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1.0 Introduction

1.4 BACKGROUND / PURPOSE

1.2

The purpose of this calculation Is to perform a plastic analysis of the Point Beach Unit 2 Reactor
Coolant Main Loop Piping, for a postulated downward vertical displacement of up to 6.5 inches
at the Reactor Vessel nozzles. This postulated displacement Is conjectured to occur due to a
drop of the reactor vessel head onto the reactor vessel during installation or removal. It should
be noted that the 6.5-inch displacement value is not demonstrated to be the actual displacement
that would be caused due to a reactor vessel head drop. It Is a conjectured value, and the
purpose of this analysis is to analyze the effects of such a displacement.

It should be noted that this Is not a rigorous ASME Code analysis. Allowable limits, which are
discussed in Section 4 and obtained from the ASME Code Appendix F, are created as
reasonable limits that can be used to investigate the behavior of the Hot and Cold leg piping due
to this postulated displacement.

This calculation note was prepared according to Westinghouse Procedure WP 4.5.

LIMITS OF APPLICABILITY
This Calculation Note is applicable to Point Beach Unit 2. It is also likely that the calculation is

applicable to Point Beach Unit 1, however, insufficient references have been included in this
document to confirm applicability.

Word Version 4.2
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2.0 Summary of Results and Conclusions

The results of this analysis show that the computed maximum Stress Intensity are less than the
allowable values that are listed In Section 4. Therefore, it can be concluded that the structural
integrity of the Point Beach Unit 2 Hot and Cold Leg piping is maintained after the postulated
6.5-inch displacement due to a Reactor Vessel Head drop.

The following Table summarizes the Stress and Strain results. The explanation of the ANSYS
runs used to obtaln these results can be found in Section 6. The allowable values listed In the
Table below are discussed in Section 4. As this Table indicates, the cold leg Is more severely
stressed than the hot leg and therefore controlling. Reviewing the results (for 4" case) for
maximum versus minimum assumed properties indicates that the stress ratio is essentially the
same. Therefore, the 6.5 Inch displacement case Is only evaluated for the cold leg minimum
property case. It is noted that the results for the 6.5 Inch displacement case are well below the
0.90Su maximum stress limit. It can be seen from Table 2-1 that the 4 inch drop displacement
results are less than the more conservative general membrane stress limit of 0.70Su.
Therefore, it Is judged that results demonstrate compliance with the intent of the ASME
Appendix F limits., :

Table 2-1: Summary of Results

Pipe Case | Material Applied Actual Ultimate Actual/Su?
Property Displacement Stress Tenslle
Case’ (Inch) Intenslty Strength -Su
(ksl) (ksl)
Hot Leg Maximum 4.0 45,6 90.0 0.51
Hot Leg Minimum 4.0 34.7 70.0 0.50
Cold Leg Maximum 4.0 61.1 80.0 0.68
Cold Leg Minimum 4.0 47.2 70.0 0.67
Cold Leg Minimum 6.5 54.0 70.0 0.77
Note 1: Please see Section 6.1 and 6.2 for an explanation of the Material Property cases.
Note 2: Please see Section 4 for a discussion of the allowable limit

Word Version 4.2
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3.0 Assumptions and Open ltems

31

3.2

DISCUSSION OF MAJOR ASSUMPTIONS

The following assumptions are used in this Calculation Note.

1.

The auxiliary piping Is assumed to offer minimum vertical constraint. This is confirmed
by review of References 3 and 4. The only potential restraint is the whip restraint
structure shown in Reference 4 (Section D), but this offers only limited restraint of lateral
deflection for the cold leg which Is not applicable to this problem.

The applied displacement Is assumed to be a static vertical displacement at the reactor
vesse! nozzle supports. It Is also assumed that the dynamic effects from the drop will
not significantly effect the damage assessment and the maximum stresses that are
obtained from this model. This is a reasonable assumption given this Is intended to be
an assessment of the piping Inlegrity.

