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PUBLIC SIHEKVICE CORIRANY

P. O. BOX 21666 * - PHOENIX, ARIZONA 85036

December 24, 1980
ANPP-16958-BSK/JAR

U. S. Nuclear Regulatory Commission

Region V

Walnut Creek Plaza - Suite 202
1990 Noxrth California Boulevard
Walnut Creek; California 94596

Mr. G. S. Spencer, Chief

Attention:
Reactor Construction and
Qa Engineering Support Branch
(XY )
Subjdct: A 50.55(e) Potentially Reportable Deficiency Relating
gﬁk*} to Undersized Structural Steel Fillet Welds
2T Final Report, Revision 1
b i File: 80-019-026
. . D.4.33.2
Reference: (1) Telephone Conversation between R. Haynes and
B. S. Kaplan on June 12, 1980 (DER 80-3)
(2) Interim Report, ANPP-15741, dated June 26, 1980
(3) Final Report, ANPP-16191, dated August 25, 1980
Dear Sir:

Attached, is Revision 1 of the final written report of the potentially
reportable deficiency, under 10CFR50.55(e), relating to fillet welds
for structural steel undersized with réspect to AWS D1.1 and AISC
minimum weld requirements. Revision 1 contains corrections to the

"Analysis of Safety Implications" section and provides additional

information. Therefore, Revision 1 supplements the original final

report.

The structural fillet welds referenced in this report, even though
undersized with respect to the minimum requirements of AWS D1.1-75
and AISC, are sufficient to handle the design loadings while providing
an adequate safety margin for crack prevention. The structural fillet

welding referenced herein will be accepted without repair.

Very truly yourgjﬂ-j:>
% . E \/Cu,\ [ NS
E. E. Van Brunt, Jr.

APS Vice President

Nuclear Projects
ANPP Project Director
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U. S. Nuclear Regulatory Commission
Region V _

Attention: Mr. G. S. Spencer, Chief
ANPP-16958-BSK/JAR

December 24, 1980

Page 2

cc: Victor Stello, Jr., Director V
Office of Inspection and Enforcement
U. S. Nuclear Regulatory Commission
Washington, D. C. 20555

A. C. Gehr
Snell & W@lmer

J. A. Roedel

R. L. Robb

D. B. Fasnacht
W. E. Ide

J. M. Allen

A. C. Rogers

J. A. Brand

W. H. Wilson

W. G. Bingham
W. J. Stubblefield
R. L. Patterson
R. W. Welcher
D. R. Hawkinson
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FINAL REPORT, REVISION 1
POTENTIAL REPORTABLE DEFICIENCY 50.55(e)
ARIZONA PUBLIC SERVICE COMPANY (APS)
PUNGS UNITS #1, #2 AND #3

II. Analysis of Safety Implications - Supplementary Information

A. Bechtel Field Structural Welding

{ Bechtel's Materials and Quality Services Department
(M&QS) has determined that structural welding per-
formed by Bechtel Construction forces utilizing
Bechtel Welding Procedures Pl-A-Lh (structural) and
P1~A-C (structural) will produce equivalent or better
fillet welds than the test results reported in "Eval-
uation of Structural Fillet Weld Samples for Underbead
Cracking " (see Attachment A, Final Report, Revision 0)
and PQR 705 (Attachment B, Revision 1).

1. M&QS, to date, has not found cracking in PQR
-coupons or in special tests. ‘Refer to Attach-
ment A, Revision 0 and Attachment B, Revision 1.

Attachment A, Revision 0, includes test data for
undersized fillets welded per WPS Pl-A-Lh (struc-
tural) which uses E-7018 (low Hydrogen) electrodes.
Attachment B, Revision 1, includes test data for
undersize fillets welded per WPS P1-A~C (structural)
which used E-6010 (cellulosic) electrodes.

' 2. Attachment C entitled "Technical Review for Palo

’ Verde Project", Job No. 10407 (F. C. Breismeister,
dated May, 1980) includes substantial data on under-
sized fillet welds performed on heavy (5/8" and 1-1/8")
A-36 steel with no preheat using E-6010 electrodes.
It is evident from this repoxrt that undersized fillets,
welded with E-6010 electrodes under 'very adverse con-—
"ditions, did not crack

3. AWS Dl.1, Table 2.7, expresses the minimum single pass
fillet weld size for'prequalified joints. However,
smaller fillets may be qualified in accordance with
AWS D1.1, Paragraph 5.2.

