i?‘ DEC 2 0 2017

FPL L-2017-210

GL 2004-02

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

Re: St. Lucie Units 1 and 2
Docket Nos. 50-335 and 50-389
Renewed Facility Operating Licenses DPR-67 and NPF-16

Updated Final Response to NRC Generic Letter 2004-02

With this letter, Florida Power & Light Company (FPL) provides an updated final response to Generic
Letter (GL) 2004-02, Potential Impact of Debris Blockage on Emergency Recirculation During Design
Basis Accidents at Pressurized-Water Reactors, for St. Lucie Nuclear Units 1 and 2 (St. Lucie). In GL
2004-02, the U.S. Nuclear Regulatory Commission (NRC) requested licensees to evaluate the potential
for post-accident debris blockage and debris-laden fluids to impede or prevent Emergency Core Cooling
System (ECCS) and Containment Spray System (CSS) recirculation phase performance following a
postulated design basis accident, and to implement any plant modifications determined necessary to
ensure ECCS and CSS system functionality. GL 2004-02 cited the findings of Generic Safety Issue (GSI-
191), Assessment of Debris Accumulation on PWR Sump Performance, which identified that recirculation
sump clogging at Pressurized Water Reactors (PWR) is a credible concern, and established a schedule
for licensee responses.

Attachment 1 to this letter identifies the documents referenced herein. In References 1 and 2 of
Attachment 1, FPL, the licensee for St. Lucie, submitted responses to the information requested in GL
2004-02. In References 3 through 13, FPL responded to requests for additional information that the NRC
determined were necessary to complete its review, established commitments for completion of specified
corrective actions and provided supplemental information summarizing testing, analyses and
modifications that were planned or completed at St. Lucie.

In Reference 14, the NRC Commission approved the NRC staff's recommendation to provide licensees
three options for resolution of GSI-191 with recognition that licensee measures completed thus far
contributed greatly to the safety of U.S. nuclear power plants. In Reference 15, FPL notified the NRC
staff of its selection for GSI-191 resolution in accordance with the options specified in Reference 14 and
additionally summarized the remaining GL 2004-02 related corrective actions requiring completion.

Throughout this time, FPL has implemented plant upgrades, defense in-depth measures and mitigation
strategies at St. Lucie that have bolstered the capacity of the containment sump screens, minimized the
generation of debris that could affect ECCS and CSS recirculation phase performance, and managed
containment sump inventory to ensure proper ECCS and CSS performance. In addition, recent industry
and plant-specific analyses have demonstrated that the risk of GSI-191 related failures is very low.

Based upon these significant improvements in plant safety, FPL hereby rescinds the GSI-191/GL 2004-02
related commitments described in previous correspondence on behalf of St. Lucie and submits the
enclosed bases for resolution of GSI-191 and thereby closure of GL 2004-02. Consistent with the
recommended methodology specified in Option 2a of Reference 14, FPL can conclude with reasonable
assurance that the long-term core cooling requirements of 10 CFR 50.46(b)(5) will be satisfied for any
design basis accident requiring containment sump recirculation phase performance at St. Lucie.
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Enclosure 1 to this letter provides FPL’s bases for closure of GL 2004-02. The bases for closure includes
a core blockage analysis using the methodology described in WCAP-17788, Comprehensive Analysis
and Test Program for GSI-191 Closure (Reference 16). FPL recognizes that the NRC’s review of WCAP-
17788 has not been finalized. Accordingly, upon NRC approval of WCAP-17788, the completed in-vessel
blockage analysis for St. Lucie will be reviewed and if warranted, a reanalysis will be performed.

Additionally, changes to the St. Lucie licensing basis have been implemented which allowed FPL to
complete plant modifications that have enhanced St. Lucie’s capability to withstand GSI-191 related
failures and thereby assure compliance with the the long-term cooling requirements of 10 CFR
50.46(b)(5). Accordingly, the assumptions and inputs used to establish the bases for GL 2004-02 closure
are consistent with the St. Lucie licensing basis and no new changes pursuant to 10 CFR 50.90 are being
proposed as a result of this submittal. Upon NRC acceptance of FPL'’s closure of GL 2004-02, the
updated final safety analysis reports (UFSARs) for St. Lucie Units 1 and 2 will be reviewed to determine if
further changes to the licensing basis are appropriate in accordance with 10 CFR 50.71(e).

Section 1 of Enclosure 1 provides FPL’s statement of compliance with the Applicable Regulatory
Requirements section of GL 2004-02 on behalf of St. Lucie. Section 2 of Enclosure 1 describes the
corrective actions that were completed in response to GL 2004-02, provides a schedule for the remaining
actions requiring completion and lists the significant margins and conservatisms that were utilized in the
analyses. In keeping with the NRC’s Revised Content Guide for GL 2004-02 (Reference 17), Section 3 of
Enclosure 1 provides an evaluation of the sixteen identified issue areas, including the methodologies
employed to arrive at a determination of acceptable performance and their bases for use. Section 3 also
describes key aspects of completed plant modifications, process changes and supporting analyses that
were applied in order to demonstrate with high confidence that the risk of GSI-191 related failures at St.
Lucie has been reduced to an acceptable level. Section 4 lists the documents referenced in Enclosure 1.

This letter contains the following regulatory commitment (below). This letter supersedes all prior
regulatory commitments identified in References 1 through 13, Reference 15, and related
correspondence on behalf of St. Lucie.

Regulatory Commitment

Upon NRC approval of WCAP-17788, Comprehensive Analysis and Test Program for GSI-191
Closure, the completed in-vessel blockage analysis for St. Lucie will be reviewed and if
warranted, a reanalysis will be performed within six months following approval of the WCAP-
17788 methodology. (Enclosure 1, Section 2, General Description of and Schedule for Corrective
Actions)

If you have any questions or require additional information, please contact Mr. Michael Snyder, St. Lucie
Licensing Manager, at (772) 467-7036.

| declare under penalty of perjury that the foregoing is true and correct.

Executed on DEC 2 0 2017

Sincerely,

Daniel DeBoer

Site Director - St. Lucie Nuclear Plant, Units 1 and 2
Florida Power & Light Company




St. Lucie Nuclear Plant L-2017-210
Docket Nos. 50-335 and 50-389 Page 3 of 5

Attachment 1 - List of References
Enclosure 1 - Updated Final Response to NRC Generic Letter 2004-02

cc: USNRC Regional Administrator, Region Il
USNRC Project Manager, St. Lucie Nuclear Plant, Units 1 and 2
USNRC Senior Resident Inspector, St. Lucie Nuclear Plant, Units 1 and 2
Ms. Cindy Becker, Florida Department of Health
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ENCLOSURE 1

Updated Final Response to NRC Generic Letter 2004-02
St. Lucie Nuclear Plant, Units 1 and 2
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This enclosure provides Florida Power and Light's (FPL’s) final response to Generic
Letter (GL) 2004-02 |(Reference 1)t1 in the form of a stand-alone document that
supersedes all previous GL 2004-02 submittals for St. Lucie Unit 1 (PSL1) and Unit 2
(PSL2). Previous Requests for Additional Information (RAIs) are not specifically
addressed in this submittal since this document is providing the information necessary
to address the required information delineated in GL 2004-02. This enclosure follows
the format and guidance provided by the Nuclear Regulatory Commission (NRC)
!(Reference 2:3: 4 5)hm] and addresses all topical areas in those documents. The text
from the NRC guidance is presented in italic script.

This enclosure contains input based on both sound engineering judgement as well as
documents verified through a 10 CFR 50 Appendix B program. The inputs from
engineering judgement have been prepared, verified, and approved by knowledgeable
engineers.

NRC Request, Summary-Level Description

The GL supplemental response should begin with a summary-level description of the
approach chosen. This summary should identify key aspects of design modifications,
process changes, and supporting analyses that the licensee believes are relevant or
important to the NRC staff’s verification that corrective actions to address the GL are
adequate. The summary should address significant conservatisms and margins that
are used to provide high confidence the issue has been addressed even with
uncertainties remaining. Licensees should address commitments and/or descriptions of
plant programs that support conclusions.

Summary-Level Description for PSL

The key aspects of the approach chosen by FPL to resolve the concerns identified in
GL 2004-02 are stated below for clarity:

e Extensive design modifications to significantly reduce the potential effects of
post-accident debris and latent material on the functions of the emergency
core cooling system (ECCS) and containment spray system (CSS) during the
recirculation phase of accident mitigation.

e Extensive testing and analysis to determine break locations, identify and
quantify debris sources, quantify debris transport, determine upstream and
downstream effects, and confirm the recirculation function.

e Changes to the PSL1 and PSL2 licensing basis, including Technical
Specification (TS) changes, to reflect the plant modifications, and the change
to a mechanistic sump strainer blockage evaluation.

e Extensive changes to plant programs, processes, and procedures to limit the
introduction of materials into containment that could adversely impact the
recirculation function, and establish monitoring programs to ensure
containment conditions will continue to support the recirculation function.
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e Application of conservative measures to assure adequate margins throughout
the actions taken to address the GL 2004-02 concerns.

More details are provided for the plant-specific analyses, changes to the licensing basis,
improvements in processes and programs, and conservatisms and margins.

Analyses

An extensive debris generation analysis has been performed for PSL1 and PSL2, which
determined the debris generated for all break sizes from 0.5 inches up to 42 inches at
all circumferential Class | in-service inspection (ISI) welds (and longitudinal welds at
PSL1) at locations inside the first isolation valve where reactor coolant system (RCS)
pressure is expected to be present. The locations were analyzed as double-ended
guillotine breaks (DEGBSs), single-ended guillotine breaks (SEGBs) (where a closed
valve is within 10 pipe diameters), and partial breaks at 45 degree intervals around the
circumference of the pipe. This debris generation analysis was an automated
evaluation based on a detailed computer-aided design (CAD) model of containment.
Additional discussion of the debris generation analysis is provided in the Response to
3.b.

There were no reductions in the zone of influence (ZOI) sizes from the accepted values
in Nuclear Energy Institute (NEI) Report 04-07 Volume 1 (Reference 6 p. 27)t3) for any
materials except qualified coatings, which used a ZOlI size based on testing that has
been reviewed and accepted by the NRC [(Reference 7 p. 2)ut4;. The ZOl size that is
being used for qualified coatings is 4.0D. Additional discussion is provided in the
Responses to 3.b and 3.h.

FPL has performed extensive testing for strainer head loss and debris bypass (or
penetration). A portion of the PSL1 head loss testing was observed by the NRC at the
test facility. The testing used conservative methods including the NRC reviewed
protocols for fibrous debris preparation (Reference 8)uts] and strainer bypass testing/sTe]
Additional discussion is provided in the Responses to 3.f, 3.n, and 3.0.

The core blockage analysis methodology documented in WCAP-17788 (Reference 9)|
wt7lhas not yet been finalized and the safety evaluation (SE) has not been issued by the
NRC. The methodology currently contained in WCAP-17788, which is under NRC
review, was used to determine the core inlet and in-vessel debris quantities for PSL1
and PSL2. These results conservatively used a 30-day debris bypass quantity (see the
Response to 3.n.1). PSL1 and PSL2 meet the debris limits currently identified in WCAP-
17788, with the assumption that PSL2 has completely transitioned to AREVA fuel,
which is more limiting than the Westinghouse fuel that is being phased out (Reference
10)uTe). Following receipt of the NRC SE on WCAP-17788, any changes from the
current methodology will be evaluated to determine if the current results still apply, and
if warranted, a reanalysis will be performed.
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Changes to the Licensing Basis

FPL had previously completed changes to the PSL1 and PSL2 updated final safety
analysis report (UFSAR) to recognize the mechanistic evaluation of the effect of post-
accident debris on the ECCS and CSS recirculation function, as described in this letter.
It is not anticipated that further changes to either unit's UFSAR will be required, but the
UFSARs will be reviewed after NRC acceptance of information presented in this
submittal to determine if any further changes are necessary.

If changes are determined to be necessary, then the UFSAR updates will occur after
receipt of the final closeout letter from the NRC. This is discussed in the Response to
3.p.

FPL has incorporated NRC-approved TS changes for increased water level in the
refueling water tank (RWT) at PSL1 and PSL2 to ensure a sufficient quantity of water is
available to enable the containment recirculation function to operate as required in the
post-loss of coolant accident (LOCA) environment.

Improvements in Processes and Programs

FPL has completed a review of plant procedures, processes, and programs and has
updated those procedures, processes, and programs that will ensure the analysis inputs
and assumptions can be maintained. This is discussed in the Response to 3.i. The
changes to those programs and processes determined to be necessary to support the
transition to the mechanistic evaluation methodology licensing basis were in place prior
to, or at the time of the change to the licensing basis.

Conservatisms and Margins

FPL applied conservative measures to assure adequate margins throughout the actions
taken to address the GL 2004-02 concerns. The key areas in which these conservative
measures were applied are discussed later in the Margins and Conservatisms section.

E1-4
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1. Overall Compliance:

Provide information requested in GL 2004-02 Requested Information Item 2(a)
regarding compliance with regulations.

GL2004-02 Requested Information Item 2(a)

Confirmation that the ECCS and CSS recirculation functions under debris loading
conditions are or will be in compliance with regulatory requirements listed in the
Applicable Regulatory Requirements section of this GL. This submittal should
address the configuration of the plant that will exist once all modifications
required for requlatory compliance have been made and this licensing basis has
been updated to reflect the results of the analysis described above.

Response to 1:
Confirmation

FPL has completed all necessary analyses, with the exception of NRC acceptance of
the in-vessel blockage analysis, and has updated the PSL licensing basis to reflect that
the ECCS and CSS recirculation functions under debris loading conditions are in
compliance with the regulatory requirements listed in the Applicable Regulatory
Requirements section of GL 2004-02. FPL has completed all associated plant
modifications in PSL1 and PSL2.

Applicable Regulatory Requirements

The applicable regulatory requirements identified in GL 2004-02 (Table 1-1 and Table
1-2) are:

10 CFR 50.46 "Acceptance Criteria for Emergency Core Cooling Systems for
Light-Water Nuclear Power Reactors"

10 CFR 50.67 "Accident Source Term"

10 CFR 100 "Reactor Site Criteria"

The Construction Permit for the St. Lucie Unit 1 Nuclear Plant was issued on July 1,
1970 and preceded the publication of the (AEC) "General Design Criteria for Nuclear
Power Plants" (10 CFR 50, Appendix A, February 20, 1971).
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Table 1-1: PSL1 GL 2004-02 Regulatory Compliance

Regulatory Abblizabls Basiirenant PSL1 Basis for Compliance with GL
Statute PP 9 2004-02
10 CFR 50.46 | Long-term cooling. After any calculated e New sump strainers ensure adequate NPSH
(b)(5) successful initial operation of the ECCS, during recirculation with new margins based on

the calculated core temperature shall be revised debris transport calculations, and head
maintained at an acceptably low value and loss testing with chemical precipitates.
decay heat shall be removed for the ¢ Replacement of Thermal-Wrap insulation on the
extended period of time required by the pressurizer upper head with RMI (reflective
long-lived radioactivity remaining in the metallic insulation) reduces potential strainer fiber
core. loading.

e Walkdowns, Sump Water Level Calculation, and
TS increase in the minimum RWT volume from
401,800 gallons to 477,360 gallons [(Reference
11)[JT9] have confirmed that design basis sump
water supply will be available.

« Removal of cyclone separators and installation of
new HPSI pump seals ensure long term operation.

« Downstream effects evaluations confirmed that no
other maodifications are required to ensure long-
term cooling capability is maintained.

e Downstream fuel and in-vessel evaluations
demonstrate that long term post-LOCA core
cooling will be maintained with acceptably low fuel
temperatures

« Coating adhesion tests confirm that current
inspection methods are adequate to control
quantity of degraded qualified coatings.

10 CFR 50, Criterion 35--Emergency core cooling. A The assurance of long-term cooling capability during
Appendix A, system to provide abundant emergency recirculation ensures that the design basis
GDC 35 core cooling shall be provided. The system | emergency core cooling capabilities are maintained.
safety function shall be to transfer heat
from the reactor core following any loss of
reactor coolant at a rate such that (1) fuel
and clad damage that could interfere with
continued effective core cooling is
prevented and (2) clad metal-water
reaction is limited to negligible amounts.
10 CFR 50, Criterion 38--Containment heat removal. A | The assurance of long-term cooling capability during
Appendix A, system to remove heat from the reactor recirculation ensures that the design basis
GDC 38 containment shall be provided. The system | containment heat removal capabilities are
safety function shall be to reduce rapidly, maintained.
consistent with the functioning of other
associated systems, the containment
pressure and temperature following any
loss-of-coolant accident and maintain them
at acceptably low levels.

E1-6
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Regulatory Applicable Reguiremsit PSL1 Basis for Compliance with GL
Statute PP 9 2004-02
10 CFR 50, Criterion 41--Containment atmosphere Assurance of long-term cooling capability during
Appendix A, cleanup. Systems to control fission recirculation ensures that containment spray
GDC 41 products, hydrogen, oxygen, and other capability is maintained which, in turn, ensures that

substances which may be released into
the reactor containment shall be provided
as necessary to reduce, consistent with
the functioning of other associated
systems, the concentration and quality of
fission products released to the
environment following postulated
accidents, and to control the concentration
of hydrogen or oxygen and other
substances in the containment
atmosphere following postulated accidents
to assure that containment integrity is
maintained.

containment atmosphere cleanup capability is
preserved.

E1-7
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Table 1-2: PSL2 GL 2004-02 Regulatory Compliance

Regulatory . . Basis for Compliance with GL
Statute Applicable Requirement 2004-02
10 CFR 50.46 Long-term cooling. After any calculated e New sump strainers ensure adequate NPSH
(b)(5) successful initial operation of the ECCS, the during recirculation with new margins based on
calculated core temperature shall be revised debris transport calculations and head
maintained at an acceptably low value and loss testing with chemical precipitates.
decay heat shall be removed for the ¢ Walkdowns, Sump Water Level Calculation, and
extended period of time required by the TS increase in the minimum RWT volume from
long-lived radioactivity remaining in the 417,100 gallons to 477,360 gallons [(Reference
core. 11)[JT10] have confirmed that design basis
sump water supply will be available.

e Removal of cyclone separators and installation
of new HPSI pump seals ensure long term
operation.

e Removal of cyclone separators and installation
of new CS pump seals ensure long term
operation.

e Downstream components and systems
evaluations demonstrate long term post-LOCA
operation of equipment, including demonstration
that ECCS/CSS recirculation pumps can
operate for long term post-LOCA.

¢ Downstream fuel and in-vessel evaluations
demonstrate that long term post-LOCA core
cooling will be maintained with acceptably low
fuel temperatures.

e Coating adhesion tests confirm that current
inspection methods are adequate to control
quantity of degraded qualified coatings to bound
assumptions in debris calculations.

10 CFR 50, Criterion 35--Emergency core cooling. A The assurance of long-term cooling capability
Appendix A, system to provide abundant emergency during recirculation ensures that the design basis
GDC 35 core cooling shall be provided. The system emergency core cooling capabilities are
safety function shall be to transfer heat from | maintained.
the reactor core following any loss of
reactor coolant at a rate such that (1) fuel
and clad damage that could interfere with
continued effective core cooling is
prevented and (2) clad metal-water reaction
is limited to negligible amounts.
10 CFR 50, Criterion 38--Containment heat removal. A Assurance of long-term cooling capability during
Appendix A, system to remove heat from the reactor recirculation for the CS pumps ensures that the
GDC 38 containment shall be provided. The system | design basis containment heat removal

safety function shall be to reduce rapidly,
consistent with the functioning of other
associated systems, the containment
pressure and temperature following any
loss-of-coolant accident and maintain them
at acceptably low levels.

capabilities are maintained.

E1-8
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Regulatory Apblicable Requirement Basis for Compliance with GL
Statute PP 9 2004-02
10 CFR 50, Criterion 41--Containment atmosphere Assurance of long-term cooling capability during
Appendix A, cleanup. Systems to control fission recirculation ensures that containment spray
GDC 41 products, hydrogen, oxygen, and other capability is maintained which, in turn, ensures

substances which may be released into the
reactor containment shall be provided as
necessary to reduce, consistent with the
functioning of other associated systems, the
concentration and quality of fission products
released to the environment following
postulated accidents, and to control the
concentration of hydrogen or oxygen and
other substances in the containment
atmosphere following postulated accidents
to assure that containment integrity is
maintained.

that containment atmosphere cleanup capability is
preserved.
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2. General Description of and Schedule for Corrective Actions:

Provide a general description of actions taken or planned, and dates for each. For
actions planned beyond December 31, 2007, reference approved extension requests or
explain how regulatory requirements will be met as per Requested Information Item
2(b). (Note: All requests for extension should be submitted to the NRC as soon as the
need becomes clear, preferably no later than October 1, 2007.)

GL 2004-02 Requested Information Item 2(b)

A general description and implementation schedule for all corrective actions,
including any plant modifications, that you identify while responding to this GL.
Efforts to implement the identified actions should be initiated no later than the
first refueling outage starting after April 1, 2006. All actions should be completed
by December 31, 2007. Provide justification for not implementing the identified
actions during the first refueling outage starting after April 1, 2006. If corrective
actions will not be completed by December 31, 2007, describe how the
regulatory requirements discussed in the Applicable Regulatory Requirements
section will be met until the corrective actions are completed.

Response to 2:

The corrective actions to address the concerns identified in GL 2004-02 at PSL
consisted of plant modifications, testing and analysis, changes to plant programs and
processes, and changes to the licensing basis. These actions have been completed in
accordance with FPL regulatory commitments and NRC-approved extensions. The
completion dates for these actions are provided below.

Plant Modifications

e At PSL1 and PSL2 the original sump screens have been removed and replaced with
new strainer systems in Spring 2007|[ut111and Fall 2007|ut12] respectively. These
systems ensure adequate pump NPSH margins during recirculation.

e At PSL1, Calcium Silicate (Cal-Sil) insulation on selected piping in containment was
reinforced with a banding system in Spring 2007|[JT13ito increase the destruction
pressure of the insulation, should it be subject to the forces of a LOCA jet. Note that
the debris generation analysis did not take credit for this modification (potentially
reducing the ZOlI size for Cal-Sil).

e At PSL1, the Thermal-Wrap fibrous insulation on the pressurizer upper head
replaced with Darchem stainless steel RMI in Fall 2005/fy14) This modification will
reduce strainer fiber loads for potential pipe breaks in the pressurizer compartment.

E1-10
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e At PSL2, the Nukon fibrous insulation on the steam generators was replaced with
Transco stainless steel RMI in Fall 2007|jst15 This modification will reduce strainer
fiber loads for potential pipe breaks inside the secondary shield wall.

e« The pumps listed below had the seals and cyclone separators replaced with a seal
system that does not use cyclone separators or rely on the pumped water for
flushing and cooling the mechanical seals. The new seal systems will prevent the
potential failure of shaft seals that could be caused by the carryover of debris in the
pumped water when the pumps take suction of potentially debris-laden fluid from the
containment strainer systems while operating in recirculation mode.

o PSL1 HPSI pumps — Spring 2007 T16]
o PSL2 HPSI pumps — Fall 2007|[ut17]
o PSL2 CS pumps — Fall 2007, [sT1g]

e AtPSL1and PSL2, the TS minimum RWT water volume has been increased from
401,800 gallons (Unit 1) and 417,100 gallons (Unit 2) to 477,360 gallons (both units)
(Reference 11)uTig].

Testing and Analyses

The testing and analyses needed to address GL 2004-02 concerns were completed by
December 31, 2016. The in-vessel blockage analysis was performed using a
methodology that is not yet approved by the NRC. Upon NRC approval of the
methodology, a review will be performed to determine if the methodology changed from
that used to provide the results in this submittal. If the review determines that the
methodology used to obtain the results provided in this submittal is the same, then FPL
is not planning any further actions. If the review determines the methodology has
changed to alter the results provided in this submittal, then a reanalysis will be
performed and the results provided to the NRC for their review and acceptance. If an
updated response to the in-vessel blockage analysis is required, this will be performed
within six months following NRC approval of the methodology.

