Report [ssued: AUG 2 6 77 Report 411.77.55%

PACIFIC GAS AND ELECTRIC COMPANY
OEPARTMENT OF ENGINEZRING RESEARCH

FAILURE AHALYSIS OF CRACKED FIELD WELD NO. 212
OIABLO CANYON UNIT 1, STZAM GENERATOR 1.2
NOZZLE-TO-?IPE WELD

8404180370 840413
05000275
gDR ADOCK ;DR



Report 411.77.5%

TABLE OF CONTENTS
. | Page
RIS 5 i v o¥ ads A A ew e ey 1
BT D 5 o o g b e h I o F B S e it
LISTOF FIGURES . « .« v o o v o o v o v v v . e e O i1
PR SR e I 1
INTRODUCTION . . . » . . . . . GEed . s 40 1
FABRICATION AND SERVICE HISTORY . . . . v v v v o v me n v o 2
MEEPIA] SDORITICEEIONE « » « v o o ¢ o ¢ 20 6. 5 o 0 Wi & 2
o b et R R e AT
RESULTS OF METALLURGICAL EXAMINATION . . . . . ... .. e s
L T S S U RTINS LI B
SR < < v ic i i di N iy d i ad e AL 3
TABLES AND FIGURES « - « & v o o o v v v v v e e e e o Y 9
RIS N I DAL g S FRMREL



Report 411.77.55

LIST OF TABLES
Table

} Fabrication and Servics History (Su-ary.)' > 6w

LIST OF APPENDICES
[ Material Specifications . . . . .

IT Mot Functional “edule . . .
[II Analysis of Ele

i1

Page
9



Regort 411.77.55

LIST OF FIGURES
Figure

I Sketch of spool piece and crack path and shape of crack . . .

2 Fracture surface, overall view . . . . . . ... .. e
3 Fracture surface, area of SEM examination . IR e
4 SEM photographs of main fracture surface . . . . . . . PR,
§ Polished cross-section of the main fracture . . . ... ...
6 Cross-section of secondary cracks . . . .. .........
7 Palished creoss-saction of SOEONUErY CPOBE . . . . . .. e ..
8 Details of polished crossesection . . . . ... .......
9 Opeved crack (secomdary) . . . . ... ............
10 Microprode spectrum of steel matrix . . L . . . . .. . . .8
1" mmorcusa«m«ummcrm............
12 Microprote spectrum of inclusion P . s i 6550 8 s .
"1

Page
10
1
12
13
14
18
16
17
18
19

2r



SCOPE
This regert covers the metallurgical investigation af a crack found
in the pipe-ta-nozzie wald of feedwatar line of Stsam Generator 1.2 at
Otablo Canycn Power Plant. Based on the findings of this fnvestigation,
recanmendaticns 4re zade for modification of the welding procedures,
fabrication practicas, and inspection of future walds made in P-J nezzle
saterials. |

- INTROOUCTTON

Cn Mareh 17, 1977, curing heat-up for het functicnal tistmq of
Unit T, a4 Teak was discavered nm the nazzle-is-gige Sutt weld joining the
16-1neh diameter feedwater Dige t3 the Ne. & nezzle of Stass Generatsr 1-2
(Flald Wald No., 212, Line K16-§85-161Y). The !ine tamperature and
Jressure at this time was acproximataly J00°F and 90 psi, respectively.
Visual cosarvatien at thig time revealed an intarmitsant !inear indicaticn
icoroximataly 1/8-ineh long running in the circumferential directicn near
the cantar of te weld. Ouring grinding of the weld crown flush with the
:'n'o'_ surfaca the length of this Ifnear Indication increased a3
igproximately tec fnenes. Subsequent nondestructive examinatien oy
radiograghy and yltrasonics revealed a crack with a taotal Tength of
woraximataly g1z inches.

As & result of the above findings, 4 tpoo! piece cantaining 4 majer
partion of the wald, & malT section of the nazzle [.0. adfacent ta the
weld root, and severa! inches of pipe ware removed for analysis. Figure !
'S 4 sketch of the spoo! pleca recaived for analysis; included s the
GFICX 2ath and 4 skatch of the shage of the crick.
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FABRICATION AND SERVICE WISTORY

1 ificat

T™he steam generator nozzle is fabricated of ASME SAS08 Clas. 2
matarial. A copy of the original Material Test Report and a chemical
analysts performed on the nozzle matarial adjacant to the crack are
included ‘n Appendix [. The chemical and Physical properties for thig
naterial are within the 1imits for SAS08 Class 2 material,

The feecwater 1ine piping fs fabricated from ASTM A106 Grace 8
material. A cspy of the chemical analysis performed on this materia)
tajacent t3 the crack are included in Appendix [. This analysis shows
that the pipe material meets the chemical requirements cf ASTM AIQS
Grace 8.

Welding was cerformed using E8018 C-] electrode. A copy of the
original Certificate gr Anaiysis for the three electrode lots used and 2
Check analysis taken adjacent to the crack are included in Agpendix I.

These analyses show the matarial to within the chemica! requirements of
um.c-s.

1 Treatt 1

Welding on Fleld Weld 212 was done in accordance with M. «. Kellogg
Procacure 200. The wald traveller and other Q.C. documents were checked
dlong with the tempersture records for preheating and postweld neat
treatnent for comp!iance with this procedure; no deviations were notad.
™e weld root was placed using the tungsten fnert gas method (TIG) with a
cansumable insert and fnert gas back ing. T\n— TIG #1717 passes wers put i
ind the wald was completed using shielded metal arc wald. T™e weld
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pregaration was preheated to 200%F pricr to welding. welding on Fi 212
was done over 3 time pertod of several weeks; Table 1 fs an outline of |
this welding history.

