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P. 0 BOX ZI666 'HOENIX, ARIZONA 85036

December 24, 1980
ANPP-16958-BSK/JAR

U. S. Nuclear Regulatory Commission
Region V
Walnut Creek Plaza — Suite 202
1990 North California Boulevard
Walnut Creek, California 94596

Attention:
C'fB

Subject:

lt,7 I ~

t
oQo 'eference:

Mr. G. S. Spencer, Chief
Reactor Construction and
Engineering Support Branch

A 50.55(e) Potentially Reportable Deficiency Relating
to Undersized Structural Steel Fillet Welds
Final Report, Revision 1

File: 80-019-026
D.4.33.2

(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 respect to AWS Dl.l 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, eyen 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.

EEVBJr/BBK:ePc

Attachment 0II0 g2 ~

Very truly yours;

Cv< ~u K
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~
Office of Inspection and Enforcement
U. S. Nuclear Regulatory Commission
Washington, D. C. 20555

A. C. Gehr
Snell & Wilmer

J. A.
R. L.
D. B.
W. E.
J. M.
A. C.
J. A.
W. H.
W. G.
W. J.
R. L.
R. W.

D. R.

Roedel
Robb
Fasnacht
Ide
Allen
Rogers
Brand
Wilson
Bingham
Stubblefield
Patterson
Welcher
Hawkinson





FINAL REPORT, REVISION 1

POTENTIAL REPORTABLE DEFICIENCY 50.55(e)
ARIZONA PUBLIC SERVICE COMPANY (APS)

PVNGS UNITS //1, /32 AND /33

II. Anal sis of Safet Im lications — Su lementar Information

A. Bechtel Field Structural Weldin

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
Pl-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. MGQS, 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'er WPS Pl-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'teel with no preheat using E-6010 electrodes.
It is evident from this report that undersized fillets,
welded with E-6010 electrodes under ver adverse con-
'ditions, did not crack

3. AWS Dl.l, Table 2.7, expresses the minimum single pass

smaller tillets may be"~ualified in accordance wi.th
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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5. Visual examination '6f 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.

6; The aforementioned reports and PQR document the
worst conditions for any structural fillet welded
connections. No 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.





Procedure Specification
Welding Process(es)

Pl-A-c (Structural )
Shielded Hetal-Arc

Da te
Location

BECHTEL
WELDING PROCEDURE QUALIFICATION RECORD PQR NO ~ 705

October 12, 1979
San Franc'sco
California

Material Specification SA-36
ASHE P"Noe 1 to P-No. 1 0 D.
Thickness 2 to 3/8 inch, 1/4 inch fillet Thickness Range

fillets for

to SA-36
O.D. Range Qualified

Qualified 1/4 and smaller sin le ass
all thicknesses

Filler Metal Specifications:
AS~ SFA/AVS A5.1 AVS
AS.'- AVS
Filler Metal Chemistry
Electrode Dia.
Consumable Insert
Tungsten Type
Shielding Gas
Purge Gas
Flux Classification
Position of Groove
Welding Direction
Backing Strip
Current and Polarity
Amperage
Voltage
Single or Multiple Azc
Travel Speed
Multiple Pass Per Side
Preheat Temperature Minimum
Maximum Interpass Temperature
Oscillation width R.R. inch(e
Cecilia:ion Frequency

Classification
Classification

5/32 Wire Dia.
Trade Names

2F and 3F
3F U hill

Flov Rate
Flow Rate
Flux Name

DCRP
95-120
24-30
Sin le

No
60F

ipme

sl, Dwell —- sec.
cpn.

E6010 F-No. 3
F-No.

A-Ko. 1
A-heo.

Lincoln 5P

JOINT DESIGN

3/8

2

IZAT TREATMENT: Temp. None Time

Recuced tS ecimen No.
Section t Rene

j Tensile
Tests [

in.]
in.]
in.]

in.
in.]
in.)

) l
Width )Thick. or Dia ~ Area S ~ In. Load Lb'TS si Re=arks )

in.) in.

Guided
Bend
Tests

None
e & Position Result e & Position Result

Other Six macrosections from each cou on vere examined and found acce table to AS.'Z
Section IX and AVS Dl.l, 1972 and 19?9.

Mechanical Testing By None
Welder 's Name A. D. Cali a

Test Conducted By F. Breismeister

Lab. No. 10?9-3

Ve certify that the statements in this record are correct and that the test velds vere prepared,
welded and tested in accordance with the requirenents of Section lX of the ASHE Code and
AWS Dl.l.

'1
Recorded on Nev Form June 6 1980
Original WPS, Rev., Entity Pl-A-c (Structural )

Rev. 3/BPC
Oth»r nfnaf»Sqaf<»»".

