess anc Welded Steel Pipe for Low Temperature Service . ... ... r ittt ettt e et e e e et e et ie e ASTM A 333
B Mezal-Arc-Welded Steel Pipe for Use with High-Pressure Transmission Systems . ... ... ... iiiiiiiiiinennnnan. ASTM A 381
Seamiess Carocn Steel Pipe for Atmcspheric and Lower Temperatures ... ..vu v et it ie e eiee et iie e iee e iaiaann ASTM A 524
Generai Reguirements for Specialized Carbon and Alloy Steel Pipe ... ...ttt i it e ASTM A 530
Eiectric-Fusion-Welded Steel Pipe for Atmospheric and Lower Temperatlures . ... .. .. ue e it a e e ASTM A 671
Flectriz-Fusion-Welded Steel Pipe for High-Pressure Se-vice at Moderaze Temperatures . ... ... ... e u.. ASTM A 672
LIME PiDE ittt e e e e API 5L
Fittings, Valves, and Fianges
Pipe Fianges and Flanged Fittings ... ... . i it e e e ASME Blé.5
Forgings, Carpon Steel, for Piping COMPONeMLS . . ... ... . it ottt et e e e e e e e e e e ASTM A 105
Gray Iron Castings for Valves, Flanges, and Pipe Fithings ... ... ... .. ...ttt et ASTM A 126
Forgings, Carpbon Steel, for General-Purpose Piping . ... ... ... .. ittt e e ASTM A 181
Forgec cr Rolled Alloy-Steel Pipe Flanges, Forged Fittings, and Valves and Parts for High-Temperature Service ......... ASTM A 182
ASTM A 216

3 Steel Castings, Carbon, Suitabte for Fusion Welding, for High Temperature Service

Steej Castirgs, Martensitic Stainless and Alloy, for Pressure Containing Parts, Suitabie for High-Temperature
ASTM A 217

ASTM A 224
ASTM A 350
ASTM A 395

S BTVIC e L e e e e e e e e e e
Fipinc Fittings of Wrought Carbon Steei and Aiioy Steei for Moderate and Elevated Temper-atures
Forgings, Carbon and Lew-Alloy Steel, Requiring Notch Toughness Testing for Piping Components

rer-it’c Ductiie Iron Pressure-Retaining Castings for Use at Elevated Temperatures

Fiping Fittings of Wrought Carbon Steel and Alloy Steef for Low Temperature Service [Note (1)] .................... ASTM A 420
Stee. Castings Suitable for Pressure ServiCe ... ... ... e ASTM A 487
Forgings, Carpon and Alloy Steel, for Pipe Fianges, Fittings, Valves, and Parts for High-Pressure Transmission
IV I L L ittt et e e e e e e e e e e e ASTM A 694
Wellhead EqQUipment ... . e e e e, APl 6A
Pipelire Vaives, End Closures, Connectors and SWivels .. ..... ... ... . .. ttiieteeetee ittt etiie e aaaanann s API 6D
Steei Gate Valves, Fianged and Buttwelding ENnds .. ... ... . .. .. ittt e e e API 600
Compact Carbon Steel Gate Valves .. ... ... e . APl 602
Class 150, Corrosion Resistant Gate Valves ... ... ... .. . i ittt e e e e e e . AP] 603
Quality Standard for Stee! Castings fcr Valves, Flanges ard Fittings and Other Piping Components . ................... MSS SP-55
Specification For High Test Wrought Welding Fittings .. .. ... ... . e MSS SP-75
Bolting
A.icy-Steei and S:ainless Steel Bolting Materials for High-Temperature Service .. ... ... . it ASTM A 193
Carbon and Alioy Steel Nuts for Belts for High-Pressure and High-Terperature Service ............................ ASTM A 134
Carocr Steel Externally Threaded Standard Fasteners ... ... .. ... ..ttt e e e e ASTM A 307
ASTM A 32¢C

Alicy Stee. Bolting Marerials for Low-Temperature Service

ASTM A 325

rencth Bolts Tor Structural Steel JoimtS ... ottt e e
ASTM A 354

ASTM A 249

(continued)

)
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TABLE 423.1
MATERIAL STANDARDS (CONT'D)

Standard or Specification Designation

‘Bolting (Cont'd)—————— "~~~ -~ ~
Heat Treated Stesl| Structural Bolts, 150 ks (1025 MPa) Minimum Tensiie Strength ... ... ot ASTM A 490
Structural Materials
Genera: Reguirements for Rolled Steel Plates, Shapes, Sheet Piling, and Bars for Structural Use ... ... ... . ... ASTM A6
General Requirements for Steel Plates for Pressure VeSsels ... ... i ittt it e ASTM A 20
General Requirements for Steef Bars, Carbon and Alloy, Hot-Wrought and Cold-Finished .......... .. ... ... ..., ASTM A 29
LR 2T Tox ¥ 1= 7= - 1 S ASTM A 36
Pressure Vessel Plates, Alioy Steel, Manganese-Vanadium . ...... ...ttt i ASTM A 225
High-Strength Low-Alloy Structural Steel .. .. . ... e e i ASTM A 242
Low and Intermediate Tensiie Strength Carbon Steel Plates, and Bars . ... .. ... i ASTM A 283
Pressure Vessel Plates Carbon Steei, Low- and Intermediate-Tensiie Strength . ....... ... ... it ASTM A 285
High-Strength Low-Alloy Structural Manganese Vanadium Steel . ...... ... ... . il ASTM A 441
Pressure Vessel Plates, Carbon Steel, Improved Transition Properties ............ . .. ... ... il ASTM A 4342
Generai Reguirements for Steel Sheet and Strip, Alioy, Hot-Rolied and Cofd-Rolled . . ... .. ... ... . ooiiiiaint, ASTM A 505
Steel Sheet and Strip, Alioy, Hot-Roiled and Cold-Rolled, Regular Quality . ........ .. ... ..o, ASTM A 506
Steel Shee: and Strig, Alioy, Hot-Roited and Cold-Rolied, Drawing Quality ......... .. .. .. . i ASTM A 507
High-Yield-Strength, Quenched and Temperec Alloy Steel Plate, Suitable for Weiding .............................. ASTM A 514
Pressure Vesse| Plates, Carbon Steel, for Intermediate- and Higher-Temperature Service ............. ... ... ....... ASTM A 515
Pressure Vessel Plates, Carbon Steel, for Moderate- and Lower-Temperature Service .. ......... ... .ot e, ASTM A 516
Pressure Vessel Plates, Alloy Steel, High-Strength, Quenched and Tempered ....... ... ... ... ... ... ... ... ..... ASTM A 517
Pressure Vessel Plates, Heat Treated, Carbon-Manganese-Silicon Steel ........ ... .. . it ASTM A 537
High-Strength Low-Alloy Columbium-Vanadium Steels of Structural Quality ....... . ... it ASTM A 572
Structural Carben Steel Plates of Improved Toughness ... .. ...t e e ASTM A 573
Steel Bars, Carben, Merchart Quality, M-Grades . .. . ... .. . et ASTM A 575
Steel Bars, Carpon, Hot-Wrought, Special Quality ... ... . i e ASTM A 576
Normalized High-Strength Low-Alloy Structural Steel .. ... ... . i i ASTM A 633
Steel Bars, Carbon, Merchant Quality, Mechanical Properties ... ... ... ... .. . ..o i ASTM A 663
Steel Bars, Carbon, Hot-Wrought, Special Quality, Mechanical Properties . ... ... .. ... ... .. s ASTM A 675
Miscellaneous

MSS SP-58

Pipe Hangers and Support Materials, Desian and Manufacture . . .. D

GENERAL NOTE: ' - G e
Specific editions of standards incorporated in this Code by reference, and the namss and addresses of the sponsoring organizatians, are shown

in Appendix A, since it is not practical to refer to a specific edition of each stanaard ir. Table 423.1 and throughout the Code tex:. Appendix
A will be revised at intervais as needec, and issued in Addenda tc the Code.

NOTE:
(1) A 420 Grade WPLS is not recommended for anhydrous ammania due tc copper content.

[}
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CHAPTER IV

DYers

'_' DIMENSIONAL REQUIREMENTS

426 DIMENSIONAL REQUIREMENTS FOR
STANDARD AND NONSTANDARD PIPING

COMPONENTS

426.1 Standard Piping Components

Dimensional standards for piping components are

listed in Table 426.1. Also, certain material specifica-
tions listed in Table 423.1 contain dimensional require-
ments which are requirements of para. 426. Dimensions
of piping components shall comply with these standards
and specifications unless the provisions of para. 426.2
are met.

426.2 Nonstandard Piping Components

The dimensions for nonstandard piping components
shall be such as to provide strength and perforrnance
equivalent to standard components or as provided under
para. 404. Wherever practical, these dimensions shall
conform to those of comparable standard components.

426.3 Threads

The dimensions of all piping conrection threads, not
otherwise covered by a governing component standard
or specification, shall conform to the requirements of
the applicable standards listed in Table 426.1 (see para.
414.1). '

— -
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TABLE 426.1
DIMENSIONAL STANDARDS

Standard o~ Specification

Designation

—— e Pipe -

Welaged and Seamiess Wrought Steei Pipe ............ e, ASME B36.10NM
ASME B36.19NM

Stainless STel PiDe ..o e e e e

............................................. API 5L

Fittings, Valves, and Flanges
ASME B1le.5

Pipe Flanges and Flanged Fittings . ... ... ... ittt e e e e
Factory-Made Wrought Stee! Buttwelding Fittings . ... ... ... .. ittt e ASME Bl6.9
Face-to-Face and End-to-End Dimensions of Vaives ... .. ... it e ASME B16.10
Metaliic Gaskets for Pipe Flanges — Ring Joint, Spiral-Wound, and Jacketed ................. ... ... .......... ASME Bl6.20
Nonmetallic Flat Gaskets for Pipe Flanges ... .. ... ..ot e e ASME B16.21
Buttwelding Ends .. ... . e e e ASME Bl6.25
Wrought Steel Buttwelding Short Radius Elbows and Returns .. ... ... .o ASME B16.28
Wellhead EQUIRMeNt L. e e APl 6A
Pipeline Vaives, End Closures, Connectors and Swivels ....... ... ... ... .. .. i API 6D
Steei Gate Valves, Flanged and Buttwelding Ends . ... ... ... ...ttt API 600
Compact Carbon Steel Gate ValVes ... .. ... . e APl 602
Class 150, Corrosion Resistant Gate VaIVES . ... .. ... ... . it e e APl 603
Standard Finishes for Contact Faces of Pipe Flanges and Connecting-End Flanges of Valves and Fittings ...... ...... MSS SP-6
Standard Marking System for Vaives, Fittings, Flanges anc Jnions .. ........, ... i MSS SP-25
Steel Pipe Line Flanges ... ... . MSS SP-44
Pressure Testing of Steel Valves .. .. .. MSS SP-61
BUBterfly Vaives ... MSS SP-67
Cast [ron Gate Valves, Flanged and Threaded E0as . ... ... .ot MSS SP-70
Cast Iron Swing Check Valves, Fianged and Threaded Ends ... ...... .. ..., MSS SP-71
Specification for High Test Wrought Welding Fittings . .. ... ... ... ... .t MSS SP-75
Cast [ron Plug Valves, Flanged anc Threaded Ends ... .. .. ... ... . .oumn i i MSS SP-78
Miscellaneous

Unified Incn Screw Threads (UN and UNR Thread FOrm) .. ... .o iu e e e ASME Bl1.1
Pipe Threaas, General Purpose (InCh) . ... ... ASME B1.20.1
Dry Seal Pipe Threads (INCh) ... o e e ASME B1.20.3
Threading, Gaging, and Thread Inspection of Casing, Tubing, and Line Pipe Threads ...................... ..... AP1 5B
Pipe Hangers and Supports—Selection and Aoplication ... .. ... e e MSS SP-69

GENERAL NOTE: Specific editiors of standards incorporated in this Code by reference, and the names and addresses of the sponsoring
organizatiors, are shown in Appendix A, since it is not practical tc refer to a specific edition of each standard in Table 426.1 and throughout
the Code text. Appendix A wiil be revised at intervals as needed, and issued in Addendz to the Code.
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CHAPTER V

!‘%',,3

~————CONSTRUCTION, WELDING, AND ASSEMBLY

434 CONSTRUCTION

434.1 General

New construction and replacements of existing sys-
tems shall be in accordance with the requirements of

this Chapter. Where written specifications are required,

they shall be in sufficient detail to insure that the
requirements of this Code shall be met. Such specifica-
tions shall include specific details on handiing of pipe.
equipment, materials, welding, and all construction fac-
tors which contribute to safety and sound engineering
practice. It is not intended herein that all construcuon
items be covered in full detail, since the specification
should be all-inclusive. Whether covered specifically
or not, all construction and materials shall be in accor-
dance with good engineering, safety, and proven pipeline
practice.

434.2 Inspection

The operaung company shall make provision for
suitable inspection of pipeline and related facilies
bv qualified inspectors to assure compliance with the
construction specifications. Qualification of mspection
personnel and the type and extent of inspection shall
be in accordance with the requirements of para. 436.
Repairs required during new construction shall be in
accordance with paras. 434.5, 434.8, and 461.1.2.

434.3 Right of Way

4343.1 Location. Right of way should be selected
so as to minimize the possibility of hazard from future
industrial or urban development or encroachment on
the night of way.

434.3.2 Construction Requirements. Inconvenience
to the landowner should be a minimum and safety of
the public shall be given prime consideraton.

(a) Al blasting shall be in accordance with governing
regulations and shall be performed by competent and
qualified personnel, and performed so as tc provide
adequate protection to the general public, livestock.
wildlife, buildings, telephone, telegraph, and power

lines, underground structures, and any other property
in the proximity of the blasting.

(b) In grading the right of way, every effort shall
be made to minimize damage to the land and prevent
abnormal drainage and erosive conditions. The land is
to be restored to as mearly original condition as is
practical.

(¢c) In conswucting pipeline crossings of railroads,
highways, streams, lakes, rivers, etc.. safety precautions$
such as signs, lights, guard rails, etc., shall be maintained
in the intersst of public safety. The crossings shall
comply with the applicable rules, r=gulatons, and re-
strictions of regulatory bodies having jurisdiction.

434.3.3 Survey and Staking or Marking. The route
shall be surveyed and staked, and such staking or
marking should be maintained during constructon, ex-
cept route of pipeline offshore shall be surveyed and
the pipeline shall be properly located within the nght
of way by maintaining survey route markers cr by
surveving during construction.

434.4 Handling, Hauling, Stringing, and Storing

Care shall be exercised in the handling or storing
of pipe, casing, coating materjals, valves, fitungs, and
other materials to prevent damage. When applicable,
railroad transportadon of pipe shall meet the require-
ments of API RP 5L1. In the event pipe is yard coated
or mill coated, adequate precautions shall be taken to
prevent damage to the coating when hauling, lifting,
and placing on the right of way. Pipe shall not be
allowed to drop and strike objects which will distort,
dent, flarten, gouge. or noich the pipe or damage the
coating, but shall be lifted or lowered by suitable and
safe equipment.

434.5 Damage to Fabricated Items and Pipe

(a) Fabricated items such as scraper traps, manifolds,
volume chambers, etc., shall be inspected before assem-
bly into the mainline or manifolding and defects skall
be repaired in accordance with provisions of the standard
or specification applicable to their manufacture.

(b} Pipe stall be inspected before coating and before
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assembly into the mainline or manifoiding. Distortion,
buckling, denting, flattening, geuging, grooves, or
notches, and all defects of this namre, shall be prevented,
repaired, or eliminated as specified herein.

(1;-Injurious gouges, grooves, or notches shall be
removed. These defects may be repaired by the use
of welding procedures prescribed in API 5L or removed
by grinding, provided the resulung wall thickness is
not less than that permitted by the material specification.

(2) When conditions outlined ir para. 434.5(b)(1)
cannot be met, the damaged portion shall be removed
as a cylinder. Insert patching is not permitted Weld-
on patching, other than complete encirclement, is not
permitied in pipelines intended to operate at a hoop
stress of more than 20% of the specified minimum
vield strength of the pipe.

{3) Notches or larninations on pipe ends shall not
be repaired. The damaged end shall be removed as a
cylinder and the pipe end properly rebeveled.

(4) Distorted or flattened lengths shall be dis-
carded.

(5} A dent {as opposed to a scratch, gouge, or
groove) may be defined as a gross disturbance ia the
curvature of the pipe wall. A dent coniaining a stress
concentrator, such as a scratch, gouge, groove, or arc
burn, shall be removed by cutting out the damaged
pordon of the pipe as a cylinder.

(6) All dents which affect the curvature of the
pipe at the seam or at any girth weld shall be removed
as in para. 434.5(b)5). All dents which exceed a
maximum depth of % in. (6 mm) in pipe NPS 4 and
smaller, or 6% of the nominal pipe diameter in sizes
greater than NPS 4, shall not be permitted in pipelines
intended to operate at a hoop stress of more than 20%
of the specified minimum yield strength of the pipe.
Insert patching, overlay, or pounding out of dents shall
not be permitted in pipelines internded to operate at a
hoop stress of more than 20% of the specified minimum
vield strength of the pipe. B

(7) Buckled pipe shall be replaced as a cylinder.

434.6 Ditching

(a) Depth of ditch shall be appropriate for the route
location, surface use of the land, terrain features, and
loads imposed by roadways and railroads. All buried
pipelines shall be installed below the normal level of
culovadon and with a minimum cover not less than that
shown in Table 434.6(a). Where the cover provisions of
Table 434.6(2a) cannot be met, pipe mav be installed
with less cover if additdonal protection is provided to

ASME B31.4-2002

withstand anticipated external loads and to minimize
damage to the pipe by external forces.

(b) Width and grade of ditch shall provide for low-
ering of the pipe into the ditch 10 minimize damage
to the coating and to facilitate fitting the pipe to the ditch.

(c) Location of underground structures intersecting
the ditch route shall be determined in advance of
construction activites to prevent damage to such struc-
tures. A minimum clearance of 12 in. (0.3 m) shall
be provided between the outside of any buried pipe
or component and the extremity of any other under-
ground structures, except for draicage tle which shall
have a minimum clearance of 2 in. (50 mm), and as
permitted under para. 461.1.1(c).

{d) Ditching operations shall follow good pipeline
practice and consideration of public safety. API RP
1102 will provide additional guidance.

454.7 Bends, Miters, and Elbows

Changes in direction, including sags or overbends
requirec to conform to the contour of the ditch, may
be made by bending the pipe or using miters. factory
made bends, or elbows. [See lirzitations in para. 406.2.]

434.7.1 Bends Made From Pipe

(a) Bends shall be made from pipe having wall
thicknesses determined in accordance with para. 404.2.1.
When hot bends are made in pipe which has beer cold
worked in order to meet the specified minimum yield
strength. wall thicknesses shall be determined by using
the lower stress values in accordance with para.
402.3.1(d).

(6) Bends shall be made in such a manner as to

preserve the cross-sectional shape of the pipe, and shall

be free from buckling, cracks, or other evidence of »

mechanical damage. The pipe diameter shall not be
reduced at any point by more than 2% of the nominal
diameter, and the completed bend shall pass the specified
sizing pig. :

(c) The minimum radius of field cold bends shall
be as specified in para 406.2.1b).

(d) Tangents approximately 6 ft (2 m) in length are
preferred on both ends of cold bends.

434.7.2 Mitered Bends

(a) Mitered bends are permitted subject to limitations
in para. 406.2.2.

(b) Care shall be taken in making mitered joints to
provide proper spacing and alignment and full penetra-
tion welds.

434.7.3 Factory Made Bends and Elbows

(a) Factory made wrought steel welding bends and

roe,
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434.73434.83

TABLE 434.6(a)
MINIMUM COVER FOR BURIED PIPELINES

For Normal For Rock Excavation Reguiring
Excavation, in. (m: Blasting or Remova!l by
_ Location __ [Note (1)] Equivaient Means, in. (m’
~Industrial, ccmmerciai, anc residentia: areas 36 (0.9) 24 (0.6)
River and streamn crossings 48 (1.2) 18 (0.45)
Drainage ditches at rcadways and railroags 36 (0.9) 24 (0.6)
30 (0.75) 18 (0.45)

Any other area

NOTE:

(1) Minimun cover for pipelines transporting carban dioxide, LPG, or liquid anhydrous ammonia shall pe:
48 in. (1.2 m) for normal excavation in indust-ial, commercial, and residential areas, river and stream
crossings, anc drainage dizches at roadways and raiiroads; and 36 in. (0.5 m) for normal excavaticn

in any other area.

factory made elbows may be used subject to limitations
in para. 406.2.3,and tansverse segments cut therefrom
may be used for changes in direction provided the arc
distance measured along the crotch is at least 2 in.
(50 mm) on pipe size NPS 4 and larger.

(b) If the internal diameter of such fittings differs
by more than 3/'16 in. (5 mm) from that of the pipe,
the fitting shall be treated as indicated in Fig. 434.8.6(a)-
(2) or use a transition nipple not less than one-half
pipe diameter in length with acceptable joint designs
as illustrated in Fig. 434.8.6(a)-(2).

434.83 Welding

434.8.1 Genperal

{a) Scope. Welding herein applies to the arc and
gas welding of pipe in both wrought and cast steel
materials as applied in pipelines and connections to
apparatus or equipment. This includes butt joints in
the installadon of pipe, valves, flanges, fittings, and other
equipment, and fillet welded joints in pipe branches, slip-
on flanges, etc. It does not apply to the welding of
longitudinal or spiral joints in the manufacture of pipe,
fiings, and valves, or to pressure vessels or assemblies
manufactured in accordance with the ASME Boiler and
Pressure Vessel Code, Secton VIII, Division 1 or 2.

(b} Welding Terms. Definitions pertaining to welding
as used in this Code conform to the standard definitions
established by the American Welding Society and con-
tained in ANSUAWS A3.0, Secton IX of the ASME
Boiler and Pressure Vessel Code, and API 1104.

(c) Safe Practices in Curting and Welding. Prior to
cutting and welding in areas in which the possible
leakage or presence of vapor or flammable liquid const-
tutes a hazard of fire or explosion, a thorough check
shall be made to determine the presence of a combustible
gas mixture or flammable liquid. Cutting and welding
shall begin only when safe conditons are indicated.

434.8.2 Welding Processes and Filler Metal

(a) Welding shall be performed by & manual, semiau-
tomatic, or automatic process or combination of pro-
cesses that have been demonstrated to produce sound
welds. o
(b) Unless otherwise specified by the operating com-
pany, welding electrodes and consumables shall comply
with the following:

(1) Filler metal and consumables shall be selected
so that the strength of the completed weldment will
equal or exceed the specified minimurn tensile strength
of the matenals being joined.

(2) If base metals of different tensile strengths
are to be joined, the nominal tensile suength of the
weld metal shall equal or exceed the tensile strength
of the weaker of the two.

(3) When filler metals of different strenghts are
used in a single weld, the proportions shall be such that
the completed weldment equals the specified minimum
tensile strength of the base metal.

(4) For alloy steels, the nominal chemical analysis
of the weld metal shall be the same as the nominal
chemical analysis of the base metal. If base metals of
different chemical analysis are being joined, the weld
metal shall be the same as eitehr base metal, or of
intermediate composition, except as specified below.

(5) When austenitic steels are joined to ferritic
steels, the weld metal shall have an austenitic structure.

434.8.3 Welder and Welding
Qualifications

(a) Welder and welding procedure qualiﬁcaﬁons for
cross country pipelines shall be performed in accordance
with API 1104. Welder and welding procedure qualifi-
cations for alloy steel and for shop fabricated piping
assemblies, and welding at stadons and terminals shall
be performed in accordance with API 1104 or Section
IX of the ASME Boiler and Pressure Vessel Code.

Procedure
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(b, Prior to any welding covered by this Code, a
welding procedure specification shal be established and
qualified by testing to demonstrate that welds having
suitable mechanical properties and soundness can be
produced-Welding -procedure specifications and each
welder or welding operator shall be qualified as required
by API 1104, or Section IX of the ASME Boiler and
Pressure Vessel Code, whichever is appropriate for the
locatons, materials, and type of welding to be per-
formed. The welding procedure specification shall be
adhered to during welding performed under this Code.

(c) The welding procedure specifications shall at a
minimum include the information required by API 1104
or Section IX of the ASME Boiler and Pressure Vessel
Code. When materials, welding consumables, mechani-
cal restraint, service conditons and/or weather condi-
tons make more details pecessary to produce a sound
weld, such as preheat, interpass temperature, and post-
weld heat treatment, such details shall be provided.
When joining materjals with notch-toughness rsquire-
ments, particularly for low temperature service, consid-
eration shall be given to weld metal and heat-arfected
zone toughness requirements in the welding procedure
specification. When applicable, the test method, temper-
ature, specimen, and acceptance criteria shall be speci-
fied in the welding procedure specification.

and Pressure Vessel Code contain sections entitled
“Essendal Variables” applicable to welding procedure
specifications, procedure qualification records, and
welder qualifications. The classification of base materials
and weld filler materials into groups does not imply
that other materials within a particular group may be
Indiscriminately substituted for the base matenal or
weld filler material used for the qualificaiion test.
Welding procedure qualification tests should be con-
ducted with the highest strength base metal to be
welded in the essential variable groups identfizd in
the procedure specification.

(e, Welder requalification tests are required if there
1s some specific reason to question a welder’s ability
or if the welder is not engaged in a given process of
welding for a period of six months or more.

(/) The operating company shall be responsible for
qualifications of procedures and welders. The prepara-
ton of welding procedure specifications and/or perform-
ance of welding qualification tests may be delegated
to others; however, each company that performs weiding
acuviues 1s responsible for the welding activities per-
formed by its employees and contractors.

(g) Qualificarion Records. The welding procedure
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followed dumrng the gualifviag tests shall be recorded
in detail. Records of the tests that establish the qualifica-
don of a welding procedure specification shall be
retained as long as that procedure is in use. A record
of the welders qualified, showing the date and results
of the tests, shall be retained during the constuction

involved and for six months thereafter.

434.8.4 Welding Standards. All the welding done
under this Code shall be performed under a specification
vwhich embodies the minimum requirements of this
Code and shall encompass the requirements of API
1104 except as provided in paras. 434.8.3{a) and (b).

434.8.5 Required Inspection and Acceptance
Criteria :
(a) Reguired Inspection

(1) The quality of weld:ng shall be checked by
visual inspection and supplemental nondestructive meth-
ods or by removing completed welds as selected and
designated by the inspector for destructive testing.

(2) All welds shall be visually inspected.

(3) When the pipeline is to be operated at a hoop
stress of more than 20% of the specified minimum
vield strength of the pipe, girth weids shall be inspected.
A minmum of 10% of the girth welds completed
each day shall be randomly selected by the operating
company and inspected. The inspection shali be by
radiographic or other accepted velumetric nondestruc-
uve methods. Each weld inspected shall be inspected
completely around its circumference. In the following
locations or conditions, all girth welds in the pipe shall
be completely inspected; however, if some cf the girth
welds are inaccessible, a mirimum of 90% of the welds
are to be inspected.

(a) within populated areas such as residential
subdivisions, shopping centers, and designated commer-
cial and industrial areas;

{b) niver, lake, and stream crossings within the
area subject to frequent inundation; and nver, lake,
and stream crossings on bridges;

(c) railroad or public highway rights of way,
including tunnels, bridges, and overhead railroad and
road crossings;

(d) offshore and inland coastal waters;

{e) old girth welds in used pipe;

{f7 de-n girth welds nct hydrostatically tested
in accordance with para. 437.4.1.

(6) Inspection Methods and Acceptance Standards

{1) Nondestuctve inspection shall consist of vi-
sual inspection and radiographic examination or other
acceptable nondestructive methods, and shall be in
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3 accordance with API 1104. The methods used shall be
capable of producing indications of potential defects
that can be accurately interpreted and evaluated. Welds
shall meet the acceptance standards for discontinuities
contained in APl 1104, or the alternate acceptance
standards for girth welds in Appendix A of API 1104

2) Completed welds which have been removed
for destucuve examination shall meet the requirements
of API 1104 for Welder Qualificaton by Desuctive
Testng. Trepanning methods of testing shall not be used.

434.8.6 Types of Welds, Joint Designs, and

Transition Nipples '
(2) Bur: Welds. Burt welded joints may be of the
single vee, double vee, or other suitabie type of groove.

Nz

ACCEPTABLE BUTT WELDED JOINT DESIGN FOR EQUAL WALL THICKNESSES

. Joint designs shown in Fig. 434.8.6(a)-(1) or applicable

combinations of these joint design details are recom-
mended for ends of equal thickness. The transition
between ends of unequal thickness may be accomplished
by taper or welding as shown in Fig. 434.8.6(2)-(2),
or by means of a prefabricated tramsition nipple not
less than one-half pipe diameter in length with accept-
able joint designs as illustrated in Fig. 434.8.6(a)-(2).

(b) Filler Welds. Fillet welds mav be concave to
shghtly convex. The size of a fillet weld is stated as
a leg length of the largest inscribed right isosceles
triangle as shown in Fig. 434.8.6(b) coverirg recom-
mended attachment details of flangzs.

(c) Tack Welds. Tack welding shall be dons by
qualified welders, the same as all other welds.
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i

(e}

f

(g)

Notes tc follow on next page.

FIG. 434.8.6(a)-(2) ACCEPTABLE BUTT WELDED JOINT DESIGN FOR UNEQUAL WALL
THICKNESSES

434.8.7 Removal or Repair of Defects

‘(@) Arc Burns. Arc burms can cause Serious stress
copcentrations in pipelines and shall be prevented.
removed, or repaired. The metallurgical notch caused
by arc burns shall be removed by grinding, provided the
grinding does not reduce the remaining wall thickness
to less than the minimum permitted by the material
specifications. Complets removal of the metallurgical
notch created by an arc burn can be determined as
follows. After visible evidence of the arc burn has
been removed by grinding, swab the ground area with
a minimum 10% solution of ammonium persulfate or
a 3% solution of njtal. A darkened spot is evidence

of 2 metallurgical notch and indicates that additional

ghnding is necessary. If the resulting wall thickmess
after grinding is less than that permitted by the materal
specificanor, the portion of pipe containing the arc

N

burn shall be removed or repaired in accordance with
para. 451.6. Insert patching is prohibited.

{b) Weld Defects. Authorizadon for repair of welds,
removal and repair of weld defects, and testing of weld
repairs shall be in accordance with API 1104.

(¢} Pipe Defects. Laminations, split ends, or other
defects in the pipe shall be repaired or removed in
accordance with para. 434.5(b).

434.8.8 Preheating and Interpass Temperature

(a) The welding procedure specification shall specify
the minimum preheat temperature. When the welding
procedure specification specifies preheatin g above ambi-
ent temperatures, the method of heating shall be speci-
fied. For heat treated and other high swrength materals
and impact tested materials, control of :nterpass tempera-
tures may be necessary. The operating company shall

ik
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Front and back weld

(3) Slip-on Welding Flange

T

Size of weid

/Theoreticzf 3

throat
{5) Convex Filiet Weld

FIG. 434.8.6(b)

determine when interpass temperature lmits are neces-
sary, and, when required, the interpass temperatures
shall be provided in the welding procedure specifcation.

(b) When welding dissimilar materials having differ-
ent prehearing requirements, the material requiring the
higher preheat shall govern.

{c; The preheating temperature shall be checked by
the use of temperature indicating cravons, thermecouple
pyrometers, or other suitable method to assure thart the
required temperature is attained prior to and maintained
during the welding operaton.

B
LT

I~
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NN

{2) Welding Neck Flange

0.707¢
{or t if preferred)

Front and back weid

{4) Slip-on Weiding Flangs

—

e ‘%
throat
7,
7,

Size of weld

{6) Concave Fillet Weld

RECOMMENDED ATTACHMENT DETAILS OF FLANGES

434.8.9 Stress Relieving

(a) Welcs shall be stress relieved when the effective
weld throat [see Fig. 434.8.6(2)-(2)] exceeds 1% in.
(32 mm), unless it can be demonstrated by welding
procedure qualification tests, using materials of the
same specification, type, and grade with an effective
weld throat that is equal to or greatsr than the production
weld, that swess relieving is not necessary.

Welds in carbon steels having an effective weld
throat larger than 1% in. (32 mm) and not larger thzn
1Y% in. (38 mm) may be exempted from stess relieving
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I 2 minimum preheating temperature of 200°F (93:C} is
used. The welding procecure specificaticn shall specify
when stess relieving and/or heat trzament are required
due to composition, thickness, welding process, restraint .

“of the weld joint, or service conditons. When required, ~

the welding procedure qualification test shall inciude
swess relieving and/or heat treatment of the completed
test joint. The postweld stress relieving and heat treat-
ment requirements in ASME B31.3 or Section VIII,
Division 1 or 2 of the ASME Boiler and Pressure
Vessel Code may be used as a guide for minirum
stress relieving and heat treating requirements. The
thickness to be used to determine the stress relieving
requirements of branch connections or slip-on flanges
shall be the thickness of the pipe or header.

The thickness to be used to determine the stess
relieving requirements of branch connectons or slip-
on fianges shall be the thickness of the pipe or header.

(b) In welds between dissimilar materials, if either
matenial requires stress relieving, the joint shall require
stress relieving.

434.9 Tie-In

Gaps left in the continuous line construction at such
points as river, canal, highway, or railroad crossings
require special consideraton for alignment and welding.
Sufficient equipment shall be available and care exer-
cised not to force or strain the pipe to proper alignment.

434.10 Installation of Pipe in the Ditch

It is very important that stresses induced into the
pipeline by construction be minimized The pipe shall
fit the ditch without the use of external force to hoid
1t in place until the backfill is completed. When the
pipe is lowered into the ditch, care shall be exercised
$0-as not to impose undue stress in the pipe. Slack
loops may be used where laying conditions render the:r
use advisable. Co ’ -

434.11 Backfilling

Backfilling shall be performec in 2 manner to provids
orm support of the pipe. When there are large rocks
In the backfill material, care shall be exercised to
prevent damage to the pipe and coating by such means
as the use of a rock shield material, or by making the
minal fili with a rock-free material sufficient to preven:
rock damage. Where the ditch is flooded, care shall
be exercised so that the pipe is mot floated from the
bottom of the ditch prior to backfill completion.

I~
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434.12 Restoration of Right of Way and Cleanup

These operauons shall follow zood constucion prac-
tces and consideradons of private and publiz safety.

434.13 Special Crossings

Water. raiiroad, and highway crossings require spe-
cific considerations not readily covered in a general
statement, since all involve variations in basic design.
The pipeline company shall oktain required permits
for such crossings. The design shall employ sound
engineering and good pipeline practice with minimum
hazard to the facility and due consideration of public
safety. Construction shall be so organized as to result
In minimal interference with traffic or the activities of
adjacent property owners. Adequate efforts shall be
made 10 determine the Jocation of buried pipelines,
uality lines, and other underground structures along
and crossing the proposed right of way. The owners
of any affected structures shall be given adequate prior
nouce of the proposed comstruction so that the owner
may make operational preparations and provide a Tepre-
sentative at the crossing.

434.13.1 Water Crossings. Crossings of rivers,
streams, lakes, and inland bodies o7 water are individual
problems, and the designer shall investigate composition
of bottom. variation in banks, velocity of water,
scouring, and special seasonal problems. The designer
shall determine whether the crossing is to be underwater,
overhead on a suspension bridge, or supported on an
adjaceat bridge. Continuity of operation and the safety
of the general public shall be the controlling factors
both in design and in construction. Where required,
detailed plans and specifications shall be prepared taking
into account these and any special considerations or
limitations imposed by the regulatory body involved.

{a) Underwater Construction. Flans and specifica-
tions shall describe the position of the line, showing
relationship of the pipeline to the natural bottorn and
the depth below mean low water level when applicable.
To meet the conditions set out in para. 434.13.1, heavier
wall pipe may be specified. Approach and position of
the line in the banks is important, as is the positon
of the line across the bottom. Special consideration
shall be given to depth of cover and other rmeans
of protecting the pipeline in the surf zone. Special
consideration shall be given to protective coatng and
the use of concrete jacketing or the applicaton of
river weights. Complete inspection shall be provided.
Precautions shall be taken during construction to limit
stress below the level that would produce buckling

|
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cr collapse due to out-oi-roundness of the completed
pipelne.

434.13.2 Overhead Structures. Overhead stucture
used to suspend pipelines shall be designed and con-

the reswicuons or regulations of the goverming body
having junsdiction. Detailed plans and specifications
shall be prepared where required and adequate inspec-
tion shall be provided to assure complete adherence
thereto.

434.13.3 Bridge Attachments. Special requirements
are involved in this type of crossing. The use of
higher swength lightweight steel pipe, proper design
and installation of hangers, and special protection to
prevent damage by the elements or bridge and approach
traffic shall be considered. Any agreed upon restrictions
or precautions shall be contained in the detailed specifi-
cations. Inspectors shall assure themselves that these
requirements are met.

434.13.4 Railroad and Highway Crossings

(a; The safety of the general public and the preven- |

uon of damage to the pipeline by reason of its location
are primary considerations. The great variety of such
crossings precludes standard design. The construction
specifications shall cover the procedure for such cross-
ings, based upon the requirements of the specific lo-
caton.

(b Installation of uncased carmier pipe is preferred
Installanion of carrier pipe, or casing if used, shall be
in accordance with APl RP 1102. As specified in para.
461.1.2(f), if casing is used, coated carmier pipe shall
be independently supported outside each end of the
casing and insulated from the casing throughout the
cased section, and casing ends shall be sealed using
a durable, electrically nonconductive material.

(cj The total effective stress due to internal design
pressure and external loads (including both live and
dead loads} in pipe installed under railroads or highways
without use of casing shall be calcuiated in accordance
with API RP 1102 and shall not exceed the allowable
effecave swess noted in para 402.3.2(e). Also, cyclic
stress componernts shall be checked for fatigue.

434.14 Inland Coastal Water Construction

Plans and specifications shall describe alignment of
the pipeline, depth below mean water level, and depth
below bottom 1if ditched. Special consideration shall be
given to depth of cover and other means of protecting
the pipeline in the surf zone. Consideration shall be
given to use of weight coaung(s), anchors, or other

434.13.1434.132

means of maintaining posidon of the pipe under antci-
pated conditions of buovance and water moton. Com-
plete constructon inspection shall be provided. Precau-
tions shall be taken during consTucuon to Iimit stress
below the level that would produce buckling or coliapse
due to out-of-roundness of the completed pipelire.

434.15 Block and Isolating Valves

434.15.1 General )

(a) Block and isolating valves shall be installed for
limiting hazard and damage from accidental discharge
and for facilitating maintenance of the piping system.

(b) Valves shall be at accessible locations, protected
from damage or tampering, and suitably supported to
prevent differental settlement or -movement of the
attached piping. Where an operating device to open or
close the valve is provided, it shall be protected and
accessible only to authorized persons.

(c) Submerged valves on pipelines shall be marked
or spotied by survey techniques to facilitate quick
location when operation is required.

434.15.2 Mainline Valves

(a) Mainline block valves shall be installed on the
upstream side of major river crossings and public water
supply reservoirs. Either a block or check valve shall
be installed on the downsweam side of major river
crossings and public water supply reservoirs.

(b) A mainline block valve shall be installed at
mainline pump statons, and a block or check valve
(where applicable to minimize pipeline backflow) shall
be installed at other locations appropriate for the terrain
features. In industrial, commercial, and residental areas
where construction activities pose a particular nisk of
external damage to the pipeline, provisions shall be

" made for the appropriate spacing and location of main-

line valves consistent with the type of liquids being
transported.

(c) A remotely operated mainhine biock valve shall
be provided at remotely controlled pipeline facilities
to isolate segments of the pipeline.

(dj On pipicg systems transportng LPG or liquid
anhydrous ammeonia, check valves shall be installed
where applicable with each block valve to provide
automatic blockage of reverse flow in the piping system.

(e} In order to facilitate operatonal control, limit
the duration of an outage, and to expedite repairs,
mainline block valves shall be ipstallad at 7.5 mile
(12 km) maximum spacing on piping systems trans-
porung LPG or liqud anhydrous ammoria in industrial,
commercial, and residental areas.



4341334342202

434.15.3 Pump Station, Tank Farm and Terminal
Valves

faj Valves shall be installed on the suction and
discharge of pump stations whereby the pumo statior

~—————can be isolated from the pipeline.
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(b, Valves shall be installed on lines entering or
leaving tank farms or terminals at convenient locations
whereby the tank farm or terminal may be isolated
from other facilides such as the pipeline, manifolds,
Or pump stations.

434.16 Connections to Main Lines

Where connections to the main line such as brarnch
lines, jump-overs, relief valves, air vents. etc., are made
to the main line, they shall be made in accordance
with para 404.3.1. When such connections or additions
are made to coated lines, all damaged coaung shall be
removed and replaced with new coating material in
accordance with para. 461.1.2(h). This protective coating
saould include the attachments.

434.17 Scraper Traps

434.17.1 Scraper traps are to be installed as deemed
pecessary for good operations. All pipe, valves, fittings,
closures, and appurtenances shall comply with appro-
prate sections of this Code.

434.17.2 Scraper traps on mainline terminations and
tied Into connection piping or manifolding shall be
anchored below ground with adequate concrete anchors
when required and suitably supported above ground to
prevent transmission of line swresses due to expansion
and contraction to connecting facilites.

434.17.3  Scraper wap and its components shall be -

assembled in accordance with para. 435, and pressure
tested to the same limits as the main line. See para.
437.4.

434.18 Line Markers

faj Except as provided in paragraph (¢) of this
secton. adequate pipeline location markers for the
protecuon of the pipeline, the public, and persons
performing work in the area shall be placed over each
bunied pipeline in accordance with the following:

(1) Markers shall be located at each public road
crossing, at each railroad crossing, ar each navigable
sweam crossing, and in sufficient numbers along the
remainder of the buried line so that the pipeline location
including direction of the pipeline is adequately known.
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It 1s recommended tha: markers are insialied on each
side of each crossing whenever possible.

(2) Markers shall be icstalisd a: locations where
the ne 1s above ground in areas which are accassible
to the public.

(b) The marker shall state at leas: the foliowing on
a backgrcund of sharply contrasting colors:

(1) The word “Warning,” “Caution,” or “Danger”
followed by the words “Petroleum (or the pame of
the hazarcous liquid transported) Pipeline” or “Carbon
Dioxide Pipeline” all of which, except for markers in
heavily developed urban areas, roust be in letters at
least one inch high with an approximate stroke of one-
quarter inch.

(2) The name of the operaior and a telephone
number (including area code) where the operator can
be reached at all times.

(c) API RP 1109 should be used for addizional
guidance.

(d) Unless required by applicable regulatory agen-
cies, Line markers are not required for buried pipelines
located offshore or under waterways and other bodies
of water, or in heavily developed urban areas such as
downtown business centers where the placement of
markers 1s impractical and would not serve the prrpose
for which markers are intended and the local government
maintains substructure records.

434.19 Corrosion Control

Protectior of ferrous pipe and components from
external anc internal corrosion shall be as prescribed
in Chapter VIII.

434.20 Pump Station, Tank Farm, and Terminal
Construction

434.20.1 General. All constructon work performed
on pump stations, tank farms, terminals, equirment
wnstallatons, piping, and allied facilities shall be done
under construcion specifications. Such specifications
shall cover all phases of the work under contract and
shall be in sufficient detail to insure that the requirements
of this Code shall be met Such specifications shall
include specific details on soil conditions, foundaions
and concrete work, steel fabrication and building ersc-
tion, piping, welding, equipment and materials, and all
comstruction factors contributing to safety and sound
engineering practice.

434.20.2 Location. Pump stations, tank farms. and
terminals should be located on the pipeline’s fee or
leased property in order to be assured that proper safety

il
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precautions rmay be applied. The pump station. lank
farm. or terminal shall be locatec at suck clear distances
from adjacent properties not under conwo} o the com-
pany as 10 minimize the communicagon of fire from
structures on adjacent properties. Similar consideraton
shall be given to its relatve locatior from the stador
manifolds, tankage, maintenance facilities, personnel
housing, etc. Sufficient open space shall be left around
the building and manifolds to provide access for mainte-
nance equipment and fire fighting equipment. The sta-
tion, tank farm, or terminal shall be fenced in such a
manner as to minimize trespass, and roadways and
gates should be located to give ready access to or
egress from the facilities.

434.20.3 Building Installation. Buildings shall be
located and constructed to comply with detailed plans
and specifications. The excavation for and installation
of foundations and erection of the building shall be
done by craftsmen familiar with the respectve phase
of the work, and all work shall be done in a safe and
workmanlike manner. Inspection shall be provided to
assure that the requirements of the plans and specifica-
tions are met.

434.20.4 Pumping Equipment and Prime Movers.
Installanion of pumping equipment and prime movers
shall be covered by detailed plans and specifications
which have taken into account the vanables inherent
in local soul conditions, utilization, and arrangement of
the equipment to provide the optimum in operating ease
and maintenance access. Machinerv shall be handled and
mounted in accordance with recognized good millwright
pracice and be provided with such protective covers
as to prevent damage during construction. Recommenda-
tions of installation details provided bv manufacturers
for auxiliary piping, setting, and aligning shall be
considered as minimum requirements.

434.20.5 Pump Station, Tank Farm, and Terminal
Piping. All piping, including but not limited to main

unit interconnections, manifolds;” scrapertraps;etc.;

which can be subject to the mainline pressure shall be
constructed in accordance with the welding standards
(see para. 434.8), corrosion control requirements (see
Chapter VIII), and other practices of this Code.

434.20.6 Controls and Protective Equipment. Pres-
sure controls and protective equipment, including pres-
sure limiting devices, regulators, controllers, relief
valves, and other safety devices. as shown on the
drawings or required by the specifications, shall be
installed by competent and skilled workmen. Installation
shall be accomplished with careful handling ard mini-

434202434213

mum exposure of inswuments and devices to inclement
weather cordidons, dust. or dirt t¢ prevent darpage.
Also, piping, conduits, or mounung brackets shall not
cause the instruments or devices to be distorted or in
any strain. Jnstuments and devices shall be installed
so that they can be checked without uncue interruptions
in operations. After installation, controls and protectve
equipment shall be tested under concitions approximat-
ing actual operatons to assure their proper functioning.

434.20.7 Fire Protection. Fire protection when pro-
vided shall be in accordance with recommendations in
NFPA 30. If the system installed requires the services
of fire pumps, their motive power shall be separate
from the station power so that their operation shall not
be affected by emergency shutdown facilites.

434.21 Storage ahd Working Tankage

434.21.1 General. All construction work performed
on storage and working tankage and allied equipment,
piping, and facilities shall be done under construction
specifications. Such specifications shal cover all phases
of the work under contract, and shall be in sufficient
detail to insure that the requirements of the Code shall
be met. Such specifications shall include specific dezails
on soil condiuons, foundations and concrete work, tank
fabrication and erection, piping, welding, equipment
and materials, dikes, and all consiruction factors coatrib-
uting to safety and sound engineering practice.

434.21.2 Location

{a) Tankage shall be located on the pipeline’s fee
or leased property in order to assure that proper safety
precautions may be applied. Tank facilites shall be
located at such clear distances from adjacent properties
not under control of the company as to minimize
the communication of fire from structures on adjacent
properties. Similar consideration shall be given to rela-
tive locations between station manifolds, pumping
equipment, maintenance facilities, personnel housing,
etc. Sufficient open space shall be left around the
tankage facilities and associated equipment to provide
access for maintenance and fire fighting equipment.
The tankage area shall be fenced so as to minimize
respass, and roadways and gates should be located to
give ready ingress 1o and egress from the facilides.

(b) Spacing of tankage shall be governed by the
requirements of NFPA 30.

434.21.3 Tapks and Pipe-Type Storage

(a) Tanks for storage or handiing crude oil and
liquid pewoleum products and liquid alcohols having
vapor pressures approximating ammospheric shall be
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conszucted in accordance with API 650. APl 12B, API
12D, API 12F, or desicred and constructed :n accor-
dance with accepted good engineering pracuces.

{b) Tanks for storage or handling liquid peoieum

~—————-~-products and liquid alcohols having vapor gage pressures

of 0.5 psi (0.035 bar) but not exceeding 15 psi (1 bar)
shall be constructed in accordance with API 620.

{c) Tanks used for storage or handling liquids having
Vvapor gage pressures greater than 15 psi (1 bar) shall
be designed and constructed in accordance with the
design of accredited tank builders and the ASME Boiler
and Pressure Vessel Code, Section VIII, Division 1 or
Division 2.

