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INPORTANT NOTICE REGARDING
CONTENTS OF THIS REPCRI

Flease Read Carefully

The only undertakings of Ceneral Electric Company respecting information
in this document are contained in the contract between the customer and
Ceneral Electric Company. as identified in the purchase order for this
report and nothing contained in this document shall be construed as changing
the contract. The use Jf this information by anyone other than the customer
or for any purpose other than that for which it is intended, is not
authorized; and with respect to any unauthorized use, General Electric
Company makes no representation or warranty, and assumes no liability as te
the completeness, accuracy, or usefulness of the information contained in
this document.
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ABSTRACT

This report documents the technical basis for the design of weld overlavs
for the Oyster Creek Shutdown Cooling and Core Spray Systems and the

subseguent shrinkage analvsis The two following analyses vere performed

¢ A weld overlay analysis was performed for one weld (NU-3:5) in the
Shutdown Cooling System, two welds (NZ-J-4) and N2 .3.44) in Core
Spray Systes 1 and one weld (NZ.3.95) in the Core Spray Svstem 2

¢ A shrinkage snalysis vas performed to determine the effect of the
shrinkage from one overlay on the Shutdown Cooling System and the
three overlays on the Core Spray Systens

The overlay designs are consistent with the requirements of the ASME Code
Section XI, NUREG-0313, and the NRC's Ceneric Letter 88-01 The results
verify that the wveld overlay designs are acceptable for at least one more
operating cycle. The NRC has granted approval for plants to operate for
more than one cycle on a case-by.case basis, howvever, from ar [C5CC
viewpoint, full structural overlays have no i{nherent limitation as to length
of service.

Since there are no specific ASME Code requirements regarding shrinkage
stresses, the magnitude of the stress was compared to tk material yield
strength. Since the shrinkage stresses are well belovw the material yield
strength the stresses are judged to be acceptable and will not influence
stress improvement. High stresses in the 1 inch sockolet pipe section were
anticipated and the sockolet was uncoupled from the bracket during the
application of the overlay, thus precluding high stresses in this section of
pipe.

In a recent letter distributed by NUTECH, an issue of air gap and set-point
changes due to piping repairs or stress improvement wvas ralsed An
out-of-tolerance condition can be avoided by performing a plping systen
support wvalkdown and resetting air gaps and set-points to the original
specifications.
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1. INTRODUCTION AND SUMMARY

During the 1990 in-service inspectior of the Oyster Creek Unit 1 Shutdewn
Cooling Tystem and Core Spray Svstems, four welds were found that had
indlcations exceeding the ASME acceptance standards Table | contains &
sumsary of the indications for each System Each of the welds vere repaired
with & full structural overlay, the overlay designs are shown (n Figures |
through &

This report documents the technical basis for the design of the weld
overlavs and determination of the shrinkage stresses.

Neld overlays were designed to support the entire pressure, dead welght and
seismic loading in the pipe with the conservative assumption that the crack
extends through the wall of the original pipe for the entire circumference
Therefore, uncertainty in flaw sizing does not influence the wveld overlay
design. The thickness is specified after the application of the first
Layer, howevaer, the first layer may be included In the total thickness if
the ferrite content is shown to be greater than 8FN.  The weld overlay
designs are consistent with paragraph IWH 3642 in Section X1 of the ASME
Code, NUREG-0313, and the NRC's Ceneric Letter 88.01.

Shrinkags. Stress analyses modeled the local axial shrinkage that results
from application of the weld overlay This induced axial shrinkage will
produce stresses throughout the piping system up to the first fixed support
on either side of the weld These stresses vere reviewed to determine that
yield s not exceeded,

The results of the analyses verify that the weld overlay designs are
acceptable for at least one more operating cycle. The NRC has granted
approval for plants to operate for more than one cycle on a case-by-case
basis, however, from an ICSCC viewpoint, full structural overlays have ne
inherent limitation as to length of service.