4. The undersize fillet welds noted in this final report
are sufficient to handle the design loadings, based ]
on the allowable stresses provided -in the Project
Design Criteria. ‘ !
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Visual examination Of the production welds has not
revealed any cracking either in the weld metal or

at the toes of the fillets. These are the most
likely locations at which cracking might occur.

The aforementioned reports and PQR document the
worst conditions for any structural fillet welded
connections. WNo cracking has been found to date

in the test conditions or at the reporting jobsites;

therefore, M&QS believes that it is highly unlikely

that cracking will occur.
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BECHTEL

®

WELDING PROCEDURE QUALIFICATION RECORD

Procedure Specification

PQR NO. 705

Pl-A-c¢ (Structural) Date October 12, 1979
Kelding Process(es) Shielded Metal~-Arc Location San Francisco
California
Material Specification SA-36 to SA-36
ASME P-No. 1 to P-No. 1 0.D. —— O0.D. Range Qualified —--
Thickness__2 to 3/8 inch, 1/4 inch fillet Thickness Range Qualified 1/4 and smaller single pass

fillets for all thicknesses

Filler Metal Specifications:

ASME SFA/AWS AS5.1 AWS Classification E6010 F-No. 3 A-No. 1

ASME AWS Classification F-No. A-No.

Filler Metal Chemistry ——

Electrode Dia. 5/32 Wire Dia. —

Consumable Insert —— Trade Names Lincoln 5P

Tungsten Type —

Shielding Gas —— Flow Rate ——

Purge Gas ——— Flow Rate ———

Flux Classification —_— Flux Name ———

Position of Groove 2F and 3F JOINT DESIGN

Welding Direction 3F Uphill

Backing Strip ——

Current and Polarity DCRP

Acperage 95-120 —> e—3/§

Voltage 24-3C

Single or NMultiple Arc Single

Travel Speed 4 ipm.

Multiple Pass Per Side . No A// \\

Prehest Temperature Minimuw 607 —_—

Maximuz Interpass Temperature - 1

Oscillation Width N.R. inch(es), Dwell === sgec. 2

Oscillation Frequency —— cpm. N

KEAT TREATMENT: Terxp. None Time ——

Recuced [Specimen No.) Width  ]JThick. or Dia.)Area Sq. In.}Load Lbs.] UTS psi ] Rezarns ]

Section | Ncne in. in. ] ]

Tensile | in, in. ] ]

Tests | in. in. ] ]
[ in. | in. ] ]

Cuided | Type & Position Result Type & Position | ° Result ]

Bend [ None BN }

Tests | ] , } ]

Other Six macrosections from each coupon were examined and found acceptable to ASME

Section IX and AWS Dl.1, 1972 and 1979.

Mechanical Testing By

None

Lab. No.

Welder's Name

A. D. Calija

Test Conducted By

F. Breisceister

1079-3

We certify that the statements in this record are correct and that the-test welds were prepared,
welded and tested in_accordance with the requirements of Section IX of the ASME Code and

AWS Dil.1.

L]

Recorded on New Form

June 6, 1980

Original WPS, Rev., Entity Pl-A-c¢ (Structural)/

Rev. 3/BEC_

Othaxy Neasfapariana

- oL E e *
g WL . X

w RN
@ Vol WA A

Reviewed By

GE Bl

Approved By :2
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Z AL "] Bechtel National, Inc.

Engineers — Constructors

Fifty Beale Stree! % /
San Francisco. Canforma
Mai Agaress’ P O.Box 3965.5an Francisso,CA 0415

D. S. Parker Date: June 13, 1980

Low Preheat Welding HVAC Supports From: F.C.Breismeister
Palo Verde Project, Job 10407-002
of: REE/M&QS
B. D. Hackney
B. M. Macleod o At 50/16 x 4211
R. A. Manley
N. J. Thakur
DCC (272152)

M&QS has been requested to provide a technical review of HVAC support
installation welding. The attached document reviews this subject at
the Palo Verde jobsite and a similar but different situation reported

by another architect/engineer. It is concluded that the low preheat

welding at Palo Verde is not a cause for concern. No additional cor-
rective action appears necessary.

Project has reviewed the draft and accepted it without comment. This
final report should be transmitted to Project promptly.

If any one has questions, please contact the writer at (415) 768-4211.

‘ 12%xi5444;,¢«2212ii_
“~F. C. Breismeister

FCB/sla
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LOVW PRIEEAT WELDING OF HVAC SUPPORIS

A Technical Reviéw For
Palo Verde Project

Job No. 10407

Byt F. C. Breismeister
Research and Engineering
Materials and Quality Services Department

Bechtel National, Inc.

