PHILADELPHIA ELECTRIC COMPANY
2301 MARKET STREET
PO BOX 8699
PHILADELPHIA. PA 19101

(219, 841-450¢
JOHN § KEMPER

VICE PRESIDENT
ENGINEERING AND SESEARC M SEP o 6 w
Mr. A. Schwencer, Chief Docket Nos.: 50-252
Licensing Branch No. 2 50~353
Division of Licensing

U. 8. Nuclear Regulatory Commission
Washington, D.C. 20555

Subject : Limerick Generating Station, Units 1 and 2
Infonnation for Materials Engineering Branch (MI'EB)
Regarding SER Confirmatory Issue No, 22 (Fracture
Toughness of Contairment Pressure Boundary) .

Reference: (1) Letter, J. S. Kemper (PECO) to A, Schwencer
(NRC) , dated May 25, 1984,

Attachments: (1) Compliance with General Design Criterion
(Gnc) S1.
(2) Certified Material Test Reports (CMIR).
(3) Stress Intensity Factor KI Calculation for
Assumed Flaws in 24-inch Feedwater Check Valve

Body Castings.
File: GOVT 1=1 (NRC)
Dear Mr. Schwencer:

Attachment (1) is submitted to confirm compliance of Limerick
Generating Station Units 1 and 2 with the requirements of GDC 51,
"Fracture Prevention of Containment Pressure Boundary". Attachment (2)
provides the OMIRs for the contaimment pressure boundary components
evaluated in Attachment (1). Attachment (3) is a fracture mechanics
calculation summary which provides, in part, the results of the fracture
mechanics evaluations performed at the 1180 psi maximum pressure during
the 40°F lowest temperature operation experienced by the feedwater
check valves when acting as a containment pressure boundary. This
summary also includes information on the size and location of the
asmumed flaw, the stress direction, and a description of how the
fracture mechanics analysis was performed. Reference (1) previously
documented the fracture toughness capability of the Limerick Class 1
feadwater isolation check valves,
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Attachment, (1)
Limerick Generating Station, Units | and 2
Compl lance with General Design Criterion (GDC) 51

From June 21 to June 24, 1983, a compliance review was held at the
offices of Bechtel and General Electric by Mr. J. Halapatz (NRC/MTEB)
to assess conpllance with GDC-51. The reviewer examined drawings,
certified materlal test reports (Attachment 2), and heat treatment
records of the reactour contalrment pressure boundary ferritic
materlals for compllance with GDC~51. The limiting camnponents were
ident | fled. The metallurgical characterization of these materials,
when correlated with the data presented in NUREG-0577 and the Summer
1977 Addanda of the ASME Code Section [I1I, provides the technical
basis for the staff's evaluation of the camliance with Code Class 2
requi rements of these materials,

The following are the conclusions of the MTEB reviewer concerning
permissible lowest service metal temperature (PLSMT),

l. "' ' V ' F A . N s .

Body : SA 216 WCB by Quaker Alloy
Normal | zed!: 4" min design thk: NUREG~0577 Table 4.4
assigns a + 1.30°) TNDT of +57°F. NUREG-0577 Tlg.
B2 would Infer (because material | llzed) a TNOT
In the population at or below the of +35°F (Table
4.4). 5'77 Addenda CL-2 rules, assuming a TNOT of
+35°F, would assign a PLSMT of +85°F to the material,

Cover: SA 105 Gr 11: Heat treated by Cann § Saul:
Normal lzed: G=4" min design thk: NUREG-0577 Table b .4
assigns a (FOT + 1.3 @ ) TNOT of -5°F §'77 Addenda
CL=2 rules assign a PLSMT of +45°F,

Poppet: SA 105 Gr 11: Heat Treated by Cann § Saul:
Normal lzed: 5-7/8" min design thk: As with the cover,
a +1.3Q ) TNDT is assumwed to be -5°F: §'77
Addenda CL=2 rules assign a PLSMT of +55°F,

Bolting: 2"SA 193 Gr-B7 and SA 194 Gr-2M:
NUREG=0577 Table 4.6 categorizes these materials as
having the least susceptibllity to brittle fraciure,



2.

3.

5.

in Fl Head (Process pipe is integral within flued head)

SA 105 Gr Il and SA 350 Gr. LF2: Quenched and tempered: 5 In,
axlal thickness: NUREG-0577 Table 4.4 assigns a TNDT of -28°F to
normal ized material. The materials are both categorized as C-MN,
quenched and tempered, and, therefore, could be assumed to have a
TNDT below -28°F. Assuning a TNDT of -28°F, S'77 Addenda CL-2
rules assign a PLSMT of +27°F,

F P ipe Is integral within fI

SA 350 Gr. LF2: 8" Axlal Thk: Normalized: NUREG-0577 Table 3.2
categorize material ag C-MN camparable to SA-105. NUREG-0577
Table 4.4 assigns a (NDT +1.30°) TNOT of -5° to normal ized SA 350
LF2: S'77 Addenda ClL-2 rules assign a PLSMT of +67°F,

~sedwater Isolation Valve (FO74A typ.)

Body : SA 352 Gr LCB: Quaker Alloy: Normalized (interrupted
quench): 6 hrs @1630/1650°F; Furnace Cool 1440/1460°F,
for 2 hrs; 1420-1430°F, for 40 min; SA 352 Gr. LCB Is
categorized as similar to SA 216,

NUREG=0577 Table 4.4 assigns a (NDT +1.3@") TNOT of
+57°F. NUREG~0577 Fig. B-2, however, would assign a
TNOT In the population below FDT of +35°F (Table 4.4),
Based on assuming TNDT of +35°F, §'77 Addenda CL-2 rules
would assign a PLSMT of +80°F,

Cover: SA 350 Gr LF2 (by Cann £ Saul): Normalized and
tempered: 5" min design thk: SA 350 Gr LF2 Is
categor|zed as C-MN (per NUREG-0577 Table 3.2)

rable to SA 105: NUREG-0577 Table 4.4 assigns a
+1.30°) TNDT of ~5°F: $'77 Addenda CL-2 rules
assign a PLSMT of +50°F,

Disc: SA 352 Gr LCB: Quaker Alloy: 3.75" min Thk,
Normalized: NUREG-0577 Table .4 assigns a (NDT +1,30%)
TNDT of +57°F. MHowever, S5'77 Addenda CL-2 rules based
on Flg., B2 data for normal | zed material assign a PLSMT
of +85°F, assuming a TNDT +35°F (Table &.4),

Bolting: SA 1935 B7: SA 194 2H: NUREG-0577 Table 4.6
categorizes these materials as having the least
susceptabl ity to brittle fracture,

- ral

Flued heads Identified are 1imiting materials, SA 105 (X-8
penel ~at lon) was specifled but SA 350 Gr LF-2 was applied,
Normal | zed, quenched and tempered: 3" max Thk: NUREG-0577 Table
b4 would assume a TNOT of <28°F: §'77 Addenda CL-2 rules assign

a PLSMT of +2°F,



7.

Penetrations

All penetration sleeves apply per Bechtel Spec. 8031-C-2 Rev.
10: SA 516 Gr 66 or Gr 70, Normal ized; or SA 333 Gr 1: SA 537
Gr B Is ldentified, but not applied.

