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JOB 35-1195
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Construction Procedure
DOCUMENT CHANGE NOTICE NUMBER 3

This notice applies to Construction Procedure No. 35-1195- CPM-6.9G Revision g .

This change will be incorporated in the next revision of the procedure.

Change the procedure as follows:
Replace the following pages with the attached:

page 2 of 17
Page 12 of 17

Reason for change: Change in requirement, reference correction

This change approved by:

riginacor

Reviewed by:

Reviewed by: g
r. Project weiding Engineer Date

6-11-81
gffective Date
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JOB 35-1195
Comanche Peak Steam Electric Station

Construction Procedure
DOCUMENT CHANGE NOTICE NUMBER 2

This notice applies tc Constructio
This change will be incorporated in the

Change the procedure as follows:

penlace the following nages with the attached

12 of 17
13 of 17
14 of 17
15 of 17
16 of 17
17 of 17
Table 6.9G-2

Reason for change: Clarification

This change approved by:

W .
ginater ~Date

n Procedure No. 35-.1195- CPM-6.9G Revision -

next revision of the procedure.

Reviewed by:

Reviewed Dy:
Mf] M A-é-f/
: Senior Project vWelding Engineer ate

Sheet 1 of 8
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ty Assurance ate

6/2/81
cffective Late




JOB 35-118%
Comanche Peak Steam Electric Station

Construction Procedure
DOCUMENT CHANGE NOTICE NUMBER _J

This notice applies to Construction Procedure No. 35-1155-CPM 6,96 Revision 2

.
——

Sheet 1 of 13

This change will be incorporated in the next revision of the procedure.

Change the procedure 3s follows:
Replace the following sheets with the attached:

Page 1 of 17
Page 2 of 17
Page 3 of 17
page 4 of 17
Page 5 of 17
page 6 of 17
Fage 8 of 17
page 14 of 17
page 16 of 17
page 17 of 17
Table 6.9G-3 Sheet 1

Add Figure 6.9G-6A

Reason for change:
Additional Requirements

/044 9&/4-8-8'/
] ua| L&y Assurance Date

This change approved Dy: Reviewed Dy:
Uriginater égtc rown
Reviewed Dy:

April 2, 1981

Effective Date
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1.0

2.0-
2.1

4

LIST OF TABLES

"ASME INSPECTION REQUIREMENTS MATRIX" (4 sheets)

“REQUIRED EXAMINATION, QC HOLD POINTS AND APPROVALS REQUIRED FOR
REPAIRS" (2 sheets)

"INSPECTION REQUIREMENTS FOR COMPONENT SUPPORTS" (3 sheets)

FIGURES

WELD DATA CARD (Front Only)

MULTIPLE WELD DATA CARD (Front and Back)
POST-WELD HEAT TREATMENT CHECKLIST

REPAIR PROCESS SHEET

MANUFACTURING RECORD SHEET

WELD DATA PROCESS SHEET/INSPECTION PLAN FORM
PIPING MODIFICATION INSPECTION PLAN

MATERIAL IDENTIFICATION LOG

SUPPLEMENTS

OVERVIEW OF WELDING DOCUMENTATION REQUIREMENTS IMITIATED PRIOR TO JULY
20, 1979. .

INTRODUCTION

This apbendix to Procedure CPM 6.9 provides the aocumentation require-
ments of ASME Section [II for welding, fabrication, and installation
activities.

REQU IREMENTS
APPROVAL AUTHORITY

The requirements for origination, review, and approval of this
appendix shall be in accordance with procedure CPM 6.1. In
addition, this appendix and its' DCN's shall be approved by the
Project Welding Engineer.

RESPONSIBILITIES

Documentation governed by this appendix shall be originated and pri-
marily controlled by the Project Welding Engineer during field use.
The B&R Site QA Manager is responsible for ASME Code certification, .as
required. The Permanent Plant Records Vault Siparvisor has responsi=-
blity for docunentation storage and retrieval.

‘===§::=a
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2.3

2.4

2.5

2.6

2.6.1
2.6.1.1

DOCUMENTATION LOGS

Responsible groups shall keep a status of such documentation suffi-
cient to permit traceability and retrieval. Logs shall be used to
list the applicable drawing numbers. weld number(s), item designa-
tions, and current status or locations of the documentation.

DOCUMENTATION STORAGE

when documentation is stored in an unattended location, such storage
area shall be locked or otherwise secured.

VERIFICATION OF INSPECTIONS

Inspections shall be evidenced by signature, initials, or ink stamp
that identifies the individual making the inspection. All documen-
tation entries shall be made with a black, indelible, ink pen (not
felt tip pens).

ANI REVIEW
Upon completion of documentation or any document change, the applic-

able documentation shall be presented to the ANI for review as noted
below. If the documentation is acceptable, the ANI indicates his con-

currence by initialing and dating the applicable welding documentation.

Initfal Review Required: A1l we'ding documentation, e.9. WOC,
MWDC , RPS, Hanger Packages, Travelers, MRS'S

NOTE 1: The following documentation changes require ANI re-review:

a. Deletions of items designated as ANI holdpoints (unless a
weld is voided).

b. Additions of operational steps in sequences previously
reviewed.

Inspection Plans
Weld Data Process Sheet/ Inspection Plan

ANI review of documentation may be accomplished with a "Weld Data
Process Sheet/Inspection Plan Form" (Fiqure 6.9G-6) in lieu of the
weld documentation. The form is initiated and controlled by Welding
Engineering and completed by the drawing number, code class, indivi-
dual weld identification and QC holdpoints. A line entry may also be
completed for a MRS or travelers.

LR
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Hold or inspection points are established on this form by indicating
them in the applicable space(s). Hold/inspection points not shown,
such as travelers or MRS operations, are noted 1n the “comments”
column.

|
Upon completion of each review/inspection denoted above the WE, QC, ‘
or the ANI representative shall sign and date in the appropriate {
space at the bottom of the form.

The holdpoints as defined on the form shall be transcribed to the
appropriate MRS, WOC, or traveler by Welding Engineering anc in the |=
"Reviewed by: ANI" block shall be written "WOPS/IPF" to indicate that
a completed Weld Data Process Sheet/Inspection Plan is on file to

document the ANI review, ;

A copy of the complete WOPS/IP form shall be transmitted to the
ANI by Welding Engineering.

NOTE: (This note applies to the above paragraph only)

- Any ANI holdpoint that is not transferred to the .
weld documentation from this form constitutes a i
nonconformance if the ANI holdpoint is bypassed and |
shall be documented in accordance with QAP-16.1 |!

- Normally, weld documentation will be made out for a
a complete ISO.

- RPS's will be presented to the ANI for review.
2.6.1.2 Piping Modification Inspection Plan

In lieu of the plan discussed in Paragraph 2.6.1.1 above, a Piping ;
Modification Inspection Plan (PMIP; Figure 6.9G-6A) may be used for !
the selection of ANI holdpoints. The holdpoints shall be established |
by Weiding Engineering in accordance with written sampling plans |
provided by the ANI.

8lank PMIP's will be submitted to the ANI for signature. Upon
signature, entries in accordance with the written sampling plans
will be made by Welding Engineering. The serial number of the
PMIP will then be entered in the "Reviewed by: ANI" block on the
g weld documentation. Copies of the fum shall be submitted to the
ANI and the QA Department.

o
4

ROUTING OF DOCUMENTATION (ASME)

Upon completion of the ANI review, MRS(s), Hanger Packages, WDC(s ),

d ‘ RPS(s) shall be returned to the PWE. From this point on, the docu-
| | SSPL=
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mentation 1isted above shall be controlled by the FWTC substations
and maintained as described in Section 2.3 hereof,

At the completion of each shift, or the end of the related work, all
documentation shall be returned to the FWTC substation. Upon comple-
tion of all work presented by such documentation, the affected
documentation shall be reviewed for completion. If completed, it
shall be transmitted to the System Release/Turnover Group. '

2.8 DOCUMENTATION MODIFICATION REQUIREMENTS l.
2.8.1 Piping Subassemblies (Reviwions To MRS and Related WOCs) and f
Component Supports

When documentation revision is necessary before or during fabrication,
the affected documentation shall be forwarded to:

a. Piping Documentation - revised by Welding Engineering in accord-
and with Appendix 6.9G.

b. Component Support Documentation - Ravised by the Hanger Package ‘
Distribution Station in accordance with Appendix 5.9G, and Pro-
cedure CPM-9.10.

This process shall include surveillance, review, and modifications by
the ANI as defined in Section 2.6.

2.8.2 Field Welds (Piping)

Revisions to WOCs shall be made and reviewed (Section 2.8.1 above)
with the exception that documentation of the changes/revisions shall
be made by WE and the changes shall be initialed and dated near the

change.

NOTE: Changes that substantially revise the designated work may
require that the affected weld documentation be voided and
new documentation issued.

3.0 DOCUMENTAT 04 PREPARATION AND PROCESS FLOW
3.1 WELD DATA CARDS AND MULTIPLE WELD DATA CARDS
NOTE: Documentation initiated and dated by the Welding Engineering

department before July 2, 1979, may be used as prescribed in}
Supplement 6.9G-I.

CPM 6.9G, Rev, 2, CN# 1 Sheet 6 of 13
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Weld Data Cards (WDC, Figure 6.9G-1} cr Multiple Weld Data Cards
(MWDC, Figure 6.9G-2) shall be prepared for all welds which must meet
the requirements of ASME Section III, Division 1 except as provided
herein. WOCs and MWDCs shall meet additional requirements given
below.

1. MWOCs for ASME welds are limited to socket welds and component
support welds on the same drawing or subassembly. No more than
one piping subassembly, component support, or isometric or hange
drawing (for field welds) shall be documented on a single MWOC.

2. Spaces requiring entries on WDCs and MWDCs that are not applic-
able shall be marked N/A by the WDCC.

—

3. A maximum of four (4) welding procedures may be assigred to a
given WDC. WPSs may be changed by the WT in the field.

4. Corrections to an entry on a WDC, MWDC, or other documentation ;
shall be accomplished by drawing a line through the incorrect |
entry, and initialing and dating the new entry.

5. Class 2 and 3 Component Support Welds do not require unique
identification (weld numbering) except for the followirg:
Attachment welds to pressure retaining members; hangers or welds
utilizing miltiple processes or filler materials; full penetra-
tion welds excluding flare beveling on structural tubing; and
welds requiring NDE (weld numbers for welds requiring NOE may be
added upon completion of work).

Class I component support welds require unique weld numbers for all

welds. Heat number traceabilit; is required for all Class I and
impact tested materials and shill be recorded on an MIL.

3.2 WDC AND MWDC ORIGINATION

The following entries are required for all WOCs and MWOCs for the wor
to be accomplished:

1. A1l identification information, as applicable.

2. WPS numbers: The correct WPS revision numbers and any applicabl
ICNs shall be entered by the WT just before the release of the
card to Construction. When a welding procedure for the automati
GTAW process is used, as a minimum, an appropriate GTAW procedur
for manual tacking .hall be listed in addition to and above the |
automatic GTAW procedure. A maximum of four WPSs may be provide

B —0B8-
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3.

Enter the "Weld Filler Metal Required."

NOTE 1: Unless specifiad otherwise by the PWE, if a WOC refer-

ences ER308, then ER308L is acceptable; if ER316, then
ER316L is acceptable. Westinghouse applications will
require approval of the W representative.

Enter the "piece" number (PC#) and "P" number on the WOC. The
MWOC piece number is noted in the MRS section on the back or as
on an attached MRS. For component supports this may be accomp-
lished on a Bill of Materials. The “P" number(s) for the mater-
jal srould be entered adjacent to the applicable connecting weld
nuibers on the top of the MWDC (front).

In addition, verify that the WPS is acceptable for the wall
thickness, material type, etc. (wall thicknesses may be found by
consulting ANSI Standards B16.9, B16.11, B36.10, and B 36.19).

Verify that the WPS was qualified to ASME Sections III and IX and
approved by G&H.

NOTE 2: An applicable WPS is shown on Table 6.9G-1 by Piping Speci-

fication Category and Code Class. If the one shown is used,
this verification is unnecessary.

Check if PWHT is required by the WPS. If no PWHT is required,
enter N/A in all applicable spaces. If PWHT is required, attach
a PWHT checklist as shown on Figure 6.9-3 and complete all iden-
tification information.

Add sequential operations to be followed during fabrication or
installation including inspection requirements. For NF Supports,
huld points shall be entered in accordance with the requirements
delineated in Table 6.9G-3 and, as applicable, for the hanger to
be fabricated/installed from the following:

Support Number Ident.

Size, Configuration, Tolerance/Dwg.
Material Correct Dwg.

Fasteners Correct & Complete
Location and Elevation/Dwg.

Spring Can Stops Installed
Spherical Bearings

A1l Welds/Dwg. & WPS (V.T.)
P.T./M.T.

E 52 .50 80 85D

Entry of QC holdpoints. Make entries as noted on the "ASME
Inspection Requirement Matrix" (Table 6.9G-1), as noted by ASME
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Section 111 Code Class and Piping Category or the component

Support Inspection Matrix (Table 6.9G-3). Enter weld nuibers as

applicable adjacent to the applicable sequence on the MWOC. '
|

NOTE 3: For dissimilar metal shop welds, PT is required on both thei
root and final weld surfaces. Buttwelds shall be 100% RT'd.

NOTE 4: For branch connections, any additional NDE shall be as
required by Note 4, Table 6.9G-1.

.

NOTE 5: Use one space for each type of NDE required.

NOTE 6: Heldpoints are denoted with a check"ﬂl"; Inspection
points with an “X". "WT" inspection points shall be as {
required by the PWE and indicated with an "X". CON. (Cons- |
truction) holdpoints shall be as defined by the PS.

NOTE 7: Required holdpoint and inspection point operations shall be
performed by the group defined on the WDC or RPS in the 1
order shown from left to right (i.e., if an operational
sequence requires WT and QC holdpoints, the WT inspection
shall occur before QC inspection).

NOTE 8: Delta ferrite checks shall be performed as required by
Appendix 6.90.

NOTE 9: Line, drawing no., weld no.(s), and fabrication code and
class entries shall be made on WDCs and MWDCs, as applic-

able.

NOTE 10: Upon acceptable completion of the WDC(s), the individual
making the above entries shall denote "Review" immediately

below the last operational sequence and sign and date in the
"WE" column.

3.2.1 Pre-established Repair Sequence (Optional - In Process)
1. A pre-established repair sequence may be added at the direction
of the PWE below final NOE. Sigfoffs for review shall be made

below such sequence. Normally the pre-established sequence will
contain the following operations:

a. Excavate defect.

b. perform Info PT.

Sheet 8 of 13
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3.3

¢. Evaluate excavation and attach a sketch to the WOC and re-
turn to Weiding Engineering.

2. In the event that this pre-established repair sequence is not
usad, all steps may be marked N/A by the PWE in the "Inspection
Resuits" column.

REPAIR PROCESS SHEET

Welds requiring rewelding which were rejected after final inspection,
all "major" repairs, and all base metal repairs requiring welding

shall be documented on the RPS, Figure 6.9G-4 {or continuation sheet).

The RPS is normally reproduced on the back of the WOC. Specific re-
quirements by classification of repairs are given in Appendix 6.8C,

Section 3. Before defining each repair operation sequence, the repair

type shall be defined (i.e. Base Metal Repair, In-Process Repair,

v Cosmetic Repair, Major Weld Repair).

v/,/the applicable repair operations shall be established and approved
before proceeding with the repair work.

NOTE 1: For socket, component supports, and pipe butt welds using

the MWDCs and WOCs, the first repair sequence may be defined

for each weld before initial issuance of the card. Should
the repair not be required, the appropriate signoff areas
are marked N/A by the cognizant QC Inspector or WT and
initialed and dated.

NOTE 2: The repair work and the inspection holdpoints on the RPS
must be totally completed (signed) by the QC Inspector.
When the repair is complete and the RPS is signed, work may

continue to the next sequential step on the front of the WOC

or MWDC.

1. The rejectable operation identified on the front of the WOC is
marked “U" for unsatisfactory and signed and dated by tne QC
Inspector before continuing to the RPS operational repair se-
quence.

2. Each major welded repair (excluding in-process welds) shall be
numbered consecutively as R-1, R-2, etc. This shall be stated
pext to the repair type before the first operational step.

Operation designations shall be “operation number" of the reject-

able operation on the front of the WOC suffixed by an A, B, C,
etc. In-procaess welds will be sequentially number IP-1, P2,

etc.

§ .
",

==
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3.3

3. Should an operational step result in a rejectable condition that

cannot be considered an in-process repair, then one shall be

added to the repair number and this shall be affixed prior to the

next operational sequence, f.8,8
R-1 Major Weld Repair

7A Grind defect

78 PT excavation

7C Fi11 per WPS 38023

70 Grind for NDE inter-
pretation

7€ Perform final RT "U"

7F Remove Purge Dam N/A

R-2 Major Weld Repair

7A Grind defect

78 PT excavation

7C Fill per WPS 88023

4, In a given operational sequence, steps that are not to be used

may be marked "N/A" in the Inspection Results section by the PWE.

§, Upon completion of a given operational sequence, work shall

procead to the next succeeding step on the front of the WDC i.e.,

Step 70 is the last operational step which includes signoff fo
required final NDE.

r

On the Weld Data Card, Step 8 is the next step after signoff of

the required NDE, as required by the last step on the RPS.

Required Approvais

—= Base metal repair - ANI, WE, G&H

Major weld repair - AN, WE
In-process repairs - WE
Cosmetic Repairs - ANI, WE

Approval signatures and dates shall be affixed in the appropriate

column of the PPS directly below tha last operation step defined.

MKOC's, sequences for several welds may be defined before affixing
approval signatures at the end of the last operation defined.

NOTE: A repair cycle shall be defined as operations on a weld
after a rejectable code-requirea final NDE that results

On
of

in either an acceptable or rejectable additiona! code-

required final NDE.

The repafir nunber on applicable RPS's shall be advanced
only under these circunstances unless detarmined other-

wise by the PUE.
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3.3.8 Repair Process Sheet Initiation

The Repair Process Sheet shall be completed and verified as follows
for repairs to ASME items:

3.3.3 Weld

4.

3.3.4 Major Base Metal Repairs

’/,/ft.

The WDC Serial No. (where applicable), drawing no., and weld no.
shall be entered at the top right corner. For component support
applications, both the component support drawing number and tre
applicable piping jsometric drawing numbder shall be provided.
For base metal defects, the spool number shall be en:ered.

Metal Repairs

Required approvals, inspections and holdpoints shall be estab-
1ished as delineated in Table 6.9G-2, required examination, QC
holdpoints, and approvals required for repairs to ASME Section
111, Subsection NB, NC, ND. For Subsection NF, see Table 6.9G-3,
Note 6, page 3 of 3

The Repair Process Sheet shall describe the defects, including
sketches or attachments (i.e., overlays) in order to adequately
locate the defect(s) at a later date.

for weld repairs, if the original weld points were completed,
verify that in addition to the weld repair requirements of the
original weld QC hold points are as 1 .quired by Table 6.961. If
a delta ferrite check is required, verify that "Delta Ferrite
Check” has been entered.

The repair cycle (the number of repairs to this weld) shall be
noted. Requirements for more than two repairs are given in
Appendix 6.90.

If all items on the RPS have been acceptably completed, the
originator shall denote "Final Review" on the line immediately
below the Tast operational step entered and sign and date in the
appropriate column, The applicable 4ocurentation shall then be
transferred to QA for QA review/ANI review/approval, as required.

Verify that the required approvals have been made for base metal
repairs Dy referring to Table 6.9G2. For component supports, the
applicable CSTP or HP numbe r shal] be entered.

Enter/verify that the WPS to be used is acceptable for the mater=
jal and the type of weld to be_made, and that the "Weld Filler
Material Reguired" where shown is as specified on the WPS (See
also Section 3.2.4 of this Appendix.)

(LR
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3.4

3. [f post-weld heat treatment is subsequently required, enter/

verify that the time and temperature requirements have been
entereq and that a "PWHT Checklist" (Figure 6.96-3) is attached.

4, Establish the required QC holdpoints and approvals required on

gheGEPS operation sequence, and the NDE requirements of Table
.9G-2.

5. Establish the "Repair Cycle No.," the number of the repair to be

nade is entered.

6. Verify that the sketch or overlay attachment is adequate to find

the repaired defect at a later date.

7, Establish that spaces for delta ferrite readings have been estab-

(See also Appendix

lished where a licable for S/S materials.
6.90, Section 5.15.5

8. [f all items above have been acceptably completed, the originator

shall sign and date the "yeld Engr." approval column.

9. Review and modify an applicable MRS, HP, and CSTP for required
items such as described in Section 2.8 of this Appendix and
concurrently with the RPS operational sequence. Review and
approval cof the RPS operational sequence shall be as required by

Sections 2.6 and 2.7 of this Appendix.

 Base metal repairs which are not associated with a field
weld shall be defined on an RPS at the back of a WOC. The
WOC shall be campletad as to all applicadle items and the
“production release" section marked i/A or crossed out. The
RPS shall be campleted on the back defining the repair

sequence and requi rements.

Base metal repairs associated with 3 weld having a WOC (such
as weld end prep repairs) nay be conpleted as part of the
repair sequence on the RPS for that weld.

=
o
-
m

THE MANUFACTURING RECORD SHEET

A MRS (Figure 5.9G6-5) is a shop traveler for ASME Section III piping
subassemblies and for modi fications to Code-certified piping fabrica-
tions. (The MRS is not requi red for camponent supports or field
welds.) A MRS shall be initiated for all piping subassemblies to bg
fabricated and is routed with the WDCs for any welds to be made as

part of the documentation package.

‘CPH-G.QG Rev. 2 CN #3 6-11-81 Sheet 3 of 3

(T8



SROWN & RCOT, INC. } ISSUE |
CPSES WMBER | REvISION | OATE | PAGE
’ ! |
108 35-1158 - , l l
CP-CPM 6.9G | 2| 1981 | MBofl

For socket welds documented on the MWDC, the MRS may be affixed to the
back of the card as shown in Figure 6.9G-2. (For component supports,
the MRS may be used as a Bill of Materials.)

Subassemblies camposed of screwed fittings also require an MRS.
The MRS shall be campleted as follows:

1. Enter all applicable identi‘ication information (drawing revi-
sion; line, caomposite, subassemblies, or canponent support num-
bers).

2. Camplete the Bill of Materials on the MRS or the back of the MWDC
fran the construction drawing for item, quantity/ length (randam
lengths are not filled in), size, schedule/ rating, material
specifi?tion, and type or grade. Other items are completed in
the field.

.

|
|
|
|
|
|
|
!

3. For a MRS where a Code-certified item is to be modified, the Bill
of Materials shall be campleted as above for the items to be
added or deleted.

4. Every attempt should be made to install pipe exactly on location.
However, when this cannot be accanplishd, Code-certified items
may be shortened in the field to pemit fitup and installation
provided the following conditions are satisfied:

a. No shop welds are altered or cut;

b. The final working point dimensions are maintained =2 inches
for Unit 1 and Caamon buflding, and ¢) inch for Unit ¢
building of the dimensions specified on the drawing (refer-
ence by CPM-6.9E, paragraph 3.12.1);

c. The final dimension after shortening will be recorded on
modification MRS which is verbally requested fram and “

prepared by Welding Engineering.

A CMC is not required to perfom such modifications. Modifications
in excess of tolerances and/or those cutting shop welds, shall re-
quire CMC's and modification MRS's. The cutting of field welds
will also require a CMC.

NOTE 1: Modifications to Code-certified items resulting fram
| design changes or a change in weld numbers require a
| drawing revision, or CMC to permit such modifications.

=
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When final dimensional inspection for piping subassemb-
lies was campleted after July 20, 1979, cleaning and
packaging was not a required QC holdpoint and need not
be inspected. The QC Inspector shall note such hold
points N/A and initial and date.