Postweld heat treatment was performed at 1150°; metal temperatures
vere monitored on doth the pipe and nozzle sides of the weld with g
thermocouple placed several inches from the centerline of the weld. The
temperature records were reviewed, and during heat-up there was an uneven
heating rata between the pige and the nozzle, resulting in a maximum
temperature differential of 260°F, where the pipe was at a temperaturs
of S&°F wnen the nozzle was at 420°F, This temperature differential
was m‘.fffed and no furt.mr prodiems werz encountered throughout the
Postweid heat treatment.

Radiography of this weld was performed after completion of weiding
Sut pricr t3 postweld heat treatment, am acceptadble practice undar the
governing construction code, USAS 331.1.0-1967. Review of the radiographs
showed 2 slight density gradient in the region where the crack occurred,
Sut 1t was not judged tn be rejectadle ner would it be interpreted is such

new. [f this indicatton in dctuality is a crack, it is at the limit of
detectability,

Service History
Prior to making FW 212, 2 Cap was welded onto the feedwater nozzle of

56 1-2, and 4 hydro test of the steam generator was performed.
Subsequently, the piping was attached and two more hydro tast cycles were
performed, followed by a hot functional tn_s_:. program. A second hot
functional was underway when the leak occurred. This sequence of events
s summarized in Table 1, the hot functional testing summary s in
Aspendix I,
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Ouring the pericd Setween the hydre test following weld completion,
August 29, 1973, and the time the leak occurred, March 17, 1977, the
Syatem was filled with water under chemical cantrol to Timit corresicn or
gther damage to the piping o steaw generats internals. The water

Chemistry records were reviewed and no abnormal conditicns were noted.

RESULTS OF METALLURGICAL EXAMINATION

The sur‘ice of the main fraciure was dimost flat, eriginated aleng

edge of A weld lead, grew dgproximately perpendicular to :he surface

contained markings that ram paralle! to the original edge, Figures 2

3. These markings appeared to e "beachmarxs® denoting positions of

Crack during its growth. The fracturs surfaca appeared to be oxidized
and was dark in color nesr the origin edge. Using SEM, the main fracture
surfaca was found to De 0x7diZed, t3 exhibit some evidence of mechanical
damage (rubbing) and, at a distance from the origin, to cantain sacondary
cracks, Figure 4. The presence of the visual beachmarks and the secondary

.

cracks indicate that cylic 'cading had a role in the generation of the
fracture.

Examination of saveral polished cross-sections taken through the
Crack showed the fracture initiatad in small regions of lack of fusion
dlong the fusicn zone and ‘n small, up to 0.015<1nch deep, cracks at the
reot of grinding scratches ddjacent to the fusion zone on the nozzle side
of the weld. The crack propagated through tﬁc heat-affected zone and then
through the weld metal in the V-shaped soct?on ofthc weld, Figure 5. The

Crack cross-section inm the neat-affectad one was very flat ana straigne,

fndicating Tittle ductility; once ints the weld the Cracs tended to branch
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ind wander, indicattng a material with more duct.litw, The heat-affected
cne im Both pipe and nozzle matarials was tempered martensite, the pipe
material away from the weld was mixed pearlite and ferrite, and the weld
material was temered martensite. Microhardness tests in these various
regions, converted to Rockwell hardness values, wers as follows: nozzle,
away from HAZ, l‘sc; nozzle HAZ, R. 34; weld roat, R.23; pipe dase
material, ﬂaaa.

Examination of the small cracks adjacent 3 the ma:vn “racturs,
Figures 6, 7, and 8, {1lustrated that the cracks originata in slight
depressions in the surfaca, grew perpendicular S0 the surface and at an
eblique angle to the rolling direction (as revealed by the inclusion
stringers), were filled with oxide, were transgranular, and exnibited scme
crack dranching. No u{dma of plastic deformaticn was chbserved. EDXA
microprotes verified that the material in the Cracks was 2rcdatly oxide,

. that the dase metal was cardeon stael, and that :ne ‘r=lusica stringers

were manganese sulfide, Figures 10-12.

T Twe mall cracks were cpened up for eximirisisn Oy mpacting them at
liquid nitrogen temperatures (Specimens 2 inc i), The fracture surfaces
had a dark layer of axide patches dlong the cuter sage, Figure 9, and wers
fn close proximity to weld beads. Each crack wds actually the result of
the coalescence of many cracks each having its own origin. The origin
edges of the fracture surfaces were covered with a relattvely uniform
cii« layer. The oxide layer was present all the way to the tip of the
prior existing crack. ¥
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Using the plastic/carbon replica technique, the details of the main
fracture surfice wers sxamined in the TEM. The surface was again found to
be campletaly oxidized; however, in some areas, the oxide formed paralie!
ridges which could passidbly suggest prior fatigue striations. In same
ireas, large block-like oxide growth was found.