~ »» "n»s

Reviewed By

Apnroved 8v

q'». »i





Fifty Beale Stree!
Sa~ Francisco. Caafornia

> 0, Boy 39ss.san Frangg~y,~ yg;;s

Eiechtel National, Inc.
E engineers —Constr uc!o;s

D. S. Parker

Low Preheat Kelding HVAC Supports
Palo Verde Project, Job 10407-002

B. DE Hackney
B. M. Macleod
R. A. Manley
V. J. Thakur
DCC (2/2152)

Date:

From:

Of:

'At:

June 13 l9SO

F.C.Breismeister

R6E/M6QS

50/16 x 4211

bKQS has been requested to provide a technical revie» of HVAC su ort
installation weldinn welding. The attached document reviews this subject at

e ie» o support

the Palo Verde 'obj bsite and a similar but different situation reported

gaby

another architect/engineer. It is concluded that the lo»'eheat
wel din at Palog a o Verde is not a cause for concern. No additional cor-

a e o»'re eat

rective action appears necessary.

final
Project has reviewed, the draft and accepted it without comm t

Th'eportshould be transmitted to Project prom tly.
en . is

P

If any one has questions, please contact the writer at (415) 76S-4211.

F. C. Breismeister

FCB/sla





1Gv PR "cA 4E~DI.G OF HKAC SLPPGF~~

A Technical Review For

Palo Verde Pro)ect

Job No. 104G7

By: F. C. Breismeister

Research and Engineering

Materials and Quality Services Department.

Bechtel Rational, Inc.

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

San Francisco May, 19SC
f ~g 1+~ 8~1)
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ABSTRACT

HVAC support installation at the Palo Verde )obsite has been reviewec
with emphasis on the metallurgical and welding engineering concerns
related to K6C10 welding electrodes and low preheat ~ Fundamental
principles, as-built details, and AMS Dl.l Structural Melding Code
qualifications are reviewed. A related, but different situation
reported in the public record ie also reviewed. Conclusions are
drawn, and recommendations offered.
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IKTRODl:CTI
0!'he

HVAC (Heating, Ventilating and Air Conditioning} installer, Maldinger
Corporation, had been using E6010 electrodes for dep siti i 1

/ 6 fillet velds, and tvo pass 5/16 inch fillet velds, without preheat.
The fillet velds vere to structural steel columns and beams, and to
embedments. The HVAC support members vere 1/4 inch thick or less,
requently unistrut formed from 12 gage carbon steel. The A-36 structural

steel vas mostly 3/4 inch thick, some vere l-l/8 inch thick and 15 velds
vere made to 2-3/4 inches thick carbon steel.

A Quality Assurance Finding (QAF), S7923, vas vritten because these joints
vere not preheated in compliance vith the AMS Dl.l Structural Melding Code,
vhich requires that the preheat temperature be based on the thickness of
the thickest art at thP e point of velding. Maldinger has conducted tests
in accordance vith the AMS Dl.l Code which qualify the 3/16 inch and 5/16
inch fillet velds. The 3/16 inch veld sixes have also been increased to
5/16 inch using K7018 electrodes. These velds were inspected and found to
be acceptable. There vas no cracking.

M ld'aldinger vas the subject of a related, but different incident at the
Materford project reported to the NRC by another Architect/Engineer.
That report indicated there vere no cracks in the as-built condition, but
foun a (remote ) 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 Palo Verde jobsite, to identify questionable features of
t e Materford report, vhich, if more thoroughly reviewed might have led
to more positive conclusions in that report.

2 ~ 0 CONCLlSIOYS A'»D RECCE'.iDATI0!»'5

The data and fundament-1 principles have been revieved and the following
conclusions result.

1) The 3/16 inch single pass fillet velds and the 5/16 inch tvo
pass fillet velds made without preheat by Maldinger have been
qualified as required by the AMS Dl.l Structural Melding gode.

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

3) The steel used .at Palo .Verde has a lov carbon equivalent
composition, and lov hardenability, and is unlikely to have

cracks')

The steels welded at Palo Verde do not require preheat to
avoid cracking vhen the engineering specified veld sixes
are made.