NOTE 3: Any marking falling within the allowed modification
area shall be transferred prior to the modification.

The MRS is routed with associated weld data cirds for surveillance/
revien as delineated in Sections 2.6 and 2.7 above.

THE COMPONENT MODIFICATION CARD

The CMCs shall be issued and controlled in accordance with applicable
TUSI procedures. Upon receipt, the CMC shall be reviewed and approp-
riate action taken as follows:

NOTE: Except for ASME Class [ applications, CMC's to add or
delete materials or welds, within the original design, for
welding problems, misfabrication, or misalignment, may be
issued by Welding Engineering,

Documentation

Weld Data Card.

1. Where a shop weld on a cartifiad piping subassembly is to be
cut, issue a modification MRS with a2 sta) +ilal 2y cmfim Joint
removal. The associated WOCs may be issued concurrently. If
the subassembly has not been certified, the existing MRS may
be revised and reapproved as describe< Sections 2.6 and 2.7
above. Revisions to CSTPs shall be in eccordance with procedure
CPM 6.3 and with WOCs added or deleted as described in this
section.

The congnizant welding technician will verify any required
weld removals on the MRS. Where an MRS is not required, as in
the case of field welds, this verification shall be made by
the welding technician signing or initialing the applicable
hold point on the WOC.

r "VOID" in bold

Upon final QC review, QCR personnel will enta
the appropriate

lettering in the applicable weld blocks on
WOC.

The PWE may stamp "VOID" on original WOCs in lieu of QCR
when the documentation is available,

CPM-6.9G Rey _ Sheet 4 of 8
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Upon issuance of associated WOCs, the CMC number shall be
entered on the card.

If all welds on the cards are "VOID" and not presently in the
Records Vault, they shall be transmitted to QA.

If all welds on cards are not affected the card may be used
for further production use.

EXCEPTION 1: WDCs for BOP applications shall be controlled and

processed as noted above with the exception that
they are forwarded to the BOP Inspection Group for
the documentation file.

EXCEPTION 2: CMCs affecting 20P welds listed on weld data sheets

shall be filed with the appropriate drewing and all
appropriate corrections made on the associated wWeld
Data Sheets prior to turnover.

Verification.

Concurrent with the above activity, the following verification
and/or acticns shall be taken/made by Welding Engineering: |

1.

3.

verify that the CMC is campleted for line number, drawing
number, and weld numbers and that all instructions and sketches
are clear.

Verify that the necessary approvals have been made using a CMC.
REQUIRED: Site Engineering
Where Westinghouse supplied equipment is located adjacent to

the weld to be removed, approval by ar authorized W represen-
tative is also necessary (the "Owner's Agent").

DOCUMENTATION ACTIVITIES DURING FABRICATIONS/INSTALLATION

1.

The craftsman making the weld fit-up shall enter the heat
nunmber of the base materials to be joined on the applicable
WDC. When subassemblies are to be joined, traceability shall
be verified through the use of the subassembly number. When
jteme of material on a subassembly are welded together and an

T 1s used, traceability shall be through entries on the MRS.

In such instances, the heat number block on the WOC may be
marked "N/A*. When a valve or other equipment is to be joined,
the serial number of the item shall be entered in place of the

|
|
|
|

heat numbd~r.

CPM-6.9G Rev. 2 CN #2 6/2/81 Sheet 5 of 8
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For canponent supports, verification of materials shall be made
on the MWOC, MRS or MIL (Figure 6.9G-7).

NOTE 1: An inspector verifies that the materials used and the

heat numbers entered are correct at the time of first
inspection. For ASME Fabrication activities, these
ze;‘lfications shall be made by the QCI; for BOP, the
IT.

NOTE 2: When piping subassemblies or other code-stamped items

are joined, the subassembly serial no. shall be re-
corded in lieu of the heat number.

NOTE 3: For Class 2 and 3 camponent supports and Class 1

standard items, the heat number block on the MWOC, MRS
or Bill of Materials may be marked "N/A".

Entries shall be made on the WFML during the welding process
as defined in Appendix 6.98B.

when welding austenitic stainless steel, the weld int:rpass
temperature shall be checked by the craftsman after ¢ ch pass
has been canpleted around the entire pipe joint.

When MATE is used to perform inspections, the QC Inspector
shall enter the M&TE number and calibration due date in the
space provided on the WDC or MWDC, and initial and date the
entry.

Certain austenitic stainless steel welds shall be reqg ired to
be measured for delta ferrite content. The measurements shall
be accamplished by the WT who shall record the four readings in
the space immediately to the right of the NDE procedure/revision
designations on the WOC. If the readings are within the speci-
fied requirements, he shall sign and date the applicable opera-
tion (see Appendix 6.90, Section 3.18).

Upon campletion of all work required by the documentaion, the
MRSs and WOCs, and associated documentation shall be routed to
the WE. Upon receipt, the FWTC shall review as noted, weld
documentation for campletion. If acceptabie, "Final Acceptance"”
shall be written on the front after the last operation step
defined and the WE column shall be signed and dated and ASME
documentation transmitted to the System Release/Turnover Group
for review, approval, certification, and subsequent storage.
For BOP WDCs, the MDS shall forward the completed cards to the
BOP Inspection Group for approval and filing in the Permanent
Plant Records Vault.

|

=
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For canponent supports, upon campletion of the hanger, the
Craft shall return the Hanger Package to Welding Engineering
for final review. After final review, the Hanger Package
will be returned to the craft for final inspection by QC and ,
subsequent transmittal by QC of the accepted Hanger Package '
to the Permanent Plant Records Vault.

3.7 NONDESTRUCTIVE EXAMINATION DOCUMENTATION REQUIREMENTS

1. NDE Report foms shall be completed for NDE performed on Non-
ASME safety-related items, "Info" NDE, RT and UT examinations,
and unsatisfactory VT, PT and MT inspections in accordance with
the NDE Procedures Manual. For satisfactory VT, PT, MT and
digital thickness UT, an NDE report is not required.

e,

2. For welds that use WOCs or MWDCs, the following information
shal’ be recorded.

a. The NDE procedure and revision to which the examination
was performed.

b. The inspection results (i.e., "S" Satisfactory, "u"
Unsatis factory).

¢. The inspector shall verify that the fabrication code/
acceptance standard was correct for the examination
perfomed.

d. The signature or initials and date of the inspector con-
ducting the examination.

e. The inspector's level of certification.

NOTE: NDE required by hold points must be certified by a Level
II on the applicable report or WOC.

Upon campletion of all holdpoints for welds which do not require
final radiography, the WOC package shall be returned to the FWTC.

w‘
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TASLE 6.9C-1
ASME INSPECTICN REQUIREMENTS MATRIX

NOTES:

‘I
2.
3.

..

1.

10.

.

12.

for dissimilar metal shop welds the roct and‘ﬁml weld surfaces
;3411 bf 1iquid penetrant examined and 1002 RT is required for
tt welds.

Final M7, T or AT required for buttwelds greater than 4" (NDS212).

For ?-1 materials, °T may be substituted for MT (MS-433 1.10.2 (a).
For socket welds, PT will nomally be performed.

Full penetration butt and corner welded branch and piping con-
nections shall require final MCZ as follows:

a. (Class one weldments greater than &" require RT and HT or PT.
b. Class one weldments equal to or less tnan 4" require I'T or PT.
c. Class two weldments greater than 4" require RT,

d. Class two equal %0 or less than 4* require MT or PT.

NOTE: MT or PT is required externally, and when accessible,
internally. (M8 5242, 5243, NC 5242.)

PWHT required for P-1 materials as required by ASME Section III.
1¢# PUNT 43 reguirad, usé Wes 11072 (F3-100 4,33.5 (2)).

Recuired for work falling within the scope of MS-100 only, and in
accordance with other notes (MS-100 2.1.2).

The delta ferrite check shall be accomplished by a welding tech-
nician and surveillance over such operations shall be performed

as follows by the establishment of a QC hold point for celta fer-
rite: Class | weldments 10CZ OC hold point. Class 2 & 3 weld-

ments 10% random QC hold point. .

Selection of inspection (WT) and OC hold points and their disposi-
tion shall be in accordance with MS-100, Paragraph 4.34.6.

A1l Code Class 1 & 2 weld end preparation surfaces 2" or more in
thickness shail be examined by the magnetic particle or liquid
penetrant methcd (N85120, NMC5130).

Purge Dam Removal required for field welds where purging {s re-
quired by the applicadble WPS.

For Class 1 welds defined in ASME Section III, N24360 (Specially
Designed Welded Seals) perform MT or PT on the final weldment
surface (1185271) and other NDE as for a fillet weld to PSC 23507,
Class One. (NOTE: CPOM Welding)

NOTE: WT and QC hold points may be on a surveillance
or other system other than the W0Cs at the option
of the PYE or Site QA Manager.

The final pass of all pressure toundary welds and finished machi-
ned surfaces of.all hardfaced areas shal) be PT exanined (M$-625).

In addition to mandatory hold points, Welding Enginecring may add addi-

-

tional OC holdpoints where deemed necessary.
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TAGLE 6.9G-2

Required Examination, QC Hold Points and Appraovals
Required for Repairs

REPAIR CHART NOTES:

1‘
2.

3.

‘.

10.
1.

12.

MT may be substituted for PT where applicable.

When 1t is not possible or practical to examine a possible mini-
mum wall violation through mechanical measurement, UT measurement
of wall thickness may be substituted.

For code stamped or certified items, the repatir or modification
of items which fall within the scope of Brown & Root certificate
of authorization or manufacturer's approval is not required. For
items which fall outside such scope, repair shall be with the
approval to the specifications of, or by the manufacturer.

The examination of repairs shall be repeated as requirad for the
original jtem except that repair of defects originally detected by
MT or PT methods when the repair cavities do not exceed the iesser
of 3/8" or 1CX of the nominal thickness need only be re-examined
by an MT or PT method. If the repair cavity excesds the above, RT
is required.

Any base metal defects which are a result of the manufacturing pro-
cess or weld repairs to stainless steel which require mare than two
cepairs, shall result in a disposition in accordance with QAP 16.1.

Arc strikes on items other than piping in the field violating min-
mum wall thickness shall require a Gibbs & Hill engineering evalua-
tion and reccmmendation.

If a weldnent {is rejectable to the point that removal of the weld is
necessary, a Component Modification Card (CMC) and a new weld Data Card
will be 1ssued,

For Class III applications, the cavity need only receive a visual
examination as a minimum. All cavities resulting from arc strike
removal on Class IIl 1tems in the shop shall be PT inspected.

As required by MS-100.

Repair situations which fall outside the scope of this matrix
shall be analyzed as per job specification and ccde requirements
and dispositioned accordingly.

In-process defects shall be documented as required in the space
provided on the back of the applicable WOC or on continuation
sheets,

NOE reports for VT, PT or MT, UT/OT examination shell only be required
as per the Oocumentation section of this procedure.

o Y
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Table 6.9G-3
i INSPECTION REQUIREMENTS FOR COMPONENT SUPPORTS
Table 6,903 Sheet 1 of 3
INSPECTICN ACOUIREVENTS FJ2 CCMPOMENT SUPOCRTS
FIT-0F
_CLASS TYPE _ CLEANLINESS _ PREWEAT VT AT/MT RT UT__ PuH”
1 nFE211 Fyll Penetration Butt X X X X (3 X (4)
Plate 3 Sheil Full Penetration 1 X ) A ) | (3]
Uouble 711 et ~eiaeq Lag L % { X (3]
Full Fillet aeldeq Tee X £ (3) £ 13)
i
NFS212 Fyl)l Penetration X X X X (3 X (4
1near [voe Y enetration iee 4 (Jrner X £ X [ E 1 ('
Full Fillet weids X X X 7=,
ner . s 1 X {3}
1 NFSE212 Fyll Penetration Suttl X X X X (1)
Component -
Stancard Fillet Welds w/Throat Dim 1° 1 X X (5)
rt ner «eics 1 1=,
11 NF5221 '
Plate § Shell Fyll Penetration 2utt X X X X {4)
Tul] Penetralion Lroave X X L 1 e &
Touole Fillet ~aided Lao X Y
Tillet welded lee Joint X £
Yer Ae1as 1n Fricary vemcers [ ™
1 _0ta 5 Td A T2
11 & Mc WF3222  Fy!l Senetration 2utt X X 74
ALl r3ede Tal| Jsnetration Tee delds X X T
All Piliet deids X %
ITT Ut er nelas ¢ B
11 § MC NF5223  Full Oenetration 8utt X \ 9
class (11
NF3223 Fillat Welds X r3)
A1] uther «eids 1 &S
111 NFS231 Full Peretration Sutt Welds
Plate & Shell Excending 1 1/2" in Thickness X X (8)
i1 Lther weids A

NOTE:

Refer to Page 3 (Notes) for those numbers that are in parenthesis.
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INSPECTION REQUIREMENTS FOR COMPONENT SUPPORT

ATTACHMENT WELDS TO PIPING
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TABLE 6.9G-3

NOTES

Purge is not reguired if wall thickness of pressure piping exceeds
1/4" thickness. Wher purge is required, a hold point for purge dam
removal is also required.

When the results of Radiography are not meaningful, ultrasonic
examination shall be performed. In addition, the adjacent base
material for at least 1/2 inch on each side of the joint shall be
exanined by either MT or PT.

When the requiraments of note 2 can not be met, the welds including
the adjacent base material for at least 1/2 inch on each side of
the weld shall be examined by either MT or PT.

Full penetration welds in Pl material over 1-1/2" requires Post
Weld Heat Treatment,

Fillet and partial penetration welds in Pl material over 1-1/2"
with a throat thickness or groove dimension over 3/4" require Post
Weld Heat Treatment.

Inspection Requirements for Repairs to Component Supports

A, Repairs that require welding will be reinspected with the
original NDE method that detected the defect. The cavity does
not require inspection.

Elimination of surface defects by grinding, that do not require
welding, will be examined by MT or PT after blending.

Base metal repairs will be examined in accordance with the
material specification for the material affected.
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MULTIPLE WELD DATA CARD (FRONT)
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MULTIPLE WELD DATA CARD (BACK)
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MATERIAL IDENTIFICATION LOG

MATERIAL IDENTIFICATIOM LOG

Date

QS Verificetion

vaged Hanger Masber

where appl icable)

Heat/10 Sal
Mumber

Quantity

Material
Description

Mat'y
Spec
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COMANCHE PEAK STEAM ELECTRIC STATION
DESIGN CHANGE AUTHORIZATION

(NTLL) (WEXKXNOTS BE INCORPORATED IN DESIGN DOCLMENT DCA M0._15,295 Rey. 1
|. SAFETY RELATED DOCMENT: XXYES ___NO 2
2. ORIGDVTOR: CPPEXX _ ORIGINAL DESIGER ___ @
3. DESCRIPTION: Q:g~¢ V)\r\%
A APPLICABLE SPEC/UWCHOOCUMENT  2323-MS-94 - REV. 3

"B DETAILS  THIS REVISION VOIDS AND SUPERSEDZS OCA 15,295 Rev. 0.

~_ Add to paragraph 2.6.2.3.a:

£8018CY {s an approved weld filler material to use in conjunction with ASTM-A-533, -

Type B, Class 2¢— Q0,000 p s m

"0 1
JUL1 G B8
||cEmT U e

_35-1195
RECEIVED
4. SUPPORTING DOCUMENTATION: JUL 121984
"DUCUMENT CONTROL
§$. APPROVAL SIGVATURES:  WHC/bb 6-28-84
A oncourr: /274 Ex DATE_ 7= /O-eRL.
3. DESIGN REPRESENTATTVE: fﬁ ~ mz.?-/wg
C. DESIGN REVIEW PRICR TO ISSUE: = —‘r' 9
6. STANDARD DISTRIBUTION: Mark Welch-QA (1) Site O
SR Civil Engineering (1) ‘ 6 Q
ARMS (ORIGINAL) 1) Design Review (1) )
QUALITY ENGINEERING 1 :
S e SRIG. DESTQY (1) west "‘&hm‘“‘ Q. ope 500
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Annex 3

Conversation Record

Allegation Number m\‘a_‘ Time $0.00-10 45 aw Date 9!3[3!

Type Visit vl Conference Telephone
Incoming
Outgoing

Name of Person(s) Contacted

or in Contact With You Organization Telephone Number
B'_L\\ ‘QA&: g‘R;N:\Q UC\&Q Eug\r £ oA

Ved Biwh B4R, QE Groug Supy, X usq <
i T?“ wy Vowle ' AR, OA YaPe . 4

Weld ’r\°\\¢v e ede\ | cow o\

SUMMARY : Swhsc'c‘r wieg \-4.0\‘&»-4\ \w ‘buq*uk o d A wS st ‘«sn\.?
Pasntulos svt oF tomearn eugloval way Yo warsuwge S
Uw e oviaed wells OE \eShr-overue \) vod

. . w & \\;\on‘qx M“.
\Ssaed Q\-:\\ ?é.:&:: \:&:\‘\O:: weler Sowdd w‘.\ua's

PUSEIN PP VP ’lc\ M\x W \-tvw\\&g\gx.
Name of Person Documenting Conversation _[= & mﬁJa\-
Signature Date g|-|gg

Name(s) of Other Persons Who Were Present During Conversation
Hoo. NRC “TRT™

I have reviewed the summary of the conversation with the individual(s) . named
below and agree that it accurately represents the conversation.

Signature of Person Providing Information

File: Allegation Work Package

cc: Project Director
Group Leader

Additional pages may be attached as needed. Additional pages should be

FOIA-85-59,20+
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Project: CPSES welder's Symbol

_Joh Mo, 135-1195 Name

Brown § Root, Inc.
Welding Engineering Cepartment

welder Documentaticn Surveillance Checklist

Welder Surveillance 1 2 3

[so. or Orawing No.

Weld Identification No.

Applicable WPS/Rev.

|_WFM Class

WM Sizs

[ Voltmeter MSTE No.

|-Lyrometer MATE No

+ {in.)

_4eld Pragression

__Sraheat Temperatyrs

wﬁl

_Purge Gas Tvge § Flow (cfh)
Pros M A

_selding Process/indicated Pass
_Cyrrent and Polarity
__Amperace

{n]taqe !

§ead Width (in.) |

Travel Sceed (iom)
_%d Qven Operational (Sat/Unsat) ‘
|_ielding Parameters (Sat/unsat) '
|_lnspector [nitial/Date of [nso.

| _Nelder's [nitia]

Comments (Discrepancy and Corrective Action):

Technician's Signature




wZl.OING
MATERIAL 1
SURVEILLA

o O F 4 s - .-
Profect: CPSES

u‘ VA e @\a\’ﬁ
A
ENGIXEERING L) o \vee Baclern

STRIBUTION STATISN Ceiorent 33-TH

. il

NCE CHECKLIST

rege 1 of 3

Creanizetion: .ccatian:

PIPE DEPT. MDS

=
- .
a8l

Surveiliance te-formed By:

rede
2 = Satisfactery U = Unsatisfactory
e Tharacteristic & Jescripticn | “ode __Remarks
1. | Temperature of the Level "B" ?-oé O et MM

Storage gacility shall not be
below 40°F. .

e\ \ “p. No “hw\w

“Q" weld filler material in
original containers are clearly
marked with weld filler material
classification, size, and the
heat/lot number. ‘~

S e o; Cew\‘»‘;"s

St. ety 4‘55 . 'Su&i«’h-u\ s
u“‘—o(: \YT\\. we Sall sk \M\‘OF\
ujuha.‘\ .

A1l associated warehouse requi-
sitions for weld materials shall
be maintained at the MDS until,
the material is used or removed'
from the MDS. J

Toe ‘1 & \-‘S‘“-. L6 e
oula Ser wead) e
Combal Worthouie N

when "Q" weld filler material is
removed from its containers,
handling and storing is being
accomplished in a manner which
prevents contamination.

No ¢ ;.A-u\ WYY ;*."‘5—
ol ved O vamn 5 $pon
(ovs\&wu:v » G’m it

bom  Gan st it Y \;N__”_

Adequate protective covering is
to be provided for weld filler
material remaining in the orig.
container after opening. <

Ovcu& cox € ‘\-:‘)-L.S\.‘.‘-,
Lo ‘-n*c‘* \oit.u:w‘..o.s LishYS §

(‘Bd" e rmd ,S, v onlred
vedet ave "k“‘\‘\kbio-. it o

Only "Q" weld filler material is
being issued from the HDS -

Sy @& maw 16w
vi) Sdneslm (No & PR T IRIF R I, TR WS

Weld filler material being

issued in approved containers

(except consumable inserts).

a. Straight length bare wire-
leather pouch identified
with a serial number '

b. Spooled bare wire-properly
marked container

¢. Covered electrodes-limited
to capacity of issuing
container (low hydrogen
electrode issued in heated
ovens only)

Oy sovee WADS e bors

%A 5‘pu\‘ fed \oloe)

v\ e ‘ ‘

5"7\\ '('“\'\".‘?t -\‘l-w
© viw
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WELDING ENGINEFRING
MATERIAL DISTRIBUTION STATION
SURVEILLANCE CHECKLIST

Project: CPSES Page 2of 3
Organization: Location: Date:
PIPE DEPT. MDS
Code Surveillance Performed By:
§ = Satisfactory U = Unsatisfactory
No. Characteristic & Description | Code Remarks
8. | MDS attendant verifies WFML, we \dey vaa vt weles
has Issuance Approval been given PR N S.. .\Q\f . “",““‘ s vl
by person (check for list of el of .w.w..na.ck N
signatures to approve issuance e W \\S o
of filler material) and the f:;:.... renﬁ ;\uo\-ia‘&\f.vhq.#
WFML been completed for the e i
WPS, material size and class, teaverg menl R & awmaray
welder's symbol, date, and \sswed( wo o™ wicd. N
for the MWIDC the weld number A ' v s % Ladg
as applicable.
PRI AT YV
9. Verify log for repeated short- N N s
ages by a welder or shortages. . SN N Nk v, Ouly A
over 5 stubs a day, Lok b evs W ew ase $\or T
10. Storage of Non-Conforming Weld T owd | Bewd ‘ed N, Lo ¥l
Filler Material (NCWFM) N e
1. NCWFM shall be stored in a €t W it B
facility or container that is
secure by locking devices .
sufficient to prevent immediate -
and casual entry.
2. NCWFM containers shall be -
marked red in color and tagged Cvae Lo o
to indicate the actual or sus-
pected classification and size
of the material during storage
and transit. N o
3. A1l NCWFM containers shall Cwlv Vow o 3 vy £
be maintained in one area with- % po N’)
in the MDS. The NCWFM area L ¢ v oRamiy T AT
shall be clearly identified as oLl e L Adat
“Non-Conforming Weld Filler / N\t N 2, Oouet's
Material, Do Not Issue". . / .
i verification of Stationary

.nd Portable Rod Ovens

1. Verify Stationary Rod Qven

temaerature is between 250°F-
F

350°F.
2. Verify calibration due date

on stationary rod oven ther-
mometer.

[ S XN Ao sk A
S c‘\‘k V'& L ‘

GA\'\\& m*\-;f o "“*"




WELDING ENGINEERING
MATERIAL DISTRIBUTIOHN STATION
SURVE [LLANCE CHECKLIST

Project: CPSES Page 3 of 3
Organization: Location: Date:
PIPE DEPT. MDS
Code Surveillance Performed By:
§ = Satisfactory U = Unsatisfactory
0. Tharacteristic & Description ode Remarks

11. 3.
cont.
temperatures and ma
4. Verify that por

operation before be
to craft personnel.

verify operational log for
stationary and portable

rod containers are checked for

rod oven
intenance.
table heated

ing issued

C wac\a Vo275 Suv props
Au T o M“\-"Q"h\ i

prampmm———E T L
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WELUING ENGINEEKLIAG
MATERIAL DISTRIBUTION STATION
SURVEILLANCE CHECKLIST

Project: CPSES p
‘ rganization: Location: Date:

WELDING ENGINEERING WQTC
Code Surveillance Performed By:
S= Satisfactory U = Unsatisfactory
[——Ho Tharacteristic K Description Remarks

1. | Temperature of the Level "B"
Storage 8ac111ty shall not be
below 40°F.

