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REFERENCES: 1. Entergy letter W3F1-2011-0074 “License Amendment
Request to Adopt NFPA 805 Performance-Based Standard
for Fire Protection for Light Water Reactor Generating Plants
(2001 Edition)”, Waterford Steam Electric Station, Unit 3
dated November 17, 2011 [ML113220230]

2. Entergy letter W3F1-2012-0005 “Supplemental Information in
Support of the NRC Acceptance Review of Waterford 3
License Amendment Request to Adopt NFPA 805, Waterford
Steam Electric Station, Unit 3” dated January 26, 2012
[ML12027A049]

3. Entergy letter W3F1-2012-0064 “Response to Request for
Additional Information Regarding Adoption of National Fire
Protection Association Standard NFPA 805 License
Amendment Request, Waterford Steam Electric Station, Unit
3” dated September 27, 2012 [ML12272A099]

4. Entergy letter W3F1-2012-0083 “90 Day Response to
Request for Additional Information Regarding Adoption of
National Fire Protection Association Standard NFPA 805
License Amendment Request, Waterford Steam Electric
Station, Unit 3” dated October 16, 2012 [ML12290A216]

5. Entergy letter W3F1-2013-0022 “Response to 2" Round
Request for Additional Information Regarding Adoption of
National Fire Protection Association Standard NFPA 805
License Amendment Request, Waterford Steam Electric
Station, Unit 3” dated May 16, 2013 [ML13137A128]
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6. Entergy letter W3F1-2013-0048 “ Supplement to NFPA 805
License Amendment Request (LAR) Waterford Steam Electric
Station, Unit 3” dated December 18, 2013 [ML13365A325]

7. NRC letter to Entergy dated February 6, 2015,’"Request for
Additional Information RE: License Amendment Request to
Transition to National Fire Protection Association Standard 805
(TAC NO. ME7602) [ML15022A239]

Dear Sir or Madam:

By letter dated November 17, 2011, as supplemented by letters dated January 26, 2012,
September 27, 2012, October 16, 2012, May 16, 2013, and December 18, 2013 (References
1 through 6 respectively), Entergy Operations, Inc. (Entergy), submitted a license
amendment request (LAR) to transition its fire protection license basis at the Waterford
Steam Electric Station, Unit 3, from paragraph 50.48(b) of Title 10 of the Code of Federal
Regulations (10 CFR) to 10 CFR 50.48(c), "National Fire Protection Association Standard
805" (NFPA 805).

The LAR Supplement provided in Reference 6 represents changes to specified LAR
Attachments and supporting calculations primarily as a result of performing extensive
reanalysis utilizing only NRC-accepted methods. An NRC site audit was conducted the week
of January 12, 2015 followed by Request for Additional Information (RAI) letter (Reference 7)
received February 6, 2015. These RAIs were divided into 60, 90 and 120 day responses.
Enclosure 1 contains responses to the 120 day RAls.

Additionally, due to analysis and documentation changes resulting from RAI responses, and
significant progress made on completing Attachment S implementation items, the following
LAR Attachment changes are contained in Enclosure 2. The previous No Significant Hazards
Evaluation is unchanged.

1. Attachment C, Table C-1 (RAB1 only) and Table C-2 (RAB23 only)

2. Attachment G

3. Attachment J

4. Attachment S, Tables S-1 and S-2 (both include completion status)

5. Attachment W

There are no new regulatory commitments contained in this submittal. If you require
additional information, please contact the Regulatory Assurance Manager, John Jarrell at
504-739-6685.

| declare under penalty of perjury that the foregoing is true and correct. Executed on
May 14, 2015.

Sincerely,
MCR/AJH

Enclosures: 1. 120 Day RAIl Responses
2. LAR Attachment Changes
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cc: Marc L. Dapas RidsRgn4MailCenter@nrc.gov
Regional Administrator
U. S. Nuclear Regulatory Commission
Region IV
1600 E. Lamar Blvd.
Arlington, TX 76011-4511

NRC Senior Resident Inspector Frances.Ramirez@nrc.gov
Waterford Steam Electric Station Unit 3

P.O. Box 822

Killona, LA 70066-0751

U. S. Nuclear Regulatory Commission Michael.Orenak@nrc.gov
Attn: Mr. Michael Orenak

Mail Stop 8-G9A

Washington, DC 20555-0001

Louisiana Department of Environmental Ji.Wiley@LA.gov
Quality

Office of Environmental Compliance

Surveillance Division

P.O. Box 4312

Baton Rouge, LA 70821-4312
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FM RAI S01

NFPA 805, Section 2.4.3.3 states that the Probabilistic Risk Assessment (PRA) approach,
methods, and data shall be acceptable to the NRC. The NRC staff noted that fire modeling
comprised the following:

The algebraic equations implemented in FDTs [Fire Dynamics Tools] were used to
characterize flame radiation (heat flux), flame height, plume temperature, ceiling jet
temperature, and hot gas layer (HGL) temperature, the latter of which is used in the multi-
compartment analysis.

The Consolidated Model of Fire Growth and Smoke Transport (CFAST) was used to assess
main control room (MCR) habitability and to calculate HGL temperature in selected multi-
compartment scenarios.

LAR Section 4.5.1.2, “Fire PRA” states, in part, that “[flire modeling was performed as part of the
Fire PRA development (NFPA 805 Section 4.2.4.2).” Reference is made to LAR Attachment J,
“Fire Modeling V&YV [verification and validation],” for a discussion of the acceptability of the fire
models that were used.

Regarding the acceptability of the PRA approach, methods, and data:

a.

b.

60 day response

90 day response

90 day response

60 day response

90 day response

60 day response

90 day response

Specifically, regarding the use of CFAST in the MCR abandonment calculations:

The licensee assumed that half of the electrical cabinet fire scenarios will involve
single cable bundle fires and half will involve multiple cable bundle fires. The
licensee stated that this assumption is conservative as all fires initiate as a single
bundle cable fire, which need to propagate to become multiple bundle cable fires,
and that most of the electrical cabinet fires will not involve multiple bundles as the
MCR will be equipped with a rapid detection system.

Provide justification for the assumed fraction of single cable bundle and multiple
cable bundle electrical cabinet fires. Provide technical justification for the
assumption that the growth rate and peak HRR recommended in NUREG/CR-
6850, “EPRI [Electric Power Research Institute]/NRC-RES [Office of Nuclear
Regulatory Research] Fire PRA Methodology for Nuclear Power Facilities, Volume
2: Detailed Methodology,” dated September 2005 (ADAMS Accession No.
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ML052580118), for electrical cabinet fires involving a single bundle fire can be
applied to a fraction of electrical cabinets in the MCR with multiple cable bundles.

Describe the detection and suppression devices used in the electrical cabinets or
main control boards in the control room and demonstrate their capability to
suppress single cable bundle fires before they propagate to additional cable
bundles

ii. During the audit walkdown of the MCR, the NRC staff noted several cabinets that
do not appear to be separated by a double wall and an air gap. Provide the
technical justification for not considering electrical cabinet fires that propagate to
adjacent cabinets.

iii. 90 day response

iv. 60 day response

V. 60 day response

Specifically, regarding the use of CFAST in the RAB 7A, 7B, 7C and 7D calculations:

i. 90 day response

ii. The licensee indicated that most of the cables in RAB-7 are routed through
covered cable trays and that the majority of the remaining cables are routed
through conduits. Explain if there are any cables that are not enclosed in either
covered cable trays or conduits, and describe how the fire propagation in these
cables is accounted for in the CFAST analyses.

iii. 90 day response

iv. 60 day response

Specifically regarding the multi-compartment analysis (MCA):

i. 60 day response

ii. 60 day response

iii. 60 day response

Waterford 3 Response

h.i

The assumption of half of the electrical cabinet fire scenarios will involve single cable
bundle fires and half will involve multiple cable bundle fires has been removed from the
main control room (MCR) abandonment analysis as documented in PRA-W3-05-028,
Rev. 1 (“Fire PRA Main Control Room Analysis Notebook”). The analysis in PRA-W3-05-
028, Rev. 2 now models all scenarios as multiple bundle fires.
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h.ii

No credit is taken for detection or suppression devices to limit fire growth to single bundle
fires as all scenarios are treated as multiple bundle fires. Non suppression probability
(NSP) factors used in the MCR scenarios credit prompt detection due to the presence of
trained operators in the MCR and are taken from Supplement 1 of NUREG/CR-6850.

The response to PRA RAI S18 contains the effects of updating all MCR single bundle
scenarios to multiple bundle fires.

Main control room (MCR) abandonment scenario CRA-CP-GRP-* (* represents different
possible end states. See response to PRA RAI S04 for further explanation on multiple
end states of an abandonment scenario), groups electrical cabinets in the equipment
area of the MCR into one scenario. The individual impacts for each of the cabinets are
included in the impact listing. Effectively this is a bounding scenario for electrical cabinet
fires that propagate to adjacent cabinets.

There are 3 electrical cabinets in the operator area of the MCR that are not included in
this grouping. Despite some minor differences in impacts, the results of these individual
scenarios all lead to abandonment. Meaning that regardless of fire propagation between
them the results would look the same.

Note that the partitions are solid, continuous, and noncombustible between each of the
electrical cabinets, meaning that for the fire propagation to occur the fire would need to
be very severe in nature. Such a severe fire would likely lead to abandonment of the
MCR prior to propagation occurring.

There are a limited number of short-run exposed cables in RAB 7. Condition Report CR-
WF3-2011-07289 describes the openings that exist. There are two areas of exposed
cables approximately 2 feet by 3 feet and one approximately 2 7 feet by 2 feet. They are
located in the back of the relay room near Aux Panel 4. None of these three openings
are vertically aligned or are over a fixed ignition source. This eliminates concerns of
being a secondary ignition issue. The openings exist due to obstructions such that tray
covers or Reg Guide 1.75 wrap cannot be re-installed back onto the cable tray.

As documented in EC-38344 (“Waterford 3 Thermoset/Thermoplastic Cable Report”),
typical thermoset insulations are ethylene propylene rubber (EPR), crosslinked
polyethylene (XLPE), chlorosulphonated polyethylene (Hypalon), and silicon rubber.
Crosslinked polyethylene, chlorosulphonated polyethylene, and silicon rubber were
matched with their corresponding cable type contained within NUREG 1805 (“Fire
Dynamics Tool (FDT®): Quantitative Fire Hazard Analysis Methods for the U.S. Nuclear
Regulatory Commission Fire Protection Inspection Program”) and have heat release
rates (HRR) of 178 kW/m?, 258 kW/m?, and 182 kW/m?, respectively. NUREG/CR-7010
(“Cable Heat Release, Ignition, and Spread in Tray Installations During Fire
(CHRISTIFIRE) Phase 1: Horizontal Trays”) provides a heat release rate of 150 kW/m?
for typical thermoset cables. This value will be used as a surrogate for EPR as NUREG-
1805 does not contain detailed information for EPR cables. Therefore the highest HRR
from the common thermoset cables contained within Waterford 3 is 258 kW/m?. Based on
this information the 3 sections of exposed cables have approximate areas of 0.46 m?,
0.256 m? and 0.56 m?. These areas yield HRRs of 119 kW (0.46 m?) and 144 kW (0.56
m°).

Due to the limited number of exposed cables and minimal added effect, no attempt to
model these cables for fire propagation was made in CFAST.
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EM RAI S02

American Society of Mechanical Engineers/American Nuclear Society (ASME/ANS) Standard RA-
Sa-2009, “Standard for Level 1/Large Early Release Frequency Probabilistic Risk Assessments for
Nuclear Power Plant Applications,” Part 4, requires damage thresholds be established to support the
Fire PRA. Thermal impact(s) must be considered in determining the potential for thermal damage of
structures, systems, and components and appropriate temperature and critical heat flux criteria must
be used in the analysis.

In the updated response by letter dated June 11, 2014, to previous FM RAI 02.a, the licensee stated,
in part, “[t]he design specifications for Waterford 3 cables required IEEE [Institute of Electrical and
Electronics Engineers]-383 qualification. The materials of construction of the cables are consistent
with thermoset performance which was the basis for the determination for the Fire PRA.”

