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Purpose/Objective:

The purpose of this calculation is to evaluate the flaws detected in weld C2AD-F12
on Quad Cities Unit 1 Recirculation A loop pump discharge line. These flaws were
found during the augmented IGSCC inspection program, which is based on NRC
GL-88-01. The flaws exceeded the applicable acceptance standards for austenitic
steels delineated in IWB-3514 of the 1989 ASME Section X| Code, Reference 1,
and are evaluated using the methodology and acceptance criteria specified in
Reference 1, IWB-3640, to establish their acceptance for continued service.

Methodology and Acceptance Criteria:

The piping report, Reference 4, identify the material used for the piping containing
the flaws as SA358 Gr 304 austenitic stainless steel. Therefore, the evaluation and
acceptance requirements of IWB-3640 are applicable to the evaluation of these
flaws. The rules of IWB-3641 of ASME Section XI, 1989 Edition are applicable
because the following conditions are met:

(a) Piping/fitting NPS 2 4 with the flaw within Vrt of the weld.

(b) Piping/fitting materials are made of wrought stainless steel, Ni-Cr-Fe alloy.
(c) Materials have a specified minimum yield strength less than 45 ksi.

(d) Material Sy, values are given in Table I-1.2 of Section 11, 1989 Edition.

As required in IWB-3641 of Reference 1, flaw growth analyses are performed on
the flaws to determine their maximum growth due to fatigue and stress corrosion
cracking mechanisms for an evaluation period of at least four (4) operating years
(35040 hours). The calculated maximum flaw dimensions at the end of the
evaluation period (i.e., 4 years) are compared with the calculated maximum
allowable flaw dimensions for both normal operating/upset conditions and
emergency/faulted conditions to determine the acceptability for continued service.

REVISION 0
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The flaw growth analyses are performed for fatigue crack growth following the
methodology of Reference 1 Appendix C and for IGSCC foliowing the methodology
of NUREG-0313, Reference 6. The fatigue crack growth is based on the
normal/upset operating events expected to occur during the evaluation period with
the transient definition and transient stresses developed for Dresden Unit 3
Recirculation system used in this evaluation. The IGSCC crack growth rate is
developed using the residual stress distribution and operating loads with the da/dt
relationship defined in Appendix A of Reference 6. The evaluation period for the
flaw growth analyses was determined as the time necessary for the flaw depth to
grow to approximately the IWB-3640 acceptable depth limit.

The bounding normal/upset and emergency/faulted design basis load combinations
are used to define the applied stress values used in this evaluation. These
bounding applied stress values are used to establish the acceptable crack size
which must be greater than the end of evaluation flaw size. Because these flaws
are located adjacent or within the weld material as defined in Figure IWB-3641-1 of
Reference 1, the critical flaw size is defined using the criteria for a submerged arc
weld SAW.

Assumptions:

1) Quad Cities Unit 1 and Dresden Unit 3 recirculation system pressure and
thermal transient responses to normal/upset transient events are identical. This
Is a reasonable assumption because both units are fabricated from materials
with identical material properties for thermal expansion and identical fitting
geometries and are operated using similar procedures.

2) The welding process used to fabricate this weld is conservatively defined as
SAW, submerged arc weld.

3) Five startup/shutdown events were assumed to occur during the evaluation
peribd with a single idle loop restart occurring between each startup and
shutdown. While this places some limitation on operation over the next fuel
cycle, the fatigue crack growth studies show that fatigue crack growth is minimal.
Thus, this limitation can be reevaluated if the 5 cycle limit is approached.

REVISION 0
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Design Input:

Flaw Characterization:

Weld 02AD-F12 (Reference 3) contains the following circumferentially oriented
flaws in the 28" OD pipe to pump nozzle weld of the loop A recirculation pump
discharge. A cross-section of this weld is provided in Figure 1.

Flaw Depth Length Circumferential Location
No. Clockwise from Top

1 0.140" 2.05" 1.75"

2 0.180" 2.50" 13.50"

These flaws are located on the pipe side of the weld and are ID connected. The
nominal wall thickness, used in this evaluation, is 1.359".

REVISION 0
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Loading .

Input data for the piping beam type loads is provided in Reference 5. The loads
provided are deadweight (WT), thermal and OBE seismic (OBE). In accordance witi
the Quad Cities FSAR, SSE is twice OBE. The loads provided are the axial force and
bending moments at the weld. Input data for pressure and temperature are taken from
the Class 1 piping calculations for Dresden Unit 3, Reference 7.

| AD-F1

Maximum Temperature = 550°F Maximum Pressure = 1185 psi

Fa (Ibf) Mb (ft-Ibf) Mc (ft-Ibf)
Weight -1866 -2629 -27683
Thermal 2046 34005 -32166
OBE 1695 6688 16324

Fatigue Load Definition:

The normal/upset design basis transient events are defined in Reference 7 for this line.
The thermal gradients defined for this line are zero except for the restart of an idle
recirculation loop. Using an as welded tapered transition weld, the Reference 7

thermal transients temperatures for these events are:

AT (°F)

AT(°F)

T.(°F)

To(°F)

Restar

-44.75

-27.01

513.72

533.93

REVISION 0
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Materials:

As defined i Reference 3, the flaws are located on the pipe side of the weld. The
material for this piping is SA358 Gr 304. From Reference 2, S., for this material is
16.900 Ibs/in® at 550°F. The following material properties at 500°F are used in the
evaluations:

E = 25.8 x 10° psi
a=94x10%ininfF
v=0.3

The use of E and a at 500°F (vs. 534 or 357°F) will not affect the conclusions reached
for the fatigue crack growth.

References:

1)
2)

3)

4)

ASME Boiler and Pressure Vessel Code, Section X!, 1889 Edition.
ASME Boiler and Pressure Vessel Code, Section I1l, 1989 Edition.

LMT NDE Report Transmitting Ultrasonic Data Sheets for weld 02AD-F12 at Quad
Cities Unit 1, dated 3/7/96.

ABB Reactor Recirculation Piping Report, Q1-RRCI-01C, Revision 14, EMD-
067693

NDIT S040-QH-0262-00 from Sargent & Lundy tc ComEd (L. Kaushansky to G. H.
DeBoo), dated 3/8/96.

"Technical Report on Material Selection and Processing Guidelines for BWR
Coolant Pressure Boundary Piping", NUREG-0313, Revision 2, January 1988.
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7) ABB Impell Corporation Calculation D3-RRCI-RP01, "Recirculation Loop A - Piping
Replacement"”, Dresden Unit 3, Revision 11, 3/7/95, (1591-00591).

8) PC-CRACK, Fracture Mechanics Software, Version 2.1 Structural Integrity
Associates, Inc.

9) "Ductile Fracture Handbook", Volume 2, NP-6301-D, EPRI,October1990.

REVISION O



COMMONWEALTH EDISON COMPANY
CALCULATION NO. NED-P-MSD-088 PAGE NO. 11

Calculations:
Evaluation of Loop A Recirculation Pump Discharge Weld 02AD-F12;

Piping Dimensions and Material Properties for Loop A Recirculation Pump
Discharge Weld 02AD-F12:

Outside Diameter, D D, =28.0n
D o o ‘ n
Measured Wall Thickness, t,,: t = 1.358in R = :
D L(D-210
Axial Area, A: A=n .- ( 40 n) A = 113.7%in°
0.0« [D,.-81)
Section Modulus, Z: T ¥ et ( ; n) Z =722.7in°
64 —2
2
S,, at Operating Temperature. Sm = 16900 psi at550 °F
Modulus of Elasticity: E = 25.8-10%psi
Coefficient of Thermal Expansion: a = 9'4'10-6'(‘"‘!:)
in-
Poisson Ratio v.=03

REVISION O
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Load Definition and Stress Calculation for Loop A Recirculation Pump

Discharge Weld 02AD-F12:

Axial Forces (Ibs and psi):

Normal and Upset Condition Pressure, P,

Emergency and Faulted Condition Pressure, P,:

Weight Axial Force, W: W = 1866: Ibf

Thermal Axial Force, T. T = 2046 ibf

Seismic Axial Force

OBE Force, Ferf F OBE = 1695 Ibt

SSE Force, FSSE: F SSE =2F OBE

Bending Moments (in-ibs):
1

a\ 2
Weight, M. M, = 12.(2629% + 27683%) “.in. ibt

REVISION O

p n = 1185.0'“'