Plant Programs and Processes

Significant program and process changes necessary to address the GL 2004-02
concerns were completed by December 31, 2007.

Procedural controls are in place to reduce and control the amount of loose debris and
fibrous materials in containment. Procedures require inspection of all accessible areas
to verify that no loose debris, fibrous materials that could degrade into loose debris, or
bubbling/chipping paint is present prior to setting containment integrity. Any entry
performed while containment integrity is set requires subsequent walkdowns of areas
affected by the entry to confirm no loose debris or foreign material was left in
containment.

The maintenance site functional area manager (SFAM) has been placed in charge of

maintaining the general housekeeping of containment, which includes tracking the
overall cleanliness of containment and promptly correcting identified deficiencies.
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Foreign material exclusion programmatic controls are in place, which ensure that proper
work control is specified for debris-generating activities within the containment building.
This assists in preventing introduction of foreign material into containment, which could
potentially challenge the containment recirculation function. Additionally, the foreign
material exclusion program requires that engineering evaluate for adverse impact any
time foreign material covers are placed on, or modifications are performed on, the
containment sump strainers. Lastly, the containment entry procedure provides
additional controls to evaluate foreign materials to be brought into containment and
ensure they are removed during at power entries.

PSL engineering change processes and procedures ensure modifications that may
affect the ECCS, including sump performance, are evaluated for impact on the inputs
and assumptions used for the response to GL 2004-02. During engineering change
preparation, the process requires specific critical attributes be listed, evaluated, and
documented when affected. This includes the introduction of materials into containment
that could affect sump performance or lead to equipment degradation. It also includes
repair, replacement, or installation of coatings inside of primary containment including
installing coated equipment.

PSL has adopted the industry’s standard change process, including the industry
procedure IP-ENG-001. The standard process and tools are intended to facilitate
sharing of information, solutions and design changes throughout the industry. This
process requires activities that affect UFSAR described structure, system, or
component (SSC) design functions to be evaluated as a design change in accordance
with FPL’s 10 CFR 50 Appendix B program. This includes modifications that would
impact the containment sump. Design changes require a final impact review meeting
(i.e., final design workshop) and assessment in accordance with 10 CFR 50.59.
Additional meetings may be required based on complexity and risk of the change. A
failure modes and effects analysis is required if the design change introduces any new
failure modes or changes failure modes for the affected SSCs.

The containment closeout procedure was updated to include all of the strainer system
components in the final containment closeout inspection. The effect of these changes is
to ensure that all components (strainer modules, piping, and pipe connections) are
inspected, and that there are no holes, gaps, or tears greater than 1/16 inch in any
strainer system componentJr2o]

Temporary configuration changes are controlled by plant procedure, which maintain
configuration control for non-permanent changes to plant structures, systems, and
components while ensuring the applicable technical reviews and administrative reviews
and approvals are obtained.

In accordance with 10 CFR 50.65 (Maintenance Rule), an assessment of risk resulting
from the performance of maintenance activities is required. Prior to performing
maintenance, PSL assesses and manages the increase in risk that may result from the
proposed maintenance activities. In general, the risk assessment ensures that the
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maintenance activity will not adversely impact a dedicated/protected train, which
ensures a system is capable of performing its intended safety function.

Licensing Basis

The licensing basis changes needed to address the GL 2004-02 concerns consist of
UFSAR changes related to the plant modifications implemented to resolve the concerns
identified in GL 2004-02, TS changes related to a change in the minimum required RWT
water level, and licensing basis changes to reflect the mechanistic evaluation of the
effect of post-accident debris on the ECCS and CSS recirculation functions.

It is not anticipated that further changes to either Unit's UFSAR will be required, but the
UFSARSs will be reviewed after NRC acceptance of information presented in this
submittal to determine if any further changes are determined to be necessary. If
changes are determined to be necessary, then the UFSAR updates will occur after
receipt of the final closeout letter from the NRC.
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Margins & Conservatisms

The following list documents the margins and conservatisms utilized in the GSI-191
analysis.

Debris Generation

Margins:

The amount of latent debris at PSL1 and PSL2 was conservatively increased
to 100 Ibm, rather than using the walkdown value (67.4 lbm)/jJT21]

The amount of transportable miscellaneous debris at PSL1 and PSL2 was
conservatively increased to 133 ft?, rather than using the walkdown value
(24.4 ft*)jut22)

The quantities of unqualified coatings were conservatively increased over the
values from the coating logs by 4% at PSL1 and 10% at PSL2 (see the
Response to 3.h.5).

Conservatisms:

Shadowing by the reactor or structures was not considered for reactor nozzle
breaks. ZOls at these breaks were truncated to the primary shield wall and a
line-of sight cone projecting out the closest primary shield penetration to the
radius of the ZOI spherelfit23)

Unqualified coatings were given a 100% failure rate for all breaks,
conservatively maximizing the potential unqualified coatings load in the
recirculation pooljur24

Qualified epoxy was assumed to fail as 100% particulate, conservatively
treating it as the most easily transportable debris typelfst2s]

No reduction in Cal-Sil ZOlI size was credited for the reinforced banding
system installed on selected piping at PSL1|jst26]

Debris Transport

Conservatisms:

During pool fill-up, the transport to the inactive cavity (reactor cavity) was
conservatively limited to 15% for fine debris. Note that the transport to the
inactive cavity without the limitation was calculated to be 71%fJt27]

It was conservatively assumed that all unqualified coatings are located in
lower containment and would fail at the start of the event (t=0). This is
conservative since it results in 100% of unqualified coatings being present in
the pool at the start of recirculation and results in 100% transport of this
debris|jT2]
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¢ All fine debris blown to upper containment was conservatively assumed to be
washed back down by the containment spray flow. This conservatively
includes debris blown up onto holdup areas protected from the containment
spray path (on the primary shield walls, the shield walls around the
pressurizer, and the bottom side of the over-head floor slabs)l.hJngl

e Small pieces of debris on the concrete operating deck after blowdown were
assumed to wash to lower containment without any retention on grating|j730]

o Additional levels of grating below the operating deck were neglected during
washdown. This is conservative, since the maximum amount of debris will be
washed down to lower containment without any credit for additional retention
on gratings.fit31]

e Turbulent kinetic energy (TKE) and velocity plots were created to determine
the recirculation transport fractions. The TKE sufficient to suspend debris was
conservatively assumed to exist at any elevation in the pool, when it may only
exist at a discreet elevation. This conservatism results in all applicable debris
at that location being assumed to remain in suspension and transport, when
in some cases, the TKE would only keep debris at select elevations (such as
the pool surface) in suspension| T3z

e The flow of water falling from the reactor coolant system breach was
assumed to do so without encountering any structures before reaching the
containment pool. This is conservative since any impact with structures would
dissipate the momentum of the water and decrease the turbulent energy in
the pool {33

e When given a size range for insulation debris, the debris was conservatively
treated as if it existed entirely at the smaller end of the size range. For
example, large pieces of fiberglass (larger than 6 inches on a side) were
treated as 6 inch pieces. This ignores the fact that larger pieces in the size
range would be less easily transported, conservatively increasing transport
fractions overall.fs134

e |t was assumed that all Temp-Mat debris would float in the recirculation pool
until it was transported to the strainers (100% recirculation transport). This
assumption ignores the potential for a portion of the debris to become
saturated with water and settle to the floor[Jtas]

e |t was conservatively assumed that fibrous debris fines suspended in the
recirculation sump pool would not be captured by equipment or components
in containment. Testing has demonstrated that fiber fines will attach
themselves to components readily which would result in a significant
reduction of the quantity of fines that would make it to the strainerytas)
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Water Volume and Level

Conservatisms:

NPSH

It was assumed that the bounding containment pressure, temperature, and
sump water temperature values are applicable to small-break loss of coolant
accidents (SBLOCAs). This is a reasonable assumption when used to
calculate the densities of injection volumes and hold-up volumes, as the
pressure and temperatures are expected to be considerably elevated for all
LOCA sizes.fi137]

Maximum temperature values for the RWT, safety injection tanks (SIT), boric
acid make-up tanks (BAMT), RCS, and sodium-hydroxide (NaOH) or
hydrazine (N2H4) were used when calculating water volumes adjusted to the
minimum sump temperature at recirculation actuation signal (RAS). This
conservatively minimizes the volume of water released into the containment
sump, thereby minimizing the containment sump volumel{st3g]

Many of the components and structures that exist in containment at the pool
level were conservatively neglected resulting in less displacement of pool
water and a resulting lower level (see the Response to 3.g.11).

Margins:

After accounting for debris and clean strainer head losses, the containment
spray pump at PSL1 has an NPSH margin of 14.39 ft (larger at lower
temperatures)/fJtag]

After accounting for debris and clean strainer head losses, the low pressure
safety injection (LPSI) pump at PSL1 has an NPSH margin of 17.92 ft (larger
at lower temperatures) jyt40]

After accounting for debris and clean strainer head losses, the HPSI pump at
PSL1 has an NPSH margin of 1.43 ftljra1]

For PSL1, the total strainer head losses used to evaluate pump NPSH
margins for sump temperatures at or below 153 °F were based on the
chemical debris head loss due to aluminum precipitates. As shown in the
Response to 3.0.2, aluminum precipitate will not form until the sump
temperature is below 98.2 °F.

At PSL1, the large-break loss of coolant accident (LBLOCA) flow rate used to
calculate the NPSH margin was higher than the maximum design flow rate.
This conservatively maximizes the NPSH required and minimizes the NPSH
available (see the Response to 3.g.1).

After accounting for debris and clean strainer head losses, the containment
spray pump at PSL2 has an NPSH margin of 4.97 ft (larger at lower
temperatures)/fJt42)

After accounting for debris and clean strainer head losses, the HPSI pump at
PSL2 has an NPSH margin of 3.52 ft (larger at lower temperatures)/fJt43)
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Conservatisms:

NPSH margins are based on minimum containment water levels|{st44]

Strainer Structural Analysis

Margins:

The strainer system analysis (which includes strainer structure, piping, pipe
supports) provides margin to design allowable stresses, which ensures that
the strainer system will perform its function as long as is necessary following
an event which requires its use. Table 3.k.2-2 through Table 3.k.2-5 for PSL1,
and Table 3.k.2-6 and Table 3.k.2-7 for PSL2 in the Response to 3.k.2
contain itemized strainer component lists and the margins for each
component.

Conservatisms:

The system only operates once containment is flooded with water and the
entire system is fully submerged, following a LOCA event. Thereafter, during
steady state recirculation mode operation, the maximum differential pressure
across the strainer is produced].bms] The strainer assembly weight, debris
weight and crush pressure (differential pressure) is included in the maximum
earthquake analysis (SSE) to develop the stresses and loads on the strainer
(see the Response to 3.k.1, Table 3.k.1-1 and Table 3.k.1-2 for PSL1, Table
3.k.1-5 and Table 3.k.1-6 for PSL2).

Use of the codes of record provide the conservatism inherit within the code
itself.

Head Loss

Conservatisms:

When evaluating vortexing, the minimum strainer submergence at the start of
recirculation is used. Any increase in sump pool level over time was
conservatively neglected{buel

The maximum strainer head loss, which includes the clean strainer,
conventional debris and chemical debris head loss was used. The head
losses calculated or measured at lower temperatures were not adjusted for
temperature differences. Additionally, chemical debris will not form until the
pool temperature drops below 98.2°F for PSL1 and 120.8 °F for PSL2js147]
As discussed in the Response to 3.f.7, the tested chemical debris loads
bound the plant debris load with a large margin for both PSL1 and PSL2.
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e When evaluating flashing, the pre-LOCA minimum air partial pressure of the
containment atmosphere was considered. This minimum air partial pressure
was determined based on the most limiting pre-accident containment
operating conditions: technical specifications highest normal operating
containment temperature and technical specifications minimum normal
operating containment pressure. Additionally, the increase in air partial
pressure due to heat-up of the containment atmosphere following an accident
was not credited (see the Response to 3.f.14).

Penetration

Conservatisms:

e No particulate debris was used in penetration testing.st4g) Particulate debris
hastens bed formation by filling gaps and plugging holes within the network of
entangled fibers on the strainer. This, in turn, increases head loss across the
debris bed, causing increased bed compression. The combination of these
effects results in a reduction of available paths for fiber to traverse its way
through the debris bed and through the strainer perforations. Thus, the
exclusion of particulate debris for penetration testing is conservative.

e The most conservative value from the prototypical range of plant parameters
was selected for large-scale testing. Plant parameters (approach velocity,
water chemistry) were investigated for their impact on penetration quantity in
small-scale testing. Those parameter values that led to the greatest
penetration quantities were used in large scale testing.jst4g) At PSL1, it was
inconclusive in the small-scale testing if a higher or lower approach velocity
would generate more penetration. Therefore, two different large-scale tests
were run, which varied the approach velocity.{sT50]

e Every other disk was removed from the test strainers in order to increase the
gap between adjacent disks. This decreased the likelihood of the
development of a fiber bridge across adjacent disks. Fiber bridges can block
flow paths to certain interstitial parts of the strainer, effectively reducing the
penetrable surface area of the strainer. Therefore, the prevention of fiber
bridges is conservativel{Jts1]

Chemical Effects

Margins:

e For PSL1, the maximum calculated aluminum precipitate mass is 7.0 kg |
pts2iand the minimum aluminum precipitate mass used in testing (scaled to
the plant) is 122.1 kg (see the Response to 3.f.4); therefore, there is an
aluminum precipitate mass margin of 115.1 kg.

e For PSL2, the maximum calculated aluminum precipitate mass is 2.1 kg |
ptssand the minimum aluminum precipitate mass used in testing (scaled to
the plant) is 56.9 kg (see the Response to 3.f.4); therefore, there is an
aluminum precipitate mass margin of 54.8 kg.
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Conservatisms:

Debris quantities bound the maximum amount of debris predicted from the
bounding LOCA break! 754

Maximum pH values are conservatively assumed to increase the calculated
aluminum release and minimum pH values are conservatively assumed to
decrease the calculated aluminum solubilityjstss]

The maximum containment sump pool mass is conservatively assumed to
increase the calculated aluminum release in aluminum release casesJtss]
The minimum containment sump pool mass is conservatively assumed to
increase the calculated maximum aluminum precipitation temperature in
aluminum solubility cases|[yTs7]

Maximum temperature profiles are conservatively assumed fsTss]

All destroyed and latent debris is conservatively assumed to be

submerged juTsg]

All unsubmerged aluminum in containment is assumed to be exposed to
containment spray for the full 30-day duration of the eventfJteo]

The total quantity of aluminum in solution is assumed to precipitate after the
concentration exceeds the calculated solubility limit.f7e1]

The total quantity of dissolved calcium is assumed to precipitate as calcium
phosphate immediately upon release into solution (at PSL2 only)fJTe2

In-Vessel

Conservatisms:

When calculating the in-vessel fiber load, the operation of containment spray
was minimized by assuming a single CS pump failure and minimum operation
time. This input directed more fiber that passed through the strainers to the
reactor (see the Response to 3.n.1).

The time at which simultaneous hot and cold leg injection occurs was delayed
in the in-vessel modeling. This maximizes the duration of cold leg
recirculation during which a higher fraction of debris can reach the core inlet
(see the Response to 3.n.1).

The values presented for core inlet and total reactor vessel fiber loads are for
the entire 30-day mission time. This is conservative because the eventual
acceptance criteria from WCAP-17788 will be compared to the in-vessel fiber
loads before the conclusion of the 30-day mission time (see the Response to
3.n.1).
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LOCADM (Loss of Coolant Accident Deposition Model)

Margins:

e The maximum peak cladding temperature (PCT) in the LOCADM analysis for
PSL1 is 392.7 °F with an acceptance criterion of 800 °F, resulting in a margin
of 407.3 °FluTe3]

e The maximum PCT in the LOCADM analysis for PSL2 is 386.9 °F with an
acceptance criterion of 800 °F, resulting in a margin of 413.1 °FljJTe4

e The maximum deposition thickness (DT) in the LOCADM analysis for PSL1 is
18.65 mils with an acceptance criterion of 50 mils, resulting in a margin of
31.35 mils.fses]

e The maximum DT in the LOCADM analysis for PSL2 is 14.34 mils with an
acceptance criterion of 50 mils, resulting in a margin of 35.66 mils|jJTes)

Conservatisms:

e When calculating fuel rod debris deposition thickness and peak clad
temperature, the entire fine particulate, fine fiber, and chemical precipitate
loads were assumed to be available to collect on the fuel rods with no credit
taken for accumulation on the strainer.

e The containment sump pool pH is assumed to remain at the maximum final
containment sump pool pH throughout the duration of the analysis|{s67]

e The maximum sump temperature profile and the maximum containment
temperature profile were used in the analysis because higher temperatures
yield conservatively higher amounts of calculated aluminum releases, thereby
increasing the total amount of deposition,[JTes]

e The amount of fibrous debris which bypasses the sump strainer and is
available for deposition in the core is assumed to be 100 grams per fuel
assembly (g/FA). This value, which is greater than the bypassed fiber mass
determined from testing, can be used for operating margin or as a
conservatism because it leads to a greater deposition thickness.[JTeg]
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Ex-Vessel

Conservatisms:

The minimum sump pool volume following an SBLOCA was combined with
the maximum debris loads from a LBLOCA to determine the debris
concentrationjyt70] This is conservative because minimizing the mass of
recirculating water maximizes the debris concentration, and thus the amount
of wear. Additionally, water volumes such as portions of the RCS inventory or
the volume of water in the residual heat removal (RHR) piping could also be
proven to be part of the recirculation flow path, but were conservatively
excluded for the downstream effects calculations.

The debris concentration was calculated assuming 100% bypass of all fiber
fines/{Jt71] Penetration testing has shown that bypass for fiber fines at PSL1
and PSL2 is much lower than 100%. Therefore, this assumption
conservatively increases the debris concentration, and thus the amount of
wear.

Although the actual maximum spherical size particulate that is expected to
bypass the strainer is 0.066 inches for PSL1 and 0.06875 inches for PSL2,
the maximum particulate size that bypasses the strainer was conservatively
assumed to be 0.100 inches for the downstream effects evaluations|fst72]
The quantities of transported debris at PSL1 and PSL2 have been revised
since the downstream effects evaluations were performed. It was determined
that the revised transported debris quantities would result in lower debris
concentrations than those used in the downstream effects evaluations|[J773]
Therefore, the downstream effects evaluations were performed using
conservatively high debris concentrations.

E1-21



St. Lucie Nuclear Plant L-2017-210
Docket Nos. 50-335 and 50-389 Enclosure 1

3. Specific Information Regarding Methodology for Demonstrating Compliance:

3.a. Break Selection

The objective of the break selection process is to identify the break size and location
that present the greatest challenge to post-accident sump performance.

1. Describe and provide the basis for the break selection criteria used in the evaluation.
Response to 3.a.1:

The PSL1 and PSL2 debris generation calculations|st74followed the methodology of
NEI 04-07 Volume 1 and the associated NRC SE on NEI 04-07 (Reference 12 pp. 3-
5 - 3-26, 4-1 - 4-5; 6 pp. 12-35, 85-91, respectively),bwa with the exception that they
analyzed a full range of breaks, rather than just the worst-case breaks as suggested
by NEI 04-07 Volume 1. The purpose of the calculations was to obtain debris
quantities for a range of possible break scenarios. The calculations evaluated debris
generation quantities for breaks on every circumferential ISI weld (and longitudinal
welds at PSL1) within the Class 1 pressure boundary inside the first isolation valve,
including breaks at the reactor nozzles|{s176) The following types of LOCA breaks
were considered:
e DEGBs with the largest break being a DEGB of the 42” hot leg,
o Partial breaks, orientated 45 degrees apart, at size increments of 0.5, 2, 4, 6,
8,10, 12,14, 17, 20, 23, and 26 inches.
e SEGBs within 10 pipe diameters of a normally closed isolation valve or
termination point (at PSL1 only).

In the debris generation calculations, three-dimensional (3D) CAD models of the
PSL1 and PSL2 containment buildings were updated to work with ENERCON’s
BADGER software. BADGER was used to place ZOls representing possible breaks
on every circumferential ISI weld (and longitudinal welds at PSL1) inside the first
isolation valve in containment. Figure 3.a.1-1 shows the graphical representation of
these weld locations for PSL1 and Figure 3.a.1-2 shows the graphical representation
of these weld locations for PSL2js177]

Per Section 3.3.5.2 of the NRC SE of NEI 04-07, evaluating breaks at equal
increments is “only a reminder to be systematic and thorough” (Reference 6 p.
17)ut78). The use of Class 1 ISI welds as break locations is both systematic and
thorough because they are closer to the components that contain the greatest
quantity of debris sources as opposed to a span of straight pipe further way from
these sources (see Figure 3.a.1-1 and Figure 3.a.1-2). Also, welds are almost
exclusively recognized as likely failure locations because they can have relatively
high residual stress, are preferentially-attacked by many degradation mechanisms,
and are most likely to have preexisting fabrication defects fJt79] Since each of the
weld locations were evaluated for determination of the quantity of debris that would
be generated, these locations, by observation, represent the limiting break locations.
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Breaks were also evaluated incrementally along the straight sections of piping at
PSL1 that contain longitudinal welds,fstso; The distance between these break
locations was one-half the inside diameter of the piping segmentiyts1] For example,
for the 42” ID piping, DEGBs were taken at approximately every 21”. This approach
ensured the bounding break location could be determined, which in all cases was
determined to be at an elbow or nozzle weld location (see the Response to 3.a.3).
As the PSL1 longitudinal weld evaluation showed that the limiting locations were at
nozzles and elbows, and due the similarity in design between PSL1 and PSL2, it
was judged that the results would be the same for PSL2.

As discussed in the Response to 3.b.1, the insulation types at PSL1 and PSL2
include RMI, Cal-Sil, and a variety of fibrous insulation types. As RMI tends to be a
non-problematic debris source for non-pit type strainers (Reference 3 pp. Appendix
A p. 4-5),st2} maximizing the generation of Cal-Sil and fibrous insulation was the
focus of the break selection process. The combination of Cal-Sil and fiber can form
tight debris beds with limited porosity, which can cause high head losses even at low
approach velocities (Reference 3 pp. Appendix A p. 4-5)uts3] The breaks presented
in the Response to 3.a.3 maximize the quantities of these problematic debris types.
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Figure 3.a.1-1: PSL1 Weld Locations Where Postulated LOCAs Occurrs4
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Figure 3.a.1-2: PSL2 Weld Locations Where Postulated LOCAs OccurJrss]

2. State whether secondary line breaks were considered in the evaluation (e.g., main
steam and feedwater lines) and briefly explain why or why not.

Response to 3.a.2:
Feedwater and main steam piping were not considered for potential break locations
because ECCS in recirculation mode is not required for main steam or feedwater

line breaksjuTss]

3. Discuss the basis for reaching the conclusion that the break size(s) and locations
chosen present the greatest challenge to post-accident sump performance.
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The debris generation calculations for PSL1 and PSL2 take into account a spectrum
of break sizes on every IS| weld within the Class 1 pressure boundaryljsts7 The
purpose of these calculations is to characterize the debris generation of the widest
possible set of possible break scenarios. This set includes the debris generated by
the worst-case scenario LOCAs (DEGBs on the main loop piping).

Given that most large breaks generate similar quantities of debris from latent
dirt/dust, miscellaneous debris (stickers, tags, labels, tape), coatings in the ZOI
(particulate), and unqualified coatings, the breaks that present the greatest
challenge to post-accident sump performance are breaks that generate limiting
amounts of Cal-Sil and fibrous debris (as discussed in the Response to 3.a.1).
Areas with the potential to generate significant quantities of Cal-Sil and fibrous
debris were identified.