2. | Weld filler material in original
containers are clearly marked

with weld filler material classif-
cation, size, and the heat/lot number.

3. | A1l associated warehouse requisitions
for weld materials shall be maintained
at the MDS until the material is used
or removed from the MDS.

4. | when weld filler material is removed fro#
its containers, handling and storing

is being accomplished in a manner which
prevents contamination.

5. | Adequate protective covering is to be
provided for weld filler material
remaining in the orig. container
after opening.

6. | Spooled bare wire issued in proper
container.

7. | Verification of Stationary and
Portable Rod Ovens

1. Verify Stationary Rod Oyen

temserlturo is between 250°F-

J350%F

2. Verify calibration due date on
stationary rod oven thermometer.

3. Verify operational log for stationary
and portable rod oven temperatures
and maintenance.

4. Verify that portable heated rod
containers are checked for operation
before being issued to craft personnel.
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WELUIRG ENGINEEKING
MATERIAL DISTRIBUTION STATION
SURVEILLANCE CHECKLIST

ROJECT: CPSES

Page 2 of 2

Organization: Location:
WELDING ENGINEERING WQTC

Date:

S=

— N
8.

~ Code

Satisfactory U= Unsatisfactory

MDS attendant verifies WFML to
insure that issuance approval has
been given (check list of
authorized signatures) and that
the WPS, material size and class,
weldor's symbol, date and weld
number (if applicable) have been
entered.

Surveillance

Performed By:

BEMATRE

- RAFACYEFISYIC K SCFIRtion —Fade

A1l filler material used at WQTC,
(except brazing and aluminum filler
material) shall be considered Non-
Conforming Weld Filler Material
(NCWFM), and should be in containers
marked red in color.

10.

A1l weld and brazing filler material
used at WQTC shall be accounted for
on the WQTC Filler Metal Use Log, bu
WFML's are not required. However,
%aterial issued for use out of the
WQTC shall require a WFML.
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Project: CPSES ¥elder's Symbol AGP
Joh No. 1S-119% Name HORN, KEITH
3rown & Root, Inc. S

+elding Engineering Cepartment

“elder Oocumn:.u':on Sur-,eiﬂanqc'Check}%:_ ~
" | - < : o
_uelder Surveillance L 2 < 3 s
) L-X- 891.%

[sg. or Orawing Ne. ’ ’ ?‘5"; 04 ///é‘” *' ,'(2 N p fe,. /
|_4gld [dentification Yo P2 V244 LE y 24 )
| Agp)icable wPS/Rev. 03z T L zopun s /004 T /s £ |
| WFM Class £ /9 £ Tk =2e/] LY

% Size | | _2/42 Y12 P e
morater MTENo. 2oy | 238 | Sifd

Yol et ' 2T ’fi%y 257y 270/
| Pvrometer MATE No. 7 2L /73
| 3208 Meta] Thicknress (in.) e d 250 Rate A
_ugld Pragression Lol L=l AT A YA
|_orareat Temperaturs 24LL? 222> 270 2loe
| _Intercass Temperatyre L L L2 LA
_shielding Gas Tvoe & Flow (cfh) | u @ prr |y 2L
|_Surge Gas Tvoe § Flow (cfh) W74 AL | sk Ll

Welding Process/Indicated P3ss (LA (f""'/ S'dﬁ K(M[ <7

Cyr-ent and Polarity | é o/, i Qe | [cKf Lenrp
_imperace L% | L 20 |_/25

Yoitage M i oV T KL | 2

ead Width (in.) | 7 b | Vil | | ’.4/4

Trivel Speed [iom) ‘ 720 | | _~0 |y i i1 I
_30d Oven Operational (Sat/unsas)l S£% | S&F 0 a7 | sRr

! ? < £ <g’ Skl L &% LS Ak

' aieial/n gt L, 5-2a.44 Yz AV R 248~
| selder’'s [nisia) 2 AP T A&\ T Y ’

Comments (Discrepancy and Corrective Action): i

recinician’s Signature
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Fic. 5.20 Microcrack in Heat-
of HYB0 Steel. 55

5.20. Cracks that run roughly parallel to the fusion line are referred
ro as underbead cracks, while those that imitiate close to the toe of
‘he weld and propagate away from the weld because of the stress sys-
tem are called toe cracks. Since cracking caused by hydrogen may
occur hours or days after welding, it is also known as delayed crack-
ing. All these types of cracking originate by the same mechanism.

There are three factors acting simultaneously in the generation of
hydrogen cracks: dissolved hydrogen, tensile stresses, and a low-
ductility microstructure such as martensite. The sequence of
events leading to cracking have been delineated as follows:

1. Hydrogen 18 carried to the arc atmosphere by the shielding gas,
flux, or surface contamination. This hydrogen i8 converted to the
atomic or ionized state and readily dissolves in the weld metal

2 As the weld metal cools it becomes supersaturated in hydrogen
which diffuses into the austenitized heat-affected zone.

3. Under rapid cooling the hydrogen s retained in the austenite
instead of escaping, and the austenite persists to low temperatures at
which it transforms to martensite. The atomic hydrogen i8 virtually
insoluble in the martensite lattice.

4. The hydrogen 8 trapped in the martensite and thus is at a high
energy level in the lattice. By diffusion it seeks rifts and discon-
tinuities in the lattice and concentrates at these points.

5. The stresses generated by external restraint and by volume
changes due to transformation act with the hydrogen to enlarge the
discontinuities to crack gize. The hydrogen may contribute to
cracking by lowering the cohesive strength of the lattice or by adding
to the localized stresses at the discontinuity.
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ATOM ARC 7018
MOISTURE RESISTANT LOW HYDROGEN ELECTRODES

A NEW MOISTURE RESISTANT COATING

e ma CONnCe e welding of steel is hydrogen embrittlement. Excessive atomic
hydrogen trapped irdenabie e an exert enough pressure i ause critical defects such
. ea ICK R 4 elaved ttie tra .-
= e of hydroger the arc atmosphere is moisture in the electrode coating, and for
this reason Allov Rods exercises extreme control in the production of low hydrogen elecrodes
All Atom Arc Low Hydrogen electrodes are manufactured to contain moisture levels Deiow
79¢ as they are packed in hermetically sealed containers In addition, Atom Arc 7018 elec
trodes are now manufactured with a tiux coating that eftectively resists moisture pickup
tor many hours after the ntainer 1s opened This improved atirg provides an extra degree
f reliability. especially tor electrodes exposed to high temperature — high humidity working
nditions
ew Moisture resistant JINg 1 w standard for a o inF Ao A 7018 electrodes
he \mp ved coating was yretully mulated not My t esist moisture pick-up. dUt 4130 1O
eta the fine operating charactenstics and 1sistent depenca ty ! which the entire
Atom A Nne 18 SO well red 8 It

MOISTURE TESTING AND RESULTS

The AWS D11 Structural Code and the Military MIL-E 222001 E specifications allow a mas-
mum of 4% moisture content for E70XX low hydrogen electrodes Testing by Alloy Rods

inder specitic combinations ot relative humidity and temperature has demonstrated that the
7018 electrode satisfies this low moisture requirement tor exposure tumes
hevond those normally allowed in tield use In tact inder certain conaitions

electrode remained below the 4% max level even after 9% howrs of
exposure

FOIA 65-59

v A0~

mproved Atom Ar(

the moisture
esistant Atom Ar 018




TEST METHOD :

ing chosen by Alloy Rods is that described in AWS AS5.581. The
thod are two-fold. First, it is the method required to satisfy
test is sensitive only to water, and it is the

The method of moisture test
reasons for choosing this me
AWS AS.5 and D1.1 specifications. Secondly, this
most accurate and reliable method of moisture determination currently in use.

than ever before, no moisture resistant electrode will eliminate the n:ed for storage a

rebake ovens and the necessity to follow code requirements for allowable exposure times.

:

o

It should be noted that even though Atom Arc 7018 electrodes resist moisture pickup longer
; 6

p

N

|

TYPICAL MECHANICAL PROPERTIES g
- E : Stress Relieved
- 4 : As Welded 2 hrs. @ 1150°F.
Yield Point (psi) 68,500 _ 62,000 . i .
Tensile Strength (psi) 75,000 72,000
% Elongation (2°) N 32
9% Reduction of Area 75.5 _ 77
TYPICAL CHARPY V-NOTCH IMPACT VALUES ‘
Stress Relieved CEF
Temperature As Welded 2 hrs. @1150°F. ;
72°F. | 125 ftdbs. | 130 ftolbs. . ;
—20°F. 70 ft.-lbs. | 75 ft.-1bs. i

S a— .

TYPICAL CHEMICAL ANALYSIS OF WELD METAL
¢ | Mn | i
006% | 110% | 050%

'
b IR

CODE AND SPECIFICATION DATA

AWS: AS.1, Class E7018

ASME: SFA 5.1
Military Specification: MIL-E-222001E, MIL 7018 .
H

American Bureau of Shipping: 2Y
Det Norske Veritas: 3YHH
Lloyds Register of Shipping: IH
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The data presented on the preceding pages is TYPICAL and is not to be construed as guacanteed
values. Tests were performad in strict accordance with AWS procedures, but individual results

may differ depending on test variables.

HANOVER, PA 17331 US A

p&f Alloy Rods Division
CHEMETRON CORPORATION

THE SPECIALIST IN WELDING METALLURGY
An Allegheny Intemational Company
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ATOM ARC 7018-1
MOISTURE RESISTANT LOW HYDROGEN ELECTRODES

SPECIFICATION DATA
DESCRIPTION
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ATOM ARC 7018-1
MOISTURE RESISTANT LOW HYDROGEN ELECTRODES

SPECIFICATION DATA

AWS - A5.1, Class 70181
ASME - SFA 5.1
ABS - AWS A51

DESCRIPTION

Atom Arc 70181 is an all-position low hydrogen iron powder eiectrode that displays excep-
tional impacts at low temperatures in both the “as welded” and “stress relieved” cpnditions.
It easily fulfills the AWS requirements for a minimum of 20 ft-ibs. at -50°F. The smooth
metal transfer keeps spatter to a minimum, and the complete slag coverage is designed for

easy removal

APPLICATION

The all-position Atom Arc 7018-1 electrode is intended for the wide variety of carbon and
low alloy steels in the 50,000 psi minimum yield category. It is a good choice for applica-
tions that require high impact values at low temperatures.

OPERATION

Atom Arc 70181 electrodes operate on AC or DC reverse polarity. Do not use a whipping
technique, but progress in a straight forward direction or weave only as wide as the puddle
will allow. Hold a short arc at all times.

WELDING PARAMETERS

Normally, preheat is not required with the Atom Arc 7018-1 electrode. Preheat may be need-
ed on thick sections and on highly hardenable steels to prevent brittieness in the heat af-
fected zone. Consult the steel manufacturer’'s recommendations.
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MOISTURE RESISTANT LOW HYDROGEN RELIABILITY

The new Atom Arc 7018-1 electrodes are manufactured to contain
a moisture content less than 0.10% before they are packed in
hermetically sealed containers. In addition to this initial low
moisture level, Atom Arc 7018-1 electrodes utilize a coating that
effectively resists moisture pick-up for many hours after the con-
tainer is opened. This moisture resistant coating provides that extra

of reliability that is often necessary in high temperature -
high humidity working conditions.

MOISTURE TEST

e

Alloy Rods’ moisture testing followed the method presciibed in
Section 25 of the AWS AS.5 specification. This method not only
satisfies AWS requirements, but since it is sensitive only to water,

it also is the most accurate a
mination currently in use.

§0° -8

nd reliable method of moisture deter-
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Exposure Time (hours)

it should be noted that even though Atom Arc 70181 electrodes
resist moisture pick-up for long periods of exposure, N0 moisture

resistant electrode will elim
ovens or the necessity to fo
posure times.

inate the need for storage and rebake
llow code requirements for allowable ex-
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AMPERAGCE DCRP

TYPICAL MECHANICAL PROPERTIES

DIAMETER RANGE OPTIMUM
3/32° ¥ 70110 100
1/8* 90-160 140
5/32° 130-220 170
3ne* 200-300 250
7/32° 250-350 300
1/4* 300-400 350

o Stress Relieved
o As Welded 8 hrs. @11508F.
Yield Strength (psi) ~ 70,800 60,800
Tensile Strength (psi) 82,500 75,900
% Elongation (2°) n 32
% Reduction of Area 72 72

TYPICAL UNDILUTED WELD METAL ANALYSIS

Diameters 3/32° thru 1/4" are available in 50# or 10# hermetically sealed cans.

ELECTRODE IDENTIFICATION

Each electrode is marked with 7018-1 as shown.

-~

C | Mo | P | S | &
0070 | 149 | 0012 | 001/ T 037
TYPICAL CHARPY V-NOTCH IMPACT PROPERTIES
| Stress Relieved
Temperature °F. | As Welded 8 hrs. @1150°F.
-50 I~ 74 fit-lbs. | 52 tt.-ibs.
PACKAGING
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The data presented on the preceding pages is TYPICAL and is not to
be construed as guaranteed values. Tests were performed in strict
accordance with AWS procedures, but individual results may differ

depending on test variables.

»& Alloy Rods Division

«~ HANOVER, PA 17331 USA.

mtmmmuter
A Allegheny intemational Company
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Table 4.1.4
Filler metal requirements for exposed bare applications of
ASTM A242 and A588 steel

Welding processes

Shielded metal arc Submerged arc Gas metal arc Flux cored arc

AS 581 AS5.23-83'4 AS.28-70% AS5.29-80
E71T8-Nil
E71T8-Ni2
E7XTX-K2

E7018-W FIAX-EXXX-W

E80I8-W ESOTI-W

ES016-C3 or EB0I8-C3 F7TAX-EXXX-Nil? ERS80S-Nil ESXTX-Nil

E8016-C! or E8018-C1 FTIAX-EXXX-Ni#

E8016-C2 or E8018-C2

E7016-CIL or ES0I8-CIL FTAX-EXXX-Ni2? ER80S-Ni2 E8XTX-Ni2

E7016-C2L or E8018-C2L FTAX-EXXX-Ni¥ ERS80S-Ni3 ES80TS-Ni3

E8018-B2L' ER80S-B2L' ES0TS-B2L'
ER80S-G'-

| Deposited weld metal shall have a mimmum impact strength of Charpy V-notch 20 ft-1b (27.1 J) at 0° F (-18° C) (only applied to bridges).
2. The use of the same type of filler metal having next higher tensile strength as listed in AWS specification i1s permitted.
1. Ceposited weld metal shall have a chemical composition the same as that for any one of the weld metals in this table.

4 Composite (metal cored) electrodes are designated as follows:

SAW: Insert letter “C™ between the letters "E™ and X", e g.. FTAX-ECXXX-Nil.
GMAW: Replace the letter “S™ with the letter *C.™ and omut the letter “R:" e.g.. EBOC-Nil.

Table 4.4.3
Alternate stress-relief heat treatment

Table 4.4.2
Minimum holding time
| 4in (64 mm) Over | 4in (6.4 mm) Over 2 in.
or less through 2 in. (51 mm) (51 mm)
2 hrs plus |5 min
15 min | hr/in. for each additional
in. over
2in (51 mm)

Preheat and interpass temperatures must be sufficient to
orevent crack formation, and temperatures above the
specified minimum may be required for highly restrained
welds. In joints involving combinations of base metals,
preheat shall be as specified for the higher strength steel
being welded.

4.3 Heat Input Control for Quenched
and Tempered Steel ~

When quenched and tempered steels are welded, the heat
input shall be restricted in conjunction with the maxi-
mum preheat and interpass temperatures required (be-
cause of base metal thicknesses). The above limitations
shall be in strict accordance with the steel producer’s
recommendations. The use of stringer beads to avoid
overheating is strongly recommended. Oxygen gouging
of quenched and tempered steels is not permitted.

Decrease in temperaiure Minimum holding time at

below minimum decreased temperature,
specified temperature, hours per inch of
A°F a*C thickness
50 28 2
100 56 3
150 84 5
200 12 10
4.4 Stress Relief Heat Treatment®

4.4.1 Where required by the contract drawings or specifi-
cations, we'ded assemblies shall be stress-relieved by heat
treating. Finish machining shall preferably be done after
stress relievin,.

8. Stress relieving of weldments of ASI4, AS17, ana A709
Grades 100 and 100W steels is not generally recommended.
Stress relieving may be necessary for those applications where
weldments must retain dimensional stability during machining
or where stress corrosion may be involved. neither condition
being unique to weldments involving A514, A517, and A709
Grades 100 and 100W steels. However, the results of notch
toughness tests have shown that postweld heat treatment may
actually impair weld metal and heat-affected zone toughness,
and intergranular cracking may sometimes occur in the grain-
coarsened region of the weld heat-affected zone.
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4.4.2 The stress relief treatment shail conform to the
following requirements:

(1) The temperature of the furnace shall not exceed
600° F (315° C)at the time the welded assembly is placed
it

(2) Above 600° F (315° C), the rate of heating® shall
not be more than 400° F (220° C) per hour divided by the
maximum metal thickness of the thicker part in inches,
but in no case more than 400° F per hour. During the
heating period, variation in temperature throughout the
portion of the part being heated shall be no greater than
250° F (140° C) within any 15 ft (4.6 m) interval of
length.

(3) After a maximum temperature of 1100° F(590° C)
is reached on quenched and tempered steels, or a mean
temperature range between | 100 and 1200° F (650° C) is
reached on other steels, the temperature of the assembly
shall be held within the specified limits for a time not less
than specified in Table 4.4.2, based on weld thickness.
W hen the specified stress relief is for dimensional stabil-
ity, the holding time shall be not less than specified in
Table 4.4.2, based on the thickness of the thicker part.
During the holding period there shall be no difference
greater than 150° F (83° C) between the highest and
lowest temperature throughout the portion of the assem-
bly being heated.

(4) Above 600° F (315° C), cooling shal! be done ina
closed furnace or cooling chamber at 2 rate® no greater
than 500° F (260° C) per hour divided by the maximum
metal thickness of the thicker part in inches. but in no
case more than 500° F per hour. From 600° F (315° C),
the assembly may be cooled in still air.

4.4.3 Alternatively, when it is impractical to postweld
heat treat to the temperature limitations stated in4.4.2,
welded assemblies may be stress-relieved at lower temper-
atures for longer periods of time, as given in Table 4.4.3.

Part B
Shielded Metal Arc Welding

4.5 Electrodes for Shielded Metal
Arc Welding

4.5.1 Electrodes for shielded metal arc welding shall
conform to the requirements of the latest edition of AWS

9. The rates of heating and cooling need not be less than 100° F
£55° C) per hour. However. in all cases, consideration of closed
chambers and complex structures may indicate reduced rates
ol heaung and cooling to avoid structural damage due to
excessive thermal gradients.

= S,

AS.1, Specification for Mild Steel Covered Arc Welding
Electrodes, or to the requirements of AWS AS5.S, Speci-
fication for Low Alloy Steel Covered Arc Welding
Electrodes.

4.5.2 Low Hydrogen Electrode Storage Conditions. All
electrodes having low hydrogen coverings conforming to
AWS AS.1 shall be purchased in hermetically sealed
containers or shall be dried for at least two hours
between 450° F (230° C)and 500° F (260° C) before they
are used. Electrodes having a low hydrogen covering
conformingto AWS AS5.5 shall be purchased in hermeti-
cally sealed containers or shall be dried at least one hour
at temperatures between 700° F (370° C) and 800° F
(430° C) before being used. Electrodes shall be dried
prior to use if the hermetically sealed container shows
evidence of damage. Immediately after opening of the
hermetically sealed container or removal of the elec-
trodes from drying ovens, electrodes shall be stored in
ovens held at a temperature of at least 250° F (120° C).
Aftér the opening of hermetically sealed containers or
removal from drying or storage ovens, electrode expo-
sure to the atmosphere shall not exceed the requirements
of either 4.5.2.1 or 4.5.2.2.

4.5.2.1 Approved Atmospheric Exposure Time Peri-
ods. After hermetically sealed containers are opened or
after electrodes are removed from drying or storage
ovens, the electrode exposure to the atmosphere shall
not exceed the values shown in Column A, Table 4.5.2.
for the specific electrode classification.

4.5.2.2 Alternative Atmosphere Exposure Time Peri-
ods Established by Tests. The alternative exposure time
values shown in Column B in Table 4.5.2 may be used
provided testing establishes the maximum allowable
time. The testing shall be performed in accordance with ,
AWS AS.S, Section 3.10. for each electrode classifica-
tion and each electrode manufacturer. Such tests shall
establish that the maximum moisture content values of |
AWS AS.5 (Table 9) are not exceeded. Additionally. |
E70XX (AWS AS.1 or AS.S) low hvdrogen electrode |
coverings shall be limited to a maximum moisture con- |

| tent not exceeding 0.4% by weight.

|
These electrodes shall not be used at relative humidity-
temperature combinations that exceed either the relative ‘
humidity or moisture content in the air that prevailed

| during the testing program.'?

4.5.3 Electrode Restrictions for AS514 or AS17 Steels.
When used for Welding ASTM AS14 or ASI7 steels,
electrodes of any classification lower than E100X X shall
be dried at least one hour at temperatures between 700
and 800° F (370 and 430° C) before being used. whether
furnished in hermetically sealed containers or otherwise.

10. For proper application of this provision. see Appendix J for
the temperature-moisture content chart and its examples. The
chart shown in Appendix J. or any standard psyvchrometric
chart. must be used in the determination of temperature-
relative humudity himits.

-~
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Table 4.5.2
Permissible atmospheric exposure of
low hydrogen electrodes

Column Column
A B

Electrode (hours) (hours)

AS.1
E70XX 4 max Over 4 to 10 max

AS.S
ETOXX 4 max Over 4 to 10 max
ESOXX 2 max Over 2 to 10 max
ESOXX | max Over | 10 § max
E100XX 12 max Over | 2104 max
E110XX | 2 max Over | 2to4 max

Notes

Column A Electrodes exposed to atmosphere for longer penods
than shown shall be redried betore use

Column B: Electrodes exposed to atmosphere for longer peniods
than those established by testing shall be redried before use.
Entire table: Electrodes shail be issued and held in quivers, or other
small open containers. Heated containers are not mandatory

4.5.4 Redrying Electrodes. Electrodes that conform to
the provisions of 4.5.2 shall subsequently be redried no
more than one time. Electrodes that have been wet shall
not be used

4.5.5 Manufacturer’s Certification. When requested by
the Engineer, the contractor or fabricator shall furnish
in electrode manufacturer’s certification that the elec-
trode will meet the requirements of the classification.

4.6 Procedures for Shielded
Metal Arc Welding

4.6.1 The work shall be positioned for flat position weld-
ng whenever practicable.

4.6.2 The classification and size of electrode, arc length,
\0ltage. and amperage shall be suited to the thickness of
the matenal, type of groove, welding positions, and
Jther circumstances attending the work. Welding cur-
rent shall be within the range recommended by the elec-
trode manufacturer -

4.6.3 The maximum diameter of electrodes shall be as
ollows

4.6.3.15 16n. (8.0 mm) for all welds made in the flat
Position, except root passes

4.6.3.2 | /4 in. (6.4 mm) for horizontal fillet welds.

4.6.3.3 | /4in. (6.4 mm) for root passes of fillet welds
Made in the flat position and groove welds made in the

Nat position with backing and with a root opening of |/ 4
in. or more

Submerged Arc Welding/49

4.6.3.45/32in. (4.0 mm) for welds made with EXX 14
and low hydrogen electrodes in the vertical and overhead
positions

4.6.3.5 3/16 in. (4.8 mm) for root passes of groove
welds and for all other welds not included under 4.6.3.1,
46.32,4633 and4.6.34.