Extraction replicas were uuimd in the TEM ta obtain the
diffraction pattern of the axide. The pattarns cbtained were analyzed,
Acpendix I1, and found to be composed of rF!zoa. This oxfde forms at
dBout 200°% (570%),

CONCLUSIONS

The characteristics of the small Cracks and the major fracture
surface ae similar in regularity, crientation, oxidatiecn, ang degree of
Crack branching. The cxide extended Lo the tip of the advancing cracks
indicating that axidaticn and/or carrasion was an inherent part of the
Srack growth.process. The characteristics of the fracture process; i.e.,
ransgrany’lar, oxidized, no plastic ceformation, with some crack
Sranching, fndicated that the crack growth mode was either ccrrosion
fatigue or thermal fatigue.

| The axide resuiting from corresion fatigue would probadly te hydrated

and 2 Tower temperature form than found on the crack surfaces in this
Study. Based on this and the closely regulated water purity, it is
belfeved that 1t is more Tikely that the cx_-acks in the feedwatar line of
Ofable Canyon Unit | steam generator nsu!ud from thermal fatigue. The
cracks 1n1tutu in elongated degressions in the surface of the steel
which are believed o be grinding marks, ang ipparently acted as loca!
stress risers, and at ainer regions of lack of fusion in the weld reot.
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It is delieved that small cracks initiated on the [.0. of the nozzle,
weld, anc pipe during the therma! cycling that occurred during
preneating. These small cracks originated at convenient stress risers
such as grinding scratches and regions of lack of fusion and weld bead,
rollover. At the time of acceptance radiography, prior to postweld heat
Treatment, these cracks were delow the limits of detectability for
radiography. Upen heat-up for the postweld heat treatment thermal
stresses from the uneven heat-up between the pipe side and nezzle side of
the weld caused several of these small cracks to 1ink up and grow %o some
substantial size, most likely through the heat-affected zone (HAZ) and
inta the wald metal. The HAZ at this time, prior to postweld heat
treatment (PWHT),. would have consisted of untampered martensite, and have
3 hardness of about R _45. The HAZ would have quite Tow ductility in
this condition and easily propagate an existing crack when subjected ta
differential thermal stresses. Onca this crack had propagated to a
substantial size during PWHT 1% propagated to faflure by fatigue as a
result of subsequent hydrs tast and hot functional test stresses.

Since postweld heat treatment of the weld has tempered e
heat-affected zone, this h-fgn hardness, low ductility condition ne laonger
exists. The heat affected-zone now has a hardness of R 30-35 and
would not be unctld 0 De subject to the rapid crack growth tmt is
belfeved to have occnrnd during PWHT.
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RECOMMENDATIONS

8ased on the findings of this invcs:igat{on. following
recommendaticns are made for futyre welds made in
Fe Specity i minimum preheat temperature of

intarpass temperature of 5500 should
2.

Pl materialg:

250°F; 2 maximum
also be specified.

If a long delay during welding
or detween welding and PWHT s unavoidable,

maintain the Freheat for at
Teast

21gnt hours after weliding stops, and

then siewly caal 2a room
temperatyre,

3. Care shoyldg be exercised in dveiding large temperature

i
|
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l-14.73
11473

11573
2-19.73

4-3-74
4-9-74
§-18-74
§-21.74
5227
£.23.74
§-24-78
§-15-74
§-24-78
“8-74
8-29.75
8-29-75
1241375
2-10-78
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o TABLE 1
Fabrication and Service History (Summary)
Preheat ta attachr lugs
Prenest to weld cap

'Pnrmt to weil cap

Hydro, 13564 at 106°F
Preheat to remove cap
Preheat to remove cap .
Preneat for nezzle-pipe weld
Prenest for nozzle-pipe weld
Preheat for nozzle-pipe weld
Preheat for nozzle-pipe weid
Prefeat for nozzle-pipe weld
Radiegragh finished weld
PWHT wald

PWHT adjacent weld (15* away)
Second hydro, 13204 at 88%
Third hydro, 1356 at 28%
First hot functicnal

3-16-77 Secand hot functional
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Figure 1. Schematic diagram of failed nozzle f1lustrating the locations
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9s originating

» Showing fracture surface with parallel markin

side of weld bead; 3X.

alony one

Specimen #)

Figure )
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Figure §.

Polished cross section of the main fractyrs.
The pipe is on the Setiom lef:, the weld raot
1S Botiom center and the nozzle s sotzem right.
The botiem of the picture is the pige [.0. The

small oright dots are micrs hardness indenzations.
7 x magnification,
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Ihe tilted view shows
ng marks on the pipe and nozzie |

Cross section of Specimen #3, Flgure 1, which shows small secondar
similar to those noted adjacent to the main fraclure.

the coincidence of the cracks with grindi

as well as in the unground weld.
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Figure
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» filled with oxide,

showing a crack
ngers; 450K,

in fracture area
inclusion siri

Wilh crack branching and sulfide

Figure 1. Polished cross section from ma
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ture
.

‘achks and multiple origins

Specimen 2 showing several frac

k along welduent on

indicative of multiple oy
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€DXA microprode spectrum obtained from inclusion stringer “isure &.
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APPENDIX I
Material Specifications and Welding Procadurs
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M. W. Kellcgg Co.
¢/0 Pacific Gas &'Slact. Ca.
Daible Canyen Pewer Plan

Avila Beach, Califcrmia r 93424

CHEMETRON CORPORATION

WELAING rROOUETS Sivision

Cantificate of Anaiysis
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Customer Crder No. /A

R —— o".’ Ne. Jm;—
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st No. 415
'/X=Ray Satisfact
F=7177-1269 Item

- .
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>4
Moisture 9 1800°F, 0.:2%

Trade Names Atom Arc 8018
Dameter Size: l/8" Concentricisy %
000 1Xx.
Lot Number: 2315¢3A0 ' Type Stael A-235%
‘et Number: 4029521 _
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”“l .33 - . ?.'t M
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R o3 Tensile 67,500/,
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— Red. of Area 76.7% 7 .
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w’“ ; 001. - e g
Yanadivm 02 - Impacts 79
Irem Impacts 84 7
Farrria " - Impacts 87
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oA
e of Penna. ) P AAL Jedie Comen Pravem
County of  York ) s TR £-27-73 The vadersigned carnifies thar ihis repert iy
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M.‘w.mhwu - :.:...“.‘."V“MOQ‘MICWMC
wis 220d  deyel  June 19 73 d o
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CHEMETROKN CORPORATION ( 12 A

