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Docket No. 50-271
BVY 05-084
TAC No. MC0761

ATTN: Document Control Desk
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

Subject: Vermont Yankee Nuclear Power Station
Technical Specification Proposed Change No. 263 — Supplement No. 33
Extended Power Uprate ~ Response to Request for Additional Information

References: 1) Entergy letter to U.S. Nuclear Regulatory Commission, “Vermont
Yankee Nuclear Power Station, License No. DPR-28 (Docket No. 50-
271), Technical Specification Proposed Change No. 263, Extended
Power Uprate,” BVY 03-80, September 10, 2003

2) Entergy letter to U.S. Nuclear Regulatory Commission, “Vermont
Yankee Nuclear Power Station, License No. DPR-28 (Docket No. 50-
271), Technical Specification Proposed Change No. 263, Supplement
No. 31 — Response to Request for Additional Information,” BVY 05-
074, August 4, 2005

This letter provides additional information regarding the application by Entergy Nuclear Vermont
Yankee, LLC and Entergy Nuclear Operations, Inc. (Entergy) for a license amendment
(Reference 1) to increase the maximum authorized power level of the Vermont Yankee Nuclear
Power Station (VYNPS) from 1593 megawatts thermal (MWH) to 1912 MW.

This submittal responds to the remaining items from NRC’s audit of the VYNPS steam dryer
analysis of August 22 through 25, 2005 and clarifies information contained in Entergy’s
response to request for additional information dated August 4, 2005 (Reference 2).

As a result of the discussions held during the steam dryer audit, Entergy has performed or will
take the following actions: .

1. In order to address the NRC staff's questions regarding steam dryer analysis
uncertainties, the VYNPS steam dryer analysis computational fluid dynamics (CFD) and D I
acoustic circuit model (ACM) uncertainty evaluations were expanded to include: M

a) ACM uncertainty considering all 27 Quad Cities 2 (QC2) 790 MWe benchmark

pressure sensors predictions.
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b) CFD model uncertainty based on comparisons to full scale BWR instrumented
dryer data.

c) Strain gage measurement uncertainty to address potential under-prediction in
hoop strain at individual response frequencies.

Revised VYNPS dryer load definition uncertainty is described in the updated response
to RAI EMEB-B-18 and Exhibit EMEB-B-18-1. This supersedes the previous version of
the RAI response. In the event that acoustic signals are identified that challenge the
VYNPS limit curve during extended power uprate (EPU) power ascension, Entergy will
perform a frequency specific assessment of ACM uncertainty at the acoustic signal
frequency to assess if an increase in the value established in EMEB-B-18-1 is required.
The instrument uncertainty will be revised to reflect the planned installation of
additional strain gages and associated data acquisition equipment.

. To improve the accuracy of the steam dryer measurement system, Entergy will install
32 additional strain gages on the main steam piping during the Fall 2005 refueling
outage (RFO-25) and will enhance the data acquisition system prior to extended power
uprate (EPU) operation in order to reduce the measurement uncertainty associated
with the ACM.

a) Entergy will monitor both the additional strain gage data and existing strain
gage data during power ascension.

b) In the event that acoustic signals are identified that challenge the VYNPS
dryer monitoring performance limit curve during EPU power ascension,
Entergy will evaluate dryer loads and reestablish the limit curve based on the
new strain gage data.

c) Main steam (MS) piping arrangement drawings that depict the arrangement of
the main steam piping and branch lines, new strain gages, existing ACM
monitoring points, and MS system accelerometers has been included in
Figure EMEB-B-77-1.

d) The specifications for enhanced strain gage and data acquisition systems are
included in Attachment 12.

. After reaching 120% of current licensed thermal power (CLTP), i.e., 1912 MW,
Entergy will obtain measurements from the strain gages and establish the VYNPS
dryer flow induced vibration (FIV) load fatigue margin, update the dryer stress report,
and re-establish steam dryer monitoring plan (SDMP) limit curve with the updated ACM
load definition and revised instrument uncertainty. This information will be provided to
the NRC staff.

. Responses to the NRC staff’s questions generated during its audit of General Electric’s

. (GE) scale model test (SMT) facility are included in Attachment 7.

. During power ascension, if an engineering evaluation is required in accordance with
the SDMP, the structural analysis will continue to address frequency uncertainties up to
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+/-10% and assure that peak responses that fall within this uncertainty band are
addressed.

6. The VYNPS steam dryer skirt was added to the finite element analysis (FEA) and
evaluated as described in the revised response to RAl EMEB-B-39 (Attachment 2).

7. A more comprehensive evaluation of potential VYNPS main steam system acoustic
resonators in vortex shedding frequencies is provided in the revised response to RAI
EMEB-B-77 in Attachment 3. Included in this response revision is a drawing showing
the relative locations of VYNPS main steam system cavities (potential resonators),
ACM input measurement locations and piping FIV monitoring accelerometers.

8. An update of the VYNPS steam dryer stress analysis, incorporating the revised ACM
and CFD model uncertainty values, is provided in a revision to Exhibit EMEB-B-143-1,
Attachment 5. This revised Exhibit also describes how not exceeding the VYNPS
steam dryer limit curve assures that the fatigue endurance limit will not be exceeded
during power ascension and dryer structural integrity will be maintained.

9. The EPU power ascension SDMP has been revised to reflect long term monitoring of
plant parameters potentially indicative of a dryer failure. The SDMP was additionally
revised to reflect consistency of the VYNPS steam dryer inspection program with SIL
644 Rev. 1, identification of the NRR Project Manager for VYNPS as the point of
contact for providing SDMP information during power ascension. Submittal to the NRC
of the final 120% EPU VYNPS load definition will be made upon completion of the
power ascension test program.

10. Entergy will submit to NRC the FIV related portions of the EPU startup test procedure,
including methodology for updating the limit curve, prior to power ascension.

The RAI responses and information provided in Attachments 1, 5 and 7 contain Proprietary
Information as defined by 10CFR2.390 and should be handled in accordance with the
provisions of that regulation. Attachments 8, 9 and 10 are non-proprietary versions of
Attachments 1, 5 and 7, respectively. Affidavits supporting the proprietary nature of the GE
documents are provided as Attachment 11.

Entergy believes that with this submittal Entergy has fully responded to all the information
requested by the NRC staff on steam dryer analyses, and that the information provided
supports the preparation of the NRC staff’s safety evaluation report for EPU. Entergy submits
that the information provided in response to the NRC staff's requests demonstrates that
VYNPS can be safely operated at up to 120% CLTP.

This submittal also provides as an enclosure CD-ROM data disks (proprietary information)
associated with the GE response to the Scale Model Test facility audit.

The following attachments are included in this submittal:
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Attachment Title .

1 Revised response to RAl EMEB-B-18 and Exhibit EMEB-B-18-
1, VYNPS dryer load uncertainty
2 Revised response to RAI EMEB-B-39, consideration of steam
dryer skirt in the structural finite element analysis
Revised response to RAl EMEB-B-77, estimate of main steam
system resonator natural and vortex shedding frequencies
Revised response to RAl EMEB-B-96
Revised Exhibit EMEB-B-143-1
Revised Steam Dryer Monitoring Plan
GE Scale Model audit question responses
Non-proprietary version of Attachment 1
Non-proprietary version of Attachment 5
Non-proprietary version of Attachment 7
GE affidavits for Attachments 1, 5and 7
Additional strain gage equipment and data acquisition system
specifications

w
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This supplement to the license amendment request provides additional information to clarify
Entergy’s application for a license amendment and does not change the scope or conclusions
in the original application, nor does it change Entergy’s determination of no significant hazards
consideration.

There are no new regulatory commitments contained in this submittal. However, acceptance of
the proposed license condition will result in certain actions with respect to steam dryer
monitoring and evaluations.

If you have any questions or require additional information, please contact Mr. James
DeVincentis at (802) 258-4236.

| declare under penalty of perjury that the foregoing is true and correct.
Executed on September / ﬂ , 2005.

Sincerely,

ermont Yankee Nuclear Power Station

Attachments (12)
Enclosure (1)



cc:

Mr. Richard B. Ennis, Project Manager
Project Directorate |

Division of Licensing Project Management
Office of Nuclear Reactor Regulation

U.S. Nuclear Regulatory Commission

Mail Stop O 8 B1

Washington, DC 20555

Mr. Samuel J. Collins (w/o attachments)
Regional Administrator, Region 1

U.S. Nuclear Regulatory Commission
475 Allendale Road

King of Prussia, PA 19406-1415

USNRC Resident Inspector (w/o attachments)

Entergy Nuclear Vermont Yankee, LLC
P.O. Box 157
Vernon, Vermont 05354

Mr. David O'Brien, Commissioner (w/o proprietary information)

VT Department of Public Service
112 State Street — Drawer 20
Montpelier, Vermont 05620-2601
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Response to Request for Additional Information

Revised Response to EMEB-B-39

Total number of pages in Attachment 2
(excluding this cover sheet) is 12,
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NRC RA! EMEB-39

In Attachment 6 to Supplement 26, the modified dryer is shown in Figures 3.1-1 (Page 17) and
3.7.1 (Page 21) for CFD analysis and ANSYS analysis, respectively. The recent hammer test
performed for a new steam dryer at Quad Cities indicated that significant coupling exists between
the upper portion of the dryer and the skirt with pressure loading applied to the full dryer including
the skirt. Confirm whether the full steam dryer model in the CFD and ANSYS analyses consists
of both upper dryer banks, supporting ring, and the skirt. If the skirt is not included in the
analysis, provide a justification.

Revised Response to RAl EMEB-B-39

The ANSYS models for the VYNPS steam dryer analysis include the dryer support ring, dryer
hoods, end plates, cover plates, upper dryer banks, cross beams, bottom support plates, tie bars
and gussets. The ANSYS model previously used for determining dryer stress intensities did not
include the dryer skirt. Details of the ANSYS model without the dryer skirt were previously
supplied in the response to RAl EMEB-B-1.

As discussed below, the VYNPS steam dryer upper structure is more likely to be dynamically
isolated from the dryer skirt through the support ring. This is a result of the overall flexibility of the
support ring structure with its cross bracing from the dryer support plates, and bottom beams. It
is noted that the support ring construction for the VYNPS steam dryer is significantly different
than that of the new steam dryer at Quad Cities. The support ring and cross beams in the
VYNPS steam dryer are constructed of solid forgings, while the support ring and cross beams for
the new steam dryer at Quad Cities are constructed of induction bent tube steel with much
smaller section properties (bending stiffness about both major and minor axes and torsional
rigidity about tangential axis). The reason for the difference in construction is that the support
ring for the new steam dryer at Quad Cities serves a dual purpose for providing added dryer
structural support and for providing part of the steam dryer moisture removal drain path.

The effect of the skirt on the natural frequencies of the front hood and the cover plate has been
studied. The skirt provides additional stiffness to the dryer ring in the vertical direction. The
gussets are welded on the cover plate and the front hood and supported at the dryer ring. If the
skirt is included in the model, the gusset support stiffness at the dryer ring is significantly
increased. The fundamental frequencies of the front hood and cover plate are increased
commensurately. This is due to the fact that the skirt improves the structural effectiveness of the
gusseted support of the cover.

Because the dryer skirt thickness is 0.25” and the dryer ring has a solid, rectangular cross section
of 6" high by 3" wide and is stiffened by the cross beams, the horizontal modes of the skirt are
isolated by the dryer ring. Consequently, in the horizontal direction, there is no significant
dynamic interaction between the dryer skirt and the dryer cover plate and front hood.

Figures EMEB-B-39-1 through EMEB-B-39-5 demonstrate the effect on the front hood
fundamental frequencies when the skirt is included in the dryer model. As shown in Figures
EMEB-B-39-1 and EMEB-B-39-2, there are strong modes for the dryer front hood at both 53 and
62 Hz for the mode! without the dryer skirt. Figures EMEB-B-39-3 through EMEB-B-39-5 show
that there are no significant modes for the front hood in this frequency range when the skirt is
included in the dryer model. Figures EMEB-B-39-6 and EMEB-B-39-7 show that the first
fundamental frequencies for the front hood do not appear until 85 and 94 Hz when the dryer skirt
is included in the FEA model.

Furthermore, there are no significant acoustic sources identified in the VYNPS steam system at
100% CLTP. The transient loads from the CFD loads evaluation are hydrodynamic loads that
have frequency content up to approximately 62 Hz. Entergy has run a load step uncertainty
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assessment for this CFD loading. This assessment demonstrated that stiffening the structure
would reduce the stress. See the response to EMEB-B-143-1 for further information.

The VYNPS steam dryer FEA model without skirt has 234 modes from 0-200 Hz. The number of
modes increases to 391 modes when the skirt is included in the model. The increased number of
modes with the dryer skirt included is entirely due to the additional skirt modes. The effect of
including the skirt into the dryer mode! to determine whether there was a significant change in
fundamental frequencies in the upper dryer structure was also studied. The results of the study
show that the mode shapes for the upper dryer structure components for the model without skirt
are preserved for the model with the skirt. This provides evidence that there is insignificant
coupling between the upper dryer structure and the dryer skit. As an example, Figures EMEB-B-
39-8 through EMEB-B-39-11 show comparisons of the modified outer hood top hood fundamental
frequencies for the dryer model with and without the skirt. As discussed in the response to RAI
EMEB-B-110, this location has one of the highest peak stress intensities in the VYNPS dryer.
The modal displacements for the dryer top hood are insignificantly changed when the skirt is
included in the dryer model.

During the August 2005 audit of the VYNPS steam dryer analysis, the NRC questioned Entergy
concerning the stress intensity of the dryer skirt. A time history evaluation of the VYNPS FEA
mode! with the dryer skirt included was performed, using the ACM loads as input, in order to
provide a quantitative response. Figure EMEB-B-39-12 shows a graphical representation of the
FEA model with the dryer skirt included. The key components of the dryer skirt are the skirt
plates, the interior drain channels and the guide rod/support lug channels. A damping value of
1% of critical damping was used in the time history analysis. Plots of the peak stress intensity are
shown in Figure EMEB-B-13 through EMEB-B-15. The results of the time history analysis are
shown in Table EMEB-B-39-1. The steam velocity inside of the dryer skirt is about five ft/second.
Flow velocity on the outside of the steam dryer skirt is essentially zero. Therefore, hydrodynamic
oscillating loads on the dryer skirt are considered insignificant. The dryer skirt stresses are not
the governing stresses for determination of the VYNPS Level 1 and 2 power ascension
performance criteria spectra.

