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I 1,0 Introduction 

Following the discovery of a lealking pressurizer upper head instrumentation nozzle at Baltimore 
Gas and Electric (BG&E) Company's Calvert Clif Unit 2, a long term repair design 11] w" formulated for implementation prior to plant restart. It was determined that the pressure 
boundary has been violated by a crack extending through the Alloy 600 partial penetration 
attachment weld between the Alloy 690 intmentazion nozzle and the 6rbon steel upper head.  The repair design consists of seveno the nozzle above the weld and forming a new pressure boundary by welding the outboard portion of the -ozzle to a newly created weld pad on the 
outside surfce of the hcad. Since this design left the inboard portion of the origia nozzle in place and UT was not performed to darwaterize the extent of the flaw, it has been conjectured 

- that the flaw may extend through the weld and into it the carbon steel head material. To address such a scenario, a typical nozzle inside corner flaw is postulted to be present in the head material 
and fracture mcchanics analysis is performed to evaluate the consequences of flaw growth under cyclic loading conditions. The objective of the flaw evaluation is to determine the- number of allowable heatup/cooldowm cydes for seveW na sizes of postlathed nozzle comer flaws xtendimg 
throumh the wed buter, and into the base m". Failurm is associated with unstable crack initiation, as indicated (with uafety margin) by the lower bound fiature toughness re~erence m.rve of Secton MO of 
the ASMS Boiler and Pressure Vessel Code (2].

4
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2.0 Assumptions 

Listed below are assumptions that are pertinent to the present f.ture mecanics evaluation.  

I. It is assumed that the effects of iradiation at the upper head location are negligible and that a value of 40 tF may be usid to approximate the RTmTr of the upper head materal 

2. Thermal stresses may be ignored since the upper head instrumentation nozzle is located a steam dome which, due to low film coeffident, minimizes heat flux into aWd out ofthe 
head undex cyclic thernal loading conditions.  

3. Attached piping load: at the location of the weld pad on the outer aurface of the head arm 
assumed to have a neglgible effect an stresses in the corner reqoon.  

4. Weld residual stresses and cldin effects are assumned to be secondary in nature and 
need not be included in the present analysis.  

5. Faulted condition pressure loads are assumed to be bounded by the 2500 psi design load 
used for evaluation of normal and upset condition loads.  

6. It assumed that increases in pressurizer pressure are limited by operational 
pressure/temperature (PT) limits and that the highest pressure load is bounding.

5
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3.0 :- PostulAted law Shape 

A quawtr-circular shape is used to represent a flaw at the tnide corn of the upper head penetration 
for the nstwnefitation nozzle. The posfu~aed nozzie corner flaw'is located in a radial plane relative to the nozzle, startdn at an eention oftheiMide sunlc of the base metal and induding the area of the 
J-groove, as depicted below.  

comer flaw 

inside comer 

The flaw is oriented in the radial Plane since the dominant 9=es in the head is the prem~re hoop strss around the penetration. Per paarph 4:7 of the des! speeficavion, [1], the n&Imm assumed flaw depth shall be 1-1116 inches, the heiaht of the J-grooved weld prep. Althouhg this dimension is used in the fracture mechanics analysis for an Mal flaw depth results are also reported for an iritial depth of 15/16 of an inch which is the distance to the inside surface of the weld butter. It is noted that flaw evaluation*s are performed for a base metal corner flaw by conddering that portion of the flaw included 
in the dadii veld, an butter areas as bing part of the mmoplcte flaw.

6
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4.0 Stress Intensity Factor Solution 

Although detailed finite element analysi could be utilized to obtain accurmte stress distributions through the nozzle, head, and weld reglons, and to derive stress intensity factors for specific flaw shapes, the present flaw evaluation relies on available stress intensity factor solutions from the 
Uterature using fundamentaj descriptions of stress.  

4.1 Nozzle Comer Flaw 

For an arbitrary stress distribution .through the vessel head, described by the third-order 
polynontial,

[Ref. 3, eqn. (G-2. 1)1whr= A0 + mAedf + Anxc e Aoxo,

where x is measured from the insde -comer. the stress intensity factor solution for a simulated 
threem imensional nozzle oomer flaw is: 

1(, r,- 70[i6A. + 0.,37r3a)A, +0.44{.a2..)A 2 +O0.39{ W )A,] 

[( ef. 3, eqn. (CG-Z.2)] 
where "a" is the radius of the circular-shaped crack front.