However, it appears that a damage threshold of 380 °Centigrade (C) was used for thermoset cable,
as opposed to 330 °C, which is the NUREG/CR-6850-recommended bounding value for thermoset
cable.

a. Describe how the installed cabling in the power block was characterized, specifically with
regard to the critical damage/ignition threshold temperatures and critical heat fluxes for
thermoset and thermoplastic cables as described in NUREG/CR-6850. Confirm that the
ignition/damage criteria for raceways with a mixture of different types of cables were
based on the cables with the lowest damage/ignition threshold in the target raceway, as
recommended in Section H.1.4 of NUREG/CR-6850. If the characterization of cabling in
the power block in terms of damage/ignition thresholds is not consistent with NRC
guidance, then justify this deviation or replace this treatment with an acceptable approach
in the integrated analysis provided in response to PRA RAI S18.

b. 60 day response
C. 60 day response

Waterford 3 Response

a. The damage threshold of 380 °Centigrade (C) was used for thermoset cable, as opposed
to 330 °C, which is the NUREG/CR-6850 recommended bounding value for thermoset
cable. The 380 °C value was based on information taken from an averaging of thermoset
cable failure criteria as found in Appendix H of NUREG/CR-6850 for installed cable types
found at the Waterford 3 site, as documented in EC-38344 (“Waterford 3
Thermoset/Thermoplastic Cable Report”), which are most typically ethylene propylene
rubber (EPR), cross-linked polyethylene (XLPE), chlorosulphonated polyethylene
(Hypalon), and silicon rubber. However, in response to this RAI, the temperature-based
damage threshold assignment for thermoset cables has been reduced to the
NUREG/CR-6850 generic thermoset cable criterion of 330 °C.

For Waterford no selection of thermoplastic cable performance was found to be
necessary based on plant information contained in EC-38344 and the Fire PRA
walkdowns (PRA-W3-05-022). Although a very few thermoplastic non-PRA related data
cables were noted to exist during the walkdowns, the overwhelming majority of cables are
of thermoset material composition. All cables are treated as being thermoset with no
credit for exposure duration or shielding taken during the various analyses.
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The methodology for the updated temperature-based damage threshold assignment for
thermoset cables is presented in PRA-W3-05-056 (“Waterford 3 Vertical Zone of
Influence PAU Review”) along with the additional target impacts. For many ignition
sources, a damage threshold of 330 °C was already used since target damage was
determined by distance in 0.5 meter increments and the distance used would encompass
both the 380 °C damage threshold and the 330 °C damage threshold.

The response to PRA RAI S18 contains the effects of updating any additional scenario
impacts due to the change in the temperature-based damage threshold assignment for
thermoset cables.

FM RAI S03

60 day response

FM RAI S04

NFPA 805, Section 2.7.3.3, states that acceptable engineering methods and numerical models shall
only be used for applications to the extent these methods have been subject to V&V. These
engineering methods shall only be applied within the scope, limitations, and assumptions prescribed
for that method. The LAR, Section 4.7.3, states, in part, that “Engineering methods and numerical
models used in support of compliance with 10 CFR 50.48(c) were applied appropriately as required
by Section 2.7.3.3 of NFPA 805.”

a. The NRC staff notes that algebraic models cannot be used outside the range of conditions
covered by the experiments on which the model is based. NUREG-1805, includes a section on
assumptions and limitations that provides guidance to the user in terms of proper and improper
use for each FDT. Identify uses, if any, of the FDTs outside the limits of applicability of the
model and for those cases explain how the use of the FDT was justified.

Identify uses, if any, of the FDTs outside the limits of applicability of the model and for those
cases explain how the use of the FDT was justified.

b. 90 day response

Waterford 3 Response

a. NUREG-1934 (“Nuclear Power Plant Fire Modeling Application Guide (NPP FIRE MAG) Final
Report”) contains a listing of parameters with the range for that parameter that was used in the
NUREG/CR-1824 (“Verification and Validation of Selected Fire Models for Nuclear Power Plant
Applications, Volumes 1 through 7”) V&V study. A comparison of those parameters is presented
for the various uses of the NUREG-1805 (“Fire Dynamics Tool (FDTs): Quantitative Fire Hazard
Analysis Methods for the U.S. Nuclear Regulatory Commission Fire Protection Inspection
Program”) Fire Dynamics Tools (FDTs) spreadsheet tools in the Waterford 3 fire PRA as
documented in PRA-W3-05-038 (“Documentation of Fire Modeling Tools Used for the Waterford
Unit 3 FIRE PRA LAR Attachment J”).

Data for use in this analysis includes the heat release rate (HRR) of the various scenarios in the
PRA-W3-05-038 study. Additionally, NUREG-1934 gives a correlation of p..T.=352 and a typical
value of the heat capacity (C,) of air at 298 K as 1.012 kJ/kg-°C. The acceleration of gravity is
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9.81 m/s. The effective diameter (D) of the various fire sources is determined as shown below
and is listed in PRA-W3-05-038 for the various fire sources. The various physical analysis unit
(PAU) dimensions are listed in PRA-W3-05-038 for the various fire scenarios involving a hot gas
layer (HGL) computation for comparison to the dimensionless V&V parameter for compartment
aspect ratios. It should be noted that for many PAUSs, the floor size is based on an equivalent
square of the total surface area of the PAU floor.

The Waterford 3 fire PRA uses the FDT fire modeling tools in fixed fire source zones of influence
(ZQOls), transient fire source ZOls, oil fire source ZOIs, HGL temperature estimation for various
fire sources, and secondary ignition ZOls analyses.

The parameters from NUREG-1934 for use in a typical V&V comparison are given below along
with their V&V ranges from NUREG/CR-1824. Any parameter(s) deemed not applicable to the
Waterford 3 fire PRA are noted and discussion text for applicable parameters is given for the
subsequent comparison of the FDTs uses in the Waterford 3 fire PRA, which is presented after
the listing of the V&V parameters.

Fire Froude Number

. . A+ _ HRRorQ . . _ |44
Given by: Q" = P, TowD?3D with Effective D = \/Z
Description: Ratio of characteristic velocities. A typical accidental fire has a Froude number of
order 1. Momentum-driven fire plumes, like jet fires, have relatively high values. Buoyancy-driven
fire plumes have relatively low values.

NUREG/CR-1824 V&V range: 0.4 -2.4

Further discussion: Note that for wall and wall corner effects, a comparison to the V&V
parameters is not applicable as discussed in PRA-W3-05-038 as the correlation used (the Alpert-
Ward method, “Spreadsheet Templates for Fire Dynamics Calculations”) does not depend upon
the fire area. Therefore, no presentation of wall or wall corner parameters is made in PRA-W3-
05-038 or in this RAIl. The actual fuel packages present at Waterford 3 are not expected to be
outside the limits of the Alpert-Ward method for which the results are applied.

More details on the Alpert-Ward method is taken from RAI FM-S01 part “g”. This method is used
to predict the rise in the temperature plume for a fire located along a wall or in a wall corner by
means of an amplification factor of two (2) for wall locations and four (4) for corner locations.
The amplification factors are the same based on information in Spreadsheet Templates for Fire
Dynamics Calculations as well as Appendix L of NUREG/CR-6850 (“Fire PRA Methodology for
Nuclear Power Facilities, Volumes 1 and 2 “). This correlation is used in lieu of a fire dynamics
tool (FDT) calculation with the temperature plume correlation from NUREG-1805 and a similar
amplification factor due to stated scenario conditions for the use of the temperature plume FDT
correlation having the fire source in an open area where entrainment could occur to all sides of
the fire source. Additionally, although a FDT calculation sheet does exist for wall and corner
effects, it is limited to liquid hydrocarbon fuel fires and the estimation of flame height only, and is
not applicable to a general fire of a predefined HRR such as the fixed ignition sources bins
assessed for the prediction of plume temperature impacts.

Flame Length Ratio
Hf+Lf
H¢

Given by: with %f = 3.70* ?/5> - 1.02



Enclosure 1 to W3F1-2015-0025
Page 8 of 33

Description: A convenient parameter for expressing the “size” or the base height of the fire plus
the length of the fire flame relative to the height of the enclosure. A value of 1 means that the
flames reach the enclosure height. For this application, H, is defined as the elevation of the
upper boundary of the ZOI (i.e. potential target height) while Hs is zero as the intent is to compare
the flame length ratio to the predicted ZOI distance.

Note that typically the flame length ratio parameter is used to identify scenarios where flame
configuration changes such as when flame impingement on the compartment ceiling occurs. For
a single analysis, this is a convenient and readily calculated comparison. However, for the FDT
uses, the tracking of the numerous iterations of ignition source heights and compartment heights
is burdensome and as such, the comparison of the ZOI distance to flame height is used as a
surrogate to the compartment height. From PRA-W3-05-038 it is noted that the ignition source
ZOls are not directly applicable in situations where significant flame contact with the
compartment ceiling is expected, such as an ignition source located very close to the
compartment ceiling without further consideration for those effects.

NUREG/CR-1824 V&V range: 0.2-1.0

Further discussion: Note that similar to the Froude number, no comparison is made for wall or
wall corner locations for the flame length ratio as the Alpert-Ward method does not depend upon
the fire area.

Ceiling Jet Distance Ratio

Given by: —<—

Hc—Hp
Description: Ceiling jet temperature and velocity correlations use this ratio of the horizontal
distance within the ceiling jet from the fire centerline relative to the enclosure height minus the
height of the fire flame to express the horizontal distance from a target to plume.

NUREG/CR-1824 V&V range: 1.2-1.7
FDT parameter value: Not applicable for any of the listed analyses.

Further discussion: From NUREG-1934, this parameter is used to validate the predicted time to
detector and sprinkler activation and target failure when using a ceiling jet correlation. Detection
and suppression activation is not analyzed in this model. No ceiling jet targets are analyzed in
the various analyses; the temperature and velocity of the ceiling jet are not parameters of
interest.

Equivalence Ratio

HRR or Q
AHOZ mOZ

Given by: ¢ =

Description: The equivalence ratio relates the energy release rate (HRR) of the fire to the energy
release that can be supported by the product of the heat of combustion, and mass flow rate of
oxygen into the compartment. The fire is considered over- or under-ventilated based on whether
¢ is less than or greater than 1.0, respectively.

NUREG/CR-1824 V&V range: 0.04 - 0.6
FDT parameter value: Not applicable for any of the listed analyses.

Further discussion: The various analyses assume that all fires have sufficient ventilation and
that the equivalence ratio is less than unity.
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Compartment Aspect Ratio
Given by: L/H, or W/H,

Description: This parameter indicates the general shape of the compartment with ratios of the
enclosure length to height or width to height.

NUREG/CR-1824 V&V range: 0.6 - 5.7

Radial Distance Ratio

Given by: %

Description: This ratio is the relative distance from a target to the center of the fire to the
diameter of the fire source. It is important when calculating the radiative heat flux.

NUREG/CR-1824 V&V range: 2.2 -5.7

Further discussion: Neither the correlations listed in Spreadsheet Templates for Fire Dynamics
Calculations nor the FDTs model from NUREG-1805 address the specific situation of heat flux
impacts for wall or wall corner ignition source locations. As discussed in RAlI FM-S01 part “g”,
with engineering judgment the FDT calculation sheet for heat flux impacts is applied for wall or
wall corner ignition source locations by using the same amplifications factors of two (2) and four
(4) increase in the ignition source HRR for wall or corner locations respectively, while maintaining
the size of the ignition source at the same size as the open location ZOI calculations. Therefore,
comparisons of the radial distance ratio are made for wall and wall corner applications in PRA-

W3-05-038 and are presented in this RAI.

V&V Parameter Comparison

Each of the listed analyses is not directly comparable to all of the above V&V parameters as
parameter aspects are related to selected fire scenario impacts such as vertical or horizontal
impacts or HGLs. For ZOls related to fire plume temperature, the Froude number and flame
length ratio are selected for comparison. For radiant heat flux, the radial distance ratio is
selected for comparison. For HGL impacts, the PAU aspect ratios are selected for comparison
with the Froude number and flame length ratio, also applicable to HGL calculations, being
presented in the ignition source’s ZOI discussion for the various HRRs. Each of the listed FDT
analyses are compared to their selected V&V parameters.

Fixed Source ZOIs

Note that the fixed sources include 69 kW, 211 kW, and 702 kW, taken from the 98th percentile
HRRs as found in NUREG/CR-6850. Fixed source scenarios have ambient temperatures of 77.0
°F (25.0 °C) and 105 °F (40.6 °C).

Fire Froude Number [V&V range of 0.4 — 2.4]

FDT parameter value: 69 kW — 0.1, 211 kW — 0.3, 702 kW — 1.1 for ambient temperatures of
77.0 °F (25.0 °C) and 105 °F (40.6 °C) and both target types of thermoset cables and sensitive
electronics.