(d) Buried pipe-type holders used for storage and
handling liquid petroleum, liquid alcohols, or liquid
anhydrous ammonia shall be designed and constructed
in accordance with the requirements of this Code for
pipe and piping components.

434.21.4 Foundations. Tank foundations shall be
constructed in accordance with plans and specifications
which shall take into account local soii conditions, type
of tank. usage, and general location.

434.21.5 Dikes or Firewalls. The protection of the
pipeline’s station, tank farm, terminal, or other facilities
from damage by fire from adjacent facilities, as well
as the protection of the general public, may dictate the
reed of dikes or firewalls around tankage or between
tankage and station or terminal. Tank dikes or firewalls,
where required, shall be constructed to meet the capacity
requirements set out in NFPA 30.

434.22 Electrical Installations

434.22.1 General. Electrical installations for light-
ing, power, and control shail be covered by detailed
plans and specifications, and installations shall be in
accordance with codes applicable to the specific type
of circuitty and classification of areas for electrical
installation. Inspection shall be provided and all circuitry
shall be tested before operation to assureé that the
installation was made in workmanlike manner to provide
for the continuing safety of personnel and equipment.
Installations shall be made in accordanze with NFPA
70 and API RP 500C.

434.22.2 Care and Handling of Materials. All elec-
trical equipment and instruments shall be carefully
handled and properly stored or enclosed to prevent
damage, deterioration, or contamination during construc-
uon. Packaged components are not to be exposed
untl installadon. Equipment susceptible to damage or
deterioration by exposure to bumidity shall be ade-
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quarely protected bv using appropriate means such as
plastic film enclosures, desiccants. or electic heating.

434.22.3 Installation. The installation of electrical
materials shall be made by qualified persconnel familiar
with details of electrical aspects and code requirements
for such installation. At all times care shall be exercised
to prevent damage to the insulation of cable and wiring.
All partial installations shall be protected from damage
during construction. The installation design and specifi-
cadons shall give consideration to the need for dust-
and/or moisture-proof enclosures for such special gear
as relays, small switches, and electronic components.
In no case shall the frames of electric motors or other
grounded electrical equipment be used as the ground
connecton for electrical welding.

434.23 Liquid Metering

434.23.1 Positive displacement meters, turbine me-
ters, or equivalent liquid measuring devices and their
proving facilities shall be designed and installed in
accordance with the API Manual of Petroleum Measure-
ment Standards.

434.23.2 Provisions shall be made to permit access
to these facilities by authorized personnel only.

434.23.3 Assembly of the metering facility compo-
nents shall be in accordance with para. 435.

434.24 Liquid Strainers and Filters

434.24.1 Swainers and filters shall be designed to
the same pressure limitadons and subjected to the same
test pressures as the piping system in which they are
installed, and supported in such 2 manner as to prevent

‘undue loading to the conpecting piping system.

434.24.2 Installation and design shall provide for
ease of maintenance and servicing without interference
with the station operation.

434.24.3 The filtering medium should be of such
retention size and capacity as to fully protect the
facilities against the intrusion of harmful foreign sub-
stances.

434.24.4  Assembly of strainers or filters and their
components shall be in accordance with para. 435.

435 ASSEMBLY OF PIPING COMPONENTS

43%.1 General

The assembly of the varous piping coraponents,
whether dope in a shop or as a2 field erecton, shall
be done so that the completely erected piping conforms
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with the requirements of this Code and with tae specific
requirements of the engineering desigr.

433.2 Bolting Procedure

77T T43520 Al flanged jointsTshall be fitted upso that ~

AT~ g

the gasket contact faces bear uniformly on the gasket,
and made up with uniform bolt smess.

4352.2 In boltng gasketed flanged joints, the gasket
shall be properly compressed in accordance with the
desigr principles applicable to the type of gasket used.

433.2.3 Al bolts or studs shall extend completely
through their nuts.

435.3 Pumping Unit Piping

433.3.1 Piping to main pumping units shall be so
desigred and supported that when assembled to the
pump flanges and valves it should be relatively free
of stress and should not add stress or load to the pump
frame. '

4353.2 The design and assembly shall take into
account the forces of expansion and contraction to
minim:ze their effect within the assemblv.

435.3.3 All valves and fittings on pumping units
shall carry the same pressure ratings as required for
line operating pressures.

435.3.4 Welding shall be in accordance with para.
434.8 of the Code.

43335 Bolting shall be in accordance with para.
4352

435.4 Manifolds

4354.1 All components within a manifoid assembly,
including valves, flanges, fittings, headers. and special
assemblies, shall withstand the operating pressures and

Lh

4351435352

specified loadings for the specific service piping to
which it 1s connected.

435.4.2 Meter banks, prover loop:. and scraper Taps
shall be subject to the same assembiv requirements as

" manifolds.

435.4.3 Manifold headers with multple outlets shall
have outlets designed as covered in paras. 404.3.1(b)
and 404.3.1(e) and illustrated in Figs. 404.3.1(b)(3) and
404.3.1(d)(2), respectively. Assembly may be with the
use of jigs to assure alignment of outlets and flanges
with other components. The fabricared unit shall be
suess relieved before removal from the jig.

435.4.4 Manifold headers assembled from wrought
tees, fittings, and flanges may be assembled with Jjigs
to assure alignment of components. Stress relieving
should be considered.

435.4.5 All welding on manifolds and headers shall
conform to para. 434.8.

435.4.6 Final assembly of all components shall
minimize locked-in stresses. The entire assembly, shall
be adequarely supported to provide minimum unbalance
and vibration.

435.5 Auxiliary Liquid Petroleum, Carbon Dioxide,
Liquid Anbydrous Ammonia, or Liquid
Alcohol Piping

435.5.1 All auxiliary piping between main units
and auxiliary components shall be assembled in a work-
manlike manner and in accordance with the applica-
ble code.

435.5.2  All welded auxiliary lines shall be assembled
in accordance with the requirements of this Code with
special provisions as required for assembly to minimize
locked-in stress, and for adequate support or restraint
t0 minimize vibraton.

ERITTETY L L s,
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CHAPTER VI

436 INSPECTION

436.1 General

Construction inspection provisions for pipelines and

related facilides shall be adequate to assure compliance

with the material, construction, welding, assembly, and
testing requirements of this Code.

436.2 Qualification of Inspectors

Inspection personnel shall be qualified by training
and experience. Such personnel shali be capable of
performing the following inspection services:

fal night of way and grading;

(b) ditching;

fc) line up and pipe surface inspecton;

(d) welding;

(e) coating;

() te-in and lowering;

(g1 backfilling and clean up:

(hy pressure testing;

(i) special services for tesung and inspection of
facilides, such as station construction, rver crossings,
elecical installation, radiography, corrosion control,
ew.. as may be required.

436.5 Type and Extent of Examination Required

436.5.1 Visual
fa; Material
(1) All piping components shall be visually in-
spected to insure that no mechanijcal damage has oc-
curred during shipment and handling prior to being
connected into the piping system:
2) All pipe shall be visually inspected to discover
any defects as .described in paras. 434.5 and 434.8.7.
(3) On svstems where pipe is telescoped by grade,
wall thickness, or both, particular care shall be taken
to insure proper placement of pipe. Permanent records
shall be kept showing the location as installed of
each grade, wall thickness, type, specificaton, and
manvfacterer of the pipe.
(b) Construcrion

INSPECTION AND TESTING

(1) Visual inspection for detection of surface de-
fects in the pipe shall be provided for each job just
ahead of any coating operation and during the lowering-
In and backfill operation.

(2) The pipe swabbing operarion shall be inspected
for thoroughness to provide a clean surface inside
the pipe.

(3) Before welding, the pipz shall be examined
for damage-free bevels and proper alignment of the joint.

(4) The stringer bead shall be mspected, particu-
larly for cracks, before subsequert beads are applied.

(9) The completed weld shall be cleaned and
wspected prior to coating operations, and irregularities
that could protrude through the pipe coating shall be
removed.

(€) When the pipe is coated, Inspection shall be
made to determine that the coating machine does not
cause harmful gouges or grooves n the pipe surface.

(7) Lacerations of the pipe coating shall be in-
spected prior to repair of coating to see if the pipe
surface has been damaged. Damaged coating and pipe
shall be repaired before the pipe is lowered in the ditch.

(8 All repairs, changes, or replacements shall be
inspected before they are covered up.

" (9) The condition of the ditch shall be inspected
before the pipe is lowered in to assure proper protection
of pipe and coating. For underwater crossings the
condition of the ditch and fit of the pipe to the ditch
shall be inspected when feasible.

(10) The fit of the pipe to ditch shall be inspected
before the bacifilling operations.

(11) The bacifilling operations shall be inspected
for quality and compaction of backfill, placement of
material for the control of erosion, and possible damage
to the pipe coatings.

(12) Cased crossings shall be inspected during in-
stallation to determine that the carrier Ppipe is supported,
sealed, and insulated from the casing,.

(13) River crossings shail have therough inspection,
and shall be surveyed and profiled after constructor.

{14) All piping components other than pipe shall
be inspected ic insure damage-free condition and proper
installation.

i
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436.5.2 Supplementary Types of Examination

(a) Tesung of field and shop welds shall be made
in accordance with para. 434.8.5.

(b) Radiographic inspection of welds shall be per-
formed in accordance with para -434.8.5 . - .

(c) Coated pipe shall be inspected in accordance
with para. 461.1.2.

436.6 Repair of Defects

436.6.1 Defects of fabricated items and in pipe wall
shall be repaired or eliminated in accordance with para.
434.5.

436.6.2 Welding defects shall be repaired in accor-
dance with para. 434.8.7.

436.6.3 Holidays or other damage to coating shall
be repaired in accordance with para. 461.1.2.

437 TESTING

437.1 General

(a) In order to meet requirements of this Code, it
1s necessary that tests be made upon the completed
svstem and upon component parts of the finished system.
When reference in this Code is made to tests or portions
of tests described in other codes and specifications,
they shail be considered as a part of this Code.

{bj Should leaks occur on tests, the line secion or
component part shall be repaired or replaced and retested
in accordance with this Code.

437.1.3 Testing of Fabricated Items

(a) Fabricated items such as scraper traps, manifolds,
volume chambers, etc., shall be hydrostatically tested
to limits equal to or greater than those required of the
completed system. This test may be conducted separately
or as a part of the completed system.

(b} In testing fabricated items before installation, the
applicable paragraphs-of specifications-listed-in-Table
423.1 shall apply.

437.1.4 Testing After New Construction
(aj Svstems or Parts of Systems
(1) All liquid transportation piping systems within
the scope of this Code, regardless of stress. shall be
tested after construction. Carbon dioxide systems shall
be hydrostatically tested.
(2} Systems to be operated at a hoop swess of
mare thar 20% of the specified minimum yield swrength
of the pipe shall be hydrostatically tested in accordance

with para 437.4.1.

n
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(3) Systems 10 be operated at a hoop swess of
20% or less of specified minimum yield strength of
the pipe may be subjected to & leak test in accordance
with para. 437.4.3 in lieu of the hyidrostatic test specified
in para 437.4.1.

{4) When testing piping, in 1o case shall the test
pressure exceed that stpulated in the standards of
material specifications (except pipe) incorporated in this
Code by reference and listed in Table 423.1 for the
weakest element in the system, or portion of system,
being tested.

(5) Equipment not to be subjected to test pressure
shall be disconnected from the piping or otherwise
1solated. Valves may be used if valve, including closing
mechanism, is suitable for the test pressure.

(b) Testing Tie-Ins. Because it is somelimes neces-
sary to divide a pipeline into test sections and install
test heads, connecting piping, and other necessary appur-
tenances for testing, or to install a pretested replacement
section, it is not required that tie-in welds be tested;
however, tie-in welds and girth welds joining lengths
of pretested pipe shall be inspectec by radiographic or
other accepted nondestructive methods in accordance
with para 434.8.5(a)(4) if system is not pressure tested
after tie-in. After such inspection, the joint shall be
coated and inspected in accordance with para 461.1.2
before backfilling. .

(c) Testing Comrols and Protective Equipmen:. All
controls and protective equipment, including pressure
Lmiting devices, regulators, controllers, relief valves,
and other safety devices, shall be tested to deterinine
that they are in good mechanical condition; of adequate
capacity, effectiveness, and reliability of operation for
the service in which they are employed; functioning
at the correct pressure; and properly installed and
protected from foreign materials cr other conditions
that might prevent proper operation.

437.4 Test Pressure

437.4.1 Hydrostatic Testing of Internal Pressure
Piping
{a) Pordons of piping systems to be operated at a

hoop stress of more than 20% of the specified minimum

(93]

vield stength of the pipe shall be subjected at any
point to a hydrostatic proof test equivalent to not less

. than 1.25 umes the internal design pressure at that

point (see para. 401.2.2) for not less than 4 hr. When
lines are tested at pressures that develop a hoop stress,
based on norminal wall thickness, in excess of 90% of
the specified minimum yield strength of the pipe, special
care shall be used to prevent overstrain of the pipe.



/1) Those pertions of piping svstems where ail
of the pressured compoaents are visuaily inspected
during the proof test to determine that there is no

leakage require no further test. This can include lengths -

- of pipe that are pretested for use as replacement sections.

(2, On those portions of plping systems not visu-
ally inspected while under test the proof test shall be
followed by a reduced pressure leak test equivalent to
not less than 1.1 times the internal design pressure for
not less than 4 hr.

(b} API RP 1110 may be used for guidance for the
hydrostatic test.

fc) The hydrostatic test shall be conducted with
water, except liquid petroleum that does not vaporize
rapidiy may be used provided:

{1) the pipeline section under test Is not offshore
and 1Is outside of cities and other populated areas, and
each building within 300 fi (90 m) of the test section
Is unoccupied while the test pressure is equal 10 or
greater than a pressure which produces a hoop stress
of 50% of the specific minimum yield strength of
the pipe;

(2) the test section is kept under surveillancs by
regular pauols during test; and

(?) communication is maintained along the test
secuon.

(d) If the testing medium in the system will be
subject 1o thermal expansion during the test, provisions
shall be made for relief of excess pressure. Effects of
lemperature changes shall be taken into account wiaen
interpretations are made of recorded test pressures

{e; After completion of the hydrostatic test. it is
unportant in cold weather that the Lines, valves, and
fitings be drained completely of any water to avoid
damage due to freezing.

(fj Carbon dioxide pipelines, valves, and fittings
shall be dewatered and dred prior to placing in service

1o prevent the possibility of forming a corrosive com- -

pound from carbon dioxide and water.

437.4.3 Leak Testing. A1 hr hydros@ac of pneu-
mauc leak test may be used for piping systems to be
operated at 2 hoop stress of 20% or Jess of the specified
minimum yield strength of the pipe. The hydrostatic
test pressure shall be not less than 1.25 times the internal
design pressure. The pneumatic test gage pressure shall
be 100 psi (7 bar) or that pressure which would produce
a nominal hoop stress of 25% of the specified minimum
vield strength of the pipe, whichever is Jecs.

437.6 Qualification Tests

Where tests are required by other sections of thic
Code, the following procedures shall be used.

tny
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437.6.1 Visual Examination. Used or new pipe to
be laid shall be visually exariined in accordance with
para. 436.5.1.

437.6.2 Bending Properties

(a) For pipe of unknown specification or ASTM A
120, bending properties are requrred if minimum yield
strength used for design is above 24,000 psi (165 MPa),
and after type of joint has been identified In accordance
with para. 437.6.4. For pipe NPS 2 and smaller, bending
test shall meet the requirements of ASTM A 53 or
API SL. For pipe larger than NPS 2 in nominal diameter,
flartening tests shall meet the requirements in ASTM
A 53, API 5L, or API 5LU.

(b) The number of tests required to determine bend-
ing properties shall be the Same as required in
para. 437.6.6 1o determine vield strength.

437.6.3 Determination of Walj Thickness. When
the nominal wall thickness is not known, it shall be
determined by measuring the thickness at quarter points
on one end of each piece of pipe. If the lot of -pipe
1s known to be of uniform grade, size, and pominal
thickness. measurement shall be made on not less than
5% of the individual lengths, out not less than 10
lengths: thickness of the other lengths may be verified
by applving a gage set to the minimum  thickness.
Following such measurement, the nominal wall thick-
ness shali be taken as the next nominal wall thickness
below the average of all the measurements taken, but
In no casz greater than .14 umes the least measured
thickness for all pipe under NP 20, and no greater
than 1.11 tmes the least measured thickness for all
pipe NPS 20 and larger. .

437.6.4 Determination of Weld Joint Factor. If
the type of longitudinal or spiral ‘weld joint is known,
the comesponding weld Jjoint factor (Table 402.4.3)
mav be used. Otherwise, as noted in Table 402.4.3,
the factor £ shall not exceed 0.60 for pipe NPS 4 and
smaller, or 0.80 for pipe over NPS 4.

437.6.5 Weldability. For stee] pipe of unknown spec-
ification, weldability shall be deterriined as follows. A
qualified welder shall make a girth weld in the pipe.
This weld shall be tested in accordance with the require-
ments of para 434.8.5 The qualifying weld shali be
made under the most severe condidons under which
welding will be perminted .in the tield and using the
Same procedure as to be used in the feld. The pipe
shall be considered weldabie if the Trequirements set
forth in para 434.8.5 are met. At least one such test
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weld shall be made for each number of iengths to be
usec as lisied below.

Mirimum Number of Test Welds

Nominal Pipe Number of Lengths

T Sige T~ ——————-par Test ~—~ -~
Less than 6 400

6 through 12 200

Larger than 12 100

All test specimens shall be selected at random.

437.6.6 Determination of Yield Strength. When
the specified minimum yield strength, minimum tensiie
strength, or minimum percent of elongatior of pipe is
unknown, the tensile properties may be established as

follows.
Perform all tensile tests prescribed by API SL or

SLU, except that the minimum number of such tests
shall be as follows.

Nominal Pipe Number of Lengths
Size per Test

Less than 6 200

6 through 12 100

Larger than 12 50

All test specimens shall be selected at random.

th
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437.6.7 Minimum Yield Strength Value. For pipe
of urknown specincauon. the minimum yield srength
may be determined as foilows.

Average the vaiue of all vield strength tests for a
test lot. The minimum vield sxength shall then be
taken as the lesser of the following:

(aj 80% of the average value of the yield
strength tests;

(b) the munimum value of any vield swength test,
except that in no case shall this value be taken as
greater than 52,000 psi (358 MPa;

(c) 24,000 psi (165 MPa) if the zverage vield-iensile
ratio exceeds 0.85.

437.7 Reccrds

A recorc shall be maintained in the files of the
operating company relative to design, construction, and
testing of each mainline within the scope of this Code.
These records shall include material specifications; route
maps and alignments sheets for ‘as-built’ condition;
location of each pipe size, grade, wall thickness, type
of seam (if any), and manufacturer; coatings; test data;
and, for carbon dioxide pipelines, toughness require-
ments. These records shall be kept for the life of the
facility. See para. 436.5.1¢a)3).
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CHAPTER VII

450 OPERATION AND MAINTENANCE
PROCEDURES AFFECTING THE SAFETY
OF LIQUID TRANSPORTATION PIPING
SYSTEMS

450.1 General

(a) It is not possible to prescribe in this Code a
detailed set of operating and maintenance procedures
that will encompass all cases. It is possible, however,
for each operating company to develop operating and
maintenance procedures based on the provisions of this
Code, and the company’s experience and knowledge
of its facilities and conditions under which they are
operated, which will be adequate from the standpoint
of public safety.

(b) The methods and procedures set forth herein
serve as a general guide, but do not relieve the individual
or operaung company from the responsibility for prudent
acuon that current particular circumstances make ad-
visable.

{c) It must be recognized thar local conditons (such
as the effects of temperature, characteristics of the line
contents, and topography) will have considerable bearing
on the approach to any particular maintenance and
repair job.

(d) Suitable safety equipment shall be available for
personnel use at all work areas and operating facilities
where liquid anhydrous ammonia is transported. Such
safety equipment shall include at least the following=

(1) full face gas mask Wlt.h anhydrous ammonia
refill canisters;- - -

(2) independently supplied air mask;

(3) dght-fiting goggles or full facs shield:

{(4) protective gloves;

{3) protective boots;

(6) protective slicker and/or protective pants and
Jacker;

(7) easily accessible shower and/or at least 5 gal
(190 Iiters) of clean water in an open top container.

Personnel shall be instucted in effective use of
masks and limited shelf life of refill canisters. Protective
clothing shall be of rubber fabric or other ammonia
impervious material.

in
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OPERATION AND MAINTENANCE PROCEDURES

430.2 Operation and Maintenance Plans and
Procedures

Each operating company having a transportation Ppip-
ing system within the scope of this Code shall:

(a) have written detailed plans and training programs
for employees covering operating and maintenance pro-
cedures for the transportation piping system during
normal operations and maintenance in accordance with
the purpose of this Code; essential features recom-
mended for inclusion in the plans for specific portions
of the system are given in paras. 451 and 452.

{(b) have a plan for externzl and internal corrosion
control of new and existing piping systems, including
requirements and procedures prescribed in para. 453
and Chapter VIII;

fc) bave a written Emergency Plan as indicated in
para. 454 for implementation in the event of system
failures, accidents, or other emergencies; train appro-
pnate operating and maintenance employees with regard
to applicable portions of the plan, and establish liaison
with appropriate public officials with respect to the plan;

(d) have a plan for reviewing changes in conditions
affecting the integrity and safety of the piping system,
including provisions for periodic patrolling and reporting
of comstruction activity and changes in conditions,

especially in industdal, commercial, and tesidential -

areas and at river, railroad, and highway crossings, in
order to consider the possibility of providing additional
protection to prevent damage to the pipeline in accor-
dance with para. 402.1;

(e) establish Laison with local authorties who issue
construction permits in urban areas to prevent accidents
caused by excavators;

(f) establish procedures to aialyze all failures and

accidents for the purpose of determining the cause and

to minimize the possibility of recurrence;

(¢) maintain necessary maps znd records to properly
administer the plans and procedures, including records
listed in para 455;

(h) have procedures for aband oning piping systems,
including the requirements in para. 457;

(i) in establishing plans and procedures, give particu-
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lar attention to thoss portions of the sysiem presening
the greatest hazard to the public in the event of emergen-
cies or because of construction or extraordinary mainte-
nance requirements;

————{j) operate and maintain its piping system it confor-
{(J! ope piping s)

02

mance with these plans and procedures;

{k; modify the plans and procedures from time to
time as expenience dictates and as exposure of the
systemn to the public and changes in operating conditions
require.

451 PIPELINE OPERATION AND
MAINTENANCE

451.1 Operating Pressure

(a) Care shall be exercised to assure that at any
point in the piping system the maximum steady state
operating pressure and static head pressure with the
line in a stadc condition do not exceed at that point
the icternal design pressure and pressure ratiags for
the components used as specified in para. 402.2.3, and
that the level of pressure rise due to surges and other
variations from normal operation does not exceed the
internal design pressure at any point in the ‘piping
system and equipment by more than 10% as specified
in para. 402.2.4.

(b) A piping system shall be qualified for a higher
operatng pressure When the higher operating pressure
will produce a hoop stress of more thas 20% of
the specified minimum yield swength of the pipe in
accordance with para 456. ‘

(c) If a piping system is derated to a lower operating
pressure in lieu of repair or replacement, the new
maximum steady state operating pressure shall be deter-
mined in accordance with para 451.7.

(d) For existing systems utilizing materials produced
under discontinued or superseded standards or specifica-
tions, the internal design pressure shall be determined
using the allowable stress and design critera listed in
the issue of the applicable code or specification in
effect at the time of the original conmstruction.

451.2 Communications

A communications facility shall be maintaired to
assure safe pipeline operations under both normal and
emergeacy conditions.

451.3 Line Markers and Signs

(a) Line markers shall be installed and maintained
over each line at each public road crossing, at each

th
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railroad crossing, a: each navigable sweam crossing,
and in sufficient number along the remainder of the
pipeline route to properly locate and identfy the buried
pipeline. See para. 434.18.

(b) Pipeline markers at crossings, aerial markers
when used, and other signs shall be raaintained so as
to indicate the location of the line and to provide the
required information on the pipeline. Additional pipeline
markers shall be installed and maintained along the
pipeline in areas of development and growth to protect
the pipeline from encroachment.

451.4 Right of Way Maintenance

(a) The right of way should be maintained so as to
have clear visibility and to give reasonable access to
maintenance Crews.

(b) Access shall be maintained to valve locations.

(c) Diversion ditches or dikes shall be maintained
where needed to protect against washouts of the line
and erosion of the landowner’s property.

451.5 Patrolling

(a} Each operatng company shall maintain a periodic
pipeline patrol program to observe surface conditions
on and adjacent to the pipeline right of way, indicaticn
of leaks, construction activity other than that performed
by the company, and any other factors affecting the
safety and operation of the pipeline. Special attention
shall be given to such activities as road building, ditch
cleanouts, excavations, and like encroachments to the
pipeline system. Patrols shall be made at intervals
not exceeding 2 weeks, except that piping svstems
tansporting LPG or liquid anhydrous ammonia shall
be patrolled at intervals not exceeding 1 week in
industrial, commercial, or residential areas.

(b) Underwater crossings shall be inspected periodi-
cally for sufficiency of cover, accumulation of debrs,
or for any other condition affecting the safety and
security of the crossings, and at any tim= it is felt that
the crossings are in danger as a result of floods, storms,
or suspected mechanical damage.

451.6 Pipeline Repairs

451.6.1 General

(a) Repairs shall be covered by 2 maintenance plan
[see para. 450.2(a)] and shall be performed under
qualified supervision by trained personnel aware of and
famiiiar with the hazards to public safety, utlizing
strategically located equipment and repair materals.

The maintenance plan shall consider tte approprate |

R i arors el
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iformadon contained in AP] Pudbl. 2200. AP] Pub.
22010 API Standaré 1104, and API RP 1111. It is
essenual that all personnel working on pipeline repairs
understand the need for careful planning of ths Jjob,
be briefed as to the procedure to be followed in

accomplishing the repairs, and foliow precautionary
measures -and procedures outiined in API Publ. 2200.
Personnel working on repairs to pipelines handling
LPG, carbon dioxide, liquid alcohol, or liquid anhydrous
ammonia shall also be informed on the specific proper-
tes, characteristics, and potential hazards associated
with those liquids, precautions to be taken following
detection of a leak, and safety repair procedures set
forth for LPG pipelines in API Publ. 2200. Approvals,
procedures, and special considerations described in API
Publ. 2201 shall be observed for welding, as well as
making hot taps on pipelines, vessels, or tanks which
are under pressure. Piping in the vicinity of any repair
shall be adequately supporied during and after the
repair.

(bj If an inert fluid is used to temporarily displace
the liquid in a pipeline system for the purpose of a
repair, a detailed written procedure shall be required.
Because the potential energy of a gas presents special
concerns, this procedure shall address, as a minimum,
the factors related to the use of an iner gas:

(1) maximum flow rate;
(2] pressure;

(3) injection temperature:
f4) inert gas disposal;
(5) safety procedures.

The procedure shall be followed under the supervision
required in para. 451.6.1(a).

451.6.2 Disposition of Defects
(a) Limits and Dispositions of Imperfections
(1) Gouges and grooves shall be removed or -e-
paired In accordance with para. 451.6.2(b).

{2) Dents meeting any of the following conditions

saall be removed or repaired:

(aj dents which affect the pipe curvature at the
pipe seam or at any girth weld:

(b) dents containing a scratch, gouge, or groove;

(c) dents exceeding a dapth of % in. (6 mm)
ic pipe NPS 4 and smaller, or 6% of the nominal pipe
diameter in sizes greater than NPS 4;

(d) dents containing external corrosion where
the remaining wall thickness is less than 87.5% of that
required for design.

(3) All arc burns shall be removed or repaired.
(4) All cracks shall be removed or repaired.
(5; All welds found to have defects as set forta

wh
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In pare. 234.8.5(b) or in the appropriate pipe specifica-
tcn shall be removed or repaired.

(6) General Corrosion. Pipe shall be replaced,
or repaired if the area is small, or operated at a reduced

. pressure (see para. 431.7) if general comosion has

reduced the wall thickness to less than the design
thickness calculated in azcordance with para. 404.1.2
decreased by an amount equal tc the manufacturing
tolerance applicable to the pipe or component.

(7) Localized Corrosion Pining.  Pipe shall be
repaired, replaced, or operated at a reducec pressure
(see para. 451.7) if localized corrosion pitting has
reduced the wall thickness to less than the design
thickness calculated in accordance with para. 404.1.2
decreased by an amount equal to the manufacturing
tolerance applicable to the pipe or component. This

applies if the length of the pitted area is greater than -

pertnitted by the equation showr below. The following
method applies only when the depth of the corrosion
pit is less than 80% of the nominal wall thickness of
the pipe. This method shall not be used to evaluate
corrosion concentrated in electric resistance welded
seams (ERW), electric induction welded seams or elec-
tric flash-welded seams, nor shall it be used to evaluate
corrosion-caused metal loss which is circumferentially
oriented along or in a girth weld or its heat-affected
zone. The method may be used. however, to evaluate
the longitudinal profile of corrosion-caused metal loss
which cresses a girth weld or impinges on a submerged
arc welded seam. The corroded area must be clean to
bare metal. Care shall be taken in cleaning corroded
areas of a pressurized pipeline when the degree of
corrosion is sigmificant.

L = 1128 /b,

where

Lo, 2
B = /(1.1(1:"-0.15) -1

L = maximum allowable longitudinal extent of the
corroded area as shown ia Fig. 45 1.6.2(a)(7),
in. (mm)

B = a value not to exceed 4.0 which may be
determined from the above equation or Fig.
451.6.2(a)(7)

D = nominal outside diameter of the pipe, in. (mm)

1. nominal wall thickness of the pipe, in. (mm)

¢ = maximum depth of the corroded area. in. (mm)

(8) Arsas where grinding hes reduced the re-
maining wall thickness to less than the design thickness
calculated in accordance with pare. 404.1.2 decreased
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F1G. 451.6.2(a)(7) PARAMETERS USED IN~
ANALYSIS OF THE STRENGTH OF CORRODED
AREAS

by ar amount equal to the manufacturing tcierance
applicable to the pipe or component, may be analvzed
the same as localized corrosion pitting [see para.
451.6.27a)(7)] to determine if ground areas need to be
replaced. repaired, or the operating pressure reduced
(see para. 451.7). ASME B31G may be used for
guidance.

451.6.2

(9) All prpe containing leaks stali be removed or
repaired.

(b} Ailowable Pipeiine Repairs

(1) I pracical, the pipeline should be taken out
of service aand repaired bv cuming out a cvlindrical
piece of pipe containing the defect and replacing the
same with pipe meetng the requirements of para.
401.2.2 and having a length of not ess than one-half
diameter.

(2) If not practical to take the pipeline ou: of
service, repairs may be made by the installation of a
full encirclement welded or mechanically appiied split
sleeve in accordance with para. 451.6.2(c).

{a) For repairs of dents, or dents containing
external corrosion where the remaining wall thickness
is less than 87.5% of that required for design, either
a hardenable filler material such as epoxy shall be used
to fill the void berween the sleeve and the pipe to
restore the original contour of the pipe, or the carrier
pipe shall be wapped through the sleeve or other means
provided to equalize the internal pressures of the carrer
pipe and the sleeve.

(b) For repairs to nonleaking cracks in materials
that might be expected to behave in a brittle manner
{e.g., a seam defect in a low-frequency welded ERW
seam), an appropriately-designed fitting shall be installed
on the sleeve through which the sleeve and carrier
pipe will be tapped to equalize the internal pressures
of the carrier pipe and the sleeve.

(3) Il not practical to take the pipeline out of
service, defects may be removed by grinding or hot
tapping. Sharp imperfections may be rendered blunt by
grinding, but the absence of a sharp imperfection must
be verified by visual and nondestructive examination.
When grinding, the ground areas shall be smoothly
contoured and be in accordance with para. 451.6.2(a)(8).
When hot tapping, the portion of piping containing the
defect shall be completely removed.

(4) If not practical to take the pipeline out of
service, minor leaks and small corroded areas, except
for cracks, may be repaired by the installation of
a patch or welded fitting in accordance with paras.
451.6.2(c)(5) and (8). Pipe containing arc burns,
grooves, and gouges may be repaired with patches or
welded fitting if the arc bum or notch is removed by
grinding.

(5) If not practcal to take the pipeline out of
service, defects in welds produced with a filler metal,
small corroded areas, gouges, grooves, and arc bums
may be repaired by depositing weld metal in accordance
with para. £51.6.2(c)(9). Weld imperfections, arc burns,
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gouges, anc grooves shall be removed by grinding prior
to depositng the weld filler metal.

(6) If not practical to take the pipeline out of
service, nonleaking corroded areas may be repaired by
- installation-of a fully-welded, partial encirclement half
sole in accordance with para. 451.6.2(c)(13).

(7) If not practcal to take the pipsiine out of
service, nonleaking corroded areas may be repaired by
installation of a mechanically applied composite material
wrap used to reinforce the pipeline in accordance with
para. 451.6.2(c)(14).

(c) Repair Methods

(1, All repair weld procedures and all welders
performing repair work shall be qualified in azcordance
with para. 434.8.3 or API RP 1107. The welders shall
also be familiar with safety precautions and other
probiems associated with cutting and welding on pipe
that contains or has contained liquids within the scope
of this Code. Cutting and welding shall commence
only after compliance with para. 434.8.1(c).

(2) The qualification test for welding procedures
to be used on pipe containing a liquid shall consider
the cooling effects of the pipe contznts on the soundness
and physical properties of the weld. Welding procedures
on pipe not containing liquid shall be qualified in
accordance with para. 434.8.3.

(3} Materials used for pipeline repair shall be in
accordance with at Jeast one of the specifications or
standards listed in Table 423.1, or as otherwise required
by this Code. :

(4) Temporary repairs may be necessitated for
operating purposes and shall be made in a safe manner.
Such temporary repairs shall be made permanent or
replaced in a permanent manner as described herein
as soon as practical.

(5) Welded patches shall have rounded corners
and 2 maximum dimension of 6 in. (150 mm) along
the pipe axis. The patch material shall be of a stmilar
or higher grade with a wall thickness similar to the
pipe being repaired. Patches shall be limited 1o pipe
sizes NPS 12 and less and conforming to API 5L,
Grade X42 and lower. Patches shali bs attached by
fillet welds. Insert patching is prohibited. Special consid-
erauon shall be given to minimize stress concentatcns
resulung from the repair.

(6) Full encirclement weided split sleeves installed
10 repair leaks or otherwise to contain internal pressure
shall have a design pressure of not less than the
pipe being repaired and shall be fully welded, both
circumferentially and longitudinally. Length of f:ll en-
circlement split sleeves shall not be less than 4 in.

60
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(100 mmy). If the sleeve is thicker -han the pipe being
repaired, the circumferental ends shall be chamfered
(ar approximately 435 deg.) down 1o the thickness of
the pipe. For full encirclement split sleeves installed for
repair by reinforcement only and not internal pressure
containment, circumferential welding is optional. Spe-
cial consideraton shall be given to minimize stress
concentrations resulting from the repair.

(7; Mechanically applied full encirclement repair
fitings shall meet the design requirements of paras.
401.2 and 418.

(8) Weided fittings used to cover pipeline defects
shall not exceed NPS 3 and shall have a design pressure
of not less than the pipe being repaired.

(9) For repairs involving only deposition of a weld
filler metal, welding processes shall be in accordance
with the requirements of the appropniate pipe specifica-
uon for the grade and type being reparred. Welding
procedure qualifications shall be in accordance with
para. 451.6.2(c)(2).

(10) Where repairs are made to a coated pipe, all

damaged coating shall be removed and new coating -

applied in accordance with para. 461.1.2. Replacement
pieces of pipe, welded patches. and full encirclement
welded split sleeves used in making repairs shall also
be coated when inswalled in a coated line.

(11) Pipe containing liquid shall be examined to
determine that the material is sound and of adequate
thickness in the areas to be affected by grinding,
welding, cutting, or hot tapping operagons.

(12} If the pipeline is not taken out of service, the
operating pressure shall be reduced to a level which
will provide safety during the repair operations.

(13) Fully welded partial encirclement half soles
may be used to repair corroded area; only on pipe
and shall not be used to repair leaks, gouges, dents,
or other defects. The use of half soies shall be limited
to pipe sizes NPS 12 or less and may only be used
on pipe made prior to 1942 with a specified minimum
yield strength not exceeding 40.000 psi (276 MPa).
The half sole material shall be of a sumilar or higher
grade with a wall thickness not less than 87.5% or
more than 125% of that of the pipe being repaired.
Half soles shall have rounded corners aad a maximurn
length of 10 ft (3 m) along the pipe axis. Half soles
shall not be used across girth weids anc. the minimura
clearance berwezn the end of half soles or the ends
of half soles and girth weids shall be 2 in. Combinadons
of a half sole and patches shall not be used in parallel
around a given circumference. To ensure optimum
performance of half soles, the annular space berween
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the corroded pipe and the half sole may be filled with
a hardenabie filler material suck as epcxy. Special
consideraton shall be given to easuring a close fit

“\ }’
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repaired and to minimizing stress concerwratons re-
sulting from the repair. - :

(14j Mechanically applied composite material wrap
may be used to reinforce the pipeline provided that
design and installation methods are proven for the
intended service prior to application. The user is cau-
uoned that a qualified written procedure performed by
trained personnel is a requirement and records shall
be retained in accordance with para. 455.

451.6.3 Testing Repairs to Pipelines Operating at
a Hoop Stress of More Than 20% of the Specified
Minimum Yield Strength of the Pipe

(a) Testing of Replacement Pipe Sections. When
a scheduled repair to a pipeline is made by cutting
out a section of the pipe as a cylinder and replacing
it with another section of pipe, the replacement section
of pipe shall be subjected to a pressure test. The
replacement section of pipe shall be tested as required
for a new pipeline in accordance with para. 437.4.1.
The tests may be made on the pipe prior to installarion
provided radiographic or other accepiabie nondesiructive
tests (visual inspection excepted) are made on all te-
in butt welds after installauon.

(b) Examination of Repair Welds. Welds made
during pipeline repairs shall be visually examined by
a qualified inspector. Welds should also be examined by
at least one other nondestructive examination method.

451.7 Derating a Pipeline to a Lower Operating
Pressure

(a, Corroded pipe or pipe containing areas repaired
by grinding may be derated to a lower operating pressure
in lieu of replacement or repair or further repair. Except
as provided in para. 451.7(b), the lower operating
pressure shall be based on para. 404.1.2 and the actual
remaining wall thickness of the pipe at the point of
deepest corrosion or grinding.

(b) For pipe containing localized cormrosicn pitting
or areas repaired by grinding where the remaining
matenial in the pipe does not meet the depth aad length
limits in para 451.6.2(a)(7), the lower operating pressure
may be determined by the following equation, provided
the corrosion or grinding is not in the girth or longitudi-
nal weld or related hear affected zones.

451.62-4519

l 1-087 |
P. = 2t
: ”P“ 0i7c
[ -—=
L s jc - 1
where J—
G = 0.893 L//Dr,
= a value not to exceed 4.0 in the above analysis
and which may be determined from the above
equation
Py = derated internal design gage pressure, psi (bar)
P; = onginal internal design gage pressure, based
on specified nominal wall thickness of the
pipe (see para. 404.1), psi (bar)
L == longitudinal extent of the corroded area as

shown in Fig. 451.6.2(a)(7), in. (mm)
For t, ¢, and D, see para. 451.5.2(a)(7).

For values of G greater than 4.0,
Py = 11P, (1 — ¢/t
except p; shall not exceed p;.

451.8 Valve Maintenance

Pipeline block valves shall be inspected, serviced
where necessary, and parually operated at least once
each year tc assure proper operating conditions.

451.9 Railroads and Highways Crossing Existing
Pipelines
(a) When an existing pipeline is to be crossed by
a new road or railroad, the operating company shall
analyze the pipeline in the area to be crossed in terms
of the new anticipated external loads. If the sum of
the circumferential stresses caused by internal pressure

- and newly imposed external loads (including both live

and dead loads) exceeds 0.90 SMYS (specified minimum

“yield strength), the operating company shall install

mechanical reinforcement, structural protection, or suit-
able pipe to reduce the stress to 0.90 SMYS or less,
or redistribute the external loads acting on the pipeline.
API RP 1102 provides methods tha: may be used to
determine the total stress caused by intermal pressure
and external loads. API RP 1102 also provides methods
to check cyclic smess components for fatigue.

(b) Installadon of uncased carrier pipe is preferred.
Adjustments of existing pipelines in service at a pro-
posed railroad or highway crossing shall conform to
details contaired in API RP 1102. As specified in para.
461.1.2(f), if casing is used, coated carrier pipe shall

02
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be independently supported outside each end of the
casing and insulated from the casing throughou: the
cased section, and casing ends shall be sealed using
a durable, electrically nonconductive material.

(c) Testung and inspection of replaced pipe sections

shall conform to requirements of para. 451.6.3. All
new girth welds in the carrier pipe shall be radiographed
or inspected by other acceptable nondestructive methods
(visual inspection excepted).

451.10 Inland Waters Platform Risers

Riser installations shall be visualiy inspected annually
for physical damage and corrosion in the splash zone
and above. The extent of any observed damage shall
be determined, and, if necessary, the riser instailation
shall be repaired or replaced.

452 PUMP STATION, TERMINAL, AND TANK
FARM OPERATION AND MAINTENANCE

452.1 General

fa) Starting, operating, and shutdown procedures for
all equipment shall be established and the cperating
company shall take appropriate steps to see that these
procedures are followed. These procedures shall outline
preventive measures and systems checks required to
ensure the proper functoning of all shutdown, control,
and alarm equipment.

(b) Periodic measurement and monitoring of flow
and recording of discharge pressures shall be provided
for detection of deviations from the steady state op-
erating conditions of the system.

4522 Controls and Protective Equipment

(a) Controls and protective equipment, including
pressure limiting devices, regulators, controllers, relief
valves, and other safety devices, shall be subjected to
systematic periodic inspections-and tests; at-least annu-
ally. except as provided in para. 452.2(b), to determine
that they are:

1) in good mechanical condition;

(2) adequate from the standpoint of capacity and
reliability of operation for the service in which they
are emploved,;

(3) set to function at the correct pressure;

(4) properly installed and protected from foreign
materials or other conditions that migkt prevent proper
operation.

(6) Reltef valves on pressure storage vessels con-
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aining LPG, carbon dioxice. or liquid anhvdrous ammo-
nia shall be subjected to issis at least every 5 vears.

452.3 Storage Vessels

(a) Storage vessels. including atmospheric and pres-
sure tanks, handling the bquid or liquids being iraas-
ported shall be periodicaliy inspected and pertinent
records maintained. Points to be covered include:

{1) stability of foundation:

(2) condition of bottom, shell, stairs, roof;
(3) ventung or safety valve equipment;

{4) condition of firewalls or tank dikes.

{b} Storage vessels and tanks shall be cleaned in
accordance with API Publ. 2013.

452.4 Storage of Combustible Materials

All flammable or combusible materials in quantities
beyond those required for everyday -use or other than
those normally used in purnp houses shall be stored
in a separate structure built of noncombustible material
located a suitable distance from the pump house. All
aboveground oil or gasoline storage tanks shall be
protected in accordance with NFPA 30Q.

452.5 Fencing

Station, terminal, and tank farm areas shall be main-
tained in a safe condition, and shall be fenced and
locked. or attended, for the protection of the property
znd the pubilic.

452.6 Signs

(a) Suitable signs shall be posted to serve as warnings
in hazardous areas.

(b) Classified and high vcltage areas shall be ade-
quately marked and isolated.

(c) Caution signs shall be displayed indicating name
of the operating company and, where possible, an
emergency telephone contact

452.7 Prevention of Accidental Ignition

(a) Smoking shall be prohibited in all areas of a
pump station, terminal, or tank farm in which the
possible leakage or presence of vapor constitutes a
hzzard of fire or explosion.

(b) Flashlights or hand lamterns, when used, shall
be of the approved tvpe.

(c) Welding shall commence only after compliance
with para. 434.8.1(c).

(d) Counsideration should be given to the prevention

LN

AN,



ASME B31.4-2002

of other means of accidental ignition. See NACE RP-
01-77 for addinonal guidance.

433 CORROSION CONTROL .

Protection of ferrous pipe and components from
external and internal corrosion, including tests, inspec-
tions. and appropriate corrective measures, shzll be as
prescribed in Chapter VIIL

454 EMERGENCY PLAN

faj A written Emergency Plan shall be established
for implementation in the event of system failures,
accidents, or other emergencies, and shall include proce-
dures for prompt and expedient remedial action provid-
ing for the safety of the public and operating company
personnel, minimizing property damage, protecting the
environment, and limiting accidental dischargs from
the piping system.

(b) The Plan shall provide for acquainting and train-
ing of personnel responsible for the prompt execution
of emergency action. Personnel shall be informed con-

erning the characteristics of the hquid in the piping

systems and the safe practces in the handling of
accidental discharge and repair of the facilities, with
emphasis on the special problems and additional precau-
tons 1n the handling of leaks and repair of systems
transporting LPG, carbon dioxide, or liquid anhydrous
ammomia. The operating company shall establish sched-
uled reviews with personnel of procedures to be fol-
lowed 1n emergencies at intervals not exceeding 6
moanths, and reviews shall be conducted such that they
establish the competence of the Emergency Plan.

(c) Procedures shall cover laison with state and
local civil agencies such as fire departments, police
departments, sheriff’s offices, and highway patrols, to
provide prompt intercommunications for coordinated
remedial action; dissemination of information on loca-
tion of system facilides; characteristics_of the_liquids
transported, including additional precautions necessary
with leaks from piping systems transporting LPG, carbon
dioxide. or liquid anhydrous ammonia; and joint prepara-
ton of cooperative action as necessary to assurs the
safety of the public in the event of emergencies.

(d) A line of communications shall be established
with residents along the piping system to recognize
and report a system emergency to the appropriate
operating company personnel. This could include sup-
plylng a card, sticker, or equivalent with names. ad-
dresses, and telephone numbers of operating company
personnel to be contacted.

h
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(¢) In the formuladon of emergency procedurss for
limiung accidental discharge from th: piping system,
the operaing company saall give consideration to:

(1) formulaung and placing in operaton proce-
dures for an area cooperative pipeline leak notfication
emergency action svstem between operating companies
having piping systems in the area;

(2) reduction of pipeline pressure by ceasing
pumping operations on the piping system, opening the
system to delivery storage on either side of the leak
site, and expeditious closing of block valves on both
sides of the leak site, and in the case of systems
transporting LPG, continuation of pumping until LPG
has been replaced at point of leak by a less volatile
product if vapors are not accumulating to an extent
that a serious nazard appears imminent;

(3) interim instructions to local authorities ph'or
to arrival of qualified operating company personnel at
the leak site;

(4) rapid transportation of qualified personnel to
the leak site;

(5) minimization of public exposure to injury and
prevention of accidental ignition by evacuation of resi-
dents and the halting of traffic on roads, highways,
and railroads in the affected area;

{6) in the case of systems transporting LPG, assess-
ment of extent and coverage of the LPG vapor cloud
and determination of hazardous area with portable
explosimeters; ignition of vapors at leak site to prevent
the uncontrolled spread of vapors; utilization of tempo-
rary flares or blowdowns on either sice of the leak
site; and utilization of internal plugging equipment
where it is anticipated that vaporization of LPG en-
trapped in pipeline segment will continue over a pro-
longed period;

(7) in the case of systems transporting liquid anhy-
drous ammonia, assessment of the extent and coverage
of the ammonia vapor cloud and utilization of internal
plugging equipment where it is anticipated that vaporiza-
ton of liquid anhydrous ammonia entrapped in the
pipeline segment will continue over a prolonged period;

(8) In the case of systems transporting carbon
dioxide, assessment of the carbon dioxide released, 1t
effects, and the uss of existing means to blow down
and control the spread of it at the leak site.

455 RECORDS

For operation and maiatenance purposes, the follow-
ing records shall be properly maintained:

(a) necessary operational data:

(b) pipeline parrol records;

e
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ic) comosion records as requirad urder para. 463;
(d) leak and break records:;
(e) records pertaining to routine or unusual inspec-

- _ _ tioms,.such.as_external or internal line conditions;

(f; pipeline repair records.