WELOING FPRQOUCTS DIVimam - s
——
Cartificate of Analysis b
M. W. Rellegg Cempany Cusiomer Crder No, 5328
e/e ncif.l ic Gas & Eleoectric _
Power Plant §3163
7 Miles N. of Avila Beach ' W
A ' Shigped
_x%f '}o‘asgh California 93424 $=21-73
This materiai conferms lo Specification M"_"__
Test No. 650
X-Ray Satisfactory Type £ _8018-C3
Trede Neme: Atem Arc 8018 Moisture @ 1800°F, 0.2%
Concentricitcy 3%
90 I». c L. T Full . Split Velts Am
Lot Number: -B328C3AD . aad " SRS i pe
Inpacts 1 [ 22 130
Carden .08 ~ '
manganese .33 : Teat AS
Ciromivm .0S Results: Welded
Nicket 1.077,
pos .40 Yield 72,4007
P ovesy Tensile 86,000~
Elengaticn 1% -
Tantaivm Red. of Area 75.0%
Melybdanum .18 7
Tungiten Charpy V-Netch Impacts Tested @ <4C¢r
Capper
Titenive Impacts ;g,
”OI”W . / Wc“ '
Sulnd .g;'; 7 Impacts 78
"‘"‘b: . e02 Pillets: OK” Vertical 1 Overhead °
Ferrite —
ApmROVED ‘
—WRELLe0E
. Q. A
See o panng, | P
County of York ) s iy 3-7 ™he undertigned corrifies ther Ny repen iy
et e s x and hat ne significant thenga hay
Subrcsibed and rworn te betare me e —. mede in any of the viements deseribes
e 28¢h deyel  Sape. 1973 Mt nnad o

CHEMETRON CORPORATION
WELOING RAOUITE Siviggn




6 Regort 411.77.5§  —

CHEMETRON CURPORATION w i e
WELOING PROOUCTS Divisam
Certificate of Analysis
' 7277-23737
M. W. x‘l."q c°. Qustomer Qrder Ne, M
¢/ Pacific Gas & Electric
Oiable Canyen Power Plant — Order No. 28222
"l«lrkx PO F7177-2373
J Miles Nerth of Shigped . 2=20=~75

Avila Beach, Califormia
™is material conforms to Soecificarion JWS A 5.5-69 & M. " Mu@gﬁ Spec.

Test No. 558 PR «33 Il
X-Ray Satisfaczory Type £ 8018-C3 7
- ; '
Trade Nomes Atem Arc 8018 Moisture 9 1800°F. 0.2%
. Cencentricity 4%
Qiamerer Size: 3/32* * Tyse Stael A-28S% A
<00 1lb.” .
lat Numger: (L3 I8T AT Test Ne. Full sSplis velss Ampa
Meat Numaer: €409 1 4
Tensi.es &

Carsen 08” - impacts i 7 2l 140 .‘ :‘;
e ' 73¢ Test AS Seress’’
Cuenive gi y, Results: Welded Reliave+!

WMishel ‘307 8 hrs. @ 11209,
Siicon ' /
Columisium Yield 72,1007 68,500 *
*antaium Tensile 84, %007 82,180~
Melybdenum 04 Elengaticn 0%~ v -
Tungstan Red. ¢f Arca 77.5% 79
.f:::: Q3 Charpy V-Netsh Lmpacts Tcsted 3 -25“’:» .
1 L / .
Pesonas: Q16 7 tmpacts 96-109-110%113- @8-985120%12 -
Suishue Q18 ~ 117
‘anasivm 027 Lat.Zxp. 72-76-83279=77  71.84-79-717
toee % Shear 90-45-90-85-20  78.75.2C-40-"
Ferrite
Fillets: COF Vertical 1 Ov.rhead
Siste o Penna. ove?
Counry of  York : - “". The undersigned cormfles 'hat his reserr
Correcl and et se ugmficont change has
Bagn made in any of he slementy deteriby |
Subterbed and 1worm 10 betere me M"'“‘ in ihe qualifcation sperevel. ¥
his 28eh dovel  pon. 4

o' ‘ «7 J
CHEIMETRON CORPORATION
WELSING PROQUETSE Bivivien
$8AL

My P
My commitpon m»..:;.,.



27 Regort 4:1.77.88
LABORATORY CERTIFICATE

a ARALTTVEAL
Laboratories, Inc. '|ome
RS- D [ ———

S — A

Yay 2%, 1377 j T -

Anamet

oy - i

§77.329 P.0. No. L0-879806

SAMPLE: One (1) Sample for
- Chemical Analysis

MARX P12 8
: DCPP 41 Steam Generator
Nozzle Failure Analysis
DATE SUBMITTED: May 24, 1377 :
REPSRT TO: Pacific Gas § Electric Company

3400 Crew Canyen Reoad
San Ramen, Califernia 94843
Attn: Mr. Stave Ivy

CHEMICAL ANALYSIS '

o1 poee e

Min.  Max.
Carben (¢) 0.23% . 0.27%
Chromium =3 0.40% 9.285%  0.48%
Manganese (Mn) 0.81% 0.500 0.90%
Molybdenua (Mo) 0,589 0.55%  0.70%
Nickel (N4) 0.80% 0.50% 0.90%
Phoupherus (P) © 0.009% - 0.02%%
Silicen (84) 0.28% 0.18% 0,38y
Sulfur (s) 0.0129 - 0.028%
Vanadium v 0.08% - 0.08%

et e et ettt

RegPuctfully submitted,
RATORIES, INC.