4.6.4 The minimum size of a root pass shall be sufficient
to prevent cracking.

4.6.5 The maximum thickness of root passes in groove
welds shall be /4 in. (6.4 mm).

4.6.6 The maximum size of single-pass fillet welds and
root passes of multiple-pass fillet welds shall be

4.6.6.1 3/8 in. (9.5 mm) in the flat position

4.6.6.25/16in. (8.0 mm) inthe horizontal or overhead
positions

4.6.6.3 1 2in(12.7 mm) in the vertical position

4.6.7 The maximum thickness of layers subsequent to
root passes of groove and fillet welds shall be

4.6.7.1 1,8 in. (3 mm) for subsequent layers of welds
made in the flat position

4.6.7.2 3/ 16 in. (4 mm) for subsequent layers of welds
made in the vertical, overhead, or horizontal positions

4.6.8 The progression for all passes in vertical position
welding shall be upward, except that undercut may be
repaired vertically downwards when preheat is in accord-
ance with Table 4.2, but not lower than 70° F (21° C).
However, when tubular products are welded, the pro-
gression of vertical welding may be upwards or down-
wards but only in the direction or directions for which
the welder is qualified.

4.6.9 Complete joint penetration groove welds made
without the use of steel backing shall have the root
gouged to sound metal before welding is started from the
second side, except as permitted by 10.13.

Part C
Submerged Arc Welding

4.7 General Requirements

4.7.1 Submerged arc welding may be performed with one
or more single electrodes. one or more parallel elec-
trodes,'' or combinations of single and parallel elec-
trodes. The spacing between arcs shall be such that the
slag cover over the weld metal produced by a leadingarc
does not cool sufficiently to prevent the proper weld
deposit of a following electrode. Submerged arc welding
with multiple electrodes may be used for any groove or
fillet weld pass.

1. See 2 ppendix |
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2. See Fig. J2 for an exampie of the application of this chart in establishing electrode exposiure

Grains of mossture per Ib of an

' ) Appendix J: Temperature—Moisture Content Charts

Fig. J1—Temperature-moisture content chart to be used in conjunction with testing program to
determine extended atmospheric exposure time of low hydrogen electrodes (see 4.5.2)
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Example: An electrode tested at 90° F and 70% relatve humidity (RH) may be used under
the conditions shown by the shaded areas. Use under other conditions requires additional
testing.

Fig. J2— Application of temperature-moisture content chart in determining atmospheric
exporure time of low hydrogen electrodes ( .
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Caution should be used in preheating quex;ched and
tempered steel, and the heat input must not exceed the
steel producer’s recommendation (see 4.3).

4.3 Heat Input for Quenched and
Tempered Steel

The strength and toughness of the heat-affected zone
of welds in quenched and tempered steels are related to
the cooling rate. Contrary to principles applicable to
other steels, the fairly rapid dissipation of welding heat is
needed to retain adequate strength and toughness.

The cooling rate of the austenitized heat-affected zone
must be sufficiently rapid to ensure the formation of the
hardening constituents in the steel microstructure. Over-
heating of quenched and tempered steel followed by slow
cooling prevents the formation of a hardened micro-
structure.

The deposition of many small weld beads improves
the notch Eouiﬁneu of the weld by grain refining and the
t $65.°A"weave bead, with

ium increases heat input and is there-
forc ot recommended. Because the maximum heat input

for various quenched and tempered steels varies over a
wide range, heat input as developed and recommended
by the steel producers should be strictly observed.

4.4 Stress Relief Heat Treatment

This paragraph provides for two postweld heat treat-
ment methods for stress relief of a welded assembly. The
first method requires the assembly to be heated (0 | 100°
F (595° C) max for quenched and tempered steels, and
between 1100 and 1200° F (595 to 650° C) for other
steels. The assembly is held at this temperature for the
time specified in Table 4.4.2 In 4.4.3, an alternative
method permits a decrease in temperature below the
minimum specified in the first method, when the holding
time is increased. The alternative method is used when it
1s impractical to postweld heat treat the welded assembly
at higher temperatures. These temperatures are suffi-

ciently below the critical temperature to preciude any

change in properties.

if the purpose of the postweld heat treatment is io
stress relieve the weld, the holding time is based on the
weld metal thickness even though some material in the
weldment is thicker than the weld. If the purpose of the
postweld heat treatment is to maintain dimensional sta-
bility during subsequent machining, the holding time is
based on the thickest component in the weldment. Cer-
tain quenched and tempered steels, if stress relieved as a
carbon or low alloy steel, may undergo undesirable
changes in microstructure, causing a deterioration of
mechanical properties or cracking, or both. Such steels

should only be stress relieved after consultation with the
steel producer and in strict accordance with the pro-
ducer's recommendations.

Precautionary Note: Consideration must be given to
possible distortion due to stress relief.

o
Part B
Shielded Metal Arc Welding

4.5 Electrodes for Shielded Metal
Arc Welding

The ability of low hydrogen electrodes to prevent under-
bead cracking is dependent on the moisture content in
the coating. During welding, the moisture dissociates
into hydrogen and oxygen: hydrogen is absorbed in the
molten metal and porosity and cracks may appear in the
weld after the weid metal solidifies. The provisions of the
Code for handling, storage, drying, and use oi low hy-
drogen electrodes should be strictly adhered to in order
to prevent moisture absorption by the coating material.

4.5.2 For carbon steel low hydrogen electrodes, AWS
A35.1, Specification for Carbon Steel Covered Arc Weld-
ing Electrodes, specifies no moisture limit for the low
hydrogen coating, However, the appendix to AWS AS. |
statgs 1t should be less than 0.6%. Alloy steel low hydro-
gen electrodes covered in AWS AS.S, Specification for
Low Alloy Steel Covered Arc Welding Electrodes. have
a specified maximum moisture content. For the E70XX
class electrodes, it is 0.6%; for EBOXX electrodes, it is
0.49%; for E9015 and E9016 electrodes it is 0.4%; and for
the remainder of the E90XX class, the EI00XX, the
EI110XX, and EI120XX class electrodes. it is 0.2%.

Experience has shown that the limits specified above
for moisture contents ir. electrode coverings are not
always sufficiently restrictive for some applications using
the E90XX and lower classes. Electrodes of classifica-
tions lower than EI00XX are subject to more stringent
moisture level requirements when used for welding the
high-strength quenched and tempered steels, ASTM
AS514 and AS517. All such electrodes are required to be
dried between 700 and 800° F (370 and 430° C) before
use. Electrodes of classification below E100XX are not
required by AWS AS.S to have a moisture content less
than 0.2%, and the required drying will achieve at least
this moistuse level. This precauti )n was necessary because
of the sensitivity of high strength steels and weld metal to
hydrogen cracking.

Tests have shown there can be a wide variation in the |

moisture absorption rate of various brands of electrodes
representing a given AWS classification. Some electrodes
absorb very little moisture during standard exposure
times while others absorb moisture very rapidly. The

<
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Fig. C4.7.7—Examples of centerline cracking: (A) Groove weld; (B) Fillet weld; (C) Weld in T-joint

moisture control requirements of 4.5.2 are necessarily
conservative to cover this condition and ensure that
sound welds can be produced.

The time restrictions on the use of electrodes after
removal from a storage oven may seem overly restrictive
to some users. The rate of moisture absorption in areas
oi low humidity is lower than that encountered in areas
of high humidity. The Code covers the most restrictiye

situations.
L ——

4.6 Procedures for Shielded Metal
Arc Welding

This section contains the prequalified welding proce-
dure requirements for shielded metal arc welding.

Part C
Submerged Arc Welding

4.7 General Requirements

Part C contains prequalified procedure requirements
for submerged arc welding. The provisions of this section
apply only to prequalified welding procedures. Sub-
merged arc welding is normally associated with high hé:
input, and heat input exceeding the steel producer’s
recommendations could reduce the toughness of the
Joint for quenched and tempered steels.

4.7.7 The weld nugget or bead shape is an important
factor affecting weld cracking. Solidification of molten
weld metal due to the quenching effect of the base metal
starts along the sides of the weid metal and progresses
inwzrd until completed. The last liquid metal to solidify
lies in a plane through the centerline of the weld. If the

\

weld depth is greater than the width of the face, the weld
surface may solidify prior to center solidification. When
this occurs, the shrinkage forces acting oa the still hot,
semi-liquid center or core of the weld may cause a center-
line crack to develop, as shown in Fig. C4.7. 7(A) and (B).
This crack may extend throughout the longitudinal
length of the weld and may or may not be visible at the
weld surface. This condition may also be obtained when
fillet welds are made simultaneously on both sides of a
joint with the arcs directly opposite each other, as shown
in Fig. C4 7.7(C).

In view of the above, 4.7.7 requires that neither the
depth nor the maximum width in the cross section of the
weld metal deposited in each weld pass shall exceed the
width at the surface of the weld pass. This is also illus-
trated in Fig. 4.7.7.

Weld bead dimensions may best be measured by sec-
tioning and etching a sample weld.

4.8 Electrodes and Flux for
Submerged Arc Welding

4.8.1 AWS AS5.23, Specification for Low Alloy Steel
Electrodes and Fluxes for Submerged Arc Welding, was
published in 1976 and revised in 1980. Electrodes and
fluxes conformi g to the classification designation of
this specification may be used as prequalified provided
the provisions of 4. 1.1 and Table d.1.1 are observed. The
contractor should follow the supplier’s recommenda-
tions for the proper use of fluxes.

4.8.3 The requirements of this section are necessary to
assure that the flux is not a medium for introduction of
hydrogen into the weld because of absorbed moisture in
the flux. Whenever there is a guestion about the suitabil-
ity of the Tux due to improper storage or package dam-
age, the flux stiould be discarded or dried in accordance
with the manufacturer’s recommendations.
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A Study of Hydrogen Cracking in
Underwater Steel Welds

A yield strength of 50 ksi appears to be the limit
beyond which hydrogen cracking occurs frequently

n underwater welding of structural steels

BY H. OZAKI, |. NAIMAN AND K. MASUBUCHI

ABSTRACT. This project was under-
taken to investigate hydrogen cracking
in underwater {(“wet”} welds. Several
kinds of structural steel specimens
were used, including those made of
mild steel, 50 ksi (yield strength) class
steels, and HY-80 steel.

The Y-slit restraint test was used

w,g%e___mnﬂumm The Testing conditions ol s
métFiod can be related 10 acual fabri-
cating _conditions. Several types of
ectrode were used in the welding of
mild steel, and the effects of the
different électrode coatings examined.

trodes (E310-16) in the welding of HY-
80 steel. This enabled an examination
of the effects of undermatching, and
an examination of austenitic elec-
trodes

The same materials were also

make air so (hal comparisons
cou made between underwater
and air welds.

The hydrogen content in under-
water welds was determined using the
dycerine method. The carbon-equiva-
lent formulas and the critical cooling
tume (from 800 to 500 C (1472 to 932 F)
to produce a fully martensitic struc-
ture) are used in the discussior of
hydrogen-cracking susceptibility. 1t
was found that, whatever the elec-
trade-type used, no observable hy-
droFrn cracks [g—'g‘m teg from _the
W‘ But

gen cracks did result from t' -
underwater welding of high stren i
steels, The use of unrdermatching

techniques or austenitic electrodes did
not improve the weld integrity.

Introduction

The increasing use of offshore struc-
tures such as platforms, storage tanks
and pipelines has created a demand
for the development of underwater
welding techniques that can be used
in their construction and repair.

In order to obtain high quality
underwater welds and to develop
more reliable processes, the weldabil-
ity of various structural steels must be
investigated.

Because of th

the water environment

because large quantities o rogen
ire esenll Rydrogen Cracking is one

reposts on this subject are avail-
able, but the results tend to be incon-
sistent.

Grubbs and Seth' contend that the
hydrogen cracking problem in carbon
steel welds is minor unless the carbon
equivalent exceeds 0.4. Also, extensive
cracking was not found in tee and lap
joints of HY-80 steel, a material known
to be crack-sensitive in air welding.’

However, England”

has r

cracking does ur in underwater
wetaTTade n normal Carbon cteels
TR0 to 032 carbon equivalent * Ti

wi 3 to 0.42 carbon equivaient.’ In

Paper presented at the 58th AWS Annual
Meeting held in Philadelphia, Pennsylvania,
during April 25-29, 1977

H. OZAKI i1s a Research Associate and K
MASUBUCH! is Protessor, Massachusetts
Institute of Technology, Cambridge, Mass;
| NAIMAN is with NAVSEC Hyattswille,

Maryland
F [/

addition, it has been reported that due
to the martens tic structure, the maxi-
mum hardness in the heat-affected
zone of underwater weids in mild steel
{carbon equivalent: 0.33) was about
600 Hv.' Both the hardness measure-
ment and the microscopic observation
indicate that even in mild steel
hydrogen cracking can occur.

The objective of this study is to
systematically obtain experimental
data on the hydrogen-cracking suscep-
tibility of underwater welds in various
structural steels.

The presence of hvdrogen, the
presence of 3 suscepuble mcrosliue | 3 susceptible microstiug-
ture and t ce of tensile siress
hﬂy_wmw. All

three tfactors can be represented by
three engineering indexes: the diffus-
ible hydrogen content, the carbon
equivalent and the intensity of re-
straint.* In the present study, the
underwater hydrogen potential of var-
ious types of electrode was deter-
mined using the giycerine method.
The cracking tests were carried out
using a Y-slit restraint test such that
the intensity of restraint could be
related to actual fabricating condi-
tions.

Aust initic electrodes have a large
hydrogen solubility and tend to keep
liydrogen away from the crack-sensi-
tive base metal. Because of this, they
reduce hydrogen cracking in under-
water steel welds when the carbon
equivalent exceeds 0.40.' Recently, it
was reported that several different
types of austenitic electrode have
been observed to produce underwater
welds containing martensitic struc-
tures along the fusion boundaries; this
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Table 1-Chemical Composiiion of Materials Used, Wt-%

C Si Mn P S Ni Cr Mo v Nb CE.- Pen'™
Mild steel 020 002 053 003 0.04 029 023
S1s2 019 034 114 0.02 003 03a 0.26
ASI7A 0.16 0.30 120 002 003 020 020 006 Co6 002 045 0.26
| HY-80 018 620 032 0.02 003 299 168 o4 085 036
|
! MA G eMosV | Ni#Cu - Si  Mn N G MoV Cu
‘ 'WIM-CO:O_' 2t e -——:s "'"c’i’zé’i’a;'ts"o’n’“
)

is due to the high base metal dilution
and the high quenching rate caused by
the water environment which in turn
results in weld metal hydrogen crack-
ing*

It has been demonstrated that the
use of undermatched electrodes (the
weld metal strangth being lower than
that of the base metal) effectively
reduces hydrogen cracking.’

hydrogen cracking susceptibifity of
underwater welds—Table 1. The spec-
imens were 1/2 in. (12.5 mm) thick. In
Table 1, the carbon equivalent values
(CE) and the P.,* values oi these
steels are shown. The following equa-
tions were used to calculate these
values:

CE -C+~ln+ C_'_tﬂ’_*_‘.’

titania-iron powder type (E7014), iror
powder-iron oxide type (E6027) anc
low t E7018)-wer
used.
The titania-iron powder type report
edly has good running characteristics
The iron powder-iron oxide type ha
been demonstrated to reduce th:
hydrogen-cracking susceptibility o
underwater welds.*

This study examines how the use of 6 5 Low hydrogen electrodes (EB01&
an austenitic electrode and an under- Ni + Cu were used for A537A steel and STS
matched electrode affects the welding + 3 (Current spec.) steel. For HY-80 steel, three types o
of HY-80 steel. electrode including low hydroge:

- electrodes with different strength

S'-‘ M ¢ Ni (E11018 and E7018) and austeniti

Experimental Procedure Pey = C 4+ o &0, CU LN 4 electrodes [E310-16 (25Cr-20Ni)] wer
. » 2 20 & used. E7018 electrodes and E310-1
e Mo  V electrodes were used to determin
Several commercially  available TR 58 (Ito and Bessyo?) exactly how an undermatched elec

steels including mild steel (ABS grade
A), 50 ksi (yield strength) class steels
(A537A and 5T 52), and HY-80 steei
were used in the evaluation of the

A ]

For_the experiment_on_mild steel,
three types of electrodes—including

e - — e ——— 200 MM
(81In)

p————— 80 MM
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»
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150 Mm
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TEST WELD

trode and an austenitic electrod
affect the hydrogen-cracking suscep
tibility of underwaier weids v HY-8
steel. All of these electrodes wer: /3
in. (4 mm) in diameter.

Hydrogen Cracking Tests

Hydrogen-cracking  susceptibilit
was evaluated using a Y-slit sel
restrained cracking test—=f.2. 1. Th
measure of the hydrogen-cracking su
ceptibility of a steel is the crackin
ratio—Fig. 2. This is a ratio of the heigt
from the root to the tip of the crac
versus the height from the root to th
surface of the weld metal.

The restraint intensity involved i
this test corresponds to the uppe
limits of the restraint intensity of a
actual welded joint. Because of thi

CRACK

r f—
{ i (
h (

1r .

CRACKING RATIO

2MM Th
SECTION A-A IH

Fig. 1=The Y-sht type test specimen
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fig. 2=Determination of a cracking ratin



. the " test results are a reasonasly
accurale indicator of hydrogen-crack-
ing susceptibility.

+ Testing Procedure

The Y-slit specimens were cut ‘rom
the plates in such a way that thuir
longitudinal dimension was parallel to
the rolling direction of the plates. The
restraint welds were made in the usual
manner

The specimens were put in a tank
10 % 16 X 12 in. (250 x 400 x 300
mm) deep. Water was pumped in up
to a level 1.2 in. (30 mm) above the top

of the plate. The electrod d
kept dry, w t e
holding oven and waterproof ith
an 0 The
N W using 200 A, 25 V

DCRP and an average welding speed
of 8 ipm (20 cm/min), resulting in an
average heat input of 38 kj/in. (1500
k)/m).

The welded specimens were sub-
merged in a container of water at 70 F
(215 C) for 48 hours and then
sectioned to expose the cracking.

The cracking ratio of each plate-
electrode combination was deter-
mined by averaging the cracking ratio
values observed in four different
sectionings.

Air welds were made using the same
welding conditions as the underwater
welds.

Metallographic Examination
and Hardness

Measurement

In the metallographic examination,
the specimens were polished and
et~ hed using 1% nital or aqueous picric
acid and observed microscopically.

The hardness was measured using a
Knoop hardness testing machine set at
a 00 g load. The results were
converted to the DPH (10 kg) scale.
The hardness measurements were tak-
en 1 mm (0.04 in.) above the root level
in each case.

Measurement of Diffusible
Hydrogen Content

Diffusible hydrogen content
evolved from underwater welds was
measured using the glycerine method
(the procedure proposed by the Japan
Industrial Standard was employed).*

These results can be related to those
obtained by the IIW method using the
following equation:**

Hyw = 1.27 Hg + 2.2
where H,, = hydrogen content by
W method; H, = hydrogen content
by glycerine method.

How the type of waterproof me-
dium and the length of time the elec-
trode is in the water before it is used

-

Table 2=-Summary of the Cracking Tests

Cracking ratio, %

Steel Electrode Air Underwater
Mild steel £7014 0 0
F7018 0 0
£6024 0 0
STS2 £80ma 2 30
AS537A F8018 2 26
HY-80 Enos 95 100
E7018 18 100
£310-16 1 80

affects the diffusible hydrogen con-
tent was also investigated. The wa-

terproof _mediums investigated were
paraﬂm wax, xy resin_and enam-
el.

ey

Experimental Results
Cracking Tests

Table 2 summarizes the results of
the cracking tests. No cracks were
found in the mild steel specimens
either in the underwater welds or in
the air welds. Figure 3 shows the cross-
section of an underwater weld made
with an E7018 electrode. Figure 4
shows the microstructure of the weld;
the bottom left side of Fig. 4 is the

Fig. 3=An underwater weld made with
E7018 electrode in mild stee’ Nital etch,
x 10 (reduced 59% on reproduction)

\?‘l : . . 4 ’;-v‘ -3
; 7 N a X
e O X g A
L pe ""'4{"‘\.4 Ay 5,
2 Bl Y
':': 24 [y ‘\““*5 ’-
;,7. v i : .."’ < -
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L ASE .,;”“"p ()—“"%. -

Fig. 4-Microstructure of an underwater
weld made with E7014 electrode in mild
steel Aqueous picric acid, x 128 (reduced
507 on reproduction)

weld metal and the balance is the HAZ
where the Widmanstatten structure
can be seen.

Unlike mild steel, the high strength
steels are likely to crack. The cracking
ratio of A537A steel was 26% and the
microstructure of the HAZ was bain-
itic=Fig 5.

The cracking ratio of ST52 steel was
30%, close to that of A537 steel. The
real differences in the cracking ratios
are evident in the air welds: 2% for
ST52 steel and 21% for AS537 steel.
Although AS537A steel is more suscep-
tible than ST52 steel in air welding,
both steels have approximately the
same underwater hydrogen-cracking
susceptibility.

» .-.__r; ‘»' " - : 3
g -~ =
Y A
SR A Bt et T 2
B S e
Fig 5—Cracks in the underwater weld made
with E8018 electrode in A637A steel. Nital

etch, X128 (reduced 50% on reproduc-
tion)

Sk I
APAB T

Fig. 6= The microstructure of an underwater
weld made with E7018 electrode in 5752
steel, cracks can be seen in the coarse
grained region in the HAZ. Nital etch, X 128
(reduced 40% on reproduction)
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Fig. 7-An underwater weld made with
£11018 electrode in HY-80 steel Nital etch,
x 125 (reduced 57% on reproduction)

Fig. 8—Cracks in an underwater wald made
with E11018 electrode in HY-80 steei Nital
eich, X128 (reduced 35% on reprouc-
tion)

Figure 6 shows the underwater ST52
steel weld microstructure, with cracks
in the HAZ where the martensitic
structus= 1s present.

In the HY-80 steel welds, extensive
cracks are evident in both the under-
water welds and the air welds, except
in the case of those made using E310-
16 electrodes.

The cracking ratios of underwater
welds made with £11018 and E7018
electrodes are as high as 100%. The
cracking ratios of the air welds are 95%
for £11018 and 18% for E7018. Note
that the undermatched E7018 elec-
trodes reduced the cracking ratio of
the air welds, but not of the under-
water welds

Figure 7 shows the cross-section of
an underwater HY-80 steel weld made
with an Eii018 electrode. Figure 7
shows that the crack initiated at the
root and mostly followed the fusion
line to the surface, penetrating 100% of
the height

The crack shown in Fig. 8 propa-
gated along the prior austenite grain-
boundarnes in the HAZ, where the
martensitic structure was present
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Table 3=Summary of Diffusible Hydrogen
Content of Underwater Welds

Type of Amount of diffusible

electrode hydrogen, ¢c/100 g
E7014 49 (535)™
E7018 n
E6027 (24)
£8018 n
E11018 32
£310-16 38
E312-15 (40)'»

*' Date from Stalker. Mart and Saiter *

The cracking ratio of the HY-80 steel
welds made with £310-16 electrodes
was 21% tor underwater and 1% for air.
These numbers are considerably small-
er than those associated with the other
types of electrode in both underwater
and air welds

It can be said that the use of an
austenitic electrode can reduce the
hydrogen cracking susceptibility of
underwater welds. Further investiga-
tion, however, has shown that the use
of an austenitic electrode cannot
reduce the cracking problem in under-
water welds. This is discussed in more
detail further in the paper.

Diffusible Hydrogen Content of
Underwater Welds

Tahle 3 summarizes the diffusible
hydrogen content of the underwater
welds; data provided by The Welding
Institute are included. As mentioned
under Experimental Procedure, the
data in this experiment were obtained
using the glycerine method and con-
verted to the IIW scale. On the other
hand, the data nf The Welding Insti-
tute were actually obtained using the
IIW method

Fairly good agreement can be seen
between the two bodies of data as

they refate to E7014 electrodes. Among ’

the electrodes, E6027 appears to give
the lowest diffusible hydrogen con-
tent (24 cc/100 g) and E7074 appears to
give the highest (49-53.5 cc/100 g).
The amount of diffusible hydrogen
with the low hydrogen type elec-
trodes—including E7018, EB8018 and
E11018—is approximately 31 ¢cc/100 g
ana is the value that falls in between
those associated with 7014 and E6027
electrodes.