In each loop, the two most bounding breaks that maximize the debris load from
these materials were chosen; see Table 3.a.3-1 for descriptions of these locations
and see the Response to 3.b.4 for quantities. At PSL1, the same break locations in
each loop generate the bounding quantities of both Cal-Sil and fibrous debris, thus
four break locations (instead of eight) are shown. At PSL2, one break location in
each loop generates bounding quantities of both Cal-Sil and fibrous debris, thus six
break locations (instead of eight) are shown.

Table 3.a.3-1: PSL1 and PSL2 Two Worst-Case Cal-Sil/Fiber Breaks for Each LoopH

[JT88]

Unit | Loop | Limiting Debris Type Weld Location Location Description
. . | 1-SGA-W16 & RC-114- | Steam Generator (SG) Nozzle
PSLA1 A Both Fiber and Cal-Sil FW-2000 at Hot Leg
PSLA1 A Both Fiber and Cal-Sil | RC-114-7-503 Hot Leg Elbow
. . | 1-SGB-W16 & RC-123-
PSL1 B Both Fiber and Cal-Sil FW-2000 SG Nozzle at Hot Leg
PSL1 B Both Fiber and Cal-Sil | RC-123-1-503 Hot Leg Elbow
PSL2| A | Both Fiberand Cal-sil | o1o01022042-W103 | 56 Nozzle at Hot Leg
PSL2 A Cal-Sil RC-114-FW-2010 SG Nozzle at Hot Leg
PSL2 A Fiber RC-114-401-771 Hot Leg Elbow
PSL2| B |Both Fiber and Cal-Sil 2336:133204-2-Jw103- SG Nozzle at Hot Leg
PSL2 B Cal-Sil RC-123-FW-2010 SG Nozzle at Hot Leg
PSL2 B Fiber RC-123-201-771 Hot Leg Elbow

E1-26




St. Lucie Nuclear Plant L-2017-210
Docket Nos. 50-335 and 50-389 Enclosure 1

3.b. Debris Generation/Zone of Influence (excluding coatings)

The objective of the debris generation/ZOl process is to determine, for each postulated
break location: (1) the zone within which the break jet forces would be sufficient to
damage materials and create debris; and (2) the amount of debris generated by the
break jet forces.

1. Describe the methodology used to determine the ZOls for generating debris.
Identify which debris analyses used approved methodology default values. For
debris with ZOls not defined in the guidance report/SE, or if using other than default
values, discuss method(s) used to determine ZOI and the basis for each.

Response to 3.b.1:

In a pressurized water reactor (PWR) reactor containment building, the worst-case
pipe break would typically be a DEGB. In a DEGB, jets of water and steam would
blow in opposite directions from the severed pipe. One or both jets could impact
obstacles and be reflected in different directions. To take into account the double
jets and potential jet reflections, NEI 04-07 Volume 1 (Reference 12, p. 1-3; 6, p. vii)/|
uTsgproposes using a spherical ZOI centered at the break location to determine the
quantity of debris that could be generated by a given line break.

For DEGBs, the ZOls are defined in the analysis as a spherical volume about the
break in which the jet pressure is higher than the destruction/damage pressure for
certain types of insulation, coatings, or other materials impacted by the break jet.

For any break smaller than a DEGB (i.e., a partial break), the NRC SE on NEI 04-07
accepts the use of a hemispherical ZOI centered at the edge of the pipe (Reference
6, p. 117). luteojBecause these types of breaks could occur anywhere along the
circumference of the pipe, the partial breaks were analyzed using hemispheres at
eight different angles that are 45 degrees apart from each other around the pipe/fsto1]

Because different insulation types have different destruction pressures, insulation-
specific ZOls were determined. Table 3.b.1-1 shows the primary side break
equivalent ZOI radii divided by the break diameter (L/D) for each representative
material in the PSL1 and PSL2 containment buildings.
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Table 3.b.1-1: ZOI Radii for PSL1 and PSL2 Insulation Types'mgz]

Destruction Z0lI
Insulation Type Pressure Radius/Break
(psi) Diameter (L/D)
Unjacketed and Jacketed Nukon 6 17.0*
Generic Low-Density Fiberglass 6 17.0**
Thermal-Wrap (PSL1 only) 6 17.0**
Temp-Mat (PSL1 only) 10.2 11.7*
Mirror Reflective Metal Insulation (RMI) 2.4 28.6™
Transco RMI 114 2.0*
Calcium Silicate 20" 6.4*
Qualified Coatings 40**** 4.0*

*NRC SE on NEI 04-07] (Reference 6 pp. 30 and 1I-20)[JT93]

** Revised Guidance Regarding Coatings Zone of Influence for Review of Final Licensee Responses to
Generic Letter 2004-02 (Reference 7 p. 2)[JT94]

*** The destruction pressure of generic fiberglass (PSL1 and PSL2) and Thermal-Wrap (PSL1 only) were
assumed to be the same as Nukon due to their similar destruction pressures and as-fabricated densities[JT95]
**** 40 psi corresponds to a 4D ZOl in Table 3-1 of the SER [(Reference 6 p. 27)[JT96]

Reinforcing stainless steel bands were installed on selected sections of Cal-Sil
insulated piping in PSL1 during outage SL1-21 (Spring 2007). The banding system
consists of Y2-inch wide stainless steel bands that are installed around the outside of
the insulation jacket. The bands are spaced approximately 3 inches on center. Tests
to determine the efficacy of the banding system were conducted by Westinghouse
utilizing the facilities of Wyle Laboratoriesute71 This banding was installed in
anticipation of NRC acceptance of the blowdown testing that was performed, which
did not occur. For conservatism, no credit for banding was taken in the debris
generation analysis and a 6.4D ZOIl was used on all Cal-Sil (see Table 3.b.1-1).

In some cases, if the ZOI for a particular material is very large (i.e., it has a low
destruction pressure or is located on a large pipe); the radius of the sphere may
extend beyond robust barriers located near the break. Robust barriers consist of
structures, such as concrete walls that are impervious to jet flow and prevent further
expansion of the jet. Insulation in the shadow of large robust barriers can be
assumed to remain intact to a certain extent (Reference 12, pp. 3-14 through 3-
15)juteg; Due to the compartmentalization of containment in PSL1 and PSL2,jstsg)
the insulation on the opposite side of the compartment walls can be assumed to
remain intact. However, the steam generator compartments share an opening
where a break jet could extend, so this was accounted for by including destruction of
some of the insulation in these areas. All ZOls were truncated to account for robust
barriers per the NRC SE on NEI 04-07 (Reference 6 p. vii)uti00. ZOls at the reactor
nozzle break locations were also analyzed|jyt101]
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Volumetric debris quantities were determined by measuring the interference
between a ZOl and its corresponding debris source. This was done within the CAD
model environmentfst1021 No insulation debris would be generated outside of the
ZOls (Reference 12,pp. 3-19 through 3-20)[Jt103] This practice is considered
acceptable by the NRC as stated in the SER on NEI 04-07 l(Reference 6, Section
3.4.3.2)&JT104].

2. Provide destruction ZOls and the basis for the ZOlIs for each applicable debris
constituent.

Response to 3.b.2:
See the Response to 3.b.1.

3. Identify if destruction testing was conducted to determine ZOls. If such testing has
not been previously submitted to the NRC for review or information, describe the test
procedure and results with reference to the test report(s).

Response to 3.b.3:

PSL1 and PSL2 applied the ZOlI refinement discussed in the NRC SE on NEI 04-07
(Reference 6, Section 4.2.2.1 .1)ut105], which allows the use of debris-specific
spherical ZOls.

The only ZOI that is different from those listed in NEI 04-07 Volume 1 is the ZOlI for
qualified coatings. This is discussed in the Response to 3.h.

In addition, FPL determined that there is approximately 128.5 ft* of polyvinyl chloride
(PVC) jacketing on conduits inside of PSL1 containment. Post-LOCA qualification
testing has confirmed that the jacketing remains attached and does not become a
coating-like debris that can transport to the sump. A negligible amount (less than
1%) of PVC coating debris was generated during testing. Hence, analyzed debris
loading assumptions are maintained|{Jt106]

4. Provide the quantity of each debris type generated for each break location
evaluated. If more than four break locations were evaluated, provide data only for
the four most limiting locations.

Response to 3.b.4:

Using the ZOls listed in this section, the breaks selected in the Response to 3.a, and
the size distribution provided in the Response to 3.c of this enclosure, quantities of
generated debris for each break case were calculated for each type of insulation.
Table 3.b.4-1 shows the quantities of debris generated for the two most limiting
DEGB locations for each loop at PSL1/jst1071 These break locations were limiting for
both Cal-Sil and fiber quantities. Table 3.b.4-2 shows the quantities of debris
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generated for the two most limiting DEGB locations with respect to Cal-Sil at
PSL2{st108) Table 3.b.4-3 shows the quantities of debris generated for the two most
limiting DEGB locations with respect to fiber at PSL2. Note that break generated
coatings quantities are provided in the tables for completeness, but are discussed
further in the Response to 3.h. The fiber quantities presented in Table 3.b.4-1
through Table 3.b.4-3 have been converted to mass (Ilbm) by multiplying the

volumes by their associated density.

Table 3.b.4-1: PSL1 Two Worst-Case Breaks for Each Loop

1-SGB-W16 & 1-SGA-W16 &
Break Location RC-123-FW- | RC-123-1-503 | RC-114-FW- | RC-114-7-503
2000 2000
" o SG B Nozzle at Hot Leg B SG A Nozzle at Hot Leg A

Locatian Deseription Hot Leg Elbow Hot Leg Elbow
Break Size 42" 42" 42" 42"
Break Type DEGB DEGB DEGB DEGB
Nukon, Fine 367.1 353.0 351.7 339.5
LDFG, and Small 1,266.1 1,198.7 1,218.8 1,159.5
x'erma'- Large 578.5 610.7 537.6 568.5
(,br:,'; Intact 625.0 659.8 580.8 614.2

Fine 4.8 4.8 38.5 36.6
Temp-Mat Small 8.1 8.1 71.6 65.6
(lbm) Large 2.8 2.7 10.1 13.9

Intact 3.0 2.9 10.9 15.0

. Fine 893.9 883.5 701.9 679.0

gsl'j" Small 631.6 641.8 523.1 503.0

Intact 1,200.6 1,108.6 821.6 808.3
Transco ?2?)" 11,556 11,768 10,953 11,165
and Mirror T
RMI (ft?) - 49,) 3,852 3,923 3,651 3,722
Carbozinc Fine 169.12 o.%1 170.75 0.832 5242 | 0.25 | 5341 | 0.26
11 lbm ft lbm ft lbm ft lbm ft
Phenoline Fine 205.17 2.23 218.98 2.136 126.36 1.235 141.27 1.3;9
305 Ibm ft Ibm ft Ibm ft Ibm ft
Carboline Fine 188.41 1.735 211.20 1.%6 169.62 1.27 195.01 1.%1
195 lbm ft lbm ft lbm ft lbm ft
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Table 3.b.4-2: PSL2 Two Worst-Case Cal-Sil Breaks for Each Loop

313-N4-3204- 314-N4-3204-
Break Location 2-JW103- RC';;;‘(')F W- 2 aw103- Rc-;§136i=w-
S/C010 S/C010
Location Description SG A Nozzle at | SG A Nozzle at | SG B Nozzle at | SG B Nozzle at
Hot Leg Hot Leg Hot Leg Hot Leg
Break Size 42" 42" 42" 42"
Break Type DEGB DEGB DEGB DEGB
Fine 330.4 330.4 470.0 470.0
g‘:gt"DF o |_small 1.203.3 1.203.3 1.670.5 16705
(Ibm) Large 338.4 3384 598.4 598.4
Intact 365.4 365.4 646.4 646.4
sl Fine 37.7 37.7 27.0 27.0
(Isn;)l Small 28.6 28.6 21.0 21.0
Intact 418 41.8 27.8 27.8
Small
Transco (<4”) 1,039 1,039 1,049 1,049
and Mirror | mrea
RMI (ft?) - 49,) 346 346 350 350
Carbozinc Fine 427 | 021 | 427 | 021 | 653 | 031 | 653 | 0.31
11 lbm ft2 lbm ft2 lbm ft3 lbm ft2
Phenoline Fine 1138 | 112 | 1138 | 112 | 139.7 | 1.38 | 139.7 | 1.38
305 lbm ft3 lbm ft2 lbm ft> lbm ft>
Carboline Fine 1581 | 1.47 | 1581 | 1.47 | 1806 | 1.68 | 1806 | 1.68
195 lbm ft3 lbm ft> lbm f? lbm ft>
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Table 3.b.4-3: PSL2 Two Worst-Case Fiber Breaks for Each Loop

313-N4-3204- 314-N4-3204-
Break Location 2-JW103- RC'171741'4°1' 2-JW103- RC'172731'2°1'
S/IC010 S/C010
’ o SG A Nozzle Hot Leg A SG B Nozzle at Hot Leg B
Legation Desaription at Hot Leg Elbow Hot Leg Elbow
Break Size 42" 49T 42" 42"
Break Type DEGB DEGB DEGB DEGB
Fine 330.4 326.9 470.0 470.6
Nukon and Small 1,203.3 1,180.0 1,670.5 1,661.9
LDFG (Ibm) Large 338.4 364.8 598.4 630.6
Intact 365.4 394.0 646.4 681.2
Fine 37.7 35.8 27.0 25.5
Cal-Sil (Ibm) | Small 28.6 26.6 21.0 18.6
Intact 41.8 422 27.8 31.6
Small
Tr_ansco and (<4”) 1,039 977 1,049 989
Mirror RMI L
(ft?) o) 346 326 350 330
Carbozinc Fine 427 [ 021 | 449 | 022 | 653 | 031 | 676 | 0.32
11 lbm ft2 lbm ft2 lbm ft> lbm ft2
Phenoline Fine 1138 | 112 [ 1211 | 120 | 139.7 | 1.38 | 1440 | 1.42
305 lbm ft> lbm ft> lbm ft2 lbm ft2
Carboline Fine 1581 | 1.47 | 1688 | 157 | 1806 | 1.68 | 1859 | 1.73
195 lbm ft> lbm ft2 lbm ft> lbm ft>

5. Provide total surface area of all signs, placards, tags, tape, and similar
miscellaneous materials in containment.

Response to 3.b.5:

Labels, tags, stickers, placards and other miscellaneous or foreign materials were
evaluated via two walkdowns at PSL2. The amount of transportable miscellaneous
foreign materials found by the walkdowns was 24.4 ft3jst109) Based on the similarity
between units, as well as the similarity in procedures for labeling, the PSL2 data is
considered applicable for PSL1. However, for conservatism, a total surface area of
133 ft? was assumed in the PSL1 and PSL2 debris generation analyses|js110]
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The objective of the debris characteristics determination process is to establish a
conservative debris characteristics profile for use in determining the transportability of
debris and its contribution to head loss.

1. Provide the assumed size distribution for each type of debris.

Response to 3.c.1:

A summary of the material properties of the debris types found within containment
are listed in Table 3.c.1-1/fuT111]

Table 3.c.1-1: PSL1 and PSL2 Debris Material Properties

Density

Characteristic

Debris Distribution (Ibm/ft?) Size
(um)
Nukon/Generic LDFG See Following 2.4 (bulk) 7
Thermal-Wrap Section 159 (fiber) 5.5
See Following 11.8 (bulk)
HEmp-iat Section 162 (fiber) ?
. 75% Small Pieces <4”
Mirror/Transco RMI 25% Large Pieces - >4”
-~ See Following 14.5 (bulk)
el Section 144 (particulate) 2
208 (Carbozinc 11 —
inorganic zinc (102))
Qual!ﬂed 100% Particulate 101.3 (Phenoline 305 - 10
Coatings Epoxy)
107.7 (Carboline 195 -
Epoxy)
208 (Degraded 102)
Unqualified and 98 (Enamel on RCPs)
Degraded 100% Particulate 297 (Cold Galvanizing 10
Coatings on Ducts)

208 (I0Z on Pipes)
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Nukon, Generic, and Thermal-Wrap Low-Density Fiberglass Insulations

The debris characteristics for Nukon, generic low-density fiberglass (LDFG), and
Thermal-Wrap are listed in Table 3.c.1-1.

A baseline analysis of Nukon includes a size distribution with two categories—60
percent small fines and 40 percent large pieces per NEI 04-07 Volume 1 (Reference
12, Section 3.4.3.3.1)ut1121 The debris generation calculation uses a four-category
size distribution based on the guidance in the NRC SE on NEI 04-07| (Reference 6,
Appendix |l and Appendix VI, p. VI-14). r113This guidance provides an approach
for determining a size distribution for low-density fiberglass using the air jet impact
test (AJIT) data, with conservatism added due to the potentially higher level of
destruction from a two-phase jet. Within the 17.0D ZOlI, the size distribution varies
based on the distance of the insulation from the break (i.e., insulation debris
generated near the break location consists of more small pieces than insulation
debris generated near the edge of the ZOl).

Consequently, the following equations were developed to determine the fraction of
fines (individual fibers), small pieces (less than 6 inches), large pieces (greater than
6 inches), and intact blankets as a function of the average distance between the
break point and the centroid of the affected debris measured in units of break
diameter (C).jut114]

0.2 fo<C<4
F1DFG Fines(C) = {—0.01364 -C+0.2546 if4 < C < 15
—0.025-C + 0.425 ifi15<C<17

0.8 fo<C<4
F1pre sman(C) = {—0.0682 -C+1.0724 if4< C <15
—0.025-C+ 0.425 ifiI5<C<17

0 fo<Cc<4
F1pFG Large(C) = 10.0393 -C—0.157 if4 < C <15
—0.215-C+3.655if15 < C <17

0 fo<C<4
F1pre mtact(C) = {0.0425 -C—-0.170if4<C<15
0.265-C—3.505 ifl5<C<17
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Temp-Mat High-Density Fiberglass Insulation (PSL1 Only)
The debris characteristics for Temp-Mat are listed in Table 3.c.1-1.

Similar to Nukon and other types of LDFG, a refinement to the standard
methodology was used that takes into account a size distribution for Temp-Mat using
AJIT data. The following equations were developed to determine the fraction of
fines (individual fibers), small pieces (less than 6 inches), large pieces (greater than
6 inches), and intact blankets as a function of the average distance within an 11.7D
ZOI between the break point and the centroid of the affected debris measured in
units of break diameter (C)Jt115]

0.333 fo<C<2
FTemp—Mat Fines(C) = i—0.03050 C+03940if2<C<8
—0.0405-C+ 0474 if8<C<17

0.667 ifo<C<2
Fremp—mat sman(C) = {—0.0945 C+0856if2<C<8
—-0.0271-C+0.316 if8< C <17

0 if0<C<?2
Premp-Mat Large(C) = {0.0601 C—0.12 f2<C<8
—~0.0974-C + 1.14if8 < C < 17

0 fo<C<2
FTemp—Mat Intact(C) = {0.0649 C—013if2<C<8
0.165:-C—093 if8s8<C<17

Cal-Sil Insulation
The debris characteristics for Cal-Sil are listed in Table 3.c.1-1.

Similar to Nukon and other types of LDFG, a refinement to the standard
methodology was used that takes into account a size distribution for Cal-Sil using jet
test data. The following equations are developed to determine the fraction of fines
(particulate), smalls (less than 1 inch up to 3 inches), and intact pieces (remains on
the target) as a function of the average distance within a 6.4D ZOI between the
break point and the centroid of the affected debris measured in units of break
diameter (C)/fut116)
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0.5 ifo<C<15
Feai—sit Fines(€C) = {—0.06571 +C+0.5986 if1.5<C<5
—0.1929-C +1.2345 if5<(C <64

0.5 if0<C<15
Feai—sii Small(C) = 5—0.1043 C+0.6614 if1.5<C<5
—0.0971-C+0.6155 if5<C <64

0 if0<C <15
Feai—sitimtact(C) =40.17-C —0.26 if1.5<C <5
0.29-C—0.85 if5 < C < 6.4

2. Provide bulk densities (i.e., including voids between the fibers/particles) and material
densities (i.e., the density of the microscopic fibers/particles themselves) for fibrous
and particulate debris.

Response to 3.c.2:

See the Response to 3.c.1 for the material and bulk densities of the various types of
debris.

3. Provide assumed specific surface areas for fibrous and particulate debris.
Response to 3.c.3:
Specific surface areas could be calculated for each debris type based on the
characteristic diameter described in the Response to 3.c.1. However, testing was
used to determine strainer head loss and not an analytical method, so specific
surface areas were not calculated or used for the PSL head loss evaluations (see

the Response to 3.f).

4. Provide the technical basis for any debris characterization assumptions that deviate
from NRC-approved guidance.

Response to 3.c.4:

The debris characterizations for all debris types follow NRC-approved guidance.
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3.d. Latent Debris

The objective of the latent debris evaluation process is to provide a reasonable
approximation of the amount and types of latent debris existing within the containment
and its potential impact on sump screen head loss.

1. Provide the methodology used to estimate the quantity and composition of latent
debris.

Response to 3.d.1:

Walkdowns have been completed for PSL2 specifically for the purpose of
characterizing latent and miscellaneous debris/jst117] These walkdowns utilized the
guidance in NEI 02-01 and the NRC SE on NEI 04-07/T118]

The NRCs SE on NEI 04-07 (Reference 6, p. 44)119) recommended that
walkdowns be performed to assess debris sources inside containment. A walkdown
plan and procedure were developed and implemented to determine the amount of
foreign debris in the PSL2 containmentJt120; These walkdowns were conducted
without any preconditioning or pre-inspections. Consequently, the debris found
during the walkdowns is characteristic of approximately 23 years of operation under
the existing housekeeping programs. These walkdowns were conducted and
consequently, the debris found during the walkdowns is considered representative of
normal plant operation under the existing housekeeping programs.

Samples were collected from eight surface types; floors, containment liner,
ventilation, cable trays, walls, equipment, piping and gratinglJt121] For each surface
type, a minimum of four samples were collected, bagged, and weighed to determine
the quantity of debris that was collectedyt122] A statistical approach was used to
estimate an upper limit of the mean debris loading on each surfaceljst123) The
horizontal and vertical surface areas were conservatively estimated jst124] The total
latent debris mass for a surface type is the upper limit of the mean debris loading
multiplied by the conservatively estimated area for that surface type, and the total
latent debris is the sum of the latent debris for each surface typeljsti2s]

Two PSL2 containment walkdowns were performed for the purpose of identifying
and measuring plant labels, stickers, tape, tags, and other debris. Based on the
walkdown data, the quantity of transportable miscellaneous debris in the PSL2
containment is estimated to be 24.4 ft*. PSL1 and PSL2 are of a similar design, and
the procedures for labeling are similar between PSL1 and PSL2. Therefore, the
miscellaneous debris will be similaﬁ.iJT1261 As discussed in the Response to 3.b.5, a
total surface area of 133 ft*> of miscellaneous debris was conservatively assumed in
the PSL1 and PSL2 debris generation calculations.
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2. Provide the basis for assumptions used in the evaluation.

Response to 3.d.2:

Walkdowns were not completed at PSL1, as it was assumed that the PSL2
walkdowns were representative of the PSL1 latent and miscellaneous debris
quantities|fJt127] This was deemed reasonable as PSL1 and PSL2 are of a similar
design, the internal containment horizontal and vertical surface areas are similar, the
procedures for containment closeout are the same, and the organizations who
perform these procedures are the same{.lunza] Also, the quantity of latent and
miscellaneous debris assumed to exist was conservatively increased in order to
bound the value found during the walkdownslfJt129) See the Response to 3.d.3 for
further discussion.

See the Response to 3.d.3 for assumptions regarding material properties of latent
debris.

. Provide results of the latent debris evaluation, including amount of latent debris

types and physical data for latent debris as requested for other debris under c.
above.