Approved: //141—:3

B. D. Hackney, Assistant Manager
Materials and Quality Services Department

May, 1986C
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AEBSTRACT

HVAC support installation at the Palo Verde jobsite has been reviewecd
with ecphasis on the metallurgical and welding engineering concerns
related to E6C10 welding electrodes and low preheat. Fundawmental
principles, as-built details, and AWS Dl.1 Structural Welding Code
qualifications are reviewed. A related, but different situation

reported in the public record is also reviewed. Conclusions are
drawn, and recommendations offered.
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1.C INTRODUCTICN

The HVAC (Eeating, Ventilating and Air Conditioning) installer, Waldinger
Cerperatiorn, had been using E6C1C electrodes for depositing single pass
3/16 fillet welds, and two pass 5/16 inch fillet welds, without preheat.
The fillet welds were to structural steel columns and beams, and to
exbedments. The HVAC support members were 1/4 inch thick or less,
frequently unistrut formed from 12 gage carbon steel. The A-36 structural
steel was mostly 3/4 inch thick, some were 1-1/8 inch thick and 15 uelds
were made to 2-3/4 inches thick carbon steel.

A Quality Assurance Finding (QAF), $7923, was written because these joints
were not preheated in compliance with the AWS Dl.1 Structural Welding Code,
which requires that the preheat temperature be based on the thickness of
the thickest part at the point of welding. Waldinger has conducted tests
in accordance with the AWS D1.1 Code which qualify the 3/16 inch and 5/16
inch fillet welds, The 3/16 inch weld sizes have also been increased to
5/16 inch using E7018 electrodes. These welds were inspected and found to
be acceptable. There was no cracking.

Waldinger was the subject of a related, but different incident at the
Waterford project reported to the NRC by another Architect/Engineer.

That report indicated there were no cracks in the as-built condition, but
found a (remcte) possibility that cracks might have occurred, and caused
extensive corrective action to be initiated.

This technical review has been made to justify the corrective action
conducted at the Palc Verde jobsite, to identify questionable features of
the Waterford report, which, if more thoroughly reviewed might have led
to more positive conclusions in that report.

2.C CONCLUSIONS AND RECOMMENDATIONS

The data and fundamentsl principles have been reviewed and the following
conclusions result.

1) The 3/16 inch single pass fillet welds and the 5/16 inch two
pass fillet welds made without preheat by Waldinger have been
qualified as required by the AWS Dl.1 Structural Welding (ode.

2) There were no cracks in the as-built installation and none
are anticipated.

3) The steel used .at Palo Verde has a low carbon equivalent
conposition, and low hardenability, 'and is unlikely to have
cracks.

4) The steels welded at Palo Verde do not require preheat to
"avoid cracking when the engineering specified weld sizes
. are made.

5) Additional corrective action is not necessarye.
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3.0 DISCUSSION
3.1 Codes and Qualifications

Installation of HVAC ductwork and supports has referenced the AWS D1.1
Structural Welding Code as a matter of convenience rather than as a
technical necessity or on the basis of an engineering analysis. The
Bechtel specification could have referenced other recognized codes or
standards for the purposes of welding procedure and performance
qualification. The AWS D9.1 standard for welding sheet metal could be
referenced, and would be significantly less restrictive regarding welding
preheat and weld sizes. Other codes such as the ASME Sections I, II1I

and V1II and the ANSI Standards B31.1 and B3l.3 governing the inszallation
welding of pipe supports percit welding carbon steels such as A36 (SA36)
without preheat.

The AWS D1.1, Table 4.2 requirement for preheat is recognized as
arbitrary, and provision is made by D1l.1 in Section 5 for qualification
of welding procedure specifications using other preheat requirements.

The HVAC installer has qualified such WPSs and copies are in Appendix 1.
These qualification records meet the documentation requirements and bring
the installation into code compliance.

Questions were raised regarding the adequacy of welding qualifications
being perforwed on 1-1/8 inch thick plate, when the as-built condition
contains welds on plate up to 2-3/4 inches thick. Thicker plate was
thought to cause more rapid weld cooling rates and thus be more suscep=
tibtle to heat-affected zone (HAZ) cracking. This is sometimes true.
However, for moderately low heat-input required for these small fillet
welds, even one inch thick plate behaves essentially as an infinitely
thick plate during the significant part of the weld thermal cycle.

This was demonstrated by Nippes, et. al. at R.P.I. and reported in the
Welding Journal (1943, p. 384S).

