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IMPORTANT NOTICE REGARDING
CONTENTS OF THIS REPORT

Please Read VC'areﬁ'xlly

The only undertakings of the General Electric Company (GE) respecting information in this
document are contained in the contract between Entergy Nuclear Operations, Inc. (ENOI) and
GE, Contract Order No. VY015144, effective November 13, 2002, and nothing contained in this
document shall be construed as changing the contract. The use of this information by anyone
other than ENOI, or for any purpose other than that for which it is intended, is not authorized;
and, with respect to any unauthorized use, GE makes no representation or warranty, express or
implied, and assumes no liability as to the completeness, accuracy, or usefulness of the
information contained in this document, or that its use may not infringe privately owned rights.
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Flow Induced Vibration
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Forced Oil and Air

Fuel Oil Storage Tank

Fuel Pool Cooling
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Term Definition :
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Term Definition
ON Off Normal
00s Out-of-Service
oT Operational Transient
AP Differential Pressure —(psi) -
P Percent of CLTP 7
Pas 25% of CPPU Rated Thermal Power
PCAC Primary Containment and Atmospheric Control
PCPL Pressure Suppression Pressure lext
PCS Pressure Control System
PCT Peak Cladding Tempéfature
PLHGR Planar Linear Heat Generation Rate
PRA Probabilistic Risk Assessment
PRFO Pressure Regulator Failure - Open
PSA Probabilistic Safety Analysis
- psi Pounds per square inch |
psia Pounds per square inch - absolute

| psid Pounds per square inch - differential
psig - Pounds per square inch - gauge
RBCCW Reactor Building Closed Cooling Water
RBM Rod Block Monitor -
RCIC Reactor Core IsolationVCooling ,

" RCIS Rod Control and Information System
RCPB Reactor Coolant Pressure Boulidary ”
RFP Reactor Feedwater Pump o
RHR Residual Heat Removal -~
RHRSW Residual Heat Removal Service Water
RIPD Reactor Internal Pressure Diﬁefence(s)
RPT Recirculation Pump Trip
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Term Definition

RPV Reactor Pressure Vessel |

RLB Recirculation Line Break |

RMSS Reactor Mode Selectér Sinfch

RRS ‘Reactor Recirculation System

RSIC Radiation Shielding Information Center
RTP ~ Rated Thermal Power |

RTyor Reference Temperature of Nil-Ductility Transition
RWCU Reactor Water Cleanup |
RWM - Rod Worth Minimizer

Sm Code Allowable Stress Limit o
SAMG Severe Accident Management Guideline
SAR Safety Analysis Report

SBO Station Blackout '

SCM Steam Condensing Mode -

SDC Shutdown Cooling

SER Safety Evaluation Report

SHB Shroud Bolt Head

SFP Spent Fuel Pool R

SFPCS Standby Fuel Pool Cooling Subsystem
SGTS Standby Gas Treatment System

SJAE Steam Jet Air Ejectors o

SLCS Standby Liquid Control System

SLMCPR  Safety Limit Mihimum Critical Power Ratio
SLO Single-Loop Operation -~~~
SMA Seismic Margins Assessmeﬁts'

SORV Stuck-Open Relief Valve

SPC Suppreésion Pool Cooling o

SPDS Safety Parameter DisplayA System
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Definition

Supplemental Reload Licensing Report
Source Range Monitor
Standard Review Plan

Safety Relief Valve

Safety Relief Valve Discharge Line
Systems, Structures and Components
Spring Safety Valve o
Top of Active Fuel 7

Total Effective Dose Equivalent
Turbine-Generator B

Thermal

Traversing Incore Probe
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Technical Specification Instrument Limit

Turbine Stop Valve

Turbine Trip

Time Available 7
Updated Final Safety Analysis Report
Ultimate Heat Sink

Upper Shelf Energy
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Vermont Yankee Nuclear Power Station
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EXECUTIVE SUMMARY

This report summarizes the results of all significant safety evaluations performed that justify
uprating the licensed thermal power at the Vermont Yankee Nuclear Power Station (VYNPS).
The requested license power level is an increase to 1912 MWt from the Current Licensed
Thermal Power (CLTP) of 1593 MW1. This is the first power uprate for VYNPS.

GE has previously developed and implemented Extended Power Uprate (EPU). Based on the
EPU experience, GE has developed an approach to uprating reactor power that maintains the
current plant maximum normal operating reactor dome pressure. This approach is referred to as
Constant Pressure Power Uprate (CPPU) and is contained in the Licensing Topical Report (LTR)
NEDC-33004P-A, Revision 4, “Constant Pressure Power Uprate,” hereafter referred to as CLTR.
The NRC approved the CLTR in the staff Safety Evaluation Report (SER) contained in the letter,
William H. Ruland (NRC) to James F. Klapproth (GE), “Review of GE Nuclear Energy
Licensing Topical Report, NEDC-33004P, Revision 3, ‘Constant Pressure Power Uprate’ (TAC
No. MB2510),” dated March 31, 2003, for Boiling Water Reactor (BWR) plants containing GE
fuel types and using GE accident analysis methods. VYNPS contains only GE fuel types and
this evaluation uses only GE accident analysis methods. By performing the power uprate in
accordance with the CLTR and within the constraints of the NRC SER, the evaluation of the
plant safety analyses and system performance is reduced, thus allowing for a more streamlined
process.

This report provides systematic application of the CLTR approach to VYNPS, including
performance of plant-specific engineering assessments and confirmation of the applicability of
the CLTR generic assessments required to support a CPPU.

It is not the intent of this report to explicitly address all the details of the analyses and
evaluations described herein. For example, only previously NRC-approved or industry-accepted
methods were used for the analyses of accidents and transients, as referred to in the CLTR.
Therefore, the safety analysis methods have been previously addressed, and thus, are not
explicitly addressed in this report. Also, event and analysis descriptions that are already
provided in other licensing reports or the Updated Final Safety Analysis Report (UFSAR) are not
repeated within this report. This report summarizes the significant evaluations needed to support
a licensing amendment to allow for uprated power operation. ‘ '

Uprating the power level of nuclear power plants can be done safely within plant-specific limits
and is a cost-effective way to increase installed electrical generating capacity. Many light water
reactors have already been uprated worldwide, including many BWR plants.

An increase in the electrical output of a BWR plant is accomplished primarily by generating and
supplying higher steam flow to the turbine-generator. VYNPS, as originally licensed, has an as-
designed equipment and system capability to accommodate steam flow rates above the current
rating. Also, the plant has sufficient design margins to allow the plant to be safely uprated
significantly beyond its ongmally licensed power level.
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A higher steam flow is achieved by increasing the reactor power along specified control rod and
core flow lines. A limited number of operating parameters are changed, some setpoints are
adjusted and instruments are recalibrated. Plant procedures are revised, and tests similar to some -
of the original startup tests are performed.

Detailed evaluations of the reactor, engineered safety features, power conversion, emergency
power, support systems, environmental issues, and design basis accidents were performed. This
report demonstrates that VYNPS can safely operate at the requested CPPU level. However, non-
safety power generation modifications must be implemented in order to obtain the electrical
power output associated with the uprate power. Until these modifications are completed, the
non-safety balance of plant equipment may limit the electrical power output, which in turn may
limit the operating thermal power level to less than the Rated Thermal Power (RTP) level.
These modifications have been evaluated and they do not constitute a material alteration to the
plant, as discussed in 10 CFR 50.92.

The evaluations and reviews were conducted in accordance with the CLTR. The results of these
evaluations and reviews are presented in the succeeding sections of this report:

¢ All saféty aspects of VYNPS that are affected by the increase in thermal power werc
evaluated;

¢ Evaluations were performed using NRC-approved or industry-accepted analysis methods;

s No changes, which require comphance with more recent industry codes and standards, are
being requested;

e The UFSAR will be updated for the CPPU related changes, after CPPU is implemented, per
the requirements in 10 CFR 50.71(e);

¢ Limited hardware modifications (e.g., Reactor Core Isolation Cooling (RCIC) pipe supports,
Residual Heat Removal (RHR) / Core Spray (CS) pump seal replacements, main steam line
flow instruments, RHR Service Water motor cooling pipe rerouting) may be required to
meet safety requirements, and any modification to power generation equipment will be
implemented per 10 CFR 50.59;

e Systems and components affected by CPPU were reviewed to ensure there is no significant
challenge to any safety system;

¢ Compliance with current VYNPS environmental regulations were reviewed;
¢ Potentially affected commitments to the NRC have been reviewed; and
e Planned changes not yet implemented have also been reviewed for the effects of CPPU.

xxi
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1. INTRODUCTION
11 REPORT APPROACH

This report summarizes the results of all significant safety evaluations performed that justify
uprating the licensed thermal power at the Vermont Yankee Nuclear Power Station (VYNPS).
The requested license power level is an increase to 1912 MWt from the Current Licensed
Thermal Power (CLTP) of 1593 MWt. This is the first power uprate for VYNPS.

GE has previously developed and implemented Extended Power Uprate (EPU). Based on the
EPU experience, GE has developed an approach to uprating reactor power that maintains the
current plant maximum normal operating reactor dome pressure. This approach is referred to as
Constant Pressure Power Uprate (CPPU) and is contained in the Licensing Topical Report (LTR)
NEDC-33004P-A, Revision 4, “Constant Pressure Power Uprate,” (Reference 1) hereafter
referred to as the “CLTR.” The NRC approved the CLTR in the staff Safety Evaluation Report
(SER) contained in Reference 2 for Boiling Water Reactor (BWR) plants containing GE fuel
types and using GE accident analysis methods. VYNPS contzins only GE fuel types and this
evaluation uses only GE accident analysis methods. By performing the power uprate in
accordance with the CLTR and within the constraints of the NRC SER, the evaluation of the
plant safety analyses and system performance is reduced, thus allowing for a more streamlined
process.

This evaluation justifies a CPPU to 1912/MWt, whiCh corresponds to 120% of CLTP for VYNPS.
This report follows the generic format and content for CPPU licensing reports, as described in
the CLTR.

1.1.1 Generic Assessments

- Many of the component, system, and performance evaluations contained within this report have
been generically evaluated in the CLTR, and found to be acceptable. The plant-specific
applicability of these generic assessments is identified and confirmed in the applicable sections
of this report. Generic assessments are those safety evaluations that can be dispositioned for a
group or all BWR plants by: ’

¢ A bounding analysis for the lumtmg conditions,
¢ Demonstrating that there is a ncghglble effect due to CPPU or

¢ Demonstrating that the required plant cycle specific reload analyses are sufficient and
appropriate for establishing the CPPU licensing basis.

Bounding analyses may be based on either 2 demonstration that previous pressure increase
power uprate assessments provided in Reference 3 or 4 (ELTR1 and ELTR2, respectively) are
bounding or on specific generic studies provided in the CLTR. For these bounding analyses, the
current CPPU experience is provided in the CLTR along with the basis and results of the
assessment. For those CPPU assessments having a negligible effect, the current CPPU

1-1
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experience plus a phenomenological discﬁséion_of the basis for the assessment is provided in the
CLTR. For generic assessments that are fuel design dependent, the assessments are applicable to
GE / Global Nuclear Fuel (GNF) fuel designs up through GE14, analyzed with GE methodology.

1.1.2 Plant-Specific Evaluation

Plant-specific evaluations are assessments of the principal evaluations that are not addressed by
the generic assessments described in Section 1.1.1. The relative effect of CPPU on the plant-
specific evaluations and the methods used for their performance are provided in this report.
Where applicable, the assessment methodology is referenced. If a specific computer code is
used, the name of this computer code is provided in the subsection. If the computer code is
identified in Reference 1, 3, 4, or 5 these documents may be referenced rather than the original
report. Table 1-1 provides a summary of the computer codes used.

12 PURPOSE AND APPROACH

An increase in electrical output of a BWR is accomplished primarily by generation and supply of
higher steam flow to the turbine generator. Most BWRs, as originally licensed, have an as-
designed equipment and system capability to accommodate steam flow rates at least 5% above
the original rating. In addition, continuing improvements in the analytical techniques (computer
codes) based on several decades of BWR safety technology, plant performance feedback,

operating experience, and improved fuel and core designs have resulted in a significant increase
in the design and operating margin between the calculated safety analyses results and the current
plant licensing limits. The available margins in calculated results, combined with the as-
designed excess equipment, system, and component capabilities (1) have allowed many BWRs
to increase their thermal power ratings by 5% without any nuclear steam supply system (NSSS)
hardware modification, and (2) provide for power increases up to 20% with some non-safety
hardware modifications. These power increases involve no significant increase in the hazards
presented by the plants as approved by the NRC at the original license stage.

The method for achieving higher power is to extend the power/flow map (Figure 1-1) along the
Maximum Extended Load Line Limit Analysis (MELLLA). However, there is no increase in the
maximum normal operating reactor vessel dome pressure or the maximum licensed core flow over
their pre-CPPU values. CPPU operation does not involve increasing the maximum normal operating
reactor vessel dome pressure, because the plant, after modifications to non-safety power generation
equipment, has sufficient pressure control and nnbme ﬂow capabilities to control the inlet pressure
conditions at the turbme

1.2.1 Uprate Analysis Basis

VYNPS is currently licensed at the 100% of CLTP level of 1593 MWt. The CPPU RTP level
included in this evaluation is 120% of the CLTP. Plant-specific CPPU parameters are listed in
Table 1-2. The CPPU safety analyses are based on a power level of 1.02 times the CPPU power
level unless the Regulatory Guide (RG) 1.49 two percent power factor is already accounted for

12
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~ in the analysis methods consistent with the ineihodology described in Reference 5, or RG 1.49
does not apply (e.g., an Anticipated Transient Without Scram (ATWS) event).

122 Computer Codes

NRC-approved or industry-accepted computer codes and calculational techniques are used to
demonstrate compliance with the applicable regulatory acceptance criteria. The application of these
codes to the CPPU analyses complies with the limitations, restrictions, and conditions specified
in the approving NRC SER where applicable for each code. The limitations on use of these
codes and methods as defined in the NRC staff position letter reprinted in ELTR1 were followed
for this CPPU analysis. Any exceptions to the use of the code or conditions of the applicable
SER are noted in Table 1-1. The application of the computer codes in Table 1-1 is consistent
with the current VYNPS licensing basis except where noted in this report.

123 Approach

The planned approach to achieving the higher power level consists of the change to the VYNPS
licensing and design basis to increase the licensed power level to 1912 MW, consistent with the
approach outlined in the CLTR, except as specifically noted in this report. Cons1stent with the
CLTR, the following plant-specific exclusions are exercised:

¢ No increase in maximum normal operating reactor dome pressure -
¢ No increase in the maximum licensed core flow

¢ No increase to the currently requested (via Reference 6) MELLLA upper boundary
i

* ~ , I

The plant-specific evaluations are based on a review of plant design and operating data, as
applicable, to confirm excess design capabilities; and, if necessary, identify required modifications
associated with CPPU. All changes to the plant licensing basis have been identified in this report.
For specified topics, generic analyses and evaluations in the CLTR demonstrate plant operability and
safety. The dispositions in the CLTR are based on a 20% of CLTP increase, which is the
requested power increase for VYNPS. For this increase in power, the conclusions of
system/component acceptability stated in the CLTR are bounding and have been confirmed for
VYNPS. The scope and depth of the evaluation results provided herein are established based on the

! The AST evaluations (Reference 28) were performed at the CPPU RTP. Tlus is consistent with CLTR Section 1.0
and the associated NRC SER. .
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approach in the CLTR and unique features of the plant. The results of these evaluations are
presented in the following sections: :

(@

®)

©

@

(©

®

(®

Reactor Core and Fuel Performance: Specific analyses required for CPPU have been
performed for a representative fuel cycle with the reactor core operating at CPPU conditions.
Specific core and fuel performance is evaluated for each operating cycle, and will continue to
be evaluated and documented for the operating cycles that implement CPPU. ’

Reactor Coolant System and Connected Systems: Evaluations of the NSSS components
and systems have been performed at CPPU conditions. These evaluations confirm the
acceptability of the effects of the higher power and the associated change in process variables
(i.e., increased steam and feedwater flows). Safety-related equipment performance is the
primary focus in this report, but key aspects of reactor operational capability are also included.

Enginecred Safety Feature Systems: The effects of CPPU power operation on the
Containment, Emergency Core Cooling System (ECCS), Standby Gas Treatment system and
other Engineered Safety Features have been evaluated for key events. The evaluations include
the containment responses during limiting Anticipated Operational Occurrences (AOOs) and
special events, ECCS - Loss-of-Coolant Accldent (LOCA), and Safety Relief Valve (SRV)
containment dynamic loads.

Control and Instrumentation: The control and instrumentation signal ranges and analytical
limits for setpoints have been evaluated to establish the effects of the changes in various
process parameters such as power, neutron flux, steam flow and feedwater flow. As required,
setpoint evaluations have been performed to determine the need for any - Technical
Specification setpoint changes for vanous functlons (e.g., main steam line high flow isolation
setpoints).

Electrical Power and Auxiliary Systems: EValuations have been performed to establish the
operational capability of the plant electrical power and distribution systems and auxiliary
systems to ensure that they are capable of supportmg safe plant operation at the CPPU power
level. _

Power Conversion Systems: Evaluations have been performed to establish the operational
capability of various non-safety Balance-of-Plant (BOP) systems and components to ensure
that they are capable of delivering the increased power output, and/or to identify the
modifications necessary to obtain full CPPU power.

Radwaste Systems and Radiation Sources: The liquid and gaseous waste management
systems have been evaluated at limiting conditions for CPPU to show that applicable
release limits continue to be met during operation at higher power. The radiological
consequences have been evaluated for CPPU to show that applicable regulations have been
met for the CPPU power conditions. -This evaluation includes the effect of higher power
level on source terms, on-site doses and off-site doses, during normal operation.

1-4
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(h) Reactor Safety Performance Evaluations: The limiting Updated Final Safety Analysis
Report (UFSAR) analyses for design basis events have been addressed as part of the CPPU
evaluation. - All limiting accidents, AOOs, and special events have been analyzed or
generically dispositioned consistent with the CLTR and show continued compliance with
regulatory requirements. [[ ' -

1

(i) Additional Aspects of CPPU: High-Energy Line Break (HELB) and environmental

qualification evaluations have been performed at bounding conditions for CPPU to show the
“continued operability of plant equipment under CPPU conditions. The effects of CPPU on the

VYNPS Individua! Plant Evaluation (IPE) have been analyzed to demonstrate that there are no
new vulnerabilities to severe accidents.