5) Additional corrective action is not necessary.
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3.O

3.1

DISC:;SSIO.';

Codes and Qualifications

Installation of HVAC ductvor'k and su orts happor s as referenced the AVS Dl. 1

technical necessit or on t
a e ing o e as a natter of convenience rather thr an as a

y or on the basis of an engineering analysis. The
ec tel spe'cification could have referenced other reco nized

standards for the purposes of veldin rocedur'elifi io Th AVS 9
referenced and vould b ign

e D .1 standard for veldin she
I e s gnificantl les

g s eet netal could be

preheat and v ld
gn y less restrictive rega rding veld in

ea an ve sizes. Other codes such as t
1 g

d VIII d h ANSI Sn ~ 8 1.3 governing the insta'lationn e tandards B31.1 and ~3
o. pipe supports per-it velding carbon steels such as A36 (SA36)
preheat.

The AVS Dl.l, Table 4.2 re
arbitrar

requirement for preheat is recognized as
ar itrary, and provision is nade by Dl.l in Section 5 for ualific
of welding procedure specifications usic cat ons using other preheat requirements.

e i nstaller has qualified such VPSs and copies are in A endix 1.
ese qualification records neet the

ppen x

the i 1e nsta lation into code compliance.
e he documentation requirements and brinng

Questions vere raised regarding the adequac of veldin
being performed on 1-1/8 inch

equacy o ve ding qualifications
nc thick plate, when the as-built condition

contains velds on plate up to 2-3/4 inches thick. Thi kc ~ c er plate vas

tible to
g,. o cause nore rapid veld cooling rates a d th b

o heat "affected zone (HAZ) cracking. This in us e nore susce""r
n . s s sonetines true.

or mo crate y ov heat-input required for these small fill
vel d s, even one inch thick la t e b

et
p a e ehaves essentially as an infin'tely

t ic. p ate during the significant part of the veld thermal c cle ~

This vas denonstrated by Nippes, et. al. at R.P.I. and re orted

3 ' Underbead Cracking

Concerns have been expressed regarding the ossibilit fo
cracking based on a r

e poss ty for underbead

related a lication ~ T
e on a report by another Architect/Engineer regard

pp '. hat report concluded there vas a possibilit. for
ar ing a

underbead cracking to have occurred althou h there vas o
evidence of an crackin in

a oug t ere vas no ob jective

report is in A endix 2.
ny crac ng n actual velds. A technical critique of that

pp ~ The several overly conservative features (high
carbon equivalent and water induced rapid cooling) in that test progra"
and the failure to provide a base metal veldability base line in the
critical tests indicates that the final conclusions of that re o

not fully <ustified. U

a report vere
5 e ~ nderbead cracking requires a hydrogen otential

source in the veld a aarea, a susceptible microstructure, and restraint.
p en a

Underbead cracking in thick structural t 1 ld d

electrod
s ee, ve e by cellulosic

e ectrodes, is avoided by the low hardenabilit f h bna y o t e ase metal and
en y s ov weld cooling rates which preclude the formation of

the susceptible microstructures (principly martensite).
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3 3 Metallurgy

A hardened welc H'2 consisting chieflv of martensite is necessary for
ea crac ing, ~ In plain structural steel, both hi h

manganese are necessarv for the base mat erial to be sufficiently harden-
e o e crac susceptible. The corn ositi

the embedded steel u d
mpos t ons of structural steel and

e stee use at Palo Verde as bases for the V

not have sufficient hard bili
microstructure with h 1

a ena ty to achieve the s usceptible martensitic

compositions of the lar est
t e ve d cooling rates likei ely to be experienced. The

e argest structural wide-flan e beams
embed plates are shown in Appendix 3. The

k ibl
pp ix . e highest carbon equivalent, most

lifi io ho i A di 2. Th of h
steel with a carbon equivalent of P.53 foro . or qualification of 3/16 inch

sition. Th
s ze s s gnificant because this reif 'epresents the ~orst case compo-

retrieval f b d
e amount of data in Ap endix 3 vp x vas limited by the timeliness of

ative of th
o oxe records. Ex eriencep shows this data to be represent-

projects ~ The hi h
e o e spectrum of carbon steel corn ompositions provided to other

e ig est carbon equivalent in a surve of tvo
th o' 049 I

structural steel at Palo Verde was si
t is unlikel that the cy e composition oi any4 ~

plate.

3. 4 Melding

The base metal hardenabilitv
ther"al c 'cle

needs to be coupled with the weld HAZ
t er"al cycle cooling rates in determinin whether a
microstructure is d 1 deve ope . These cooling rates are de e

g w e er a crack susceptible

eo ty h ti t(wld i ) h te s ze, preheat, and thickness ~ Rapid cooling
g can be sufficiently slowed b.e y to cause cracking. Coolin a

or we ing eat input when the other variables are fixed ~ In
this case the welding heat inputs (veld sizes'ere
cooling to less than the cr'e s zes) vere sufficient to slow

ess t an t e critical rate so that preheat vas not requirec.