The finite element model end points are assumed to be completely fixed except for the
applied displacement. These points include for hot leg: the safe-end reglon of the
reactor vessel outlet nozzle and steam generator inlet nozzle and for the cold leg: the
reactor vesse!l inlet nozzle and the reactor coolant pump outlet nozzle. This Is
conservative with respect to tha prediction of the maximum stresses.

OPEN ITEMS

This Calculation Note contains no Open ltems.

Word Version 4.2
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4.0 Acceptance Criteria

The following Acceptance Criteria are reasonable limits that can be used to measure the
behavior and structural integrity of the Hot and Cold legs due to the postulated displacement.
These Acceptance Criteria are not to be taken as a full ASME Code analysis.

Section Ill, Appendix F, paragraph F-1340, of the 1998 Edition of the ASME Code (Reference 5)
defines allowable limits when using plastic system analysis. An acceptable method of
component analysis Is plastic analysis, which has been used in this case. The limits for plastic
component analysis are provided in F1341.2.

The following primary stress limits are provided:

(a) the general primary membrane stress intensity Pm shall not exceed the greater of
0.70Su and Sy + (1/3(Su-Sy). For the selected controlling case In which Sy = 30 ksi
and Su =70 ks, the 0.70Su allowable (49 ksl) controls.

(b) the maximum primary stress intensity at any location shall not exceed 0.90Su.

(c) the average primary shear across a section loaded in pure shear shall not exceed
0.42Su.

Some Interpretation Is required to properly assign the applicable allowable to a specffic finite
element derived stress. First, it Is clear that the shear limit (c) Is not applicable since the loading
Is bending controlled and not pure shear. The general primary membrane stress intensity (a) is
a conservative limit to consider. However, this limit Is applicable to the average stress across
the pipe cross-section, such as would occur from an axial load or a pressure load. For this case,
the average stress across the pipe section Is insignificant as both pressure and axial loads are
insignificant. The maximum primary stress intensity at any location, needs to be defined based
on the intent of a primary stress. Per NB-3213.8, “Primary stress is any normal or shear stress
developed by an imposed loading which Is necessary to satisfy the laws of equilibrium of
extemnal and intemal forces and moments... Primary stress is divided into general and local
categories... (a) general membrane stress In a circular cylindrical ... shell due to intemal
pressure”. Further, per NB-3213.6, "Membrane stress is the component of normal stress which
is uniformly distributed and equal to the average value of stress across the thickness of the
section under consideration™. In this case, the section Is the entire pipe cross-section, since the
structural integrity of the pipe is dependent on the entire section not a "local” section through the
wall at a particular circumferential angle.

The maximum stress intensity provided by the finite element analysis reflects the membrane
and bending stress obtained for the pipe section. This is a product of the beam formulation

~ used in the pipe elements. In addition, the elbow element has local stress intensification factors

which are applied to account the loczl, through-wall bending effects which occur in an elbow.
The maximum stress intensity from pipe and elbow elements then reflect stresses which are
very similar in intent to the maximum primary stresses referred to in F-1341.2(b). Use of any
stress more localized than this value would only be objectionable from a fatigue standpoint and
therefore the membrane plus bending stress Intensity from the finite element results is the only
stress which could be applied to the 0.90Su stress limit for piping elements.
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5.0 Computer Codes Used In Calculation

Table 5-1: Summary of Computer Codes Used in Calculation

Code Code Code Configuration Basls (or reference) that supports use of code
No. Name Ver. | Control Reference In current calculation
1 ANSYS 8.1 Ref. 6 General purpose finlte element code. This Code
has been used for elastic-plastic finlte element
analysis In the past and this application Is a similar
use of the Code,
2
3
4
5
6
7
8
g
10
11
12
13
14
15
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6.0 Calculations