PEN X. 9A/B: SA 516 Gr 60: 1-4" Thk: §'77
(Limiting) Addenda CL-2 rules assign a TNDT of 0°F and a
PLSMT of +30°F,

X=11: SA 333 Gr 6: 0.812" Thk: NUREG-0577

(Limiting) Table 4.4 assigns a (NDT +1.30°) TNDT of 67°F:
$§'77 Addenda CL-2 rules assign a PLSMT of 97°F,
However, the material was Cv tested at -50°F to
criteria consistent with §'77 Addenda CL-2 rules
given the design LMST of 65°F,

X=15 Typ: SA 420 WPL 1: Applying SA 516 Gr 70 and A350 LFIL:

Pipe Caps Limiting Thk is 1.156" WL x 18": Cv tested at
~50°F to Cv criteria consistent wiith S'77 Addenda
CL=2 rules glven the design LMST of 65°F,

. r Airlock

69-3 SA 516 Gr 60: 3" Thk: quenched and tempered,
(Typ. Door and barrel relinforcement |s Identified as
Limiting) limiting. §5'77 Addenda CL-2 rules assign a TNOT

~10°F and a PLSMT of +30°F,

MK=70~7: SA 516 Gr 60: 1" thk door assembly,
(Limiting) Normalized: §'77 Addenda CL-2 rules assign a
TNDT of 0°F and a PLSMT of +30°F,

162-1 SA 516 Gr 70: 3" thk. Quenched and tempered.

The above data was compared by the applicant with system design
data to determine If the lowest service metal temperature (LMST)
for any system was below the PLSMT for the equipment in that
system, The IMSTs are ldentifled in Table 1.

The arblent alr temperature was assumed to equal the LSMT for
those ldentified camponents that are part of the primary
contairnment. The anblent alr temperature was conservatively
calculated by postulating fallure of the Reactor Enclosure Air
Supply System and all heating under those conditions clited In
GDC=51. The reactor enclosure was calculated to maintain amblent
temperature above 65°F,



Fluid temperatures were assumed to equal the LMST for those
ident | fied components in intimate contact with the fluld, One
mode of the feedwater system results In a LMST of 42°F due to
HPCI injection from the condensate storage tank. For thls mode,
four items assoclated with the feedwater system appeared as
potent lal problems because this LMST was below the NRC-calculated
PLSMT provided earlier. These four Items are the feedwater flued
head and the cover, disk, and body of the outboard feedwater
Isolation check valve,

Suhsequent to the June 1983 review, the applicant reviewed these
components with the following dispositions:

. Feedwater Flued Head - the actual thickness of the flued
head Is 8". This Is considerably larger than the minimum
design thickness of less than 2.5" and ylelds a PLMST of
25°F,

a Feedwater Valve Cover - the actual thickness of the valve
cover is 5", This is considerably larger than the minimum
design thickness of 2.75" and ylelds a PLMST of 30°F,

. Feedwater Valve Disk - Under the limiting condition, MPCI Is
injecting Into the vessel and, therefore, the disc does not
have a pressure retaining function in this case.

. Feedwater Valve Body - The evaluation of PIMST and a
fracture mechanics analysis has been provided in a report
transmitted by letter, J. S, Kemper to A, Schwencer, dated
May 25, 1984. The report calculates a PLMST of 30°F,

The results of these evaluations are sunmarized In Table 1.

Sonclusion

The materials of the reactor contalmment pressure boundary under
the conditlions of operation, maintenance testing, and a
postulated acclident will not fail In brittle fracture and the
probabl ity of a rapidly propagating fracture |s minimized,

JHA/ gra/08318h02



DEFINITIONS

General Design Criteria 51

The reactor containment pressure boundary shall be designed
with sufficient margin to assure that under operating, main-
tenance, testing and postulated ac~ident conditions (1), its
ferritic materials behave in a non-brittle manner and (2) the
probability of rapidly propagating fracture is minimized,

The design shall reflect consideration of service temperatures
and other conditions of the containment boundary material
during operat.on, maintenance, testing and postulated accident
conditions, and the uncertainties in determining (1) material
properties, (2) residual, steady state and transient stresses,

and (3) size of flaws,

Reactor Conta‘nment Pressure Boundary

The reactor containment pressure boundary as addressed in the
NRC licensing review process, consists of those ferritic
steel parts of the reactor containment system which sustain
loading and provide a pressure boundary in the performance of
the containment function under the operating, maintenance,
testing and postulated accident conditions, These include
equipment hatches, personnel airlocks, drywell head, contain-
ment penetration sleeves, process pipes, end closure caps,
flued heads and penetrating-piping systems connecting pene-
tration process pipes extending to and including the system
outboard isolation valves,

t rvice 1 ratur LSMT)

The lowest secvice metal temperature (LSMT) is defined as the
minimum temperature of the fluid or metal whenever the com-
ponent must perform its pressure retaining function under
operating, maintenance, testing, and postu'ated accident
conditions,

Permissible Lowest Service Metal Temperature (PLSMT)

The permissible lowest service metal temperature (PLSMT) as
defined by the ASME Code Section III NC-2311, is the sum of

the temperature (Typy) and the value of A which is equal to

or less than (LSMT P¥~ ) as shown in Figure NC=2311(A)~]
corresponding to the tRTcknosn of the material, To insure
fracture toughness, the PLSMT of the limiting ferritic stee’
components of the reactor containment pressure boundary must
be less than or equai to the LSMT under operating, maintenance,
testing and postulated accident conditions,

T=55/6(8/84)



SUMMERY |
TABLE 1
“Thickness Limiting MST]
Limiting Item* Part MTL (in) °F) Condition (°F) | Remarks
Main Steam
Flued Ad. X=TA( Typ) SA350 Gr. LF2 5.0 (Axial) 27°F |maint, & 120°F | T™e reactor,
NSIV FO28( Typ) Test MSIV's, flued
Boxdy SA2 | 6WCH 4.25 85°F - > head, and
Cower SAlOS Gr 11 4.25 45°F K v piping water
Poppet SAlOS Gr 11 5.88 55°F " ” hydrotested
at 120°F.
(Using
Min. Reg. _|Min,
Feedwat or Th Actual Thk |Req.Thk) FLSMT based
upon material
Flued Wd. X-9/B(Typ) SAISQ Gr LF2 <2.5 8.00 (Axial)| 25°F |Postulated | 42°F | thickness re-
Isolation Valwe | PO74A(Typ) Accident quired to per-
Boxdye SA352 Gr LCB 1.18 2.31 30°F w - form its pres-
Cover SA350 Gr LF2 2.75 5.00 30°F - . sure retaining
Disc**e* SA352 Gr LCB 2.78 3.75 NA NA NA function.
Flued #eads (Gen) X-8(Typ) SA3S0 Gr LF2 3.00 2°F Postulated | 65°F
SAlO5 Gr II Accident
Sleeves
Feadwater' ** X-9A/B(Typ) SA516 Gr. 60 1.50 (wall) 30°F v >
Steam to HPCI | Pen X-11 SA333 Gr. 6 0.81 *R65°F " F
Spare Pen X-15(1yp) SAL20 wPLl 1.16 *R6S5°F " -
& Pipe Caps
Eguip. Hatch 69-3 oor/darrel |SAS16 Gr 60 3.00 30°F |[Maint. & 65°F | Postulated
Assy. Testing loss of re-
70-7 (Door Assy) |SAS516 Gr 60 1.00 30°F i - actor enclo-
sure air sup-
ply and heat-
Personnel Air Locks| 162-1 SAS16 Gr 70 3.00 30°F - - ting system

NOTES :
-

* Defined by the NRC.

** Use Lowest Metal Service Temp. (INST)
*** Categorized by the NRC as a Sleeve,
*5** Dasc does not have a pressure retaining function under limiting condition.

