ATTACHMENT (7)

Non-Proprietary -- Calculation No. CA04945, Revision No. 0,

“Pressurizer Mid and Lower Level (Nozzle) Crack Analysis”

Calvert Cliffs Nuclear Power Plant, Inc.
March 14, 2001



ESPNo.: | £% 99800338 SuppNo. | pov/ Rev. No. 0od ( |Pagelofl

FORM 19, CALCULATION COVER SHEET

Form Rev, 0
INITIATION (Control Doc Type - DCALC) Page { of |
DCALCNo. £ 4 0 49485 RevisionNo.: 9 2 oo
Vendor Calculation (Check one): (d-res (O No

Responsible Group: vV e (L

Responsible Engineer: “T Q g? owsel

CALCULATION
ENGINEERING J civil [J Instr & Controls [J Nuc Engrg
DISCIPLINE: O Electrical [&-Mechanical (] Dieset Gen Project
[ Life Cycle Mngmt O Reliability Engrg (] Nuc Fuel Mngmt
[J oOther:
Tile: 2/‘5554/‘/::/ P9S an Lowey Lepe! Cra h foe 4_.1417
4
Unit Mrr 1 A Unir2 (J common
Proprietary or Safeguards Calculation ] YES E2g (o)
Comments:
Vendor Calc No.: //,7555 ag/oo 084/ ReVisioxNo.: O oo
Vendor Name: Aé//’c:‘l z /ff;acx&ré'}’
Safety Class (Check onc): FSR [ a0 [ NSR
There are assumptions that require Verification during
walkdown: AIT #: y. /4
This calculation SUPERSEDES:
REVIEW AND APPROVAL:
Responsible Engineer:  J R. SPONSEL %W Date: y - Dy
Independent Reviewer: U / /4/ Date;

Approval: Date:

VY




HOPPER AND ASSOCIATES

ENGINEERS
300 vista Del Mar
FAX: (310) 791-7308 Redondo Beach, CA 90277
E-MAIL: haieng@ix.netcom.com (3101 373-5573

February 24, 2000
HABGE-02/00-0841

Mr. J. Todd Conner
Baltimore Gas and Electric
Calvert Cliffs Nuclear Power Plant
1650 Calvert Cliffs Parkway
Lusby, MD 20657

Subject: Pressurizer Mid and Lower Level Nozzle Crack Analysis - Calculation
Transmittal

Dear Mr. Conner:

We have completed and enclose the subject for your records. It has been a
pleasure assisting you on this interesting project.

Pursuant to our blanket Purchase Order number 21842 Sub order Release: 13,

this letter provides our Certificate of Compliance/Conformance (C of C) on the subject
Calculation. This work product meets the requirements of the procurement documents.

vVery truly yours,

Kelley S. Elmore
Professional Engineer

Enclosure



-

HOPPER AND ASSOCIATES ENGINEERS

PROFESSIONAL ENGINEERING SUPPORT TO INDUSTRY

Pressurizer Mid and Lower Level

Nozzle Crack Analysis
Calculation Transmittal

HABGE-02/00-0841



HOPPER AND ASSOCIATES
ENGINEERS

CCNPP UNIT 2 PRESSURIZER MID AND LOWER
LEVEL NOZZLE CRACK ANALYSIS

Prepared for: Baltimore Gas and Electric Company
Calvert Cliffs Nuclear Power Plant
1650 Calvert Cliffs Parkway
Lusby, MD 20657

Prepared by: Hopper and Associates
300 vista Del Mar
Redondo Beach, CA 90277

February 2000

BGEOS0



HopPEer AND AssociATES
ENGINEERS

CALCULATION SHEET
TITLE: PRESSURIZER NOZZLE CRACK ANALYSIS DATE:__2/08/00 PAGE: L

SUBJECT: TABLE OF CONTENTS BY:_MC ck: Y SHT: ( OF (¢

1.0 INTRODUCTION 1
1.1 PROBLEM STATEMENT 1
1.2 INVESTIGATION APPROACH 2
1.3 RESULT SUMMARY 3
2.0 SYSTEM DESCRIPTION 4
3.0 ASSUMPTIONS 9

4.0 ANALYSIS 10
4.1 POSTULATED NOZZLE FLAW GEOMETRY 10
4.2 EFFECTS OF MECHANICAL NOZZLE SEAL 11
ASSEMBLIES ON CRACK GROWTH
4.3 SIDE TEMPERATURE NOZZLE CRACK 12
GROWTH EVALUATION
4.4 BOTTOM HEAD LEVEL NOZZLES CRACK 17
GROWTH EVALUATION
4.5 SECTION X! ALLOWABLE FLAW SIZE AND 21
RECOMMENDED INSPECTION INTERVAL
5.0 CONCLUSIONS 22

