
Enclosure 1 to Serial: NPD-NRC-2015-014
Page 1 of 12

Levy Nuclear Plant Units I and 2 (LNP)
Response to NRC Request for Additional Information Letter No. 121

Question 06.04-2 (eRAI 7661), dated September 24, 2014

NRC RAI #

06.04-2

Duke Ener-gy RAI # Duke Energy Response

L-1 114 Response enclosed - see following pages



Enclosure 1 to Serial: NPD-NRC-2015-014
Page 2 of 12

NRC Letter No.: LNP-RAI-LTR-121

NRC Letter Date: September 24, 2014

NRC Review of Final Safety Analysis Report

NRC RAI NUMBER: 06.04-2

Text of NRC RAI:

1. At a meeting with the NRC staff on July 23, 2014 (See ADAMS Accession Nos.
ML14220A1 10, ML14220A1 11, ML14220A1 13), Westinghouse Electric Company presented
some self-identified discrepancies in underlying calculations supporting the AP1000 DCD,
Rev. 19, design basis accident main control room (MCR) habitability dose analyses.
Westinghouse identified the need to update the analyses in order to show compliance with
GDC-19 because

the analyses did not account for the MCR emergency ventilation system (VES)
filter direct dose in the control room,
the control room ventilation system actuation setpoints did not account for all
design basis accident (DBA) release scenarios, and
the MCR dose contribution from direct radiation and skyshine used
methodology that is not up-to-date.

10 CFR Part 50, Appendix A, "General Design Criteria;" 10 CFR 52.63, "Finality of standard
design certifications;" and 52.97, "Issuance of Combined Licenses" provide the regulatory basis
for the following questions. GDC-1 9 sets out criteria for maintaining a control room to safely
operate the plant in normal and accident conditions. Subsection 52.63(a)(1)(4) applies because
additional information is needed to ensure that a plant referencing the DCD complies with GDC-
19. Subsection 52.97(a)(1) applies because the Commission must have sufficient information to
find that all NRC regulations have been met.

la. Provide a site-specific departure from the DCD that includes control room dose analyses
for all DBAs that account for the previously unanalyzed VES filter direct dose contribution to
the MCR dose.

lb. Are the radiation monitor setpoints incorporated by reference from DCD Rev. 19 set such
that GDC-19 is met for all DBAs for the COL? If not, propose a resolution to the issue.
Describe how you determined the answer to this question.

1c. Do you propose to make site-specific revisions to the direct radiation and skyshine dose
calculations to use a more detailed analysis methodology as proposed by Westinghouse?
Would such revised calculations be necessary to show compliance with GDC-19 for the
COL?

2. At the July 23, 2014 meeting, Westinghouse also proposed related changes to the plant
design information to add shielding for the main control room filters, increase the VES filter
efficiency for organic iodine to 90 percent, and revise the VES and the Nuclear Island
Nonradioactive Ventilation System (VBS) actuation radiation monitor setpoints.
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In your COL application, do you propose to also make the design changes proposed by
Westinghouse, or any other changes related to the Westinghouse self-identified
discrepancies in the MCR dose analyses? Are any of these design changes required for
the COL in order to show compliance with GDC-1 9?

Duke RAI ID# L-1 114

DEF Response to NRC RAI:

Initially, DEF intended to ensure conformance with GDC-19 requirements using site-specific
data contained in FSAR Table 2.0-202 of the LNP COLA. DEF subsequently determined that a
more comprehensive change is required to correct the errors in the certified design and that the
design change being developed by Westinghouse must be fully implemented. Revised
calculations that are required to support this change have been completed. Main control room
(MCR) dose calculations for large break loss-of-coolant accident (LOCA), main steam line break
(MSLB), fuel handling accident, rod ejection accident, locked rotor accident, small line break
outside containment and steam generator tube rupture (SGTR) design basis accident analyses
have been completed and are reported in this submittal. In additionthe contribution from spent
fuel pool boiling has been revised. The LNP COL application will incorporate the AP1000
generic design changes issued to address the discrepancies in the underlying calculations
supporting the AP1000 DCD, Rev. 19, design basis accident MCR habitability dose analyses.

la - The exemption required to support the proposed design changes is provided in
Enclosure 2. Changes to incorporate the departures associated with all DBAs are provided in
Enclosure 4.

1 b -To ensure that GDC-1 9 is met for all design basis accidents, site-specific revisions to the
radiation monitor setpoints will be included in the LNP COL application. These revised setpoints
for MCR emergency habitability system (VES) actuation will be based upon concentrations for
any particular monitoring channel (particulate or iodine) not exceeding an operator dose of 1
rem - regardless of release or accident scenario. This methodology will allow for airborne
radioactivity in the control room to reach concentrations in each of the three channels at the
setpoint and maintain compliance with GDC-19.

1c - Site-specific revisions for direct radiation and skyshine dose will be included in the LNP
COL application. These revisions include updated direct radiation and skyshine dose
calculations to account for MCR penetrations shielding differences between the AP1000 and
AP600 designs. Accounting for the updated direct radiation and skyshine dose maintains
compliance with GDC-1 9.