The first pass of fillet welds, or a sin le assr a s ng e pass fillet veld, represents
severe coolin condi tions

e we Zs cool more rapidly than butt velds HAZs. The 1-1/8

adequate to achieve infinite
more t at.

d nite plate heat-sink cooling rates. The 5/16

re r s
nc fillet weld first pass is the small t ld b des we ea to be made, and
presents the vorst case for heat input i h

rates. The second pass tempers the fi d
u, .e., t e most ra id coolinP g

e rst an it cools more slowl than

the most severe
a 3/16 inch single pas's fillet veld ~ A 3/16 i hnc fillet weld represents

most severe condition for a single pass weld. Both the sin le ass
3/16 inch fillet veld and the tvo pass 5/16 i h f 1 been
qualified as shown in Appendix 1. These tests are co
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3.5 Qualification Tests

The 1 aldirger Cor oration up qualification tests, reported in Appendix 2
vere conservative re ardin

ix
~

garding the base material composition and the veldin
conditiors usec. Both veldin and

n e ve ng

for
n composition represented the worst cases

or any installation or as-built condition. No cracks v,

cracks vere found in the
on. 'o crac s vere found. As no

e oun n t e qualification cross-section examination it
unlikely ard improbable that an 'ny cracks would be present in the original

cond tion.

3.6 As-Built Condition

The original as-built conditions 'of single pass 3/16 inch fillnc et velds
p let velds vere examined and found to be crack

free ~ Subsequently, additional E7018 veld metal was added to the 3/16
inch fillet veld. The velds vere e
an no cracks vere found.d

ere examined prior to the additional v ldi
found. The welds vere examined after E7018 welding

e ng

tern
and no cracks vere found. The additional weldi ld ff

emper the HAZ of'he first 3/16 inch fillet weld a d f
e ng wou e ectively

susceptibilit for cracki
e we an urther reduce its

i y or cracking. (The first pass HAZ of the 5/16 inch fil
was also tempered by its second ass.} T

nc let

nt t hi 11.
pass. } he additional E7018 velding vas

not tec nically necessar but "n t t i 11. y, has provided a conservative margin for
satxsfa ' as- u t veld size intosatisfactory service. This also brought th -b il
comp iance vith AVS design requirements.

r
The visual examirations performed on the fillet velds
incication of the veld

e et ve ds provide a good
e veld quality ~ Cracking of restrained fillet velds is

most likely to occur through the veld metal. M ld
found. The nex

me a ~ e metal cracks vere not
oun . e next most likely location is at the toe of fillet veld

because in lates vhic. p ~ v.ich are effectively less than an infinite heat '
o et ve s

this is the locatior.
n e eat sin',

the most crack su
".. of most rapid cooling and therefore th ) ' fe ocation o

~c . susceptible microstructure. Ko cracks vere found in the

as likelv to
. toe location vhich is readly inspectable. For thickor c plate, cracking is

found
e y to occur at the fillet toe as under the b d t kea . o cracks vere
at the toe of these thick plate velds vhich 1c a so provides a
ican indication that there vould be no cracks under the bead,

be sufi
The fundamental requirements expressed i Dl 1 i he n . s t at the preheat must

e sufficient to prevent crack formation. The AVS Dl-le - requirements for

has not
e s zes also appear related to avoidance of cracki A k'g.s crac ing

occurred, the fundamental requirements have been met ~
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APPE,':DIX 1

Valdir er Cor or t'~dinger Corporation Lelding Procedure Qua)ification Records

Test Plate Certified Material Test Reports
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)'('-LDINQ i"JiOCED'JRE
PriOC:OUR= SPECIF IC~TIO:4

gC s«S ~ »

fs stcrlsl spec:fica,'ion. A. '. «" 3 8
arin'rO C S ".r»s~B~Xa«„«...s.sC'..».Sa3 ..J««f.....

~ ~

fg anval or ma nine ',c'%1', ~

P '1'on of vr idinst „„, hO s Cr ~ t. a 1

Fil(cr me(at sceciti a'icn „,I. t'.'.F%...(. 5..q.l „.6,9,..........
F i(trr 'mc:at ctasstt'>ca:ton ...K6.0..0...E....3.................IA'M/h L> 'h~hShiClvmg PS ~s ~ ~ ois ~ '«ssowsw«s FIO1V... -

>

Sin".Ie Or multi."le p SS
C 'le Sc „'.~QQ

Single or multiple a.c,......S..-'..P..cr..e ................,...,....
1'c,'+n" cu ren: 1 i„.c' - ...BOl tV
I ~ C(dl ~ 'y ~ 'y' S ' «t spJ»s ~ s ~ ~ ss

Preheat temperature ..i~.onie..::.e.=s-.'.-.'.;...ec....:.