6.0 REFERENCES 23



Hopper AND AssocCIATES
ENGINEERS

CALCULATION SHEET
TITLE: PRESSURIZER NOZZLE CRACK ANALYSIS DATE:

2/08/00 PAGE: (C
SUBJECT: TABLE OF CONTENTS BY: MG ek: " %X SHT: (1 OF ((

Prepared by %”“/ i ?/”/00
 MARK G LELOWw

Reviewed by .gm &’/:;D/Z)O

\ BRETT Kugwy AN




HopPER AND AssOCIATES
ENGINEERS

CALCULATION SHEET

TITLE: PRESSURIZER NOZZLE CRACK ANALYSIS DATE:___2/04/00 PAGE: /

SUBJECT: 1.0 INTRODUCTION BY: MG ek: S sHT: | oF 3

1.1 Problem Statement

A postulated through cladding flaw in the Unit 2 Pressurizer upper level nozzle was previously
evaluated in [1, 21 in response to leakage at that nozzle. The purpose of this analysis is to
perform a similar crack growth evaluation for the Pressurizer side temperature nozzle and
the two bottom head level nozzles. The evaluation will assume that a flaw existed in the
vessel cladding when the Pressurizer was put in service, and the flaw has grown into the base
metal due to cyclic stresses. As in the previous analysis, the postulated flaw geometry will be
a through clad radial correr flaw. The crack growth rate will be estimated using conservative
linear elastic methods from the ASME Boiler and Pressure Vessel Code, Section Xl, Appendix A
(3l. Remaining vessel life will be estimated using the Section XI criteria for critical crack size.
The number of cycles required to exceed Section Xl Article IWB-3000 acceptable flaw sizes will
also be calculated. To prevent new leaks at the instrument nozzles, Mechanical Nozzle Seal
Assemblies (MNSA) are to be installed on each nozzle. The vessel modifications and loading
associated with these devices are analyzed in {4l. The effects of the MNSA modifications and
loads on postulated crack growth will be considered.
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1.3 Result Summary




HoprpPEr anD AsSOCIATES
ENGINEERS

CALCULATION SHEET
TITLE: PRESSURIZER NOZZLE CRACK ANALYSIS DATE:__2/04/00 PAGE: L(

SUBJECT: 2.0 SYSTEM DESCRIPTION BY: MG ck: B sHT: | oF S

P

The general configuration of the Pressurizer vessel indicating the locations of the nozzles
under consideration is shown in Figure 2.1. The vessel shell and head material is SA-533 Gr. B
Cl. 1. The shell wall thickness is 4.875" and the bottom and top head wall thickness is 3.875".
The minimum cladding thickness is specified as 0.125". The Pressurizer design and operating
conditions are:

Design pressure: 2500 psia
Design temperature: 700 °F
Operating pressure: 2250 psia

Operating temperature: 653 °F
All preceding data is obtained from I5].

Details of the side temperature nozzle and the two identical bottom head Iei/el nozzles are
shown in Figure 2.2.

The Mechanical Nozzle Seal Assempblies for the side and bottom nozzles are shown in Figures
2.3and 2.4.
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Pressurizer wall stresses at the nozzle locations are obtained from (5]. These stresses are
caused by operational pressure and thermal loading of the vessel and are assumed to be
the only significant loading of the vessel at the Nnozzie locations.

Loads due to piping attached to the nozzles are neglected.

Weld residual stresses are neglected. The formation of the postulated cladding flaw will
relieve residual stresses at the flaw location.

The postulated flaw is assumed to have a quarter-circular shape and is appropriately
modeled using the stress intensity factor expression from the previous Pressurizer nozzle
flaw evaluations [1,21.

The integration of the crack growth rate expression in Section 4.0 assumes a constant
stress (o) each cycle. There will be additional cycles at other stress levels. However, as
explained in Section 4.0, 2 maximum stress level is selected for the cyclic stress. Additional
lower stress cycles will not significantly contribute to crack growth
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4.1 Postulated Nozzle Flaw Geomet
= U216 FIaw Geometry

The postulated flaw for the side temperature nozzle and the two bottom head level nozzles is
a through clad flaw as shown in the figure below. The minimum cladding thickness specified
for the Pressurizer is 0.125" [5]: as in the previous nozzle flaw evaluation (2], a somewhat
deeper initial flaw of 0.15" will be assumed.
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4.2 Effects of Mechanical Nozzle Seal Assemblies on Crack Growth

The Mechanical Nozzle Seal Assemblies (MNSA) are shown in Figures 2.3 and 2.4 above. Thg
MNSAs are analyzed in (41, The following observations are made pertaining to the potential
effects of the MNSAs on crack growth of the postulated flaw.

1. Review of the MNSA design and analysis indicates that a compression collar and Grafoil seal

surface. Therefore the MNSA will induce some additional compressive loading of the _
vessel outer wall. This loading will not affect crack growth at the postulated flaw location
on the inner surface of the Pressurizer.