2 - A summary of site-specific revisions to fully address the errors identified in the certified
design is provided below. The changes to the VES filter design, the initial conditions assumed
for the MSLB, and the Technical Specification change to limit allowed secondary iodine activity
are required to ensure compliance with GDC-19.
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Summary of design changes
If high levels of particulate or iodine radioactivity are detected in the main control room supply
air duct that could lead to exceeding General Design Criterion (GDC) 19 operator dose limits (5
rem), the protection and safety monitoring system (PMS) automatically actuates the VES to
ensure compliance. The VES design includes a passive filtration feature consisting of a HEPA
filter in series with a charcoal adsorber and a postfilter which work to remove particulate and
iodine from the air to reduce potential control room dose during VES operation.

Scope/Extent of Departure:

During AP1 000 design finalization, a number of issues were identified challenging the ability of
the certified design to limit operator dose to less than 5 rem. In order to address these issues,
site-specific revisions to the AP1000 design and associated dose consequence analyses
presented in DCD Revision 19 are made to ensure that operator dose following a DBA is
maintained below the 5 rem GDC limit for the duration of the event. Some design changes
apply to all MCR design basis accidents and ventilation system alignments evaluated in DCD
Section 6.4, while others are design basis accident specific.

A. Chanaqes Impacting All MCR Design Basis Events

AP1 000 generic changes impacting all MCR operator dose evaluations presented in DCD
Section 6.4 and Chapter 15 required to address MCR dose analysis errors include:

1. Radiation contributions from HVAC filters were not considered in MCR
dose calculation results reported in DCD Revision 19 Section 6.4.
Regulatory Guide 1.183 indicates that these contributions should be
considered in plant design. The radiological dose analyses are therefore
revised to include direct radiation contributions from radioactive material
postulated to accumulate on filters in the VES and VBS HVAC systems
during design basis events.

2. In order to reduce the MCR operator direct radiation dose contribution
from radioactive material postulated to accumulate on VES filter media
during design basis events, shielding is added around the filters and is
accounted for in the revised radiation analysis model. Consequence
analyses considering filter contributions assume that control room
occupants are located below these filters, using the defined occupancy
factors (DCD Revision 19, Table 15.6.5-2, sheet 2 of 3).

3. In order to partially offset increases in calculated MCR operator dose
due to consideration of direct radiation from VES filter media and other
corrections identified in this response, the VES filter efficiency for organic
iodine is increased from 30% to 90% (DCD Revision 19 Table 15.6.5-2,
sheet 2 of 3). DCD Revision 19 post accident dose analyses applied an
organic iodine filter efficiency of 30% to VES filtration units based on
Regulatory Guide 1.52 Revision 2 and a conservative assumption that
relative humidity within the MCR could exceed 95% following an accident.
As part of AP1000 detailed design, environmental conditions have been
evaluated to show that the humidity within the MCR is not expected to
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exceed 95%. Further, humidity is not expected to exceed 60% within the
first 72 hours of an event, the time frame during which the filter would be
operating, or exceed 95% at any time post accident. Thus, the higher
filter efficiency can be credited in the MCR dose analyses consistent with
Regulatory Guide 1.52 Revision 2. Additionally, it is noted that the
analyses model an "overall" efficiency for each chemical form being
filtered (elemental, organic, particulate). This overall efficiency accounts
for filter media sizing (e.g. charcoal bed depth) and the potential for
bypass around the filter.

4. During AP1000 detailed design and re-evaluation of MCR doses to
include consideration of HVAC filter contributions (Item A.1 .), it was
determined that the VBS radiation monitor setpoints applied in MCR dose
calculations supporting DCD Revision 19 were not selected in a manner
that a) ensures compliance with the GDC-19 for all postulated accident
conditions including Design Basis Accidents (DBAs) evaluated in DCD
Revision 19 Chapter 15, or b) fully supports the AP1000 design objective
to use VBS supplemental filtration mode (SFM) when available rather
than VES actuation to provide the MCR radiological protection function.

For postulated accident conditions involving a reduced source term or
release rate other than evaluated for DBAs as part of the certified design,
there may not be sufficient radioactivity within the MCR Envelope to
prompt actuation of VES, and yet, enough radioactivity could exist that
would lead to operator doses in excess of 5 rem without manual
actuation. The radiation monitor setpoint values are therefore updated to
ensure VBS or VES filtration mode actuation occurs for any radiological
release event that could result in MCR operator doses in excess of GDC-
19.

One of the fundamental objectives of VBS as described in DCD Revision
19 Section 9.4.1 is to "... minimize the potential for actuation of the main
control room emergency habitability system...". This change uses a non-
safety High-1 signal to actuate VBS SFM and the existing safety-related
signal (High-2) to actuate VES in a manner that ensures High-2 would
only be reached if VBS SFM was not functioning properly or is
insufficient. This change also addresses release scenarios where high
concentrations of particulates or iodine may exist with low levels of noble
gas. If such a release occurred without this VBS setpoint logic change,
direct VES actuation could be induced without the opportunity for VBS
SFM to be actuated.