¢ o cvmlemtion o DTS R B

T-55/6(38/84)

letter, J. S. Kemper (PECO)
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7 3. Non Code Matl.
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PURCHASER:

* (Chicago Bridge & Iroun Co. TEST CERTIFICATE -
6 Pur. Dept. MilL ORDER NO CUSIOMEN P O, L
'50018-3 70-7198U-23 RG 6171 1K

LUKENS 51tk COMPAINY

COATESVILLE, PA 19320

L T e R

R )

oare. 6=3=T1

CONSIGNEE

fENo) 5110-03-00

” -
ar. 60 CB & I M3-603B Rev,

-~
0 DTrD 379/70 8ect,

111 Winter 68 Addenda CB & I GP3 516

Wa Larehy certifv tha above fiaures are correct as contamed in the IOCOTM M

| i
bl Wkﬂ A
wdokypan / o .7Jr

SUPIRYEOR TSI e e e

O.K._’_ FONOGENEITY TEST Rev. 4 DD 2/25/70__
CHEMICAL ANALYSIS o
MELT NO. C Mn . 5 % ] & | & | G ‘I Ne v T Al 5 Grain-Size -
Y p
. v e B LT P i o
u4736 14 | 1.02| 012 | 028 29 \ 7-8
Aﬁ&'med anfl subsctibed before me
LIMERICK GENERATING BTATION, UNIT|1 this_| __ doy of {UNS 197t
MILADELPHIA BLECTRIG CO ANY. | 2 »
. 8031-C-2 1 - : -
BI 70-71088 e == /‘7- é} m“ﬂ..y/
PHYSICAL PROPERTIES e L T A
e T [ BT o ek | ™ ["Voopen <3002, [appearanch - 0roCH I IOH
4 7 4 / ~7| % Shear|_
4736 8 50574 7097 297 63 >| 56 - | 63~ [50-50-50 1 1-280 x 129-3/4 x
| | .
I.at#ml ansion in|Inche
Y% N 7 477/l T13°| 287 66f{ 58 »: 55 . |50-50-50 1-322 x 129-3/4 x 1"
~J Latéral Eapansion in|Inches :
_ .ol7 1.050 !.,059
RAM 6-y0-7 | % | |
Plates anL tests heated to 1625°F;, #25°F., held 1/? hr. pér in¢h min. and alr cooled.
R |
We hereby|certify that the above terial hat been|manufdctured accordin to
3A-516 Gr, 60 CB & I MS-603B Rev} O D 3/9/70 S$ect. 111 Winter 68 Addenda
CB & I GP§ 516| Rev. 4 prb 2/25Y70 and that we have cémplie with all|the
requirements of|these specifications,

-
(74{:5:—/ .(//?/'.)’). :
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CUSTOMER:

TEST CERTIFICATION

CUSTOMER ORDER NO.: N-8774-11

The M. W. Kellogg Company

NATIONAL FORGE CO. ORDER:

NATIONAL FORGE COMPANY

L\\mew'c}? F/uec\ Heu\.

60-4875

SPECIFICATION: ASME-SA 350-LF2, ES-l11 and
ES~-151, Addendum "A"
G.E. Spec. 21-A-1556 & 21-A-9416

[TEM SERIAL NO, DESCRIPTION:
and ASME Code,Section III, NE2310 and NE2321
02-001 42" OD Flued Head Fittings
MARK: Item 15
ITEM-SERIAL HEAT NO. C. Mn, F S. Si. Ni. Cr. Mo. V.
02-001 212574 .23 1.03 .014 .014 .23 .04
ULTIMATE C RXREXESEX | Charpy |
B | T Jaedee| e U] S | e
'3" (PS.1) (PS.1) " ASEA % Shear @ 8’?“5' Exp.
02-001 84,250 72,000 32.0 72.3 592 109.0 .078
) 57% 95.0 .070
632 113.0 .081
QUENCEED @ 1580°F for|6 hrs. in water
1220°F for|6 hrs.

State of Pennsylvania
Warren County

1

Before me, a Notary Public in and for above County, personally appeared

....................................................

N. C. Baxter, Jr.

of the National Forge Company, who being duly Sworn according to Law, deposes and says that the above Report is a true and

correct copy of tests as contained in the records of the Company.

w and Sworn to
14:!:
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.'. i s e 'c -y Material Types:
See Standard 607 3.7 for mstructions - 1. Welded Assembliies
S92 wuing the form. MATERIAL HEAT NUMBER SHEET 2. Non-Weided Code Matl.
“r # 9, d;\//r 7ol VoA R 3. Non Code Mat!.
e | L S 0| o
; Mark 3 z (r‘a— Mmerial Heat No. 3> l'hrk sz } ‘ Material Heat No. : 2~
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V) 307-5 -/- [AS,7284/8 A2 i
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! } l 2-5-25
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CBI Shop QAL 222 AL Date 742" 25" |&[Date | J "
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b /4 ; LUKENS STEEL COMPANY : e
.c";n::nso nfuo & Iron Co sy v Adoe g b, FEEPRS ———
Pur. Dept. x TEST CERTIFICATE (2 ¢ P
MiLL ORDER NO. CULTOMER P O i
524T4-2 71-7198uU-40 | RG 91571 DR
V.3 e £2
IFICATIONS: . / ' '
M3-603-B Rev. ﬂb 3/9/70 $a SA-516-69 Or. 60 Sect. III thru Winter 1968 Addenda
BEND TEST U HOMOGENENTY TESE Fian) - < el e
el cu:mucu. ANALYSIS . i LA
MELT NO. cJ w./, ? s// Cv S Ce Mo v T A " mi
596 12 95 006 | 020 22 ] 7-8
LIMERICK GENERATING s'rlmon. NIT 1
PHILADELHHIA ELHCTRIC GOMP
, SPEC. 8031C2
Cit 7071
PHYSICAL PROPERTIES ’
MELT NO. -y ';r'ls: “E:' : "; %eA | wN %ﬁns‘ "‘"(': ® ap;f:\::z:: DESCRIFTION
: \// /7 Jgjyl.l ' /ll // % Shear
- o | 83| e8| ;3| |. | 8| erl v |6o-6o-60 1256 x 128 x 1-1/2"

| |
Iateiral ansilon in Iinche# e

LOTh 053}’ 056
F & ¥ v

. g | wuw| eu3z| 3 , o7 | 98! 67 | 70-70-70 | 1- *

ntJul B, :nsdon in ltnche+ e

Lo d Gd SU O Loed S0l 2

o713 | 075 | .059 his_____ day of_s_;‘_"_g.é’_!w
| L~ ey i
" - . * ' l . ‘ . / ’ {/, o7
lates and [tests heated 15504650’]?.. hele 1/‘:11 hr. per 1nd|h min. and air cooled//‘“ A. 4’) "”" A ‘/,/

l‘) | Motary Puble ~
- ] "\\ 7 'V )
J‘J ?

b

: My Comamssion Explres Aprdl 1, 1972
. \ |
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. o 9
6 4 1 . Eimme mem enreact ne cantninad in the rocords of the cumpany. % (_\/{ b <3
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SUPLRVIAOR HILTING " 9 “,
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¥ T e

"w{"‘!nowmxs. INC. s ="

—— . P.O.BOX 1212 MOUSTON, TEXAS r7001
BeicATE OF TESTS . E
e : ' - 10 September 1975

] . $ —
. © | SARGENT INDUSTRIES - g & - : g Sl
| o AIRITE DIVISION—" ’ - -
| ¢ | 1700 East Grand Avenue . T 1 -
’ o | El Segundo, Ca 90245 ; ¥ 0. ‘ ~ -
! e ‘ e .
' Castomer Order No. C.1.W. Seles Order Ne. Specification
PﬂOSS 1 2979 - arbon Steel In accordance with AS
- . N Clpss 1.0
'.u:‘wﬂu % - oS fled*‘WP.O. i

.Flu$d Head Dwg.# 9256-13 N/C 4
-
r : GHEMICAL ANALYSIS
C.LY¥. Port Number Heet No.
¢ M p 8 W R W MO w v cu

" 606071 20 1.23 .015 .012 .23
= 2 -3 0.0

| %, .
! ‘ = ] ‘ . .
F_ ) I!;HANICAL PHQPERTlgi ‘v
C.LY. Pert No. & Size Quentity Hawt No. Yield Teasile % Elong. % Red. Charpy Herd-
- - Psi F Psi . Arve lmpoct ness
-
See attachment for mechanical properties.