Further discussion: The FDTs for the 69 kW and the 211 kW fixed ignition sources produce
Froude numbers that are below the V&V range. HRRs higher than approximately 300 kW are
within the lower Froude number range. The highest fixed source HRR of 702 kW is within the
V&V range with the Froude number value of 1.1. A Froude number that is slightly lower than the
V&V range means that the fire area (plume) from the ignition source fire could be larger than the
fire source evaluated in the V&V study. This situation would lead to a greater amount of
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entrained air and a greater amount of combustion products released and generate a potentially
higher gas temperature above the fire source as compared to a fire source with a smaller area
and similar HRR that would fall within the V&V range. Also, having a lower Froude number
indicates that the measured distances from the V&V study are greater than the ZOI distances
which are nearer to the fire source. As a result, a somewhat lower Froude number is expected.

Flame Length Ratio [V&V range of 0.2 — 1.0]

FDT parameter value: 69 kW — N/A, 211 kW — 0.7, 702 kW — 0.7 for thermoset cables at
ambient temperatures of 77.0 °F (25.0 °C) and 105 °F (40.6 °C). 69 kW —0.1, 211 kW — 0.2, 702
kW — 0.2 for sensitive electronics at an ambient temperature of 77.0 °F (25.0 °C) and 69 kW —
0.1, 211 kW = 0.1, 702 kW — 0.2 for sensitive electronics at an ambient temperature of 105 °F
(40.6 °C).

Further discussion: The single case which produces a “N/A” result is due to having a
significantly low HRR to not produce a ZOlI for particular target type and therefore no comparable
ZOlI dimension for the parameter calculations. The 69 kW case is lower than the V&V range due
to having a relatively low HRR. The other values are within the V&V range for the ZOI distance
comparison as discussed above.

Radial Distance Ratio [V&V range of 2.2 — 5.7]

FDT parameter value for open areas: 69 kW — N/A, 211 kW — N/A, 702 kW — 3.0 for thermoset
cables at ambient temperatures of 77.0 °F (25.0 °C) and 105 °F (40.6 °C). 69 kW — N/A, 211 kW
— 2.4, 702 KW — 4.3 for sensitive electronics at ambient temperatures of 77.0 °F (25.0 °C) and
105 °F (40.6 °C).

FDT parameter value for wall and wall corner areas: 69 kW — N/A, 211 kW — 2.4, 702 kW — 4.9
for thermoset cables at ambient temperatures of 77.0 °F (25.0 °C) and 105 °F (40.6 °C) for wall
areas. 69 kW —2.4, 211 kW — 3.6, 702 kW — 6.1 for sensitive electronics at ambient
temperatures of 77.0 °F (25.0 °C) and 105 °F (40.6 °C) for wall areas. The fixed source ZOls are
not used for wall corner locations as no cases of fixed ignition sources in corner locations were
noted, and therefore are not compared to the V&V parameters since the tool was not directly
used in the fire PRA.

Further discussion: Cases which produce a “N/A” result are due to having a significantly low
HRR to not produce a ZOl for particular target type and therefore no comparable ZOI dimension
for the parameter calculations at the smallest distance increment used in the ignition source ZOI
analysis as documented in PRA-W3-05-038. The single case of exceeding the V&V range is due
to the large ZOI dimension for sensitive electronics which is due to their lower failure criteria.
The main parameter of interest to the radial distance ratio is the heat flux ZOI and for farther
separation distances is not expected to be as restrictive as the heat flux at those distances
should be lower than at the ZOI. It is noted that validation results from Volume 3 of NUREG/CR-
1824 indicate significant heat flux over predictions for the failure criteria levels used for ZOI
calculations (i.e. between 3 and 11 kW/m? for sensitive electronics and thermoset cables
respectively) that would result in longer (and therefore conservative) horizontal ZOl distances.
The over prediction of the heat flux level is estimated in Section 4 of NUREG-1934 as having a
bias factor of 1.44, or in other words being approximately 44 percent over estimated. Therefore
the estimated heat flux level at the ZOI distance is likely conservative due to the calculation
process of the FDTs. The other values are within the V&V range.
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Transient Source ZOIs

Note that the transient source is 317 kW, taken from the 98th percentile HRRs as found in
NUREG/CR-6850. Transient source scenarios have ambient temperatures of 77.0 °F (25.0 °C)
and 105 °F (40.6 °C).

Fire Froude Number [V&V range of 0.4 — 2.4]

FDT parameter value: 317 kW — 0.5. This value is the same for ambient temperatures of 77.0
°F (25.0 °C) and 105 °F (40.6 °C) and both target types of thermoset cables and sensitive
electronics.

Further discussion: Within the V&V range.
Flame Length Ratio [V&V range of 0.2 — 1.0]

FDT parameter value: 317 kW — 0.7 for thermoset cables, 0.2 for sensitive electronics. These
values are the same for ambient temperatures of 77.0 °F (25.0 °C) and 105 °F (40.6 °C).

Further discussion: Within the V&V range.
Radial Distance Ratio [V&V range of 2.2 — 5.7]

FDT parameter value for open areas: 1.8 for thermoset cables, 3.6 for sensitive electronics.
These values are the same for ambient temperatures of 77.0 °F (25.0 °C) and 105 °F (40.6 °C).

FDT parameter value for wall and wall corner areas: 317 kW — 3.0 for thermoset cables at
ambient temperatures of 77.0 °F (25.0 °C) and 105 °F (40.6 °C) for wall areas. 317 kW — 4.3 for
sensitive electronics at ambient temperatures of 77.0 °F (25.0 °C) and 105 °F (40.6 °C) for wall
areas. 317 kW — 4.3 for thermoset cables at ambient temperatures of 77.0 °F (25.0 °C) and 105
°F (40.6 °C) for wall areas. 317 kW — 5.5 for sensitive electronics at ambient temperatures of
77.0 °F (25.0 °C) and 105 °F (40.6 °C) for wall corner areas.

Further discussion: The single case of a value lower than the V&V range suggests that the ZOI
distance is close to the fire source (flames) compared to the V&V data results. More directly, if
the ZOI distance was increased slightly, then the radial distance ratio would fall within the V&V
range, however, the failure criteria for thermoset cables is high enough that the closer distances
are appropriate for the FDT predictions. The ZOI distance is relatively short due to the fact that
the fire source HRR is still relatively low, noting that from the discussion above, HRRs above
approximately 300 kW were required to be within the Froude number V&V range. Additionally,
as discussed previously the FDTs are noted to over predict flux levels in the range of the
thermoset cable failure criteria by as much as 44 percent as noted in Section 4 of NUREG-1934.
Therefore the estimated heat flux level at the ZOI distance is likely conservative due to the
calculation process of the FDTs, the shorter distance of the thermoset cable ZOI just happens to
not fall within the test range distances presented in the V&V comparison data. Other values are
within in the V&V range for open areas. The values are within the V&V range for cases with wall
and wall corner effects.

Oil Source Z0Is

Note that there are many oil source fire scenarios of similar HRRs evaluated in PRA-W3-05-038
and as such the ranges of each particular V&V parameter comparison are presented here with
any notable incidents of a parameter being outside of the V&V range being discussed. Oil
source scenarios have ambient temperatures of 77.0 °F (25.0 °C) and 105 °F (40.6 °C). Also
note that the burning duration estimated by the FDT is not comparable to a dimensionless
parameter from the V&V data, and therefore is not presented in this RAL.
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Fire Froude Number [V&V range of 0.4 — 2.4]

FDT parameter value: All oil fire sources are within the V&V range. All cases’ values range from
0.4 to 0.7 for an ambient temperature of 77.0 °F (25.0 °C) for both target types of thermoset
cables and sensitive electronics. With an ambient temperature of 105 °F (40.6 °C) for both target
types of thermoset cables and sensitive electronics, the value ranges from 0.4 to 0.5.

Further discussion: All values are within the V&V range.
Flame Length Ratio [V&V range of 0.2 — 1.0]

FDT parameter value: All oil fire sources are within the V&V range, with a single case producing
a “N/A” result due to having a significantly low HRR to not produce a vertical ZOI for thermoset
cable targets at the smallest distance increment used in the ignition source ZOI analysis as
documented in PRA-W3-05-038. All other cases’ values range from 0.2 to 0.7 for an ambient
temperature of 77.0 °F (25.0 °C) for both target types of thermoset cables and sensitive
electronics. With an ambient temperature of 105 °F (40.6 °C) the value is 0.7 for thermoset
cable targets and the value ranges from 0.4 to 0.5 for sensitive electronic targets.

Further discussion: The single case which produces a “N/A” result is due to having a
significantly low HRR to not produce a ZOlI for particular target type and therefore no comparable
ZOI dimension for the parameter calculations. All other values are within the V&V range for the
ZOlI distance comparison as discussed above.

Radial Distance Ratio [V&V range of 2.2 — 5.7]

FDT parameter value for open areas: Most of the oil fire sources are within the V&V range. The
values range from 2.2 to 5.1 with most cases have a value of 2.2 to 3.4 for an ambient
temperature of 77.0 °F (25.0 °C) for both target types of thermoset cables and sensitive
electronics. A few cases are lower than the V&V range with values of 1.4 to 2.0. With an
ambient temperature of 105 °F (40.6 °C) the value ranges from 1.5 to 1.8 for thermoset cable
targets and the value ranges from 1.7 to 2.0 for sensitive electronic targets, which is lower than
the V&V range.

FDT parameter value for wall and wall corner areas: The oil source ZOls are not used for wall or
wall corner locations as no cases of fixed oil ignition sources in wall or corner locations were
noted, and therefore are not compared to the V&V parameters since the tool was not directly
used in the fire PRA.

Further discussion: The cases of a value lower than the V&V range suggests that the ZOI
distances are close to the fire source (flames) compared to the V&V data results and as
discussed previously the FDTs are noted to over predict flux levels in the range of the sensitive
electronics to thermoset cable failure criteria. As discussed previously, the estimated heat flux
level at the ZOI distances are likely conservative due to the calculation process of the FDTs.
The remainder of the values are within the V&V range.

Fixed, Transient, and Oil Source HGLs

Due to the numerous HRRs and PAU dimensions evaluated in PRA-W3-05-038 the ranges of
each particular V&V parameter comparison are presented here with any notable incidents of a
parameter being outside of the V&V range being discussed. All fixed and transient source
scenarios have an ambient temperature of 77.0 °F (25.0 °C). Oil source scenarios have ambient
temperatures of 77.0 °F (25.0 °C) and 105 °F (40.6 °C).

Compartment Aspect Ratio [V&V range of 0.6 — 5.7]

FDT parameter value: Fixed and transient sources with an ambient temperature of 77.0 °F (25.0
°C), the vast maijority of scenarios are within the V&V range with values of 0.6 to 5.4. A few
scenarios have values lower than the V&V range of 0.1 to 0.5. A few additional scenarios have
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values higher than the V&V range of 6.6 to 10.5 and one case of 15.4. For oil sources, all
scenarios with an ambient temperature of 77.0 °F (25.0 °C) are within the V&V range with values
of 0.6 to 5.1 with the majority of cases being greater than a value of 1.0 to 3.7. The two oil
source cases with an ambient temperature of 105 °F (40.6 °C) have a value of 0.4 which is
slightly lower than the V&V range.

Further discussion: The compartment aspect ratios that fall outside the application range do so
at both ends of the V&V range. This can be explained by the limited experiments selected for
the validation study. As indicated in NUREG-1934, the selected experiments are representative
of various types of spaces in commercial nuclear power plants, but do not encompass all
possible geometries or applications. It is noted that both the MQH and Beyler room temperature
models are reported to over predict room temperatures for most configurations in Volume 1 of
NUREG/CR-1824. This over prediction throughout the evaluated scenarios suggests that the
configurations outside of the validation range will also result in temperature over predictions.
The areas with aspect ratios higher than the V&V range will have corridor-like flow
characteristics, and could have locally more adverse conditions. The areas with aspect ratios
lower than the V&V range will have shaft-like flow characteristics and would behave like a one
zone environment; and treating them as a two zone environment should be conservative. None
of the areas that have values higher than the V&V range are deemed to warrant additional
considerations than their current ignition source analysis. The remaining values are within the
V&V range.