Posthcat treatment ....MODE......
'l'/cl cr's name....C.«2 .QP. <-Q .ZP 1~S

Guided bend test
Root
N/A

A
t
2

Fact
Y/A

Radiographic Ultrasonic Examination Y/A

Fillet test results
Min Si e t.lultiple Pass

V.acroctch
S z S

2 S

h'ax Site Sinr le Pass

Macroctch

1 S - 3~
S

QUrXLIFICATION~'EST f> CORD < E 8 ~ D>.
P.. 2 <

"-c~-c."r
Gr OOVE:;ELD -EST f'ESULTS

Reduced section tension test
Tensile str cnr„:h, psi:

ii/A
2 1%/ Ii

'L'ItELDING PROCEDURE

Laboratory Test t4o. X....-'..'::~...=..;".......""

'S = Satisfactory

to is flrci.
iirr Amorr ~ 1 Vo11$

Vrr!etna Cvrrrnr
Sorrd of

tMvct
Wint Dermott

~ 1
r

5/16

5/16

3/3
1/S'/16

1/8 '0-75 21-23

10O-105 22-24

100-105 22-24
XP:!

5to6

4to5

5to6

~ «s s ~

7
I

I

»r'Jr ~ ~ s Ir
W c.

~ r r ~

5/(6

3/ l6

r ~

s

r ~ ~
~ «s«

*T1 — 1-1/8" *T2 = 5/S"

; Xom l:o. SQC-09/03-28-77.
.l

l Jev C.'r .Cs' / Cr .Z C: /.mS O S, « .'"-. /- S .C rS

LVc thc undersigned, certify that the statements in this record are correct and shit thc test 1VC(ds viere prepared,
+itdcd cnd tasted in acco;ct ncc with thc requirements ot 59 of At'(S Dl.l, Structural t'sc(din(I code.

,s

~ f'o p"c,"ea~ s as u" 5.1ized in feeanufa lurcr or Corltractor,.'.Tl.e $ p 1> i n,f ~~ ('~~p,
rQ

-„e= or~iJlg this PQR
l"elding tsngit>t. «ring SUDQr J ~o-

Da!e ...........22i ritz:./2„./.Q'o
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f I-;I= 'i'PALL'fs'uUt n L ant Via&I'i35'6
Pf.~re r'PII~ S~trr; urer:i: C.".5",ICC: iS. rn.-.

L'I'ELDIi''CF~iCC" O'JtlE
PIIOCEDUIRE SPECfF)C~TIfDN

C ' I '5Cf!5:t:it 1 5 pt i ~ iteI 5 ie1

5 ~ rI Iny p 0 55 r + ~ ~< o eeo,W,o, ~ Ie wIer ~ eee ~ oee ~
e ~

f.lrn al or r.-.athin .......-'.c-'~~.CI3...........................,
F cs:tio1 cf rvtldeg ........~.~~..-..i.-..C.a.~......

ilier r,.cttl spccifica»cn ...iY> .c...r.;5„,.>;..t~.....,........
Filfts metal cl ssifica ion ...E&.0.1.0...F..-...3.....„.
'yItld tnt ttl gstCC,,~ jP
Sin~It os tnul:iglt pt55 ..8 Qn~.e...Iss, „'„alt„'p1 e
Si,«.~it or rnuf:ip!e arc .......„..a.I.I.„.r.g..............,
Y:tfdIng cusren; ZZ...Re ar.s~...potzzitz...„.
I ~ ~ . U"sla11I et«in) I I Oiift55IOn e oo ~ ~ ~ ~ ~ ~ ~ ~ ~ oeoooo oe ~

Preheat tcsnpcra:use .,~I..C.~s,e...RaCt: i~ed
Posthtat trettmtnt .......cIP'Qf-'....,
$I,'„'Cs 5 nt rot ....C.eg ...Q.e...Q pm 'r p 1 o a

Guided bend test
Root
N/A

Radiographic.Ultrasonic

Fillet test results
Min Site t.!ultiple Pass

hhacroctch
S Z S

S S

F aca

h/A

Examination

fetaX SIZC Single Past

Macroctch

S 3 c
S

QU LIFIC>ETIO 4 TI.5T RECORD (c--" F-".)
B. 2 f "-'-1„")