B. Large Break Loss of Coolant Accident (LOCA) Dose Consequence Changes

AP 1000 generic changes impacting the LOCA MCR operator dose evaluations presented in
DCD Sections 6.4 and 15.6.5 required to address MCR dose analysis errors include:

1. Dose contributions from adjacent structure direct and skyshine
radiation included MCR operator dose results for LOCA as reported in
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DCD Revision 19 are based upon AP600 post-accident dose calculations
and assume the presence of shielding that was not included in the
AP1000 design. Post-accident radiological dose calculations are
therefore changed to use updated AP1000 detailed design inputs and
analyses for skyshine and direct radiation. The added dose incurred by
this change is partially offset by other proposed changes.

2. In order to partially offset increases in calculated MCR operator dose
due to consideration of direct radiation from VES filter media and other
corrections identified in this response, changes are made to the
containment elemental iodine removal coefficient and re-suspension
models supporting the DCD Revision 19 LOCA dose analysis.

Changes are made to the IRWST iodine re-evolution model. The changes
involve a) the water/vapor partition factor modeled for elemental iodine
and b) the timing associated with the conversion of elemental iodine to
organic iodine and its availability for release. These refinements and
modeling changes define the production of organic iodine based on re-
evolved elemental iodine.

The iodine source term applied in the LOCA dose analysis supporting
DCD Revision 19 is based upon the NUREG-1465 source term described
in Regulatory Guide 1.183. The analysis models a staged release of core
activity (i.e. gap release and early in-vessel) to the containment
atmosphere over the first -2 hours following the start of the event. The
chemical form of iodine released is assumed to be 95% particulate,
4.85% elemental, and 0.15% organic, consistent with Regulatory Guide
1.183. Particulate removal via passive processes (i.e. diffusiophoresis,
thermophoresis, and sedimentation) and elemental iodine removal via
deposition are modeled. Organic iodine removal via processes other than
decay or leakage from containment is not modeled.

Particulates removed to the containment shell are assumed to be washed
off the shell by the flow of water resulting from condensing steam (i.e.
condensate flow). The particulates may be either washed into the sump,
which is controlled to a pH >7 post-accident or into the IRWST, which is
not pH controlled post-accident. Due to the assumed conditions in the
IRWST, the particulate iodine washed into the IRWST may chemically
convert to an elemental form and re-evolve, subject to partitioning, as
airborne. A portion (3%) of that airborne elemental iodine is then
assumed to convert to an organic form. This is consistent with elemental
organic split assumed for the initial release from the core (4.85/0.15 =
97/3) and is consistent the Regulatory Guide 1.183 guidance for other
events.

The calculational approach to account for the iodine that is assumed to
re-evolve from the IRWST post-LOCA is overly conservative in the
certified design analysis. The certified design analysis applies a water-
steam partition factor of 5 for elemental iodine and neglects the time
dependent formation of organic iodine from elemental iodine; the organic
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iodine that would be formed over time is assumed to be present at time
zero.

NUREG-1465 states that "It is unduly conservative to assume that
organic iodine is not removed at all from containment atmosphere, once
generated, since such an assumption can result in an overestimate of the
long-term doses to the thyroid." The revised analysis approach applies a
conservative water/vapor elemental iodine partition factor of 10, selected
to conservatively bound the time-dependent partition factors calculated
using the NUREG/CR-5950 models and IRWST temperature and pH as a
function of time. Additionally, the conversion of elemental iodine to
organic iodine is modeled on a time-dependent basis in which 3% of the
evolved elemental iodine is assumed to convert to an organic form upon
its release to containment. It is noted that this does not impact the
percentage of iodine assumed to convert to the organic form.

The passive containment elemental iodine deposition removal
coefficient is also increased from the 1.7 hr-1 value applied in DCD
Revision 19 LOCA dose calculations to 1.9 hr'. The larger elemental
iodine removal rate constant is calculated based on a larger
containment deposition surface area documented during the AP1000
detailed design. The DCD Revision 19 elemental iodine removal rate
constant was based on an assumed 219,000 ft2 deposition surface
area. Updated detailed design calculations have documented a
251,000 ft2 deposition surface area.

C. Main Steam Line Break (MSLB) Dose Consequence Changes

AP1000 generic changes impacting the MSLB MCR operator dose evaluations presented in
DCD Sections 6.4 and 15.1.5 required to address MCR dose analysis errors include:

1. The AP1000 steam line break accident analysis described in DCD
Revision 19 assumes a 10 minute faulted steam generator (SG)
blowdown based on a Hot Zero Power (HZP) SG mass released at an
average rate. This HZP case is conservative for offsite dose. It was
determined, however, that a full power SG mass could lead to SG dry-out
occurring at -200 seconds. Earlier dry-out is more limiting for the
purposes of operator post-accident dose calculations. To ensure a
conservative dose for both offsite and MCR, the HZP initial mass was
retained, a bounding release rate was modeled until 300 seconds, and
any remaining activity was released thereafter.

2. In order to offset increases in calculated MCR operator dose for MSLB
due to consideration of a bounding release rate and other corrections
identified in this response, the Technical Specification limit for secondary
iodine activity is reduced from 0.1 to 0.01 microcurie/gram dose
equivalent (DE) 1-131 (Limiting Condition for Operation (LCO) 3.7.4).