R41-0691 WP « 1 s
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2. VELD OVERLAY DESICN

1. deld Overlay Process

The weld overlay design consists of & continuous 160" band of weld metal
deposited over the ocutside surface of the pipe directly over the indication
The overlay veld netal {s Type JOBL stainless steel containing low carboen
and high ferrite  This material has a very high toughness and |s resistant
to Intergranular Stress Corrosion Cracking (1GSCC) The weld metal is
deposited using an automatic gas tungsten arc welding (CTAW) technique with
stagnant water on the inside surface of the pipe The procedure for
application of the overlay is described In Reference 1

2.2, ¥ald Overlay Design Methodology

In designing a full structural weld overlay, the crack is conservatively
assumed to extend through the original pipe wall thickness fer the full
circumference of the pipe. Making this assumption, the veld overlay design
{s independent of the size of the indication.

The weld overlay effectively increases the pipe wall thickness with Type
JOBL stainless steel weld material that (s resistant to IGSCC. Therefore, a
crack growing through the wall of the pipe is unlikely to extend into the
overlay. Growth of the crack into the overlay is alsc mitigated by assuring
that the first layer meets a ferrite content greater than 8FN. If the first
layer fails to meet the ferrite requirement, additional layers are deposited
until the required ferrite content is obtained. The layers that have a
ferrite content less than 8FN are excluded from the overlay aninimum
thickness requirement. Mitigation of crack growth into the wold overlay
will be confirmed by future inspections.

The overlay thickness is designed so that a factor of safety of 3 0 (s
maintained against net section collapse for normal and upset load condition

R41-0691 WP « 3 -












3. WELD OVERLAY DESICN

As stated previously, rthe wveld overlay (s designed using an iterative
approach. The thickness is adiusted until the structural margins defined by
the ASME Code are achieved For this analysis, the {terations nmade to
arrive at the final overlay thickness are not shown. Only the calculations
for the final overlay thickness are Included to show that the designed
thickness is sufficient, see Tables 2 through § Sample calculations for
tie Shutdown Cooling Weld NU-1.5 are described in detall below.

3.1 §eld Overlay Thickness

The sinisum overlay thickness was determined to be 0.2) inch excluding the
first layer. For this overlav thickness. the important dimensions and cross
sectional properties are.

Pipe + Overlay Thickness, K &t = 0 760 + 0 225 « 0. 985 inches
Pipe Inner Radius, Ry = & 24U inches

Overlay Outer Thickness, K R, « 7 225 inches

Nominal Radius, R = & 733 inches

Cross Sectlonal Area, A = 4l 667 inch?

Bending Inertia, 1 = 949 365 in*

3.1.1. Applied Stresses

The pressure for this piping 1s 1 275 psig. the dead veight axial load is
0 lbs (Fg), and the OBE axial load is 0 1lbs (Fg). The loads were supplied
by GPU Nuclesr (Appendix A)  Therefore. the primary membrane overlay stress

is thus

'."'M/RC’le’F.)fA.
o (1275 palg)(7.225 in) / 2(0.985 in) + 0 = &4 676 psi

R41-0691 WP 8




Table 2 - Oyster Creek Shutdown Cooling Systen

Pipe:to-Elbovw Weld NUJ.5

R AR A e R LR 22 FRRRNR R AR R R R R R R R AR R R R RN

PLANT ID: OYSTER CREEX
wELD 1D NU-3.%

PIPE THICKNESS « 0 76 INCH
PIPE DIAMETER = 14 00 INCH

PRIMARY STRESSES

PRESSURE - 5.87 K81
DEAD VEIGHT MEMBRANE = 0 00 Ks!
DEAD WEIGHT BENDING « 1 .65 KS!
SEISMIC MEMBRANE « 0.00 Ks1
SEISMIC BENDING = 021 K81
SM WELD MATERIAL = lo.95 KS1
SM PIPE MATERIAL « 16.95 K81
T PR (KSD) PM+PB  PM+PR/)

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

0.22% 0.772 “ 676 1.402 13.599 6.078 6.092

PRIMARY STRESSES:
M -4 676
FM+PB - 6078

MINIMUM REQUIRED WELD OVERLAY THICKNESS = 0.225 INCH
MINIMUM REQUIRED WEL. OVERLAY VIDTH = 2.3 INCH

SR SRS R RS SRS RS E RS RS SRS eSS
L I L O N U T U T T O T T O U U T TR R T

|
|
i
|
|
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Tabl. 3 - Oyster Creek Core Spray Svysten
Pipe-to-Elbow Weld NZ-3:4)

O.'IQ.Q.O."........'....0'....'....0‘.'..!QQl...'.....'."...'...'..