P = 1185.0-psi

PaDo
4-tn

O Pn =

PyDy
at,

Opf =

"

> |2

Owm

O Tm = 3

>

O OBEm - —A—-

¢ SSEm ~* A

—
Z

O pf = 6103.8*psi

o wm*= 16.4 *psi

G 1m=18"ps

o OBEm = 14.9'[)51
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Swp = 461.B*psi
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Thermal, My

1
My = 12 (349952 3, oy

7 = 12:(34995% + 32166°) " in-Ibf & Rt 0 Tp = 789.3 *psi
Seismic Moments:
OBE. MOBE
1

22, . Mog
M opg = 12 (66887 + 16324°) ".in-ibt o OBED ~ S OBED = 292.9ps
M =2 M _Mggg 1

Thermal Transient Stress for Fatigue Crack Growth of the Loop A Recirculation Pump
Discharge Weld 02AD-F12:

Restart of Idle Loop:

AT, = 454 F AT 5 = 30.83-F

EaAT,
Linear Through wall O ATY & e O ATy = 7864.6°psi
Bending Stress. 2(1-v)
Non-Linear (skin effect) Because this event generates a compressive stress on
Bending Stress, AT, the inner surfiice this stress will be ignored.
Gross Discontinuity Because this flaw is not at gross structural discontinuity
Bending Stress: the T, - T, s'ress is not applicable to this evaluation.

REVISION 0
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Piping Membrane and Bending Stress for Crack Growth of the Loop A Recirculation
Pump Discharge Weld 02AD-F12:

Normal and Upset Corditions:

PDOI:OWD*OTb an-1251'psa

For Fatgue and IGSCC Crack Growth the total Membrane plus Bending stress is used as a membrane stress
for conservatism:

P mn + P pn = 7389.2+psi

Axial Residual Stress Through Wall Distribution for the Loop A Recirculation Pump
Discharge Weld 02AD-F12:

Residual Stress Through Wall Distribution per NRC NUREG-0313 Rev 2 to be used for the crack
growth calculations:

G =10 o ; = 30000.0-psi
64 =-6910

o, = 8687

o 3 = -0.480

0 4 =-2027

oR(x) =o,{oo+o1-(x)«»02-(x)2+03-(x)3*04‘(")‘}

x =00,01.1.0 This is the through wall ratio x/t

REVISION O
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10t
o mix
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) 4
(xA)
Axial Residual Stress Distribution

IGSCC Crack Growth Calculation for the Loop B Recircuiation Pump Discharge Weid
02AD-F12:

The crack growth due to IGSCC is calculated using the previously calculated residual stress and the
combined pressure, weight and thermal stresses acting on the present flaw depth of 0.180" and 0.140" for a
360° circumferential flaw. The crack growth rate, da/dt = 3.590 x 10¥ K261 invhour, specified in

NUREG-0313, Reference 6, was used to project the flaw depth. The calculations, cocumented in Attachment
C. were performed using the PC-CRACK program, Reference 8.

After 44000 hours, the deepest flaw grows from 0.180" to a depth of 0.662" as a result of stress corrosion
crack growth which produces an a/t ratio of 0.49. As recommended in NUREG-0313, Reference 6, the flaw
length 1s projected Dy increasing the original aspect ratio, V/a, by the factor that the depth has increased 10
calculate the projected aspect ratio. The flaw lengths for the two flaws are projected below.

a4'= 0.140-in l1 = 2.05'n a 1¢ = 0.650-in '" :——'-—'a" |"-44.2'm
a3,
|2 a

ap 201800 15 =250  ap =0862in |z —2.—2lay | oy = 33.8%in
g8

REVISION 0
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Based on the proximity of these flaws and their projected length, these flaws will connect to form a single flaw.
The projected length of the single flaw will extend 53.25" atter 44000 hours of operation. Because the projected

flaw length exceeds 30% of the circumference, the flaw is treated as a single 360° circumferential flaw, as
directed in NUREG-0313.

Fatigue Crack Growth Calculation for the Loop A Recirculation Pump Discharge Weld
02AD-F12:

The fatigue crack growth is calculated using the previously calculated thermal transient stress. the residual
stress and the combined pressure, weight and thermal stresses. The range sets defined for this evaluation
include 5 startup and shutdown events with 1 idle loop restart event occurring during each startup and shutdown
cycle. The fatigue crack growth was calculated using the PC-CRACK program, Reference 8, and the fatigue
crack growth rate specified in Appendix C of Reference 1. The fatigue crack growth was based a 360°
circumferential flaw model with two initial crack depths: The projected end of evaluation period flaw depth
rounded up to 0.665" and the current deepest flaw depth of 0.180" to establish the bounding fatigue crack
growth condition. These calculations are documented in Attachment D.

A review of these evaluations shows that the fatigue crack growth for both initial flaw depths is insignificant and
therefore does not contribute to the final end of evaluation period flaw size.

ASME Section XI Acceptance Criteria for the Loop A Recirculation Pump Discharge
Weld 02AD-F12:

Atter 44000 operating hours (5 years) the flaw size has been projected to be a maximum 0.662" in depth for the
full circumference of the weid.

The following calculations determine the code acceptable flaw size for the bounding normal/upset load
combination and the bounding emergency/faulted load combination.

REVISION 0
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Table IWB-3641-5 For Submerged Arc Welds (SAW), Applied Stress Ratio:

Piping Membrane Stress for the Loop A Recirculation Pump Discharge Weld 02AD-F12:

Normal and Upset Conditions:;

Pmn:=°Pn*’°Wm*°OBEm"°Tm P mn = 6153+psi
Emergency and Faulted Conditions:

Piping Bending Stress Loop A Recirculation Pump Discharge Weld 02AD-F12:

Ncrmal and Upset Conditions:
Pon = © wp *+ % OBEb P bn = 754.7°psi
Emergency and Faulted Conditions:

Thermai Expansion Stress:
Pe""Tb Pe.759.3-psn

Applied Stress Ratio in SAWSs for the Normal/Upset Condition per Table IWB-3641-5:

/D,
M= 1.08 + 0.009(—2 - 24 M 1116
\in
PG
Pmn+an4'——7-7
SR, =M - SR , = 0.475
Sm

REVISION 0
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From Table IWB-3641-5 the acceptable a ratio for a flaw length equal to or greater than 50% of the
circumference and an applied stress ratio of 0.60 or less is 0.49, therefore *he acceptable fiaw depth, a,, for the

normal/upset conditions is
‘nc = 0.49'tn am -0.666"“

which is greater than the projected end of evaluation period flaw depth cf a of = 0.662*in

Applied Stress Ratio in SAWs for the Emergency/Faulted Condition per Table IWB-3641-6:

PO
Pm1+Pb1+-1-——
SRtZ=M' 39

SR {=0514
sm

The smallest stress ratio given Table IWB-3641-6 is 1.2 which is significantly greater than the applied stress
ratio of 0.514, therefore application of the IWB-3641-6 table would significantly underestimate the acceptable
flaw depth , a,, for the emergency/aulted condition.

To demonstrate that the acceptable flaw depth for the emergency/faulted condition is greater than a, for the

normal/upset condition, the methodelogy provided Appendix C of Reference 1 is used to define the appropriate
safety factor and Z factor for flaws in SAWs.

ASME Satfety Factor:
Normal and Upset Conditions: Emergency and Faulted Conditions:
SF =277 SF ;=139

For SAW ASME Code Z Factor:

SAW:

'D
zm’ 130[1_'_0010(.1_.%-4)] Zsaw-16’2

Because the membrane stress, P mt = 6168-psi  is greater than the bending stress, P pf = 1047.6 -psi

the limit load for tznsion is calculated using the formula specified in Reference 9. The applied tensile stress is
Calculated iy conservatively adding the bending stress o the membrane stress, multiplying the appropriate
stress bv (he required safety factor and multiplying the total stress by the Z factor for SAWSs.