Table EMEB-B-39-1 — VYNPS Skirt Component Acoustic Stress Intensities

Component Acoustic Weld Weld CLTP Peak
Maximum Surface | Concentration | Undersize | Acoustic
Stress Intensity Factor Factor Stress
(psi) Intensity (psi)

Skirt Plates 738 1.40 1.00 1033

Drain Channel 559 1.40 1.78 1393

Guide Rod/Support Lug | 508 1.40 1.00 ak!

Channels

In summary, a stiffer mode! would reduce CFD stress and increase ACM stress. Entergy has
considered a +/-10% frequency uncertainty in the analysis. The VYNPS Level 1 and 2 power
ascension performance criteria spectra will be conservatively reduced to account for ACM and
CFD load uncertainty. Based on the factors described in Exhibit EMEB-B-143-1, the VYNPS
performance criteria spectra would require re-evaluation of the dryer at strain gage readings at
level equivalent to 10% of the PSD amplitude experienced by QC2. Further sensitivity analysis is
not warranted until a discernable VYNPS signature is observed. Entergy expects to use the finite
element model with the dryer skirt included for the performance of any additional finite element
analysis that may be required during EPU power ascension.
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Vernont Yankee Dryer without skirt, Mode 17, frequency = 52,943822
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Figure EMEB-B-39-1 Dryer Model without skirt 53 Hz Mode
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Verment Yarkee Dryer without Skirt, Mode 22, frequency = 62.17

Figure EMEB-B-39-2 Dryer Model without skirt 62 Hz Mode
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Figure EMEB-B-39-3 Dryer Model with skirt 53 Hz Mode
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Figure EMEB-B-39-4 Dryer Model with skirt 61 Hz Mode
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Vermont Yankee Dryer with Skirt, Mode 56, freguency
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Figure EMEB-B-39-5 Dryer Model with skirt 64 Hz Mode
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Figure EMEB-B-39-6 Dryer Model with skirt 85 Hz Mode
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Figure EMEB-B-39-7 Dryer Model with skirt 94 Hz Mode
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Figure EMEB-B-39-8 Dryer Model without skirt 128 Hz Mode
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Figure EMEB-B-39-9 Dryer Model with skirt 128 Hz Mode
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Figure EMEB-B-39-10 Dryer Model without skirt 153 Hz Mode
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Figure EMEB-B-39-11 Dryer Model with skirt 153 Hz Mode
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Skirt Plate

Interior Drain Channel

Guide Rod/Support
Lug Channel

Figure EMEB-B-39-12 - VYNPS Dryer Model with skirt
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Figure EMEB-B-39-13 — Skirt Peak Stress Intensity
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Figure EMEB-B-39-14 — Guide Rod/Support Lug Channel Peak Stress Intensity
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131,947

Figure EMEB-B-39-15 — Drain Channel Peak Stress Intensity
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RAI EMEB-B-77

The Executive Summary of NEDC-33192P (Conclusions 8 - 10 for Plant Data and
Conclusion 2 for SMT) mentions that existing data from VYNPS MSL strain gauges and
venturi lines show no evidence of any “singing” in downstream valves. In other BWR-3
plants, and in the GE SMT data, singing in valves has been observed, and can lead to
high acoustic pressure loads on the steam dryer. Entergy should explain whether there
is a potential of acoustic pressure loads (on the dryer) induced by valve singing between
pre-EPU and EPU conditions, and provide any estimates of valve singing frequencies
(with respect to power level).

Revised Response to RAl EMEB-B-77

Entergy evaluated the potential acoustic source frequencies in the VYNPS main steam
lines by estimating the natural frequencies of known cavities and the shear wave
instabilities caused by steam flow over the cavity openings. Figure EMEB-B-77-1 sheet 1
shows the location of the VYNPS main steam line cavities including Safety Relief Valves
(SRV’s), Spring Safety Valves (SSV’s), HPCI steam supply line and RCIC steam supply
line. In addition, sheet 2 shows the location of the proposed location for the additional 32
strain gages, sheet 3 shows the location of the measurement locations used as input to
the VYNPS acoustic circuit model, and sheet 4 shows the locations of the
accelerometers for FIV monitoring. Appendix 1 contains Entergy’s evaluation of the
potential cavity resonant frequencies and comparison to the calculated vortex shedding
frequencies at both current licensed thermal power and EPU conditions.
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Figure EMEB-B-77-1 — Sheet 1: VYNPS Main Steam Piping Cavities and ACM
Measurement Locations
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Figure EMEB-B-77-1 — Sheet 2: VYNPS Main Steam Piping Cavities and ACM
Measurement Locations
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Figure EMEB-B-77-1 — Sheet 3: VYNPS Main Steam Piping Cavities and ACM
Measurement Locations
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Calculation VYC-2431 VYNPS Main Steam System Potential Acoustic
Frequencies



CALCULATION COVER PAGE

Cp-2 ] 1 JAF (JpnPS X vy

Thi . Sheet 1 of 19
is revision incorporates the Att. A: 3 pages
Calculation No.VYC-2431 following MERLIN DRNs or Minor Calc | fu" b7 5 gages
Changes. NA T 9
Title:  VYNPS Main Steam System Potential Acoustic Frequencies CJor XINQR
Discipline: Civil-Structural ' - | Design Basis Calculation? [JYes XNo

This calculation supersedes/voids calculation: NA

Modification No./Task No/ER No: ER 05-0738

X No software used
O Software used and filed separately (Include Computer Run Summary Sheet).
If “YES', Code:

[ Software used and filed with this calculation. If “YES’, Code:

System No./Name: Main Steam

Component No./Name: Main Steam Piping, Steam Dryer
(Attach additional pages if necessary)

Print/Sign_
REV # STATUS PREPARER REVIEWER/ OTHER APPROVER DATE
(Prel, Pend, DESIGN REVIEWER/
AV, S) VERIFIER DESIGN
VERIFIER
0 Pend R.G. Orner E.J. Betti NA S.D.

K.6 .Onu % }Wk q.12-05




Calculation Number:

RECORD OF REVISIONS

VYC-2431

Page__2 of 1

Revision No.

Description of Change

Reason For Change

0

N/A

Original Issue




CALCULATION SUMMARY PAGE Page 3 of 19

Calculation No. _ VYC-2431 Revision No. _0

CALCULATION OBJECTIVE:

The objective is to calculate the resonant acoustic frequencies of the fluid contained in the cavities
formed by branch piping on the Main Steam System in the Drywell, and the vortex shedding
frequencies resulting from shear wave instabilities in the steam flow across the cavity openings. A
comparison will be made to determine if resonance occurs, both at CLTP (Current Licensed Thermal
Power) and for the higher flow condition at EPU (Extended Power Uprate).

CONCLUSIONS:
The HPCI and RCIC lines fundamental frequencies are very low, 1.29 Hz and 1.89 Hz, respectively.
The lowest vortex shedding frequency associated with these lines (HPCI) is 43 Hz at CLTP and 52 Hz
at EPU. Therefore any excitation of these lines would be at higher harmonics and therefore are not
expected to have significant contribution to system resonance.

The SSV and RV branch lines have the potential to be excited below 80% CLTP. These branches
should not be excited from CLTP through EPU operation. There is 1 blank flanged RV line on each
MSL that may be excited at EPU conditions. The fundamental frequency of this branch is ~223 Hz. In
the EPU Power Ascension Test Program VY will monitor steam line signals through 300 Hz to assure
that this resonance is identified and measured in the event it occurs.

ASSUMPTIONS:

None

DESIGN INPUT DOCUMENTS:

See Calculation Section 5.0 on page 7 and Section 6.0 on pages 8 and 9 (References 6-34, 36).

AFFECTED DOCUMENTS:

None

METHODOLOGY:

Manual calculations using standard industry accepted references.
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1.0 Background

2.0

3.0

4.0

EPU (Extended Power Uprate) will result in higher Main Steam flow rates, which
may change the acoustical response in the piping. This change in acoustical
response may result in changes in the loads on the steam dryer in the reactor
vessel. One factor in the acoustical response in the Main Steam piping is the

_potential resonance driven by vortex shedding over branch piping (SRV/SSV,

HPCI, and RCIC) cavities.
Purpose

The purpose of this calculation is to calculate the resonant acoustic frequencies
of the fluid contained in the cavities formed by branch piping on the Main Steam
System in the Drywell, and the vortex shedding frequencies resulting from shear
wave instabilities in the steam flow across the cavity openings. A comparison will
be made to determine if resonance occurs, both at CLTP (Current Licensed
Thermal Power) and for the higher flow condition at EPU (Extended Power
Uprate).

Method of Analysis

The natural frequencies of a cavity may be excited by the shear wave instabilities
flowing over the cavity opening. The potential sources in the VY Main Steam
lines may be evaluated by estimating the natural frequencies of the known
cavities and the shear wave instabilities due to steam flow over the cavity
openings. The resonator is excited when the two frequencies match.

The methods of References 1 & 2 are used to calculate cavity natural
frequencies and the steam flow shear wave instability (vortex shedding)
frequencies.

Assumptions

None.



VY CALCULATION SHEET

Calculation Number: VYC-2431 Revision Number; 0
MCC Number: NA Page 7 of 19
5.0 Design Input
Reactor Operating Conditions:
(Reference Att. A ERFIS Plant Data)
Operating Pressure: 1012.6 psig
Main Steam Line Data:
(Reference Att. A ERFIS Plant Data)
VY CLTP MS Line Steam Flow Rate
MS A MSB MS C MS D
ERFIS B64 B65 B66 B67
Mib/hr 1.697 1.598 1.695 1.666
Branch Line Geometry Data:
SRV/SSV/Blanks: Reference 6, 8, 9, 29-34
HPCI: Reference 7, 10, 12-15, 19, 20
RCIC: Reference 7, 11, 16-18, 21, 22
Branch Diameters
HPCI RCIC  SSV/SRV/Blank
Pipe Size 10" 3 6"
Schedule 80 160 160
ID (ft) 0.797 0.219 0.432 Ref. 35

Main Steam Line Geometry Data: (Reference 34, 35)
18" Schedule 80

Nominal Pipe Size:
oD

Wall thickness

iD

187

o

0.938"
16.124"
1.344’
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7.0 Analysis

7.1 Potential CLTP Acoustic Frequencies

The natural frequencies of a cavity may be excited by the shear wave instabilities
flowing over the cavity opening. The potential sources in the BWR steam lines may be
evaluated by estimating the natural frequencies of the known cavities and the shear
wave instabilities due to steam flow over the cavity openings. The resonator is excited
when the two frequencies match.

Resonator Cavity Natural Frequency

The geometry of the resonator cavity is the critical parameter. The two most common
geometries are the organ pipe and the Helmholtz resonator.

— d — - d «
1 l | 1
L*
, ]
A
L
Q
d
Figure 1
Resonator Geometry

The “organ pipe” type resonator (left image, above) is a cavity with the diameter of the
opening equal to the diameter of the resonator volume. A Helmholtz resonator (right
image, above) is defined as a cavity with a narrow opening that expands to a large
volume.

The following expression represents the natural frequencies of ah “organ pipe” type
resonating cavity [Reference 1, Page 378 and Reference 2, Table 13.2, Page 340]:

Jjc . N /
==— j=1,3,5,7,... ; fora cavity with —>1 1
fa SRR, y 7 (1)
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The expression above is suitable for the HPCI and RCIC branch lines since the pipe
geometries are good approximations of the organ pipe. The closed end is represented
by the first isolation valve.

A better approximation of the fundamental frequericy of relatively short pipes is obtained
from the following formula [Reference 2, Page 360]:

c

z4 103 (L+4L )0.5 ;. where L, =0.24 x radius (2)

fa

The expression above is best suited for the SRV/SSV stub pipes and valve body cavity
below the disc.

A Helmbholtz resonator is defined as a cavity with a narrow opening that expands to a
large volume. The natural frequency for a Helmholtz resonator is estimated from the
following expression [Reference 1, Page 378 and Reference 2, Table 3-3, Page 355]:

c A
fa~2ﬂ_ QL.

(3)

The area of the Helmholtz opening is “A”; the volume of the resonator is “Q”; and L* in
the equation is the length of the opening plus a correction factor equal to the radius of
the opening times 1.6 to account for an effective depth.

The natural frequency of the resonator is a function of the speed of sound and the
geometry. It does not depend on the steam velocity. As a result, these frequencies will
not change at EPU conditions.
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Theoretical Shear Wave Instabilities

1L

—_
— \'
—_—

Figure 2
Vortices generated from flow over discontinuities

Vortices generated from flow over bluff objects shed at a frequency which is
proportional to the flow velocity and inversely proportional to the diameter of the
discontinuity. The constant of proportionality is called the Strouhal number. The vortex
shedding frequency for this geometry is the following [Reference 3, Page 138]:

v
=S5— 4
f,=55 @
The Strouhal number is dependent on the Reynolds number. The Reynolds Number
(Re) for the CLTP steam line flow conditions is calculated below using the data from
Table 1 and the ASME Steam Tables [Reference 5].

R = DVo 1347 fix140 S5t x2.291bm- ft3x 32.21bf - s* - Ibm™ - !

—_ 10
oon 20007 Ibf -5 i =3.5(10")

The vortex shedding frequency for turbulent boundary layer flow over discontinuities,
such as cavities, have the following estimated shedding frequency [Reference 1, Page
376]:

_0.33(a-0.25)V

fa 5 ; wherea=1,2,3,.... (5)
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Equations (4) and (5) have the same form and the Strouhal number in Equation (5)
seems to be the quantity 0.33(c-0.25). The Strouhal number is determined
experimentally. However, Equations (5) could be used along with a measured shedding
frequency to obtain the Strouhal number.