456 QUALIFYING A PIPING SYSTEM FOR A
HIGHER OPERATING PRESSURE

(a; In the event of up-rating an existing piping
svstem when the higher operating pressure will produce
a- hoop stress of more than 20% of the specified
minimum yield strength of the pipe, the following
investigative and corrective measures shall be taken:

(1) the design and previous testing of the piping
system and the materials and equipment in it be reviewed
to determine that the proposed increase in maximum .
steady state operating pressure is safe and in general
agreement with the requirements of ths Code;

(2) the conditicns of the piping system be deter-
mined by leakage surveys and other field inspections,
examinarion of maintenance and corros:on control rec-
ords, or other suitable means;

{3) repairs, replacements, or alterations in the pip-
ing system disclosed to be necessary by steps (1) and
(2) be made.

(b; The maximum steady state operating pressure
may be increased after compliance witk. (a) above and
one of the following provisions.

(1) If the physical condition of the piping system
as determined by (a) above indicates that the system is
capable of withstanding the desired increased maximum
steady state operating pressure in accordance with the
design requirement of this Code, and the system has
previously been tested for a duration and to a pressure
equal to or greater than required in paras. 437.4.1(a)
and (c) for a new piping system for the proposed
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higher maximum steady state operating pressure, the

" svstem may be operated at the increased maximum

steady state operating pressure.

(2) If the physical condition of the piping system
as determined by (a) above indicates that the ability
of the system to withstand the increased maximum
steady state operating pressure has not been satisfactorily
verified, or the system has not been previously tested
to the levels required by this Code for a new piping
system for the proposed higher maximum steady state
operating pressure, the system may be operated at the
increased maximum steady state operating pressure if
the system shall successfully withstand the test required
by this Code for a new system to operate under the
same conditions.

(c) In no case shall the maximum steady state op-
erating pressure of a piping system be raised to a value
higher than the internal design pressure permitted by
this Code for a new piping system constructed of the
same materials. The rate of pressure increase to the
higher maximum allowable steady state operating pres-
sure should be gradual so as to allow sufficient time
for periodic observations of the piping system.

(d; Records of such investigations, work performed,
and pressure tests conducted shall be preserved as long
as the facilities involved remain in service.

457 ABANDONING A PIPING SYSTEM

In the event of abandoning 2 piping system, it is
requirec that:

(a) facilities to be abandomed in place shall be
disconnected from all sources of the transported liquid,
such as other pipelines, meter stations, control lines,
and other appurtenances;

(b) facilities to be abandoned in place shall be purged
of the transported liquid and vapor with an inert matenal
and the ends sealed.
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460—461.12

CHAPTER VIII

460 GENERAL

fa) This Chapter prescribes minimum requirements
and procedures for protection of ferrous pipe and compo-
pents from external and interpal corrosion, and is
applicable to new piping installations and existing piping
systemis.

(b) External and internal corrosion shall be controlled
consistent with condition of the piping system and the
eavironment in which the system is located by applica-
tion of these corrosion control requirements and proce-
dures. Application of some corrosion control practices
requirss a significant amount of competent judgment
in order to be effective in mitigating corrosion, and
deviation from the provisions of this Chapter is permissi-
bie 1n specific situations, provided the operating com-
pany can demonstrate that the objectives expressed
herein have been achieved. For carbon dioxide systems,
it shall be recognized that water can combine with
carbon dioxide to form a ccmpound that may be
corrosive under pipeline condigons.

(¢) Corrosion control requirements and procedures
may in many instances require measures in addition to
those shown herein. Therefore, each operating company
shall establish procedures to implement the requirements
of this Chapter. Procedures, including those for design,
lnstallation, and maintenance of cathodic protection
systems, shall be prepared and carded out by, or
under the direction of, persons qualified by training or
experience in corrosion control methods. NACE RP-
01-69 or NACE RP-06-75 provides a guide for proce-
dures to implement requirements herein and to monitor
and maintain cathodic protection systems.

(d) Corrosion personnel shall be provided equipment
and instrumentation necessary to accomplish the work.

(¢) Coating crews and inspectors shall be suitably
instructed and provided with equipment necessary to
coat anc inspect the pipe and components.

461 EXTERNAL CORROSION CONTROL FOR
BURIED OR SUBMERGED PIPELINES

(a2

Ly

CORROSION CONTROL

461.1 New Installations

461.1.1 General

(a) Conwol of external comosion of new bured or
submerged piping systems shall be provided for each
component in the system except where the operating
company can demonstrate by tests, investigations, or
experience in the area of application that a detrimental
corrosive environment does not exist. However, within
12 months after installation, the operating company
shall electrically inspect the buried or submerged systern.
If the electrical inspection indicates that a corrosive
condition exists. the piping system shall be cathodically
protected. If cathodic protection is not wstalled, the
piping system shall be electrically inspected at intervals
not exceeding 5 years, and the system shall be cathodi-
cally protected if electrical inspection indicates that a
corrosive condition exists.

() Control of external corrosion of buned or sub-
merged pipe and components in new installations (in-
cluding new purnp stations, tank farms, and terminals,
and relocating, replacing, or otherwise changing existing
piping systems) shall be accomplished by the application
of an effective protecuve coating supplemented with
cathodic protection and suitable drainage bonds in stray
current areas. Materjals shall be selected with due
regard to the type of supplemental corrosion protection
and to the environment

{c) Where impractical, and where adequate provi-
sions for corrosion control have been mede, the mini-
mum clearance of 12 in. (300 mm) between the outside
of any pipe installed underground and the extremity
of any other underground structure spec:fied in para.
434.6(c) may be reduced.

461.1.2 Protective Coating
{a) Protective coatings used on buried or submerged
pipe and components shall have the following character-
istics:
(1) mitigate corrosion;
(2) have sufficient adhesion to the metal surface
to effectively resist underfilm migration of moisture;
(3) be ductile enough to resist crackng;
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(4) have strength sufficient to resist damags due
to handling and soil swess;

(5) have properties compatibie with any supple-
mental cathodic protection.

" (b) Welds shall be inspected for irregularities that

could protrude through the pipe coating, and any such
irregularities shall be removed.

{c) Pipe coating shall be inspected, both visually
ané¢ by an electric holiday detector, just prior to:
lowering pipe into diwch, applying a weight coating if
used, or submerging the pipe if no weight coating is
used. Any holiday or other damage to the coating
demmental to effective corrosion control shall be re-
paired and reinspected.

(d) Insulating type coating, if used, shall have low
moisture absorption characteristics and provide high
electrical resistance. Insulating coatings shall be in-
spected in accordance with established practices at the
time of application and just prior to lowering pipe into
ditch, and defects shall be repaired and reinspected.

(e) Pipe shall be handled and lowered into ditch or
submerged so as to prevent damage afier the electrical
inspecton. Pipe coating shall be protected from low-
ering-in damage in rough or detrimenta’ environment
by use of rock shield, ditch padding, or any other
suitable protective measures.

(f) If coated pipe is installed by boring. driving, or
other similar method, precautions shall be taken to
minimize damage to the coating during installatiop. If
casing is used (see paras. 434.13.4 and 451.9), carrier
pipe shall be independently supported outside each end
of the casing and insulated from the casing throughout
the iength of cased section, and casing ends shall
be sealed using a durable, electrically nonconductive
material.

(g; The backfilling operation shall be mspected for

quality, compaction, and placement of material to pre-

vent damage to pipe coating.

(k) Where a connection is made to a coated pipe,
all damaged coating shall be removed and new coating
applied on the attachments as well as on the pipe.

461.1.3 Cathodic Protection System

{aj A cathodic protection system prcvided by a
galvanic anode or impressed current anode system shall
be installed that will mitigate corrosion and contain a
method of determining the degree of cathodic protection
achieved on the buried or submerged piping system.

(b) A cathodic protecdon system shall be installed
not later than 1 year after completion of constructicn.

(c) Cathodic protection shall be controlled so as not
to damage the protectve coating, pipe, or components.
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idi Owners of known underzround structures which
may be affected by installation of a cathodic protecdon
svstem shall be notfled of said installation, and, where
necessary, joint bonding surveys shall be conducted by
partes involved.

(e) Elecuical installations shall be made In accor-
dance with the National Electrical Code, NFPA 70,
API RP 500C, and applicable local codes.

461.1.4 Electrical Isolation

(a) Buried or submerged coated piping systems shall
be electrically isolated at all interconnections with
foreign systems, except where arrangements are made
for mutual cathodic protection or where underground
metallic structures are electrically intercomnected and
cathodically protected as a unit.

(b) An insulating device shall be installed where
electnical isolation of a portion of a piping system from
pump stauons, storage tanks, and similar installadons
Is necessary to facilitate the applicadon of corrosion
control. The insulating device shall not be installed
where a combustible atmosphere is anticipated unless
precautions are taken to prevent arcing.

(c) Consideradon shall be given to the prevention
of damage to piping systems du= to lightning or fault
currents when installed in close proximity to electric
transmission tower footings, ground cables, or counter-
poise. See NACE RP-01-77 for guidance when ac
interference problems are suspectad. Studies in collabo-
ration with the operator of such electric transmission
systems shall be made on common problems of corro-
sion and electrolvsis.

(d) Electrical tests shall be made to locate any
unintentional contacts with underground metallic struc-
tures, and, if such contacts exist, each one shall be
corrected.

{e) When a pipeline is separatec., a bonding conductor
of sufficient current carrying capacity shall be installed
across the points of separation and retained during the
period of separation.

461.1.5 Test Leads
{a) Except where impractcal in wet marsh areas,
surficient test leads shall be installed on all buried or

submerged coated piping systems for taking electrical

measurements to indicate adequacy of the cathodic
protection.
(b) Test leads shall be installed as follows.

(1) Special atiention shall be given to the manner
of insiallation of test leads used for corrosion control
or testing, and leads shall be artached to the pipe in
such manner as to minimize stress and prevent surface
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cracks in the pipe. Leads may be attachsd direcdy ot
the pipe with the low temperamre welding process
using aluminum powder and copper oxide and limiting
the charge to a2 15 g carridge, or with soft solders or
other materials~that -do- not-involve- temperatres ex-
ceeding those for soft solders.

72, Slack shall be provided to prevent test leads
from being broken or damaged during backfilling.

(3) Leads shall be insulated from the conduit in
which they are contained.

4) Bond points shall be made watertight, and
bared test lead wires, pipe, and components shall be
protected by electrical insulating material compatibie
with original wire insulation and pipe coating.

461.1.6 Electrical Interference

(aj If an impressed current type cathodic protection
systern 1s used, the anodes shall be located so as to
minimize adverse effect on existing underground metal-
lic structures.

(b) The possibility of external corrosion induced by
stray electrical currents in the earth shall be recognized.
See NACE RP-01-69 and NACE RP-01-77 for addi-
tional guidance. These stray currents are generated by
sources remote from, and independent of, the piping
svstern. and are more predominant in highly industrial-
ized areas. mining regions, and locales conaining high
voliage dc electrical power ground beds. Foreign com-
pany pipeline cathodic protection systems are also z
common source of stay earth currents. The protection
of the piping system against stray current induced
corrosion shall be provided by metallic bonds, increased
cathodic protection, supplemental protective coatings,
insulating flanges, or galvanic anodes.

461.2 Existing Piping Systems

The operating company shall establish procedures
for determining the extermal condition of its existing
buried or submerged piping systems and take action
appropriate for the conditons found, Eﬁug, but not
limited to, the following.

(a) Examine and study records available from previ-
ous inspections and conduct additional iaspections
where the need for additional informaton is indicated.
Tte tvpe, location, number, and frequency of such
inspections shall be determined by consideration of
such factors as kmowledge of the condition of the
piping svsiem and environment, and public or employee
sarery 1o the event of leakage. Corrective measures
shall be In accordance with para 464.

b} Install cathodic protection on all bunied or sub-
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merged piping systems that are coated with an effective
external surface coatng material. except at pump sta-
tions, tank farms. and terminals. All buried or submerged
piping at pump stadons, tank farms, and terminals
shall be electrically inspected and cathodic protection
installed or angmented where necessary.

(c) Operating pressures on bare piping systeras shall
not be increased until they are electrically inspected
and other appropriate actions are taker regarding condi-
tion of pipe and components. The requirements of para.
456 shall also be complied with in the event of up-

rating.

461.3 Monitoring

{a) Cathodic protection facilities for new or existing
piping systems shall be maintained in a serviceable
condition, and electrical measurements and inspections
of cathodically protected buried cr submerged piping
systen:s, including tests for sway electrical currents,
shall be conducted at least each calendar year, but with
intervals pot exceeding 15 months, to determine that
the cathodic protection system Is operating properly
and that ail buried or submerged piping is protected
in accordance with applicable criteria. Approprate cor-
rectve measures shall be taken where tests indicate
that adequate protection does not exist.

(b} Evidance of adequate level of cathodic protecticn
shall be by one or more of the criteria listed in Criteria
for Cathodic Protection, Section 6 in NACE RP-01-
69, or Secticn 5 in NACE RP-06-75.

(c) The type, number, location, and frequency of
tests shall be adequate ‘to establish with reasonable
accuracy the degree of protection provided on all piping
within the limits of each cathodic protection system,
and shall be determined by considering:

(1) age of the piping system and operating experi-
ence, including bell hole inspections and leakage sur-
vey data;

2) condition of pipe at time of application of
cathodic protection and method of applving protecton;

(3) corrosiveness of environment;

(4, prcbability of loss of protection due to activity
of other constuction, reconstructicn, or other causes
in the area; :

(5) method of applying cathodic protection and
design life of cathodic protection iastzllation;

{6) public and emplovee safery.

(d) Test leads required for cathodic protection shall
be maintained so that electrical measurements can be
obtained to Insure adequate protecton.

(e) Cathodic protection rectifiers or other impressed
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current power source shall be inspected at intervals not
exceeding 2 months.

(f/ ALl connected protective devices, including re-
verse current switches, diodes, and interference bonds,

-failure of-which would-jeopardize structure protection,

shall be checked at intervals not exceeding 2 months.
Other interference bonds shall be checked at least each
calendar vear but at intervals not exceeding 15 months.

(g Bare components in a piping system that are not
protected by cathodic protection shall be electrically
inspected at intervals not exceeding 5 years. The results
of this inspection and leak records for the piping
components inspected shall be analyzed to determine
the location of localized active corrosion areas. Cathodic
protection shall be applied at such areas. Inspections
and analysis of leak and repair records shall be repeated
at intervals not exceeding 5 years.

(k) Buried or submerged piping components exposed
for any reason shall be examined for indicatons of
external corrosion. Discovery of active corrosion, gen-
eral pitting of the component’s surface, or a leak caused
by corrosion shall be investigated further to determine
the cause and extent of the comosion and whether
cathodic protection shall be installe¢ or augmented to
mitigate corrosion or whether piping system or portion
thereof shall be treated as indicated in paras. 464(b),
{c). and (d).

462 INTERNAL CORROSION CONTROL

462.1 New Installations

(a) Internal corrosion is recognized in the operation
of liquid pipelines, and a commodity that will corrode
the internal surfaces of pipe and components in a piping
svstem shall not be tramsported unless the corrosive
effect of the commodity has been investigated and
adequate steps taken to mitigate internal corrosion. It
is usually necessary to control internal corrosion in
pewoleum products and liquefied petroleum gas pipe-
lines to protect product quality, preserve high line
efficiencies, and prevent corrosion of internal surfaces.
NACE RP-01-75 provides guidance. Frequent scraping,
pigging, or sphering, dehydration, inhibition, or internal
coating may be used to limit internal corrosion.

(b) If dehydration or inhibitors are used to control
Interna! corrosion, sufficient coupon holders or other
types of monitoring techniques shall be utilized to
adequately determine the effectiveness of the inierna
corrosion contro] program. Inhibitors shall be selected
of a type that will not cause deterioration of any piping
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component and shall be used in suficient quandty and
proper quality npecessary to milgate internal corrosion.

() If internal coatings are used to control corrosion,
they shall meet the quality specifications and minimum
dry film thickness established in the industry and be
inspected in accordance with indusuy recommended
practices. Internal coatings shall include prowisions for
joint protection on piping joined by welding or other
methods exposing parent metal at the joints, such as
the use of a suitable corrosion inhibitor.

(d) For purposes of this Code, liquid anhydrous
ammonia shall contain a minimum of 0.2% water by
weight to inhibit stress corrosion cracking. Any added
water must be made using stzam condensate, deionized,
or distlled water.

462.2 Existing Piping Systerns

The operating company shall establish procedures
for determining the corrosive effect of the commodity
being transported, and the internal conditon of its
existing piping systems, and take approprate action for
the conditions found, including, but not limited to, the
following.

Examine and study records available from previous
inspections and conduct additional inspections and in-
vestigations where the need for additional informaton
1s indicated. Corrective measures shall be in accordance
with para. 464.

462.3 Monitoring

(a) If scraping, pigging, or sphering, dehydration,
inhibitors, or internal coating are used to control internal
corrosion in new or existing piping systems, coupons
shall be examined or other monitoring techniques uti-
lized at intervals not exceeding 6 months to determine
the effectiveness of the protecive measures or the
extent of any corrosion. Appropriate corrective measures
shall be taken where examinations or monitoring tech-
niques indicate that adequate protection does not exist.

(b) Whenever any pipe or component in a piping
systern can be visually examined internally, or pipe or
component is removed from a piping system for any
reason, the internal surfaces shall be iospected for
evidence of cormrosion, and if corrosion is found, the
adjacent pipe or component shall be examined. Discov-
ery of active corrosion, general pituing of the pipe or
component surface, or a leak caused by corrosion shall
be investigated further to determine the cause and extent
of the comrosion and whether steps shall be taken or
augmented to mitigate corrosion or whether system or
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@ portion thereof shall be treated as indicated in paras.
464(b;. (¢}, and (d).

463 EXTERNAL CORROSION CONTROL FOR
PIPING EXPOSED TO ATMOSPHERE —- -

463.1 New Ipstallations

Pipe and components that are exposed to the atmo-
sphere shall be protected from external corrosion by use
of corrosion resistant steel or application of protective

- coating or paint unless the operating company can
demonstrate by test, investigation, or experience in area

- of application that a corrosive atmosphere does not
exist. Protective coating or paint shall be applied to a
clean surface and shall be suitable material to provide
adequate protection from the environment.

463.2 Existing Piping Systems

Pipe and componpents in existing piping systems that
are exposed to the atmosphere shall be inspected in
accordance with a planned schedule and corrective
measures shall be taken in accordance with para. 464.

@ 463.3 Monitoring

Protective coating or paint used to prevent corrosion
of pipe and components exposed to the atmosphere
shall be maintained in a serviceable condition, and
such protective coating or paint, as weil as bare pipe
and components not coated or painted as permitted
under para. 463.1, shall be inspected at intervals not
excesding 3 years. Appropriate corrective measures
shall be taken in accordance with para. 464 where
inspections indicate that adequate protection does pot
exist.

(¢ 464 CORRECTIVE MEASURES

(a} Criteria on corrosion limits and dispositon of
corroded pipe are specified in paras. 451.6.2(a)(6) and
451.6.2(2)(7).

462.3-465

(b} Where inspectons or leakage history indicate
that active corrosion of metal is tzking place in any
portion of a piping system 1o the extent that a safety
hazard is likely to result, that portion of the system
shall be weated as specified in parz. 431.6.2(2)(6) or
(7), and:

(1) 1 the case of external corrosion of buried or
submerged piping, cathodic protector: shall be installed
or augmented to mitigate the external corrosion;

(2) in the case of internal corrosion of piping, steps
indicated in para. 462.1 shall be taken or augmented to
mitigate the internal corrosion;

(3) in the case of external corrosion of piping
exposed to the atmosphere, protective coating or pamnt
shall be repaired or applied to mitigate the external
corrosion.

(c) Pipe that is replaced because of =xternal corrosion
shall be replaced with coated pipe if buned or sub-
merged, and with corrosion resistant steel pipe or coated
or painted pipe if exposed to the atmosphere.

(d) If a portion of the piping system is repaired,
reconditioned, or replaced, or operating pressure is
reduced because of external or internal corrosion, the
need for protection of that portion from such corrosion
deterioration shall be considered, and any indicated
steps taken to control the corrosion.

465 RECORDS

(a) Records and maps showing the location of cathod-
ically protected piping, cathodic protection facilities,
and neighboring structures affected by or affecting the
cathodic protection system shall be maintained and
retained for as long as the piping system remains in
service. :

(b) Results of tests, surveys and inspections required
by this Chapter shall be retained as needed to indicate the

- adeguacy of comrosion control measures. The minimum
retention pericd shall be 2 years or until the resulis
of subsequent inspections, tests, or surveys are received,
whichever is longer.
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CHAPTER IX

A400 GENERAL STATEMENTS

(aj Chapter IX pertains only to offshore pipeline
systems as defined in para A400.1.

(b) This Chapter is organized to parallel the number-
ing and content of the first eight chapters of the Code.
Paragraph designations are the same as those in the
first eight chapters, with the prefix “A.”

(c) All provisions of the first eight chapters of the
Code are also requirements of this Chapter unless
specifically modified herein. If the text in this Chapter
adds requirements, the requirements in the original
Chapter with the same title and number also apply. If
a provision in this Chapter is in conflict with one or
more provisions in other chapters, the provision in this
Chapter shall apply.

(d) It is the intent of this Chapter to provide require-
merts for the safe and reliable design. installation. and
operanon of offshore liquid pipeline systems. It is not
the intent of this Chapter to be all inclusive. Engineering
Jjudgment must be used to identfy special considerations
which are not specifically addressed. API RP 1111
may be used as a guide. It is not the intent of this
Chapter to prevent the development and application
of new equipment and technology. Such acuvity is
encouraged as long as the safety and relizbility require-
ments of the Code are satsfied

A400.1 Scope

This Chapter covers the design, matenial requirements,
fabrication, installation, inspecton, testing, and safety
aspects of the operation and maintenance of offshore
pipeline systems. For purposes of this Chapter, offshore
pipeline systems incluce offshore liquid pipelines, pipe-
Iine risers, offshore liquid pumping stations, pipeline
appurtenances, pipe supports, connectors, and other
components as addressed specifically in the Code. See
Fig. 400.1.2.

A400.2 Definitions

Some of the more common terms relating to offshore
liguid pipelines are defined below.

OFFSHORE LIQUID PIPELINE SYSTEMS

buckle arrestor: any device attached to. or made a
part of, the pipe for the purpose of arresting a propagat-
ing buckle.

buckle detector: any means for detecting dects, exces-
sive ovalizaton, or buckles in a pipeline.

external hydrostaric pressure: pressure acung on any
external surface resulting from its submergence in water.

flexible pipe: pipe which is

(a) manufactured as a composite from both metal
and nonmetal components;

(b) capable of allowing large deflections without
adverselv affecting the pipe’s integrity; and

{c) intended to be an integral part of the permanent
liquid transportation system. '

Flexible pipe does not include solid metallic pipe,
plastic pipe, fiber reinforced plastic pipe, rubber hose,
or metallic pipes lined with nonmetallic linings or
coatings.

kvperbaric weld: a weld performed at ambient hydro-

static pressure.

offshore: the area bevond the line of ordinary high
water along that portion of the coast that is in direct
contact with the open seas and beyond the line marking
the seaward limit of inland coastal waters.

offshore pipeline riser: the vertical or near-vertical
portion of an offshore pipeline between the platform
piping and the pipeline at or below the seabed, including
a length of pipe of at least five pipe diameters beyond
the bottorn elbow, bend, or fitting. Because of the wide
variety of configurations, the exact location of transition
among pipeline, pipeline riser, and platform piping must
be selected on a case-by-case basis.

offshore pipeline system:
pipeline installed offshore for the purpose of transporting
liquid, other than production facility piping. Tanker or
barge loading hoses are not ccosidered part of the
offshore pipeline system.

offshore platform: any fixed or permanently anchored
stucture or artificial island locatsd offshore.

includes all components of a-

o,
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pipe coliapse:  fiattening deformation of the pipe r¢-
sulting in loss of cross-sectional strength and circu.ar
shape. which is caused by excessive external hvdrostatic
pressure acting alone.

drocarbons, platform . piping is all liguid_trapsmission
piping and appurtenances between the producton facil-
iv and the offshore pipeline miser(s). On offshere
rlaforms not producing hydrocarbons, platform pipiag
is all liquid transmission piping and appurtenances
hetween the risers. Because of a wide variety of config-
urations, the exact location of the transition between
the offshore pipeline riser(s), platform piping, and pro-
duction facility must be selected on 2 case-by-case basis.

propagating buckle: a buckle which progresses rapidly
along a pipeline caused by the effect of external hydro-
static pressure on a previously formed buckle, local
collapse, or other cross-sectional deformation.

pull tube: a conduit attached to an offshore platform
through which a riser can be installed.

puli-rube riser: tiser pipe or pipes installed through
a pull mbe (e.g., J tube or 1 tube).

return interval: statistically determined ume interval
berween successive events of design environmental
conditions being equaled or exceeded.

riser:  see offshore pipeline riser.

sea floor bathymetry: refers to water depths along the

pipeline route.

splash zone: the area of the pipeline riser or other
pipeline components that Is intermittently wet and dry
due to wave and tidal action.

trawl board: a structure that is attached to the bottom
of commercial fishing nets and is dragged along the
sea floor.

vortex sheddiﬁg: the periodic shedding of fluid vortices
and resulting unsteady fiow patterns downstream of 2
pipeline span.

A401 DESIGN CONDITIONS

A401.1 General

A401.1.1 Offshore Design Conditions. A number
of physical parameters, henceforth referred to as design
conditions, govern design of the offshore pipeline system
so that it meets installation, operatior, and other post-
instailation requirements. Some of the conditions which

plaform piping: on offshore platforms producing ky-

A400.2-A40192

may infiuence the safety and reliasility of an offshore
pipeline svsiem are

'+ pressure,

+ temperature,

+ waves,

+ current,

- seabed,

+ wind,

- ice,

« seismic activity,

+ platform motion,

+ water depth,

- support settlement,

- accidental loads,

+ marine vessel activity, and

- fishing/recreational activities. _

The design of an offshore pipeline sysiem is often
controlled by installation consideratons rather than by
operating load conditons.

A401.9 Installation Design Considerations

A401.9.1 Loads for Installation Design. The design
of an offshore pipeline system suitable for safe installa-
tion and the development of offshore pipeline construc-
tion procedures shall be based on consideration of the
parameters listed in paras. A401.9.2 and A401.9.3.
These parameters shall be considered to the extent that
they are siguificant to the proposed system and applica-
ble to the method of installation being considered.

All parts of the offshore pipeline system shall be
designed for the most critical combinations of installa-
tion and environmental loads, acting concurrently, to
which the system may be subjected.

A401.9.2 Installation Loads. Installation loads
which shall be comsidered are those imposed on the
pipeline system under anticipated installation conditions,
excluding those resulting from environmental condi-
tions.

Loads which should be considered as installation
Joads include:

(a) weight, including (as appropriate) the weight of:

(1) pipe;

{2) coatings and their absorbed water;

{3) attachments to the pipe; and

(4) fresh water or sea water content (if pipe is -
flooded during installation);

(b) buoyancy;

(c) external pressure; and

(d) static loads imposed by construction equipment

When considering the effect o pipe and/or pipeline
component weights (in air and stbmerged) on installa-
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uon stesses and strains, the vamability due to weight
coating, manufacturing tolerances, and water absorption
shall also be considered.

A401.9.3 Environmental Loads During Installa-

“tion. Eavironmental loads which shali be considered ars

those imposed on the pipeline system by environmental

conditions. Loads which should be considerec under this

category include, as approprate, those arising due to:
fa) waves;

(b) current;

(¢) wind;

(d) tides;

(e) ice; and

(/) dynamic loads imposed by constructon equip-
ment and vessel motions.

The effects of large tidal changes and water depth
variations on construction equipment shall be con-
sidered.

An appropriate design return interval storm shall be
selected for the anticipated installation duration. This
design return interval shall not be less than three tmes
the expected exposure period for the pipeline during
installation, or 1 year, whichever is longer.

Direction of waves, wind, and currents shall be
considered to determine the most critical expected
combination of the environmental loads to be used with
the installation loads, as described in para. A401.9.1.

Loads imposed by construction equipment and vessel
motions vary with the construction method and construc-
tion vessel selected. The limitations and behavioral
characteristics of installation equipment shall be consid-
ered in the installation design. The effect of vessel
motons on the pipe and its coating shall be considered.

Local environmental forces are subject to radical
change in offshore areas. As a result, those potential
changes should be considered during installation contin-
gency planning as well as during installation design.

A401.9.4 Bottom Soils. Soil characteristics shall be
considered in on-bottom -stability—analysis during” the
installation period, span analysis, and when installation
procedures are developed for the following:

{aj nser installation in pull tubes;

(b) laying horizontal curves in the pipeline rourng;

{c} pipeline bottom tows: and '

(d) tenching and backfilling.

A401.10 Operational Design Considerations

A401.10.1 Loads for Operational Design. The de-
sign of an offshore pipeline system suitable for safe
operation shall be based on considerations of the param-
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eters Lsted 1o paras. A401.10.2 and A401.10.3. These
parameters shall be considered to the extent tha: they
are significant to the proposed sysiem.

All parts of the offshore pipeline system shall be
designed for the most critical combinatons of opera-
tional and environmental loads, acting concurrently, to
which the system may be subjected. The most critical
combination will depend upon operating criteria during
storm conditons. If full operations ae to be maintained
during storm conditions, then the system shall be de-
signed for concurrent action of full operatonal and
design environmental loads. If operations are to be
reduced or discontinued during storm conditions, then
the system shall be designed for both:

(a) full operational loads, pius maximum coincidental
environmental loads; and

(b) design environmental loads, plus appropriate re-
duced operational loads.

A401.10.2 Operational Loads. Operational loads
which shall be considered are those imposed on the

pipeline system during its operation, excluding those.

resuling from environmental conditions.
Loads which should be considered operational loads
include:
(a) weight including (as appropriste) the weight of:
(1) pipe
(2) coaungs and their absorbed water;
(3) attachments to the pipe: and
(4) transported contents;
{b) buoyancy;
(c) internal and external pressure;
(d) thermal expansion and contraction;
(e) residual loads: and
(f) overburden.
Antcipated impact loads, such as those caused by
trawl boards, should be considered as an operational
load.

- A401.10.3 Environmental Loads During Opera-
tion. Environmental loads which shall se considered are
those imposed on the pipeline svstem by environmental
conditions. Loads which should be considered under this
category include, as appropriate, those arising due to:

(a) waves;

(b) current;

{c) wind;

(d) tdes;

(e) ice loads (e.g., weight,
scouring);

(f) seismic events; and

fioating impacts,

Vi



ASME B31.4-2002

‘g) dvnamically induced soil loads (e.¢.. mud slides.
soi! liquefacuon).
An appropriate design return interval storm shall be

selected for the antcipated operational life of the off-

— . shore pipeline_system_but_shall not be lzss than 100

| P

'

years.

Direction of waves, wind, and curents shall be
considered to determine the most crifical expected
combination of the environmental loads to be used with
the operations loads, as described in para. A401.10.1.

A401.10.4 Bottom Soils. When establishing on-bot-
tom stability requirements and maximum allowable
spans for uregular seabeds, consideration shall be given
to seabed soil characteristics.

A401.11 Hydrostatic Test Design Considerations

A401.11.1 Loads for Hydrostatic Test Design. The
design of an offshore pipeline system suitabls for safe
hydrostatic testing and the development of offshore
pipeline hydrostatic test procedures shall be based on
consideration of the parameters listed in paras.
A401.11.2. and A401.11.3. These parameters shall be
considered to the extent that they are significant to the
proposed test '

All parts of the offshore pipeline system shall be
designed for the most critical combinations of hydro-
static test and environmental loads, acting concurrenty,
to which the system may be subjected.

A401.11.2 Hydrostatic Test Loads. Hvdrostatic test
loads which shall be considered are those imposed on
the offshore pipeline system under antcipated test
conditions, excluding those resulting from environmen-
tal conditons.

Loads which should be considered hvdrostatic test
loads include:

(a) weight, including (as appropriate) the weight of:

(1) pipe;

(2) coatings and their absorbed water,

(3) attachments to the -pipe; and - — —— - —_

(4) fresh water or sea water used for hydro-
static test;

fb) buovancy;

{c) internal and external pressure;

(d) thermal expansion and conwaction;

(e, residual loads; and

(fj overburden.

A401.11.3 Environmental Loads During Hydro-
static Test. Environmental loads which shall be consid-
ered are those imposed on the pipeline system by
environmental conditions. Loads which should be con-

A401.103-A401.12

sidered under this category include. as apprornate,
those arising due te:

(aj waves;

(b) current;

(c) wind; and

(d; udes.

An appropriate design return interval storm shall be
selected for the anticipated hydrostatic test duration but
shall not be less than 1 vear.

Direction of waves, wind, and currents shall be
considered to determine the most critcal expected
combination of the environmental loads to be used
with the hydrostatc test loads, as described in para.
A401.11.1.

A401.11.4 Bottom Soils. When establishing on-bot-
tom stability requirements and maximum allowable
spans for uregular seabeds, consideration shall be given
to seabed soil characteristics.

A401.12 Route Selection Considerations

(aj Offshore pipeline routes shall be selected to
minimize the adverse effects of:

(1) installaton and related environmental loads
(see para. A401.9):

{2) operational and related environmental loads
(see para. A401.10); and

(3) hydrostauc test and related environmental loads
(see para. A401.11).

(b} Selection of offshore pipeline routes shall con-
sider the capabiliies and limitations of anticipated
construction equipment.

(c) Surveys of the pipeline route shall be conducted
to identify:

(1) seabed matenals;

(2) subsea (including sub-bottom’ and surface fea-
tures which may represent potential hazards to the
pipeline construction and operations;

(3) subsea (including sub-bottom) and surface fea-
tures which may be adversely affected by pipeline
constructon and operatons, including archaeological
and sensitive marine areas;

(4) turning basins;

(5) anchcrage areas;

(6) shipping lanes; and

(7) foreign pipeline and other uclity crossings.

(d) Routing shall be selected to avcid, to the extznt
practcal, the identified hazards.
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A402 DESIGN CRITERIA

A402.3 Allowable Stresses and Other Stress Limits

in para. 402.3 are superseded by the provisions of
paras. A402.3.4 and A402.335. )

Design and installation analyses shall be based upon
accepted engineering methods, material strengths, and
applicable design conditions.

A402.3.4 Strength Criteria During Installation
and Testing

(a) Allowable S:ress Values. The maximum longitu-
dinal stress due to axial and bending loads during
installation shall be limited to a value that prevents
pipe buckling and that will not impair the serviceability
of the installed pipeline system. Other stresses resulting
from pipeline installation activities, such as spans, shall
be limited to the same cnteria. Instead of a stress
criterion, an allowable installation strain limit may
be used.

(b, Design Against Buckling. The offshore pipeline
system shall be designed and installed in a manner to
prevent local buckling of the pipe wall, collapse, and
column buckiing duning installation. Design and installa-
tion procedures shall consider the effact of external
hvdrostatic pressure; bending, axial, and torsional loads;
mmpact; mill tolerances in the wall thickness; out-of-
roundness; and other applicable factors. Consideration
shall also be given to mitigation of propagation buckling
which may -follow local buckling or denting. The pipe
wall thickness shall be selected to resist collapse due
to external hydrostatic pressure.

(c) Design Against Fatigue. The pipeline shall be
designed and installed to limit anticipated swess fuctua-
tions to magnitudes and frequencies which will not
impair the serviceability of the installed pipeline. Loads
which may cause fatigue include wave action and

vibrations induced by. vortex.shedding.-Pipelines-and.

niser spans shall be designed to prevent vortex-induced
resopant vibrations, when practical. When vibrations
must be tolerated, the resulting stresses due to vibraton
shall be considered. If alternative acceptance standards
for girth welds in API Standard 1104 are used, the
cyclic swess analysis shall include the determination
of a predicted fatigue spectrum to which the pipeline
Is exposed over its design life.

(d) Design Against Fracrure. Prevention of fractures
during installadon shzll be considered in material selec-
tion in accordance with the requirements of para.

423.2. Welding procedures and weld defect acceptance

The allowable stresses-and other stress limits given-
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criteria shali conpsider the need to prevent fractures
during installation. See paras. 434.8.3 and A434.8.5.

(e) Design Against Loss of In-Piace Stabiliry. Design
against less of in-place stability shall be in accordance
with the provisions of para A402.3.5(e), except that
the installation design wave and currest conditions shall
be based upon the provisions of para. A401.9.3. If the
pipeline is to be trenched. it shall be designed for
stability during the period prior to trznching.

(f) Impact. During the period when the pipe is
susceptible to impact damage during installaion and
testing, consideration shall be given to impacts due to:

(1) anchors;

(2) trawl boards;

(3) vessels;

(4) ice keels; and

{5) other foreign objects.

(g) Resiaual Stresses. The pipeline system shall nor-
mally be installed in a manner so as to minimize
residual stresses. The exception shall be when the
designer purposefully plans for residual stresses (e.g.,
reeled pipe, cold springing of rsers, pull-tube risers).

(h) Flexible Pipe. The manufacturer’s recommended
installation procedures should be adhered to during
installation. Flexible pipe shall be designed or selected
to prevent failure due to the combined effects of external
pressure, internal pressure, torsional forces. axial forces,
and bending. (See API RP 17B.)

A402.3.5 Strength Criteria During Operations

(a) Allowabie Stress Values. Allowable stress values
for steel pipe during operation shall not exceed those
calculated by the equations in para. A402.3.5(a), (1)
through (3).

(1) Hoop Stress. For offshore pipeline systems,
the tensile hoop stress due to the difference between
internal ard external pressures shall not exceed the
values given below.

NOTE: Sign convention is such that tension is pcsitive and compres-
sion is negative.

Sy < FL(S)
D / D
= - —_ = - Y —
’Sh (Pl PJ 2 “Sh (Px Pz/ ZOI)
where
Sy = hoop stress, psi (ViPa)
P; = internal design pressure, psi (bar)
P, = external pressure, psi (bar)

, -~
et

g
‘=
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Ad(2.35

TABLE A402.3.5(a)
DESIGN FACTORS FOR OFFSHORE PIPELINE SYSTEMS

ot 4

Hoop I_ongitudinal Comtinec

Lozation Stress A Stress F; Swress £z
Pipeline o T oo 0.86 .93
Riser and Platform Picing [Note {1)] 0.6C 0.8C 0.92

GENERAL NOTE: In the setting of dasign factors, due considerati
peen made for, the ungerthickness toierance and maximum aliowabdie

the spezifications approvec by the Code.

NOTEZ:
(1) Platform pip.ng coes not inciude prod

D = nominal outside diameter of pipe, in. (mm)
nominal wall thickness, in. (mm)
F, = hoop stress design factor from Table
A402.3.5(a) '
S, = specified minimum yield stength, psi MPa)
(2 Longiwudinal Stress. For offshore pipeline sys-
tems, the lopgitudinal stress shall pot exceed values
found from

Py
‘

1S, < FalS,)

where
S; = maximum longitudinal stess, psi (positive
tensile or negative compressive) (MPa)
= S, + 8, or S, — S whichever results in the
larger stress value
S, = axial stress, psi (posiuve tensile or negative
compressive) (MPa)

= E/A
F, = axial force, Ib (N)
A = cross-sectional area of pipe material, in.?
(mm®?)
S, = meximum resultant bending stress, psi (MPa)
= = JuM) + (M) /2
M; = in-plane bending moment, in.-lb (N-m)
M, = out-of-plane bending moment, in.-Ib (N-m}

i; = in-plane stess intensification factor from
Fig. 419.6.4(c)

= out-of-plane stress intensificadon factor from
Fig. 419.6.4(c)

7 = section modulus of the pipe, in.” * (em)
F: = longitudinal stress design factor from Table
A402.3.5(a)

S, = specified minimum yield sengt, psi (MPa)

il = absolute value

(3) Combined Stress. For offshore pipeline sys-
tems, the combined stress shall not exceed the value

ion has been given tc, and allowance has
e degth of imperfections proviced for in

juction facility piping on a platiorm; see definitions para. A4CC.Z.

given by the Maximum Shear Stress Equation (Tresca
Combined Stress):

<

; 2
/‘S——L ~ 5") + 52| < F(s)
Vool
where -
S; = maximum longitudinal swess, ps (positive
tensile or megative compressive) (MPa)
= S, + 8, or S; — S;, whichever results in the
larger stress value

S, = axial stress, psi (positive tensile or negative
compressive) (MPa)
= E/A
F, = axial force, Ib (N)

»
1t

pipe cross-sectional area, in? (mm?)
S, = maximum resultant bending stress, psi (MPa)

= JUMY + M)/ Z

-V

M; = in-plane bending moment, in.-Ib (N-m)
M, = out-of-plane bending moment, in-1b (N-m)
i; = in-plane stress intensification factor from Fig.
- 419.6.4(c)
. i, = oun-of-plane stress intensitcaton factor from
Fig. 419.6.4(c)
7 = section modulus of the pipe, in. (cm)
S, = hoop stress, psi (MPa)
S, = specified minimum yield strength, psi (MPa)
S, = torsional swess, psi (MPa]
= MJ/2Z
M, = torsional moment, in.-1b (N-m)
F; = combined stress design factor from Table

A202.3.5(a)

Alternatively. the Maximum Distortional Epergy
Theory (Von Mises Combined Stress) may be used
for limiting combined swess values. Accordingly, the
combined stress should pot exceed values given by:

U

[
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LS = 5rS: = S+ 350 S Sy
v h

(4; Strain. When the pipeline experiences a pre-

dictable noncyclic displacement of its suppor. (e.g.,

fault movement along the pipeline route or differendal
subsidence along the line) or pipe sag before support
contact, the longitudinal and combined stress limits
mav be replaced with an allowable strain limit, so long
as the consequences of yielding do not impair the
serviceability of the installed pipeline. The permissible
maximum longitudinal strain depends vpon the ductility
of the material, any previously experienced plastc
strain, and the buckling behavior of the pipe. Where
plastic strains are anticipated, the pipe eccentricity, pipe
out-of-roundness, and the ability of the weld to undergo
such strains without detrimental effect should be consid-
ered. These same crteria may be applied to pull tbe
or bending shoe risers or pipe installed by the reel
method.

(b) Design Against Buckling. The pipeline shall be
designed with an adequate margin of safety to prevent
local buckling of the pipewall, collapse, and column
buckling duning operations. Design and operating proce-
dures shall consider the effect of external hydrostatic
pressure; bending, axial, and torsional loads; impact;
mil tolerances in the wall thickness, out-of-roundness,
and other applicable factors. Consideration shall also
be given to mitgation of propagation buckling which
may follow local buckling or denting. The pipe wall
thickness shall be selected to resist collapse due to
external hydrostatic pressure.

(c) Design Against Fatigue. The pipeline shall be
desigred and operated to limit anticipated stress fluctua-
tons to magnitudes and frequencies which will not
impair the serviceability of the pipeline. Loads which
may cause fatigue include internal pressure variations,
wave action, and pipe vibration, such as that induced
by vortex shedding. Pipe and riser spans shall bé
designed so that vortex-induced resonant vibrations are
prevented, whenever practical. "When vibrations must
be tolerated, the resulting stresses due to vibration shall
be considered in the combined stess calculations in
para. A402.3.5(a). In addiuon, calcuiated fadgue failure
shall pot result during the design life of the pipeline
and risers.

(d) Design Against Fracture. Prevention of fractures
during operaton shall be considered in material selection
in accordance with the requirements of para. A423.2.
Welding procedures and weld defect acceptance criteria
shall consider the need to prevent fractures during
operation.  See paras. 434.8.5 and A434.8.5.

-—{¢) Design Against.Loss. of In-Place Stability
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{1, General Pipeline design for lateral and verucal
on-bottom stability is governed by permanent features
such as sea floor bathvmetry and soil characteristics
and by wansient events, such as hvdrodynamic, seismic,
and soil behavior eveats, having a significant probability
of occurrence during the life of the system. Design
conditions to be considered are provided in para.
A402.3.5(e), (2) through (4).

The pipeline syster shall be designed to prevent
horizontal and vertical movements or shall be designed
so that any movements will be limited to values not
causing allowable stresses anc strains to be exceeded.
Typical factors to be considered in the stability design
include

+ wave and cumrent forces,

« soil properties,

+ scour and resultant spanming,

« soll liquefaction, and

* slope failure.

Stability may be obtained by such means as, but
not limited to

+ adrusting pipe submerged weight,

* trenching and or covering of pipe, and

* anchoring.

When calculating hydrodynamic forces, the fact that
wave forces vary spatially along the lengti of the
pipeline may be taken into account. )

Two on-bottom stability design condidons that shall
be considered are installation and operational.

(2) Design Wave and Curren: Condirions. Opera-
uvonal design wave and current conditions shall be
based upon an event having a minimum return interval
of pot less than 100 years. The most unfavorable
expected combination of wave and current conditions
shall be used. Maximum wave and maximum current
conditions do not necessarily occur simultaneously.
When selecting the most unfavorabie condition, consid-
eraizon must be given to the tming of occurrence of
the wave and current direction and magnitude.

(3} Stability Against Waves and Currents. The
submerged weight of the pipe shall be designed to
resist or limit movement to amounts which do not cause
the longitudinal and combined stresses, as calculated by
the equations in para. A402.3.5(a), to exceed the limits
specified in para. A402.3.5(a). The submerged weight
may be adjusted by weight coating and/or increasing
pipe wall thickness. Hydrodynarmric forces shall be based
on the wave and current values for the design condition
at the locaticn. See para. A402.3.5(e)(2).

Wave and cumrent direction and concurrence shall
be considered.

PL. 1Y

AN,
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The pipeline and its appuriznances may be lowered
below bottom grade to provide swability.

Backfill or other protectve covering opdoas shall
use materials and procedures which preciude damage

Anchoring may be used alone or in conjuncton with
other opdons to maintain stability. The anchors shall
be designed to withstand lateral and vertical loads
expected from the design wave and current condition.
Anchors shall be spaced to prevent excessive stresses
in the pipe. Scour shall be considered in the design
of the anchoring system. The effect of anchors on the
cathodic protecton system shall be considered.

Intermittent block type, clamp-on, or set-on weights
(river weights) shall not be used on offshore pipelines
where there is a potential for the weight to become
unsupported because of scour.

(4) Shore Approaches. Pipe in the shore approach
zone shall be installed on a suitable above-water struc-
ture or lowered or bored to the depth necessary to
prevent scouring, spanning, or stability problems which
affect integrity and safe operation of the pipeline during
its antcipated service life. Seasonal variation in the
near-shore thickness of sea floor sediments and shoreline
erosion over the pipeline service life shall be considered.

(31 Slope Failure and Soil Liquefaction. The pipe-
lines shall be designed for slope failure in zones where
theyv are expected (mud slide zones, steep slopes, areas
of seismic slumping). If it is not practical to design
the pipeline system to survive the event, the pipelinz
shall be designed for controlled breakaway with provi-
sions to minimize loss of the pipeline contents.

Design for the effects of liquefacuon shall be per-
formed for areas of known or expected occurrence.
Soil liquefaction normally results from cvclic wave
overpressures or seismic loading of susceptible soils.
The bulk specific gravity of the pipeline shall be
selectec, or alternative methods shall be selected to
ensure both horizontal and vertical stability.

Seismic design-conditions used-to predict the- occur-
rernce of bottom liquefaction or slope failure shall be
at least as severe as those used for the operating desigrn
stength caiculauons for the pipeline. Occurrence of
soil liquefacnon due to wave overpressures shall be
based on a storm interval of not less than 100 years.

(6) Bortom Soils. The pipe-soil interaction factors
izt are ussd shall be representative of the bottom
cordidons at the site.

‘71 Impact. During operations, consideratcn shall be
fiven tc impacts due te:

(1, anchors;

A4023.3-A4023.8

(2) wawl boards:

(3) vessels:

(4 1ce keels: and

(3) other forsign objects.

A402.3.6 Design for Expansion and Flexibility.
Unburied subsea pipeline systems and platform piping
shall be ccnsidered as “aboveground piping” [see para
419.1(a), (b), and (d)] where such definition is appli-
cable.

Thermal expansion and contraction calculations shall
consider the effects of fully saturated backfill material
on soil restraint.

Allcwable strength criteria shall be in accordance
with para. A402.3.5 in lieu of the allowables listed in
para. 419.6.4. Equations in para. 419.6.4 are valid for
calculating the indicated stresses. See paras. A401.10
and A401.11 for loads which must be considered in
design. Where appropriate, allowable strain criteria in
para. A402.3.5(a)(4) may be used in lieu of allowable
stess criteria.