REVISION O
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Tensile Limit Load from Reference 9 using a flaw depth equal to the normal/upset limit:

gl

The limiting tensile stress for a 560° circumterential flaw with depth of 0.666" for the emergency/faulted condition
18

P

Y = 30603.4 *psi

The applied tensile stress for the emergency/faulted condition is:
[(Pmt+Ppi) 138 +Pg]Zgqy = 17440.1 *psi

The applied tensile stress of 17440.1 psi is significantly less than the limiting stress of 30603.4 psi
for a 360° flaw 0.666" deep, therefore the normal/upset condition is limiting and the acceptable flaw

cepthis a . = 0.666*in

Summary and Conclusions:

The evaluation for the multiple flaws found in the 02AD-F12 weld of the Loop A Recirculation Pump discharge
line is acceptable for 44000 hours of hot operating time. This evaluation was performed using methodology and
acceptance criteria of IWB-3640 of the ASME B&PV Code, Section XI, Reference 1. The end of evaluation
period flaw sizes considered crack growth from IGSCC and fatigue mechanisms, and calculated the IGSCC
growth as specified in NUREG-0313, Reference £. The end of evaluation period flaw depths were shown to be
less than the acceptable flaw depth for a 360° circumte. ential flaw.

REVISION 0 (FINAL) {02AD-F12 MCD)
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nl.. -
0129 45678 9 10 ACCEPTAMLE: Y€S . INITIAL FinaL
SCREBN suc k277 Refecrence Goln: _42__0_% 42_0_d\§
lNefecence DILI : | Sweep/lange: 0w ‘ 1aa{liv
scence Da i!'r!%*,la:r Yo P — B0 i) 0462 ) 1nules
5 o Sueap/Dotey: OO0 | £2:00¢
nooe/mack ne: ¥a 1Sfa 1 Yp (B
’ W Bt § Zeio/Offeec: S B2 Sfel
lnitial: 22 13((82 LS i/ o -
SWEEP /UEPTH N Frequency:  225mMKe | 225mMwL__

Velocity: 0.9 - | Q129
Danping: .-&m)oh»! _ﬁQ_D_d.pj__
Rejmct _____(_){ﬂ_ S OI__.-_

Fileer: ON —ON
Foeray: MG | _ Hugd

Inlttlal: &14_5/ ?.o__l. el

MMPLITUDE

Final: &{4{5{ 204 (Usl:| /
.,.uu)\(.F DIST OJ ‘;_u_:' 235_'3_1_{

S
Final: 22 /3. s2 ‘!S
-l.
y

COMPONENTS EXAMINED

YRIUE Ren-FB | 02a0.¢9 | p2an.gia | o2an .65 las SioA
suEFT 4 ,@__o_sz, Ros? | R:ocw | prosy | fooes | R-oel
|
- - ‘ -__., - i —— — - — " - — P ——— e ———
AAd By
EXAMINER: N (, es Lever, g8 oATE: 03 0§96
REY ¢ EWER, 1',: di s “w‘ta 41 ‘,LF LEVEL: g= OATE:__ 3 ¢ §u
O1TNhen;: I 1.EVEL: e Attachment A e
STATION, —— e OATE:_ CMNTD  _ NEDP-MSD088 _ DAYTE:
Rewision 0
- "._-_‘.‘!-—.‘ EREU APt PR s i ®® - -

A3




STATION/UNT MR

| OATE 03059,
NEVIEWER/LEVEL 1.6 Sikttueiete | pary 3-6-%

|-;ulunsn/a.l.'vm.-\_- \ S S

— . ——— - ———

(31TRALAL.  CAlidQAe 1Oul Foem uUbr ¢ .2 ColTivuariod

o —

Dt AL

CNAODMBMYS E YANIM ED

WeLh # 2 .
SHEET & _ ~062,

Attachment A

NED-P-MSD-088
Rewvision 0
Ad




Page 19 of 20

Comgd
Procedure No. NDT-C-2 Rev. 23 September, 19
ULTRASONIC TESTING DATA SHEET NDT-DS-C2A

e
STATION/UNIT: _Quan Cenes, | Jigid pace: _ / oF S
FROCEOURE: NOT- €:2 REV. 22  DATA SUEET No.: _[).os§ ODATE: £2.0%.9(
CALIEBRATION SMEET NO.(s)
ST. BEAM: Nla ANGLE BEMM: axlal (C-Ql7 clee. ___ C-DAT

COMPONENT INSPECTED

SYSTEM: __ Pgeige WELD ¢,

PIPE SIZE; 28" THICKNESS /SCHBDULE :

LR

LOHPON‘"T TEMPERATURE: _7),°®
“ SCAN OAIN CONTROL BETTINOS

C2ad Fig werd TYPE: DuuP +n M De

MATERIAL:

| S

R —

STRAIGHT BEAM: Mla ANGLE BEAM AXTAT; s40ds
ggggtliA’T,M ﬁ' ©Ro1 ] ANGLE BEAM CIRC, : S4o0 da
EXAMINATION BCANS )

Performed Indications
YEE | NO | wo YES |
P'Pé 1) Base Metal Stralght Beam R - iy e
/'\ 2) Angle Beam-Norimal-Againet Flcw _:-——-’ Mochrioas ]
3) Mngle Beam-i/ormal-with Flow e
4) Angle Beam-Along weld-cw i g ,;:
" 5) Angle Eeam-Along Weld-CCW s ‘a--_ . o ]
é €) Stralight Beam of weld B - | o
W 7) Thickness Acroes Weld & Buse Metal L ”./' _v:—fc )
Pume " [up sTRM | wewo | om STR
‘;BvlerNAL COMMENTS o P - -

Mo Scan 2 De 1o Pump TPl Coubicuearica).

Sapss 41 S . Lmtea 1o Lodo I.Qtwﬂ-f"mﬂ_ _MH&__QMLL_.___

SCams &‘}g &‘Sn laefvo s

AF"

Juehpes Paiigy of Prguoss

AMINER: D, Lever: Ja oATE:__ 0R-05 e
R&!'FHI;N 74 g’k LeveLs_ JI  DATEy 74U
OTHER: LEVEL: _ DATE:

STATION: DATE: ARachment A
| WIS — S

AS



QAAM
Examiner: .\;: . &.ﬁ £S

Data Sheet No.:

Reference Point Locations:

Ultrasonic Data Sheet NDT-DS-C2B

Level :

-05%

o

Wmm;)

;2945 2
Date: ©3-05 9¢ Procedure Used:

Calibration Sheet No.: L-029

NDT-C=2

Revision 22

September,

1995

Page 20 of 20

6;.?

Component Neo.: -0240 %12

M!T'S -2 &! 22

Sweep Distance

Linear Extent
From Reference

Fore and Afs

Surface Distance
Exam| Ind.|max |So%-20% At 50%-20% At 50%-20%| At 50%-20%
No.| No. [Amp |Toward Max Avay Start| Max End Toward Max Awvay Evaluation ; Comments
2902 - 3
- ' dac] _+ {20 180" | 1.4e”
& 2 hﬂ‘g 1.20" 1 4" 1.70° i~ SLL.

—

- —

- —

-

INER:

2 Lmi
REVIEWER: 1 2 &_t_( %}

OTHER:

N 77

STATION-

Date:

Level: & Date: 03.0¥:9¢
Levcl:_L__ Date: 3-6-4L
Level: Date:

ANTI:

Date:

880-0SW-4-Q3N




g—

ATA SHERT 10O . __&QS'Z__I'ME 3“,-9.

Exinan,ever, ) .C. T
/:(F:( - - M vt eSS
[ “VICHEN/LEVEL T/ Msaowimnat /L g~ DATE __ 8~4-%

rm———

o »
O iNbianion I 2.40" cow Foom V.sraup (T’.JC.}

Gdxaron *2 14.95" Cow Fan V-Stame (T.0.0)

Attachment A

NED P-MSD-088
Revision 0
A7




——
STATION/UNTTY 1R TA SHEET 110, '0“....PAOE_£0F‘1_

EXpMINER/LEVEL
Lo
A‘susm.avan,, ME___J¥-%

THICKNESS/PROFILE REPORT PRODUCED FROM PREVIOUS DATA sSuEpr

-

GENEML@![!C!MC WALL THICKNESS PROFILE SHEET ,; ”
-0l

HEET NO.

UT Exanination Data Shee! Ny -_u__’ ¢ e
Necord Thdoknoss Measureinant As w "Weld Edge

Indicate Including Weld Widih.