3.2 Underbead Cracking

Concerns have been expressed regarding the possibility for underbead
cracking based on a report by another Architect/Engineer regarding a
related application. That report concluded there was a possibility for
underbead cracking to have occurred although there was no objective
evidence of any cracking in actual welds. A technical critique of that
report is in Appendix 2. The several overly conservative features (high
carbon equivalent and water induced rapid cooling) in that test progra:z
and the failure to provide a base metal weldability base line in the
critical tests indicates that the final conclusions of that report were
not fully justified. Underbead cracking requires a hydrogen potential
source in the weld area, a susceptible microstructure, and restraint.
Underbead cracking in thick structural steel, welded by cellulosic .
electrodes, is avoided by the low hardenability of the base metal and

.sufficiently slow weld cooling rates which preclude the formation of

the susceptible microstructures (principly martensite).
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3.3 Metallurgy

w

A hardened weld HaZ consisting chiefly of martensite is necessary for
underbead cracking. In plain structural steel, both high carbon, and high
manganese are necessary for the base material to be sufficiently harden-
able to be crack susceptible. The compositions of structural steel and
the embedded steel used at Palo Verde as bases for the HVAC supports, co
not have sufficient hardenability to achieve the susceptible martensitic
microstructure with the weld cooling rates likely to be experienced. The
compositions of the largest structural wide-flange beams, and a sample of
embed plates are shown in Appendix 3. The highest carbon equivalent, most
crack susceptible composition of these steels, was used for the successful
qualification test shown in Appendix 2. The use of the most susceptible
steel with a8 carbon equivalent of 0.53 for qualification of 3/16 inch
fillet size is significant because this represents the worst case cocpo-
sition. The smount of data in Appendix 3 was limited by the timeliness of
retrieval of boxed records. Experience shows this data to be represent-
ative of the spectrum of carbon steel compositions provided to other
projects. The highest carbon equivalent in a survey of two dozen plates
on ancther project was 0.49. It is unlikely that the cogmposition of any
structural steel at Palo Verde was significantly higher than that usecd

for the PQR test plate.

3.4 Welding

The base metzl hardenability needs to be coupled with the weld EAZ
therzal cycle cooling rates in determining whether a crack susceptible
picrostructure is developed. These cooling rates are dependent upon weld
georetry, heat input (weld size), preheat, and thickness. Rapid cooling
is wost likely to cause cracking. Cooling can be sufficiently slowed by
preheat, or welding heat Input when the other variables are fixed. In
this case the welding heat inputs (weld sizes) were sufficient to slow
cooling to less than the critical rate so that preheat was not requirec.

The first pass of fillet welds, or a single pass fillet weld, represents
the most rapid (severe) cooling conditions anticipated-during installation.
The fillet weld HAZs cool more rapidly than butt welds RAZs. The 1-1/8
inch thick base plate used in the qualification tests was more than
adequate to achieve infinite plate heat-sink cooling rates. The 5/16
inch fillet weld first pass is the smallest weld bead to be made, and
represents the worst case for heat input, i.e., the most rapid cooling
rates. The second pass tempers the first and it cools more slowly thax
a 3/16 inch single pass fillet weld. A 3/16 inch fillet weld represents
the most severe condition for a single pass weld. Both the single pass
3/16 inch fillet weld and the two pass 5/16 inch fillet weld have been
qualified as shown in Appendix 1. These tests are conservative as
¥egards welding technology.
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3.5 Quelification Tests

The Waldinger Corporation qualification tests, reported in Appendix 2,
were conservative regarding the base materisl cocposition and the welcding
conditions usec. Both welding and composition represented the worst cases
for any installation or as-built condition. No cracks were found. As no
cracks were found in the qualification cross-section exarinations, it is
unlikely and irprobable that any cracks would be present in the eoriginal
as-built condition.

3.6 As-Built Condition

The original as-built conditions of single pass 3/16 inch fillet welds
and 5/16 inch two pass fillet welds were exacinecd and found to be crack
free. Subsequently, additional E7018 weld metal was added to the 3/1¢
inch fillet weld. The welds were examined prior to the additional welding
and no cracks were found. The welds were examined after E7018 welding
and no cracks were found. The additional welding would effectively
temper the HAZ of the first 3/16 inch fillet weld and further reduce its
susceptibility for cracking. (The first pass HAZ of the 5/16 inch fillet
was also tecpered by its second pass.) The additional E7Cl1€ welding was
not technically necessary, but has provided a conservative margin for
satisfactory service. This also brought the as-built weld size into
cozpliance with AWS design requirements.