Response to 3.d.3:

Latent debris includes dirt, dust, lint, paint chips, fines, and shards of loose thermal
insulation fibers that could potentially transport to the sump strainers during
recirculation. Latent debris can be introduced into containment several ways,
including deterioration of items such as insulation and coatings, and by personnel
tracking in particulate and fibers from outside containment. The quantity of latent
debris is provided in the debris generation calculationsfst130; A walkdown at PSL2
was performed to measure quantities of latent debris, and the total quantity was
calculated based on those samples|jyt131] The total amount of latent debris
calculated was 67.4 Ibm, but 100 Ibm is assumed in the debris generation
calculations| fit132ito provide ample operating margin. Table 3.d.3-1 lists the assumed
latent fiber and particulate constituents and their material characteristics.

Latent debris is assumed to consist of 15 percent fiber and 85 percent particulate by
mass per the NRC SE on NEI 04-07 [(Reference 6 p. 50)js1133). Based on the NRC
SE on NEI 04-07 |(Reference 6, pp. 50-52, V-11)ut134], the size and density of latent
particulate were assumed to be 17.3 pm (specific surface area of 106,000 ft"') and
168.6 Ibm/ft® (2.7 g/cm®), respectively. Additionally, the bulk density and microscopic
density of latent fiber were assumed to be 2.4 Ibm/ft* and 93.6 Ibm/ft® (1.5 g/cm?®),
respectively.
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Latent fiber is assumed to have a characteristic size of 5.5 ym. This is reasonably
conservative, as it is the smallest fiber diameter listed in Table 3-2 of the general
reference for low-density fiberglass found in NEI 04-07 Volume 1 [(Reference 12, p.
3-28)uT135).

Table 3.d.3-1: Latent Fiber and Particulate Constituents

Latent Bulk Microscopic | Characteristic
Debris | Density Density Size
(Ibm) | (Ibm/ft®) (Ibm/ft®) (um)
Particulate (85%) 85 - 168.6 17.3
Fiber (15%) 15 2.4 93.6 5.5
Total 100

4. Provide amount of sacrificial strainer surface area allotted to miscellaneous latent
debris.

Response to 3.d.4:
As discussed in the Response to 3.b.5, a total surface area of 133 ft? of

miscellaneous debris was conservatively assumed. This surface area would result
in a 100 ft? reduction in strainer area (75% of 133 ft°) (Reference 6 p. 49)ur136].
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3.e. Debris Transport

The objective of the debris transport evaluation process is to estimate the fraction of
debris that would be transported from debris sources within containment to the sump
suction strainers.

1. Describe the methodology used to analyze debris transport during the blowdown,
washdown, pool-fill-up, and recirculation phases of an accident.

Response to 3.e.1:

The methodology used in the transport analysis is based on the NEI 04-07 Volume 1
guidance (Reference 12)ut137] and the associated NRC SE on NEI 04-07 for refined
analyses, as well as the refined methodologies suggested by the NRC SE on NEI
04-07 in Appendices lIl, IV, and VI (Reference 6)ut138. The specific effect of each of
four modes of transport was analyzed in the debris transport calculations! st13gjfor
each type of debris generated. These modes of transport are:

e Blowdown Transport — the vertical and horizontal transport of debris to all
areas of containment by the break jet

e Washdown Transport — the vertical (downward) transport of debris by the
containment sprays, and break flow

e Pool Fill-Up Transport — the transport of debris by break and containment
spray flows from RWT to regions that may be active or inactive during
recirculation

e Recirculation Transport — the horizontal transport of debris from the active

portions of the recirculation pool to the sump screens by the flow through the
ECCS

The logic tree approach was applied for each type of debris determined from the
debris generation calculation. The logic tree shown in Figure 3.e.1-1 is slightly
different from the baseline guidance. This departure was made to account for
certain non-conservative assumptions identified by the NRC SE on NEI 04-07
(Reference 6)jt140] including the transport of large pieces, erosion of small and large
pieces, the potential for washdown debris to enter the pool after inactive areas have
been filled, and the direct transport of debris to the sump screens during pool fill-up.

E1-40



St. Lucie Nuclear Plant L-2017-210

Docket Nos. 50-335 and 50-389 Enclosure 1
— ?mndam \yrm TP':I s:::‘ RT::;‘ _— Fncﬁ:l S:'zebﬁs
[ Retainedon
Structures
e | I—‘rm
Washed Down 1 _
Fines ransport
Lower Sump Screens
Containment
ve

Retained on lT________
Structures lemains intact
Transport
Containment
Erodes to Fines
ashed Down ﬁ‘_l
Remains intact

[~ Smal |
Pieces
AT l Erodes 1o Fnes
ek "~ Remains ntact
Generation “Lower Sump Screens
Containment
i
inactve Poo Erodes to Fines
ined on
Structures Remains intact
f [ Transport
Containment
Erodes to Fines
ashed Down
Secdiment
~ Remans miact
arge
Pieces
Erodes to Fines
emains intact
Tower Sump Screens
Containment
Tnactive Fool
on
Structures
¢ I
ashed Down L "
Pieces with
Jacketing
Intact
Lower Sump Screens
Containment
~ Inactive Pool

Figure 3.e.1-1: Generic Debris Transport Logic Tree
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The basic methodology for the PSL1 and PSL2 transport analyses is summarized as
followsffuT141]

2.

The CAD model was provided as input to determine break locations and
sizes.

The debris generation calculation was provided as input into the calculation
for debris types and sizes.

3. Potential upstream blockage points were qualitatively addressed.
4.

The fraction of debris blown into upper containment and lower containment
for each compartment was determined based on the volumes of upper and
lower containment.

The fraction of debris washed down by containment spray flow was
determined along with the locations where the debris would be washed down.
The quantity of debris transported to inactive areas or directly to the sump
strainers was calculated based on the volume of the inactive and sump
cavities proportional to the water volume at the time these cavities are filled.
The location of each type/size of debris at the beginning of recirculation was
determined based on the break location.

A computational fluid analysis (CFD) model was developed to simulate the
flow patterns that would develop during recirculation.

A graphical determination of the transport fraction of each type of debris was
made using the velocity and TKE profiles from the CFD model output, along
with the determined initial distribution of debiris.

10.The initial recirculation transport fractions from the CFD analysis were

gathered to determine the final recirculation transport fractions for input into
the logic trees.

11.The quantity of debris that could experience erosion due to the break flow or

spray flow was determined.

12.The overall transport fraction for each type/size of debris was determined by

combining each of the previous steps into logic trees.

Potential Upstream Blockage Points

Potential upstream blockage points were qualitatively addressed in the debris
transport calculation for each unit. It was determined that there are not any upstream
blockage points in the PSL1 and PSL2 containment buildings/jut1421 Upstream
effects are discussed in the Response to 3.1.

CFD Model of Containment Recirculation Pool

A diagram showing the significant parts of the CFD model is shown in Figure 3.e.1-2
for PSL1, and Figure 3.e.1-3 for PSL2jyT143 The strainer module mass sinks and the
various direct and runoff spray regions are highlighted.
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Figure 3.e.1-2: PSL1 Significant Features in CFD Model
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Figure 3.e.1-3: PSL2 Significant Features in CFD Model
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The key CFD modeling attributes/considerations included the following:
Computational Mesh

A rectangular mesh was defined in the CFD model that was fine enough to resolve
important features, but not so fine that the simulation would take excessively long to
run. A 6-inch cell length was chosen as the largest cell size that could reasonably
resolve the concrete structures that compose the containment floor. For the cells
right above the containment floor, the mesh was set to 3 inches tall in order to
closely resolve the vicinity (area right above the floor where tumbling velocities are
analyzed) of settled debris. The total cell count in the model was 6,400,000 for
PSL1, and 3,891,200 for PSL2[yr144]

Modeling of Containment Spray Flows

Various plan and section drawings, as well as the containment building CAD model,
were considered when determining the spray flow path to the pool. Spray water
would drain to the pool through many pathways. Some of these pathways include
the steam generator compartments through the open area above the steam
generators, through the annulus via the various sections of grating, and through the
refueling canal drains. The sprays were defined as regions and populated with
discrete mass source particles. The appropriate flow rate and velocity was set for the
sprays in each region[sT14s]

Modeling of Break Flow

The water falling from the postulated break would introduce momentum into the
containment pool that influences the flow dynamics. This break stream momentum
was accounted for by introducing the break flow to the pool at the velocity a
freefalling object would have fif it fell the vertical distance from the location of the
break to the surface of the pooljsTi4e]

Modeling of the Strainers

There are multiple strainers that make up the strainer array at PSL1. The flow split to
each strainer was obtained using the data from the clean strainer head loss
calculation. The percentage of flow to each strainer was calculated by dividing the
flow rate to each strainer by the total flow rate. Each of the strainer modules were
modeled as a mass sink. This tells the CFD model to draw the specified amount of
water from the recirculation pool over the entire exposed surface area of the

module fsT147]
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The strainer module at PSL2 is comprised of one strainer. The strainer stack was
modeled as a mass sink. This tells the CFD model to draw the specified amount of
water from the recirculation pool over the entire exposed surface area of the
Stackj.knual

Modeling the Trench

The trench below the containment floor at the 18’ elevation was modeled as a
porous object to best represent the open space between the piping that is present in
the trench. From various CAD drawings and by examining the CAD model, it was
determined that the trench contains a few pipes varying from %-inch to 6-inch in
diameter. The ratio of the cross-sectional areas of the pipes and the trench was
calculated to determine the porosity of the trench. This ratio was calculated to be
98.91% for PSL1, and 98.93% for PSL2. To maintain conservatism, an object
porosity of 98% was applied to the trench in the CFD model, since a reduced area
would increase the velocity in the trench. Note that snubbers and miscellaneous
steel structures are present in the trenches, but are not considered in the derivation
of the porous object, since these do not affect the flow characteristics in the trench
as flow can readily pass by them to the various strainer module locations,{sT14g]

Turbulence Modeling

Several different turbulence-modeling approaches can be selected for a Flow-3D
calculation. The approaches (ranging from least to most sophisticated) are:

Prandtl mixing length

Turbulent energy model

Two-equation k-€ model

Renormalized group theory (RNG) model
Large eddy simulation model

The RNG turbulence model was determined to be the most appropriate for this CFD
analysis. The RNG model has a large spectrum of length scales that would likely
exist in a containment pool during emergency recirculation. The RNG approach
applies statistical methods in a derivation of the averaged equations for turbulence
quantities (such as TKE and its dissipation rate). RNG-based turbulence schemes
rely less on empirical constants while setting a framework for the derivation of a
range of models at different scales|jr150]
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Steady-State Metrics

The CFD model was started from a stagnant state at a defined pool depth and run
long enough for steady-state conditions to develop. A plot of mean kinetic energy
was used to determine when steady-state conditions were reached. Checks were
also made of the velocity and turbulent energy patterns in the pool to verify that
steady-state conditions were reached|jJr151]

Debris Transport Metrics

The metrics for predicting debris transport during recirculation are the TKE
necessary to keep debris suspended, and the flow velocity necessary to tumble
sunken debris along the floor or lift it over a curb. Debris transport metrics have
been derived or adopted from data. The metrics utilized in the PSL1 and PSL2
transport analyses originate from the sources as follows:

e NUREG/CR-6772 Tables 3.1, 3.5, and C.19(a) (Reference 13 pp. 16, 22, and
C-16)uT152]

o NUREG/CR-6808 Figure 5.2, Tables 5-1 and 5-3 |(Reference 14 pp. 5-14, 5-
22, and 5-33 )LJT153]

Graphical Determination of Debris Transport Fractions for Recirculation

The following steps were taken to determine what percentage of a particular type of
debris could be expected to transport through the containment pool to the
emergency sump screens. Detailed explanations of each bullet are provided in the
following paragraphsijJr1s4]

e Colored contour velocity and TKE maps were generated from the Flow-3D
results in the form of bitmap files indicating regions of the pool through which
a particular type of debris could be expected to transport.

e The bitmap images were overlaid on the initial debris distribution plots and
imported into CAD with the appropriate scaling factor to convert the length
scale of the color maps to feet.

e Closed polylines were drawn around the contiguous areas where velocity and
TKE were high enough that debris could be carried in suspension or tumbled
along the floor to the sump strainers for uniformly distributed debris.

e The areas within the closed polylines were determined using a CAD querying
feature.

e« The combined area within the polylines was compared to the initial debris
distribution area.

e The percentage of a particular debris type that would transport to the sump
strainers was determined based on the above comparison.
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Plots showing the TKE and the velocity magnitude in the pool were generated for
each case to determine areas where specific types of debris would be transported.
The limits on the plots were set according to the minimum TKE or velocity metrics
necessary to move each type of debris. The overlying yellow areas represent
regions where the debris would be suspended, and the red areas represent regions
where the debris would be tumbled along the floor (see Figure 3.e.1-6 and Figure
3.e.1-8). The yellow TKE portion of the plots is a three-dimensional representation of
the TKE. Since the TKE is a three-dimensional representation, the plots do not
show the TKE at any specific elevation. Rather, any debris that is shown to be
present in this yellow area will transport, regardless of the elevation of TKE in the
pool. The velocity portion of the plots represents the velocity magnitude just above
the floor level (1.5 inches), where tumbling of sunken debris could occur. Directional
flow vectors were also included in the plots to determine whether debris in certain
areas would be transported to the sump strainers or transported to less active
regions of the pool where it could settle to the floor (blue regions).

The following figures and discussion are presented as an example of how the
transport analysis was performed for a generic small debris type. This same
approach was used for other debris types analyzed at PSL1 and PSL2.

As shown in Figure 3.e.1-4 (PSL1) and Figure 3.e.1-5 (PSL2), the small debris

(depicted by green shading) was initially assumed to be uniformly distributed in the
vicinity of the break location and the strainers at the beginning of recirculation.
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Figure 3.e.1-4: PSL1 Distribution of Small Debris in Lower Containmenﬂ hnss}
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Figure 3.e.1-5: PSL2 Distribution of Small Debris in Lower Containmentf bnsa]

For PSL1, Figure 3.e.1-6 shows that the turbulence (yellow regions) and the velocity
(red regions) in the pool (blue regions) are high enough to transport the generic
small debris to the sump strainers during recirculation. The initial distribution area
(Figure 3.e.1-4) was overlaid on top of the plot showing tumbling velocity, TKE, and
flow vectors (Figure 3.e.1-6) to determine the recirculation transport fraction,
represented by the hatched portion (Figure 3.e.1-7).
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Figure 3.e.1-6: PSL1 TKE and Velocity ith Lmis Set at Suspension/Tumbling of
Small Generic Debrispt1s7]
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Figure 3.e.1-7: PSL1 Floor Area where Small Generic Debris Would Tfanéport to
the Sump Strainers (Hatched Area) [sT158]

For PSL2, Figure 3.e.1-8 shows that the turbulence (yellow regions) and the velocity
(red regions) in the pool (blue regions) are high enough to transport the generic
small debris to the sump strainers during recirculation. The initial distribution area
(Figure 3.e.1-5) was overlaid on top of the plot showing tumbling velocity, TKE, and
flow vectors (Figure 3.e.1-8) to determine the recirculation transport fraction,
represented by the hatched portion (Figure 3.e.1-9).
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Figure 3.e.1-8: PSL2 TKE and Velocity with Limits
Small Generic Debris|[JT159]
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'

Figure 3.e.1-9: PSL2 Floor Area wher SaII eric ebris Would Transport to
the Sump Strainers (Hatched Area)l kmem

The same analysis was applied for each type of debris at PSL1 and PSL2.
Recirculation pool transport fractions were identified for each debris type associated
with the location of its initial distribution. This includes a recirculation transport
fraction for debris blown to lower containment, debris washed down inside the
secondary shield wall, and debris washed down through the annulus.
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Erosion Discussion

Due to the turbulence in the recirculation pool and the force of break and spray flow,
generic fiberglass, Nukon, Thermal-Wrap, Temp-Mat, and Cal-Sil debris may erode
into smaller pieces, making transport of this debris to the strainer more likely. To
estimate erosion that would occur in the recirculation pools at PSL1 and PSL2,
generic 30-day erosion testing was performed yt161] Based on a validation that the
test results apply to PSL1 and PSL2 (ensuring that flow rates and turbulence values
are similar to what is expected in the PSL1 and PSL2 recirculation pools), an erosion
fraction of 10% is used for the small and large pieces of fiberglass debris in the
poolfJT162] An erosion fraction of 17% is assumed for the small chunks of Cal-Sil
debris in the pool. This fraction was applied to both transportable debris and
sediment debris present in the pool to maximize the amount of erosion. For pieces of
debris held up on grating above the pool, an erosion fraction of 1% was used for
fiberglass debris, and 17% for Cal-Sil debris|fsT163]

2. Provide the technical basis for assumptions and methods used in the analysis that
deviate from the approved guidance.

Response to 3.e.2:

The methodology used in the transport analysis is based on and does not deviate
from the approved NEI 04-07 Volume 1 guidance and the NRC SE on NEI 04-07 for
refined analyses, as well as the refined methodologies suggested by the SE in
Appendices Ill, IV, and VI [(Reference 6)t1s4].

3. Identify any computational fluid dynamics codes used to compute debris transport
fractions during recirculation and summarize the methodology, modeling
assumptions and results.

Response to 3.e.3:

To assist in the determination of recirculation transport fractions, several CFD
simulations were performed using Flow-3D, a commercially available software
packagel. [JT165]

At PSL1, three break cases form the basis for the debris transport analysis to
determine the recirculation transport fractions — a Loop A break (2 train operation), a
Loop B break (2 train operation), and a Loop B break (single train failure). Cases
were chosen to represent and bound the different LOCA scenarios that could occur
at PSL1. All cases were run with maximum ECCS flow rates (total HPSI and CSS
flow rate of 3,663 gpm per train) and with the minimum water level right above the
strainer (23.66 ft).ut166] Using the maximum flow rates and minimum water level
maximize the turbulence and velocity in the pool.

At PSL2, three break cases also form the basis for the debris transport analysis to
determine the recirculation transport fractions — a Loop A break (single train), a Loop
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B break (single train), and a Loop B break (2 train operation). Cases were chosen to
represent and bound the different LOCA scenarios that could occur at PSL2. All
cases were run with maximum ECCS flow rates (total HPSI and CSS flow rate of
5,498 gpm for one train operation and 8,556 gpm for two train operation) and with
the minimum water level right above the strainer (23.38 ft)ut167] Using the maximum
flow rates and minimum water level maximize the turbulence and velocity in the pool.

In general, a break close to the sump tends to transport a larger fraction of small and
large debris than a break farther from the sump. The simulation results include a
series of contour plots of velocity and TKE. These results have been combined with
settling and tumbling velocities from the GSI-191 literature to determine the
recirculation transport fractions for all debris types present in the PSL1 and PSL2
containment buildings. See the Response to 3.e.1 for additional discussion of the
CFD results.

4. Provide a summary of, and supporting basis for, any credit taken for debris
interceptors.

Response to 3.e.4:
No credit was taken for debris interceptors.

5. State whether fine debris was assumed to settle and provide basis for any settling
credited.

Response to 3.e.5:
No credit was taken for settling of fine debris.

6. Provide the calculated debris transport fractions and the total quantities of each type
of debris transported to the strainers.

Response to 3.e.6:

The following debris transport fractions are shown for blowdown, washdown, pool
fill-up, and recirculation. Note that these fractions result in the bounding quantity of
debris transported to the strainer. Cells with a “-“ in the tables of this subsection
represent values that are not applicable (i.e., debris type not generated for a specific
location, debris type not available for washdown/pool fill-up, etc.).
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Table 3.e.6-1 and Table 3.e.6-2 show the bounding (the minimum amount of debris
remaining in the compartment) blowdown transport fractions as a function of break
location and debris type. Note that only the limiting break locations with respect to
the maximum overall debris transport fractions are listed in these tables (annulus
breaks are not bounding with respect to debris generated and transported, so they
are not listed in these tables).

Table 3.e.6-1: PSL1 Blowdown Transport Fractions[bnem

Transport Fraction

Break Location Debris Type Cg:t;jiﬁﬁﬂneernt C;r:tla_;ﬁeernt CI?emaining in
(UC) (LC) ompartment
Fines/Particulate (all) 82% 18% 0%
Small Fiberglass 51% 49% 0%
Large Fiberglass 25% 75% 0%
o Intact Fiberglass Blankets 0% 0% 100%
Gandator Small RMI 60% 40% 0%
Compartments Large RMI 30% 70% 0%
Small Cal-Sil 60% 40% 0%
Qualified Coatings 82% 18% 0%
Unqualified Coatings - - -
Latent Debris - - -
Fines (all) 82% 18% 0%
Small Fiberglass 51% 49% 0%
Large Fiberglass 25% 75% 0%
Intact Fiberglass Blankets 0% 0% 100%
Small RMI not in Cavity 60% 40% 0%
Reactor Cavity Small RMI in Cavity 30% 20% 50%
Large RMI not in Cavity 30% 70% 0%
Large RMI in Cavity 0% 0% 100%
Small Cal-Sil 60% 40% 0%
Qualified Coatings 82% 18% 0%
Unqualified Coatings - - -
Latent Debris - - -
Fines (all) 82% 18% 0%
Small Fiberglass 80% 17% 3%
Large Fiberglass 50% 15% 35%
Intact Fiberglass Blankets 0% 0% 100%
Pressurizer Small RMI 82% 18% 0%
Compartment Large RMI 60% 18% 22%
Small Cal-Sil 82% 18% 0%
Qualified Coatings 82% 18% 0%
Unqualified Coatings - - -
Latent Debris - - -
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Table 3.e.6-2: PSL2 Blowdown Transport Fractions| [sT169]

Transport Fraction
. ; To Upper To Lower G
Break Location Debris Type Contaiﬁ?nent Bonitatnant gc?g:;nrlt;gem
(UC) (LC)
Fines (all) 81% 19% 0%
Small Fiberglass 50% 50% 0%
Large Fiberglass 25% 75% 0%
Steam Intact Fiberglass Blankets 0% 0% 100%
Gencretor Small RMI SOZAJ 40:/0 OZ/o
Compartments ;arge RMI _ 300/0 700/0 Oo/o
mall Cal-Sil 60% 40% 0%
Qualified Coatings 81% 19% 0%
Unqualified Coatings - - -
Latent Debris - - -
Fines (all) 81% 19% 0%
Small Fiberglass 50% 50% 0%
Small Fiberglass in Cavity 25% 25% 50%
Large Fiberglass 25% 75% 0%
Large Fiberglass in Cavity 0% 0% 100%
Intact Fiberglass Blankets 0% 0% 100%
Reactor Cavity Small RMI not in Cavity 60% 40% 0%
Small RMI in Cavity 30% 20% 50%
Large RMI not in Cavity 30% 70% 0%
Large RMI in Cavity 0% 0% 100%
Small Cal-Sil 60% 40% 0%
Qualified Coatings 81% 19% 0%
Unqualified Coatings - - -
Latent Debris - - -
Fines (all) 81% 19% 0%
Small Fiberglass 79% 18% 3%
Large Fiberglass 50% 15% 35%
Intact Fiberglass Blankets 0% 0% 100%
Pressurizer Small RMI - - -
Compartment Large RMI - - -
Small Cal-Sil - - -
Qualified Coatings 81% 19% 0%
Unqualified Coatings - - -
Latent Debris - - -
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Washdown Transport

Table 3.e.6-3 shows the bounding washdown transport fractions (maximum amount
of debris washed to lower containment) for each debris type. Note that these
transport fractions do not depend on the location of the break.