1.3  CPPUPLANT OPERATING CONDITIONS
1.3.1 Reactor Heat Balance

The operating pressure, the total core flow, and the coolant thermodynamic state characterize the
thermal hydraulic performance of a BWR reactor core. The CPPU values of these parameters are
used to establish the steady state operating conditions and as initial and boundary conditions for the
required safety analyses. The CPPU values for these parameters are determined by performing heat
(energy) balance calculations for the reactor system at CPPU conditions. -

The reactor heat balance relates the thermal-hydraulic parameters to the plant steam and feedwater
flow conditions for the selected core thermal power level and operating pressure. Operational
parameters from actual plant operation are considered (e.g., steam line pressure drop) when
determining the expected CPPU conditions. The thermal-hydraulic parameters define the conditions
for evaluating the operation of the plant at CPPU conditions. The thermal-hydraulic parameters
obtained for the CPPU conditions also define the steady state operating conditions for equipment
evaluations. Heat balances at appropriately selected conditions define the initial and boundary
conditions for plant safety analyses. :

Figure 1-2 shows the CPPU heat balance at 100% of CPPU RTP and 100%,, rated core flow.
Figure 1-3 shows the CPPU heat balance at 102% of CPPU RTP and 100% rated core flow.

Table 1-2 provides a summary of the reactor thermal-hydraulic parameters for the current rated and
CPPU conditions. At CPPU conditions, the maximum nominal operating reactor vessel dome
pressure is maintained at the current value, which minimizes the need for plant and licensing
changes. With the increased steam flow and associated non-safety BOP modifications, the current
dome pressure provides sufficient operating turbine inlet pressure to assure good pressure control
characteristics. ’
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13.2 Reactor Performance Improvement Features

The UFSAR, core fuel reload evaluations, and the Technical Specifications currently include
allowances for plant operation with the performance improvement features and the equipment Out-
of-Service (O0S) listed in Table 1-2.- When limiting, the input parameters related to the
performance improvement features or the equipment OOS have been included in the safety analyses
for CPPU. The use of these performance improvement features and allowing for equipment OOS is
continued during CPPU operation. The evaluations that are dependent upon cycle length are
performed for CPPU assuming an 18-month cycle

14 SUMMARY AND CONCLUSIONS - -

This evaluation has covered a CPPU to 120% of CLTP. The strategy for achieving higher power is
to extend the MELLLA power/flow map region along the upper boundary extension.

The VYNPS licensing requirements have been rewewed to demonstrate how thxs uprate can be
accommodated without a significant increase in the probability or consequences of an accident
previously evaluated, without creating the possibility of & new or different kind of accident from any
accident previously evaluated, and without exceeding any existing regulatory limits or design
allowable limits applicable to the plant which might cause a reduction in a margin of safety. The
CPPU described herein involves no significant hazard consideration.
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" Table 1-1

Computer Codes Used For CPPU *

Versouor | NRC | Comments
SRR AR | Approved |- oo
Anticipated Transient Y NEDE-24154P-A Suppl. 1, Vol. 4
Without Scram 1))
( Y. NEDE-30130-P-A
Appendix R Fire R5YABIA 10 Y VYNPS Tech Spec. 6.6.C
Protection FROSSTEY2 29 Y VYNPS Tech Spec. 6.6.C
GOTHIC 7.0 Y @)
Containment System SHEX - 05 Y ®)
Response (3) M3CPT 05 Y NEDO-10320, Apr. 1971
LAMB 08 ) NEDE-20566-P-A, Sept. 1986
ECCS-LOCA LAMB 08 Y NEDO-20566A
- GESTR . 08 Y NEDE-23785-1-PA, Rev. 1
SAFER 04 Y (DB
ISCOR 09 Y (6) NEDE-24011P Rev. 0 SER
TASC 03A Y NEDC-32084P-A, Rev. 2
Fission Product Inventory ORIGEN2 2.1 N Isotope Generation and Depletion
i Code
Nominal Reactor Heat ISCOR .09 Y (6) NEDE-24011P Rev. 0 SER
Balance o
Piping Evaluations STEHAM 02 (Lo3) N(10) STEHAM, HAMTOPC &
HAMTOPC - 01 (LOO) N(10) CHPLOT are used to determine
CHPLOT - 02 (L02) N(10) fluid transient forcing functions,
NUPIPE-SWPC 01 (L00) N(10) NUPIPE-SWPC used to perform
: piping evaluations.
PC-PREPS - 04 (L00) N(10) PC-PREPS used to perform pipe
. support structural capability and
N » baseplate assessments.
PILUG-PC 00 (L00) N(10) PILUG-PC used to perform IWA
Reactor Core and Fuel TGBLA 04 Y NEDE-30130-P-A
Performance PANACEA 10 Y -| NEDE-30130-P-A
ISCOR 09 Y (6) NEDE-24011P Rev. 0 SER
Reactor Internal Pressure ISCOR 09 Y (6) 1 NEDE-24011P Rev. 0 SER
Differences LAMB o7 - @ NEDE-20566P-A
TRACG 02 Y (11) NEDC-32176P, Rev, 2
, NEDC-32177P, Rev. 2
NRC SER TAC No. M90270,
Sept. 30, 1994
Reactor Recirculation BILBO - 04V (12) NEDE-23504, Feb. 1977
System ) T
Risk Assessment MAAP . 404 N 13)
RISKMAN 5.02 ‘N (13)
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i+ Comments .
RPV Fluence TGBLA 04 Y (14)
DORTGO! 01 7 N -} (15), (16),(17)
Stability Analysis PANACEA 10 D ¢ NEDE-30130-P-A
ISCOR 09 Y (6) NEDE-24011P Rev, 0 SER
TRACG 02 Y NEDO-32465-A
NEDE-32177P, Rev. 1, June
1993
ODYSY 05 Y -~ ] NEDC-32992P-A
Transient Analysis PANACEA 1 10 Y NEDE-30130P-A (19)
: ISCOR - 09 Y(6) } NEDE-24011P, Rev. 0 SER
ODYN 10 Y NEDO-24154-A
SAFER 04 (138) - NEDC-32424P-A, NEDC-

Notes:

*

The application of these codes to the CPPU analyses complies with the limitations,

 restrictions, and conditions specified in the approving NRC SER where applicable for each

code. The application of the codes also complies with the SERs for the EPU programs.

The STEMP code uses fundamental mass and energy conservation laws to calculate the
suppression pool heatup. The use of STEMP was noted in NEDE-24222, “Assessment of
BWR Mitigation of ATWS, Volume I & II (NUREG-O460 Alternate No. 3) December 1,
1979.” The code has been used in ATWS applications since that time. There is no formal
NRC review and approval of STEMP or the ATWS topical report.

GOTHIC 5.0¢ was accepted by the NRC for containment calculations in support of
Amendment No. 163.

The methodology change from that used for the UFSAR analys1s is dlscussed in
Section 4.1.

The LAMB code is approved for use in ECCS-LOCA applications (NEDE-20566P-A and
NEDOQ-20566A), but no approving SER exists for the use of LAMB in the evaluation of
reactor internal pressure differences or containment system response. The use of LAMB for
these applications is consistent with the model description of NEDE-20566P-A.

The application of the methodology in the SHEX code to the containment response is
approved by NRC in the letter from A. Thadani (NRC) to G. L. Sozzi (GE), “Use of the
SHEX Computer Program and ANSVANS 5.1-1979 Decay Heat Source Term for
Containment Long-Term Pressure and Temperature Analysis,” July 13, 1993.

The ISCOR code is not approved by name. However, the SER supporting approval of NEDE-
24011P Rev. 0 by the May 12, 1978 letter from D. G. Eisenhut (NRC) to R. Gridley (GE)
finds the models and methods acceptable, and mentions the use of a digital computer code.
The referenced digital computer code is ISCOR. The use of ISCOR to provide core thermal-
hydraulic information in reactor internal pressure differences, Transient, ATWS, Stability, and
LOCA applications is consistent with the approved models and methods.
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Letter, J.F. Klapproth (GE) to NRC, Transmittal of GE Proprietary Report NEDC-32950P,
“Compilation of Improvements to GENE’s SAFER ECCS-LOCA Evaluatlon Model,”
January 2000, by letter dated January 27, 2000. '

Letter, S.A. Richards (NRC) to J.F. Klapproth (GE), “General Electric Nuclear Energy
(GENE) Topical Reports GENE (NEDC)-32950P and GENE (NEDC)-32084P

- Acceptability Review,” May 24, 2000.

“SAFER Model for Evaluation of Loss-of Coolant Accndents for Jet Pump and Non-Jet

'Pump Plants,” NEDE-30996P-A, General Electric Company, October 1987.

Stone and Webster proprietary computer codes STEHAM, HAMTOPC, CHPLOT,
NUPIPE-SWPC, PILUG-PC, and PC-PREPS are not approved specifically by name by the
NRC. These codes are qualified in accordance with Stone and Webster Quality Assurance
Standard QS2.7 “Computer Software.” These computer codes are qualified for use in QA
Category I Nuclear Safety-Related applications. -

NRC has reviewed and accepted the TRACG application for the flow-induced loads on the
core shroud as stated in NRC SER TAC No. M90270.

Not a safety analysis code that requires NRC approval. The code application is reviewed

- and approved by GENE for “Level-2” application and is part of GENE’s standard design

process. Also, the application of this code has been used in prewous power uprate
submittals.

These code packages are standard mdusiry—accepted codes for the development of
Probabilistic Risk Assessment (PRA) models and calculations, which have been used to
support NRC submittals for IPEs. :

Letter, S.A. Richards (NRC) to G. A. Watford (GE), “Amendment 26 to GE Licensing
Topical Report NEDE-24011-P-A, GESTAR II — Implementing Improved GE Steady-State

‘Methods (TAC No. MA6481),” November 10, 1999.

NEDC-32983P-A “GE Methodology for Reactor Pressure Vessel Fast Neutron Flux
Evaluations,” Revision 1, December 2001.

CCC-543, “TORT-DORT Two-and Three—Dlmcnswnal Discrete Ordmates Transport
Version 2.8.14,” Radiation Shielding Information Center (RSIC), January 1994.

Letter, S. A. Richards (NRC) to J. F. Klapproth (GE), “Safety Evaluation for NEDC-
32983P, General Electric Methodology for Reactor Pressure Vessel Fast Neutron Flux
Evaluation (TAC No. MA9891),” September 14, 2001.

The ECCS-LOCA codes are not explicitly approved for Transient usage. The staff
concluded that SAFER is qualified as a code for best estimate modeling of loss-of-coolant
accidents and loss of inventory events via the approval letter (Letter, C. O. Thomas (NRC)
to J. F. Quirk (GE), “Review of NEDE-23785-1 (P), ‘GESTR-LOCA and SAFER Models
for the Evaluation of the Loss-of-Coolant Accident, Volumes I and II’,” August 29, 1983)
and the evaluation for NEDE-23785P, Revision 1, Volume II. In addition, the use of
SAFER in the analysis of long-term Loss-of-Feedwater events is spec1ﬁed in the approved
LTRs for power uprate, i.e., ELTR1 and ELTR2.

The physics code PANACEA provides inputs to the transient code ODYN. The
improvements to PANACEA that were documented in NEDE-30130-P-A were incorporated
into ODYN by way of Amendment 11 of GESTAR I (NEDE-24011-P-A). The use of

19
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PANAC Version 10 in this application was initiated following approval of Amendment 13 of
GESTAR 1I by letter from G.C. Lainas (NRC) to J.S. Chamley (GE), MFN 028-086,
"Acceptance for Referencing of Licensing Topical Report NEDE-24011-P-A Amendment 13,
Rev. 6 General Electric Standard Application for Reactor Fuel," March 26, 1998.

1-10
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: Tabie 1-2

CLTP and CPPU Plant Operating Conditions
Parameter - ©ioiien oot inn e S 1 CLTP Value s | ICPPU Value |

Thermal Power (MWt) 1593 1912
Vessel Steam Flow 2 (Mlb/hr) 6.458 7.906
Full Power Core Flow Range

Mibhr 36.0t0o 514 47.5t051.4

% Rated 75.0t0 107.0 99.0 to 107.0
Maximum Normal Operating Dome Pressure (psia) 1025 No Change
Maximum Normal Operating Dome Temperature (°F) 5419 No Change
Pressure at upstream side of Turbine Stop Valve (TSV) 983 961
(psia)
Full Power Feedwater

Flow (MIb/hr) 6430 7.878

Temperature (°F) 376.0 3915
Core Inlet Enthalpy > (Btw/lIb) 521.1 518.9

Notes:
1. Based on CLTP reactor heat balance.

2. Atnormal feedwater heating. VYNPS is not licensed for Final Feedwater Temperature
Reduction and is not requesting this plant performance enhancement as part of CPPU.

3. At 100% core flow condition.

4. Currently licensed performance unprovement features and/or equipment OOS that are

included in CPPU evaluations:

a. Average Power Range Monitor (APRM) / Rod Block Monitor (RBM) / Technical
Specifications (ARTS) / MELLLA (License Amendment Request (LAR) submitted

(Reference 6))
b. Single-Loop Operation (SLO)
¢. One SRV OO0S

d. Increased Core Flow (ICF) of 107% rated core flow

1-11
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Figure 1-1

Power/Flow Operating Map for CPPU
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‘Figure 1-2 ,
CPPU Heat Balance — Nominal

(@ 100% Power and 100% Core Flow)

Legend
# = Flow, Ibm/hr
H = Enthalpy, Btu/Ibm
F = Temperature, F : :

IM = Moisture, % ‘Main Steam FlOW 7.906E+06 # *
P = Pressure, psia 4 ——MN ; >
'Wd = Rated Drive Flow : : 11914 H*

: T 045 M *
Carryunder=  0.40% 961 P*
1912 v ' Main Feed Flow
MWt ” v
Wd=100.0 % ‘ - ' 7946E+06# 4 7.878E+06 #
5195 H . . 7 3674 H : 3670 H
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- -Flow
"48.0E+06
A= 05 H R
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A T ‘
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Pump Heating - 3.6
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Other System Losses 0.6
Turbine Cycle Use 1912.9 MWt
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Figure 1-3

CPPU Heat Balance - Overpressure Protection Analysis
(@ 102% Power and 100% Core Flow)

Legend
# = Flow, Ibm/hr
H = Enthalpy, Btu/Ibm
F = Temperature, F f e
M = Moisture, % ‘ Main Steam Flow 8.091E+06 # *
P = Pressure, psia 4 _DQN : ' >
Wd = Rated Drive Flow ﬂ 11908 H *
' ) 047 M*
Carryunder = 0.40% 973 P*
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* Conditions at upstream side of TSV
Core Thermal Power i "~ 1950.0 '
' Pump Heating o 16
Cleanup Losses o ©o21
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2. REACTOR CORE AND FUEL PERFORMANCE

This section primarily focuses on the information requested in RG 1.70, Chapter 4, applicable to
CPPU. ' The reload process (Reference 5) will result in a plant-speaﬁc Supplemental Reload
Licensing Report (SRLR) and Core Operating Limits Report (COLR). .

21 FUEL DESIGN AND OPERATION

The effect of CPPU on the fuel design and core operation for VYNPS is described below. The
topics addressed in this evaluation are: : '

Topic CPPUDisposition @~ | .~ VYNPS Result
Fuel product line design . '
Core design ﬂ , ) ,
Fuel thermal margin =~ - B 1
monitoring threshold '

CPPU increases the average power density proportional to the power increase and has some
effects on operating flexibility, reactivity characteristics and energy requirements. The
additional energy requirements for CPPU are met by an increase in bundle enrichment, an
increase in the reload fuel batch size, and/or changes in fuel loading pattern to maintain the
desired plant operating cycle length. The power distribution in the core is changed to achieve
increased core power, while limiting the Minimum Critical Power Ratio (MCPR), Linear Heat
Generation Rate (LHGR), and Maximum Average Planar Linear Heat Generation Rate
(MAPLHGR) in any individual fuel bundle to be within its operating limits as defined in the
COLR.

The CLTP core at VYNPS consists only of GE fuel types. VYNPS transitioned to GE14 fuel in
Cycle 23 and will continue to use only GE fuel types through CPPU implementation. {[

11 The fuel design limits are established for all new fuel pi'oduct line designs as a part
of the fuel introduction and reload analyses. [f

1

The percent power level above which fuel thermal margin moniioring is required may change
with CPPU. The original plant operating licenses set this monitoring threshold at a typical value
of 25% of Rated Thermal Power (RTP). [[
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.|

For CPPU, as specified in the CLTR, the fuel thermal margin monitoring threshold is scaled
down, if necessary, to ensure that monitoring is initiated [[

1), then the existing power threshold value must be lowered by a
factor of 1.2/Pjs.

For VYNPS, the CPPU fuel thermal ‘monitoring threshold is established at 23% of CPPU RTP.
A change in the fuel thermal monitoring threshold also requires a corresponding change to the
Technical Specification reactor core safety limit for reduced pressure or low core flow.

22 THERMAL LIMITS ASSESSMENT ) |

The effect of CPPU on the MCPR safety and operating limits and on the MAPLHGR and LHGR
limits for VYNPS is addressed below. The topics addressed in this evaluation are:

Topic ‘ CPPU Disposition VYNPS Result
2.2.1 Safety Limit MCPR i '
2.2.2 MCPR Operating Limit
2.2.3 MAPLHGR Limit
2.2.3 Maximum LHGR Limit ' o ’ 1

Operating limits ensure that regulatory and/or safety limits are not exceeded for a range of postulated
events (e.g., transients, LOCA). This section addresses the effects of CPPU on thermal limits. A
representative cycle core is used for the CPPU evaluation. Cycle-specific core configurations,

evaluated for each reload, confirm CPPU capablhty, and establish or confirm cycle-specific limits,
 as is currently the practice.