. .
. .
- PLANT ID: OYSTER CREEK .
d WELD ID: NI=3=4) -
. L
- .
. F.PE THICKNESS = 0,53 INCH .
. PIPE DIAMETER = .63 INCH .
L] .
. PRIMARY STRESSES: .
. PRESSURE = 5.09 Ks8I .
. CEAD WEIGHT MEMBRANE = 0,00 KSI .
¢ DEAD WEIGHT BENDING = 1,06 KSI1 ¢
. SEISMIC MEMBRANE = 0.00 K81 *
. SEISMIC BENDING = 0.3]1 K81 ’
. SM WELD MATERIAL « 16.95 K§1 ¢
. SM PIPE MATERIAL = 16.95 K81 .
. .
LJ .
- .
. T PB  (KSI) PM+FB PM+PB/) .
- - ’" - W - L]
. wOoT T+WOT (KSI) REMOTE wOoT (REMOTE) (wOT) .
. »
. v.1138 0.797 4.180 1.072 12.083 $.3%2 $.421 .

.
. ‘
- .
. PRIMARY STRESSES: ¢
. PM = 4.180 .
. PM+PB - 5,252 .
. '
* .
. MINIMUM REQUIRED WELD OVERLAY THICKNESS = 0.13% INCH .
. MINIMUM REQUIRED WELD OVERLAY WIDTH = 1.5 INCH :
: :
R R R R R R R R R A R A R R R R R

RG1-0691 WP s Y.



¢ MINIMUM REQUIRED WELL ERLAY THICKNESS = 27% 1}

. MINIMUM REQUIRED WELI ERLAY WIDTH - " INCH
»
.

AR AR AR RN RN AR R AR R AR R A AR AR AR R R RN RN AR R RN RN A AR R R AR AR R



Table 5 . Oyster Creek Core Spray System

Pipe-to-Reducer Weld N2-3-.9%

0'?...l.'.'..'..'....'.I'O......l.l.........O'....'..I‘..OQ.'....Q.I.
. -
. PLANT IM: OQYSTER CREEK .
. WELD ID:  NZ=3-9§ .
. .
. PIPE THICENESS = 0.53 INCH .
. PIPE DIAMETER = §.6] INCH .
. PRIMARY STRESSES: .
. PRESSURE « §.09 k81 .
. DEAD WEIGHT MEMBRANE = 0.00 KSI .
. DEAD WEIGHT BENDING = 2.47 kS .
. SEISMIC MEMBRANE « 0.00 KS8:& .
. SEISMIC BENDING « 2.8% KsI .
. SM WELD MATERIAL * 16.95 KS§I *
. SM PIPE MATERIAL e 16.95 Kks: '
. B
- .
. .
. P8 (Fs) PM+FR PM+¥B/) .
. - - ’“ - - - -
. wOT T+wWOT (KS1) REMOTE wOT {REMOTE) (WOT) .
- .
. 0.200 0.726 J.86) 3.742 19,3468 7.608 7.736 .
. .
- -
. -
. PRIMARY STRESSES: .
. PN « 3,863 i
. PH+PB = 7,608 .
- -
™ -
* MINIKUM REQUIRRD WERLD OVERLAY THICKNESS = 0.200 INCH .
. KININUM REQUIRED WELD OVERLAY WIDTH = 1.5 INCH *
- .
. -
R R R L R e

R41-069L WP - 11



The normal and upset deadweight moment is 163 667 in-lbs {M4) and the OBE
seismic moment s 20 534 in-lbs (Mg) as shown (n Appendix A Therefore. the
primary bending stress (s thus