€0607~1 ‘ 4 K 5073
e . z 2: g &7
not performed. . W}_/: VA /.2 >,

Code requirements for U.?; and P.T.
CLY, Heat Ne. Jominy Hordenability Grain Size
Heat treat performed In accordance with approved CIW procedure FH-414 Rev. B.
|55°.F., h‘ld 6 hl"S. a'l' feﬂ‘po mf COO'Gd. S REVle ¥ - ;
i e _ __\Ilm pos. REVIEW GRP. QUALITY CCNTROL
& p q26h £ 188 1 ) ("i'é)
7
RLL .4.1/ £zt e ned

r *Qtho«r o September 1975
h e

» - . ;/ J‘/
c'j.if‘1o’?)c;ii‘0§ : H. 0. WR]CHi s Mcu% ]_ :

Notary Public 10 And Tor Hamys *m. Tewsy
cancnon sse FhEY T yem s hue 1, 'wé i

vt md Szurn o setoe me his e NIATERTAL CODN SN ™ .




P.d.l N5075 '] v. CIW [F-12979 } ]’ | W ;swr. i T—]—
& o R R
MZCHANICAL mmss: T . ' " ' ' . Y
. . - Impact test porfo In accordance with spproved CM I Tenslle
Forging .28 Offset UIt, T.S. Elong. | R.A. Inspection p odure F1-77 N/C i Tcsf
Ser.f Heatf Y.S. psl psl % ] Test Temp. ""L..__
0001 K 5073 " #32°F. _ 1 138.0 Ft.Lbs, .084 100% - 4
. 32 92,0 072 60 '
| 32 | 104.0 - .072 80 Ay
32 v | 140.0 .090 99 4
| 32 140.0 .084 100 Y
| ! 32 136.0 - .086 100 g o’ r
0002 K 5073 = | , +32°F, 147.0 . | .089 100g » | 14
| " —)1)’ i ." ¥ 32 ' '34.0 | 0085 '00 2 "‘. '_‘ -
L S O g 32 101.0 | 071 80 o | R
o e ] .S | "o . 3R 100.D .07) 8 143
¥ e | S 114.0 - .075 8 '
| | ] 32 121,56 .079 80
v | | ’L_{_)‘ . | ’.{. !
0003 K 5073 " +32°F, 14a.p . ' .09 100% 4
o : 32 143, o (h] .09 log
~ | 32 4. \ .08] 7
™~ i 32 97. ' .08p 70 ;
o | 32 102. | 085 80§ |
| x i 32 1266.,0 | .09} 99 |
: | ' | | | \ ;
-'booL K 5073 52,400 = 76,100 30.8 | 70.4  +32°F. 102.0 .075 80 a 4
- |3 . [ & -} , 32 154.0 .085 100
e |2 f i o3y 32 108.0 .07 80 4
» |z | | A Al 32 146, .08l 100
ol i ) ik ' 32 . 109. .080 80 |M E
- 1B I ‘. 32 138.0 - ,079 99|, !
212 || | | : l | |
. @ . || ‘9 ‘ “’ |
e ] ” ,l ! ' ' l \ .‘i' ,' | : i _.
. ' : N
oy T REVIEW W 4_7,' :
TERIAL CODE QUALITY comdl. '
MA b
Wy : // , //ﬁwﬂw&: ¢ 1]
0. L STAMP..Z / 7> 4 | : |
22415
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P.0.BOX 1212 HOUSTON, TEXAS 77001

TIFICATE OF TESTS L 10 September 1973
pr—— ——y
$ $
@ | SARGENT INDUST-1ES y
@ AIRITE DIVISION ®
y | 1700 East Granc Avenue N
o | El Segundo, Ca 90245 °
- —. —————d
W" Ne. C.1. ¥, Sales Order No. Specilicatien
15335 F-12979 Carbon Steel In accordance with ASME Sec. Il SA-3
\F 2. ASVE Sec. 111 1974 Class | Component, €xcep:
Meteriol

Flufd Head Dwg.# 9256-13 N/C

t ‘NgMICAL kNAEVSlS
€1, Port Number Heot No.

c© M P $ w _Cr N MO . v v
60607-1 K 5073 207,28 015 .012.23
W

2 M MANICAL PROP RYIES
c-.o‘. Port No, o Size OUU'“' Heot No.. ' Yield Tensile < E|”" £ Red. o." Merd-
PSi (41 n. Ares impect ness

7

60607-1 B K 5073 See attachment for mechanlical properties.

Code requirements for u.T.

and P.T. not performed.

Lot

L
74.2-

&7.

’
.

CLY, Moot No. Jominy Hordenobility

Groin Sine

Heat treat performed In accordance with approved
Alr cooled.

1550°F,, held 6 hrs, at temp.

CIW procedure FH-414 Rev. B.

REVIEW
QUALITY CONTROL

@,

“aribed end Swern 1o belore me this
JinPer ot Sgptember 1975
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P.0.# 15035 CIW F-12979 10 Sept. 1975

FIZCHA'ICAL PROPERTIES: :
Impact test performed In accordance with spproved CIW Tenslle

Forging .2% Offset UIt. T.5. Elong. R.A. Inspection procedure Fi1-77 N/C e R St Test .
Ser.# Heatf Y.S. psi psl R o8 Test Temp. Absorbed Ene Lat. “Expansion ﬂmracfuri"[d?,
0001 K 5073 | . #32°F. 138.0 Ft.Lbs. .084 100% £4
: 32 92.0 .072 60
32 104.0 .072 80
32 140.0 .090 99
32 140.0 .084 100
32 136.0 .086 100
0002 * K 5073 : +32°F. 147.0 .089 1008 . 4
32 134.0 .085 100
32 101.0 071 80
32 100.0 .071 80
32 121.5 .079 80 °
0003 K 5073 +32°F. 144.0 .090 100% 4
32 143.0 .094 100
32 114.0 .081 70
32 97.0 .082 70
32 102.0 .083 80
32 126.0 .093 99
, o .
0004] K 5023 52,400 76,100 30.8° 70.4 B2F} 102.0 +.075 80 4
» N 53 . 154.0 .085 100
-~ Iz i 32 108.0 .076 80
s E 32 146.0 .0es 100
<Y 32 109.0 .080 80
- BT ' : 32 138.0 .079 99 -
T
a4
P : o .- REVIEW W
& MATERIAL COD QUALITY CONTROL ’
- 5 AP
. ~ @ ) 4 Wi%a
0o ,STAMP.‘./,,/S/@_ o g
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“CoficetrR CUSTOMER ORDER NO. ‘l" CF oW 50. . 1| QUARTITY 11 “_J__‘ pate — . ¥
¢ .r=ent-Alrite Div. NS058 Jrem 2\ 34469 NebTdi L - "_6=§-73 —
T "o, PART NAME OR og;c.wf"'w ‘. ( ATERIAL " ” A SPECIFICATIO 7‘ “ : =
. 9256-11 1/C w4 429 1. ., 1 ASME-SA-1DS~ 4, Sact. 11, 1474 *
(-.inffi'.'f?sss} T T o."{;%“é?m “J‘:«"“ - —— " N ———— ,,‘,,' Not periormed, 1o He pdrformgd ® SIAD ‘
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NN . #Gz s>/ L2 Fey153 -1 3. Non Cod# Matl.
= i Wl we | J2kir
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Eale 8 Wiy ke 72" S//n G-y

y o w. Bo COLEtAAN CO. : ’ '
METALLURGISTS —~ CHEMISTS — ENGINEERS '