2.2.1 Safety Limit MCPR

The Safety Limit MCPR (SLMCPR) can be affected slightly by CPPU due to the flatter power
distribution inherent in the increased power level. [[

1] This effect is not
changed by the CPPU approach (Reference 1). The SLMCPR analysis reflects the actual plant
core-loading pattern and is performed for each plant reload core (Reference 5). [[

1
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2.2.2 MCPR Operating Limit

CPPU operating conditions {[ . 11 The
MCPR Operating Limit is calculated by addmg the change in MCPR due to the limiting AOO
event to the SLMCPR and is determined on a cycle specific basis. CPPU does not change the
method used to determine this limit. The effect of CPPU on AOO events is addressed in
Section 9.1. [[

1
223 MAPLHGR and Maximum LHGR Operatmg Limits

CPPU operating conditions do not usually affect the MAPLHGR or Maximum LHGR Operatmg
Limits. The MAPLHGR and Maximum LHGR Operating Limits ensure that the plant does not
exceed regulatory limits established in 10 CFR 50.46 or by the fuel design limits. The
MAPLHGR Operating Limit is determined by analyzmg the limiting LOCA for the plant. As
discussed in Section 4.3 of the CLTR, [ o

]] The Maximum LHGR Operating Lumt is determmed by the fuel
rod thermal-mechanical design and is not affected by CPPU. [[

1
23  REACTIVITY CHARACTERISTICS

The effect of CPPU on shutdown margin and hot excess reactivity for VYNPS is described
below. The topics addressed in this evaluation are:

Topic CPPU Disposition - VYNPS Result
Hot excess reactivity (8 ,
Shutdown margin ' B - 1]

The general effect of power uprate on core 'reactivity is described in Section 5.7.1 of ELTRI, and
is also applicable for a CPPU. Based on experience with previous plant-specific power uprate
submittals, the required hot excess reactivity and shutdown margin can be achieved for CPPU

2-3
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through appropriate fuel and core design. i “]]plant shutdown and reactivity margins
must meet NRC approved limits established in Reference 5 on a cycle specific basis and are
evaluated for each plant reload core, [{

| 1
24 STABILITY

Section 3.2 of ELTR1 documents interim corrective actions and four long-term stability options.
VYNPS has adopted Option I-D. Option I-D evaluatlons are core reload dependent and are
performed for each reload fuel cycle.

Topic CPPU Disposition ~ VYNPS Result
2.4.1 Enhanced Option I-A I h
2.4.2 Option I-D |
2.4.3 OptionI1

2.4.4 Option Il
(OPRM armed region and tnp setpomt)

2.4.4 Option IT : 1 . 1l
(Hot channel oscillation magnitude) ' ,

24.1 Plants with Enhanced Option I-A
Not applicable to VYNPS.
24.2 Plants with Option I-D

Option I-D is a solution combining prevention and detect-and-suppress elements. The
prevention portion of the solution is an administratively controlled exclusion region. The
exclusion region calculation is a confirmation that a regional mode instability is not probable.
The flow-biased APRM scram provides automatic detection and suppression of core wide
instabilities. This scram ensures that the Fuel Cladding Integnty Safety Limit is met for thermal
hydraulic oscillations.

CPPU will affect the Exclusion Regwn However, the Exclusion Reglon is dependent upon the
core loading, and is reviewed and adjusted, as required, for each reload core. The confirmation
that regional mode reactor instability is not probable is also re-evaluated when the Exclusion
Region is recalculated. [[ T 1] these features will be analyzed for
i : 1] the new rated power level.

24
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CPPU also affects the SLMCPR protection confirmation. Changes to the nominal flow-biased
~ APRM trip setpoint or the rated rod line require the hot bundle oscillation magnitude portion of
the detect-and-suppress calculation to be recalculated. This calculation is not dependent upon
the core and fuel design. However, the SLMCPR protection calculation is dependent upon the

core and fuel design and is performed for each reload. [[ 1] these
features will be analyzed for [{ - 1] the new rated power
level. [[ ' 1l

An additional analysis was performed to support the development of the CPPU APRM flow-

- biased scram setpoints contained in Section 5.3.3. The MELLLA analysis (Reference 6)

developed a stability-based APRM flow-biased scram equation that defines percent CLTP (P) in

terms of percent rated core flow (W,). The slope and intercept of the Reference 6 APRM flow-

biased equation were rescaled for CPPU so that the absolute value of P, in terms of thermal

power (MW,) versus core flow, is unchanged from CLTP to CPPU. The rescaled equatlon for
CPPU is: 1.3501W, + 11.40.

For stability Option I-D, the dominance of the core-wide mode oscillation can be demonstrated
by calculating the channel decay ratio at the most limiting power / flow state point. This power /
flow state point for CPPU is at 49.4% of CPPU RTP / 31.3% of rated core flow; which is
identical to the Reference 6 power / flow state pomt in absolute core thermal power. As stated in
Reference 6, [{

' ]] Therefore, the Option I-D solution
remains valid for VYNPS CPPU operation. Thus, the CPPU stability-based APRM flow-biased
equation is appropriate for the determination of the APRM flow-biased scram equation in
Section 5.3.3. The CPPU APRM flow-biased scram equation will be confirmed as applicable for

“the VYNPS stability Option I-D solution in the plant-specific reload licensing prior to EPU
implementation. This is consistent with Section 2.4 of the CLTR.

24.3 Plants with Option II

Not applicable to VYNPS.

2.4.4 Plants with Option HI

Not applicable to VYNPS.

25 REACTIVITY CONTROL

The Control Rod Drive (CRD) system is used to Vcontrol core mchvnty by positioning neutron

absorbing control rods within the reactor and to scram the reactor by rapidly inserting withdrawn
control rods into the core. No change is made to the control rods due to the CPPU. The effect on the
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nuclear charactenstxcs of the ﬁlel is dlscussed in Section 2.3. The toplcs addressed in th1s evaluatlon
for VYNPS are: :

Topic CPPU Disposition : * VYNPS Result
2.5.1 Scram Time Response : {0 ' '
2.5.2 CRD Positioning
2.5.2 CRD Cooling ,
2.5.3 CRD Integrity 1]

25.1 ControlRod Scfam

For pre-BWR6 plants, the scram times are decreased by the increased transient pressure
response, [[ ' ]] At normal
operating conditions, the CRD Hydrauhc Control ‘Unit accumulator supplies the initial scram
pressure and, as the scram continues, the reactor becomes the primary source of pressure to
complete the scram. [[ :

o 1l
2.52 Control Rod Drive Positioning and Cooling

[ ' " ]} and
- the automatic operation of the system flow control valve maintains the required drive water pressure
and cooling water flow rate. Therefore, the CRD positioning and cooling functions are not affected.
The CRD cooling and normal CRD positioning functions are operational considerations, not safety-
related functions, and are not affected by CPPU operating conditions. :

Plant operating data has confirmed that the CRD system flow control valve operating position
has sufficient operating margin. [[ ‘
1

253 Control Rod Drive Integrity Assessment

The postulated abnormal operating condition for the CRD design assumes a failure of the CRD
system pressure-regulating valve that applies the maximum pump discharge pressure to the CRD
mechanism internal components. This postulated abnormal pressure bounds the ASME reactor
overpressure limit. {[

2-6



NEDO-33090

Other mechanical loadings are addressed in Section 3.3.2 of this report.

[

2-7
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3. REACTOR COOLANT'AND CONNECTED SYSTEMS

This section primarily focuses on the mformatlon requested inRG 1. 70 Chapter 5, and to a very
limited extent Chapter 3, that applies to CPPU.

3.1 NUCLEAR SYSTEM PRESSURE RELIEF/OVERPRESSURE PROTECTION

The nuclear system pressure relief system topics addressed in tl1is evaluation are as follows:

Topic CPPU Disposition VYNPS Result
Overpressure capacity ([ o ' '
-| Flow-induced vibration : 1

The nuclear system pressure relief system prevents overpressurization of the nuclear system
during AOOs, the plant ASME Upset overpressure protection event, and postulated ATWS
events. The plant SRVs and Spring Safety Valves (SSVs) along with other functions provide
this protection. An evaluation was performed in order to confirm the adequacy of the pressure
relief system for CPPU conditions. The adequacy of the pressure relief system is also
demonstrated by the overpressure protection evaluation performed for each reload core and by
the ATWS evaluation performed for CPPU (Section 9.3.1). :

For VYNPS no SRV or SSV setpoint increase is needed because there is no change in the dome
pressure or simmer margin. Therefore, there is no effect on valve ﬁmctlonallty (opening /
closing).

Two potentially limiting overpressure protection events are typically analyzed for CPPU:
(1) Main Steam Isolation Valve Closure with Scram on High Flux (MSIVF) and (2) Turbine Trip
with Bypass Failure and Scram on High Flux (ELTR1, Section 5.5.1.4). However, based on both
plant initial core analyses and subsequent power uprate evaluations, the MSIVF is more limiting
than the Turbine Trip (TT) event with respect to reactor overpressure. Recent EPU evaluations
show a 24 to 40 psi difference between these two events. Only the MSIVF event was performed
because it is limiting. In addition, an evaluation of the MSIVF event is performed with each
reload analysis.

The design pressure of the reactor vessel and Reactor Coolant Pressuxe Boundary (RCPB) remains
at 1250 psig. The acceptance limit for pressurization events is the ASME code allowable peak
pressure of 1375 psig (110% of design value). The overpressure protection analysis description and
analysis method are provided in ELTR1. The MSIVF event is conservatively analyzed assuming a -
failure of the valve position scram. The analyses also assume that the event initiates at a reactor
dome pressure of 1040 psia (which is higher than the nominal CPPU dome pressure), and one SRV
OOS. Starting from 102% of CPPU RTP, the calculated peak Reactor Pressure Vessel (RPV)
pressure, located at the bottom of the vessel, is 1328 psig. The corresponding calculated maximum
reactor dome pressure is 1304 psig. The peak calculated RPV pressure remains below the 1375-psig

3-1
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ASME limit, and the maximum calculated dome pressure remains below the Technical Specification
1335 psig Safety Limit. Therefore, the results are acceptable. The results of the CPPU overpressure
protection analysis for the VYNPS MSIVF event are consistent with the generic analysis in ELTR2.
The VYNPS response to the MSIVF event is provided as Figure 3-1.

The Main Steam Isolation Vélve Closure With'Direct Scram event (M_SIVD)'was analyzed to
demonstrate adequate margin to the lifting of unpiped SSVs for VYNPS at CPPU conditions.
- This analysis shows a pressure margin of 88.9 psi, which exceeds the recommended cntenon of

60 psi.

SRV setpoint tolerance is independent of CPPU. CPPU evaluations are performed using the

eexisting SRV setpoint tolerance analytical limit of 3% as a basis. Actual historical in-service

- surveillance of SRV setpoint performance test results are monitored separately for compliance to
the Technical Specification requirements. - '

The in-service surveillance testing of the plant’s SRVs have not shown a significant propensity
for high setpoint drift greater than 3%. Out of 25 SRV tests, from the “as found” setpoint lift
verification tests performed from 1992 to 2001 only one SRV was found to exceed its setpoint
" by greater than + 3%.

Flow-induced vibration (FIV) may increase incidents of valve leakage. However, VYNPS
~ currently has procedures to address a leaking SRV. FIV on the Target Rock 3-Stage safety/relief
design may result in an inadvertent SRV opening and a “stuck open” SRV event. This
characteristic has previously been identified and is addressed in plant procedures. The
consequences of a stuck open SRV have been previously considered in the plant-specific safety
analyses and have been demonstrated to be non-limiting.

Increased main steam line flow may affect FIV of the piping and safety/relief valves during
normal operation. The vibration frequency, extent and magnitude depend upon plant-specific
parameters, valve locations, the valve design and piping support arrangements. The FIV of the
piping will be addressed by vibration testing dunng initial plant operation at the higher steam
flow rates (see Sections 3.4.1 and 10.4).

15
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REACTOR VESSEL

The RPV structure and support components form a pressure beundary to contain the ﬁaeter
coolant and moderator, and form a boundary against leakage of radioactive materials into the
drywell. The RPV also provides structural support for the reactor core and mternals The topics

addressed in this evaluation are:
Topic CPPU Dispositi(’mr VYNPS Result
3.2.1 Fracture Toughness . .

3.2.2 Reactor Vessel Structural Evaluation
(Components not significantly affected)

3.2.2 Reactor Vessel Structural Evaluation| = . S |
(Affected components)

3.2.1 Fracture Toughness

The CLTR, Section 3.2.1 describes the RPV fracture toughness evaluation process. RPV
embrittlement is caused by neutron exposure of the wall adjacent to the core (the "beltline” region).
Operation at the CPPU conditions results in a hxgher neutron flux, which increases the integrated
fluence over the period of plant life.

The neutron fluence for both pre-CPPU and CPPU was recalculated using two-dimensional neutron
transport theory (Reference 7); the neutron transport methodology is consistent with RG 1.190. The
revised fluence is used to evaluate the vessel against the requlrements of 10 CFR 50, Appendix G.
The results of these evaluations indicate that:

@

®)

©

@)

©

The Upper Shelf Energy (USE) rema.ins bounded by the BWR Owners Group (BWROG)
equivalent margin analysis, thereby demonstrating compliance with Appendix G. The results
of this analysis are provided in Table 3-1 including a summary of the surveillance capsule,
CLTP, and CPPU values using the RG 1.190 consistent fluence.

The beltline material reference temperature of the ml-ductlhty transition (RTnpr) remains
below 200°F. :

The pressure versus temperature curves contained in the Technical Specifications remain
bounding. :

The 33 Effective Full Power Year (EFPY) shifts are decreased, and consequently, result in a
change in the adjusted reference temperature, which is the initial RTnpr plus the shift. These
values are provided in Table 3-2 along with the CLTP values.

The surveillance program consists of three capsules One capsule containing Charpy
specimens was removed from the vessel after 7.54 EFPY of operation and tested. The
remaining two capsules have been in the reactor vessel since plant startup. VYNPS
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anticipates participation in the BWR Vessel and Internals Project (BWRVIP) Integrated
Surveillance Program (LAR submitted via Reference 8) upon receipt of the NRC license
amendment (expected approximately March 2004) and will comply with the withdrawal
schedule specified for the surrogate surveillance capsules that now represent VYNPS.
CPPU has no effect on the existing surveillance schedule.

The maximum normal operating dome pressure for CPPU is unchanged from that for original power
operation. Therefore, the hydrostatic and leakage test pressures are acceptable for the CPPU.
Because the vessel is still in compliance with the regulatory requirements, operation with CPPU
does not have an adverse effect on the reactor vessel fracture toughness. '

3.2.2 Reactor Vessel Structural Evaluation :

[

1

The effect of CPPU was evaluated to ensure that the reactor vessel components continue to comply
with the existing structural requirements of the ASME Boiler and Pressure Vessel Code. For the
* components under consideration, the 1965 code edition with addenda to and including summer
1966, which is the code of construction, was used as the governing code. However, if a
component’s design has been modified, the governing code for that component was the code used in
the stress analysis of the modified component. - The following components were modified since the
original construction of VYNPS:

¢ The Core Spray (CS) nozzle and safe end were modified and the governing code for the
modification is ASME Code, Section X1, Subsection IWB-3641, 1983 edition with addenda
through winter 1986.

e The recirculation system mlet and outlet safe ends were modlﬁed and the governing code for
the modification is ASME Code, Section III, 1980 edition with addenda through summer
1982.

¢ The instrument line nozzle N11 and N12 safe ends were modiﬁed and the governing code
for the modification is ASME Code, Section IMI, 1980 edition with addenda through

summer 1982.
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¢ The CRD Return Nozzle was decommissioned (capped) and the governing code for the
modification is ASME Code, Section II[ 1977 edition.

Typically, new stresses are detenmned by scaling the “original” stresses based on the CPPU'
conditions (pressure, temperature, and flow).  The analyses were performed for the design, the
normal and upset, and the emergency and faulted conditions. If there is an increase in annulus -
pressurization, jet reaction, pipe restraint, or fuel lift loads, the changes are considered in the analysis
of the components affected for Normal, Upset, Emergency, and Faulted conditions.

322.1 Design Conditions

Because there are no changes in the design condmons due to CPPU the design stresses are
unchanged and the Code requirements are met.-

3.22.2 Normal and Upset Condmons

~ The reactor coolant temperature and flows at CPPU conditions are only slightly changed from those
at current rated conditions. Evaluations were performed at conditions that bound the slight change
in operating conditions. The type of evaluations is reconciliation of the stresses and usage factors to
reflect CPPU conditions. A primary phus secondary stress analysis was performed showing CPPU
stresses still meet the requirements of the ASME Code, Section III, Subsection NB. Lastly, the
fatigue usage was evaluated for the limiting location of components with a usage factor greater than
0.5. The VYNPS fatigue analysis results for the lmntmg components are provided in Table 3-3.
The VYNPS analysis results for CPPU show that all components meet their ASME Code
~ requirements.

- For the FW nozzle blend radius location, in addition to a stress and fatigue analysis, a fracture
mechanics analysis was used in conjunction with inner surface exams and cycle counting to assure.
“potential crack growth is smaller in relation to ASME XI limits. The Ultrasonic Testing (UT)
inspection of the inner surface of the FW nozzles is based on 8 BWROG report (Reference 9)
that was approved by the NRC (Reference 10) as an alternative to NUREG-0619. VYNPS also
uses thermocouples attached to the outer surface of each FW nozzle to monitor the inconel
thermal sleeve interference fit.

The fracture mechanics analysis evaluates crack growth for conservative design transients.
Design cycles are then monitored through plant procedure. The conservative design transients
used in the fracture mechanics evaluation conservatively bound changes under CPPU conditions.
The thermal model used in this assessment employed heat transfer coefficients and a temperature
profile that remains conservative under CPPU conditions. Therefore, cycle limits and inspection
frequency are not affected by CPPU conditions.

3223 Emergency and Faulted Condltions -

The stresses due to Emergency and Faulted conditions are based‘en 1oads such as peak dome
- pressure, which are unchanged. Therefore, Code requirements are met for all RPV components.

3
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33 REACTORINTERNALS

The reactor internals include Core Support Structure (CSS) and non-CSS components. The
topics addressed in this section are: :

Topic , CPPU Disposition VYNPS Result
3.3.1 Reactor Internals Pressure Differences {1 -
3.3.2 Reactor Internals Structural Evaluation

3.3.3 Steam Dryer Separator Performance : ' o I}

3.3.1 Reactor Internal Pressure Differences -

The increase in core average power alone would result in higher core loads and RIPDs due to the
higher core exit steam quality. The maximum acoustic and flow-induced loads, following a
postulated recirculation line break, occur at an initial condition that maximizes the reactor vessel
downcomer annulus subcooling. The MELLLA analysis (Reference 6) showed that, for VYNPS,
the most limiting subcooling condition is at the intersection of the minimum pump speed and the
MELLLA flow control line. This limiting condition is also applicable to the VYNPS CPPU
because there is no change in the MELLLA flow control line. The vessel downcomer annulus
subcooling at the 1.02% of CPPU RTP and 107% of rated core flow (ICF) condition remains
lower than at the limiting condition. Therefore, the maximum acoustic and flow-induced loads,
following a postulated recirculation line break, are unaffected by the CPPU.

