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IMPORTANT NOTICE REGARDING

CONTENTS OF THIS REPORT

Please Read Carefully

The only undertakings of the General Electric Company (GE) respecting information in this
document are contained in the contract between PSEG Nuclear LLC (PSEG) and GE, Contract
Order No. 4500156097, effective May 10, 2002, and nothing contained in this document shall be
construed as changing the contract. The use of this information by anyone other than PSEG, 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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1.0 INTRODUCTION

Many factors restrict the flexibility of a Boiling Water Reactor (BWR) during power ascension
from the low-power/low-core flow condition to the high-power/high-core flow condition. Once
rated power is achieved, periodic adjustments must also be made to compensate for reactivity
changes due to xenon effects and fuel burnup. Some of the factors currently existing at Hope
Creek Generating Station (HCGS) that restrict plant flexibility in quickly achieving rated power
are:

1. The currently licensed allowable operating power/flow map;

2. The Average Power Range Monitor (APRM) flow-biased flux scram and flow-biased rod
block setdown requirements; and

3. The Rod Block Monitor (RBM) flow-referenced rod block trip.

The expansion of the power/flow map due to Maximum Extended Load Line Limit Analyses
(MELLLA) permits improved power ascension capability by extending plant operation at rated
power with less than rated core flow (RCF) during the fuel cycle.

The current APRM and RBM flow-biased rod block trips restrict the power ascension capability
of BWRs. These operating restrictions are further compounded by the existing setdown
requirements for these trips. The operating restrictions resulting from the existing APRM and
RBM systems can be significantly relaxed or eliminated by the implementation of a series of
APRM/RBM Technical Specification (ARTS) improvements. These improvements increase
plant operating efficiency by updating the thermal limits administration. The operating
flexibility associated with the ARTS activities complement those of the MELLLA mode of
operation. The improvements associated with ARTS, along with the objectives attained by each
improvement, are as follows:

1. A power-dependent Minimum Critical Power Ratio (MCPR) thermal limit similar to that
used by BWR6 plants is used for reactor thermal limits administration.

2. The APRM trip setdown requirement is replaced by more direct power- and
flow-dependent thermal limits to reduce the need for manual setpoint adjustments and to
allow more direct thermal limits administration. This improves human/machine interface
because there is no longer a need to monitor the peaking factor and make setpoint
adjustments, updates thermal limits administration, increases reliability by eliminating
unnecessary restrictive situations with the APRM setdown, and provides more direct
protection of plant safety by providing direct thermal limits for off-rated conditions.

3. Justification is provided for raising the current flow-biased RBM trip setpoints to a power
level outside the new MELLLA operating domain.

4. The Rod Withdrawal Error (RWE) evaluation is performed assuming no rod block signal
from the flow-biased RBM setpoints.

1-1
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This report presents the results of the safety analyses and system response evaluations performed
for operation in the region above the rated rod line for a representative core with the GE14 fuel-
type. This report also addresses the HCGS license condition, which allows partial feedwater
heating (FWTR) per the operating license requirements. The current operating envelope is
extended to include the operating region bounded by the rod line which passes through the 100%
current licensed thermal power (CLTP) / approximately 77% core flow point as shown in
Figure 1-1. The technical analysis and evaluations are referred to as ARTS/MELLLA analyses.
Plant operational boundaries as shown in Figure 1-1 that are beyond the current licensed
allowable operating power/flow map are referred to as the MELLLA region. Operation in the
MELLLA region is intended to enhance the plant operational flexibility and increase plant
capacity factor.

1.1 Background

HCGS is based on the BWR4 standard plant design that included minimum critical heat flux
ratio (MCHFR) as the thermal margin criterion. This MCHFR basis included operating,
overpower, and safety limit values that along with a design power peaking factor, conservatively
translate to the rated power load line, 108% load line, and 120% load line, respectively (thus, the
APRM flow-biased rod block and scram protection functions). Therefore, these APRM flow-
biased setpoint values originate with a deterministic overpower. Later, with the change to the
MCPR thermal margin basis under which HCGS was originally licensed, studies concluded that
the Safety Limit MCPR (SLMCPR) would be met for the design basis transients with the
peaking restrictions being conservative for off-rated transients. The HCGS Updated Final Safety
Analysis Report (UFSAR) includes the results of rated power transients, which establish the
Operating Limit MCPR (OLMCPR).

With the proposed change to the ARTS basis, the power peaking factor restrictions are replaced
with power and flow dependent limits. However, the flow-biased APRM rod block and scram
remain as design features, though only the scram is sometimes credited. The other changes that
have taken place over the years for the APRM flow-biased functions are a reduction in the slope,
from 0.66 to 0.58, to improve the ability to reach the rated load line at lower flow, the addition of
setpoint uncertainties to the nominal values, and the restoring of margin to the operating load
line for MEOD/MELLLA. The original 0.66 APRM flow-biased slope reflected the general
relationship between power and flow of 2 to 3 ratio, but using drive flow was deemed too
conservative for low flows, thus the 0.58 slope was justified for ELLLA (Reference 11).
However, PSEG has maintained the original 0.66 APRM flow-biased slope, which is
conservative for HCGS.

For HCGS, the original basis for operating in the ELLLA region is provided in Reference 11,
which is also the original basis for operating in the increased core flow (ICF) region. ARTS /
MELLLA / ICF reports are issued for other applicable plants on an individual basis.

Plants with full ARTS / MELLLA / ICF implemented are: Hatch Units 1 and 2, Duane Arnold
(no ICF), Cooper, Pilgrim, Fermi, Monticello, Brunswick Units 1 and 2, Peach Bottom Units 2
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and 3, Limerick Units 1 and 2, and Browns Ferry Units 2 and 3. Plants with partial ARTS /
MELLLA / ICF implemented are: LaSalle Units 1 and 2, Dresden Units 2 and 3, and Quad Cities
Units 1 and 2. The plant with partial ARTS currently under NRC review is Vermont Yankee.
The plant with partial ARTS to be submitted is Fitzpatrick.

The power/flow operating map (Figure 1-1) includes the operating domain changes for
ARTS/MELLLA consistent with approved operating domain improvements for other BWRs.
This performance improvement program expands the operating domain along the approximate
119% rod line to 100% CLTP at approximately 77% core flow. (The 119% rod line was
determined by adjusting the typical 120.8% MELLLA boundary line by the thermal power
optimization (TPO) power factor of 1.014.) This operating domain is defined by the following
boundaries:

* The MELLLA boundary line, extended up to the existing maximum CLTP of 3339 MWt.
The MELLLA boundary is defined as a function of core flow as noted below and passes
through the 100% CLTP / approximately 77% core flow state point.

* The CLTP of 3339 MWt.

The MELLLA boundary line defines an increase in the extent of the current operating domain
above the ELLLA region (see Reference 11) currently licensed for HCGS.

[[I

1.2 ARTS/MELLLA Bases

1.2.1 Analytical Bases

The ARTS/MELLLA application is determined on a plant-specific basis via a safety and impact
evaluation in meeting thermal and reactivity margins for BWR plants. When compared to the
existing power/flow operating domain, operation in the MELLLA region results in plant
operation along a higher rod line, which at off-rated operation allows for higher core power at a
given core flow. This increases the fluid subcooling in the downcomer region of the reactor
vessel and alters the power distribution in the core in a manner that can potentially affect steady-
state operating thermal limit and transient/accident performances. The effect of this operating
mode has been evaluated to support compliance with the required fuel thermal margins during
plant operation. This report presents the results of the safety analyses and system response
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evaluations performed for operation of HCGS in the region above the ELLLA and up to the
MELLLA boundary line.

The safety analyses and system evaluations performed to justify operation in the MELLLA
region consist of a non-fuel dependent portion and a fuel dependent portion. In general, the
limiting anticipated operational occurrences (AOOs) MCPR calculation and the reactor vessel
overpressure protection analysis are fuel dependent. These analyses, as discussed in this report,
are based on the assumption of a representative core with GE14 fuel. Subsequent cycle-specific
analyses will be performed by PSEG Nuclear LLC (PSEG) in conjunction with the reload
licensing activities using the approved methodologies for HCGS. The non-fuel dependent
evaluations such as containment response are based on the current hardware design and plant
geometry, and as such they are applicable to HCGS. The limiting AO0s, as identified in
Reference 1, were reviewed for the MELLLA region based on a review of existing thermal
analysis limits at plants similar to HCGS and use of generic power-dependent and generic flow-
dependent MCPR and Maximum Average Planar Linear Heat Generation Rate (MAPLHGR) (or
LHGR) limits. For the fuel-dependent evaluations of the limiting AOOs, these reviews indicate
that the OLMCPR for operation in the MELLLA region remains bounded by the generic power
and flow dependent limits. The analyses results also indicate that performance in the MELLLA
region is within allowable design limits for overpressure protection, loss-of-coolant accident
(LOCA), containment dynamic loads, flow-induced vibration and reactor internals structural
integrity, and Anticipated Transient Without Scram (ATWS) licensing criteria.

The analyses which justify operation in the MELLLA region under the stated conditions are
discussed in this report and its supporting references. These analyses include fuel performance
event evaluations, mechanical evaluations of the reactor internals, structural vibration
assessment, LOCA evaluations, and containment loads evaluations. Nuclear Regulatory
Commission (NRC)-approved or industry-accepted computer codes and calculational techniques
are used in the ARTS/MELLLA analyses. A list of the Nuclear Steam Supply System (NSSS)
computer codes used in the evaluations is provided in Table 1-1.

1.2.2 APRM Flow-Biased Simulated Thermal Power Scram and Rod Block Design Bases

Although they are part of the HCGS design configuration and Technical Specifications, the
APRM flow-biased simulated thermal power scram line and the APRM flow-biased rod block
line are not credited in any HCGS safety licensing analyses. The purpose of this section is to
discuss the setpoint changes for these systems for operational flexibility purposes.

For the current licensed power/flow map, the APRM flow-biased simulated thermal power -

upscale (scram) line is currently defined as:

Nominal Trip Setpoint 0.66 (W - AW) + 51%, clamp at 113.5%

Allowable Value 0.66 (W - AW) + 54%, clamp at 115.5%
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The APRM flow-biased neutron flux - upscale (rod block) line is currently set at:

Nominal Trip Setpoint 0.66 (Wv- aW) + 42%

Allowable Value 0.66 (W - AW) + 45%

The RBM flow-biased - upscale (rod block) values are currently defined as follows:

|Nominal Trip Setpoint |0.66 (W - AW) + 40%, clamp at 106% l

|Allowable Value |0.66 (W - AW) + 43%, clamp at 109% l

where W is the recirculation drive flow in percent of rated and AW is 9% for single loop
operation (SLO) and 0% for two loop operation (TLO).

With the proposed power/flow map expansion to include the MELLLA region, the upper
boundary of the licensed operating domain is extended to approximately the 119% rod line. To
accommodate this expanded operating domain, the following setpoints and allowable values
(AVs) are redefined:

The APRM flow-biased simulated thermal power - upscale (scram):

Nominal Trip Setpoint 0.66 (W - AW) + 66%, clamp at 113.5%

Allowable Value 0.66 (W - AW) + 69%, clamp at 115.5%

The APRM flow-biased neutron flux - upscale (rod block) line:

Nominal Trip Setpoint 0.66 (W - AW) + 57%, clamp at 108%

Allowable Value 0.66 (W - AW) + 60%, clamp at 111 %

where W is the recirculation drive flow in percent of rated and AW is 9% for SLO and
0% for TLO.