Edye To-Edge 410 ° r——z.o' . u‘——'
o | 9o [ 29 [i] 2] [5] [4) [s]

Pusaion
{ :
Lya’ ’ "«-\p. Side E’f‘lldo
41 , /4 )
.. g

pvs| / —
| © — T,
CNOWN HEIGH!  __ Q" . oameTER:  28° Sy
CHOWN WIO L 4" walo Lenet _90. 5 ° CH—
JRp— -‘_..‘-—.A-C—m-‘-r —;4 J bl
i S | —-b .I:I" r ' bbb b g T -y 1
PUMP i ey :
. _".]':,.L.L}.', - e ol
- 4 17 R e b
ol :J' ] l‘ gl k
MG 0: LRIaL3E3E S 0E THEHHE
g £ 5 1
o ™ ;i sdaby :»
Rt X s 1 . Tt
- Do o e i - . =
- - '-‘ ~4‘ ;-
POy ' '-'.. v - ‘U_j
g, 1 AL T T "RRae 'Y 4
. o A 441 E B 4 4444 4.
R e . s - 2ty i) ST
d I-I i o e L
g ¢ ek o Serrr. e g |4
® gee . . .:’ g ot b & - -{ F
,]I.‘.L L 3 II:L{_.‘_ dusmne ab
MIERET £ & [ Sl =t
A T e & 2 m = (v d 1
r r:.‘"“"\‘) - — ':'; : LR T T -
e P NPkl M| = - | LN A s ¥ :
1 MNrs Wi, T M\(’ AWIN L
| Al _ve 42y e
»RAMNAD WY : ;?ﬁ‘/ AYTOVED
¢ IL . ’_‘M
uOum =1Q-/2-87 e JDATE __‘AQM__:__ [
{ racy ¥ o %
Attachment A
NED-P-MSD-088
Rewvision 0
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R

STATION/UNT

o-;}onuu:nn.u VEL D,
% LpnT™ .
/m;v: GWER/LEVEL

i‘B. HB ek gR.0€ 8

é!u"!’e,[lt nave__3 -6-946

DATA SHEET N Q_—_LS‘I ._,emw__{ur_r
b

LimTarion  sugeT - WELS * ooan.ci2

-

A O2AD -F12
Reriee. Dom? /

S
N

Mo sraun 2Ad0Z «o Yunl «o ».0e CONEIbL tarriou.

Maus 44S Liwren o Wwan | Doawlo i bhye Muagal oMLY,

Attachment A

NED-P-MSD-088
Rewision 0
e i AS




ComEd or-c-1
Revision 3

September, 199§

Page 9 of §

ULTRASGNIC CALIBRATION FORM NDT-CF-C1
(FIGURE 4)

Station/Unit: Quap CII /€% Page : { of [/
Linearity Calibration sheet No.: Linearity Date: =/ /¢

Linearity Calibration Block Nurber: LAy pz 7
ULTRASONIC INSTRUMENT DATA
Manufacturer: STAVELY Model : SON/IC /8¢
S/N: 2 Cal. Due: ”
SCREEN HEIGHT LINEARITY
Continucus Gain Control

High % 100 90 80 70 €0 50 40 30 20

Low¥ §0 §ys~ Yo 35 30 2s 20 /< e
Two Decibel Step Gain

ds + 2 00 - 2 - & - 6 -8 - 10 - 12 - 14

Hight | ~_~ 80 v, R i RN

Lows | :ﬂ 40 e e o A ]

Amplitude % 80% 80% 40% 20% J
dB Change - 6 ?/v - 12 + 6 + 12
Reading % e o) 22 78 79

Limits % 32 - 48 16 - 24 64 - 96 64 - 96
Instrument Performance Accept : ect: LA

Re
Exandner: L/drNe . THemuslevel . b~y Date: ;A/?é
4

7
/LmT'
REVIeWET : 7 m. To bw o level: I Date: 3 -7- %%
_g"the: : Level: Date:
Station: Date:
ANII: Date: ]
Attachment A
NED-P-MSD-088
Revision 0
A10

95200053 .N
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NJ-C-4)
vision 2

IRASONLC ST2ING CALIBRATION AND ONPA SiEEr WII-CP-Ci  Page 12 &f 33

PaTh sHT w £-063 sS4, 1L ofF _
Stalion: OUAQ C_(Tl£§ e Unit: / - Date: /6&.‘-__ N

Pxamince:  (WAYNE L Twomas Lavel.:_z Couplant/fot; .U‘ZZJ%€ zF

System:  pR o o Ajhtprx)entllo QZAD - Fr2
(;hlihrauou St Mo _f, 7:_@;;_ v " 2. Calibration Std. ‘remp, _éo_ i

Linearity Shoet No. ‘4=~ 020 oGl 'I'hua: nivial: Q@320 rinal; M7 B
Procudure oo _NDT- O Yl Rev.: 2. Technique: < ppy— B

Ultrasonic Scope: Transducer:
Mannf gt urc:_._w_/(g._l_}___ - Manuf. : KEBA Mujle:  LO°

Model:  — ALPHA . heys o0 Navo!hle____jq(l\g
Serial Mo.: 8499 6 o Size: w___ Wedge: P _bOITS

Cahle: ‘type: ... RG-17y e SN AIRYTY . Melal Path:  N/a
gt 12 oo Pepth: _ wfe

Tustrument Cant L'ul'”'

- — e

W0 - NOTTH

Raje: o 4y " o, Thlter: 2 16 13 { [ or——
belay: _.____Z [ ) Velazil'y:___,__uj_____ ,f g _.;
Reject: o F o e. Zevro Offset: % . ;’; ’,} P [

Ref . ‘quu 7‘«{_‘:/__ . Mser: 227 . ‘ -l-[ i K Lol

123748 5'7391.‘
DEEIL 10 caies

Fedmige: .,.ul f’A_~ AT 54 msr:_:k‘__ UlieR: '5900

Fn_\ii::im' ln ) froml Total 'Ihl\l"-wall Side of | l.\-;[_; of Re Rd’m tor ]
Huniap wro Ref. | Lengtl Dimenaion Weld
— | R fmme el | PiPE | LAk .
et LB L e | APE LINEAL =L
et ~ IS ARSI e s T e
” -—-—-_'___,..———“'—"‘
- - - S — - _.-;—_’._-t-‘—_f-::,_.-- e -
,——-—-"-.-‘-—'- ‘

B ki 4”.
Reviewcd by, %/£ EE:
rxamoes s (A VAE L, 770/"43 o] : .’r‘-l__,...-—__- Il e ;déd 9%
mex f[ MA'/ /.,/r/Zj h.:vm:z_ Letl@: S = 9”¢
4

O her ! ievel: 1Ml e
Attachment A
Sfall(ﬂ\:_ NEDP MSO 088
Rewvision 0

TR i Al




vl  Larrm iy L3

ohisie

vision
December, 1993

HIRASOHIC SIZTHG CALIBRNTION NID OATA SIFEE NN-cP-c Page 12 of 12

barm s g Rob? S Z of
Stalion: @uAN C/irigs. . Unik: ¢ Date: SZGZfﬁ_—-—.—

")(ﬂml'llel.':-M‘é,._ﬁqm N . Level: 77— Couplant/lot.. WeTRA GM
3
System: LR _ Ompmmt No.: ©2240-F12 o

Calibwal ion 514, Mo, : 7?475"0&(_‘:':"“’ ¥ calibration fta. . Gor
lilcarily Sheet No.:  L-Q39 Cal. ‘times: Initial: s2vg Fll: /72y

Proceduce tlo.: wo7-¢-y, an Z Tectmique: 4/ ¢ 4 ANCGLE L
Mirasonic Scope: ‘Transducer;

Hanmfactore: < TAVELY Markif.: ML A sown hgle: oo
Model: SoaC 3l Freq.: 2 14 . Wave Mude: 4 owg

Sevial Ho.: 399 G Slze:  ,3€x,76"  wedge:_ M4
Cable: type: A —/7:{ B S/N: 9/ 258 Melal Palh: Wi

lemgti: & Dol Focus Depth: ., gao

Mmstrument Controls:

10
Range: 252 "”________ Filter; 2.2 IE gﬁ; ,
belay: _ tz% Veloelty:  .233 If g
Re ject: @CFF . 4ero Offset: ,'t‘/&,_.._._..___ 'll; % -
Dawping: 20O . Bnevyy: . 153 i
Ret. Gain: S9.9 Pulser: 2772 n .