BTH AND RISING SUN AVENUE
PHILADELPHIA, PA, 15140

. 'o.'l‘ »

;?f Physical Test of: Seamless Carbon Steel Pipe Dcte 10/7/69 (T o e
. Received from: Capitol Pipe & Steel Picds., Inc. 6-.4,1:2.7’5-— .
' p : P. O.No. ¥ 44047 7 7)78
b i disane 906604 JTEMS 12§ '
f MARGNG
12"s¢h.100 A-333 |Gr.l
i . Bt .$68328~
J 1 2 3
Unear Inch 1007 0.394 ° 0.394 “t  0.394
¢ “Terails Sirength
Unear Inzh
Transver-s Loca < |
Lbs. Corracied (In. Centers)
Defection
Inches - Correctad
Impocts ST
Notch CI:v:ch
Broken ot %% 50+ 2 T '
r Resistcncs 13 Impact : AV? .ampacc
' h 'L lb& P - A v!l_‘.xe
Brinell Herdness 7 rd o //
%K!. lccd 3600 29.0 37.0 34.0
ell Hardaess Minimum 2verage impdct value recuired
e o Lot a_s.u_E.f_:gr_::_.z,l i 13
" Exvivalent 1o Minimum ihpact valud permitted on cne
ssacimen & O.0fF 1w
Witresszd by
7 >
% Shear 30.0 30.0 30.0
Lateral E:pansien A
hes) 0,0345 0.026 0.033 }
Remarica:

- LIMERICK GENERATING STATION, UNIT 1
PHILADELPHIA ELECTRIC COMPANY
SPEC. 8031-C-2

~3 CBI 70-7198

PORM IF REV. 547 F.0.

¥ 4
LN  6-7-7) o






.58

‘@010 ' MATERIAL HEAT NUMBER SHEET Material Types:
1, Welded Assemblins
- ' 2 (”)' ! - 2 2. Non-Welded Code Matl.
F;HIP/‘:‘EUT - 5E [/IU'T' &= / Y - i" » 3. Non Code Matl ;
"o I ) § vl = |, , feg!
Mark 3{ Material Heat No. }} ":fv.k K. 2 Material Heat No. i;:l
:Q) Deywer.” ZWELT (1) 4#2_/{:%:0'4 Swl, .
' | HSsy  4tep-n Aesy Sy |
(1) -9 349 477/29 Gemar |1
f)nruarunw Sum \[1) wu-0 | - fj 6 GBa04 AH3 ' '
assy 443 w933 [ -"134% 7 Iogu A c.lzl«
(1) &ty | 1 "o Wumy, 208  1/2H() 29’20 |- | - &Jz A2 |21,
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PURCHASER: . LUKENS §._<l COMPANY 910
4.1 Chicago Bridge & Irot coaresvult, PA 19329 A oare. =37
Hr.cognt wﬁmr gl TEST CERMIFICATE cgtﬁw: Bri »
P,0. Box 13308 . Wil GRoRR O, CURTORE 7O e el in “‘ ..1""" °°'-
Presidents Island : B2 ~ 2 S S35 8, v,
Memphis, Tenn, 38101 h817h-2 w198-6 | Ra 7771 DD e 1%
SPECIFICATIONS: - ey e
A-516-69 ‘dr, 70 A-300-68 Class 1 Mod, CBAI Ms-5018 Rev, 1 Bugi 2 16// 0?8 516 Rev, l Bup
i e Toeed . V(A_anshg;;t 111 \untor 1969 Addond.
¥ F e L N S L TR CHEMICAL ANALYSIS weg S ey
___!ﬂL!Oa._4u_£-~4,_ﬂ1_ b*!v’ f_{;/ [ & Si_ . W Ci_ | e v f A
L/ = .“‘ . - . ol
8676 27 /| 1.017 010) 01d ! AR SRR _ A B 3
rgicde | __cmﬁ mi o i |34 Vi e
- 1 c-h‘ : :“l-‘ ‘.’ ;y ‘\? \‘-. '
£ “1-u ] *u ZVN‘:ftkl‘;%/ : 4
B ; i/ N
S h T T D - JV et . B\
Tune |EEIE LT \WATEIIDET: .
VSRS, TR
/ {
/ -939 ! 53 3/9 3‘: » 5y ‘
o ’ 2

@os8ik |18 | 552 773 7| 29
fdate

P1 8 and tests heate i650° QQS‘P
then tempered 1180°F., held 1 ﬁ;,

Test# Btress relipved heating to

We hareby certify that the abpve ma eria
A-516-69 Or. 70 300~ clasp 1 Mod,
cup, 18 (A Sect. 11 & 111 Winte

the requirements pf these bpe {fications,

I?o
7,

We herbby rmMOP above figures
J

'

are correct as contained in the records of the prony,




) LUKENS S(_.L COMPANY i AP
'U:cm“" - °°' COATESVRLE, PA 19320 oae.  T=9-T1 - 'Qb‘o-“.ggs
::u;:u?tm s TEST CERTIFICATE Chicago Bridge & Iron Co ~

'. o. m, 133 . - MILL ORDER NO CUSTOMER PO on.n'ilh. n. . €

Presidents Island

~ Mewmphis, Tenn, 38101 . hB17h-2 i mi98-6 RG 7771 DD ' Tah I i
SA-516-69 ar, 7O, A-300-68 Class 1 Mod, CB&I MS-601B Rev, 1 Sug. 5,16 & OPS 516 Rev, 4 Sup 3 e (-
‘ (ASME Sect, 11 & 111 Winter 1969 Addenda v 5 1
BEND TEST Hv’ HOMOGENEITY TEST ; Sheet 1 of 2 L I |
/ . CHEMICAL ANALYSIS 3
MELT NO C M P S Cu Si_ 1 W Ca Mo v T AL -0  Grain Sige
cB8676 27 |3,01 010 |019 22 6-7 . QO
- / A |
et o5 € " g } Pk e R
: ' oy L B
—l - s 4 9 £
‘ é ¥ & 7L
. Sl -2 ! Rty o §
. ~ | =, A o "'?,? ket
‘ ﬂ AL PROPERTIES \ [\ *K-’-; DN
' MELT NO -y ':'sz "a" GIJ':‘;: = [ ren" ""‘c'_s p E;:“E“ .i: l : DESCRIPTION. | " '1
: ' | i % Shear R AT € (
. , - \ | | [ Eog AR
8676 1B (552 | 773 |29 g7 |64 | 69 |30-30-30|2-232 x 83-3/8 x 3" .y i
) S, utoirlh nsion in inches . s "4 SO
/ , . 060 : 050 : .09 o F AT @
Plates and tests heate $25°9,, held 1/2 hr, jper inch min, and vater quenched to below 400°F, ;'-
| then tempered 1180°F., /2 hr. per inch sin, .dld air :coolod. v ki
/ o
Tests streds relieved by heatiing tg 1150°PF., 14 15' hrs, :and furnece cooled to 600°P. «'“-"« 1*-(\ (
We hireby dertify that ve terial has en sanufascdtured mezaxda acdcording to s
A-%516-69 Gz, 70 A-300- Class 1 Mad, MS-601B Hey. 1 iSup. 5,16 & GPS 516 Rev, 4 ‘D
Sup. 18 (ASME Seqt, 11 Winten 1969 |Adderida), @nd that we have complied with all -
the requirements of th cifications, | | 5
| | N
225~ | | : \
" L | | Anet B IR RS
-éhe.’ébv cerhify the above figures are correct as contained in the records of the company. g _gffgk_
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QUAKZR ALLOY CASTING

A DIVISION OF MARSCO CORP.