The visual €xarinations performed on the fillet welds provide a good
indication of the weld quality. Cracking of restrained fillet welds is
most likely to occur through the weld metal. Weld metal cracks were not
found. The next most likely location is at the toe of fillet welds
because in plstes which are effectively less than an infinite heat sink,
this is the location of most rapid cooling and therefore the location of
the most crack susceptible microstructure. No cracks were found in the

. toe location which is readly inspectable. For thick plate, cracking is

as likely to occur at the fillet toe as under the bead. No cracks were
found at the toe of these thick plate welds, which also provides a
significant indication that there would be no cracks under the bead.

The fundamental requirements expressed in Dl.1l is that the preheat must
be sufficient to prevent crack formation. The AWS D1.1 requirements for
fillet sizes also appear related to avoidance of cracking. As cracking
has not occurred, the fundamental requirements have been met. .
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APPELDIX 1
Waléinger Corporation Welding Procedure Qualification Records

Test Plate Certified Material Test Reports
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SPORATION

LOCIILCLy DN Snfly Q1720 CONTFLETERS, /AT,

WEZLDING PROCEDURE OUALIFICnTlO\‘

PROCLDURE SFECIFICATION

l..zz:.i‘! soezificstion ST 5im38..

weling prozess LS80 ielde s esal Nt
!..muz! Of MIZNINE vvnen P RANS Z.l rreseseeseersovases
Position of welding .. hcr_ZO"tal ....... coreeveses
Filler metal sgecification L L 0AR.L A2 1268, e,
Fille: mesal classitication L EE0L.0. Ex3.eens
Weld metat prade WA
Shiglding ges M. /\ Flow 7\..:’...'.....

Sinzle or multinle pas . Muleinde

Sing'e or multiple 2-c,,

TEST RECORD (E2-8&-D) |
R.2 (.'.‘"L-:"E.,'
GT‘OO\"‘ WELD TEST RESULTS
Reduced-section tcniion test )
Tensile strength, psic
1 N/
2 N/ #y
Guided-bene 1ot
Root *Face
1 N/A 1 N/A
2 N/A. 2 N/A
N/A

Radiographic-Ultrasonic Examination

Veiding curren: DC.. '°=\’..:.‘_
Veelding srogression

Filles test results

N3 A

tdin Size Multiple Pass

tax Size Single Pass

. .one Cecuvired -

w Prehest temper2ivre LHRLS, PRESaSE cereseesasees tacroctch Macroctch

Postheat teztment ......l\.O.'Je s S

Velder'’s name ... GROZGL..GONZ2 128 e, 1 3 1—S_ __-3_S

2 S 2__ S
‘ {aboratory Test No. FoThc-EzCoe ?" ge
. 'S = Satisfactory -
WELDING PROCEDURE -
>
Pass Clect, Vieiing Current ‘Soeed of ) Joint Detail
no, size Amaeres Volts travel
Ipy
. 3716t 1/8° 100-105| 22-~24 5to6 )
5/1€} 3/33" 70-75 21-23 5tos :-
* 4

.15/716% 1/8" 190—105 22~-24 5to6

? Ve the undersigned, certify that the statements in this record dre correct and that the ust welds vsere prepared

wtided znd 1esicd 1n accosgance wn.h the requitements of 58 ol AVWS D11, Structural Welding Code.
N0 preoheat was utilized in Manulazturce or Contractor ..The Waldingex.Coxrd.
- - s 1 - ’-‘-A-‘-hn ey
performing this POR Authorized bv...‘...["‘ .. ... iy "Lfﬂ 7 2, cossas

Welding Encine. ~r1ng SUpPEIrviIEor
. D340 aerseerens L2416 (—;/' AL LG .

Yorn No. SNC-08/03-28-77. _ .

.

XOI Lt avrur [ PO 230 1612 [ 265 1 ONLS, KWt S0 [ 2150554 1510
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\"ELD’:"-‘G PRCCEDURE QUALIFICATION. TEST RECORD ](25 ,:)"& E';:), 20)
PROCIDURE SPECIFICATION  GRDOVE ELD TEST RESULTS ~
. Reduced.scetion tension 13t

Naterial speciticstion ,.g_.:‘.,\..gs ........ eressssanenen Tensile strength s psic

velding prozess LLESRielifnd Mesad A, 1 N/A

12aual e MAthing e SRNRLE e reesessanersns . 2 N/ A

Fesition of welding ... VEZEICRL e,

Fitier mez2t soccificonen LARESLARLIZAS.......... Guided-bend test . .