The current Technical Specification (TS) limit for secondary iodine activity
is 0.1 pCi/g dose equivalent (DE) 1-131 (LCO 3.7.4). This is a standard
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value, however the TS bases refer to the steam line break analysis; in
other words, the steam line break analysis defines the level of secondary
activity that is acceptable. The maximum secondary activity is also
limited by other TS limits. Specifically, the primary coolant specific
activity concentration limit of 1 pCi/g DE 1-131 (based on the design basis
fuel defect of 0.25%) and the TS primary to secondary leakage limit of
300 gallons per day.

Using these values, the secondary side coolant activity is calculated to be
8.3E-4 pCi/g DE 1-131, which is orders of magnitude below the current TS
limit. The TS limit for secondary iodine activity is therefore revised from
0.1 pCi/g DE 1-131 to 0.01 pCi/g DE 1-131. The change does not impact
the operational margin, as the secondary side specific activity is limited to
values lower than the new proposed TS limit by the TS primary to
secondary leakage limit and the design basis fuel defect. The revised
value of 0.01 pCi/g DE 1-131 is within the detection capability of existing
instrumentation and is significantly above the typical secondary coolant
activities observed at operating plants. No additional sampling or
modifications to the frequency of LCO 3.7.4 are needed.

D. Rod Eiection Accident (REA) Dose Consequence Changes

AP1000 generic changes impacting the REA MCR operator dose evaluations presented in DCD
Sections 6.4 and 15.4.8 required to address MCR dose analysis errors include:

1. The method for performing.the REA dose analysis has changed from
that applied in DCD Revision 19. As stated in NUREG-1 793, the NRC
accepted the use of NUREG-0800 Section 4.2 Revision 2 for design
certification of the APIGOO plant. However, in NUREG-1793 Supplement
2 it is stated that:

"For COL applicants or licensees who reference the API 000 or
AP600 certified designs, the staff will review any change or
departure from the certified design that requires prior NRC
approval as specified in Section VIII of Appendices C and D to 10
CFR Part 52, respectively.

The staff will evaluate the reactivity-initiated accidents such as rod
ejection accidents based on the acceptance criteria in effect 6
months before docketing the amendment request, such as the
interim acceptance criteria specified in Appendix B to NUREG-
0800 Section 4.2, Revision 3, if a change or departure in fuel
design or other aspects is proposed that requires a reevaluation of
final safety evaluation report Chapter 4, "Reactor," or Chapter 15,
"Transient and Accident Analysis."

Due to the need to incorporate other design changes in the REA MCR
operator dose calculations, NUREG-0800 Section 4.2 Revision 3 is used
for recalculation of the rod ejection dose analysis, which results in a
significant impact to the rod ejection dose analysis. NUREG-0800
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Section 4.2 Revision 3 precludes fuel melt, providing a dose benefit, but
also connects the source term to the fuel enthalpy increase, which is a
significant dose penalty. The dominant contributor to the increased dose
is the increase by a factor of more than 5 in alkali metal releases.

2. The full-power moisture carryover from the steam generators used in
the AP1000 REA dose analysis was increased from 0.1% to 0.35%. This
input is used to calculate alkali metal releases from the SGs in the
AP1 000 REA dose analysis. This input was updated to be consistent with
the updated AP1000 plant design.

3. The REA dose analysis results are updated to account for a reduction
in the Technical Specification limit for secondary iodine activity from 0.1 to
0.01 microcurie/gram dose equivalent (DE) 1-131 as described for the
updated MSLB analysis in Item C.2., above.

4. The radial peaking factor has been adjusted to a value of 1.75 to
account for the advanced first core design. For parameters where the
advanced first core design value has been used, the advanced first core
design value provides a more conservative input than the DCD Revsion
19 value.

5. The passive containment elemental iodine deposition removal
coefficient is also increased from the 1.7 hr 1 value applied in DCD
Revision 19 LOCA dose calculations to 1.9 hr1. The larger elemental
iodine removal rate constant is calculated based on a larger
containment deposition surface area documented during the AP1000
detailed design. The DCD Revision 19 elemental iodine removal rate
constant was based on an assumed 219,000 ft deposition surface
area. Update detailed design calculations have documented a
251,000 ft2 deposition surface area.

E. Steam Generator Tube Rupture (SGTR) Dose Consequence Changes

AP1000 generic changes impacting the SGTR MCR operator dose evaluations presented in
DCD Sections 6.4 and 15.6.3 required to address MCR dose analysis errors include:

1. The full-power moisture carryover from the intact steam generator used
in the AP1000 SGTR dose analysis was increased from 0.1% to 0.35%.
This input is used to calculate alkali metal releases from non-faulted SG
in the AP1000 SGTR dose analysis. This input was updated to be
consistent with the updated AP1000 plant design.