Cco.

) it
B3y FAY =)
MATERIAL TEST REPORT

MYERSTOWN. PENNA. 1708 ‘
cusovn s NO | saTidy N0 [ QuAxe? auOv DESIGNATON | SPECIFICATION TSmop 03062 NU783 DATE 3417P€)
g e % 4 8-606 _ 060-1C3 ~ 'ASHME SA352 GR.LCD - ; iR
- CHEMICAL & PHYSICAL !
r = REPORT CHECKED
§ | S 1
. a Atsood ard iorrill oare AT e
‘ £ ATWOOD & MORARILL CO. INC.
5 "4 il

| : .
283.0 "G‘L’i 1?6152‘1

oot lpounds |

! d .
g T
lateral e.}pansqon

s £
o migtile |rract[ure
L-——::;* TZ:?'L’:-.—‘ —

/Lh AT Q23725 Vs

4»‘,'/./0—‘[ a""’A’"

BY

( ( 7~ -
+ N ((21:, castings produced in accordance with AS .
i/3/1¢ < F*1971 and 1972 winter addenda and with Bechtel spec 3031-P-350 and CC100-Pad..
! .i’ s ;_‘;CC‘.OZ—&ieldinq. ¢C103 Mag, and 90- 71-101-ilarkirgs. :
€ < castings produced in accordance with ASHME SA352. All requitemg(ents of Art, 12009
:; ,‘:“'.‘):‘. zect.III 1971 & 1972 Winter add. have been met. . o P
- : - * v..\<°v e
SJ“m N 7 A 7s > (f,?;,".\\”"\
"’_3'_ e e (FECC I . o -1 CEETIFY THE 4BOVE INFOP?ATION 15 CCRRECTT
) ! . OUA)E»"/MEOY/CASTING CcOo
- SAv C5F 1 . .
John Panl Jones -Au‘:zipritet\ Inspector ‘”’7/’;4_-1/‘» ‘ "/-’/
- &7 AT A

{E Boiler and Pressure Vessel Code Sect.II:
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CNN & SAUL STEEL-CO.

ROYURSYOND. PA 194GH

Report of Physicel Tests ond/or Chemical Compesitiens

§ 7/25/75 .
‘ Customer’s Order Mo, Conn & Soul Order Mo,

Customer  \twood & Morrill Lo., Inc. Al-2/ 32759

285 Canal St. : e oD 1-014 (1)
Adbrore balem, ilass. 01970 i12031-01-009(4)
Ateation  Jurchasing Dept,

= P curul:at couro;-nous
HEAT MO, c—_:-u?)-_.r___ s 1T s | e :m | mo | c»

—|— 213043 .23 1.,10) ,011| .V18 .211
Leb. Ma, PHYSICAL TESTS
B | e | | 8 | | im | e, | U5 | M | M |

v
wring [3275) 1 | .505|8,500 | 42,5007 14,000 | 70,000"| 35.9] .070 65.0
m 20,0 £0,0 22L0 Ft, Lijs, 2 plwls' 30°F
8w 52 19 50| mils dat. Exp J
15 L5 15| percent |shear /
BY/%
DATE Vivi

OTHER TESTS ATWOOD. & Rsormiit Co NG

i Lo CA3 Iroc. #388, lev, 106 wsiod. 2(4725/75) de certify the meterial neets
wtrach, ”1“0/25/7)) Usiva the requirements of the speci-
fication and/or I.0.

20500 m R S S

Custemer’s ”“m,m_;‘,g ASiie OAs 3,0 Ur. LF<2 o g Y. P 35,01_);)
rpy "V Jupacts A0 nils Lat, wxp. ‘!’plus 30°F v 79,000 i
Lbs., and percent shear for Info. 3 22 o CHEMICAL & PHYSICAL
30 Carbon _______ oy 23V REPORT CHCCKLD..

THE ABOVE TESTS COVER THE FOLLOWING MATERIAL: Vs .
S/ o S-3/4" ANSEE. ¢ . nrwom&ec’la.

. _2_! dia., % 4" thic \‘ —
m o m i oare._ 32635
U s serialized 11' thiu 8 y a, / ATHCOD % WORFILL CO. NG

,‘&P)# /e.e/ﬂ“”/)r#f / o"'g

\:‘L
.
e

CANN & SAUL STEEL €O,

e emad

.. Mﬂl"h“

DA IIS) ./‘{,,)7‘;&,

y(.. pd(/M -
Jones

J
(") AT, 243 >r- "‘ﬂ/&tg/ o "*’/’f"/ Ag?nog?‘;ld Tnspertor 197
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BOYENRSFOAD. A 10y D

csical Tests ond/or Chemicn!

SAUL STLEL-CO.

Compasitions

» /e5/75 "
Custemer’'s Order No. Conn & Sou! O«der Mo,
Customer ¢ yood & Horsill Lo., Ines Al=245 32759
285 Canal ot. Ref. J1-014(4)
Address balem, #lass, 01270 ileuil-01-009(4)
@otansien Purchasing Dept.
| ”,_-;”Mlc«‘_L COMPOSITIONS
HLAT NO. 3 e | ’ o —sl—"‘ T en NI MO cn
—l W r
!i)(m} .23 1.101 L1111 V18| .21
Leb. Mo, PHYSICAL TESTS
e | mmemecn | e | s [ veeme [ ament | wiwa | now | scie | e | one
ST - v - v
Farging |3275) 1 .505( 8,500 | 42,500 |14,000 | 70,000 | 35.0| .070 65.0
s:y:lfm oo 120.0 0.0 2200 Fr. LysT @ plus 30°F-.
paneT 52 .- {9~ 50| mils dat. Exp{': [ o e
f 15 ‘5 15| percent |shear ? AP“DROY"—D -
BY. /{j&_@am} Lo
patt 9/ 23 [ 7%

OTHER TESTS

_ATwoOD & boRnitL CO INC_

onie C&L5 Iroc. n3z-’~l

. Atvach. y1(4/25/75

’ Sev. 16 riod, 2(4/25/75)
e lve

de certify the matorial meets
the requirements of the speci-
fication and/or P.0.