7
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4.2 Irwin Plasticity COrrctifon 

The Irwin plasticity correction utilized in linear eutic fracture mechanics to account for a 
moderate amount of yielding at the crack tip is defined for planeatrain conditions by 

._y 
r, a, !

where:

W(O) - em Wfactor based onrthe actual crack length. a, 
y- ieldMraeth.

A ar. intensity factor, (a,), is then Calcuated based on an effective crack ngth.  

a. =a i 1,.

8
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5.0 Applied Stresses 

For pressure loading, a membrane hobp stress is calculated for the spherical head at the nozzle penetration ma follows: 

a, x-SCF, .xSCFJ. x P---R 2t 
where: 

Design pressure, P - 2500 psi (1) 
Radius to the upper head base metal, R, 48.4375 in. (4] 
Upper head thickness, t 3,875 in. [4] 

and

Stress concentration for the hole,

SCFw, - 2.0 (5] 

Stress concentration for the eff=ct of an oblique., or hillside, nozzle penetration, 

Then the hoop stress used for the evaluation of the radial corner flaw is 

o,,- 37.5 ks 

and the polynormial stress coefficients used for ft stress intensity factor solution are 

A0 - 37.5 kd 

A2 =0

9
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6.0 Material properties 

Material properties are developed for 'the SA-533 Grade B, Class 1, upper head low alloy steel plate material (4] for an operating temperature of 653 F[ 11.  

6.1 Fracture Toughness and Yield Sitrugh 

The upper head material is included ini he list of ferritic steels-for which the lower bound fracture toughness curves in F'S. A-4200-1 of'Stctioft k [2] mlay be Used. At a temnperature of,653 9F and for a RTkr of 40 u F (j, the L and KL curves are both well above the upper shelf value of 200 ks~in.  

A yield strength of 43.S ksi at 650 'Fis obtained from Section M of the ASME Code [8]. This value is used in the Irwin plasticity correcon to calculate an effective flaw depth. -

6.2 Fatigue Crack Growth 

Flaw growth due to cyclic loading is cl4culated for the upper head material using the fatigue crack growth rate model from Article A-4000 of Section XI [2], 

where AKQ is the range of applied stress intensity factor in terms of ksi)tin, da/dN is in terms of inches/cycle. Considering cyclic presuure loads during plant heatup and cooldown conditions.  such that the minimum stress intensity ractor Ki = 0, the constants C and m are determined from Fig. A-4300-1 of Section XI [2] using' 

For jK: > 19 ksitjin, 

Cm 1.95 

For the stress intensity factor solutio(o presented in section 4. 1, this flaw growth model can be integrated to express the final flaw depth, ai, in terms of an initial flaw depth, ai, for a specified number of fatigue cycles, N, as follows: 

a �'a�d 'I + (1_m 2) C(0.706A,.J•,=)m Nýl,,--)

10
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:-;� �7.0 Flaw Acceptance Critexia

For a nozzle, comner flaw, the Potlt Initia flaw size is considered to be =ceptabke for a given amount of crack growth if the apPlI~d Stres fintensity factor satisfies the frzature toughess requlre=ei of the ASME Code, Sed.ton PI aragraph MVJ-3612 [2] for normial and upse 
conditions, 

Where, 14(S() -applied suess intensity factor at the &Wna flaw depth, 

Kit crck am-it frcuwre tou011Me.

11
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8.0 Results 

Results of the flaw growth •uiion ,f postulatd nozzle comner flaws are presented below in the form of table of allowable cycles for several values ofiritial flaw size, ranging from 15/16 inch to 1.71 inches.  
M Alowab3"le Num.ber of Heatp/Coold 3wn Qgles vs.-I• Flaw Size A0ozr.o;le Comer_• Flaws 

(in.) (. i~m_ ) MW (CO. .) (lýSv/') 0.9375•.. 45.44 3291.7112 63.2S 1.0625 48.37 2616 1.7109.. 63.25 
.1.5000 57.47 726 1 1.7110 63.25 1.7106 61.37 1 1.719 3•

9.0 Conclusions

Based on 500 heatup/fooldown cycle' for a 40-year desin life [1], 1 nozzle corner flaw could have an initial depth into the upper head base metal of 1.5 inches. measured from the extended" base metal comer, as depicted in the figure on page 6. Such a flaw would grow to about 1.71 inches in 726 cycles to 2500 psi pMfUMre. Above 1.5 inches, only a few cycles would be permitted, until the flaw would reach pditical size at 1.71 inches.

12
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