Table 3.e.6-3: PSL1 and PSL2 Washdown Transport Fractions)ur170]

Transport Fraction
Debris Type Washed Down |Washed Down|Washed Down
in Annulus Inside SSW RFC Drains

Fines/Particulate (all) 76% 12% 12%
Small Fiberglass 61% 12% 12%
Large Fiberglass 0% 12% 12%
Intact Fiberglass ) ) )
Blankets

Small RMI 76% 12% 12%
Large RMI 0% 12% 12%
Small Cal-Sil 76% 12% 12%
Qualified Coatings 76% 12% 12%
Unqualified Coatings - - -
Latent Debris - - -

Pool Fill-Up Transport

The equation used to determine the portion of debris washed to inactive cavities
during pool fill-up is based on the following equation/fJ171]

_(Vcavity)

Xpitt-up = 1 — € \ Vpool

Where:

Xfill-up = Amount of debris transported to cavity during pool fill-up
Veavity = Cavity volume

Vpool = Pool volume

The primary cavities below the floor elevation at PSL1 and PSL2 are the electrical
tunnel/reactor cavity and the normal sump cavity. These two cavities are connected
and were assumed to be surrounded by a 6-inch curb (a 6-inch curb surrounds the
entrance to the electrical tunnel but not the normal sump cavity). The volume of the
electrical tunnel/reactor cavity was calculated to be 16,630 ft* and the volume of the
pool at 6-inches (including the trench) was calculated to be 13,560 ft3. jur172]
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Inserting these values into the equation above yields a pool fill-up transport of 71%,
(limited to 15% by Section 3.6.3 of the NRC SE on NEI 04-07 [(Reference 6 pp. 79-
80))uT173] to the inactive cavity (electrical tunnel/reactor cavity and normal
sump)uT174]

It was assumed that 25% of the fine debris present in the trenches at PSL1 and
PSL2 would transport directly to the strainers during pool-filljt175]

Table 3.e.6-4 shows the bounding (minimum) pool fill-up transport fractions as a
function of debris type.

Table 3.e.6-4: PSL1 and PSL2 Pool Fill-Up Transport Fractions|[Jr176]

Debris Type Pool Fill-Up Transport Fraction
Directly to Strainer | Inactive Cavity

Fines/Particulate (all) 25% 15%
Small Fiberglass 0% 0%
Large Fiberglass 0% 0%
Intact Fiberglass Blankets - -

Small RMI 0% 0%
Large RMI 0% 0%
Small Cal-Sil 0% 0%
Qualified Coatings 25% 15%
Unqualified Coatings 0% 0%
Latent Debris 25% 15%
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Recirculation Transport

For the recirculation transport fractions, three different break cases form the basis
for each debris transport analysis, and were evaluated for PSL1|t1777and three
different cases for PSL2 in the debris transport calculationsl.I[JTws] Note that
recirculation transport fractions are presented separately for each unit. This is
because the flow rates, water levels, location of the strainers, and recirculation
procedures are different between the two units.

The cases for PSL1 are:

e Case 1: LBLOCA in SG Compartment Loop A, Two Trains Operational
e Case 2: LBLOCA in SG Compartment Loop B, Two Trains Operational
e (Case 3: LBLOCA in SG Compartment Loop B, One Train Operational

The cases for PSL2 are:

e Case 1: LBLOCA in SG Compartment Loop A, One Train Operational
e (Case 2: LBLOCA in SG Compartment Loop B, One Train Operational
e Case 3: LBLOCA in SG Compartment Loop B, Two Trains Operational

It was assumed that for any breaks that could occur in the reactor cavity or in the
pressurizer compartment, the recirculation transport fractions for a break inside the
secondary shield wall (Loop A or Loop B for a reactor cavity break, and Loop B for a
pressurizer break) could be applied/uT179]

The bounding (maximum) recirculation transport fractions for LDFG debris types as
a function of evaluation case are shown in Table 3.e.6-5 and Table 3.e.6-6.

See Response to 3.e.1 for the methodology used for recirculation transport.
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Table 3.e.6-5: PSL1 Recirculation Transport Fractions for LDFG Fibrous Debris||
[JT180]

Debris in Washed Inside Washed Washed
Case Debris Size Lower Secondary In Down
Containment Shield Wall Annulus RFC
Fines 100% 100% 100% 100%
Case 1 Small 50% 66% 49% 0%
Large 5% 12% - 0%
Intact Blankets - - - -
Fines 100% 100% 100% 100%
Case 2 Small 55% 75% 67% 0%
Large 9% 17% - 0%
Intact Blankets - - - -
Fines 100% 100% 100% 100%
Case 3 Small 33% 45% 43% 0%
Large 5% 14% - 0%

Intact Blankets

Table 3.e.6-6: PSL2 Recirculation Transport Fractions for LDFG Fibrous Debris||
[JT181]

Debris in Washed Inside Washed Washed
Case Debris Size Lower Secondary In Down
Containment Shield Wall Annulus RFC
Fines 100% 100% 100% 100%
Case 1 Small 2% 0% 12% 0%
Large 0% 0% - 0%
Intact Blankets - - - -
Fines 100% 100% 100% 100%
Case 2 Small 11% 20% 13% 0%
Large 2% 7% - 0%
Intact Blankets - - - -
Fines 100% 100% 100% 100%
Case 3 Small 23% 45% 20% 0%
Large 7% 12% - 0%

Intact Blankets
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The bounding recirculation transport fractions for Temp-Mat debris (PSL1 only) as a
function of evaluation case are shown in Table 3.e.6-7. It was assumed that Temp-
Mat debris would float in the recirculation pool until it is transported to the vicinity of
the strainers, [JT1szwhich results in a recirculation transport fraction of 100%.

Table 3.e.6-7: PSL1 Recirculation Transport Fractions for Temp-Mat [Debris{[JT1s3]

Debris in Washed Inside | Washed Washed
Case Debris Size Lower Secondary In Down
Containment Shield Wall Annulus RFC
Fines 100% 100% 100% 100%
Case 1 Small 100% 100% 100% 100%
Large 100% 100% - 100%
Intact Blankets - - - -
Fines 100% 100% 100% 100%
Casa Small 100% 100% 100% 100%
Large 100% 100% - 100%
Intact Blankets - - - -
Fines 100% 100% 100% 100%
Poecss Small 100% 100% 100% 100%
Large 100% 100% - 100%
Intact Blankets - - - -

The bounding recirculation transport fractions for RMI debris as a function of

evaluation case are shown in Table 3.e.6-8 and Table 3.e.6-9.

Table 3.e.6-8: PSL1 Recirculation Transport Fractions for RMI Debris) [sT184]

Debris in Washed Inside | Washed Washed
Case Debris Size Lower Secondary In Down
Containment Shield Wall Annulus RFC
Case 1 Small 14% 16% 13% 0%
Large 14% 16% - 0%
Case > Small 15% 23% 12% 0%
Large 15% 23% - 0%
Case 3 Small 7% 17% 3% 0%
Large 7% 17% - 0%
Table 3.e.6-9: PSL2 Recirculation Transport Fractions for RMI Debris| [s7185]
Debris in Washed Inside | Washed Washed
Case Debris Size Lower Secondary In Down
Containment Shield Wall Annulus RFC
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Debris in Washed Inside Washed Washed
Case Debris Size Lower Secondary In Down
Containment Shield Wall Annulus RFC
Case 1 Small 0% 0% 0% 0%
Large 0% 0% - 0%
Case 2 Small 2% 7% 0% 0%
Large 2% 7% - 0%
Case 3 Small 7% 13% 11% 0%
Large 7% 13% - 0%

The bounding recirculation transport fractions for Cal-Sil debris as a function of
evaluation case are shown in Table 3.e.6-10 and Table 3.e.6-11.

Table 3.e.6-10: PSL1 Recirculation Transport Fractions for Cal-Sil Debris|[JT18s]

Debris in Washed Inside | Washed Washed

Case Debris Size Lower Secondary In Down
Containment Shield Wall Annulus RFC

Case 1 Particulate 100% 100% 100% 100%
Small 18% 20% 23% 0%

Case 2 Particulate 100% 100% 100% 100%
Small 19% 26% 17% 0%

Case 3 Particulate 100% 100% 100% 100%
Small 9% 18% 5% 0%

Table 3.e.6-11: PSL2 Recirculation Transport Fractions fo

r Cal-Sil Debris) [sT187]

Debris in Washed Inside Washed Washed

Case Debris Size Lower Secondary In Down
Containment Shield Wall Annulus RFC

Caise 1 Particulate 100% 100% 100% 100%
Small 0% 0% 0% 0%

Case 2 Particulate 100% 100% 100% 100%
Small 3% 7% 0% 0%

Case 3 Particulate 100% 100% 100% 100%
Small 6% 8% 11% 0%
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The bounding recirculation transport fractions for qualified coatings, unqualified
coatings, and latent debris as a function of evaluation case are shown in Table
3.e.6-12.

Table 3.e.6-12: PSL1 and PSL2 Recirculation Transport Fractions for Qualified
Coatings, Unqualified Coatings, Latent Debris|[sT1sg]

Debris in Washed Inside Washed Washed
Case Debris Size Lower Secondary In Down
Containment Shield Wall Annulus RFC
Case 1 | Fine/Particulate 100% 100% 100% 100%
Case 2 | Fine/Particulate 100% 100% 100% 100%
Case 3 | Fine/Particulate 100% 100% 100% 100%

Overall Debris Transport

Transport logic trees were developed for each size and type of debris generated.
These trees were used to determine the total fraction of debris that would reach the
sump strainers in each of the postulated cases. The overall transport fractions are
provided in Table 3.e.6-13 through Table 3.e.6-18.
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Table 3.e.6-13: PSL1 Overall Transport Fractions for a Break Inside the Secondary

Shield Wall (SSW)u1sg]

Debris Type Debris Size 1 Train 2 Train
Fines 97% 97%
Small Transport as Erosion Fines 9% 9%
Generic Pieces Transport as Small Pieces 29% 47%
Fiberglass Large Transport as Erosion Fines 8% 8%
Pieces Transport as Large Pieces 4% 7%
Intact Blankets 0% 0%
Fines 97% 97%
Small Transport as Erosion Fines 9% 9%
T Pieces Transport as Small Pieces 29% 47%
Large Transport as Erosion Fines 8% 8%
Pieces | Transport as Large Pieces 4% 7%
Intact Blankets 0% 0%
Fines 97% 97%
Small Transport as Erosion Fines 9% 9%
Thermal-Wrap Pieces Transport as Small Pieces 29% 47%
Large Transport as Erosion Fines 8% 8%
Pieces Transport as Large Pieces 4% 7%
Intact Blankets 0% 0%
Fines 97% 97%
Small Transport as Erosion Fines 9% 9%
Temp-Mat Pieces Transport as Small Pieces 83% 83%
Large Transport as Erosion Fines 8% 8%
Pieces Transport as Large Pieces 73% 73%
Intact Blankets 0% 0%
. Fines 5% 13%
Mirrar RAA Large Pieces 6% 11%
Fines 5% 13%
TranseoiMl Large Pieces 6% 11%
Fines 97% 97%
gli?n-banded Cal Small Transport as Erosion Fines 17% 17%
Pieces Transport as Small Pieces 6% 14%
Fines 97% 97%
Banded Cal-Sil Small Transport as Erosion Fines 17% 17%
Pieces Transport as Small Pieces 6% 14%
Qualified Coatings | Particulate 97% 97%
g“q‘?a"f'ed Particulate 100% 100%
oatings
Latent Debris Particulate/Fiber 85% 85%
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Table 3.e.6-14: PSL1 Overall Transport Fractions for a Reactor Cavity Break [JT190]
Debris Type Debris Size 1 Train 2 Train
Fines - -
Small | Transport as Erosion Fines - -
Generic Fiberglass Pieces | Transport as Sma!l Pieges - -
Large | Transport as Erosion Fines - ~
Pieces | Transport as Large Pieces - =
Intact Blankets - -
Fines 97% 97%
Small | Transport as Erosion Fines 9% 9%
Nukon Pieces | Transport as Small Pieces 29% 47%
Large | Transport as Erosion Fines 8% 8%
Pieces | Transport as Large Pieces 4% 7%
Intact Blankets 0% 0%
Fines 97% 97%
Small | Transport as Erosion Fines 9% 9%
Thermal-Wrap Pieces | Transport as Small Pieces 29% 47%
Large | Transport as Erosion Fines 8% 8%
Pieces | Transport as Large Pieces 4% 7%
Intact Blankets 0% 0%
Fines 97% 97%
Small | Transport as Erosion Fines 9% 9%
Temp-Mat Pieces | Transport as Small Pieces 83% 83%
Large | Transport as Erosion Fines 8% 8%
Pieces | Transport as Large Pieces 73% 73%
Intact Blankets 0% 0%
; Fines 5% 13%
ki Large Pieces 6% 11%
Fines 5% 13%
TR RSl Large Pieces 6% 11%
Transco RMI Fines 3% 7%
(inside cavity) Large Pieces 0% 0%
Fines 97% 97%
Non-banded Cal-Sil | Small | Transport as Erosion Fines 17% 17%
Pieces | Transport as Small Pieces 6% 14%
Fines 97% 97%
Banded Cal-Sil Small | Transport as Erosion Fines 17% 17%
Pieces | Transport as Small Pieces 6% 14%
Qualified Coatings | Particulate 97% 97%
g”qlfa"f'ed Particulate 100% 100%
oatings
Latent Debris Particulate/Fiber 85% 85%
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Table 3.e.6-15: PSL1 Overall Transport Fractions for a Pressurizer Compartment

Breakﬁmgﬂ
Debris Type Debris Size 1 Train 2 Train
Fines - -
Small Transport as Erosion Fines - -
Generic Pieces | Transport as Small Pieces - -
Fiberglass Large Transport as Erosion Fines - -
Pieces | Transport as Large Pieces - =
Intact Blankets - -
Fines 97% 97%
Small Transport as Erosion Fines 9% 9%
Nukon Pieces | Transport as Small Pieces 28% 45%
Large Transport as Erosion Fines 4% 4%
Pieces | Transport as Large Pieces 2% 3%
Intact Blankets 0% 0%
Fines - -
Small Transport as Erosion Fines - -
Thermal-Wrap Pieces | Transport as Sma!l Pieges - -
Large Transport as Erosion Fines - -
Pieces | Transport as Large Pieces - =
Intact Blankets - -
Fines 97% 97%
Small Transport as Erosion Fines 9% 9%
Temp-Mat Pieces | Transport as Small Pieces 77% 77%
Large Transport as Erosion Fines 4% 4%
Pieces | Transport as Large Pieces 28% 28%
Intact Blankets 0% 0%
Mirror RMI FIES: : =
Large Pieces - -
Fines 5% 13%
ANERESE IS0} Large Pieces 3% 5%
Fines 97% 97%
glicl)n-banded Cal "Small Transport as Erosion Fines 17% 17%
Pieces | Transport as Small Pieces 5% 14%
Fines - -
Banded Cal-Sil Small Transport as Erosion Fines - -
Pieces | Transport as Small Pieces - -
Qualified Coatings | Particulate 97% 97%
ggggﬁg‘;‘ed Particulate 100% | 100%
Latent Debris Particulate/Fiber 85% 85%
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Table 3.e.6-16: PSL2 Overall Transport Fractions for a Break Inside the SSW [uT192]

Debris Type Debris Size 1 Train 2 Train
Fines 97% 97%
Small | Transport as Erosion Fines 10% 9%
LDFG Pieces | Transport as Small Pieces 10% 18%
Large | Transport as Erosion Fines 8% 8%
Pieces | Transport as Large Pieces 2% 5%
Intact Blankets 0% 0%
Fines 97% 97%
Small | Transport as Erosion Fines 10% 9%
Nukon Pieces | Transport as Small Pieces 10% 18%
Large | Transport as Erosion Fines 8% 8%
Pieces | Transport as Large Pieces 2% 5%
Intact Blankets 0% 0%
. Fines 1% 9%
mirarsl Large Pieces 2% 5%
Fines 1% 9%
HIRDESE Large Pieces 2% 5%
Fines 97% 97%
Cal-Sil Small | Transport as Erosion Fines 17% 17%
Pieces | Transport as Small Pieces 1% 7%
Qualified Coatings Particulate 97% 97%
Unqualified Coatings Particulate 100% 100%
Latent Debris Particulate/Fiber 85% 85%
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Table 3.e.6-17: PSL2 Overall Transport Fractions for a Reactor Cavity Break! [sT193]

Debris Type Debris Size 1 Train 2 Train
Fines - -
Small | Transport as Erosion Fines - -
LDEG Pieces | Transport as Sma!l Pieges - =
Large | Transport as Erosion Fines - -
Pieces | Transport as Large Pieces - =
Intact Blankets - -
Fines 97% 97%
Small | Transport as Erosion Fines 10% 9%
Nukon Pieces | Transport as Small Pieces 10% 18%
Large | Transport as Erosion Fines 8% 8%
Pieces | Transport as Large Pieces 2% 5%
Intact Blankets 0% 0%
Fines 97% 97%
Small | Transport as Erosion Fines 10% 10%
Nukon (inside Pieces | Transport as Small Pieces 5% 8%
cavity) Large | Transport as Erosion Fines 10% 10%
Pieces | Transport as Large Pieces 0% 0%
Intact Blankets 0% 0%
. Fines 1% 9%
Mirror R Large Pieces 2% 5%
Mirror RMI (inside Fines 1% 4%
cavity) Large Pieces 0% 0%
Transco RMI Ciogs - -
Large Pieces - -
Fines 97% 97%
Cal-Sil Small | Transport as Erosion Fines 17% 17%
Pieces | Transport as Small Pieces 1% 7%
Qualified Coatings Particulate 97% 97%
Unqualified Particulate 100% 100%
Coatings
Latent Debris Particulate/Fiber 85% 85%
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Table 3.e.6-18: PSL2 Overall Transport Fractions for a Pressurizer Compartment

Breakl[yT194]
Debris Type Debris Size 1 Train 2 Train
Fines - -
Small | Transport as Erosion Fines - -
Pieces | Transport as Small Pieces - -
LDFG : :
Large | Transport as Erosion Fines - -
Pieces | Transport as Large Pieces - =
Intact Blankets - -
Fines 97% 97%
Small | Transport as Erosion Fines 9% 9%
Nukon Pieces | Transport as Small Pieces 9% 16%
Large | Transport as Erosion Fines 4% 4%
Pieces | Transport as Large Pieces 1% 2%
Intact Blankets 0% 0%
Mirror RMI Fipes - -
Large Pieces - -
Transco RMI il - -
Large Pieces - -
Fines - -
Cal-Sil Small | Transport as Erosion Fines - -
Pieces | Transport as Small Pieces - -
Qualified Coatings Particulate 97% 97%
Unqualified Particulate 100% 100%
Coatings
Latent Debris Particulate/Fiber 85% 85%
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The transported debris quantities for the most limiting break cases identified in the
Response to 3.b.4 are presented in the following tables. Overall debris transport
fractions were taken from Table 3.e.6-13 for PSL1, and Table 3.e.6-16 for PSL2 and
applied to the debris generated values from Table 3.b.4-1 for PSL1, and Table
3.b.4-2 and Table 3.b.4-3 for PSL2js195]

Table 3.e.6-19 shows the quantities of debris transported for the two most limiting
break cases for each loop at PSL1|[iT196] These break locations were limiting for both
Cal-Sil and fiber quantities. Note that the transported amount of fine debris includes

the quantity of fines plus the small and large piece fines due to erosion.

Table 3.e.6-19: PSL1 Transported Debris for the Two Worst-Case Breaks for Each

Loop
1-SGB-W16 & 1-SGA-W16 &
Break Location RC-123-FW- | RC-123-1-503 | RC-114-FW- | RC-114-7-503
2000 2000
Location Description SG B Nozzle at Hot Leg B SG A Nozzle at Hot Leg A
Hot Leg Elbow Hot Leg Elbow

Break Size 42" 42" 42" 42"
Break Type DEGB DEGB DEGB DEGB
Nukon, Fine 516.32 499.15 493.85 479.15
LDFG, and Small 595.07 563.39 572.84 544.97
u‘erma' Large 40.50 42.75 37.63 39.80
(,J,?S Intact 0.00 0.00 0.00 0.00

Fine 5.61 5.60 44 .60 42.52
Temp-Mat Small 6.72 6.72 59.43 54.45
(Ibm) Large 2.04 1.97 7.37 10.15

Intact 0.00 0.00 0.00 0.00
. Fine 974.46 966.10 769.77 74414
(|§:;3" Small 88.42 89.85 73.23 70.42

Intact 0.00 0.00 0.00 0.00

Small
Trans<_:o (<4”) 1502 1530 1424 1451
and M|;ror Large
RMI (ft?) > 4 424 432 402 409
Carbozinc Fine 164.05| 0.79 |165.63] 0.80 | 50.85 | 0.24 | 51.81 | 0.25
11 lbm ft> lbm ft> lbm ft2 lbm ft3
Phenoline Fine 199.01 | 1.97 [212.41| 2.10 [12257| 1.21 [137.03| 1.35
305 lbm ft® lbm ft2 lbm ft2 lbm ft>
Carboline Fine 182.76 | 1.70 |204.86| 1.90 |16453| 152 |189.16| 1.76
195 lbm ft® lbm ft® lbm ft2 lbm ft2
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Table 3.e.6-20 shows the quantities of insulation debris transported for the two most
limiting Cal-Sil break locations for each loop at PSL2|jy197]

Table 3.e.6-20: PSL2 Transported Debris for the Two Worst-Case Cal-Sil Breaks
for Each Loop

313-N4-3204- 314-N4-3204-
Break Location 2-JW103- RC;;;‘(‘)FW' 2-JW103- RC';gf(')FW'
S/C010 S/C010
. v SG A Nozzle at | SG A Nozzle at | SG B Nozzle at | SG B Nozzle at
Location Descnplion Hot Leg Hot Leg Hot Leg Hot Leg
Break Size 42" 42" 42" 42"
Break Type DEGB DEGB DEGB DEGB
Fine 455 86 455 86 654.12 654.12
::g‘l’_'l‘:FG Small 216.59 216.59 300.69 300.69
(1bm) Large 16.92 16.92 29.92 29.92
Intact 0.00 0.00 0.00 0.00
Eac Fine 4143 41.43 29.76 29.76
(u?n-m)l Small 2.00 2.00 1.47 1.47
Intact 0.00 0.00 0.00 0.00
Transco ?2?)" 94 94 94 04
and Mirror
RMI (ft?) WETGE 17 17 18 18
(=4
Carbozinc -y 4142 [ 020 | 4142 [ 0.20 | 63.34 | 0.30 | 63.34 | 0.30
11 lbom ft Ibm ft Ibm ft Ibm ft
Phenoline Fine | 110-39 | 1.08 [110.39| 1.09 [13551| 134 |13551| 1.34
305 lbm | ft lbm ft lom ft lom ft
Carboline Fine | 153:36| 143 |153.36| 143 |175.18| 163 |175.18| 1.63
195 lbm ft lom ft lbm fi lom ft
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Table 3.e.6-21 shows the quantities of insulation debris transported for the two most
limiting fiber breaks locations for each loop at PSL2yt198] Note that the transported
amount of fine debris includes the quantity of fines plus the small and large piece

fines due to erosion.

Table 3.e.6-21: PSL2 Transported Debris for the Two Worst-Case Fiber Breaks for

Each Loop
313-N4-3204- 314-N4-3204-
Break Location 2-JW103- RC'171741'FW' 2-JW103- RC'172731'2°1'
S/C010 S/C010
. .. SG A Nozzle at Hot Leg A SG B Nozzle at Hot Leg B

e L A Hot Leg EIbO\?v Hot Leg Elbosv
Break Size 42" 42" 42" 42"
Break Type DEGB DEGB DEGB DEGB

Fine 455.86 452 .48 654.12 656.50
::gt?ar:c; Small 216.59 212.40 300.69 299.14
(Ibm) Large 16.92 18.24 29.92 31.53

Intact 0.00 0.00 0.00 0.00
c . Fine 41.43 39.25 29.76 27.90
(IS::;"' Small 2.00 186 147 130

Intact 0.00 0.00 0.00 0.00
Transco ?213)“ 94 88 94 89
and Mizrror Large
RMI (ft%) (= 47) 17 16 18 17
Carbozinc Fine 41.42 0.230 43.55 0.231 63.34 O.%O 65.57 0.%1
11 Ibm ft Ibm ft Ibm ft Ibm ft
Phenoline Fine 110.39 1.039 117.47 1.136 135.51 1.354 139.68 1.%8
305 lbm ft lbm ft lbm ft lbm ft
Carboline Fine 153.36 1.433 163.74 1.5%2 175.18 1.633 180.32 1.638
195 lbm ft lbm ft lbm ft lbm ft

The quantity of latent debris that transports to the strainers is 72.25 Ibm latent
particulate and 12.75 Ibm (5.3125 ft°) latent fiber for all breaksl|fJr199]
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3.f.Head Loss and Vortexing

The objectives of the head loss and vortexing evaluations are to calculate head loss
across the sump strainer and to evaluate the susceptibility of the strainer to vortex
formation.