The shedding frequency is a function of the steam velocity and the geometry. Unlike
the resonator frequency, the shedding frequency will change at EPU conditions.

The shedding frequencies calculated by the above expression correspond to sharp
edges at the cavity entrance. The spectral resolutions of the SRV and HPCI should be
poor as a result of the Sweepolet® and welding tee, respectively. Experimental data
from Reference 1 [Figure 9-21, Page 379] shows the effect on the attenuation of
shallow cavity acoustic oscillations due to ramping the cavity perimeter. The peaks are
broad and the amplitude is lower. The RCIC branch uses a Weldolet®. This fitting has
a sharper corner than the tee and Sweepolet.

The reactor operating pressure is 10126 + 14.7 = 1027.3 psia (Ref. Att. A)
corresponding to a saturation temperature of 548°F, and a vapor densrty (p) of 2.31
Ib/ft® (Ref. 5). The speed of sound in the saturated steam mixture is approxrmately
1484.3 f/s (References 23, 24, based on an operating pressure of 1020 psia ).

The following tables provide the VY data during the CLTP steam line measurements at
100% power and plant geometries for the branch lines of interest:

Table |
VY CLTP MS Line Steam Velocity

MS A MSB MS C MS D

ERFIS B64 B65 B66 B67
Flow Rate

Mlb/hr 1697 1598  1.595  1.666 Ref. Sect. 5.0
MS Pipe .

ID (ft) 1.344 Ref. Sect. 5.0
MS Pipe

Area (ft?) 1.419

V* (f/s) 143.8 135.4 135.2 141.2

V (i/s) 139 (Average)

*Based on the equation V = Flow rate / (p)(Area)
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Cavity Resonance Frequency

The VY geometries of interest resemble the “organ pipe” type geometries that include
both long and short pipes (e.g., RCIC, HPCI branches and SSV/SRV/Blanks branches,
respectively).

Natural frequencies were calculated using Equation 1 for the HPCI and RCIC branch
lines and Equation 2 for the SSV/SRV/Blanks branch lines. The lengths (cavity depths)
used in Eq. 1 for the HPCI and RCIC piping were based on the lengths of piping to the
(normally closed) V23-14 and V13-131 valves (287.7 ft. and 195.9 ft., respectively,
based on the piping isometrics and spool piece sketches listed in Section 6.0). The
SSV/SRV/Blanks cavity depths and frequencies were calculated in a spreadsheet
(Attachment B). Note that the individual cavity depths for the SSV/SRV/Blanks vary
slightly due to differences in branch stub lengths, resulting in slightly different
frequencies for individual locations. The results are presented in the following Table.

Table I
Fundamental Resonance Frequencies for MS Line Geometry

Resonance Frequency

Geometry (H2)
HPCI 1.29
RCIC 1.89
SSV 140, 141, 142
SRV 118, 114, 119
Blank 222, 223
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Vortex Shedding Frequency over Discontinuities

Vortex shedding frequencies were calculated using Equation 5 for all the branch line
discontinuities. The frequency range provided in the results is due to the variation in
steam line velocities observed during the 100% CLTP data acquisition.

Table I
Vortex Shedding Frequency (CLTP)
Generated from Turbulent Boundary Layer Flow over Discontinuities

Source of
Instability Frequency (Hz)
43+2
101 £ 3
HPCI 158+ 5
216+ 6
157 + 4
RCIC 367 £ 10
80 + 2
SSV/SRV/Blanks 186+ 5
29218

Note that the highest mode calculated was the first above 200 Hz, which is normally the
cutoff frequency VY will use for data acquisition.
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Table IV provides a summary of potential harmonic signatures in the VY steam line.

Table IV
Excitation Frequencies in the VY MS Lines (CLTP)
Source of Shedding Frequency
Instability (Hz) Resonance Frequency (Hz)
1.29x] wherej=1,3,5,7...
43+2 j=33 f=43 Hz
HPCI 1013 j=78 f=101 Hz
MS “B” only 158+ 5 j=122  f=157Hz
216+ 6 j=167 f=215Hz
1.89x j wherej=1,3,5,7...
RCIC 157+ 4 j=83 f=157 Hz
MS “C” only 367+ 10 j=194 f=367 Hz
SSsv* 802 .
All MS Lines 186+5 f=141
: 202+8
SRV* 802 i
All MS Lines 186+ 5 f=116
202+8
Blanks* 802 .
All MS Lines 1865 f=223
292+8

*The resonance value is an approximate averagé for each set of SSVs, SRVs or

Blanks.
** The SSV, SRV, and Blank RV Lines would not be excited at 100% power. These are

flagged here because at lower power the 186 Hz and 292 Hz excitation frequencies
would be lower and potentially excite these branch fundamental frequencies.
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7.2 Potential EPU Acoustic Frequencies

The VYNPS potential acoustic natural frequencies at the current licensed thermal power
(CLTP) level have been previously estimated. The CLTP evaluation concluded that
natural frequencies of resonators are a function of the speed of sound and the
geometry. Also, the vortices generated from flow over bluff objects shed at a frequency
that is proportional to the steam flow velocity and inversely proportional to the diameter
of the discontinuity. Unlike the resonator frequency, the shedding frequency will change
at the extended power up-rate (EPU) conditions. The following evaluation repeats the
CLTP assessment using the power up-rate steam flow. The same methodology is
being used.

The EPU results are provided below. The frequency uncertainty is the same that was
used in the CLTP evaluation.

Table V
Vortex Shedding Frequency (EPU)
Generated from Turbulent Boundary Layer Flow over Discontinuities

Source of
Instability Frequency (Hz)
52+2
121+3
HPCI 190+5
259 + 6
188+ 4
RCIC 440+ 10
962
SSV/SRV/Blanks 22315
350+8

The results summarized on the following table show resonances between the shear
wave excitation frequencies and the cavity acoustic frequencies that may exist at EPU
conditions.
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Table Vi
Excitation Frequencies in the VY MS Lines (EPU)
" Source of Shedding Frequency
Instability (Hz) Resonance Frequency (Hz)
1.29 x j where j=1,3,5,7,
b2+2 j=40 f=52Hz
HP?I 121 +3 j=94 f=121 Hz
MS “B Only 190+ 5 ]:147 =190 Hz
1.89xj wherej=1,3,5,7,...
RCIC 188+ 4 j=99 f=187Hz
MS “C” only 440+ 10 j=233f=440 Hz
SSV 225125 f=141
All MS Lines 350+ 8
SRV i f=116
All MS Lines 350 + 8
96+2
Blanks
. 223+ 5 f=223
All MS Lines 350 + 8
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8.0 Conclusions

The HPCI and RCIC lines fundamental frequencies are very low, 1.29 Hz and 1.89 Hz,
respectively. The lowest vortex shedding frequency associated with these lines (HPCI)
is 43 Hz at CLTP and 52 Hz at EPU. Therefore any excitation of these lines would be at
higher harmonics and therefore are not expected to have significant contribution to
system resonance.

The SSV and RV branch lines have the potential to be excited below 80% CLTP. These
branches should not be excited from CLTP through EPU operation. There is 1 blank
flanged RV line on each MSL that may be excited at EPU conditions. The fundamental
frequency of this branch is ~223 Hz. In the EPU Power Ascension Test Program VY will
monitor steam line signals through 300 Hz to assure that this resonance is identified
and measured in the event it occurs. ‘
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SSV/SRV/Blanks Natural Frequency Calculation

Pipe Inside radius 8.1 inches 0.675 feet Ref. 34,35
SRV Bore Length 18.7 inches 1.558 feet Rel. 8
RV Bore Length 12 inches 1.000 feet Ref, 29
Sch 160 Inside Diam 5.187 Inches 0.432 feet Ref. 35
Sonic Velocity 1483 Fisec Ref. 23, 24
[_istBanch | ondBranch ] 3rd Branch
Steam Line A Feot Inches Feet Inches Foet Inches
Vert Dim Ps-1-2 Ref 22,36 4 6.5 4 6.5 4 6.5
Vert Dim 2 4.625 2 4,125 2 3.625
Vert Dim 2 1.875 2 2.375 2 2.875
Length (1) 2.15625 2.197917 2.239583
Valve No SRV-T1A RV-70A Blank
Bore Length i) 1.558 1.000 0
L ) 3.040 2523 1.565
Lo () 0.05187 0.05187 0.05187
Frequency Hz 118 141 223
| 1st Branch ] __2ndBranch |  3rd Branch
Steam Line B Feet inches Feet Inches Foot Inches
Vert Dim Ps-16 Re! 2,38 4 6.5 4 6.5
Vert Dim 2 35625 2 3.1875
Vert Dim 2 29375 2 3.3125
Length (ft) 2.244792 2.276042
Valve No None Blank SRV-71B
Bore Length (ft) 0.000 1.558
L - () 1570 3.159
Lo (ft) 0.05187 0.05187
Frequency Hz 22 114
{ 1st Branch | __2ondBranch |  3rdBranch
SteamLine C Feet Inches  Feet Inches Feet Inches
Vert Dim PS-1-10Ref 31,36 4 6.5 4 6.5 4 6.5
' Vert Dim 2 3.8125 2 3.8625 2 3.1875
Vert Dim 2 2.6875 2 2.9375 2 3.3125
Length (1) 2.223958 2.244792 2.276042
Valve No RV-70C Blank SRV-71C
Bore Length (") 1.000 0 1.558
L (v 2.549 1570 3.159
Lo (ft) 0.05187 0.05187 0.05187
Frequency Hz 140 222 114
| istBranch |  2ndBrach | 3rdBranch
Feot inches Feet Inches Feet Inches
Steam Line D
Vert Dim PS-1-14 Ret 33,36 4 6.5 4 6.5 4 6.5
Vert Dim 2 4875 2 4.375 2 3.625
Vert Dim 2 1.625 2 2.125 2 2.875
Length (ft) 2.135417 2,177083 2.239583
Valve No SRV-71D RV-70B Blank
Bore Length () 1.558 1.000 0
L D) 3.019 2502 1.565
Lo (ft) 0.05187 0.05187 0.05187
Frequency Hz 118 142 223
Notes:
1. Safety Relief Valves (SRV) are numbered SRV-xxx, and Safety Valves
(SSV) are numbered RV-xxx. “Blank” refers a blind flanged spare branch
location.
2 Branch No. (1% Branch, 2™ Branch, etc) refers to the branch location on

each steam line in order starting from the one nearest the Reactor Vessel.
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SSV/SRV/Blanks Natural Frequency Calculation

Summary
MSL A PS-1:2 SRV-T1A RV-70A Blank
118 Hz 141 Hz T 223 Hz
MSL B PS-1-6 None Blank SRV-71B
0 222 Hz 114 Hz
MSL Cc PS-1-10 Rv-70C Blank SRV-71C
140 Hz 222 Hz 114 Hz
MSL D PS-1.14 SRV-71D RV-70B Blank
19 Hz 142 Hz 223 Hz

(3 X AN I
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RAI EMEB-B-96

As discussed in Attachment 1 to Supplement No. 27, “VYNPS Acoustic Model
Benchmark - Dryer Acoustic Load Methodology,” a "blind" benchmark test was
performed using the GE SMT facility to evaluate the ability of CDI's acoustic circuit
methodology to predict dryer loads. The purpose of the evaluation is not clear because
of the use of terms, like the “viability of the methodology.” Entergy should clearly state
the purpose of the evaluation. If a purpose of the report is to use the SMT results to
show that a bounding pressure loading can be obtained for the VYNPS dryer using the
CDI ACA methodology, then Entergy should demonstrate that the SMT adequately
represents the VYNPS steam dryer, the associated steam space, and the VYNPS MSLs.

Response to RAl EMEB-B-96

The purpose of the benchmark was to evaluate the ability of the CDI acoustic load
methodology to predict loads on the SMT dryer using only data measured on the main
steam lines. The SMT model was not intended to be representative of VYNPS
configuration or operating conditions. The SMT also was not intended to be used to
develop bounding or nominal VYNPS steam dryer loads. Entergy compared the
benchmark ACA calculated loads to the measured loads at key SMT locations and
concluded that the ACA methodology provided a reasonably accurate prediction. It was
Entergy’s intent to use the results of the benchmark to establish the uncertainty of the
methodology. The uncertainty of the ACA was evaluated based on mode! predictions
and data from the SMT benchmark. Exhibit EMEB-B-18-1 (see Attachment 1) provides
the results of this evaluation and shows that the uncertainty of the ACA can be
established as 130%. This uncertainty value has been applied to the VYNPS ACA load
definition (see responses to RAl EMEB-B-40 and 52).
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VERMONT YANKEE NUCLEAR POWER STATION
REVISED STEAM DRYER MONITORING PLAN

Introduction and Purpose

This plan describes the course of action for monitoring and evaluating the performance of the
Vermont Yankee Nuclear Power Station (VYNPS) steam dryer during power ascension testing and
operation above 100% of the original licensed thermal power (OLTP), i.e., 1593 MWH, to the full
120% extended power uprate (EPU) condition of 1912 MWt to verify acceptable performance.
Unacceptable dryer performance is a condition that could challenge steam dryer structural integrity
and result in the generation of loose parts or cracks or tears in the dryer that result in excessive
moisture carryover. During reactor power operation, performance is demonstrated through the
measurement of a combination of plant parameters. The comparison of measured plant data
against defined criteria, based on the steam dryer structural analysis of record, will provide
predictive capabilities toward determining steam dryer structural integrity under EPU conditions.

The Steam Dryer Monitoring Plan (SDMP) is applicable during initial power ascension to 1912 MWt
and continues after full EPU conditions, as specified below. A license condition for steam dryer
monitoring is proposed to require operational surveillances as well as visual inspections of the
steam dryer, which will be conducted during specific scheduled refueling outages following
achievement of full uprate conditions.

Entergy will accept a license condition for VYNPS that is based on the SDMP.

Scope

The SDMP is primarily an initial power ascension test plan designed to assess steam dryer
performance from 100% OLTP to 120% OLTP (i.e., 1912 MWt). Assuming that a license
~amendment authorizing EPU is granted during the next operating cycle, power ascension will be
achieved in one step: Elements of this plan will be implemented before EPU power ascension
testing, and others may continue after power ascension testing.