The evaluation of the RWE event was performed without taking credit for the mitigating effect
of the RBM flow-biased setpoints (See Section 4.0). Therefore, the RBM values are revised to
alleviate operational constraints.

The RBM flow-biased - upscale (rod block) values are defined as follows:

Nominal Trip Setpoint 0.66 (W - AW) + 65%, clamp at 116%

Allowable Value 0.66 (W - AW) + 68%, clamp at 119%

where W is the recirculation drive flow in percent of rated and AW is 9% for SLO and
0% for TLO.

The above AV revisions were performed using standard GE ARTS-MELLLA methodology.
The NTSPs were adjusted by the same difference as the changes in the AVs. This allows the
current license basis to be maintained through the application of the same uncertainties in the
same manner as previous setpoint evaluations.
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1.3 APRM INMPROVEMENTS

The functions of the APRM system are to:

1. Generate trip signals to automatically scram the reactor during core-wide neutron flux
transients before the actual core-wide neutron flux level exceeds the safety analysis
design bases. This prevents exceeding design bases and licensing criteria from single
operator errors or equipment malfunctions.

2. Block control rod withdrawal whenever operation occurs in excess of the APRM flow-
biased Rod Block setpoints in the operating map and before core power approaches the
scram level.

3. Provide an indication of the core average power level of the reactor in the power range.

The HCGS APRM system calculates an average of the in-core Local Power Range Monitor
(LPRM) chamber signals. The LPRMs are averaged such that the APRM signal is proportional
to the core average neutron flux and can be calibrated as a means of measuring core thermal
power. The APRM signals are compared to a recirculation drive flow-referenced scram trip and
a recirculation drive flow-referenced control rod withdrawal block trip.

The HCGS Technical Specifications require that the APRM setpoint provide adequate margin
for the Safety Limits through the application of an adjustment to the flow referenced trip setpoint
when the Core Maximum Fraction of Limiting Power Density (CMFLPD) is greater than or
equal to Fraction of Rated Thermal Power (FRTP). This requirement limits the maximum local
power at lower core power and flows to a fraction of that allowed at rated power and flow. If the
CMFLPD exceeds the FRTP, the flow-referenced APRM trips must be lowered (setdown)l to
limit the maximum power that the plant can achieve. The basis for this "APRM trip setdown"
requirement originated under the original BWR design Hench-Levy MCHFR thermal limit
criterion and provides conservative restrictions with respect to current fuel thermal limits.

The HCGS ARTS/MELLLA application utilizes the results of the AOO analyses to define initial
condition operating thermal limits, which conservatively assure that all licensing criteria are
satisfied without setdown of the flow-referenced APRM scram and rod block trips.

The objective of the ARTS/MELLLA APRM improvements is to justify removal of the APRM
trip setdown requirement. The following criteria assure satisfaction of the applicable licensing
requirements. They were applied to demonstrate the acceptability of elimination of the APRM
trip setdown requirement:

1. MCPR safety limit shall not be violated as a result of any AOO.

2. All fuel thermal-mechanical design bases shall remain within the licensing limits2.

l Alternately accomplished by APRM gain increases.

2 Described in the GE generic fuel licensing report GESTAR-Il (Reference 1) for GE fuel.
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3. Peak cladding temperature and maximum cladding oxidation fraction following a
LOCA shall remain within the limits defined in 10 CFR 50.46.

The safety analyses used to evaluate the operating limit MCPR such that the safety limit MCPR
is satisfied and to ensure that the fuel thermal-mechanical design bases are satisfied are
documented in Section 3.0 of this report. These analyses also establish the fuel type specific
power- and flow-dependent MCPR and MAPLHGR curves for HCGS. The effect on the LOCA
response due to the ARTS program implementation is discussed in Section 7.0 of this report.
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Table 1-1

Computer Codes Used for ARTS/lNIELLLA Analyses

NEDE-2401 1-P Rev. 0, Safety
Evaluation Report (SER)

Reactor Core and Fuel TGBLA 04 Y NEDE-30130-P-A
Performance PANAC 10 Y NEDE-30130-P-A

ISCOR 09 Y (1) NEDE-24011-P Rev. 0 SER

Reactor Internal LAMB 07 (2) NEDE-20566P-A
Pressure Differences TRACG 02 (3) NEDE-32176P, Rev 2, Dec 1999

NEDC-32177P, Rev 2, Jan 2000
NRC TAC No M90270, Sep 1994

ISCOR 09 Y (1) NEDE-24011-P Rev. 0 SER

Anticipated Transient PANAC 10 Y NEDE-30130-P-A
Without Scram ODYN 10 Y NEDC-24154P-A, Vol 4, Sup 1

STEMP 04 (4)
SHEX 05 Y (5)
ISCOR 09 Y (1) NEDE-2401 1-P Rev. 0 SER
TASC 03A Y NEDC-32084P-A, Rev. 2,

July 2002

Containment System M3CPT 05 Y NUREG-0661 and NUREG-0661,
Response Supplement 1

LAMB 08 (2) NEDE-20566P-A
SAP4GO7V 01 N/A NEDO-10909 (6)
COMPARE OA Y COMPARE Mod 1, LA-7199-

Mod I MS, March 1978

Notes:

(1) The ISCOR code is not approved by name. However, the SER supporting approval of
NEDE-24011-P 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.

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

(3) 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.

(4) 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 and II (NUREG-0460 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.

(5) 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 ANSI/ANS 5.1-1979 Decay Heat Source Term for
Containment Long-Term Pressure and Temperature Analysis," July 13, 1993.

(6) 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 previous power uprate submittals.
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Figure 1-1
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2.0 OVERALL ANALYSIS APPROACH

This section identifies the analyses that may be affected by the proposed MELLLA region. The
analyses performed in the following sections assume the current plant operating parameters. For
the transient and stability tasks, the evaluations will be revalidated as part of the subsequent
cycle-specific reload licensing analyses. For the remainder of the ARTS/MELLLA scope of
work, the results are applicable to HCGS, unless a plant configuration affecting this analysis is
changed.

Table 2-1 identifies the safety and regulatory concerns that are potentially affected as a result of
the ARTS/MELLLA. Each applicable safety and regulatory concern implied in the listed items
was reviewed to determine the acceptability of changing the power/flow map to include the
MELLLA range. In addition, the characteristics of each analyses, whether generic or plant-
specific, and cycle-dependent or cycle-independent, are identified in Table 2-2.
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Table 2-1
Analyses Presented in this Report

X . .. *.. ... ...* i* i. . ;;. . .

3.0 Fuel Thermal Limits Acceptable - Bounded by the limits presented in
Section 3.0 for a representative core with GE14
fuel.

4.0 Rod Withdrawal Error Acceptable for a representative core with GE14
fuel.

5.0 Vessel Overpressure Protection Acceptable - Bounded by the current evaluation
performed at 102% of CLTP.

6.0 Thermal-Hydraulic Stability Acceptable - Expanded Region for MELLLA.

7.0 LOCA Analysis Acceptable for a representative core with GE14
fuel.

8.0 Containment Response Acceptable - Bounded by the existing design
criteria or the current results.

9.0 Reactor Internals Integrity Acceptable - Bounded by the current results.

10.0 ATWS Acceptable - Bounded by the existing design
criteria or the current results.

11.0 High Energy Line Break Acceptable for steam line breaks and feedwater line
break - Bounded by the existing design criteria.
The mass and energy releases assumed in the
current HCGS design basis analysis for the current
Reactor Water Cleanup (RWCU) line high energy
line break (HELB) analysis are not bounding for
the MELLLA condition. PSEG will evaluate the
effect on environmental qualification (EQ) and
subcompartment loads.

12.0 Steam Dryer and Separator Acceptable - Bounded by the existing design
Performance criteria.

2-2



NEDO 33066 Revision 1

Table 2-2
Applicability of Analyses

Power-Dependent MCPR and Generic, with specific Cycle-independent unless a
MAPLHGR (or LHGR) limits confirmation for initial cycle-dependent review
(between rated power and application of a fuel type identifies a significant change
30% CLTP) (including margin to bound to the plant's licensing

future fuel cycles), analysis basis

Power-Dependent MCPR and Plant-specific, for initial Cycle-independent unless a
LHGR limits (between 30% application of a fuel type . cycle-dependent review
and 25% CLTP) (including margin to bound identifies a significant change

future fuel cycles), to the plant's licensing
.analysis basis

Flow-dependent MCPR and Generic, with specific Cycle-independent unless a
MAPLHGR (or LHGR) limits confirmation for initial cycle-dependent review

application of a fuel type identifies a significant change
(including margin to bound to the plant's licensing
future fuel cycles), analysis basis

ECCS-LOCA Plant-specific Cycle-dependent
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3.0 FUEL THERMAL LIMITS

The potentially limiting AQOs were evaluated to support HCGS operation in the MELLLA
region. The analyses from similar plants loading GE14 fuel were used to show the typical
OLMCPR sensitivity at the MELLLA operating condition. The governing MCPR, and LHGR or
MAPLHGR limits also include consideration of the RWE analyses (Section 4.0) and the LOCA
analyses (Section 7.0).

3.1 Limiting Corc-Wide AOO MCPR Analyses

The potentially limiting AOOs were analyzed for operation in the MELLLA region. The
following events were potentially limiting for OLMCPR consideration, and were therefore
reviewed for the MELLLA condition:

(1) Generator Load Rejection with No Bypass (LRNBP) event;

(2) Turbine Trip with No Bypass (TTNBP) event;

(3) Feedwater Controller Failure (FWCF) maximum demand event;

(4) Loss of Feedwater Heating (LFWH) event;

(5) Idle Recirculation Loop Start-up (IRLS) event; and

(6) Fast Recirculation Flow Increase (FRFI) event.

The core wide rapid pressurization events (LRNBP, TTNBP, and FWCF) were reviewed to
determine the typical OLMCPR sensitivity. The limits presented in Sections 3.2.1 through 3.2.4
bound the MELLLA, Increased Core Flow (ICF; 105% of RCF), end-of-cycle (EOC)
Recirculation Pump Trip (RPT) Out-of-Service (OOS), Coastdown, and HCGS license condition
2.C. (11), which states that the feedwater heating capacity should be such that at 100% core
power, feedwater temperature would be at least 400'F.

The LFWH event is not limiting for HCGS and the effect of ARTS/MELLLA on the LFWH
severity is sufficiently small that the LFWH remains not limiting for ARTSfMELLLA. The
LFWH is most severe when initiated at lower core flows because the feedwater to core. flow
proportion is higher, resulting in a larger LFWH enthalpy decrease. The LFWH event for other
similar plants with ARTS/MELLLA and GE14 fuel is not limiting compared to the
pressurization events. The LFWH OLMCPR is typically less than 1.24. The LFWH event is
less severe in the FWTR condition because of the lower feedwater flow. The OLMCPR from the
LFWH would still show a large margin to the LRNBP, TTNBP, and FWCF events. The LFWH
event is analyzed on a cycle specific basis.

The IRLS and FRFI events are less limiting at less than rated power and flow such that the
generic off-rated multipliers and operating limits are determined by one of the three fast
pressurization events (LRNBP, TTNBP, and FWCF). For the application of ARTS, the IRLS
basis is that there is an initial 501F AT between the idle and operating loops. This is an
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appropriate assumption for thermal limits calculations and is consistent with Technical
Specification requirements.

Below is a summary of the different Chapter 15 AOO events and a description/basis for not
evaluating these events.