2. The full-power moisture carryover from the ruptured loop steam
generator used in the AP1000 SGTR dose analysis was increased from
0.1% to 0.35%. This input is used to calculate alkali metal releases from
the faulted SG in the AP1000 SGTR dose analysis. This input was
updated to be consistent with the updated AP1 000 plant design.
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3. The SGTR results are updated to account for a reduction in the
Technical Specification limit for secondary iodine activity from 0.1 to 0.01
microcurie/gram dose equivalent (DE) 1-131 as described for the updated
MSLB analysis in Item C.2., above.

F. Locked Rotor Accident Dose Consequence Changes

AP1000 generic changes impacting the locked rotor MCR operator dose evaluations presented
in DCD Sections 6.4 and 15.3.3 required to address MCR dose analysis errors include:

1. The full-power moisture carryover from the steam generators used in
the AP1000 locked rotor dose analysis was increased from 0.1% to
0.35%. This input was updated to be consistent with the updated AP1000
plant design.

2. The locked rotor results are updated to account for a reduction in the
Technical Specification limit for secondary iodine activity from 0.1 to 0.01
microcurie/gram dose equivalent (DE) 1-131 as described for the updated
MSLB analysis in Item C.2., above.

3. The radial peaking factor has been adjusted to a value of 1.75 to
account for the advanced first core design. For parameters where the
advanced first core design value has been used, the advanced first core
design value provides a more conservative input than the DCD Revsion
19 value.

G. Small Line Break Outside Containment Dose Consequence Changes

AP1000 generic changes impacting the small line break outside containment MCR operator
dose evaluations presented in DCD Sections 6.4 and 15.6.2 required to address MCR dose
analysis errors include:

1. The fraction of reactor coolant flashed was increased from the value used in DCD
Revision 19 supporting calculations of 0.41 to 0.47 based on the updated detailed
design. The certified design analysis used vessel average temperature (Tavg) as the
basis for the flashing fraction. It was determined that the sample lines draw from the hot
leg, thus, a hot leg temperature (which is greater than Tavg) was used.

H. Fuel Handlinq Accident (FHA) Dose Consequence Changes

AP1000 generic changes impacting the FHA MCR operator dose evaluations presented in DCD
Sections 6.4 and 15.7.4 required to address MCR dose analysis errors include:

1. The radial peaking factor has been adjusted to a value of 1.75 to
account for the advanced first core design. For parameters where the
advanced first core design value has been used, the advanced first core
design value provides a more conservative input than the DCD Revsion
19 value.

2. No unique accident specific changes.
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In addition to the required changes summarized above, other generic changes associated with
AP1000 detailed design are incorporated in revised MCR dose calculations. These include:

a) The MCR pressure boundary consists of the main control area,
operator work area, mezzanine, operator break room, shift manager's
office, kitchen area, and restrooms. The vestibule to enter the MCR and
stairwell to the remote shutdown room is outside of the MCR pressure
boundary. The MCR and MCR HVAC volumes are recalculated based on
updated detailed design data, and are used as input to revised post-
accident operator dose analyses.

b) The VBS normal operation to VBS SFM switchover time and the
response time to actuate VES used in DCD Revision 19 supporting
analyses have been determined to be non-bounding. The certifieddesign
analyses used assumed/expected values that were ultimately not
supportable by the updated detailed design. System-level requirements
are developed for switch over and response times; these system-level
requirements account for sample transport time, radiation detector
response time, I&C response times, and VBSNES equipment actuations
(e.g. valves, dampers, etc.). The dose analyses for cases considering
VBS SFM are revised to include a longer delay time between the point
when airborne radioactivity in the control room reaches the High-1
setpoint concentration and when the VBS SFM is operational. The dose
analyses for cases considering VES are revised to include a longer
response time between the point when the High-2 setpoint is reached and
when the VES is operational.

c) DCD Revision 19 post accident dose calculations model a normal VBS
inflow rate of 1925 cfm until MCR isolation. This is the path for the
released activity to enter the MCR. This value is based on an assumed
preliminary design value of 1750 cfm and adding a 10% penalty to
account for instrumentation uncertainty. A VBS outside air intake flow
rate calculated as part of detailed design indicates a nominal outside air
flow rate of 1320 cfm. The normal VBS outside air flow rate assumption
used in the accident operator dose calculations is therefore decreased
accordingly. It is noted that during plant start-up, the HVAC system is
balanced and dampers that have specific criteria under certain modes of
operation are adjusted to have a preset position which can then be
controlled from the MCR. To address a potential inaccuracy of the
damper positioning, a nominal value of 1500 cfm is established for the
normal VBS outside air flow rate. For dose analyses, the assumed
normal VBS outside air flow rate will therefore be 1650 cfm, which
corresponds to 1500 cfm +10%.

d) The VBS ancillary fan MCR air intake flow rate is also increased to
1900 cfm. The previous assumption of 1700 cfm had been specified as a
minimum as part of the detailed design. For conservatism, the 1700 cfm
was increased by 10% and rounded up to 1900 cfm.
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Although these changes are considered as part of the updated MCR dose calculations, they are
being implemented as general detailed design updates and are not specifically implemented to
offset impacts of errors otherwise being addressed as part of this RAI response.