Operating Specifications

When initially operating at a power level above 1593 MWHt, the parameters identified in Table 1-
which are indicative of steam dryer integrity - shall be monitored at the frequencies specified and
shall meet applicable performance criteria specified in Table 2. The surveillance requirements of
Table 1 will be effective during power ascension to any power level that was not previously
attained. Any change to the performance criteria, required actions, or surveillance requirements in
Tables 1 or 2 can only be made in accordance with the proposed steam dryer license condition
(see Table 3).

Initial EPU power ascension testing above 100% OLTP will be conducted in 2.5% of OLTP steps
and 5% of OLTP plateaus. The initial power ascension will include hold points at each 2.5% step
and at each 5% plateau. The maximum power increase will not exceed a nominal 5% of OLTP in a
24-hour period.

Table 2 establishes the criteria for verifying acceptable steam dryer performance based on
moisture carryover and main steam line pressure data. If the Level 1 or Level 2 performance
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criteria are exceeded, the actions and completion times specified shall be met for the given
condition. Reactor power operation that results in moisture carryover and steam pressures that are
less than the Level 2 performance criteria in Table 2 is representative of fully acceptable steam
dryer performance.

Additionally, if the performance criteria in Table 2 are exceeded, the following actions will be taken
depending upon the criteria exceeded:

1. Either suspend reactor power ascension (Level 2 Acceptance Criteria) or reduce reactor
power (Level 1 Acceptance Criteria), initiate a Condition Report, and evaluate the cause of
any exceedance of the performance criteria.

2. Prior to increasing reactor thermal power to a level higher than any previously attained, the
plant conditions relevant to steam dryer integrity and associated evaluation results shall be
reviewed by the on-site safety review committee, and a recommendation shall be made to
the General Manager, Plant Operations prior to increasing power for each 5% power
plateau.

3. Strain gage pressure and moisture carryover data collected at each 5% power plateau will
be made available to the NRC through its resident inspector.

4. Each initial increase in reactor thermal power to the next higher 5% power plateau above
100% OLTP must be authorized by the General Manager, Plant Operations.
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Table 1
Steam Dryer Surveillance Requirements During Reactor Power
Operation Above a Previously Attained Power Level

Parameter Surveillance Frequency
1. Moisture Carryover Every 24 hours (Notes 1 and 2)
2. Main steam line pressure data Hourly when initially increasing
from strain gages power above a previously attained
power level.
AND

At least once at every 2.5%
(nominal) power step above 100%
OLTP.

(Note 3)

3. Main steam line pressure data At least once at every 2.5%

from pressure transducers (nominal) power step above 100%
OLTP.
(Note 3)

AND
Within one hour after achieving

every 2.5% (nominal) power step
above 100% OLTP.

Notes to Table 1:

1.

If a determination of moisture carryover cannot be made within 24 hours of achieving a 5%
power plateau, an orderly power reduction shall made within the subsequent 12 hours to a
power level at which moisture carryover was previously determined to be acceptable. For
testing purposes, a power ascension step is defined as each power increment of 2.5%
(nominal) over OLTP, i.e., at thermal power levels of approximately 102.5%, 105%,
107.5%, 110%, 112.5%, 115%, 117.5%, and 120% OLTP. Power level plateaus are
nominally every 5% of OLTP greater than 100% (i.e., approximately 80 MW).

Provided that the Level 2 performance criteria in Table 2 are not exceeded, when steady
state operation at a given power exceeds 168 consecutive hours, moisture carryover
monitoring frequency may be reduced to once per week.

The strain gage surveillance shall be performed hourly when increasing power above a
level at which data was previously obtained. The surveillance of both the strain gage data
and main steam line pressure data is also required to be performed once at each 2.5%
power step above 100% OLTP and within one hour of achieving each 2.5% step in power,
i.e., at thermal power levels of approximately 102.5%, 105%, 107.5%, 110%, 112.5%,
115%, 117.5%, and 120% OLTP. If the surveillance is met at a given power level,
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additional surveillances do not need to be performed at that power level where data had
previously been obtained.

If valid strain gage data cannot be recorded hourly or within one hour of initially reaching a
2.5% power step from at least three of the four main steam lines, an orderly power
reduction shall be made to a lower power level at which data had previously been obtained.
Any such power level reduction shall be completed within two hours of determining that
valid data was not recorded.
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Table 2

Steam Dryer Performance Criteria and Required Actions

Performance Criteria Not to be Exceeded

Required Actions if Performance Criteria Exceeded and Required Completion Times

Level 2:
» Moisture carryover exceeds 0.1%
OR

+ Moisture carryover exceeds 0.1% and
increases by > 50% over the average of
the three previous measurements taken at
> 1593 MWt

OR

« Pressure data exceed Level 2 Spectra’

. Promptly suspend reactor power ascension until an engineering evaluation concludes that

further power ascension is justified.

. Before resuming reactor power ascension, the steam dryer performance data shall be

reviewed as part of an engineering evaluation to assess whether further power ascension
can be made without exceeding the Level 1 criteria.

Level 1:
o Moisture carryover exceeds 0.35%
OR

+ Pressure data exceed Level 1 Spectra’

. Promptly initiate a reactor power reduction and achieve a previously acceptable power level

(i.e., reduce power to a previous step level) within two hours, unless an engineering
evaluation concludes that continued power operation or power ascension is acceptable.

. Within 24 hours, re-measure moisture carryover and perform an engineering evaluation of

steam dryer structural integrity. If the results of the evaluation of dryer structural integrity do
not support continued plant operation, the reactor shall be placed in a hot shutdown
condition within the following 24 hours. If the results of the engineering evaluation support
continued power operation, implement steps 3 and 4 below.

. If the results of the engineering evaluation support continued power operation, reduce

further power ascension step and plateau levels to nominal increases of 1.25% and 2.5% of
OLTP, respectively, for any additional power ascension.

. Within 30 days, the transient pressure data shall be used to calculate the steam dryer

fatigue usage to demonstrate that continued power operation is acceptable.

’

' The EPU spectra shall be determined and documented in an engineering calculation or report. Acceptable Level 2 spectra shall be based on maintaining < 80%
of the ASME allowable alternating stress (S,) value at 10" cycles (i.e., 10.88 ksi). Acceptable Level 1 Spectra shall be based on maintaining the ASME §, at

10" cycles (i.e., 13.6 ksi).
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Data Collection

During initial EPU power ascension, plant data will be measured and recorded, as a
minimum, at power steps corresponding to approximately 102.5%, 105%, 107.5%,
110%, 112.5%, 115%, 117.5%, and 120% OLTP. In addition, Entergy will monitor
pressure data from the main steam strain gages hourly during initial power ascension.
The plant will be held at each 5% power plateau to allow sufficient time to evaluate data
measurements relative to performance criteria. Depending upon actual performance,
smaller power increase increments may be used. Data collected will consist of:

¢ Dynamic pressure measurements taken from four pressure transducers installed
on transmitters associated with each main steam line venturi.

o Measurements taken from strain gages located on each of the four main steam
lines between the reactor pressure vessel nozzles and the closest inboard
safety/safety relief valve.

e Moisture carryover measurements will be made during power ascension testing
above 100% OLTP in accordance with SIL 644'.

e Plant data that may be indicative of off-normal dryer performance will be
monitored during power ascension (e.g., level, steam flow, feed flow, etc.). Plant
data can provide an early indication of unacceptable dryer performance.

Evaluations

Data collected at each power ascension step will be evaluated relative to the
performance criteria.

In addition, other reactor operational parameters that may be influenced by steam dryer
integrity (e.g., steam flow distribution between the individual steam lines) will be
monitored with the intent of detecting structural degradation of the steam dryer during
plant operation (e.g., flow distribution between individual main steam lines). The
enhanced monitoring of selected plant parameters will be controlled by plant procedures.

If any of the performance criteria in Table 2 are exceeded, the plant conditions relevant
to steam dryer integrity and the associated evaluation results shall be reviewed by the
on-site review committee at every 5% power plateau and prior to increasing power.
Permission to ascend in power will be granted by the General Manager, Plant
Operations.

Reporting to NRC

1. Steam Dryer Visual Inspections: The results of the visual inspections of the
steam dryer conducted during the next three refueling outages shall be reported

! GE Nuclcar Energy, Services Information Letter, SIL No. 644, Revision 1, “BWR Steam Dryer
Integrity,” November 9, 2004
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to the NRC staff within 60 days following startup from the respective refueling
outage.

2. SDMP: The results of the SDMP shall be submitted to the NRC staff in a report
within 60 days following the completion of all EPU power ascension testing. In
addition the final full EPU power performance criteria spectra (limit curve) will be
submitted to the NRC staff within 120 days. Contemporary data and results from
dryer monitoring will be available on-site for review by NRC inspectors as it
becomes available. The written report on steam dryer performance during EPU
power ascension testing will include evaluations or corrective actions that were
required to obtain satisfactory dryer performance. The report will include relevant
data collected at each power step, comparisons to performance criteria (design
predictions), and evaluations performed in conjunction with dryer integrity
monitoring.

Long Term Actions

The VYNPS steam dryer will be inspected during the refueling outages scheduled for the
Fall 2005, Spring 2007 Fall 2008 and Spring 2010. The inspections conducted after
power uprate implementation will be comparable to the inspection conducted during the
Spring 2004 refueling outage and will meet the recommendations of SIL 644, Rev. 1.

Following completion of power ascension testing, moisture carryover measurements will
continue to be made periodically, and other plant operational parameters that may be
affected by steam dryer structural integrity will continue to be monitored, in accordance
with GE SIL 644 and plant procedures.

Equipment associated with temporarily installed pressure monitoring sensors and strain
gages may be removed from service following the achievement of one operating cycle
after issuance of the EPU license amendment and satisfaction of the license condition
requiring steam dryer inspection.
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Table 3
PROPOSED STEAM DRYER LICENSE CONDITION

1. When operating above 1593 MW (i.e., at extended power uprate conditions), the
operating limits, required actions, and surveillances specified in the Steam Dryer
Monitoring Plan (SDMP) shall be met. The following key attributes of the SDMP
shall not be made less restrictive without prior NRC approval:

a. During initial power ascension testing above 1593 MWt, each test
plateau increment shall be approximately 80 MWH;

b. Level 1 performance criteria; and

c. The methodology for establishing the stress spectra used for the

Level 1 and Level 2 performance criteria.

Changes to other aspects of the SDMP may be made in accordance with the
guidance of NEI 99-04%,

2. During each of the three scheduled refueling outages (beginning with the Spring
2007 refueling outage), a visual inspection shall be conducted of all accessible,
susceptible locations of the steam dryer, including flaws left “as-is” and
modifications.

3. The results of the visual inspections of the steam dryer conducted during the
three scheduled refueling outages (beginning with the Spring 2007 refueling
outage) shall be reported to the NRC staff within 60 days following startup from
the respective refueling outage. The results of the SDMP shall be submitted to
the NRC staff in a report within 60 days following the completion of all EPU
power ascension testing.

4. The requirements of item 1 above shall be implemented upon issuance of the
EPU license amendment and shall continue until the completion of one full
operating cycle at EPU. If an unacceptable structural flaw (due to fatigue) is
detected during the subsequent visual inspection of the steam dryer, the
requirements of ltem 1 above shall extend another full operating cycle until the
visual inspection standard of no new flaws/flaw growth based on visual
inspection is satisfied.

5. This license condition shall expire upon satisfaction of ltems 2, 3 and 4 above,
provided that a visual inspection of the steam dryer does not reveal any new
unacceptable flaw or unacceptable flaw growth that is due to fatigue.

2 Nuclear Energy Institute, “Guidelines for Managing NRC Commitment Changes,” NEI 99-04, Revision 0,
July 1999
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RAI EMEB-B-18

On Page 6 of Attachment 1 to Supplement 26, Entergy states that input for the acoustic
circuit model is obtained from pressure transducers installed on instrument lines from the
four main steamline (MSL) venturi instrument racks and from strain gauges on each of
the four MSLs between the reactor pressure vessel (RPV) nozzles and main steam
safety relief valves (SRVs). Provide the basis for the assumption that the venturi
pressure transducer measurements are capable of detecting very small pressure
fluctuations in the MSL flow that will provide accurate and synchronized input for the
acoustic circuit methodology in determining the steam dryer loads. Discuss the
validation of the accuracy and synchronization of the venturi pressure transducer
measurements in comparison to the MSL strain gauge data.

Revised Response to RA| EMEB-B-18

In order to assess the uncertainty in using venturi instrument line pressure data to
determine main steam line pressure, the impacts of the following key potential sources
of uncertainty were evaluated:

1. The uncertainty acoustic modeling and methodology used to develop the transfer
function of the sensing lines.

2. The uncertainty in the Rosemount dynamic properties, referred to here as
compliance.

3. The accuracy of the instrumentation used in the mockup testing.
4. The accuracy of the instrumentation used to collect the plant data.

5. The accuracy of the predicted load based on relative location of sensing point in
the steam line versus the location of the sampling point used in the benchmark
test.

This acoustic load uncertainty evaluation is included in Exhibit EMEB-B-18-1. These
uncertainty values described in the evaluation have been incorporated into the Vermont
Yankee Nuclear Power Station (VYNPS) steam dryer acoustic load definition.

Entergy will install 32 new strain gages on the main steam piping and enhance the data
acquisition system in order to reduce the measurement uncertainty associated with the
acoustic circuit model (ACM).

+ Attachment 3, revised response to RAl EMEB-B-77, includes a figure EMEB-B-
77-1 that shows the arrangement of the main steam piping and branch lines, the
location of the new strain gages, the location of the existing acoustic circuit
analysis (ACA) monitoring points, and location of the accelerometers used for
vibration monitoring.

» Attachment 12 contains specifications for strain gage and two data acquisition
systems being considered for stain gage data acquisition. We are currently
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bench testing the data acquisition units for comparison of noise and resolution of
the National Instrument and Yokogawa systems.

Entergy will monitor plant alternating data up to 300Hz. Entergy will monitor both
the new strain gage data and existing strain gage data during power ascension.