GROOVE "'E LD TEST RESUL'fS
Reduced section tension test
TCnsifC strtngtfl:pti:
1

h/c~
2 t/<

Y(ELDIMQPROCEDURE

Laboratory Test No. X. r "C

S = Satis actory

PSSI

nc.
ElIett ~

II t Aenoes ~ I Vo(u

y(cfdfna Current
Soeed o!,

sscvel
Joint Desalt

3/16

5/16

5/16

3/3

1/S

65-70 20-22

95-100 22-24

95-100 22-24

IPI'I

to5

to5

to6

~e ~

7 i ~

I
I I

.usjrr I e ~Ir rrIr

Ir r
oe r

or I

spic g
3/ 1 e )/

r ~ ~

*Tg '= l-l/'8" T = 5/8"
2

re ~
~ o

~ YI'c the undersigned, ctrtsly that thc st.tcrncnts in this record asc correct and that thc test svclds svere prepared.
trefdtd and tested in accordance urIth thc requirements ol 5Q of A'LI'S Dt.l, Structural 'V'cfding Code.

~ ~ ~~:io reheat t;as utalazed in Manufacturer or Co tractor ..:.TPQ.,) Z.> > ~.„s."> ...CCt
. p= 'or.-,.inc; this P5>.

L ~~~/ ~Authorirtd by.
1'elcring F'~ri FgI rincI St'"I x"jZSG<

/2g r.r)g ~ ig <isoa C ~ eoo eel r e >e ' e Iee ~ ~ ~ oo ooo ~ ~ ~ oooo' oo ~ ooooo

„ Zo~ l:o. SQC-09/03-28-77

w"I u.'r ~%nv!' rp II"r ceil / pcs I a:"rs. w« '-'-"> / -'s <>r IP»
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s s «l cu~~f«sssD$ CL p «' f V «1 &f l 3 s '1st

uts.r ger>«'A /pe'($ 7 lr 9':cr>'rlic'l". s. ItY'.-.

Bf'-Be-""
>

fiES~LTSPROCED'JRE 5PECI F IC~T IG'i GROOVE L's'ELD TEST
Reduced sect>on trnsion test
Tcnsilc Strength. pti:

C's /I)

ls/d'l

s ~ ~ 5
f '3:trial spccisica'ion

«sf » .9 Process . ~.» t s,m.. ~ .'fn..v.vs» .ftso sss.

fs Cno ~ Or ence> ~snc...a ~ is ~ tsts >sstss„„... ~,, ~ ~

PCs>t>on Of 'LYCfd>ng ..„„...04 ~

Fisler rssetaf Sp C>f>C3t>on .s,s«:.Ss...l'ski.3 ...6...
Filler mc's. cfcssifsicasion ...g6.+.,O...p-,.~
lscl metal grade ...,f.g>r f. ~

Shielding cas ... ~p.... Floe . q a„~. „
Single or multiple pass g ~P e, Q,- sJ't ~~+'t rs

C' ~ ~ s ~;ss ~ S] sc lSin,. Or mf ..:„.C ere............,,.„.
Vic >ng current Z ...P>-s'd>"- Ssn >O d= «3 t ss

+s
V'cl in proc'cssi n., i'>/ri

~ Preheat temperature ..!>.o:.Ie.,:~g.=:-:..'-..-,.e~.
Posthcat srcatrncnl ......„'$.C, «'.

V'r>ds>'s ssst>s ....Ce ..C.—. Ge-.-"n-e-

Guided b nd test
Root
m/z

Face

v./z,

Radiographic Ultrasonic Examination

Fillet test results
tstin Size Vuftipfc Pass

s:sacr oc tch
S z S

S S

f «sax Site Single Pass

fs'.acr oc t eh

1 S . e~
S

S''>'"t

Dl>wC PRCCEDUr E QUAL)FICrETIOs 'EST P. CCRD

~ .Va'E LDIKG PROCEDURE

Laboratory Test No. 7:.-...-:::.'s--:-.- -80»88

S = Sa"is~actory

Fcu
CY,

PIC...
S ~ C A>-.,oct ~ $ Votes

Vs'Cf"in; CV««mt
ccd

of'roveI

IPN

JOint Ocast

3/l 6

6

5/lc

95-100

7 0-75

100-105

22-24 Sto6

21-23 4to5

22-24'to6

~ s

«r rt,rr ~sr s

~»t ~ ~

7
s

s s

:/ sj J
~ ~
ss s

s

spic g
3]If. f/

~ »

T1 = 1»1/8" T2 = 5/8"

'V:c thc undersigned. Certify th3t lb. statements in this record are co«rect and that thc test vicfds sucre prepared,
s>cfdcd ond tcstcd in acco:dance ivi&thc rcttuircmcnts of 58 of At'VS Ol.l. Stru'ctural 'V'clding Code.