References:

None

Associated LNP COL Application Revisions:

See Enclosure 4
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1.0 Summary Description

General Design Criteria 19 requires that operator dose be limited to less than 5 rem
following a design basis accident (DBA). The AP1000 main control room (MCR) and
operator habitability requirements are met by the non-safety, nuclear island nonradioactive
ventilation system (VBS) and the main control room emergency habitability system (VES).

When a source of AC power is available, the VBS provides HVAC service to the MCR. If
radioactivity is detected in the MCR supply air duct and the VBS is operable, VBS enters
supplemental filtration mode (SFM), during which two supplemental air filtration units
automatically start to pressurize the MCR using filtered makeup air. If AC power is
unavailable for more than 10 minutes or if a "High-2" MCR radiation signal is received, the
MCR is isolated from the VBS and the VES is actuated. Operator habitability requirements
are then met by the VES air storage tanks, which are sized to deliver the required air flow to
the MCR for 72 hours.

As included in DCD Subsection 6.4.3.2, the major functions of the VES are:
• To provide forced ventilation to deliver an adequate supply of breathable air for the main

control room envelope (MCRE) occupants.
" To provide forced ventilation to maintain the MCRE at a 1/8 inch water gauge positive

pressure with respect to the surrounding areas.
• Provide passive filtration to filter contaminated air in the MCRE.
* Limit the temperature increase of the MCRE equipment and facilities that must remain

functional during an accident, via the heat absorption by passive heat sinks.

The Chapter 15 post-accident dose analyses assume that the VBS is initially in operation,
but fails to enter the SFM on a high radioactivity indication in the MCR atmosphere. VES
operation is then assumed to be initiated once the High-2 level for control room activity is
reached.

Doses are also calculated assuming that the VBS does operate in the SFM as designed, but
with no switchover to VES operation. This VBS operating case demonstrates the defense-
in-depth that is provided by the system and also shows that, in the event of an accident with
realistic assumptions, the VBS is adequate to protect the MCR operators without relying on
VES operation. Doses are determined for the following design basis accidents:

1. Large Break LOCA
2. Fuel Handling Accident
3. Steam Generator Tube Rupture
4. Main Steam Line Break
5. Rod Ejection Accident
6. Locked Rotor Accident
7. Small Line Break Outside Containment

For all events, operator doses shall be within the 5 rem acceptance limit of General Design
Criteria (GDC) 19. As part of design finalization, however, a number of issues were
identified that challenge the ability of the certified design to satisfy GDC-19.

Changes requiring an exemption are a reduction in the allowable secondary coolant iodine
activity to meet GDC-19 requirements for the Main Steam Line break accident and revision
of the design description of the Nuclear Island Nonradioactive Ventilation System to reflect
the correct name of the actuation signal (High-2) for isolating the main control room
penetrations.
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2.0 Description of Licensing Basis Impacts

Tier 1 Changes

The design description of the Nuclear Island Nonradioactive Ventilation System in Tier 1
Subsection 2.7.1 is revised to reflect the correct name of the actuation signal (High-2) for
isolating the main control room penetrations. This signal isolates the HVAC penetration
using the VBS and an additional penetration using the Sanitary Drainage System (SDS).
DCD Tier I information is impacted by changing the name of the VES actuation signal (from
High-High to High-2) for isolating the main control room penetrations in Subsection 2.7.1.
The Tier 1 actuation name change is required to ensure consistency with Tier 2 design
descriptions.

Technical Specification ChanQes

The Technical Specification (TS) and TS Bases will be updated to lower the allowable
specific activity of the secondary coolant. TS 3.7.4 Limiting Condition for Operation (LCO),
Surveillance Requirement (SR) 3.7.4.1, Bases Applicable Safety Analyses and LCO for B
3.7.4, and Bases Applicable Safety Analyses for B 3.4.10 are updated. The current
Technical Specification (TS) limit for secondary iodine activity is 0.1 pCi/g dose equivalent
(DE) 1-131 (LCO 3.7.4). This is a standard value; however, the TS bases refer to the steam
line break analysis; in other words, the steam line break analysis defines the level of
secondary activity that is acceptable. The maximum secondary activity is also limited by
other TS limits. Specifically, the primary coolant specific activity concentration limit of 1
pCi/g DE 1-131 is based on the design basis fuel defect of 0.25% and the TS primary to
secondary leakage limit of 300 gallons per day. The TS limit for secondary iodine activity is
therefore revised from 0.1 pCi/g DE 1-131 to 0.01 pCi/g DE 1-131.
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3.0 Technical Evaluation

General Design Criteria 19 requires limiting operator dose to less than 5 rem following
design basis accidents (DBAs). Changing the name of the actuation signal (High-2) for
isolating the main control room penetrations in the design description of the Nuclear Island
Nonradioactive Ventilation System is a conforming change to Tier 2 Chapter 7 actuation
setpoint naming convention. The design intent of the AP1000 is to only use VES when
absolutely necessary. Instead of immediately actuating VES, isolating the MCR, and
emptying the VES air storage tanks, the defense in depth VBS SFM is actuated first. If the
non-safety VBS SFM feature is unavailable or insufficient, only then would a High-2 signal
be reached and the VES actuated. This change also addresses release scenarios where
high concentrations of particulates or iodine may exist with low levels of noble gas. This
control logic leverages the defense in depth VBS SFM while at the same time ensuring
automatic actuation of VES, if necessary, to maintain compliance with GDC-1 9.