Pp = (Mg + Mg) Ry, / 1 =
(163667 in-1bs + 20534 in-1bs)7.228% in / 949 .36% (n %

= 1,402 psil

The dimensions and cross sectional properties for the original plpe are as
follows:

Pipe Wall Thickness, d = 0 760 inches,

Pipe Inside Diameter, ID = 12 48 inches,

Pipe Outside Diameter, 0D = 14 00 inches,

Pipe Cross Sectional Area, A, = 31 612 inches?, and
Pipe Bending Inertia, I, = 634.970 inch®

3.1.2, Net Section Collapse Stresses

The design stress intensity for the base material for Type J0BL stainless
steel at 550°F is given in Table I-1.2 of Reference 5 as

Sg = 16,950 psi
Since the Type 10BL stainless steel weld material has a greater strength.
the pipe material properties will conservatively be used. The flow stress
is defined as three times the design stress intensity, or

og = 3 Sg = 50,850 psi

For the 4,676 psl membrane stress calculated above, the neutral axis angle
ig calculated as

B==x(1l-0760/0.985 - 4676/50850 ) / (2 - 0.760/0.985 ) =« 0.3490 rad

R41-0691 WP
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as described in Section J. 1. The bending stress in the overlaid pipe at net

section collapse o the cracked section is
Pre = | 2 (50850) / w | ( 2 - 0.760/0.985 ) sin(0.3490) » 13599 pai
3.%.3. Factor of Safety to Net Sactior Collapse

The ratio nf net section collapr2 stresses in the uncracked, overlaid pipe
over the applied stresses due to pressure, deadweight and OBE seismic loads,

yields the factor of safety of
(Pp + Ppe) / (Py + Pp) = (4876 + 13399 / (4676 + 1402) « 3.01

This factor of safety meets the required factor of safety of 1.0 for normal
operating and upse. condition per Paragraph IWB-3642 of Reference 2.
Similarly, a factor of safety of 1 5 was met for the emergency and faulted
condition, Therefore, the minimum weld overlay thickness of 0.23 inch
excluding the first layer is sufficient, The weld overlay repairs for each
weld are shown on Figures 1 through &

3.2. Weld Overlay Width

As described in Section 3.2, the overlay must be a plied for a width of at
least 1.0 JTEE) or O.SJTEE) on each side of the weld centerline. Therefore,

L=0.5/ (Re) =0.5/ ((7.00 inch)*(0.760 inch)) = 1.15 inches

on each side of the weld centerline to meet structural regquirements.
However, to ensure the ability to conduct UT inspection of the indication
after the overlay 1s made, an overlay width of 6.27 Inches is specified,
The minimum thickness requirement is applied only over the width that is
required for structural reinforcement. For the width outside of 1 15 inches
on each side of the weld centerline the minimum overlay thickness is

optional, however a flat surface for UT inspection is required.

R41-0691 WP R &
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4. WELD OVERLAY SHRINKAGE

Shrinkage analyses vere performed to simulate the local axial shrinkage that
results from application of the weld overlay This induced axial shrinkage

will produce stresses through the piping system

“.1. Methed

The analysis was performed using the piping anulyuis'code. PISYS.,
(Reference 7) Three shrinkage analyses were performed, one for the
Shutdown Cooling System and two for the Core Spray Systems (one for each
system)  These four cases are shown in Table 6 (vee Appendix B for piping

configurations and weld locations)

4.2, Assumptions

The weld overlay shrinkage values are based on measured shrinkages for each
weld overlay. The shrinkage values and welds analyzed for each case are
summarized in Table 6. The width in Table 6 is the distance along the pipe
over which the shrinkage is aoplied in the model. This distance is the
width of the overlay excluding the one-to-one transition on each end of the

overlay. The stresses are summarized in Table 7

4.3 Results

Currently, there are no specific ASME Code requirements regarding shrinkage
stress. However, weld shrinkage stress is similar to cold spring stress and
a measure of acceptabilitcy is that the stress be below the material vield
strength. The shrinkage stresses shown in Table 7 are acceptable since the
stresses ate well below the material yleld strength. The weld shrinkage
stress, which could be considered a sustained stress, only requices special
evaluation for crack indications that are recommended for operation "as-is"
or for welds on which stress improvement has been applled. However, there
are no indications that are cperating "as-is" at Oyster Creek and the

stresses are to small to influence stress improvement.