6.1

METHOD DISCUSSION

This analysis is performed fo determine the effect of a 4 and 6.5-inch vertical displacement
applied on the reactor vessel nozzle ends of the Point Beach Unit 2 Hot and Cold leg piping,
due fo a reactor vessel head drop. The analysis is done using relatively simple finite element
models of the Hot Leg and Cold Leg, Including non-linear material properties. The displacement
is assumed to be applied as a vertical static displacement at the reactor vessel nozzle supports.
The Hot Leg pipe Is modeled as a 13-foot (based on shop spool plece drawings) straight
horizontal run from the vessel outlet nozzle to the steam generator, including the Inlet elbow.
The cold leg plpe Is modeled as a 26-degree horizontal elbow attached to the vessel inlet nozzle
with a 9.5-foot (based on shop spool plece drawings) straight run to the reactor coolant pump
outlet nozzle.

For each pipe, two ANSYS runs are made: one which assumes lower-bound values of Yield
Strength and Ultimate Strength and another that assumes upper-bound values.” Based on the
results from the 4 Inch analysis, the €.5 inch case is analyzed only for the cold leg, minimum
properties case (maximum and minimum properly cases yield essentially the same results).
The intent of considering these two material strength cases is only to bound the effect of
mechanical strength. The plastic material behavior is characterized considering kinematic strain
hardening. :

The pipe is modeled using the ANSYS PIPE20 and PIPEEO0 elements. The PIPE20 elementis &
plastic straight pipe element and the PIPEG0 element Is a plastic pipe elbow element. These
elements are sufficient to obtaln an assessment of the general maximum strain (and stress)
level in the pipe for the given loadings. Some higher strains (and stresses) could occur locally
at discontinuities not included in the model (due to strain concentration), but these would only
be a concern for fatigue type cracking or small local surface cracks.

The critical result obtained from the analysis Is the maximum stress intensity for comparison to
the ASME Code Section lll, Appendix F (Reference 5), which provides a limit of 0.9S, for
Maximum Primary Stress (see Section 4 for more details on the allowable).

Word Version 4.2
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6.2 INPUT

6.2.1

A vertical downward displacement of four and 6.5 inches Is applied as a static load in the
ANSYS model at the reactor vessel nozzle ends of the Hot and Cold leg piping. The steam
generator (hot leg) and reactor coolant pump (cold leg) nozzles are assumed to be fixed points
in the model.

Material Properties

As mentioned previously, Lower- and Upper-bound material properties are chosen for input to
this analysis to bound the effect of mechanical strength. The straight section of the Hot and
Cold Leg pipes are constructed from ASTM A-376 TP316, and the Hot and Cold Leg elbows are
constructed from ASTM A-351 CF8M (Reference 8).

1. Upper bound yield and tensile strength (labeled as Maximum Properties)
' S, =40 ksl, S, = 90 ks
2. Lower bound yield and tensile strength (labeled as Minimum Properties)
S, =30ksi, S, =70 ksi. .

Material Properties from Reference 9 were examined for the above mentioned materials. It was
found that ASTM A-376 TP316 (SA-376 TP316) has a Yield Strength of 30 ksi and an Ultimate
Strength of 75 ksi at 100°F. ASTM A-351 CF8M (SA-351 CF8M) was found to have a Yield
Strength of 30 ksi and an Ultimate Strength of 70 ksi at 100°F. Therefore, the Minimum
Properties case most closely models the true properties of the Hot and Cold Leg piping elbows,
and is slightly conservative with respect to the Hot and Cold Leg straight pipe sections.