Sikgtr

le o
Manager, Testing

in



— - ——

LABORATORY CERTIFICATE Report §'1.77.88

ANAL TTIAN
Anamet Laboratories, Inc. '|===__

I8E™ e ateaar - B T L P — L A e TRMAERA TS
May 2§, 1377 mveeas Teere
LABORATORY NUMBEIR: $77.329 A P.O. Ne. LO-071
SAMPLE: One (1) Sample for
Chemical Analysis
MARX: P-1

DCPP 41 Steam Generator
Nozzle Fallure Analysis

ATT SUBMITTID. May 2%, 1977

REPCRT 70! Pacific Gas & Llectric Campany
. 1400 Crow Canyen Road
San Ramon, California 9uwsN2
Attn: Mr. Steve Ivy

R -

GUEMICAL ANALYSIS .
PfEme
4o, das.
Aluminua (AL) 9.03y Information
Carbden {9 Q.28 - 0.32
Chreoniua (Ce) 9. 140 Information
" Copper (Cu) 0.10% Information
Manganesae (Mn) 2.90% 0.29% 1.0
Molybdenua (Me) 0,060 Information
Nickel (NL) g.07% Information
Phesphorus ) 0.018y - 0.04
Siliecon (s4) 0.28y 0.10% -
Sul fur (8) 0.033y - 0.08:
Titaniua (T4) 0.003% Information
Vanadium (v) w 2.000 Information

Respectfully sudbmitted,
LABCRATORIES, INC.

© te
in Manager, Tas tfn.



9 Report 411.77.88
LABCRATORY CIRTIFICATE

Anamet Laboratories, Inc.
Ll LI B L T e — e o

iy

May 2§, 1M
LABORATORY NUMBER: §77.329 8 P.O. No. LO~879808
SAMPLE Tve (2) Sasples for
Chemical Analysis
MARX: Weld « Side and Crown

DCPP 41 Stean Generater
Nozzle FTallure Analysis

SATT SUBMITTID: May v, L7

REPCRT T0: Pacific Gas § Tlectric company
: 1400 Crow Canyen Road
San Ramen, Califernia ei82
At Mr. Steve lvy

\

SUEMICAL ANALYSIS
Lide grewn

Aluminua (Al) 2.0080 2.00uH
Carden {-4) .00 3.080
Chromium (Cr) .90 2.08%
Cupper (Cu) 7.87% 2.300%
Manganese (Mn) .47 1.90M
Molybdbdanua (Me) 2.1860 .42
Nickel (NL) 1.00% 1.00%
Phesphorus 2] 2.0 2.0123
Silicen (84) 0. 98y O 0.008
Sulfur (s 0.022% 0.022n
Titaniua (TL) 0.01y 0.01%
Vanadium v 2.0 0.02%

Respec 1y submiteed,

ANAMET AABCRATORIES, tNC.
le
in
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"0 A v, BELLOCS Sonrsnmy

A Sivision of Puliman Incorporsted
Y oning Fabricatlon

Ll Teaspert, Pa, 17701

. .M_'l

GETOUAL SPRCIFICATION FOR:  Carten Steel
ng o Niekal Sten!l piping, Insert welds
GTAY (roet) wd A (wald out),

ASE WETALL  ™e base matal shal!l conform
‘ne spes!’icatigns Tos ASME, Seetion IX,
0 te Pl mararials,

WLER METAL: ™ f1)11er natal shal! cone
' ASME Pl ler Meta! Soec!flcations Mume
SIA=5.5 and SFALLLY fur farrous fl)ler

Al In Grovp Numbar S sad Fed,

1 hwlcal wamanition of the wald depese
thall fall within the laits of wald Matal
(BIN Naar A=I2Y,

§OFOR TUAGH MMILLur Newinal sumpes!tlen
'W;. 120995 v ihmm purity (for STV
v\.. . .

CF MACTr PURGE: C Argon per Page §
TAN precmss ),

S WELDS Fan CRTeuN; e CTAV procets

c FILIer ke tvne i i0ted o roqu 2

WC wiEh or withey (@ baskeup purgs In ml.
. 00 1 Taen dlseter,

(1O The waiding mey be dena (A ol
ons,

e r . r

MEAT AND 1L TERMASY pre=
P winiee

for LAV we 4 out aniv ane 1
Bane,

T WEAT TREATMENT: 1100° # . 1200° ¢, |
BOF Ineh #luimes (sew Job spueifigations
wele and thieknesses raquiring pect hast
Caean g

ACRING ITIP)  ware,

L MR ST 1 . 0 e ala,
v t:' . : per min,

| ————— e ——

VELDING PROCIIS: The welding shall be done by
tha GTAW (nsert roet and SMAN woldout nreesssus
weing sanual vquipmens. The GTAY precess may
vith the filler metal tvpe 1lsted on
for intermissent veids, look-in holes
(peep holes) in the ring, or sismmaceh ia the
Toat st up. I neesasary, wae complote pass
-{‘u wade Whiiia helding che purge. O
velding shall be deae weting 3 nen-concumable
slestrode of I therfated cungsten, 0TU-2,

BASE VATERIAL THICKNESS: This preccdure ,

" 1e qualifled w0 alluw walding of meturial
thickness batwann /18" and | 5" (heat ‘
treated), 3 i
!
|