The RIPDs are calculated for Normal (steady-state operatxon), Upset, and Faulted conditions for
all major reactor internal components. For VYNPS, the Emergency condition RIPDs are
bounded by the Faulted condition RIPDs, because the RPV depressurization rate for the
Emergency condition event (inadvertent actuation of the Automatic Depressurization System
(ADS), assuming the maximum power/maximum core flow point) is slower and results in lower
RIPDs than the Faulted events (Main Steam Line Break (MSLB) inside or outside containment).

i

1l

“The following assumptions and initial conditions were used in the determination of the Normal,
Upset, and Faulted condition RIPDs for CPPU RTP operation. -
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:’.C;n:tiitioh

" Limiting Event |

_Initial Conditions

S B#séleustiﬁcdtions

Normal

Steady State
Operation

102%P / 107%F

Maximum power and flow during
normal operation. Consistent
with existing VYNPS licensing
basis

Upset

N/A

102%P / 107%F

Maximum power and flow
attainable during anticipated plant
transients. Consistent with
existing VYNPS licensing basis.

Faulted

MSLB Inside
Containment

High Power:
102%P / 107%F

Low Power /
High Flow:

16.7%P / 110%F *

Design basis MSLB (limiting
transient event), which results in
the most challenging plant
condition (maximum loads on the
local components). The high
power point is used because the
maximum loads occur at the
maximum core flow and
maximum void formation in the
bundles. The low power/high
flow point is used because it
results in a higher mismatch
between the steam flow from the
break and the steam generated in
thecore. -

Faulted

MSLB outside
Containment

Low Power/
High Flow:

16.7%P / 110%F "

Limiting condition for steam
dryer pressure drop. The steam
dryer pressure drop at the low
power high flow condition bounds
(is higher than) the steam dryer
pressure drop at high power, due
to the larger mismatch in fluid
flow. '

Note:

1. The High Flow value (110%F) for the Faulted condition is consistent with the ICF

evaluation (Reference 11).

Tables 3-4 through 3-6 compare results for the various loading conditions between the current
analysis results and operation with CPPU for the vessel internals that are affected by the changed
RIPDs. S ' ' '
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3.3.2 Reactor Internals Structural Evaluation

The reactor internals consist of the CSS components and non-core support structure (non-CSS)
components. The RPV internals (excluding the CRD) are not certified to the ASME code;
however, the requirements of the ASME Code were used as guidelines in their design basis
analysis. The evaluations/stress reconciliation in support of the CPPU was performed consistent
with the design basis analysis of the components. The reactor internal components evaluated in
this section are:

e Shroud
‘s Shroud Support
¢ Core Plate
¢ Top Guide
¢ CRD Housing and CRD
¢ Control Rod Guide Tube
¢ Orificed Fuel Support
¢ Fuel Channel
¢ Steam Dryer
¢ Feedwater Sparger
e Jet Pumps

" CSLineand Sparger

~e  Access Hole Cover
. Shroud Head and Steam Separator Assembly'(including shroud head bolts)
e In-core Hqusing and Guide Tube |

The original configuration of the reactor internals is considered in the CPPU evaluation unless a
component has undergone permanent structural modifications, in which case, the modified
configuration is used as the basis for the evaluation. The following components have permanent
structural modifications from the original configuration: FW sparger replacement, CS sparger
repair, core plate plugging, and shroud repair. '

The effects on the loads as a result of the thermal-hydraulic changes due to CPPU are evaluated
for the reactor internals. All applicable Normal, VUp'set, Emergency, and Faulted service
condition loads and load combinations are considered consistent with the existing design basis
‘analysis. These loads include the RIPDs, seismic loads, flow induced and acoustic loads due to
Recirculation Line Break - Loss-of-Coolant Accident (RLB-LOCA), fuel lift loads, and thermal
loads. The RIPDs increase for some components as a result of CPPU. The flow conditions and
thermal effects were considered in the evaluation, as applicable. The seismic response is
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unaffected by CPPU, and the fuel lift loads for CPPU are the same as those of the CLTP. The
acoustic and flow induced loads due to RLB-LOCA remain unaffected relative to CLTP.

A quahtanve or quantitative assessment was performed for the RPV internals consistent with the
existing design basis and the severity of the load change. The CPPU loads are compared to those
in the existing design basis analysis. If the loads do not increase due to CPPU, then the existing
analysis results bound the CPPU conditions, and no further evaluation is required or performed.
If the loads increase due to the CPPU, then the effect of the load increase is evaluated further.

[
1l

Table 3-7 presents the governing stresses for the various reactor internal components of VYNPS
as affected by CPPU. All stresses are within allowable limits, and the RPV internals are
demonstrated to be structurally adequate for operation in the CPPU condition.

The following reactor vessel internals were evaluated for the effects of changes in loads due to
CPPU. ,

(a) Shroud and Shroud Repair: The core shroud and shroud repair components were
evaluated for the loads defined for the CPPU condition. All loads were considered including
differential pressure loads across the reactor internals structures for Normal, Upset, and
Faulted conditions, seismic loads, recirculation line break loads (both flow-induced and
acoustic), and plant transient loads. For the shroud repair, the evaluations included the
components that carry the vertical loads (the spring rod and adapters and the connections to
the shroud flange and shroud support plate) as well as the components that carry the lateral
loads (the lateral restraints). The evaluation also addressed the loads and stresses in the
interfacing core shroud and reactor vessel structures.

The loads for the CPPU condition were assessed by revising or updating, as appropriate, the -
evaluations previously performed for the CLTP condition. The NRC Staff reviewed the
VYNPS shroud repair modification and found it acceptable (Reference 12). The results of
the CPPU evaluations showed that the loads and stresses for all shroud repair components
and interfacing core shroud and reactor vessel structures remain within design allowables.

In Table 3-6, the allowable loads are compared to the applied loads for the CLTP and CPPU
conditions for the limiting shroud repair component. As shown, the allowable load exceeds
the CLTP and CPPU loads with substantial remaining margin. .

In addition to the structural evaluations that are summarized above, evaluations were
performed to confirm that the current shroud repair installation preload is adequate for the
CPPU loads. This evaluation confirmed that the preload is sufficient to maintain a
compressive load in the shroud for all normal plant operating conditions and thereby
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sufficient to prevent separation of shroud sectlons even in the event of through—wall 360°
crackmg in all of the shroud horizontal welds.

(b) Shroud Support: An evaluation of the shroud support plate was performed for the CPPU
loads. As discussed in Section 3.3.2 (a) above, the shroud support plate serves as the
attachment location for the vertical shroud repair members and therefore transmits the
vertical load from the shroud repair to the reactor vessel. In Table 3-6, the allowable loads

- for the shroud support plate are compared to the applied loads for the CLTP and CPPU
conditions. This comparison shows that the shroud support plate has sufficient capability to
transmit the applied loads with substantial remaining margin.

(c) Core Plate: [[

' - 1
Therefore, the core plate remains structurally qualified for CPPU,

(d) Top Guide: [{

, ' J]1 Therefore,
the structural integrity of the Top Guide is maintained for CPPU.

(e) CRD Housing and CRD: [[

o | B )
Therefore, the structural integrity of the CRD housing is maintained for CPPU.

The CRD, which is inside the CRD housing, contains ASME Cod¢ components. [f

. 1
Therefore, the structural integrity of the CRD is maintained for CPPU.

(f) Control Rod Guide Tube: [
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1l Theréfore, the structural integrity of the Control Rod Guide Tube is
maintained for CPPU. o

(g) Orificed Fuel Support: [{

' , ]] Therefore, the structural integrity
of the OFS is maintained for CPPU.

(b) Fuel Channels: [[ . |
11 Therefore, the structural integrity of the fuel channels is maintained
for CPPU.

(i) Steam Dryer: [[ '

, ' - 1 Therefore, the structural integrity of the steam
dryer is maintained for CPPU. o

(i) Feedwater Sparger: [[

7 1] Therefore,
the structural integrity of the feedwater sparger is maintained for CPPU. .

(k) Jet Pumps: [[

]]' the structural integrity of the jet pump assembly is
maintained for CPPU. S ST ~

() CS Lines and Sparger: {[
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11 Therefore, the structural integiity of the CS line and spargers is maintained for
CPPU. ' ' ' '

(m)Access Hole Cover: [[

, ]] Therefore, the structural integrity of the
access hole cover is maintained for CPPU. : '

r(n) Shroud Head and Steam Separator Assembly (including Shroud Head Bolts): [[

' : 1] Therefore,
the structural integrity of the shroud head and steam separator assembly is maintained for
CPPU.

(o) In-core Housing and Guide Tube: [[ |

: n Therefore, the structural integrity of the in-
core housmg and guide tube is maintained for CPPU

3.3.3 Steam Dryer/Separator Performance

At VYNPS, the performance of the steam separators and dryer has been evaluated to ensure that the
quality of the steam leaving the reactor pressure vessel continues to meet existing operational criteria
at CPPU conditions. CPPU results in an increase in saturated steam generated in the reactor core.
For constant core flow, this in turn results in an increase in the separator inlet quality and dryer face
velocity and a decrease in the water level inside the dryer skirt. These factors, in addition to the
radial power distribution affect the steam separator-dryer performance. The results of the evaluation
demonstrate that the steam separator-dryer performance remains acceptable (e.g., moisture content
<0.1 weight %) at CPPU conditions.
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34 FLOW INDUCED VIBRATION

The FIV evaluation addresses the influence of an increase in flow during CPPU on RCPB
piping, RCPB piping components, and RPV internals. The topics addressed in this evaluation
are:

Topic CPPU Disposition VYNPS Result
3.4.1 Structural Evaluation of 1 '
Recirculation Piping
3.4.1 Structural Evaluation of Main
Steam and Feedwater Piping

3.4.1 Safety-Related Thermowells and
Probes

3.4.2 Structural Evaluation of core flow
dependent RPV Internals

3.4.2 Structural Evaluation of other RPV | 1
Internals

34.1 FIV Influence on Piping

Key applicable structures include the Main Steam (MS) system piping and suspension, the
Feedwater (FW) system piping and suspension, and the Reactor Recirculation System (RRS)
system piping and suspension. In addition, branch lines attached to the MS system piping or FW
system piping are cons1dered

'RRS drive flow is not s1gmﬁcantly mcreased (1.9%) durmg CPPU operatlon |

1l

The MS and FW piping have increased flow rates and flow velocities in order to accommodate
CPPU. As a result, the MS and FW piping experience increased vibration levels, approximately
proportional to the square of the flow velocities. The ASME Code (NB-3622.3) and nuclear
regulatory guidelines require some vibration test data be taken and evaluated for these high
energy piping systems during initial operation at CPPU conditions. Vibration data for the MS
and FW piping inside containment will be acquired using remote sensors, such as displacement
probes, velocity sensors, and accelerometers. A piping vibration startup test program, consistent
with the ASME code and regulatory requirements, will be performed.

([
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11 and,FINV;:tésting of the MS and FW piping system will be
performed during CPPU power ascension.

There are no safety-related thermowells énd sample probes in the MS and FW pipihg systems at
- VYNPS. Therefore, no evaluation was required for CPPU. The non-safety related thermowells
and sample probes will be evaluated during the piping vibration startup test program.

34.2 FIV Influence on Reactor Internal Cbmponents

|
1

The required reactor vessel internals vibration assessment of the other RPV internals is described in
the CLTR. CPPU operation increases the steam production in the core, resulting in an increase in
the core pressure drop. There is only 2 slight increase (1.9%) in maximum drive flow at CPPU
conditions for VYNPS as compared to CLTP. The increase in power may increase the level of -
reactor internals vibration. - Analyses were performed to evaluate the effects of FIV on the reactor
internals at CPPU conditions. This evaluation used a bounding reactor power of 1912 MWt and
107% of rated core flow. This assessment was based on vibration data obtained during startup
testing of the prototype plant (Monticello). For components requiring an evaluation but not
instrumented in the prototype plant, vibration data acquired during the startup testing from similar
plants or acquired outside the RPV is used. The expected vibration levels for CPPU were estimated
by extrapolating the vibration data recorded in the prototype plant or similar plants and on GE BWR
operating experience. These expected vibration levels were then compared with the established
vibration acceptance limits. The following components were evaluated:

¢ Shroud head and separator
e Jet pumps
¢ Feedwater sparger
¢ In-core guide tubes (generic dlsposmon)
¢ Control rod guide tubes (generic disposition)
e Steam dryer
e Jet pump sensing lines
The results of the vibration evaluation show that céntmuous operation at a reactor power of

1912 MWt and 107% of rated core ﬂow does not result in any detnmental effects on the safety-
related reactor internal components.

i
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1

During CPPU, the components in the upper zone of the reactor, such as the moisture separators
and dryer, are mostly affected by the increased steam flow. Components in the core region and
components such as the CS line are primarily affected by the core flow. Components in the
annulus region such as the jet pump are primarily affected by the recirculation pump drive flow
and core flow. Because there is a slight increase (1.9%) in maximum drive flow with core flow
remaining the same as compared to the CLTP condition, small increase in FIV on the
components in the annular and core regions are expected. However, the steam separator and
dryer are significantly affected by CPPU conditions.

‘The steam dryer and steam separators are non safety-related components. Recent uprate
experience indicates that FIV at CPPU conditions may lead to high cycle fatigue failure of some
dryer components. Failure of a dryer component does not represent a safety concern, but can
result in a large economic impact. A qualitative evaluation of the VYNPS steam dryer has been
performed, with resulting preliminary modifications and inspections identified to enhance dryer

_structural integrity at CPPU conditions. The preliminary modifications include replacing or
reinforcing the steam dryer cover plates.

A quantitative evaluation is being performed to identify dryer components susceptible to failure
at CPPU conditions. The results of the quantitative evaluation will be used to finalize the
modifications needed to maintain steam dryer structural integrity at CPPU conditions. Any
identified dryer modifications will be performed prior to CPPU implementation.

“The calculations for CPPU conditions indicate tha‘trvibrations of all safety-related reactor
internal components are within the GE acceptance criteria. The analysis is conservative for the
following reasons:

¢ - The GE criteria of 10,000 psi'peak stress intensity is less than the ASME Code criteria of
13,600 psi; ' : ‘ _

e The modes are ﬁbsolute summed; and

¢ The maximum vibration amplitude in each mode is used in the absolute sum process,
whereas in reality the peak vibration amplitudes are unlikely to occur at the same time.
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Based on the above, it is concluded that FIV effects are expected to remain within acceptable
limits at CPPU conditions.
35 PIPING EVALUATION
3.5.1 Reactor Coolant Pressure Boundary Piping

The RCPB piping systems evaluation consists of a number of safety-related piping subsystems
that move fluid through the reactor and other safety systems. The toplcs addressed in this
evaluation are:

Topic | CPPU Disposition VYNPS Result
‘Structural evaluation for unaffected safety- ; ]
related piping | ,
Structural evaluation for affected safety- : R I ]
related piping - ‘ '

The flow, pressure, temperature, and mechanical loadmg for most of the RCPB plpmg systems do
not increase for CPPU. [[

. 1l

The followmg piping system segments from the RPV to the normally closed containment
isolation valve are [[ _

1l

Section 3.1 demonstrates that the RCPB pxpmg remams below the ASME pressure limit during the
most severe pressunzatlon transient. :

For VYNPS, the plant-specific piping evaluation process is consistent with the methodology
described in Appendix K of ELTR1, which has been reviewed and accepted by the NRC for power
uprate evaluations. This process involves comparing existing piping data (i.e., temperatures,
pressures, and flow rates) with the corresponding data at CPPU conditions to determine piping
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system acceptability. Existing piping stresses and pipe support loads arevincreased, as required, to
evaluate CPPU conditions. These revised stresses and pipe support loads were evaluated and are
within acceptable design limits.

Main Steam and Associated Piping System Evaluation |

The Main Steam (MS) piping system and associated branch piping (inside containment) were
evaluated for compliance with the USAS-B31.1.0-1967 Power Piping Code stress criteria for the
effects of CPPU on piping, piping supports including the associated building structure, piping
interfaces with the RPV nozzles, penetrations, flanges and valves.

I

, 1
- A bounding piping analys:s was performed which included the effects of CPPU along with the

additional SSV and larger orifices for the two existing SSV that will be installed as a result of

ARTS/MELLLA. The increase in MS flow results in increased forces from the turbine stop

valve closure transient. The turbine stop valve closure loads bound the MSIV closure loads
because the MSIV closure time is slgmﬁcantly longer than the stop valve closure time.

Pipe Stresses

A review of the increase in flow associated with CPPU indicates that piping load changes do not
result in load limits being exceeded for the MS system and attached branch piping or for RPV
nozzles. The original design analyses have sufficient margin between calculated stresses and USAS-
B31.1.0-1967 Code allowable limits to justify operation at CPPU condmons The pressure and
- temperature of the MS piping are unchanged for the CPPU.

Similarly, the branch pipelines (Safety Relief Valve Discharge Line (SRVDL), Reactor Core
Isolation Cooling (RCIC), High Pressure Coolant Injection (HPCI), RPV Vent, and MSIV Drain)
connected to the MS headers were evaluated to determine the effect of the increased MS flow on
the lines. This evaluation concluded that there is no effect on the existing MS branch line
qualifications due to the increased flows resulting from CPPU. As with the MS piping, the
pressures and temperatures for these branch pipelines do not change as a result of CPPU. No
new postulated break locations were identified. ‘ '

Pipe Supports

The main steam piping (inside contammcnt) was evaluated for the effects of flow increase on the
piping snubbers, hangers, struts, and pipe whip restraints. With the exception of the pipe clamps
for supports RMSH-6 (MS-35) and RMSH-14 (MS-6), which will be modified, a review of the
increase in MS flow associated with CPPU indicates that piping load changes do not result in any
load limit being exceeded. Based on existing margins available for the main steam piping supports,
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it was concluded that CPPU does not result in mctnons on ex1stmg structures in excess of the
current design capacity. :

Feedwater Evaluation

The FW system (inside containment) was evaluated for compliance with the USAS-B31.1.0-1967
Power Piping Code stress criteria for the effects of thermal expansion load and displacements on the
piping snubbers, hangers, and struts. Piping interfaces with RPV nozzles, penetrations, flanges and
valves were also evaluated.

Pipe Stresses

A review of the small increases in temperature and flow associated with CPPU indicates that piping
load changes do not result in load limits being exceeded for the FW piping system or for RPV
nozzles. The original design analyses have sufficient design margin between calculated stresses and
USAS-B31.1.0-1967 Code allowable limits to justify operation at CPPU conditions.

The design adequacy evaluation shows that the requirements of USAS—B31 1.0-1967 Code
requirements remain satisfied. Therefore, CPPU does not have an adverse effect on the FW piping
design. No new postulated pipe break locatlons were identified.

Pipe Supports

The FW system was evaluated for the effects of thermal expansion displacements on the piping
snubbers, hangers, and struts. A review of the increases in temperature and FW flow associated with
CPPU indicates that piping load changes do not result in any load limit being exceeded. Based on
existing margins available for the feedwater piping supports, it was concluded that CPPU does not
result in reactions on existing structures in excess of the current design capacity.