FCmumn Specificotions: A 502 Sa-350, ur. L¥ 5 v N Y., 30, OUJ
i nyn lepacts LO kils Lat, wxp. o pl§s %0 i 79,0
Egs. and percent shear for Info. ¢ \& 3 )zoC'lLNCAL & PHYSICAL
S Eachon. oy AR SV A, SRR, TN 302 _ REPORT CHECKED_.
gy ——
THE ABOVE TESTS COVER THE FOLLOWING MATERIAL: . Th
. 231/ 5-1/4% thi » nv-.’w.ﬁa.n-&'m.
- Cover o ings 23=1/4" din. x K" th " o
Fa'rings seriali/cd ,/l"thxu 8 \ ,?,';}'L"D‘-i*uﬁjﬁm
( > ucs
" A »
‘4'4& )‘bﬁ /'”/ﬂj‘ / 45 /( CANM & SAUL STEEL CO.
,)\,,/, ‘/ oot [
8 ’(M.:-;/c.; ..1/,.)Z.‘A}. ."::.’."x" ‘4 72 \)1 ‘ ‘m... AL A
C;/ vi;uuuuu%Al}—s‘{f

P arr 2 .-

L e (Mw/'c:a"mt

John ranl TOnnn
Mthoriz d Tnspertor

193
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4

7 QUAKER ALLOY CASTING CO. ’ _ MATERIAL TEST REPORT ;

o MYEASTO™N, PENNA, 17067

»-“.‘--"--— SN PATTER MO QUAKER ALLOY DESIGNATION SPECIFICATION SHOP ORDER NUABER . DATE m’g_
b 3 16522-30547-6Q1 _ C50=1CD [ ASNZ SA352 CR.ICD R-\N-5
ci B
s
4 Atwoosd and ilerrill )
4]
:: ! -_J
ER——— CSTG, ReTe
R oo . { & | ® ; 3 ! Cr Ni Mo \’n?? tz:oss.lm no;r ::?A;; aon. g ;-
e —_— . ’ ‘ . 1
-~ ‘ 4 I ' -~ g -
6539_&.'_‘;4:9’ | o 42 ;~'3--’=%_o011; 40,000 173,200 B1.0 65.7 rc;»gp-a‘ 1475 1
' ] | B
! ; N o act Vv .‘ot!ch "ldts.}o?.“ 59-55-69 fo3t pounds
r i : i I I
; ; ; ' 3 | 65=-54L53 latl:ral jespar rision ‘ '
| ! g i | )
_'_3",’ | | l I B - IJSI-QGI-SO e_zsactile 'racture R =
rot 7::1.?1,.-9—'— )
nlag
i i v ST * Mrorasit Co
t = | Cartines produced in accordance with ASIC Doiler and Pressure Vessecl Code STct.IXT 1971 anrd
- *?derda 72 and with Sechtel spec 3031-P-350 and (100 - Rad, €C102 - Weling, CC103 - Mag,
- el ’:. ., 72 .:01 ~ arkiies; ard with 83352, All special requirerents of Art. IIB2000 Sect. III
(‘* P l 11 and 1972 Winter iddenda have been met. A - .
P - ‘" y e 2 " - \ AP
2 ’.\ "'/‘ J, ?’; :/ -\ A
i .—'— ¥ ,}ﬁ ) “I CERTIFY THE ABOVE INFORMATION iS5 CORRECT”
- o 2278 : QUAKER ALLOY CASTING CO.
W 2- 0L ,
< / " ! -
=

BY i .
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CUAKER ALLOY CASTING CO.

Al 137N e 2
’M’ ‘

MATERIAL TEST REPORT

N
%, ‘.'}/ A DIVISION OF MARSCO CORP.
t‘n'..;_’ g PAYEISTOWN, PENNA. 17067
' '!
:?:.:_-_.'_'. resta e PATEIN MO QUAXER ALLOY DESIGNATION SPECIFICATION SWwOP ORDER MUM2IR DATE SwoPED |
%126171 | 15553-30345-601 Q50-1.C3 ASME 5A352 GR.ICC . g os
e i | &
- ! £
i < /TS
-3 : 1 (’é\a
3 Atwood 222 lorrill
: ’ _J ‘/‘
s sl ¢ 1 @ ’ ' : o TESILE QaoNG. | w0 of [ € N B s
* : 2 e ‘ S ‘ P \ S l Cr Ni Mo PSSt PSH “ ALA ‘l".R-J! Tt Sﬂ"ft.[
e o 1 ' . -5 puanve RO x
2658y »22 _-53. 1460 10020 001 49_‘900.__13.OOLLJ!LQg$5,iE§_@2“B w477 11 |
f | | cSEspy I ¢ woteh Plug 3007 | 8/ f89-65-69 | foot pourds
. ; i | ‘ ‘ \ O‘L
: R il i 65-5¢=53 - nateral expansi
: | | | : .
' v i e ‘ » P"GP'” |_% ggg;gL;_c_g acture

-
RR

“hari=ed Tnsnector

; "-: “ ?‘f) ‘
i ¢-~nings precusa? in arcordance with ASME Doiler ard Pressure Vessel Code Sact.III 1971 and \
| s j=tcr 2ddenda 72 ang +rith Dechtel spec 8031-P-350 and cc100-1ad, cCr02-veldinrg, CC103=32g,
: & e Tl-131-linzning s ard it 5235260 All Specia.llieq'nretzents of Art. NB2000 Sect. III ‘
i -" anl "'?,Z:,."-.'.:Zl?'«‘"i?':‘———“h hgve been zet. M CHEMICAL & PHYSICAL t
| e AR £PORT CHECKED
" ”/5 7J ),i,., 3 (ST L0 L S T U o REPORT CHL
| ] / -~ z. 7 " ' -s\ - s
QC.8 ; Sl ¢ by sl s
i . N x o BY Sl At B2 e ]
!_ - it \_/J [ “"""‘/f 5 |
; “‘ a = cr:“ :r.:_‘.:a oo s ;.'; yE Az.um “] CERTIFY THE ABOVE f,‘gf;'f).qrj,!:::r_‘.C,*;‘ is Cﬁpg'ggy':";‘
\ Wewen r nrpassdl L LOY. CASTING CO.
N K f'\ SAav o 19 ?l‘,‘ ,7 s“ \
- s ™ PY, Y 227 John Panl Jon 2 /1
4 . £ - . 11 es (/4“‘?}/\/
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QUAKER ALLOY CASTING CO., MYERSTOWN, PA. &9
Report of Chemical Aulnhndl'hy:lall’nperﬁu

————— o e mr———

CUSTOMER Mﬂl—& o owO¥RNe. /- 324D

e PATVERN Mo, /6 1Y 381V 7 80/

26"

€554

BElTneds 4/

FILE

L2 EEND

&.

— mrmcaniong 749

ADDRESS
_ AVTENIION OF —— ——————— SPECIFICATION !f@(ﬂéér_lrfd___ | 2 Ly auy
) ] 1 . %5 = | [ - Floc l"A‘l.r:' M- E .zé“l“— | -l
EAT Na. | € Ma L > r s Cr Ni Mo : 'f:flt :ﬂ:i!'- rr:: Jer "'i«’, I e
, g
16 Los | H T L0124} 473 | | |#35e|ZFswe|275|53 xr’lﬂw Azs
+ - - | » | - - e il ' 3 el SV IO B I Kz,’
| | 4 I : ‘ | J
4 ¥ oal " ! S SURN VS SNNDEY SRS W SO TSITED ST 4
| i i 1 . y _ ¥ 7 -
+ - f——t - praes | L

GHEMICAL & PHYSIGAL
HEMICAL mm"&‘i . 1.2

. ®1.7) Auvthorized Inspector

M

QUAKER j

CASTING CQQ //

//,/

/‘\4 (x7.
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. 1/ 7.