Because austenite has a high hy-
drogen-solubility, the amounts of dif-
fusible hydrogen present in the welds
made with austenite electrodes are
fairly high (38 cc/100 g for £310-16 and
40 cc/100 g for E312-15).

Figure 9 shows how the amount of
time the electrodes are in the water
(with and without three different
waterproof mediums) affects the dif-
fusible hydrogen content in under
water welds. An E7014 electrode was
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Fig. 9~Effect of immersing time of elec-
trodes in water on the diffusible hydrogen
content of underwater welds
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Fig. 10-Hardness distribution within the

welds made with E7014 electrode in milu

stee/

used. The experimental data fai
between 41 and 53 ¢c/100 g and are
independent of the immersion time
and the waterproof medium.

The results indicate that neithgv

waterproofing nor immersi H
ore weldin j ible
rogen content of

welds. It can therefore be stated that
UFTT% air welding, the absorption of
wa.» by the coating flux does not
aftect the diffusible hydrogen con-
ient.

Hardness Distribution within
Underwater Welds

Figures 10 and 11 illustrate the hard
ness distribution within underwate:
welds on mild steel and HY-80 steel
respectively. Electrodes used were
E7014 for mild steel and E11018 fou
HY-80 steel. Table 4 tabulates the
maximum hardness in the HAZ anc
the hardness of the weld metal.

The maximum hardness for ar
undenwater weld in mild steel (4
DPH) is much harder than that for ar
air weld made in the same materia
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Fig. 11=Hardness distribution within the welds made with £11018 electrode in

HY-80 steel

Table 4—Summary of the Hardness Measurement

Maximum hardness in HAZ

Maximur hardness in

weld metal
Steel Electrode Underwater Air Underwater Air
E7014 420 235 240 215
Mild steel E708 400 { 220 210 220
£6027 410 220 200 175
AS37A £8018 380 200 210 160
STS2 £8018 430 245 230 200
£11018 470 470 400 400
HY-80 E7018 460 440 350 290
£310-16 425 400 190 200

(235 DPH), indicating that the struc-
ture is susceptible to hydrogen crack-
ing. Despite these hardness results on
mild steel, no hydrogen cracking was
observed—Table 3. The type of elec-
trode used did not seem to have a

significant effect on the maximum
hardness. These results do not agree
with those of Hasui and Suga which
indicated that the use of an iron oxide
type electrode could reduce the maxi-
mum hardness."

When A537A steel was welded
underwater, the maximum hardness
was less than 400 DPH, lower than that
of mild steel by 20 to 40 DPH. Despite
this, hydrogen cracking occurred—Ta-
ble 3.

On ST52 steel, the maximum hard-
ness was about 430 DPH, higher than
that of mild steel.

The maximum hardness in the
underwater w=2lds on HY-80 steel
varied from 425 to 470 DPH and was
affected by the electrode lype. The
£11018 produced the hardest HAZ and
the E310-16 the softest. Coating type
affected the hardness; the underwater
weld metal hardness was 400 DPH for
E11018, 350 DPH for E7018, and 190
DPH for E310-16.

Unlike mild steel in which there is a
large difference between the maxi-
mum hardnesses of underwater and air
welds, the maximum hardnesses of
underwater and air welds in HY-80
steel are nearly the same; also, the air
weld hardness is almost as high as the
underwater weld hardness.

Discussion: Hydrogen-Cracking
Susceptibility in Underwater
Welds

According to Grubbs and Seth,
under restrained conditions and when
underbead cracking was present the
carbon equivalent was 0.445; when
underbead cracking was not present, it
was 0.392. They concluded that steels
with a carbon equivalent of up to
0.40% could be welded underwater
without hydrogen cracking.

1 i I
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Fig. 12—Relationship between the critical cooling time from 800

0 500 C and the ultimate tensile strength of various structural

steels

TYPE OF ELECTRODE
Fig. 13-Effect of an undermatched electrode on the hydrogen

cracking susceptibility of HY-80 welds
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Table 5--Effect of the Use of Austenitic Electrode on Cracking in Underwater Welds of

HY-80 Steel
Type of Hydrogen cracking Total cracking
electrode Atmosphere ratio, % ratio, %
Ai 95 100
£11018 -
Underwater 100 100
E£210-16 T A 1 10
(25Cr-20Ni) Underwater 3 100

Bouwman and Haverhals'® carned
out controlled thermal severity (CTS)
tests on ST37, ST41, and ST52 steels.
Among these steels, only ST52 steel

crackeu spasmodically. The present
eggm E}'t

steels having a yield strength of

ar '_‘L__“"ge_'s‘”—‘w
As mentioned above, the 50 ksi yield

strength class in steels is a critical one
in which hydrogen cracking frequently
occurs; the critical carbon equivalent
(C.E.) is approximately 0.35 and the
critical P., approximately C.25 (see
Table 1). This critical carbon equiva-
lent value is lower than that proposed
by Grubbs and Seth.

The critical cooling time (the cool-
ing time necessary to produce a fully
martensitic structure in steel welds) is
another index useful in the prediction
of cracking Figure 12 illustrates the
relationship between the critical cool-
ing time (from 800 to 500°C or 1472 to
932 F) and the strength of various
steels. The critical cooling time values
were obtained from steels available
commercially. In Fig. 12 the typical
coaling time from 800 to 500 C of
undenvater welds is superimposed to
be in the range of 2 to 4
seconds.*'#

In undenwater welding, steels with a
yield strength of more than 50 ksi (345
MPa) are likely to produce a fully
martensitic structure. Only mild steel
can be welded underwater without
forming a martensitic structure. The
tendency of this data agrees with that
of cracking susceptibility.

Effect of Undermatched Electrodes

Satoh and Toyoda’ demonstrated
that the use of undermatched welding
techmques effectively reduces the
hydrogen-cracking susceptibility of air
welds. The lower strength weld metal
can absorb more strain than the higher
strength weld metal, allowing the
stzain needed to cause cracking to be
attenuated.

In addition, since the rapid quench-
ing that takes place in underwater
welding hardens the weld metal, it is
not always necessary to use over-
matched electrodes. Figure 13 shows
how undermatched electrodes affect
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the hydrogen-cracking susceptibility
of both air welds and underwater
welds in HY-80 steel.

In the air welds, the cracking ratio of
the weld metal made with £11018 is
considerably higher than that with
E7018. The effect of undermatched
electrodes can be clearly seen. Accord-
ing to hardness measurements (Table
4) the hardness of the weld metal is
approximately 400 DPH with E11018
and 350 DPH with E7018. This hard-
ness difference may be responsible for
the cracking ratio difference.

Since the underwater cracking ratio
of both £11018.and E7018 is 100%, the
use of E7018 is not effective, even
though its hardness value is 50 DPH
less than that of £11018.

Undermatched electrodes do not
significantly affect underwater weld
quality, even though they do affect air
weld quality

Effect of Austenitic Electrodes

The Welding Institute studied how
austenitic electrodes affect the hy-
drogen cracking susceptibility of un-
derwater welds* They found that the
use of austenitic electrodes reduced
the susceptibility. Also, they found
that many electrodes that produced
austenitic weld metal in air welds
produced martensitic weld metal in
underwater welds due to the base
metal dilution and the high quenching
rate caused by the water environment,
and hydrogen cracking was the result.
it was also observed that all austenitic
welds contained bands of hard mar-
tensite along the fusion boundaries.

Table 5 compares the hydrogen
cracking ratio with the total cracking
ratio of the welds made with E11018
and E310-16 electrodes.

The use of austenitic electrodes is
apparently efiective in reducing hy-
drogen cracking in both underwater
and air welding. For instance, the
underwater cracking ratio of £310-16
electrodes is 21%, much lower than
that of £11018 electrodes (100%); in air
welds the reduction of the cracking
ratio is even more significant (from
95% to 1%). But the total cracking ratio
value for both electrodes is 100%, the
total cracking ratio cannot be reduced
using either electrode.

Figure 14 shows a cross-section of a

Fig. 14=Underwater weld made with £310
16 electrode in HY-80 Steel Nital etch, x¢
(reduced 48% on reproductiun)

weld made using an austenitic elec
trode; hot cracking is evident. The use
of an austenitic electrode, therefore
does not always minimize the cracking
problem in underwater welds.

Conclusions

1. No observable hydrogen crack
were found in either underwates or ai
welds in mild steel. The coatirng typ:
did not noticeably affect the wel
integrity.

2. Underwater welds in hig!
strength steels cracked.

3. 50 ksi (yield strength) class stee
was the border line case as far a
hydrogen cracking was concerrned.

4. Underwater welds in HY-& ee
cracked extensively.

5 The wuse of undermatchin
techniques did not prevent cracking i
HY-80 steel.

6. The use of an austenitic lectrod
(25Cr-20Ni stainless stecl) reduce
hydrogen cracking but increased hc
cracking.
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Research Council.

Friction Welding

by K. K. Wang

WRC Bulletin 216
June 1976

Preventing Hydrogcn-induced Cracking After Welding of Pres-
sure Vessel Steels by Use of Low Temperature Postweld Heat

by J. S. Caplan and E. Landerman

Hydrogen-induced cracking occurs either in the heat-affected zone microstructure or in weld metal when
four factors react simultaneously. These factors have been defined as (1) presence ¢ hydrogen, (2) weiding
stresses, (3) a suscepuble i

rnetrs

ostructure and (4) a low temperature. Hydrogen can become available
during weldir.g from base and welding materials and extraneous contaminating matter. Data are precented
to show the effects of preheat and postweld heat treatments. These data are principally concerned with the
type of steels used for nuclear pressure vessels.

Publication of this paper was sponsored by the Pressure Vessel Research Committee of the Welding

The price of WRC Bulletin 216 is $6 50 per copy. Order should be sent with payment fo the Welding
Research Council, United Engineering Center, 345_ £ast 47th Street, New York, NY 10017.

~

WRC Bulletin 220
October 1976

Friction welding has emerged as a reiiab'e process for high-production commercial applications, with
significant economic and technical advantages. Professor Wxng, in this report prepared for the Interpretive
Reports Committee of the Welding Research Council, provides an objective view of operating theory,
process characteristics, advantages and limitations. Of particular interest is his comparison of friction
weiding with two principal types of machines, inert:al and continuous drive

Data are included on the weldability of a variety of similar and dissimilar metals and al'ays, which show
the importance of frictional characteristics and high temperature ductility. There is an obvious need for
further development work on a number of important metal combinations having marginal weldability.

it is the hope of the Interpretive Reports Committee that this document will stimulate further research
and development so that this reiatively new welding process wiil achieve its true potential,

The price of WRC Bulletin 204 is $6.50. Orders should be sent with payment to the Welding Research
Council, United Engineering Center, 345 East 47th Street, New York, NY 10017.

WELDING RESEARCH SUPPLEMENT | 237-s

B TR



! époc\,&.\ pw‘\"t ogk veod Q«» o g':\a v resloive QNEH‘
Lles wo ASHE | gel Lo wod I P R

Leew e \emved - ‘e‘**‘ﬁ"‘\ ﬁ;'\\‘h\dl

Mz 184 B\ Gader o dr Welhey Ewnari] Mg Witk Wb
LO omn TC& Q\’\k‘\' OE Gvr Sh"w d o e
Oiw Qoeyle Qh
r-—l——vw" A"L\"W":‘“‘i Orrngund og W&S Ava‘

Cﬂ\. u&ss‘c

L owt el access cee V«‘“\f‘t wamel wve Lol
b &camie (\\*\4 .o u.u&.
SEA. Uwbocumnth Wil\d( trmmmsi wone ASME

\\%o&ao ot \evivnm = e \ler ‘
. . um‘-“\fnnwg
"bo)'—" Au\;'ﬂvwa\'\.c M“\uu lg‘ wrt e S‘.,Aw'l. ‘&
Gller w4 : |
TN e Yo o~ wev® alta Vua e Lo

dale cmt @ wervde b WiMdian d e Rl el
T“’(’{ o Lome\hen M,po&,'mo%m,c'\:.

wz\&” T\M:,\‘-u\ \\\W&\M—‘ﬂ 6,°\ M d uu-c\é
‘\L" Cov;ko\ QA“-&A,\‘AN'\

ﬁ—c\w\m¥ S hoadic tsswml vl Sian e S Jonee
Cvta . Thave Nodasy ot v bon Q\‘;\.‘,\ Mech Gaveal Supt,
VO | St \oﬁ UE.(Q«N\‘ L°U~w‘~k&\\
ﬁ-‘&f ot bl 27 oy sU0 W e Ll
d wne M\L\ Naseed La \L\'q WA S imanate

BN Dake % Qw&a e Serenae o»Co@

B\oov{ ML&& Ao Venn A«*% &Cﬂkgﬂ““"’
Vi s wleyeet o wt \b vod Comin2)

QcA—ugovx o\) hw - %6, Aaw-2Y C
NO)Q &'\\\ U)Y‘\s\'\* \\s‘.,\lﬂ— Sb.;} w\- A ‘J‘?\E‘Vﬁ i\’

" %



| | A\u Sh D

Tos X ® Aw-cb
ﬂ-s:es
O\ok\“\ mc_o' % Ce-CPM &5 Q Qa.v\suul to/n/la
7 \Well F\\\ev ?«dm\ Cowdrel | p&,.. 3, 2.% Q,,m Re)
; Ovewns, S\-s‘hmw ond QovAalla vel svdus e Yeupamtrusg
I/ c\ce\'-c-& ‘\\ awvw w\\'\ CQV\*U:A M&o'n\w\f.
¥ M& o \a \s MO»\\\-%V\‘»L‘ T'QW‘;MM Mf.’
250 R - 350F \mou‘\ kv- on e\ecthmoleg M:cauqk"‘é
° M\w\’.w\ : ¢0~\R\1 \o e C\Ms &.u.\w‘ fn.e
‘MA \I\C.k\'/\ *‘ V\\wa\otv N\hm @\&c‘& v A \;\“%
¢ Vatevany o fortelde ouem,
Of:wu 3.03.%, Weld S \larMabal « Croduchin -
a\u\um\s vegivieds @xposnt o \ou-\juwgu\
e\tc)ﬂrstﬁi ~ oo € cow \-n-&q. = 70 w% ¥\4

és\. wwmu\‘ uvek WAL & Vatow\dusien ¢,¢.?°.gu.n,
0

- Mour §,

v TE\QC.\A W \"A Q \\ \/Jr\ \q,* 2w 7\!3‘8" Q. uxmscg
Sav dkcinat o ;r At ave Qchg‘d\ lw CP-

k P"\ 6 QQ QW\ N‘-u) M\&‘b( ord %\M \\AOC\V“*AQ"

ov\ Convie u\/xc\v\ \vc\uét.i \'\M\\\‘ﬁ \Ow-\u@rq'

e\QC\HvOACS uﬁ\k TQC\A\A\C\Mﬁ art \‘1?\«.\%1&
OVVE-L «\Q(‘\‘ eac\n m&\kav'f OQCvc\\--oA RN \ecsd
O wéde tut Iy LMQ M& oCum*‘ hg_:u\‘ﬂ )
(‘,Lce‘;\ Sov swe ov-ur-c‘aacV-J \ﬂl\-\wg J.-u?».. GY AW W
est?oswu sﬂ"-\l \\w\ \0\-)‘ V.ﬁ‘“ t\‘e*\d&‘s

8 \M\-‘\j Atetuéa*‘\’ o Yha dav.

FNN

7 e - o * . ~
* wes 9,8 R /)l‘ﬁcffﬁ 27 7w  2al 6//". T,

’
s, Rrnen? RviTlen




Category 9, Tirtem 14

Comanche Peak Open Issue Action Plan

Task: Weld Rod Control
Ref. Nos.: AW-56, AOW-24, CPSES Issues

Characterization:

AW-56 alleged that welders were not keeping their rod cans plugged in.
AQW-24 alleged that unauthorized weld filler metal was used to repair
tube steel on a diesel generator. The CPSES issues, in summary, alleged
that lax enforcement of weld rod control procedures resulted in a supply
of uncontrolled electrodes with excessive exposure to ambient conditions.

Initial Assessment of Significance:

There appears to be sufficient specificity to warrant followup of these
allegations. The safety significance is difficult to evaluate with the
available information.

Source: Mechanical and Piping Allegations, Category 9

Approach to Resolution:

1. Review Gibbs & Hi1l Specifications for applicable codes, materials,
welding requirements, etc.

2. PReview weld filler material requirements of ASME B&PV Code and AWS
D1.1 Structural Welding Code.

3. Review Brown & Root weld filler metal control procedure.

4, Review NRC Region IV reports.

S, Review ASME and ASTM material specifications.

6. Review ASLB testimony for additional information on allegations.
7. Spotcheck field welding activities and "rod shacks."

8. Obtain and review reports related to excessive exposure of coated
electrodes to ambient conditions or high humidities.

9. Examine hardware involved, if possible.

10. Identify and review NCRs, inspection reports, and other
documentation related to allegations.

11. Evaluate allegations for generic/sufety implications.

12. Report on results of review/evaluation of allegations.

FOIA-85-59
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Category No. 9

Related Open Issues:

1.

2.

3.

Using system code from the tracking system open items, list and
identify any open items.

Review activities necessary to close or partially close related
items.

While performing physical inspections, examine surrounding system,
components, and structures for any apparent defect or indicator of
faulty workmanship.

Complete portion of IE module on welding if it relates to effort
made on allegations.
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PART C — WELDING RODS, ELECTRODES AND FILLER METALS SFA-5.5
Tabie 1-—Electrode Classification
Capable of Produci
cg..:::uw Type of Covering S.Puo.:i.t?:a"s.w.ﬁ:::: Type of Currente

E70 Semigs—MINIMUM TENSILE STRENGTH OF DEPOSITED METAL , 70 000 P81

E7010-X% High cellulose s.dium F,V,0H,H de, reverse polarity
E7011-X High cellulose potassium F,V,O0H, H ac or de, reverse polarity
E7015-X Low hydrogen sodium F,V,0H,H dc, reverse polarity
E70186-X Low hydrogen potassium F,V,OH,H ac or de, reverse polarity
E7018-X Iron powder, low hydrogen F,V,OH,H ac or de, reverse polarity
H-Fillets ac or de, straight polarity
E7020.X High iron oxide F ac or de, either polarity
[ H-Fillets ac or dc, straight polarity
E7¢27-X Iron powder, iron oxide F ac or dc, either polarity
ES0 Semies—MiNiMUM TENSILE STRENGTH OF DEPOSITED METAL, 80 000 Ps1
E8010-X?% High cellulose sodium F,V,0H,H dc, reverse polarity
E8011-X High cellulose potassium F,V,OH,H ac or de, reverse polarity
E8013-X High titania potassium F,V,O0H,H ac or dc, either polarity
E8015-X Low hydrogen sodium F,V,OH,H de, reverse polarity
16-X Low hydrogen potassium F,V,0H,H ac or de, reverse polarity
Iron powder, low hydrogen F,V,0H,H ac or de, reverse polarity
E90 SERIES—MINIMUM TENSILE STRENGTH oF DEPOSITED METAL, 90 000 PsI
E9010-X¢ High cellulose sodium F,V,0H,H dc, reverse polarity
ESCi1-X High ceilalose potassium F,V,0H,H sc or de, reverse polarity
E$013-X High titanis potassium F,V,OH,H ac or de, either polarity
E9015-X Low hydrogen sodium F,V,O0H,H de, reverse polarity
E8016-X Low hydrogen potassium F,V,0H,H ac or de, reverse polarity
E8018-X Iron powder, low hydrogen F,V,0H,H &¢c or de, reverse polarity
E100 Serigs—MINIMUM TENSILE STRENGTH OF DEPOSITED METAL, 100 000 PSI
E10010-X? High cellulose sodium F,V,0H,H de, reverse polarity
E10011.X High cellulose potassium F,V,0H,H ac or de, reverse polarity
E10013-X High titanis potassium F,V,0H,H ac or de, either polarity
E10015-X Low hydrogen sodium F,V,.0H,H de, reverse polarity
E10016-X Low hydrogen potassium F,V,CH,H ac or de, raverse polarity
E10018-X Iron powder, low hydrogen F,V,OH,H ac or de, reverse polarity
E110 Series—MINIMUM TENSILE STRENGTH oF DEPOSITED METAL, 110 000 Ps1
E11015-X¢ Low hydrogen sodium F,V,0H,H de, reverse polarity
E11016-X Low hydrogen potassium F,V,OH,H ac or de, reverse polarity
E11018.X Iron powder, low hydrogen F,V,0H,H ac or de, reverse polarity
E120 Serres—MINIMUM TENSILE STRENGTH oF DErosITED METAL, 120 000 Psi
E12015-X% Low hydrogen sodium F,V,0H,H de, reverse polarity
Ei2016-X Low hydrogen potassium F,V,O0H,H ac or de, reverse polarity
E12018-X Iron powder, low hydrogen F,V,0H,H ac or de, reverse polarity

& The abbreviativas F, V, OH, H, and H.Fillots indicate welding positions (Figs. | and 1) zs fr'ows:

F = Flat

H = Horisontal

H-Filets = Horisontal Fillets
V = Vertical

OH = Overhead f For slectrodes Mg in. and under, exeept %42 in. and under, for Classifications EXX15.X, EXX16-X, and EXX18-X.