When an offshore pipeline is to be laid across a
known fault zone or in an earthquake-prone area,
consideradon shall be given to the peed for flexibility
in the pipeline system and its components to mirumize
the possibility of damage due to seismic activity. Flexi-
bility in the pipeline system may be provided by
installation of the pipeline on or above the seabed and/
or by use of breakaway couplings, slack loops, flexibie
pipe sections, or other site-specific solutions.

A402.3.7 Design of Clamps and Supports. Clamps
and supports shall be designed such that a smooth
transfer of loads is made from the pipeline or mser to
the supporting structure without highly localized stresses
due to stress concentrations. When clamps are to be
welded to the pipe, they shall fully encircle the pipe
and be welded to the pipe by a full encirclement weld.
The support shall be attached to the encircling member
and not the pipe.

All welds to the pipe shall be nondestructively tested.
Clamps and supports shall be designed in accordance
with the recuirements of API RP ZA-WSD.

Clamps and support design shall consider the corro-
sive effects of moisture-retaining gaps and crevices and
galvanically dissimilar metals.

A402.3.8 Design of Connectors and Flanges. Con-
nectors and fianges shall be designed or seiected to
provide the smooth transfer of loads and prevent exces-
sive deformaton of the attached pipe.
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A402.3.9 Design of Structural Pipeline Riser Pro-
tectors. Where pipeline risars are installed in locagons
subject to impact from marine traffic, protective devices
stall _be installed _in_the_zome subject to damage to
protect the pipe and coating.

A402.3.10 Design and Protection of Special As-
semblies. Design of special assemblies, such as connec-
tions, subsea te-in assemblies, subsea valves, expansion
loops, seabed miser connections, and subsea pipeline
manifolds, shall consider the additional forces and
effects imposed by a subsea environment Such addi-
donal considerations include design storm currents and
potential for seabed movement in soft sediments, soil
liquefaction, increased potential for corrosion, thermal
expansion and contraction, and stress due to installagon
procedures.

Appropriate measures shall be taken to proect special
assemblies in areas where the assemblies are subjec:
to damage by outside forces, such as fishing and marine
conswuction activites.

A402.3.11 Design of Flexible Pipe. Due to its com-
posite makeup, the mechanical behavior of flexibie pipe
1s significantly different from that of steel pipe. Flexible
pipe may be used for offshore pipelines if calculations
and’or test results verify that the pipe can safely with-
stand loads considered in paras. A401.9, A401.10, and
A4C1.11. Careful consideration should be given to the
use of flexibie pipe due to its permeable nature and
possible rapid decompression failure of the liner material
and collapse of the inner liner due to residual gas
pressure in the annulus upon pipeline depressurization.

(See API RP 17B.)

A402.3.12 Design of Pipeline Crossings. Subsea
pipeline crossings shall be designed to provide a mini-
mum 12 in. (300 mm) separation between the two
lines. Dielectric separation of the two pipelines shall
be considered in design of pipeline crossings. Soil
settlement. scour, and cvclical loads shall be considered
in the design of pipeline crossings in order to ensure
that the separaton is maintained for the design life of
bot lines.

When ™o liquid pipelines cross, the longitudinal
swess and combined swess, as calculated by the equa-
tons in para. A402.3.5(a), shall not exceed the limits
specified in Table A402.3.5(a). Where appropmnate, al-
lowable strain critenia in para. A402.3.5(a)(4) may be
used in lieu of allowable stress criteria. Where crossing
pipelines are governed by different codes, the allowable
stress limits shall be in accordance with the provisions
of the -applicable- code. -
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A402.4 Allowances

A402.4.3 Weld Joint Factors. Pips with a weld
joint factor less than 1 (Table 302.4.2) shall not be
used 1n offshore pipeline systems.

A404 PRESSURE DESIGN OF COMPONENTS

A404.1 Straight Pipe

A404.1.1 General

(b) For offshore pipeline systems, the applicable
allowable sxess value specified and defined in para.
404.1.1(b) shall be as follows:

S =F(S)
where Fy and S, are defined in para. A402.3.5.

A404.3 Intersections

A404.3.1 Branch Connections
(d}) Reinforcemen: of Single Openings
(1) Pipe that has been cold-worked solely for the
purpose of increasing the vield strength to meet the
specified minimum vield stwrength is prohibited in off-
shore liquid pipeline systems. This does not preclude
the use of pipe that has been cold-worked specificaliy
for the purpose of meeting dimensional requirements.
{e) Reinfcrcement of Muliiple Openings
{4) Pipe that has been cold-worked solely for the
purpose of increasing the vield stength to meet the
specified minimum yield strength is prolubited in off-
shore liquid pipeline systems. This does not preclude
the use of pipe that has been cold-worked specifically
for the purpose of meeting dimensional requirements.

A405 PIPE

A4052 Metallic Pipe

A405.2.1 Steel Pipe

(a} The provisions of para. 405.2.1(a) are superseded
by the following. New pipe of the specificatons listed
in Table 423.1 may be used in accordance with the
design equations of para. 404.1.2 subject to para
A404.1.1 and to the tesung requirements of paras.
37.1.4(2)(1),437.1.4(a)(2), 437.1.4(a)4), 437.1.4(a)(5),
37.1.4(b), 437.1.4(c), 457.4.1, and A437.1.4.

(c) Para. ¢05.2.1(c) does not apply.

(d) Pipe that has been cold-worked solely for the
purpose of increasing the yield strength to meet the
specified minimum yield strength is prohivited in off-
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shore liguic pipeline sysiems. This does not preciude
the use of pipe that has been cold-worked specifically
for the purpose of meeting dimensional requiremeants.

A403.3 Flexible Pipe
Seiection of fiexible pipe shall be in accordance with
API RP 17B. (See also para. A402.3.11.)

A406 FITTINGS, ELBOWS, BENDS, AND
INTERSECTIONS

A406.2 Bends, Miters, and Elbows
A4406.2.2 Mitered Bends. Mitered bends are prohid-

ited in offshore liquid pipeline systems.

A406.4 Reductions

A406.4.2 Orange Peel Swages. Orange peel swages
are prohibited in offshore liquid pipeline systems, other
than temporary construcuon componexits or other non-
pressure-containing Cornponents.

A406.6 Closures

A406.6.4 Fabricated Closures. Orange peel bull
piugs and fishtails e prohibited in offshore liquid
pipeline svstems. other than temporary constuction
compenents or other non-pressure-containing Ccompo-

neats.

A407 VALVES

A467.1 General

Paragraph 407.1(b) does not apply. Cast iron or
ductile iron valves are prohibited for applications in
offshore liquid pipeline systems.

A408 FLANGES, FACINGS, GASKETS, AND —-
BOLTING

A408.1 Flanges

A408.1.1 General. Paragraph 408.1.1(c) does not
apply. Cast iron or ductile iron flanges are prohibited
for applications in offshore liquid pipeline systems.

A408.3 Flange Facings

A408.3.1 General
f¢, Rirng ioint-type flanges are preferred in offshore
Liquic pipeline systems.

A403.2.1-A419

4409 USED PIPING COMPONENTS AND
EQUIPMENT

Used pioing components. suck as fiwngs. elbows.
ends, intersections, couplings, reducers, closures,
fianges, vaives, and equipment, may be reused as noted
in para. 409, except that the reuse of piping components
of unknown specification is prohibited in offshore liguid
pipeline systems.

A410 OTHER DESIGN CONSIDERATIONS

A410.1 Pigs and Internal Inspection Tools

When specifying in-line piping components for off-
shore pipelines, consideration shall be given to the
need for running pipeline pigs and internal inspection
tools. Selection of bend radius. launcher and receiver
traps, bend configuration, internal diameter variaions
(including ovality), and other internal obstructions shall
allow the passage of such devices, except where not
practical.

A410.2 Special Components

System components which are not specifically cov-
ered in this Code shall be validated for fitness by
either:

(a) documented full-scale prototype testing of tne
components Or special assemblies; or

(b) a documented history of successful usage of
these components or special assemblies produced by
the same design methoc.

Documentation shall include design and installauon
methods which have been proven for the service for
which the component is intended.

Care should be exercised in any new application of
existing designs to ensure suitability for the intended
service.

A414 THREADED JOINTS

A414.1 General

Threaded connections for in-line piping compenent
sizes, NPS 2 (60.3 mm) or larger, are prohibited in

offshore pipeline systems, except as permitied in para.
A410.2.

A419 EXPANSION AND FLEXIBILITY

See para. A402.3.6 for additonal provisions.
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A421 DESIGN OF PIPE-SUPPORTING
ELEMENTS
See parz. A402.3.7 for additional provisions.

A423 MATERIALS — GENERAL
REQUIREMENTS

A423.1 Acceptable Materials and Specifications

Concrete weight coating materials ( cement, aggregate,
reinforcing steel) shall meet or exceed the requirements
of applicable ASTM standards. _

Flexible pips shall be manufactured from materials
meeung the requirements of API RP 17B and ASTM
or ASME standards applicable to the materials selected
bv the designer.

A423.2 Limitations on Materials

“Unidentified” pipe, plastic pipe, ASTM A 120 pipe,
plasuc pipe with nonmetallic reinforcement, cast iron
pipe. ductle iron pipe, and pipe that has been cold-
worked in order to meet the specified minimum vield
strength are pronibited in offshore liquid pipel:ne sys-
tems. This does not preclude the use of pipe that has
been cold-worked specifically for the purpose of meeting
dimensional requirements.

In additon to the requirements contained in refer-
enced standards. certain other requirements may be
considered for components used offshore, depending
on water depth, water temperature, internal pressure,
product composition, product temperature, installation
method and/or other loading conditions. For example,
consideration of additional limitations or requirements
for pipe may include one or more of the following:

(a) wall thickness tolerance; —

(b) outside diameter tolcréncc;

(c) out-of-roundness tolerance;

(d) maximum and minimum vield and tensile
strengtis; '

(e) pipe chemistry limitations;

(/) fracmre toughness;

¢} kardaness: and

() pipe mill hydrostatic testing and other nondestruc-
tve testing.

For scur service (HaS), refer to NACE MR-01-75.
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A434 CONSTRUCTION

A434.2 Inspection

Repairs required during new construction shall also
be in accordance with paras. A434.3 and A461.1.0.

Ad434.3 Right-of-Way

A434.3.3 Survey and Staking or Marking. The
route of the offshore pipeline shall be surveved, and
the pipeline shall be properly located within the o ght-
of-way by maintaining survey routz markers or by
surveying during installation.

A434.4 Handling, Hauling, Stringing, and Storing

Transportation by truck or other road vehicles, rail
cars, and marine vessels shall be performed in such a
manner z. to avoid damage to the pipe and any
preapplied coatings. Transportation of line pipe shall
conform to the requirements of API RP SLW or API
RP 5L1, as applicable.

A434.6 Ditching

The provisions of para. 434.6 are not applicable for
offshore pipelines. Offshore pipelines should be trenched
where necessary for stability, mechanical protection, or
prevention of interference with maritimne activities.

The methods and details of the pipeline wenchiag
and lowering operations shall be based on stte-specific
conditons. Methods and details shall be selected to
prevent damags to the pipe, coatng, and pipeline
appurtenances.

A434.7 Bends, Miters, and Elbows

Miter bends shall not be used in offshore liquid
pipeline systems.

A434.7.1 Bends Made From Pipe

{a) Pipe that has been cold-worked solely for the
purpose of increasing the yield swengta to meet the
specified minimum yield strength is prohib:ted in off-
shore liquid pipeline systems. This does not preclude
the use of pipe that has been cold-worked specifically
for the purpose of meeting dimensional requirements.

A434.8 Welding

A434.8.3 Welding Qualifications. Welding proce-
dures and welders performing hyperbariz welding on
offshore pipeline systems shall be qualified in accor-

«m
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dance with the testing provisions of either API Std.
1104 or ASME Section IX, as supplemeated by AWS
D3.6 for Type “O” welds.

A434.8.5 Welding Quality

be evaluated on the basis of para A434.8.5(b). - -
74) The requirements of para 434.8.5(a)(4) are
superseded by the following provisions. All circumferen-
tial welds on offshore pipeline systems shall meet the
requirements in para. 434.8.5(a) for a pipeline which
would operate at a hoop stress of more than 20% of
the specified minimum Yield swength of the pipe. One
hundred percent of the total number of circumferental
butt welds on offshore pipeline systems shall be nonde-
structively inspected, if practical; but in no case shall
Jess than 90% of such welds be inspected. The inspection
shall cover 100% of the length of such inspected weld.
(b Standards of Acceptability. For girth welds in
offshore pipeline systems, alternative flaw acceptance
limits may be based upon fracture mechanics analysis
and fitness-for-purpose criteria as described by API
Std. 1104. Such alternative acceptance standards shall be
supported by appropriate stress analyses, supplementary
welding procedure test requirements, and nondestructive
examinations beyond the minimum requiremen:s speci-
Ged herein. The accuracy of the nondestructive tech-
niques for flaw depth measurement shall be verified.

A434.8.9 Stress Relieving

(a; On offshore pipeline systems, the demonstraton
specified in para. 434.8.9(a) shall be conducted on
materials and under conditions which simulate, as
closely as practical, the actual production welding.

A434.11 Backfilling

Backfilling of trenched offshore pipelines is not
normally required but may sometimes be utilized 10
provide additional stability or protection.

A434.13 Special Crossings

A434.13.1 Water Crossings. See  para.
A402.3.5(e)(3) concerning the use of river welghts.

A434.14 Offshore Pipeline Construction

A434.14.1 Pipe Depth and Alignment. Plans and
specifications shall describe alignment of the pipeline,
its design depth below mean water level, and the depth
below the sea bottom, if trenching is prescribed. Special
consideration shall be given to depth of ccver and

/2) Welds in offshore pipeline systems may also

A434.83-A434.15.1

other means of protecting the pipeline in the surf zone
and other areas of potental hazards such as near
platforms, anchorage areas, and shipping fairways.

A434.14.2 Installation Procedures and Equipment
Selection. Installation procedures shall be prepared prior
to beginning construction. Installadon procedures shall
address the design consideratons in para. A401.9 and
strength consideratons in para. A402.34.

A434.14.3 Movement of Existing Pipelines. Consid-
eration should be given to reducing operating pressures
in the existing pipelines to obtain the lowest practical
stress levels prior to movement of the existng lines.
Whether the pipeline pressure is reduced or not, the
following steps should be taken prior to movement of
the existing lines:

(a) perform a physical survey to determine the actual
positon of the pipeline;

(b) determine wall thickness and mechanical proper-
ties of the existing pipeline section to be moved;

(c) investigate possible pipe stress that may exist in
the pipeline in its present condition;

(d) calculate additional stresses imposed by the pro-
posed movement operation; and

(e) prepare a detailed procedure for the proposed
movement.

Investigation of the possible pipe siresses that may
be induced in the existing pipeline during the relocation
should be performed regardless of the anticipated inter-
nal pressure. This investigaton should consider appro-
priate elevation tolerances for the lowering. Pipe stresses
resulting from the relocation should not exceed the
criteria in para. A402.3.4, and pipe stresses resulting
from existing pipeline operation after lowering should
not exceed the criteria in para. A402.3.5.

Ad434.15 Block and Isolating Valves

A434.15.1 General

(a) Block and isolating valves shall be selected to
provide timely closure and to limit both property and
environmental damage and provide safety under emer-
gency conditions.

(b) On ofishore platforms, consideration shall be
given to locating block and isolating valves, or valve
operator controls where used, in areas that are readily
accessible under emergency conditions.

(c) Submerged valves shall be marked or spotted
by survey techniques and recorded on permanendy
retained as-built records to facilitate locaton when
operation is required.
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A434.18 Line Markers

Line markers are not required or offshore pipeline
systems.

A436 INSPECTION

A436.2 Qualification of Inspectors

In addition to the requirements of para. 436.2 offshore
inspection personnel shall be capable of inspecting the
following, as applicable:

+ offshore vessel positioning systems;

+ diving operatons;

* remotely operated vehicle (ROV) operations;

- pipeline trenching and bural operations;

- special services for testing and inspection of offshore
pipeline facilities, such as subsea pipeline lateral te-ins,
and subsea pipeline crossings as may be required; and

+ pipelay parameters.

A436.5 Type and Extent of Examination Required

A436.5.1 Visual
(b) Construction
(9) When offshore pipelines are trenched, the con-
dition of the trench, trench depth, and fit of the pipe
to the wench shall be inspected when feasible.

(11} When offshore pipelines are to be backfilled,
the backfilling operations shall be inspected for quality
of backfill, possible damage to the pipe coating, and
depth of cover.

(12) Pipelines shall be inspected for spans.

(13) Pipeline crossings shall be inspected for speci-
fied separation.

(15) Where specified, special assemblies and protec-
tion measures as described in A402.3.10 shall be in-
spected for protection against damage by outside forces,
such as fishing and other marine acuvides.

A437 TESTING

A437.1 General

A437.1.4 Testing After New Construction
(a) Svstems or Parts of Systems
(3) Provisions of para 437.1.4{a)(3) are super-

seded by the following. All pipe and pressure-containicg
piping components shall be tested in accordance with
the provisions of para 437.1.4(a)(2).

(b) Testing Tie-Ins. Nonwelded tie-in connections
shall be observed for leaks at operating pressure. Tie-
ic welds and girth welds joining lengths cf pretested
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pipe shall be inspected by radiograohic or other accepted
nondestructive methods in accorcance with para.
A434.8.5(a)(4), if svstem is not pressure-tesiec after
te-in.

(d) Hvdrostatic Test Medium. The hydrostatic test
medium for all offshore pipeline svsterns shall be water,
except in arctic areas. Additves to mitigate the effects of
corrosion, biofouling, and freezing should be considered.
Such additives should be suitable for the methods of
disposal of the test medium.

In arctic areas where freezing of water is a restraint,
the use of air, inert gas, or glycol is allowable, provided
appropriate detail considerations are addressed.

Disposal of all materials shall be done in an environ-
mentally safe manner.

(e) Diameter Restrictions. Testing for buckles, dents,
and other diameter reswictions shall be performed after

installation. Testing shall be accomplished by passing .

a deformation detection device through the pipeline
section, or by other methods capable of detecting a
change in pipe cross-section. Pipe having deformation
which affects the serviceability of the pipeline facilities
shall be repaired or replaced. Consideration should also
be given to repairing ovality which may interfere with
pigging operations or internal inspections.

A437.4 Test Pressure

Ad437.4.3 Leak Testing. Provisions of para. 437.4.3
are not applicable for offshore pipeline svstems.

A437.6 Qualification Tests

Pipe of unknown specification and ASTM A 120
specification pipe are not allowed in offshore pipeline
systems. See para. A423.1.

A437.7 Records

“As-built” records shall also include the location of
_anodes and buckle amestors (if used) by pipe joint
installation sequence. Subsea valve, de-in, and other
special assembly locations shall be recorded by ceordi-
nates.

A450 OPERATION AND MAINTENANCE
PROCEDURES AFFECTING THE
SAFETY OF LIQUID TRANSPORTATION
PIPING SYSTEMS

A450.2 Operation and Maintenance Plans and
Procedures
The provisions of paras. 450.2(d), 450.2(e), and
450.2(1) are superseded by the foliowing:

Pl
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td; Have a plan for reviewing conditons affecting
th= intezrity and safery of the pipeline svstem. including
provisions for periodic patolling and reporung of con-
struction activity and changes in conditons
- - {ej Establish and maintain liaisons with local offshore
atthorities who issue permits in order to prevent acci-
dents caused by new conmstucton. Establish and main-
tain liatsons with available offshore firefighting anc
polludon control entities.

(i) In establishing plans and procedures, give partcu-
lar attention to those portions of the system presenting
the greatest hazard to the public and to the environment
in the event of emergencies or because of construction
or extraordinary maintenance requiremerts.

A451 PIPELINE OPERATION AND
MAINTENANCE

A431.3 Markers

The provisions of para. 451.3 do not apply to offshore
pipeline systems.

A431.4 Right-of-Way Maintepance

The provisions of para. 451.4 do not apply to ofishore
pipeline systems.

A451.5 Patrolling

fa) The provisions of para. 451.5(a) anc (b} are
superseded by the following. Each offshore pipeline
systern operator shall maintain a periodic pipeline patrol
program to observe surface conditions on, and adjacent
to, the pipeline right-of-way, indication of leaks, con-
stuction activity other than that performed by the
operator, and any other factors affecting the safety and
operation of the pipeline. Consideration should be given
to increased patrols in areas more susceptible to damage
by outside forces. Such areas are listed in A451.11.

A451.6 Pipeline Repairs

A431.6.1 General. Addigonal requirements for re-
pairs to offshore pipeline systems are as follows:

* Repair operations shall not result in imposed defor-
matons which would impair the integritv of the pipe
materials, and weight or protective coating.

+ Subsea equipment used in the repair of offshore
pipeline svstems shall be carefullv controlled and momni-
wored to avoid damzging the pipeline, external coating,
or czthodic protection system.

* When lifting or supporting pipe during regairs, the
curvature of a pipe sag bencd and overbend shall be

A450.2-4451.8

controlled to prevent overstressing, denang. or buckiing
the pipe or damaging the coatng. Lifting equipment
shall be selected to comply with this requiremect.

+ Wave and current loacs shall be considered in
derermining total imposed stresses and cyclical loadings
in both surface and subsurface repairs.

« When pipe is repaired damaged coating shall be
repaired.

* Replacement pipe and components shall be protected
from corrosion.

Consideration should be given to obtaining pipe-to-
water potentials during the repair operations to verify
conformance to cathodic protection requirements.

A451.6.2 Disposition of Defects
(b) Allowable Pipeline Repairs

(4) Patches shall not be used on offshore pipeline
systems.

(6, Partial encirclement half soles shall not be
used on offshore pipeline svstems.

(c) Repair Methods

(5) Patches shall not be used on offshore pipeline
systemns.

(8) Weided fitings allowed by para. 451.6.2(c)(8)
to cover defects shall not be used in offshore pipeline
systems.

(13) Half soles for repawrs in offshore pipeline

systems are prohibited.

A451.6.4 Repair of Flexible Pipe

(a) Major Structural Damage. If the serviceability
of the flexible pipe is impaired. the damaged pipe
section shall be replaced.

(b} Surface Cuts. In the event of surface cuts and
abrasions which do not expose the load-carrying mem-
bers to potential corrosion, the repair shall be perforined
in a manner recommended by the manufacturer.

A451.7 Derating a Pipeline to a Lower Operating
Pressure

(c) If a component is installed duriag the repair that
has a maximum pressure rating less than the allowable
operating pressure of the pipeline, the pipeline shall
be derated to the pressure ratng oI the component,
analvzed in accordance with 451.1(a).

A451.8 Valve Maintenance

Provisions of para. 451.8 do not apply to offshore
pipeline systerns. Pipeline block valves that would be
required by the Emergency Plan (see paras. 454 and
A454) to be operated during an emergency shall be
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inspected periodically, and fullv or partially operated
at least once a year.

A451.9 Railroads and Highways Crossing Existing

Pipelines
The provisions of para. 451.9 do not apply to offshore
pipeline systems.

Ad4:1.10 Offshore Pipeline Risers

The provisions of para. 451.10 do not apply to
offshore pipeline svstems.

A451.11 Inspection

As a means of maintaining the integrity of its p:peline
system, each operating companv shall establish and
implement procedures for continuing surveillance of its
facilides. Studies shall be initiated and appropriate
action taken when unusual operating and maintenance
conditons occur, such as failures, leakage hustory,
unexplained changes in flow or pressurs, or substantial
changes in cathodic protection requirements.

Consideration should be given to spection of pipe-
lines and pipeline protection measures in areas most
susceptible to damage by outside forces. Such areas
may include shore crossings, areas near platforms.
shipping fairways, pipeline crossings, span rectificadions,
subsea assemblies, and shallow water areas. 17 the
operating company discovers that the cover or other
conditions do not meet the original cdesign, it shal]
determine whether the existing conditions are unaccept-
able. If unacceptable, the operaung company shall
provide additional protection by reglacing cover, low-
ering the line, installing temporarv or permanent warning
markers or buoys, or using other suitable means.

When such studies indicate the facilitv is ir an
unsatsfactory condition, a planned program shall be
initiated to abandon, replace, or reparr. If such a facility
cannot be repaired or abandoned, the maximum aliow-
able operating pressure shall be reduced commensurate
witk the requirements described in paras. 431.7 and

451.7.

Offshore pipeline risers shall be visually inspected
annually for physical damage and corrosion in the
splash zone and above. Consideration should also be
given to periodic visual inspection of the submerged
zone of the riser. The exten: of any observed damage
shall be determined, and if the serviceability of the
riser is affected, the riser shall be repaired or replaced.

Consideradon should be given to the periodic use
of internal or external inspection tools to monitor
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externel and internal pipeline corrosicn a1d to detect
other unsafe conditons.

A452 OFFSHORE PLATFORM, PUMEP
STATION, TERMINAL, AND TANEK
FARM OPERATION AND
MAINTENANCE

'A452.5 Fencing

Fencing is not applicable for offshore facilities.

A452.7 Prevention of Accidental Ignition

Smoking shall be prohibited in all areas of offshore
facilities in which the possible leakage or presence of
vapor constitutes a fire or explosion hazard.

A454 EMERGENCY PLAN

(d) The provisions of para. 454(d) do not apply to
offshorz pipeline svstems.
le)

(51 The provisions of para 454(e)}(5) do not apply
to offshore pipeline svstems. T minimize public expo-
sure to injury and to prevent accidental ignition, provi-
sions for halting or diverting marine vessel traffic shall
be included in the Emergency Plan.

A460 GENERAL

(a) In additdon to the provisions of para. 460(a),
special considerations shall be given to corrosion control
of offshore pipeline systems because they cannot easily
be inspected after installation and there is the possibility
of damage to the coating system. Special attenrion shall
be given to the selection, design, and application of
corrosion control coatings, the cathodic protection sys-
tem, and other corrosion design elements.

{¢) NACE RP-06-75 provides a guide for procedures
to implement requirements herein and to moritor and
maintain cathodic protection systems for offshore pipe-
line svstems.

A461 EXTERNAL CORROSION CONTROL
FOR OFFSHORE SUBMERGED
PIPELINES

A461.1 New Installations

A361.1.1 General
(a) The provisions of para. 46..1.1(a) do nct apply
to oifshore pipeline systems. All submerged steel pipe,

e,

PN
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valves. and related fittings shall be exiernaliv coated
and cathodically protected.

(c) Provisions of para. 461.1.1(c) do not apply t
offshore pipeline systems. A minimum clearance of 12

of any offshore pipeline and any other swucture that
may affect the cathodic protection of the offshore
pipeline, except where impractical (e.g., bundled pipe-
lines) and where adequate provisions for corrosion
control have been made.

A461.1.2 Protective Coating

{a) In addition to the provisions of para. 461.1.2(a),
the coating systems for offshore pipeline svstems shall
be selected for the type of environment in which the
facility is to be installed and shall have the following
additional characteristics:

+ low water absorption;

+ compatbility with system operating temperature;

+ compatibility with weight coating application
method, if applicable;

« sufficient toughness to withstand damage dunng
installauon and operation,

* resistance to future deterioration in a submerged

L

environment;

* ease of repair; and

- resistance to cathodic disbondment

The coating selected shall be applied in accordance
with established specifications and the manufacturer’s
recommendations.

(/) The provisions of para. 461.1.2(f) do not apply
to offshore pipeline systems. If coated pipe is instalied
by boning, driving, or other similar method, precautions
shall be taken to minimize damage to the coating during
installation. Consideration should be given to insulating
the carrier pipe from the casing pipe when the carrier
pipe is pulled into directionally drlled crossings or
pull-tube nisers. Consideraton should also be given to
preventing oxygen repienishment in the water in the
annulus between carrier pipe and casing by sealing at
least one end of pull-tube risérs and dirécuonally dniled
crossings, or other measures to prevent cOrrosion.

(g) The provisions of para. 461.1.2(g) do rot apply
to offshore pipeline systems. In the event that backfilling
1s required, measures shall be taken to prevent damage
to pipeline coating.

A461.1.3 Cathodic Protection System
‘a) In addinon to the provisions of para. 4€1.1.3(a),
an offshore pipeline is considered to be cathodically
- rotected when it meets one cr more of the crteria
established in NACE RP-06-75. Where impressed cur-
rent systems are used, the system shall be designed 10

—

in.-(300 mm) shall be maintained between the outside - -

o

(]

A361.1.1-44613
minimize outages. The design formula for galvanic
anode svstems shall include the percentage of exposed
pipe, current output of the anodes, design life of
the system, anode material, and utilization efficiency.
Anodes should be compatble with the operating ternper-
arure of the pipeline and the merine enviromnent.
Consideration should be given to the effects on cathodic
protection of variatons in oxygen content, temperature,
and water/soil resisgvity of the particular offshore envi-
ronment in which the pipeline is installed.

For installatons containing flexitle pipe, copsider-
ation shall be given to the need for galvanic anodes
or impressed current at the end cornections.

(b) Provisions of para. 461.1.3(b) do not apply to
offshore pipeline systems. A cathodic protection system
shall be installed at the time of pipeline installation
or as soon as practical after pipelinz installaton.

(d) Provisions of para 461.1.3(d) do not apply to
offshore pipeline systems. Owners of other offshore
pipelines or faciliies which may be affected by installa-
tion of a cathodic protection system shall be notified
of said installation.

A461.1.4 Electrical Isolation

(a} In addiuon to the provisions of para. 461.1.4,
consideration shall be given to electmically isolating
supportung devices, such as clamps and pipe supports,
from the nser on platforms. Wiring and piping connec-
tons to an electically isolated pipeline shall also be
msulated from devices grounded to ‘he pladform.

A461.1.5 Test Leads

(a) It is considered impractical to locate test leads
on submerged portons of offshore pipeline systems.
Consideratdon should be given to installing test leads
on platform risers, platform piping, and pipeline shore
CTrossings.

A461.1.6 FElectrical Interference

(c) When new pipeiine are laid ia the vicinitv of
exisung lines, measures shall be taken to minimize
elecuical interference.

A461.3 Monitoring

{b) Evidence of adequate leve!l of czthodic protection
shall be by one or more of the criteria listed in NACE
RP-06-75.

(h) If repairs are made to offshore pipelines below
water, inspecton for evidence of external corrosion or
coating deterioration shall be made. and necessary
corrective action shall be taken to mairtain the corrosion
protection of the pipeline.
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Whez ar cffshore pipeline is Lified above warer for
malniepance OF IEpalr purpose, the operatine companv
shall visually imspect for evideace of coating deterjora-
tor external corrosion, and where possible. the condi-

ucn of any exposed anode. I excessive corrosion is
present, remedial action shall be taken as necessary.

/1) Consideradon should be given to the periodic
use of internal inspection tcols to monizor external
pipeline corrosion.

4463 EXTERNAL CORROSION CONTROL
FOR OFFSHORE PIPING SYSTEMS
EXPOSED TO ATMOSPHERIC
CONDITIONS

A463.1 New Installations

The option of demonstratng “by test. InvesugatorL,
or experience in area of applicaton that a corrosive
atmosphere does not exist.” does not apoly o offshore
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pipeline systems. The tvpe of protective coating selected
shall be resistant to the environmer: exisdng in offshore
locations. The surface preparation and coating applica-
oz shall be performed in accordaice with established
specifications and the manufacturer's recommendations.
The selected coating should have the following charac-
teristics:

* low water absorption,

* resistance to water action,

* compatibility with system operating temperature,

* resistance to atmospheric deterioration,

* resistance to mechanical damage, and

* ease of repair.

The splash zone area of the offshore pipeline system
shall be designed with additional protection against
corrosion. This shall be accomplished by one or more
of the following:

* spec:al coating;

* special protective systems and techniques; aad

* other suitable measures. including selection of pipe
material.




ASME B31.4-2002 Appendix A

APPENDIX A
—____REFERENCED STANDARDS

Specifiz ecditions of standarcs incorporated ir th:s Coce by refererce, anc the names and addresses ¢f the sponsoring organizauoas, are sacwn
in this Appendix. It is not practical to refer to a spezific edition of eazh standard throughout the Coce tex:; insteac, the specific editicn reference
Zaes are shown here. Appendix A will be revised at inte-vais as neecec, and issued in Adaenca to this Code. An asterisk (*) is used to indicate
those stancards that have beer accected as American National Standarcs by the American National Standards Institute (ANSI).

ASTM Specifications ASTM Specifications (Cont'd) MSS Standzrd Practices
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A b/A 6M-39E A 505-00 $P-6-1996

A 20/4 20M-99z A 506-93 (1998) SP-25-1998
A 29/A 29M-99 A 507-93 (1998) SP-44-19%6
A 30/A 36M-00 A 514/A 514M-00 SP-55-1996
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54-9¢

A 515/A 515M-92 (1997)
A 516/A 516M-90€l (1996)

*03.6M-1999

*S§P-58-1993
SP-61-1992

RP 178, 2n¢ Ec., 1998
*RP 500, 2nd Ed., 1957

£ 53-399
A E17/A 517M-93 (1999) SP-67-1995 ,

£ 10574 105098 A 524-96 [Note (1) SP-69-1996 N
£ 105-G%¢l [Now (133 A £30/A 530M-99 SP-70-1998
£ 125-95€l SP-71-1997 K
£ 134-95 A 372/A 572M-00 §P-75-199¢ :
£ A £73/A 573M-93a (1998) SP-78-1998 4
AL A 575-96 i
A 576-90b €l (1995) i

£ 1E1/4 181M-95C AP} Standards and Other }}
£ 1E2/A 182M-99 A £33/A 633M-00 Publicatians i
A 12374 1930962 : jl
£ 154/4 194N-36 A 663/A 663M B3¢l (1994) RP 2A-WSD, 20th Ed., 1993 & i
A E71-96 Supe. 1-1956 !

£ 216/A4 216M-83 71098 A 672-96 W
A Z17/4 217N-99 4 675/A 675M-9Ca €1 (1995) *Spec. 5B, 14k £4., 199¢ )
A ZI3/A2DEN-G3 1959 A 594/A 634M-00 *Spec. 5L, 4znd Ed., 2000 i
A 2344 234V -5 [Nowe (213 i
£ 24214 242M-0C *RP 5L1, 5th Ed., 199 :
NFPA Codes *RP 5LW, 2nd Ed., 1996 g‘

A 283/A 253M-00 (Incorporates 501, 5L5, and I
A 285/A 285N -90el (1996) *30-1996 5L6) |
*70-1999 *Spec. 6A, 18th Ed., 1999 !

A 3C7-67 Spec. 6D, 21st Ed., 1994 h
A 320/A 320A1-99 *Spec. 128, 14th Ed,, 1995 i
A 325-G7 AWS Standards *Spec. 12D, 10th Ed., 1994 |.
A 333/A 333M-99 *Spec. 12F, 11th Ed., 1994 !
£ 35074 350M-99 *A3.0-1994 |
|

v

£1-96
A 363-9¢

™
W

)
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£ SZ07A &Z0ON-3% [Note (4)]

NACE Standard; and Other
Publications

MR-01-75 {2000 Rev.)
RP-(1-69 (1996 Rev.)
RF-C1-75
RP-01-77 (1992 Rev.)
RP-06-75

Cerresion Cata Survey — Metais

Section, 6th Ed.,, 19€5

Stc. 600, 10 Eq., 1997

Sts. 602, 7tk Ed., 1998
*Stc. 603, 5tk Ed., 1991
*Std. 620, 9tk Ed., 1996

Std. 650, 10th Ec., 1998

RP 11c2, 6th Ed. 1933
*Std. 1104, 18th E¢., 1939
RF 1109, 2nd =d., 1682



Appendix A
REFERENCED STANDARDS (CONT'D?
API Standards and Other ASME Codes and S:andards
Publications (Cont'd) o .
*ASME Boiier anc Pressurs Vesse!

RP 1113, 4th £d., 1997 Ccde, 1998 Ed. anc 1999
RP 1111, 3rd EC., 1995 Addenda

RP 1117, 2nd Ec., 1996

*B1..-1998

*B1.20.1-1983 (R19%2)

Publ. 2015, 5tk £4., 1994
*B1.20.3-1976 (R1998)

Pubi. 2200, 3rd E¢., 1994

Publ. 2201, 4th Ed., 1995
*B16.5-1996 [Note (3)]

*B16.9-1993
*Bl6.10-1992

APl Manual of Petroteun
Measurement Stancards

ASME B31.4-2002

ASME Codes anc Standards
(Cent'd)

"B16.20-1998 & Acdenda 2000
*B16.21-1992

*Bl6.25-1997

*B16.28-1994

*B31G-1991

*821.5-1992 & Addenda-1994
*B35.10M-199¢6
*B36.19M-1985 (R1994)

GENERAL NOTE: The issue date showr immediately following the number of
effective date of issue (edition) of the standard.

NOTES:

(1) Approved only if mill hydrostatic test is performed.

(2) Use of bell and spigot line pipe not permittad.

(3) Limited as set forth in para. 402.2.1.

(4} A 420/A 420M Grage WPLY is not suitable for anhydrous ammonia due to copper content.

Tities of standards and specifications listed atove which are referenced in the
or Table 426.1 — Dimensional Standards are as follows:

NACE RP-06-75

Recommended Practice: Control of Corrosion on Offshore Stee! Pipelines

the standard (e.c., A 53-96, E1.1-1998, and SP-6-1996 is the

text but do not appear in Table 423.1 — Material Standards

API . Manual of Petroleurn Measuremant Standards

AP] 2A-WSD Recommended Practice for Planning, Designing, and Constructing Fixed Platforms —— Working Stress Design

API 502 Recommended Practice for Railroad Transportation of Line Pipe

API 5LwW Recommended Practice for Tansportation of Line Fipe on Barges and Marine Vessels

API 12B Specification for Bolted Tanks fcr Storage of Prcduction Liquids

AP] 120 Specification for Fie d Welded Tanks for Storage of Production Liquids

AP 12F Specification for Shcp Welded Tanks for Storage of Praduction Liquics

APl 178 Recommended Practice for Flexible Pipe

APl 500 Classification of Locations for Electrical Instaliations at Petroleum Facilities

API 620 Design and Construction of Large, Welded, Low-Pressure Storage Tanks

AP 650 Welded Steel Tanks for Oil Storage

API 1102 Recommended Practice for Liquic Petroleum Pipeiines Crossing Railroads and Highways

AP! 1104 Standard for Welding Pipelines and Related Facitities

APl 1109 Recommended Practice for Marking Liquid Petroleum Pipeline Facilities

AP! 1110 Recommended Practice for Pressure Testing of Liquid Petroleum Pipeliines

. APl 1111 . Recommended Practice for Design, Construction, Cperation and Maintenance of Offshare Hydrocarbon Pipelines

API 2013 Cleaning Petroleum Storage Tanks

API 2200 Repairing Crude 0il, Liquefied Petroleum Gas, and Product Pipelines

API 2201 Procedures for Weldirg or Hot Tapping on Equipment in Service

ASME C.. Boiler and Pressure Vessel Code, Section VIII Division 1 Pressure Vessels, Secticn VIII Divisicn 2 Alternative
Rules for Pressure Vessels, and Section X Welding and Brazing Qualifications

ASME B31G Manual for Determining the Remaining Strength of Corroded Pipeiines: A Suppiement to B31, Code for Pressure
Piping

ASME B31.5 Refrigeration Piping

AWS A3.0 Welding Terms and Definitions

AWS D3.e Specification for Underwater Welding

NACE o Corrosion Data Survey — Metals Section

NACE MR-01-75 Suifide Stress Cracking Resistant Metallic Materials for Cii Field Equipment

NACE RP-C1-€9 Recommended Practice — Control of External Carrosion on Underground or Submergad Metallic Piping Systems

NACE KP-01-75 Recommended Practice: Contro! of Internal Corrosion in Steel Pipelines Systems

NACE RP-01-77 Mitigation of Alternating Current and Lightning Effects on Metallic Struciures and Corrosion Control Systems

£
]
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Appendix A

REFERENCED STANDARDS (CONT'D)

NFZA 3¢ Flammabie and Ccmbustbie Licuids Code
NFPA Naticnal Eiectrical Code

Specificatisns ancd standacs of the following organizations appear in Appendix A:

ANSI American National Standards Institute, Inc. AWS
11 West 42nd Street
New York, NY 10036
212 642-49G0

AF] American Petroieum Institute
Crder Desk
1220 L Street, N.W.
Washington, DC 20005-4070
202 682-8375

MSS

ASME The American Society of Mechanical £ngireers
Three Park Avenue NACE
New Ycrk, NY 10016-5990
212 591-8500

ASME Order Department
22 Law Drive
Box 290¢C NFPA
Fatrfield, NJ 07007-2900
80C 843-27¢3
201 832-11¢67
ASTM Amaricarn Society for Testing and Materials
100 Ear Haroor Drive
West Conshohocken, PA 19428-2959
£10 832-9500

[¥2]
O

Amrerican Weiding Scciety
P.0. Box 351040

550 N.W. LeJeune Road
Miami, FL 33126

305 443-9353

Manufacturers Stancardization Society of ihe

Valve and Fittings Industry, Inc.
127 Park Street, N.E.
Vienna, VA 22180 -
703 281-6613 '

National Assaciation of Corrosion Engineers
1440 South Creek Drive

P.C. Box 218340

Houston, TX 77218-8340

713 492-0535

National Fire Protection Association
1 Batterymarch Park

Quincy, MA 02269-91C1

617 770-3000

T
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~APPENDIX B

SUBMITTAL OF TECHNICAL INQUIRIES TO THE B31 PRESSURE
PIPING COMMITTEE

B-1 INTRODUCTION

The ASME B31 Pressure Piping Committee ang its
Section Committees meet regularly to consider revisions
of the Code rules, new Code rules as dictated by
technological development, Code Cases, and Code inter-
pretations. This Appendix provides guidance to Code

users for submitting technical inquiries to the Commit-

tee. Technical inquiries include requests for revisions
or additions to the Code rules, requests for Code Cases,
and requests for Code interpretations.

Code Cases may be issued by the Commitiee when
the peed is urgent. Code Cases clarify the intent of
existing Code requirements or provide a'ternative re-
quirements. Code Cases are written as a question and
a reply and are usually intended to be incorporated
into the Code at a later date. Code interpretations
provide the meaning of or the intent of existing rules
ir the Code and are also presented as a guestion and
a reply. Both Code Cases and Code interpretations are
published by the Committee.

The Code rules, Code Cases, and Code interpretations
established by the Committee are not to be considered
as approving, recommending, certifving, or endorsing
any proprietary or specific design or as limiting in any
way the freedom of manufacturers or constructors to
choose any method of design or any form of construction
that conforms to the Code rules.

As an alternative to the requirements of this Appen-
dix, members of the Committee and its Section Commiut-
tees may introduce requests for Code revisions or
addinons, Code Cases, and Code interpretations at their
respecdve Committee meetings or may submit such
requests to the secretary of a Section Coramittee.

Inquiries that do not comply with the provisions of
this Appendix or that do pot provide sufficient informa-
non for the Committee’s full understanding may result
in the reques: being returned 1o the inquirer with ne
action.

-2 INQUIRY FORMAT

Submirals to the Comrrittee shall include:

(a) Purpose. Specify one of the following:
(1) revision of present Code rule(s):
(2) new or additional Code rule(s);
(3) Code Case;
(4) Code 1interpretation.

(b) Background Provide the information needed for
the Committee’s understanding of the inquiry, being
sure to include reference to the aprlicable Code Section,
Edition, Addenda. paragraphs, figures, and tables. Pref-
erably, provide a copy of the specific referenced pomons
of the Code.

(c) Presentarions. The inquirer may desire or be
asked to attend a meeting of the Committee to make
a formal presentation or to answer questions from
the Comnuttee members with regard to the inquiry.
Attendance at a Comuoutice meeting shall be at the
expense of the inquirer. The inquirer's attendance or
lack of attendance at a meeung shall not be a basis for
accepiance or rejection of the inqury by the Committee.

B-3 CODE REVISIONS OR ADDITIONS

Requests for Code revisions or additions shall provide
the following:

(a) Proposed Revision(s) or Additions(s). For revi-
sions, idenafy the rules of the Code that require revision
and submit a copy of the appropriate rules as they
appear in the Code marked up with the proposed
revision. For additions, provide the recommended word-
ing referenced to the existing Coce rules.

(bj Statement of Need. Provide a brief explanation
of the need for the revision(s) or addition(s).

(c) Background Informarion. Provide background
informatior. to support the revision(s) or addition(s)
including any data or changes in technology that form
the basis for the request that will allow the Committze
to adequately evaluate the proposed revision(s) or addi-
ton(s). Sketches, tables, figures, and graphs should be
submitied as appropriate. When applicable, identify any
pertinent peragraph in the Code that would be affected
by the revision(s) or addidon(s) and paragraphs in the

b,
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Code that reference the paragraphs that are to be revised
or addec.

B4 CODE CASES

Requests for Code Cases shall provide a statement
of need and background information similar to tha:
derined in B-3(b) and B-3(c), respectively, for Code
revisions or additions. The proposed Code Case should
identify the Code Section and be writien as a question
and a reply in the same format as existing Code Cases.

B-5 CODE INTERPRETATIONS

Regquests for Code interpretations shall provide the
following:

fa) Inquiry. Provide a condensed and precise ques-
tion, omitting superfluous background informatior, and,
when possible, composed in .such a way that a “yes”
or a “no” reply, possibly with brief provisos, is accept-
able. The question should be technically and editorially
correct.

(b} Repiv. Provide a proposed replv that will clearly
and concisely answer the inquiry question. Preferably,

91
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the reply should be “yes” or “no” oossibly with bref
Provisos.

(¢) Background Informarion.  Frovide any back-
ground information that will assist the Committee in
understanding the proposed inquiry and reply.

B-6 SUBMITTAL AND RESPONSE

Submittals to and responses from the Committee
shall meet the following:

(a) Subminal Inquiries from Code users shall prefer-
ably be submitted in typewritten form; however, legible
bandwritter inquiries will also be considered. They
shall include the name, address, telephone number, and
fax number, if available, of the inquirer and be mailed
to the following address:

Secretary

ASME B31 Committee

Three Park Avenue

~New York, NY 10016-5990

(b) Response.
Section Committee shall acknowledge receipt of each
properly prepared inquiry and shall provide a written
response to the inquirer upon completion of the re-
quested action by the appropriate Section Committee.