Additionally, a Young’s Modulus of 28.3x108 psi (Reference 9) and a Poisson's Ratio of 0.31 are
used in the ANSYS analysis. 4

Word Version 4.2
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The material behavior is: considered: _usmg a multi-point input stress/strain representatnon Al
non-linear stress versus strain curve {piecewise linear) is input and used in this analysis. Linear
properties are used up to 95% of Yield Strength. The next linear section of the curve connects :
the previous point to-a point at 100% Yield Strength with a 0.2% Yield offset. The final fnear -
segment of the curve is from the previous pomt to Ultimate Strength at 40% strain. The

| ;c;(% Sﬁair.\). 4

* Figuire 6-1: lllistration of Stréss Versus Strain Curve uséd for Analysis

6.2.2 Dimensions and ANSYS Real Constanits

Dimensions. for the ANSYS Models: are obtained from References 1, 2, and 3. - The- pipe:..
geometric properties are as follows:

~ Hot! t.eg ID = 29 inches, Thickness = 25 mches -
Cold Leg: ID =27.5 inches, Thickness = 2,375 inches.

The Hot and Cold Leg. plpes are modeled from the nozzle on the reactor vessel to thenozzle on
the steam generator (hot leg) or reactor coolant pump (cold leg). The following figure illustrates
the pipe !ayout It is taken from Reference 3.

Woidveiont3

cOt
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Figure 6-2: Layout of Hot and Cold Leg Piping (Reference 3*)

*for schematic illustration only, not used for dirnensions
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6341

. elbow: {cold leg) has only a 26 degree angle:. The hot leg-elbow, which has a 50 degree angle,” .

ﬁEvAmAIxQNs. ANALYSIS, DETAILED CALCULATIONS AND RESULTS
EANSYS Model TENRE SR . AU : i IR :
| The faltowmg anures mustrate the c:ompleted ANSYS Mode!s The fvgures reﬂect the use of a

.._plotting option i
element, ‘snmﬂar to beam elements. The élbows ‘are

in Ansys which simulates the actual pipe size, Th ‘element is a "fine

which Is an acceptabte practice for elbows with less than a 45 degree angle. The controlling

is acceptable to be modeled as a single element based on the avaa!able margm and sma!l effect
: associated with a mesh ref‘ nement

1

4]

5 e
R

JUN 13 2005 -
17:27:47

Figure 6-3: Hot Leg ANSYS:Model
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: AN

" Cold Leg with Elbow, Max Properties, Disp. =4 in.
Figure 6-4: Cotd Leg ANSYS) ode!

632 Results :

The followmg Table lists the resuﬁs of the four ana!ysxs runs. These resu!ts are obtarned
- graphically, by plotting the von Mises Strain and 'Strgss lntensnty These results can be, .
*recreated by running the ANSYS files which ‘are listed in' Appendix A and attached in EDMS,
Note, the strain is reported for gener'tl mformatton only and is not mtended to be app!red toa
straln kmrt o O SRS N S ASD SN NS S SR TSNS SIPTEL U LU

Word Version 4.2




WESTINGHOUSE ELECTRIC COMPANY LLC

Calculation Note Number
CN-RCDA-05-68

Revision Page
1 16

Table 6-1: Stress Intensity and von Mises Sitrain Results of Plastic Analysis — 4-inch Displacement

Pipe Case Material Computer Run | Maximum Total von | Maximum Normalized
Property Case {App. A) Mises Strain (%) Stress Intenslty (ksl)
Hot Leg Maximum 1 7.29 45.6
Hot Leg Minimum 2 5.94 34.7
Cold L Maximum 3 16.37 61.1
Cold Leg Minimum 4 17.21 47.2

Word Version 4.2
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., The following Figures illustrate the maximum Stress Intensity and the maximum strain,

o U T . . T anmsys.s.1al
O A R N : TR B | JUN 15 2005°
10:04:04
- ELEMENT SOLUTION-
- (STEP=1. ¢ : .
SUB =79
TIME=1
_SIRT (ROAVG)
' PowerGraphics
EFACET=1 -
DMX =4
| (SMN =241.99:
| 'sMX =61081

pmm 241.99

1 Hw7002 R

20522

Cold Leg with Elbow, Max Properiies, Disp =4 in.