Filler meat classification ...55.0.1.0 ezl _ Root Fazee

Yield metat grace NLA ] N/A 1 R/A -
. Shielding cas . ?l/..’}. Flow....h....,..... 2 N/A 2 N/

Single of mutiinle pass LQAngle & Multip X/z

I s}

Sirgic or muliinle arc......
Welding current D2 Beverse,..Bod
velding pregression ...

TEE VWALLIWGER U sArUAATION

- 3 Il

FORAERY IDWA SATES AtL/A CENTRXETERS, AL

>

Singsle

Radiographic-Ultrasonic Examination

Arity..

Fillet test results :
tlax Size Single Pazs

I~ e Pt

¢in Size Multiple Pass

* preheat temperziure JNQDG.LBeERired Macroetch thacrocteh
Posthcat treziment LRNE S S e
velsae's neme L GEOTGR.LEINZR S ecnees R 3 1S .3 = .
2 S . 2S H
Laboratory Test No. -7 EPC‘89'88 H
' S = Satisfactory _ .
V/ELDING PROCEDURE . )
Pans Eiect. Vielding Current Soee ofh ‘ Joint Dewil . D
ne. size Argceres ' Volu travel E -
IPM
2/16% 1/8° 85-100 | 22-24 7 tobs
5/16Y 3/32" 6€5-70 20-22 5 to5
.{5/161 1/87 95-100 |{22-24 5 to6

* Ve the undersigned, cortily that the statements in this recotd are correct and that the 1est welds were prepared,
ertided and 1e31cd in acco:ance vth the requirements of 5B of AVWS D1,1, Structurdl VWeiding Code,

*No  reheat was utilized in

.verforning this PQR

ro-n lo.

SQC-0

9/03~28-77.

K21 L0t acesut | 20 w3c 1212 [ D05 A OiLS, e 22030 [ 3152280 1311

NManufacturer or Cﬁuaclor «<The Waldingex. Coxn.

Crrew et fr J,é...-«-‘(/v\.__—-

Authorized by .. LTS brrovruiony Afh A A veLernsreriasaranimasssanes
Welding I‘ﬁr‘n.:;'.{crlng Supervascr
D16 werernune /124.7. LT 108, ;
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- . FORUERLY (OWA SKELT K274 COATRALTILS, INC,
WELDING PRCCEDURE QUALIFICATION TEST RECCRD (64- E(é-;ji §5)
P4 AP A B 2
PROCEDURE SPECIFICATION CRODVE \WELD TZLST RESUL
Pl =gl X R - 6 thU:‘td-schlOn ension 13t ’
1istesis specilication L aa iRl - Tensile strength, psis
viezing protess LWShIedSa8 viosal lng. . 3 N/n
1lenus! or mzching ..., Manaald ' N/
Pe:ition of welding Overhaad
Fitler metat speadication LANS.L A2 A8 . Guided:-bend test )
Filler mesa? etassification LESDAQ N3, Root . Face
velZ metal grade WLAD I N/A 1 N/A
Shiclding cas ’\l/% Flt‘:w_..;".?....-.. ” N/A - N/Z
Single or multiole p2ss Single k. ultiple : N/:
Sinz's or muttizle 2re.....SinCle Radiographic-Ulirzsonic Examination ik
RPN L X Y-% o ax ¢
l‘u-l'\: gureens .Da- 25 erse..=z C J—t"-«—- ch! test fc:u!t‘
veiding srogession N/A hiin Size Nultiple Pa Aax Size Single Pass
3 1 3154 .
* prehoat tempensture LNGDEL DRSNS . viae i . §
nacroctch Macroetch
Posihc2t trcatment NCNE S s
Welder's name L Genxge..Conzales "1 3 1—S « 3 S
2 S . 2 S°
: T Laboratory Test No. EnnC-EXC-80-E8
. S = Satisfactory
WELDING PROCEDURE . -
L
Vielding Current ﬂ
Frss El‘t.-. ‘ Exeed ot Soint Deisit
ne, tize Amoeres Vol travel ﬁ
IPM
) X $/1¢
3/161 1/¢ 8E~100 22~-24 |5toé6 l\
e/
57261 2/23" 70-75 21-23 [4t05
. 15/161 1/E'l 100-105 22~24" | 5toé 7"
4 We the undcmgncd certify 1hat the statements in this record are correct ang 1hat the 102t welds voere prepaced, .
welded ond 1es1ed in dtcoroznce with the requirements of 58 of AWS D1.1, Structural Vielding Code. -
*!lo preheat was utilizéd in Manufacturer or Conyrzctor... The Waldinger.Cazn.
perfcrming this POQR é J/
Authorized by..... 57 S Crvrrmtror o Aieaibmat o T
.elch g I‘no;péer:.':g BUBEIViter o
: . | » 117, " '"’7 LT LTEL, JUS
L]
Torm llo. SQOC-09/03-28-77. . ]
. . MO &N Il.’;c'.l/ / Ia. mer 2217 / JXS arINYS, A 20007 / 1872527 151
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Lo blie > B¢ tamme 10 m tsdat s S et Vlll‘\lduld