R&41-0691 WP - 14
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It should be noted that the shrinkage stresses in the 1 inch seckolet pipe
section in the Core Spray Svstems | and I were quite large., Howvever, this
condition was anticipated and the sockolet was uncoupled from the bracket
during cthe application of the overlay, thus precluding high stresses in this
section of pipe

In a recent letter distributed by NUTECH, an issue of air gap and set-point
changes due to piping repairs or stress improvenent was raised The issue
was motivated by the observation of an out-ot-.talerance condition for air
gaps and set-points at two nuclear power stations. A root cause analysis
concluded that the out-of-tolerance was possibly caused by axial shrinkage
on vertical risers. This situation can be avoided by performing a piping
system support walkdown and resetting air gaps and set-points to the
original specifications.

R41-0691 WP .15 -



Table & Weld Overlay Shrinkage Cases

Case 1: A shrinkage analysis of the Chutdown Cooling System
with shrinkages on the pipe-to-elbow we'd NU-3.5

SHRINKACE WIDTH
WELD {(inch) {inch)
NU-3.5 0.21 §.25

Case 2: A shrinkage analysis of the Core Spray System 1
with shrinkages on the pipe-to-elbow weld NZ-3-4)
and the pipe-to-reducer weld NZ-3-44

SHRINKATE WIDTH
WELD (inch) (inch)
NZ-3-43 0.2% 6.27
NZ-3-44 0.33 $01

Case 3. A shrinkage analyais of the Core Spray Systea 2
with shrinkages on the pipe-to-reducer weld NZ-3-95

SHRINKAGE WIDTH
WELD (inch) {(inch)
NZ-3-95 0.3 5.03

R41-0691 WP - 16 -



Table 7 Summary of Shrinkage Stresses

Case 1 A shrinkage aralysis of the Shutdown Cooling System
with shiinkages on che pipe-co-elbow weld NU-3.5

SHRINKACE STRESS

WELD NODE (ksi) '
NU-3.5 222 0. &
MAX IMUM 30 0.6

Case 2. A shrinkage analysis of the Core Spray Systeam 1
with shrinkages on the pipe-to-elbow wveld N2-3-4)
and the pipe-to-reducer weld NZ-.3.44 :

SHRINKAGE STRESS

WELD NODE (ksi)
NZ-3-43 15 1.5
NZ-3-44 13 1.7
MAXIMUM 10 2.3

Case 3: A shrinkage analysis of the Core Spray System 2
with shrinkages on the pipe-to-reducer weld NZ-3-95

SHRINKAGE STRESS

WELD NODE (ksi)
NZ2-3-95 13 1.5
MAXTIMUM 7 1.7
R41-0691 WP - 17 -



5. CONCLUSIONS

The weld overlays showp in Figures 1 through « are full structural weld
overlays and are designed consistent with Section X! of the ASME Code.
NUREG-0313, and the NRC's Ceneric letter 88-01. The weld overlay designs
are acce~table for a least one more operating cycle. The NRC has granted
approval for plants to operate for mere than one cycle on a case-by-case
basis, however, from an IGSCC viewpoint, full structural weld overlays have
no inherent limitation as to length of service.

Since there are no specific ASME Code requirements regarding shrinkage
stress, the magnitude cof the stress was compared to the materfal yileld
strength. Since the shrinkage stresses are well below the material vield
strength the stresses are judged to be acceptabie and will not {nfluence
stress loprovement., High stresses in the 1 inch sockolet pipe section were
anticipated and the sockolet was uncoupled from the bracket during the
application of the overlay, thus precluding high stresses in this section of

pipe.