The Secretary of the approprate
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Abandoning a piping system, 457
Accidental ignition, prevention of, 452.7
Accidental loads, 400.2
Additve circumferential stresses, 402.3.2(e)
Additive longitudinal stresses, 402.3.2(d)
Alcohol, liquid, 435.5
Allowable pipeline repairs, 451.6.2(b)
Allowable stresses and other stress limits, 402.3 (Sce
Stresses)

Allowances, 402 .4
corrosion, 402.4.1
threading and grooving, 402.4.2
weld joint factors, 402.4.3
wall thickness, 402 4.5
Ambient influences, 401 .4
Ammonia, liquid anhydrous, 422.3, 435.5
Anchors, 421.1
Arc burns, 434.8.7(a), 451.6.2(a)(3)
Assembly of piping components, 435
Atachments to piping, 404.3.4
Auxiliary piping, Part 6, 435.5

design, 422.3

Backfilling, 434.11
Bending properties, unidentified pipe, 437.6.2
Bends, miters, and elbows, 434.7
Beads, pipe, 406.2.1, 434.7.1
. design, 406.2(a)
fabrication, 406.2.1(c), 434.7.1
flattening, 434.7.1(b)
mitered bends, 406.2.2, 434.7.2
radius, 406.2.1(b)
wrinkle bends, 406.2 4
Block and isolating valves, 434.15
Blunt imperfection, 400.2
Bolted blind flange closures, 406.6.5
Bolting, 408.5
insulating flanges, 408.5.3
procedure, 408.5.1, 435.2.1
special flanges, 408.5.5
specifications,, 408.5.1
stee] flanges, 408.5.2
steel to cast iron flanges, 408.5.4
Branch connections, 404.3.1

ASME B31.4-2002

INDEX

integrally reinforced extmruded outiet headers,
404.3.1(b), Fig. 404.3.1(t)(3)
definition, 404.3.1(b)(3)
notation, 404.3.1(b)(4)
reinforcement of multiple openings, 404.3.1(e)
reinforcement of single openings, 404.3.1(d)
tees and crosses, 404.3.1(a)
welded, 404.3.1(c)

Breakaway coupling, 400.2
Buckle, 400.2

Bridge artachments, 434.13.3
Building installation, 434.20.3
Butt welds, 411.2

Carbon dioxide, 400.2, 423.2.6, 4355

Casings under railroads and highways, 434.13.4(b)

Cast iron, 406.3, 407.1(b), 408.5.4

flanges, 408.1.1(c)
Limitations, 423.2.4

valves, 423.2.4

Cathodic protection system, 461.1.3

Changes affecting safety, 402.1, 454(a),

Circumferential stresses, additive, 402.3.2(e)

Clearance, pipelines and underground structures,
434.6(c) '

Closures, 406.6

Closure fittings, 406.6.2

Closure heads, 406.6.3

Coating, protective, application and inspection,
405.2.1(e), 436.5.2(¢), 461.3(c),(d),(e)

Coefficient of thermal expansion, 419.6.1

Cold springing, 400.2

Cold worked steel pipe, special requirements,
402.3.1(d), 405.2.1(d)

Columnn buckling, 400.2

Combined stress calculations, 402.3.2

Combustible materials, storage of, 452.4

Communications, 451.2

Connections to main lines, 434.16

Connectors, 400.2

Construction, 434

specifications, 434.1

Contraction, thermal, 401.7
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Control piping, 432.2
Conuols and protective equipment, 452.2

Corrective measures for corrosion control, 464
Corrosion allowance;4024.1— T T T
Corrosion control, 434.19, 453, 460
pipelines
cathodic protection system, 464(b)(1)
corrective measures, 464
eiectrical interference, 461.1.6
electrical isolation, 461.1.4
electrical test leads, 461.1.5
extemnal corrosion, 461
internal corrosion, 462
monitoring, 463.3
protective coatings, application and inspection,
461.1.2
pump stations, tank farms, and terminals, 4€1.1.(b)
Corrosion himits, 451,6.2(a), 451.6.2(a)(7)
Corrosion records, 465
Coupled joints, 418
Couplings, 406.3
Cover, minimum for buried pipelines, Table 434.6(a)
Crosses, design, 404.3.1
Crossings, 434.13
bridge antachments, 434.13.3
highwayv crossings, 451.9
overhead structures, 434.13.2
raiiroad crossings. 451.9
river and stream crossings, 434.13.1
safety precautions, 434.3.2(c)
underground structures, 434.13
underwater construction, 434.13.1(a)
Currents, dynamic effects, 401.5.6
Curved segments of pipe, 404.2
elbows, 404.2.2
pipe bends, 404.2.1
Curting and welding, safe practices in, 434.8.1(z)

Damage to fabricated items and pipe, 434.5
Dead loads. 401.6.2
Defects, 400.2, 451.6.2
removal and repair, 434.8.7
Definitions, 400.2
Derating, operating pressure, 451.7
Design
ambient influences, 401.4
fluid expansion effects, 401.4.2
auxiliary and other specific piping, 422
conditons, 402.1
criteria, 402

Index

dynamic effects, 401.5
expansion and flexibility, 419
external pressure, 401.2.3
internal pressure, 401.2
life, 400.2
loads on pipe supporting elements, 420
pipe supporting elements, 421
pressure design of piping components, 403
curved segments of pipe, 404.2
flanges, 404.5
intersections, 404.3
reducers. 404.6
straight pipe, 404.1, 404.1.2, 404.1.3
other pressure-containing components, 404.7
selection and limitations of piping components, 405
fittings, elbows, bends, and intersections, 406
flanges, facings, gaskets, and bolting, 408
pipe, 405
valves, 407 o
selection and limitations of piping joints
flanged, 412
sleeve, coupled, and other patented joints, 418
threaded, 414
welded, 411
temperature, 401.3
weight effects, 401.6
Dikes or firewalls, 434.21.5
Dimensional requirements, 426, Table 426.1
Disposal piping, 422.6
Ditching, 434.6
Double submerged arc welded pipe, 400.2
Dynamic effects, 401.5
earthquake, 401.5.3
impact, 401.5.1
subsidence, 401.5.5
vibration, 401.5.4
waves and currents, 401.5.6
wind, 401.5.2

Earthquake, dynamic effect, 401.5.3
Effective swesses, 402.3.2(e)
Elbows
design, 404.2.2
installation, 404.2.2, 434.7.3
Electric flash welded pipe, 400.2
Electric fusion welded pipe, 400.2
Electric inducton welded pipe, 400.2
Electric resistance welded pipe, 400.2
Electrical installations, 434.22
Electrical interference, corrosion contro., 461.1.6
Electrical isolation, corrosion coantrol, 451.1.4
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Zlecwical test leads for corrosior control, 461.1.
Emergency plar, 434
Engineering design, 400.2
Expansion, .
allowable stresses, 402.3.2(c)
and flexibility, 416, Fig. 419.6.4(c)
coefficient, 419.6.1
fluid effects, 401.4.2
thermal, 401.7
External corrosion control for buried or submerged
pipelines, 461
new installations, 461.1
existing piping systems, 461.2
External corrosion control for piping exposed to
atmosphere, 463
existing piping systems, 463.2
monitoring, 463.3
new Installations, 463.1
External design pressure, 401.2.3
External pressure stresses, 402.3.2(b)
Extruded outlet headers, 404.3(b)(3)(a)

Fabricated closures, 406.6.4
Fabricauon (construction), 434
Factorv made bends and elbows, 406.2.3, 434.7.3
Fencing, 452.6
Ferrous pipe, 405.2.1
Fillet welds, 400.2
Fire protection, 434.20.7
Firewalls, dikes, or, 434.21.5
Fish tails and flat closures, 406.6.4
Fitungs, 406.1
design, 406.1.1(a),(b)
dimensions, Table 426.1
exceeding scope of standard sizes, 406.1.1 (c)
flexibility and stress inteasificauon factors, 419.1(b)
nstallation, 406.1.1
materials, Table 423.1
selection and limitations, 406.1.1
Flanged joints, selection and limitanons, 412
Flanges 408.1
attachment, welding details fer. Fig. 434.8.6 (b)
boldng, 408.5
bolting specifications, 408.5.1
cast iron, 408.1.1(c)
exceeding scope of standard sizes. 408.1.1(d)
facings, 408.3
pressure design, 404.5
rectangular cross section, 408.1.1(e)
selection and limitations, 404.5.1, 408.1.1
Flattening, pipe-bends,-434.7.1(b)

ME B31.4-2002

Flexiniliry, 419.5
preperties. 419.6
Flexibility. expansion and, 419, Fig. 419.0.4{c)
Flexibility factors, 419.5.1
Fluid expansion effect. 401.4.2
Fracture propagation in carbon dioxide pipelines. 402.5
brittle fractures, 402.5.2
design considerations, 402.5.1
ductile fractures, 402.5.3
Full fillet weld, 400.2
Furnace butt welded pipe, 40C.2
Furnace lap welded pipe, 400.2

Gas welding, 400.2

Gas metal arc welding, 400.2

Gas tungsten arc welding, 400.2
Gaskets, selection and limitations, 408.4
Gas pockets, welds, 434.8.5(b;

General corrosion, 400.2, 451.5.2(a)(6)
Girth welds, 400.2,

Gouges in pipe. 451.6.2(b), 434.5(b)(1)
Groovss in pipe, 451.6.2(b)

Groove type, butt welds, 411.2
Grooving allowance, 402.4.2

4

Handling, hauling, stringing, and storing, 434
Hangers and supports, 421

Headers, extruded outlet, 404.3(bX3)(a)
Highway crossings, 434.13.4, 451.9

Holder (storage), pipe, 434.21.3(d)

Hot taps, 451.6.1(a)

Hvdrostatic test, 437.4.1

Ignition, prevention of accidental, 452.7

Imnpact, dynamic effect, 401.5.1
Imperfectons, limits and disposidon. 400.2, 451.6.2 (a)
Inland coastal water constructicn, 434.14
Inland waters platform risers, 451.10
Inquiries, App.B
Inspection, 436
during construction, 434.2. 436.5.1(b)
operation and maintenance
pipelines, 436.5
pump stations, terminals, and tank farms, 452
welding, 434.8.5(a)
supplementary types of examination, 436.5.2

S
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tvpe and extent of examination required, 436.5
Inspector quaiificadon, 436.1
Instaliation

connections to mair lines,, 434.16

electrical test leads, 461.1.5
instrument and other auxiliary piping, 422.3
line markers, 434.18, 451.3
liquid metering facilides, 434.24
liquid strainers and filters, 434.24
manifolds, 435.4
pipe in the ditch, 434.10
protective coatings, 461.1.2
pumping unit piping, 435.3
pump station, tank farm, and terminal facilities,
434.20
scraper taps, 434.17
special crossings, 434.13
storage and working tankage, 434.21
valves, 407
Instruments and other auxiliary piping, 422.3
Intensification factors, Fig.419.6.4(c)
Internal corrosion control. 462
existing piping systems, 462.2
monitoring, 462.3
new installations, 462.1
Internal design pressure, 400.2
Internal pressure design equation for pipe. 401.2,
404.1.2
Internal pressure stresses, 402.3.2(a)
Interpass temperature for welding, 434.8.8
Intersections, 404.3, 406.5
design 404.3
selection and limitations, 406
Iron, cast, malleable, and wrought, 42324

Joint factor E for weld seam of pipe, 402.4.3, Table
40243
Joint selection and limitations
flanged joints, 412
slesve, coupled, and other patented joints, 418
thrzaded joints, 414
welded joints, 411

Lapped flanges, 408.1.1(b)

Leak records, 435(d)

Leak repairs, 451.6.2(b)

Leak tests for pipelines to operate at 20% or less of
SMYS, 43743

Limitagons

electrical facilides, 434.22.3, 461.1.3 —— ...

N
W

Index

fitings, elbows, bends, and interseczons. 406.1.1
flanges, facings, caskets, and bolung, 4045
materials, 423.2
pipe, 405.2.1
valves, 407.1
Limits of imperfections, 451.6.2
Line markers, 434.18, 451.3
Liquefied petroleum gas(es) @LPG), 400.2, 4225
Liquid alcohol. 400.2
Liquid anhydrous ammonia, 400.2, 422.3, 423.2.5
Liquid metering, 434.23
Liquid strainers and filters, 434.24
Liquid Transportation Systems Code,
400(a),(b),(c),(d),(e).(D).(2)
scope, 400.1, 400.1.2, Fig. 400.1.1, Fig. 400.1.2
Loads
currents, dynamic effects, 401.5.6
dead, 401.6.2
external, 434.13.4(c), 451.9(a)
live, 401.6.1
occasional, 402.3.3
pipe supporting elements, 420
sustained and thermal expansion, 402.7
waves, dynamic effects, 401.5.6
wind. 401.5.2
Localized corrosion piting, 451.6.2(2)7)
Location of
pump stations, 434.20.2
right of way, 434.3.1
storage and working tankage, 434.21.2
valves, 434.15
Longitudinal sresses, additive 402.3.2(d)
Longitudinal weld seam joint factor E for pipe,
402.4.3, Table 402.4.3

Mainline valves, 434.15.2
Maintenance, 450
pipeline, 451 '
plans and procedures, 450.2
pump stations, terminals, and tank farms, 452
relief valves, pressure limiting devices, etc., 452.2.5
valves, 451.8 '
Malleable iron, 423.2.4
Manifolds, 435.4
Markers, line, 434.18, 451.6.2
Matenals, 423
limitations, 423.2
cast, malleable and wrought iron, 423.2.4
carbon dioxide piping system, 423.2.€
liquid anhydrous ammonia pipelins systems,
42323
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expansion and flexibiiiny. A472.5.6

clamps and supports, A402.3.7

connectors and flanges. A402.3.8

factors for offshore pipeline svstems, Table

steel. Table 423.1
gualificadons of, 423.1
specifications, Table 423.1
Maximum steady state operating pressure, 400.2

-~ Medllic pips, 405.27 T o A402.3.5(a)
Meters, 434.23 o ~ flexible pipe, A402.3.11
Miter, 400.2 load classificatons
Mitered bends, 406.2.2 hydrostatic test, A401.11.2

installaton, A401.9.2
operational, A401.10.2

other design considerations, A410
pressure components, A404

Moduli of elasticity, 419.6.2

Monitoring, corrosion control, 461.3, 462.3, 463.3
Monitoring flow, 452.1(b)

Multiple openings, reinforcement, 404.3.1(b)(7),

404.3.1(eX1) . pipe supporting elements, A421
pipeline crossings, A402.3.12
Nominal pipe size (NPS), 400.2 special assemblies, A402.3.10
Nominal wall thickness, 404.1.1 structural riser protectors, A402.3.9
Normal operating conditions, 402.2.3 disposition of defects, A451.6.2
Normal operation, variations from, 402.2.4 ditching, A434.6

elecrical interference, A461.1.6

elecmical isolaton, A461.1.4

emergency plan, A434
Offshore environmental loads,

allowable stresses and other stress Limits, A402.3, during hvdrostatc test, A401.11.3

A402.3.5(a) during installation, A401.9.3
allowances, A402.4 during operation, A401.10.3
backfilling, A434.8.9 expansion and flexibility, A419

fencing, A452.5
fittings, elbows, bends. and intersectons, A406
flanges, facings, gaskets. and boling, A408

bends, pipe
bends, miters and elbows, A406.2, A434.7
made from pipe, A434.7.1
bottom soils, A401.9.4, A401.10.4, A401.11.4 flanges, A408.1
branch connections, A404.3.1 facings, A408.3
cathodic protection system. A461.1.3 flexible pipe, A400.2, A402.3.4(h), A405.3
closures, A406.6 repair, A451.6.4
fabricated, A406.6 general statements, A460
bandling, hauling, stringing, and storing, A434 .4
hydrostatic test design considerations, A401.11,
A401.11.1
hydrostatic test loads, A401.11.2

construction A434
nspection, A434.2
corrosion control
external corrosion control, A461

new installations, A461.1 inspection, A436, A451.11
offshore piping systems exposed to ammospheric offshore pipeline risers, A436.5.1ca)(11), A451.11
- conditions, A463 type and extent of examinarion, A436.5
offshore submerged pipelines, A461 visual, A436.5.1
general, A461.1.1 installation design considerations. A401.9
internal corrosion control, A451.11 loads, A401.9.1, A401.9.2
definitons, A400.2 procedures and equipment selecton. A434.14.2
derating a pipeline to a lower operating pressure, intersections, A404.3
A451.7 leak testing, A437.4.3
jesign and protecton of special assembiies, A402.3.10 limitations on materials, A425.2
design line markers, A434.18
conditions, A401 markers, A451.3
general, A401.1 materials, A423

criteria, A402 acceptable materials and specifizadons, A423.1
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mitered elbows, A406.2.2 general, A437.1.4

monitoring. A461.3 pressure, A437.4

movement of existing pipelines, A434.14.3 esting after new constructior., A437.7 4
threaded jorats, A414

offshore
. design conditons, A401.1.1_ general, A414.]
pipeline construction, A434.14 used piping components and equipment, A409
pipeline risers, A451.10 - valves, A407
platform, pump station, terminal and tank farm block and isolating valves, A434.13
operaton general, A434.15.1
and maintenance, A452 maintenance, A451.6
operational design considerations, A401.10 water crossing, A434.13.1
loads, A401.10.1, A401.10.2 welding, A434.8
orange peel swages, A406.4.2 weld joint factors, A402.4.3
patrolling, A451.5 welding qualifications, A434.8.3 :
pigs and internal inspection tools, A410.1 welding quality, A434.8.5 ‘f~
pipe, A405 Operating company, 400.2 :
ferrous pipe, A405.2.1 Operating pressure, 451.1, 456 v
flexible, A405.3 Operation and maintenance, 450 !
general, A404.1.1 pipeline, 451 !
metallic pipe, A405.2 plans and procedures, 450.2 i
steel, A405.2.1 procedures affecting safety, 450.2(d) !
pipe depth and alignment, A434.14.1 pump station, terminal, and tank farm, 452
pipeline operation and maintenance, A451 qualifying for a higher operating pressure, 451.1,
plans and procedures, A450.2 456
procedures affecting the safety of liquid records, 465 4
transportation piping systems.A450 Orange peel bull plugs, 406.6.4 i
pipeline repairs, A451.6 Orange peel swages, 406.4.2
general, A451.6.1 Organizations, standards and specificatons of, App.A
pressure design of components, A404 Overhead structures, 434.13.2
straight pipe, A404.1 Overpressuring, protection against. 402.2.4
prevention of accidental ignition, A452.7 |
protective coating, A461.1.2 ;
qualification Patrolling, 451.5 - d
of inspectors, A436.2 Petroleum, 400.2 L
tests, A437.6 liquid, 435.5
railroads and highways crossing existing pipelines, Pipe, 400.2 3
A451.9 Pipe, steel, 405 i
records, A437.7 bends, 404.2.1 i
reductions, A406.4 buckles, 400.2
repair of flexible pipe, A451.6.4 coated or lined, 405.2.1(e)
nght of way maintenance, A434.3, A451.4 ~ cold worked steel, special limitations, Table
route selection considerations, A401.12 402.3.1(a) j
scope, A400.1 damage to, 434.5 '
special components, A410.2 dafects, 434.8.7(c)
special crossings, A434.13 dents, 434.5, 436.5.1(a)(2), 451.6.2(a)(2)
strength criteria design, 422, 403, 405
during installation and testing, A402.3.4 expansion and flexibility, 419, Fig.419.6.4(c)
during operations, A402.3.5 flattening, test for, 437.6.2
sress relisving, A434.8.9 . gouges and grooves, 451.6.2
survey and staking or marking, A434.3.3 handling, hauling, stringing, and storing, 434.4
test leads, A461.1.5 hangers, 421
testing, A437 holder for storags, 434.21.3(d)




Index

inspection, 436

installation of, in the ditch, 434.10

installation of, special crossings, 434.1
4.3,

joint factor E for weld seam. 402. Table 402.4.3

limitations of design values, 405.2.1
protection from-unusual external conditions, 402.1
protective coatings, 405.2.1(e), 436.5.2(e),
461.3(c),(d),{e) )
qualification of specification ASTM A 120,
reuse of, 405.2.1(b),(c)
selection and limitations, 405
specifications, list of, Table 423.1, Table 426.1
specified minimum yield strength, Table 402.3.1(2)
supporting elements, loads and design, 400.2, 421
surface requirements, 434.5(b)
testing, 437
threads, 426.3
unidentified or used, limitations, 409
unidentified, S value, 402.3.1(c)
used, S value, 402.3.11(b)
welding, 400
Pipeline repairs, 451.6, 451.6.2(b), 451.6.2(c)
Pipelines on bridges. 434.13.3
Pipe-type holders (storage). 434
Piping
abandoning of, 457
anchorage , 421.1
buried, for, 419.1(b).(c)
exposed, for, 419.1(d)
attachments, 404.3.4
conwol, instrument, and other auxiliary, 422.3
' existing systems, 461.2
hangers, 421
nonstandard components, 426.2
pressure and temperature ratings for piping
components, 402.2
pressure disposal, 422.6
standard components, 426.1
supports for, 400.2
testing, 437 T -
threads, 426.3
welding, 400.2

Piting. localized corrosion, evaiuator of, 451.€.2(a)(7)

Plan, emergency, 454

Plans and procedures, operation and maintenance,
450.2

Pladform nisers, 451.10

Plugs, orange peel bull, £406.6.4

Pneumatic, testing, 437.4.3

Poisson’s ratio, 419.6.2

Preheatng, and interpass temperature for welding,
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Pressure, 400.2

deratng, 431.7,

design, 403, 404

disposal piping, 422.6

limiting devices
capacity of, 402.2.4
installaton. 434.20.6
testinc 4371 44'(:)

qualifying for hlgher opc*auug, 436, 31.1(b)
ratings, 402.2
testing, 451.6.3, 456(b)
Prevention of accidental ignition, 452.7
Procedures, operation and maintenance, 450.2
Procedures, pipe bending, 424.7.1
Procedures and welders, qualifications of, 434.8.3
Procf tests, 404.7(a)
Sropmetary items, 400.1
limitations, 423.2.1
Protection of pipelines against unusual external
conditons, 402.1
Protecuve coatdngs, 405.2.1(¢), 436.5.2(e),
461.3(c),(d),(e)
Protective equipment, controis and, 452.2
Pump statons. tank farms, and terminals, 434.20
building installation 434. ”0 3

COITOSION control, 461.1.1(:))
elecmical faciliues, 434.22
fenced areas, 432.5
fire protection, 434.20.7
location, 434.20.2
operation and maintenance, 452
piping, 434.20.5
pressure disposal piping, 422.6
pumping equipment and prime movers, 434.20.4
safety devices, 434.20.6
testing, 456(b)
valves, 434.15.3

Pumping unit piping, 435.3

Qualificadon

Inspectors, 436.1

materials, 423.1

procedures and welders, 434.8.3

records, welding, 434.8.3(g)

tests, 437.6
Qualifying svstem for higher oressure, 436, 431.1(b)
Quick opening closures, 406.6.1
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Radiograph examination
crossings, £34.8.5
fleld welds, 436.5

4

tie-ins, 434.8.5, 437.1.4(b}

Radius, pipe bends, 404.2.1 - - - -

Raiiroad crossings. 434.13.4, 451.9

Railroad transportation of pipe, 434.4

Ratngs, pressure-temperature for piping components,

402.2
allowance for variatons from normal operations,
40224
components not having specific raungs, 402.2.
considerations for different pressure conditons,
40225
normal operating conditions, 402.2.3

Records, 435
corrosion of pipelines, 463, 453(b)
design, construction, and testing, 437.7
inspections, 455(e)
pipeline leaks, 455(d)
pipeline patrol, 435(b))
qualifying system for higher pressure. 456, 451.1(b)
welders qualification tests, 434.8.3(d)
welding procedures, 400.2

Reducers, 404.6, 406.4.1
design. 404.6(b)
selection and limitations, 404.6(a)

Reductions, 406.4

Reference standards. App.A

Reinforcement
extruded outets, 404.3.1(b)(7)
welded branch connections, 404.3.1(c)
welding details, Fig. 404.3.1(c)(1)

Relative movement of connected components, 401.8

Relief valves, 437.1.4(c), 452.2 (b),

Removal or repair of defects or imperfecdons. 43487
arc burns. 434.8.7(a)
welds, 434.8.7(b)
other, 434.8.7(c)

Repair of defects, 436.6, 451.6.2

Repairs, pipeline, 451.6

Repairs. testing, 431.6.3

Responsibility for qualification of procedures and

welders,

Reuse of steel pipe, 405.2.1(b),(c)

Right of way, 434.3, 451.4
construction reguirements, 434.3.2
surveving, 424.3.3

Risers, plaform, 451.10

Index
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Read and highway crossiags, 4

Safery devices
installation, 434.20.6
maintenance, 452.2
testing, 437.1.4(c), 452.2
Scraper traps, 434.17
Seamless pipe, 400.2
Semiautomatic arc welding, 400.2
Shall, 400.2
Shielded metal arc welding, 400.2
Should, 400.2
Signs, 452.6
Smoking, 452.7(a)
Soil liquefaction, 400.2
Spacing of valves, 434.15.2
Span, 400.2
Special crossings, 434.13
Specification ASTM A 120 pipe, qualification,
405.2.1(c) o
Specifications,
electrical installations, 434.22, 461.3(a),(d)
list of, App.A
material, 423.1
pipeine constructon, 434.1
pump station construction, 434.20
storage and working tankage, 434.21
Specified minimum vield strengith, 402.3.1(a)
Spiral weld seam joint factor E for pipe, 40243
Standards, dimensional, 426, Table 426.1
Standards and specifications, Table 423.1, Table 426.1,
App. A
Standards of acceptability of welds, 434.8.4
Steel butt welding fitdngs, 406.1.1(a)
Steel flanged fittings, 406.1.1(b)
Stee] flanges within scope of standard sizes, 408.1.1(b)
Storage and working tankage, 434.21
Storage of combustible materials, 4522.4
Storage vessels, 452.3
Stress
analysis (flexibility) 419.7, Fig. 419.6.4(c)
calculations, combined, 419.6.4
intensification factors, Fig.419.6.4(c)
limits,
occasional loads, 402.3.3
sustained loads and thermal expansion, 402.3.2
relieving, 434.8.9
Stresses. allowable, 402.3, Table 402.3.1(2)
values, 402.3.1, 419.6.4
restrained lines, 419.6.4(b)
unrestrained lines, 419.6.4(c)
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Index

Iimits. 402.3.2, 402.3.3
Submerged arc welding, 400.2
Subsidence, dynamic effect, 40;.3.3
Supports, braces and anchors, 421.1
Surveying and staking or marking, 434.3.3
Swages, orange peel, 406.4.2

Tack weld, 400.2
Tankage, 434.21.2
Tank farms, purap stations, and terminals, 434.20
dikes or firewalls, 434.21.5
foundations, 434.21.4
operation and maintenance, 452
Tanks and pipe-type storage, 434.21.3
Taps, hot, 451.6.1(a)
Tees
design. 404.3.1(a)
selecton and limitations, 406.5
Temperature, 400.2
ratings, 402.2
Termunals, pump stations, tank farms, 434.20
operation and maintenance, 4352
Testing, 437
after construction, 437.1.4
fabricated items, 437.1.3
leak, 437.4.3
pressure limiting devices, 402.2 4
qualifying for higher operating pressure, 456,
451.1(b)
records, 465
repairs, 451.6.3
systems or parts of systems, 437.1.4(a)
tie-ins, 434 5(a)(3)(e), 437.1.4(c), 451.6.3
unidentified or used steel pipe, 437.6
welding. 434.8.3(b)
Test leads, corrosion control, 461.1.5
Test pressure, 437.4
Test requirements, 437, 451.6.3, 456(b)
Tests
corrosion control, 461.1.5
leak. for pipelines to operate at 20% or less of
SMYS, 43743 .
qualification, unidentified or used steel pipe, 437.6
welding, 434.8.3(b)
Thermal expansion, 401.7
coefficient of, 419.6.1
Thickness. stesl pipe
design, 404.1
determination, unidentified or used, 437.5.3
Threads, 426.3
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Thareading and grooving. 402.4.2

Tie-ins, 434.9, 434.5(2)(3)e. 437.1.4(c), 451.6.3
Tolerances, wall thickness and defect, 402.4.5
Transiton nipples, 434.8.6

Unidentified or used steel pipe

limitations, 409

qualification tests, 437.6
bending properties, 437.6.2
minimum yield strength value, 437.6.7
visual examination, 437.6.
wall thickness, 437.6.3
weldability, 437.6.5
weld seam joint factor E, 437.6.4
yield strength determination, 437.6.6

Valves, 407
block and isolating valves, 434.15
dimensional requirements, 426
installation and location, 434.15
maintenance
pipeline, 451.8
relief valves, etc., 452.2
miaterials, 407.1
selection and limitations, 407.1
spacing, 434.15.2
special, 407.8
specifications and standards, Table 423.1, Table
426.1
testing relief valves, etc., 437.1 4(c), 4522

Vibration, dynamic effect, 401.5.4
Visual examination, 436.5.1, 437.6.1

Wall thickness, steel pipe
allowances and tolerances, 437.6.3
determination, 437.6.3
least nominal, 437.6.3
unidentified or used steel pipe, 437.6.3
Water crossings, 434.13.1
Waves, dvnamic effects, 401.5.6
Weight coating, 400.2
Weight cffects, 401.6
dead loads, 401.6.2
live loads, 401.6.1
Weldability, unidentified or used steel pipe, 437.6.5
Welded branch connections, 404.3 1 (c), Table 404.3.1
(©
Welders, 400.2
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qualification of. 434.8.3(a)
requalificaton requirements, 434.8.3(ej.(g)
Welding
arc, 400.2
arc burns, 43487
automatic, 400.2
details for openings
with encirclement, Fig. 404.3.1(c)(1)
with localized reinforcement, Fig. 404.3.1(c)(2)
without reinforcement, Fig. 404.3.1(c)(3)
end treatment, acceptable
equal thickness, Fig. 434.8.6(a)(1)
unequal thickness, Fig. 434.8.6(a)(2)
filier metal, 434.8.2
gas, 400.2
gas metal arc, 400.2
gas tungsten arc welding, 400.2
general, 434.8.1
inspection and tests, 434.8.3
maintenance, 451.6
preheaung and interpass temperature for, 434.8.8
procedure, 400.2
processes, 434.8.2
qualificauon of procedures and welders, 434 8.3
qualification records, 434.8.3(¢),(g)
responsibility for qualification, 434.8.3(f)
safe practices in cutting and welding, 434.8.1(c),
451.6.1,
serniautomatic arc welding, 400.2
shielded metal arc welding, 400.2
submerged arc welding, 400.2
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standards of accepuability, 434.8 .4
stress relieving. £34.8.9
terms, 434.8.1(b)
tests, 434.8.3(b)
variables, 434.8.5(d)
Welding cperator, 400.2
Weld joint factor, 437.6.4, Table 402.4.3
Welds, 400.2
burn-through areas, 434.8.5(b)
butt, 434.8.6(a)
defects, 434.8.7(b)
cracks in, 434.8.5(b)
discontinuities in, 434.8.5(b)
fillet, 400.2, 434.8.6(b)
full fillet, 400.2
gas pockets, 434.8.5(b)
inadequate penetraton and incomplete fusion,
434.8.5(b)
porosity, 434.8.5(b)
removal or repair of defects, 434.8.7
slag inclusions, 434.8.5(b)
tack, 400.2, 434.8.6(c)
types of, 434.8.6
undercutting, 434.8.5(b)
Wind, dynamic effect, 401.5.2
Wrinkle bernds, 406.2.4

Yield strength, 437.6.6
specified minimurm, steel pipe, Table 402.3.1(a)
unidentified or used steel pipe, 437.6.7
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INTERPRETATIONS NO. 7

Replies to Technical Inquiries
January 1, 2001 Through December 31, 2001

It has been agreed to publish intepretations issued by the B31 Committee concerning B31.4 as part
of the update service to the Code. The interpretations have been asssigned numbers in chronological
order. Each interpretation applies either to the latest Edition or Addenda at the time of issuance of
the interpretation or the Edition or Addenda stated in the reply. Subsequent revisions to the Code may
have superseded the reply.

These replies are taken verbatim from the original letters, except for a few typographical and editorial
corrections made for the purpose of improved clarity. In some instances. a review of the interpretation
revealed a need for corrections of a technical nature. In these cases, a revised reply bearing the original
interpretation number with the suffix R is presented. In the case where an interpretation is corrected
by Errata, the original interpretation number with the suffix E is used.

ASME procedures provide for reconsideration of these interpretations when or if additional information
is available which the inquirer believes might affect the interpretation. Further, persons zggneved by
an interpretation may appeal to the cogmizant ASME commuttee or subcommittee. As stated in the
Statement of Policy in the Code documents, ASME does not “approve.” “cerufv.” “rate.” or “endorse”
anv item. construction, proprietary device. or activity.

For detailed instructions on preparations of technical inquires to the B31 Committee, refer to
Appendix B.

Interpretations No. 1 was included with ANSVASME B31.4¢-1986. Interpretations No. 2 was included
with ASME B31.4a-1987. Interpretaticns No. 3 was included with ASME B31.4a-1991. Interpretauons
No. 4 was included with ASME B31.2a-1994. Interpretations No. 5 was included with ASME B31.4-
1998. Interpretations No. 6 was included with B31.4a-2001.

Interpretations No. 7 contains interpretations inadvertently omitted from Interpretatons No. 6.
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Subject

B31.4

434.7.1, Bends, Miters, and Elbows, and 24374.1,
Hydrostatic Testing of Internal Pressurs Piping .............. .

401.2.2, Interpal Design Pressure. .. ... ... ..

Interpretation

File Ne.

B31-01-006
B31-01-007
B31-01-008
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- B31.4 Interpretations No. 7

Interpretation: 4-73

Subject: ASME B31.4-1998 Editior, Paras. 434.7.1 and 437.4.1
Date Issued: March 22, 2001

File: B31-01-006 — . _ . _

Question: If a section of pipe mests the following requirements: pretested for use as a replacement pipe
In accordance with section 437.4.1 of B31.4; then cold bent in accordance with section 434.7.1 of B31.4;
and complies with the quality requirements of section 434.7.1 of B31.4; does the pipe bend need to be
retested in accordance with section 437.4.1 of B31.4 after completion of the bend?

Reply: No.

interpretation: 4-74

Subject: ASME B31.4-1998 Edition, Para. 401.2.2, Internal Design Pressure
Date Issued: March 23, 2001

File: B31-01-007

Question: May a piece of pipe that has been subjected to a hydrostatic test by a manufacturer to a pressure

level less than or equal to 1.25 times its design pressure as per paragraph 401.2.2 for a period of less than
4 hr be subjected to a hydrostatic test in the field to a pressure level of 1.25 times its design pressure for

a period of 4 hr or more?

Reply: Yes.

interpretation: 4-75
Subject: ASME B31.4-1998 Edition, Para. 409, Used Piping Components and Equipment
Date Issued: March 22, 2001
File: B31-01-008
Question: May B31.4 be interpreted to consider an existing pipeline built per B31.8 as “used” in accordance

with para. 405.2.1(b) or (c) and para. 409 of B31.4 and then operated at an operating pressurs estabiished
in accordance with paragraph 451.1 of B31.47

Reply: Yes.

473, 474, 475
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Date of issuance: June 27, 1991

The 1991 edition of this Manual will be revised when public comment or
Committee actions necessitate the issuance of a new edition, or it will be
reviewed and reaffirmed 5 years from the date of approval of this edition. No
addenda service is provided with this publication. Written interpretations of
the requirements of this Manual will not be issued to the current edition.

ASME is the registered trademark of The American Society of Mechanical Engineers.

This code or standard was developed under procedures accredited as meeting the criteria for
American National Stanaards. Tne Consensus Commuttee that approved the code or standard
was balanced to assure that individuats from competent and concerned interests have had an
opportunity to participate. The proposed code or standarg was mace available for public review
and comment which provides an opportunity for additional pubtic inout from industry, academia,
reguiatory agenctes, and the public-at-iarge.

ASME does not “approve,” “rate,” or “endorse” any item, construction, proprietary device, or
acuvity.

ASME does not take any position with respect to the validity of any patent rights asserted in
connection with any items menutioned 10 this document, and does not undertaxe 1o insure anyone
utiizing @ standarc aganst liability for infringement of any applicable Letters Patent, nor assume
any such hiabthty. Users of a code or standard are expressly agvised that determination of the
vahdity of any such patent nights, and the nsk of infringement of such rights, 1s entirely their own
responsibiisty.

Partictpation by federal agency representative(s) or person(s} affihated with industry is not to
be interpreted as government or industry endorsement of this code or standard.

ASME accepts responsibility for only those tnterpretations issued in accordance with govemning
ASMEZ rrocedures and policies which preciude the 1ssuance of interpretations by individual voi-

unteers

No pan of this document may be reproduced in any form,
In an elecronic retrieval system or otherwise,
without the prior written perrmussion of the pubhisher.

Copyright & 1991 by

THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS
All Rights Reserved
Printed 1n the U.S.A.
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FOREWORD

(This Foreword is not a part of ASME B31G-1991.)

It is recognized by pipeline companies that some sections of high pressure pipelines,
particularly those installed a number of years ago, have experienced some corrosion.
Where corrosion is found, pipeline operators have been deeply concerned about the need
for a method of determining the remaining strength of these corroded areas. If the
corrosion does not penetrate the pipe wall, what is the pressure containing capability of
the remaining pipe metal in terms of its ability to continu: to operate safely at the
maximum allowable operating pressure (MAOP) of the pipeline system? Thus, one of
the needs of the pipeline industry has been a procedure that will help operators, partic-
ularly field personnel, make decisions on existing pipelines, when exposed for any pur-
pose, as to whether any corroded region may be left in service or whether it needs to be
repaired or replaced. Such determinations must be based upon sound research and ex-
tensive testing in order to provide safe and conservative guidelines on which to base field
decisions. The Manual provides procedures to assist in this determination.

Parts 2, 3, and 4 are based on Appendices G-6, G-7, and G-§ of the ASME Guide for
Gas Transmission and Distribution Piping Systems, 1983 Edition. They are included in
this Manual for use by ficld operators to determine the remaining strength of corroded
pipe. The technology is based on ressarch done in the Columbus laboratories of the
Battelie Memorial Iastitute; specifically, their report Summan, of Research to Determine
the Strength of Corroded Areas in Line Pipe, Julv 10, 1971.

A revision to the 1984 edition of the Manual was undertaken in 1989. The revision
includes a number of clarifications and corrections. The computer program presented in
Appendix B and used to produce a printed table of maximum acceptabls corrosion
lengths for a given pipe diameter, and up to ten wall thicknesses of that diameter, was
upgraded.

This Manual was approved by ASME and subsequently by the American National
Standards Institute on Mav 20, 1991.
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5’:;:3 INTRODUCTION
B |
&N
- | 1.1 SCOPE
| The scope of this Manual includes all-pipelines within the scope of the pipeline codes
~= that are part of ASME B31 Code for Pressure Piping, i.c., ASME B31.4, Liquid Trans-
_ portation Systems for Hydrocarbons, Liquid Petroleum Gas, Anhydrous Ammonia, and
H Alcohols; ASME B31.8, Gas Transmission and Distribution Piping Systems; and ASME
B31.11, Slurry Transportation Piping Systems. Parts 2, 3, and 4 arc based on material
| included in ASME Guide for Gas Transmission and Distribution Piping Systems, 1983

Edition. .
This Manual is not applicable to new construction covered under the B3] Code Sec-

tions. That is, it is not intended that this Manual be used to establish acceptance standards
for pipe that may have become corroded prior to or during fabrication and/or installation.

This Manual is intended solely for the purpose of providing guideline information for
the designer/owner/operator. Thus, the specific use of this Manual is the responsibility
of the designer/owner/operator.

oW o o

1.2 LIMITATIONS

fa) This Manual is limited to corrosion on weldable pipeline steels categorized as
carbon steels or high strength low alloy steels. Typical of these materials are those de-
scribed in ASTM A 53, A 106, and A 381, and API 5L (The current API SL includes
all Grades formerly in API SLX and 5LS.)

(b) This Manual applies only to defects in the bady of line pipe which have relatively
smooth contours and cause jow stress concentration (e.g., electrolytic or galvanic corro-
sion, loss of wall thickness due to erosion).

(c) This procedure should not be used to evaluate the remaining strength of corroded
girth or longitudinal welds or related heat affected zones, defects caused by mechanica!

===t )

=

T‘E damage, such as gouges and grooves, and defects intrpduccd during pipe or plate man-
:-g ufacture, such as seams, laps, rolled ends, scabs, or slivers.

J; : (d) The criteria for corroded pipe to remain in service presented in this Manual are
,;.a based only upon the ability of the pipe to maintain structural integrity under internal
j‘!. - pressure. It should not be the sole gritcrion.when the pi‘pc is subjcgt to significant sec-
== ondary stresses (c.g., bending), particularly if the corrosion has a significant transverse
!‘! component

Cg (c) This procedure does not predict leaks or rupture failures.

1t
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1.3 INITIAL DEVELOPMENT

In the late 1960s. a major long-lines gas transmission pipeline company in conjunction
with the Barttelle Memorial Institute in Columbus, Ohto, began a research effort to
examine the fracture initiation behavior of various kinds of corrosion defects in line pipe.
This included determining the relationship between the size cf a defect and the level of
internal pressure that would cause the defect to leak or rupture. The testing by the gas
pipeline company and Battelle demonstrated that there was indeed a possibility of de-
veloping methodology and procedures to analyze varying degrees of corrosion of existing
pipelines. From this, an operator could make a valid determination as to whether the
pipelines could safeiy remain in service or should be repaired or replaced. As the aware-
ness of this research program grew, other transmission companies began to £Xpress con-
siderable interest.

Beginning in the carly 19705, the American Gas Association (AGA) Pipeline Research
Committee assumed responsibility for this activity and began developing methods for
predicting the pressure strength of line pipe containing varivus sizes of corrosion defects.

The overall objective of these experiments was to examine the fracture initiation be-
havior of various siz=s of corrosion defects by determining the relationship between the
size of a defect and the level of internal pressure that would cause a leak or rupture.

1.4 METHODOLOGY AND RESEARCH PROCEDURES

The procedure contained in this Manual is based upon pressuring actual corroded pipe
to failure in an extensive series of full-size tests. Since there was pipe availabie that had
been removed from service and that had sustained corrosion damage, it seemed more
logical to test these full-size, actual field specimens, either in place or in a large, full-
scale test cell, rather than base these guidelines upon purely laboratory tests using ma-
chined defects. Several hundred full-scale pipe tests were conducted on all types of
defects to establish general defect behavior. Mathematical expressions to calculate the
pressure strength of corroded pipe materials were developed on the basis of these ex-
tensive tests. These mathematical expressions, although semiempirical, were founded
upon well established principles of fracture mechanics. The basis principle of fracture
mechanics 15 that the resistance of the material to unstable fracturing in the presence of
a defect 1s reiated to the size of the defect and an inherent metal property called tough-
ness. The tougher the material, the larger the flaw that can be tolerated before failure
will occur. Also, the bigger the defect, the lower the pressure at which a leak or rupture
will occur. These two features may seem obvious, but they form the basis of fracture
mechanics in terms of determining the real strength of pipe containing defects.

During 1970 and 1971, 47 pressurc tests were conducted on several pipe sizes to
evaluate the effectiveness of the mathematical expressions in determining the strength
of corroded areas. The diameter of the pipe material examined ranged from 16 in.
through 30 1n. and wall thickness varied from 0.312 in. through 0.375 in. The pipe ma-
terials have ranged ir vield strength from about 25,000 psi for APl 5L Grads A-25 to
about 52,000 psi for 3L.X Grade X-52.

The mathematical expressions developed from the earlier experiments have been mod-
ified based on later test results and now provide reliable estimates of the fajlure pressures
for corrosion defects over the range of materials covered in this study. The experiments

[}
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on corroded pipe indicated that line pipe steels have adequate toughness and that the
toughness is not a significant factor. The failure of blunt corrosion flaws is controlied by
their size and the flow stress or yield stress of the material.

Figure 1-1 shows the relationship between the full-size test failures and the criterion
for acceptance of corrosion pits in line pipe. The criterion is that thev shall withstand a
pressure equal to a stress level of 100% of the specified minimum yield stress (SMYS).
The Figure is based on an assured parabolic profile of the corroded regions and presents
the maximum corrosion depth, divided by the pipe wall thickness, plotted against the
corrosior. length, divided by the square root of the pipe radius times wall thickness. Each
of the data points plotted represents one full-size pipe experiment on corroded pipe, and
the number next to the data point represents the stress at fallure pressure expressed as
percent SMYS. There are only 3 data points (experiments) that failed at pressure levels
below 100% SMYS, indicating the lack of severity of corrosion defects in general (note
that all three would be rejected by this criterion). The solid line shown on the Figure is
the line that identifies failure pressures of less than 100% SMYS. There are a number
of data points that are below this line, but all of them represent failures above 100%
SMYS. The fact that these are above 100% SMYS simply indicates that the criterion is
VEry conservative.

The acceptable region in the plot is the shaded region below and to the left of the
solid line. The Tables in Part 3 are based on corrosion depths and lengths determined

-by this solid line. Corrosion pits that have depths and lengths that fall above the curve

are not acceptable, in accordance with the criteria presented herein, and the operating
pressure cither has to be reduced, or the corrosion pit removed cor repaired.

1.5 HOW TO USE THE MANUAL

Part 2, Determination of Maximum Allowable Longitudinal Extent of Corrosion, sets
forth the equations for determining the severitv of the corroded areas. It telis tha operator
how to measure the longitudinal extent and maximum depth of the corroded areas. One
can then use Eq. (2] of Part 2 to determine if the corroded ar=a is serious.

Howeve:, it 1s recognized that most field operators will prefer a simpler method of
evaluating a corroded area. Therefore, Part 3, Tables for Corrosion Limits, evaluates Eq.
(2) and places the results in tabular form. This allows the field operator to make decisions
simply by going to a table after measuring the longitudinal extent and maximum depth
of the corroded area and making a choice.

Locate the table appropriate for the pipe O.D. and wall thickness. Look down the left
column and find the depth of corrosion that is equal to or the next number larger than
the measured maximum depth of the corroded area. Read across to the column headed
by the wali thickness or next number lower than the pipe’s nominal wall thickness to
determine the maximum allowable longitudinal extent of the corroded area for the depth
of corrosion. If the measured longitudinal extent of the corroded area is equal to or less
than the maximum ailowable longitudinal extent of the corroded area deterrnined from
the Table, the pipe strength is suitable for the present MAOF® and is capadle of con-
taining a test pressurz that will produce a stress of 100% SMYS of the pipe material.
‘As used 1n this manual, the term MAQP shall represent maumum steady state operatng pressures for pipehines
within the scope of ASME B31.4 and ASME B3:.11 and maximum allowabiz operaung pressure for pipehnes
within tne scope of ASME B31.8.
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The tables produce results which may be more conservative than Eq. (2) of Part 2.
The tables could show that the corroded area is unsuitable for the current MAOP, but
Eq. (2) may show that it is. Therefore, it is possible for the corroded region to be rejected
by the tables, but found suitable by using Eq. (2).

If the tables and Eq. (2) both show the corroded region to be unsuitabe, it may still
be possible to establish suitability by one of the methods mentioned in para. 1.7. Another
alternative would be to lower the MAOP of the pipeline, if permitted by operating
conditions. Part 4 can be used to determine a lower MAOP that has the same safety
factor provided by Parts 2 and 3.

Regardless of which alternative is chosen, in all cases where the corroded region is to
be left in service, measures should be taken to arrest further corrosion. Such measures
should include coating the corroded region and, if indicated, increasing the cathodic
protecticn level.

Figure 1-2 , Procedure for Analysis of Corroded Pipe Strength, shows the steps nec-
essary to proceed through the evaluation of a corroded area on a pipeline in order to
determine if any corrective action is needed. The steps shown in the dashed boxes are
valid means of determining a safe operating pressure (or MAOP), but the procedures
for conducting these steps or the acceptance levels are not ir. this Manual.

1.6 THE MEANING OF ACCEPTANCE

(a) Any corroded region indicated as acceptable by the criteria of this Manual for
service at the established MAOP is capable of withstanding a hydrostatic pressure test
that will produce a stress of 100% of the pipe SMYS.

(b) Any corroded region indicated as acceptable for service at a reduced MAOP is
i capable of withstanding a hvdrostatic pressure test at a ratio above the MAOP equal to
- the rauo of a 1009z SMYS test to 725 SMYS operation (1.39:1). If a larger ratio is
desired. the reduced MAOP can be adjusted accordingly.

|

Jr

3.

']Tg 1.7 OTHZR MEANS OF DETERMINING SAFE PIPELINE OPERATING PRESSURE

fZ‘ fa) The operator can make a more rigorous analvsis of the corroded area to determine
the remaining strength by performing a fracture mechanics analvsis based upon estab-

g | ~ lished principies and practices using the actual profile of the corroded region.

. {b) The operator can reestablish the MAOP by a complete hydrostatic pressure test

= that procuces a mirimum stress of 100% SMYS, or establish a lower MAOP based on

3 the pressure of a successful test conducted at a lower pressure.

:‘18 {c) The procedures and acceptance criteria for conducting these alternative accept-
ance tests, either fracture mechanics analysis or hvdrosiatic tests, are not inciuded in this
Manual.

T

1.8 COMPUTER PROGRAMS

Appendix A is a BASIC computer program, CRVL.BAS, developed bv Mr. Richard
L. Seifert and is based on the equations in Parts 2 and 4. It can be used to expedite the
evaluation procedure. Several examples of the program output are shown.

T

l‘hw,‘t‘l_u‘l‘hn.f‘
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Fig. 1-2
Measure maximum —
Greater ] " depth of corroded area 10%
than 80% and compare to nominal or less
S— wall thickness
‘ Y
Between
10 and 8B0%
Measure
Length longitudinal Length
greater extent of the equal 1o or
than value corroded area booi  less than
from and compare to vaiue from
appropriste the value from 8poropriate Y
table appropriate wble
table Part 3
Part 2
compare MAOP MAOP
10 maximum
. > same or —
pressure p smaller .
caiculated y
" from equauon
y e |
I Ootion to perform 1 ass
Maop | —— more rqQorous tractrure
largev ‘ Mechanics anaivsis '
J Q.B\\ _——— e —— e ——_—
) Reduce |
Reparr or L Cronce MAOP
repilace 1 Part & __J ‘
l re ==
r' " '] | Confirm o- i
Pressure reauce MAOP Arrest
I test [ 1 based on test l turthe-
L 1 { _J corrosion
- = - and return
- & 1O service
FIG. 1-2 PROCEDURE FOR ANALYSIS OF CORRODED PIPE STRENGTH
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ASME B31G-1891 1.8

Appendix B is 2 BASIC computer program, CRLGTHU.BAS by Mr. Seifert, which is
an upgrade of CRLGTH.BAS, which was contained in the first printing of this Manual.
CRLGTH.BAS was used to produce some of the tables in Part 3. It required that the
BASIC program be modified slightly cach time it was used. The new program
CRLGTHU.BAS does not require modification. It will procuce a printed table of max-
imum acceptable corrosion lengths for a given pipe diameter, and up to ten wall thick-
nesses of that diameter. An example of a printed tabie by this program is included at
the end of Appendix B.