123456789
DEDITI Tol IncaiES o

7.0
vEs
edinigue: SIUIS_ A PN /e MOSTs /e O HiGy ANGIE 4
[Tnifcation|T, ﬁ’"') from Tota) Thru-Wall | Side of Type of Reflector
Numb-er 'ero Ref . Imqth Dinension Weld
e ) R 2.05"| <07 | ns LINEAR B
—E s )20t i@ | DS, |iwean R
TP . — N __-c:.;‘_—:—-"'.::::_-w....-‘__w.... I
—— I —
e A Al ol e 2'__":'.':—: S i .__._A.. - B 5 e N e L .
-1""--—-'—- .
Reviawvenl Vy: ‘///’/L.
Pxaminer: gt Twomyas level: Date: 3{2‘ %
LMT /
chﬂaer: /F (. /774 . » /,ﬂj leval: ,& Data: 2= ?'5 [4
Other: lavel: Data:
Station: Abnchment A
ALY T

A12 Fina!



&) SAFETY-RELATED

CJ NoN-sAFETY.
RELATED

CJ reGuLATORY
RELATED

Station Unit(s) -
Design Change Authority No.:
System Designation:_ gp_ P SN

Subject ~ ' .
%

| sl Maushansky __ Projsct Engineer ,{_f""'fz"“-r; ‘67 .

|l tGeabean . _protect Rgginger @_;(Téeu‘:nn__ -B-9¢

Status of Information: E Approved for Use D Unverified
Engineering Judgement

Method and Schedule of Verification for Unverified NDITs:

Description of Information:

Raference - AB® Reacter Recirmulation Piping Report Qi-RRCI-01C, Rev 14, traneferred
to S&L on 06-09-93, filed under BMD-067693, Rev. 00

Per your request, thisg NpIT Lranemits the forces and mouents an the Recire. Pump 1x-302
discharge noszle from the above reference .

R.p. 81 (loads in LBS, moments in FT-LBS)

local Coordinates Used (F,= Axial Porce, F,« Vertical Porce, M= Torsional Moment, Yo
| Vertical Momeat)

F, F, ¥, M, M, ¥,
-1866 1218 332 ~23977 -2629 -27683
1 2032 4548 3089 -40111 34586 -31989
2 2046 4585 3077 -4065¢ 34995 -32166
3 1204 2552 1768 -22529 19721 -18872
3 1695 2110 1729 5213 €688 16324

1 is Nermal Operation W/RWCU in service; TH 2 is Normal Operation w/o RWCU in servige;
3 ie Shutdown of RR line W/RWCU; OBE i¢ the maxamum of (X+Y) or (z+Y)

Purpose of Issuance:
To tranemit forces and maments at NP 81 on the RR Piping

Source of Information: L
See above reference Attachment B

Distribution: NED F’MSOD 088

NEDCC CHRON - DG A. I. Gershman . 33 Revision

R. €. Lindbverg - QUA D. Bianchini . 23 81 Final

CHRON No.: NA




tm
pe-CRACK
(C) COPYRIGHT 1984, 1990
STRUCTURAL INTEGRITY ASSOCIATES, INC.
SAN JOSE, CA (408)978-8200
VERSION 2.1

Date: 1-Mar-1996
Time: 11:53:17.83

LEAST SQUARE CURVE FIT OF STRESS PROFILE

02BS-S12 RESIDUAL

TERM COEFFICIENT
Co 3.045E+01
Cl -1.780E+02
C2 2.154E+02
C3 -6.963E+01

COEFFICIENT OF DETERMINATION R"2=

CORRELATION COEFFICIENT=

X VALUE Y VALUE
0.000E+00 3.000E+01
1.250E-01 1.190E+01
2.500E-01 -1.250E+00
3.750E-01 9.620E+00
5.000E-01 -1.370E+01
6.250E-01 -1.410E+01
7.500E-01 -1.155E+01
8.750E-01 -6.950E+00
1.000E+00 -1.330E+00
1.125E+00 4.130E+00
1.250E+00 8.100E+00

0.9983

Y CALC
3.045E+01
1.143E+01
-1.678E+00
-9.684E+00
-1.341E+0!
-1.366E+01
-1.126E+01
-7.025E+00
-1.769E+00
3.691E+00
8.540E+00

0.9991

DIFF
-4.531E-01
4.706E-01
4.277E-01
6.425E-02
-2.937E-01
-4 401E-01
-2.891E-01
7.540E-02
4.394E-01
4.389E-01
-4 401E-01

Attachment C

NED-P-MSD-088
Revision 0
c1



tm
pe-CRACK

(C) COPYIGHT 1984, 1990

STRUCTURAL INTEGRITY ASSOCIATES, INC.

SAN JOSE, CA (408)978-8200

VERSION 2.1

Date: ,0-Mar-1996
Time: 10.19:3] .66

LINEAR ELASTIC FRACTURE MECHANICS EVALUATION

WELD 02AD-F12 KI VS DELTA A

crack model CIRCUMFERENTIAL CRACK IN CYLINDER (T/R=0.1)

WALL THICKNESS (1)~ 1.3590
STRESS COEFFICIENTS
CASE ID Cco €l Q C3
RESIDUAL 304531 -178.0312 215.4409 696322
TH-TRANS  -7.9000 13.1670 0.0000 0.0000
PRESWT,TH  7.4000 0.0000 0.0000 0.0000
CRACK wveeeneeeeecee STRESS INTENSITY FAC TOR-eemessmsssnsnes
SIZE CASE CASE CASE
RESIDUAL TH-TRANS PRES,WT,TH
0.0190 1.721 -2.100 2.004
0.0380 10.242 -2.925 2.846
0.0570 11.740 -3.528 3.499
0.0760 12.658 -4.009 4.056
0.0950 13.179 4410 4.552
0.1140 13.406 -4.751 5.006
0.1330 13.404 -5.044 5428
0.1520 13.294 -5.328 5.856
0.1710 13.042 -5.586 6.275
0.1900 12.659 -5.817 6.681
0.2090 12.163 -6.025 7.077
0.2280 11.569 -6.210 7.464
0.2470 10.889 -6.374 7.845
0.2660 10.135 -6.520 8220
0.2850 9.364 -6.671 8618
0.3040 8.552 -6.816 9.028
0.3230 7.686 -6.946 9436
0.3420 6.773 -7.060 9.843
0.3610 5.817 -7.159 10.251
0.3800 4.825 -7.243 10658
0.3990 3.801 -7.313 11.066
04180 2.880 -7411 11.522
04370 2.051 -7.531 12.021

Attachment C

NED-P MSD-088
Rewvision 0
c2



0.4560
0.4750
0.4940
0.5130
0.5320
0.5510
0.5700
0.5890
0.6080
0.6270
0.6460
0.6650
0.6840
0.7030
0.7220
0.7410
0.7600
0.7790
0.7980
08170
0.8360
0.8550
0.8740
0.8930
09120
09310
09500

1.209
0.360
-0 #93
-1.346
-2.196
-3.039
-3.880
4715
-5.542
-6.359
<7.162
-7.950
-8.750
-9.636
-10.513
-11.380
-12.234
-13.074
-13.897
-14.656
-14.864
-15.017
-15.114
-15.152
-15.129
-15.045
-14.897

-7.640
-7.736
-7.819
-7.890
-7.948
-8.001
-8.054
-8.094
-8.121
-8.134
-8.133
-8.118
-8.092
-8.061
-8.013
-7.949
-7.867
-7.768
-7.652
-7.523
-7.443
-7.346
-7.234
-7.104
-6.957
-6.793
-6.612

12.524
13.033
13.546
14.064
b4 587
15.126
15.687
16.254
16.827
17.406
17.990
18.579
19.186
19.835
20.491
21.153
21.822
22.498
23.180
23873
24 621
2f 176
26.. %
26.905
27.686
28.471
29.263

Attachment C

NED P 5D 088
Revision 0
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tm

pe-CRACK
(C) COPYRIGHT 1984, 1990

STRUCTURAL INTEGRITY ASSOCIATES, INC.