5 The letter suffix “-X" as used in this table stands for the sufizes A1, Bl, BS, ete. (see Table 1) and designates the chemical composition of the de-

posited weid metal

¢ Raverse polarity means electrode is posi. ve, straight polarity means electrode is negative.
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SFA-S.S SECTION Il - MATERIAL SPECIFICATIONS

Table 2—Chemical Requirements
AWS Chemica) Composition, per eentd
Classifications Carbon Menganess Phosphorus  Sulfur Silicon Nickel Chromium Molybdenum  Vanadium
CArBON-MoLYBDENUM STEEL ELECTRODES
E7010-A1 0.60 [ 040
E7011-A1 0.60 0.40
E7015-A1 0.90 0.60
E7016-A1 . 0.12 0.90 0.03 0.04 { 0.60 \ e o ks 0.40 to 0.86
E7018-A1 0.90 0.80
E7020-A1 0.60 0.40
E7027-A1 ) 1.00 | 040
CHROMIUM-MOLYBDENUM STEEL ELECTRODES
E8016-B1 0.60
ES8018-B1 0.12 0.90 0.08 0.04 0.80 Sae 040t 0656 0.40t0 0.85
E8015-B2L 0.06 0.90 0.08 0.04 1.00 bve 1.00t01.50 0.40 to 0.65
E8016-B2 0.60
E8018-B2 012 0.90 0.08 0.04 0.80 e 1.00t01.50 0.40to 0.65
E8018-B2L 0.05 0.90 0.03 0.04 0.80 ANk 120t1.50 040t 0.65
E9015-B3L 0.06 0.90 0.03 0.04 1.00 . 200250 090t01.20
E9015-B3 0.60
E9016-B3 012 0.90 0.03 0.04 0.60 e 200t0250 090t 1.2
ES018-B3 0.80
E9018-B3L 0.06 0.9¢ 0.08 0.04 0.80 . 200t0250 090t01.20 s
EB015-B4L 0.05 0.90 0.03 0.04 1.00 ous 1.7t 225 0.401t0 0.65 S
E8016-B5 007t0c 0.40t00.70 0.08 0.04 0.30 to b 0400060 1.00t01.25 0.05
0.16 0.60
NickeL SteeL ELECTRODES
16-C1 0.60
80 0.12 1.20 0.03 0.04 2 0.80 % 2.00t0 2.75
EB8016-.C2 0.60
E8018-C2 0.12 1.20 0.03 0.04 { 0.80 z 3.00 to 3.75
E8016-C3®
E8018-C3b 0.12 C40t01.25 0.030 0.030 0.80 0.80 to 1.10 0.15 0.36 0.06
MANGANESE-MOLYBDENUM STEEL ELECTRODES
E$015-D1 0.60
E9018-D1 0.12 125t 1.76 0.03 0.04 { 0.80 o i 0.25 to 0.45
E10015-D2 0.60
E10016-D2 0.15 1.65 to 2.00 0.03 0.04 0.60 - s 0.25 to 0.45
E10018-D2 0.80
ALL OrHEr Low-ALLOY STERL ELECTRODES ¢
EXX10-G
EXX11-G
EXX13-G
EXX15-G e 1.00 mine i o 080 min¢  0.50 mine 0.30 mine 020 min¢  0.10 min¢
EXX16.G
EXX18-G
E7020-G
ES018-M» 0.10 0.60 to0 1.25 0.030 0.030 0.80 1.40 to 1.80 0.15 035 0.05
E10018-M? 0.10 0.76 to0 1.70 0.030 0.c30 0.60 1.40t0 2.10 0.35 0.25 to 0.50 0.056
E11018-M? 0.10 1.30 to 1.80 0.030 0.030 0.60 1.25 to0 2.50 0.40 0.25 to 0.50 0.05

E12018-M?» 0.10 1.30 to 2.25 0.030 0.030 0.60 1.75t0250 030t01.50 0.30 to 0.55 0.06

mwhm-_mmmmwu
@ The suffizes Al, B3, C3, eie. designate the chemical composition of the eiectrode classification.
‘l:‘ruu:mcmn—muum“unuum“m for similar compositions. See Note under
o Appendiz Al
l-m.mmmmdmummhﬂmndhntbdm-.-hll-thhhdnumdm-b

hmnmcmmma.mmu.mnumuumhwu
mw'n"ulnmmmnum“mmmmm(1o.n.u.100.110..u|m¢-
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Welding at CPSES 1is performed to the requirements of several fabrication
codes, i.e., AWS D1.1, ANSI B31.1, ASME Section III, Subsections NB, NC, ND,
and NP, all of which may differ in the requirements for the purchase, storage,
control, and documeantation of weld filler material.

An effective filler material program must be formulated in such a manner
as to assure that the filler material issued for a particular application
meets all of the requirements of the governing code and design specification
for that application. Consideration must also be given to the human element
{nvolved and realization that regardless of the rules, checks, and verifica-
tions put forth, mistakes can and will be made. Therefore, the program must
have procedures, with specific methods and verifications, which minimize the
chance for undetected errors. It must also contain the conservativeness
that takes into account an undetected error and the worst case results of
such an error as it pertains to the weldment.

The filler material program at CPSES was formulated and 1is implemented
{n this manner. In order to minimize the chance of error as it pertains to
the issuance of correct filler material for the governing fabrication code
all filler material 1is purchased, stored, and issued in the same manner,
regardless of the fabrication code governing the {ntended use. This is
permitted by the practice of adopting the most stringent requirement
contained in any of the referenced codes for a specific item or type of
filler material. This assures that upon issuance the naterial has the
required testing and certification to meet the requirements of any of
the fabrication codes being utilized for the type of material issued.
The chances of error are further reduced by the fact that only one type
of electrode (E7018) is {ssued for the welding of low carbon and mild
steels using the shielded metal arc process. The use of this electrode
which far exceeds the mechanical properties required for the welding of
most of the structural steel used at CPSES is an important item in ex-
plaining the conservativeness of the program, and a detailed description
of the benefits of this practice will be included in another section of
this report.

Weld Filler Metal Control at CPSES is governed by Construction Procedure
CPM 6.98B. Each new welder is given an orientation as to the requirements of
this procedure by Welding Engineering after successful completion of qualifi-
cation testing and prior to being released for production welding. The
importance of filler material control at a Nuclear Facility is explained
to the welder and they are {nformed that any willful violation of the pro=
cedure would result in immediate termination. The orientation is docu~-
mented and signed by the welder.

The nucleus for filler metal issuance is the Weld Filler Material *
log (WFML). No €i{ller material is issued to anyone until they present
a properly filled out WFML to the material distribution attendent. The
WFML contains the type of material requested, amount requested, the
welding procedure with which it will be used, the welders identification
symbol, and the {ntended use of the material., Issuance approval is signed
by the responsible foreman. Upon receiving the WFML, the distribution
station attendant enters on the WFML the amount of material issued and
the heat number of the material. The attendant also checks the welders
symbol against the Welder Qualification Matrix to assure that the welder
is qualified for the Welding Procedure listed and verifies that the
material requested is the correct type for use with the procedure.

4
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All filler material is issued in a aumbered container. Bare wire

{n a leather pouch, covered electrode in a portable rod oven. Each time
material is {ssued, the aumber of the container, the welders symbol, and
time of issuance 18 entered in a log which is maintained for this purpose.

When the containers are returned the amount of unused filler material
{s counted and entered on the WFML. Rod stubs are also counted.

The degree to vhich filler material can be traced to a specific item
through the WPML varies in accordance with the documentation requirements

of the item., For all piping welds with the exception of 2" and under field
run pipe, the filler material is {ssued against the {ndividual weld by
number. The same is true of class one pipe supports. On all other supports,
the material 1s traceable to the support by number. For miscellaneous

steel applications not requiring documentation, the filler material 1is
{ssued against the drawing which may contain several items.

It shou'd be pointed out that of all the Fabrication Codes used
at CPSES, ASME is the only ome which requires traceability of filler
material. The use of the WRML for issuance of filler material for
other than ASME applications is strictly to control the issuance and
return of unused material.

Adherence to the control procedure {s verified during various
scheduled inspections and reviews, as {ndicated below.

Fit-up Final Random Scheduled Doc.

Insp. Insp. Monitering Surveillance Review

ASME

NB ,NC,ND QC QC WE/QC WE WE/QE/ANI

ASME NF * QC WE/QC WE WE/QE/ANL

BOP Pipe

Non RWMS WE WE WE wE WE/BOP Records
Seismic

Supports * QC QC/WE WE QE/WE

Seismic

Misc. Steel * QC QC/WE WE QE/WE
Non-seismicC

Misc. Steel WE WE WE/BOP Records

v
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The program as described contains the necessary procedures, training,
and instruction to adequately control the use of weld filler material and
the verifications to assure that the procedures are being followed.

Although violations of the procedure can and occasionally do occur,
the frequency is minimal and we are confident that these violations are
{dentified either through field verifications by QC and Welding Engineering
or subsequent document reviews. Once identified each violation is thoroughly
investigated and appropriate corrective action taken.

Consideration has also been given to the possibility of an undetected
violation. Due to specification requirements that all welds on low alloy
materials, including Non-Q applications, be documented on Weld Data Cards
ot Operational Travelers with inspection hold points, the probability of
such an occurance is reduced to the welding of low carbom or mild steel.

All low carbon & mild steels (P1) welded at CPSES utilizing the
shielded metal arc process (SMA) in accordance with Brown & Root Welding
Procedures are welded with E7018 electrode. These steels have a specified
minimum tensile strength requirement ranging from 45 KSI to 70 KSI. The bulk
of the structural steel used for pipe supports and miscellaneous steel fab-
rication have a minimum tensile strength of 58-60 KSI while the piping
materials require 70 KSI.

E7018 Electrode has a specified minimum tensile strength requirement
of 70 KSI. In actual test on this material performed for certification
the average actual tensile strength of the filler material is 83 KSI.

This filler material which is classified as a "low hydrogen" type of
electrode has coatings low in hydrogen content. They were developed for
the welding of hardenable steels in which electrodes, other than low hydrogen
type, produce a phenomenon known as "underbead cracking” and is caused by
the hydrogen absorbed from the arc atmosphere. This cracking does not occur
{n low carbon and mild steel.

The reasons for the selection of this type of electrode for the welding
of carbon steels are that they meet or exceed the tensile requirements of any
of the carbon or mild steels being used, has excellent impact properties for
those critical systems requiring impact values, has a high deposit rate,
excellent appearance with very little spatter, easy slag removal, and produces

excellent X-ray quality welds.

The exposure limits set forth in the Brown & Root filler metal control
procedure for E7018 electrode is four (4) hours. This is the maximum cime
by procedure that the electrode may be left out of a heated container. The
electrode manufacture for the electrode used at CPSES has published reports
based on controlled testing that this electrode can be exposed for 72 hours
or more at 90°F and 70% humidity and stay below 0.4% moisture content. The
ASME specification for E7018 specifies a moisture content of 0.6 or less.
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. The effects of moisture in excess of that specified for welds in low
carbon and mild steels are as follows:

1) A small amount of moisture may cause internal porosity.
Detection of this condition requires X-ray inspection oOr
destructive testing.

Internal porosity is detrimental only to the extent that

1t reduces the area of the cross section of the weld. The
code allowances for stress calculations for welds not re=
quiring volumetric inspection are formulated with the conser=
vatism to provide for this type of undetected discontinuity.

2) A relatively high amount of moisture causes visable external
porosity in additionm to internal porosity.
Porosity open to the surface which is excessive in size and
amounts to that allowed by codes may reduce the fatique
strength of welds subject to cyclic loadings. As all welds
at CPSES receive a surface examination as a minimum, this
type of porosity would he identified and reduced to accept-
able limits.

3) Severe moisture pickup can cause weld cracks in addition to
severe porosity, poor appearance and slag problems.
Again these types of defects are detectable by visual means
and would be removed and corrected.

Although it was deemed necessary to this report to describe
( the effects of moisture iu a low hydrogen electrode it 1is

. also fitting to put this into the proper prospective by
conducting tests utilizing electrode that had been exposed
to the atmosphere for long periods of time. To do this,
ve selected E7018 electrode that had been forwarded to the
Welding Qualification & Training ¢ ~ter from the Material
Distribution Center due to over expu re. This electrode
had been stored in the WwQTC for seven months in an open
container and open to the atmosphere of an unheated or
cooled shop.

Test specimens were prepared by welding a one inch thick
plate of material type SA-36 utilizing a full penetration
butt weld. Prior to machining specimens for destructive
testing, the entire w2ld was radiographed. The following
results were obtained:

Radiographs -~ Clear - No Visable Defects

Bend Tests - Specimen #1 - No Visable Defects/Acceptable
- Specimen #2 - No Visable Defects/Acceptable
- Specimen #3 - 1/32" Indication/Acceptable
- Specimen #4 - 2-1/32" Indication/Acceptable

Tensile Tests - Specimen #l1 - 73 KSI Failure in Base Metal

74.5 KSI Failure in Base Metal

- Specimen #2

vy
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In summary, the fabrication codes would permit the entire mild steel
structural fabrication of CPSES to be made with non low hydrogen electrodes
not subject to the storage and issuance restrictions of low hydrogen
type electrodes. This fact, substantiated by the referenced testing, conclude
that the use of E7018 electrode for this appplication is ultra conservative
end even that which has exceeded the specified exposure 1imits for long
periods of time will produce welds with a significantly higher strength level

than the base material.

ere establish evidence that the necessary
checks and balances are present within the filler material program at CPSES

to assure to the highest degree that the controls as set forth in the procedure

are being adhered to and violations identified. It has also been demonstrated
that on a worse case basis, should a violation remain undetected, the program

{ncludes the conservativeness to prevent a resulting weld failure.

In conclusion the facts presented h

-
'..



063"
TR v/N] V/N ¥/N 00S¥L 1/N Jv266 ¥/N FAR I | L6y’ 1 ¢=
106"
GETEN ¥/N| Y/N V/N 000€L v/ av666 ¥/N 69E 1 6I1G°1 I=
NOLLYD0T v VIO | 4 (1Sd) HAON3HLS (15d) avol
e vl x| % I% Ry s as sades avol ALYWLLIN | oo CEL N 3218 ON NIWID34S .
TEET 1T J90077 3iva w7, \V\\w\\ T3TI04 H NVIDINHO3L 1531
—g71T HIGWNN Y3AHO XHOM . POSTT=0T d7 ON 1S34 AHOLVHOBY?
CNnvﬂ OLEYS —— uoLloe§ mLmd yim @UCOUL\\UUO Ul ﬂ@ﬂﬁ@P oon- QZ-BW.P w:——wZUhv

AHOLVHOSYT ONIHIINIONI STVIHILVW

—

- - ———— - — ——— - . - - - — e sl




. oy m—-—

Tension Test
Filler Material:

Ht. no.:
Lot no.:

53122
0268226

1/8* E7018

Lab Report:
Specimen no.:

Welded in accordance with WPS
11032 Rev. 11.

cP 10-11-83
182

Approximate bead sequence SPECIMEN ¢ 1 PAGE 1 OF 2
MAX
ROD BEAD INTERPASS
PASS .§IZE AMPS VOLTS  TRAVEL WIDTH TEMP COMMENTS
1 N o : Preheat
1 1/8 | 140 23 | 2.6 i 38 | 10°F :
2 1/8 | 150 23 ! 6.0 3/8" 200°
3 | y8! 150 23 | 5.0 172" | 220°
|
4 1/8 | 150 23 | 6.5 3/8" 350°
I T p=— "!""—'—"' o = e y ;""’""" G
s { 18! 150 ' 23 . 6.5 3/8" | 340° l
= 2 - o WD T - e .- :.- - — PR p—) --r—-
b l 8| 150 | 23 | 4.5 /2" 3%0° |
= e - ool S e
7 1/8! 150 '- 23 7.0 | 3/8" | _360° :
e Taiiuts moesals SN e —
8 | 1/8| 150 23 | 3.0 | 12" | 400°
i -{-—-——-—-.l } » MR 1§ - ——
9 /8| 150 | 23 7.0 5/16" | 340°
10 1/8( 150 23 7.0 3/8" | 380°
11 1/8| 156 23 | 5.5 2" | a10° IR R
12 /8| 150 23 7.0 3/8" 120° |
iy
13 | ys| 150 23 7.0 8" | 180° | TS LW
14 ve| 150 | 23 | 7.0 3/8" 220° :
n. et W K M BT A L
| | I
15 /8| 150 23 | 1.0 | 38" | 2507 |
- -
16 1/8| 145 22 70 | 38 290° |
17 | _1/8] 150 !__-.23 _1.0 | 38 _280° E . L L
8| we| 0 | 2 | 70 | s | a1
A

Ry

s

i -———————————————



SPECIMEN ¢_1

--

PAGE 2 OF 2 _

MAX
ROD READ INTERPASS
PASS  SIZE  AMPS VOLTS  TRAVEL WIDTH TEMP COMMENTS
— ! ' 1
19 1/8 150 23 7.0 3/8" | 335° e
20 1/8 150 23 6.5 3/8" 350°
21 1/8 140 22 7.0 ! 3/8" 380°
I
0

—— - — —
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Brown &' Root.IncC.

HOUSTON, TEXAS

==

WELDING PROCEDURE QUALIFICATION
TESTS PERFORMED AND RESULTS

can Besoreio. AT G310 reaTet

~r/ulad

ACCEPT REJECT

Date

1. Tensile: Figure No. O - 4¢3 (a)

Report - UTS, % Elongation

2 Bend: Figure No. (Sl - 462, {uga(\/) F8/RB( )

Report - Resuits

3. CVN: Figure No. N/A Size

Test Temperature

*

Report
i(-lbt / MLE /% Shear

J
4. Macro Sectien. a. Inspection at MA

Base Metal
HAZ

Weid Metal

b. Hardness Traverss

5. Microfissure Check: a. Inspection at N/A

of bend Specimens.

6. Sensitization Test: a. Test Method MA

Nurr ber of Specimens

7. NOE. Type K1 Code ASME I1X - Cut/- 191

Type Code

8. Other Tests

9. Comments

|
% i WQZT; Engineer Date

Project Hcid!ng !ngr. ! oEu
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RPN PSS ST SIS -

. A1l Weld Metal Tensicn Test
#a Filler Material: 1/8" E7018
. ! Ht. no.: 53122

Lot no.: 0268226

( . . Lab Report: CP 11-3-83 ,
Specimen no.: §

v Welded in accordance with KPS
% 11032 Rev. 11 and SFA 5.1.

{h’ A6 R

Approximate bead sequence

SPECIMEN ¢ 16 __ PAGE 1 OF 1
MAX
ROD BEAD . INTERPASS
PASS SIZE  AMPS VOLTS TRAVEL  WIOTH  TEMP COMMENTS
Preheat
1 | 18| 145 22 5 3/8" 70°
Ppp— T— * .--.r -am—e
2 | ys | 145 23 6 1/2 | 38" | 200°
3 | 18] 185 2 ! ¢ 38" | 270°
i I
4 | 18| 145 22 | a2t 2 | 3 |
C s | 18| 140 22 ! sy2v| y2r | 300° )
|
6 | 1/8| s | 22 | 4 5/8" | 310° B
7 | 18| 145 2, & | s 325°
e P —— e — - — ! .._._q,———-———i—-
8 1/8 | 145 22 | 3172% 34" 320° 1
. SR % [ ad L ' B
9 | Yy 150 | 23 _ | 5 1/2"| s5/8" 325° |
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Brown{ Root.!Inc.

MATERIALS ENGINEERING LABORATORY
TENSILE TESTING LOG Tested in accordance with ASME Section II SA370 1974

RF-103.20-08

LABORATORY TEST NO. CP_11-3-83 " WORK ORDER NUMBER N/A
/ v o '
TEST TECHNICIAN _H. Porter4,42§ : /:5224f/'1j pate __November 3, 1983

YIELD YIELD STRENGTH TENSILE FRACTURE

#l .497 .4031 18400 24140 45646 59885 ; N/A

.343

.494 ; Weld Metal

Base Metal

N/A

.250 Dia| .04909

| — ——— e - 4 .—_,._.‘ ———— - ——
H |
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TASK
o

AQw-2%

ALLEGATI0M OR CONCERN
weld rod conirol

Weld Data Card Lost

Unauthorized walding on
rebar

Liquid pentrant materials
impraoperly cortified

Craft would satisfy a ONC
on an inadequate weld by
walding over It instead
of following the pro-
cadure of cutting

it out then welding

Undocumented weld repairs
Modifications were

to material, such a8

a hanger, after OC

had spproved it.

SOURCE
ACTION/STATUS ~ ANON CONFID  BN/DATE

Initial dis-
position

IR 82-18, 82-09
IR 82-11

Ia 83-10, 83-01
As discussed In
IR 83-24

Lir to Applicant
4/24/84 Response
due 5/25/84

Ltr to Applicant
4/24/84 Response
due 5/25/84

CONTROLLED COPY

ﬁ PEAK NUCLEAR POWER Pﬁl

CROSS REF./OR COMPLETION

TRACKING
SYSTEN MO.

in-1

CATEGORY 1-7 SCHEDULE

LEAD

1
ARTY

ALLEGER-DATE RECEIVED
SOURCE

ngt_'"_ﬂﬂ]

84-006 3/7/04
A4, P12

B84-006 3/7/84 A-21
Testimony, P. 13, 15,
16

84-006; 3/7/84;

A-4, Testimony,

P. 70-71

CASE Itr 3/18/83
to ASLB

A-3 Statesent

A-3 Statement

R s ™

~
-
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TASK
N ALLEGATION OR CONCERN
Ad-55 Holes are drilled In

various types of pipe
supports, cabis ‘rav
supports, and plates,
and when they are found
to have been drilled in
the incorrect location
the holes are filled,
utilizing 1legal plug
: welds

AW-56 )Welders are nol keeping
) thelr rod cans plugged

/

e

in during the work day

AW-57 Concern regarding quallity
of welding of NPS
Industries (NPSI)

FPipe whip Restraints

AW-58 3 plpe support fillet

welds were fit-up and
welded with excessive
Qap

CONTROLLED COPY
COMANCHE PEAK NUCLEAR POWER PLANI

welding P. 9

ALLEGER-DATE RECEIVED
SOURCE
DOCUMENT PAGE

ALLEGA R INVESTIGATIONS SUMMARY
CROSS REF./0R COMPLETION

SOURCE TRACKING CATEGORY 1-7 SCHEDULE
ACTION/STATUS  ANON CONFID BN/DATE SYSTEM NO. LEAD OPEN  COMPLETE
Inftia) dis- 1
position IR-81-12 ART
Inftial dis- 1
position ART
1R-81-12
Ik 82-14 1

ART
Initial dis- 1
position ART
IR 83-07
'l
e I."a

8/7/81 IR-81-12 P. 3,
w2

8/1/81 IR-81-12 P. 3,
" :

A-45, 7/30/82

Testimony,
IR B2-14 P. 2,02

Unknown IR 83-07
P31, "

Cdd



ALLEGATION Of CONCERN

Weld rod contreol

wWeld Data Card Lost

Unauthori2ed welding on

rebar

improperly certified

of following Lhe pro-
cedure of cutting
it out then welding

Undocumented weld repairs

Modifications were
to saterial, such as
» hanger, after QC
had approved it.

Liquid pentrant materials

Craft would satisfy & e
on an inedequate weld by
walding over it instead

Initial dis-
position

IR 82-18, 82-09
in 82-11

IR 83-10, 83-01
As discussed in
IR 83-24

Lir to Applicant
4/24/84 Response
due 5/25/84

Ltr to Applicant
4/24/84 Response
due 5/25/84

-1

PEAK NUCLEAR POWER P
D/0R_INVESTIGATIONS SUM
CROSS REF./OR
TRACKING
BA/DATE  SYSTEN WO.

COMPLETION
CATEGORY 1-7
LEAY

1
ART

SCHEDULE

welding P. §

ALLEGER-DATE RECEIVED
SOURCE

DOCUMENT PAGE
v/

84-006 3/1/84
A4, P12

B84-006 3/7/84 A-21
Testimony, P. 13, 15,
16

B84-006; 3/7/84;
A-4, Testimony,
P. 70-71

CASE Itr 3/18/8)
to ASLE

A-3 Statesent

A-3 Statement

"C ok | "b ;aqgﬁ*j D
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TASK
.

“ ai-55

= 45

7/ M-5]

“ a-se

ALLEGATION OR CONCERN

Holes are drilled in
various lypes of pipe
supports, cable Lray
supports, and plates,
a:d when they are found
to have been drilled in
the Incorrect location
the holes are filled,
utitizing filegal plug
we lds

Welders are not keeping
thelr rod cans plugged
in during the work day

Concern regarding quallity
of welding of NPS
Industries (NPSI)

Pipe Whip Restraints

3 pipe support fillet
welds were fit-up and
welded with excessive

Qe

CONTROLLED COPY

COMANCHE PEAK NUCLEAR POWER PLANT
ALLEGATIONS AND/OR TNVESTIGATTONS SUMMARY

CROSS REF./OR COMPLETION
SOURCE TRACKING CATEGORY 1-7
ACT TAl ANON CONFID BN/DATE SYSIEM NO. LEAD
Inftia)l dis- 1
position IR-81-12 ART
Initial dis- 1
position ART
1R-81-12
IR 82-14 1
ART
Initial dis- 1
poasition ART
IR 83-07

SCHEDULE

COMPLETE

welding P. 9

ALLEGER-DATE RECEIVED
SOURCE
DOCUMENT PAGE

8/7/81 IR-81-12 P. 3,
"”?