PREPATATION OF BASE mATRAIAL: Tia vdges
oF surfeces uf the pa*ts o be Julmu! by
walding shall be pregared by flawe cutting,
plesma are, grinding, woeh ining, or any
combination of metheds to ussentially fom
the geometry of the wald shewn on Pege 2
48 dutailed on the attaehe thatchwt And
Shall Lo aluan of all ol) or gresss and
encussive amounts of scale or rust, j

ELECTRICAL CHARASTIR!®71CS: Tht current
used shall be OC: GTAW  Straighe Melueity
AV Reverte paliriny

JOINT VELDING PRCCROUME: T™a welding taehe
Alave, *ueh as olestrede tlges, and w.’tmc
“d qurrents for woeh viuetrede, 11im of Lhe
welding tip and flilar radn, sha!l Yo Sude
stential'y 48 shewn on Poge 2,

APPEATALET OF VRLOIVG LAYEAS: The welding
Surreant and monner of depositing the wald
satal shall ha sueh thet (hare siall we
provticelly na wndareutting un (e 1lee
walls of the walding groove ur the odjainlng
base muterial, See Job tpecifieetigns for
Speeifle undareutting |initatians,

CLEANING: AlT slag or flux resaining on
vy bend of welding shall be removed Lafere
\q' down the nest susuess ive desd of
wlding,

DRFAETY: Aoy arsenr oF Blow hulos (el
CPRUSE on Ll surfaen of ony bend of wulding
hall be rosuved by ehipaing, yrinding, or

I8y Suliwe depaniting (he mewt soegans+
ve bt of valding,

e ———————— —————— —
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THE ¥ ¥ RELLAGS courany

S Mertiee 4 PTLLNAR IBCREPRRAT
PIPING FAGRICATION

Report 411-77.55 sage 3 of b

Proc, Code 200

RECOMMENDED FORY Q-1 MANUFACTURER'S RECOID OF SELDING PROCEDURE
QUALIFICATION TESTS

Specilieacion Neo. ﬂlﬁ-’l-ﬂ-ﬂ«-ﬂ’#\l-&_

* Meat ?reatcd

\'0“.. ’v-nu .UM 814 \'J

Dase

12/28/73

M i or Machine __Mamual
Thickaess (if pipe, dismerer sad wail Muﬂd A e LR

S —-— — -

Thickaess Ruage bis wee ewalifies J/JMJ&"_:‘M—L—LMA&.L_
4‘%

Filler Metal Growp Ne. ¥ FLUX QR ATMOSI'MERE
Void Meral Anaiyuio Noo 40 120 Flus Trsde Neme or Conpesition NSoae,

Owsenbe Filler Mewl il not meinded in Tadie Q112 laert Cae Compevition — 77T

® QL RoaL 270822 _weld ays 29012 Trade Neme ___cw= _ __ Flow Race 20 CFH

Fer ﬂnmbn weldingeSence il Filler Vetal is sile [ Daeking Suwip wsed?

leom o sinminem billed. Predest Tempersoure lupiii! ": E-E SEE:E :::
VELDING PROCEDUNE lmerpeas Temperatwre Range 2000 2 minimes

Singie or Multipie Prss
Siagie o Multipie Are

--~-r~-—-.Ann:.zgg:.n::;jnns.;a
1100°% F, | hr at 1150° F, furnace cooled at
Pesution ¢ Croave

P _..—h.—é‘smf’:w""' el thegs Q"":jg" F/M ts §00°

Slagle

R INFORMATION ONLY

1/8, §/32 TELSING TEQINIQUES
Joint Dimensions Accord wich S8 3heet 2
wmpe _sx=  volts o= inches per min.

Carene 0 L Polarity SIAU Straisht

Filler YirowDinmarer _1/8 X C/jz 3132
Tiade Name A
M“hﬁl. !w

Y orehand o Bacihand s==

REDUCID SECTION TEXSILE TEST (Figr. Q6 snd QN6) SHAW Reverse
o Sprciaes Mo, [T SRS dwe | Vel [ Gfiase Gaie ety of P
! " L1948 16,000 300 | SRR I8
2  bes 1926 113 800 71,220 | sdse Mechl
m DEND TESTS(Fige Q-7.1, @ 7.2, QNe7.1, QN-7.2, QN+7.3)
A . Reswde Moo ie | Resaic
| Satlsfactory 3 Satisfactery
- 8 Satisfacsory ' + isf ‘

Resniee of Fillerweld Tems, Fig, SXe) _ N/A
Peldet's Name LBy Cloek No. _JS__ Siamp No._l__.
The by virwe of these wses e ers wrlder perfarmance re quiremence.

Test Condurred by . tagoaf lun Cara . Liborsrory=Tes: No. G ) &) A
e S 3 FT Y S—— ’ s

Ncﬁb‘uhmnﬂnmﬁmm“muhwuvﬁomm veided wd
Mnmwumoummduwzrm

Loned “The B W Kclloggg Any

- Bave 32872 A G Klak

Charpy ‘W' loteh Teet Resulte:

"J’ZQ "“b - -5. /'-ot -o . 6’05 s

Weld = 91,0, 85,0, 93.5 = 91.R .
WAZ, Pt « 20.0, 27.0, 32.0 = 28,0 i :
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Regert 411.77.53
of i