~"..o preheat was utilized in Manufacturer or Con actor.... Tpf g~p>tai~gg~.../gag.
r-erfcrr;.i~et this PQR

~ Authorised by..........~<...........,
> el>ling Znain>vining Snnerv'ee-

~ g,«sr r
Da.o ... =A;s....r.'./~g/.

:.o~ }:o. SQC-09/03-28-77.
\

8'Or dt.trr /4.tr.Vf/ r Cs ««far ( rP / lYS is. SAYS. N '" - /
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~r, 5 A s r
~ dgbhr ~ ~ ~ ~ %4 ~ ~

~ P r ~

~ ~ ~ b dared du
e~r err radii S~rrr ~in~z r".~;sic r."~S. rsvp.

V;El.Dl C Pr™CCEDUf.E
PROC 5 D U" 5 S P:C 1 f 1C:. 1 C:4

c I 1 ~

$ y'r.ving 'prOCCSS ~ ~ .r ~~i~Alktw, r.yC.v.il~ f45%.....
L'.zn al or machi c ....,,.-,c;. ",>.......................,....
POSition Of 1;a'Ce~rng . r lat

% ~ +t
FiiiC. InCtal speed>ea:ipn ...r.tt:.H...r.o>.n.~....6.<.. „
Filler metal classylicaiion ...~g.O.~.Q...T....3..............
Y'cld metal ffrade ......~i. jh.
Sn<r. Ing cr 5 ....,... adjs''...,,... Flo'Lv...

Single or multip(e pass ..S 'r1e...~r..i'„.pl+ ~ ~~> db

Single or mu'ti pie arc,.....$ .-'..r:.~.3..e...,....,
'V;t',r:ng current ZC "0"~ < > '

/%
1",ciding pr o;r css ion ................."'a/K...........................
preheat tcn:pcrature . l,-o.-".fe..Re<Riref'-..
POSrthCattret trnent too mXOrr'8 r ~ ~ ~ oe~e

\

Guided bend test
Root
N/A
N/A

Radiographic Ultrasonic

Fillet test results
Min Si:c ti)ultiplc Pass

f'acr octch
S Z S

Face

N/A
ll/A
N/A

E xaminat ion

f.tax Site Sing!c Pass

ti'acroctch

1 S

~S

QUE.LIFlCATlONTEST RECDi D f "'f1- P"„-. '.

�G�ROO'.; C LD TEST liEZULTS
Reduced section tension test
Tensile strength, psi:

W/r0

2 4/ a

1YELDfMG PROCEDURE

L bo to y T t 4o........-..'::.-..".-", -B0-88

S = Satis factor@

Pr:r E Iten
urc Arnocr ~ s Yofrs

Vrrldiny Current
Scrrd of

travel
Joint Detail

3/1 6

5/16

5/16

3/3 " 7Q-75

1/8 '00-10
2.1-23

22-24

1/8 '00" 1 Q 22-24
TPh

5to6

4to5

5to6

} y,

~r ~

7
I

I d

rrr ~ rr 1
~ r

r rIr
d

~carr ~
rr r

C ~yr ~

r

5/16

3/16

~ ~

* T ~ 1-1/8"1 T2 5/8"

r ~
~ 0

SOC-0~/03-28.-77.

8'll r'-rrr ~PA/d p r> rrrp /raga~~rS 44>< di>'r />riiidrllp/r
0~ 2 ibo v

~ lVc thc undersigned. ccrtrfy that the statements in this record arc correct and that thc test Nyelds pre.g prepared,
t'cidrC end tested in accordance with the requirements ol 5B of At%5 Dl.1, St(uctural 'V'efcing Code.

'l'o preheat s"as utxlxzeta xn ManufaCturCr Or COntriCtOr ... ~«„5trb ~ Qj.~f;o ~ .,f„Ci~g.
"-crt ox~ri.!g this PQR

Aulbodycd by...../8.:~~+ ~+~
'eldirtz J:rtcti.".„t 'ct St".Derv'. o

~ r~ oo ~ 0 ~

~ ~
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APPENDIX 2

Critique of Waterford Report

On HVAC Installation

BACKGROUND

At the Waterford Project, Waldinger used E6011 electrodes for HVAC

installation vithout preheat. The Architect/ Engineer evaluated the
situation and concluded the velds could not be accepted. No cracks
vere found in the as-built condition, even with destructive incremental
grinding. The recommendation to replace the velds appears to be based
on special tests not representative of the as-built condition.