In the event that acoustic signals are identified that challenge the VYNPS dryer
monitoring performance limit curve during EPU power ascension, Entergy will
evaluate dryer loads based on the new strain gage data. The structural analysis
will continue to address frequency uncertainties up to +/-10% and assure that
peak responses within this uncertainty band are addressed.
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Acoustic Load Uncertainty

The performance of the Acoustic Circuit Model (ACM) has been benchmarked on the GE
Scale Model Test (SMT) Facility and at Quad Cities Unit 2(QC2). These benchmarks
provide information that supports Entergy’s assessment of the performance of this model
in predicting steam dryer loads based on dynamic or hydrodynamic steam line data.

There were differences in the method of determining the steam line pressure signals
used in the SMT and QC2 benchmark tests and the VYNPS steam lines. This section
will address the uncertainties introduced by these differences.

The uncertainty in the ACM loads is driven by the following sources:

1. UncACM1: Maximum of uncertainty of the ACM based on QC2 data and SMT
benchmark data and location.

2. UncACM2: The uncertainty introduced by steam line pressure measurement
method.

The purpose here is to define the uncertainty in the VYNPS calculated steam dryer load
from each of these sources. These uncertainties will then be combined by the (SRSS)
method to assess the ACM load uncertainty.

UncACM=Sqrt{UncACM122+ UncACM2/2)
This approach will be applied for the Root Mean Squared (RMS) uncertainty and the
maximum load uncertainty. The maximum of these two results will be used to define the
UncACM uncertainty used in the limit curve factor assessment.

Uncertainty ldentified in the SMT Benchmark Tests

The Entergy benchmark report, supplied in Attachment 1 to Supplement 27 (BVY 05-038
dated April 5, 2005), provided graphs comparing ACM predictions with SMT
measurements in the form of power spectral density (PSD), RMS and maximum
pressure values on all vertical faces and cover plate microphones. From the PSD plots it
was found that the ACM was generally conservative at frequencies between 240 Hz (20
Hz full scale) and 3200 Hz (270 Hz full scale). The ACM was determined to be non-
conservative below 240 Hz. The source of the signals below 240 Hz appears to be due
to flow turbulence and is not associated with acoustic signals. Based on these findings,
Entergy applied an unsteady computational fluid dynamics model (CFD) large eddy
simulation (LES) analysis using the VYNPS operating conditions as inputs to generate
representative hydrodynamic loads. Both ACA and CFD loads were used in the
structural evaluation of the VYNPS dryer. The uncertainty associated with the CFD
loads is discussed in Attachment 5 to this Exhibit.

In the process of assessing the ACM load uncertainty, it was noted that that the non-
conservative RMS and maximum pressure conditions shown on the benchmark report
plots involved test case conditions with flow: VY6RUN2, Burst with 81 CFM Flow and
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VY12R1, Chirp with 81 CFM Flow. Review of the PSDs also suggested the under
predictions occurred at microphones associated with significant frequency content less
than 240 Hz.

To assess this rigorously, the SMT data for VY6RUN2 and VY12R1 were reprocessed
applying a 240 Hz High Pass filter. The revised, filtered plots Max and RMS signal plots
are included as Figures EMEB-B-18-1-1, EMEB-B-18-1-2, EMEB-B-18-1-3, and EMEB-
B-18-1-4. As noted with the low frequency turbulence signal removed, the RMS and
maximum ACM predictions bound the measured data. This work has been
independently reviewed by signal consultant LMS, Inc.

As reported in Attachment 1 (VY-RPT-05-00006) to Supplement 27 the quantified SMT
instrument uncertainties including microphone accuracy are less than 6% which is
insignificant (~ one tenth) when compared to the overall ACM uncertainty and therefore
not included in this assessment.

The data is also summarized for all conditions in the following Table EMEB-B-18-1-1.

BURST NO FLOW
(MaxCDl- (RMSCDI-
Source MaxSMT)/MaxSMT RMSSMT)/RMSSMT
VY3R2 Max 53% Max 52%
VY3R2 Min 2% Min 19%
BURST & 81 CFM Filtered <240 Hz
(MaxCDiI- (RMSCDI-
MaxSMT)/MaxSMT RMSSMT)/BRMSSMT
VYGRUN2 Max 55% Max 31%
VY6RUN2 Min 4% Min 3%
CHIRP & 81 CFM Filtered <240 Hz
(MaxCDI- (RMSCDI-
MaxSMT)/MaxSMT RMSSMTYRMSSMT
VY12R1 Max 67% Max 40%
VY12R1 Min 1% Min 8%
CHIRP NO FLOW
(MaxCDI- (RMSCDI-
MaxSMT)/MaxSMT RMSSMT)/RMSSMT
VY13R1 Max 101% Max 59%
VY13R1 Min 12% Min 16%
Summary of all 4 Cases
(MaxCDI- (RMSCDI-
MaxSMT)/MaxSMT RMSSMT)RMSSMT
All Cases Max 101% Max 59%
All Cases Min 1% Min 3%

Table EMEB-B-18-1-1. Summary of SMT Time Domain Signal Comparison
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Exhibit EMEB-B-18-1 Rev. 1 -VYNPS Steam Dryer Load Uncertainty
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Based on the cases studied, in terms of load magnitude between 240 Hz (20Hz Full
Size) and 3200 Hz (280 Hz full scale), the ACM was conservative in maximum load
prediction and RMS values for all four conditions. The minimum margin above 240 Hz
was 1% based on the maximum load predictions. While no additional amplitude
uncertainty should be required because the ACM was shown to be conservative, a 5%
ACM load uncertainty was conservatively assigned from this test.

Entergy originally stated that the ACM enveloped most of the frequency content between
240 and 3200 Hz when a +/- 10% time step was applied. The VYNPS structural
assessment indicated that application of the +/- 10 % time step in the VYNPS model
resulted in an increase in peak stress range for a plus time step (and a decrease in load
for a minus time step). The increase in stress, as shown below based on controlling
locations on the dryer, results in a load uncertainty due to frequency mismatch of
approximately 20%.

Frequency Uncertainty Peak

Stress (PS!) Base Case {+10% TS |%Change
Front Vertical Hood Top Weld 2417 2900 20%
Front Hood Gusset 3238 3535 9%

Table EMEB-B-18-1-2

The uncertainty estimated from the SMT benchmark is 20%.

Uncertainty Identified in the QC2 Benchmark Tests

The CDI benchmark report, CDI 95-10 [1], provides a summary of blind benchmark
predictions from QC2 at 790 MWe. At this power level, the average flow velocity in the
main steamlines is about the same as that for VYNPS at EPU conditions. This ACM was
done with the original parameters that matched damping, acoustic speed and reflective
boundary assumptions used in the VYNPS load generation report (CD! 05-06).
Therefore, this benchmark is applicable for the current VY ACA load uncertainty. It
should be noted that Exelon updated their model based on this benchmark and
additional tests at EPU power on QC2 to provide further improvements in the accuracy
of their ACA for their plants. The CDI report CDI 95-10 included limited 790 MWe
pressure transmitter location measurements and ACA predictions.

Entergy contracted CD! [3] to use existing strain gage data from Quad Cities Unit 2
(QC2) to predict the pressure sensor data at all locations recorded on the steam dryer at
790 MWe. The purpose of this effort was to obtain a more comprehensive ACA
uncertainty assessment than was available in CDI report 95-10. The steps in this
prediction process included the following:
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1. The 790 MWe strain gage data recorded at QC2 power ascension test condition
TC32 were used. These data are the same data used to generate the 790 MWe
benchmark evaluation for QC2 as reported in [1]. These data contain a trigger
signal that matches the strain gage record (at 2000 samples per second) with the
pressure sensor record (at 2048 samples per second). With time zeroed at
trigger initiation, the data were grouped into three time intervals, each containing
131,072 time increments. The second of these time intervals was used in the
benchmark comparison, and that time interval was used here as well. Thus, the
strain gage data (and the pressure sensor predictions) begin at 65.536 seconds.

2. The 790 MWe blind benchmark acoustic circuit model parameters were used.
These parameters are the same model parameters used to generate the VYNPS
in-plant load prediction described in [2].

3. The 790 MWe blind benchmark used only one strain gage in each strain gage
pair. Subsequently in the QC2 benchmark analysis, it was decided that strain
gage pairs should be averaged at each main steam line location. This averaging
was done here as well.

4. The 790 MWe blind benchmark did not filter any strain gage data. Subsequently
in the QC2 benchmark analysis, it was decided that the 60 Hz noise spike should
be filtered.

Table EMEB-B-18-1-3 compares the QC2 test data at 790 MWe to the ACA predictions.
The RMS and maximum pressure range of the results are both included. This data is
also presented in the Bar Graphs shown in Figures EMEB-B-18-1-5 and EMEB-B-18-1-
6. This data indicates that the ACM based on the VYNPS parameters is biased low in
predicting dryer load. This summary includes all 27 pressure sensors. In addition, an
assessment was performed of the pressure differential at the three locations where there
are sensors on the inside and outside of the dryer; P3-P13, P20-P14, and P22-P23.

Table EMEB-B-18-1-4 presents the summed RMS and Range values for all the
measured and predicted data at 27 pressure transmitter locations and the 3 delta P
comparisons. As shown in Table EMEB-B-18-1-6 the dryer loads are 73% higher than
the loads predicted by the ACM. Based on this result, a 100% uncertainty is assigned to
the ACA methodology using the VYNPS modeling parameters. The predicted loads plus
100% uncertainty have been recalculated and included in Table EMEB-B-18-1-5 and
Figures EMEB-B-18-1-5 and EMEB-B-18-1-6.

Figures EMEB-B-18-1-7 through EMEB-B-18-1-10 provide a comparison of the PSD’s
from the test data with the PSD from the ACA predictions factored to reflect the 100%
uncertainty for dryer sensors P3, P6, P9 and P12. The PSD comparisons for all locations
are included in Attachment 4. Figures EMEB-B-18-1-11 through EMEB-B-18-1-13
provide the location of the QC2 dryer pressure sensors.

In general the ACM predicted reasonably well the dryer loads in the area of the steam
nozzles and under predicted the loads in the other areas of the dryer. Applying a 100%
uncertainty provides for a conservative overall load prediction. The Entergy steam line
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signals are broad band with no evidence of acoustic signal. Therefore applying a high
uncertainty in the development of the VYNPS dryer limit curve factor is the best means
to establish a conservative operating limit curve for power ascension monitoring.

In the event that acoustic signals are identified that challenge the VYNPS limit curve
during EPU power ascension, Entergy will perform a frequency specific assessment of
ACM uncertainty at the acoustic signal frequency to assess if an increase in the 100%
uncertainty is required.

The frequency load uncertainty was based on the +/-10% time step assessment in the
ANSYS finite element analysis. The maximum increase in stress from this analysis was
20%. Therefore the frequency uncertainty was determined to be 20%.
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Table EMEB-B-18-1-5 (page 1 of 2)

Test Data vs. Predictions: Comparison of RMS and Maximum Pressure Range 790 MWe

Location

RMS (Test Data)
RMS (Prediction)
RMS (Pred + Uncert)

Location

Range (Test Data)
Range (Prediction)
Range (Pred + Uncert)

Location

RMS (Test Data)
RMS (Prediction)
RMS (Pred + Uncert)

Location

Range (Test Data)
Range (Prediction)
Rang (Pred + Uncert)

Location

Range (Test Data)
Range (Prediction)
Range (Pred + Uncen)

Location

RMS (Test Data)
RMS (Prediction)
RMS (Pred + Uncent)

Location

Range (Test Data)
Range (Prediction)
Range (Pred + Uncent)

Location

Range (Test Data)
Range (Prediction)
Range (Pred + Uncent)

P1
0.1453
0.0483
0.0966

P1
1.1815
0.3930
0.7859

P5
0.1160
0.0647
0.1295

P5
0.9627
0.5172
1.0345

P9
0.1786
0.1099
0.2198

P9
1.2772
0.8805
1.7609

P13
0.0765
0.0302
0.0604

P13
0.6543
0.1753
0.3506

P2
0.1624
0.0658
0.1315

P2
1.2350
0.5689
1.1378

P6
0.1507
0.0979
0.1958

P6
1.2720
0.8118
1.6235

P10
0.1271
0.0462
0.0925

P10
1.0526
0.3727
0.7454

P14
0.1435
0.0301
0.0602

P14
0.8673
0.1728
0.3455

P3
0.1848
0.1556
0.3113

P3
1.4479
1.2298
2.4595

P7
0.1212
0.0441
0.0882

P7
0.9184
0.3471
0.6942

P11
0.1434
0.0707
0.1413

P11
1.2264
0.5838
1.1676

P15
0.2278
0.0829
0.1658

P15
1.5022
0.7009
1.4019

P4
0.1041
0.0458
0.0915

P4
0.9088
0.3684
0.7367

P8
0.1629
0.0669
0.1337

P8
1.2499
0.5518
1.1035

P12
0.2268
0.1506
0.3011

P12
1.6111
1.2425
2.4849

P16
0.0806
0.0311
0.0622

P16
0.5706
0.1902
0.3803
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Table EMEB-B-18-1-5 (page 2 of 2)
Test Data vs. Predictions: Comparison of RMS and Maximum Pressure Range 790 MWe

Location

RMS (Test Data)
RMS (Prediction)
RMS (Pred + Uncert)

Location

Range (Test Data)
Range (Prediction)
Range (Pred + Uncert)

Location

Range (Test Data)
Range (Prediction)
Range (Pred + Uncert)

Location

RMS (Test Data)
RMS (Prediction)
RMS (Pred + Uncert)

Location

Range (Test Data)
Range (Prediction)
Range (Pred + Uncert)

Location

Range (Test Data)
Range (Prediction)
Range (Pred + Uncert)

Location

RMS (Test Data)
RMS (Prediction)
RMS (Pred + Uncert)

Location

Range (Test Data)
Range (Prediction)
Range (Pred + Uncert)

P17
0.1085
0.0437
0.0875

P17
0.8581
0.3403
0.6805

P21
0.3466
0.3002
0.6003

P21
2.5073
1.8061
3.6123

P25
0.1780
0.1219
0.2437

P25
1.3449
1.0051
2.0101

P3-P13
0.2067
0.1540
0.3079

P3-P13
1.6118
1.2217
2.4435

P18
0.1869
0.0543
0.1086

P18
1.1786
0.4272
0.8543

P22
0.1731
0.1075
0.2151

P22
1.4137
0.9239
1.8477

P26
0.0503
0.0315
0.0629

P26
0.3897
0.1882
0.3764

P20 - P14
0.2427
0.1991
0.3982

0

P20 - P14
1.7344
1.3819
2.7638

P19
0.1136
0.0603
0.1205

P19
0.9971
0.4588
0.9176

P23
0.0560
0.0293
0.0586

P23
0.4610
0.1637
0.3273

P27
0.0908
0.0306
0.0613

P27
0.6019
0.1802
0.3604

P22 - P23
0.1556
0.1049
0.2098

0

P22 - P23
1.2872
0.8463
1.6926

P20
0.2072
0.2009
0.4017

P20
1.5425
1.3741
2.7482

P24
0.1082
0.0874
0.1747

P24
0.9339
0.7075
1.4151
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Table EMEB-B-18-1-6
Test Data vs. Predictions: Summation of RMS and Maximum Pressure Range 790 MWe
Development of Uncertainty Values

Sum RMS Test Data all Sensors 4.57
Sum RMS Predicted all Sensors 2.66
Ratio (Sum Test)/ (Sum

Predicted) 1.71
Sum Range Test Data all Sensors 34.8
Sum Range Predicted all Sensors 20.1
Ratio (Sum Test)/ (Sum

Predicted) 1.72
Maximum Ration RMS & Range 173%
Uncertainty=Ratio — 100% 73%
Recommended Uncertainty 100%

References

[1] Continuum Dynamics, Inc. 2005. Evaluation of Continuum Dynamics, Inc. Steam
Dryer, Load Methodology. C.D.I. Report No. 05-10.
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Cities Unit 2 In-Plant Data at 790 MWe, Continuum Dynamics, Inc. Technical Note
No. 05-38, 09 September 2005.