Wald Viceedury Crvt Mo,

200

nereczary for taeking, fLllling {aters:it
(pery loles), or misesteh tn tha roet

eomrlolo jass may Le wede vhile holding the

sel-up,

tent vofun, lovkk=in Lolea

it necarsary,

purTe,

Pluing Fihei=atien Seec. 3. P12beriek|FUatiiiy o S
Villi&opary, Pa, 17701 gate AZALTSS
.."’ie" UJ“’: i% e s —
T et s
: 0.‘0 . .
" ae ]
B \ﬁ:“‘?’
Cna, | FILLER FILLER MAX, TOATH SHIELD| TUNGSTE: |
';Dss g::'\# TYPE! METAL Si128 AneS VOLTS | POLARITY & FLO RATE SIZE AND z
o2 RTICKAL | oFTidra (a1n) ’0‘.£_._f*’-'7"
- £7C5=2, HSERT i /e sr 5030
AW or <6 178 x 5732 | 55-175 2l straight Argea 20 Cry| diometer
— strajest !
K £70S5-2, 1718 G0-120 i4 /% ar 3/3.!
TAW or «§ in2 70-150 17 L straight | Argon 20 CFi| dlameter !
'/8 'Gﬂ-f'.‘n zo - = ,"-n;,.._u,: ‘
LANCE g8018 3/%2 63=1 ;g g l;"
- 1/ 100« 3 reverse
- 5/32 140220 | 34 o gl
s 1/16. 189-22¢ 6 ;
: : i
OTE: 1/16", 3/32", or 1/8" £708-2 ap E707-6 filler mecal @y Be u. od as [

R e T Tpep———

S < —— 5 ———

. ——

b e, LT D———

e

T B — — N P —



3 Report 411.77.:8
et Sitam IRL L.C. LELLELE CRSTALY
Comvihing

M2 2 el el LI.E. E—-r’—(.'-t.so:ccs !o' ".r
YRR e e B/A « NOT AVPL T8, T
Uiy s 0T e L LY3, .n#* ISC VNG CMed e s GCTALL DRA-low ha. e .'7",.--:
ofC ek, " ECEAware oo 14 & /A l,,. “eih
T I S TN Ty X3 ‘éuc [C'.ASS WARA NG, ol 4
RN, 7177 :/1/_7'4 |~ skéTon o SECYI0N | /A
. ot - -
o\ "-aLn wes MW,
8 1es 198
gt il O R Rl I R R
G 12 4@
_FIELY WELD £Y) ) $8% pR- A%, .0

1" J . .-
CLLANILS Ak’ ‘ v “5'?0 Ja¢ ’7 g- ""'/mé
v I3

VELS ROOT PASS : A % | 6X r‘-e.q,-I ]

u‘f £"3~? xf!.-’uf-
PRENCAT SKau ouLy (200° - 300°)

|| mgﬂ/g }‘4«.4 I

l
pF
{ * — %{
l
|

LY CRIMLETE b ‘°"« Fv &;., 7
-SRI FoR rT, | J “" //Z )m«; | ! ]
|

' ] 7, ==
_visaay fHSFECTION "4 I‘;os _',/J’/ ",,, ’;,é*r,?" 7
AT, TIRISHED wELD l

e [ Tt 002
e 1117 Pl 00 s
LJC, 0. & }gnb‘ L"“ |

)
,ﬁ.:u |

-r-gm VE_Lans ’/%ﬁ‘/

o &

: .
.- — - = *."‘—

h HITAREd WwEd s 32 &~ :
1/ €t " - ’ \.. .‘:‘: .;'.:.)77".“.' "f:J(- Gue AP bs73 ' 7. 3 ‘

IO E 2 Pt S , ./..-L,... iad S
| crennixe 7#7{'7/»72‘;:"' e "L 7*"'-"-‘77; A

. f CL ".'k - \4 -zzco-r“q- - Iu&

. : su
. NELD 1O2T rass i !,%‘2"5 s "'-;‘./ . / '--‘,:«.;.__j
UIE CHART REestedT T & 17 n"c';‘;"" _L:." LB -
PCHAT Sy Gty (260° - 1009)~ LSEE |17 e Gl /

ATL CompLETE ) ﬁu_,L 3 :r-'/:‘fzﬁ ]
_LRIK3 FOR R.T. o —'.I s 1 Y15 575'. : |
: i o B e v 7 T ] mrin Y ol B
_VISUAL iNSFECTION / 1 v K/ "?'-"3}5 »-.-{.:'-:"J .

) .- - o - 'I' .’.:.‘ ..: :v"” .

[ S Pl v [58 Tes Fhimbia it
| s.;-st REILICVE =~ kT 2% o ) \/1 T 5’75"_5_5/1;'{/71’--,‘?""(-- ;o
e T TS (GI7T B s Y
! [‘1 Tieicnse vew Ty T gj%ﬂ.]ﬁe f/’ j‘;"-;if-}’{.: |
[ g ‘Je_ ,g_'g'__ \/_;' 7'3.. -’6' 7/ 137-7?/- ’c/“., l
i o — G e — — | — - - ,- - 'o..- ,': '.;".':0 b =
! ’ﬁ/ . | .,l.-" i { //Jpw‘/ H el Ny )
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i . s Report 411.77.85

T Seexe ?:aJrcL PACIFIC GAS D ELECTRIC COMPANY 'Pé./ st 2 :
" METAD Bt PN S

HISTORY OF STERN GINERATOR 1-2
" s SLARD CANTON PROVECT

_ Barch 28, 1977

The follcwing {nformetion i3 provided per your request to indicata tasts and
trangteat cnditions wiich influencad tesperature ind pressure om the secondary
sidy of 223 generator 1-2:

— e

N7 st Aydre - 1 cyele t5 1355 psig # 106" F (min steam ind feechmtar

. - mxzles cpped it emerator)

/7S 2d hydro - 1 Qela 9 120 poig 9 23° F (RY's 1iftad and pressure %ad
£3 be reducad) Y ar = If - .