Other RCPB Piping Evaluation

This section addresses the adequacy of the other RCPB piping desxgns, for operatlon at the
CPPU conditions. The nominal operating pressure and temperature of the reactor are not
changed by CPPU. Aside from MS and FW, no other system connected to the RCPB
experiences an increased flow rate at CPPU conditions. Only minor changes to fluid conditions
are experienced by these systems due to higher steam flow from the reactor and thc subsequent
change in fluid conditions within the reactor. : '

These systems were evaluated for cdmpliancerwith the USAS B31.1 or ASME Code stress criteria
(as applicable). Because none of these piping systems experience any significant change in
operating conditions, they are all acceptable as currently designed.

3.5.2 Balance-Of-Plant Piping

The BOP Piping systems evaluation co'nsisté of a number of piping subsystems that move fluid
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through systems outside the RCPB piping. The topics addressed in this evaluation are:

Topic CPPU Disposition VYNPS Result
Structural evaluation for unaffected non- [
safety-related piping o
Structural evaluation for affected non- , 1
safety-related piping S

I

1] For VYNPS, the plant-specific piping evaluation process is consistent with the
methodology described in Appendix K of ELTR1, which has been reviewed and accepted by the
NRC for power uprate evaluations. This process involves comparing existing piping data (i.e.,
temperatures, pressures, and flow rates) with the corresponding data at CPPU conditions in order to
determine piping system acceptability. Exxstlng piping stresses and pipe support loads are increased,
* as required, to evaluate CPPU conditions.  These revised stresses and pipe support loads were
evaluated and are within acceptable design hm1ts

Large bore and small bore ASME Class 1, 2, and 3 piping and supports not addressed in
Section 3.5.1 were evaluated for acceptability at CPPU conditions. The evaluation of the BOP
piping and supports was performed in a manner similar to the evaluation of RCPB piping systems
and supports (Section 3.5.1), using applicable ASME Section III, Subsections NC/ND or B31.1
Power Piping Code equations. The original Codes of record (as referenced in the appropriate
calculations), Code allowables, a.nd analytical techmques were used and no new assumptions were
introduced. :

The Design Basis Accident (DBA)-LOCA dynamic loads, including the pool swell loads, vent thrust
loads, Condensation Oscillation (CO) loads and chugging loads were originally defined and
evaluated for VYNPS. The structures attached to the torus shell, such as piping systems, vent
penetrations, and valves are based on these DBA-LOCA hydrodynamic loads. For CPPU
conditions, the DBA-LOCA torus shell hydrodynamic loads were re-evaluated and found acceptable
and there are no resulting effects on the torus shell attached structures.
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‘The increase in the mppmsidn pool temperature to approximately 195°F during the long term Post
LOCA condition has been evaluated for all affected piping systems connected to the torus. '

The effects of the CPPU conditions have been evaluated for the following pipihg systems:

MS (outside containment)

Extraction Steam (ES), Heater Vents and Drains

FW and Condensate

Reactor Water Cleanup (RWCU) - Outside Containment
RHR - Outside Containment

RHR Service Water — Outside Containment

CS - Outside Containment — Pump Suction / Pump Discharge
HPCI - Outside Containment -

" RCIC - Outside Containment

Standby Liquid Control System (SLCS) - Outside Containment
Service Water

Reactor Building Closed Cooling Water

Turbine Building Closed Cooling Water -

Spent Fuel Cooling ’

Standby Gas Treatment

Off Gas |

Torus Attached Piping including ECCS Suction Strainers

Pipe Stresses

Operation at the CPPU conditions increases stresses on piping and piping system components due to
slightly higher operating temperatures and flow rates intemal to the pipes. For those systems with
analysis, the maximum stress levels were reviewed based on specific increases in temperature
pressure and flow rate (see Tables 3-8a, 3-8b, and 3-8¢). For those systems that do not require a
detailed analysis, pipe routing and flexibility was evaluated and determined to be acceptable.
These piping systems have been evaluated and meet the appropriate code criteria for the CPPU
conditions, based on the design margins between actual stresses and code limits in the original
design. All piping is below the applicable code allowable stress limits. No new postulated pipe
break locations were identified. o
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Pipe Supports

Operation at the CPPU conditions slightly increases the pipe support loadings due to increases in the
temperature of the affected piping systems.

The pipe supports of the systems affected by CPPU loading increases (MS, RHR, CS, HPCI, RCIC,

FW, and ES) were reviewed to determine if there is sufficient margin to code acceptance criteria to
accommodate the increased loadings. This review shows that there is adequate design margin

between the original design stresses and code limits of the supports to accommodate the load

increase, with the exception of support RCIC-HD63C that requires modification. The conservatisms

are introduced by the use of the lowest code allowable for various plant loading conditions, the use

of generic enveloping design loads instead of actual loads, and the conservative load application on

base plates, anchor bolts, and lugs. This review shows that, in all cases, except for support RCIC-

HD63C, the support loads under CPPU conditions are in compliance with appropriate Code criteria.

A minor modification will be made prior to CPPU implementation to RCIC-HD63C. Based on -
existing margins available for the affected BOP piping supports, it was concluded that CPPU does
not result in reactions on existing structures in excess of the current design capacity.

Main Steam and Associated Piping System Evaluatmn (Outside containment)

The MS piping system (outside containment) was evaluated for compliance with VYNPS desxgn
criteria. Included in the evaluation were the effects of CPPU on piping stresses, piping supports,
“and the associated building structure, turbine nozzles, and valves.

Because the MS piping pressures and temperatures outside containment are not affected by
CPPU, there was no effect on the analyses for these parameters. The increase in MS flow results
in increased forces from the turbine stop valve closure transient. The turbine stop valve closure
loads bound the MSIV valve loads because the MSIV closure time is significantly longer than
the stop valve closure time. The MS analysis results are provided in Table 3-8c.

Pipe Stresses

A review of the increase in flow associated with CPPU indicates that piping load changes do not
result in load limits being exceeded for the main steam piping system outside containment. The
original design has sufficient design margin to justify operation at the CPPU conditions. The
pressure and temperature of the MS piping are unchanged for CPPU. No new postulated break
Jocations were identified. .

Pipe Supports

The pipe supports and turbine nozzles for the MS piping system outside containment were
evaluated for the increased loading and movements associated with the turbine stop valve
closure transient at CPPU conditions. The evaluations demonstrate that the existing piping
supports and turbine nozzles are acceptable and can accommodate the increased loads and
movements resulting from CPPU. Based on existing margins available for the outside containment
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main steam piping supports, it was concluded that CPPU does not result in reactions on existing
structures in excess of the current design capacity.
3.6 REACTOR RECIRCULATION SYSTEM

The RRS evaluation for CPPU addressed the folloWing topics:
Topic CPPU Disposition ~ VYNPS Result

System evaluation I

Net positive suction head

(NPSH)

Flow mismatch

Single loop operation o ' |

The CPPU power condition is accomphshed by operatmg along extensions of current rod lines on
the power/flow map with no increase in the maximum licensed core flow of 107% of rated. The
core reload analyses are performed with the most conservative allowable core flow. The evaluation
of the reactor recirculation system performance at CPPU power determines that adequate core flow
can be maintained.

The cavitation protection interlock remains the same in terms of absolute flow rates. This interlock
is based on subcooling in the external recirculation loop and thus is a function of absolute FW flow
rate and FW temperature at less than full thermal power operating conditions. 'Iherefore, the
interlock is not changed by CPPU.

VYNPS does not have a recirculation pump flow mismatch Technical Speclﬁcatlon
1\ '

1
SLO operation is limited to off rated conditions and is not affected as a result of the CPPU.

11
1

3.7 MAINSTEAM LINE FLOW RESTRICT ORS

The main steam line flow restrictor evaluation for CPPU at VYNPS addrwsed the followmg topic:

Topic ‘ CPPU Disposition VYNPS Result
Structural integrity I ' |
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The increase in steam flow rate has no significant effect on flow restrictor erosion. There is no
effect on the structural integrity of the main steam flow element (restrictor) due to the increased
differential pressure because the restrictors were designed and analyzed for the choke flow
condition.

After a postulated steam line break outside cohtainmeht, the fluid flow in the broken steam line
increases until it is limited by the main steam line flow restrictor. [[

11 The VYNPS restrictors were originally designed
and anatyzed for these flow conditions and therefore the restrictors remain within the acceptable
calculated differential pressure drop and choke flow limits under CPPU conditions.

38 MAINSTEAM ISOLATION VALVES

The MSIV evaluation for CPPU at VYNPS addressed the following topics:

Topic ~ CPPU Disposition ~ VYNPS Result
Isolation performance I ‘
Valve pressure drop ; o )]

The MSIVs are part of the RCPB, and perform the safety function of steam line isolation during
certain abnormal events and accidents. The MSIVs must be able to close within a specified time
range at all design and operating conditions. They are designed to satlsfy leakage limits set forth in
the plant Technical Specifications.

The MSIVs have been evaluated, as discussed in Section 4.7 of ELTR2, Supplement 1. The
evaluation covers both the effects of the changes to the structural capability of the MSIV to meet
pressure boundary requirements, and the potential effects of CPPU-related changes to the safety
functions of the MSIVs. The generic evaluation from ELTR?2 is based on (1) a 20% thermal power
increase, (2) an increased operating dome pressure to 1095 psia, (3) & reactor temperature increase to
556°F, and (4) steam and feedwater increases of about 24%. The evaluation from ELTR2 is
confirmed applicable to VYNPS. An increase in flow rate assists MSIV closure, which results in a
slightly faster MSIV closure time. The self-compensating feature of the hydraulic control valve
will maintain the closing time with little deviation despite the flow rate change. Therefore,
CPPU described herein is bounded by conclusions of the evaluation in Section 4.7 of ELTR2, and
the MSIVs are acceptable for CPPU operation.
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39 REACTOR CORE ISOLATION CO OLING/ISOLATION CONDENSER
The Isolation Condenser is not applicable to VYNPS. |

The RCIC system evaluation for CPPU at VYNPS addressed the following topics:

Topic CPPU Disposition |  VYNPS Result
System performance and hardware 2l

Net positive suction head

Adequate core cooling for limiting
LOFW events - D
Inventory makeup - Operational o 1
Level 1 avoidance (For VYNPS, S

ECCS actuation is initiated at “low-
low” reactor water level)

The RCIC system is required to maintain sufficient water inventory in the reactor to permit
adequate core cooling following a reactor vessel isolation event accompanied by loss of flow
from the FW system. The system design injection rate must be sufficient for compliance with
the system limiting criterion to maintain the reactor water level above Top of Active Fuel (TAF)
at the CPPU conditions. The RCIC system is designed to pump water into the reactor vessel
- over a wide range of operating pressures. As described in Section 9.1.3, this event is addressed
on a plant-specific basis. The results of the VYNPS plant-specific evaluation indicate adequate
water level margin above TAF at the CPPU conditions. Thus, the RCIC injection rate is
adequate to meet this design basis event. ' '

An operational requirement is that the RCIC system can restore the reactor water level while
avoiding ADS timer initiation and MSIV closure activation functions associated with the low-
low reactor water level setpoint. This requirement is intended to avoid unnecessary initiations of
safety systems. The results of the VYNPS plant-specific evaluation indicate that the RCIC
system is capable of maintaining the water level outside the shroud above the nominal low-low
- reactor water level setpoint through a limiting Loss of Feedwater Flow (LOFW) event at the
CPPU conditions. Thus, the RCIC injection rate is adequate to meet the requirements for
inventory makeup. (see Section 9.1.3) '

For the CPPU, there is no change to the normal reactor ‘opelr'ating pressure and the SRV/SSV
setpoints remain the same. There is no change to the maximum specified reactor pressure for
RCIC system operation, [[ '

3-24



NEDO-33090

]] there are no physical
changes to the pump suction configuration, and no changes to the system flow rate or minimum
atmospheric pressure in the suppression chamber or Condensate Storage Tank (CST). CPPU
does not affect the capability to transfer the RCIC pump suction on high suppression pool level
or low CST level from its normal alignment, the CST, to the suppression pool, and does not
change the existing requirements for the transfer. For ATWS (Section 9.3.1) and fire protection
(Section 6.7), operation of the RCIC system at suppression pool temperatures greater than the
operational limit may be accomplished by using the dedicated CST volume as the source of
water. Therefore, the specified operational temperature limit for the process water does not
change with the CPPU. [[

1] The effect
of CPPU on the operation of the RCIC system dunng SBO events is discussed in Section 9.3.2.

The reactor system response to an LOFW transient with RCIC is discussed in Section 9.13.

L
1
3.10 RESIDUAL HEAT REMOVAL SYSTEM

The RHR system evaluation for CPPU at VYNPS addressed the following topics:

Topic CPPU Disposition "~ VYNPS Result
LPCI mode | A o '

Suppression pool and containment
spray cooling modes

Shutdown cooling mode

Steam condensing mode

Fuel pool cooling assist - 1l

The RHR system is designed to restore and maintain the reactor coolant inventory following a
LOCA and remove reactor decay heat following reactor shutdown for normal, transient, and
accident conditions. The CPPU effect on the RHR system is a result of the higher decay heat in
the core corresponding to the increased RTP and the increased amount of reactor heat discharged
into the containment during a LOCA. For VYNPS, the RHR system is designed to operate in the
following modes: LPCI mode, Shutdown Cooling (SDC), Suppression Pool Cooling (SPC),
Containment Spray Cooling (CSC), and Fuel Pool Cooling (FPC) assist. The Steam Condensing
Mode (SCM) of RHR is not installed at VYNPS

The LPCI mode, as it relates to the LOCA' igsponse, is discussed in Section 4.2.4.
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The SPC mode is manually initiated following isolation transients and a postulated LOCA to
maintain the containment pressure and suppression pool temperature within design limits. The
CSC mode reduces drywell pressure, drywell temperature, and suppression chamber pressure
following an accident. The adequacy of these operating modes is demonstrated by the
containment analysm (Section 4.1).

The FPC assist mode, using ex1stmg RHR heat removal capac1ty, provides supplemental fuel
pool cooling capability in the event that the fuel pool heat load exceeds the heat removal
capability of the Fuel Pool Cooling and Cleanup (FPCC) system and the Standby Fuel Pool
Cooling System (SFPCS). The adequacy of fuel pool cooling, mcludmg use of the FPC assist
mode, is addressed in Section 6.3.1.

The higher suppression pool temperature (I94.7°F) and containment pressure during a postulated
LOCA (Section 4.1) do not affect the hardware capabilities of the RHR equipment, except for
the RHR pump seals, to perform the LPCI, SPC, and CSC functions. The peak suppression pool
temperature during a limiting LOCA remains below the RHR pump seal design temperature of
210°F. However, this temperature exceeds the maximum operating temperature of 185°F
analyzed for the pump seals. Either the pump seals will be re-qualified for the peak suppression
pool temperature, or a modification will be completed to ensure seal operation prior to the CPPU
implementation.

The effects of CPPU on the remaining modes are discussed in the following subsections.

3.10.1 Shutdown Cooling Mode
[

1
3.10.2 Steam Condensing Mode

The SCM is not installed at VYNPS. -
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311 REACTOR WATER CLEANUP SYSTEM

The RWCU system evaluation for CPPU at VYNPS addressed the following topics:

Topic CPPU Disposition ; VYNPS Result
System performance L '
Containment isolation S ’ 1]

RWCU system operation at the CPPU RTP level slightly decreases the temperature within the
RWCU system. This system is designed to remove solid and dissolved impurities from
~ recirculated reactor coolant, thereby reducing the concentration of radioactive and corrosive
species in the reactor coolant. The system is capable of performing this function at the CPPU
RTP level.

- ‘Based on operating experience, the FW iron input to the reactor increases as a result of the
increased feedwater flow. This input increases the calculated reactor water iron concentration
approximately in proportion to the increase in reactor thermal power. However this change is
considered negligible, and does not affect RWCU.

The effects of CPPU on the RWCU system funcﬁonal capability have been reviewed, and the
system can perform adequately during CPPU with the original RWCU system flow. This
RWCU system flow results in a slight increase in the calculated reactor water conductivity
(approximately 0.006 pS/cm) because of the increase in FW flow. The present reactor water
conductivity limits are unchanged for CPPU and the actual conductivity remains within these
limits.

The increase in FW line pressure has a slight effect on the system operating conditions.
However, the change due to CPPU does not affect any current analysis in the Generic Letter
(GL) 89-10 Program (Section 4.1.4) for the RWCU Motor Operated Valves (MOVs).
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Table 3-1a
VYNPS Upper Shelf Energy Equivalent Margin Analysis
40-Year Life (32 EFPY; CLTP)

Plant Applicabllity Verification Form -
for Vermont Yankee
Current Licensing Conditions
40-Year LHe (32 EFPY)

BWR/3-6 PLATE

Surveillance Plate USE (Heat C3017): ,
%Cu
1st Capsule Fiuence

0.11
4.45E+16 n/cm

IJ

1st Capsule Measured % Decrease = 8.03 (Charpy Curves)
1st Capsule RG 1.99 Predicted % Decrease = 555 - (RG 1.89, Rev. 2, Figure 2)

Ratio of Measured fo Predicted % Decrease = 1.448 {RG 1.99, Rev. 2, Position 22)

Limiting Beltline Plate USE {Heat C3116):

%Cu = 0.14
32 EFPY 1/4T Fluence = _2.21E+17 nfom

|

RG 1.99 Predicted % becrease = i 9.35 (RG 1.99, Rev. 2, Figure 2)
Adjusted % Decrease = . 13.50 (RG 1.99, Rev. 2, Position 2.2}

1350% < 21%

Therefore, vessel plates are boundéd by Equivalent Margin Analysis
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 Table 3-1b
VYNPS Upper Shelf Energy Equivalent Margin Analysis
: 40-Year Life (32 EFPY; CLTP)

Equivalent Margin Analysis
Plant Applicabllity Verification Form
for Vermont Yankee
Current Licensing Cenditions
40-Year Life (32 EFPY)
BWR/2-6 WELD
Survelllance Weld USE (SMAW):
%Cu = 0.03
-
1st Capsule Fluence = _4.49E+16 nicm
1st Capsule Measured % Decrease = 4.80 A (Charpy Curves)
1st Capsule RG 1.99 Predicted % Decrease = 477 (RG 1.99, Rev. 2, Figure 2)
Ratio of Measured to Predicted % Decrease = 1.005 (RG 1.99, Rev. 2, Position 2.2)
Limiting Beltline Weld USE (SMAW):
“%Cu = 0.04
’ —_—
32EFPY 1/4T Fluence = _2.21E+17 n/cm
RG 1.99 Predicted % Decrease = 7.32 (RG 1.99, Rev. 2, Figure 2)
Adjusted % Decrease = 7.36 (RG 1.99, Rev. 2, Position 2.2)

736% < 34%

Therefore, vessel welds are bounded by Equivalent Margin Analysls
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Table 3-1c
VYNPS Upper Shelf Energy Equivalent Margin Analysis
40-Year Life (33 EFPY; 4.827E+8 MWH)

Equivalent Margin Analysis
Plant Applicabllity Verification Form
- . for Vermont Yankee ’
including Extended Power Uprate Conditions
40-Year Life (33 EFPY; 4.827E+8 MWH)

BWR/3-6 PLATE
 Survelllance Plate USE (Heat C3017):
%Cu = 0.11
_—
1st Capsule Fluence - = 4.49E+16 n/cm
18t Capsule Measured % Decrease = 803 (Charpy Curves)
1st Capsule RG 1.99 Predicted % Decrease = 5.55 (RG 1.99, Rev. 2, Figure 2)
Ratio of Measured to Predicted % Decrease = 1.448 (RG 1.99, Rev. 2, Position 2.2)
Limiting Beltline Plate USE (Heat C3116):
%Cy = 0.14
_—
33 EFPY (4.827E+8 MWH) 1/4T Fluence = _2.35E+17 n/cm
RG 1.99 Predicted % Decrease = 9.50 (RG 1.99, Rev. 2, Figure 2)
= 13.80 ~ {RG 1.99, Rev. 2, Position 2.2)

Adjusted % Decrease

1380% < 21%.