PSI

Attachment 8 to BVY 05-084
Docket No. 50-271
Page 15 of 80

Exhibit EMEB-B-18-1 Rev. 1 -VYNPS Steam Dryer Load Uncenamty

NON-PROPRIETARY INFORMATION

Benchmark QC2 790 MWe Dryer Test Data vs CDI Predictions
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Figure EMEB-B-18-1-5
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Benchmark QC2 790 MWe Dryer Test Data vs CDI Predictions
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PSD Comparison, QC2 Data vs. ACA Predictions plus Uncertainty
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PSD Comparison, QC2 Data vs. ACA Predictions plus Uncertainty
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PSD Comparison, QC2 Data vs, ACA Predictions plus Uncertainty
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PSD Comparison, QC2 Data vs. ACA Predictions plus Uncertainty
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QC2 Dryer Pressure Sensor Locations
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QC2 Dryer Pressure Sensor Locations
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QC2 Dryer Pressure Sensor Locations
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Uncertainty Introduced by the Measurement Location

The accuracy of the predicted load is based on relative location of sensing point in the
steam line vs. the location of the sampling point used in the Benchmark Assessment.
Table EMEB-B-18-1-7 compares the VYNPS measurement locations to those used in
the SMT and QC2 Benchmarks.

Acoustic Model Pressure Sensor Location

Description MSL (MSL |[MSL |MSL
Facility A B C D

Strain Gage | 37.13 | 37.13 | 37.13 | 37.13
VY Plant Location (ft)

Venturi Line | 96.84 | 80.88 | 80.88 | 96.84
VY Plant Entrance (ft)
GE SMT P1 (ft) 1.474 [1.391 |1.391 | 1.474
GE SMT P2 (ft) 4.438 [5.094 |5.161 |4.438

P1 scaled By |25.50 |24.06 |24.06 |25.50
GE SMT 17.3

P2 scaled By |76.78 | 88.13 |89.29 |76.78
GE SMT 17.3
QC2 Elev 651 (ft) | 9.50 9.50 9.50 9.50
Benchmark
QC2 Elev 624 (ft) 41,00 {41.33 | 41.33 | 41.00
Benchmark

Table EMEB-B-18-1-7

As noted the sensors in the QC2 benchmark were closer to the reactor steam nozzles
than they are in the VYNPS plant. Therefore due to acoustic losses in the steam line CDI
performed an assessment of the uncertainty introduced in the benchmark load
associated with this difference in location and the difference in optimal QC damping
developed from the steam line QC 2 benchmark and the damping used in the VY model.
The maximum measurement location uncertainty in QC dryer loads from the assessment
included in Attachments 1, 2, and 3 was an RMS uncertainty of 53%.

Maximum Uncertainty of the ACA Methodoloqy

From this evaluation of the VYNPS SMT benchmark and QC2 benchmark, the VYNPS
ACA methodology uncertainty (uncACM1) is calculated by the SRSS method to be
115%. Table EMEB-B-18-1-8 summarizes the uncertainty contributions.
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Bounding Benchmark Uncentainties
QC2

ACM Benchmark 790 SMT
Uncertainty BM BM
Frequency Peak
Uncertainty 20% 20%
Minimum RMS/Max
Uncertainty 100% 5%
Sensor Location
uncertainty 53%
SRSS of Uncertainty 115% 21%
Maximum ACA
Uncertainty for VYNPS
Model 115%

Table EMEB-B-18-1-8
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Uncertainty Introduced by the Measurement Method

A parametric study was performed by CDI to assess the variation in VYNPS dryer loads
as a function of variation in input data magnitude. This study provided nine sets of time
history loads across the dryer. The first set is the base case used in the analysis of the
VYNPS dryer. The balance varied each of the eight sets that were derived by varying
one input parameter by 10% and determined the impact on the dryer transient loads.

From the structural analysis it was observed that the dryer response under the acoustic
loads was driven by loads on the vertical face of the dryer. The PSD of the dryer loads
shown in CDI| Report 05-06 (Supplement 26, Attachment 7) shows that there are no
outstanding acoustic signals of note from 0 through 200 Hz. The dryer load could be
characterized as a broad band signal. Therefore, to assess the impact of input variations
on dryer loads, peak response and RMS values were used to assess the change in
dryer load as a function of input change. Points 7 and 99 as shown in Figure 9 of CDI
report 05-06 (Supplement 26, Attachment 7) are at the location of maximum RMS and
peak pressures on the dryer face. Therefore, these points were used in the assessment.
The result of the CDI| parametric evaluation is included as Attachment 1 to this Exhibit.
Tables EMEB-B-18-1-1-1 and EMEB-B-18-1-1-2 provide copies of the final values:

The venturi measurement uncertainty is driven by four sources:

1) UncVent1: The uncertainty acoustic modeling and methodology used to develop
the transfer function of the sensing lines.

2) UncVent2: The uncertainty in the dynamic properties of the Rosemount
transmitters mounted on the sensing lines, referred to here as compliance.

3) UncVent3: The accuracy of the instrumentation used in the mockup testing.
4) UncVent4: The accuracy of the instrumentation used to collect the plant data.

These uncertainties are then combined by the SRSS method to assess the venturi
measurement uncertainty for both the RMS and maximum response of the signal.

UncVent=Sqrt (UncVent1? + UncVent2? + UncVent3? + UncVent4?)

Attachment 2 to this Exhibit provides the methodology to assess UncVent1, the transfer
function uncertainty and UncVent2 the uncertainty in the steam transfer function as a
function of the uncertainty in the Rosemount compliance. Table EMEB-B-18-1-9
provides a summary of uncertainty input and calculated values.

The transfer function uncertainty was calculated based on evaluations performed on four
steam line signals from QC2. In this uncertainty assessment Entergy used the maximum
value from the four tests.

The Rosemont transmitters have isolation diaphragm that can be included in the steam
acoustic model of the sensing system as a mass/spring/damper. The spring is the most
important parameter and the combined characteristics are referred to as compliance. In
CDI 95-06 the compliance values were based on published values by Rosemount along
with detailed and proprietary information on the construction of the Rosemount
transmitter that pertains to characterizing the dynamic properties of the transmitter.
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There was no uncertainty information available from Rosemount on the published
stiffness data. In Attachment 2 CDI provides the change in the transferred signal based
on a 1% change in the 100% compliance (value provided by the manufacturer). The
assessment shown in Table 9 provides a acoustic load uncertainty assessment
assumed an uncertainty of 30% in the compliance, UncVent2.

The test instruments used in the CDI mockup and the VYNPS plant were Sensotec high
speed pressure transducers (0.25% accuracy) with a 16 bit data acquisition system. An
uncertainty of 5% was used as a conservative bound to this equipment’s uncertainty. It
should be noted that the total uncertainty is primarily influenced by the transfer function
uncertainty, uncVenti. Because the compliance uncertainty and pressure instrument
uncertainty have a small impact on the total uncertainty, further refinement of these
values was not deemed necessary.

Venturi RMS Signal Uncertainty

UncVent(RMS) | UncVent1 | UncVent2 UncVent3 | UncVent4
Transter
Function Uncertainty | Uncertainty
Maximum Error Due | due to | due to
Venturi  Line | Transfer Instrument | to % | Instrument | Instrument
Total Function Compliance | Compliance | Error  at | Error at in
Uncertainty Uncertainty | Uncertainty | Uncertainty | Mockup Plant
Venturi
A | Inlet 179% 177% 30% 82% 5.00% 5.00%
Venturi
B | Inlet 177% 177% 30% 33% 5.00% 5.00%
Venturi
C | Inlet 177% 177% 30% 35% 5.00% 5.00%
Venturi
D | Inlet 179% 177% 30% 86% 5.00% 5.00%
Venturi Maximum Signal Uncertainty
UncVent UncVent1 | UncVent2 UncVent3 | UncVent4
Transfer
Function Uncertainty | Uncertainty
Maximum Error Due | due to | due to
Venturi  Line | Transfer Instrument | to % | Instrument | Instrument
Total Function Compliance | Compliance | Error at | Error at in
uncertainty Uncertainty | Uncertainty | Uncertainty | Mockup Plant
Venturi
A | Inlet 128% 128% 30% 25% 5.00% 5.00%
Venturi
B | Inlet 128% 128% 30% 23% 5.00% 5.00%
Venturi
C | Inlet 128% 128% 30% 32% 5.00% 5.00%
Venturi
D | Inlet 128% 128% 30% 30% 5.00% 5.00%

Table EMEB-B-18-1-9
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Uncertainty in the dryer loads is driven by uncertainty in the input pressure as calculated
from VYNPS SG data. The uncertainty is from two sources:

a. UnSG1: The uncertainty of using the VYNPS equipment to measure pressure in
the pipe. Entergy has used strain gages and a National Instrument DAS
acquisition to collect stain gage data and correlate that data to average hoop
strain and pressure. This uncertainty value includes the uncertainty of the strain
acquisition equipment and the uncertainty in pipe thickness.

b. UncSG2: At very low strain levels, data from QC2 demonstrated that the dynamic
signal can vary azimuthally around the pipe. VYNPS has two strain gages
orientated in the hoop direction at one azimuth location. Data from QC2 with four
strain gages 90 degrees apart demonstrate that when there are high flow
induced vibration (FIV) signals the local pipe distortion can add significant
content to the signal. This uncertainty is added to reflect the non-conservative
uncertainty introduced by using a single strain input to assess average
circumferential strain.

The UncSG1 uncertainty values were developed by Structural Integrity Associate (SIA)
in Calculation VY-13Q-305. Based on VYNPS pipe thickness data and the accuracy of
the VYNPS SG data acquisition equipment, SIA calculated a measurement uncertainty
of 8.74%. Therefore a conservative assignment was made of UncSG1 = 10%.

The strain gage (SG) configuration used in the development of acoustic loads for the
VYNPS dryer included two strain gages at the same circumferential location on the pipe.
The strain gage signal was converted to a pressure signal assuming the strain could be
directly correlated to hoop strain. It had been subsequently determined through QC2
testing that local pipe strain (e.g., due to bending) can add additional signal that is not
related to hoop strain. This additional strain signal appears as a higher pressure input to
the ACM and results in a conservative over-prediction of the pressure loads on the
steam dryer. Benchmarking of the ACM found that averaging the strain signals from 4
points 90 degrees around the pipe provided a significant reduction in the extraneous
signals. Figures EMEB-B-18-1-14 through EMEB-B-18-1-17 show the individual strain
signals compared to the averaged strain signal. These comparisons show the
magnitude of the extraneous signals. Table EMEB-B-18-1-10 compare the RMS and
range of the individual signals to the RMS and Range of the averaged signals. As noted,
both the RMS and range data from a single strain gage are, in all cases, more
conservative than the averaged data.
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Summary of QC 2 data Comparing Averaged SG Data to the data
from Each Gage
Range | RMS Range RMS
Ave MSL B 651' 3.28 0.39 gage/ave | gage/ave
S7 442  ]10.49 35% 26%
S9 4.99 0.68 52% 75%
S8 3.78 0.50 15% 30%
S10 5.68 0.76 73% 98%
Range | RMS Range RMS
Ave MSL B 621' 2.47 0.30 gage/ave | gage/ave
S11 4.74 0.58 92% 96%
S11A 3.03 0.38 23% 30%
S12 4.30 0.51 74% 72%
S12A 4.77 0.60 93% 104%
Range | RMS Range RMS
Ave MSL C 651' 3.85 0.49 gage/ave | gage/ave
S31 4,03 0.58 5% 18%
S33 5.96 0.58 55% 17%
832 5.77 0.87 50% 77%
S34 5.73 0.75 49% 51%
Range | RMS Range RMS
Ave MSL C 621" 2.10 0.25 ‘gage/ave | gage/ave
S35 3.04 0.38 45% 54%
S35A 4.30 0.58 104% 136%
S36 3.84 0.50 83% 103%
S36A 4.48 0.54 113% 118%
Range RMS
gage/ave | gage/ave
Minimum | 5% 17%
Maximum | 113% 136%

Table EMEB-B-18-1-10

In response to RAT EMEB-B-118 and based on the above comparison, Entergy assessed
that the VYNPS SG data was broad band and therefore RMS and Max values were an
appropriate method of comparison. Entergy assigned an additional 10% uncertainty to
this the condition where a spike may challenge the VYNPS Limit Curve.