Both CRVL.BAS and CRLGTHU.BAS were written in BASIC for a specific computer/.
printer combination and can be utilized by most state-of- the-art microprocessors. How-
ever, minor modifications may be necessary for use on other equipment or for other
purposes.

These computer programs are reproduced herein solely for the convenience of the
Manual user, and ASME and the auther make no claims as to their accuracy or effec-

tiveness.

~)
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ASME B31G-1991 Part 2

PART 2
DETERMINATION OF MAXIMUM ALLOWABLE
LONGITUDINAL EXTENT OF CORROSION

The depth of a corrosion pit may be expressed as a percent of the nominal wall
thickness of the pipe by:

7 pit depth = 100d/ )

where
d =measured maximum depth of the corroded area, in., as shown in Fig. 2-1

t =nominal wall thickness of the pipe, in. Additional wall thickness required for
concurrent external loads shall not be included in the calculations.
A contiguous corroded area having a maximum depth of more than 10% but less than
80% of the nominal wall thickness of the pipe should not extend along the longitudinal
axis of the pipe for a distance greater than that calculated from:

L = 1128VDr (2)

(L may also be determined from Tables 3-1 through 3-12 in Part 3.}
where
L =mmamum allowable longitudinal extent of the corroded area, in., ccllinear with
L,, in Fig. 2-1
D =nominal outside diameter of the pipe, in.
B =a value which may be determined from the curve in Fig. 2-Z or from:

s djt -
Y r—
\‘ (1.1 di — 015 ! )

J
/

except that B may not exceed the value 4. If the corrosion depth is between 10%
and 17.5%, use B = 4.0 in Eq. (2).
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FIG.2-1 CORROSION PARAMETERS USED IN ANALYSIS
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ASME B31G-1991 Part 3

PART 3
TABLES FOR CORROSION LIMITS

The tables in this Part are calculated from the equations in Part 2. They provide a
ready reference of maximum corrosion lengths for a spectrum of pipe diameters, wall
thicknesses, and pit depths. These Tables may be used to determine the maximum al-
lowable longitudinal extent of a contiguous area of corrosion as given in Part 2.

(a) The corroded area must be clean to bare metal. Care should be taken when clean-

ing corroded areas of a pressurized pipeline.
(b) Measure the maximum depth of the corroded area d and the longitudinal extent

of the corroded area as shown in Fig. 2-1.
(c) Determine the size (NPS) of the pipe and nominal wall thickness.
(d) Turn to the page in the Table corresponding to the size (NPS) of the pipe.
(e} Locate the row showing a depth equal to the measured maximum depth of the

N SR R e e

ET corroded area. If the exact measured value is not listed, choose the row showing the
= NEXT GREATER DEPTH.

id (f) Scan across to the column showing the wall thickness of the pipe. If the nominal
:_g wall thickness is not listed. use the column for the NEXT THINNER WALL. The value
__i L found at the intersection of the wall thickness column and depth row is the maximum
== allowable longitudinal extent of such a corroded area.

i} (z) The tables in Part 3 produce results which may be more conservative than those
femind~ | obtained ‘rom the equations in Part 2. Therefore, the tables could show that a given
! corroded area is unsuitable for the current MAOP, but the use of the equations in Part
=- 2 may show that it is acceptable.

i

3
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Table 3-1
TABLE 3-1 VALUES OF L FOR PIPE SIZES > NPS 2 AND < NPS &

Deopth, Wall Thickness, ¢ in.
d, in. 0.083 0.109 0.125 0.141 0.154 0172 0.188 0218
c.01 72 e oo i
0.02 She 1%, 2% 2% 2", 2'n B 2
0.03 % " 1'A 1'A 1% 2'n 3 kA
0.04 ’n %4 s e T'a IR 1% 2%
0.05 e e e e Yie 1 e 1%
0.06 v "o Y Yie Vi LT Y T
097 ... e e ' e " s 1
0.08 R Yie n 1 Y Y e
gos ... L. Se *n AN s Yie ¥,
10 ... . ‘e e ‘n e . Ve
o Lo ¥ie ' e L P
0.12 R e e ia Y e Yia
0.13 R e e e ‘n ‘n
014 . - = . .« . .. . . . . ." ,/IQ
0.15 .. .. R e . e ne
0.16 o n
c.17 oo oo R . %




ASME B31G-1991 Table 3-2

TABLE 3-2 VALUES OF L FOR PIPE SIZES > NPS 6 AND < NPS 10

Depth, - Wall Thickness, ¢, in.
d in. 0.083 0.125 0.156 0.188 0.203 0.219 0.250 0.312
0.010 Pao L
0.020 1% 4% 4% S5 oL
0.030 n Va 34 5 5% 5% S% L.
0.040 n 1% A 2% 3% 48 5% 6’
0.050 ‘A i 14 1% 2% 2% 3'a 6%
0.060 he e 1% 1% 1% 2 2%, 43,
_i;, ] 0070 ... Tae e 1% Ve T 2' ke
N = 0080  ..... Vi e 1'a 1% 1% 1, 2"
0080 . ... % e 1 Ta 1% 1% 2Y
;::g 6100 ... /I e A 1 1A 1 2
ovte .. . e n 1 1 Th
::':—'g (020 I { ¢ L. Yie Ya Yy e 1'n 1’a
013 ... e R 2 n e Vi
o 0.140 e X l,.
E 0150 ... o e % b A
oo | 0160 ... ... L D ", e
c.1zo L. L e R s L T'n
I o8 .. S e R v V'
01%0 ... L . e 1
gg 0200 ... . L AP L ) e
0.210 e e e '
bruge | 0.220 L o S
E 0230 ... e Ve
-~ 2 Q240 . oo .- e e e . ll
1{_33 0.24C .. . /
é--g
B

L s ¥
Wk i)

A..u‘%,'m.,mhuﬂ

i

15

[r=re
s

" ._L/'
lhj



C m————— Rl Tl

‘!~ Tabie 3-2 ASME B31G-1991
TABLE 3.3  VALUES OF [ FOR PIPE SIZES = NPS 10 AND < NPS 15
Depth, Wall Thickness, ¢ 1.
d n 0.156 0.219 0.250 0.30~ 0.344 0.365 0.438 0.500
0.020 e —
0.030 4%, 6'A o PV RS
. 0.040 2% 5% 7% 8'a 8h 8
: 0.050 1% 3% TN 8 8% 8a v 10%
0.060 Ve 2% 3% 5% 8% 8 9%, 10%
f 0.070 1 2% 2", 4'a 5 6% 9% 10%
N 0.080 T 1, 2% ET ah % 8% 10%
E 0.090 e 1he 1%, 2%, 34 3'y, 6a 9%
; 0.100 e VAs 1% 2% 3 3% 41y, 6'%,
i 0.110 Y 10, 1% 2% % 2%, 4% (1%
% 0.120 Wi The 1%, 2 2 2% 3, 4y,
3 [ o R 1 1% 1'%, 2% 2% 3%, 4%
| 0140 Yie 1% 1%, 2 2%, 3 3,
§ o1s0 n 1% 1% %4 2% 2% 3%
E 0160 . g 1%e % 1Y 1%, 2%, 3,
g L b 2 1 % ' 'y, 2% 2%,
H oo .. e 1%, 1% 1% 2% 2%
i or0 . A Y Ve ' 2 2%
’ 0200 . .. e 1% 1PN 1% 2 2%
: 020 ... ... . T ¥ e VA 2%,
0220 ... T L Ya Ta 1 2%
620 ... 1 1 1% 1. 2'a
6260 ... 0 e 1'a e "% 2%
0250 ... 7 1 T 1%, T
020 T 1'n 1 Va
_—
0270 . ... T 1 I {N 1"
0B’ T e i 1%
00 e i T 1"
0300 . T T 1%
03w S 1%,
0T T o [ 1%
OV e PR
030 ... s T
030 Ve 1%
0.360 o e e ¥
\\\h—\\._ _
0.370 o [ 1V
e Y
: oW T 1%
: 0400 ... T 1
—
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ASME B31G-1881 Tabie 34
TABLE 34 VALUES OF L FOR PIPE SIZES > NPS 16 AND < NPS 20

Deoth, Wall Thickness, ¢, in.
dm 0.188 0.250 0.312 0.344 0.375 0438 0.500 0.625
0u20 TR
0.030 7% 8% L
0.040 4'n 8'%e 10 10'4 mwo
0.050 It [ 10 10 11 1A 2%, ...
0.060 2’ 4'A 7As 104 11 1A 12" ...
0.070 2 3% 5% 6% B 1A 12'%, 14%,
0.080 1% 2% L2 5'a 6 104, 124, 14y,
0.090 1'4 2 34 4'4 S'e 7'ha 1A 14,
0.100 s 2'a 3ine 3 4%, 6 8'4 14Y.,
0.110 1 1% 2% 3% 3% Sa 6a 13
0.120 1'a 1% 2'4 2% 3 44 S 10%.
0.130 1% 1A 2% 2% 3'he 4 Shie 8%
0.140 Bae 1 2'A 2% L 2% 3 4% 7w
C.150 A A 1'% 2% 2% 3n 4% 6%,
cie0 . e e 2'A P 3 3% 5%,
o176 ... 1% 1" 2 2% 2" I S
6180 L. 1'% 15 s 2a 2% 3 5
0.1%0 ... .. T 1A 1% 2 2%, Ine 4%
200 ... 1 Uhs "¢ 1% 2% 3 4%

02700 Lo L 1’4 LK 1% 2% 2°A 4'4
220 ... L. 1%, 1 1% 2%, 2% kY
2o ... . T Vine 1% 2 2%, 3'he
0.2¢0 ... . 16 T 1% 2 2 3
0.250 ... L. T4, 1 10 2 3%
0.260 1 Tine Th 2 3
e27¢ L. L Thi Tl LRI a7 3%
0.280 ... L. e 1ha, 2 3
0.290 i a 2% 2'A
0300 L 1 1 1%, 2%
0.310 AT V'a 2"
e.320 oo L 1'% 1'%, 2%
0330 Lo LIV The 2'A4
0340 0 Lo 1'a Y 2he
0350 ..o L7 RV 2%
036C 0 Iy 2%
6370 o0 L 1%, 2V
G380 1 2%
C39C Ve 2'A
040C Lo T 2%
0410 2
0420 oL 1,
0430 Lo 1A
0440 . VA
0450 1'%
0.460 1%
0470 T "%,
6480 . o 1%,
0450 . Ta
0560 1%
0510

17



ke,

RPN

Al artirsa s

To oM,

00 BTy S B EPM aird 300y

Table 3-5

t

T e ——— e

ASME B31G-1391

TABLE 3-5 VALUES OF L FOR PIPE SIZES > NPS 20 AND < NPS 24
—_—

Deoptn,

Wall Thickness, , 1n.

d in 0.21¢ 0.250 0.344 0.406 0.469 0.500 0.562 0.625
0.030 9% AT ——
0.040 8 10 T
0.050 4% 6'%, 11% 12% 13% oo
0.060 3% 4 1R R 12% 13% 14Y, =
0.070 2'a 3%, ne 12% 13% 14, 15 15,
0.080 2’ne 3% 5% 8’ 13% 14, 15 154,
0.0%0 24 2% 4%, €% 10%, 12, 15 154,
0.100 1%, 2'a 4%, 5" PAL T 9% 14'4 15,
0.110 1% 2'% 3% 4’4 6% 7" 10% 15%
0.120 T’ 1%, 3% 4%, 5% 6% 8" 114
0.130 1% Tt 3 3%, S'As 5% 7'ne 9'A,
0.140 th 1'% 2% 3% 4% Shie 6% 8%
0.150 1% LA 2%, I, 4% 4%, 5a 7%
0.160 The Ve 28 3%, 3a 4% 5a 64
C.170 1% VA 2 2’4 3% 4'ne 4% 6%,
.80 122 2'% 2%, 3% 3%, 4% 5%
610 The 2 2%, 3 3% 4% S%he
¢20 1'a Ta 2 3% 3 4'n 4’5
¢210 . T 2%, 2Aa 3% 3'a 4%,
9220 ... 1% 2%, 2% 3, 3 4%,
023% .. s 2'a 2% 2'n 3% 4'4
0.240 1% 2 2% 2% kI 3%,
0250 ... 14 LTS 2% RN 34, v,
6260 LT T 2%, 2 ERTN 3'n
0.270 S S T 1. 2% AT 2% Ine

_ \—\\_\\\
0.280 o S - T, 2'a Dl RACEN 3.
0.290 1% 2% 2 2. kP
0.300 LN 2 2u, 2 3
0.310 [ o, 2'n 2% 3
0.320 . . . LN A A 2 2

\\\_\\_\
0.330 . .. L T N 2% 2%
0.34¢C 1 IR 2hn 2%
C.35¢ T s 2. 2%
C.360 1oa P RETH 2%
0.37¢ . . 1% 1. 2 2'4

\\___\\\__\
0.380 S .. .. . | RN 20 2%
0.390 1% 2 2%
0.400 1 15, 2%
cs10 Ta 2%
042¢ . . [N 2%

\\\*_\—\ _
0430 .. 1 2
0440 1Y 2’
0 45C 2
0 460 "%
047¢ e Lo . LA

\\\\‘_\\\_&_‘
os80 . . - . o Th
gesa . 14
R 1
0516 S . -

ﬁ_&\\\_‘\\\\

™ hiad

b



ASME B31G-1991 Table 3-6

TABLE 3-6 VALUES OF { FOR PIPE SIZES = NPS 24 AND < NPS 30

Deptn, Wall Thickness, ¢ n.
d.in. 0.250 0.312 0.375 0.438 0.469 €.500 0.562 0.625
0.030 o S eeeeeanal Ll
0.040 11 12% Ve oL
0.050 7he 12% 137 14% - 15 L
0.060 5'%s 9% 13%4 14'4 15 15% 16 ...
0.070 4 6'A¢ 10'% 14% 15 15% 16% 17%
0.080 3 5% 7% 124 15 15% 16°As 7%
0.090 2%, 4%, 6% 94 11% 14 167A¢ 17%
0.100 2% k1 5% 7% 8'%e 10' 1S7A 17
0.110 2% 3 45 6 7' 8'h. IRE 16"
0.120 2'A 3'he 4'A 5% 6% 7% 9% 124
0.130 2 2V%, 3% 4% 5% 6% 8'a 10%
0.140 1% 2% 3% 47As 5'Ae 5" PAT 9'a
0.150 1'% 2’ 3% 4'A 4 5% 6'A¢ 8%,
3.160 1% 2 3 3% 4'% 45 S5A 7%
0.170 14 2'4 2% 3% 4 i Sne 6%
0.180 1A 2 2% 3% 3% 4'a 5% 6'a
0.190 1 A 2'A 3%, 3t 3a 4% S
0.200 1% 1% 2% 3 I 3 4 S%a
0210 ... "% 2% 2'A 3 34 4in, S
0220 ... 1% 2 2, 3 3% 4. 4%,
0230 ... LR 2% 2%, 2'A ELTN 3t 4Y;
c240 .. ... Vi 1'% 24 2% 3 3 4%
6250 ... L. 1a 2° 2% 2" 2 4's
0.26Cc ... L. 14 2% 2% PALTN 3 3%
0.272¢ ... e 1% pAIN 2 200 BN IV,
0280 ... ... Y ‘e RN 2% 3a 3'a
6.2%0 ... .. 1% 2 2% 2 3 3
30 ... L 14 1'%, 2% 2 2 3'n
o3 oL A 2 RETH RALEN 3
0.320 e, 110, 2 2" 2 3
0330 ... . . 1 1%, 20 2% RN
0340 ... L. 1'% 1'a 2'n N 3
0.350 e e 1% 190 244 2% 2’A
0360 ... Lo 1 2 2’ 2%
0370 ... L ' 17 2% 2%
0380 ... .. e Ta 2'% 2%
0.39¢C P, Lo - | BT 2% 2%
0400 ... ... A R 1% 2'a 2,
o400 ... A . - 2na 2’4
o420 ... .. e S . 2 2’n
0.430 S o s, S . 1% 2%
0.440 S e L 1 2%
0.450 e T . 2%
0460 ... e .. 2'A
0470 ... U B . . 2'a
0.480 ceee e o, o e 2%
6490 ... L 2
0500 ... L. el o 1%

- 0510 L. Lo e
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Table 3-7 ASME 831G-199;
TABLE 3-7  VALUES OF , FOR pipg SIZES > NPS 30 AND < nps 36
Depth, Wall Thickness, ¢ 1n
dn. 0.250 0.312 0.375 0.438 0.500 0.62: 0.688
0.030 S T —
0.040 12'. 13", s U
0.050 8l 13" 15 16" A
0.060 5", 10'a 15 16 17'n e o,
0.070 4y, 7% 12' 16'4 17'n 1944 20%
————
0.080 3h Sta, 8''s¢ 14 174 19 20%
0.090 3% 4, 6'%. 10%. 15 19% 20%
0.100 2%, 44, S5a Y T 1945 20%
Q.110 2 34 Shie 7 9'n, 18'%u 20%
0.120 2% 3% 4% 6'a 8%, 147, 20%
0.130 2%, 3'a 4%, 5% 7 1A 15,
0140 2'n4 2'a 34 5 6&'a 10%. 13,
0.150 Ta 2" 3% 4% 5., 9 1%
0.160 122 24 3% 4% 5%, 8w 91,
0.170 14, 2% 3 4 4y, 7' 9
0.180 1% 2% 2%, 3% 4'n 6% 8%
0.190 Vhe 2%, 2% 3%, 4ln 6'a T
0.200 14 2 2% 3% 4'4 S 7'
a2 Ua 2 3. 3t 5% 6'a
¢220 1'%, 2% 3 3. 5%, 6%
—_——
0230 T Ya 2'A 3% e 5%
0240 1'% 2% 2% 3 4"y S
020 ... 2% 2 3 4'n S'a
020 . 2 2% 3 4%, S'a
0270 ... LALTI 2% 3 4, 4%,
0280 . T LAL7N 2ia 2 4 Ve
020 1 2l 2. 3% 4%,
030 1'%, 2% 2 RPN 4'n
o3 T 2a 2% 3 4
9320 . .. 2 24 EANN 4'n
0.33¢ .. LA 2% 3 4
0.340 T'a 2 EATN ‘n
0.350 T 2 2 3.
030 . 2t 3 '
0.37¢0 . S .. R 3. I
\\‘\\_§
0.380 R 2 2 R
03%0 T 2 2ha ‘a
640 1%, PARTN 3
0410 2% 3
0420 ... - o 2 DN
0.430 . “ S 2% T
0.440 2 2%
0.450 2% 24
0. 460 2 2
0.470 . . AT 2%
\\\“\_\\_~
0.480 e o 2 2'%
Og90 . 2 2'n
os00 . PN 2%
gsw0 2
¢s2o .. e
0830 T T 2n
0.540 2%.
0.550 2%,

0.560

=
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ASME B31G-1991 Tabie 3-8
TABLE 3-8 VALUES OF L FOR PIPE SIZES 2 NPS 36 AND < NPS 42
Deptn, Wall Thickness. ¢ 1n
d 0250 0.281 0.312 ©.375 0 406 0 469 €.562 0.688
0.030 13 4. L
0.040 13- 14 15 16e . .
0.050 9 13 15 16 ne 17'a 18 e
0.050 6 8% 1% 164 17 18na 200 L.
0.070 2y 6% 7 13% 17' 18 20' 2%
0.080 ‘m 5% 6% 9, 1 187 20 22v.
0.090 I 4'n 5% 7n 13" 20 2%
0.100 3Y 3a 4 671 Ta 10~ 187 22%a
0.110 2a I 4% S [ 8 14% 22%.
0.12 2'n 4 3% S 5' Ve T 1w 22%.
0.120 2% 2 3 4% 5 6% Gty 175
0.140 2% 2 3'a 4'% 4N, ‘e 8y T4 v
C.150 2 2 2% 3% 40 5% 7a 12%.
0.160 1 % 2% Y I 4'% 5%, bAT 10'Ys
0.170 1 Y 2% '™ 3% 3 4n 6n 9y,
0.180 1'% 2'%a 2he 3 I &% 6V ]
0.190 1ia 1'% 2% 3V 3ha 4. S 8V
0.200 T 1'% 2%. 24 3t 4. S 7Y
0.210 o Y 2 2% 3n 3n S Y 7%
0.220 L 1A L AR 2% 2% 3. s &m
0.230 e Tn 2% 3 VIO 6
0240 ... ... A 2% I 6%
*‘*ﬂ 0250 ... Ll R 2% 2% 3 4, 5
}( 0.260 R o 2% 20 3 4 S
_L_g 0.270 o o o 2% 3 3 S
i; 0.280 . .. o 2 2. S [N
: 0290 ’ - 1. 2 2 3. S
+—-

-g 0.30C . o - 1 2 R 3. 4.
T 0.31¢C . - - . 2 2. 3o
I 032¢ 1 i 3o a.

0.33¢ 2a 3 a4

- Q.340 2 3 4%,

0350 2 3 4
o1 0360 2. 20 a
i 0370 2 AL 3a
0380 2 3
A L
J 0 0390 3%,
i- . 0400 . 3.
03 0410 2 3.
0420 2 3
< 0430 20 3
> ,

0440
0 450
0 460
0470

[ s
W

‘N

j 0 480 2.
F=~ 0490 2a

?‘g 0.500 20
' 0510 20

- i

=:d 0520 20
i R 0530 2

<3 0540 .

0.550
0560

B
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Table 3-9

TABLE 3-¢

VALUES OF L FOR PIPE SIZES > NPS 42 AND < NPS 48

ASME B31G-1991

Deptn,

Wal! Thickness, ¢ 1n

d in. 0.344 0.406 0.438 0.469 0.500 0.562 0.625 0.688 0.750
0.030 ... o
0.040 17 e e L
0.050 17 18 19%, 19%a 20'% e e L,
0.060 17 18 19%, 19°A 20 2% e e
Q.070 10" 184 194%. 19°A 204 215 22 24'ne

0.080 8 12°a 16", 19 20 213, 22'%. 24 25'a
0.090 6'a 94 12%e 14"% 18%, 21% 22'%, 24% 25'A
0.100 5% 8% QY% 11Y% 13% 20°n 22", 24 25'a
Q.110 5% PATYS 8% 9%e 11 15% 22 24% 25'%
0.120 4" 6% 7% 8% 9Y: 12%. 17% 24%. 25'%
0.130 4 St 6 7% 8 10% 14 18% 25%
0.140 4 S¥%. 5" 6" 7' 9'A 12'%. 15% 20%
C.150 3" 4%, Sha 6% LN 8'x 10 13 %, 16'%e
0.160 3 47 5% 5% 6% 7% 9% 11 14%,
Q.17¢ 3 4%, 4" 5% 5A 7 8% 10% 12%
0.180 3% 3% 4%hy 4%, 5% 6" 8l 9"V 11%
0.190 2’a EA7N 4%, 4% 5% 6 7' 9 10'%
0.200 2% 3 I 4. 4'a Sa 7' 8% 9%
0.210 2%, 3 3% 4% 4%, 5% 6n 7’A 9%,
0.220 2'h 3% 3% 4 4'n S%w 6% 7Y% 8%
0.230 ‘n 3. 3% Iy, 4. S5 6 7 8%
0.240 2% 2’ 3% I 4 4%, 5'ne €' 7%
Q0.250 2l 2% ' 3 3 4% Sin 6% 7
0.260 2% 2" 3 3'n RN 4% S 6'ne 7
0.270 1. 2% 2n 3 3% ‘s ) 5" 6"
C.280 2% 2 ‘s NN A'n 4%, S e
0.290 2’ 2. 3 3% 3% 4 S 6%
0300 ... 2 2%, 2a 3 I, 4 Yie 6
c.31c 2 24 2% L2 3t 4% St 5%
Q.32¢ 2 2 20 AL 3% 45, 4'n S%e
C.33C 2% 2%, 2n 3 E TN 4. S5
0.340 2 2% 2" AN 3 4% 5%
G.35¢C PATN 2% 2 3% 3 47, S'%e
a30 ... 2%, 2 3a RAVIN 4, 4'%,
0.37¢ 2% 20 EFIN 3% 4% 4%,
0380 ... 2'hs 2% R 4, 45
03%¢ ... 2'm 2'n 3 3" 4'n
0 40C 2% 2" 3 " A0
0410 2% 3 3 4%,
0 42¢ 2 3 3 4%,
0430 2% 3 3% 4'
G4s0 .. i 3 3, 4
0.450 2% 3a 3A
0 460 2" 3% 3
0470 2% 3 3%
Q 480 2 0. I 3%
040 . .. 2 ‘n 3%
osoc .. RaTH 3 3%
o5l . 2% 3%
0520 ... 2% I%e




ASME B31G-1991 Table 3-9

TABLE 3-8 VALUES OF L FOR PIPE SIZES > NPS 42 AND < NPS 48

Wall Thickness, ¢, in. Depth,
0.812 0.875 0.938 1.000 1.062 1.125 1.188 1.250 d in
........................................ 0.030
......................... 0.040
........................................ 0.050
........................................ 0.060
.......... 0.070
........................................ 0.080
26%¢ 27 L 0.090
26%s 27%¢ 84 o Ll e Lo, 0.100
26%¢ 27%. 28'4 29%.s 29%e Ll L o.1o
26%. 27% 28'% 29'%e 29"%s 30%% 3w L 0.120
26 27%w 28'4 29%e 29'%, 30'%. 3% 32’ 0.130
26%. 27%¢ 28% 29% 29'%e 30", 3% 327As 0140
21% 27% 28% 29%. 29'%. 30'%. 31 32%. 0.150
18%¢ 23%s 28'A 2%9%: 29", 30", 3t 32%. 0160
15% 19%. 24 29% 29 30"%. 3% 32%. 0.170
14 17 20"%. 26% 29%As 30"% 3% 32°As 0.180
12" 15'4 18% 22% 27 30" 3 32%. 0.190
1% 13" 16% 197 23'% 29'% 31% 32 0.200
10% 12%¢ 14% 17% 20%. 24, 30, 32% 0210
10 11% 13%, 15% 18%. 21, 26n 31 0.220
9ne 10°A 12%. 14'% 16% 19%, 23 27% 0.230
8 104, 1% 13%. 15%. 17, 20", 24'a 0.240
8% 9'he 110, 12%. 14°%, 16% 18'%, 21% 0.250
8 9%, 107 110, 13 15% 17 19, 0.260
AV 8 9n 114 12% 144 16' 18, 0.270
7 8% 9 10% 11% 3%, 15'a 17 0.280
PAT 8 9 10% 114, 120 14, 15, 0.290
6" FAVIR B% 9, 10", 1240, 13 15%. 0.300
6% 7'n 8%, 9v. 10% 1Yy 12746 14%, 0.310
6% T'n 8 8", Q' n 12'% 13%, 0.320
6'a 6'n 7"ne 8%, 9%ie 10%. 110 12%% 0.330
St 6'Vu 7ne 8% Qe 10%. 1 124 0.340
5% 67 7% 8 8n 9y, 10", 14 0.350
5%. 6 7 7% 8% 9% 10 11ne 0.360
54 6'ne 6% 7% 8% 9% 10%., n 0.370
S5 S5’ 6% T 8. 8 9. 10% 0.380
' 5 6’n 7% PALTS 8%, 9, 10%. 0.3%0
5 5%, 6 6'a 7n 8'a 9% 10 0.400
4'A 5% 6' 6" 7a 8'a n e 0.410
4y, 3% 5% 6% e 7a 8% 9% 0.420
452 S 5% 6 7 7' 8 9'a 0.430
4's S5t 3% 6'% 6" 7' 8%, 8% 0.440
4%, 4", 5 €' 6" 7% 8 8''%. 0.450
4% ERN 5% 5% 6 A PN 8 0.460
LRI 0% B 5V, (30 7 7% 8% 0.470
4'n 4 S'a 5" Y 6" 7he e 0.480
4 R Siae S%ie 6'% 6''ne 7Y% 7'n 0.490
3% 4. 4% 5% 6 6% 7'% PAV 0.500
3 4%, &'y, S%e Sa 6’ 6% T 0.510
3% 4. 4%, S'% S% (YA 6 7'a 0.520
23 (table conunues)
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ASME B31G-1991

TABLE 3-9 VALUES OF L FOR PIPE SIZES > NPS 42 AND < NPS 48 {CONTD)

Deptn,

d, in

0.344

0.406

Wall Thickness, ¢, 1n.
0.438 0.469 0.500 0.562 0.625 0.688

0.750

3%
3%
3%
3%

-

o w

v ny

oy

e

e

]



ASME B31G-1991

Table 3-9

TABLE 3-9 VALUES OF L FOR PIPE SIZES > NPS 42 AND < NPS 48 (CONT'D)

Wall Thickness, ¢ in. Depth,

0.812 0.875 0.938 1.000 1.062 1.125 1.18¢8 1.250 d n.
3MAe 44, 4% 5'a 5h 6'4 6''As VA 0.530
% 4% 4% 5 5% 6 6% 7'a 0.540
3%, 4 4'he 4% 5% 5", 6'As 6'% 0.550
3% 3% &' 4" 5% S'%e 6% 6'%ha 0.560
A 3% 4 4y, 5% 5" 64 6" 0.570
3% 3% 4'% 4" Ay 5'a 5% 6'As 6% 0.580
3% 3% 4'4 4% 5 5% 6 6'As 0.590
3% 3% 4’ 4'% 4%, 5% 5% 6 0.600
I%e % 4 4'As 4A S%e 5% 6% 0.610
3% 4 3% A% 4% 5% 5" 6'a 0.620
3¢ %4 3% 4% 4V%e 5'% 5% 6'As 0.630
3 3% 3% 4% 4% 5% 5% 5" 0.640
..... 3% 3% 4'4 4%, 4'%¢ 5% 5%, 0.650
..... 3% 3% 4'A¢ 4N 4’4 S5%e 5% 0.660
..... 3% I% 4 4% 4%, 5% 5'%e 0.670
..... 34 3% I 4%, 4% S S%e 0.680
..... 3% 3% 3’ 4% 4% S'he Sk 0.690
..... 3%, 3% I, 4%, 4%¢ 5 S'he Q.700
.......... I 3% 4'n 4% 4y, 5% 0.710
.......... 3% 3 4%, 4’h 44 5% 0.720
.......... 3% 3% 4 4's 4%, Sh 0.730
.......... 3% 3% 3% 4% 4, S5'n 0.740
.......... 3 3% 3% Va 4'n 5 0.750
__________ 3% 3% 4'n, 4% 4%, 0.760
.......... 3 3% 4'a 4's 4'n Q.770
44444 3 3% 4'ne 4n LT 0.780
............... % I 4 4 4, 0.790
............... 3 3% 3% 4%, LANTN 0.800
............... 3% 3" 4%, 4% 0.810
............... 3 3 4, 4. 0.820
.................... 3'ne 3% 4'a 4% 0.830
............... 3 3% 4'A 4 0.840
......................... 3" 4 4% 0.850
......................... 3a 4 4%, C.860
......................... 3 I 4. 0.870
............... 3% 3’ 4' 0.880
.................... 3 I, 4y, 0.890
.................... 3'he 3%, 4'n 0.900
......................... 3. 4. 0910
......................... 3% 4 0.920
.............................. 3a 3% 0930
.............................. 3'n 3% 0.940
.............................. AN YA 0.950
......................... 3, 0.960
................................... 3 0.970
............................. 3 0.980
............................. 3% 2.990
................................... 3% 1.000
................................... t.010

28
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Tabie 3-1C

ASME B31G-1991

TABLE 3-10 VALUES OF L FOR PIPE SIZES > NPS 48 AND < NPS 52

Depth, Wall Thickness, t, in.

d, in. 0.344 0-406 0.438 0.469 0.500 0.562 0.625 0.688 0.750
0030 ... oL s
0.040 W8%e Lol Lol

0.050 18%. 19% 20 21% 21 L. L
0.060 18%¢ 19% 20%. 21% 21'%, 23% o
0.070 11 19% 20%, 21% 21 23% 24%, pa2 A
0.080 8" 13% 17V 21% 21", 23% 24%. 25% 26'a
0.090 7% 10%. 12% 1544 19'%, 23% 24", 25% 26’4
0.100 6% 8% 10' 12%¢ 14'%, 21a 24%. 25% 26’
0.110 5% 7% 8'%e 10% T1'%e 167Ae 24 25% 26°4
0.120 5% 6% ¥ 8’4 10%. 13%. 18% 25% 26’4
0.130 4% &' 6%, 7A 8" 11 T5 20 26’4
0.140 4 5% 6% 7'A 8 10 12 16% 21%
0.150 3% 54 5%, €% T 9'a IREY 14% 18
0.160 KLV 4% 5% 6 6% 8% 10% 124 15%.
0.170 I 4'4 5% 5% 6% 7" 9 Tta 13'%
0.180 3% 4%, 4%, 5% S5a 7% 8 10'a 121
0.190 3% 4 45 5 5'a 6" 8l 9% 11
0.200 2% 3% 4 45 S5ha 6%, T 8", 10%.
0.210 2% 3% 4 4'a 4", 5t 7'n 8 9%,
0.220 2% 3% 3V 4% a4, 5" 6. PALTN 9,
0.230 2'A 3% 3% 4 4, S &% 7% 8%,
0.240 2°A 3' 3'n 3a 45, S5'a 6'n 7' 8
0.250 2% 3 Ia 3 4'a L AT 5" 6 e 7’a
0.260 2% 2’n 3 I 3%, 4% 5% 6 7%
0.270 2% 2% 3% 3% 3t 4%, 5'm 6" 7%
cz80 ... 2% 3 3 3 4 Suie 6 6'n
0.290 ... .. 2% 2'A 3. 3 4 5 Sk 6%
0300 ... 2% 2% 3t 3 LT LAMIN 5% 6'a
o3 L 2% 2% RALTH Iy, 3% 4'n ‘n 6%
0320 ... 2% 2%, 2% I 30, 4. Yie 5™
0.33¢ ... L. 2 2% 3 3t 4 S5t She
0340 ... L. 2% 2% 3 MW ELTN 4'a 5%
0350 ... L 2% 2% 2 3 L TN 4, S
030 ... ... 2Y: 2 3 4 4% 5%
0370 ... L. 2he 2 3% R 4 SA°
0380 ... Lo 2°A 3% 3t 40 5
03% ... .. L RN 3 I 4. 4,
0400 ... ... 2% 3 3% 'n 4,
0.410 ... o0 2% 3 4 4%,
0420 .. 2%, 3 3" 4
0430 ... oL L 2% 3 3% 4%
Q440 ... 0 pAVS 3 k2 4
0450 ... L L0 3n 3'a 4%
0460 ... . BRI 3% 4
0470 ... 2 BN 4
0480 ... L. L 2’ I 3a
0490 ... L0 2% i It
0500 ... Lo L Ve Ya 3%
0510 o 3t A
0520 ... .. Y 3%




ASME B31G-1991 Tabie 3-10

TABLE 3-10 VALUES COF L FOR PIPE SIZES > NPS 48 AND < NPS 52

wall Thickness, £ in Deptn
0812 0.875 0.938 1.000 1.062 1.125 1.188 1.250 d n

=
fiﬁ s e 0.030
1 SR 0.0
- 0.050

g ........................................ 0.060
b . . I T T T e 0.070
................................... . 0.080
5 28 9% e e sl 0.090
28 29%. 30 L s e, 0.100
:g 28 29 30%. 31, 32 L o 0.110
28 29'%. 30% 3%, 32 32%. 33 L. 0.120
¢ :@ 28 29'%4¢ 30'hs 3%, 32 32'% 33 34", 0.130
28 29'%. 30 3% 32 32'% 33 34", 0.140
- 23% 29%s 30 31%. 32 32% 33 34", 0.150
-g 19 24"% 30' 3 1'% 32 32%, 33" 34", 0.160
- 16" 20%e 26%. 31%. 32 32%n 33" 34" 0.170
-g 14" 18%a 22 28 32 32% 33 34", 0.180
: 13% 16%. 19, 23% 29% 32" 3314, 34", 0.190
" :ﬁ 12% 14" 17% 20% 25'% e 33, 34" 0.200
1'% 13%4 15% 18% 22 26'% 32%. 34" 0.210
e 4| 10% 12%4 L4y, 16% 9% 23% 27 33 0.220
! 10%s 11% 13%0 15'% 17"% 20" 24%. 29, 0.230
“:g 9 10" 12%. 14% 16 19'%, 22'A 25" 0.240
; ) 10%4 11 137 15%. 17 20 23 0.250
) 8% 9% 10 12% 145 16%. 8%, 21, 0.260
&Yy, 9. 10%. 1%, 13'» 15% 17% 19%,, 0.270
s T &' 100 11 120 14% 164 184 0.280
EATIS 8% 9% 10", 12'A 13%. 15% 17, 0.290
(81 7he 8% 9 10° 1%, 12%, 1470 161, ©.300
7 7'n 8 AL T1h. 12%, 13" 15 0.310
g 6 Tn 8% 9% 10% 119, 13%. RN 0.320
! 6 7a 8. 9 10%. 1%, 12 13, 0.330
s 6 7'A LT 8'n Qi 10~ 12 13 0.340
. 6n 5 TV 8. Ql, 10°. 1%, 120, 0.350
é-g 5", S 7! 8. ELE7N 10'%A 11 125, 0.360
¥ - She Y T B 8 9., 10% 1 0.370
i:g 5 B4 FATIS LT B 9, 10" 11 0.380
S tH'a B e 8Ys Qe 10%. 11 0.390
- 5% [ 6 7' 8'A B8'%. 9% 101 0 400
. "g S 5% CXA 7 Ta 8'% 9', 10%. 0.410
- St 5% H1e 7 FAVIN B s 10 0 420
E~g 4" $%e Ol [N Tl B 9 9. 0.430
l - 4t b 6 rOR 8 8 9 0 440
j“g 4'' e LY S 6': A 7' 8%. 9. 0.450
4% S ER2) 6% 7 7m B 9 0.460

—
= -g 4% Sl Sim 6 €' 7 8 8'h. 0.470
g _ 4 4, LY 6 €' 7o 7 B 0480
EZQ LD 4", “he 5", 6 7' 7 8. 0.490
g - D 4%, A ie n 7 7 8¢ 0.500
\:g 4'n &y S St 6 6' 7 8. 0.510
2 4 4%, St 5% 6'n 6''%. 7% T €.520

>

table contnues)
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Tabie 3-1C ASME B31G-18g1

TABLE 3-10 VALUES OF L FOR PIPE SIZES > NPS 48 AND < NPS 52 {(CONT'D)

Depth, Wall Thickness, ¢ in.
d mn. 0.344 0.406 0.438 0.469 0.500 0.562 0.625 0.688 0.750

0530 ... .. 3 3%
0540 ... .. L. . e 2%, Y
| 0550 ... ... L.l o 2ia IV

: 0.560 ... oo Ll T 3%
0570 ... G kI
d

0580 ... o Lo T 3a
! 0.5%0 ..., Ll 3

0.600 ..., Lo L L L e 3
0610 ... o L e
0620 ..o

0630 ... L T
0640 ... o
0650 ..., ... St el e
0660 ... ..., ... . R T
0670 o e e

0.68¢c ..... ..., R
0690 ... . L .
0700 ... L e
0710 ... e
0720 ... L. L R e

0730 ... Lo R,
0740 ... See e s B e
0.750 e e o
0760 . ... e . SR
0.770 D

0.780 e S

0.790 e . . e
0.800 .. . Cee
0.31C . S .. .o .

0.82¢C . S

0.830 . . .o . . . . o
0.84C

0.85C

LA

R PPy S T




ASME B31G-1991 Tabie 3-1¢C

TABLE 3-10 VALUES OF L FOR PIPE SIZES > NPS 48 AND < NPS 52 (CONT D)

Wall Thickness. ¢ i1n. Depth,
0.812 0.875 0.938 1.000 1.062 1123 1188 1.250 d. in.
3% 4% 4%, 5'4 6 6% T'n 7% 0.530
I% 4% 4'A 5 5’ (YN i TV 0.540
3% 4 47, 5% 5% 6% (XY T 0.550
3% 4, 4'y, 5% S5 6 [ X3 7 0.560
3a 4'n 4% S'ne 5% 614 (3] 7 0.570
3% 4 4'n s Sn 6 &'s 7'ne 0.580
3% 3% YN 4'n 5% 5a 6 6'%, 0.590
3% 3A 4'n 4" 5% 5% 6% 6" 0.600
38 35, 4 4%, 5% 5 6 6'%e 0.610
3% 3% 4, 4% Sa 5% 6' 6% 0.620
3% It 4'a 4%, 5 5% 5% 6'ne 0.630
3% 3n 4l 4'4 4%, 5% S5ha 6% 0.640
..... 3% 4 40, 4’4 5% S (V8 0.650
..... 3% 3% 4%, 4%, 5% 5" 6'a 0.660
..... 3'ne 3n 4 4'%, S'a 5% 6'ne ’ 0.670
_____ 3 3t S 4’ el . o 0.680
..... 3%, 3% 4'n 4% O e e 0.690
..... Ya 3" 4. 4 - e 0.700
..... 3% 4 47, Q.710
..... 3% 3% 4% U R R 0.720
.......... 3 3% ‘s A L e 0.730
..... 3% 30 4. R L R 0.740
..... 3 3% 4'n L A . 0.750
.......... 3t 4 e .. R 0.760
3 4 0.770
..... 3%, 3% e . S 0.780
..... 3% 3% e S A 0.790
..... 3 3 S L - 0.800
..... IV, .. . 0.810
35 R L 0.820
3 . .. 0.830
..... 3t o L . 0.840
0.850




Tabte 3-1* ASME B31G-1991

TABLE 3-11  VALUES OF L FOR PIPE SIZES > NPS 52 AND < NPS 56

PrvIes

Y TP

S PPy Sy S SR

L seade.

Depth. Wall Thickness. ¢, in.

dn 0.406 0.438 0.469 0.500 0.562 0.625 C.688 0.75¢
000 T

0.050 20%, 21’ 22'4 Whae

0.060 20%. PARY 22a 22", W0
0.070 20" 210 22'A 22" 24°n, 25%. 26"
0.080 14% 181, 22'a 22", 2434, 25%, 264, 28
0.090 11 13%. 16~ 20% 2454, 25%. 264, 28
0.100 9 104, 2%, 155, 20 25%. 26" 28
0.110 7’a 94y 10V, 12 17'a 25 26", 28
0.120 7 84 b 10%. 14 19 26", 28
0.130 6% 7' 8, 9% 111%, 15% 20, 28
0.140 5% 6%, 7ne 8% 10%. 13’ 17%0 22%
0.150 5% 6 6%, 7A 9'n T, 14, 18%,
0.160 5 5% 6%, 7 8" O 13'a 16%,
0.170 4% 5% S5a 6's 8 9% 11, 14%
0.180 4 4%, 5'n 6'a 7w 9 10", 12,
0.190 4'a 4 5% 5% 6% 8 10 1A
0.200 3%, 4%, 4'a S 6% 7'a 9, n
0.210 3 4% 4%, S5n 671 T 8 10%
0.220 3%, 4 4, dn Sh b 8 93,
0.230 3in 3 4 4, L3 5y T 9%
0.240 3. kR 4% 4 S5 ol e 8%
0.250 Ia 3 3 4%, S 6l 7 8%
0.2¢0 3 3 3% 4 4, 3 6% AT
0.270 2% 3 AN 3, LR 3% 6 Ty
0.280 24 3% 3 3. 4% 5% 6'. 7
0.290 2% 3 3t 3 E) 3. o 6'n
C.300 2% 2% 3t 3% 4. 5 S5 6%
Q.310 2% 2% 3. 3. 4. LA S'a 6%
0.320 2% 2 k| 3t 3. 4 St 6y
C.330 RANN 2% 3. 3. < S5 [
0.340 2. 24 RRTN 3. 4 5 St
0.35¢C 2. 2 3 3. < LRI S
0.360 2" 2 3 4 4 5
0.37¢ 2% RALFN 3. < 4 S
C.38c 20, 1 3 4 St
0.390 2ia 3 RN E AN S5
0.40C 2% 3 R ERIN LIS
041C B 3. LN 4%
0.420 20 3. 4 4
043C 2% 3. 4 4%
0 440 REETN £ 3 40
0.45C 3. RN 4%
0460 30 3, 4%,
047¢C 3oa 3 4
0 480 3 1 4%,
0.490 2 3. 3%
0.500 2 Ity 3
0.51C RN 3.
0.320 KRN 3
C.33C 3. 3%

30
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ASME B31G-1991

Tabie 3-11

TABLE 3-11 VALUES OF L FOR PIPE SIZES > NPS 52 AND < NPS 5§
Wali Thickness, ¢, 1n Depth,
0.812 0.875 0.938 1.000 1.062 1.125 1.188 1.250 d n.
.............................. 0.040
.............................. 0.050
.............................. 0.060
................................... 0.070
.............................. 0.080
29'a 30w L oo 0.090
29'A 30% 3PVna Lol Lo L 0.100
29'a 30% 31%. 32% 33%e L. e o 0.110
29'a 30% EARTH 32%. 33% 34, 350 L. 0.120
294 20% KRR 32%. 33%. 34 5% 36' 0.130
29 20% 3%, 32%. 33%. 34" 35%, 36 0.140
24%. 30% K3 R 32%. 33%. 34Y, 350, 36 0.150
20%. 25% 3%, 32%. 33%. 34Y% 35%, 36'a 0.160
17 219 27 32%. 33%. 34 354 36'a 0.170
15%. 18%n, 23%¢ 29%, 33 34'. 35%. 36 0.180
14, 16°a 20%. 24% 30" 34% 354 36'a 0.190
12" 15'% 18' 21% 26'a 32%. 354 36' 0200
11 14 167 19%. 22"% 27 33 36'a 0.210
11%. 12%h, 15% 17%, 20, 24% 29, 35%¢ 0.220
10 12'A 14 16'A 18 21% 25% 30 0.230
9'a 1'% 13, 14", 17% 19'%, 23 26 0.240
G 1) 120, 14 15", 18 20" 24%, 0.250
8%, 10%. 1% 134 14, 16", 19%, 224, 0.260
8% Q. 11 120 145, 157 177, 20" 0.270
8lie 9%, w0 T 13 145, 1€, T8, 0.280
7 B8 10, M. 12 T4 15 17 0.290
e 8%, LX) 10°. 12 1370 13 16 0.300
b 8. 9 1050, 11 12", 14 .. 15", 0.310
- AN B s, e 12 13% 150 0.320
[ 8%, Qe 10 1B 3 T4k, 0330
6% - e 9 10 LA 7 135 0.340
X “ 3 B S 107 N 13°. 0.350
6 . £ 8 9% 13 T 120 0.360
[ £ e 8 9. 10 Ty 12. 0.370
5%, [ " A, 8 9. 10 1T 0.380
5 € . T Ea 8 Qs 10 T 0.390
3t 6 . [N T 8 LR 104, 11 0.400
5 6 € N 8. Q 9.4 104 0410
5 St 67 7. 8 8. G 107 0.420
5 5. 3 kN T, 8. 9 e 100, 0.430
5 5 [ SR T 8 . 9 9a 0 440
47 5 € 6. 7 8 8 s Qa 0.450
EERTN 5. € 6 7 T a EIN 0460
4 5. 37 [ T T 8. G 0.470
S 5 S & . 6 o 8. Q 0 480
4. 3. 3. [ & h 8 8. 0 490
4 < 5. 6 6. 7 T 8% 0.500
ERAS 4 50 5t 6 7 T 8 0.510
ERAN 4 5 ERMIN 6 » B T 8. 0.520
4 ERS 5. St 6 . &' 70 4 0.530
31 taple conunues)
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Table 3-11 ASME B31G-1991

TABLE 3-11  VALUES OF ¢ FOR PIPE SIZES > NPS 52 AND < NPS 5¢ (CONT™D)

Depth, Wall Thuckness, ¢ in.
c.in 0.40¢. 0.438 0.469 0.500 0.562 0.625 (.688 0.750

0.540 . e 3t It

¢ss0 L Lo 3 3
0560 ... R 3n
G570 L 3
Q.580 R S Va

e e e T 3%,
T E PP 3

oo el LD
ORI ceeee L
e O OSSR

0640 ... U e e
050 e el
0880 L e L,
b0 .. R R
D

oo e e
oro T e e
0no T R
6720 .. T e Ll S L,
0.730 e oo el

0740 ... e ool e
0.750 e Lol . e L,
C.76C e s o e
¢r0 .. T
0780 R, B . . . S

C 79y e . . e L
0.80C S . . . .
0.810 S . S S
¢.820 . . e
0.83C

0.84¢C . S . . S
0.83C
0 86
087C
C B&C

0 89% . T
€ 30¢

CS1C

0 <20

0930 . . o
\\\“\\\
0940 . .
0950
0960
097¢
€ 98¢
.99
1.000

1010 . . R
\\__\_&____‘*\‘__ —_—




ASME B31G-1991 Tabie 3-11

TABLE 3-11  VALUES OF L FOR PIPE SIZES > NPS 52 AND < NPS 56 (CONTD)

Wall Thickness, ¢, in. Denth,

0.812 0.875 0.938 1.000 1.062 1.125 1.188 1.250 d .
4. 4% S 5% 6'a 6''n AT 7h 0.540
3% 4'h, 4%, S 6 6%, T 7 0.550
I 4% 4’4 5% 5a &' . 7n 0.560
I 4% 4Y%, S, 5%, 6 [ T 0.570
3% 4 4%y, S S'i 6 [ T C.580
I 4'a 4%, S5'a 5%, 6'a (39 VAT 0.590
3 - a'n 5 5% 6 [ 7 0.600
I 4 4'ny 4" Sh 5a €ne 6" 0.610
3, % 4% 49 5% 5%, [ET% 6. 0.620
I 3t 4%, 4%, 5% 5" 6% 6''n 0.630
3% 3% 4%, 4V 5'a S 6'a 6% 0.640
..... 3 4'n 4% 5% 5% 6 6' 0.650
..... 34 4'h, 4% 4%, 5% 5%, 6'a 0.660
..... I%e 4 4'he 4’4 5 Sty 6% 0.670
..... 3n - 3% 4'a 4\, SV SYe 6, 0.680
..... 3%, 3a 431 4%, 5% 5 6'n 0.6%0
..... 3 3 4 4" S5 5% 6 0.700
..... 3% 4%, 4% 5 5's 5" 0.710
........... 3" 4'h 44 4%, 5ia 5'%n 0.720
.......... 3% 4'h 4'h 4'n 5% 5 0.730
.......... 3% 4 44 4V, Sl S5t 0.740
.......... 3z 3% 4% 4% 5% 5% 0.750
.......... 3 4% 4", S 5% 0.760
..... P 3, 4% 4 5 St 0.770

..... 3% i'n 4%, 40, 5 0.780
.......... 3 LA 4 4 5% 0.790
.......... 3% 4 4 4. 5 0.800

3, 4 4 5 0.810

3 4%, 4, S5 0.820

2, 4%, 4% 3 0.83C

..... KRN ERIN 4. 4 0.840

N 4 a4 0.850

..... &le 4, d'y 0860

4 4, 4L, 0.870

3, 4, 40, 0.880

. o . 3 4. 4 0.890

..... S A 3t LRI 4%, 0900

4. 4. 0.910

4 4 0.920

4., N 0930

E 4 0.940

..... ERNN LN 0.950

4 0.960

..... 4 0.970

4 0980

..... 4 0.990

4t 1.000

1.010
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Table 3-12 ASME B31G-1991

TABLE 3-12  VALUES OF [ FOR PIPE SIZES > NPS 56 AND < NPS 60

Depth, Wall Thickness, ¢, in.