Secondary Ignition ZOIs

Note that all secondary ignition ZOls are used for scenarios with an ambient temperature of 77.0
°F (25.0 °C) only. The 105 °F (40.6 °C) ambient temperature is not used for secondary ignition
ZOls as there were no identified valid secondary ignitions within the reactor containment building
(RCB) as noted in PRA-W3-05-038 and therefore the secondary ignition ZOls are not compared
to the V&V parameters since the tool was not directly used in the fire PRA. The various HRRs
for the secondary ignitions are taken from PRA-W3-05-038.

Fire Froude Number [V&V range of 0.4 — 2.4]

FDT parameter value: 111 kW —0.2, 634 kW - 1.0, 361.2 kW — 0.2, 797.5 kW — 1.8 for an
ambient temperature of 77.0 °F (25.0 °C) and both target types of thermoset cables and sensitive
electronics.

Further discussion: A Froude number that is slightly lower than the V&V range means that the
fire area (plume) from the ignition source fire could be larger than the fire source evaluated in the
V&V study. This situation would lead to a greater amount of entrained air and a greater amount
of combustion products released and generate a potentially higher gas temperature above the
fire source as compared to a fire source with a smaller area and similar HRR that would fall
within the V&V range. Also, having a lower Froude number indicates that the measured
distances from the V&V study are greater than the ZOI distances which are nearer to the fire
source. As a result, a somewhat lower Froude number is expected. The remainder of the values
are within the V&V range.

Flame Length Ratio [V&V range of 0.2 — 1.0]

FDT parameter value: 111 kW — 0.5, 634 kW - 0.7, 361.2 kW — 0.5, 797.5 kW — 0.7 for
thermoset cables at an ambient temperature of 77.0 °F (25.0 °C) and 111 kW - 0.2, 634 kW —
0.2, 361.2 kW — 0.2, 797.5 kW — 0.3 for sensitive electronics at an ambient temperature of 77.0
°F (25.0 °C).

Further discussion: Within the V&V range.
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Radial Distance Ratio [V&V range of 2.2 — 5.7]

FDT parameter value for open areas: 111 kW — N/A, 634 kW — 3.0, 361.2 kW — 1.2, 797.5 kKW —
4.1 for thermoset cables at an ambient temperature of 77.0 °F (25.0 °C) and 111 kW — 2.5, 634
kW —4.3, 361.2 kW — 2.7, 797.5 kW — 5.6 for sensitive electronics at an ambient temperature of
77.0 °F (25.0 °C).

FDT parameter value for wall and wall corner areas: The secondary ignition fire source ZOls are
not used for wall or wall corner locations as no cases of secondary ignition sources in corner
locations were noted, and therefore are not compared to the V&V parameters since the tool was
not directly used in the fire PRA.

Further discussion: The single case which produces a “N/A” result is due to having a
significantly low HRR to not produce a ZOlI for particular target type and therefore no comparable
ZOlI dimension for the parameter calculations. The case of a value lower than the V&V range
suggests that the ZOI distance is close to the fire source (flames) compared to the V&V data
results and as discussed previously the FDTs are noted to over predict flux levels in the range of
the sensitive electronics to thermoset cable failure criteria and the estimated heat flux levels at
the ZOI distances are likely conservative due to the calculation process of the FDTs. The
remaining values are within the V&V range.

Conclusions

The comparison indicates that application of the FDTs as a tool to determine fire impacts within a
physical analysis unit is reasonable and produces results largely within the V&V data ranges. Some
exceptions are noted above that fall both above and below the V&V data ranges. The instances
where the evaluation estimated FDTs' results are outside of the V&V data ranges are limited and
based on their application on a PAU specific basis are not thought to influence the selection of fire
impacts in a non-conservative manner. The use of FDTs typically produces conservative results as
discussed above. A parameter comparison that falls slightly outside of the V&V test range does not
mean that the results are non-conservative and can indicate a limitation of the available data for
validation and not necessarily a limitation of the use of the FDT model for calculating ZOI impacts in
the fire PRA applications.

EM RAI S05

90 day response
PRA RAI S01
90 day response
PRA RAI S02

60 day response

PRA RAI S03

By letter dated June 11, 2014, the response to PRA RAI 06 explains that a detailed sensitivity study
was completed to examine the impact of using NUREG/CR-6850, Supplement 1 frequencies instead
of those in Table 6-1 of NUREG/CR-6850 Volume 2. The response explains that a sensitivity study
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was performed using the mean of the fire frequency bins contained in Table 6-1 of NUREG/CR-6850
for those bins with an alpha value less than or equal to one. The response, however, does not
provide the sensitivity study results but does state that individual PAU core damage frequencies
(CDFs) and large early release frequencies (LERFs) fall within Region Il or Il of the risk guidelines in
RG 1.174, “An Approach for Using Probabilistic Risk Assessment in Risk-Informed Decisions on
Plant-Specific Changes to the Licensing Basis,” Revision 2, dated May 2011 (ADAMS Accession No.
ML100910006). Given that PRA RAI S18 asks for an integrated analysis using acceptable methods,
the NRC staff notes that risk estimates may change.

Provide an indication of whether the acceptance guidelines of RG 1.174 may be exceeded if this
sensitivity study would be applied to the integrated analysis requested in PRA RAI S18. If these
guidelines may be exceeded, provide a description of fire protection, or related measures that can be
taken to provide additional defense-in-depth as discussed in FAQ 08-0048, “Revised Fire Ignition
Frequencies” (ADAMS Accession No. ML091590457).

Waterford 3 Response

A sensitivity study (PRA-W3-05-015 Rev 2, “FPRA Ignition Frequency Sensitivity Study”) was
conducted on the aggregate analysis to understand the impact that fire ignition frequency could have
on the results. NUREG/CR-6850 Supplement 1 (“Fire Probabilistic Risk Assessment Methods
Enhancements”) data was updated to the data provided in NUREG/CR-6850 (“Fire PRA
Methodology for Nuclear Power Facilities Volume 2: Detailed Methodology”). The resultant CDF and
LERF increased by roughly 60 percent each; but still are acceptable, with overall totals at 2.84E-5 /yr
and 1.51E-6 /yr respectively. These increases would not be applicable to compare to acceptance
guidance in Reg. Guide 1.174 (“An Approach for Using PRA in Risk-Informed Decisions on Plant
Specific Changes to the Licensing Basis, Revision 2”), as they are simply due to data change (not a
plant change). As part of the sensitivity study, the delta risk portion of fire risk evaluations (FRE)
was also updated to NUREG/CR-6850 data. The resultant ACDF and ALEREF risk contributions
remain very small (Region 3 of Reg. Guide 1.174) in all areas with the exception of two PAUs - RAB
7 and TGB.

The risk acceptance guidelines, according to Reg. Guide 1.174, state that a ACDF increase less
than 1.00E-5 but greater than 1.00E-6 and a ALERF increase less than 1.00E-6 but greater than
1.00E-7 is considered a small change. Both RAB 7 and TGB fall within the small change region of
acceptance in Reg. Guide 1.174. This is acceptable in accordance with Reg. Guide 1.174 since the
total CDF is less than 10E™ per reactor year and LERF is less than 10E™ per reactor year. Since the
total CDF and total LERF for the plant are well below these limits, the delta risk are acceptable
provided some provision for cumulative impact tracking is addressed and maintained. Note that the
plant total delta risk remains below Region 1 criterion from Reg. Guide 1.174.

To reduce the burden of cumulative impact tracking in these rooms, risk reduction methods could be
explored in the future. Plant modifications such as installation of fire suppression equipment (pre-
action sprinklers) in TGB switchgear area or dividing RAB 7 by trains may provide the relief needed
to forego cumulative impact tracking. The increases were not due to a single source, but rather a
cumulative effect of multiple scenarios within each zone. Furthermore, ranking of fire scenarios were
relatively unchanged; providing no new insights on risk as a result.

Tables 1 and 2 provide CDF and LERF results.
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Table 1 CDF Results

PAU ID | Supplement Supplement 1 NUREG/CR-6850 | Difference | NUREG/CR- | Percentage
1 data PAU | data for selected | data for selected between 6850 PAU increase
CDF Total scenarios in the scenarios in the selected CDF Total
(yr) PAU CDF Total PAU CDF Total scenarios (yr)
(RSC- (/yr) (Iyr) (Iyr)
CALKNX- (PRA-W3-05-015 | (PRA-W3-05-015

2013-0810) R2 Table 2) R2 Table 2)
CPBLDG 5.27E-9 3.42E-9 6.71E-9 3.29E-9 8.56E-9 62%
CTA 4.33E-9 1.82E-9 3.57E-9 1.75E-9 6.08E-9 40%
CTB 4.10E-9 1.69E-9 3.31E-9 1.62E-9 5.72E-9 40%
FHB 3.13E-9 9.76E-11 1.91E-10 9.36E-11 3.23E-9 3%
INTAKE 8.20E-9 2.18E-9 4.27E-9 2.09E-9 1.03E-8 25%
RAB1 2.65E-6 1.69E-6 3.53E-6 1.83E-6 4. 48E-6 69%
RAB11 1.92E-9 5.25E-10 1.18E-9 6.55E-10 2.57E-9 34%
RAB12 1.47E-10 5.02E-11 1.09E-10 5.88E-11 2.06E-10 40%
RAB13 1.90E-9 5.20E-10 1.17E-9 6.50E-10 2.55E-9 34%
RAB15 4.01E-7 3.02E-8 5.74E-8 2.72E-8 4.28E-7 7%
RAB16 3.04E-7 2.06E-8 3.88E-8 1.83E-8 3.23E-7 6%
RAB2 1.21E-9 1.14E-10 2.23E-10 1.09E-10 1.32E-9 9%
RAB22 5.32E-10 8.81E-11 1.32E-10 4.39E-11 5.76E-10 8%
RAB27 7.16E-9 2.85E-9 5.61E-9 2.76E-9 9.93E-9 39%
RAB31 1.92E-7 4.87E-12 9.55E-12 4.68E-12 1.92E-7 0%
RAB7 4.33E-6 2.56E-6 5.01E-6 2.45E-6 6.78E-6 57%
RABS 7.88E-6 5.40E-6 1.06E-5 5.19E-6 1.31E-5 66%
RCB 1.20E-7 3.92E-10 7.68E-10 3.76E-10 1.20E-7 0%
TGB 1.56E-6 1.19E-6 2.31E-6 1.11E-6 2.68E-6 71%
YARD 2.75E-7 5.19E-9 1.02E-8 4.99E-9 2.80E-7 2%

Total 1.78E-5 1.09E-5 2.16E-5 1.07E-5 2.84E-5 60%
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Table 2 LERF Results

PAU ID | Supplement Supplement 1 NUREG/CR-6850 | Difference | NUREG/CR- | Percentage
1 data PAU | data selected for | data for selected between 6850 PAU increase
CDF Total scenarios in the scenarios in the selected LERF Total
(/yr) PAU LERF Total | PAU LERF Total | scenarios (/yr)
(RSC- (Iyr) (Iyr) (Iyr)
CALKNX- (PRA-W3-05-015 | (PRA-W3-05-015

2013-0810) R2 Table 2) R2 Table 2)
CPBLDG | 1.11E-10 7.25E-11 1.42E-10 6.97E-11 1.80E-10 63%
CTA 8.43E-11 3.47E-11 6.80E-11 3.33E-11 1.18E-10 40%
CTB 8.19E-11 3.36E-11 6.59E-11 3.23E-11 1.14E-10 39%
FHB 6.33E-11 1.97E-12 3.86E-12 1.89E-12 6.52E-11 3%
INTAKE 1.74E-10 4.63E-11 9.07E-11 4.44E-11 2.18E-10 26%
RAB1 1.87E-7 6.56E-8 1.33E-7 6.73E-8 2.54E-7 36%
RAB11 3.88E-11 1.06E-11 2.39E-11 1.33E-11 5.21E-11 34%
RAB12 2.97E-12 1.01E-12 2.19E-12 1.18E-12 4.15E-12 40%
RAB13 3.84E-11 1.05E-11 2.36E-11 1.31E-11 5.15E-11 34%
RAB15 5.97E-9 5.54E-10 1.05E-9 4.96E-10 6.47E-9 8%
RAB16 6.18E-9 4.05E-10 7.66E-10 3.60E-10 6.54E-9 6%
RAB2 2.19E-11 1.61E-12 3.16E-12 1.55E-12 2.34E-11 7%
RAB22 1.08E-11 1.78E-12 2.67E-12 8.90E-13 1.16E-11 8%
RAB27 1.51E-10 6.06E-11 1.19E-10 5.81E-11 2.09E-10 38%
RAB31 4.13E-9 9.85E-14 1.93E-13 9.46E-14 4.14E-9 0%
RAB7 5.67E-7 3.95E-7 7.7T4E-7 3.79E-7 9.46E-7 67%
RABS8 1.55E-7 1.17E-7 2.29E-7 1.12E-7 2.67E-7 72%
RCB 4.33E-9 8.21E-12 1.61E-11 7.90E-12 4.33E-9 0%
TGB 1.26E-8 6.96E-9 1.29E-8 5.97E-9 1.86E-8 47%
YARD 5.84E-9 1.10E-10 2.16E-10 1.06E-10 5.94E-9 2%