SAN JOSE, CA (408)978-8200
VERSION 2.1

Date: 10-Mar-1996
Time: 11:4:18.99

STRESS CORROSION CRACK GROWTH ANALYSIS

WELD 02AD-F12 IGSCC FOR A=0.180"
INITIAL CRACK SIZE= 0.1800

WALL THICKNESS= 1.3590

MAX CRACK SIZE FOR SCCG= 0.9500

STRESS CORROSION CRACK GROWTH LAW

LAW ID e N Kthres
NRC IGSCC  3.590E-08 2.1610 0.0000
STRESS COEFFICIENTS
CASE ID Co Cl C2
RESIDUAL 304531 -178.0312 215.4409
TH-TRANS  -7.9000 13.1670 0.0000
PRESWT,TH  7.4000 0.0000 0.0000
Kmax

CASE ID SCALE FACTOR
RESIDUAL  1.0000
PRESWT.TH 1.0000

TIME PRINT
TIME  INCREMENT INCREMENT
44000.0  1000.0 1000.0

KIC
200.0000

C3

-69.6322
0.0000
0.0000

crack model:CIRCUMFERENTIAL CRACK IN CYLINDER (T/R=0.1)

CRACK -eesmenann =====STRESS INTENSITY FACTOR -+eve-vavanan
SIZE CASE CASE CASE

RESIDUAL TH-TRANS PRES,WT,TH
0.0190 7.721 -2.100 2.004
0.0380 10.242 -2.925 2.846
0.0570 11.740 -3.528 3.499
0.0760 12.658 -4.009 4.056
0.0950 13.179 -4410 4552
0.1140 13.406 -4.751 5.006
0.1330 13.404 -5.044 5428

Attachment C

NED-P-MSD-088
Rewision 0
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0.1520
0.1710
0.1900
0.2090
0.2280
0.2470
0.2660
0.2850
0.3040
0.3230
0.3420
03610
0.3800
0.3990
04180
0.4370
0.4560
04750
0.4940
0.5130
0.5320
0.5510
0.5700
0.5890
0.6080
0.6270
0.6460
0.6650
0.6840
0.7030
0.7220
0.7410
0.7600
0.7790
0.7980
0.8170
0.8360
0.8550
0.8740
0.8930
09120
09310
0.9500

TIME
1000.0
2000.0
3000.0
4000.0

13.294
13.042
12.659
12.163
11.569
10.889
10.135
9.364
8.552
7.686
6.773
5817
4.825
3.801
2.880
2.051
1.209
0.360
-0.493
-1.346
-2.196
-3.039
-3.880
4715
-5.542
-6.359
-7.162
-7.950
-8.750
-9.636
-10.513
-11.380
-12.234
-13.074
-13.897
-14.656
-14.864
-15.017
-15.114
-15.152
-15.129
-15.045
-14.897

KMAX
19.33
19.28
19.09
18.78

-5.328
-5.586
-5.817
6.025
6210
©.374
6.520
~6.671
©.816
-6.946
-7.060
-7.159
-7.243
-7.313
<7411
-1.531
-7.640
<1.736
-7.819
-7.890
-7.948
-8.001
-8.054
-8.094
-8.121
-8.134
-8.133
-8.118
-8.092
-8.061
-8.013
-7.949
-7.867
-7.768
-7.652
-7.523
-7.443
-7.346
-7.234
-7.104
6.957
6.793
6612

DA/DT

2.160E-05
2.149E-05
2.103E-05
2.030E-05

5.856

6.275

6.681

70717

7.464

7.845

8220

8618

9.028

9.436

9.843
10.251
10.658
11.066
11.522
12.021
12.524
13.033
13.546
14.064
14.587
15.126
15.687
16.254
16.827
17.406
17.990
18.579
19.186
19.835
20.491
21.153
21.822
22.498
23.180
23.873
24621
25.376
26.139
26909
27 686
28471
29.263

DA

0.0216
0.0215
0.0210
0.0203

A

0.2016
0.2231
0.244)
0.2644

0.148
0.164
0.180
0.195

Attachment C

NED-P-MSD-088
Revision 0
cSs



5000.0
6000.0
7000.0
8000.0
9000.0
13000.0
11000.0
12000.0
13000.0
14000.0
15000.0
16000.0
17000.0
18000.0
19000.0
20000.0
21000.0
22000.0
23000.0
24000.0
25000.0
26000.0
27000.0
28000.0
29000.0
30000.0
31000.0
32000.0
33000.0
34000.0
35000.0
36000 0
37000.0
38000.0
39000.0
400000
41000.0
42000.0
43000.0
44000.0

18.39
18.01
17.61
17.19
16.75
16.31
15.86
15.43
15.00
14.66
14.38
14.18
13.99
13.79
13.61
13.43
13.25
13.08
12.92
12.76
12.60
12.46
12.32
12,19
12.06
11.95
11.83
11.73
11.62
11.52
11.43
11.34
11.25
11.16
11.08
11.00
10.93
10.86
10.79
10.73

1.940E-05
1.854E-05
1.768E-05
1.678E-05
1.586E-05
1.497E-05
1.410E-05
1.327E-05
1.249E-05
1. 189E-05
1.140E-05
1.106E-05
1.074E-05
1.042E-05
1.012E-05
9.832E-06
9.555E-06
9.291E-06
9.041E-06
8.801E-06
8.576E-06
8.361E-06
8.161E-06
7.975E-06
7.799E-06
7.639E-06
7.485E-06
7.340E-G6
7.201E-06
7.067E-06
6.942E-06
6.820E-06
6.705E-06
6.598E-06
6.492E-06
6.395E-06
6.302E-06
6.212E-06
6.129E-06
6.050E-06

0.0194
0.0185
0.0177
0.0168
0.0159
0.0150
0.0141
0.0133
0.0125
0.0119
0.0114
00111
0.0107
0.0104
0.0101
0.0098
0.0096
0.0093
0.0090
0.0088
0.0086
0.0084
0.0082
0.0080
0.0078
0.0076
0.0075
0.0073
0.0072
0.0071
0.0069
0.0068
0.0067
0.0066
0.0065
0.0064
0.0063
0.0062
0.0061
0.0061

0.2838
0.3023
0.3200
0.3368
0.3527
0.3676
0.3817
0.3950
0.4075
0.4194
0.4308
04418
0.4526
0.4630
0.4731
0.4830
0.4925
0.5018
0.5108
0.5196
0.5282
0.5366
0.5447
0.5527
0.5605
0.5682
0.5756
0.5830
0.5902
0.5972
0.6042
06110
06177
0.6243
0.6308
£.6372
0.6435
0.6497
0.6558
0.6619

0.209
0.222
0.235
0.248
0.260
0.271
0.281
0.291
0.300
0.309
0317
0.325
0.333
0.341
0.348
0.355
0.362
0.369
0.376
0.382
0.389
0.395
0.401
0.407
0412
0418
0.424
0.429
0.434
0.439
0.445
0.450
0.455
0.459
0.464
0.469
0.474
0.478
0.483
0.487
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tm
pc-CRACK
(C) COPYRIGHT 1984, 1990

STRUCTURAL INTEGRITY ASSOCIATES, INC.

SAN JOSE, CA (408)578-8200
VERSION 2.1

Date: 10-Mar-1996
Time: 11:9:59.74

STRESS CORROSION CRACK GROWTH ANALYSIS

WELD 02AD-F12 IGSCC FOR A=0.140"
INITIAL CRACK SIZE= 0.1400

WALL THICKNESS= 1.3590

MAX CRACK SIZE FOR SCCG= 0.9500

STRESS CORROSION CRACK GROWTH LAW

LAWID i N Kthres
NRC IGSCC  3.590E-08 2.1610 0.0000
STRESS COEFFICIENTS
CASE ID Co Cl C2
RESIDUAL 304531 -178.0312 215.4409
TH-TRANS  -7.9000 13.160 0.0000
PRES,WT,TH  7.4000 0.0000 0.0000
Kmax

CASE ID SCALE FACTOR
RESIDUAL  1.0000
PRESWTTH  1.0000

TIME PRINT
TIME INCREMENT INCREMENT
440000 1000.0 1000.0

KIC
200.0000

C3

-69.6322
0.0000
0.0000

crack model CIRCUMFERENTIAL CRACK IN CYLINDER (T/R=0.1)

CRACK -seemennnne ~-STRESS INTENSITY FACTOR ~veseemesnanen
SIZE CASE CASE CASE
RESIDUAL TH-TRANS PRES,WT,TH