8/7/81 IR-81-12 P. 13,
"% ]

A-45, 1/30/82
Testimony,
IR B2-14 P. 2,42

Unknown IR 83-07
Py, n

el
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INSTRUCTION 1SSUE
BROWN & ROOT, INC. NUMBER visioe DATE PAGE
CPSES
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ASME PIPING & WELDING
INSPECTIONS

e e
4 L -

et et et e —
' B
OoOMmMmoo o > o

2.0

3.2

A\
REFERENCES

QA Personnel Training Manual

WES-16, "Schedule of Standard Test Welder Qualification Matrix and
welder Performed Qualification Log"

QI-QAP-11,1-22, "Cleanliness Control®

VT-NDEP, "Visual Examiniation"

G&H Specification, MS-100, “Piping Erection Specification”

G&4H Specification, MS-43B, "Piping Nuclear (Shop Fabrication)®
CP-NDEP-000, "Marking Requirements for NDE"

PURPOSE

To outline QC inspection activities for welding during site fabrica-
tion and installation of ASME piping.

nstallation corresponds to the revision of the
wings that are part of the documentation package.

figation shall be veriiied on a random basis by con-
"gelder Qualification Matrix" at Weld Filler Material
This shall bc performed at fit-up.

UOCUMENTING  WELD INSPECTIONS

Upon verification, witnessing, or monitoring that an operation or
the results of an inspection are acceptable, the QC Inspector shall
initial, or sign and date the applicable documentation in the space
provided. Work may not proceed beyond an established QC or ANI
hold point until it is witnessed, monitored, or verified, or where
permitted for an ANI inspection point, waived. ANI inspection
points will be waived by the ANI in writing.

The NDE Procedure and revision date shall be entered on the
applicable weld Data Card by the QC Inspector. For RT and UT,
the NDE report number should also be entered in the blank block
to the right of the UT-NDEP space.

— ‘

'y,
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3.18

3.19

3.20

-~

Fillet welds used for attaching slip-on flanges shall have a
minimum leg size of 1.4 times the nominal thickness of the
pipe wall, but not less than 1/8 inch.

Fitting to fittin socket welds sizes (i.e. reducing insert to
socket welded “T“? shall be approximately equal to the socket
1ip dimension unless directed otherwise by the PWE.

ndercuts shall not exceed 1/32 inch and shall not encroach on
the required section thickness.

FINAL NONDESTRUCTIVE EXAMINATION

when final NDE is required other than visual examination, it shall
be performed subsequent to any required PWHT,

when NOE is required other than visual, the craft foremen will
complete a 'Request for NDE" form for welds requiring radio-
graphy and/or ultrasonic examination and forward it to the NOE
supervisor. NDE is to be performed by the B&R QC Department in
accordance with their procedures.

PIPING SUBASSEMBLY FINAL SURFACE AND DIMENSIONAL EXAMINATION

The Pipe Fabrication Shop QC Inspector shall make a final exam-
ination of the entire surface of the piping subassembly. This
shall include verification of marking (correct, legible and
traceable to the corresponding documentation) and final dimensions
and configuration of the items at the time such measurements are
taken by the craft personnel.

when required by the Manufacturing Record Sheet, QC Inspector

shall verify that the subassembly is clean to the extent that

no contamination is visible to a person with normal visual

acuity. A1l external and internal surfaces shall be free of

g:;g: dams, mill scale, organic coatings, grease, oil and
r‘l

REPAIRING OF WELD AND BASE METAL DEFECTS

Welds and base metal defects shal) be repaired as dispositioned
by the Project Welding Engineer, who will generate the required
documentation for all repairs.

After performing base metal repairs, the repaired area shall be
dsmpweved as required by Attachment 11 as supplemented by the
PWE .,

Any RT's after weld prep repairs exceeding the lesser of 3/8"
or 10% of the section thickness may be accomplished after the
completion of the joint when final RT is required by applicable
specifications. 2

"
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3.21

3.21.1

3.21.2

a major rezair is performed on an item (using a Repair
Prbcess Shee-. Attachment 12) that has been previously pres-

S tested, —-en a re-test, in accordance with applicable
¢ and sce:‘fications, of the repaired area is necessary.

e QC NDE :-::ector will mark the repaired area, when prac-
tical with a2 'Yissen Ink Marker" showing a circle around the
area and an¢ =-e repair number after the visual examination
is complete. .n addition, major base metal repairs on the
inside surfazz of an item shall be located and marked on the
outside surf:-z. The marking is to facilitate inspection
during the c-=sure test. For any additional marking require-
ments, see “:z“:rence 1-G.

POST WELD HE:™ TREATMENT

All PWHT to ‘2¥E Section IIl1 and ANSI B31.1 requirements is
the responsi:- ity of the Pipe Superintendent.

The cognizar: :C Inspector shall verify acceptable comple-
tion of PWHT +*thin the parameters of this Procedure and
document suc- :n the "Post Weld Heat Treatment Checklist"
(Attachment " .

Upon accepta: 2 completion of PWHT to the requirements of
this secticr, <he applicable WOC and the "Final Approval"
stamp on the “wHT chart may be accepted.

HEATING MET-Z

The method :* ~eating and cooling for PWHT shall be accomp-
lished by re:-s;tance, furnance or induction heating for all
pipe diamete— greater than 2" nominal.

TIME AND TE¥Z3ATURE REQUIREMENTS

ine holding —res and temperatures shall be in accordance with
the Table I, .nless specified otherwise by Welding Engineerirg.

The metal te—erature shall be maintained within the tempera-
ture ranges ::acified for the minimum holding times (Refer-
ence: Appli:zizle WPS).

4 3
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ATTACHMENT 11

Completed Required
Repair Approvals

b e o e e el e s o

Repairs |3 P&cpair

Base
Metal
Defects

ect
VTIHccd HenJ

Manufacturer

(1) Not
exceed-
ing 102
of wall .
thick=-
ness or
3/8" xla 12 !'x :
(2) 102
of wall
thick- -
ness or
greater
than 3/8" x i1 12 Ix | &1l 1 4 9 19 X
(3) Ex-
ceeding
win. wall
thickness v |1 1L X LXL Rl - -
Weld Re- ! ) P f

pairs
(1) Minor!
repairs
net re-
quiring
welding X 2 iX
() Minor
repairs re-
quiring
welding Xl 2
(1) Major

renairs ¢ | 3 -

L
Cede \

!
\
<
\
\
~

e

r
‘\
>

>

<

|

Scamped
Parts "
Appurten- ‘ |
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1.

ATTACHMENT 11-1

Required Examination, QC Hold Points and Approvals
Required for Repairs (page 2)

REPAIR T NOTES:

MT may be substituted for PT where applicable.

When it is not possible or practical to examine a possible mini-
oum wall violation through mechanical measurement, UT measurement
of wall thickness may be substituted.

For doce stamped or certified items, the repair or modification

of items which fall within the scope of Brown & Root certificate of
authorization or interim letter, manufacturer's approval is not
required. For items which fall outside such scope, repair shall
be with the approval to the specifications of, or by the manufac~
turer.

The examination of repairs shall be repeated as required for the
original item except that repair of defects originally detected by
MT or PT methods when the repair cavities do not exceed the lesser
of 3/8" or 10% of the nominal thickness need only be re-examined
by an MT or PT method. If the repair cavity exceeds the above, RT
is require. .

Any base metal defects which are a result >f the manufacturing pro-
cess or veld repairs to stainless steel vhich require more than two
repairs, shall result in a disposition in accordance with Refer-
sucs Q.

Are strikes on items other than piping in the field violating nini-
mum vall thickness shall require a Gibbs & Hill engineering eval-
vation and recommendation.

If a welduent is rejectable to the point that removal of the weld
i3 necessary, a weld addition removal card (WARC) and a new Weld
Data Card will be issued.

For Class 111 applications, the cavity need only receive a visual
examination as a oinimum. All cavities resulting from arc strike
removal on Class II1 items in the shop shall be PT inspected.

As required by Heference A.
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ired Examination, QC Hold Points and Approvals
ired for Repairs (page 3)

Repalir situations which fall outside the scope of this matrix
be analyzed as per job specification and code requirements

and dispositioned accordingly.

In-process defects shall be documented as required in the space
provided on the back of the applicable WDC or on continuation

sheets.

13. NDE reports for VI, PT or MT examinations shall only be required

as per the Documentation section of this procedure.
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ATTACHMENT 12

Repair Process Sheet

REPAIR Pagczss SHEET

“C Serial No.

Orewing No.

Vel¢ .

DESCRIPTION oF OEFECT (Sxarew)
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BROWN & ROOT, INC. PROCEDURE 1SSUE
CPSES NUMBER REVISION DATE_ PAGE _
JOB 35-1195 CP-CPM 6.9D \ 2=6-80-» 1 of 46
TITLE: ORIGINATOR: /ﬁ@g
CP-CPM 6.90 REVIEWED BY: ey :-4/' ‘\' ; iy .
(APPENDIX D) ) ,
WPLDING AND RELATED APPROVED BY: e
PROCESSES O )
» tﬂ‘? -1 ee
Uty ey P s / ey
IJX ASSURANCE , Houstc.nl

0.1 TABLE OF CONTENTS = e r

1.0 INTRODUCTION |

2.0 GENERAL =

2.1  APPROVAL AUTHORITY

2.2 RESPONSIBILITY

2.3 SPECIAL REQUIREMENTS

2.4 PREFABRICATION/INSTALLATION VERIFICATION

2.5  DOCUMENTING WELD INSPECTIONS

2.6  WELD PARAMETER GUIDE

2.7 BALANCE OF PLANT PIPING AND STRUCTURAL STEEL INSPECTION

AND DOCUMENTAT [ON
2.8 CONTROL OF WELDING PROCEDURE SPECIFICATIONS AND RELATED
DOCUMENTS
A
3.0 WELDING o
CN

3.1  LIMITED ACCESS WELDS (FIELD WELDS) ,’,’ NE3

3.2 CLEANING OF WELD PREPS AND BASE METAL pen i

3.1 PREMEAT/INTERPASS TEMPERATURE e

3.4  INERT GAS : penN* s

3.5  PURGE DAMS AND CONTROL OF PURGE DAMS

3.6 CONSUMABLE INSERTS

3.7 BACKING STRIPS AND/OR RINGS

3.8 PEENING

3.9  IMPACT TESTING

3.10 WELD JOINT DESIGN AND FIT-UP

3.11  TACK WELDS

3.12  INTERPASS CLEANING

3.13  WORKMANSHIP

3.14  PIPE ATTACHMENT WELDS

3.15  WELDING TECHNIQUES

3.16  WELDMENT SURFACES

3.17  FINAL NONDESTRUCTIVE EXAMINATION

3.18  FERRITE CONTROL

3.19  WELD AND BASE METAL REPAIRS

3.20 WELDER QUALIFICATION

3.21  POST-WELD MEAT TREATMENT

3.22  BRAZING OF COPPER PIE OR TUB ,A-85

3.23  SOLDERING OF COPPER PIPE OR TUBE -
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3.19.3

3.19.4

Q.”lm

3.19.4.2
Q.NF ,B0P

BROWN & ROOT, INC. 1SSUE
CPSES NUMBER REVISION DATE PAGE
JOB 35-1195 '
CP-CPM 6.90 3 2-6-80 32 of 4
Q,87 To minimize sensitization of SS material, each defect shall be limited

to two repairs. If the defect has not been eliminated in two attempts
the procedure shall be submitted to the Owner for a?prou\ defining
methods for further repair and sensitization control. When a weld is
completely removed for any reason, the weld prep configuration may be
restored and the weld replaced in accordance with an approved WPS. If
any weld defects arc evident in the replacement weld, a procedure
shall be submitted to the owner for repair and sensitization control
to remove all such defects. In no case shall a weld be completely
removed and replaced more than twice without specific owner approval.
This paragraph applies to field welds only.

Cosmetic Repair -

A cosmetic repair shall be considered the removal of ID or 0D surface -
conditions which interfere with the interpretation of NDE after the
final visual examination has been completed. This provides a second-
ary signoff for visual examination and other NDE.

A pre-established sequence may be used for cosmetic repairs.

If the final visual examination on the WDC or MRS has nc. been signed
an operational sequence to allow reinspection is not necessary.

If visual examination has been completed, inftiate a RPS operational
sequence. If an ftem covered by an MRS, “Final Dimension/Surface
Condition” holdpoint has not been completed by the ANI, ANI review shall
be noted as "N/A*. If signed, ANI, review is required.

NOTE: For fabrication, ANI review shall be documented on the MRS.

Require visual examination where accessible. Require UT examination,
or where possible, mechanical measurement to verify wall thickness.
Where VT 1s impossible, RT may be substituted.

Base Metal Repairs

3.19.4.1 Mefor Défects.

Base metal defects that must be repaired by welding are major repairs.

Minor Defects.

Base metal defects removed by grinding are minor repairs; however, 1f
grinding violates minimum wall thickness, the repair must be completed
as a major repair.

O ———— - ——
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3.19.4.3 Additional Requirements.
BOP ,NF ,Q

Welding Engineering approval is required prior to a major repair.

The approval is attained via approval of an NCR and/or RPS. If the
repair is to be performed on a code stamped item B&R, QA shall assure
that our "N* stamp authorizations are of the appropriate type (1.e.,
the repair of code stamped valves and equipment requires manufacturer's
authorization prior to repair).

BOP,Q Surface defects (other than arc strikes) no deeper than 1/16 inch need
u:: :: repaired 1f the defect does not encroach on the minimum wall
thickness.

Minor base metal repairs do not require an RPS, -

Q1 The QC NDE Inspector will mark the repaired area, when practical, with

a "Nissen Ink Marxer® showing a circle around the area and the repair
number after the visual examination is complete.

" Major base metal repairs on the inside surface of an iLem shall be
located and marked on the outside surface to facilitate inspection
during the pressure test.

QCI After performing base metal repairs the repaired area shall be
mmtd. as required by Appondh 6.9G and as supplemented by the

Q1 Westinghouse will evaluate and provide resolution on any major or
minor repairs on Westinghouse supplied items (this shall include al)
arc strike repairs).

Modification of any Westinghouse-supplied ftems must have Westinghouse
approval prior to the modification.

A1l arc strikes shall be removed from base metal surfaces.

NOTE: Defect repair cavities shall be sufficiently wide to permit
complete fusion and allow free manipulation of the elec-
trodes during repair welding.

3.19.5 Documentation and Evaluation of Minimum Wall Violations

v’ J. QC shall place a hold tag on the item and note the rejectable NDE
report number on the hold tag.
v & Submit the NDE report to Welding Engineering.
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e AW 1f the minimum wall violation can be repaired in accordance with

the requirements of Specifications MS-100 or MS-438 or MS-448B,
then Welding Engineering will {ssue a RPS (for completed or
partially completed welds) or additional operations on the WDC
(for joints where welding 1s not initiated).

4. If the minimum wall violation cannot be repaired in accordance
with the requirements of Specifications MS-100 or MS-438 or MS-448,
then Welding Engineering shall generate an NCR for site Mechan-
fcal engineering for dispositioning.

5. The hold tag will be removed by QC prior to start of work only
after the bas been issued or the NCR dispositioned “use as-
is" by engineering.

3.19.6 Weld End Prep Repairs

BOP Weld end preps shall not be repaired by welding without the written
n::l’ugc‘m of the PNE, Construstion and the Owner/ Engineer, except as
no ow.

Q,BOP Maximum depth of repair without site ineering approval 1s 3/8 inch
' deep (a RPS 1s required for this repair). On Westinghouse supplied
) . ftems W concurrence is required for all repairs.

Q MT or PT of weld end preparations in material less than 2 inch in thick-
ness 1s not required after grinding or the addition of filler metal.
Radiography of the completed weld is considered adequate.

Q,NF Any RT's after weld prep repairs exceeding the leiser of 3/8 inch or 10%
of the section thickness n{ be accomplished after the joint when
final RT 1s required by applicable specifications.

NF Surfacing of weld end preps for fit-up purposes shall be accomplished
by one or more stringer beads being deposited on an unbroken surface.

NF The surface shall be free of irregularities exceeding 1/32 inch in depth

NF Surfacing required for fit-up to "T" fillet weld joints shall be accomp-
11shed by stringer beads deposited on the larger surface of the two
Joining members.

3.19.7 Base Metal Repairs to Bulk Material

For bulk piping materials in storage, the repaired item shall be
banded to identify the nonconformance report number or other docu-
mentation by which 1t was repaired. The band may be removed after the
ftem 15 Inserted into a piping system. The repair documentation shall
be filed with the documentation for piping subassemblies,
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1. DESCRIPTION:

A. APPLICABLE SPEC, \ONGIDRCOOENT g}Z}-{ﬁ-m REV. -
*THIS DOCUMENT VOIDS AND DCA #5551, REV. 1.
8. DETAILS 1) Revise paragraphs 2.8.1, 4.11.3, 4.11.5 and 4.11.6|%

-
as ver the attached sheet. ’ﬁ
I~

——2) _Add paragraph 4.11.7 as per the attached sheet,
———3)_Delete the tables presencly in appendix 7 and replace them with the

—Aattached table,
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DESIGN CHANGE AUTHORIZATION #5551, REV. 2 Page 2 of 4

Page 2-8, Revise paragraph 2.8.1 to read as follows:

"Steel pigi.n; material with defects in excess of those allowed under para-
graph &4, .3 shall not be used without prior approval in writing from the

site engineering staff , ."
Page 4-16, Revise paragraph 4.11.3 to read as follows:

'Wrmyprmudwldmtdulppmlofdnsium“aﬂpm-
mdudthccdoumtvlohummﬂuuudnfhndbypc

The site staff's written approval is required X
to any repair of a defect violates minimum wall except as permitted by
paragraph 4.11.6.

Page 4-17, Delete paragraph 4.11.5.

Page 4-18, Revise paragraph 4.11.6 to read as follows:

"The minimum wall thickness for seamless or welded without filler metal
pipe ordered to nominal wall in the Engineer's Piping Sprcification Sheets
shall not be more than 12.5 percent the specified naminal wall thick-

ness according to the following formula:
Th x 0.875 = Tm (Note 1)
Where Th is the nominal pipe wall thickness
Tm is the minimm wall thickness

Fmpmorwmmnullmuuwuwmmwmc'l
Piping Specification Sheets.

Note 1

If pipe is ordered to the minimum wall, field counterboring shall
not reduce the wall thickness to less than the Tm value.

Page 4-18, Revise paragraph 4.11.6 to read as follows:

When the minimum wall thickness nxmcs as defined above have not
been maintained and a "use-as-is"' desposition is desired, the Contractor
shall document and submit the wall thickness to site Engineering for
evaluation and resolution.




DESIGN CHANGE AUTHORIZATION #5551, REV. 2 PAGE 3 of 4

J_" When the minimum wall violation can be repaired {n accordance with paragraphs
' a, b, and ¢ below, the Contractor may accomplish the repair without additional
Engineering evaluation. When the minimum wall violation cannot be repaired
in accordance with paragraphs a, b, and ¢ below, the Contractor shall document
and submit the wall thickness to site Engineering for evaluation and resolu-
tion.

Any required repairs shall be made in accordance with the following requirements:

3. Weld build-up of the outside diameier of piping shall consist of sufficient
material to enable the pipe wall thickness to meet the minimum wall thick-
ness criteria recommended by ASME SA 530 for nuclear piping or ASTM A 530
for non-nuclear piping (Attachment 7).

b. Weld build-up, after finish, on the 0D shall not exceed the 0D of the pipe 5?
as specified in the applicable material specification plus the maximum
permissable varfation, as expressed in specifications A or SA 530.

Nominal Pipe Permissable Varfation

Size !n. ver Pipe 00 (In).
0 ncl. n

Over 1% to 4 1732 (0.031
incl.

Over 4 to 8 1/16 (0.062)

, incl.

Ov:r ? to 18 3/32 (0.093)
nel.

Ov:r %8 to 26 1/8 (0.125)
nc .

Ov:r f‘ to 4 §/32 (0.156)
ncl.

Over 34 to 48 3/16 (0.187)
incl.

¢. The welding end transition must be within the limitations specified in
ASME Section IIl, Figure NB, NC, or ND-4250-1, or ANSI B31.1, section 127.3
as applicable. When the allowable build-up {s accomplished prior to making
up the joint, the "C" dimension must be rechecked and rebored if required.
The "C" dimensfon check is not required when the build-up is done as a
part of the joint weld-out. Whether or not the "C" dimension is checked,
the wall thickness shall be checked to ensure that 87%% of the nominal
w?;llthic:ncss (as specified by the applicable code) has been maintained at
a ocations.

Page 4-18, Add the following paragraph 4.11.7 to read as follows:

Actual wall thickness measurements of welds performed under DCA - 1591 shall
be submitted to Engineering for evaluation of acceptability. Since these _éi
welds were made in accordance with DCA - 1593, they shall not be considered .

noneonf until evaluated as such by inee . These nonconforming
2 valds shall Be fdencified to the Concragtor for socion.
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2 TABLE X2 T&dMy‘Mulmmhﬂm(Av«a’)H’t'ﬂMm
’ N.nl—ﬁM“‘molﬂMu&hhﬂ.uthtomumuanu
: from nominal (average) wall thickness:

. 0.!...”.0. .
where “, z
fs = nominal (average) wall thickness, (a. (mm), and
(e = minimum wall thicknesa, in, (mm) -

The wall thickness s e nﬁm“mdﬂmhh«l‘mnﬂﬂmhﬁnwudhﬂu‘n»ﬂ.h
sccordance wih (he WHMID.IQIM.MHMJ"NQAQW&CMC
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verage Thick ’ verage Thickness on verage) Thickness on
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Page 33, vevise paragraph 1.7.3.7a to read as follows:

“The minimum wall thickness for seamless or welded without filler metal pipe
ordered to nominal wall in the Engineer's Piping Specification Sheets shall
not be more than 12.5 percent under the specified nominal wall thickness
according to the following formula: T

Tn x 0.875 = Tm (Note 1)
where Tn is the nominal pipe wall thickness
Tm is the minimum wall thickness

For pipe ordered to minimum wall Tm is as specified in the Engineer's Piping
Specification Sheets. - - _

"

fote 1

If pipe is ordered to the minimum wal\field counterboring shall not
reduce the wall thickness to less than the Tm value. ° :

When the minimum wall thickness requirements as defined above have not been
maintained and a “use-as-is" desposition is desired, the Contractor shall
document and submit the wall thickness to site Engineering for evaluation
and resolution. : )

Page 34, revise paragraph 1.7.3.8a to read as follows:

|
|
|
|
|
\
“Steel piping material with defects in excess of those allowed under paragraph
1.7.3.7a shall not be used without prior approval in writing from the site
Engineering Staff, except as delineated in paragraph 1.13.2.a.3 of this speci-
fication or repaired per paragraph 1.7.3.8b.

Page 34, revise paragraph 1.7.3.8b to resd as follows:

When the minimum wall violation can be repaired in accordance with paragraphs
1,2, and 3 below, the Contractor may accomplish the repair without additional
Engineering evaluation. When the minimum wall violation cannot be repaired in
accordance with paragraphs 1, 2, and 3 below, the Contractor shall document
a?d submit the wall thickness to site Engineering for evaluation and resolu-
tion.

Any required repairs shall be made in accordance with the following requirements:

1. Weld build-up of the outside diameter of piping shall consist of sufficient
material to enable the pipe wall thickness to meet the minimum wall thick-
ness criteria recommended by ASME SA 530 for nuclear piping or ASTM A 530
for non-nuclear piping (Attachment 7).

2. Weld build-up, after finish, on the 0D shall not exceed the 0D of the pipe
as specified in the applicable material specification plus the maximum per-
missable variation, as expressed in specifications A or SA 530.
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DCﬁ/6503 Rev.]
Nominal Pipe Permissable Variation
Size In. Over Pipe 0D (In).
1/8 to 1 Incl. 1/64 (0.015)
Over 1 to 4 1/32 (0.031)
incl.
Over 4 to 8 1/16 (0.062)
incl. "
Over 8 to 18 by 3/32 (0.093)
incl.
Over 18 to 26 1/8 (0.125)
incl.
Over 26 to 34 5/32 (0.156)
incl.
Over 34 to 48 3/16 (0.187)
incl.