- C. N & SAUL STEEI .0.Z2-5:
LN P o PR

Dete 9-21-71

iy coyig o

Cumemer Atwood & Morrill Co.,Inc,
285 Canal St,
Adinw Salem, lass, 91970

Amestion  Purch, Dept,

J CHEMICAL COMPOSITIONS
HEAT NO. 14 -~ ’ ] L) c L1 MO (=}
219222 «30 | .68 | ,009| 0L | ,29
Lok Mo PHYSICAL TESTS
e | o | oo | 00 | oo, | o | ewas | Sae | e | ae
Porging | 7375 2 |.505 |9,400 (47,000 |15,100| 75,500 | 30,0 | .058
OTHER TESTS
Ultrasoric to '»&3 Proc., A388, Rev. 4: 0.K. 9-22-71
Mag. Part. C&S P&V #L.
Heat Treat Procedure C&S #1.
Customar's Specill stianss m“-m. Ur.f .e W
v« 70,000
e 22
. v J
THE ABOVE TASTS COVER THE FOLLOWING MATERIALY 1 ‘8
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Stress Intensity Factor Kj Calculations for Assumed Flaws in
24-inch Feedwater Check Valve Body Castings

1. Bechtel prepared a report, Acceptability of 24-inch Feedwater Check
Valves, Technical Report No. 1183-05EV, Revision 2, May 1984. It
provided several justifications including a fracture mechanics
evaluation to support the acceptability of the feedwater check valves.
The fracture mechanics methodology used and actual step-by-step
calculations are presented below in support of the use-as-is

. recommendation.

2. The Class 11 shrinkage criteria for X-ray examination of valve body
castings were conservatively equated to a 3.50-iach long crack for
the purpose of calculating K;. This flaw was assumed to lie normal
to the principal stress (memérane and bending stresses). For a mid-
thickness flaw, the width (2a) was assumed to be 1.00-inch. For a
surface flaw, the depth (a) was assumed to be 1.00-inch.

(a) The methodology of ASME Section XI, Appendix A, Analysis of
Flaw Indications, was used to calculate Kj.

K,-a.M.J;vO/Q**O.H.J;va'Q )

where
o, o,=membrane and bending stresses, psi, in
accordance with A-3200
a=minor half-diameter, in., of embedded
flaw; flaw depth for surface flaw
Q="flaw shape parameter as determined from
Fig. A-3300-1 using (o, + 0,)/0, and
the flaw geometry
M, =correction factor for membrane stress (see
Fig. A-3300-2 for subsurface flaws, Fig A-
3300-3 for surface flaws)
M, =correction factor for bending stress (see
Fig. A-3300-4 for subsurface flaws, Fig. A-
3300-5 for surface flaws)

(b) The results of calculations in the attached sheets are summarized

as follows.
Stress Intensity Factor Kj ksiy/in |
(For flaws in flat plate) ‘
For design stresses Midthickness Surface %
Membrane stress = 18.5 ksi 26 32

Bending stress = 10.2 ksi

For conservatively
assumed stresses

Membrane stress = 20 ksi 30 36
Bending stress = 20 ksi




(c) The membrane stress correction factor My was compared with a
correction factor F for surface flaws in an internally pressurized
cylindrical body. See Sheet No. 6. Using an adjustment factor
(F/Mpn = 1.27), the following values were obtained to represent
K; for the assumed flaws in the valve body castings.

Stress Intensity Factor Ky ksi/in
(For flaws in cylindrical bodies)
Midthickness Surface

For design stresses
Membrane stress = 18.5 ksi 26 40
Bending stress = 10.2 ksi

For conservatively
i ssumed stresses

Membrane stress = 20 ksi 30 46
Bending stress = 20 ksi |

The maximum internal pressure during the 40°F lowest temperature
operation is 1180 psi as compared to the 2100 psi standard calculation
pressure for the above design stresses. The membrane stress cor esponding
to the 1180 psi internal pressure is 10.4 ksi. Using this value and the
conservatively estimated 20 ksi bending stress, Ky calculations resulted
in the following values.

Stress Intensity Factor Ky ksi/in
For flaws in cylindrical bodies)
Midthickness Surface
Membrane stress = 10.4 ksi
(corresponding to 409F initial
temperature) 17 25
Bending stress = 20 ksi assumed

Estimated values for Kj. from CVN energy absorption in certified
material test reports are 110 to 190 ksiyin (corresponding to 34 to
74 ft-1bs). These values give an ample margin against the above Kj values.

A surface flaw, 3.50-inch long x 1.00-inch deep, is a grossly
exaggerated assumption for a valve body casting which was RT and MTed.
This was done only to demonstrate the unlikelihood of brittle fracture.

Because of the solidification pattern of a casting, shrinkage will
occur around the midthickness. Equating that to a flat crack-like
flaw is still another conservative assumption.

The number of thermal transients and loading conditions are such that
fatigue cracking will not develop from the above flaws. This is due
to the low number of thermal cycles and low stress intensity factor

ranges (AK).

A K1 value of 90 ksiyin cn page 9 of the Bechtel report (No. 1183-05EV)
is a typographical error of 50 ksiyin, which was a value by rounding off
46 ksiyin for the worst case.
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T Q T The influence-coefficient procedure was applied 10 obtain
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Fig. 3 Distribution of influence coetficlents slong crack fromt for
somicirculer ‘memal or oxtomal surface crack in cylingrical vesss!
mu.u;uc-u:m-m
cylinder under the desired loading. The hoop stress
distribution is then expanded or fitted into the form
3
o= Az &)
/=0

where 2 is measured from the proposed crack mouth toward

the crack front (see Fig. 2A0)). Rewriting equation (3) 1o agree
mmfomafmtion(l)gvn

3 2\’

Op = Ao | - 4

- Lae(7) “

where the term A,0' is the scale factor to be applied to

equation (2) o0 obtain the corresponding  stress-intensity

factor. The stress-intensity factor for the oy distribution is

then given by

)
x,.,/.é Y640 )
/%0
The G, values for all crack configurations analyzed in this
nudymmiu'l‘lﬂaltmou;hd.
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the stress-intensity factors for internally pressurized cylinders
with internal and external surface cracks.

internal Surface Cracks. The stress-intensity factors for
an internal surface crack in an internally pressurized cylindes
were obtained from equations (3) through (5) using Lameé's
solution [11] for the hoop stress (0e) In an uncracked in-
ternally pressurized cylinder. For convemience, the stress-
intensity factor was written as

a a 1 0)

TR

e
N éF, (

where pR/t is the “‘average’ hoop stress and F 15 the
boundary-correction factor for a surface crack on the nside
of an internally pressurized cylinder. The expression for F . in
terms of G,. was obtained from the first four terms of a
power-series expansion of Lamé's solution with the coor-
dinate origin at the inside of the cylinder, plus the internal
pressure applied to the crack surfaces The result is

r,aé(Ef‘:’—ﬁ)[zco-z(;)c..s(;):c;
(3)'e)

where each G, was obtained from the appropriate finite.
element solution (Tables | and 2) for the particular values of
t/R.a/c,a/t,and ¢.

R

)

External Serface Crack. The stress-intensity factors for
an external surface crack in an internally pressurized cylinder
were also obtained from equations (3) through (%), again
using Lamé’s solution. The stress-intensity factor was written
as

ke B e gr (2. L)

where F, is the boundary-correction fac.or for a surface crack
located on the outside of an internally pressurized cylindsr
The expression for F,. in terms of G,, was obtained from the
first four terms of a power-series expansion of Lamé's
solution with the coordinate origin at the outside of the
cylinder. The result is

(8)
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