0.0190 .72 -2.100 2.004

00380 10.242 -2.925 2.846

0.0570 11.740 -3.528 3499

0.0760 12.658 -4.009 4.056
0.0950 13.179 4410 4.552

0.1140 13.406 ~4.751 5.006

0.1330 13.404 -5.044 5.428
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0.1520
0.1710
0.1900
0.2090
0.2280
0.2470
0.2660
0.2850
0.3046
0.3230
0.3420
0.3610
0.3800
0.3990
04180
0.4370
0.4560
0.4750
0.4%40
0.5130
0.5320
05510
0.5700
0.5890
0.6080
0.6270
0.6460
06650
0.6840
0.7030
0.7220
0.7410
0.7600
0.7790
0.7980
0.8170
0.8360
0.8550
0.8740
0.8930
09120
09310
0.9500

TIME
1000.0
2000.0
3000.0
4000.0

13.2%94
13.042
12.659
12.163
11.569
10.889
10.135
9.364
8.552
7.686
6.773
5.817
4.825
3.801
2.880
2.051
1.209
0.360
0.493
-1.346
-2.196
-3.039
-3.880
-4.715
-5.542
-6.359
-7.162
-7.950
-8.750
-9.636
-10.513
-11.380
-12.234
-13.074
-13.897
-14.656
-14.864
-15.017
-15.114
-15.152
-15.129
-15.045
-14.897

KMAX
18.95
19.23
19.33
19.27

-5.328
-5.586
-5.817
-6.025
6210
$.374
6.520
6671
©.816
-6.946
-1.060
-7.159
-7.243
-7.313
<7411
-1.531
-7.640
-1.736
-7.819
-7.890
-7.948
-8.001
-8.054
-8.094
-8 121
-8.134
-8.133
-8.118
-8.092
-8.061
-8.013
-7.949
-7.867
-7.768
-7.652
-7.523
-7.443
-7.346
<7234
-7.104
6.957
-6.793
6612

DA/DT

2.070E-05
2.136E-05
2.161E-05
2.146E-05

5.856

6.275

6.681

7.077

7.464

7.845

8.220

8618

9.028

9.436

9.843
10.251
10.658
11.066
11.522
12.021
12.524
13.033
13.546
14.064
14.587
15.126
15.687
16.254
16.827
17.406
17.990
18.579
19.186
19.839
20.491
21.153
21.822
22.498
23.180
23873
24.621
25.376
26.139
26.909
27.686
28471
29.263

DA

0.0207
0.0214
0.0216
0.0215

A

0.1607
0.1821
0.2037
0.2251

A/THK
0.118
0.134
0.150
0.166
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5000.0

6000.0

7000.0

8000.0

9000.0

10000.0
11000.0
12000.0
13000.0
14000.0
15000.0
16000.0
17000.0
18000.0
19000.0
20000.0
210000
22000.0
22500.0
24000.0
25000.0
26000.0
27000.0
28000.0
29000.0
30000.0
31000.0
220000
33000.0
34000.0
35000.0
36000.0
37000.0
38000.0
39000.0
40000.0
41000.0
42000.0
43000.0
44000.0

19.06
18.75
18.35
17.97
17.58
17.15
16.71
16.26
15.82
15.38
14.96
14.63
14.36
14.16
13.97
13.78
13.59
13.4]
13.23
13.06
12.90
12.74
12.59
12.44
12.31
12.17
12.05
1194
11.82
11.72
11.61
11.51
11.42
11.33
11.24
11.16
11.07
11.00
10.92
10.85

2.097E-0S
2.023E-05
1.931E-05
1.845E-05
1.760E-05
1.669E-05
1.578E-05
1.488E-0S
1.402E-05
1.319E-05
1.241E-05
1.184E-05
1.137E-05
1.103E-05
1.071E-05
1.039E-05
1.009E-05
9.804E-06
9.5.2F-06
9.266E-06
9.017E-06
8.779E-06
8.555E-06
8.340E-06
8. 143E-06
7.957E-06
7.783E-06
7.624E-06
7.470E-06
7.326E-06
7.187E-06
7.054E-06
6.930E-06
6.809E-06
6.695E-0¢
6.587E-00
6.482E-06
6.385E-06
6.293E-06
6.203E-06

0.0210
0.0202
0.0193
0.0185
0.0176
0.0167
0.015%
0.0149
0.0140
0.01:2
0.0124
00118
0.0114
0.0/10
0.0107
0.0104
0.0101
0.0098
0 0095
0.0093
(.0090
0.0088
1).0086
0.0083
0.0081
0.0080
0.0078
0.0076
0.0075
0.0073
0.0072
0.0071
0.0069
0.0068
0.0067
0.0066
0.0065
0.0064
0.0063
0.0062

0.2461
0.2663
0.2856
0.3041
0.3217
0.3384
0.3542
0.3690
0.3831
0.3963
0.4087
0.4205
04319
0.4429
0.4536
0.4640
0.4741
0.4839
0.4934
0.5027
0.5117
0.5205
0.5290
0.5374
0.5455
0.5535
0.5613
0.5689
0.5764
0.5837
0.5909
0.5979
0.6049
06117
0.6184
0.6249
0.6314
06378
0.644]
0.6503

0.181
0.196
0.210
0.224
0.237
0.249
0.261
0272
0.282
0.292
0.301
0.309
0318
0.326
0.334
0.34]
0.349
0.356
0.363
0.370
0.377
0.383
0.389
0.395
0.401
0.407
0413
0419
0.424
0.429
0.435
0.440
0.445
0.450
0.455
0.460
0.465
469

0.474
0.479
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tm
pc-CRACK
(C) COPYRIGHT 1984, 1990
STRUCTURAL INTEGRITY ASSOCIATES, INC.
SAN JOSE, CA (408)978-8200
VERSION 2.1

Date: 10-Mar-1996
Time: 11:37:53.60

FATIGUE CRACK GROWTH ANALYSIS

WELD 02AD-F12 FATIGUE CRACK GROWTH FOR FINAL FLAW DEPTH A=0.665"

INITIAL CRACK SIZE= 0.6650
WALL THICKNESS= 1.3590

MAX CRACK SIZE FOR FCG= 0.9500
TEMPERATURE= 550.0

ASME SECTION XI: AUSTENITIC STEEL WITH AIR ENVIRONMENT

da/dN=C* 10"F* S * dK"33
where
S= 10 forR<0
= 1.0+ 18*R for0<R<0.79
=-4335+5797*R for0.79<R <1
F = code specified function of temperature
dK = Kmax - Kmin
R = Kmin / Kmax

WHERE:
C*10"F = 1.84033E-10
IS FOR THE CURRENTLY ASSUMED UNITS OF
FORCE: kips LENGTH: inches TEMPERATURE: Fahrenheit

STRESS COEFFICIENTS

CASE ID Co Cl C2 C3
RESIDUAL 30.4531 -178.0312 215.4409 -69.6322
TH-TRANS -7.9000 13.1670 0.0000 0.0000
PRES, WT,TH 7.4000 0.0000 0.0000 0.0000
NUMBER OF CYCLE BLOCKS= 3
PRINT INCREMENT OF CYCLE BLOCK= 1
NUMBER OF CALCULATION  PRINT FCG
SUBBLOCK CYCLES INCREMENT INCREMENT LAWID
| 1 1 1 SECT X1 AUSTENITIC/AIR
P | 1 1 SECT X1 AUSTENITIC/AIR
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SUBBLOCK
1

2

Kmax

CASE ID
RESIDUAL
PRES,WT,TH
RESIDUAL
PRES, WT,TH

SCALE FACTOR

1.0000
1.0000
1.0000
1.0000

Kmin
CASE ID SCALE FACTOR
RESIDUAL 1.0000

RESIDUAL 1.0000
PRES,WT,TH 0.9700
TH-TRANS 1.0000

crack model: CIRCUMFERENTIAL CRACK IN CYLINDER (T/R=0.1)

CRACK -+eemeeeeeeeee-STRESS INTENSITY FACTOR

SIZE

0.0190
0.0380
0.0570
0.0760
0.0950
01140
0.1330
0.1520
0.1710
0.1900
0.2090
0.2280
0.2470
0.2660
0.2850
0.3040
0.3230
0.3420
0.3610
0.3800
0.3990
0.4180
04370
0.4560
0.4750
04940
0.5130
0.5320
0.5510
0.5700
0.5890
0.6080
0.6270
0.6460
0.6650
0.6840
0.7030
0.7220
07410
0.7600