Total 9.49E-7 5.85E-7 1.15E-6 5.66E-7 1.51E-6 60%
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Table 3 provides ACDF and ALERF results. Table 3 is Table 4 from PRA-W3-05-015 Rev 2.
Table 3 Delta Risk results

PAU ACDF PAU ALERF
PAU ACDF Calculated ; PAU ALERF Calculated :
Total Using i ezl Leiing) Total Using i ezl Leiing)
oy e Difference NUREG/CR- oy e Difference NUREG/CR-
PAU ID PP | (fyr) 6850 Fire Pp. | (Iyr) 6850 Fire
e Ignition licn Ignition
Frequencies | (PRA-W3-05-015 9 . Frequencies | (PRA-W3-05- g .
(Iyr) R2 Table 4) Frequencies (yr) 015 R2 Table 4) Frequencies
(yr) (yr)
CPBLDG N/A N/A N/A N/A N/A N/A
CTA N/A N/A N/A N/A N/A N/A
CTB N/A N/A N/A N/A N/A N/A
FHB N/A N/A N/A N/A N/A N/A
INTAKE N/A N/A N/A N/A N/A N/A
RAB11 N/A N/A N/A N/A N/A N/A
RAB12 0.00E+0 0.00E+0 0.00E+0 0.00E+0 0.00E+0 0.00E+0
RAB13 N/A N/A N/A N/A N/A N/A
RAB15 0.00E+0 0.00E+0 0.00E+0 0.00E+0 0.00E+0 0.00E+0
RAB16 0.00E+0 0.00E+0 0.00E+0 0.00E+0 0.00E+0 0.00E+0
RAB1 4.77E-7 4.94E-7 9.71E-7 1.81E-8 7.17E-9 2.53E-8
RAB2 2.70E-10 0.00E+0 2.70E-10 3.50E-12 0.00E+0 3.50E-12
RAB22 N/A N/A N/A N/A N/A N/A
RAB27 0.00E+0 0.00E+0 0.00E+0 0.00E+0 0.00E+0 0.00E+0
RAB31 1.90E-7 0.00E+0 1.90E-7 4.11E-9 0.00E+0 4.11E-9
RAB7 1.16E-7 4.88E-8 1.65E-7 8.12E-8 4.48E-8 1.26E-7
RAB8 8.18E-7 3.50E-8 8.53E-7 1.32E-8 6.31E-10 1.38E-8
RCB 6.44E-8 0.00E+0 6.44E-8 3.11E-9 0.00E+0 3.11E-9
TGB 7.35E-7 5.81E-7 1.32E-6 3.84E-9 3.06E-9 6.90E-9
YARD N/A N/A N/A N/A N/A N/A
PRA RAI S04

By letter dated June 11, 2014, the response to PRA RAI 07 explains that a screening value of 0.1 is
no longer used as the conditional core damage probability (CCDP) for failure of alternate shutdown
on loss of MCR habitability. The response explains that based on updated assessment including
detailed Human Reliability Analysis (HRA), the original CCDP value of 0.1 was found not to be
bounding. The assessment of MCR abandonment is not described in the response to PRA RAI 01,
but the licensee’s analysis appears to indicate that a single CCDP of 3.87E-1 was determined and
used in all MCR abandonment scenarios. Table W-1 of the LAR supplement lists MCR
abandonment scenarios for which the CCDP value is shown to be 1.0, which is not consistent with
the licensee’s analyses. It is not clear from the LAR and the licensee’s analysis whether a single

CCDP/CLERRP (conditional large early release probability) value was determined for MCR

abandonment, what the MCR abandonment CCDP/CLERP values are, and how single values can
be representative of the CCDPs in MCR abandonment scenarios for which different fire-induced
impacts are possible.
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The response for PRA RAI 07 also states that “[a]ll [Fire PRA] abandonment scenarios are
associated with [the Fire Area] RAB-1 which includes the control room proper as well as the cable
vault.” This statement appears to indicate that MCR abandonment may be credited for the cable
vault, and therefore, MCR abandonment is credited for loss of control as well as loss of habitability in
the MCR. The NRC staff notes that for MCR abandonment on loss of control, the cues to abandon
the MCR, the timing associated with those cues, and the time allowed to complete required actions
are different than for abandonment of the MCR on loss of habitability. It is not clear whether MCR
abandonment is credited for loss of control, or how MCR abandonment was modeled for loss of
habitability and if applicable for loss of control.

In light of the observations made above, please provide the following:

a.

b.

e.

Describe how MCR abandonment was modeled for loss of habitability.

Identify in Table G-1 in Appendix G all operator actions required to bring the plant into a
safe and stable state, including those that must be performed before and after leaving the
MCR. Operator actions taken at a PCS should be identified as PCS actions.

Explain how the operator actions were modeled in the HRA and incorporated into the Fire
PRA for both loss of habitability and loss of control.

Explain how the CCDPs/CLERPs are estimated for fires that lead to abandonment due to
loss of habitability and how they address various possible fire-induced failures.
Specifically include in this explanation, discussion of how the following scenarios are
addressed:

Scenarios where fire fails only a few functions aside from forcing MCR
abandonment and successful alternate shutdown is straightforward;

Scenarios where fire could cause some recoverable functional failures or spurious
operations that complicate the shutdown, but successful alternate shutdown is
likely; and,

Scenarios where the fire-induced failures cause great difficulty for shutdown by
failing multiple functions and/or complex spurious operations that make successful
shutdown unlikely.

If MCR abandonment is credited for loss of control (i.e., non-habitability cases), please:

Describe when MCR abandonment on loss of control is credited and how it was
modeled.

Discuss the bases for the timing assumed in the HRA performed for MCR
abandonment scenarios on loss of control, including the results of thermal-
hydraulics analyses. Include discussion of the cues to abandon the MCR, the
timing associated with those cues, and the basis for time available to complete
required actions. Include explanation of how fire-induced impacts, including
spurious operations are accounted for in determining the timing associated with
the cue to abandon and the time available to perform operator actions.
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iii. If the timing of the cues to abandon the MCR and the available time for performing
operator actions does not take into account fire-induced impacts, then justify the
current approach or replace this approach with an acceptable approach in the
integrated analysis provided in response to RAI S18.
f. Explain how the abandonment scenario frequencies due to loss of habitability and/or loss

of control were determined. Include explanation of how the fire ignition frequencies
contributing to this scenario and non-suppression probabilities were determined.

Waterford 3 Response

a. The human reliability analysis (HRA) portion of MCR abandonment is modeled identically
for either loss of function or loss of habitability. Response to PRA RAI S04c describes
how the operator actions were modeled.

Transient fires occurring in southern region and outer perimeter of RAB 1A (Figure 6 of
PRA-W3-05-028, “Fire PRA Main Control Room Analysis Notebook”) are considered for
loss of habitability if they are not extinguished. These fires will generally impact non-
control board electrical panels and are generally lacking PRA modeled equipment within.
Also, the equipment lost would not impede reactor shutdown. Although some equipment
would be lost and some systems possibly degraded, the operation of required equipment
would continue. The transient frequency is partitioned using approximate floor areas.

Electrical panel fires located in southern region and outer perimeter of RAB 1A (Figure 6
of PRA-W3-05-028) lead to loss of habitability if the fire is not extinguished. Each panel
was examined to determine the functions performed and the PRA-related components
potentially damaged by the fire. This is documented in the fixed source notebook (PRA-
W3-05-006F, “Fixed Ignition Source Zone of Influence Methods”). From this evaluation
and considering the geometry of the panels a scenario for the majority of panels was
developed, with some panels being separated into their own loss of habitability scenarios.
Other panels (CP-31, CP-30 and CP-29) are close enough to CP-8 that damage could
occur and result in a loss of control at CP-8 and abandonment due to control faults.

Main control board (MCB) fire scenarios are based on localized effects but all of them
could potentially grow into a more severe fire and force abandonment due to loss of
habitability.

Fire impacts of MCR abandonment loss of habitability scenarios were developed based
on fire type and location; or in other words, based on a zone of influence (ZOI) from a
postulated fire. They were then further assumed to lead to control room abandonment
after a failure to extinguish the fire. The HRA then creates multiple end states for different
actions that were potentially not completed during the abandonment process, as
described in PRA RAI S04c response.

b. Attachment G, Table G-1 has been updated and is provided in Enclosure 2 to this
submittal, replacing previously submitted versions. The necessary actions taken in the
MCR prior to leaving, as well as actions to activate the Remote Shutdown Panel (LCP-
43), are included. There are no additional actions necessary to be performed at the PCS
to establish the safe and stable condition.

C. The approach to MCR abandonment HRA (PRA-W3-05-023 Rev 2, “Main Control Room
Abandonment for Fire Initiating Events”) is consistent with the best practices for
performing human reliability analysis. The first step is to review the procedure and
evaluate the steps necessary for maintaining the PRA functions modeled in the fire PRA.
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Once the procedural steps for maintaining the PRA functions are identified, the next step
is to define the potential end states with respect to fire impacts on equipment, and in
some cases, the failure to perform certain actions. This requires detailed state modeling
of the potential switch configurations to determine what will be available for the operators
to safely shutdown the plant. This includes allowing the use of both trains of equipment
as long as the fire effects do not result in a loss of the equipment or random fault does
not occur. Another consideration is that any action taken from the control room that is
modeled in the PRA cannot be successful once the control room is abandoned.

Off-Normal Procedure OP-901-502 (“Evacuation of Control Room and Subsequent Plant
Shutdown”) controls the immediate fire response, and if required, the transition to the
remote shutdown panel (LCP-43). The majority of actions to accomplish this process
require operator actions to provide the transfer and to establish control.

The procedure addresses immediate actions and actions necessary to transfer control to
LCP-43, stabilize the plant and then either return to the control room or proceed to cold
shutdown. For the MCR abandonment analysis, only those actions necessary to
establish LCP-43 and place the plant control in a stable state are necessary. The MCR
abandonment analysis models the transition to LCP-43 until the point that implementation
items are completed. The model is integrated into the FPRA response model to ensure
that the plant system status can be accurately accounted for within the model
quantification.

The fire PRA model was quantified to give the CCDPs/CLERPs. The model has several
different fire scenarios leading to loss of habitability abandonment (PRA-W3-05-028, “Fire
PRA Main Control Room Analysis Notebook”). Primarily, these are scenarios where the
fire fails only a few functions, which typically are non-PRA functions. Other scenarios
were developed wherein the functions that are failed are slightly more damaging and are
PRA related. However, these functions will not involve PRA related equipment pertaining
to safe shutdown. If the fire-induced failures cause great difficulty for shutdown by failing
multiple functions and/or complex spurious operations occurs, the fire would be
considered as a loss of control abandonment as opposed to a loss of habitability
abandonment. In any of these scenarios the fire impacted components are failed
(degraded state or out of position), and thus cannot be credited in the shutdown from the
remote shutdown panel unless they are specifically recovered. The fire PRA accounts for
these failures through quantification.

After the fire impacts for the individual scenarios are discovered, they are paired with
multiple potential HRA end states to adequately integrate the HRA into the fire model
(PRA-W3-05-023 Rev 2, “Main Control Room Abandonment for Fire Initiating Events”).
Each of these end states were then quantified.