-d, in. 0.406 0.438 0.469 0.500 0.562 0.625 0.688 0.750

0040 ...

0.050 214 22%s 22'%, %

0.060 21% 22, 22'% 23", 25

0.070 2t% 22, 2% 23", 25 264 27%

0.080 140 19'a 22%, 23" 25'A 26'~ 270, 29%,

0.090 11 13" 7% 2Vhe 254 26'% 27V 294,

0.100 9, 11% 13%, 15% 23% 26% 274, 295

c.110 8% 9% 11 12°A 17% 25" 27" 29'%,

0.120 7% 8% 9% 11 14%4 19, 27, 29%.

0.130 6% 7% 84 9V 12°% 16 2% 29'%,

0.140 6 6% 76 8, 10'%e 137 174 23%

0.150 5% 6% 7 7’A 94 12Y% 15% 19

0.160 5% 5%, 64 7% 9 1A 13% 16'%e

0.170 4y, 5% 6% 6% 8%, 10 12'% 144

0.180 4% S'a 5 6% 7" 935, 1% 13%,

0.190 45, 4% £ 5% 7% 8''e 10% 12%.

0.200 4% LA 5% 5% 6", 8'a 9% 11%

0.210 3 4'n 4 5% 6’ VAR Qh, 10%

0.220 3V 4'n 4% 5'ne 6'n 7Y% 8%, 9%,

0.230 3'n 3% A 4°a 5% 6'a 8'a 9%

0.240 3% 3 4% 4% 5%, 6% 7" 8%,

0.250 3% 3% < 4 5. 6% 7n - 8%

0.260 e 3 3% 4 5'a 6'ne 7' 8'a

0.27¢ 2% 3 3 4. 4%, 5 6 7%

0.280 2% 3. EMIN 3%, 4. 5% 6" i

0.29C 2% 3 3 i3, 4%, S 6 7 e

0.300 2 3 3%, 3 4°n S 6 6

0.310 2% 2 3o 3% Ya 5 5% 6°n

C.32¢C 2 REW 3 3. 45 4 S [ Y

0.330 2 3 3 4 4, 57 Ve

0.340 A 2% 2% 3 3 4% 5% (X1

C.35C 2 AR 3 3. 4%, S5a S’a

0.360 20 3 3% & 5 5'

0.37¢ . BN 2% 2%, 3% 4 4%, 5%

G.380 o . : 2, 3 an a4, S '
0.390 .. A . 2% 3 BRI 4%, S

0.400 - - .. 2 3 3" 4%, St

0.410 . .. . . 3 3 4% 4%,

0420 - . o . 3t R 4, '
0.430 S . .. 3 LN 4'm 4y,

0440 S o o 2 3o 4 40 '
0.450 L . . . il 3%, 4

0 460 . . . . .. L i 3, A :
0470 .. L A . L BRI 3 45,

0.480 . . . .. In 3. 4% ;
0.490 - S S S .. 3 BN 4'n

€.500 o L o 3 3 4 *
0.510 o o Yo 3%, *
0.520 . .. R .. .. I 3% F
€.330 . . . . 3 L3 -

R S Pl P T 607




ASME B31G-1991 Table 3-12

TABLE 3-12 VALUES OF L FOR PIPE SIZES > NPS 56 AND < NPS 60

Wall Thickness, ¢, 1n. Denxh,
0.812 0.875 0.938 1.000 1.062 1.125 1.188 1.250 d. in
........................................ 0.040
........................................ 0.050
........................................ 0.060
....................................... 0.070
........................................ 0.080
305 EAR Seeen e Ll e e 0.090
30%. 3% 32% Lol e 0.100
30%e 31 32 33% 4% Lo Ll L 0110
30%. 3% 32'4 33% 34%. 35%. 36%. ... 0.120
30 3t 32'% 334 34%, 35%. 36% 374 0.130
30 31 324 33% 34%. 35%. 36%. 37 0.140
25'a 31% 124 334 34%. 35%. 36%. 37% 0.150
21 26'% 32% 33% 34%. 35%. 36" 7'n 0.160
18%¢ 2% 28" 33'n 34%, 35%s 36%. 37 0.170
16 19% 4%, 30%u 34%, 35%. 36" 37 . 0.180
14% 17'% FART 25" 3ta 35%. 36% 7% 0.190
13 15'%, 18" 22 27'a 33%. 36" 37% 0.200
12% 14 7%, 20%s 23% 28% EER 37% 0.210
11%. 13%, 15% 18%. 2%, 25% 30 36% 0.220
10~ 12%. 14'% 16% 19% 22%. 26%, 3%, 0.230
10 11, 13%. 15'2 17, 20%u 23'n 27A 0.240
9. 11% 12% 14'» 16%. 18'"%14 21% 250 0.250
- 9% 10%. 124 1340, 15% 17 20 22 0.260
°g B 10'ne 11 12%0 14%, 16 18% 21 0.270
. 8in Qs 10 12% 13% 154 17%, 19% 0.280
-g 8a 9. 107 11 137, 14', 167 187 0.290
. RALTIS 8 10 110, 120 13'% 15%. 17% 0.300
‘g 7Y 3% 9%, 10", 11, 13% T4, 16" 0.310
7% 3 3. 10, 110 12%. 14'» 15% 0.320
| 7 8% 9., T 120, 130 140, 0.330
6", LRI 3% %y, 10 11% 128 T 0.340
6% T 3% 9. 10 10 - 12 13", Q0.350
6 T Bl 8, 9 10" 12 130, 0.360
6 - LR B0 Q% 10% 11% 12%, 0.370
6o LRI T 8 9% 10%. 11 12%, C.380C
2 5% b n £ a a5, 10' 1o 0.390
5% 6 BTN LT 8 9% 10%. 11 0.400
- :a 3% 6 " T & 9in 10%. 114, 0410
5 6 B T B 9'a 9. 107 0.420
I:; 5% < 6" 7ia E'n 8% Q' 10%. 0430
; Shie i ' 7 7 8n 9 10" 0 440
= :g 5 AN 6l 70 B 9%, 10 0.450
j 5 5t 6% 6 7% B 9 9. 0460
S _g 4% 5 (S 6. 7hs 8 8., EATN 0470
i‘ 4t 50 6 i Tn 8% 9. 0 480
: - 47 3 St 67 e : AT 8 9 . 0 490
5 = A 5 6 6% AT I B 0.500
=4 ~a 4. : 5% 6 6 7 8 8 0.510
> -t 4. 40 She 6 6 2% 7a 8% 0.520
é 4. AT Sinm 3, 6. 7' T 8 0.530
g ““a a5 {table continues)
|



Tabile 3-12 ASME B31G-1991

TABLE 3-12  VALUES OF L FOR PIPE SIZES > NPS 56 AND < NPS 60 (CONT™D}

Depth, wall Thickress, ¢ in.

e

10t b s bl it 4 ek bm——an.

din

0.406

0.438

0.469

0.500

0.562

0.683

0.750

0.540
0.550
0.56C
0.570
0.580

3%
N
3%
e

0.590
0.600
0.610
0.620
0.630

0.640
0.65C
0.660
0.670
0.680

0.6%0
0.700
G.710
0.720
0.730

0.74C
0.7350
0.760
0.770
0.780

0.790
0.800
0.810
0.820
0.83C

0.840
0.850
0860
0.87C
0.880

0.89¢
0.900
0.91¢C
0920
0.93C

€.940
C.95G
C 960
€370
C98c

C99¢C
1000
1.01C

rwn

-

f ] K= <my Any "y vee

L T ]

bt ]
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.

Table 3-12

TABLE 3-12 VALUES OF L FOR PIPE SIZES > NPS 56 AND < NPS 60 (CONT'D)

Wall Thickness, ¢, in. Depth,

0.812 0.875 0.938 1.000 1.062 1.125 1.188 1.250 d. .

4'n, 4" 5% 5 6 €' The 8% 0.540

4% 4% 5% SlAe 6% €' 7 As 8 0.550

4 4" S' 5% 6'a 6''%A 7re 7'n Q.560

3% 4'n 4%, S% ] 6%¢ 7n VA 0.570

3'n 4’ 4% 5% 5% 6’1 7 T 0.580

3 4%, 4%, 5% S5n¢ (2 6'n 7ne 0.590

LA 4%, 4''ne 5% SMA, 6% 6% T 0.600

3 4'a 4n S'a 5% 6'a 6''As 7% 0.610

3% 4'ne 4% 5 5% 6 6% 7'ne 0.620

3% 4 4’ 4%, 5% S AN 7 0.630

3 I, 4 44 S%e 5%, 2 6'a 0.640

..... 3% LN 4% 5% % 6'%% 6% 0.650

3% 4. 44, 5 5% 6'% 6 0.660

..... 34 4% 4% 5% 5%, 6 6’ 0.670

..... 3% 4 4%, 5 5% 5ting 6'n 0.680

..... 3% 4 4% 4%, S5h LY 6% 0.690

..... 34 3'ne 4% 4%h 5% 5% 6l 0.700

..... 3a 4% 4% 5% 5" A 6'a 0.710

.......... AT 4' 4% 5 S5 6'ne 0.720

..... 3% 4 4 S5 Si4 6 0.730

.......... 3" 4'n 4% 5 S5 5a 0.740

..... 3% 4'ny 4'n a' S'n 5t 0.750

.......... 4 4'ne 4'a 5% 5% 0.760

..... 3% 4'n 44 5 5% 0.770

s 4%, 4', S'a 5% 0.780

3 4% 4% 5% 5 0.79C

34, 4%, 4%, 5 ST 0.80C

4'n 4" 4, S 0.810

..... A 47 4’ 5. 0.820

4 4 L AEAW S 0.830

..... RALIN 4% KN 5 0.840

4. 4", S5 0.850

LEIN 4% 5 0.860

4'n a., LA 0.870

4'a 4 4% 0.880

..... 4n, 470, 4" 0.890

4 4 4. 0.900

4% 4", 0.910

4% 4 0.920

ERIN A% 0.930

4 4. 0.940

,,,,, d4in 4. 0.950

ERIN 0.960

An 0.970

4., 0.980

,,,,, 4. 0.990

LR 1.000

1.010

37



ASME B31G-1991 4142

PART 4
EVALUATION OF MAOP IN CORRODED AREAS

. v 4.1 COMPUTATION OF A
"""" S i If the measured maximum depth of the corroded area is greater than 10% of the
":@ nominal wall thickness but less than 80% of the nominal wall thickness and the measured

longitudinal extent of the corroded area is greater than the value dstermined by Eq. (2)
=i i of Part 2, calculate

L
A4 =0893|—=
(VD)

’
i

where
L, =measured longitudinal extent of the corroded area. in.

D =nominal outside diameter of the pipe, in.
r =nominal wall thickness of the pipe, in. Additional wall thickness required for

concurrent external loads shall not be inciuded in the calculations.

(= I

=== e LR,
&

iy

4.2 COMPUTATION OF P

{a) For Vaiues of A Less Than or Equal 10 4.0. A and di determne a unique point on
Fig. 4-1 corresponding to an acceptabie pressure leve] P'. P’ is obtained by interpolation
tetwesn the curves for P, 0.95P, 0.90P, 0.83P, 0.80P. 0.73P. 0.70P, 0.63P, 0.60P.

d =measured maximum depth of corroded area, in.
P’ =the safe maximum pressure for the corroded area. Curves for various values of
P are given in Fig. 4-1 per

IA' 'l \ @

H-—H=—

l."h...&\_.

-
2

I=-=
2

2 d
1 - )
;(,\,‘4: + 1

except that P" mav not exceed P.
P =the greater of either the established MAOP o

l@
R

I
5

i
by i

.“

W

P = 2S(FTID

1

U
0

where

S =specified minimum yield strength (SMYS), ps:

39
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Fig. 4-1
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FIG. 4-7
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CURVE FOR OBTAINING P’ AS A FUNCTION OF c/t FOR VALUES
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ASME B31G-1991 Fig. 4-2
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4.2-4.3 ASME B31G-1991

F =appropriate design factor from ASME B31.4, ASME B31.8, or ASME

B31.11
T =temperature derating factor from the appropriate B31 Code (if none
listed, T = 1)

D =nominal outside diameter of the pipe, in.
t =nomnal wall thickness of the pipe, in. Additional wali thickness required
for concurrent external loads shall not be included in the calculations.

{b) For Values of A Greater Than 4.0
P’ =the safe maximum pressure for the corroded area. Curves for various values of

P’ are given in Fig. 4-2 per

P'= 1.1P[1 - ’f—]

except that P’ may not exceed P.

4.3 MAOP AND P’

If the established MAOP is equal to or less than P’, the corroded region may be used
for service at that MAOP. If it is greater than P, then a lower MAOP should be estab-
lished not to exceed P, or the corroded region should be repaired or replacec.



ASME B31G-1991 Appendix A

APPENDIX A
BASIC Computer Program, CRVL.BAS,
for Determining Allowable Length L {Part 2)
or Alternative Maximum Allowable Operating Pressure {Part 4)

Enter program and input as indicated. The examples should be used to verify correct
entry of the program.

ra.
'.H‘
et

boliaanil A

\
d

[ W VR § W W W W |

L

Py P "IA.AL"A{M._AA
4 &0 W

L
ey

Lk

B b

43
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Appendix A ASME B31G-1991

PROGRAM LISTING FOR CRVL.BAS BY R.L.SEIFERT

10 "PROGRAM WRITTEN BY R.L.SEIFERT, TENNESSEE GAS PIPELINE COMPANY, IN MICROSOFT
BASIC AND OFERABLE ON VARIOQUS PERSONAL COMPUTERS, FEBRUARY 6. 1982, MODITIED SEP
TEMBER 1984.

20 "EVALUATE EXTERNALLY CORRODED HIGH PRESSURE 6AS PIPING T3 DETERMINE THE mAXIm

UM PRESSURE THAT IT CAN SAFELY CONTAIN.

25 'THIS SYSTEM WAS DEVELOPED AT BATTELLE MEMORIAL INSTITUTE, COLUMBUS OHIO.

26 ‘esees PLEASE NOTE, THAT IF THE CORRODED SURFACE AREA EXTENDS ONTD OR ACROSS

R WELD, THEN THIS METHOD IS NOT VALID. THE CORROSION MUST THEN BE EVALUATED BY

COMPANY-DESIGNATED SFPECIALISTS. teees

30 'COMPUTER WILL DISPLAY AN CILLEGAL FUNCTION ERROR* IF MADP IS SET HIGHEK THAN
1.1 X P, BECAUSE AN ATTEMPT TO FIND THE SQUARE ROOT OF A NEGATIVE MUMBER WILL R

ESULT. IN PRACTICE, THE MAOF WOULD NEVER BE SET THAT HIGH.

40 ° IF MADP IS SET SLIGHMTLY BELOW 1.1 X P, AND CORRUSION DEPTH IS ALMOST 102 OF
WALL THICKNESS, COMPUTER MAY CALL FOR A REDUCTION OF PRESSURE, BUT IT WILL ALSO
STATE THAT THERE IS5 NO RESTRICTION OF OPERATION DUE TO a0 < .1¢.

SO "MADP 1S NEVER SET THAT HIGH IN PRACTICE., SO TKIS SHOULD BE NGO PROBLEM. THE

10Z ALLOWABLE DEPTH WITH NO OPERATING RESTRICTIONS SHOWLD APPLY .

60 “IF DEPTH DR LENGTH ARE SET TO ZERQ, A RESPECTIVE SAFE LENGTH OR SAFE DEPTH W

ILL BE DETERMINED, EVEN THOUGH THAT IS AN IMPOSSIBILITY. REGARD THE 2EROS AS IN

FINITESIMALS RATHER THAN ZEROS. (O = ,000001, FOR EXAMPLE)

70 “IF CORROSION DEPTH (d) IS ENTERED >1.5 X WALL THICKNESS (t), THEN THE EXPRES

SION (2/3 X (tsd) WILL BE =>i. THIS WILL CAUSE A “DIVISION BY IERO" ERROR IN TH

E CALCULATIONS. DEPTH OF CORROSION CAN NEVER BE > wAaLl THICXNESS ANYMAY.

72 SCREEN 0,0,0:WIDTH BO:COLOR 14,1,0

75 DEFDBL A-2

80 CLS: INPUT“MAX IMUM ALLOWABLE PRESSURE (MAOP) #/Sq. [n. “im

90 INPUT“ENTER OUTSIDE DIAMETER OF PIPE (D) Inches :

100 INPUT"ENTER FIPE wWALL THICKNESS (t) Inch(es)

110 INPUT"ENTER STRENGTH OF STEEL (SMYS) Lbs/sg.1n.

120 INPUT"ENTER DESIGN FACTOR (F) (.72,.40,.%0,.40;)

130 INPUT ENTER MAXIMUM CORROSION DEPTH (g) Incn

140 INPUT"MAX.LDNGITDNAL.LGTH OF CORRODED AREAR (L) Inches b

120 PRINT: IF DE,.B#T THEN INFUT"DEPTH OF CORROSION EXCEEDS BO% OF PIPEwALL. PIPE
MUST BE REPLACED. PRESS <ENTER> FOR FURTHER EVALUATION. “:EN

16C IF DEa<,)1eT THEN INPUT"CORROSION DEPTH IS LESS THAN 10X OF PIPE waLL. NO RES
TRICTIONS ON OPERAT ION. PRESS <ENTER> FOR FURTMER EVALUATIDN. *;EN

170 P:INT(42-So7oF/D>~.5):A=(.893»|_l/KDOY)”AS:AxllNYHOOOOA))0.001

180 IF Ac=4 THEN PSSINT(‘..lDPO((l--((2¢DE>/(301’)))/(1—((2/3)~(DE/(T'(A"I"l)"‘S)l)
1., %)

190 IF A>4 THEN PS=INT (1. 18P (1= (DE/T) ) +.5)

195 IF FSO>F THEN PS=P

200 CLS:PRINT- ~= INPUTTED pATA ---

210 PRINT-PIPE DIAMETER (D>="D“ln.":TAB(IO)'DESIGN FACTOR(F)="F

220 PRINT“WALL THICKNESS (t) ="Y"1n.";TABISO)'HAX.COR.DDTH(UJ ="DE~In.

230 PRINT"SMYS ="S"PSI':Y‘\B(30.‘"HQX.CDR.LGTH(L) ==L " 1In.

240 FPRINT™ MACP =vmupg]

220 PRINT™ -— CALCULATED DATA —--"

260 PRINT™ INTERMEDIARTE FACTOR (A)= “::PRINT USING “sa.me®"; (INT(10

OOea) e, 001
270 PRINT-DESIGN PRESS. (P)="P'PSI";YAB(30)'SAFE PRESS. (P°) =*PgS-=pgl~

®¢ LISTING CONTINUES ee

—

e B e BN s N o B B N

"
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PROGRAM LISTING FOR CRVL.BARS BY R.L.SEIFERT - CONTINUED

280 IF DE>.BeT THEN FRINT"REPAIK OR REPLACE PIPE BECAUSE CORROSION DEFIM EXL
EEDS .8t.~

290 IF PS=>M THEN FRINT~PIFE may BE OPERATED SAFELY AT MADP, *M=FS[~

SO0 IF MP THEN PRINT"MAOF EXCEEDS DESIGN PRESSURE (F). VERIFY THAT THIS vak
IaNCE S vaL}1Dp.*
310 IF M>PS THEN PRINT"REDUCE OPERATING PRESSURE SD IT wWili NOT EXCEED“PS™PS
1. SO THAT PIPE~:PRINT wWILL OPERATE LEGALLY AND SAFELY. - .
33V IF a=<a THEN DP-((H-(I.loP))'(KJOT)o((A"zoxl".S)))/t?o(ﬁ—((l.loP)v((n“:o
1)2.3))) ) : DF= (INT (1000eDP) ) e, 001

340 IF DP>.0¢T THEN DF=.QeT

SO [F A=c4 THEN PRINT*WITH CORR.LNGTH. "L~ In., MAX. DEPTK IS “::FRINT USING
'Q...Il“:(INT((IOOOODP)'.SJ)0.00X::PRXNY" lneh. A = “::PRINT USING LT T A
SUINT((A®1000) +. %) ) e, 001

36U IF A>4 THEN D= (iM/ (1. 18F) 1 =1)e(~T)

370 IF DP..@eT THEN DP=.BaT

380 IF R>& THEN FRINT WITH CORK.LNGTH. “L"1n., MAX.DEFTH IS ~::PRINT USING ~e
-SONE": (INTC(100USDF)+.5)) e, 005 ::PRINT- Inch. A = “;:PRINT USING-mea.sne
INT((A®1U0V)+. %)) e 0O1

290 AP=5:PS-INT(X.IOPO(I'(DE/T)»O.S):JF PS F THEN PS=F

400 IF M>FPS THEN 420

410 FRINT“WITH CORR.DEFTH“DE~[r., MAX. LENGTH IS INFINITY. R = “::fRINT us1
NG “s®a. @se-:4F: GOSUE %30:GOTC 470

42¢C J=(200€)/(30Y):QP=((lJ/(l—t((1‘10910(1~J1)/H1)!':\—1r'.5:&“=1N71(xuuuoﬁf
)‘.5)'.001:PS=1NT(1.10901(1-J)/(1-((2/3)0(02/111A9-301: S e S P INT ()

WYOOS ((D*T) . Sie1. 12eaF))e. 0OL: JF PSS THEN FS=F
43¢ IF ©5aM O AF >4 THEN 450

4480 FRINT“WITH CORR.DE"H“DE"ln.. MAX. LENGTH 1S ~::FRIN" USING ~eus ass: N
T(1u000<(D-T)“.S)ll.IZOAp)G.Oulz:PRlNY“ In. A = “::eRINT USING ®mu. maw-: (INT
(AF®100C) ) &, V01 :GOSUE S30:6ATO 470

asu A‘xd:FS=L.l'9~<(!-l\_¢DE)/(:-T).n/(x—«iz,ll-(DE/1"!9‘ e SrviaEg=]

NT(PS+ S): 1F FPS & THEN FS=p
46U GOTC aac
470 FRINI: INFUT"FRESS « FOF MDRZ CORROSION EVA_UATIONS DN Sams ELFE,
OF .2 FBR CORROSION EVALJUATIONS ON DISEERENT FIRE .
EN:IF EN 1 THEN D0
480 CLS:FRINT~Max | My~ RLLOWAELE CFERATING FRESSUNE (MADF = “eURigz . an
49¢ FRINT"QUTSIDE DIAMETER OF FIFE (D. =
SO0 FRINT“FIPE wWALL THICKENESS (v =
Ste FRINT“SFECIFIED MIN.YIELD STRENGTH OF FIFE ISPYS) =
SI0 PRINT-DESIGN FACTIOR (F1 =
STIU IF DE .BeT THEN FRINT™ ' @« BUT"DE"Incn E€XCZEDS AL OWABLE

S47 RETUWN

END OF ©ROGRAM L [STING

£
tn

et tam et e e
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FOLLOWING ARE SOME EXAMFLES OF THE USE OF THE COMPUTER PROGRAM " CRvL . ga's BY
K.L.SEIFERT, TENNESSEE GAS PIPELINE COMFANY.

THE FROGRAM PROMTS THE USER ONE LINE AT & TIME FOK INPUT AS FOLLOWS:

ExamFLE ¢,

RAXIMUM ALLOWAELE PRESSURE (magF) ®/Sa. In. AT
ENTER OUTSIDE DIAMETER OF PIPg (D) Inches - 1v}
ENTER FIPE waLl THICKNESS (t) Inchies: T .48
ENTER STRENGTH OF STEEL (smYs) Lbs/sq.1n. = S2vou
ENTER DESIGN FACTOR «(F) (.72..60,.50,,40) - .72
ENTER maxImum CORFOSION DEPTH 1) lnch 2o
MAX.LONG I TDNAL. LGTH OF CORRODED AREA (L) Inches ~r.s

AFTER THE USER HAS INCUTTED THE 7.% IN THE LAST LINE  (AROVE), WE FRESSES TR
CENTER:> KEY anD THE FOLLOWING READOUT RESULTS:

== INPUTTED paTA --

PIPE DIAMETER (D)= 30 in. DESIGN FACTOR(F)= .72
WALL THICKNESS(t) = -438 In. PAX.COR.DPTH(g) = <1 in,
SMYSs = 32000 FS| MAX.COR.LETH(L) = 7.5 In.

HAOF = 910 fg1
== CALCULATED DATA --
INTEKMEDIATE FACTOR (Ar=  1.B&y
DESIGN PRESS, (P)= 1093 PSI SAFE PRESS. (F ') = 1093 PS!
PIPE may kg OFERATED SAFELY ay MACF, 910 PS!
WITH CORK.LNGTH. 7.5 In., max, DEPTH 1S u.249¢ Ineh. a4 = 1, gav
WITH CORK.DEFTH .3 In., MAX. LENGTH IS INFINITY. @A = 5.00u

PRESS <1, FOR MORE ZDRROSION EVALUATIONS ON SAME PlFE,
OF <2, Fok CORROS L On EVALUATIONS OnN DIFFERENT PlFg. -

FOLLOWING aRrg MORE ExAmMFLES OF FRINTOUTS OF VAR IOUS CORROS 10N EvaLuarrowns . SEv-~
ERAL OF wrHICH REQUIKE REDUCTION OF FRESSURE, O REFRALR, TC ALLOW RESURFTION OF
FIFELINE CFERATION.

ExamMFL: x>

== INFUTTED pava ~--

FIFE DIAMETER (Dr= 2¢ [n. DESIGN FACTOR(Fo= .=
WALL THICKNESS(t; = 225 In. MAX.COR.DFTH1g) = 18 1.
sSmys = 33000 FS] MAX.COR.LGTH(L) = 10 in.

HMAOF = 400 Fsl
-~ CALCULATEL paTa --
INTERMEDATE FACTDR (ar= 3.992
DESIGN PRESS. (Fr= 438 Pg] SAFE PRESS. (F , = 284 Fg]
REDUCE OFERATING FRESSURE SO 171 wIil NOT EXCEED -Ba FSl. SC Twmar Fl5g
WILL OFERATE LEGALLY AND SaFELY,
WITH CORAR.LNGTH. 16 in., max. DEFTH IS V.09 Inch. & = 2.99”
WITH CORR, DEFTHM -18 In., max, LENGTH ¢ 2.01B In. & = 0.B0s

PRESS <1 - FUR PMORE CORROSION EVALUATIONS DN SAME FIPE
Ok -2 fFoR CORROS1ON EVALUATIONS ON DIFFERENT &1fg. -
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EXAMPLE @3 — INPUTTED DATA —

PIPE DIAMETER (D)= 24 In. DESIGN FACTOR(F)= ,72
WALL THICKNESS(t) = _432 }n. MAX.COR.DPTHI(A) = ,13 In,
smYs = 52000 PS] MAX.COR.LETHIL) = 30 1n,

MADP = 910 PSI
— CALOMATED DATA —
INTERMEDIATE FACTOR (A)= 8,320
DESIGN PRESS. (P)= 1348 PS] BAFE PRESS.(P‘) = 1037 PS]
PIPE MAY BE DPERATED SAFELY AT MAOP, 910 PSI!
WITH CORR.LNGTH. 30 In., MAX.DEPTH IS 0.147 Ilnch, A = 8.320
WITH CORR.DEPTM .13 In., MAX. LENGTH 1S INFINITY, A = 3.000

PRESS <1> FOR MORE CORROSION EVALUATIONS ON SAME PIPE,
OR <2> FOR CORRUSION EVALUATIONS ON DIFFERENT PIPE. "

EXAMPLE w4 ~ INPUTTED DATA ~—
PIPE DIAMETER (D)= 24 In. DESIGN FACTOR(F)w . 7=
WALL THICKNESS(t) = .432 In. MAX.COR.DPTH(d) = .3 In.
SMYS * 52000 PSI MAX.COR.LETH(L) = 30 In.
MADF = 910 PS]
~— CALCULATED DATA —
INTERMEDIATE FACTOR (A)= §.320
DESIGN PRESS. (P)= 1348 PSI  SAFE PRESS.(P') = 4S3 P!
REDUCE OPERATING PRESSURE SO IT WILL NOT EXCEED 4%3
PSI, S0 THAT PIPE WILL OPERATE LEGALLY AND BAFELY.
WITH CORR.LNGTH. 30 In., MAX.DEPTH 1S5 0.167 Inch. @ w 8.320
WITH CORR.DEPTH .3 In., MAX. LENGTH IS 12.8467 In. & 3.368

PRESS <1> FOR MORE CORROSION EVALUATIONS ON SAME PIPE,
OR <2> FDR CORROSION EVA_LUATIONS ON DIFFERENT PIPE. >
EXAMPLE @5

= INPUTTED DATA -~

“PIPE DIAMETER (D)= 24 In. DESIGN FACTOR(F)s _72

WALL THICKNESS(t) = ,2B! In. HMAX.COR.DPTH(d) =« ,08 In.
SMYS = 32000 PS! MAX.COR.LGTHI(L) = 15 |m.
MAQP = 731 pPg]
~= CALCULATED DATA —
INTERMEDIATE FACTOR (A)= S.138

JESIGN FRESS. (P)a 77 PGI SAFE PRESS. (P°) = 490 PS]
REDUCE OPERATING PRESSURE SC IT WILL NOT EXCEED &90
PSI, SC THAT PIPE WILL DPERATE LEGALLY AND SAFELY.

WITH CORR, _NGTH. 1% In., MAX.DEPTH 1S 0.0&8 lnch. a = S.138
WITH CORR.DEPTH .08 In., mAX, LENGTH IS 11.634 In., A = 4.00C

FRESS <1> FOR MODRE CORRCSION EVALUATIONS ON SAME PIPE,
OR <I> FOR CORROSION EVALUATIONS DN DIFFERENT PIPE. ™
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. EXAMFLE #¢
HAXIMUM ALLOWABRLE PRESSURE (MADP) @/Sg. In.
ENTER OUTSIDE DIAMETER OF PIPE (D Incnes
ENTER PIPE wWALL THICKNESS (t) [nchies)

ENTER STRENGTH (OF STEEL (SMYS) Lbs/sg.1n,

ENTER DESIGN FACTOR (F) (.72,.60,.50,.40)
ENTER MAXIMUM CORKOSION DEPTH (d) Inen
MAX.LONGI TONAL. LGTH OF CORRODED AREA (L) Inches

PRESS <ENTER> FOR FURTHER EVALUATIDON. >

o m——

== INPUTTED DATA --
; PIPE DIAMETER (D:= 36 In. DESIBN FACTOR (Fire .72
H WALL THICKNESS(t) = «3 In. MAX.COR.DPTH(g) = -4t In,
H Snys = 52000 PS] MAX.COR.LETHIL) = 100 In.
MADP = 1000 PS]
=~ CALCULATED DATA --
INTERMEDIATE FACTOR ()= 21.048
DESIGN PRESS. (P)a= 1040 PSI SAFE FRESS. (F ') = 204 PSI

WILL OPERATE LEGALLY AND SAFELY.

WITH CORR.DEPTH . 4; In.. max. LENGTH Is 2.356 In. A
OBUT .41 Inch EXCEEDS ALLOWABLE CORROSION DEPTM '+

PRESS <1> FOR MORE CORRQOS ] ON EVALUATIONS ON SAME PIPE,
OR <2> FOR CORKOSION EVALUATIDONS ON DIFFERENT FIFE.

EXQMFLE a7
PAXIMUM ALLOWAELE FRESSURE (maps) #/53.1n.
ENTER DOUTSIDE DIAMETER OF PIFE (D) inches

ENTER FPISE wall THICKNESS (t) lncntes

ENTER STRENGTH OF STEEL (Smys) L0s/s9.1n,

ENTER DESIGN FAZTOR (F, t.7:..b(3..5u.‘4ul

ENTER mar]mum CORROSION DEFTH (Y- 3] Incn

FHAX. LONG I TDNAL . LGTH OF CORRODEC AKER ) Inches

PRESS (ENTER - FOR FURTHER EVALUATIDON. -

~= INPUTTED DATA --
2.625 In.DESIGN FACTOR(F

FIPZ DIAMETER (D)=

PIfE mav pe QFERATED SAFELY aT mMAaQF, 877 £g;
WITH CORROUNGTH, Toln. . MAX. DEFTH IS .. 400U Inch. ~

WITW CORR.DECTH (e In., mAax. LENGTH IS INFINITY, ~
FRESS 1 FOF mORE CORKOS 10N EVALUATIDNS ON SAME FIFE,
GF I FO& ZURARDSION EVALUATIONS ON DIFFERENT fpeg,

WITH CORR.LNGTH. 100 In., MAX.DEPTH IS C.0630 Inchn. a

}

DS BN I |

-

WAL THICKNESS (v, = -5 In. PRX.COR.DFTH(g: = DT N,
SMys = 5000 S MAL.COR.LGTH(_, = In,
MADF = g77 Bg]
== CALCULATED DATA --
INTEFMEDIATE FAZTOR (&)= l.uees
DESIGN PRESS, £ = ;0o FS! SAFE FRESS. (F , = {1U9 kg

1000
3o

-1
32000
.72
.4
100

DEPTH (F CORROSION EXCEEDS 801 OF PIPEWALL. PIPE MUST BE REPLACED.

REPAIR DR REPLACE PIPE BECAUSE CORROSION DEPTH EXCEEDS .8t.
REDUCE OPERATING PRESSURE SO IT wiILL NOT EXCEED 206 PSI, S2 THaT plpg

21.048
Q.3538

CORROSION DEFTW 1T LESS THan 103 oF PIPE wa L. NO RESTRICTIONS On OFERATION.

l.ues
Z.oue

™ MM e e -
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LXAMELE #E
-~ INFUTTEC DATA --

FIFE DIAMETER (D)= 24 In. DESIGN FACTOR(F)= %
WALL THICKNESS(t) = ,S |n, MAX.COR.DFPTRi(G: = _12% in.
SmMvs = 42000 F5i MAX.COF.LETH(L: = 12 1A,

MADF = 790 FCy
-= CALCWUWL.ATED DATA --
INTERMEDIATE FACTOR (R)=  T.667
CESIGN FREZS. (F, = B7S FE] SAFE FRESS./F') = B4S FSI
FIFE MAY BE CPERATED SAFELY A~ MAOF, 790 PS:
WITH CORR.ILNGTH. 12 In., MAX. CEFTH IS C.179 Inch. & = I.052
WITH CORR.DEFTH .12T In., MAX. LENGTH IS 15.%19 In. & = 4. 000

FRESE 1. FOR MORE CURROSION EVALUATIONS ON SANME F!FE,
OR 2 FOR CORROSION EVALUATIONS ON DIFFERENT FLIFE.™

THIS 14 A YEET FOR ML &BOVL &LLUWALLE DEY !w CNL LENCLTH vA Ut s
TEST #1. ENTER DEPTH OF .179 AND LENGTH oF :Z.

== INFUTTEL DATA --

FIFE DIAMETER (D)= 24 1n. DESIGN FARCTOR(F) =
WALL THICKNESS(t) = .S In. MAX.COR.DFTH (g, = 7% In
SMYS = 42000 FE} MAX.COR.LGTHIL) = in.

HMAOF = 79¢ PE!
~= CZALCULATED CATR --
INTERMEDIATE FAZTOR (Ar= 2,087
DESIGN FPRESS. (F)= BTE FS§! SAFE PRESS, (F - 79 rg;
FIFE MAY BT OFERATEC SAFE_v 4T MACE , 7S¢ FS:
WITh CORR.LNGTm. 12 I~., Mai. DEFTW IS C.17F Tagn. & = To0es

WITh CORF.DEFTH 179 Im., ™AMN. LENCTw IS LZOLED 1rl oA - MR
FREES F3OR MDORE ZORFOSION EVALUAT IONZ
0F I FOF ZOARCZICN ZVALUATIONS ON ZIFTER
-
21;9 TEIT wia. ENTER DEETR 17T ANID LENITe 17 oo

- INFUTTED ZaTE -

:;‘_-'ﬂ PIFE DIAMETER (D)= 23 in. FaZToec . c
e

b hAoian ) A

LCORLDFE TRl =

WALL THICKNESS it s | in. MEx
Smve = A4700C F3] MEXL.ZCRLLSTH L) =
MADF = 79n Eg:

Lii
A
Al

-~ CALZO.ARTEL DATA --

“ INTERMEDIATE FAZTDF (A:=

L DETIGN 1€, grs re SRFE FRESZ, ¢ = Tor rg!

3 FEE Moe BE DFERATED SAFELY AT MADE, 700 ©g:

3 WiT~ CORRLLNGT:. I2.1EZ In., ™AX. DECTM IS C.17E Imzm, 4 = 7. 1ac
':“3 WITH CORE.DEFTR 178 CENGTH 1S 12 MEI In. A = 1140

0 ™MORL ZORRCSICN EVALUATIONS ON SAML FIFE,
Q k)

LUATIONS On DIFFERENT FIFE, -

P

1

| RN Y| PRy v

bt
& i
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TEST @#1B. INCREASING DEPTH BY A THOUSANDTH SHOULD CAUSE UNSAFE OPERATION.
ENTER DEPTH OF .180 AND LENGTH OF 12.182

== INPUTTED DATA —
PIPE DIAMETER ()= 24 In. DESIGN FACTOR(F)= %
WALL THICKNESS(t) = .S In, MAX.COR.DPTH(d) = .18 In.
SMYS = 42000 PSI MAX.COR.LGTH(L) = 12,182 In.

mADP = 790 PS]|
== CALCWLATED DATA —
INTERMEDIATE FAUTOR (A)e  3.140

DESIBN PRESS. (P)= @75 PSI SAFE PRESS. (P') = 789 PSI
REDUCE OPERATING PRESSURE SO IT WILL NOT EXCEED 78°
PSI, S0 THAT PIPE WILL OPERATE LEGALLY AND SAFELY.
WITH CORR.LNGTH. 12.182 In., MAX. DEPTH IS 0.178 Inch. A = 3, 140
WITH CORR.DEPTH .18 In., MAX. LENGTH IS 11.96]1 In. A = 3.083

PRESS <1> FOR MORE CDRROSION EVALUATIONS ON SAME PIPE,
OR <2> FOR CORROSION EVALUATIONS ON DIFFERENT PIPE.>

TEST €. INCREASING LENGTH BY A FEW HUNDREDTHS SHOWLD CAUSE UNSAFE OPERATION.
FROM TWE SAFE CONDITION OF TEST ®1A, INCREARSE THE LENGTH FROM (2,182

IN. TO 12.297 IN.

— INPUTTED DATA —
PIPE DIAMETER (D)= 24 In. DESIGN FACTOR(F)= .8
WALL THICKNESS!(t) = .5 In. MAX.COR.DFTHI(d) = 179 In.
SMYS = 42000 PS1 MAX.COR.LGTH(L) = 12.297 In.

HMADP = 790 PSI
— CALCULATED DATA —-
INTERMEDIATE FACTOR (A)= 3.170

DESIGN PRESS. (P)= B7S PS1 SAFE PRESS. (P') = 789 PS]
REDUCE OPERATING PRESSURE SO IT WILL NOT EXCEED 789
PSI, SQ THAT PIPE WILL OPERATE LEGALLY AND SAFELY.
WITH CORR.ULNGTH. 12.297 In., MAX. DEPTH IS 0.1780 Inch. A = 3,170
WITH CORR.DEPTH .179 In., MmAX. LENGTW IS 12.182 In. A = 2.140

PRESS <.> FOR MOREZ CORROSION EVALUATIONS ON SaME PIPE,
DR <2> FOR CORIOSION EVALUATIONS ON DIFFERENT PIPE, "

esess END OF EXAMPLES esesces

REFERENCES:

i. THE PROGRAMMABLE ELEZTRONIC CALCULATOR IN UNDERGROUNE ZDRROSION RELATED AC-
TIVITY. Fart 2,"Determination of Sate Coerating Fressure ¢tor a Corrocec
High Pressure Gas Pipeline” by R.L.Seirtert,

Haterials Periorsance, Vel.19, Nc. 7, (1980 July.

2. Kietner ,J.F. ,L'uféy,A.R. Columbus Laboratories, Battelle Memc-1al Instityute.
SUMMARY OF RESEARCH TO DETERMINE THE STRENGTH OF CORROCED AREARS IN PIPE.
€1971) 20 July

A Marvin, C.W.,DETERMINING THE STRENGTH OF CORRODED PIPE. Haterrals Protect-
1on and Performance, vaol.ll.No.11,p.34 (1972) Novemoer .

4. ASME BUIDE FOR GAS TRANSMISS1ON AND DISTRIBUTION PIPING SYSTEMS - 197,
Adaendum Nc. 4, Fepbruary, 1977 (Guide Material tor Feoe-al Stancard
192.485), and Appendices G-e, 6-7, andg G-B.

m=w END e=e
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APPENDIX B
BASIC Computer Program, CRLGTHU.BAS, Used in Generating
Tables Like Those Which Are Printed in Part 3

Following is the BASIC computer program CRLGTHU.BAS, whose forerunner,
CRLGTH.BAS, was used for gencrating some of the tables in Part 3 with the same
computer equipment that is used in Appendix A. This upgraded version,
CRLGTHU.BAS, does not require the BASIC program to be modified with each use as
did the former version, CRLGTH.BAS, which was included in carlier printing(s) of this
manual.

Enter the BASIC program which is listed on the following pages into the computer,
and check its operation by running it and entering the foliowing data as prompted: pipe
diameter = 20; shallowest pit depth = .03; wall thicknesses as follows: .406, .438, .469,
5, 562, .625, .688, .750, .812, and .875. The printout should duplicate the example which
is printed at the end of this Appendix. (Printer commands in the program are for the
Epson FX series and compatible printers, and could result in strange formats on other
printers.)
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CRLGTHL. BAS

A computer program which provides the same type of informatien and
printout as CRLGTH.BAS, excent that the program does not need to be modified
with each usage, anc the user is asked for pipe diameter, the minimum pit depth
to begin with, andup to 10 wall thicknesses. The program prompts the user for
this information, in increasing order of thicknesses. (A thickness that is cut of
order will prompt a request to re-enter all of the thi cknesses.)

10 "CRLGTHU.BAS

20 "THIS PROGRAM IS A UNIVERSAL PROGRAM, AND ALLOWS ENTRY OF ANY DIAMETER OF PIPE
AND UP TO 10 WALL THICKNESSES TO EXAMINE FOR ALLOWABLE CORROSION LENGTHS.

30 CLS:"PROGRAM CRLGTHU.BAS BY R.L.SEIFERT TO LIST ALLOWED LENGTHS OF CORROSION
FOR GIVEN DEPTHS OF CORROSION FOR SPECIFIED DIAMETER AND WAL THICKNESSES.FOR
IBM-PC AND EPSON FX SERIES PRINTERS OR COMPATIBLE EQUIPMENT.

40 CLEAR 5000:DIM "(17) :WIDTH "LFT1:",255

50 LPRINT CHRS$ (27);°@";:COLOR 7,1,0:2LS

60 PRINT TAB(30)"CRLGTHU.BAS"

70 PRINT TAB(26)"Revision of 2/17/85"

80 PRINT TAB(34)"by" .

90 PRINT TAB(22)“Richard L. Seifert, £ £."

100 PRINT TAB(16)"Consultant for Pipeline Corrosion Control”

110 PRINT TAB(34)"and”

120 PRIN™ TAB(16)Use anc Application of Personal Computers”

13C PRINT TAB(25)"156C2 valley Bend Drive”

140 PRIN™ TAB(26) Houston, Texas 77068"

150 PRINT

16C PRINT TAB(10)"T11s programprints a 115t 0 allowes lengths of corroned areas”

17C PRINT TAB(5) 0~ uncergrounz pressure picing for giver p:t gepths. [% 15 a
generai- ”

18C PRINT TAB(5)"1zed, conservative listing of allowed lengths, and if any
cerroges area

19C PRINT TAR(5'"15 'concemned bv tr:s listing, the corrocec 2rea snould be
examine:

200 PRINT TAB{S)"further using Seifert's program CRVL.BAS. CRVL.BAS will examine
the”

210 PRINT TRS/(5)"ccrodes cipe using precise input parameters, anc may allow tne
use 0"

220 PRINT TABIS) tre cipe, wner this procrem, CRLGTHU.BAS, condemns '+,
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230 PRINT:PRINT TAB(22); : INPUT"Press <Enter> to proceed. *;EN

240 LPRINT CHRS${27);"@";:CLS:PRINT: INPUT"ADJUST PRINTER PAPER TO TOP OF FORM,
TURN PRINTER ON, THEN PRESS < ENTER>";EN

250 INPUT"ENTER 0.D. OF PIPE TC BE EXAMINED (EXAMPLE: 20)°;:0

260 INPUT"SHALLCWEST CORROSION DEPTH IN RANGE OF DEPTHS (E.G. .010)";DE:DE} =DF

27C J=0

280 PRINT™BEGIN ENTERING PIPE WALL THICKNESSES IN ASCENDING ORDER, FOR
CALCULATIONS AKD FOR COLUMN HEADINGS. MAXIMUM NUMBER OF ENTRIES = 10."