The current TS 3.7.4 limit for secondary iodine activitiy is 0.1 pC/g dose equivalent (DE) I-
131. This is the level of secondary activity that is acceptable as defined by the steam line
break analysis. The revised main steam line break analysis uses a secondary iodine activity
limit of 0.01 pCi/g DE 1-131. The revised TS limit for secondary iodine activity is acceptable
under normal plant operation because the realistic DE 1-131 value for secondary iodine
activity as presented in DCD Table 11.1-8 is orders of magnitude below the revised TS. The
revised DE 1-131 value is within the detection capability of existing instrumentation, and is
significantly above the secondary coolant iodine activities anticipated for AP1000.

4.0 Regulatory Evaluation

4.1 Exemption Justification

4.1.1 Pursuant to 10 CFR §52.63(b)(1), an exemption from elements of the design as
certified in the 10 CFR Part 52, Appendix D, design certification rule is requested
for a plant-specific Tier 1 departure from the API 000 DCD for Tier I information
and for a material departure from the generic TS. The Tier 1 departure is
contained in Tier 1 Subsection 2.7.1 and involves the revision of VES actuation
signal name. The departures also include a change to TS LCO 3.7.4 and TS SR
3.7.4.1 which involves lowering allowable secondary coolant iodine activity. This
exemption request is in accordance with the provisions of 10 CFR §50.12, 10
CFR §52.7, and 10 CFR Part 52, Appendix D, as demonstrated below.

Applicable Regulation(s): 10 CFR Part 52, Appendix D, Section III.B
Specific wording from which exemption is requested:

"Ill. Scope and Contents

B. An applicant or licensee referencing this appendix, in accordance with
Section IV of this appendix, shall incorporate by reference and comply with
the requirements of this appendix, including Tier 1, Tier 2 (including the
investment protection short-term availability controls in Section 16.3 of the
DCD), and the generic TS except as otherwise provided in this appendix.
Conceptual design information in the generic DCD and the evaluation of
severe accident mitigation design alternatives in appendix 1 B of the generic
DCD are not part of this appendix."
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4.1.2 DEF evaluated this exemption request in accordance with 10 CFR Part 52,
Appendix D, Section VIII.A.4, 10 CFR §50.12, 10 CFR §52.7 and 10 CFR
§52.63, which state that the NRC may grant exemptions from the requirements of
the regulations provided the following six conditions are met: 1) the exemption is
authorized by law [§50.12(a)(1)]; 2) the exemption will not present an undue risk
to the health and safety of the public [§50.12(a)(1)]; 3) the exemption is
consistent with the common defense and security [§50.12(a)(1)]; 4) special
circumstances are present [§50.12(a)(2)]; 5) the special circumstances outweigh
any decrease in safety that may result from the reduction in standardization
caused by the exemption [§52.63(b)(1)]; and 6) the design change will not result
in a significant decrease in the level of safety [Part 52, Appendix D, VIII.A.4].
The requested exemption satisfies the criteria for granting specific exemptions,
as described below.

1. This exemption is authorized by law

The NRC has authority under 10 CFR §§ 50.12, 52.7, and 52.63 to grant
exemptions from the requirements of NRC regulations. Specifically, 10 CFR
§§50.12 and 52.7 state that the NRC may grant exemptions from the
requirements of 10 CFR Part 52 upon a proper showing. No law exists that
would preclude the changes covered by this exemption request. Additionally,
granting of the proposed exemption does not result in a violation of the Atomic
Energy Act of 1954, as amended, or the Commission's regulations.

Accordingly, this requested exemption is "authorized by law," as required by 10
CFR §50.12(a)(1).

2. This exemption will not present an undue risk to the health and safety
of the public

The proposed exemption from the requirements of 10 CFR 52, Appendix D,
Section lll.B would allow changes to elements of the plant-specific Tier 1 DCD to
depart from the AP1000 certified (Tier 1) design information and a change to a
TS LCO and SR to depart from the AP1000 certified (Tier 2) information. The
plant-specific Tier 1 DCD will continue to reflect the approved licensing basis for
the applicant, and will maintain a consistent level of detail with that which is
currently provided elsewhere in Tier 1 of the plant-specific DCD. Because the
change ensures the Nuclear Island Nonradioactive Ventilation System will
achieve its design functions, the changed design will ensure the protection of the
health and safety of the public. Therefore, no adverse safety impact which would
present any additional risk to the health and safety is present.

Therefore, the requested exemption from 10 CFR 52, Appendix D, Section III.B
would not present an undue risk to the health and safety of the public.

3. The exemption is consistent with the common defense and security

The exemption from the requirements of 10 CFR 52, Appendix D, Section 111.B
would change elements of the plant-specific Tier 1 DCD by departing from the
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AP1000 certified (Tier 1) design information relating to the Nuclear Island
Nonradioactive Ventilation System and departing from the generic TS to lower
the allowable secondary iodine activity. The exemption does not alter the design,
function, or operation of any structures or plant equipment that are necessary to
maintain a secure status of the plant. The proposed exemption has no impact on
plant security or safeguards procedures.