As a result of discussions during the August 2005 VYNPS Dryer analysis audit, Entergy
considered application of a more conservative assessment and incorporating statistical
evaluation of the signal at peak frequencies. Entergy concluded that this type of
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assessment would be more appropriate for the condition where a pressure spike
challenges the VYNPS limit curve.

Entergy’s assessment is provided in Tables EMEB-B-18-1-11 and EMEB-B-18-1-12.

The upper section of Table EMEB-B-18-1-11 provides a summary of the QC2 strain gage
PSD data at peak response frequencies. The PSD values for single SG are shown along
with the PSD value for the averaged time domain signal from the 4 gages. Table EMEB-
B-18-1-12 provides the error associated with the single Strain Gage value when
compared with the average value. These error values are calculated as

%Error=Sqrt(PSDsg/PSDavg)-100%
The radical converts the Error from PSD, PSIrms”2/Hz, to Pressure, PSL

In summary, using the % point data would likely result in a very conservative estimate of
average strain. Individual signals at the peak frequencies were on average 57% higher
than hoop strain. The standard deviation in the data was 117%. Therefore the SG non-
conservative uncertainty was established as 57.3% - 116.7% = -59%.

The Limit Curve Uncertainty has been recalculated based on the 60% SG uncertainty
(rounded up from 59%). Two strain gage signals contribute to dryer loads on each face.
Therefore it would be unlikely that the SG signal would be underestimated in two lines.
Entergy has also committed to install 4 SGs at two addition points on each line and
monitor all SG signals during power ascension. Including the 60% SG Uncertainty in the
development of the VYNPS Limit Curve is a very conservative approach that is to be
used for the establishing the initial curve. Once additional data from multiple SGs is
available and the Limit Curve developed based on this new data, additional 60%
uncertainty can be eliminated.
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Table EMEB-B-18-1-11

QC2 Strain Gage 1/4 Bridge PSD Data, PSi{(rms)*2/Hz, Sampled at Peak Frequencies

Frequency

98.6

138.7

139.6

151.4

152.3

154.3

155.3

160.2

161.1

S7

1.7E-03

1.5E-02

4.0E-03

5.6E-03

6.2E-03

2.8E-02

2.5E-02

1.1E-02

2.9E-03

S9

1.9E-03

1.1E-02

2.1E-03

1.5E-01

1.8E-02

1.7E-02

1.5E-02

4.1E-03

1.4E-03

S8

8.5E-05

5.0E-03

2.7E-03

1.8E-02

2.1E-02

1.3E-02

1.2E-02

4.3E-03

1.1E-03

S10

6.8E-05

1.8E-02

2.3E-03

1.5E-01

1.8E-02

7.0E-02

6.3E-02

3.5E-04

3.0E-04

Ave MSL B 651’

3.8E-04

1.9E-03

9.3E-04

3.3E-02

5.7E-03

1.6E-02

1.4E-02

5.5E-04

1.6E-04

S11

9.7E-05

7.2E-02

1.6E-02

3.4E-02

5.7E-03

1.9E-03

1.8E-03

1.7E-02

8.0E-03

S11A

9.6E-05

5.5E-03

7.0E-04

1.7E-02

2.0E-03

3.4E-03

3.0E-03

8.2E-03

4.5E-03

S§12

1.2E-04

1.9E-02

4.8E-03

4.7E-02

8.3E-03

4.0E-03

3.0E-03

2.2E-03

2.3E-03

S12A

5.8E-05

3.2E-02

5.1E-03

2.2E-02

5.8E-03

5.4E-02

4.9E-02

9.6E-03

5.0E-03

Ave MSL B 621'

6.1E-05

9.4E-03

2.1E-03

8.1E-04

9.9E-04

5.0E-03

4.4E-03

7.6E-03

3.9E-03

S31

2.0E-04

3.3E-03

2.1E-03

9.3E-02

1.8E-02

1.3E-02

1.1E-02

1.4E-03

1.0E-03

533

1.8E-04

2.6E-03

2.3E-03

9.9E-02

1.7E-02

2.4E-02

2.2E-02

5.4E-04

6.9E-04

532

7.0E-03

3.7E-02

6.9E-03

2.0E-01

2.1E-02

4.8E-02

4.2E-02

6.5E-03

9.2E-03

S§34

5.2E-03

8.1E-02

3.3E-02

8.7E-02

1.4E-02

2.5E-02

2.2E-02

1.3E-03

1.6E-03

Ave MSL C 651

1.9E-03

6.5E-03

2.2E-03

8.4E-02

9.5E-03

6.6E-03

5.8E-03

6.8E-04

6.7E-04

S35

2.8E-03

4.6E-03

5.9E-03

8.5E-03

2.1E-02

1.8E-02

1.5E-02

2.0E-03

5.1E-03

S35A

1.5E-03

4.0E-02

5.1E-02

4.2E-02

2.3E-02

6.1E-03

5.2E-03

2.8E-04

6.0E-04

S36

2.9E-03

1.3E-02

1.8E-02

4.7E-02

9.7E-03

7.9E-03

6.4E-03

6.5E-04

6.7E-04

S36A

2.1E-03

2.6E-02

3.4E-02

2.8E-02

1.7E-02

1.1E-02

8.9E-03

1.1E-03

2.3E-03

Ave MSL C 621’

1.2E-03

5.1E-03

7.9E-03

2.5E-03

2.2E-03

1.6E-03

1.3E-03

3.7E-04

1.2E-03
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Table EMEB-B-18-1-12

Percent Error (1/4 Brdge vs Average)= Sqrt ( Value / Average ) ~100%

Frequency | 98.6 | 138.7 | 139.6 | 151.4 | 152.3 | 154.3 | 155.3 | 160.2 | 161.1

MSL B 651'

S7| 110%| 182%] 108%| -59% 5% 32% 33%] 354%] 320%

S9| 123%| 137% 51%] 114% 78% 3% 2%| 173%| 189%

58] -53% 63% 72%| -26% 91% -9%| -10%]| 179%] 158%

S10|  -58%| 204% 58%| 113% 79%| 109%| 109%| -21% 36%
MSL B 621° :

S11 26%| 176%] 179%| 545%| 139%| -39%| -36% 50% 43%

S11A 25%| -24%| -42%)] 358% 44%)  -17%) -17% 4% 7%

S12 42% 41% 652%| 663%| 189%] -11%| -18%| -46%| -24%

S12A 2% 85% 56%)] 417%] 142%} 229%] 232% 12% 13%

MSL C 651'

S31] -83%| -70%| -45%) -31% -8%| -48%| -48%)] -55%] -67%

S33] -84%| -73%| -43%| -29%| -10%| -29%| -28%| -71%| -73%

§32 16%] -33%| -54% 50% 22% 39% 38%| 120%] 137%

534 66%| 253%| 290% 2% 20% 95% 95% 41% 56%

MSL C 621’

S35 2% -41%| -42%) -57% 47% 50% 55% 75%} 176%

S35A|  -27% 74% 70% -5% 55%]| -12% -9%| -34% 6%

S36 16%)  -29%) -27% 29%)] -25%) -14%] -15%] -23%] -46%

S36A 35%| 128%| 107%| 234%| 181%| 156%| 161% 71% MNM%

Statistics All Uncertainty Data

Min= -84% Average:57.3%
Max= 663% StdDev= 116.7%
(Average) - (StandardDeviation) = -59%
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Figure EMEB-B-18-1-14
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Figure EMEB-B-18-1-15
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Figure EMEB-B-18-1-16
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Figure EMEB-B-18-1-17
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These uncertainties were combined by the SRSS method to assess the SG Measurement
Uncertainty for both the RMS and Maximum Response of the signal. The resulting strain
gage signal uncertainty values are summarized in Table EMEB-B-18-1-13. Note these
values are the same for the four steam lines.

Strain Gage (SG) RMS Signal Uncertainty
UncSG UncSG1 UncSG2
SG 4
Uncertainty SG
due to Uncertainty
SG Signal  Instrument dueto1vs
Total and 4 SG
Uncertainty Thickness Sensors

Strain

A Gage 61% 10% 60%
Strain

B Gage 61% 10% 60%
Strain

C Gage 61% 10% 60%
Strain

D Gage 61% 10% 60%

Strain Gage (SG) RMS Signal Uncertainty
UncSG UncSG1 UncSG2
SG
Uncertainty SG
due to Uncenrtainty
SG Signal  Instrument dueto1vs
Total and 4 8G
Uncertainty Thickness  Sensors

Strain

A Gage 61% 10% 60%
Strain :

B Gage 61% 10% 60%
Strain

C Gage 61% 10% 60%
Strain

D Gage 61% 10% 60%

Table EMEB-B-18-1-13

In Tables EMEB-B-18-1-14 and EMEB-B-18-1-15, the SG RMS and venturi RMS signal
uncertainties for each line are multiplied by the sensitivity values to determine the impact
on dryer loads. Because the transfer function uncertainty could be related to a common
characteristic of the ACA of the sensing line, the venturi uncertainty from each of the four
lines is first added by absolute sum. Then this absolute sum is combined by the SRSS
method with the affect of the SG uncertainty on each line to find the total load
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uncertainty due to signal error on each side of the dryer. This is done to both RMS and
maximum uncertainty values. Then the maximum uncertainty value determined from
both sides of the dryer and both the RMS and maximum uncertainties is used to
represent the uncertainty on dryer loads due to signal uncertainty.

Dryer Load Uncertainty due to Venturi RMS Signal Uncertainty

Venturi Line
Del Ld/Del Del Ld/Del Total
P7 Side P99 Side Signal Signal Uncertainty
Un=F2 x
Un=F1xTU TU F1 F2 TU
Venturi
A Inlet 0% 4% 0 0.024 179%
Venturi
B Inlet 0% 37% 0 0.208 177%
Venturi
C Inlet 48% 0% 0.27 0 177%
Venturi .
D Inlet 3% 0% 0.014 0 179%
abs sum 50% 41%
Dryer Load Uncertainty due to Strain Gage SG RMS Signal Uncertainty
SG Signa!
Del Ld/Del Del Ld/Del Total
P7 Side P99 Side Signal Signal Uncertainty
Un=F2 x
Un=F1 xTU TU F1 F2 TU
Strain
A Gage 0% 24% 0 0.397 61%
Strain
B Gage 0% 25% 0 0.403 61%
Strain
C Gage 23% 0% 0.374 0 61%
Strain
D Gage 23% 0% 0.372 0 61%

Table EMEB-B-18-1-14
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Dryer Load Uncertainty due to Venturi Maximum Signal Uncertainty

Venturi
Inlet
Venturi
Intet
Venturi
Inlet
Venturi
Inlet

abs sum

Del Ld/Del  Del Ld/Del

P7 Side P99 Side Signal Signal
Un=F2 x
Un=F1 xTU TU F1 F2
0% 1% 0 0.01

0% 39% 0 0.307

14% 0% 0.106 -0.001

1% 0% 0.011 -0.001
15% 40%

Venturi Line
Total
uncertainty
TU
128%
128%
128%

128%

Dryer Load Uncertainty due to Strain Gage SG Maximum Signal Uncertainty

Del Ld/Del Del Ld/Del

P7 Side P99 Side Signal Signal
Un=F2 x

Un=F1 xTU TU F1 F2
Strain
Gage 0% 15% 0 0.24
Strain
Gage - 0% 27% 0 0.444
Strain
Gage 22% 0% 0.36 0
Strain
Gage 32% 0% 0.521 0

UncACM2 = SRSS Dryer Load Uncertainty P7 Side

SRSS { ABS Venturi and SRSS SG RMS Signal

Uncertainty) 60%

SRSS ( ABS Venturi and SRSS SG MAX Signal

Uncertainty) : 41%

Bounding Uncertainty RMS, Max, Either Side

Table EMEB-B-18-1-16

S§G Signal Total
Uncertainty

TU
61%
61%
61%

61%
P99 Side

54%

51%
60%
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Total ACM Uncertainty

As summarized in Table EMEB-B-18-1-16, the total measurement uncertainty was
calculated to be 130 %.

Final ACM Uncertainty

UncACM1: Maximum
Benchmark Uncertainty 115%

UncACM2: Signal
Uncertainty 60%

SASS(UncACAT,
UncACA2) 130%

Table EMEB-B-18-1-16

CFD Load Uncertainty

The comparison of the turbulence energy in the LES runs was shown to be higher than
in RANS comparison runs. In EMEB-B-18-1 Rev 1 Attachment 5 Entergy provides
further benchmark of these loads against operating data. As demonstrated in
Attachment 5 the CFD prediction for VYNPS are on average 118% above the RMS
values of in-plant data with a standard deviation of 82%. Therefore a conservative
estimate of uncertainty is 118% - 82% = +37%. This would support 0 uncertainty for the
CFD load. Conservatively, Entergy has maintained a 15% CFD load uncertainty in the
Limit Curve Factor assessment.

The CFD analysis with the +/- 10% change in load step had an impact to the limiting
stress of 4%. Therefore the CFD frequency uncertainty is determined to be 4%. The
total CFD uncertainty; uncCFD= sqrt(1572 + 4/2) = 16%.

Attachments to this Exhibit:

Attachment 1: CDI Parametric Assessment of Dryer Loads as a Function of Instrument
Uncertainty

Attachment 2: CDI Uncertainty Assessment of Venturi Instrument Line Transfer Function

Attachment 3: CD! Uncertainty Assessment of Sensing Point Distance from RPV

Attachment 4: PSD Plots ACA Benchmark QC2 790MWe, Comparison to All Measured
Data

Attachment 5: CFD Uncertainty Assessment
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Attachment 1
Vermont Yankee Error Analysis

The error analysis is carried out at locations on the outer bank hood directly between the
steam lines at the cover plate elevation (low resolution node numbers 7 and 99). The
acoustic circuit analysis can be used directly to access errors in load predictions based
on errors in measurement. Using the 100% power data set, the change in predicted
RMS pressures are computed as a function of changing the strain gage and venturi
pressure measurements, with results shown in the first table. Results for a similar
calculation, for predicted peak pressures, are shown in the second table.