1 Increase in Heat * The limiting events in this category (LFWH and FWCF) were
Removal by the considered for MELLLA. As described above, the LFWH is not
Reactor Coolant limiting. The trend of the pressure regulator failure open event is
System unchanged at MELLLA conditions and it remains a non-limiting

event. FWCF results have been provided in subsequent sections.
Representative FWCF results are provided in Table 3-1.

* The LFWH and FWCF events are analyzed on a cycle specific
basis.

2 Decrease in Heat * The limiting events in this category (LRNBP and TTNBP) were
Removal by the considered for MELLLA. Representative results are provided in
Reactor Coolant Table 3-1.
System * The LRNBP and TTNBP events are analyzed on a cycle specific

basis.

* Pressurization events with bypass are bounded by the events
without bypass.

* Other events in this category follow a similar trajectory as the
LRNBP, but are bounded by the LRNBP.

* The single main steam line isolation valve (MSTV) closure event
is a non-limiting event. Analysis at higher power/flow boundary
lines does not change the sequence of this event because the
timing to the high flux scram or high steam flow isolation
setpoint is approximately unchanged by the initial conditions.

* Loss of Feedwater Flow is not sensitive to the initial core flow
and was not analyzed. The MELLLA initial conditions present
higher initial core void fraction and a lower downcomer and core
inlet temperature. The higher initial void fraction results in a
slightly greater void collapse from the scram, but there is more
subcooling in the downcomer due to the slightly lower initial
temperature. The net result is a very small change in the
minimum level compared to the margin to the Top of Active Fuel

__ (TAF).

3 Decrease in * Results in core flow decrease and power decrease. MCPR
Reactor Coolant margin is maintained and is not limiting for any BWR.
System Flow Rate Evaluation of the potential entry into the limit cycle region is

addressed by the stability evaluation.
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..t.. .... .... . -- ---- ----

4 Reactivity and * RWE at startup and the Control Rod Drop Accident (CRDA) are
Power Distribution not applicable to MELLLA conditions.

Anomalies * RWE at power has a very small sensitivity to the initial core flow.
This event is analyzed on a cycle specific basis.

* IRLS and FRFI have been considered generically for the
introduction of GEl4 fuel and they are bounded by the generic
ARTS/MELLLA power and flow dependent limits.

* The misplaced bundle accident is highly dependent on the core
design. The initial core flow and rod line are not key inputs to
the analysis, which is performed at rated conditions. This event
is analyzed on a cycle specific basis.

5 Increase in * The inadvertent High Pressure Coolant Injection (HPCI) is
Reactor Coolant evaluated for the cycle specific calculations and is typically
Inventory bounded by the LFWH. The HPCI event was considered

generically for the introduction of GEl4 fuel and is bounded by
the generic ARTS/MELLLA power and flow dependent limits.
This event is analyzed on a cycle specific basis.

6 Decrease in * The AOO in this category is the inadvertent opening of a safety
Reactor Coolant relief valve (SRV). This is a mild event with small changes in
Inventory pressure and power. MELLLA initial conditions do not change

the basic trend and magnitudes for this event.

7 Radioactive * There are no AOOs in this category.
Release from
Subsystems and
Components

3.1.1 Elimination of APRM Trip Sctdown

Extensive transient analyses at a variety of power and flow conditions were performed during
original development of the ARTS improvement program. These evaluations are applicable for
operation in the MELLLA region. The analyses were utilized to study the trend of transient
severity without the APRM trip setdown. A database was established by analyzing limiting
transients over a range of power and flow conditions. The database included evaluations
representative of a variety of plant configurations and parameters such that the conclusions
drawn from the studies would be applicable to all BWRs. The database was utilized to develop a
method of specifying plant operating limits (MCPR, and LHGR or MAPLHGR), which assures
that margins to fuel safety limits are equal to or larger than those applied currently.

The generic evaluations determined that the power-dependent severity trends must be examined
in two power ranges. The first power range is between rated power and the power level (Ptypass)
where reactor scram on turbine stop valve closure or turbine control valve fast closure is
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bypassed. PBypass for HCGS is 30% of CLTP. The second power range is between PBYPass and
25% of CLTP. No thermal monitoring is required below 25% of CLTP (Technical
Specification 3/4.2, Applicability)

Generic power-dependent MCPR, and LHGR or MAPLHGR limits (in terms of multipliers on
the plant's rated operating limits) were developed for use in the power range between rated
power and PBypass. Below Ppasss the OLMCPR is specified while the MAPLHGR (or LHGR)
retains the use of a multiplier on the rated limits. Generic flow-dependent MCPR and
MAPLHGR limits were also developed from the ARTS database.

3.2 EVALUATION RESULTS

3.2.1 Power-Dependent MCPR Limit

As stated in the previous subsection, the generic evaluations indicate that the power-dependent
severity trends are to be examined in two power ranges, above and below PBypass. Above PBypass,

bounding power-dependent trend functions have been developed. These trend functions, K(P),
are used as multipliers to the rated MCPR operating limits to obtain the power-dependent MCPR
limits, MCPR(P), or

OLMCPR(P) = K(P) x OLMCPR(P=1 00% of CLTP)

In the high power range (between rated power and PBypss), the trend for the power-dependent
MCPR responses for the FWCF has been shown to be more severe than all other fast
pressurization transient severity trends. As power is reduced from the rated condition in this
power range, the LRNBP and TTNBP become less severe because the reduced steam flow rate at
low power results in milder reactor pressurization. However, for the FWCF, the power decrease
results in greater mismatch between runout and initial feedwater flow, resulting in an increase in
reactor subcooling and more severe changes in thermal limits during the event.

The corresponding representative results for the generic MCPR(P) limits analyses are
summarized in Table 3-1. Figure 3-1 shows the K(P) and MPCR(P) limits as a function of
power. As previous stated, the MCPR(P) is derived from the generic K(P) multiplied by the
rated power OLMCPR. The table below describes the generic K(P) for power levels above
PBypass, where P is defined as the power level, in percent of CLTP. These limits will need to be
confirmed for initial application of a fuel type at HCGS (including margin to bound future fuel
cycles). The limits are cycle-indepcndent unless a cycle-dependent review identifies a
significant change to the plant's licensing analysis basis.

60% <P 1.0 + 0.00375 * (100% - P)

45% <P <60% 1.15 + 0.00867 * (60% - P)

30%<P<45% 1.28+0.0134 * (45%-P)
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Below Psypass, the transient characteristics change due to the bypass of the direct scram on the
closure of the turbine stop valve and turbine control valve. In this low power range, there is no
clear severity trend for the TTNBP, LRNBP, and FWCF. This is because the direct scram on the
turbine control valve and the turbine stop valve is bypassed and the scram signal is delayed until
the vessel pressure reaches the high pressure scram setpoint. The FWCF, TTNBP, and LRNBP
events were examined at below P3ypass. The extensive transient analyses database also shows a
significant sensitivity to the initial core flow for transients initiated below P3ypass for the FWCF,
TTNBP, and LRNBP events, which potentially increases the severity of these events. Therefore,
both high and low core flow sets of power-dependent limits should be determined for power
levels above 25% and below PBypass-

Below PBypasI, the MCPR(P) limits are actual absolute OLMCPR values, rather than multipliers
on the rated power OLMCPR, designated as OLMCPR(100). These absolute MCPR limits
should be chosen with sufficient conservatism such that they remain applicable to future
operating cycles. The limits are cycle-independent unless a cycle-dependent review identifies a
significant change to the plant's licensing analysis basis. The Safety Limit Minimum Critical
Power Ratio (SLMCPR) is a typical cycle-dependent change. If the cycle specific SLMCPR
increases above the assumed value in the MCPR(P) limit, then the MCPR(P) below Pbypass is
adjusted to account for this change. Generic analyses results for a plant similar to HCGS show
that the FWCF was the limiting transient at power levels below PBypass, and these results are
summarized in Table 3-2. The table below defines typical OLMCPR limits below P3yPass.

PbwiV ItevAsCre -FPRl

:~~~:(%oCLTP) o ...... ................ ,.*

25% < P < 30% Flow < 60% 2.49 + 0.044 (30% - P)

25%<P< 30% Flow > 60% 2.98 + 0.094 (30% - P)

P <25% Not applicable No thermal limits monitoring required

3.2.2 Power-Dependent LflGR and MAPLHGR Limits

In the absence of the APRM trip setdown requirement, power-dependent MAPLHGR or LHGR
limits, expressed in terms of a MAPLHGR multiplier, MAPFAC(P) or an LHGR multiplier,
LHGRFAC(P) are substituted to assure adherence to the fuel thermal-mechanical design bases.
If the plant fuel thermal-mechanical bases are protected with the MAPLHGR, then the
MAPFAC(P) limits are used. If the plant fuel thermal-mechanical bases are protected with the
LHGR, then the LHGRFAC(P) is used. The MAPLHGR(P) or LHGR(P) limits are set such that
an AOO initiated from the offrated condition will not result in fuel melt or 1% cladding plastic
strain. The generic power-dependent MAPFAC(P) and LHGRFAC(P) multipliers were
generated using the same database as used to determine the MCPR multiplier (K(P)).

MAPLHGR(P) = MAPFAC(P) x MAPLHGR(standard)

where MAPLHGR(standard) = rated MAPLHGR limits.

LHGR(P) = LHGRFAC(P) x LHGR(standard)

3-5



NEDO 33066 Revision 1

where LHGR(standard) = rated LHGR limits.

For GE fuel designs, both incipient centerline melting of the fuel (thermal over-power (TOP))
and plastic strain of the cladding (mechanical over-power (MOP)) are considered in determining
the power-dependent MAPLHGR and LHGR limits [[

]]-

Similarly to the MCPR(P) limits, plant-specific transient analyses should be performed to
demonstrate the applicability of the generic MAPLHGR(P) limits and LHGR(P) limits in the
power range above PBypass. For HCGS, the equation for the MAPFAC(P) and LHGRFAC(P)
above PBypass is:

MAPFAC(P) = LHGR(P) = 1.0 + 0.005224 (P - 100%)

Representative analysis results are shown in Tables 3-3 and 3-4. Figure 3-2 shows the
MAPFAC(P) (or LHGRFAC(P)) multiplier as a function of core power.

As previously discussed, a significant sensitivity to initial core flow exists below PBypass.

Therefore, below PBypass, both high and low core flow sets of power-dependent MAPLHGR and
LHGR multipliers are provided. Appropriate MAPFAC(P) and LHGRFAC(P) multipliers are
selected based on plant-specific transient analyses with suitable margin to assure applicability to
future HCGS reloads, including exposure ranges. These limits are derived to assure that the
peak transient MAPLHGR and LHGR for any transient is not increased above the fuel design
basis values.

25% <P <30% Flow < 60% 0.490 + 0.0010 (P - 30%/6)

25% < P < 30% Flow > 60% 0.473 + 0.0078 (P - 30% )

P <25% Not applicable No thermal limits monitoring required

3.2.3 Flow-Dependent MCPR Limit

Flow-dependent MCPR limits, MCPR(F), are necessary to assure that the safety limit MCPR is
not violated during recirculation flow increase events. The design basis flow increase event is a
slow-flow power increase event which is not terminated by scram, but which stabilizes at a new
core power corresponding to the maximum possible core flow. Flow runout events are analyzed
along a constant xenon flow control line assuming a quasi steady-state plant heat balance. The
bounding generic flow-dependent MCPR limits are shown in Figure 3-3. For HCGS, the
maximum flow runout is defined as 109%. Therefore, a bounding 112% limit curve from
Figure 3-3 may be used, or the 109% limit may be obtained through interpolation between the
limit curves provided in Figure 3-3.