The main control room abandonment assessment (PRA-W3-05-023 Rev 2) describes the
selection of scenarios pertaining to loss of control. The selection process looked at the
critical nature of the fire impact and was supported by a board-by-board question and
answer session with an operations team supplemented by other Waterford 3 staff with
plant operating experience. From this evaluation it was determined that a loss of one of
four panels (CP-1, CP-2, CP-8 and CP-33; or fire scenarios for which these panels are
targets) would be sufficient to require implementation of control room abandonment. The
loss of these panels would impact ac power availability, RCS and reactor control, safety-
related equipment or operation of DCT/WCT fans. Both direct failure due to a fire and
secondary failure due to a transient fire in close proximity were considered to lead to the
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e .ii)

need for abandonment due to an impaired control capacity. Panel fires were evaluated
on a case-by-case basis to determine if sufficient equipment was lost to require
abandonment. This again was limited to the four identified panels. Due to the uncertain
nature as to the degree of failure possible, the general consensus was that a fire in RAB
1E (Cable Spreading Room) would lead to sufficient loss of control that abandonment
would be expected. All fires in the Cable Spreading Room are assessed as requiring
main control room abandonment.

The main considerations with respect to maintain a safe-stable configuration are the local
trip of the reactor coolant pumps (RCPs) and the ability to maintain secondary side
cooling using the emergency feedwater system. A consequential loss of both the ability
to trip the RCPs from the control room combined with a loss of component cooling water
(CCW) to the RCPs can result in RCP seal failure and a need for makeup. Tripping the
RCPs will preclude a seal failure as long as it is completed within 20 minutes after the
loss of CCW (PSA-WF3-01 SC, “Waterford 3 PSA At-Power Level 1 Success Criteria
Analysis”). Although there are several indications possible, the indication of a failure to
trip is not required as this in an immediate action to implement local (at the switchgear)
trip of power to the RCPs regardless of CCW state as a precautionary measure. Local
actions conducted by the operator are described in the procedure, which is available
locally. The other important action relates to maintaining EFW flow. PSA-WF3-01 SC
indicates that the operators have 63 minutes to establish EFW flow to prevent core
uncovery. For the main control room abandonment this time was shortened to 30
minutes to provide margin. Indication is provided by the level monitoring at LCP-43 and
the control room abandonment procedure provides steps requiring the verification of
control and operation.

The impacts from a fire within the MCR (RAB 1A) or the Cable Spreading Room (RAB
1E) can lead to potential spurious actions such as initiation of safety injection pumps,
pressurizer heater actuation or valve status changes. The fire PRA modeling includes
these potential events directly in the logic. Some are addressed by specific steps in the
MCR abandonment procedure and those found to be important are subsequently covered
by the transfer switches that redirects control from the control room to LCP-43. These
potential outcomes were reviewed and found to be only of small importance to the risk
once LCP-43 was established. No single fire impacts were identified that would
significantly alter the course of the event within the 30 minute time window that were
probabilistically significant. The most significant consideration was the potential for
continued makeup after letdown isolation leading to a relief valve challenge. This takes
several minutes to occur and there are steps in the procedure to terminate flow and
isolate letdown as immediate actions. If a relief valve were challenged to relieve
inventory, the relief valve would additionally have to fail to reclose and this is a relatively
low probability event.

Overall, the new procedure structure and reduced operator burden increases the time
flexibility when realistic timing criteria are applied for performance of key actions such as
tripping the RCPs and ensuring continued EFW flow. The times selected include some
margin when considering existing internal events PRA timing contained in PSA-WF3-01
SC.

e.iii) The timing cues do consider fire impacts. The decision to abandon on loss of control is

directly related to the degree of fire damage present on specific boards. The timing is
based on the assumption that the fire impacts could be sufficient to cause an immediate
loss of CCW therefore requiring trip of the RCPs within 20 minutes and that the EFW
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system may require manual control from LCP-43. The timing for this second action is
based on the time required to prevent core uncovery (63 minutes, PSA-WF3-01 SC) and
conservatively reduced to 30 minutes.

f. Loss of control and habitability fire frequency considerations are discussed below:

Electric Cabinet Fire loss of control — Each electric cabinet in the main control room (RAB
1A) was evaluated in PRA-W3-05-006F (“Fixed Ignition Source Zone of Influence
Methods”). The failures associated with a particular cabinet are defined using a ZOlI
approach and are listed in the report. RSC-CALKNX-2013-0704 (“Documentation of WF3
Fixed Fire Ignition Source Frequencies Per Count”) gives the ignition frequency per
count. That ignition frequency is then multiplied by the number of bin counts the cabinet
is; giving the cabinet’s ignition frequency. If the damage caused by a cabinet is deemed
severe (often when risk (CCDP or CLERP) is equal to 1), it is considered an
abandonment scenario due to loss of control. If not, it was still retained as a non-
abandonment scenario. Non-suppression probabilities (NSP) were applied using control
room bin in Table 14-1 from Supplement 1 to NUREG/CR-6850.

Electric Cabinet Fire habitability — For loss of habitability, electrical cabinets were
grouped by location and impacts. Using the ignition frequency per count and multiplying
it by the total number of counts of all cabinets in a group, the group’s ignition frequency is
developed. Some cabinets were singled out due to the impacts from the potential cabinet
fire; the ignition frequency per count multiplied by the cabinet’s counts gives the ignition
frequency for these scenarios. PRA-W3-05-026 (“Evaluation of the Unit 3 Control Room
Abandonment Times at the Waterford Nuclear Station”) gives timing for habitability
criterion to be reached for a given fire type (fuel type), location, intensity (amount of heat
coming from the fire), along with other criteria. This timing indicates when abandonment
would likely begin. It also provides timing for NSP to be calculated for each heat release
rate (HRR) bin. All HRR bins (SF*NSP) were summed together; and the correct SF*NSP
was applied based on fire type and location in the MCR.

Main Control Board Fire loss of control — Scenarios on the main control board (MCB)
were postulated in PRA-W3-05-028 (“Fire PRA Main Control Room Analysis Notebook™)
and the failures associated with each scenario are listed in that report. PRA-W3-05-001
(“Partitioning, Qualitative Screening, and Ignition Frequency Development Notebook™)
gives the ignition frequency. That ignition frequency is then multiplied by the SF*Pys
developed from Appendix L of NUREG/CR-6850; giving the scenario’s ignition frequency.
If the damage caused by the scenario is deemed severe (often when risk (CCDP or
CLERP) is equal to 1), it is considered an abandonment scenario due to loss of control. If
not, it was still retained and a non-abandonment scenario.

Main Control Board Fire habitability - For loss of habitability, MCB panels were grouped
by functions. The frequency for the MCB is based on the cabinet length. The ignition
frequency for each section is summed together to get the groups ignition frequency;
some segments of the MCB had abandonment scenarios individually. PRA-W3-05-026
gives timing for habitability criterion to be reached for a given fire type (fuel type),
location, intensity (amount of heat coming from the fire), along with other criteria. This
timing indicates when abandonment would likely begin. It also provides timing for NSP to
be calculated for each heat release rate (HRR) bin. All HRR bins (SF*NSP) were
summed together; and the correct SF*NSP was applied based on fire type and location in
the MCR.

Transient Fire loss of control — Transient fires leading to abandonment due to loss of
control typically originated in the Cable Spreading Room (RAB 1E). Ignition frequency for
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these fires is based on the area. The room transient ignition frequency was given in PRA-
W3-05-001. The room was divided into smaller sections called sub-PAUs; each sub-PAU
has unique impact. A sub-PAUs ignition frequency is determined by the ratio of its floor
area to the PAUs floor area. Non-Suppression Probability (NSP) were applied using
transient fire bin in Table 14-1 from Supplement 1 to NUREG/CR-6850, along with taking
credit for installed pre-action sprinkler system as prescribed in NUREG/CR-6850.

Transient Fire habitability - Transient fire scenarios leading to abandonment due to
habitability were developed in the main control room (RAB 1A). A similar method of
dividing the floor area into smaller areas (where similar impacts exist) was also used. The
transient fire frequency is divided appropriately using the ratio of floor area in the small
section compared to that of the room. PRA-W3-05-026 gives timing for habitability
criterion to be reached for a given fire type (fuel type), location, intensity (amount of heat
coming from the fire), along with other criteria. This timing indicates when abandonment
would likely begin. It also provides timing for NSP to be calculated for each heat release
rate (HRR) bin. All HRR bins (SF*NSP) were summed together; and the correct SF*NSP
was applied based on fire type and location in the MCR.

PRA RAI S05
60 day response
PRA RAI S06
60 day response
PRA RAI S07
90 day response
PRA RAI S08
60 day response
PRA RAI S09

By letter dated June 11, 2014, the response to PRA RAI 22 explains that assessment of the MCR
Main Control Board (MCB) was updated using the NUREG/CR-6850 Appendix L method but does
not describe the new treatment. Based on the review of the licensee’s updated analysis, the NRC
staff makes the following observations.

The first observation is that the licensee’s description of applying the Appendix L approach states
that the MCB fire ignition frequency was “apportioned into different fire scenarios”, and that the
approach “allowed for approximately 88.3% of the of the MCB frequency to be discarded” as not
significant. When applying the NUREG/CR-6850 Appendix L method, as per guidance in FAQ 14-
0008, the frequency of a scenario involving specific target damage in the MCB should be determined
by multiplying the probability of target damage, such as specified by Figure L-1 of NUREG/CR-6850,
by the entire MCB frequency. Subdividing the MCB frequency is not intended by Appendix L
guidance unless accompanied by recalculation of Appendix L, Figure L-1, target damage
probabilities.
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The second observation is that the analysis credited additional non-suppression probability for
scenarios where fire propagates from one MCB panel to another based on the licensee’s
characterization of the MCB as “not an open construct,” but rather “individual panels abutted
together”. The MCB configuration that justifies reducing the likelihood of fire propagation between
MCB panels is not completely clear.

The third observation is that it appears from information presented in the licensee’s analysis that
there may be control functionality located on the rear side of the MCB. It is not clear from description
of the licensee’s analysis whether this functionality is included in the target sets addressed in the
MCB fire evaluation. Note that guidance in FAQ 14-0008 provides discussion of MCB configurations
in which the rear side of the MCB should also be considered an integral part of the MCB and
analyzed as such.

Based on the observations above please provide the following:

a. Clarify how the MCB fire ignition was applied to MCB fire scenarios. If the entire MCB
frequency is not multiplied by the target damage for each MCB fire scenario, per
guidance in FAQ 14-0008, then justify the approach using NRC guidance on application
of the Appendix L method, or remove this approach and replace it with an acceptable
approach as part of the integrated analysis provided in response to PRA RAI S18.

b. Describe the MCB panel configuration that provides the basis for reducing the likelihood
of fire propagation between MCB panels. Indicate whether there are partitions between
the panels and if there are, whether there are any openings in the partitions. If the
Waterford MCB panel configuration cannot justify reducing the likelihood of fire
propagation between MCB panels using guidance in NUREG/CR-6850, then remove the
additional non-suppression credit applied to fire scenarios between MCB panels as part
of the integrated analysis provided in response to PRA RAI S18.

C. Clarify whether there is control functionality located on the rear side of the MCB and
whether it included as part of the target sets addressed in application of the NUREG/CR-
6850 Appendix L approach. If there is functionality on the rear side that must be
considered an integral part of the MCB that was not assessed, then justify this exclusion
or include consideration of fire damage to these functions as part of application of the
NUREG/CR-6850 Appendix L approach in the integrated analysis provided in response to
PRA RAI S18.

Waterford 3 Response

a. The frequency for each of the scenarios is calculated using the guidance found in
Appendix L of NUREG/CR-6850, whereby the MCB bin frequency is multiplied by the
severity factor and the non-suppression probability. Figure L-1 in NUREG/CR-6850,
gives the severity factor multiplied by the non-suppression probability (SF*P,s) in terms of
the longest distance between targets in a given target set. No distinction was found
regarding calculating scenario ignition frequency (MCB bin frequency* SF*P,s) between
Appendix L of NUREG/CR-6850 and resolution to FAQ 14-0008 (“Main Control Board
Treatment”) other than the inclusion of the rear side of the MCB in the analysis. The rear
side of Waterford 3's MCB does not contain any control functionality; therefore no
analysis is needed.
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b. The main control board (MCB) for Waterford 3 consists of several individual panels
abutted together in the form of an “L” shape. The partitions are solid, continuous, and
noncombustible in between all control panels, with one exception between CP-1 and CP-
4 where no partition exists. This was verified via a walkdown which included opening the
MCB from the rear side. From FAQ 14-0008 Rev. 1(“Main Control Board Treatment”),
“partitions between panels/cabinets impact the progression of a fire and the
characterization of damage sets across those partitions.” It further suggests three
methods for treatment of the partitions. Alternative number 2 was chosen for Waterford
3’s MCB:

For the case where the values in Figure L-1 in NUREG/CR-6850 are not re-
calculated, the MCB frequency should not be apportioned between different
panel sections. The full MCB frequency should be assigned to all of the panels
separate by the partitions. This is appropriate because the values in Figure L-1
represent the probability of a fire starting and growing anywhere in the length of
a “typical” MCB regardless of the partitions. In this configuration, the partitions
can be credited for preventing fire propagation provided that they are solid,
continuous, and noncombustible. The practical implication of this approach
results in conservatively applying the full MCB frequency to each panel (i.e., not
apportioning the MCB frequency by panel sections) but limiting the fire
propagation to each partitioned section.