Pressure  Data | A%(P7/Pzaus) A %(Pgo/Pgorms)
Locationon MSL | /A% 1A%

A Venturi Inlet 0.000 0.024
B Venturi Inlet 0.000 0.208
C Venturi Inlet 0.270 0.000
D Venturi Inlet 0.014 0.000
A Strain Gage 0.000 0.397
B Strain Gage 0.000 0.403
C Strain Gage 0.374 0.000
D Strain Gage 0.372 0.000
SRSS 0.593 0.603

Table EMEB-B-18-1-1-1

Sensitivity of RMS Dryer Loads to Errors in Main Steam Line (MSL) Pressures

Pressure  Data | A%(Ps/Pzpeax) A %(Pgo/Pggpeak)
Locationon MSL | /A% 1A%

A Venturi Inlet 0.000 0.010
B Venturi Inlet 0.000 0.307
C Venturi Inlet 0.106 -0.001
D Venturi Inlet 0.011 -0.001
A Strain Gage 0.000 0.240
B Strain Gage 0.000 0.444
C Strain Gage 0.360 0.000
D Strain Gage 0.521 0.000
SRSS 0.642 0.591

Sensitivity of Peak Dryer Loads to Errors in MSL Pressures

Table EMEB-B-18-1-1-2
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Attachment 2
Vermont Yankee Instrument Line Error Analysis

The instrument line error analysis is carried out by comparing the transfer function
developed by the instrument line experiment and the instrument line acoustic circuit
model (which was subsequently applied to the VYNPS instrument lines). The instrument
line experiment was patterned after the four venturi instrument lines in Quad Cities Unit
2; thus, the EPU data available from Exelon for these lines were used to compute the
sensitivity of RMS and peak pressure predictions at the four main steam lines. Here,
subscript “mod” refers to the transfer function developed by acoustic circuit
methodology, while subscript “emp” refers to the transfer function developed empirically.

The rationale for the analysis is based on the premise that the venturi line mocked up in
CDI's laboratories when modeled by acoustic circuit analysis introduces the same
amount of uncertainty as would be introduced by modeling a venturi line in a plant. By
experimentally measuring the transfer function (see Ref. B-1) with two transducer errors
A+, and comparing the pressure predicted at the MSL of Quad Cities Unit 2 computed
from the ACM (Pgusmod) to that computed using the empirically determined transfer
function Prusemp (With error Ag) provides an estimate of the acoustic circuit error in
correcting the venturi measurement. The error fraction Aqmnsrunct is Shown for venturi
data taken on all four lines (A-D)

Results are shown in the following tables.

Pressure Data I(PRMSmod'PHMSemp) /
Location Peamsemp] = A TransFunet
A Venturi ‘ 0.475
B Venturi 0.639
C Venturi 0.581
D Venturi 0.278
Average 0.493

Table EMEB-B-18-1-2-1
Error RMS MSL Pressures to Transfer Function Accuracy in Instrument Lines

Pressure Data |(Ppeakmod-Ppeakemp) /
Location Ppeakemp| = A TransFunct
A Venturi 0.524
B Venturi 0.561
C Venturi 0.434
D Venturi 0.321
Average 0.460

Table EMEB-B-18-1-2-2
Error Peak MSL Pressures to Transter Function Accuracy in Instrument Lines
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Compliance Effects

The tests conducted as described in Ref. B-1 did not include transducers that exist on
branch lines on the instrument racks. However, manufacturer supplied data indicate that
these transducers in the frequency range (0-200 Hz) introduce a compliance (spring)
into the system.

The compliance error analysis is carried out by running the instrument line code for
various percent compliance (A %), and computing the sensitivity of RMS and peak
pressure predictions at the four main steam lines. Results are shown in the following
tables.

Pressure Data | A %{(P/Pgus)
Location /A %]
A Instrument Line 0.817
B Instrument Line 0.330
C Instrument Line 0.347
D Instrument Line 0.864
Average : 0.590

Table EMEB-B-18-1-2-3
Sensitivity of RMS MSL Pressures to Compliance in Instrument Lines

Pressure Data | A %(P/Ppeax)
Location /A %)
A Instrument Line 0.251
B Instrument Line 0.233
C Instrument Line 0.319
D Instrument Line 0.296
Average 0.275

Table EMEB-B-18-1-2-4
Sensitivity of Peak MSL Pressures to Compliance in Instrument Lines

The total error in RMS measured venturi instrument line data corrected to the main
steam line consists of four terms:

A%(P/ Pyys)

Error = SRSS (A7 +| Atransfunc] + Ag +
A%

XAc)

where Ay is the pressure transducer error, associated with the measurement of the
empirically determined transfer function, A ransruna is the transfer function error provided

in Tables EMEB-B-18-1-2-1 and 2, Ag¢ is the pressure measurement error of the
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transducer in the plant, and iA%(Z;PRMS)
(4]

provided in Tables EMEB-B-18-1-2-3 and 4. The last term is multiplied by Ag, the
compliance error as a fraction of the compliance specified by the manufacturer.

is the sensitivity of compliance error
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Attachment 3
Vermont Yankee Instrument Position Uncertainty

With pressures measured at two locations on a MSL, it is possible to compute the
pressure at a third location. This is used to estimate the error associated with measuring
the pressure on the MSL at the venturi location which is further downstream than strain
gage pressure measurements which were made at QC1 and QC2.

The error analysis is carried out by first computing the pressure on the main steam lines
at the same location of the first strain gage location in Quad Cities Unit 2 (9.50 feet from
the RPV nozzle), using the VYNPS strain gage data (at 37.13 feet) and the pressure at
the venturi instrument line entrance (at 96.84 feet for main steam lines A and D, and
80.88 feet for main steam lines B and C). Comparisons of this pressure are made with
model predictions for the VYNPS acoustic circuit model and the benchmarked acoustic
circuit model with modeling parameters used for Quad Cities. The difference in
prediction estimates the error associated with moving the measurement to the venturi
location. An error analysis (for Quad Cities) showed that a 5.03% error in strain gage
RMS pressure measurements results in a 3.56% change in RMS dryer loads. This
factor (0.708) is then applied to the difference in predictions, and an error associated
with instrument locations is determined, as shown in the table.

Venturi Location (Pvy-Pac)/Pvy Dryer Load Error
Fraction

A 0.437 0.309

B 0.736 0.521

C 0.738 0.523

D 0.468 0.331

Average 0.595 0.421

Table EMEB-B-18-1-3-1
Error - RMS Dryer Loads to Instrument Position Uncertainty

Reference
B-1. “Test Report for Validating an Instrumentation Line Acoustic Transmission Model,”
Revision 0, CDI Report No. 04-12 prepared for Exelon Generation LLC, July 2004.
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Attachment 5
Vermont Yankee CFD Load Uncertainty

The VYNPS CFD results at 120% power were compared against the available
measurements from in-plant testing with instrumented dryers in order to estimate the
uncertainty associated with the CFD prediction. The comparison locations are
summarized in Table EMEB-B-18-5-1. Locations 1, 2, and 4 are in the skirt region.
Location 3 is on the lower horizontal cover plate. Location 5 is on the side of the dryer
hood. The CFD predictions at these locations were compared with the individual in-plant
sensor measurement.

Locations 6 through 9 are the 4 quadrants of the VYNPS vertical face as delineated by
the vertical gussets. Fluent provided the averaged pressure time history data for each of
these quadrants. These locations were compared with the averaged pressure time
history data of the corresponding column of three sensors in the 4x3 array on the face of
the dryer.

Previous reviews of the amplitude of the pressure loads acting on the dryer show that
the amplitude in the frequency range of interest (below 100 Hz) can be correlated with
the average steamline flow velocity. Because the in-plant measurements were taken at
steamline flow velocities lower than those expected for VYNPS at 120% power, the in-
plant data measurements were scaled by the square of the ratio of the steamline flow
velocities:

Ammedescaled = Amp“tUdemeasured X (Vin-planlN VY)2

The operating conditions for the in-plant measurements and for VYNPS are shown in
Table EMEB-B-18-5-2.

Table EMEB-B-18-5-3 presents a comparison of the RMS values for the VYNPS CFD
prediction and the scaled in-plant measurements at each of the sensor locations. With
the exception of one point, the VYNPS CFD analysis at 120% power bounds the in-plant
data. The CFD prediction was on average 118% above the RMS values of in-plant data
with a standard deviation of 82%. Therefore a conservative estimate of uncertainty is
118% - 82% = +37%. Entergy has assigned a -15% uncertainty to the CFD loads. This is
based on the Fluent experimental scale benchmark study of confined swirling coaxial
jets using an LES model, referenced in response to RAl EMEB-B-73. Therefore based
on comparison with available plant data the 15% uncertainty is conservative.

The one exception was Location 3, where the CFD RMS pressure is low by about 33%.
Location 3 is on the lower horizontal cover plate at the base of the vertical face.
Because of the proximity of the sensor to the vertical face, it is expected that the
pressure at this location is representative of the pressure on the vertical face. However,
the vertical face comparison for Locations 6-9 show that the CFD results bound the in-
plant measurements. There is insufficient information to determine if the difference in
these face comparisons is due to the type of sensor used in the Plant C instrumentation
(i.e., strain gauges vs. pressure sensors at the other plants) or if the configuration of the
dryer hood has an effect on the pressure loading on the face.
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Figures EMEB-B-18-5-1 through EMEB-B-18-5-6 present a comparison of the frequency
spectra at each of the sensor locations, again with the in-plant measurements scaled to
VYNPS operating conditions. In general, the CFD predictions bound the in-plant
measurements throughout the frequency range of interest (<100 Hz). There are a few
frequencies where the in-plant measurements are slightly higher than the CFD
predictions; however, given the variation in vessel sizes and dryer types between the
plants being compared, an exact correlation in the frequency spectra is not expected. In
addition, there are similar peaks in the CFD predictions at nearby frequencies; the +/-
10% frequency shift in the finite element analysis will bound the observed variations.

Of particular note is the frequency comparison for Location 3 (the lower cover plate)
shown in Figure EMEB-B-18-5-3. The VYNPS dryer was modified with external gussets;
the Plant C dryer does not have these gussets. Therefore, several locations from the
CFD analysis were compared with the in-plant measurement. CFD cover plate locations
1 and 4 are outside the outer gussets and are in the region of the vessel steam outlet
nozzles. CFD cover plate locations 2 and 3 are near the center gusset and are in the
vicinity of the in-plant Location 3. The in-plant measurement shows a strong peak at
approximately 25 Hz. The CFD prediction shows a strong peak at approximately 5 Hz.
It is not known what, if any, effect the external gussets may have on the frequency
content of the pressure loading on the face of the dryer. However, the cover plate and
hood modifications made to the VYNPS dryer have raised the fundamental frequencies
of these components well above this frequency range. Therefore, this potential
difference in frequency for the pressure load is not expected to be structurally significant.

Based on the comparisons of amplitude and frequency spectra between the VYNPS
CFD prediction for 120% power and the available in-plant measurements, an uncertainty
of 15% is assigned to the CFD results to account for the possibility that the CFD analysis
may underpredict the pressure on the dryer face. Based on the ANSYS analysis for the
+/-10% CFD load step assessment a 4% load step uncertainty is assigned. This results
in a total CFD uncertainty of sqrt(15/2+4/2) =16%.
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Table EMEB-B-18-5-1: Summary of Test Data Used in Benchmark

Location Plant Sensor { Azimuth Location
ID (Degrees)
P1 ] .
1 Pl\ant A (skirt) 90 47" Below Top of Support Ring
P3 Top of Skirt Just Below Bottom of Support
2 Plant B (skirt) Q90 Ring ,
3 PlantC S10 20 Top of Lower Horizontal Cover Plate
Under Support Ring Between 3rd and 4th
4 Plant D P25 75 Quadrant
5 Plant D P17 20 about 30% of BankHl;lneéght Above Support
Plant D P1 Vertical Face 1st Quadrant
6 Plant D P2 Vertical Face 1st Quadrant
Plant D P3 Vertical Face 1st Quadrant
Plant D P4 Vertical Face 2nd Quadrant
7 PlantD P5 Vertical Face 2nd Quadrant
Plant D P6 Vertical Face 2nd Quadrant
Plant D P7 Vertical Face 3rd Quadrant
8 PlantD P8 Vertical Face 3rd Quadrant
Plant D P9 Vertical Face 3rd Quadrant
Plant D P10 Vertical Face 4th Quadrant
9 Plant D P11 Vertical Face 4th Quadrant
Plant D P12 Vertical Face 4th Quadrant

Table EMEB-B-18-5-2: Plant Operating Conditions and Geometry

Average Steamline
Plant Flosv Velocity Plant Power \ifnsc?lf ; sl;) Dryer Type
(Ft/Sec)

Plant A 149 100% 188 Square Hood
Plant B 141 100% 280 Curved Hood
Plant C 129 100% 251 Curved Hood

Plant D 170 84% 251 New Dryer
Vermont Yankee 168 120% 205 Square Hood
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Table EMEB-B-18-5-3: Comparison in RMS Values 0-100Hz, VY CFD Data vs. Plant

Data
Location | VY CFD 120% In-Plant Measurements Margin Above In-Plant
RMS 0-100 Hz RMS 0-100 Hz* Measurement
1 0.370 Il 246%
2 0.197 95%
3 0.192 -33%
4 0.202 183%
5 0.135 201%
6 0.110 101%
7 0.108 84%
8 0.113 99%
9 0.106 1l 90%

*In-plant RMS measurements scaled to VYNPS steamline flow velocity based on the
ratio of steamline flow velocities squared.




[l

Attachment 8 to BVY 05-084
Docket No. 50-271
Page 75 of 80

Exhibit EMEB B-18-1 Rev. 1 -VYNPS Steam Dryer Load Uncertainty

NON-PROPRIETARY INFORMATION

Figure EMEB-B-18-5-1
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Figure EMEB-B-18-5-2
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