Figure 6-5 Maxlmum Stress lnte»nsxty (ps:) Plot Co!d Leg w;th Max Propemes
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Cold Leg with Elbow, Min Properties Disp —4 in »

- smN

| ANsys 8.1a17 - -

JUN 15 2005
10:26:31

ELEME] ‘T SOLUTION

| 8TEP=1

SUB =119
TIME=1

PowerGraphics
EFACET=1

DMX =4.
=.359E-01"
=,172088
.3598-04

P

SMX

03827
[057387
- 076504

114737
.133854
152971
.172088

F‘gure 6—6 ;Max:mum von Mises Stram Plot Co!d Leg wuth Mm. Propertxes |

6.3. 2.2 Addstional Case

. L085621

| EpTORQV. (NOAVG)

019153 1

One add:tlonat on was made w:th a downward dxsplacement of 6. 5 mches for the Cold Leg
minimum-property case. The following Figures illustrate the maximum Stress Intensity and von

Mises Strain for this case. Tms_ run is made in Computer Run 5,

WordVersion 42
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. ANSYS 8.1Al
"JUN 16 2005
09:24:01

Cold Leg with Elbow, Min Proper#ies

Disp —6 5 in

Fi'g"ur‘e‘ '6-7 Maxxmum Stress tntensity (pSi)Plot

: Dtsp?acement

. ELEMENT_SOLUTION :

(NOAVG) -

<t Ca!d Leg wrth Mm Propertzes 6 5-inch

. jPoﬁerGraphics
BPACET=1
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P P T £ -l ANSYS 8.1A1

: : : JUN 16 2005

09:25:38

ELEMENT . SOLUTION

'STEP=1 o

SUB =157

TIME=1 L o

's,EPTGEQV (NOAVG):

| PowerGraphics'
EPACET=1

: '.172372
2011

Cold Leg with Elbow Min Properties, Disp —6 5 in

Figure 6-8 Maxxmum von Mlses Stram Pk:t Co!d Leg wnth Mm Properties 6 5-mch D;sp(acement

The résults‘ ffofn the additiona! éas‘e is 3ummarized -i_n Table 6-2.- N

Table 6-2: Stress Intensity and von Mis_e_s:Strain Results — Additional Cases

| Pipe: | Materal | ComputerRund - . L “Applied: - |- — Stress— ) -vonMises -} 15 i

Case | Property Case (App. A) Displacement (in) | Intensity (ksi) | Strain (%) .

Coldleg |  Minimum | 5 I 65 540 | 2586 | =

col
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6.3.3 Conclusions |

Based on the evaluations performed, it is apparent that the Hot Leg and Cold Leg piping will
maintain structural integrity for the postulated drop event with relatively minor distortions. All
results from the postulated cases meet the Acceptance Criteria in Section 4. In addition, the 4
inch drop results meet the more restrictive general membrane stress limit of 0.7Su.
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Computer Run Log Summary

Runl @ £ Machine
No :;.’ § Computer Run Description Name Run | File Type EDMS File Name or File Location
TR 8 DatelTime
1 1 Hot Leg = Maximum Propertles - 4 Inch Input  |hotmax_elinp
displacement
2| 1 Hot Leg ~ Minimum Properties — 4 Inch Inpt  |hotmin_elinp
displacement
3 1 Cold Leg ~ Maximum Propertles ~ 4 inch Input  |coldmax_el.inp
displacement
4 1 Coid Leg — Minimum Properties -4 Inch Input  Jcoldmin_el.inp
displacement
Input coldmin_e!8.5.1
s | 1 |cddLeg— Minimum Properties - 6.5 inch Disp. L S

Note: Only the input files have been stored on EDMS. These are sufficlent to reproduce the results presented In
this document.
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Appendix B: Supporting Documentation

None.
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Checkliist B: Calculation Note Methodofogy Checklist