In addition, IRLS was considered generically for the application of ARTS and found to be
bounded by the ARTS generic limits. For the application of ARTS, the IRLS basis is that there
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is an initial 507F AT between the idle and operating loops. This is an appropriate assumption for
thermal limits calculations and is consistent with Technical Specification requirements. The
ARTS-based MCPR(F) limit is specified as an absolute value and is generic. These limits will
need to be confirmed for initial application of a fuel type at HCGS (including margin to bound
future fuel cycles). The limits are cycle-independent unless a cycle-dependent review identifies
a significant change to the plant's licensing analysis basis. The SLMCPR is a typical cycle-
dependent change. If the cycle specific SLMCPR increases above the assumed value in the
MCPR(F) limit, then the MCPR(F) is adjusted to account for this change.

3.2.4 Flow-Dependent LHGR and MAPLHGR Limits

Flow-dependent LHGR and MAPLHGR limits, LHGRFAC(F) and MAPFAC(F), were designed
to assure adherence to all fuel thermal-mechanical design bases. If the plant fuel thermal-
mechanical bases are protected with the MAPLHGR, then the MAPFAC(F) limits are used. If
the plant fuel thermal-mechanical bases are protected with the LHGR, then the LHGRFAC(F) is
used. The same transient events used to support the MCPR(F) operating limits were analyzed,
and the resulting overpowers were evaluated as a function of the initial and maximum core flow.
From the overpowers, the LHGRFAC(F) and MAPFAC(F) limits were derived such that the
peak transient LHGR would not exceed fuel mechanical limits. The flow-dependent LHGR and
MAPLHGR limits are generic, cycle-independent and are specified in terms of multipliers,
LHGRFAC(F) and MAPFAC(F), to be applied to the rated LHGR and MAPLHGR values.

The generic LHGRFAC(F) and MAPFAC(F) multipliers are shown in Figure 3-4. For HCGS,
the maximum flow runout is defined as 109%. Therefore, a bounding 112% limit curve from
Figure 3-4 may be used, or the 109% limit may be obtained through interpolation between the
limit curves provided in Figure 34.

3.3 Off-Rated Limits Summary

At any given power/flow state (P,F), all four limits should be determined: MCPR(P), MCPR(F),
MAPFAC(P) or LHGRFAC(P), MAPFAC(F) or LHGRFAC(F). The most limiting MCPR and
the most limiting LHGR or MAPLHGR [maximum of MCPR(P) and MCPR(F) and minimum of
LHGR(P) or MAPLHGR(P), and LHGR(F) or MAPLHGR(F)] will be the governing limits.
Different rated condition OLMCPRs have no effect on these limit curves. The rated OLMCPR
is multiplied by the cycle-independent K(P) function to determine off-rated power-dependent
MCPR requirements, MCPR(P), at power levels above PBypass. The overall MCPR limit is the
greater of MCPR(P) and MCPR(F) for a given (P, F) operating condition. The rated OLMCPRs
are determined by the cycle-specific fuel reload analyses.
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Table 3-1
Representativc ARTS Transient Analysis Results

Generic K(P) Confirmation Above P-Bypass
Normal and Reduced Feedwater Temperature

L....... Genermic'___________________ Of t F _____________ ...... gX)5 .iLP|2.....:?P

100/110 LRNBP 0.27 1.38 1.41 1.00 1.00

100/110 LRNBP/NoRPT 0.34 1.45 1.53 1.00 1.00

100/110 FWCF 0.24 1.35 1.38 1.00 1.00

100/110 FWCF/NoRPT 0.29 1.40 1.48 1.00 1.00

100/81 (d) LRNBP 0.26 1.36 1.39 1.00 1.00

1 00 1 8 1 (d) LRNBP/NoRPT 0.29 1.40 1.48 1.00 1.00

100/81() FWCF 0.22 1.32 1.35 1.00 1.00

100181 (d) FWCF/NoRPT 0.24 1.35 1.43 1.00 1.00

95/110 LRNBP 0.28 1.39 1.42 1.01 1.02

95/110 LRNBP/NoRPT 0.34 1.45 1.53 1.01 1.02

85/ 110 LRNBP 0.30 1.41 1.44 1.05 1.06

85 110 LRNBP/NoRPT 0.34 1.46 1.54 1.03 1.06

75/ lO LRNBP 0.29 1.38 1.41 1.06 1.09

75/110 LRNBP/NoRPT 0.34 1.43 1.51 1.02 1.09

60/110 FWCF 0.32 1.41 1.44 1.08 1.15

60/110 FWCF/NoRPT 0.36 1.45 1.53 1.03 1.15

30/110 FWCF 0.47 1.56 1.59 1.17 1.48

30/110 FWCF/NoRPT 0.50 1.59 1.67 1.13 1.48

Notes: a. All FWCF transients are based on FWTR.

b. ACPR is based on an initial CPR which yields MCPR = 1.09, uncorrected for
Options A and B (See Reference 1).

3-8



NEDO 33066 Revision 1

c. The calculated K(P) is the MAX (1, OLMCPR(P) / OLMCPR(100)), where the
OLMCPR(P) is calculated for any transient in a category (e.g., EOC / FWTR /
Option B, EOC / RPT-OOS Option A) and then divided by the operating limit for that
category, OLMCPR(100), including exposure dependence at rated power. [[

]]

d. 81% core flow is on the MELLLA rod line at 105% of original licensed thermal
power (OLTP).
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Table 3-2
Representative ARTS Transient Analysis Results

MCPR(P) Below P-Bypass
Bounds Normal and Reduced Feedwater Temperature

30/ 110 FWCF 1.23 2.98 2.98

25 /110 FWCF 1.45 3.45 3.45

30/60 FWCF 0.97 2.49 2.49

25/60 FWCF 1.08 2.71 2.71

Notes

a.

b.

All FWCF transients are based on FWTR.

ACPR is based on an initial CPR which yields MCPR = 1.09, uncorrected for
Option A (See Reference 1). MOC stands for Middle-of-Cycle.

c. [[
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Table 3-3
Representative ARTS Transient Analysis Results
MAPFAC(P) and LUGRFAC(P) Above P-Bypass

Normal and Reduced Feedwater Temperature

95 / 110 LRNBP 0.99 0.97

95/110 LRNBP/NoRPT 0.99 0.97

85 / 110 LRNBP 0.96 0.92

85 /110 LRNBP/NoRPT 0.97 0.92

60/110 FWCF 0.92 0.79

60/110 FWCF / No RPT 0.93 0.79

30/110 FWCF 0.77 0.63

30/110 FWCF / No RPT 0.70 0.63

Notes

a. All FWCF transients are based on FWTR.

b. [[

1]
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Table 34
Representative ARTS Transient Analysis Results

Generic MAPFAC(P) and LHGRFAC(P) Below P-Bypass
Normal and Reduced Feedwater Temperature

30/110 FWCF 0.473 0.473

25 /110 FWCF 0.434 0.434

30/60 FWCF 0.490 0.490

25/60 FWCF 0.485 0.485

Notes

a. All FWCF transients are based on FWTR.

b. [[
1]
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Figure 3-1
Representative Power-Dependent Limit, K(P) and MCPR(P)
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Figure 3-2
Representative Power-Dependent Limit, MAPFAC(P) / LHGRFAC(P)
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Figure 3-3
Generic Flow-Dependent MCPR Limits, MCPR(F)
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Figure 3-4
Generic Flow-Dependent MAPLHGR Multiplier, MAPFAC(F) (or LIIGRFAC(F))
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4.0 ROD WITHDRAWAL ERROR

The current basis for the RWE event allows for the RBM system to block the withdrawal of a
control rod. The pre-ARTS basis used a bounding analysis at 100% power along with the TS
peaking factor requirement for offrated conditions to assure that the RWE event would not
violate the SLMCPR. The ARTS basis for the RWE is a statistical basis with the assumption
that the core is operating in a nominal control rod pattern. The RWE statistically determined
limit is validated with an analysis of a reasonably limiting nominal rod pattern.

HGGS application of ARTS is a partial application. HCGS will not be implementing the
hardware changes to the RBM system, which provide the required protection for an off-rated
RWE event. Therefore, the evaluation of the RWE event (without the RBM hardware) is
performed without taking credit for the mitigating effect of the flow-biased RBM setpoints.
Representative unblocked RWE results are presented in Table 4-1 using a bounding approach.
The K(P) limits will need to be confirmed for initial application of a fuel type at HCGS
(including margin to bound future fuel cycles). The rated power RWE analysis and offrated
RWE analysis must be performed on a consistent basis (bounding or statistical). Typically, the
rated power RWE OLMCPR for an unblocked response is < 1.45.

The ARTS definition of a limiting control rod pattern (LCRP) is one for which the RBM is
required to prevent violating a thermal limit in the event of an RWE. Based on a statistical
analysis, the LCRP concept has been implemented for standard ARTS plants as a requirement on
the operability of the RBM for MCPR < 1.40 (typical) for > 90% power, or MCPR < 1.70
(typical) for < 90% power. Because the HCGS RWE basis does not credit the RBM, the
Technical Specification Limiting Condition for Operation (LCO) 3.1.4.3 for the RBM is not
needed and could be removed. However, the removal of this LCO (and associated Surveillance
Requirement and Bases) is not being requested at this time. Maintaining the RBM System as a
Technical Specification system is conservative; the RBM System still provides the function
discussed in the Bases.
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Table 4-1
Representative OLMCPR Values from the RWE Event

60/108 1.39

60/43 1.47

25/105 1.43

25/35 1.59
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5.0 VESSEL OVERPRESSURE PROTECTION

An overpressure analysis is not required because this is a cycle-specific calculation performed at
102% of CLTP at the maximum core flow, which is unchanged for ARTS/MELLLA. The
typical sensitivity of operation at the MELLLA condition for similar plants loading GE14 fuel is
provided in Table 5-1.
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Table 5-1
Typical Sensitivity of Overpressure Analysis Results

..y :Ž- ...2.< >.< 4iijfi.<g@ca1 SY . ak c I se re
Poer% JScux~ 'Liin ressur~e ; ¢{<0Pressurc Y,0. '><' t W im

102/ 105 1305 1335 1375

102/ 85 1302 1329 1375
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6.0 THERMAL-HYDRAULIC STABILITY

The stability compliance of GE fuel designs with regulatory requirements of the NRC is
documented in Section 9 of Reference 1. The NRC approval of the stability performance of GE
fuel designs also includes operation in the MELLLA region of the power/flow map.

The above NRC acceptance of thermal-hydraulic stability includes the condition that the plant
has systems and procedures in place, supported by Technical Specifications, as appropriate,
which provide adequate instability protection. PSEG is pursuing the licensing of Option m
(Reference 2) as the long-term solution. At the present time, PSEG does not have an approved
Technical Specification for the Option III hardware. The Option III hardware has been installed
except for connection to the Reactor Protection System, and is therefore not operable. In the
meantime, HCGS is operating under the BWROG Guidelines for Stability Interim Corrective
Action as described in Reference 3.

6.1 Stability ICAs

The stability interim corrective actions (ICAs) restrict plant operation in the high power, low
core flow region of the BWR power/flow operating map. The ICAs provide guidance which
reduces the likelihood of an instability event by limiting the period of operation in regions of the
power and flow map most susceptible to thermal hydraulic instability. The ICAs also specify
operator actions which are capable of detecting conditions consistent with the onset of
oscillations and additional actions which mitigate the consequences of oscillations consistent
with degraded thermal hydraulic stability performance of the core.