/7S WA Presant Piping ;

: i -1 gelet IJpsige@*F 0 .

- R

- . » . —

1NYI7S  RCS heatup 100° F &0 1S0° F
1NS/7TS RCS heatup 150° F 20 230° F
7S LS hmtup 25 F to 340 F, 52 psig o 1C3 peig
12/3/75 XS heatup 322" F tp 450° F, 119 psig & 407 psig
12/3/7% RCS heatup 450° F ¢ S11* F, 407 psig %2 750 psig
WNas XS heatup §11° F to S47° F, 75C psig &= 1010 psig
WY pressure d1p 1008 psfg - 340 - 1000 psfg, af « 16° F
144478 pressure dip 1000 psig - 925 - 995 psig, aT < 1C* F
V4776 tewerature drop S48* 7 oo 523* 7, %30 psig to 910 psiyg
1/6/76 tamperature dip S24° F « 497 - S24° F, 824 psig - &51 - 824 psiq
Ve taperatars dip S31° F - 505 - 512° F, 200 psig - §35 - 752 paig
£ \/8/7% tmpersture incTeass  SOB° F 23 S545° F, 714 psig to 523 psig
VW78 tesparature 4y SA5° F - S03 « S47° F, 989 psig - 6§77 - 1000 psig
110/76 tsperaturs dip 848° F - 526 - S542° F, 1000 psig -~ 829 - 973 psig
112/76 RCS conldown ... S38° F to 115° F, %08 psig to 0 psig
/78 RCS heatup - 139° F.2o 2277 F, 0 to 84 psig
W2/78 RCS heatup 327° F to S28° F, 24 psig to 350 1?
Vs tesparature dip 25° F « 472 - S46° F, S4Q psiq - 501 - 922 psig
e <Tge ] turdine roll wr-cn-m'r.tmn’g-m-amg
: Vs tempsraturs increass SU1* F to S45° F, 880 psig - 981?
' V3ss turdine roill 547° F to 482° F, 979 psig ta 553 psiq
WV2/78 L3 coolidown 432° F tn 255° F, %83 psiq ta 20 psig
Wa/76 RCS healup 255° F to S546° F, 20 psig t5 989 psi
Y478 turtine roil S6° F « 477 « 546° F, %8 psig - - 953 psiq
YIS turtine roll S48° F « 43S - 52° F, 387 psig - S3§ - 837 psig
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- 38 Report 411-77.38 '
Mstary of Stam Gemeracor 1-2 'Té.'S?'m F?Ar:.(«
Ntk e Lt T MET/ED Eteler
M7 PNCTIONL TEST =zt rcad R.2«F2
Zﬂﬂ‘ tastad saveties 956 psig - 854 paig saveral times aT <« 10° F
s tastad safotias - SE°F - 831" F four times 1042 psig - 368 psig

(S.8.'s 1-3 2=d 14) -
Nos RLS cooldosm v ° S49.5° F ta 1C0° F, 1003 psiq ta O psafg

TE: Ouring the days oot listad above, the tasperature ind pressure were
relatively stadiea. A datailed picture of tawperature and pressure i< availadle
the 3its and a3 drawing of the entire Mot functional program. Staam pressure
tham o e drawing s desmstream of the "ain steam isolatice valves and dess
et almys agres with siae sressure in the steam gemeratar,

wmam RCS heatup 1NS* F & 165° ¢

msm RS hmatyp 163" F ta 200" F, Q psig 2o 2 psig
wemnm RS Bhestup e X0°F to 0° F, R psig ta 28 psig
b viepd S cooidowa 0" F to 100° F, & psig s 0 psig

csad for saksm T the (teem generatar, Feecdwetsr terperature varied fr—=
D 110" F and flow rata varied from 0 40 200 S7PM. e undaritand you have
yived wmtar cheviItry resglis from the plant chewist.

Surisg both Het Functioml and Mini-Hat Fumctienal, the auxiliary feechater syste
=ms
o §

~

IcH

Durimg St Functional, therml movement and potantial croonent and piging
{atzrferences ware closdly mnitored for each stean gmnerator, Movement of
stoam senerator 1-2 was in igreement with the movement of the remaining
semmeItors and accaptabie By Engineering Jepartwment. However, imsulaticn on

the feacater inlat 1ioe for staam generstor 1-2 did come {a comtact with toe
wissle tarrier penatration, vhereas feschater linas un the other stazm generatsrs
did aat. Tha fasulation caver was slightly indentad, but not encush &3 1nduce 3
rasiriciisn & tia Sovemoat of the fesdmtar 1ine with tha stzam generator,
Raszits of the thersal expansion tast during Hot Fumctiomal are om file at tha
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plant wad Geserai Offica.
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ANALYSIS QF ELECTRON OIFFRACTION PATT NS

S0ld Calibration for Camera Constant
R . CB 4R K

2.68 2.03% §.40

3.7% 1.442 5.41

4.4 1.230 §.41
K=5.41

Pattern Frem Extractad Oxide

-
1.8 3.60 W
2.0 2.70 S
2.15 2.52 “
q 2.9 2.25 M
2.70 2.00 W
3.10 1.78 "
3.30 1.63 W
3.50 1.58 Vs
4.00 1.38 S
4.8 1.22 W
4.70 1.15 “

ery Strong bt 430203 Hematits
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