Therefore, vesse! plates are bounded by Equivalent Margin Analysis
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Table 3-1d |
VYNPS Upper Shelf Energy Equivalent Margin Analysis
40-Year Life (33 EFPY; 4.827E+8 MWH) -

Equlvalent Margin Analysis
Plant Applicability Verification Form
for Vermont Yankee .
including Extended Power Uprate Conditions
40-Year Life (33 EFPY; 4.827E+8 MWH)

- BWR/26 WELD
Surveillance Weld USE (SMAW): ‘
%Cu = 0.03
1st Capsule Fluence = 4.49E+16 n/fcm
1st Capsule Measured % Decrease = 4.80 (Charpy Curves)
1st Capsule RG 1.99 Predicted % Decrease - = 4.77 (RG 1.99, Rev. 2, Figure 2)
Ratio of Measured to Predicted % Decrease - = 1.005 {RG 1.99, Rev. 2, Position 2.2)
Limiting Beltline Weld USE (SMAW):
%y = 0.04
—_—
33 EFPY (4.827E+8 MWH) 1/4T Fluence = - 2.35E+17 n/cm
RG 1.99 Predicted % Decrease = 7.43 {RG 1.89, Rev. 2, Figure 2)
= 7.47 {RG 1.99, Rev. 2, Position 2.2)

Adjusted % Decrease

TAT% < 34%

Therefore, vessel welds are bounded by Equivalent Margin Analysis
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Table 3-1¢ 7
VYNPS Upper Shelf Energy Equivalent Margin Analysis Summary

Equivalent Margin Upper Shelf Energy Summary

NEDO-32205 Appendix B Worksheet

RG1.99

, ~ Ratio of
: Capsule {Measured| Predicted | Measuredto
Surveillance Cu Fluence | Decrease| - Decrease - Predicted
Information %) | tvemd | (%) (%) ~(F1)
Plate . 0.1 449E+16] - 8.03 5.55 1.448

Weld

4.49E+16

80

4.77

-1.005

Adjusted -

: RG1.99 B
32 EFPY CLTP EOL 1/4T | Predicted] Decrease = NEDO-32205
Beltline Material Cu | Fluence | Decrease | Predicted * F1 Limit -
Information (%) (nfcm?) (%) (%) (%)
- Plate - 0.14 2.21E+17 9.35 13.50 - 2
0.04 J2.21E+17}] 7.32 7.36 - 34

] YVe!d

RG1.99

33 EFPY S Adjusted
{4.827E+8 MWH) EOL 1/4T | Predicted|  Decrease = NEDO-32205
Beltline Material Cu Fluence | Decrease| Predicted * F1 Limit
Information (%) | (nfem® (%) (%) (%)
Piate 0.14 |2.35E+17] 9.50 13.80 21
7.47 - 34

vl

2.35E417

743
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Table 3-2a

40-Year Life (32 EFPY; CLTP)

Lower-dntermediate Shell Plates and Welds

Thickness in inches = 5,08 Ratio Peak/ Location = 1.00 32 EFPY Peak I.D. fuence = 2.9SE+17  nficm”2
32 EFPY Peak 1/4 Tfluence = 2.21E+1T7 nfem*2
Lower Shell Plates - . -
Thickness in inches= 5.06 Ratio Psak/ Location = 0.74 32 EFPY Peak |.D, fluence = 2.21E+17 nfcm’2
32 EFPY Peak 1/4 Tfluence = 1.83E+17  n/cm*2
S v | vaT |2erey 32 EFPY a2 EFPY
COMPONENT HEAT OR HEATAOT %Cu %N -CF RTyor | Fluence | A RTyor L o Margin Shift ART
*F nemi2 F °F *F °F
- PLATES
Lower Shell . ; o
' 117 C2640 0.12 081 | 8 [} 163E17] 1287 | 0 J 620 ] 1257 25.14 2514
1-18 €2653 0.13 0.5 " 0 1.83E+17] 13.78 1) 883 ] 13arm8 2157 757
Lowser-dntermediate Shell - -
113 C3116 0.4 0.66 102 -0 - J2.21EH17] 18.65 o 932 | 1865 37.29 128
1-14 017 0.11 0.83 74 k] 2.21E417] 1381 0 8.80 1381 21.22 5722
WELDS: I : -
SMAW 0.04 1.00 54 70 2.21E+17 9.87 0 4.94 9.87 19.74 -50.26
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Table 3-2b .
VYNPS Adjusted Reference Temperatures
40-Year Life (33 EFPY; 4.827E+8 MWH)

Lowerdntermediats Shell Plates and Welds

Thickness In Inches = 5,08 Ratio Peak/ Location = 1.00 33 EFPY Peak 1.D. fuence = 3.48E417 nem*2
33 EFPY Peak 1/4 T fluence = 2.35E+17  nicm*2
Lower Sheit Plates -
Thickness in inches= 8.06 - Ratio Psak/ Location = 0.74 A3 EFPY Peak LD. fluence = 235E+17  wcm*2
3IEFPY Peak 1/4 Tfuence = 1.74E+17  n/cm*2
initial | 14T 133 EFPY 33 EFPY 33 EFPY
COMPONENT HEAT OR HEATALOT ACu Wi CF RTyor | Fence | A ATy o o Margin Shift ARY
: °F | wem2 °F ) - °F F h
PLATES:
Lower 8hell .
117 C2640 0.12 st .} 8 . [} 1.74E+17] NO7 0 6.54 1307 0615 2815
1-18 C2853 on 0.59 " 0 1.74E+17] 1433 4] T.7 “uR 267 2887
lLowsr-intermeciiate Shell -
118 Cane [:3 1) 086§ 102 10 J235E417f 193¢ (-] 068 | 1936 38.72 2872
114 <307 on 083 74 30 |235E+17} 14.13 0 T.08 14.13 2828 5826
SMAW 0.04 100 54 70 §2.35E+17] 10.25 0 5.12 10.25 20.50 -49.50
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Table 3-3

VYNPS CUFs of Limiting Components ™
P+Q_Stress (st

i R fz;fLimxt) .
Feedwater Nozzle . 0.50 0.75 1.0

Nozzle 662 800 | 80.1 (35x) |

Safe End 429 504 | 54.3(3Sw) ,
CS Nozzle o | 0.63 0.63 1.0

Nozzle 522 522 | 80.0(3Sw)

Safe End 65.2 652 | 70.0(3Sw) ,
Main Closure Stud 92.1 921 | 1189(3Sw) | 062 | 0.62 10
Recirculation Inlet Y S 0.61 - 0.61 1.0
Nozzle ;

Safe End 50.4 504 | 51.75(3Sw)

Overlay > 48.4 484 | 49.8(3Sw)

Overlay > 51.5 51.5 80.1 (3Sw)
Recirculation Qutlet : 0.87 - 087 1.0
Nozzle

Nozzle 279 279 | 80.1(3Sw)

Safe End 46.7 467 | 51.75(3Sw)
Notes:

1. Only components with usage factors greater than [ 1] are included in this table.

2. Weld overlay (internal) location at nozzle to safe end weld (part of Recirculation inlet safe
end modification).
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Table 3-4
VYNPS RIPDs for Normal Conditions (psid)
. Parameter - CPPUl
Core Plate and Guide Tube 2440
Shroud Support Ring and Lower Shroud - 27.80 2931
Upper Shroud - 437 4.90
Shroud Head : , 4.56 : 5.40
Shroud Head to Water Level (Irreversible 2‘) 653 7.69
Shroud Head to Water Level (Elevation %) 0.76 0.67
| Top Guide | 0.53 0.62
Steam Dryer : ‘ 035 ‘ 045
Fuel Channel Wall : 12.24 ' 13.32

Notes:
1. 107% core flow.

2. Irreversible loss is the loss across the separators; the elevation loss or reversible head loss is
the loss between the inside shroud to the exit of the separators.
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Table 3-5

VYNPS RIPDs for Upset Conditions (psid)
- Parameter i i
1 Core Plate ar_nd Guide Tube

Shroud Support Ring and Lower Shroud 30200 ] 0 31M1
Upper Shroud o 656 | 736
Shroud Head | 684 | 811
Shroud Head to Water Level (Ireversible ) |~ 9.79 1153
Shroud Head to Water Level (Elevation*) 1.14 1.01
Top Guide S 114 | 0.71
Steam Dryer 1 053 059
Fuel Channel Wall 1514 | 1622

Notes:
1. 107% core flow.

2. Tmeversible loss is the loss across the separators; the elevation loss or reversible head loss is
the loss between the inside shroud to the exit of the separators.
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, Table 3-6 '
VYNPS RIPDs for Faulted Conditions (psid)

Core Plate and Guide Tube : T 30 T 0
Shroud Support Ring and Lower Shroud 48.0 48.0
Upper Shroud , 26.0 , 255
Shroud Head , 25.0 : 25.0
Shroud Head to Water Level (lrreversible *) 26.5 , 26.0
Shroud Head to Water Level (Elevation %) - 2.0 , 2.0
Top Guide . 14 1.0
Steam Dryer 6.8 69
Fuel Channel Wall 16.8 170
Notes:

1. 107% core flow.

2. Imeversible loss is the loss across the séparators; the elevation loss or reversible head loss
is the loss between the inside shroud to the exit of the separators.
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Table 3-7

VYNPS Reactor Internal Components - Summary of Stresses

Shroud / Shroud Verti;:]al;l g.oads 4.
Repair Upset s 8
: ' Faulted , 1789
2 | Shroud Support Normal Vertical Loads 54.8
: Upset (lbs) 71.8
| Faulted 178.9
3 }Core Plate "Normal Buckling/Sliding 25.8/25.8 26.8/26.8 29.1/30.7
(including core /Upset (psid) %‘;‘v‘:’:ﬁ?
plate plugs) . Pressure)
4 |Core Plate Emergency Buckling/Sliding | Qualified by | 33.0/244 | 38.9/45.9
- (including core (pSid) Qualitatlve (Equivalent
late plu s) Assessment Allowable
platc plug : o , Pressure)
5 Core Plate Faulted Buckling/Sliding 33.0/33.0 33.0/33.0 51.9/43.8
(including core (psid) (zlqluiva{;m
plate plugs) ' owal )e
6 |Top Guide Normal/Upset Bopnded by CLTP design basis Loads/Stresses
{Emergency/
Faulted '
- 7 | CRD Housing and | Normal/Upset [(llobasd)s %uualiﬁcd by Qualiﬁzd By Qualitative
: alitative ssessment
CRD /EIEET%: l:lcy’ : Assessment {(see Sections 2.5.3 and
autted |- A 33.2)
8 |Control Rod Guide | Normal/Upset|  Buckling 0.41 0.41 0.45
Tube , . . :
9 |Control Rod Guide | Emergency Buckling Qualifiedby | 0.41 0.60
Tube . : N ‘Qualitative
- Assessment
10 | Control Rod Guide Faulted - Buckling 0.67 - 0.67 0.80
Tube B R o
11 | Orificed Fuel Normal/Upset Stress Qualified by | - 7,275 15,580
Support (pSi) - Quahtatxve ’
’ : Assessment .
12 |Orificed Fuel Emergency ~ Stress Qualified By Qualitative Assessment
Support 1 (psh) (see Section 3.3.2)
13 | Orificed Fuel Faulted Stress Qualifiedby | 15,349 35,440
Support (pSi) Qualitative
i Assessment
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14

Fuel Channel Normal/Upset Qualified per Propnetary Fuel Design Basis
/Emergency/
Faulted _
15 |Steam Dryer Normal/Upset Buckling Qualified by {6,041 35,300
(Lifting Rod) {bs./Rod) .| Qualitative |
: g Assessment ) .
16 |Steam Dryer Emergency Buckling Qualified by | 42,087 52,950
(Lifting Rod) ~ (Ibs./Rod) Qualitative ~
i - Assessment
17 |Steam Dryer Faulted Buckling Qualifiedby | 55,010 70,600
| (Lifting Rod) (Ibs./Rod) Qualitative
Assessment
18 |Steam Dryer Normal/Upset ,Quahﬁed by Qualitative Assessment for CLTP and CPPU
(Hood) /Emergency/ (see Section 3.3.2)
Faulted L :
19 |Feedwater Normal/Upset Quahﬁed by Quahtatwe Assessment for CLTP and CPPU
Sparger Emergency (see Section 3.3.2) -
Faulted :
20 {Jet Pump Normal/Upset | Qualified by Qualitative Assessment for CLTP and CPPU
(Beam Bolt /Emergency/ (see Section 3.3.2)
Preload, Riser Faulted .
Elbow to Thermal
Sleeve)
21 }Jet Pump Normal/Upset | Qualified by Qualitative Assessment for CLTP and CPPU
(Diftuser) /Emergency | (see Secﬁon 33.2)
22 |Jet Pump Faulted Py Qualified by | 40,649 48,000
(Diffuser) (psi) Qualitative ,
Assessment
23 |CS Line and Qualxﬁed by Qualitative Assessment for CLTP and CPPU
Sparger (see Section 3.3.2) ’ :
24 ] Access Hole Cover | Normal/Upset Stresses Qualified by 1,746 14,000
o {psi) Qualitative
‘ : Assessment
25 |Access Hole Cover| Emergency/ Stresses . | Qualifiedby | 11,825 47,300
Faulted (si) -~ | Qualitative -
Assessment
26 | Shroud Head and | Normal/Upset Load 7,574 10,181 15,500
Steam Separator (Ibs.) (Preload)
Assembly :
(including SHBs)
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Component

27 |Shroud Headand | Emergency Pm 6458 | Bounded | 34950

Steam Separator : - (ps) by CLTP

Assembly

: (including SHBs) L S

28 | Shroud Head and Faulted ~ Pm 9,569 Bounded 46,600

Steam Separator : (psi) by CLTP

Assembly -

: including SHBs)
29 |In-Core Housing | Normal/Upset Quahﬁed by Qualitative Assessment for CLTP and CPPU

and Guide Tube Emergency/ (see Section 3.3.2)

Faulted
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Table 3-8a
VYNPS BOP Piping :
FW, Extraction Steam, FW Heater Drains and Vents, and Condensate

Feedwater 20,243 22,500 0.90

Extraction Steam Thermal 4,695 22,500 021

FW Heater Ventsand Drains | Thermal | 6,145 22,500 027

Condensate Thermal | 5,066 22,500 023
Note:

1. Design Margin = CPPU Stress/Allowable Stress.
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Table 3-8b

VYNPS BOP Piping
Torus Attached Piping

" Torus Penetration _Allowsble | Design -

| ipingSystem) Stress (psi) | Margin®
ﬁgiﬁfm&:ﬁggﬁ» Thermal | 28315 | 37,500 0.76
X202H&K (PCAC) o Thermal | 33028 | 37,500 0.88
1 x-205 (PCAC) Thermal | 27,089 37,500 0.90
X-210A&211A (CS/RHR) Thermal | 32,701 | 37,500 0.87
X-210B&211B (CS/RHR) Thermal | 32,962 37,500 0.88
X-212 (RCIC) ‘Thermal 9,498 22,500 0.42
| X216 (Sampling) Thermal | 12,59 | 22500 | 0.6
| X-220 (Sampling) Thermal | 19,714 22,500 0.88
| X-224A (RHR) Thermal | 29,637 37,500 0.79
X-224B (RHR) Thermal | 35877 37,500 0.96
X-225 (HPCI) Thermal 15,087 22,500 0.67
| X-226A (CS) Thermal | 21435 | 22,500 0.95
X-226B (CS) Thermal | 21,671 | 22,500 0.96
| %227 ®eIC) Thermal | 28,702 37,500 | 077
X-232 (RCIC) Thermal | 17,724 2500 | 079
X-233 (HPCI)  Thermal 5,058 22,500 0.22

Note:

1. Design Margin = CPPU Stress/Allowable Stress.
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. Table 3-8¢
VYNPS BOP Piping
Main Steam System

(Outside Containment)

U | Allowsble | Design
psi) | Stress (psi) | Margin -

Closure + design basis earthquake

| Deadweight (DWT) + Thermal (TH) + TSV

16,432 -

18,000

DWT + TH + TSV Closure + maximum
hypothetical earthquake

18,042

30,000

Note:

3-44

1. Design Margin = CPPU Stress/Allowable Stress.




NEDO-33090

Figure 3-1
VYNPS Response to MSIV Closure with Flux Scram
(102% CPPU power, 107% core flow, and 1040 psia initial dome pressure)
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4. ENGINEERED SAFETY FEATURES

This section primarily focuses on the information requested in RG 1.70, Chapter 6, which applies
to CPPU. RG 1.70, Chapter 6 states, “engineered safety features are provided to mitigate the
consequence of postulated accidents,” and “are those (features) that are commonly used to limit
the consequences of postulated accidents.” - NUREG-0800, “Standard Review Plan for the
Review of Safety Analysis Reports for Nuclear Power Plants,” Section 6.1.1, subsection I states,
“Enginecred safety features (ESF) are provided in nuclear plants to mitigate the consequences of
design basis or loss-of-coolant accidents.” The VYNPS plant features evaluated within this
section are designed to (directly) mitigate the cbnséquenccs of postulated accidents, and thus, are
classified in the plant UFSAR as engmcered safety features, conswtent with RG 1.70 and
NUREG-0800. '