The ICA regions will be expanded in the MELLLA region for power levels in excess of the
original APRM Rod Block in accordance with the guidance in Reference 3. The ICA regions as
described in Reference 3 are confirmed or expanded on a cycle-specific basis.

Therefore, ARTS/MELLLA operation is justified for plant operation with stability ICAs.

6.2 Stability Option III

Option III is a detect and suppress solution which combines closely spaced LPRM detectors into
"cells" to effectively detect either core-wide or regional (local) modes of reactor instability.
These cells are termed Oscillation Power Range Monitor (OPRM) cells and are configured to
provide local area coverage with multiple channels. Plants implementing Option III install new
hardware to combine the LPRM signals and to evaluate the cell signals with instability detection
algorithms. Of these algorithms, only the Period Based Detection Algorithm (PBDA) is
officially credited in the Option Iml licensing basis.

Stability Option Iml provides SLMCPR protection by generating a reactor scram if a reactor
instability, which exceeds the specified trip setpoint, is detected. The acceptable setpoint is
determined for each operating cycle per the NRC approved methodology (Reference 4).
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Once Option III is licensed for HCGS, the stability reload licensing basis would be to calculate
the limiting OLMCPR required to protect the SLMCPR for both steady-state and transient
stability events as specified in the Option III methodology. These OLMCPRs would be
calculated for a range of OPRM setpoints. Selection of an appropriate instrument setpoint can
then be made based upon the actual OLMCPR to provide adequate SLMCPR protection.

The cycle specific setpoint determination evaluates limiting operating conditions and would
specifically include points representative of ARTS/MELLLA conditions. The Trip Enabled
Region is also extended to the MELLLA boundary line at 60% of RCF. The MELLLA Trip
Enable Region is as shown in Figure 6-1. Therefore, ARTS/MELLLA operation is justified for
plant operation with stability Option III.
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Figure 6-1
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7.0 LOSS-OF-COOLANT ACCIDENT ANALYSIS

The LOCA analysis results may be affected by the reduced core flow associated with MELLLA.
In general, the Peak Cladding Temperature (PCT) response following a large recirculation line
break has two peaks. The first peak is determined by the boiling transition during core flow
coastdown early in the event. The second peak is determined by the core uncovery and
reflooding. MELLLA has two effects on the boiling transition and first peak PCT. First, the
reduced core flow causes the boiling transition to occur earlier and possibly lower in the bundle.
Second, the reduced core flow causes the initial subcooling in the downcomer to be higher so
that the break flow is greater in the early phase of the LOCA event. The early boiling transition
times (boiling transitions that occur before jet pump uncovery) occur earlier in the event and
may penetrate lower in the fuel bundle as the core flow is reduced, but the effect of the earlier
boiling transition on the LOCA PCT depends on the particular plant and analysis conditions.
The PCT effect of MELLLA is greatest on the first peak PCT, which is directly affected by early
boiling transition. The Licensing Basis PCT is usually determined by the second peak PCT,
even at the low core flows of MELLLA. The effect of MELLLA on the second peak PCT
depends on how much the first peak PCT is affected. If the flow reduction has a small effect on
the first peak PCT, there is little effect of the first peak on the second peak. The first peak
affects the second peak PCT if the cladding superheat prevents the cladding from rewetting after
the first peak. If the cladding does not rewet after the first peak, the heatup after uncovery starts
at a much higher temperature than it would if the cladding rewetted; this is reflected in a higher
second peak PCT.

The HCGS MELLLA evaluation is based on the existing ECCS-LOCA PCT results from similar
plants with GE14 fuel using SAFER/GESTR methodology (References 5 through 9). Several
SAFER/GESTR LOCA analyses have been performed recently for MELLLA with GE14 fuel.
The nominal and Appendix K PCT response following a large recirculation line break for those
plants show that the PCT effect due to MELLLA is usually less than [[ ]]. In some cases,
there may be a PCT increase of about [[ ]]. This occurs when early boiling transition
penetrates down to the highest powered axial node in the fuel bundle and can happen at core
flows in the MELLLA region. The Licensing Basis PCTs for these plants are below
[[ ]]; therefore, there is significant margin to the 2200'F PCT limit in the MELLLA
region.

The PCT for a large recirculation line break is affected by MELLLA because the core flow is
reduced in the MELLLA range, which leads to earlier boiling transition lower in the fuel bundle.
For small breaks, the fuel remains in nucleate boiling until uncovery and MELLLA is expected
to have no adverse effect on the small break LOCA response.

MELLLA has a negligible effect on compliance with the other acceptance criteria of
10 CFR 50.46. Because cladding oxidation is primarily determined by PCT, MELLLA affects
the amount of cladding oxidation. Jet pump BWRs have significant margin to the local cladding
oxidation and core-wide metal-water reaction acceptance criteria, even for PCTs at the 2200'F
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limit. The compliance with the 2200'F limit ensures compliance with the local cladding
oxidation and core-wide metal-water reaction acceptance criteria for GE14 fuel. The compliance
with the coolable geometry and long-term cooling acceptance criteria were demonstrated
generically for GE BWRs (Reference 7). MELLLA does not affect the basis for these generic
dispositions. Therefore, MELLLA has a negligible effect on compliance with the other
acceptance criteria of 10 CFR 50.46.

7.1 Conclusions

The evaluation of the sensitivity of the representative LOCA evaluation shows that the
MELLLA option will meet the PCT acceptance criteria for a representative core with GE14 fuel.
The MELLLA option has no effect on any other LOCA criteria, therefore, no LOCA restrictions
on fuel power are required.
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8.0 CONTAINMENT RESPONSE

8.1 Introduction

This section discusses the effect of MELLLA operation on the containment short-term LOCA
pressure and temperature response and on the containment LOCA hydrodynamic loads (pool
swell, vent system thrust, condensation oscillation and chugging) for HCGS. Plant operation in
the MELLLA region changes the mass flux and the subcooling of the break flow, which may
affect the containment LOCA short-term response and, subsequently, the containment LOCA
hydrodynamic loads. The analysis presented here demonstrates that the current peak drywell
pressure and temperature and the currently defined hydrodynamic loads are not affected.

The methodology used to evaluate the containment LOCA hydrodynamic loads for
ARTS/MELLLA is the same as that reported in the HCGS Updated Final Safety Analysis Report
(UFSAR) (Reference 12), the Plant Unique Load Definition (PULD) Report (Reference 13), and
the Plant Unique Analysis Report (PUAR) (Reference 14). The general methodology for Mark I
containment hydrodynamic load evaluation for the various loads is further described in
Reference 15.

8.1.1 Containment Pressure and Temperature Response

Short-Term Pressure and Temperature

The short-term Design Basis Accident (DBA) LOCA containment response covers the reactor
vessel blowdown period, during which the peak drywell pressure, peak drywell temperature, and
peak drywell-to-wetwell airspace differential pressure occur. Consequently, analyses were
performed for various cases that cover the full extent of HCGS operation in the MELLLA
region. The objective of performing the analysis was to demonstrate that HCGS operation in the
MELLLA region does not result in exceeding the containment design limits as stated in the
HCGS UFSAR. The results of the analysis were also used for evaluating the various
containment LOCA hydrodynamic loads.

The analysis was performed using the following approach. First, a sensitivity study was
performed of the containment response to the different reactor operating conditions (represented
by Cases 1 - 4) using the LAMB computer code (Reference 7) break mass flow and enthalpy as
input to the M3CPT computer code (References 16 and 17). The result of this study was to
determine the limiting reactor operating condition for the containment response.

Second, depending on the results of the sensitivity study, a confirmatory calculation may be
performed for the limiting reactor operating condition determined from the sensitivity study
using the break flow and enthalpy determined from M3CPT, instead of the LAMB break flow
and enthalpy values. (Note: M3CPT has its own reactor vessel model.) The purpose of the
confirmatory calculation would be to determine the final containment response parameter values
to be used for comparison with the previously calculated values (e.g., UFSAR values) and the
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design limits to assess the effect of MELLLA operation. This confirmatory calculation would be
necessary because of excessive conservatisms in the calculated containment response using the
LAMB break flows.

Long-Term Pressure and Temperature

The long-term pressure and temperature response is not affected by MELLLA operation. The
long-term containment response is a function of the initial reactor power level and the amount of
sensible energy stored initially in the reactor vessel fluid and metal components. MELLLA
operation does not change the reactor power level (i.e., the rated thermal power) and it does not
increase the initial reactor vessel fluid and metal components sensible energy, which would
result in a more severe long-term containment response. In fact, MELLLA operation results in a
decrease in the initial sensible energy, due to lower reactor core flows.

Analysis Cases

The short-term containment pressure and temperature response up to approximately 30 seconds
for a DBA LOCA was analyzed using M3CPT for four cases. All cases were performed using
the break mass flow and break flow enthalpy inputs from LAMB. These cases were selected to
conservatively cover the full extent of the MELLLA power/flow boundary. The power and flow
values for the four cases include:

* Case 1 - 102% of OLTP /100% of RCF.

* Case 2 - 102% of OLTP / 76.6% of RCF (i.e., on the MELLLA line)

* Case 3 - 67.1% of OLTP / 39.2% of RCF (Minimum Pump Speed, on the MELLLA line)

* Case 4 - 102% of OLTP / 76.6% of RCF (on the MELLLA line, with reduced feedwater
inlet temperature)

8.1.2 LOCA Containment Hydrodynamic Loads

The HCGS LOCA containment hydrodynamic loads assessment included the following:

* Pool swell (PS)

* Vent system thrust

* Condensation oscillation (CO)

* Chugging (CH)

The LOCA hydrodynamic loads were evaluated based on the short-term containment pressure
and temperature response analysis.
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8.2 Evaluation Approach

8.2.1 Analysis Methods and Assumptions

Analysis Methods

The M3CPT code was used to calculate the short-term DBA-LOCA containment pressure and
temperature response. Vessel blowdown rates were calculated with the LAMB vessel model. If
a confirmatory calculation is necessary, the M3CPT vessel model would be used to calculate the
break mass flow rates and enthalpies with the break flow rates based on the Homogeneous
Equilibrium Model (HEM) critical flow model.

Analysis Assumptions

The assumptions used in the analysis of the short-term DBA-LOCA containment response for
HCGS operation in the MELLLA region are the same as those used in the UFSAR analysis.
These are listed below. In addition, some of the important initial conditions are also listed
below. These initial conditions remain unchanged from the UFSAR analysis.

1. Reactor power generation is assumed to cease concurrently with the time of the accident
initiation. There is no delay period.

2. The break is an instantaneous double-ended rupture of a recirculation suction line. This
results in the maximum discharge rates to the drywell.

3. The vessel break flow rates are based on the Moody Slip critical flow model.

4. The MSIVs start closing at 0.5 seconds (the minimum delay; associated with the fastest
instrument signal response) after the accident. They are fully closed in the shortest
possible time of 2.4 seconds following closure initiation. Therefore, the MSIVs are fully
closed at 2.9 seconds after the start of the event.

5. No credit is taken for passive structural heat sinks in the analysis.

6. All containment parameters are the same as those that were used for the UFSAR analysis.

7. For the DBA-LOCA cases that are analyzed to obtain the maximum pressure and
temperature response, the initial drywell and wetwell airspace pressures and initial
dryvell relative humidity are selected so as to maximize the initial mass of non-
condensable gases. This is the same assumption as in the UFSAR analysis.

8. The wethvell airspace is in thermodynamic equilibrium with the suppression pool at all
times. This assumption maximizes the wetwell airspace pressure.