Previously, for Scenario MCB01Q, fire damage extended from CP-1 to CP-4 and
inappropriately used an added non-suppression probability for added time to propagate to
a new control panel. This was the only instance where an added non-suppression
probability was used and has since been removed from the Fire PRA (PRA-W3-05-028,
“Fire PRA Main Control Room Analysis Notebook”). The response to PRA RAI S18
contains the effects of removing this non-suppression probability.

C. There is no control functionality located on the rear side of Waterford’s MCB and
therefore, the rear side was not included as part of the target sets addressed in
application of the NUREG/CR-6850 Appendix L approach.

PRA RAI S10
60 day response
PRA RAI S11
60 day response
PRA RAI S12

By letter dated June 11, 2014, the response to PRA RAI 32 explains that the MCR analysis has been
revised by differentiating between single and multiple bundles of cables affecting abandonment
times for MCR abandonment scenarios. Though the RAI response does not provide further
description of the new approach, the NRC staff reviewed the description of the updated approach in
the licensee’s analysis. This description explains that 50 percent of fire scenarios are assumed to
involve single cable bundles and 50 percent are assumed to involve multiple cable bundles. The
licensee’s analysis further explains that “this assumption is conservative because all fires initiate as
a single bundle,” and in the MCR “50% of the fires are likely to be single cable bundles prior to
detection and suppression.” The NRC staff notes that without supporting fire modeling or event
data, it is not clear what the opportunity for suppression is before cables in multiple bundles are
involved in a fire, and whether this assumption is conservative compared to, for example, specifically
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identifying and modeling single and multiple cable bundles based on a walkdown. The NRC staff
also notes that this assumption is a deviation from NUREG/CR-6850 guidance, which treats
individual electrical panels as containing either a single cable bundle or multiple cable bundles.

Provide further justification that the assumption is conservative based on characterization of the
actual cable bundle configurations in the MCR cabinets, or update risk results as part of the
integrated analysis requested in PRA RAI S18.

Waterford 3 Response

The earlier MCR abandonment assessment (PRA-W3-05-028, “Waterford Steam Electric Station 3
Fire PRA Main Control Room Analysis Notebook, Rev. 1”) was based on limited visual observations
of the control room cabinets’ internal configuration. From this assessment the analyst developed an
assumption of an equal split between single and multiple cable bundle scenarios. There was an
additional assumption related to the potential for multiple bundles being somewhat limited to single
bundle scenarios and identified prior to full growth which was also used to support the single bundle
split.

In addressing PRA RAI S09 Waterford 3 conducted additional confirmatory evaluations with regard
to control room cabinet design, including cable arrangement observations. On the basis of this more
complete assessment the cable bundles are determined to be multi-bundle constructs. The analysis
has been updated to reflect multi bundle configurations for all MCR cabinets and throughout the
MCB, with the exception of CP-53 which was verified to contain a single bundle. The impact on CDF
and LERF will be presented in the sensitivity studies supporting PRA RAI S18.

PRA RAI S13
90 day response
PRA RAI S14
60 day response
PRA RAI S15
60 day response
PRA RAI S16
90 day response
PRA RAI S$17

90 day response

PRA RAI S18

Section 2.4.3.3 of NFPA 805 states that the PRA approach, methods, and data shall be acceptable
to the NRC. Section 2.4.4.1 of NFPA-805 further states that the change in public health risk arising
from transition from the current fire protection program to an NFPA-805 based program, and all
future plant changes to the program, shall be acceptable to the NRC. RG 1.174 provides
quantitative guidelines on CDF and LERF, and identifies acceptable changes to these frequencies
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that result from proposed changes to the plant’s licensing basis and describes a general framework
to determine the acceptability of risk-informed changes. The NRC staff's review of the information in
the LAR has identified several PRA methods that require additional review. The PRA methods
currently under review include:

PRA RAI S01 regarding treatment of secondary ignition

PRA RAI S04 regarding modeling MCR abandonment

PRA RAI S05 regarding modeling determination of additional risk of recovery actions
PRA RAI S07 regarding the licensee’s multiplier approach for developing fire HEPs
PRA RAI S08 regarding treatment of sensitive electronics

PRA RAI S09 regarding use of NUREG/CR-6850 Appendix L

PRA RAI S$12 regarding single versus multiple bundle cable fires

PRA RAI S15 regarding the inclusion of SOKC for internal and fire event factors
PRA RAI S17 regarding new spurious actuation guidance

FM RAI S02.a regarding critical damage thresholds

Provide the following:

a.

Results of an aggregate analysis that provides the integrated impact on the fire risk (i.e.,
the total transition CDF, LERF, ACDF, ALERF) of replacing any unacceptable methods
identified above with alternative methods, which are acceptable to the NRC. In this
aggregate analysis, for those cases where the individual issues have a synergistic impact
on the results, a simultaneous analysis must be performed. For those cases where no
synergy exists, a one-at-a-time analysis may be done. For those cases that have a
negligible impact, a qualitative evaluation may be done. It should be noted that this list
may expand depending on NRC'’s review of the responses to other RAIs in this
document.

For each method (i.e., each bullet) above, explain how the issue will be addressed in

1) the final aggregate analysis results provided in support of the LAR, and 2) the PRA
that will be used at the beginning of the self-approval of post-transition changes. In
addition, provide confidence (e.g., with a proposed implementation item) that all changes
will be made, that a focused-scope peer review will be performed on changes that are
PRA upgrades as defined in the PRA standard, and that any findings will be resolved
before self-approval of post-transition changes. Note that any use of unacceptable
methods may prohibit the staff from completing its review for self-approval.

In the response, explain how the RG 1.205 risk acceptance guidelines are satisfied for
the aggregate analysis. If applicable, include a description of any new modifications or
operator actions being credited to reduce delta risk as well as a discussion of the
associated impacts to the fire protection program.

If any of the methods not accepted by the NRC staff will be retained in the PRA that will
be used to estimate the change in risk of post-transition changes to support self-approval,
explain how the quantification results for each future change will account for the use of
these methods.
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Waterford 3 Response

a. A simultaneous analysis for CDF and LERF was completed with results presented in
Table 1 (below). (PRA-W3-05-049, “Comparison of Waterford 3 MOR and FRE CDF and
LERF Results, Rev. 17)

b. Each bulleted method is discussed below:

PRA RAI S01 regarding treatment of secondary ignition — Response to PRA RAI S01
shows that appropriate secondary ignition was accounted for, as prescribed by
NUREG/CR-6850, throughout the analysis. No new impact to risk is seen from this
RAI.

PRA RAI S04 regarding modeling MCR abandonment - Extensive remodeling of the
abandonment HRA has refined risk impacts and insights for RAB 1 risk (PRA-W3-05-
023 R2, “Waterford 3 Main Control Room Abandonment HRA Analysis”). Scenarios
involving control room abandonment due to habitability concerns were also
redeveloped in order to better model potential fire impacts. Overall risk in the PAU
has decreased by 4.34E-06/yr for CDF (62.9% decrease) and 2.08E-06 for LERF
(93.3% decrease).

PRA RAI S05 regarding modeling determination of additional risk of recovery actions
— No additional recovery actions were added.

PRA RAI S07 regarding the licensee’s multiplier approach for developing fire HEPs —
PRA RAI S07 found a single operator action from the Internal Events model
(EHFMANTRNP) that involved both main control room (MCR) and ex-control room
actions; however, this action was inappropriately binned to only MCR actions in the
Fire PRA. EHFMANTRNP involves power restoration following a failure of the
automatic bus transfer (ABT) device when transferring from onsite to offsite power.
This action has been removed from the Fire PRA model. The removal of this action
was not isolated for its impact on risk.

PRA RAI S08 regarding treatment of sensitive electronics - FAQ 13-0004 was not
utilized in the fire PRA. However, the work performed is consistent with or bounding of
the methodology presented in FAQ 13-0004. Most panels (cabinets) installed at
Waterford 3 are ventilated and as such could not make use of the enhanced failure
criteria proposed in FAQ 13-0004. Instead these are subject to the lower NUREG/CR-
6850 failure criteria which are employed in the current fire PRA analyses for sensitive
electronics. No additional updates to the current methods, analysis, or results are
necessary.

PRA RAI S09 regarding use of NUREG/CR-6850 Appendix L — Removal of a 0.007
factor from one scenario (MCB01Q) resulted in an Increase in CDF of 1.99E-12 and
3.99E-14 for LERF. This will be removed during the next update. MCB01Q has no
delta risk associated with it; therefore, Arisk remains O.
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PRA RAI S12 regarding single versus multiple bundle cable fires — As PRA RAI S04
alluded to, updates to the method in which control room abandonment loss of
habitability scenarios impacts have been made. A walkdown was performed to
determine which cabinets (including the main control board) contain single bundles
and which have multi bundles. The result found that the vast majority of the cabinets
contain multi bundled cables, with the exception of CP-53. The single versus multiple
bundle cable fires methodology concern in PRA RAI S12 only applies to control room
abandonment loss of habitability scenarios. The prior sum of CDF for scenarios
affected is 1.76E-6/yr; the revised scenarios CDF sum is 1.08E-6 /yr. The prior sum of
LERF for scenarios affected is 7.29E-7 /yr; the revised scenarios LERF sum is 2.40E-
8 /yr. The expectation would be an increase from this change, however, the revision
to the fire impacts of these fires has decreased the risk; overshadowing the expected
increase.

PRA RAI S15 regarding the inclusion of SOKC for internal and fire event factors —
The results of PRA RAI S15, 1.1% increase for CDF and 9.7% increase for LERF,
indicate that the calculated estimate for CDF and LERF are not sensitive to the
SOKC. Based on the review, the basis for the low contribution is that, for the most
part, the results are dominated by cut sets that do not represent combinations of
component random failures. Fire induced failures of components are completely
dependent within a scenario with no severity factor included such that there is not a
SOKC adjustment required. For the LERF scenarios the result is controlled by cut set
contributions that are devoid of any component failures not completely dependent on
the presence of the fire. The 9.7% difference is associated with cut sets including
circuit failure probabilities related to the CARS system. The impact is strongly
associated with the assumption on variance associated with the hot short probability.

The approved analysis method for calculating the impacts of hot shorts is
NUREG/CR-7150, Vol. 2/EPRI 3002001989, “Joint Assessment of Cable Damage
and Quantification of Effects from Fire (JACQUE-FIRE)”, which provides updated
estimates for the probability of hot short and also includes estimates for uncertainty.
Considering information from this source indicates a variance level of 0.01 is more
likely which would significantly reduce the impact of SOKC and would further support
the conclusion that the SOKC considerations do not impact the results and
conclusions derived from the fire PRA.

PRA RAI S17 regarding new spurious actuation guidance — A value of 0.6 is used in
the fire PRA. This value is bounding of the new spurious actuation guidance value of
0.56 that could be used. 0.56 will be utilized in the next revision of the fire PRA. This
RAI has minimal effects on the results and will be addressed as implementation item
S2-22 to incorporate the NUREG/CR-7150 Volume 2 guidance for spurious actuation.

FM RAI S02.a regarding critical damage thresholds - Impacts were added to specific
scenarios based on revising the damage threshold to 330 °C from 380 °C for
thermoset cables, as discussed in response to FM RAI S02. This revision required fire
impacts to be added to approximately 5 percent of the 1324 scenarios. The impacts of
this are seen in the aggregate analysis.