290 IF J=10 THEN J1=10:INPUT*MAXIMUM NUMBER OF THICKNESSES HAVE BEEN
ENTERED. PRESS < ENTER> TO PROCEED.<:EN:GOTO 330

300 J==J~1:PRINT"COLUMN "J°. LAST ENTRY WAS "T(J-1}:INPUT*ENTER WALL THICKNESS
FOR THIS COLUMN. (-1 TO END ENTRIES) “;T{J)

310 IF T{3} =-1 THEN J=J-1:J1=2:60T0 330

320 GOTO 290

330 FORJ=1T0 J1

340 IF T(J) <T(J-1) THEN BEEP:(CLS:FOR Q=1 T0 J1-1:PRINT T{Q)* *;:NEXT Q:PRINT
T(J1):ELSE 360

350 PRINT:PRINT"Wa11 thicknesses are all not in ascending order. Youmust re-enter
wali thicknesses. Press <Enter> fer re-entry of wall

- thicknesses. ":INPUT;EN:CLS:GOTO 270

360 NEXT J

370 LPRINT CHR$(27)0";:FORN=1 TO 4:LPRINT:NEXT N:LPRINT CHR$(27)°U"; CHRS (1) ;

38C LPRINT CHR$(27)"G";:LPRINT CHRS(18); TAB(17)°VALUES OF L FOR PIPE WITH
C.D. OF"D"INCHES"

390 LPRINT STRINGY (75,"*")

400 LPRINT CHRY(15);

510 LPRINT™Pi Derth™; TAB(60)"Wal) Thickness (t), Inches";TA8(128)""

420 C2=18:LPRINT"d{inch) "; : LPRINT USING THEE EEETT(1);:FORI=2T0 J1:LPRINT
TAB(J2) USING "##& . ###"T(J)::02=02+ 12:NEXT J:LPRINT TA3(i28)"

&30 LPRINT STRING! (127,7=");""

L300 FORAN=17C 150

58 TAB=0:]F INT(N/5) =N/32 THEN TAB=:
CHRS{27}CHRS(45)CHRS (1) s "START UNDERLINE

460 LPRINT USING # . # =2, (INT( (2£71000) = .5))*.001; :LPRINT" ", : TAB=TAB ~ 16:1F
CI=DEL AN DE/7{1) <.! THEN TAB=TAB-1

SJGFIRI=1TC N

A8 T=T{J)

230 ITLEST< I ORDE/T> B THEN LS ="":G0TD 620

-1

ABZ=1:LPRINT

<3

4§ A
JASAS

!

s

({00 T)/{(1. 27 (DE/T))-.15) ) 720 - 1)
*3*SQRD*T)
HT(L):L3=INT((L2/.0625)‘.5):L43=STR$(L3J*'/IE':L=INT(L)

R
oo oy
)
)
’

o s fin e

IRl [y

.
ot
7

'\

i1
s

A s
(7o)
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560 IF L3=0 THEN L4$ =" ":GOTO 500

§70 IF L3=16 THEN L=L+1:L43="":G0TO 600

580 IF INT{L3/2)=13/2 THEN L3=L3/2:L43 =STR§(L3) + /8"
590 IF INT(L3/2) =L3/2 THEN L3=03/2:L43 =STR$(L3) + /4"
600 IF L=0 THEN .§=" "~+L4§:ELSE LS =STRI(L)+L4$

610 IF LEN(STRS(L)) =2 THEN LPRINT" *;

620 GOT0 630

630 LPRINT L$;:IF DE =D&l THEN 640: ELSE LPRINT TAB(TAB);:TA8=TAB+ 12:60T0 650
640 LPRINT TAB(TAB-1);:TAB=TAB+12

650 NEXT J
660 IF DE=DE] THEN LPRINT TAB(128)%":ELSE LPRINT TAB({128+ TAB2)" ~

670 LPRINT CHR$(27)CHRS (45)CHRS (0); : TAB2 =0 "STOP UNDERLINE

680 IF DE> ((T(J1)*.8)+ .01) AND L$=" “THEN LPRINT:LPRINT:LPRINT:LPRINT
CHR$(27)°27:LPRINT CHR$(27)°U"CHRS(0);:LPRINT CHR${27)"H";:WIDTH
"LPT1:7,80:LPRINT CHRS (18);:G0T0 710

690 D =DE - .01

70C NEXT N

710 FL=1:CLS:Y$="":PRINT: INPUT"Do you want to print another table of acceptable
corrosion lengths (Y/N*)}°;Y$:1F Y$=="rn" OR Y$ ="N" OR Y§ ="" THEN END

720 CLEAR 5000:DIM T(17):WIDTH "LPT1:",255

730 LPRINT CHR$(27);"@"; :COLOR 7,1,0:CLS:G0TO 240

ASME 831G-1991
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YALUES OF L FOR PIPE WITK 0.D. OF 20 INCNES
Pit bevts 1! Thicmess (t), Llacmes
€(laca) [N s 0. 048 ¢.500 (X4 .42 [N ] e’ LR 154 (K 41
. 0.9%
0.04¢ i
0.055 ' 123 13174 13370
23 SR 13/¢ ne 15
12 1ie NETZ 113/¢ 43¢ 18 LN VR TE Y, )
T 176 D 1336 143718 = 15016 v FERY)
o1 1518 103716 121 1S LLREY (RN TRV ] 173 i 1 e
LSt V1 715016 12 uin RSV TR TRV 1718 181/ 181
ioens i N (F %] THNE 1088 15102 LRV 1 18118 u Ve
43¢ . LR 12 (R[] 21114 11 16 378 17 38 181/1¢ 18 378
150 EYH $1/16 5374 Y7116 Sili6 1218738 17378 B0 wie
) o (R asn 5318 €9/18 88/16 1B uine 18 v
o R R0 L LRI} 4374 528 78/ /18 (B Y | 18 'RV}
31 112 I @38 $ 38 (X1 LRV 10 1/24 2/ W
20/8 11/¢ 1478 4 1/1E 418716 €176 ) 504 [R4] 178 W31
211706 31k ERI By ) X0 CIe 17 S U/de T 11374
2971 i 3 1918 asne SV €316 iln (B 1 187716
1206 1n T 138 4118 am 5304 (R 0) [] 8
I 29n¢ 18/8 2 1318 Jms v S 1116 i 1108 s 116
N 23/1€ 21 2304 J1716 3s/8 45716 s1n S 1816 1 (R
2178 EET 258 1778 117t e « 170 B $ 17 Tz
2 214 1 T 3816 31871 (R S804 [RY7] 1ine
- 118186 238 21 211/ I i 2} (377 s1/16 S 13718 § 11716
| 1 2106 2804 2918 11 pEY ) 4316 LR HY} LR A " 8/16
13/4 : 210 2116 215716 3 23 [ 4870 58716 i
1ilde EREVATY YT E 1T RS TITY IS/ I 41 Slrie 5 3/4
R (] 21/ 214 2 3ING 3 “in “s s17
i 1928 1an H 234 2371 bRV 18t LRV} LRIV 18716
112 11 115/16 21t rens 3 nn ‘ w2 s
136 LI/ e 21/1¢ 7 278 31/8 Y (371 [RLYL]
Li7E REFRTS : TLE 2 1se Tl e i S YO
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I1.

DEFINITIONS

A.

“Excavation Activity” shall mean digging. deep plowing. blasting. boring.
directional drilling. other trench-less excavation methods. clearing. grading.
ditching. tunneling. dredging. back-filling, the removal of above-ground structures
by either explosive or mechanical means, and other earth moving operations.

“Excavator” shall mean any person or entity engaging in Excavation Activity.

“Field Representative™ shall mzan an Olympic employee or contractor responsible
for complying with specified requirements of this Program.

“Paragraph” shall mean a portion of this Program identified by a capitalized letter.
“Program™ shall mean this Third Party Damage Prevention Program.

“Reach” shall mean the maximum known limit of control, or point to which the
cutting edge of mechanized equipment, including attachments. is capable of
extending.

“Section™ shall mean a portion of this Program identified by a capitalized Roman
numeral. :

“Subparagraph” shall mean a portion of this Program identified by an Arabic
numeral.

ONE-CALL SYSTEMS

Al

Purpose

The purpose of the One-Call System is to prevent damage to the Pipeline from
Excavation Activity by:

1. receiving, recording, and responding to notification of excavation;

o

marking the location of the Pipeline;

3. educating excavators and the public about how to locate, and avoid
damaging the Pipeline; and

4. maintaining a database of excavators.



B. Participation in One-Call Systems

Olympic shall maintain memberships in qualified One-Call Systems in the states of
Washington and Oregon. Ths activities described below shall be performed either
through the One-Call System or by Olympic to minimize the likelihood of damage due to

¢xcavation activities.

1. Receive and record notifications of pending excavations.

ho

Communicate marking information and method of marking to the

excavator who gave notice to dig. Flagging shall be vellow in color per
the uniform color code for oil and gas facilities.

3. Temporary marking of the Pipeline:

When a notification from a One-Call System is received, it is the
responsibility of the Field Representative to have the pipeline
location identified and marked in the field if required by this
Program.

Marking shall be in accordance with the guidelines established by
the One-Call System or state law. For example, petroleum
pipelines should be marked in yellow, whereas water pipelines
should be marked in blue.

The pipeline shall be field located within the time requested or the
time specified by the One-Call System or state law for Washington
and Oregon. Also, within the limitations of equipment reasonably
avaiizble, Olympic shall determine the depth of the Pipeline and,
once on site to observe the excavation, shall communicate that
information to the Excavator before any Excavation Activity.

C. Receiving Notification of Planned Excavations

1. After receiving notification from a One-Call System, Olympic shall review
the information to determine the proximity of the Excavation Activity to
the Pipeline. Excavation Activity taking place within 100 feet of any
portion of the Pipeline shall be communicated to the appropriate Olympic
personnel and contract damage prevention representatives. The Field
Representative shall ensure that the Pipeline is marked to comply with the
applicable requirements of the applicable One-Call System, state law, and
this Program. '
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Direct notification of Excavation Activity should be discouraged. That is.
all Excavators should be directed to call the One-Call System whenever
they need the Pipeline marked. Excavators who call Olympic directly
should be advised to call the appropriate State One-Call Svstem. Olvimpic
shall document Excavators refusing to use the One-Call Systems or
excavators identified working without having called the One-Call System.
Olympic shall send follow-up letters to those excavators explaining the
state laws requiring usage of the One-Call Systems.

Recording of Notifications

1.

o

(5]

Olympic shall ensure that all notifications of Excavation Activity within
100 feet of any portion of the Pipeline are recorded and provided to EPA
or the Independent Monitoring Contractor on request.

The recording system shall have the capability of retrieving a notification
by date, time, and place.

The requirements in Subparagraphs 1 and 2 of this Paragraph may be
considered fulfilled if the One-Call System provides this service, provided
that Olympic has access to the service and that EPA and the Independent
Monitoring Contractor can obtain the information from Olympic.

If the One-Call System does not provide this service, Olympic shall
maintain records of all notifications received. Records of notifications
shall be retained from the effective date of the Consent Decree until

6 vears after termination of the Consent Decree.

Notification to the Excavator

If, by any means, Olympic becomes aware of Excavation Activity within
100 feet of any portion of the Pipeline, Olympic shall immediately notify
the Excavator that the Excavation Activity is near the Pipeline and that the
Pipeline has been, or will be, field located. 1f Olympic has not field
located the Pipeline at the time of the notification, Olympic shall inform
the Excavator of the date by which the Pipeline will be field located, and
then provide the Excavator with information about the location of the
Pipeline by the date promised. Within 7 days after completing each task,
Olympic shall document all notifications to Excavators and temporary
marking of the Pipeline.



2. If Olympic receives a request to field locate the Pipeline for Excavation
Acuvity over 100 feet from the Pipeline, Olvmpic is not required to
contact the Excavator unless state laws requires a response to the request.

[11. PHYSICAL, ON-SITE INSPECTION AND MONITORING

Al

For all Excavation Activity within 100 feet of any portion of the Pipeline of which
Olympic or its contractors either knows or should know through a One-Call
System, patrolling, observation, or any other means, Olympic shall dispatch a
Field Representative to conduct a field inspection at the location of the
Excavation Activity. During the field inspection, the Field Representative shall
(1) obtain, if possible, a schedule, preferably written, of all Excavation Activity
planned by the Excavator; (2) assist in identifying the location of the pipeline
during excavation; (3) inspect the Pipeline when it is exposed, to determine what
measures may be needed to protect and support the Pipeline during construction;
and (4) promptly begin emergency response actions if the Pipeline is damaged.

Except where the Pipeline can be effectively isolated from Excavation Activity,
the Field Representative shall be physically present at, and continuously monitor
the excavation site while Excavation Activity is occurring whenever:

1. Excavation Activity occurs within 10 feet of any portion of the Pipeline.

2. The Reach of mechanized equipment from its planned location, or other
actual location known to Olympic, is capable of extending to a point less
than or equal to 10 feet from any portion of the Pipeline. This requires
the Field Representative to evaluate both the type and Reach of equipment
being used and the specific location of the planned excavation.

3. For all Excavation Activity for which continuous physical monitoring is
not required pursuant to this Paragraph, the Field Representative shall
conduct an on-site inspection and evaluation of the Excavation Activity at
least once every 7 days to determine whether continuous physical
monitoring has become necessary.

4. The Field Representative shall prepare a written report of each field
inspection and each day of continuous physical monitoring required by this
Paragraph within 7 days of each field inspection or each dayv of continuous
physical monitoring on the Excavator/Locator Orientation Form attached
to this Program as Attachment A.



IV.

VISUAL INSPECTION

Al Purpose

The purpose of visual inspections is to inspect the Pipeline for encroachments. leaks.
exposed pipe, pipe damage, and nearby Excavation Activity, and to identifv what
corrective action may be necessary.

B. Aerial Pipeline Patrol

1.

o

Attachment B is the Aerial/Ground Patrol Report that shall be used to
record each aerial pipeline patrol flight over the Pipeline syvstem. On the
Report, each line segment and the day it was inspected shal be recorded
along with any information related to observations needing attention as
defined in Paragraph D of this Section. Comments on lines missed and
any other problems preventing visual inspection of portions of the Pipeline
shall be documented or the Report.

Olympic shall schedule and conduct all aerial patrol flights so that all
portions of the Pipeline will be visually inspected at intervals not
exceeding 3 weeks but at least 26 times each calendar year. Applicable
governmental regulations relative to air traffic shall be strictly followed on
all flights. Safety shall be the first and most important consideration in
planning and conducting flights.

The patrol pilot shall notify area personnel when the aircraft is entering or
leaving the area, when possible, and shall report his location at the end of
cach flight to a predetermined headquarters or control center.

At the end of each week, the patrol pilot shall mail a copy or electronically
submit the Report to the appropriate office to maintain an “Office of
Record™ file for possible review by EPA and the Independent Monitoring
Contractor, or other authorized state or federal government agencies.

C. Ground Patrol

o

Ground Patrol is required to inspect the right of way in areas that cannot
be covered by aerial patrol due to federal regulations concerning flight
paths, flying heights, etc., or in densely populated or highly industrialized
areas where adequate aerial inspection cannot be performed.

Olympic shall conduct ground patrol, where required, at intervals not
exceeding 3 weeks, but at least 26 times a year.

-5-
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A log of each ground patrol shall be kept.

Reportable observances, defined in Paragraph D of this Section. shall be
documented and subm:tted to the appropriate field location using either an
electronic or paper copy similar to the Aerial/Ground Reportable
Observances Keport (Attachment C).

D. Reportable Conditions Observed On Aerial
Pipeline Patrol Flights and Ground Patrols

1.

Patrollers shall look for the conditions described below and, if observed
during aerial pipeline patrols and ground patrols, prepare a written report
of findings on the Aerial/Ground Reportable Observances Report
(Attachment C):

a. oil spots, stains. stressed or dead vegetation, or other possible
evidence of leaks;

b. oil on surface o waters on or near the right-of-way;
c. fires of any nature on or near the right-of-way;
d. Excavation Activity, and the presence of excavatior. equipment

within 100 feet of any portion of the Pipeline;

€. exposed pipe;

f. obstructed right-of-wayv;

g. inadequate aerial milepost markers;

h. damage or possible threat of damage on or adjacent to right-of-way

caused by erosion, floods, storms, dumping, drainage washouts,
ponds, slush pits, etc. ;

1. dead or mired livestock on or adjacent to the right-of-way;

J. unusual conditions of rivers, creeks, overhead pipeline spans, and

pipeline water crossings of any type; and
k. condition of station, oil inside tank dike, standing oil or water on

the floating roof, or other obvious problems with the tank or
surrounding area.

-6-
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Many changes along the right-of-way are gradual and may take several
years to reach stages that require maintenance work. Soil erosion.
streambed changes. weathering of pipeline markers and signs, and growth
of brush and trees on right of way are examples. Individuals performing
the patrols should be cognizant of gradual changes and document such
observances.

Finding leaks, reporting their location, and estimating their size and nature
are a prime responsibility of the patroller. As directed by area personnel or
the Control Center, the patroller shall make special trips to find leaks
suspected or indicated by drops in pressure and flow, meter readings, or
other data. The patroller shall also assist maintenance personnel, when
requested, in directing them to leak sites and in determining the scope,
magnitude, and direction of the outages.

(93]

Acerial Patrol Reportable Observances
1. Action By Aenal Patroller

a. Immediately after observing reportable conditions, the aerial
patroller shall contact the Renton Control Center, and others as
appropriate, to report leaks, Excavation Activity, or other
conditions requiring investigation. When an aerial patroller spots
activity of immediate danger to the Pipeline, he should attract the
attention of the party creating the danger by using his loudspeaker
and advise them of the danger. If a loudspeaker system is
unavailable, the aerial patroller shall attract the party’s attention by
continuing to circle the area. Olympic personnel shall be notified
and dispatched as soon as possible.

b. Within 48 hours after each reportable observance that requires a
written report, the aerial patroller shall complete the Aerial/Ground
Reportable Observances Report with the maintenance team. The
report number recorded on this form shall also be recorded on the
Aenal/Ground Patrol Report.

2. Action by Maintenance Personnel

a. Within 48 hours after the aerial patroller notifies maintenance
personnel of a reportable observance, or sooner if the condition
poses an immediate threat of a release, the maintenance personnel
shall inspect the area, and perform any necessary and practicable
corrective action.



b.

When circumstances are urgent, a report shall be submitted
immediately to the Renton Control Center. and others as
appropriate. of the conditions found and corrective action taken.

Withir 7 days after either completing anv corrective action or
determining that corrective action is not necessary. an
Acrial/Ground Reportable Observances Report shall be completed
to show the field response, date, name of person making
investigation, and who was contacted (name and address).

Ground Patrol Reportable Observances

1. Action

2. Action

by Ground Patroller

Immediately after observing reportable conditions, the ground
patroller shall contact the Renton Control Center. and others as
appropr-iate, to report leaks, Excavation Activity, or other
conditions requiring further investigation. When a ground patroller
observes activity of immediate danger to the Pipeline, he shall
notify the party creating the danger.

Within 48 hours after each reportable observance that requires a
written report, the ground patroller shall complete the appropriate
paper copy or electronic form of the Aerial/Ground Reportable
Observances Report (Attachment C).

by Maintenance Personnel

Within 48 hours after the ground patroller notifies maintenance
personnel of a reportable observance, or sooner if the condition
poses an immediate threat of a release, the maintenance personnel
shall inspect the area, and perform any necessary and practicable
corrective action.

When circumstances are urgent, a report shall be submitted
immediately to the area office of the conditions found and
corrective action taken.

Within 7 days after either completing any corrective action or
determining that corrective action is not necessary, the
Aenal/Ground Patrol Report shall be completed to show the field
response, date, name of person making investigation, and who was
contacted (name and address).

-8-



V.  OTHER DAMAGE PREVENTION ACTIVITIES

Al Purpose

The purpose of this Section is to describe the requirements of this Program
relating to:

1. documenting Excavation Activity of Excavators that do not utilize the
state One-Call System:

2. identifying the location of the Pipeline through the use of pipeline markers
and clear night-of-ways;
3. providing a 24-hour emergency phone number; and
4. providing educational material regarding how to conduct Fxcavation
Activity safelv.
B. Excavator Tracking

Olympic shall document Excavators found not using the state One-Call System
and prioritize them as Excavators that have a higher probability of causing
damage. In a given area, there may be certain types of Excavators that are not
getting the “Call Before You Dig” message. Based on local experience. if the
type of Excavator most likely to cause damage is known, Olympic shall send
educational information to, and/or conduct face-to-face meetings with, those
Excavators to promote the use of the One-Call System and safe digging practices.

C. Pipeline Markers

Olympic’s right-of-way and crossings shall be marked in accordance with
ASME B31.4-2002 requirements to indicate the presence of the Pipeline to the
public, contractors, and other outside agencies; facilitate aerial patrol; and guide
Olympic personnel and contractors engaged in maintenance and operating
activities.

1. Type and Placement. Markers with warning signs shall be installed to
indicate the presence of a buried pipeline. The markers shall be installed
over the Pipelire, if practicable, or as close to it as possible. Markers shall
be installed in a manner that prevents damage to the pipe or its coating.

)

Posts. Posts may be made of steel, aluminum, reinforced concrete, wood,
fiberglass, or other materials that will insure adequate strength, stiffness,

9.




and durability Protection of the posts against below-ground corrosion or
weathering shall be provided, as necessary. Vent pipe, aerial patrol
markers. or milepost markers may be used as posts for installing pipeline
warning signs.

Pipeline Waming Sions

(V%)

a. Pipeline warning signs shall be made of strong, durable material
and finished to resist the effects of weathering. These signs should
state at least the following: "WARNING" followed by the words
"PETROLEUM PIPELINE" in lettering at least one inch high with
an approximate stroke of 1/4 inch on a background of sharply
contrasting color.

b. Pipeline warning signs also shall contain the name of Olympic Pipe
Line Company and a telephone number (including area code)
where Olympic can be reached at all times.

D. Locations For Pipeline Markers

1. In areas of high Excavation Activity, markers shall be placed so that at any
place on the right-of-way in that arca two markers are visible along the
right-of-way.

2. Heavily Developed Areas. Where the placement of standard pipeline
warning signs is impracticable, the presence of the Pipeline may be
indicated by stenciled markings, cast monuments, plaques, signs, or other
devices installed in curbs, sidewalks, streets, building facades, or wherever
elsc practicable.

3. Highways, Roads, Railroads, and Stream/River Crossings Along the
Pipeline Route.

a. Permanent pipeline markers shall be located at each public road
crossing, railroad crossing, and stream/River crossing, and in

sufficient numbers along the remainder of each buried pipeline s0
that its location is accurately known.

b. Markers shall be sufficiently elevated above grade to allow them to

be clearly viewed from a distance and to remain visible above
normal vegetation or snow accumulations.

-10-



C. Markers shall normally be placed on locations where they will not
interfere with normal right of way maintenance or use of the land
by its owners. Markers may be placed at fence lines. property
hines, right of way boundaries. and in open areas where the party
exerting contrel over the surface use of the right of way will permit
such installations.

4. Special Locations. Markers shall be installed at locations where the
Pipeline is above ground and is accessible to the public. Aerial crossings
on any type of structure, either publicly or privately owned, should be
considered as being accessible to the public. Markers shall be placed on
each side of any impoundment that is an active source of water supply.

E. Other Signs And Marking Practices

1. Signs around Pumping Stations and Breakout Tank Areas

a. Permanent signs shall be located and posted in sufficient numbers
around pumping stations and breakout tank areas to ensure thar at
least one sign 1s visible to the public at any place around the
station/area.

b. Signs shall be made of strong, durable material and finished to
resist the effects of exposure and vandalism. These signs must
have the Olympic Pipe Line Company name and an emergency
telephone number. Pipeline warning signs may be used for this

purpose.
2. Acrial Milepost Markers
a. Aenal milepost markers shall be installed and maintained at

intervals no greater than five miles and shall be used as reference
points to establish and report the approximate milepost locations of
leaks or other reportable observances.

b. The aerial milepost markers are usually installed in fence lines,

property lines, or right-of-way boundaries. The faces of the signs
are placed perpendicular to the route of the Pipeline.

-11-



Olympic shall use sharply contrasting colors unique to the Pipeline System
to mark the Pipeline by means such as painting. banding. and applying

2

decals.

a. Posts. Fence posts, mileposts. and markers shall be painted in
sharply contrasring colors unique to the Pipeline System.

b. Casing Vent Pipes at Highway and Railroad Crossings. Casing
vent pipes at highway and railroad crossings shall be painted with
the contrasting color scheme utilized on the Pipeline System.

c. Other Structures. Other appurtenances or facilities on the

right-of-way, where possible and appropriate, shall be painted to
conform with the color scheme unique to the Pipeline System.

F. Maintenance Of Markers And Signs

Maintenance of markers and signs shall be a part of the Olympic’s regular
maintenance procedures. Olympic shall maintain signs, along with their
supporting structures in their original state of effectiveness. Olympic shall replace
damaged or defaced signs on d:scovery or as soon as possible. Markers shall not
be obscured by vegetation. Markers whose effectiveness has been compromisad
by construction or developmen: shall be relocated to restore effective marking.

G. Mailings to Excavators

Olympic shall send mailers with the “Call Before You Dig” message and general
information about the location of the Pipeline to Excavators at least once a vear.
Olympic shall contact the state One-Call System to obtain a database of
Excavators. Olympic shall include on its mailing list Excavators who previously
contacted Olympic directly and shall make reasonable efforts to include other
potential Excavators in the counties where the Pipeline is located. Olympic shall
keep a record of the Excavators who were sent a mailer and the date when the
mailers were sent.

VI. RECORD KEEPING

All records created pursuant to this Program shall be retained from the Effective Date of
the Consent Decree until 6 years after termination of the Consent Decree.

-12-



VII. ATTACHMENTS
The following attachments are attached to. and incorporated into. this Exhibit:
“Attachment A™ 1s Olvmpic’s Excavator Locator Orientation Form.
“Attachment B™ 1s Olympic’s Aerial/Ground Patrol Report.

“Attachment C™ is Olympic’s Aerial/Ground Reportable Observances Report.
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ATTACHMENT A
EXCAVATOR/LOCATOR ORIENTATION FORM

Information noted on this form 15 intended to communicate veneral information about our pipelinetsi and 15 not to be
re.ted upon by any party for the purpose of excavation or any simulur purpose

By law. the One Call Center in vour state should be rotified of propased excavation to enable all participating utilities
to mark their respective lines. Olvmpic Pipe Line Company is a member of this onc-call enterprise and will
automatically be notified through this system.

J Understand Excavator’s intention (i.e. Pipeline Right-of-Way paralleled. crossed once crossed multiple
times?) and extent of work area.

— Communicate Pipeline routing throughout the entire work area.

- Discussed approximate pipeline depth, number of pipelines involved, tolerance zones, casing
requirements, hand digging requirements, etc.

L Discuss pipeline size, approximate pressure, and characteristics of product in pipeline.

—

Any contact with the pipeline causing a nick or scratch in coating must_be reperted to us by the
excavator for further inspection to assure continued safe pipeline operations.

Discussed that a company representative must be on site during pipeline excavation and foreign line
crossing.

L

L Flagged/marked pipeline(s) throughout the entire work area.

_ If the markings are destroved or needs tc be refreshed, call the One-Call Center for remarking.

If vou are unable to reach the representative designated below, or in case of an emergency, call our Renton Control
Center at 888-271- 8880 and request assistance by referring to the following information:

Line Segment Milepost

Lat.

State One Call
ID Ticket # GPS Coordinates: Long

Olympic Pipe Line Company Representative:(24 hours minimum notification before beginning work)

Name:

Phone:

Signature: Date:

Landowner/Contractor:

Name:

Phone:

Signature: Date:

Comments / Follow-ups:







ATTACHMENTB
OLYMPIC PIPE LINE COMPANY

AERIAL/GROUND PATROL REPORT

DOT FILE 195.412 (A)

Month: Year Patroller:

Date Line Segment Cemp Cﬁg: Comments (Line Missed Observation
i Make Up. etc.) Report #

DISTRIBUTE TO: TCC
DISTRICT OFFICE
PATROLLER






ATTACHMENTC
Olympic Pipe Line Company
Aerial/Ground Reportable Observances Report

Report No.:
Date: Time:

Patroller:

[Notified (Name): Location:

How Reported: Radio Loud Speaker
Telephone Other

(Specify):

[Location:

Leak Information: On lL.and On Water

Size of Leak: Large Small

Observations:

Field Response:

Who Was Contacted:
Name:
Address:

“Investigated By:
: Date:
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Management of Change— Olympic Pipe Line

Page 1
Management of Change Process

1.0 Introduction:

Managing change is essential for operating in an efficient, safe. and environmentally sound
manner. It also makes good business sense as it minimizes losses due to incidents. This
document was created to address the Management of Change process for Olympic Pipe Line.
The pipeline facilities are not subject to OSHA's Process Safety Management regulations, but the
OSHA Management of Change requirements, getting HSE right Expectations and American
Petroleum Institute (AP1) RP 750 were used as guides in developing this document.

This Management of Change (MOC) p.an addresses temporary and permanent changes in
operations, maintenance, products, chemicals, procedures, facilities, and personnel at Olympic
that may impact HSE performance.

2.0 Purpose:
The purpose of the MOC plan is to identify and control the impact and potential hazards
associated with change. MOC ensures that the impact of changes which effect the health and
safety of personnel or impact the environment are recognized, reviewed, approved,
communicated, and documented. All projects require a MOC evaluation and MOC has been
incorporated into the Capital Value Process (CVP). MoC process are generally documented in the
CVP process for project type work.

3.0 Roles & Responsibilities:
Originator
Individual or group of individuals who have identified a change or a need for a change.
Management
Individual responsibie for final authorizaton of change and serves as gatekeeper throughout the
MOC process. (i.e. District Manager, Core/Swat Team Leader, Business Unit Managers,
Maintenance/Operations Supervisor, Engineering & Maintenance Team Leader)

MOC Process Leader

Person(s) assigned responsibility for the change which follows the MOC process from pre- to
post-change management.

Employee

Employees must understand the definition of change and identify such changes as they are
proposed so the change can be managed to prevent incidents.

Reviewer

Reviewers should be knowledgeable, trained and experienced with the equipment, practices, or
process changes under consideration anc have a thorough understanding of the MOC process.

Paper copies are uncontrolied and Revision No. 1
are good only on date of printing. Issue Date: October 2002




Management of Change— Olympic Pipe Line

‘ Page 2

4.0 Definitions:

Facility Change

Any technical, mechanical, or procedural change to a facility, including product changes/additions,
or any deviation from the documented safe operating limits or procedures. Replacement-in-kind
is not considered a change.

Organizational Change

Change in personnel who supervise or operate the facility that leads to a loss or transfer of
personnel with specific knowledge, skills or experience. Change in management systems and
reguiatory/compliance issues are another form of organizational change. Routine personnel
vacancies and replacements. rotation, shift changes and administrative changes (e.g. timecard
procedures, vacation policy, benefit changes, etc.) should not require institution of the MOC
process.

Replacement in Kind

An item (equipment, product, additive, etc.) that meets the design specification of the item it is
replacing. Like-for-Like or any other design alternative specifically provided for in the design
specification. MOC is not required for reptacement in kind changes.

Temporary Change

Any change that will not remain in effect indefinitely. A point in time will be specified when the
temporary change will be returned to original conditions. A temporary change is subject to the
same review process as a permanent change.

Emergency Change
Action necessary to remedy an emergency situation that poses an imminent impact to health,
safety and the environment.

Examples of Replacement in Kind (RIK) and Change can be found in Appendices A & B

5.0 MOC PROCESS

Applications requiring proper management of change vary widely, not only in hazard potential but
also with respect to organizational and technical factors. While no single procedure is
recommended for universal application, the process to manage each change as required by
getting HSE right should address:

e reason for change

authority for approving changes

analysis of HSE implications

acquisition of required permits

documentation (reviews & post-implementation)
communication of change to affected parties
time iimitations, especially for temporary changes
* training

In many cases, it is expected that the MOC process will consist of a simple procedure as outlined
in the Management of Change Form . The Management of Change Form may be used to
document the MOC process for the project.

Paper copies are uncontroiled and Revision No. 1
are good only on date of printing. Issue Date: October 2002




Management of Change— Olympic Pipe Line

Page 3
5.1 Proposal for Change

The process begins when a change is identified. The Originator of the proposec change must
clearly communicate to appropriate management a description of the change and reason for the
change. Management will evaluate the merits of the change and determine the additional action
required to properly address the change, and assign 2 MOC Process Leader. Input from
operations personnel, engineers, contractors, consultants or others should be solicited as
appropriate to confirm conceptual basis for change.

5.2 Screening

After the need for a facility or organizational change has been verifiec, the change must be
screened to determine whether it is applicable to the MOC process. The MOC Process Leader
will be responsible for making that assessment. Gerierally. if health, safety, the environment or
regulatory compliance is potentially impacted. the MOC process should be employed. Guidelines
for identifying applicability to MOC are listed in Appendices A and B .

5.3 Review

When a proposed change has been identified as applicable to MOC, it must be evaluated for
potential health, safety, and environmental implications. A review should be conducted to assess
hazards associated with physically implementing a change as well as the potentially hazardous
effects that the change could have on process, procedures, and personnel. The review should
also ensure that all codes, standards, design specifications, compatibility assessments, and
generally accepted engineering practices have been met. Applicable reviewers' signatures must
e obtained prior to change implementztion or start-up.

The MOC Process Leader is responsible for enlisting capable individuals to perform necessary
reviews. The number and quaiifications of reviewers will depend on the scope of the proposed
change. Reviewers are to be experienced with the equipment/practices/process change which is
under consideration. If a facility or work group does not employ individuals with the proper training
for reviewing the change under consideration, qualified personnel should be enlisted from other
sources.

The level of detail for each review should be appropriate for the complexity of the proposed
cnange and for the potential hazards the change poses. A hazard analysis checklist may be
prepared for specific installaticns to verify compliance with standards.

Results of the MOC review process should be adequately documented. The reviewer should
provide written record of the review, even if no substantive comments are provioed. The review
should be documented using the MOC form foliowing the Appendices.

5.4 Authorization
Appropriate Management must authorizz the change before implementation. Authorization must

be adequately documented. Approval of the proposed change s contingent upon the following
pre-implementation action:

All necessary health, safety, and environmental reviews are completecd.
Hazards/consequences have been addressed.

Regulatory requirements/approvals have been satisfied.

All affected personnel have been informed of the change and trained as necessary.
Documentation of change and review(s) is complete.

Paper copies are uncontrolied and Revision No. 1
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5.5 Implementation and Follow-up

Prior to implementation, the change must be properly communicated to affectec parties (i.e.
project safety meeting or directly by the supervisor.) Any training requirements should be formally
identified and performed at the completion of the change, or prior to implementzation of the
change. Training shall be documented.

After the change has been implemented, the MOC Process Leader is responsibie to verify that the
change was performed as intended and that the proper documentation was prepared, drawings
revised, procedures updated. regulatory notifications and filings completed, etc.. Necessary
documentation of the change will be recorded on the MOC form and change can be
communicated through the use of log books, work permits, written summaries, and shift change
records. :

If the change is temporary, prescribed t me limits must be set. Management will insure that these
time limits and any other stipulations of the temporary change are not violated without the proper
review process.

5.6 Emergency Changes

In an extreme emergency, it may be necessary to carry out a modification or procedural change
before normal MOC procedures can be followed. In these cases, the change shall be permitted
only on the verbal authority of designated person in-charge. However, the emergency change
should be subjected to the normal MOC procedures at the earliest possible time.

5.7 Record Retention

At a minimum, the MOC form and approvatls will be kept at the office of record for the site
effected by the change and for unmanned facilities for 5 years unless stipulated otherwise by
applicable legal, regulatory, or compliance guidelines.

k3
»
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Appendix A

Replacement-in-Kind (RIK)
RIK changes are changes that use the same size, material, style, type. range. chemicals. control,
operation, procedure, etc.. Examples of RIK are as follows:

Valves
Replacement of existing valves with valves of same design capabilities (i.e. pressure rating,
materials of construction, nominal size, style, flange facing, block and bieed).

Piping and Fianges

Replacement piping and flanges must have matching nominal size and bore with the piping and
flanges being removed. The manufacturer may differ but the weight, wall thickness, material
strength, flange rating, facing and materials of construction must be the same.

Pumps and Compressors

Replacement will match the existing equipment in pumping capacity, materials of construction, seal
type, suction & discharge rating, flange rating and delta head curve change. Must also have the
same environmental standards, e.g. Emission, lubricants, etc..

Electrical .
Replacement of a breaker or fuse with ore of the same rating. Replacement of wiring with same
gauge and current carrying rating. Replacement of insulation.

Electric Motors
Replacement will have matching materials, horsepower, efficiency. voltage rating. RPM. frame size,
temperature rise, insulation class, noise rating, and type.

instrumentation (Electrical/Mechanical)/Safety systems

Instruments/meters with no change in design capabilities or materials of construct on. Adjusting
operational set points within established operating range. Routine testing and maintenance of
safety devices and aiarms.

Chemicals
Changing the recommended concentration of a chemical additive, within established parameters.
Product name change without alteration to composition.

Operations

Variations in operating parameters (flow, pressure, temperature) which are within the limits as
described in current standard operating procedures. Changes in operating efficiency does not
adversely affect the HSE performance agenda.

Organizational

Reassignment of qualified personnel. Regular crew change. Administrative Policy.

Cathodic Protection
Replacement with matching materials, canacity, corrosion rate, amperage and voltage.

***If change does not fit RIK criteria. go to Appendix B (typical changes).***

Paper copies are uncontrolied and Revision No. 1
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Appendix B

Below is a listing of typical instances of change that require review through the Management of
Change (MOC) process. The list is not all inclusive and serves as a guide in determining the
applicability of the MOC review process.

Mechanical
a. Construction of new facilities or equipment (i.e. Tankage, pollution control equipment, etc.).

b. Modification of existing facilities, vehicles. and equipment.
¢. Equipment changes that are not repiacement-in-k:nd.

d. Modifications which could cause changes to pressure relief requirements, safety or alarm
systems.

e. Bypass connections around equipment normally in service.

Technical
a. Increasing tankage/barge loading throughput or pipeline capacity.

5. introduction of new or different produc's. additives, RVP, etc.
¢. Significant changes in operating conditions (pressure. temperature, flow rate. etc.)

¢. Changes in electricai systers, inciuc ng PLC. outside of standard operating imits.

Procedural

a. Change in, or new operaticn or maintenance procecures.
b. Operations outside the scope of current procedures.
c. Changes in Engineering Specification Stancards.

¢. Change in or new legal, regulatory reguirements, company policy or procecure.

Organizational

a. Change in organization or in personnel tnai supervise or operate a facility.

b. Change in Management System usec

43100t 10:18.C2
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MANAGEMENT of CHANGE AUTHORIZATION

FACILITY/LOCATION: MOC Number:

Equip ID/unit no,

Line Segment: From: To:

Type of Change: Permanent [ | Temporary [ | Time Period --  From: To:
Cnange requested by: (Originator) Date initiated:

Basis / gescription of change:

MOC Process Leader Assigned:

MOC CATEGORY: (check ail that apply) Mechanical MOC [ Technical MOC 0

Procecural MOC [:]

Organizational MOC :]

REVIEWERS Person
(by Functional Area): Contacted

oK REJECT

DATE

COMMENTS

Engineering / 5 & I / ROW

Health, Safety & Environment /
DOT

Field Operations

Renton Control Center

Maintenance - CORE

Maintenance - SWAT

Other (Legal, Managemenrt, etc )

Pre-Impiementation Tasks

Yes

N/ A

Date Combieted:

CVP / ACP Checklist Completed

Fazard Analysis Performed & Items Resolved

Impact on Public Health & Safety:

Cther:

Project Rejected: Yes [ ] No [ ] If yes, reason:
(Olympic Supervisor)

Implementation of change authorized by:

Date:

Post-Implementation Tasks

Yes

N/A Date Completed:

Operation & Maintenance Procedures Updated:

Communication to Affected Parties Campleted:

Training Completed and Documented:

Safety Start-up Review Completed:

Update Drawings / Documentation

Other

Additional Forms or Support Comments: Yes ||

N/A ]  Number of Forms:

[ OFFICE of RECORD:

| LOCATION

Pagggﬁgpjg%ﬁe uncontrolled and
are good only on date of printing.

Revision Na. 1
Issue Date: March 15, 2000
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EXHIBIT 6

Equipment Inspection, Maintenance, and Repair Program

A, Inspection, Maintenance, and Repair of Mainline Valves.

1. Inspection and cycling. Olympic shall inspect all mainline valves on the
Pipeline System at an interval not exceeding 7% months but at least twice each calendar year.
The inspection shall consist of (1) cycling thz valve to verify the operability of the valve and the
valve actuator; (2) visually inspecting the general condition of the valve for signs of corrosion,
leakage, or any other mechanical problems; (3) inspecting the general housekeeping around the
valve; (4) cleaning out the gearbox, servicing the packing, flushing and/or draining valve bottoms
as appropriate in accordance with sound engineering practice; and (5) documenting any
deficiencies noted and/or maintenance activities performed during the inspection.

2. Maintenance and repair. Olympic shall service (lubricate, add/replace valve
packing, etc.) all valves and valve operators as appropriate during each inspection in accordance
with sound engineering practices. Olympic promptly shall correct deficiencies identified during
the inspections by repair or replacement of defective components, or replacement of the valve or
valve operator as appropriate in accordance with sound engineering practice. Olvmpic shall
document all corrective actions to address deficiencies within 7 days after completing the
corrective action.

B. Inspection, Maintenance and Repair of Control
Valves and Control Valve Actuators.

1. Semi-annual Inspection. Olympic shall inspect all Control Valves and Control
Valve Actuators at an interval not exceeding 7%z months but at least twice each calendar year.
The inspection shall consist of (1) cycling the valve to verify the operability of the valve and the
valve actuator; (2) visually inspecting the general condition of the valve for signs of corrosion,
leakage, or any other mechanical problems; (3) verifying that the actuator is operating within
normal operating parameters; (4) Checking for proper operation of the PID controller; (5)
lubricating all hydraulic and pneumatic actuators; and (6) documenting any deficiencies noted
and or maintenance activities performed during the inspection.

2. Monthly Inspection. Olympic shall visually inspect all Control Valves during
normal station inspections at least monthly to check for any fluid leaks and the general condition
of the valve and the valve actuator.

3. Maintenance and Repair. Olympic shall service (lubricate, servicing valve
packing, etc) control valves and actuators as appropriate during each inspection in accordance
with sound engineering practices. Olympic promptly shall correct deficiencies identified during



the inspections by repair or replacement of defective components, or replacement of the control
valve and/or actuator as appropriate in accordance with sound engineering practice. Olympic
snall document all corrective actions to address deficiencies within 7 days after completing the
corrective action.

C. Inspection and Calibration of Station Pressure Transmitters and Switches.

1. Monthly Verification. Olympic shall verify all station remote pressure readings
cach month by comparing the local reading at the station to those displayed at the control center.
If the reading comparison reveals an inconsistency in excess of equipment manufacturer’s
tolerances, Olympic shall re-calibrate, repair or replace the transducer.

2. Semiannual Calibration. Olympic shall calibrate all pressure transducers at an
interval not exceeding 7%2 months but at least twice each calendar year. The calibration shall
consist of (1) checking the wiring connections for mechanical integrity; (2) verifying the 0, 50%
and 100% span settings using a calibrated pressure source (e.g., deadweight tester, master gauge,
etc.); (3) verifying that local and remote display devices are consistent with the transducer output;
(4) verifying that any shutdown or other control device utilized by the transducer is functioning
properly; (5) verifying that any local or remote alarm connected to the transducer is functioning
properly; and (6) documenting any deficiencies noted and or maintenance activities performed
during the calibration. If the transducer cannot be calibrated within the manufacturer’s
tolerances, Olympic promptly shall repair or replace the transducer.

3. Pressure Switch Verification. Olympic shall verify the functionality of all
pressure switches at intervals of not exceeding 7% months but at least twice each year by (1)
connecting the switch to a calibrated pressure source; (2) confirming that the switch activates at
the design pressure and; (3) verifying that all local and remote alarms associated with the switch
are functioning. If the switch fails to function within the manufacturer’s tolerances, Olympic
shall repair or replace the switch. Olympic shall document repairs or replacement of the pressure
switch within 7 days after completing the corrective action.

D. Inspection, Calibration, and Maintenance of Relief Valves

1. Semiannual Inspection. Olympic shall exercise and inspect all mainline relief
valves at an interval not exceeding 7Y months but at least twice each calendar year. The
inspection shall consist of (1) verifying operability of the valve; (2) visually inspecting the
general condition of the valve for signs of corrosion, leakage, or any other mechanical problems;

3) verifying the operability of the relief valve flow switch, if applicable, including the remote
and/or local annunciation, if applicable; and (4) documenting any deficiencies noted and or
maintenance activities performed during the inspection.

2. Maintenance and Repair. Olympic shall service (lubricate, servicing valve
packing, etc.) relief valves as appropriate during each inspection in accordance with sound
enginecring practices. Olympic promptly shall correct deficiencies identified during the
inspections by repair or replacement of defective components, or replacement of the control
valve or actuator appropriate in accordance with sound engineering practices. Olympic shall

2



document repairs or replacements of relief valves within 7 days after completing the corrective
action.

3. Maintenance Schedule. Olvmpic shall schedule all maintenance required above
through Olympic’s Maintenance Management System. Olympic shall maintain documentation of
all maintenance requirements required by ths Consent Decree and shall make the documentation
available to EPA and the Independent Monitoring Contractor during any physical site visit.
Additionally, Olympic shall submit copies of any or all documentation required by this Program
within 10 days after the date of a request from either EPA or the Independent Monitoring
Contractor. The documentation shall include:

a. date of the inspections or test;

b. name of person who performed the inspection or test;

C. the serial number or other identifier of the pipeline component;

d. results of the inspection or test; and

e. correction of any deficiencies identified during inspection or test.
E. Procedure for Adjusting Pressure Settings.

Olympic’s Engineering Department is responsible for calculating the maximum operating
discharge pressure of a station and establishing the maximum control and shutdown set points of
the Pipeline System.

Olympic shall review annually the Maximum Operating Discharge Pressure of each
station. The Engineering Department will issue a letter documenting the review to the Control
Center, and the District Manager. Any changes made to operating or control setpoints must be
approved through Olympic’s Management of Change Process.






Exhibit 7

Controller and Employee Overview Training Program

A.  Controller Training

l. At intervals not exceeding 15 months, but at least once each calendar year,
all Olympic controllers shall receive training that addresses: (a) operation of the SCAD A
system under conditions approximating normal, abnormal, and emergency conditions;
(b) responding to abnormal and emergency conditions and; (c) start-up and shut down of
any part of the Pipeline System.

2. The training required by the preceding Paragraph shall include exercises
on a pipeline simulator to test and to verify the controller’s knowledge of the SCADA
svstem.

3. Newly hired controllers shall receive the training described in
Paragraphs 1 and 2 of this Program before they are allowed to operate any part of the
Pipeline System without direct supervision.

4. Olympic shall maintain records of all training related to this Program and
shall make the training records available to EPA and the Independent Monitoring
Contractor.

5. At intervals not exceeding 15 months, but at least once each calendar year,
Olympic shall perform a review of each controller’s performance to assess his/her ability
to perform the tasks and responsibilities covered by this Program. Furthermore, Olympic
shall perform remedial or additional training, as necessary, to address any deficiencies
identified in its periodic reviews of its controllers.

B.  Employee Overview Training

Within 90 days of the effective date of this Consent Decree, and annually
thereafter, Olympic shall perform a review for all employees and managers with
responsibility for operating and maintaining the Pipeline System, including controllers,
that covers: (1) an overview of the operation and maintenance of the Pipeline System;
(2) information to recognize and avoid risks that could result in a spill from the Pipeline
System; (3) hazards most frequently encountered during operation of the Pipeline System
that may result in an unpermitted discharge of pollutants; (4) the environmental
consequences of spills from the Pipeline System; (5) reporting requirements and
emergency notification procedures; (6) the procedures related to operation of the Pipeline
System and the location where written copies of such procedures are maintained; and
(7) the requirements of the Consent Decree.
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