9. Steam condensation on drywell structures and internal components is conservatively
neglected.

10. The flow of liquid, steam, and air through the vent system is assumed to be a
homogenous mixture of the contents of the drywell.
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8.2.2 Initial Conditions for Short-Term Pressure/Temperature Response

The following initial conditions used in the analysis are the same as those used in the UFSAR
analysis.

P ....***....

Drywell Pressure (psia) 16.2

Wetwell Airspace Pressure (psia) 16.2

Drywell Temperature (0F) 135

Wetwell Airspace Temperature (IF) 95

Suppression Pool Temperature (0F) 95

Drywell Relative Humidity (%) 20

Wetwell Airspace Relative Humidity (/0) 100

8.3 Results

8.3.1 Short-Term DBA-LOCA Containment Pressure and Temperature

The short-term DBA-LOCA containment pressure and temperature analysis includes a
sensitivity analysis and if necessary, a confirmatory calculation.

Sensitivity Analyses

The four cases listed above were analyzed as part of a sensitivity study to determine the limiting
operating condition. A comparison of the results for Cases 1, 2, and 3 in Table 8-1 shows that
the limiting operating condition (with respect to peak pressures and temperatures, and on a
consistent feedwater inlet temperature basis) is Case 1 (i.e., 102% of OLTP and 100% of RCF).

A comparison of the results of Case 4 (MELLLA at reduced feedwater temperature (RFWT))
with Case 2 (MELLLA at normal feedwater temperature (NFWT)) shows that the effect of
reduced feedwater inlet temperature is negligible. The 0.2 psi increase in the peak drywell
pressure and 0.1 psi increase in the peak drywell-to-wetwell airspace differential pressure is
within the conservatisms of the analytical methods. The NRC review of the topical report
(Reference 18) on the critical flow model used states that these analytical methods are
conservative. In addition, the effect on initial drywell pressurization rate is a reduction of
1.0 psi/sec, which results in a reduction in the severity of the containment response.

Confirmatory Calculation

The limiting operating condition from the sensitivity study was determined to be 102%P /
100%F (with normal feedwater inlet temperature). Because this reactor operating condition has
already been analyzed as part of the UFSAR and the PULD analyses, no confirmatory
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calculation was necessary. Therefore, the results of the UFSAR and PULD analyses remain
limiting with regard to containment response.

8.3.2 Containment LOCA Hydrodynamic Loads Evaluation

The containment LOCA hydrodynamic loads evaluation for HCGS considers the entire reactor
operating map for HCGS, including the MELLLA region. The basis for the containment LOCA
hydrodynamic loads is the short-term containment pressure and temperature response analysis
reported in Section 8.3.1.

The LOCA hydrodynamic loads evaluation and results are summarized below.

Vent System Thrust Loads

Vent system thrust loads are a function of the drywell-to-wetwell airspace differential pressure
and the mass flow rate through the vent system during a LOCA. Increases in the drywell-to-
wetwell airspace differential pressure or the vent mass flow rate would result in increases in the
vent system thrust loads.

Pool Swell Loads

Pool swell loads, which occur during a LOCA, include torus vertical loads and shell pressures,
impact and drag (i.e., standard and acceleration drag) loads on the vent system and structures,
froth and pool fallback loads, bubble drag loads on submerged structures, and submerged
structure jet loads. Pool swell loads are a function of the initial drywell pressurization rate
during a LOCA. An increase in initial drywell pressurization rate would result in an increase in
the pool swell loads.

Condensation Oscillation Loads

CO loads result from oscillation of the steam-water interface that forms at the vent exit during a
LOCA during the period of high vent water vapor mass flow rate. This occurs after pool swell.
The CO loads include loads on submerged boundaries and submerged structures. Generally, the
CO load increases with higher suppression pool temperature and/or higher vent mass flow rate.
The Mark I containment CO load definition is defined in the Mark I Containment Load
Definition Report (Reference 15) which, in turn, is the direct application of test data from the GE
Full-Scale Test Facility (FSTF) tests (Reference 19). The FSTF tests were designed to simulate

LOCA thermal-hydraulic conditions (i.e., vent steam mass flux and suppression pool
temperature), which bound all US Mark I containment plants, including HCGS.

Chugging Loads

Chugging occurs when the steam (water vapor) mass flux through the vents during a LOCA is
not high enough to maintain a steady steam/water interface at the vent exit. Chugging loads
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result from a collapse of steam (water vapor) bubbles that form at the vent exit, and they include
loads on the suppression pool boundary and submerged structures, and vent lateral loads. The
design chugging load for HCGS is based on the FSTF tests.

Because the conclusion of Section 8.3.1 above is that the results of the PULD and the UFSAR
analyses remain limiting for the containment response, then the existing values for the important
parameters for containment LOCA hydrodynamic loads (pool swell, vent system thrust, CO, and
chugging) remain as the limiting values and the load definitions for those loads remain
unchanged under MELLLA operation.

8.4 Conclusions

Based on the above evaluations, MELLLA operation for HCGS does not result in an increase in
the peak DBA-LOCA drywell pressure or result in conditions that would produce higher
containment LOCA hydrodynamic loads. All containment parameters stay within their design
limits.

Therefore, there is no effect on the peak DBA-LOCA drywell pressure or the containment
LOCA hydrodynamic load definitions of MELLLA operation for HCGS.

8.5 Reactor Asymmetric Loads

The reactor asymmetric loads during the Design Basis Accident (DBA) Loss-Of-Coolant
Accident (LOCA) include the annulus pressurization (AP) loads, the jet reaction loads / jet
impingement loads, and the pipe whip loads. This section describes the effects of MELLLA on
these loads.

The following line breaks in the annulus region (reactor pressure vessel (RPV) to shield wall)
were evaluated for the effects of MELLLA:

* Recirculation Suction Line Break (RSLB)

* Feedwater Line Break (FWLB)

The AP mass and energy release analysis was performed over the range of power / flow
conditions associated with the MELLLA boundary, i.e., rated conditions at NFWT, rated
conditions with FWTR, MELLLA conditions with FWTR, and MELLLA minimum pump speed
with FWTR (which represents the maximum fluid subcooling). The results of the FWLB
evaluation were determined to be bounded by the current design basis.

The AP loads, the jet reaction loads / jet impingement loads, and the pipe whip loads would
occur during the time periods following the double ended guillotine break of the recirculation
suction line, and are combined for the evaluation of the structural integrity of the RPV, reactor
internals, the biological shield wall, control rod drive (CRD) mechanism, and the piping systems
that are connected to the RPV and penetrate the biological shield wall. The results of the RSLB
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evaluation at the bounding condition (MELLLA minimum pump speed with FWTR) are
discussed below.

8.5.1 Annulus Pressurization Analysis

The methodology for calculating the current RSLB blowdown mass and energy release profile
for AP loads is the conservative methodology documented in Reference 23. Using this
methodology, the mass and energy release profile calculated for MELLLA exceeds the HCGS
design calculation. Therefore, a more realistic blowdown mass and energy release profile was
determined using the GE code LAMB for the AP load analysis. The LAMB code considers the
pipe break separation time history, but ignores the fluid inertia effect, providing conservative
results. LAMB has been used in several plant licensing applications to calculate the blowdown
mass flow rate and energy profile in the event of an RSLB and has been accepted for licensing
applications for power/flow map extension (MELLLA) associated with BWR extended power
uprates (Reference 24, Section G.1.l). The LAMB methodology has been used to calculate the
mass and energy releases for short-term containment response analysis for several applications.
However, this is the first use of LAMB for calculating the mass and energy releases for AP
loads.

The mass and energy releases, calculated using LAMB, are input to downstream analyses for
determination of the appropriate loads. The same approach has been used in determining short-
term post-LOCA containment response, as described in Reference 24; the mass and energy
releases are independent of (i.e., decoupled from) the downstream analyses. Based on the mass
and energy data generated using LAMB, the AP pressure time histories on the RPV and shield
wall were generated using the COMPARE code, taking into consideration the existing 25/75
flow diverter which limits the break flow into the annulus to a nominal value of 25%.

8.5.2 Jet Reaction / Jet Impingement Load Analysis

The same pipe break separation time history used for the mass and energy release calculations
for the AP load above was used to calculate the jet reaction / jet impingement loads on the RPV
and the biological shield wall.

The current methodology for calculating the RSLB jet reaction / jet impingement loads on the
RPV and the biological shield wall is the conservative methodology documented in HCGS
UFSAR Appendix 3C. This methodology assumes a 1.0 millisecond rise time to the steady state
loads. However, using this methodology causes the net effect of the AP, jet reaction, and jet
impingement loads calculated for MELLLA to exceed the HCGS design calculation. Therefore,
a more realistic, but still conservative refinement to the method was made to define these jet
loads as a function of time. While the jet reaction / jet impingement load on the RPV has a
sudden rise at the moment of the RSLB (because the RPV is the source of the high pressure
fluid), the biological shield wall does not experience the jet reaction /jet impingement load until
the flow diverter is pressurized by the break flow. Therefore, [[
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]] The flow
rates in the recirculation suction nozzle, in the break itself, and in the flow diverter were
calculated at the critical flow condition using the Moody HEM. This calculation is conservative,
because it assumes that the flows in the recirculation suction nozzle, the recirculation pipe on the
side of the recirculation pump, and the flow diverter are established instantaneously, i.e., reach
the quasi-steady state values, for a given RSLB pipe separation at each time step as if there is no
inertia in the fluid. The calculational procedure followed ANSI/ANS-58.2-1988 (Reference 10)
(e.g., the loads were calculated at discrete times using Equation 6-2), and the guidelines provided
in paragraphs (2) and (3) of Section III.2.c of Standard Review Plan (SRP) 3.6.2. This is the first.
use of the above calculational procedure for calculating the jet reaction / jet impingement loads
on the RPV and the biological shield wall.

8.5.3 Pipe Whip Restraint Load

A comparison was made between the magnitude of the current analysis pipe reaction load at the
postulated break in the recirculation suction pipe near the RPV nozzle, and the recalculated pipe
reaction load that included the effect of MELLLA and the flow diverter, i.e., using the same
approach as in Section 8.5.2. It was concluded that the recalculated pipe reaction force
magnitude at steady state conditions is within the acceptable range of the current analysis
magnitude. The current analysis included sufficient conservatism in the piping geometry to off-
set the higher force evaluated for the MELLLA condition. Therefore, the calculated values of
pipe whip restraint force and the pipe displacement profile as a function of time developed in the
current analysis remain applicable in the MELLLA condition.

8.5.4 Structural Response

The RSLB loads defined in Sections 8.5.1, 8.5.2, and 8.5.3 were applied to the combined
structural model, which included the RPV, vessel internals, CRD mechanism, shield wall, and
reactor building. The structural responses resulting from this load application in the MELLLA
condition (forces and moments, peak accelerations, and acceleration response spectra) were
compared to the current design calculation. Based on this comparison, it was concluded that the
MELLLA-based combined responses of the AP, jet reaction, jet impingement, and pipe whip
restraint loads, which form the load input to the RPV, vessel internals, CRD mechanism, shield
wall, and main steam and recirculation piping, are bounded by those of the current design
calculation.
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Table 8-1

Summary of Sensitivity Analysis Results

Feedwater
Temperature
Assumption

NFWT NFWT NFWT RFWT

Peak Drywell 55.2 55.1 50.0 55.3
Pressure (psig)

Peak Drywell 302 302 297 302
Temperature ( 0F)

Peak Drywell - 33.0 33.0 29.0 33.1
Wetwell Pressure
Differential (psid) _

Initial Drywell 51.4 49.6 43.5 48.6
Pressurization Rate
(psi/sec)
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9.0 REACTOR INTERNALS INTEGRITY

9.1 Reactor Internal Prcssurc Differences

The increase in the Reactor Internal Pressure Differences (RIPDs) across the reactor internal
components and the fuel channels in the MELLLA condition are bounded by the ELLLA (87%
core flow) and the ICF (105% core flow) conditions due to the lower core flow condition in
MELLLA (approximately 77% core flow). Thus, no new RIPDs, fuel bundle lift, or control rod
guide tube (CRGT) lift force are generated for the MELLLA condition. The current RIPD basis
remains applicable to the MELLLA condition.