Results from the aggregate analysis are provided in Table 1.
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Table 1 Results

Previous fire PRA Revised fire PRA Change in Risk
model (fire model model (post RAI
associated with the revisions)
LAR Supplemental
(W3F1-2013-0048)

CDF 1.62E-5 /yr 1.80E-5 /yr 1.81E-6 /yr increase
RAB 1 6.90E-6 /yr 2.56E-6 /yr 4.34E-6 /yr decrease
Non-RAB 1 9.27E-6 /yr 1.54E-5 /yr 6.07E-6 /yr increase

LERF 2.89E-6 /yr 9.72E-7 Iyr 1.92E-6 /yr decrease
RAB 1 2.23E-6 /yr 1.51E-7 /yr 2.08E-6 /yr decrease
Non-RAB 1 6.62E-7 /yr 8.21E-7 Iyr 1.59E-7 /yr increase

Whole plant ACDF 2.31E-6 /yr 2.45E-6 /yr 1.40E-7 /yr increase

Whole plant ALERF 1.29E-7 lyr 1.24E-7 Iyr 5.00E-9 /yr decrease

A significant increase in CDF is seen in non-RAB 1 and is mainly due to removing credit
for EHFMANTRNP (PRA RAI S07) and changing the thermoset cable critical damage
threshold from 380C to 330C (FM RAI S02). A significant decrease in CDF is seen in
RAB 1 scenarios, despite increase from single vs. multi cable bundles (PRA RAI S$12).
This is attributed to remodeling of control room abandonment procedure. The significant
decrease in LERF is also attributed to remodeling of control room abandonment
procedure. All PAUSs still meet Arisk criteria for Region 3 of RG 1.174.

See updated Attachment W presented in Enclosure 2 of this submittal (W3F1-2015-
0025).

RG 1.205 risk acceptance guidelines are satisfied for the aggregate analysis, as the delta
risk values are within Region 3 criterion of Reg. Guide 1.174 for each PAU. Furthermore,
the total plant delta risk falls below criterion limits of Region 1 of Reg. Guide 1.174.

No new modifications or operator actions are being credited to reduce delta risk.

All methods have been validated as currently aligned or have been realigned with
accepted methodology.
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PRA RAI S19

Section 2.4.3.3 of NFPA 805 states that the PRA approach, methods, and data shall be acceptable
to the NRC. RG 1.205 identifies NUREG/CR-6850 as documenting a methodology for conducting a
fire PRA and endorses, with exceptions and clarifications, NEI 04-02, Revision 2, as providing
methods acceptable to the NRC staff for adopting a fire protection program consistent with NFPA-
805. RG 1.200 describes a peer review process utilizing an associated ASME/ANS standard
(currently ASME/ANS-RA-Sa-2009) as one acceptable approach for determining the technical
adequacy of the PRA once acceptable consensus approaches or models have been established.

a) Summarize or list all modeling changes made to the Internal Events and Fire PRA since the
December 18, 2013 submittal.

b) Indicate if any other methods were employed that deviate from the guidance in
NUREG/CR-6850 or other acceptable guidance (e.g., FAQs or interim guidance documents).
If so, describe and justify any proposed method that deviates from NRC guidance, or replace
the proposed method with an accepted method. Also, include the proposed method as a
method “currently under review” as part of the integrated analysis in the response to PRA
RAI S18.

Waterford 3 Response

a) The changes made are described below:

1. Added impacts to specific scenarios based on revising the damage threshold to
330°C from 380 °C for thermoset cables, as discussed in response to FM RAI S02.
This revision required impacts to be added to approximately 5 percent of the
scenarios.

2. Main Control Room (MCR) Modeling

i. Adjustments were made regarding mutli-bundle verses single-bundle cabinets
and main control board (MCB) for habitability MCR abandonment cases. The
Fire PRA model, in the December 18, 2013 submittal, assumed 50 / 50
allotments of single verses multi bundle. It was determined that the each of the
MCR cabinets and MCB segments are heavily occupied with cables.
Therefore, the analysis has been updated to reflect multi bundle for all MCR
cabinets and throughout the MCB, with the exception of CP-53 which was
verified to contain a single bundle.

ii. During review of the amount of cabling in the MCBs, it was also determined
that an assumed barrier separating CP-1 and CP-4 did not exist. Scenario
MCBO01Q had credited this non-existent barrier with an additional 0.007 non-
suppression probability, which has been removed.

iii. Loss of habitability abandonment scenarios were revisited to model them in
further detail. The number of scenarios was expanded to better capture actual
impacts from more specific sources.

iv. Abandonment human reliability analysis (HRA) was revisited to integrate it into
the model, opposed to being calculated outside of the FPRA quantification
process. This process required the same fire scenario be applied to multiple
HRA results (each scenario is duplicated with a different set of added failures
due to incomplete operator actions).
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3.

During improvements to the MCR abandonment modeling it was discovered that 2
cables associated with reactor coolant system vent valves were missing from the
FPRA and were subsequently included.

Miscellaneous erroneous impacts were corrected when discovered. In a very few
instances, it was discovered that a cable was incorrectly tied to multiple train impacts
(such as both the “A” and “B” safety buses). Control wire diagrams (CWD) and expert
panels were consulted to verify the correct trains were associated with the cable. The
corrections were then made to the FPRA.

During the PRA RAI S07 response development a single operator action from the
Internal Events model (EHFMANTRNP) was identified that involved both MCR and
ex-control room actions, but inappropriately binned to only MCR actions in the Fire
PRA. This involved restoration following a failure of the automatic bus transfer (ABT)
device when transferring from onsite to offsite power. This action has been removed
from the Fire PRA model.

b) No known deviations from NUREG/CR-6850 or other approved methodologies exist.
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Attachment G. Recovery Actions Transition

Overview of Process

In accordance with the guidance provided in NEI 04-02, FAQ 07-0030, Revision 5, and
RG 1.205, the following methodology was used to determine recovery actions required for
compliance (i.e., determining the population of post-transition recovery actions). The
methodology consisted of the following steps:

o Step 1: Define the primary control station and determine which pre-transition OMAs are
taken at primary control station (Activities that occur in the Main Control Room are not
considered pre-transition OMAs). Activities that take place at the PCS or in the Main
Control Room are not recovery actions, by definition.

o Step 2: Determine the population of recovery actions that are required to resolve
VFDRs (to meet the risk acceptance criteria or maintain a sufficient level of defense-in-
depth).

o Step 3: Evaluate the additional risk presented by the use of recovery actions required to
demonstrate the availability of a success path
o Step 4: Evaluate the feasibility of the recovery actions

o Step 5: Evaluate the reliability of the recovery actions
An overview of these steps and the results of their implementation are provided below.

Step 1: Clearly define the PCS and determine which pre-transition OMAs are taken at PCS
(Activities that occur in the Main Control Room are not considered pre-transition
OMAs). Activities that take place at PCS or in the Main Control Room are not
recovery actions, by definition.

Results of Step 1:
For a fire in the Control Room, the PCS is defined as follows:

o Remote Shutdown Panel Room, LCP-43 (located in Fire Area RAB 9). This is the Remote
Shutdown Panel and Fire Area located on the +21.00 elevation adjacent to the switchgear
and battery rooms.

e Actions necessary to activate, turn on, power up, prevent spurious operation, transfer
control or indication or otherwise enable the PCS (LCP-43) and make it capable of fulfilling
its intended function following a fire include:

o Operation of transfer switches

The actions taken in the process of abandoning a control room and transferring to a PCS do not
meet the definition of a recovery action subject to the conditions above since they are also
considered as taking place at the PCS. These actions are part of the PCS so the additional risk
of their use does not need to be evaluated to demonstrate compliance with NFPA 805 Section
4.2.4. Activities at the PCS, including transition activities, are also compliant with NFPA 805
Section 4.2.3.1.

G-2



Table G-1, “Recovery Actions and Activities Occurring at the Primary Control Station,” identifies
the recovery actions being transitioned and activities necessary to enable the PCS and to
maintain the plant in a hot standby (safe and stable) condition. These actions are labeled as RA
and PCS in the RA/PCS column.

Step 2: Determine the population of recovery actions that are required to resolve VFDRs (to
meet the risk acceptance criteria or maintain a sufficient level of defense-in-depth).

Results of Step 2:

The Waterford 3 recovery actions to be transitioned for NFPA 805 are provided in Table G-1.
The results in Table G-1 identify four recovery actions (based on fire risk evaluation results from
Fire Areas RAB 1, RAB 7, RAB 8 and TGB) necessary to meet the risk acceptance criteria. No
actions are being transitioned solely for defense-in-depth.

Step 3: Evaluate the additional risk presented by the use of recovery actions required to
demonstrate the availability of a success path.

Results of Step 3:

The set of recovery actions that are necessary to demonstrate the availability of a success path
for the nuclear safety performance criteria (See Table G-1) were evaluated for additional risk
using the process described in NEI 04-02, FAQ 07-0030, and RG 1.205 and compared against
the guidelines of RG 1.174 and RG 1.205. The additional risk is provided in Attachment W.

All of the operator manual actions and recovery actions were reviewed for adverse impact.
None of the actions were found to have an adverse impact on the Fire PRA.

Step 4: Evaluate the feasibility of the recovery actions

Results of Step 4:

The Operator Manual Actions, which have been transitioned to Recovery Actions as listed in
Table G-1, were assessed for feasibility utilizing Recovery Action Feasibility and Reliability
Review, WF3-FP-13-00003, Revision 0 .

The feasibility approach taken in WF3-FP-13-00003 is consistent with that provided in FAQ 07-
0030, Revision 5. However, training processes will be updated to include the use of drills
associated with recovery actions. (See Attachment S)

Step 5: Evaluate the reliability of Recovery Actions

Results of Step 5:

The reliability of recovery actions that were modeled specifically in the Fire PRA were
addressed using Fire PRA methods.

The potential risk of the recovery action is bounded by the delta risk of the FRE. For the
bounding reliability treatment see results in Attachment W.
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Attachment J — Fire Modeling V&V

Fire Modeling V&V
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Entergy Attachment J - Fire Modeling V&V

Plant specific fire modeling at WF3 in support of the Fire PRA consists of the following:
e The MCR abandonment calculation,
e Multi-compartment scenarios,
e Generic fire modeling treatments used as applicable to develop ZOls, and
e Plant-specific detailed fire modeling of various scenarios.
Each area of fire modeling is briefly described below.

Main Control Room Abandonment

The goal of the MCR abandonment report is to compute the time operators would
abandon the MCR using the NUREG/CR-6850 abandonment criteria. All calculations
are performed using the two zone Consolidated Model of Fire Growth and Smoke
Transport (CFAST) tool.

Generic Fire Modeling Treatments

Generic fire modeling treatments are used to establish ZOls for specific classes of
ignition sources and primarily serve as a screening calculation under NUREG/CR-6850,
Sections 8 and 11. The generic fire modeling treatments are based on a collection of
empirical and algebraic models and correlations performed using the first-order
calculational methods of the Fire Dynamics Tools (FDTs) fire modeling tools.

Plant-Specific Fire Modeling Treatments

Plant-specific detailed fire modeling treatments are used to refine ZOI impacts for
specific classes of ignition sources as well as to define the ZOI impacts for select PAUs
in the fire PRA. This work also comes from NUREG/CR-6850, Section 11. The detailed
fire modeling treatments are based on a collection of empirical and algebraic models
and correlations performed using the first-order calculational methods of the FDTs fire
modeling tools. Note that in addition to the tools and methods listed in the plant-specific
fire modeling treatments discussed in Table J-3, the generic fire modeling treatments
listed in Table J-2 are also applicable to the plant-specific fire modeling treatments. The
generic treatments are not repeated in the plant-specific treatments.

Multi-Compartment Scenarios

The goal of the multi-compartment scenario report is to determine potential effects in
adjacent plant locations to the various postulated fire sources. For retained multi-
compartment scenarios, the ZOI of the ignition source is taken from the generic fire
modeling or plant specific fire modeling as appropriate, with hot gas layer impacts being
determined for the specific multi-compartment scenario. All hot gas layer temperature
calculations are performed using the first-order calculational methods of the FDTs fire
modeling tools or the CFAST tool.

See Tables J-1 through J-4 for more details of each fire modeling activity’s V&V basis.

Waterford 3 J-2
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Attachment S — Plant Modifications and Implementation Items
(with Completion Status)



Entergy Attachment S — Plant Modifications and Items to be Completed

Table S-1 identifies plant modifications to be completed and includes a description of
the modifications along with the following information:

A problem statement

Risk ranking of the modification

An indication if the modification is currently included in the Fire PRA
Compensatory Measure in place, and

A risk-informed characterization of the modification and compensatory
measure

The following Legend should be used when reviewing the table:

e High = Modification would have an appreciable impact on reducing overall fire
CDF.

e Med = Modification would have a measurable impact on reducing overall fire
CDF.

e Low = Modification would have either an insignificant or no impact on reducing
overall fire CDF.

Waterford 3 S-2
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