FORIILRIY 1WA SALET A0L24! CONTRACTERS, 1VE.

YELDING PACCIDURE QUALIFICATION TEST RECOPD 1‘7 Q'qﬁ':}l £0)
4 il Sl 3V
PROCEDURE SPECIFICATICN GROOVE YWELLD TEST RESULT
- :-r:n.' -35 Reducsdiseetion tension test
Katerial speeification “-:'_’ ....... S A cesssesnosne Tensile strength, psi:
vreiging prozess LLSEACAARE LICs Al AN 3 N/ A
t.2neal of mathine ........ B BB D i eceeasnessseseessarnene N/h
Shear . . 2
Position of welding ... Flat i )
Fitier metat speaifieation LAERLADGALE Guidec:bend 103 .
Fitler metat elazsatication WEREDLQ . Fmdiinn Root Face
Weld meal prade }.{fm 1 N/A 3 N/A
Shielding g2s NL2 Flow...N2., ... 5 N/A 2 n/a
Sinzle or muttinle pass ..S.'.::.c_:l.e...&..i-iult_lple . N/A
Sinzle of UNIDle 20€ e SARCL B ecererecncane Rzadiographic-Ultrasonic Examination
Neiging i DC..Zenarse. Polarnisy. -
wWeic.ng cutren jD"“ e :wfb" S0= 2‘ Te e Fillet test results
Veiding progression .. NA, %in Size Multiple P 1i2x Size Single Pass
* prencat temoerature L1IORE. Regcnired , - Muthiple Fass " s¢ .
Miacrocich tl2croctch
Pozthezt treztment .....NQNE
Voelder's name . BEONSR..ConzRleS . 15 35S 1S 3__S
» ‘ 2 S . 2 S
oo ~ E Laboratory Test No, L7, r-TWC-EPC-BO-E8
S = Satisfactory N
' WELDING PROCEDURE | -
-
VWelding Current
Peos Etect, Sceecd of | . .
ne. size Amzeres Volts vravel Joint Deud
. IPZ‘Z )
| . . _‘(}‘ . 9 5/16 .
137161 1/¢ 100-103 22-24 |5to6 e/
. - 36 Y/

5/16Y 3/33" 70-75| 21-23 [4toS
.Is/161 1/81 100-105 22-24-|5to6

Casimen ma
o

*Ty = 1-1/8"

* e the undersigned, cettify that the s1atements in this record are correct and that the test welds were prepared,

vozided and tested in accoicance with the requirements of SB ol AWS D11, Sutructural Veelding Coce.
"o preheat was ptilized in Manulacturer or Convactor ... Tha Waldinger. Coxrd.
serforming this PQR J

3 Amhomcd BY eeenefleb Attt J/“"""‘/“M

escesesvncssrrac efansnasarseqguesnsonnn

' heldln Encineeti Stoervi
D220 eeceenstvreranenarl 2 (.fs?r L7, //énoq

*orm No. S0C-09/03-28-77.
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APPERDIX 2
Critique of Waterford Report

On HVAC Installation

BACKGROLUND

At the Waterford Project, Waldinger used E6011 electrodes for HVAC
installation without preheat. The Architect/ Engineer evaluated the
situation and concluded the welds could not be accepted. No cracks
were found in the as=built condition, even with destructive incremental
grinding. The recommendation to replace the welds appears to be based
on special tests not representative of the as-built condition.

TEST PROGRAM

Longitudinal underbead cracking tests were made on a special steel which
was not representative of compositions at Waterford, (nor representative
of steel at Palo Verde). The hardenability expressed as carbon equivalent
was significantly higher. The carbon, manganese and silicon content were
all within the ASTM A36 range but at or near the upper limits. (The
carbon equivalent of this steel was 0.08 higher than the steels of
interest at Palo Verde, and for this reason alone the Waterford special
tests are not meaningful for Palo Verde.) It is unlikely for all
elements to be at the composition upper limits.