9.2 Acoustic and Flow-Induced Loads

The acoustic and flow-induced loads are contributing factors to the HCGS design basis load
combination in the Faulted condition. The acoustic loads are imposed on the reactor internal
structures as a result of the propagation of the decompression wave created by the assumption of
an instantaneous RSLB. The acoustic loads affect the shroud, shroud support ring, and jet
pumps. The flow-induced loads are imposed on the reactor internal structures as a result of the
fluid velocities from the discharged coolant during an RSLB. The flow-induced loads affect the
shroud and jet pumps. The flow-induced loads on the shroud support are insignificant because
the shroud support does not significantly impede coolant flow to the break. Therefore, the flow-
induced loads on the shroud support were not calculated.

The acoustic and flow-induced loads in the MELLLA condition are slightly higher than the
current ELLLA condition due to the increased subcooling in the downcomer associated with the
MELLLA condition. From ELLLA to MELLLA, the downcomer subcooling increases thereby
increasing the critical flow and the mass flux out of the break in a postulated RSLB. As a result,
the flow-induced loads for the shroud and jet pump in the MELLLA condition increase slightly,
about 2%, compared to the ELLLA condition, as shown in Tables 9-1 and 9-2. The most
limiting loads result from the high core power and low core flow condition such as the MELLLA
point along the MELLLA rod line at the minimum pump speed condition (approximately 66%
CLTP and 39% core flow) where the subcooling condition is highest. The limiting acoustic
loads for the shroud, shroud support, and jet pump are also at the MELLLA and minimum pump
speed point. The acoustic load results are shown in Table 9-3. The increase in the downcomer
subcooling condition from ELLLA to MELLLA has a negligible effect on the acoustic load
results. The acoustic load results are based on the bounding BWR subcooling assumption, which
is slightly higher than HCGS MELLLA subcooling condition.

9.2.1 Approach/Methodology

As major components in the vessel annulus region, the core shroud, core shroud support, and jet
pumps were evaluated to determine the RSLB acoustic and flow-induced loads representing the
MELLLA conditions.
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The flow-induced loads were calculated for an RSLB utilizing the specific HCGS geometry and
fluid conditions applied to a reference BWR calculation. The loads were calculated by applying
scaling factors that account for plant-specific geometry differences (e.g., size of the core shroud,
jet pumps, reactor vessel, and recirculation line) and thermal-hydraulic condition differences
(e.g., downcomer subcooling) from the reference plant. The reference calculation is based on the
GE methods utilized to support the NRC Generic Letter 94-03 that was issued to address the
shroud cracks detected at some BWRs.

The acoustic loads on the shroud and jet pumps have been updated to provide a more realistic
representation of their time history. The acoustic loads on the shroud support were determined
by generic bounding loads using the same method as for the flow-induced loads.

The most limiting subcooling condition is at the intersection of the minimum core flow and the
MELLLA flow control line. The subcooling at this point was applied to the reference BWR
calculation, along with the HCGS geometry, to determine the specific flow-induced loads. For
acoustic loads, the calculation is based on the BWR bounding subcooling and plant-specific
geometry.

9.2.2 Input Assumptions

The following assumptions and initial conditions were used in the determination of the acoustic
and flow-induced loads for the HCGS MELLLA operation.

1A: ssur s i .........is .
l.> 1-- . --;;:....... ... .... ........ ; .. . . { b ix. ) .et > l:x y> .

102% of OLTP / 100% of RCF, NFWT, Rated Consistent with HCGS current licensing
Baseline basis. CLTP is 101.4% of OLTP.

102% of OLTP / 76.6% of RCF, NFWT, MELLLA corner at rated power and at
MELLLA and 100% of CLTP nominal rated feedwater temperature.

102% of OLTP / 76.6% of RCF, lower limit (LL) MELLLA corner at rated power and at the
of feedwater temperature (FWIT), MELLLA and LL of rated feedwater temperature.
100% of CLTP

56% of CLTP / 41% of RCF, NFWT, 98.6% of Minimum Pump Speed point on the original
CLTP Rod Line and Minimum Pump Speed rated rod line at nominal rated feedwater

temperature.

56% of CLTP / 41% of RCF, LL of FWT, 98.6% Minimum Pump Speed point on the original
of CLTP Rod Line and Minimum Pump Speed rated rod line at the LL of rated feedwater

temperature.

66% of CLTP / 39% of RCF, NFWT, MELLLA Minimum Pump Speed point on the
and Minimum Pump Speed MELLLA line at nominal rated feedwater

temperature
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61% of OLTP / 38% of RCF, LL of FWT, Minimum Pump Speed point on the ELLLA
ELLLA at Minimum Pump Speed line at the LL of rated feedwater temperature

66% of CLTP / 39% of RCF, LL of FWT, Bounding power/flow state point for
MELLLA and Minimum Pump Speed MELLLA; Minimum Pump Speed point on

the MELLLA line at the LL of rated
feedwater temperature

93 Structural Integrity Evaluation

For the MELLLA evaluation, only the reactor asymmetric loads (Section 8.5) and the acoustic
and flow-induced loads due to an RSLB LOCA were considered, because the other loads (e.g.,
RIPD, seismic, and dead weight) are not affected by the MELLLA conditions. Because the
reactor asymmetric loads and the acoustic and flow-induced loads due to an RSLB are Faulted
condition events, only the Faulted condition was evaluated. However, the reactor asymmetric
loads on the reactor internal components for MELLLA are bounded by the original design basis
(Section 8.5). Therefore, only the applicable load combination that included acoustic and flow-
induced loads was evaluated for the RSLB LOCA. The components that are affected by these
combined loads are the shroud, shroud support, access hole cover, and jet pumps, for which brief
summaries follow.

a. Shroud

The shroud is subjected to acoustic and flow-induced loads. The acoustic load bounds the flow-
induced load. Therefore, the acoustic load, in combination with seismic and pressure loads, was
evaluated and compared to the loads for which a similar plant is qualified. This load comparison
showed that the shroud is qualified for the intended application.

b. Shroud Support

The critical components within the shroud support assembly affected by the acoustic loads are
the support legs. The acoustic load, in combination with seismic and pressure loads, was
evaluated. The resulting Faulted condition stress for critical location support leg is within the
allowable limit. The governing Pm stresses for the pre-MELLLA and MELLLA conditions are
[[ ]], respectively, which are less than the allowable stress of 46,600
psi (2S,). The governing PL+PB stresses for the pre-MELLLA and MELLLA conditions are
[[ ]], respectively, which are less than the allowable stress of 69,900
psi (3Sm.).

c. Jet Pump

The component within the jet pump assembly affected by the acoustic and flow-induced loads is
the diffuser/adapter. The acoustic load bounds the flow-induced load. Therefore, the governing
acoustic load in combination with seismic and pressure loads was evaluated and compared to the
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loads for which a similar plant is qualified. This load comparison showed that the jet pump is
qualified for ARTS/MELLLA application.

d, Access Hole Cover

The access hole cover assembly, which is part of the shroud support assembly, is affected by the
vertical acoustic equivalent pressure load. The resulting Faulted loads were evaluated and
compared to the loads for which a similar plant is qualified. The Faulted condition stress
intensity is equal to [[ ]], which is within the allowable limit of 47,300 psi.

93.1 Conclusion

The above evaluation demonstrates that the reactor internals structural integrity is maintained for
HCGS in the MELLLA conditions.

9.4 Reactor Internals Vibration

The reactor internals vibration characteristics can be affected by a change in the flow control
line, such as the increased rod line associated with MELLLA operation.

9.4.1 Approach/ Methodology

To ensure that the flow-induced vibration (FMV) response of the reactor internals is acceptable, a
single reactor for each product line and size undergoes an extensively instrumented vibration test
during initial plant startup. After analyzing the results of such a test and assuring that all
responses fall within acceptable limits of the established criteria, the tested reactor is classified
as a valid prototype in accordance with Regulatory Guide 1.20. All other reactors of the same
product line and size are classified as non-prototype and undergo a less rigorous confirmatory
test.

Browns Ferry Unit 1 (BF-1) was designated as the prototype plant for BWR4, 251-inch
diameter, reactors in accordance with Regulatory Guide 1.20. FIV testing and data collection
was performed at BF-I during plant start-up between December 1972 and March 1974. The
critical reactor internals were instrumented with vibration sensors at BF-1 and, the reactor was
tested up to 100% of RCF at the 100% rod line and at increased core flow up to 113% at 50%
rod line. The RCF for BF-l is 2.5% higher than that for HCGS. This data was used in the
current HCGS evaluation.

To support operation of HCGS in the MELLLA region, the reactor internals measurements at
BF-1 were analyzed to determine the acceptability of the flow induced vibration stresses on the
reactor internal components due to this mode of operation. Based on BF-1 data, HCGS has been
licensed to operate at 3339 MWt (CLTP) and up to 105% (105 Mlb/hr) core flow. For MELLLA
operation, the rated power output remains the same as CLTP, but minimum core flow is reduced
to approximately 77% of RCF as shown on Figure 1-1.
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9.4.2 Inputs/Assumptions

The following inputs/assumption were used in the reactor internals vibration evaluation:

Plant data selected for flow induced BF-I was designated as the prototype plant for BWR4,
vibration evaluation 251 -inch diameter, reactors in accordance with

Regulatory Guide 1.20. Thus, BF-I FIV data
collected during plant start-up between December
1972 and March 1974 was used. The reactor was
tested up to 100% of RCF at the 100% rod line, at
increased core flow up to 113% at 50% rod line.

Target plant conditions in the CLTP of 3339 MWt and approximately 77% of RCF,
MELLLA region selected for balanced flow conditions. The calculated rod line is
component evaluation approximately 119% for this condition.

GE stress acceptance criterion of Limit is lower than the more conservative value
10,000 psi is used for all stainless steel allowed by the current ASME Section III design codes
components for the same material (Reference 20) and is bounding

for all stainless steel material. The ASME Section mI
value is 13,600 psi for service cycles equal to 1011.

9.4.3 Analyses Results

Because the vibration levels generally increase as the square of the flow and MELLLA flow
rates are lower than CLTP flow rates with power remaining unchanged; CLTP vibration levels
bound those at MELLLA conditions.

The reactor internals vibration measurements report for the prototype plant (BF-I) was reviewed
to determine which components are likely to have significant vibration at the MELLLA
conditions. Only the jet pump sensing lines (JPSLs) have a potential to be affected by extended
operation at specific recirculation pump speeds. Finite element analyses of the affected jet pump
sensing lines were performed to assess the acceptability of prolonged operation at these speeds.
Based on these analyses, the recirculation pump vane passing frequency (VPF) will not have a
significant effect on the JPSLs during ARTS/MELLLA operating conditions.