1. Provide a schematic diagram of the emergency core cooling system (ECCS) and
containment spray systems (CSS).

Response to 3.f.1:

See Figure 3.f.1-1 and Figure 3.f.1-2 for ECCS and CSS schematics of PSL1 and
PSL2, respectively.
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K NOTE LPST 1 WAS CRIGINALLY EQUIPPED WITH
1CHPSI PUMP AS AN NSTALLED SPARE".
1C PUMP WAS REMOVED N 1601 <®

Figure 3.f.1-1: PSL1 Emergency Core Cooling System and Containment Spray System Schematic|js200]
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Figure 3.f.1-2: PSL2 Emergency Core Cooling System and Containment Spray System Schematic|j2o1]
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2. Provide the minimum submergence of the strainer under small-break loss-of-coolant
accident (SBLOCA) and large-break loss-of-coolant (LBLOCA) conditions.

Response to 3.f.2:

The containment water level calculation evaluated bounding minimum sump pool
volumes and levels for SBLOCAs and LBLOCAs. Table 3.f.2-1 and Table 3.f.2-2
summarize the results of the containment water level calculation for PSL1 and PSL2,
respectively. See the Response to 3.g.1 for more details.

Table 3.f.2-1: PSL1 Minimum Sump Pool Water Levels

Break Minimum Water Pool Strainer
Size Level Elevation Height | Submergence
(ft) (ft) (ft)
SBLOCA 23.15|uT202] 5.15 0.54
LBLOCA 23.66|[y1203] 5.66 1.05
Table 3.f.2-2: PSL2 Minimum Sump Pool Water Levels
Break Minimum Water Pool Strainer
Size Level Elevation | Height | Submergence
(ft) (ft) (ft)
SBLOCA 22.74 [ur204] 474 0.91
LBLOCA 23.38|[uT205) 5.38 1.55

3. Provide a summary of the methodology, assumptions, and results of the vortexing
evaluation. Provide bases for key assumptions.

Response to 3.f.3:
Response for PSL1

The flow rate of one CSS train at the time of recirculation is 3,663 gpm, and this flow
rate occurs when the HPSI| pump is operating in “piggy-back” modeljut206) The flow
rate through the strainer during two train operation is 7,326 gpm, which corresponds
to an average approach velocity of 0.00232 ft/s for a total net strainer surface area of
7,044 ftilut207 These design flow rates were determined in a system analysis
performed in support of extended power uprate (EPU). As shown in the Response
to 3.g.1, the minimum water level results in a strainer submergence of 6.5” for
SBLOCAs and 12.6” for LBLOCAs at start of recirculation.
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Vortex testing was incorporated into the head loss test program and described in the
Response to 3.f.4, for PSL1. A clean strainer vortex test was performed prior to
addition of conventional and chemical debris to the test tank. The strainer was
submerged 1 inch and the test flow rate was increased from 400 gpm (approach
velocity of 0.00247 ft/s) to 1,000 gpm (approach velocity of 0.00618 ft/s) in
approximately 200 gpm increments, and vortexing was not observed under these
conditions|jyT208] While chemical debris batches were introduced to the test tank
during testing, the water level in the test tank was regularly reduced to a strainer
submergence of 6.5"[u200] Vortexing was not observed at any time during the
testur210] The nominal flow rate during head loss testing was 417 gpmifst211]
corresponding to an approach velocity of 0.00258 ft/s.

Vortexing was not observed during the head loss test when the submergence of the
clean strainer was less the plant minimum strainer submergence, and vortexing was
not observed when the debris laden strainer's submergence was equal to the plant’s
SBLOCA minimum submergence of 6.5”. In addition, the strainer approach velocity
during testing was greater than the plant strainer approach velocity. Therefore,
vortexing during sump recirculation is not a concern for PSL1.

Response for PSL2

For conservatism, the sump flow rate from two CS pumps and two HPSI pumps at
the time of recirculation is established at 8,556 gpm|jst212 which corresponds to an
average approach velocity of 0.00353 ft/s for a total net strainer surface area of
5,407 ft4jut213] As shown in the Response to 3.g.1, the minimum water level results
in a strainer submergence of 10.9” for SBLOCAs and 18.6” for LBLOCAs at start of
recirculation.

Vortex testing was incorporated into the PSL2 head loss test program, as described
in the Response to 3.f.4. A clean screen vortex test was performed prior to addition
of conventional and chemical debris to the test tank. The strainer submergence was
reduced down to 1 inchut2147at the nominal test flow rate of 562 gpm [yT215)(approach
velocity of 0.00354 ft/s for a test strainer surface area of 353.9 ftz),hJT21s1 and
vortexing was not observed to occur. At the end of conventional debris addition and
chemical debris addition, the strainer submergence was reduced to 10.4” and no
vortexing was observed|[Jr217]

Vortexing did not occur during the head loss test when the submergence of the
clean strainer or debris laden strainer was less than the plant’s minimum strainer
submergence. In addition, the test strainer approach velocity was greater than the
plant strainer approach velocity. Therefore, vortexing during sump recirculation is
not a concern for PSL2.
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4. Provide a summary of the methodology, assumptions, and results of prototypical
head loss testing for the strainer, including chemical effects. Provide bases for key
assumptions.

Response to 3.f.4:

Head loss tests were performed for each unit to measure the head losses caused by
conventional debris (fiber and particulate) and chemical precipitate debris generated
and transported to the sump strainers following a LOCA. The test program of each
unit used a test strainer, debris quantities, and flow rates that were prototypical to
the plant strainerjst218) Different test cases were performed with the thin-bed and full
d;akbris load protocols, following the 2008 NRC Staff Review Guidance |(Reference
3)uT219].

The objective of the full debris load test protocol is to measure debris head losses
associated with the fiber, particulate and chemical debris quantities calculated to
transport to the sump strainer after a LOCA. The objective of the thin-bed test
protocol is to measure debris head losses associated with the maximum particulate
debris quantities postulated to occur with the minimum amount of fiber on the
strainer required to filter particulate out of the water.

Three head loss tests are discussed in this response for PSL1. Two head loss tests
followed the full debris load protocol and one test followed the thin-bed protocol. In
this submittal, the two full debris load protocol tests are referred to as PSL1 Full
Debris Load Test 1 and PSL1 Full Debris Load Test 2, respectively. The thin-bed
test is referred to as the PSL1 Thin-Bed Test.

Two head loss tests are discussed in this response for PSL2. One head loss test
followed the full debris load protocol and one test followed the thin-bed protocol. In
this submittal, the two tests are referred to as PSL2 Full Debris Load Test, and PSL2
Thin-Bed Test, respectively.
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Response for PSL1
Test Setup

The PSL1 containment sump recirculation strainer consists of multiple modules and
each module features a number of perforated strainer disks installed on top of a
plenum. The plenums of different modules were connected by suction piping. The
majority of the modules in the plant are installed inside a keyway that penetrates the
secondary shield wall. The modules are also partially obstructed by one or more
horizontal suction pipes that are part of the strainer design. There are six different
strainer module configurations at PSL1. The test facility was designed to represent

| the most common module configuration. The keyway was modeled using three

| acrylic boxes along the sides and the top of the test strainer module, and one

obstructing suction pipe was modeled using a pipe in the test tank with the same
outside diameter as that installed in the plant. The modeled keyway and suction pipe

dimensions relative to the test strainer matched those of the plant strainers|jJr220]

The test strainer module had 13 prototypical strainer disks and were mounted on a
prototypical plenum. The test strainer disks and plenum matched all dimensions
(such as perforated plate thickness, hole opening size, and hole pitch) of the plant
strainer modules. Suction was taken from the top of the plenum to match the plant

strainer (Figure 3.f.4-2). The surface area of the test strainer module was

| 360.6 ftiur221]

|

The test strainer, modeled keyway, and suction pipe were installed in a test tank
(see Figure 3.f.4-1 and Figure 3.f.4-2). The test tank consisted of two mixing
sections, one on each side of the strainer. The “front” side of the test strainer, as
designated in Figure 3.f.4-2, models the side of the plant strainer that faces the
reactor vessel. The other side of the strainer is referred to as the “rear” side and
models the side of the plant strainer facing away from the reactor vessel. Debris and
recirculating test loop water flow, which provided mixing, was introduced both on the
front side and rear side of the test strainer to represent how debris would reach a
plant strainer module installed inside a keyway. The test loop debris introduction and
recirculation flow to the front and rear sides of the strainer was split approximately
50/50, except when small pieces of fiber were introduced into the test tank. See
discussion on debris introduction section belowfsT222]
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Figure 3.f.4-1: PSL1 Head Loss Test Tank and Strainer[yr223]
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Figure 3.f.4-2: PSL1 Isometric of Head Loss Test Strainer Assembly Inside the
Test Tank|[u224]

A schematic piping diagram of the test loop is provided in Figure 3.f.4-3. Note that
the filter bag housings were used to clean the test loop before each test but were
bypassed during head loss testing. The test loop had a recirculation pump that took
suction from the plenum and returned the water back into the test tank. The return
flow exits into the tank were located such that the turbulence from the flow did not
affect the debris bed on the test strainer, but allowed for thorough mixing of debris in
the water column as it was introduced into the test tank. Flow elements were used
to measure the flow rate through the test loop and the flow split between the front
and rear of the strainer. Flow control valves, and heating and cooling loops were
used to control the test flow rate and water temperaturel[Jt225) The test water was
maintained at 120°F 15 °F bme]during conventional and chemical debris
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introduction. After chemical debris introduction was completed and the head loss
was allowed to stabilize (change in head loss is less than 1% per hour)t227, the test
loop temperature was decreased to approximately 100 °FH[JT228]
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Figure 3.f.4-3: PSL1 Piping Diagram of Head Loss Test Loop [JT229)

Filter Bag Housing 1

Filter Bag Housng 2

» 4
A

Test Parameters and Scaling

The test strainer replicated all hydraulic dimensions of the plant strainer. The test
debris quantities and test flow rate were scaled from plant values based on the ratio
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of the test strainer surface area (360.6 ft?, stated above) to plant strainer net surface
area (7,044 ft9)r2s0. Margin was added to the test flow rate, and as a result the test
strainer approach velocity (0.0026 ft/sec)Jt231] bounds the plant strainer average
approach velocity (0.0023 ft/sec)ut2321. For a test strainer area of 360.6 ft*, the
nominal test flow rate was 417 gpm/jyT233] Head losses were measured at a range of
flow rates (flow sweeps), both on the clean strainer and after addition of debris, as
discussed later in this response. The Response to 3.f.10 has additional discussion
on correcting test data to plant conditions| 234

Debris Materials and Preparation

The following materials were used as conventional debris for head loss testing:
Nukon, Temp-Mat, pulverized acrylic (or paint base material), pulverized Cal-Sil, and
PCI Dirt/Dust mi)d.hJT235] The method of preparation prior to introduction to the test
tank for each material is discussed below.

Nukon fines were used as a surrogate for latent fiber, as recommended in NEI 04-07
Volume 1 |(Reference 12)j236) and the associated NRC SE on NEI 04-07
(Reference 6)ut2371. Nukon was also used to represent fines and small pieces of low
density fiberglass insulation debris. Temp-Mat was used in head loss testing so a
surrogate was not required.

Nukon and Temp-Mat fines were prepared in accordance with the NEI fibrous debris
preparation protocol (Reference S)hmsa]. Nukon fiberglass sheets were cut into
approximately 2" x 2” squares, and the heat treated base blanket material was
examined for a binder burn-out gradient reaching halfway through the blanket.
Temp-Mat was pre-shredded by the vendor since the material is very tough, and
heat treated. Each batch of Temp-Mat fines consisted of an equal amount of heat
treated and non-heat treated Temp-Mat.

After being weighed out into required batches, Nukon or Temp-Mat pieces were
placed inside a debris preparation vessel that included a manifold with three high
pressure nozzles. Nukon debris was prepared separately from Temp-Mat. Test
water was added to the vessel using a low pressure water spray until the fiber debris
was completely wetted and a slurry was formed. The debris was then sprayed with
test water pressurized to 1500 psi. The initial amount of water, the high pressure
spray nozzle position within the vessel, and the amount of time the high pressure
spray was applied were controlled during debris preparation so that fine fiber
batches had similar characteristics. Acceptable debris characteristics were
documented by photographing each batch of prepared debris over a light tablefst239]
Fiber fines were acceptable once their composition was predominantly Class 2 fibers
as defined in NUREG/CR-6224 (Reference 15 pp. Table B-3)u240], consisting mainly
of individual fibers with lesser quantities of fiber shards and small clumps. See
Figure 3.f.4-4 for photographs of Nukon and Temp-Mat fines prepared using this
process|[Jr241]
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Figure 3.f.4-4: Nukon (left) and Temp-Mat (right) Fines Prepared for PSL1 Head
Loss Testing [s1242]

Preparation of Nukon small pieces (Nukon smalls) was similar to the Nukon fines
except the Nukon sheets were cut into sizes of 2" x 2", 2" x 4", 1" x 4" and 1" x 6".
Nukon small batches were split into equal parts (by weight): one part consisting of 2"

| x 2" and 2" x 4" pieces and the other part consisting of 1" x 4" and 1" x 6" pieces.

| Each part was sprayed with high pressure test water in the debris preparation vessel

| until the acceptability criteria were reached and, afterwards, the equal parts were
mixed together before introduction. Temp-Mat small pieces (Temp-Mat smalls) were
prepared similar to the Temp-Mat fines except the high-pressure spray time was
reduced so that the acceptability requirements of small pieces were achieved. Small
pieces of fiber (fiber smalls) were acceptable once their composition ranged from
fines all the way up to measurable pieces on the order of several inches (<6"). Once
the high pressure spray duration time was determined for the acceptability criteria to
be reached, all batches of similar debris size were prepared with the same spray
timeljut243) See Figure 3.f.4-5 for photographs of Nukon and Temp-Mat small pieces
prepared using this processur244)
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Figure 3.f.4-5: Nukon (left) and Temp-Mat (right) Small Pieces Prepared for PSL1
Head Loss Testing [s7245]

Pulverized acrylic was used a surrogate for failed coatings (epoxy, enamel, I0Z, and
cold galvanizing) on an equal volume basis, and had a median size of 12.7 pmljytass)
The required amount of pulverized acrylic for a debris batch was weighed out and
placed in a bucket. The particulate was then wetted with test water while being
gently stirred to avoid the formation of foam fJT247]

Pulverized Cal-Sil was prepared for test introduction using a similar method as the
pulverized acrylic. The PCI dirt/dust mix was used as a surrogate for latent
particulate! [JT248]

Two types of chemical debris surrogates were used for the head loss testing: sodium
aluminum silicate (SAS) and AIOOH. The chemical debris was prepared in
accordance with WCAP-16530-NP-A (Reference 16)jyt249) and met the settling
volume acceptance requirements specified in WCAP-16530-NP-A. See the
Response to 3.0.2.12 for additional information.

Debris Introduction

As previously discussed, Nukon and Temp-Mat debris was prepared separately.
The fiber debris slurry for the individual fiber types of a given batch were combined
with each other before introduction. The combined fiber slurry was gently mixed with
a paddle to avoid agglomeration|jut2s0]
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For the full debris load tests, the prepared particulates (pulverized acrylic, pulverized
Cal-Sil, and PCI dirt/dust mix) of a given batch was added to the fiber slurry and
gently stirred until a homogenous fiber and particulate debris mixture was formed.
The fiber and particulate slurry was added to the test loop via the debris introduction
hoppers or flume. The hoppers used a portion of recirculating loop flow to suspend
the debris slurry with fiber fines as it was added into the hopper and carried to the
front and rear mixing regions of the test tank. The hopper functioned to provide
mixing prior to introduction to prevent agglomeration of the debris materials. The
mixing regions used recirculating test loop water to help transport the debris to the
strainer and minimize debris settling. A small flume was set up to introduce the slurry
of fiber smalls towards the center of the mixing region. Small pieces were only
introduced in the mixing region on the front side of the strainerutas1] |

There was one difference between the debris introduction sequences of the two full
debris load protocol tests. For the PSL1 Full Debris Load Test 1, particulate was
added to fiber fines and fiber smalls batches, and fiber fines and smalls batches
were alternately introduced into the test tank. For the PSL1 Full Debris Load Test 2,
particulate debris was only added to the fiber fines batches. All of the fine fiber
batches used in the test were introduced into the tank before the fiber smalls were
added [JT252]

For the PSL1 Thin-Bed Test, the pulverized acrylic and pulverized Cal-Sil were
individually introduced to the test loop via the debris introduction hoppers, and the
PCI dirt/dust mix was added directly to the test tank’s mixing regions. All particulate
debris was added in quick succession, and no fiber was added to the test until all
particulate was introduced. Nukon fiber fines were incrementally added in small
batches until a particulate filtering debris bed was formed on the test strainer. Each
fiber batch was equivalent to a 1/16” thick theoretical uniform debris bed. A

| particulate filtering debris bed was observed to form when the test loop water began

i to clear and when the incremental change in head loss from a batch of fiber fines

| was observed to be smaller than the preceding batches. No fiber small pieces were
used for the thin-bed testjyt253]

After conventional debris introduction and debris bed characterization (flow sweep)
were completed for each test, chemical precipitate debris was added to the test tank.
SAS and AIOOH were simultaneously added in several batches to the test loop via a
pump and hose from the chemical precipitate debris storage tanks. Once chemical
precipitate debris introduction was completed, another flow sweep was performed,
the test loop was cooled to about 100 °F, and a final flow sweep was
performed.‘[JT254]
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Head Loss Test Cases and Results

PSL1 Full Debris Load Test 1

The total conventional debris load for the PSL1 Full Debris Load Test 1 is provided
in Table 3.f.4-1 and scaled to equivalent plant debris loads. The peak conventional
debris head loss observed for this test is shown in Table 3.f.4-7.

Table 3.f.4-1: Conventional Debris Quantities for the PSL1 Full Debris Load Test

h‘[JTZSS]
Dirt & | Pulverized | Cal- | Nukon | Nukon Small | Temp-Mat Temp-Mat
Dust Acrylic Sil Fines Pieces Fines Small Pieces
(lbm) (ft%) (lbm) | (Ibm) (Ibm) (lbm) (Ibm)
71.23 11.67 1229 | 542.5 570.9 6.060 6.450

After all conventional debris was added, the head loss had stabilized, and a flow
sweep had been performed, chemical precipitate debris was added to the test tank.
The chemical precipitate debris batches for the PSL1 Full Debris Load Test 1 are
summarized in Table 3.f.4-2 and scaled to equivalent plant debris loads.

Table 3.f.4-2: Chemical Precipitate Debris Batches for the PSL1 Full Debris Load
Test 1“JT256]

Aluminum
Batchip | AIOOH i Precipitated
(ka) (kg)
(kg)
C1 14.47 19.3 8.5
C2 18.66 25 10.08
C3 20.92 27.88 12.29
C4 18.99 25 1111
C5 16.56 22.15 9.73
C6 20.92 27.88 12.29
C7 20.92 27.88 12.29
C8 22.03 293 12.93
C9 20.92 27.88 12.29
C10 21.72 28 58 12.72
C11 19.3 2573 11.33
C12 4.82 6.43 2.83
C13 28.15 0 12.66
Cl4 11.74 0 527
C15 14.16 0 6.37
Total 274.28 293.01 153.59
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Head loss increased relatively quickly when the first several batches of chemicals
were added to the test tank. However, the incremental change in head loss declined
as subsequent batches were added. After Batch C9 was introduced, a peak
chemical debris head loss was observed, followed by a decrease in head loss.
Batches C10-C12 were introduced but the head loss did not exceed the peak
recorded earlief {JT257]

During addition of Batch C13, the top of the keyway became buoyant and lifted off
the top of the test strainer. A spike in head loss was observed when the keyway was
pushed back down by test personnel and returned into place. The head loss was
allowed to stabilize for approximately 3 hours.jst2ss) Over this time, the head loss
decreased and recovered to the same value before the key way lifted off, as shown
in Figure 3.f.4-6. Once stabilized, two additional batches of chemicals were
introduced into the tank and had a negligible effect on the head loss. Chemical
debris batches were no longer added because a decreasing head loss occurred
accompanying chemical debris batch additions|fut2se; The maximum chemical debris
head loss for the PSL1 Full Debris Load Test 1 is considered to be the first peak
observed after introducing Batch C9 (see Figure 3.f.4-6). The test results are
provided in Table 3.f.4-7[sT260]

Figure 3.f.4-6 shows a plot of raw head loss test data for the PSL1 Full Debris Load
Test 1 with time to identify the key testing activities. Note that the flow rates shown
in this figure are at the test scale and the head loss values have not been adjusted

to subtract the test strainer’s clean screen head loss.
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The conventional debris load for the PSL1 Full Debris Load Test 2 is provided in
Table 3.f.4-3 and scaled to equivalent plant debris loads. The peak conventional
debris head loss observed for this test is shown in Table 3.f.4-7.

Table 3.f.4-3: Conventional Debris Quantities for the PSL1 Full Debris Load Test ZH
[JT262]

Dirt & | Pulverized | Cal- | Nukon Nukon | po o Mat| Temp-Mat

. . . Small . .
Dust Acrgllc Sil Fines Pieces Fines Small Pieces
(lbm) (ft°) (lbm) (Ibm) (Ibm) (Ibm) (Ibm)
72.28 11.30 883.8 548.7 558.2 49.67 57.26

After all conventional debris was added, the head loss had stabilized, and a flow
sweep had been performed, chemical precipitate debris was added to the test tank.
The chemical precipitate debris batches for the PSL1 Full Debris Load Test 2 are
summarized in Table 3.f.4-4 and scaled to equivalent plant debris load|jsT263]

Table 3.f.4-4: Chemical Precipitate Debris Batches for the PSL1 Full Debris Load

Test 2H[JT264]
Aluminum
Batch ID Al(gé))H ?kgs) Precipitated

(kg)

C1 15.88 21.98 9.42
C2 19.36 2711 11.51
C3 19.69 2711 11.66
C4 19.85 27.84 11.8
C5 19.85 27.84 11.8
C6 19.85 27.84 11.8
C7 19.69 27.11 11.66
C8 20.78 28.58 12.29
C9 20.32 27.84 12.01
C10 20.63 28.58 12.23
C11 20.16 27.84 11.94
C12 19.85 27.84 11.8
C13 20 27.84 11.88
Total 255.91 355.35 151.8
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Head loss increased relatively quickly when the first several batches of chemicals
were added to the test tank. However, the incremental change in head loss declined
as subsequent batches were added. Eventually, additional batches were not
resulting in higher head loss peaks. Chemical debris batches were no longer added
when a firm head loss plateau occurred accompanying chemical debris batch
additions. The maximum chemical debris bed head loss observed during PSL1 Full
Debris Load Test 2 is shown in Table 3.f.4-7.

Figure 3.f.4-7 shows a plot of raw head loss test data for the full debris load test with
time to identify the key testing activities. Note that the flow rates shown in this figure
are at the test scale and the head loss values have not been adjusted to subtract the

test strainer’s clean screen head loss.
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The conventional debris load for the PSL1 Thin-Bed Test is summarized in Table
3.f.4-5 and scaled to equivalent plant debris loads. Six batches of fiber fines were
introduced to the thin-bed test, which resulted in a cumulative theoretical uniform
debris bed thickness of 3/8”. The peak conventional debris head loss observed for
this test is shown in Table 3.f.4-7.