In a recent letter distributed by NUTECH, an issue of air gap and set-point
; changes due to piping repairs or stress improvement was raised  An
out-of-tolerance condition can be avoided by performing a piping systenm
support walkdown and resetting air gaps and set-points to the original

specifications.

R41-0691 WP w18 -
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0.23" Min

R E—_—— JE— -

iveriay Thickness

“ Excluding First Laver

<
\\‘

First Laver of Overlay —~

PIPE ELBOW

Notes

FIL:- .

A. 28" mun width required for struclural reinforcement;
minimum overlay thickness is required for this section,

B 'amimum overlay thickness is optional ocutside the minimum width,
however, a flat surface for UT inspection 18 required

Figure 1 - Oyster Creek Shutdown Cooling System
Pipe-to-Elbow Weld NU-3-5
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0 135" Min Overlay Thickness
7 Exciuding First Layer

{ - 15 Man 1 275" Min
TS ; y ’7 -

.- 5\ ’, : - - ./
\ ‘.'5'1_,_ WELD &'\',’ First Laver of Overlay /
\\\;h—% ‘,’ RIES l‘
ol ‘ \

Notes: A 1 8 min width required for structurel reinforcement;
minimum overlay thickness is required for Lhis section.

B Minimum overlay thickness is optional outside the minimum width,
however, a flat surface for UT inspection 1s required.

Figure 2 - Oyster Creek Core Spray System
Pipe-to-Elbow Weld NZ-3-43
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¢

Q478" Min Overlay Thickness

7 Excluding First Laver
28"
5 P.‘__ - 6 “ln
‘iot ‘7““\\
. ey & - e
1 [ f’, I iy, |
First Layer of Overla . \2*1"\’\\ Ji
PIPE : .
- REDUCER )
i / —

Notes: A 1. 7" min. wadth required for structural reinforcement

minimum overiay thickness is required for this section

B Minimum overiay thickness is optional outside the minimum width
however, a flat surface for UT inspection 1s required

Figure 3 - Oyster Creek Core Spray System

Pipe-to-Reducer Weld NZ-3-44
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& I PR RTINS

.
gi ~0.20" Min Overlay Thickness
Excluding First Layer

First Layer of Overls -\
PIPE \ v A"
REDUCER B
i \\N {
L |

Notes A. 1.7° min. width required for structural reinforcement,
minimum overiay thickness is required for this section.

B Mirimum overlay thickness is optionasl outside the minimum width,
however, & flat surface for UT inspection is required.

Figure 4 - Oyster Creek Core Spray System
Pipe-to-Reducer Weld NZ-3-95

R61-0691.WP . 22
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LOADS FOR THE SHUTDOWN COOLING WELD NU-3-5
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. mﬂuolur Calculation Sheet 80
oeet wadan Syas g

O s e be Benaatal M Ca1302-212-33200 02 [P0 | e
| Onginater - ' Caw "Theview =L
! / b, ~1--n-a-? I:Q J LI"/’/ 4 1
- o | 4 ~ (R
Nk X FORCE oroece IOPORCE  xx WOMENT  TY MOMENT 77 MOMENT
o, ‘e (18) () (FToLB) (FTAB) (110
. 155. 16 82.2% 135.90 361.02 264 .01 280.62
195 305,39 61,08 107,38 211.32 217.02 200,52
" 0.00 174,50 0.00 0.00 0.00 0.00
” 173.17 0.00 99,98 0.00 0.00 0.00
200 %.73 387.29 85.73 0,00 0.00 9.00

B30 1977 ST RESS REPORT FOR ELEMENT GROUP NO. 1
“ALLOVABLES- EQ. M 17250, EQ.12U 20700, €Q.12E 31050. EQ.12F 4Y400, EQ.13  27813. E0.'6 45063