CASE
RESIDUAL

7.721
10.242
11.740
12.658
13.179
13.406
13.404
13.294
13.042
12.659
12.163
11.569
10.889
10.135

9.364

8.552

7.686

6.773

5.817

4.825

3.801

2.880

2.051

1.209

0.360
-0.493
-1.346
-2.196
-3.039
-3.880
4715
-5.542
-6.359
-7.162
-7.950
-8.750
-9.636
-10.513
-11.380
-12.234

CASE

TH-TRANS

-2.100
-2.925
-3.528
-4.009
4410
-4.751
-5.044
-5.328
-5.586
-5.817
-6.025
-6.210
-6.374
-3.520
-6.671
-6.816
-6.946
-7.060
-7.159
-7.243
-7.313
-7411
-7.531
-7.640
-1.736
-7.819
-7.890
-7.948
-8.001
-8.054
-8.094
-8.121
-8.134
-8.133
-8.118
-8.092
-8.061
-8.013
-7.949
-7.867

CASE

PRES,WT,TH

2.004
2.846
3.499
4.056
4.552
5.006
5.428
5.856
6.275
6.681
7077
7.464
7.845
8.220
8618
9.028
9.436
9.843
10.251
10.658
11.066
11.522
12.021
12.524
13.033
13.546
14.064
14587
15.126
15.687
16.254
16.827
17.406
17.990
18.579
19.186
19.835
20.491
21.153
21.822
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TOTAL
CYCLE CYCLE

BLOCK |
1 1

2 1

BLOCK 2

BLOCK 5§
9 1

10 1

SUBBLOCK

KMAX

10.63

10.63

10.63

10.63

10.63

10.63

10.63

10.63

10.63

10.63

-1.95

1.95

-7.95

1.95

=795

1.95

<795

195

-7.95

1.95

DELTAK R DADN

18.58

8.68

18.58

8.68

18.58

8.68

18.58

8.68

18.58

8.68

-0.75 2.8E-06

0.18 3.1E-07

-0.75 2.8E-06

0.18 3.1E-07

-0.75 2.8E-06

0.18 3.1E-07

-0.75 2.8E-06

0.18 3.1E-07

-0.75 2.8E-06

DA A

0.0000 0.6650

0.0000 0.6650

0.0000 0.6650

0.0000 0.6650

0.0000 0.6650

0.0000 0.6650

0.0000 0.6650

0.0000 0.6650

0.0000 0.6650

0.18 3.1E-07 0.0000 0.6650
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tm
pe-CRACK
(C) COPYRIGHT 1984, 1990
STRUCTURAL INTEGRITY ASSOCIATES, INC.

SAN JOSE, CA (408)978-8200
VERSION 2.1
Date: 10-Mar-1996
Time: 11:11:56.13

FATIGUE CRACK GROWTH ANALYSIS

WELD 02AD-F12 FATIGUE CRACK GROWTH FOR INITIAL FLAW DEPTH A=0.180"

INITIAL CRACK SIZE= 0.1800
WALL THICKNESS= 1.3590

MAX CRACK SIZE FOR FCG= 0.9500
TEMPERATURE= 550.0

ASME SECTION XI: AUSTENITIC STEEL WITH AIR ENVIRONMENT

da/dN=C* 10"F*S*dK"3.3
where
§= 1.0 forR<0
= 10+ 18 *R forO<R<079
=-4335+5797*R for0.79<R< |
F = code specified function of temperature
dK = Kmax - Kmin
R = Kmin / Kmax

WHERE:
C* 10"F = 1.84033E-10
IS FOR THE CURRENTLY ASSUMED UNITS OF:
FORCE: kips LENGTH: inches TEMPERATURE: Fahrenheit

STRESS COEFFICIENTS
CASE ID Co Cl C2 C3
RESIDUAL 30.4531 -178.0312 215.4409 -69.6322
TH-TRANS -7.9000 13.1670 0.0000 0.0000
PRES,WT,TH  7.4000 0.0000 0.0000 0.0000
NUMBER OF CYCLE BLOCKS= 5
PRINT INCREMENT OF CYCLE BLOCK= 1
NUMBER OF CALCULATION PRINT FCG
SUBBLOCK CYCLES INCREMENT INCREMENT LAWID
1 | | | SECT XI AUSTENITIC/AIR
2 1 1 1 SECT XI AUSTENITIC/AIR
Attachment O
NED-P-MSD-088
Rewvision 0

D4



SUBBLOCK
1

2

Kmax
CASE ID
RESIDUAL
PRES,WT.TH
RESIDUAL
PRES,WT,TH

SCALE FACTOR

1.0000
1.0000
1.0000
1.0000

Kmin
CASE ID
RESIDUAL

RESIDUAL
PRES,WT,TH
TH-TRANS

crack model: CIRCUMFERENTIAL CRACK IN CYLINDER (T/R=0.1)

CRACK STRESS INTENSITY FACTOR- ————
SIZE CASE CASE CASE
RESIDUAL TH-TRANS PRES,WT,TH

0.0190 7.721 -2.100 2.004
0.0380 10.242 -2.925 2.846
0.0570 11.740 -3.528 3.499
0.0760 12.65% -4.009 4.056
0.0950 13.179 4410 4.552
0.1140 13.406 -4.751 5.006
0.1330 13.404 -5.044 5428
0.1520 13.294 -5.328 5.856
0.1710 13.042 -5.586 6.275
0.1900 12.659 -5.817 6.681
0.2090 12.163 -6.025 7.077
0.2280 11.569 -6.210 7.464
0.2470 10.889 6.374 7.845
0.2660 10.135 -6.520 8.220
0.2850 9.364 6.671 8618
0.3040 8.552 -6.816 9.028
0.3230 7.686 -6.946 9.436
0.3420 6.773 -7.060 9.843
0.3610 5.817 -7.159 10.251
0.3800 4825 -7.243 10.658
0.3990 3.801 +7.313 11.066
0.4180 2.880 -7411 11.522
04370 2.051 -7.531 12.021
0.4560 1.209 -7.640 12.524
0.4750 0.360 -1.736 13.033
0.4940 -0.493 -7.819 13.546
05130 -1.346 -7.890 14.064
0.5320 -2.196 -7.948 14.587
0.5510 -3.039 -8.001 15.126
0.5700 -3.880 -8.054 15.687
0.5890 4715 -8.094 16.254
0.6080 -5.542 -8.121 16.827
0.6270 -6.359 -8.134 17.406
0.6460 -7.162 -8.133 17.990
0.6650 -7.950 -8.118 18.579
0.6840 -8.750 -8.092 19.186
0.7030 -9.636 -8.061 19.835
0.7220 -10.513 -8.013 20.491
0.7410 -11.380 -7.949 21.153
0.7600 -12.234 -7.8€7 21.822

SCALE FACTOR
1.0000

1.0000
0.9700
1.0000
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0.7790
0.7980
0.8170
0.8360
0.8550
0.8740
0.8930
09120
09310
0.9500

TOTAL
CYCLE

BLOCK 1

BLOCK 5

10

-13.074 -7.768
-13.897 -7.652
-14.656 -7.523
-14.864 -7.443
-15.017 -7.346
-15.114 -7.234
-15.152 -7.104
-15.129 -6.957
-15.045 -6.793
-14.897 -6.612
SUBBLOCK
CYCLE KMAX KMIN
1 19.33 12.86
1 1933 13.44
1 19.33 12.86
| 19.33 13.44
1 19.33 12.86
1 19.33 13.44
1 19.33 12.86
1 19.33 13.44
I 19.33 12.86
1 19.33 13.44

22.498
23.180
23.873
24.621
25.376
26.139
26.909
27.686
2847,
29.263

DELTAK R

6.47

5.89

647

5.89

647

5.89

6.47

589

G647

5.89

0.67

0.70

0.67

0.70

0.67

0.70

0.67

0.70

0.67

0.70

DADN

1.9E-07

1. 4E-07

1.9E-07

1.4E-07

1.9E-07

1.4E-07

1.9E-07

1.4E-07

1.9E-07

1.4E-07

DA

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

A AT
0.1800 0.i3
0.1800 0.13
0 1800 0.13
0.1800 0.13
0.1800 0.13
0.1800 0.13
0.1800 0.13
0.1800 0.13
0.1800 0.13
0.1800 0.13
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