Table 3.f.4-5: Conventional Debris Quantities for the PSL1 Thin-Bed Test [s266]

Dirt & Dust | Pulverized Acrylic | Cal-Sil | Nukon Fines
(Ibm) (ft) (Ibm) (Ibm)
72.30 11.70 1171 528.4

After all conventional debris was added, the head loss had stabilized, and a flow
sweep had been performed, chemical precipitate debris was added to the test tank.
The chemical precipitate debris batches for the full debris load protocol head loss
test are summarized in Table 3.f.4-6 and scaled to equivalent plant debris load js267]

Table 3.f.4-6: Chemical Precipitate Debris Batches for the PSL1 Thin-Bed Test)|

[JT268]

Aluminum
Batch ID A'&’g” ?Ifg’ Precipitated
(kg)
C1 | 14.75 | 25.08 9.22
c2 | 2182 | 369 13.62
C3 | 22.74 | 38.36 14.18
Ca | 2244 | 38.36 14.05
C5 | 2229 | 37.64 13.91
C6 | 22.89 | 39.11 14.34
c7 226 | 38.36 1412
C8 | 2321 | 39.85 14.55
C9 226 | 38.36 14.12
Total | 195.34 | 332.02 12211
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Similar to the full debris load tests, the head loss increased relatively quickly, but at
a much lower rate, when the first several batches of chemicals were added to the
test tank. However, the incremental change in head loss declined as subsequent
batches were added. Eventually, additional batches did not result in higher head
loss peaks. Chemical debris batches were no longer added when a decreasing head
loss occurred accompanying chemical debris batch additions. The maximum
chemical debris bed head loss observed during the PSL1 Thin Bed Test is shown in
Table 3.f.4-7|[ur269]

Figure 3.f.4-8 shows a plot of raw head loss test data for the thin-bed test with time
to demonstrate the key testing activities. Note that the flow rates shown in this figure
are at the test scale and the head loss values have not been adjusted to subtract the
test strainer’s clean screen head loss.
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A summary of the debris head loss results from the PSL1 tests are provided in Table
3.f.4-7. As discussed in the Response to 3.f.7, the maximum conventional and
chemical debris head losses of the three tests were used to evaluate pump NPSH,
void fraction, flashing and strainer integrity for PSL1. These maximum debris head
losses are bold faced in Table 3.f.4-7. The clean screen head loss of the test
strainer ranged from 0.19 psi to 0.21 psi for a test flow rate range between 417 gpm
and 434 gpm and a nominal temperature of 120 °F.

Table 3.f.4-7: Summary of PSL1 Head Loss Test Results

Debris Head Test Flow Rate Tomberaturs
Test Point Loss (at Plant Scale) ?°F)
(psi) (gpm)
PSL1 Full Debris Load Test 1|fst271]
Conventional Debris Max 432.4
Head Loss DAl (8,447) 1204
Conventional Debris Stable 423.2
Head Loss 038 (8.267) 120.2
Aluminum Precipitate Max 413.2
Head Loss — (8,071) s
Aluminum Precipitate Stable 424.9
Head Loss 210 (8,300) h8e
PSL1 Full Debris Load Test 2 ji1272]
Conventional Debris Max 426.5
Head Loss i (8.331) 1208
Conventional Debris Stable 421.4
Head Loss Q.05 (8.232) 1183
Aluminum Precipitate Max 415.8
Head Loss 173 (8,122) 1181
Aluminum Precipitate Stable 418.0
Head Loss 183 (8.165) 1198
PSL1 Thin-Bed Test[Jt273]

Conventional Debris Max 427.5
Head Loss Gs (8.351) 1ene
Conventional Debris Stable 423.2
Head Loss 0.05 (8.267) 1214
Aluminum Precipitate Max 414 .4
Head Loss B39 (8,095) 12il%
Aluminum Precipitate Stable 417.8
Head Loss 089 (8,161) 1
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Response for PSL2
Test Setup

The test facility was designed to represent the strainer installation at PSL2. The
strainer modules in the plant are adjacent to each other and mounted on top of a
common plenum box and have horizontally stacked disks around a core tube. The
test tank and strainer were designed to model a plant strainer module and the gaps
between two adjacent modules and behind the strainer. The test tank features wing
walls so that flow and debris were directed to the test strainer 274

The test strainer was comprised of two modules stacked on top of each other. The
core tube of the top module was connected to the core tube of lower module which
replicates the plant configuration. Each module contained 15 prototypical strainer
disks (30 disks total) that were 24” by 40", and the two stacked modules were
separated by a steel stiffener plate that matches the plant strainer design. The test
strainer disks matched all dimensions of the plant strainer (such as perforated plate
thickness, hole opening size, and hole pitch). The lower module’s core tube was
attached to a fabricated plenum at the bottom of the test strainer. The test plenum
had a smaller height than the plant strainer plenum. As a result, the test strainer
assembly is closer to the tank floor than the plant strainer is to the containment
trench floor. This is conservative since it allows debris to more easily transport to
the test strainer than it would to the plant strainerjst27s) The surface area of the test
strainer module was 353.9 ft%yt27e]

The test strainer and plenum were installed in a test tank (see Figure 3.f.4-9 and
Figure 3.f.4-10). Wing walls were configured to match the spacing in the plant
between adjacent strainer stacks. The wing walls also helped ensure that a larger
amount of debris transported to the front of the strainer, with less transporting over
the top of the strainer. A space between the rear of the strainer disks and the back
wall was included in the design to conservatively represent the configuration of the
installed plant strainer. The test tank consisted of an upstream mixing section.
Debris and recirculating test loop water flow, which provided mixing, was introduced
upstream of test strainerjJr277)
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- *Th Top plate |

Core tube cover

e

St:ffener plate

Figure 3.f.4-9: PSL2 Test Tank and Strainer [Jr278)

Mixing Region

Transport Region

Strainer Region

Figure 3.f.4-10: PSL2 Isometric of Head Loss Test Tank [JT27]
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A schematic piping diagram of the test loop is provided in Figure 3.f.4-11. Note that
the filter bag housings were used for cleaning the test loop before testing, but were
bypassed during head loss testing. The test loop had a recirculation pump that took
suction from the plenum and returned the water back into the test tank. The return
flow exits into the tank were located such that the turbulence from the flow did not
affect the debris bed on the test strainer, but allowed for thorough mixing of debris in
the water column as it was introduced into the test tank. Flow elements were used
to measure the flow rate through the test loop and debris hopper. Flow control
valves, and heating and cooling loops were used to control the test flow rate and

water temperaturelJuTaso;
Branch B/Position 2 MD‘E! mv‘ ;;,
FM3
Branch A
Position 1 FM2 l
ha-‘h\f
"
Transition Tank
(With Mixing Flow) Debris

Hopper

Mixing lines

2:.'1
Test Tank m-.’;.d"
Bleed Valve
? =i
- : Heat Exchanger

Main Re-circulation Pump

Filter Bag Arvangement
|
%

3 gt

FM1
Figure 3.f.4-11: PSL2 Piping Diagram of Head Loss Test Loop [J7281]
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The test loop also included a continuously mixed transition tank that was brought
online during conventional and chemical precipitate debris introduction to increase
the test loop water capacity and decrease the amount of draining required during
testingut2sz) The test water was maintained at around 120 °F +5 °F|ur2saiduring
conventional and chemical debris introduction. After chemical debris introduction
wa completed, the test loop temperature was decreased to approximately 100
°FluT284]

Test Parameters and Scaling

The test strainer replicated all hydraulic dimensions of the plant strainer. The test
debris quantities and test flow rate were scaled from plant values based on the ratio
of the test strainer surface area ur2ssito plant strainer net surface area. Two flow
rates were used during head loss testing to accurately model the plant’'s operation.
A higher flow rate was used for the introduction of conventional debris and calcium
phosphate chemical debris, and this flow rate resulted in an approach velocity of
0.00354 ft/sec. A lower flow rate was used during and after the introduction of
AIOOH and SAS chemical debris, and this flow rate resulted in an approach velocity
of 0.00206 ft/secut286) The corresponding test flow rates are 562 gpm and 327 gpm
for the high flow and low flow conditions, respectively.fs2s71 As discussed later in
this response, flow sweeps were performed on the clean strainer and after addition
of debris by measuring head losses for a range of flow rates. The Response to
3.f.10 has additional discussion on correcting test data to plant conditions.

Debris Materials and Preparation

The following materials were used as conventional debris for head loss testing:
Nukon, pulverized acrylic (or paint base material), pulverized Cal-Sil, and PCI
Dirt/Dust mix. The method of preparation prior to introduction to the test tank for
each material is discussed below.

Nukon fines were used as a surrogate for latent fiber, as recommended in NEI| 04-07
Volume 1 [(Reference 12) itzsgiand the associated NRC SE on NEI 04-07
(Reference 6)ut289). Nukon was also used to represent fines and small pieces of low
density fiberglass insulation debris.

Nukon fines were prepared in accordance with the NEI fibrous debris preparation
protocol (Reference 8)ut290;. Nukon fiberglass sheets were cut into approximately 2”
x 2" squares, and the heat treated base blanket material was examined for a binder
burn-out gradient reaching halfway through the blanket.
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After being weighed out into required batches, Nukon pieces were then placed
inside a debris preparation vessel that included a manifold with three high pressure
nozzles. Test water was added to the vessel using a low pressure water spray until
the fiber debris was completely wetted and a slurry was formed. The debris was
then sprayed with test water pressurized to 1500 psi. The initial amount of water,
the high pressure spray nozzle position within the vessel, and the amount of time the
high pressure spray was applied were controlled during debris preparation so that
fine fiber batches had similar characteristics. Acceptable debris characteristics were
documented by photographing each batch of prepared debris over a light table.
Fiber fines were acceptable once their composition was predominantly Class 2 fibers
as defined in NUREG/CR-6224 (Reference 15 pp. Table B-3)ut291], consisting mainly
of individual fibers with lesser quantities of fiber shards and small clumps. See
Figure 3.f.4-12 a photograph of Nukon fines prepared using this process.

Figure 3.f.4-12: Nukon Fines Prepared for PSL2 Head Loss Testing [J1292]
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Preparation of Nukon smalls was similar to the Nukon fines except the Nukon sheets
were cut into sizes of 2" x 2", 2" x 4", 1" x 4" and 1" x 6". Nukon small batches were
split into equal parts (by weight): one part consisting of 2" x 2" and 2" x 4" pieces and
the other part consisting of 1" x 4" and 1" x 6" pieces. Each part was sprayed with
high pressure test water in the debris preparation vessel until the acceptability
criteria were reached and, afterwards, the equal parts were mixed together before
introduction. Small pieces of fiber were acceptable once their composition ranged
from fines all the way up to measurable pieces on the order of several inches (<6").
Once the high pressure spray duration time was determined for the acceptability
criteria to be reached, all batches of similar debris size were prepared with the same
spray time. See Figure 3.f.4-13 for a photograph of Nukon small pieces prepared
using this process.

Figure 3.f.4-13: Nukon Small Pieces Prepared for PSL2 Head Loss Testind\ngs]

Pulverized acrylic was used as a surrogate for failed coatings (epoxy, enamel, 10Z,
and cold galvanizing) on an equal volume basis, and had a median size of 12.7
umlfJt294] The required amount of pulverized acrylic for a debris batch was weighed
out and placed in a bucket. The particulate was then wetted with test water while
being gently stirred to avoid the formation of foam.

Pulverized Cal-Sil was prepared for test introduction using a similar method as the
pulverized acrylic. The PCI dirt/dust mix was used as a surrogate for latent
particulate.

Three types of chemical debris surrogates were used for the head loss testing:
calcium phosphate, SAS and AIOOH. The chemical debris was prepared in
accordance with WCAP-16530-NP-A (Reference 16) [yt2951and met the settling
volume acceptance requirements specified in WCAP-16530-NP-A. See the
Response to 3.0.2.12 for additional information.
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Debris Introduction

For the PSL2 Full Debris Load Head Loss Test, the prepared particulate debris
(pulverized acrylic, pulverized Cal-Sil, and PCI dirt/dust mix) of a given batch was
added to the fiber fines slurry and gently mixed until a homogenous fiber and
particulate debris mixture was formed. The fine fiber and particulate slurry was
added to the test loop via the debris introduction hopper. The hopper used a portion
of recirculating loop flow to suspend the debris slurry as it was added into the hopper
and carry it to the mixing region of the test tank. The mixing region used
recirculating test loop water to help transport the debris to the strainer and minimize
debris settling. All fiber fines and particulates were added to the test before any
small pieces of fiber were introduced. Once all fiber fines and particulate were
introduced to the test tank, a small flume was set up to introduce the slurry of fibrous
small pieces towards the center of the mixing region.

For the PSL2 Thin-Bed Test, the pulverized acrylic and pulverized Cal-Sil were
individually introduced to the test loop via the debris introduction hopper, and the
PCI dirt/dust mix was added directly to the test tank’s mixing region. All particulate
debris was added in quick succession, and no fiber was added to the test until all
particulate was introduced. Nukon fiber fines were incrementally added in small
batches until a particulate filtering debris bed was formed on the test strainer. Each
fiber batch was equivalent to a 1/16” thick theoretical uniform debris bed. A
particulate filtering debris bed was observed to form when the test loop water began
to clear and when the head loss increase from a batch of fiber fines was observed to
be smaller than the preceding batches. No fiber small pieces were used for the thin-
bed test.

After conventional debris introduction and head loss was stable, (change in head
loss is less than 1% per hour) debris bed characterization (flow sweep) was
completed for each test. Afterwards, batches of calcium phosphate were added to
the test tank until the total amount added was equivalent to the plant load, and the
head loss was stabilized. The flow rate was then reduced to model the plant’s
operation, followed by simultaneous addition of SAS and AIOOH in batches via a
pump and hose from the chemical precipitate debris storage tanks. Once SAS and
AIOOH debris introduction was completed and head loss stabilized, another flow
sweep was performed, the test loop was cooled to about 100 °F, and a final flow
sweep was performed fur20)]

Head Loss Test Cases and Results

PSL2 Full Debris Load Test

The conventional debris load for the PSL2 Full Debris Load Test is summarized in
Table 3.f.4-8 and scaled to equivalent plant debris loads. The peak conventional
debris head loss observed during this test is shown in Table 3.f.4-12.
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Table 3.f.4-8: Conventional Debris Quantities for the PSL2 Full Debris Load Test|
[JT297]

Dirt & Dust P‘:‘c’er:iz:d Cal-Sil | NukonFines | Nuken Smalls
(Ibm) (f"t%) (Ibm) (Ibm) (Ibm)
72.27 10.67 45.54 735.3 301.4

After all conventional debris was added and the head loss had stabilized, calcium
phosphate was added to the test tank, followed by head loss stabilization, the flow
reduction, head loss stabilization, then SAS and AIOOH additions. The total
chemical precipitate debris load for the full debris load protocol head loss test are
summarized in Table 3.f.4-9 and scaled to equivalent plant debris load|jut208) The
maximum debris head loss observed during calcium phosphate addition is shown in
Table 3.f.4-12.

Table 3.f.4-9: Chemical Precipitate Debris Batches for the PSL2 Full Debris Load

Test[ur209]
Batch Calclum | yio01 | sas | Juminum
ID Phosphate (kg) (kg) Precipitated
(kg) (kg)
CP1 21.34 0 0 0
CP2 55 37 0 0 0
CP3 14.65 0 0 0
A1l 0 48.89 | 62.64 28.45
A2 0 48.89 | 62.64 28.45
Total 91.36 97.78 | 125.28 56.90

SAS and AIOOH were simultaneously added to the test tank, and the head loss
increase from these chemical precipitates was very small. The flow rate was
increased to the same flow rate used during addition of conventional debris and
calcium phosphate. It was observed that the head loss returned nearly to the same
value as that before addition of SAS and AIOOH. This confirmed that SAS and
AIOOH were not increasing head loss, and the introduction of chemical precipitates
was completed. The peak debris head loss observed during SAS and AIOOH
introduction is shown in Table 3.f.4-12/fsT300]

Figure 3.f.4-14, Figure 3.f.4-15, and Figure 3.f.4-16 show a plot of raw head loss test
data with time. Key testing activities during conventional debris, calcium phosphate,
and SAS and AIOOH introduction are labeled. Note that the flow rates shown in
these figures are at test scale and the head loss values shown have not been
adjusted to subtract the test strainer’s clean screen head loss/jut3o1]
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Figure 3.f.4-14: PSL2 Full Debris Load Test Conventional Debris Timeline! [st302]
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Figure 3.f.4-15: PSL2 Full Debris Load Test Calcium Phosphate Timeline! [st303]
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Figure 3.f.4-16: PSL2 Full Debris Load Test SAS and AIOOH Timeline! 304
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PSL2 Thin-Bed Test

The conventional debris load for the PSL2 Thin-Bed Test is summarized in the table
below and scaled to equivalent plant debris loads. Two batches of fiber fines were
introduced to the thin-bed test, which resulted in a cumulative theoretical uniform
debris bed thickness of 1/8”. Also, as described in the beginning portion of the
Response to 3.f.4, fiber fines were added until the test tank had cleared of

particulate debris. The peak conventional debris head loss observed during this test
is shown in Table 3.f.4-12.

Table 3.f.4-10: Conventional Debris Quantities for the PSL2 Thin-Bed Head Loss

Tesﬁ hmosl
; Pulverized . .
Dirt & Dust Acrylic Cal-Sil Nukon Fines
(Ibm) ry (Ibm) (Ibm)
(ft")
72.43 10.67 45.54 135.2

After all conventional debris was added and the head loss had stabilized, calcium
phosphate was added to the test tank, followed by SAS and AIOOH. The total

chemical precipitate debris load for the full debris load protocol head loss test are
summarized in Table 3.f.4-11 and scaled to equivalent plant debris loadjut306) The

maximum debris head loss observed during calcium phosphate addition is shown in
Table 3.f.4-12.

Table 3.f.4-11: Chemical Debris Batches for the PSL2 Thin-Bed Head Loss Test|
[JT307]

Calcium Aluminum
Batch ID | Phosphate Aif(’;” f“g’ Precipitated
(kg) (kg)
CP1 23.02 0 0 0
CP2 4834 0 0 0
CP3 20.00 0 0 0
A1 0 4281 | 6099 25 55
A2 0 4753 | 65.09 2810
A3 0 4648 | 6354 2746
A4 0 4448 | 54.83 25 67
A5 0 20.23 0 911
Total 91.36 | 201.53 | 244.45 115.89
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SAS and AIOOH were simultaneously added to the test tank. The first few batches
of SAS and AIOOH resulted in very small increases in head loss, and the fifth batch
did not increase head loss. Chemical debris introduction was therefore ended after
the fifth batch. The peak debris head loss during SAS and AIOOH introduction is
shown in Table 3.f.4-12|[sT308]

Figure 3.f.4-17, Figure 3.f.4-18, and Figure 3.f.4-19 show a plot of raw head loss test
data with time and point out key testing activities during conventional debris, calcium
phosphate, and SAS and AIOOH introduction. Note that the flow rates shown in
these figures are at test scale and the head loss values have not been adjusted to
subtract the test strainer’s clean screen head loss|[JT309]
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Figure 3.f.4-17: PSL2 Thin-Bed Test Conventional Debris Timeline|[jt310]

E1-111

0.000



St. Lucie Nuclear Plant
Docket Nos. 50-335 and 50-389

Temp. [F] Flow [gpm]

150

140

130

120

110

100

90

80

70

650

550

500

450 ——

350

—Flow

~—Temp

——Head Loss
@ CP1 Addition Start
@ CP1 Addition Complete
B CP2 Addition Start
B CP2 Addition Complete
@ CP3 Addition Start
@ CP3 Addition Complete

L-2017-210

Enclosure 1
4.000
3.500
- 3.000

W —

250

01:00 02:00 03:00

04:00

24 hr Time [hh:mm]

Figure 3.f.4-18: PSL2 Thin-Bed Test Calcium Phosphate Timeline| 311
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Figure 3.f.4-19: PSL2 Thin-Bed Test SAS and AIOOH Timeline|[ut312]
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A summary of the head loss results from the PSL2 tests are provided in the table
below. As discussed in the Response to 3.f.7, the maximum conventional, calcium
phosphate and aluminum precipitate debris head losses of the two tests are used to
evaluate pump NPSH, void fraction, flashing and strainer integrity for PSL2. These
maximum head losses are bold faced in Table 3.f.4-12. The clean screen head loss
of the test strainer ranged from 0.44 psi to 0.46 psi for a test flow range between 560
gpm to 571 gpm and nominal temperature of 120 °F.

Table 3.f.4-12: Summary of PSL2 Head Loss Test Results

. Debris Head Test Flow Rate Temperature
Test Point Loss (at Plant Scale) (°F)
(psi) (gpm)
PSL2 Full Debris Load Testyr313]
ﬁ::;eLnt;lsznal Deb-rls Max 113 (8?77.';.14) 122.3
ﬁgg\éefotg)snal Debris Stable 1.09 (8?(??8) 120.2
IC_ltzIac(.;ul?cﬂl)sl'-’shosphate Max 220 (8?5'?!?6) 120.9
(H:Zg;;gsshosphe?te Stable 194 (8?2?5‘922) 122 8
ﬁleu;:]jfrllhl:)r:sPrechftate Max 0.85 (5:,”3‘?1) 122.4
ﬁg:;rcl;nLl:)r:SPreCIpltate Stable 0.76 (55,31333) 1202
PSL2 Thin-Bed Test 1314
ﬁgg\éesgg)snal Debrfs Max 0.34 (8?6628) 1241
(H)gg\éecgfsnal Debris Stable 0.27 (8?6??8) 119.6
g:lac‘:éulr_];SPShosphate Max 152 (8?66;;8) 122.8
cszlacéu‘gfshosphate Stable 133 (8?8712331) 122 8
ﬁLuar;Tg;ns Preleipltate Max 0.88 (5:’33;7) 119.9
ﬁgjar‘r:jlr&r:SPrempltate Stable 0.82 (5?8517) 1197
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5. Address the ability of the design to accommodate the maximum volume of debris
that is predicted to arrive at the screen.

Response to 3.f.5:

As discussed in the Response to 3.f.4, the head loss tests used test strainers that
are prototypical to the plant strainer designs. Additionally, the test debris loads were
scaled based on the ratio of the test strainer surface area and the plant’s net strainer
surface area. The arrangement of the test strainer with respect to the test tank
models the configuration in the vicinity of the plant strainer. For PSL1, the test setup
represented the more restrictive geometry of plant strainer by modeling a strainer
module installed inside a keyway. For PSL2, the test setup modeled the more
restrictive geometry of the plant strainer for a module between two adjacent strainer
stacks. Additionally, the clearance between the back of the PSL2 test strainer and
test tank modeled the strainer inside the containment trench. Finally, as discussed
in the Response to 3.f.7, the full debris load tests for PSL1 and PSL2 represented
the maximum debris loads that could occur at the plant. With these considerations,
the impact of debris volume on the plant strainer can be directly determined from the
head loss test results.

6. Address the ability of the screen to resist the formation of a “thin bed” or to
accommodate partial thin bed formation.

Response to 3.f.6:

The "thin-bed effect" is defined as the relatively high head losses across a thin bed
of fibrous debris, which can sufficiently filter particulate debris to form a dense (or
high particulate to fiber ratio) debris bed. As discussed in the Response to 3.f.4, the
PSL1 and PSL2 head loss testing included a test to measure head loss for a dense
debris bed. During this test, the full particulate load was added into the test tank
first, followed by fiber fines in batches equivalent to a 1/16” theoretical uniform bed
thickness. This batching schedule allowed the formation of a debris bed with a high
particulate to fiber ratio. As a result, any thin-bed effects, should they occur, would
be captured by the measured head losses. The thin-bed protocol test resulted in
lower conventional and chemical debris head losses than the full debris load
protocol head loss test for both PSL1 and PSL2, and the “thin-bed” effect head
losses are bounded by full debris load head losses.
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7. Provide the basis for strainer design maximum head loss.
Response to 3.1.7:
Response for PSL1
Comparison of Plant and Head Loss Test Flow Rates

As discussed in the Response to 3.f.3, the flow rate through the strainers is 7,326
gpm with an approach velocity of 0.00232 ft/s. During head loss testing, the nominal
test flow rate was 417 gpmljyta1s] This flow rate corresponds to an approach velocity
of 0.00258 ft/s during conventional and chemical precipitate debris introduction. The
approach velocity used during the head loss tests therefore bounds the plant
condition.