2. Seismic loading due to the overhung weight of the MNSA is considered in the analysis in
(4]. The weight is accelerated during a seismic event, causing a bending moment load in
the vessel wall. Seismic events are rare and do not contribute significantly to crack
growth because of the low number of cycles. Therefore the seismic load caused by the
MNSAs will not be considered in this analysis.

3. Differential thermal expansion of the MNSA components, nozzle and Pressurizer wall will
cause additional loading of the MNSA components. According to (4] this loading is
minimized by Belleville springs in the MNSA assembly that deflect and absorb the
differential expansion. Therefore there will be no significant loading of the vessel wall
due to differential thermai expansion.

4. Installation of the MNSAs requires tapped holes to be drilled in the vessel outer wall. The
analysis in (4] considers stress intensification due to the drilled holes. The maximum depth
of the holes are specified as 1.12" [4]. Therefore the holes are located far from the
postulated flaw location on the inner surface of the Pressurizer. Consequently the bolt
hole stress intensification Will not affect the growth of the postulated flaw.

In summary, the loads and design modifications associated with the MNSAs will not affect the
growth rate of the postulated flaw.
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4.5 Section Xi Allowable Flaw Size and Recommended inspection Interval

Allowable Flaw Size

The ASME B&PV Code Section X1 [3], Article IWB-3000, provides acceptance standards for flaw
indications detected during inservice inspections. Examination Category B-B, Pressure
Retaining welds in Vessels, (Standard IWB-3511) is applicable to flaws at the instrument nozzles.
Examination category B-D (Standard IWB-3512) pertains to pressure vessel nozzles with full .
penetration welds: the instrument nozzle welds are not full penetration but this category will
also be considered.

The postulated flaw under consideration is a planar flaw as defined by Section XI. Allowable
planar indications are specified as a function of the flaw aspect ratio a/l (depth/length). For
the assumed circular flaw geometry, a/l=0.5. For examination Category B-B, Table IWB-3511-1,
the allowable planar indication depth for aNl=0.5is 3.7% of the wall thickness. For
€xamination category B-D, Table IWB-3512-1, the allowable planar indication depth for a/l=0.5
is 3.5% of the wall thickness. The lower value of 3.5% will be used as the acceptance standard
for the instrumentation hozzle flaw.

For the side temperature nozzie, the allowable flaw depth = (0.035)(4.875) = 0.17".
For the bottom head level nozzies, the allowable flaw depth = (0.035)(3.875) = 0.14",

The allowable crack depths are depths into the base metal. The initial through cladding flaw
depth does not have to be considered as part of the total flaw depth.

Recommended Inspection Interval

Side temperature nozzle: Figure 4.3.1 shows crack growth as a function of cycles

at this location. The number of cycles required to grow an additional 0.17" into the base
metal is over 100,000 Cycles. Therefore the Section Xi acceptance criteria will never be
exceeded during the life of the plant and other than routine inspections at the side nozzie
are not required.

Bottom head level nozzles: Figure 4.4.1 shows crack growth as a function of cycles .

at this location. Approximately 1900 cycles are required to grow an additional 0.14" into the
base metal. Therefore the heat-up/cool-down Cycles are not expected to cause enough cracK
growth to exceed the Section Xl acceptance criteria during the life of the pilant. Based on this
result, other than routine inspections at the bottom nozzles are not required.
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Postuiated through clad flaws were evaluated at the side temperature and bottom head level
nozzles on the Pressurizer vessel. Crack growth rates were estimated using a conservative
ASME Section XI, Appendix A elastic fracture mechanics approach.

The critical crack size according to Section X Appendix A criteria was found to be greater
than the shell thickness at the side nozzie. Therefore the postulated flaw at that location will

the Pressurizer. More than 100,000 cycles are required to reach the maximum acceptable flaw
depth of 0.17" per Section Xi| Article IWB-3000.

Stress levels in the bottom head are larger than in the shell SO crack growth is more rapid at
the bottom nozzles than at the side nozzle. The critical Appendix A crack depth at the
bottom nozzles is 1.23". The postulated flaw is estimated to reach this depth after 6100
cycles. The number of expected significant lifetime stress cycles due to heat-up/pool-down is

acceptable flaw size of 0.14" per Section Xi Article IWB-3000. Intensified stresses at thi's
location exceed the vield stress, so these results, which are based on an elastic analysis, are
conservative,

Mechanical Nozzle Seal Assemblies are to be installed on the Pressurizer nozzles. Additional
loading and vessel modifications resulting from the MNSAS will not affect crack growth rates
of the postulated flaws.

In summary, the postulated flaws at the side and bottom nozzies do not limit the expected
life of the Pressurizer vessel. Furthermore, the flaws are not expected to reach the maximum
acceptable flaw size per Article IWB-3000 so other than routine inspections of the side and
bottom nozzles are not required based on this analysis.
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