4.1 CONTAINMENT SYSTEM PERFORMANCE

This section addresses the effect of the CPPU on various aspects of the VYNPS containment
system performance. The topics addressed in this evaluation are:

Topic 1 - CPPU Disposition : VYNPS Result
4.1.1  Pool temperature response (I | ’ '
411  Wetwell pressure S
4.1.1  Drywell temperature
4.1.1  Drywell pressure
4.12  Containment dynamic loads

413 Containment isolation

414  Motor-operated valves
415  Hardened wetwell vent system - |
41.6 Equipment operability - 1

The UFSAR provides the containment responses to various postulated accidents that validate the
design basis for the containment. Operation at the CPPU RTP causes changes to some of the
conditions for the containment analyses. For example, the short-term DBA LOCA containment
response during the reactor blowdown is governed by the blowdown flow rate. This blowdown
flow rate is dependent on the reactor initial thermal-hydraulic conditions, such as vessel dome
pressure and the mass and energy of the vessel fluid inventory, which change slightly at the
CPPU RTP. Also, the long-term heatup of the suppression pool following a LOCA or a transient
is governed by the ability of the RHR system to remove decay heat. Because the decay heat
depends on the initial reactor power level, the long-term containment response is affected by
CPPU. The containment pressure and temperature responses have been reanalyzed, as described
in Section 4.1.1, to demonstrate the VYNPS capability to operate at CPPU RTP.
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The analyses were performed in accordance with RG 1.49 and References 2 and 3 using GE
codes and models (References 13 through 16). The application of the GE methods to CPPU
evaluations have been reviewed and approved by the NRC (References 3, 17, 18, and 19). The
M3CPT code is used to analyze the short-term containment pressure and temperature response to
the DBA-LOCA at CPPU conditions. This code was also used to analyze the short-term DBA-
LOCA containment response for the UFSAR. The CPPU analysis used LAMB (Reference 16)
with Moody’s Slip critical flow model (Reference 15) to calculate the blowdown flow rates,
which are then used as inputs to M3CPT. This approach, referred to as the “CPPU Method,”
differs from that for the current UFSAR analysns, which uses the Homogeneous Equilibrium
Model (HEM). Application of the LAMB blowdown model for an EPU analysis is identified in
ELTR1. The SHEX code was used for the CPPU long-term containment analysis. Confirmatory
calculations with the SHEX code were performed at CLTP conditions to compare the SHEX
result with the value of peak suppression pool temperature reported in the UFSAR. The
comparison shows a difference of less than 0.5°F in peak suppression pool ‘temperature.
Therefore, the use of the SHEX code for VYNPS complies with the NRC requirements
(Reference 17). o

The effect of CPPU on the containment dynamxc loads due to a LOCA or SRV dlscharge was
also evaluated as described in Section 4.1.2. These loads were previously defined generically
during the Mark I Containment Long Term Program (LTP) as described in Reference 20 and
accepted by the NRC per References 21 and 22. Based on Reference 20, plant-specific dynamic
loads for VYNPS were defined (Reference 23). The evaluation of the LOCA containment
dynamic loads at CPPU conditions was based primarily on the results of the short-term pressure
and temperature response analysis described in Section 4.1.1.3. The SRV discharge load
evaluation is based on the CPPU condition of no changes in the SRV opemng setpomts relative
to the CLTP condition.

4.1.1 Containment Pressure and Temperature Response

Short-term and long-term containment analyses results are reported in the UFSAR. The short-
term analysis is directed primarily at determining the drywell pressure response during the initial
blowdown of the reactor vessel inventory to the containment following a large break inside the

~drywell. The long-term analysis is directed primarily at the suppression pool temperature
response, considering the decay heat addition to the suppression pool. Peak values of the
containment pressure and temperature reslionses to the DBA-LOCA are given in Table 4-1. The
effect of CPPU on the events y1eldmg thc hmxtmg contamment pressure and temperature
responses are discussed below.

4.1.1.1 SuppreSsion Pool Temperature Response

(a) Bulk Poo! Temperature 7 7 7

A long-term suppression pbol bulk temperature respohsé Wﬁh CPPU was evaluated for the DBA
LOCA. The analysis was performed at 102% of the CPPU RTP. The CPPU Method uses decay

4.2
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heat values based on the ANSI/ANS 5.1-1979 decay heat model with a 26 uncertainty added.
As shown in Table 4-1, the peak suppr&smn pool temperature was calculated to be 194.7°F at

CPPU conditions. This peak temperature is below the suppresswn chamber design value of
281°F.

The DBA-LOCA was also analyzed for the CLTP, using the same method and -input
assumptions, to assess the CPPU effect on peak suppression pool temperature on a common
analysis basis. The results for the CLTP and CPPU conditions are compared in Table 4-1. This
comparison shows that the DBA-LOCA peak suppression pool temperature increases by 12.3°F
due to the CPPU. :

The DBA-LOCA containment responses were used in the evaluation of the available NPSH for
the CS and the LPCI/RHR pumps. The analysis was performed using input assumptions such
that the suppression pool temperature response is maximized, while minimizing the containment
pressure response. The results of the NPSH evaluatlon are provided in Sectlon 42.6.

(b) Local Pool Temperature with SRV D:scharge ‘

“The local pool temperature limit for SRV dlscharge is specified in NUREG-O783 because of

concerns over unstable condensation observed at high pool temperatures in plants without -
~ quenchers. Reference 24 provides a justification for the elimination of this limit for plants with
quenchers on the SRV discharge lines. Supplement1 of Reference 25 agreed with the
Reference 24 assessment with respect to unstable condensation, but raised concerns over the -
possibility of steam ingestion into the ECCS suction if the quenchers are below the ECCS
suction inlet. Because VYNPS has SRV quenchers, no evaluation of the local pool temperature
- limit is necessary to address the possibility for unstable condensation. However, it is necessary
to ensure that steam ingestion in the ECCS sucnon line is not of concern during SRV steam
discharge.

An evaluation of steam ingestion concerns was performed when the ECCS suction strainer was
installed, and no adverse effect on the ECCS suction due to stcam ingestion was predicted for
VYNPS (Reference 26). Therefore, based on the results of this evaluation and Reference 24, the
local pool temperature limit specified in NUREG-0783 can be eliminated.

4.1.12 Containment Airspace Temperature RespbnSe

The short-term DBA-LOCA containment response analysis, which covers the blowdown period
during which the maximum drywell pressure and temperature occurs, shows that the peak DW
airspace temperature exceeds the structural design value of 281°F, as shown in Table 4-1.
However, the DW airspace temperature exceeds the shell design value of 281°F for less than
- 10 seconds, which is an insufficient duration to increase the DW shell temperature above the
design value. The analysis was performed at 102% of CLTP RTP and 102% of the CPPU RTP
conditions, using the method used during the Mark I Containment LTP, with the break flow and
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enthalpy calculated using 2 more detailed RPV modél (Reference 16). The results show that
CPPU has a negligible effect on the peak drywell airspace temperatures during the DBA-LOCA.

For the drywell airspace temperature response, the most severe result was obtained from the
analysis of small steam line breaks. Five steam line break sizes were analyzed: 0.02, 0.05, 0.1,
0.2 and 0.5 fi*. The highest peak airspace temperature among the five break sizes was 337.1°F,
which occurred prior to initiation of containment spray. The resultant peak shell temperature of
271.6°F is below the 281°F design value. The DW airspace temperature responses are used in
~ the evaluation of the CPPU effect on Envuonmental Quahﬁcatlon (EQ). The results of the EQ
evaluatlon are provided in Section 10.3.

The long-term wetwell airspace temperature essentially follows the suppression pool
temperature, and its peak value for the DBA-LOCA ‘is below the suppress:on chamber design
temperature of 281°F, as shown in T able 4-1.

“ Thus, the containment airspace temperature responses durmg the DBA-LOCA and more severe
‘steam line breaks are acceptable at CPPU conditions from the standpoint of the containment
structural design temperature.

-4.1.13 Short-Term Containment Pressure Response

~ A short-term containment response analysis was performed for the limiting DBA LOCA, which
assumes a2 double-ended guillotine break of a recirculation suction line, to demonstrate that
CPPU does not result in exceeding the containment design limits. The short-term DBA-LOCA
analysis covers a blowdown period during which the peak drywell pressure and temperature |
occur. This analysis was performed at 102% of the CPPU RTP, using the method used during
the Mark I Containment LTP, with the break flow and enthalpy calculated using a more detailed
‘RPV model (Reference 16). The results of this short-term analysis are summarized in Table 4-1.
The peak drywell pressure of 41.8 psig at CPPU conditions is below the design pressure of
56 psig. Also included in this table is the peak drywell pressure for the CLTP, as obtained with
the CPPU Method. As the table shows, CPPU results in a 0. 2-psi increase in the peak drywell
pressure for the DBA-LOCA. Compared with the value reported in the UFSAR, the CPPU
Method resulted in a 3.4-psi higher peak drywell pressure at CLTP.. The difference in results
indicates the higher degree of conservatism of the CPPU Method compared to the UFSAR
method. This higher degree of conservatism is pnmanly attributed to the use of the Moody’s
slip critical flow model.

The wetwell airspace experiences a secondary long-term pressure peaking around the time at

which the peak suppression pool temperature occurs. The value of this long-term peak wetwell

pressure for the DBA-LOCA at CPPU conditions (13.9 psig) is 2.8 psi higher than the
corresponding peak value at CLTP conditions, but is well below the design value of 56 psig.

Thus, the containment pressure rcsponsc!fo: the limiting DBA-LOCA is acceptable at CPPU
conditions. :
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4.1.2 | Containment Dynamic Loads
4,1.2.1 Loss-of-Coolant Accident Loads

The LOCA containment dynamic loads include pool swell, CO, and chugging (Reference 20).
For a Mark I plant like VYNPS, the vent thrust loads are also evaluated, as discussed in
Reference 20. Evaluation of the LOCA dynamic loads for CPPU is primarily based on the short-
term DBA-LOCA pressure and temperature response analysis. This analysis is performed as
described in Section 4.1.1.3, using the Mark I Containment LTP method, except that the break
flow is calculated using a more detailed RPV model (Reference 16). The application of this
‘model to CPPU containment evaluations is discussed in ELTR1. The DBA-LOCA pressure and
temperature response analyses provide the calculated values of the controlling parameters for the
dynamic loads throughout the blowdown. The key parameters are drywell and wetwell pressure,
vent flow rates, and suppression pool temperature '

The short-term DBA-LOCA containment responses for CPPU are within the range of test
conditions used to define the pool swell and CO loads for VYNPS. The containment responses
with CPPU, in which chugging would occur, are within the conditions used to define the
chugging loads. The vent thrust loads with CPPU are calculated to be less than plant-specific
values defined for VYNPS (Reference 23) during the Mark I Containment LTP.

Therefore, the existing definitions for the LOCA dynamlc loads remain applicable at CPPU
conditions.

4122 Safety Relief Valve Loads

The SRV air-clearing loads include SRVDL loads suppressmn pool boundary pressure loads,
and drag loads on submerged structures. These loads are affected by the SRV opening setpoint
pressure, water leg length in the SRVDL at the time of SRV opening, and SRVDL and
suppression pool geometry. The SRV loads ‘were evaluated for two different actuation phases:
initial actuation and re-actuation.

For the initial SRV actuation following an event involving RPV pressurization, the only
parameter change potentially introduced by CPPU, which can affect the SRV loads, is an
increase in the SRV opening setpoint pressure. However, CPPU does not include an increase in
the SRV opening setpoint pressures. Therefore, the SRV loads due to initial actuation for the
CPPU remain bounded by the existing load definition.

After the SRV closes, water re-floods the SRVDL, as the steam in the line is condensed and low
pressure is created. As the low pressure is created, the vacuum breaker in the SRVDL opens and
the water level goes down. The current load definition for SRV re-actuation used the maximum
reflood height, which depends upon the vacuum breaker capacity and line geometry. Because
these parameters are not affected by the CPPU, the exrstmg load definition for SRV re-actuation
also remains applicable at CPPU conditions.
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Therefore, the eXisting definitions for the SRV discharge loads remain applicable at CPPU
conditions. : ~

4123 Subcompartment Pressurization

The design capability of the sacrificial shield wall surrounding the reactor vessel is 134 psid.
UFSAR Section 12.3.5.2.1 describes the pressure differential due to a single-ended rupture of the
28-inch recirculation line as 110 psid for CLTP assuming 100% of the blowdown energy is
discharged into the annulus. Under CPPU conditions, the blowdown flow rate would increase
slightly due to the slight increase in subcooling in the water initially in the recirculation loops.
The effect of the increase in subcooling would be less than 3 psid on the resulting annulus
pressure, therefore adequate margin to the structural design value still remains.

4.1.3 Containment Isolation

The system designs for containment isolation are not affected by CPPU. The capabilities of
isolation actuation devices to perform during normal operations and under post-accident
conditions have been determined to be acceptable. Therefore, the VYNPS containment isolation
capabilities are not adversely affected by the CPPU.

- 414 Generic Letter 89-10 Program
Motor Operated Valves

The GL 89-10 Program MOVs were evaluated for the effects of CPPU, including the effects of
pressure locking and thermal binding per GL 95-07. The evaluation reviewed MOV system
calculation inputs for CPPU related changes to the current analysis. These inputs included
process pressure, process temperature, flow rate, valve differential pressure, ambient
temperature, and motor voltage.

These inputs were reviewed for all valve—operétiﬁg modes (including normal operating and post
accident conditions). Based on this review, there are no changes to the design functional
requirements of the MOV,

For some of the MOVs, the CPPU conditions are predicted to result in minor process fluid
condition changes or to increase ambient room temperatures (< 25°F for HELB events and
< 10°F for LOCA events) at the MOV locations. The affected valves will be analyzed through
MOV program calculation updates to determine any required adjustments. The program
document updates and any resulting changes in the current MOV settings will be implemented
prior to CPPU operation. CPPU MOV evaluations will be reflected in the VYNPS GL 89-10
program documentation. Based on the results of the program input review and evaluations, it is
expected that modifications to MOV valve and / or motor sizes will not be required.
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Air Operated Valves

Similar to the MOVs, Air-Operated Valves (AOVs) were reviewed to identify valves potentially
affected by CPPU conditions. The review determined that CPPU will have limited, if any, affect
on AOV design basis functions. Evaluation of affected valves may identify AOV or AOV
controller setting changes and/or modifications. Any required control setting changes or
modifications identified will be accomphshed pnor to CPPU implementation.

4. 1.5 Generic Letter 89-16

- In response to GL 89-16, VYNPS installed a hardened wetwell vent system “The hardened vent is
designed to mitigate loss of Decay Heat Removal (DHR) by providing sufficient wetwell venting
capability to prevent further containment pressurization with the containment at its pressure
limit. According to GL 89-16, the vent should be designed with sufficient capacity to
accommodate decay heat input equivalent to 1% of CLTP. At VYNPS, the hardened vent is
capable of accommodating 1.3% decay heat input based on CLTP, and can therefore
accommodate a power uprate of as much as 30% of CLTP. At the CPPU RTP conditions, the
existing hardened wetwell vent will exhaust a smaller percentage of RTP. Based on the as-built
design, the hardened wetwell vent will exhaust approxlmately 1.08% RTP at 1912 MWt (CPPU
RTP).

4.1.6 Generic Letter 96-06

The VYNPS response to GL 96-06 was accomplished in part using the limiting drywell
temperature, pressure, and steam mass fraction time histories for CLTP conditions. The results
of the containment analysis presented within this section are bounded by the CLTP conditions
assumed for the analysis of affected in-containment piping. Therefore, the exlstmg VYNPS
- response to GL 96-06 remains valid for CPPU. '

42 EMERGENCY CORE COOLING SYSTEMS

‘Each ECCS is discussed in the following subsections. The effect on tﬁe functional capability of
each system, due to CPPU is addressed. The assumption of constant pressure minimizes the
-effect of CPPU for ECCS evaluation. The topics addressed in this evaluatlon are:

Topic ' CPPU Disposition VYNPS Result
4.2.1 High Pressure Coolant Injection S | |
4.2.2 High Pressure Core Spray -
423 Core Spray
4.2.4 Low Pressure Coolant Injection

4.2.5 Automatic Depressurization - _
4.2.6 ECCS Net Positive Suction Head _ ‘ 1

4-7
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4.2.1 High Pressure Coolant Injection

The HPCI system is designed to pump water into the reactor vessel over a wide range of
operating pressures. The primary purpose of the HPCI system is to maintain reactor vessel
coolant inventory in the event of a small break LOCA that does not immediately depressurize the
reactor vessel. In this event, the HPCI system maintains reactor water level and helps
depressurize the reactor vessel. The adequacy of the HPCI system is demonstrated in
Section 4.3.

[f o o ]] For CPPU, there is no
change to the maximum nominal reactor operatmg pressure and the SRV setpoints remain the
same. [[ o

c 1] The NPSH required by the
HPCI pump [[

1
4.2.2 High Pressure Core Spray

The High Pressure Core Spray system is not applicable to VYNPS.
4.2.3 Core Spray or Low Pressure Coi'é, Spray
The Low Pressure Core Spray (LPCS)'systém is not applicable to VYNPS.

The CS system is automatically initiated in the event of a LOCA. When operating in
conjunction with other ECCS, the CS system is required to provide adequate core cooling for all
LOCA events. There is no change in the reactor pressures at which the CS is required.

The CS system sprays water into the reactor vessel after it is depressurized. The primary
purpose of the CS system is to provide reactor vessel coolant inventory makeup for a large break
LOCA and for any small break LOCA after the reactor vessel has depressurized. It also provides
long-term core cooling in the event of a LOCA. The CS system meets all applicable safety
criteria for the CPPU. The adequacy of the CS system performance is demonstrated by the
margins discussed in Section 4.3.
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‘The higher suppression pool temperature (194 '7°F) and contaimhent pressure during a postulated
LOCA (Section 4.1) do not affect hardware capabilities of CS equlpment except for the CS
' pump seals.