3. The welding end transition must be within the 1imitations specified in
ASME Section III, Figure NB, NC, or ND-4250-1, or ANSI B31.1, section
127.3 as applicable. When the allowable build-up is accomplished prior to
making up the joint, the "C" dimension must be rechecked and rebored if
required. The “C" dimension check is not required when the build-up is done
as a part of the joint weld-out. Whether or nct the "C" dimension is checked,
the wall thickness shall be checked to ensure that 87%% of the nominal wall
%hick?oss (as specified by the applicable code) has been maintained at all
ocations.

T
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TABLE XI Table of Minimum Wall Thicknesses on Inspection (or Nominal (Average) Pipe Wall Thicknesses

NoTE 1=The following equation, wpon wiich Lhis table is based, may be applied 10 calculate minimum wall thickness
from sominal (average) wall thickness

. . lo % 0875w iy

where S.
1, = nominal (average) wall thickness, ia. (mm), and .
fe * minicom wall thickness, in. (am).

The wall thickness is eapressed 10 three decimal places, the fourth decimal y.ace being carried forward or dropped, in
sccordance with the ASTM Recommended Practice E 29, for Indicating Which Places of Figures Are 1o Be Consdered
Significant i Specified Limiting Values.*

NOTE 2--This table is & master table covering wall thicknerses available in the purchase of difTerent classifications of
muuhuumunuyuuwdmmwmw.ummmunm

Nomunal Minimum Nomunal Minimum Nomnal Miuaimem

(Aversge) Thickness on (Average) Thickness on (Average) Thickness on
Thickness (1,) Inspection (1) Thickness (1,) [nspection (1,) Thickness (1,) Iaspecuon (1)
.. ~m in mm in. mm . nm ' mm . mm

008 1.7} 0060 152 0.294 147 0.257 635) 07%0 1903 0456 1682 -
ooss la¢ ce™y 1% 0.300 7.62 0.262 645 0812 & 0710 180}
009 201 aos0 203 0.307 780 0.269 61 0843 214 0738 1873
0098 241 008 21 0.30% 8 0270 636 0864 2195 0% 1920
o w 009 231 0312 " 0.7 693 0875 2212 0766 1946
oy o 0.104 264 0318 .08 0278 7.06 0586 2301 0793 0.4
0125 Jis o an 032 (1) 0282 .17 0937 ' 080 208
a1é 320 ol M 0.3 a €.289 1.4 0968 2459 0847 2151
[R50 I & ole 293 0337 0.29% 149 1000 2540 oS un
0140 1336 ez 0 0.343 &N 0.00 162 1031 2619 0%02 2291
0145 )6t 0127 0.344 L.74 0.301 7.68 1.062 2697 0929 &0
[ RELAN A 0129 I 0358 209 . 0J1) 795 1.093 2776 0956 2428
oI  In 0138 4 0.365 227 0319 510 L1289 0984 U9
015 )9 013 4 0375 9.52 0.328 3 LIS6 9.3 1012 257
0179 455 0157 1% 0.382 9.7 03 (X0 12:4 094 1066 2708
L AL LN 0164 417-| 0400 1016 ~ 0J%0 e 12% 3L7S 109 M
o A 0164 417 0408 1031 0.335 .02 (b LI > & L2 Ba
QIvl 4 0.167 424 0432 1097 ™ 9.0 132 nan LI 29.16
0200 508 - 0178 4u 043  LI07 0.382 9.70 LM ML T LIS M
0203 S.ie 017 492 0437 1110 0.2 %70 1375 M9 1203 X056
0216 S 0189 430 043 111} 0.8) " 1406 N 1230 4
0218 554 0191 483 0300 1270 0438  1L1) 1438 )52 1258 )93
0219 536 09 48 0531 134 043 1IWI 1300 3810 1312 1N
3.74 0.9 L0 0552 a2 04) .7 1331 B8 1340 .04
6.03 027 2 0562 147 0492 1250 1562 Mo 1381 MM
633 0219 336 0593 1506 0519 118 1393 w4 1% B«
6.3% 0226 N4 0600 1524 0323 134 1750 448 1331 B
101 0242 615 0625 1538 07 )M L7810 4524 1553 M9
T.04 0242 615 0656 1662 - 0573 1458 1812 4«0 1586 4028
1.9 024 620 0474 17.12 0.59%0 (49 1.9 499 1722 %
pAl 0248 &2 0647 1745 0601 1527 2062 . 1504 4502
114 024 425 0719y 1826 e 159% 1343 %31 0% 207
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COMANCHE PEAK STEAM ELECTRIC STATIO
DESIGN CHANGE AUTHORIZATION
(WILL) (WBXXXMXX) BE INCORPORATED IN DESIGN DOCUMENTS DCA NO. 9716

1. SAFETY RELATED OOCUMENT: __ XX YES NO
2. ORIGIMATOR: CPPE __ XX ORIGINAL DESIGNER

3. DESCRIPTION:

A. APPLICARLE SPECAOMOADO0LNENTX 2323-M5-100 REV._S
8. DETAILS Revise Paragraph 2.11.4 to read:

*Arc strikes on plant equipment or material metal surfaces other than arc

strikes necessary for welding starts are expressly forbidden. in cases

where they occur and when occuring to a surface of an ASME code item

item other than pipe or pipe supports, the contractor shall follow the

Paragraph 2.8.2 repair procedure. Such repairs shall have prior approval

of the owner".

4. SUPPORTING DOCUMENTATION: .

S. APPROVAL SIGNATURES:RCB:jb Fedruary 26, 1981
A. ORIGINATOR: S G , OATE _Z-2& -5/
8. DESIGN REPRESENTATIVE: , pATE Q-2 S|
§. VENDOR TRANSMITTAL REQUIRED: YES N0y P

8 T -
STANDARD OISTRIBUTION JOB NO. 35 1195 DCA FORM 11-80

ARMS (Original) (1) ECEIV
Quality Engineering (1)
TS for Orig. Design. (1) R FEB 271981
*
f - ECEIVE

T
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Mferences 1, 7, & 3 above provide specific rejuirements concerning the re-
prir of Base Metal defects and the Owner/Engireer approval required for such

wr.

ddenever the repiir to defects exceeding minimum wall requirements can be
made in accordance with the requirements of the applicable specification as
modified by references 1 & 2, Site Engineering approval isgnotirequired on a
Lase by casz tas's prior to making the repair.

J¥ the requirements of reference 1 § 2 cannot be met, Brown & Root will doc-
ument the ccnditions of the minimum wall violation and submit these with a

Tepair procedure to Site Engineering for evaluation and approval prior to
making any repairs.

g': Strikes or other defects on piping and pipe supports may be removed
‘without Owner/Engineer approval provided the requirements of the applicable
glcifications as modified by the above references are met.

“&rr Strikes or other surface defects occuring on all Plant Equipment or Code
Jtems other than piping and pipe supports will require Site Engineering eval-
uation and approval prior to making any repairs.

Prior approvai by Site Fngineering will still be required in the case of more
than 2 repairs being made in any one area on stainless steel pipe weldments
.and whenever a Thru-root repair exceeding 3" is required in carbon steel or
Stainless steel pipe weldments,

?i 2m requesting Brown & Root to revise the current procedures to reflect the
‘above requirements.

if you hawe any questions or require any additional information, please ad-

e
>
A Cpfipz= . A e
R. C. Barber .
8-&kss " Senior Project Weld. Engr.

"o
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3.4.6.1 Surface and Dimensional Examination

The QC Inspector shall make a final installation inspection of all
piping subassemblies after completion of welding and installation
activities to validate acceptance of final dimensions and surface
conditions. This shall include verification that marking was

accomplished within the parameters of Appendix 6.9€, Section 3.15.

Post-NDE requirements, i.e., Radiography, that may necessitate
repair of a weld will not invalidate the above inspections.

When required by the MRS, the QC Inspector shall verify that
the subassembly is clean to the extent that no contamination #
is visible to a person with nomal visual acuity. All external
and internal surfaces shall be free from purge dams, mill scale,
organic coatings, grease, oil, and debris. Packaging of piping
subassemblies shall be verified to be in accordance with Appendix
6.94, Section 3.5.

3.4.7  Repairs

Weld and base metal repairs shall be inspected as required by
———— Appendix 6.9D, Section 3.19. Documentation for repairs shall be
as required by Appendix 6.9G, Section 3.3.

NOTE: For Base Metal Repairs, prior to final VT, the area of
the repair shall be diagrammed by QC on the original
NDER, and stated on NDER as final repaired area. Hold-
points on the RPS for this operation signed and dated.
The inspection report shall be included in the docu=-
mentation package.

3.4.8 PWHT/QC Inspections (QCI-M)

The Cognizant QC Inspector shall verify acceptable completion of
Post-Weld Heat Treatment to the requirements of Appendix 6.90,
Section 3.21 and shall document same on the PWHT Checklist
(Figure 6.9G-3).

INFORMATION

COPY

PPRV
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Brown{Roaot.Inc.

@ QUALITY ASSURANCE DEPARTMENT

PROJECT:

QA LIBRARY

CPSES - Glen Rose JOB NO.: 351198 unit 1 8 2 PAGE L or _L

January 15, 1982

TO: Pat Clarke
FROM: Jeannine Hewet:

SUBJECT: Deletion of Quality Instructions used as Sunplements
to Construction Precedure CP-CPM-6.9

This is to inform you that, subsequent to our verbal instructions,
the following Ouality Assurance Instructions, presently incorporated
as supplements to your above referenced procedure, have been deleted
from use by the Site QA Manager:

DOCUMEMT NO. TITLE SUPPLEMENT

N1-0AP-11.1-23  OC Instructions for Pipe Fabrication  6.9E-I
and Installation

QI-NAP-11.1-24 Inspection of Pressure Testing 6.91-1
QI-QAP-11.1-25 QA Review of ASME III Documentation 6.9€-11
01-QAP-11.1-27 Insp. of Instal. of Piping 6.9E-11

Additionally, our Instruction QI-QAP-171.1-26, presently incorporated
in CP-CPM-6.9 as Supniement €.3D-II has been reissued as Pevision 6
with a new title, "ASME Pipe Fabrication and Installation Inspection.”

Please make appropriate changes to your procedure to reflect the above.

W4M"
- v annine Hewett -

QA Librarian

Tce:  G. Purdy INFORMAT'ON

8. Darrin

COPY

PPRV
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0.11 TABLES

6.90-1 PWHT FOR ASME SECTION III, PIPING SYSTEMS
6.90-2 PWHT FOR ANSI B31.1, PIPING SYSTEMS

0.111 FIGURES

6.90-1 WELD PARAMETER GUIDE

6.90-2 WELD DATA SHEET

6.90-3 REPAIR PROCESS SHEET

6.90-4 FIELD INSPECTION REPORT

6.90-5 PURGE DAMS

6.90D-6 PURGE DAM LOG

6.90-7 CONSUMABLE INSERT DESIGN

6.90-8 JOINT DETAILS FOR CONSUMABLE INSERTS
6.90-9 BUTT JOINTS WITH BACKING

6.90-10 BUTTWELD ALIGNMENT TOLERANCES

6.90-11 SOCKET WELD FITUP

6.90-12 DELTA FERRITE LOG

6.90-13 REQUEST FOR WELDER TRAINING AND/OR TESTING
6.90-14 WELDING PERFORMANCE QUALIFICATION WORKSHEET
6.9D-15 BRAZING PERFORMANCE QUALIFICATION WORKSHEET
6.9D-16  PWHT CONTROL FORM

6.90-17 THERMOCOUPLE PLACEMENT FOR PWHT

6.90-18 Q PIPE WELDING FLOW CHART

6.90-19 TYPICAL FITTING TO FITTING SOCKET WELDED CONNECTION

0.iv SUPPLEMENT
6.90-1 WELDING AND RELATED PROCEDURE SPECIFICATION CONTROL
6.90-11 ASME WELD INSPECTIONS (QI-QAP-11.1-26)

1.0 [NTRODUCTION

This appendix to procedure CPM 6.9 has been prepared to delineate and
control welding and related processes for piping and ASME II1 campon-
ent supports at Camanche Peak Steam Electric Station (CPSES).

2.0 GENERAL
2.1 APPROVAL AUTHORITY

The requi rements for origination, review and approval of this appendix
shall be in accordance with procedure CPM 6.1. In addition, this
appendix and its' DCN's shall be approved by the Project Welding
Engineer.
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3.18.5

3.19
FWTC

3.19.1
Q,NF

Inspection Procedure

(alibrated delta ferrite measurement devices shall be issued as re-
quired to WTs by the calibrated tool roam. These devices shall be
returned to the tool roan at the end of each work day.

When a weld requires delta ferrite testing, it shall be noted on the
um.

The results of the examination shall be documented on the WOC by the
.

Two Delta Ferrite Logs (DFL) shall be maintained by FWTC for each
applicable piping system.

1. One DFL shall list all delta ferrite checks on welds with thick-
ness one (1) inch or less.

2. The other DFL shall 1ist all delta ferrite checks on welds with
thickness over one (1) inch.
The DFL is shown as Figure 6.9 D-12.

A copy of the DFL shall be turmed over the Owner/Engineer on a monthly
basis.

The original DFL shall became part of the documentation for each
system and shall be filed in the Permanent Plant Records vault.

WELD AND BASE METAL REPAIRS

In Process Weld Repairs

In process repairs shall be defined as those discovered prior to final
code required NDE.

A1l major weld defects discovered before final inspection shall be
evaluated by the PWE who may generate an RPS operational sequence at
his discretion.

NOTE: Through wall repairs or those where 1/8 inch or less metal
remains shall require an RPS.

o
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The removal of starts and stops and slag, etc. may be routinely ground

out during the welding process. No documentation is required.

When weld defects are discovered before final inspection (In process),
and operational steps are not defined by the PWE, the following opera-

tional steps may be used to affect reworking:

- Grind as required to remove defects within the guidelines of

this procedure.
Perform information PT or MT
Reweld utilizing original welding procedure
Grind and fair deposited area into the surrounding metal
surface

- Reinspect utilizing the original NDE method and acceptance
gaéteria for information unless defined otherwise by the

3.19.2 Weld Metal Repairs
3.19.2.1 Major Defects.

8OP,Q

The following defects discovered during or after final code required
NDE shall be classified as "Major Repairs":

1‘

2.
3.

4.

5.

A1l cracks and/or 1inear defects identified during the final
inspection of a weld joint.

Cracks, that are repaired and then reappear after the repair.

Minor repair excavations that result in a repair cavity that
reduces the thickness of the weld to approximately 1/8" or less.

Any defect which is identified during final PWHT or hydrostatic
testing.

A1l defects which penetrate the root of the weld, such as grind-
throughs or bum-throughs.

The resolution shall be by the PWE using a RPS and shall contain as a
minimum, the fol lowing:

6.

7.

An explanation of the method to be used to locate and excavate
the defect (mechanical means or themal gouging).

Method of inspection to be used to ensure the defect has been
removed.

e — —— - ——— — ¥ L ———— e — oy w—
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3.19.2.2
Q,80P

9.

10.

NOTE:

Minor Defects

The method such as the Welding Procedure Specification and any
special technique that may be required to be used to repair the
excavation open butt procedure. :

The method to be used to reinspect the repaired area and the
acceptance criteria for the reinspection.

The proper approvals of the other groups involved with the repair,
This may include the camponent manufacturer, QC and/or

Construction, and the Owner/Engineer. (Westinghouse as
applicable.)

The following types of defects discovered during or after final code
required NDE shall be classified as “Minor Repairs™:

1.

The applicable operations shall be as follows:

3.
‘.

A1l code rejectable defects not included under the Major Repair
classification.

Al11 defects resulting fram fitup, cleanliness, and other welding
parameters which are violations of the WPS or this appendix.

Locate the defect and mark the area to be excavated.

Excavate (remove) the defects by grinding or air-carbon-arc goug-
ing. If air-carbon-arc gouging is used, the gouged surface shall
be ground back to clean bright metal; SS piping shall be protected
fran contamination.

When it is felt the defect has been removed, inspect the exca-
vated area with MT or PT,

After rewelding the excavation, the repaired area shall be ground
and faired into the surrounding metal surface.

The repaired area shall be reinspected using the original NDE
method(s) and acceptance criteria.

Westinghouse will evaluate and provide resolution on any minor
repair to Westinghouse supplied items.

=
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.19.2.3 Additional Requi rements.

3
Q,80P

Q.87

3.19.3

When a weld is made utilizing a consumable insert and is rejected
after NDE, use of the open buttwelding technique to make repairs is
pemitted when the repair does not exceed 3 inches. Repairs to areas
greater than 3 inches will be handled on a case-by-case basis and will
requi re Owner/Engineer approval.

To minimize sensitization of SS material, each defect shall be limited
to two repairs. If the defect has not been eliminated in two attempts
the procedure shall be submitted to the Owner for approval defining
methods for further repair and sensitization control. When a weld is
canpletely removed for any reason, the weld prep configuration may be
restored and the weld replaced in accordance with an approved WPS., If
any weld defects are evident in the replacement weld, a procedure
shall be submitted to the owner for repair and sensitization control
to remove all such defects. In no case shall a weld be campletely
removed and replaced more than twice without specific owner approval,
This paragraph applies to field welds only.

NOTE: When stairless steel items which have been welded previously
are reused, the new weld number shall be the next sequential
nunber of the item with the highest alpha numeric weld
nunber.

Cosmetic Repair

A cosmetic repair shall be considered the removal of ID or 0D surface
conditions which interfere with the interpretation of NDE after the
final visual examination has been campleted. This provides a second-
ary signoff for visual examination and other NDE.

A pre-established sequence may be used for cosmetic repairs.

If the final visual examination on the WDC or MRS has not been signed
an operational sequence to allow reinspection is not necessary.

If visual examination has b'en completed, initiate a RPS operational
sequence. If an item covered by an MRS, "Final Dimension/Surface
Condition" holdpoint has not been completed by the ANI, ANI review
shall be noted as "N/A". If signed, ANI, review is requi red.

NOTE: For fabrication, ANI review shall be documented on the MRS.
Require visual examination where accessible. Require UT examination,

or where possible, mechanical measurement to verify wall thickness.
Where VT is impossible, RT may be substituted.

T
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Base Metal Repairs

Major Defects.

Base metal defects that must be repaired by welding are major repairs.|

Minor Defects.

Base metal defects removed by grinding are minor repairs; however, if
grinding violates minimum wall thickness, the repair must be campleted
as a major repair.

Additional Requirements.

Welding Engineering approval is required prior to a major repair. The
approval is attained via approval of an NCR and/or RPS. /If the repair
is to be performed on a code stamped item B&R, QA shal}/assure that
our "N" stamp authorizations are of the—appropriate-type (i.e., the
repair of code stamped valves and equipment requires manufacturer's
authorization prior to repair).

Surface defects (other than arc strikes) no.deeper than 1/16 inch need
not be repaired if the defect does not encroach on the minimum wal)
thickness.

Minor base metal repairs do not require an RPS.

The QC NDE Inspector will mark the repaired area, when practical, with
a "Nissen Ink Marker" showing a circle arwnd the area and the repair
nunber after the visual examination is camplete.

Major base metal repairs on the inside surface of an item shall be
located and marked on the outside surface to facilitate inspection
during the pressure test.

After performing base metal repairs the repaired area shall be inspec-
ted as required by Appendix 6.9G and as supplemented by the PWE.

Westinghouse will evaluate and provide resolution on any major or
minor repairs on Westinghouse supplied items (this shall include all
arc strike repairs).

Modification of any Westinghouse-supplied items must have Westinghouse
approval prior to the modification.

=SS
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3.19.5

3.]9.6
BOP

Q,B0P

Q,NF

All arc strikes shall be removed fram base metal surfaces.

NOTE: Defect repair cavities shall be sufficiently wide to permit
canplete fusion and allow free manipulation of the elec-
trodes during repair welding.

Documentation and Evaluation of Minimum Wall Violations

1. QC shall place a hold tag on the item and note the rejectable NDE
report number on the hold tag.

2. Submit the NDE report to Welding Engineering.

3. If the minimum wall violation can be repaired in accordance with
the requirements of Specifications MS-100 or MS-43B or MS-448B,
then Welding Engineering will issue a RPS (for campleted or
partially campleted welds) or additional rations on the WDC
(for joints where welding is not initiated).

4, [f the minimum wall violation cannot be repaired in accordance
with the requirements of Specifications MS-100 or MS-438 or
MS-44B, then Welding Engineering shall submit the RPS to
Mechanical engineering for evaluation and resolution.

5. The hold tag will be removed by QC prior to start of work only
after the RPS has been issued or the NCR dispositioned "use
as-1s" by engineering.

Weld End Prep Repairs

Weld end preps shall not be repaired by welding without the written
resolution of the PWE, Construction and the Owner/ Engineer, except as
noted below.

Maximum depth of repair without site engineering approval is 3/8 inch
deep (a RPS is required for this repair?. Or Westinghouse supplied
items W concurrence is required for all repairs.

MT or PT of weld end preparations in material less than 2 inch in
thickness is not required after grinding or the addition of filler
metal. Radiography of the completed weld is considered adeouate.

Any RT's after weld prep repairs exceeding the lesser of 3/8 inch or
10% of the section thickness may be accamplished after the joint when
final RT is required by applicable specifications.
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NF

NF

NF

3.19.7

3.19.8

Surfacing of weld end preps for fit-up purposes shall be accanplished
by one or more stringer beads being deposited on an unbroken surface.

The :urface shall be free of irregularities exceeding 1/32 inch in
depth,

Surfacing required for fit-up to “T" fillet weld joints shall be
accamplished by stringer beads deposited on the larger surface of the
two joining members.

Base Metal Repairs to Bulk Material

For bulk piping materials in storage, the repaired item shall be
banded to identify the nonconformance report number or other docu-
mentation by which it was repaired. The band may be removed after the
item is inserted into a piping system. The repair documentation shall
be filed with the documentation for piping subassemblies.

Repair of Arc Strikes

Arc strikes found on weldments or base materials may be repaired in
accordance with the following requirements:

1. Forarc strike removal in stainless steel items, not requi ring
rewelding, perform the following:

a. Blend grind or buff;

b. Perfom a liquid penetrant examination of the removal areas;
see Note below.

¢c. Verify that minimun wall thickness remains by UT or mechan-
fcal measurement;

d. Perform a visual examination of the repair area.

2. For arc strike removal in carbon steel not requiring rewel. -,
perform the following;

a. Blend grind or buff;

b. Perform a liquid penetrant or magnetic particle examination
of the removal area; See Note.

c. Verify that minimum wall thickness remains by UT or mechan-

ical measurement;
d. Perform a visual examination of the repair area.

NOTE: Westinghouse approval required on Westinghouse items.
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3.20
wQTC
PWE

3.20.1

3.20.2

3.2‘
QCI for

3. Documentation

@. An NDE report is not required prior to generation of a RPS
or for repairing an arc strike found by Welding Engineering.

b. :lesnnghouse approval required for Westinghouse-supplied
tems.

WELDER QUALIFICATION

Welder qualification shall be in strict canpliance with Specification
MES-105. A1l welders shall be trained 1n accordance with the proper
codes, WPSs, BPSs and other project requirements. All welders shall
be under the direct supervision of the applicable CFS. When the CFS
submits a welder to the WQTC for qualification or training, a properly
executed "Request for Welder/Brazer Training and/or Testing" form
(Figure 6.90-13) shall accampany the welder.

Qualification Worksheet

Once a welder/brazer perfomance qualification test is camplete, all
applicable data shall be tabulated on the proper worksheet (Figures
6.9D-14 and 15).

Welder/Brazer Update Status shall be as defined in MES-105.
Additional Requirements

Al1 Welder/Brazer qualification shall b2 carried out using the require-

ments of the Schedule of Standard Tests (WES-16).
The Welder Qualification Matrix shall be used to assure correct welder/

brazer qualification in accordance with procedure WES-16.

Welders qualified for restricted access nld1n$ shall be identified by
a special designation in Schedule of Standard Tests and Welder/Brazer
Qualification Log.

POST-WELD HEAT TREATMENT

GENERAL

A11 PWHT to ASME Section III and ANSI B31.1 requirements shall be
performed as required by this document.
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