TES; PROGRA~

Longitudinal underbead cracking tests were made on a special steel vhich
was not representative of compositions at Waterford, (nor representative
of steel at Palo Verde). The hardenability expressed as carbon equivalent
vas significantly higher. The carbon, manganese and silicon content vere
all within the ASTH 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.

i:.':DEP BEAD CRACKING TEST

This underbead cracking test vas developed principally to determine base
metal susceptibility to cracking. For the test to be valid in evaluations
of velding parameters and variables, the base metal must be shown capable
of 'producing crack free velds. This validation vas not done for the
Waterford tests. 'The 1-5/16 inch thick test results are anomalous because
the'lover preheat (50F) shoved 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 veldable 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 velding because the weld HAZ cooling rates are significantly more rapid

than experienced in fabrication or installation at the same preheat and

heat inputi This vas demonstrated at Battelle by Williams et. ul. The

longitupinal underbead cracking test specimen is placed in' pan of vater
vhich conducts'heat away more rapidly than would a continuous steel plate.
The result is that hardened microstructures are more frequently produced
in steels of lov hardenability vhich would othervise 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 obtained b"
the severitv of the w

'his technique is relatively great be ofe cause

indicative of
e we~ding conditions and is therefore t

d'.'he

anourt of cracking that may be obtained it. d

no irect y

welding. The relativel
o - ne t. pro uct.ior.

ve y drastic cooling rate was used in order to b
crackirg in the steels vith h 1

er oota n
' the lower carbon and manganese contents."

The reported test veldin
states that the v

g conditions used are confusing. Qn page 2 i 't

shows 1 8
elding parameters used are shown in T bl 2 T bl

/8 and 5/3 electrodes and approximatel fiv i h
a e ~ a e 2

e y ve nc es per minute
ee ~ e page text states only 1/8 inch electrodes vere used.

e standard Battelle underbead cracking test uses 1/8 i h di
0 inches per minute travel speed. It is not clear how

nc ameter

this test vas conducted. Another reason vh th d
representative of velding conditions at Palo V

y e stan ard test is not
a a o erde is because the travel

ee s too ast to produce a useful weld size. The required 10 inches
per minute travel is too fast to produce a 3/16 inch fi
electrodes of the sma

a nc illet vith
SPJ4'he

standard
o e small diameters used for installation veldi Th

underbead cracking test is not relevant to installation
e ng. us,

and is useful only for screening base material.
1

HAR .':"SS

The last ara ra h of t W

hardness valu
p g p he aterford report places undue empha 'AZ

es over RC35.5. Stout and Doty state that th isis on

satisfactor 'orc rellatior. between maximum HAZ hardness and the veld-
a ere s no

ability of a steel in f
too man other fac

ee n abrication and for service performance b
tors play a role. Hardness data are often of value

~ ecause

in supplementing the results of other
tests'S-B~

ILT CO?:DITIO?:

Review of the other tests and examinations indicates there was little
the Waterford s
cause for concern. Although five of six hardness tests on mate i 1 fer a rom

tudinal
site were over RC35.5, no cracks were f d i h 1

underbead cracking tests on these materials' k
s, oun n t e ongi-

found in the
ma eria s. 'o cracks vere

n e installation velds visually or during incremental grinding

In the Waterford report, insufficient emphasis has been placed on the
actual materials used and installation at th W f d

obsi tgo site materials did not show underbead cracks in the tc ac s n t e tests. The as-u'on ition did not show cracks. The incremental grinding is a

Most
more effective investigative tool than is i di d i hn cate n t is report.

ost craftsmen and laboratory technicians can identif a k hy a crac v ile
gr n in't is unlikely that. a significant crack vould have been
missed during incremental grinding.





APPL'D? X

Palo Verde

Structural Steel Compositions

Produrt Fore
and

Heat Number

V3&X3 C

J86162

J86159

J 85691

K63416

J?4212

K63057

H? 0471

K&3419

0.23

0+22

0.21

0.21

0-20

0. 23

0.24

O. 23

Fn

1.04

1.00

0.9?

1.01

1'04

O. 91

l. 07

1.00

Si

NR

P

0.009

O.G31

0.013

0. 01. 7

0.02k

0.014

0.014

0 022

S

0 '21
0.030

0.034

0 024

O.Q24

0+016

Q.C26

0 C2?

Carbon
Eoui valent

Q ~ 49

0 ~ 47

0.45

0.46

0.46

0. 46

0.51

0.48

V2?X177

1815131

67D4&7

676715

0.22

0.22

0.24

0.76

0.84

Oo83

0.062

0.058

0.005

0.005

NR O.OC4 0.014

0.025

0.017

Q.41

0.43

0.45

Plates

1R1539

D88383'.22
0. 23

0+ 90

1.15 0.05

0. 010

O. 014

0.016

0.024

0.45

0.53

+PQR Test Plate
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