(Completed By Author)
No. Self Review Toplc Yes | No | N/A
1 | Is all Information In the cover page header block provided appropriately? X
2 | Are all the pages sequentially numbered and are the calculation note number,| X
revision number, and appropriate proprietary classification listed on each page?
3 ] Are the page numbers in the Table of Contents provided and correct? X
4 | Are the subject and/or purpose of the calculation clearly stated In Section 1,17 X
5§ | Have the limits of applicabllity been Identified in Section 1.27 X
6 | Is the Summary of Results and Conclusions provided in Section 2.0 consistent with | X
the purpose stated In Section 1.1 and calculations contained In Section 6,37
7 | Are the assumptions clearly Identified and justified in Section 3.17 X
8 | Are open ltems properly Identified In Section 3.2 and the calc note cover page? X
9 | Are the Acceptance Criteria clearly and appropriately provided in Section 4.0? X
10 | Are the methods clearly Identified In the Method Discusslon in Section 6.1? X
11 | Are the required Inputs and thelr sources provided in Section 6.2 and are they| X
appropriate for the current calculation?
12 | Does Section 6.3 sufficlently describe the analysis detalls, results, and concluslons? X
13 | Are all References In Section 7.0 relrievable within an approved Westinghouse | X
document management system (e.g., EDMS) or provided in Appendix B and Is
sufficient information provided to facilitate thelr retrieval?
14 | Are all computer outputs documented In Appendix A and conslstent with Table 5.1? X
15 | Are all computer codes used under Configuration Contro! and released for use? X
16 | Are the computer codes used applicable for modeling the physical and/or| X
computational problem contalned in this calculation note?
17 | Is Checklist A completed properly and are the proprietary classificalion, proprietary | X
clause and designation for release provided and consistent with the checklist?
18 | Are results of literature searches Included in the calculation note? | X
19 | Are the units of measure clearly identified? X
20 | Are approved design contro! practices followed without exception? X
21 | Are all hand-annotated changes to the calculation note initialed and dated by author X
and verifier? Has a single fine been draw1 lhrough any changes thh the orig!nal
— - l-information remalning legible?- --—--—--—- —— ——— - - — o | ——
22 | if required, have computer files been transferred to archive storage? Provide page | X
number for list of files if not included in Appendix A.

If 'NO’ to any of the above, provide page number of justification or provide additional explanation below or on
subsequent pages. .
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Checklist C: Verification Methodology Checklist

(Completed By Verifier(s))
Initial If
Verification Method (One or more must be completed by each verifier) Performed
1 | Independent review of document. (Briefly explain method of review below or attach.) REJ

2. | Verification performed by alternative calculations as Indicated below.!

a. Comparison to a sufficlent number of simplified calculations which give persuasive
support to the original analysls.

Comparison to an analysls by an alternate verified method.

Comparison to a similar verified deslgn or calculation,

Comparison to test results.

Comparison to measured and documented plant data for a comparable design.

Comparison to published data and correlation’s confirmed by experience In the
industry. .

=lo|ale o

3 | Completed Group Specific Verification Checklist. (Optional, attach if used.)

4 | Other (Describe)

(1) For independent verification accomplished by comparisons with results of one or more alternate calculations
or processes, the comparison should be referenced, shown below, or attached to the checklist,

Verification: The verifier’s signature (or Electronic Approval) on the cover sheet indicates that all comments or
necessary comrections Identified during the review of this document have been Incorporated as required and that
this document has been verified using the method(s) described above. For mulliple verifiers, indicated
appropriate methods(s) by Initials. If necessary, technical comments and responses (if required) have been made
on the "Additional Verifiers Comments” page.

Additional Detalls of Verifier's Review

The calculation was reviewed using the 3-pass system. Comments included editorial and technical.
All comments were satisfactorily resolved by the author as reflected in the current version.

Rev. 1: Document was reviewed for the impact of revisions made to the document and determined
to be acceptable.
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Additional Verifier's Comments

The signature of the Author(s) and Verifier(s) on the cover page (or Electronic Approval) indicate acceptance of
the comments and responses.

No. Verifior's Comments Author's Response (If Required)

none
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