UNDEPBEAD CRACKING TEST

This underbead cracking test was developed principally to determine base
metal susceptibility to cracking. For the test to be valid in evaluations
of welding parameters and variables, the base metal must be shown capable
of producing crack free welds. This validation was not done for the
Waterford tests. The 1-5/16 inch thick test results are anomalous because
the lover preheat (50F) showed less cracking than the higher preheat (78F).
The lack of cracking on the 3/4 inch thickness could be due to welding on
a different, more weldable section, caused by segregation and lack of
inclusions, and does not validate the test of welding variables.

WELD COOLING RATES

The longitudinal underbead cracking test is not ‘valid for direct evaluation
of welding because the weld HAZ cooling rates are significantly more rapid
than experienced in fabrication or installation at the same preheat and
heat input, This was demonstrated at Battelle by Williams et. al. The
longitudinal underbead cracking test specimen is placed in'a pan of water
which conducts heat away more rapidly than would a continuous steel plate.
The result is that hardened microstructures are more frequently produced
in steels of low hardenability which would otherwise be insensitive to
underbead cracking. This has been explained by another Battelle
investigator, Voldrich, "It should be remembered that the amount of
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of cracking obtainecd by this technique is relatively great, because of
the severity of the welding conditions and is therefore not directly
indicative of the amount of cracking that may be obtzined in production
welding. The relatively drastic cooling rate was used in order to obtain
cracking in the steels with the lower carbon and manganese contents."

The reported test welding concditions used are confusing. On page 2 {it
states that the welding parameters used are shown in Table 2. Table 2
shows 1/8 and 5/32 electrodes and approximately five inches per minute
travel speed. The page 2 text states only 1/8 inch electrodes were used.
The standard Battelle underbead cracking test uses 1/8 inch diameter
electrodes and 10 inches per minute travel speed. It is not clear how
this test was conducted. Another reason why the standard test is not
representative of welding conditions at Palo Verde is because the travel
speed is too fast to produce a useful weld size. The required 10 inches
per minute travel is too fast to produce a 3/16 inch fillet with SMAlL
electrodes of the small diaceters used for installation welding. Thus,
the standard underbead cracking test is not relevant to installation, .
and is useful only for screening base material.

BARDNESS

The last paragraph of the Waterford report places undue emphasis on HAZ
hardness values over RC35.5. Stout and Doty state that there is no
satisfactory correllation between maximuc HAZ hardness and the weld-
ability of a steel in fabrication and for service performance, because
too many other factors play a role. Hardness dats are often of wvalue
in supplementing the results of other tests.

AS-BUILT CONDITIOX

Review of the other tests and examinations indicates there was little
cause for concern. Although five of six hardness tests on material fror
the Waterford site were over RC35.5, no cracks were found in the longi-
tudinal underbead cracking tests on these meterials. No cracks were
found in the installation welds visually or during incremental grinding.

In the Waterford report, insufficient emphasis has been placed on the
actual materials used and installation at the Waterford site. The
jobsite materials did not show underbead cracks in the tests. The as-
built condition did not show cracks. The incremental grinding is a
more effective investigative tool than is indicated in this report.
Most craftsmen and laboratory technicians can identify a crack while
grinding. It 1s unlikely that a significant crack would have been
missed during incremental grinding.
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Product Forc
and
Heat Number
uéexscc
JB86162
J86159
J85691
K63416
J76212
¥63057
K70471

K63419

w27¥177

1815131
67D467

676715

1R1539
DEB3E3*

%PCR Test Plate

APPERDIX 3

Palo Verde

Structural Steel Compositions

0.23
0.22
0.21
0.21
c.20
0.23
0.24

0.23

0.22
0.22

0.24

0.22
0.23

Mn Si

1.04 NR
1.00
0.97
1.01
1.04
0.91
1.07

1.00C

0.76 NR
0.84 0.062

0.83 0.058

0.90

1.15 0.05

0.009
0.631
0.013
0.017
0.02!
0.014
0.014

0.022

0.0C4
0.005

0.005

0.010
0.014

Carbon
S Equivalent

0.021 0.49
0.03¢C 0.47
0.034 0445
0.024 0.456
0.024 0.46
C.016 0.46 ~
0.C26€ 0.51
0.C27 0.48
0.014 0.41
0.025 0.43
0.017 0.45
0.016 C.45
0.024 0.53