For the shroud, shroud head, separators, and the steam dryer, vibrations is a function of steam
flow, which at MELLLA conditions is bounded by the steam flow at CLTP. For the feedwater
sparger, vibration is a function of feedwater flow, which at MELLLA conditions is bounded by
the feedwater flow at CLTP. For lower plenum components (the CRGT and the incore guide
tube (ICGT)), vibration is dependent on the core flow. Because the maximum core flow for
MELLLA operation is bounded by CLTP, the vibration will be lower than the CLTP value.
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For the jet pumps, there is no increase in the maximum flow during MELLLA operation. Thus,
the maximum vibration levels will be less than or equal to the vibration levels at CLTP. The jet
pump riser braces natural frequencies are well separated from the recirculation pump VPF during
MELLLA operation.

The FIV evaluation is conservative for the following reasons:

* The GE criteria of 10,000 psi peak stress intensity is more conservative than the ASME
allowable peak stress intensity of 13,600 psi for service cycles equal to 1011;

* The modes are absolute summed; and

* The maximum vibration amplitude in each mode is used in the absolute sum process,
whereas in reality the vibration amplitude fluctuates.

Therefore, the FIV remains within acceptable limits for MELLLA operation.

9.4.4 Conclusion

The analyses in this section demonstrate that, with respect to FIV, the reactor internals structural
mechanical integrity is maintained to ensure HCGS safe operation in the MELLLA domain.
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Table 9-1
Flow-induced Loads on Shroud and Jet Pumps

(Rated, Baseline Conditions)

Shroud 190,533 14.925

Jet Pumps 13,201 0.664

Table 9-2
Flow-induced Load Multipliers on Shroud and Jet Pumps (AIIELLLA Conditions)

*~0 5s i '-. ,.S *..,/...:..

Co ~ Multilir K

102% of OLTP / 100% of RCF, NFWT, Rated
Baseline

102% of OLTP / 76.6% of RCF, NFWT, MELLLA
and 100% of CLTP

102% of OLTP /76.6% of RCF, LL of FWT,
MELLLA and 100% of CLTP

56% of CLTP / 100% of RCF, NEFWT, 98.6% of
CLTP Rod Line and Minimum Pump Speed

56% of CLTP /41% of RCF, LL of FWT, 98.6% of
CLTP Rod Line and Minimum Pump Speed

66% of CLTP /39% of RCF, NFWT, MELLLA and
Minimum Pump Speed

61% of OLTP / 38% of RCF, LL of FWT, ELLLA
at Minimum Pump Speed

66% of CLTP / 39% of RCF, LL of FWT, ]
MELLLA and Minimum Pump Speed
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Table 9-3
Acoustic Loads on Shroud, Shroud Support, and Jet Pumps

Componenft. Maximu<&:>>.>-> gm Maximum .

Shroud (Lateral Load) 2.713E+06 362.5E+06

Shroud Support (Upward Load) 2.202E+06 323.6E+06

Jet Pump (Lateral Load) 3.300E+04 2.138E+06
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10.0 ANTICIPATED TRANSIENT WITHOUT SCRAM

10.1 Approach/Methodology

The basis for the current ATWS requirements is 10 CFR 50.62. This regulation includes
requirements for an ATWS RPT, an Alternate Rod Insertion (ARI) system, and an adequate
Standby Liquid Control System (SLCS) injection rate. The purpose of the ATWS analysis is to
demonstrate that these systems are adequate for plant changes associated with operation in the
MELLLA region. This is accomplished by performing a plant-specific analysis in accordance
with the approved licensing methodology (Reference 21), to demonstrate that the ATWS
acceptance criteria are met for operation in the MELLLA region.

The expansion of plant operation to MELLLA conditions affects the peak vessel pressure and the
peak long-term containment response (suppression pool temperature and containment pressure).
A parametric evaluation was performed using the two limiting ATWS events with ARI assumed
to fail, thus requiring the operator to initiate SLCS injection for shutdown. These limiting events
were:

(1) Closure of all MSIVs (MSIVC); and

(2) Pressure Regulator Failure (Open) to Maximum Steam Demand Flow (PRFO).

The analysis assumed one SRVOOS, 3% SRV setpoint tolerance relaxation, and a GE14
equilibrium core. The analysis also assumed initial power levels of 3339 MWt (100% of CLTP)
with the corresponding MELLLA minimum core flow of 76.6% of RCF and 3952 MWt (120%
of OLTP) with core flow of 99% of RCF

The following ATWS acceptance criteria were used to determine acceptability of the HCGS
operation in the MELLLA region:

(1) Fuel integrity:

* Maximum clad temperature < 2200'F.

* Maximum local clad oxidation < 17%.

(2) RPV integrity:

* Peak RPV pressure < 1500 psig (ASME service level C).

(3) Containment integrity:

* Peak suppression pool bulk temperature < 2010F.

* Peak containment pressure < 62 psig.

The adequacy of the margin to the SLCS relief valve lifting as described in NRC Information
Notice 2001-13, "Inadequate Standby Liquid Control System Relief Valve Margin," was also
assessed.
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10.2 Input Assumptions

The following initial conditions and assumptions were used in the analysis:
>, ., , r a.... ............. ~~~~~~~~~~~~.. . S5.:. :.:. ................. . ............................ .

Analytical ,Assumpition:,Is ...:.as esJustifiations

The reactor is operating at 3339 MWt (100% Consistency with HCGS current licensing
of CLTP) and 3952 MWt (120% of OLTP). basis and bounding power level basis.

Initial core flow is 76.6% of RCF and 99% of Lowest core flow at rated power range to
RCF for 100% of CLTP and 120% of OLTP, maximize the initial void fraction in the
respectively. coolant, and thus more severe

pressurization transient consequences.

Both beginning-of-cycle (BOC) and EOC Consistency with generic ATWS
nuclear dynamic parameters were used in the evaluation bases.
calculations.

Sodium Pentaborate Solution Concentration is Minimum solution concentration to meet
13.6% by weight. the ATWS requirements.

One SRVOOS, specified as the valve with the Consistency with the Technical
lowest setpoint. Specifications.

SRV setpoints adjusted to be consistent with Consistency with the Technical
the 3% setpoint tolerance relaxation. Specifications.

The initial operating conditions are included in Table 10-1.

10.3 Analyses Results

The PRFO event at 120% of OLTP and 99% of RCF is the limiting event for HCGS. This event
bounds the results obtained in the MELLLA region. The peak vessel bottom pressure response
for this event (PRFO event at BOC) is 1437 psig, which is below the ATWS vessel overpressure
protection criterion of 1500 psig.

The highest calculated peak suppression pool temperature is 1990F (PRFO event at EOC), which
is below the ATWS limit of 20 1'F. The highest calculated peak containment pressure is 9.1 psig
(PRFO event at EOC), which is below the ATWS limit of 62 psig. Thus, the containment
criteria for ATWS are met.

Coolable core geometry is assured by meeting the 22000F PCT and the 17% local cladding
oxidation acceptance criteria of 10 CFR 50.46. [[

10-2



NEDO 33066 Revision I

1]

The maximum SLCS pump discharge pressure during the limiting ATWS event is 1292 psig.
This value is based on a peak reactor vessel upper plenum pressure of 1178.3 psia that occurs
during the PRFO event at BOC at the time of SLCS initiation 230 seconds into the event.

Finally, there is adequate margin to prevent the SLCS relief valve from lifting (per NRC
Information Notice 2001-13). With a nominal SLCS relief valve setpoint of 1400 psig, there is a
margin of 108 psi between the peak SLCS pump discharge pressure and the relief valve nominal
setpoint.

10.4 Conclusions

Results of the ATWS analysis performed for HCGS to support operation in the MELLLA region
show that the maximum values of the key performance parameters (fuel cladding temperature,
peak vessel pressure, suppression pool temperature, and containment pressure) remain within the
applicable limits. Therefore, HCGS operation in the MELLLA region has no adverse effect on
the capability of the plant systems to mitigate postulated ATWS events in the expanded
operating region.
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Table 10-1

Initial Conditions for ATWS Analyses

Paastr Current Analsi |

100%of LTP 20%of LTP

Dome Pressure (psia) 1020 1020

Core Flow (Mlb/hr / % of RCF) 76.6 /76.6 99.0 / 99.0

Core Thermal Power (MWt) 3339 3952

Steam/Feed Flow (Mlb/hr / % of rated) 14.38 / 100 17.37 / 100

Feedwater Temperature (0F) 422.6 436

Initial Void Reactivity Coefficient BOC -15.3 -14.0
value(c/%/o)

Initial Void Reactivity Coefficient EOC value -11.5 -12.3
(c/%)

Core Average Void Fraction BOC Value (%)59.7 56.8

Core Average Void Fraction EOC Value (%)46.0 50.6

Sodium Pentaborate Solution Concentration in 13.6 13.6
the SLCS Storage Tank (% by weight)

Nominal Boron 10 Enrichment (%) 19.8 19.8

SLCS Injection Location Core Spray Nozzles Core Spray Nozzles

Number of SLCS Pumps Operating 2 2

SLCS Injection Rate per pump (gpm) 41.2 * 41.2

Initial Suppression Pool Temperature (IF) 95 95

Initial Suppression Pool Mass (Mlbm) 7.32 7.32

Service Water Temperature (IF) 95 95

High Dome Pressure ATWS-RPT Setpoint 1101 1101
(psig)

Number of SRVs OOS 1 1
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11.0 HIGH ENERGY LINE BREAK

The following HELBs were evaluated for the effects of MELLLA:

* Main steam lines in the main steam tunnel

* Feedwater lines in the main steam tunnel

* Reactor Core Isolation Cooling (RCIC) steam line

* HPCI steam line

* RWCU line (four locations)

The effect of increased subcooling due to MELLLA was evaluated based on the HELB mass /
energy release profiles assumed in the current HCGS design basis. Analyses were performed at
rated conditions with FWTR, MELLLA conditions with FWTR, and MELLLA conditions at
minimum pump speed with FWTR for the break locations listed above, taking into account the
changes in enthalpy and pressure at each operating condition. Analysis of these power / flow
points has shown that the blowdown mass / energy release profile at MELLLA with FWTR
conditions is bounding for ICF conditions at NEWT and FWTR. The mass and energy releases
for the following HELBs are unchanged from the pre-MELLLA conditions: Main steam line in
the main steam tunnel, RCIC steam line, and HPCI steam line. A feedwater line break in the
main steam tunnel is bounded by a main steam line break.

The mass and energy release profiles assumed in the current HCGS design basis analysis for the
RWCU line HELB analysis are not bounding at any of the four break locations for the MELLLA
conditions listed above. PSEG will evaluate the effect of the higher mass and energy release
profiles on the HCGS analyses for EQ and subcompartment loads.
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12.0 STEAM DRYER AND SEPARATOR PERFORMANCE

The ability of the steam dryer and separator to perform their design functions during MELLLA
operation was evaluated. MELLLA decreases the core flow rate, resulting in an increase in
separator inlet quality for constant reactor thermal power. These factors, in addition to core
radial power distribution, affect the steam separator-dryer performance. Steam separator-dryer
performance was evaluated to determine the effect of MELLLA on the steam dryer and separator
operating conditions, the entrained steam (i.e., carryunder) in the water returning from the
separators to the reactor annulus region, the moisture content in the steam leaving the RPV into
the main steam lines, and the margin to dryer skirt uncovery.

The evaluation concluded that the performance of the steam dryer and separator remains
acceptable (e.g., moisture content < 0.1 weight %) in the MELLLA region. Therefore, no
modifications are needed to the steam dryer and separator.
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