ELEM NODE  SUSTAINED  (OCCASIONALASUSTAINED LOADS) EXPANSION SUSTAINED  BREAX
NO.  ND. STRESS UPSET  EMERGENCY FAULTED  STRESS  EXPANSION POSTULATION A G D | T 1 ONAL
£0. 1 £0.12 €0, 12€ £0.12¢ £0.13 E0.16  STRESS(STE)
(PS1) (P§1) (P81) (PS1) (PS1) (P§1) (P$1)
«OVER»
1 5 8559, 9088 , 9487, 0. 2307. 10866 . 11395,
i 10 a287. 8807. V198, 0. 2448, 10734, 11258.
. STresses
for wel
Nz - 3-44
5 25 6261, 6431, 6565, 0. e, 9052. 9221, <
5 30 6269, 5348, 6419, 0 3813, 98872 9961 Stresses
& 30 s2e8 4348 8419, ¢ 3613 9882 . 9961 for ekl
& 3 6290, 6455, 6582, 0. 4653, 10943, Mmoo, ANZ-3- 4%
4 35 8952, 7239, TES9, o 10774, 17726. 18013
7 5 6353, 6708, 6961 0 11429, 17782, 18134,
8 «8 5945, BILT, 6295 0. 4«93, 10881, 11083,
8 b1} 5848 . 6080, 6194, 0, W47, 10727. 10929
? S0 5188, 4535, 6786, 0 11297. 17643, 17833,
9 5S [ 6787, 6978, 0 10278, 16750, 17046 .
10 5% 6014 4183, 4304 . 0 4e38, 10452. 10621
10 60 SB73. 59%9. 4043, 0 2439, B311. 398
k) &0 Sa7s. 5989, 6043, 0 2439, 8311, 8308
" 85 5786 . 5934, £090 0. o34, 6200 6369
12 6% 5766 5934, 6090, o, 34, 6200. 8369
12 7 5786 6003, 6186, 0. 2492, 8278 8495 .
13 1 $786. 003 . 5188, 0. 2492. 8278 L
13 © 5849, 6093, 6289 . 0. 3813, 9664 . 9905,
14 ™ 5849, 6093 6289, 0. 3813, S84 . 9905 .
14 80 0002, 6150, 6278. 1 I8 5932, 11934, 12082.
15 80 6436 6692 6912, 0, 13736. 20172. 20428.
15 as 650, aT74. 7003. 0. 14249, 20739 210238,
NUCLEAR POMER SERVICES  JOB 5000 OYSTER CREEX BY SAG  CHKD OF RADYNAPDL, V5.3 MOX
CORE SPRAY TYSTEM (INSIDE DRYWELL) PEN X 12B(NORTH) £-1302-22-5320-024, SYSTEM #1 REV.2

B831.1 STRESS REPORT (CSE=EQ. '2E & QBE=EC. 12U)

g3t 1977 s TRESS REPORT FOR ELENMENT GROUP NO. 1

ALLOWABLES - EG. 11 17250, €9.12U 20700, £Q.%26 31080, €0.12F 41400, €Q.13 27B13. Q.14 45063
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’ 5§~ PIPING CONFIGURATIONS FOR THE THREE SHRINKAGE ANALYSES




' vA- - 4' . ' u A' ' — AV V “d -o- -.'—.IN»AV
—ﬂ — .

0t

[ —§] 2ING1




:Z:.m










TABLE 1 CARBON CONTENTS AND FERRITE NUMBERS OF

RECIRC PUMP CASINGS AND SUCTION ELBOWS

ITEM HEAT NO | CARBON(%) | FERRITE(%) @ NOTE
PUMP CASE 1634-1 0.08 12 1
PUMP CASE 1695-1 0.05 | 13 2
PUMP CASE 1661 0.05 12 1
PUMP CASE 3011-3 0.06 14 2
PUMP CASE 1810-2 0.06 9 2
SUC ELBOW 2417 0.04 >13.8 1
SUC ELBOW 2436 0.04 >13.8 1
SUC ELBOW 2411 0.04 >13.8 1
SUC ELBOW 2316 0.06 >13.8 1
'SUC ELBOW 2427 0.04 | >138 1
NOTES

1. CALCULATED FROM FIG.NB-2433.1-1 OF ASME 1l

2. VALUE FROM MATERIAL TEST REPORTS