The peak suppression pool temperature durmg a limiting LOCA remains below the CS pump
seal design temperature of 210°F. However, this temperature exceeds the maximum operating
temperature of 185°F analyzed for the pump seals. Either the pump seals will be re-qualified for
‘the peak suppression pool temperature, or a modification will be ‘completed to ensure seal
operation prior to the CPPU 1mp1ementat10n

I

| )
4.2 4 Low Pressure Coolant Injection

The LPCI mode of the RHR system is automatncally initiated in the event of a LOCA. The
primary purpose of the LPCI mode is to help maintain reactor vessel coolant inventory for a
large break LOCA and for any small break LOCA after the reactor vessel has depressurized.
The LPCI operating requirements are not affected by CPPU. The adequacy of this system is
demonstrated by the margins discussed i in Sectlon 43,

It

1
4.2.5 Automanc Depressurization System o

. The ADS uses SRVs to reduce the reactor pressure following a small break LOCA when it is

assumed that the high-pressure systems have failed. This allows the CS and LPCI to inject
coolant into the reactor vessel. The adequacy of thxs system is demonstrated by the margins
discussed in Section 4.3. [

1
42.6 ECCS Net Positive Suction Head

Following a LOCA, the RHR and CSpumps operate to provide the required core and
containment cooling. Adequate NPSH is required during this period to assure the essential pump
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operation. The NPSH for the ECCS pumps was evaluated for the limiting conditions following a
DBA LOCA. The limiting NPSH conditions occur during long-term post-LOCA pump
operation and depend on the total pump flow rates, debris loading on the suction strainers, and
suppression pool temperature.

The NPSH for each pump was calculated based on the expected ﬂow rates during the short-term
and long-term ECCS pump operation. The pump flow rates for the short-term case are
7400 (14,200) gpm total RHR flow for single (two) pump operation and 4600 gpm total CS flow.
The pump flow rates for the long-term case are 7400 gpm total RHR flow and 3500 gpm total CS
flow. The debris loading on the suction strainers and the methodology used to calculate
available ECCS NPSH for CPPU are the same as the pre-CPPU conditions. The containment
response temperature and pressure profiles are CPPU specific. CPPU RTP operation increases
the reactor decay heat, which increases the heat addition to the suppression pool following a
LOCA. As a result, the suppression pool water temperature and containment pressure increase.

The assumptions used in the CPPU containment response analyses maximize the suppression
pool temperature and minimize the containment pressure. These include operation of the RHR
pumps for containment cooling in the containment spray mode after 10 minutes. The analyses
then assume that the operators establish long-term containment cooling and control ECCS flow.

Short-term and long-term containment analyses were performed for the CPPU conditions (short-
term from O to 600 seconds and long-term from O until the end of the event). The short-term
containment analysis shows that the peak suppression pool temperature of 165.1°F occurs at
600 seconds after the LOCA event when the suppression pool pressure is 17.75 psia. The long-
- term containment analysis shows that the peak suppression pool temperature of 194.7°F occurs
* at 24,094 seconds after the LOCA event when the suppression pool pressure is 22.77 psia. The
"NPSH analyses conclude that containment overpressure is needed to meet long-term NPSH
requirements. Table 4-2 shows the overpressure credit and Figure 4-6 shows the containment
overpressure available, the required overpressure, the overpressure credxt, and NPSH margins
during the long-term DBA LOCA at CPPU conditions.

Based on the above, VYNPS is requesting approval of the “stepped” overpressure credit shown
in Table 4-2 and Figure 4-6 to meet DBA LOCA long-term NPSH requirements.

RHR is required to operate during an ATWS event. CPPU RTP operation increases the reactor
decay heat, which increases the heat addition to the suppression pool following this event (see
Section 9.3.1). As a result, the peak suppression pool water temperature and peak containment
pressure increase. The NPSH evaluation at these peak pool temperatures shows that adequate
overpressure is available to satisfy NPSH requirements for these pumps during an ATWS event.

RHR is also required to operate during SBO and Appendix R fire events. CS is required to
operate during an Appendix R fire event. CPPU RTP operation increases the reactor decay heat,
which increases the heat addition to the suppression pool following these events (see
Sections 6.7.1 and 9.3.2). As a result, the peak suppression pool water temperature and peak
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containment pressure increase. The NPSH evaluation at these peak pool temperatures shows that
adequate overpressure is available to satisfy NPSH requirements for these pumps.

The HPCI system primary function is to provide reactor inventory makeup water and assist in
depressurizing the reactor during an intermediate or small break LOCA. HPCI system operation
is also credited during ATWS, Appendix R, and SBO events. The available NPSH and required
NPSH for the HPCI pump are not changed for CPPU, because the system configuration and the
specified operatlonal temperature limit for the process water do not change

43 EMERGENCY CORE COOLING SYSTEM PERFORMANCE

The VYNPS ECCS is designed to provide protectlon against postulated LOCAs caused by
ruptures in the primary system piping. The ECCS performance characteristics will not be
changed for CPPU. ECCS-LOCA performance analyses demonstrate that the 10 CFR 50.46
requirements continue to be met at the CPPU RTP conditions. The VYNPS toptcs addressed in
this evaluation are: :

Topic - | CPPU Disposition VYNPS Result

Large break peak clad temperature ~ limiting B | |
case -

Large break peak clad temperature - limiting .
event analysis

Small break peak clad temperature - break
spectrum '

| Small break peak clad temperature ~ ADS -
capacity

- | Local cladding oxidation

Core wide metal water reaction

Coolable geometry - 7
Long-term cooling - ' 11

[t

]1 The break spectrum response is determmed by the ECCS
network design and is common to all BWRs i

4-11
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1

The LBPCT was determined based on the calculated Appendix K PCT at rated core flow with an
adder to account for uncertainties. The CPPU GE14 LBPCT is 1960°F at CPPU RTP and rated
core flow. This is S0°F greater than the LBPCT at the pre-CPPU conditions. The CPPU GE13
LBPCT is 1940°F at CPPU RTP and rated core fiow. This is 40°F greater than the LBPCT at the
pre-CPPU conditions (see Table 4-3). The LBPCT for GE14 and GE13 fuel are bounding for
GE9 fuel. Although the PCT changes due to CPPU are greater than the typically seen 20°F,
these changes are small compared to the margin to the 2200°F licensing limit that the bounding
LBPCTs of 1960°F and 1940°F provide. In addition, the effect on the LBPCT adder is’
negligible considering the margin to the 2200°F licensing limit. The ECCS-LOCA results for

VYNPS are in conformance with the error reporting requirements of 10 CFR 50.46 through

notification number 2003-003.

In addition to the large break LOCA analysns the small break LOCA response was reviewed in
order to assure adequate ADS capacnty (.

]] there is sufficient ADS capacity at CPPU conditions. Also, the
plant performance improvement of one SRV OOS remains valid with CPPU.

For SLO, a multiplier is applied to the Two-Loop Operation (TLO) Planar Linear Heat
Generation Rate (PLHGR) and MAPLHGR limits. The SLO PLHGR and MAPLHGR
multiplier for each fuel type is set at a value that assures the expected SLO PCT will remain -
below the TLO PCT. Because the PCTs have increased for CPPU, and the operating conditions
for SLO are not changed with CPPU, the current value for the SLO PLHGR and MAPLHGR
multipliers remain acceptable for CPPU

ARTS limits are unaffected by CPPU Also, the effect of ICF on PCT is negligible with CPPU,
Thus the ARTS limits, as well as the ICF domain, remain valid with CPPU.

- 4-12
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44 MAIN CONTROL ROOM ATMOSPHERE CONTROL SYSTEM

The VYNPS topic addressed in this evaluation is:

Topic CPPU Disposition VYNPS Result
Iodine intake n 1

The Control Room Heating, Ventilation, and Air Conditioning (HVAC) system is designed to
provide appropriate temperature conditions for personnel and equipment in the Control Room
during any mode of operation or the most adverse emergency condition. CPPU adds negligible
heat loading to this area, as the majority of the heat loads are from components and personnel
already in the Control Room prior to CPPU.

The Control Room HVAC system is also deSigned to allow manual isolation of the Control
Room, from within the Control Room, by placing the HVAC system into the recirculation mode.

VYNPS has separately submitted an LAR (Reference 27) describing the full implementation of
the Alternative Source Term (AST) methodology that complies fully with RG 1.183. The AST
‘evaluation calculated the Control Room dose for all DBAs with the assumption that the post-
isolation air inleakage is equal to the pre-isolation value. The evaluation also considered new
source-to-receptor pathways to comprehensively evaluate the Control Room dose. The
conservative results demonstrate that the CPPU dose to the Control Room occupants will be less
than the 30-day S-rem Total Effective Dose Equivalent (TEDE) dose limit for the limiting DBA
LOCA. Table 4-4 summarizes the Control Room doses from the AST analyses.

45 STANDBY GAS TREATMENT SYSTEM

The Standby Gas Treatment System (SGTS) is des1gned to maintain secondary containment at a
negative pressure and to filter the exhaust air for removal of fission products potentially present
during abnormal conditions. By limiting the release of airbomne particulates and halogens, the
SGTS limits off-site dose following a postulated DBA. The topics addressed in this evaluation
are: :

Topic CPPU Disposition VYNPS Result
Flow capacity i
Iodine removal capability ‘ ' 1

The design flow capacity of the SGTS was selected to maintain the secOndory containment at the

required negative pressure to minimize the potent1a1 for exﬁltratlon of air from the reactor
building. {[
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1l The.
total (radioactive plus stable) post-LOCA iodine loadmg on the charcoal adsorbers increases
proportionally with the increase in core iodine inventory, which is proportional to core thermal
power (Section 9.2). Sufficient charcoal mass is present so that the post-LOCA iodine loading
on the charcoal remains below the guidance provided by RG 1.52.

While decay heat from fission products accumulated within the system filters and charcoal
adsorbers increases in proportion to the increase in thermal power, the cooling air flow required
to maintain components below operating temperature limits is well below the cooling flow
capability of the system.

In support of the above conclusions, [[ e ']] analysis was performed and documented
in the CLTR to evaluate the SGTS at fac111tles that have received approval under 10 CFR 50.67
to implement an AST. [[ : ,

1

The results of the AST evaluation, applicable to VYNPS, show that the maximum charcoal
loading, based on only 50 pounds of charcoal per adsorber train, is approximately [[ n
of total iodine per gram of charcoal. This is {[ ~ -~ ]] the 2.5 mg/gm maximum value in
RG 1.52. The maximum component temperature is approximately [[ ]} with normal flow
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conditions aﬁd [[ 1] under conditions of a failed fan with minimum éooling flow, which
is well below the [[ 1] charcoal ignition temperature.

[l
1
4.6 MAIN STEAM ISOLATION VALVE LEAKAGE CONTROL SYSTEM
VYNPS does not use a Mam Steam Isolation Vaive Leakage Control S};stem (MSIV-LCS).
a1 POST-LOCA COMBUSTIBLE GAS CONTROL SYSTEM

The Combustible Gas Control System is designed to maintain the post-LOCA concentration of
oxygen or hydrogen in the containment atmosphere below the lower flammability limit. The
topics addressed in this evaluation are: '

Topic : CPPU Disposition |  VYNPS Result
System initiation time g

Recombiner operating temperature
Nitrogen makeup ' N 11

As a result of CPPU, the post-LOCA production of hydrogen and oxygen by radiolysis increases
proportionally with power level. This increase in radiolysis has an effect on the time available to
start the system before reaching the RG 1.7 lower flammability limit of 5% oxygen by volume in
the containment. Under CPPU conditions, the required start time for the VYNPS Containment
Atmosphere Dilution (CAD) system is 37 hours, a sufficient time period to allow operators to
- respond during the postulated LOCA event. The integrated hydrogen production rates from
radiolysis and metal-water reaction are shown in Figure 4-1. ' Uncontrolled and controlled
hydrogen and oxygen concentrations in the drywell and wetwell are shown in Figures 4-2 and
4-3. S

The addition rate of mtrogen required to maintain the contamment below the 5% oxygen lower
flammability limit remains within the delivery capability of the system. Analysis of the containment
pressure buildup as a result of continning CAD operation -shows that the containment
repressurization limit of 28 psig (i.e., 50% of design pressure) is reached 35 days post-LOCA. The
integrated nitrogen volume requirement and pressure response of the drywell are shown in
Figures 4-4 and 4—5

: Therefore, the VYNPS Combustible Gas Cohtrol System is capable of meeting its design basis

function of controlling oxygen concentration below the 5% lower flammability limit and thereby
ensuring containment integrity following a postulated DBA LOCA under CPPU conditions.
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Table 4-1

VYNPS Contamment Performance Results
... ‘| UFSAR | CPPUMethed:| - |
Peak Drywell Pressure 38.2 41.6 418 56
(psig) 3 ,, A
Peak Drywell Airspace 284 287.7 287.8 281 7%
Temperature (°F) ' : g
Peak Bulk Pool 1826 182.4 194.7 281
Temperature (°F) :
Long—term Peak Wetwell N/A 11 13.9 56
Pressure > * (psig) R 7 :
Peak Wetwell Airspace N/A 1824 194.7 281
Temperature (°F) : ‘
Notes:

1. The CPPU Method, which was used for the CPPU analysis, was used for CLTP to compare
with the CPPU results on a common analysis basis.

2. The 281°F value is the structure design temperature. The DW alrspace temperature
~ exceeds the shell design value of 281°F for less than 10 seconds, which is an insufficient
duration to increase the DW shell temperature above the design value.

3. The wetwell pressure peaks early in the event, and then peaks again around the time at
which the wetwell airspace temperature peaks. This secondary peak temperature is
presented as the long-term peak wetwell pressure for evaluation of the effect of CPPU.

- 416




NEDO-33090

Table 4-2 |
VYNPS Overpressure Credit for NPSH DBA LOCA - Long-Term

- Time After LOCA (sec) | Overpressure Credit (psig)
601 24
2,000 i 24
2,001 ' 34
4,000 | , 3.4
4,001 R P 4.4
6,000 ' ' 4.4
6001 51
9,000 - ‘ 5.1
9,001 R 6.1
40,000 S 6.1
40,001 SR 5.6
50,000 - 56
s0001 | 5.1
60,000 ' 5.1
60,001 1 46
70,000 ' 4.6
70,001 - 4.1
80,000 4.1
80,001 3.6
90,000 ' 3.6
90,001 3.1
110,000 3
110,001 26
130,000 26
130,001 21
150,000 : -2l
150,001 T
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Overpressure Credit ()

170,000 17

170,001 ' 13 .

180,000 ‘ 13
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' Table 4-3

VYNPS ECCS Performance Results

Method SAFER/GESTR | SAFER/GESTR
Power 104.5% of CLTP | 120% of CLTP .
. Licensing Basis PCT (°F) 1900 (GE13) * 1940 (GE13) <2200
1910 (GE14) * 1960 (GE14) ~
. Cladding Oxidation <30 <3.0 <17
(% Original Clad Thickness) ~ , '
. Hydrogen Generation, Core-wide <0.1 <0.1 <1.0
Metal-Water Reaction (%) ' :
4. Coolable Geometry OK OK Meet Criteria 1 and 2.
. Core Long Term Cooling -OK OK Core flooded to TAF
or
Core flooded to jet
pump suction elevation
and at least one CS

system is operating at
rated flow.

Note:

1. The current power LBPCT at the 104.5% CLTP power level and ratéd flow conditions is

calculated for the CPPU analysis. This allows for comparison with the CPPU LBPCT
results, because existing current power LBPCT results are based on a different flow

condition.
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© Table 44
VYNPS Control Room Dose from DBAs

o ioDose i
T T L B sl (rem TEDE) 5
LOCA (30 day) R 34
MSLB ! (2 hour) B 2.0
Control Rod Drop Accident (CRDA) 0.4
(30 day) )
Fuel Handling Accident (FHA) 0.153
(2 hour) o - ]

Note:
1. MSLB results based on 4.0 pCi/gm I-131 Dose Equivalent.
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Figure 4-1

VYNPS Time-integrated Containment Hydrogen Generation at CPPU
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' Figure 4-2
VYNPS Uncontrolled H; and O; Concentrations in Drywell and Wetwell at CPPU

30
—— Oxygen
..... 7.Hydmen

25
£
[ ]
E
2
©
2‘-
§ 15
g
¢ 10 -
(3] Drywell axygen reaches

5% at 37 hours - \
4,.:: ........ \ Wetwell oxygen reaches
.--'..|==: =" 5% at 119 hours
ssrseRrEEssIIRaaseseNss sopuoarerre®tii
0 : :
0.01 0.1 I | 10 100

Time After LOCA (days) -

4-22



NEDO-33090

" Figure 4-3 |
VYNPS Controlled H, and O, Concentrations in Drywell and Wetwell at CPPU
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Nitrogen Added to Containment (scf at 60°F and 14,7 psia)
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- Figure 4-4

VYNPS CAD System Nitrogen Volume Requirement at CPPU
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Contalnment Pressure (pslg)
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Flgure 45

VYNPS Drywell Pressure Response to CAD Operation at CPPU
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‘ Figure 4-6
Overpressure Required for NPSH DBA LOCA - Long-Term
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5. INSTRUMENTATION AND CONTROL

This section primarily focuses on the information requested in RG 1.70, Chapter 7, as it applies
to CPPU. The principal instrumentation affected by CPPU is addressed in the following.

51 NSSS MONITORING AND CONTROL

The instruments and controls used to monitor and directly interact with or control reactor
parameters are usually within the NSSS. Changes in process variables and their effects on
instrument performance and setpoints were evaluated for CPPU operation to determine any
related changes. Process variable changes are implemented through changes in normal plant
operating procedures. Technical Specifications address instrument limits for those NSSS sensed
variables that initiate protective actions. The effect of CPPU on Technical Spemﬁcatlons is
addressed in Section 5.3. The topics addressed in this evaluation are:

Topic - | CPPU Disposition VYNPS Result
5.1.1.1  Average Power Range Monitors, |  [[
Intermediate Range Monitors,

and Source Range Monitors
5.1.12  Local Power Range Monitors
5.1.1.3  Rod Block Monitor

5.12 Rod Worth Minimizer/Rod =~ 11
Control Information System

5.1.1 Neutron Monitoring System

CPPU affects the performance of the Neutron Monitoring System. These performance effects
are associated with the APRMs, Intermediate Range Monitors (IRMs), Source Range Monitors
(SRMs), Local Power Range Monitors (LPRMs), RBM, and Rod Worth Minimizer (RWM).

5.1.1.1 Average Power Range Monitors, Intermednate Range Momtors, and Source Range
Monitors :

The increase in power level due to CPPU increases the average flux in the core and at the in-core
detectors. The APRM power signals are calibrated to read 100% at the new licensed power (i.e.,
CPPU RTP). CPPU has little effect on the IRM overlap with the SRMs and the APRMs. Using
normal plant surveillance procedures, the IRMs may be adjusted, as required, so that overlap
with the SRMs and APRMs remains adequate. -

The SRM, IRM, and APRM Systems installed at VYNPS are in accordance with the requirements
established by the G