Comparison of Plant and Head Loss Test Conventional Debris Loads

Table 3.f.7-1 compares the conventional debris loads of four PSL1 bounding breaks
with those used in the PSL1 head loss tests. The plant debris loads are based on
Table 3.e.6-19 except for the unqualified coatings and latent debris. The quantities
of individual coating types are combined to determine the total volume of qualified
coatings. The unqualified coatings quantities are determined by combining the
volumes of all subtypes from Table 3.h.1-2 (converted from the mass values with
margin). The total coatings particulate debris loads shown in Table 3.f.7-1 are
calculated by combining the volumes of qualified coatings and unqualified coatings.
The latent debris quantities are from the Response to 3.e.6. The debris loads for
PSL1 Full Debris Load Tests 1 and 2 and Thin-Bed tests are from Table 3.f.4-1,
Table 3.f.4-3, and Table 3.f.4-5, respectively.
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1-SGB-W16 &

1-SGA-W16 &

193-1- 14.7. | PSL1 | PSL1
Break Location RCA23-FW- | RETES1 1 Retapw. | REZIT- 1 "ot | Te ) | PsL
2000 2000 Debris | Debris TBh 'g'
L tion Description SG B Nozzle at Hot Leg B SG A Nozzle at Hot Leg A Load Load T:st
G P Hot Leg Elbow Hot Leg Elbow Test1 | Test2
Nukon Fines (Ibm) 516.32 499.15 493.85 479.15
5425 | 5487 | 528.4
Latent Fiber (Ibm) 12.75 12.75 12.75 12.78
Temp-Mat Fines (Ibm) 5.61 5.6 44 6 42 52 6.06 | 4967 .
Total Fiber Fines (Ibm) 534.68 517.5 551.2 534.42 548.6 | 598.4 | 528.4
Cal-Sil Fines (Ibm) 974.46 966.10 769.77 744 .14 1,229 | 883.8 | 1,171
Qualified Coatings (ft°) 4.46 4.8 2.97 3.36
gt’;;*”a"f'ed Coatings 6.86 6.86 6.86 6.86 1167 | 1130 | 11.70
Total Coatings
Particulates (ft) 11.32 11.66 9.83 10.22
Latent Particulate 72.25 72.25 72.25 72.25 71.23 | 72.28 | 72.30

(Ibm)
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As shown in Table 3.f.7-1, the total fiber, Cal-Sil, and total coatings particulate debris
loads of the two Loop B breaks (1-SGB-W16 & RC-123-FW-2000, RC-123-1-503)
and one of the Loop A breaks (RC-114-7-503) are bounded by PSL1 Full Debris
Load Test 1. The total fiber, Cal-Sil, and total coatings particulate debris loads of the
remaining Loop A break (1-SGA-W16 & RC-114-FW-2000) are bounded by the
PSL1 Full Debris Load Test 2. The Cal-Sil, total coatings particulate, and latent
particulate debris loads of all four breaks are bounded by those used in the PSL1
Thin-Bed test.

As shown in Table 3.f.4-7, the PSL1 Full Debris Load Test 1 resulted in the highest
peak conventional debris head loss. Therefore, the maximum PSL1 conventional
debris head loss that would occur for the plant debris load is determined by the
results of PSL1 Full Debris Load Test 1, as bold faced in Table 3.f4-7.

Comparison of Plant and Head Loss Test Chemical Debris Loads
Table 3.f.7-2 compares the bounding chemical debris loads of PSL1 (see the

Response to 3.0.2.7.ii) with those used in the PSL1 head loss tests (see the
Response to 3.f.4).

Table 3.f.7-2: PSL1 Chemical Precipitate Debris Loads
Plant
Chemical | otiFull of PSLTFull | pg) 4 pyin
. Debris Load | Debris Load
Debris Bed Test
Test 1 Test 2

Loads
Total Aluminum
Precipitated 7.0 153.6 151.8 122.1
(kg)

As shown in Table 3.f.7-2, the total precipitated aluminum quantities for the chemical
debris loads used for the three PSL1 tests are greater than that predicted for the
plant and therefore bound plant conditions with respect to chemical effects. Note
that the large discrepancy is due to utilizing the aluminum values shown in the FSAR
to calculate the amount of precipitate added to the test. Later, a walkdown was
performed where the actual amount of aluminum in containment was documented to
be significantly less and the precipitate loads were re-calculated.jsta16] As discussed
in the Response to 3.f.4, the introduction of chemical debris was ended after it was
confirmed that the added debris had no impact on head loss. As shown in Table
3.f.4-7, the PSL1 Full Debris Load Test 1 resulted in the highest peak chemical
debris head loss. Therefore, the maximum PSL1 chemical debris head loss for the
plant debris load is determined by the results of PSL1 Full Debris Load Test 1, as
bold faced in Table 3.f.4-7.
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Response for PSL2
Comparison of Plant and Head Loss Test Flow Rates

As discussed in the Response to 3.f.3, the flow rate through the plant strainers is
8,556 gpm (approach velocity of 0.00353 ft/s). During the full debris load and thin-
bed tests, the nominal test flow rate was 562 gpm|t3171(approach velocity of
0.00354 ft/s) during conventional and calcium phosphate debris introduction. The
approach velocity used during the head loss tests is higher than and bounds the
plant condition.

By analysis, aluminum precipitates will not form until the sump temperature has
cooled to 120.8 °F,iJTs18] and by this time one of the containment spray pumps will be
securedyaig) As a result, the plant strainer flow rate from one CS pump and 2 HPSI
pumps is 4,963 gpm [ut3z0)(approach velocity of 0.00205 ft/s). As discussed in the
Response to 3.f.4, AIOOH and SAS debris was added to the test tank when the
nominal test flow rate was 327 gpm, corresponding to an approach velocity of
0.00206 ft/s. The approach velocity used during the head loss tests therefore
bounds plant conditions.

Comparison of Plant and Head Loss Test Conventional Debris Loads

Table 3.f.7-3 compares the conventional debris loads of the PSL2 bounding breaks
with those used in the PSL2 head loss tests. The plant debris loads are based on
Table 3.e.6-20 and Table 3.e.6-21 except for the unqualified coatings and latent
debris. The quantities of individual coating types are combined to determine the
total volume of qualified coatings. The unqualified coatings quantities are
determined by combining the volumes for all subtypes from Table 3.h.1-3 (converted
from the mass values with margin). The total coatings particulate debris loads
shown in Table 3.f.7-3 are calculated by combining the volumes of qualified coatings
and unqualified coatings. The latent debris quantities are from the Response to
3.e.6. The debris loads for PSL2 Full Debris Load Test and Thin-Bed Test are from
Table 3.f.4-8 and Table 3.f.4-10, respectively.
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Table 3.f.7-3: Summary of PSL2 Plant and Test Debris Loads

313-N4-
314-N4-3204-
. RC-123- | RC-123- RC-114-| RC-114- |  3204- | pglo
Break Location | 501.771 | Fw-2010 | 22W193- | 401771 | Fw-2010 | 20wW103- | g | PSL2
SIC010 ull | 732
SIC010__ pepris | THIR
e
SGB Hot Leg SGA SGA Load
Location Description 'B-l ‘)Etltsal Nozzle at SaGt thtlT_ZeZIe A Nozzle at | Nozzle at Test Test
Hot Leg g Elbow | Hot Leg Hot Leg
Nukon Fines (Ibm) 6565 | 654.12 654.12 452.48 | 455.86 45586
7353 | 1352
Latent Fiber (Ibm) 1275 | 12.75 12.75 1275 | 12.75 12.75
;gﬁ; Filer Fines 669.25 | 666.87 666.87 465.23 | 468.61 468.61 | 7353 | 135.2
Cal-Sil Fines (Ibm) 27.9 29.76 29.76 39.25 | 41.43 4143 | 4554 | 4554
Qualified Coatings (f%) | 3.37 3.27 3.27 2.89 2.72 2.72
gct’;;*“a“ﬁed Loalings 7.31 7.31 7.31 7.31 7.31 7.31 1067 | 10.67
Total Coatings
gk e 1 10.68 | 10.58 10.58 10.2 | 10.03 10.03
Latans Partienlate 7225 | 72.25 72.25 7225 | 72.25 72.25 72.27 | 72.43

(Ibm)
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As shown in Table 3.f.7-3, the total fiber, Cal-Sil, total coatings particulate, and latent
particulate debris loads of all breaks are bounded by the PSL2 Full Debris Load
Test. The Cal-Sil, total coatings particulate, and latent particulate debris loads of all
breaks are bounded by the PSL2 Thin-Bed Test within rounding differences.

As shown in Table 3.f.4-12, the PSL2 Full Debris Load Test resulted in higher peak
conventional debris head loss than the thin-bed test. Therefore, the maximum PSL2
conventional debris head loss that would occur for the plant debris load is
determined by the results of PSL2 Full Debris Load Test, as bold faced in Table
3.f.4-12.

Comparison of Plant and Head Loss Test Chemical Debris Loads
Table 3.f.7-4 compares the bounding chemical debris loads of PSL2 (see the
Response to 3.0.2.7.ii) with those used in the PSL2 head loss tests (see the

Response to 3.f.4).

Table 3.f.7-4: PSL2 Chemical Precipitate Debris Loads

Plant Chemical ngrl'ﬁ Eggd PSL2 Thin-
Debris Loads Bed Test
Test
Calcium Phosphate 91.3 91.36 91.36
Total Aluminum
Precipitated (kg) 2.1 56.90 115.81

As shown in Table 3.f.7-4, the total chemical debris loads used for the PSL2 tests
are greater than that predicted for the plant and therefore bound the plant conditions
with respect to chemical effects. Note that the large discrepancy is due to utilizing
the aluminum values shown in the FSAR to calculate the amount of precipitate
added to the test. Later, a walkdown was performed where the actual amount of
aluminum in containment was documented to be significantly less and the precipitate
loads were re-calculated fsts21] Table 3.f.4-12 shows that the PSL2 Full Debris Load
Test resulted in a higher calcium phosphate debris head loss than the thin-bed test.
Therefore, the maximum PSL2 calcium phosphate chemical debris head loss for the
plant debris load is determined by the results of the full debris load test, as bold
faced in Table 3.f.4-12. For the aluminum chemical debris head loss, the higher
peak head loss of the thin-bed test is taken as the maximum value for PSL2, which
is also bold faced in Table 3.f.4-12.
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8. Describe significant margins and conservatisms used in head loss and vortexing
calculations.

Response to 3.1.8:
Vortex Testing

Testing was conducted to determine if vortexing is expected to occur. As discussed
in the Response to 3.f.3, the vortex tests were performed at both clean strainer and
debris laden conditions.

For PSL1, all vortex tests used strainer approach velocities greater than those
expected for the plant strainer (0.00232 ft/s, see the Response to 3.f.3). The clean
strainer vortex test used strainer approach velocities of 0.00247 ft/s — 0.00618 ft/s.

A strainer approach velocity of 0.00258 ft/s was used for the debris laden vortex test.

The clean strainer vortex test conservatively used a submergence of 1”7, which is
less than the 6.5” minimum submergence from an SBLOCA. The debris laden vortex
test used the 6.5” minimum submergence from an SBLOCA and a debris load from
an LBLOCA. This combination of low water level and large debris load
conservatively bounds plant conditions.

For PSL2, all vortex tests used strainer approach velocities greater than those
expected for the plant strainer (0.00353 ft/s, see the Response to 3.f.3). The clean
strainer vortex tests used a strainer approach velocity of 0.00354 ft/s. This approach
velocity was also used for the debris laden vortex test.

The clean strainer and debris laden strainer vortex tests used submergences of 1”
and 10.4", respectively, which are both less than the 10.9” minimum submergence
from an SBLOCA. The debris laden vortex test used a debris load from an
LBLOCA. This combination of a low water level and a large debris load
conservatively bounds plant conditions.

Strainer Head Loss

The plant quantity of latent debris used to determine the strainer head loss is

100 Ibm, but the actual amount of latent debris documented for the plant is only

67.4 Ibm (see the Response to 3.d.3). Additionally, as stated in the Response to
3.b.5, the amount of transportable miscellaneous debris (tags and labels) in the
debris generation calculation was conservatively assumed be 133 ft?, which bounds
the 24.4 ft* identified in containment during the walkdown. This 133 ft* of
miscellaneous debris results in a 100 ft* (133 ft* x 75% [(Reference 6 p. 49)j1322))
reduction of total strainer surface area (i.e., sacrificial strainer area). The sacrificial
strainer area conservatively used in the head loss tests to determine equivalent plant
flow rates and debris loads was 200 ft2.
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As discussed in the Response to 3.f.7, the total quantities of conventional debris
used for the PSL1 and PSL2 full debris load tests were greater than the maximum
amount of conventional debris calculated to transport to the sump for each
respective unit. Furthermore, the amount of coatings particulate debris used in the
head loss tests was compared to the amount of unqualified coatings in the plant plus
an additional 4% margin for PSL1 and 10% for PSL2 (see Table 3.h.1-2 and Table
3.h.1-3 in the Response to 3.h.5).

As discussed in the Response to 3.f.7, the approach velocities used in the PSL1 and
PSL2 head loss tests were greater than the plant strainer’s average approach
velocities.

As discussed in the Response to 3.f.10, although the head loss tests were
performed at more conservative conditions (lower temperatures and higher flow
rates) than those in the actual plant, for conservatism, head loss test data was not
scaled to greater temperatures and lower flow rates for NPSH and flashing
evaluations.

A significant conservatism is that the debris transport analysis conservatively
predicted the quantity of material that would be transported to the strainer. Testing
required extraordinary measures to ensure fine debris would be transported to the
strainer during the testst323; The reality is that a large portion of the debris would
never make it to the strainer due to agglomeration effects, the propensity for fiber to
become wrapped around or entangled with plant equipment, and the settling of
debris in low flow regions. This makes the test results even more conservative.

As discussed in the Response to 3.f.7, the tested chemical debris loads bound the
plant debris load with a large margin for both PSL1 and PSL2.

9. Provide a summary of the methodology, assumptions, bases for the assumptions,
and results for the clean strainer head loss calculation.

Response to 3.f.9:
Response for PSL1

As shown in Figure 3.j.1-2 of this submittal, the PSL1 containment sump
recirculation strainer is made up of several modules distributed throughout
containment. Each of the modules is connected to one of four pipe headers, and
modules that are connected to the same header are considered a strainer section.
The four pipe headers are connected to a common manifold box. Two suction lines
go from the manifold box to the ECCS and CSS Train A and Train B pumps,
respectivelyl[JT324]

A formula was derived for calculating the clean strainer head loss for given flow
rates of Train A and Train B and sump temperature. The strainer flow was
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distributed such that the head losses between any section and the manifold box
were equalized. This approach reflects the actual flow conditions through the
strainer at clean strainer conditions, since water entering the strainer always follows
the path of least resistance. An iterative head loss calculation for each section was
performed using a system of simultaneously solved equations until the calculated
head loss was balanced for each section by varying the flow rates of different
sections‘.l[JTszs]

The solution process contains the following stepsljJTaze]

1.

Model strainer disk geometry in CFD with a slice of rear plenum beneath it to
determine the channel K factor for each prototypical disk design using the
perforated plate and wire cloth K factors as inputs.

Determine end section K factors at the plenum outlet for each of the four
types of plenum designs by balancing the flows from the disk channels to the
plenum outlet so that the head losses for all flow paths are equal.

Develop a system of head loss expressions for all of the strainer sections as
functions of strainer section flow rates. For end sections, the K factors
calculated in Step 2 should be added to the K factors calculated for all
components downstream of the rear plenum outlet to the manifold, including
the 12” header pipe. For through sections, the same flow balancing done in
Step 2 for all disk channels should be applied to determine the flow and head
loss added by these sections.

Estimate a value of the run head loss that is shared by all parallel flow paths
through the sections to the manifold.

Adjust flow rates of all end sections and through section channels until the
head loss between any section and the manifold box converges to the
acceptance criterion.

Calculate the total strainer flow rate by combining all of the strainer section
flow rates and compare it with the target flow rate. If the difference is less
than the acceptance criterion, the balancing calculation is finished.
Otherwise, Steps 4 and 5 must be repeated with a new guessed run head
loss value.

. Determine the run K factors at the inlet to the manifold based on the run head

loss and velocity in the 12" header pipe.

. Model the manifold in CFD to determine the manifold K factors for each train

for the five flow cases using the run K factors as inputs.

. Apply first degree regression methodology with two independent variables to

the manifold K factors to determine the coefficients for the manifold K factor
correlation as a function of flow rates to Trains A and B.

10.Determine the suction piping losses for each train including the manifold,

friction, and bend head losses. These are added to the run head loss to
determine the CSHL for each train.

11.Repeat Steps 3 — 10 for all flow cases and apply second degree regression

methodology with two independent variables (flow rates of Train A and B) to
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the CSHL values to determine the coefficients for the CSHL correlation for

each train as a function of flow rates to Trains A and B.

12.Repeat Steps 4 — 10 for all flow cases for the other two temperatures to
determine the average scaling factor for each temperature. Apply a quadratic
regression line to determine coefficients for the temperature scaling factor.

For the solution process, the following acceptance criteria were imposed.fsT327]
1. For all strainer sections, the head losses between any end section or thru
section channel and the manifold box must be equalized within 1%.
2. The total flow rate of all sections must be equalized to the desired total

strainer flow rate within 1%.

A quadratic equation with the form shown below is used to determine the clean
screen head loss of the PSL1 strainerfjJrazs]

hL,CSHL = (ao +aT + a2T2 Xleq +b,0p + bst +b,0,0; + bsQ;)

Where,

T = Temperature of the containment sump, °F

Qa = Flow rate of Train A, gpm
Q4 = Flow rate of Train A, gpm

The correlation coefficients to solve the equation determined using the process
described above are provided in Table 3.f.9-1.

Table 3.f.9-1: Clean Strainer Head Loss Correlation Equation Coefficients| jytaz]

Temp?r_ature Trains A and B Units
Coefficients
ao 1.035 -
a -3.52E-04 °F"
az 7 .84E-07 °F 2
Flow Coefficients Train A Train B Units
by 2.65E-05 | 2.53E-06 | ft/gpm
b 2.53E-06 | -2.54E-05 | ft/igpm
bs 7.43E-08 | 1.47E-08 | ft/gpm”
by 2.43E-08 | 3.41E-08 | ft/gpm”
bs 1.47E-08 | 9.73E-08 | ft/gpm”

The clean strainer head loss was determined to be 2.69 ft-H,O at 191 °F (or 1.13
psi) when the total Train A flow rate is 4,065 gpm with one CS pump in operation,
and Train B flow rate is 4,469 gpm with one CSS and one LPSI pumps in operation
during simultaneous hot and cold leg recirculation injection|fuTaso]

Response for PSL2
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The clean strainer head loss for the PSL2 sump strainer was calculated by the
strainer vendor. Clean strainer head loss test data, from a generic (non-plant
specific) PCI prototype, was curve fit to a second-order polynomial function of the
strainer’s core tube exit velocity. The function was used to calculate the head loss
for the PSL2 strainer disks using the PSL2 core tube exit velocity. It should be noted
that this test performed by the strainer vendor was not part of the debris laden head
loss test program described in the Response to 3.f. Since the tested PCI prototype
strainer has differences from that installed in PSL2, adjustments were made to
account for the physical differences between the two designs.fsT331]

The PCI prototype clean strainer testing used an approach velocity higher than that
of the PSL2 strainer design. Since head loss increases with approach velocity, the
head loss through the PCI prototype strainer’s perforated plate was expected to be
greater than that through the PSL2 strainer perforated plates. Therefore, for
conservatism, no adjustment was made to the perforated plate head loss calculated
from the PCI prototype test datajst33z]

The PCI prototype strainer had a core tube length of 54 inches, but the PSL2
strainer has core tube length of 117.25 inches. The additional head loss due to
longer length was calculated using the Darcy-Weisbach equation|jst333 The relative
roughness coefficient was assumed to be 0.001 for the internal flow of the core
tubd.I(JT334]

The Darcy-Weisbach equation, with head loss coefficients from standard industry
handbooks, was also used to model the head loss for the flow exiting the core tubes
into the plenum and flow through the plenum itself, which takes into account a
reduced cross-sectional area in the plenum because of structural supports. The
head loss due to flow in the plenum was calculated in sections due to flow rate
increasing as more strainer stacks closer to the suction inlet contribute to the total
flow in the plenum|jst33s]

Finally, the head loss was calculated from internal flow restrictions inside the disks
caused by the reinforcing wires in the disks. The internal flow restrictions were
modeled as an orificel[JT336]

To account for uncertainties, the calculated head loss for each component was
increased by 10%, and the head loss determined from the PCI prototype test data
was increased by 6%ljst3371 All of these head losses (including the head loss due to
flow from the plenum into the suction pipe) were summed to determine the maximum
overall clean strainer head loss: 1.21 ft-H,O for water at 210 °F (or 0.50 psi) and a
total strainer flow rate of 8,570 gpm.
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10. Provide a summary of the methodology, assumptions, bases for the assumptions,

and results for the debris head loss analysis.
Response to 3.f.10:

The total strainer head loss was calculated by combining the debris head losses
shown in the Response to 3.f.7 and the clean strainer head loss shown in the
Response to 3.f.9. Refer to each individual section for the specific head loss value

used.
Response for PSL1

The total strainer head losses, used to evaluate ECCS and CS pump NPSH, void
fraction, flashing and strainer structural integrity for PSL1 are provided in Table
3.f£.10-1. The clean strainer head loss is from the response to 3.f.9 and the debris
head losses are from Table 3.f.4-7.

Table 3.f.10-1: PSL1 Strainer Head Loss

Clean Strainer Debris Total
Head Loss Head Loss | Head Loss Notes
(psi) (psi) (psi) | |
0.41 154 Based on conventional debris
head loss
1.13 Based on debris head loss after
2.32 3.45 addition of aluminum chemical
precipitate

It should be noted that the debris head losses were measured at conditions more
conservative (lower temperature and higher flow rate) than the actual plant
conditions. For conservatism, scaling was not used to adjust the head losses to
actual plant conditions.

The clean strainer head loss was calculated at a temperature of 191 °F. The
increase in head loss due to a reduction in temperature is negligible.
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Response for PSL2

The head losses, used to evaluate ECCS and CS pump NPSH, void fraction,
flashing and strainer structural integrity for PSL2 are provided in Table 3.f.10-2. The
clean strainer head loss is from the response to 3.f.9 and the debris head losses are
from Table 3.f.4-12.

Table 3.f.10-2: PSL2 Strainer Head Loss

Clean Debris Total
Strainer Head | Head Loss | Head Loss Notes
Loss (psi) (psi) (psi)
113 163 Based on conventional debris
head loss
Based on debris head loss after
0.50 &an &0 addition of calcium phosphate
Based on debris head loss after
0.88* 1.38 addition of aluminum chemical
precipitate

*As discussed in the Response to 3.f.7, this debris head loss is at a reduced strainer flow rate after a
CS pump is secured which occurs before aluminum precipitate debris forms.

It should be noted that the debris head losses were measured at conditions more
conservative (lower temperature and higher flow rate) than the actual plant
conditions. For conservatism, scaling was not used to adjust the head losses to
actual plant conditions.

The clean strainer head loss was calculated at a temperature of 210 °F. The
increase in head loss due to reduction in temperature is negligible.

11. State whether the sump is partially submerged or vented (i.e., lacks a complete
water seal over its entire surface) for any acciden<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>