Therefore, the requested exemption is consistent with the common defense and

security.

4. Special circumstances are present

10 CFR §50.12(a)(2) lists six "special circumstances" for which an exemption
may be granted. Pursuant to the regulation, it is necessary for one of these
special circumstances to be present in order for the NRC to consider granting an
exemption request. The requested exemption meets the special circumstances
of 10 CFR §50.12(a)(2)(ii). That subsection defines special circumstances as
when "Application of the regulation in the particular circumstances would not
serve the underlying purpose of the rule or is not necessary to achieve the
underlying purpose of the rule."

The rule under consideration in this request for exemption from Tier 1 Subsection
2.7.1 and the generic TS is 10 CFR 52, Appendix D, Section Ill.B, which requires
that an applicant referencing the AP1000 Design Certification Rule (10 CFR Part
52, Appendix D) shall incorporate by reference and comply with the requirements
of Appendix D, including Tier 1 information and generic TS. The Levy Units I
and 2 COLA references the AP1000 Design Certification Rule and incorporates
by reference the requirements of 10 CFR Part 52, Appendix D, including Tier 1
information and generic TS. The underlying purpose of Appendix D, Section III.B
is to describe and define the scope and contents of the AP1000 design
certification, and to require compliance with the design certification information in
Appendix D to maintain the level of safety in the design.

The proposed change to the name of the actuation signal does not impact the
design functions for the Nuclear Island Nonradioactive Ventilation System and
reducing the TS limit for DE 1-131 improves accident consequence margins for
DBAs involving secondary coolant release. These changes do not impact the
ability of any structures, systems, or components to perform their functions or
negatively impact safety. Accordingly, this exemption from the certification
information in Tier 1 Subsection 2.7.1, TS LCO 3.7.4, and TS SR 3.7.4.1 will
enable the applicant to safely construct and operate the AP1000 facility
consistent with the design certified by the NRC in 10 CFR 52, Appendix D.

Therefore, special circumstances are present, because application of the current
generic certified design information in Tier 1 and the generic TS as required by
10 CFR Part 52, Appendix D, Section Ill.B, in the particular circumstances
discussed in this request is not necessary to achieve the underlying purpose of
the rule.
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6. The special circumstances outweigh any decrease in safety that may
result from the reduction in standardization caused by the exemption

Based on the nature of the changes to the plant-specific Tier 1 information and
generic TS and the understanding that these changes support the design
function of the Nuclear Island Nonradioactive Ventilation System and establish
limits for the specific activity in the secondary system, it is likely that other
AP1000 applicants and licensees will request this exemption. However, if this is
not the case, the special circumstances continue to outweigh any decrease in
safety from the reduction in standardization because the key design functions of
the Nuclear Island Nonradioactive Ventilation System associated with this
request will continue to be maintained. This exemption request and the
associated marked-up TS LCO and TS SIR changes demonstrate that the
Nuclear Island Nonradioactive Ventilation System function continues to be
maintained following implementation of the change from the generic AP1000
DCD, thereby minimizing the safety impact resulting from any reduction in
standardization.

Therefore, the special circumstances associated with the requested exemption
outweigh any decrease in safety that may result from the reduction in
standardization caused by the exemption. In fact, as described in condition 6
below, the exemption will result in no reduction in the level of safety.

6. The design change will not result in a significant decrease in the level of
safety.

The exemption revises the plant-specific DCD Tier 1 information by changing the
name of the actuation signal (from High-High to High-2) for isolating the main
control room penetrations in Subsection 2.7. 1. This change does not after the
ability of the Nuclear Island Nonradioactive Ventilation System to maintain its
design functions. This exemption also revises the generic TS LCO 3.7.4 and TS
SIR 3.7.4.1 to lower the allowable secondary iodine activity. Because these
functions are met, there is no reduction in the level of safety.

Therefore, the design change and change to the TS will not result in a significant
decrease in the level of safety.

As demonstrated above, this exemption request satisfies NRC requirements for
an exemption to the design certification rule for the AP 1000.

4.2 Significant Hazards Consideration

4.2.1 Does the proposed change involve a significant increase in the probability or
consequences of an accident previously evaluated?

The proposed changes rename the actuation signal (High-2) for isolating the
main control room penetrations in the design description of the Nuclear Island
Nonradioactive Ventilation System and lower the allowable secondary iodine
activity to meet applicable NRC general design criteria requirements. As the
proposed changes do not involve any components that could initiate an event by
means of component or system failure, the changes do not increase the
probability of a previously evaluated accident.
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The proposed changes result in reduced consequences for the Main Control
Room operator because of lower initial release concentrations for accident
scenarios analyzed. The changes do not alter design features available during
normal operation or anticipated operational occurrences. The changes do not
adversely impact accident source term parameters or affect any release paths
used in the safety analyses, which could increase radiological dose
consequences. Thus the radiological releases associated with the Chapter 15
accident analyses are not adversely affected.

The proposed changes would not increase the consequences of an accident
previously evaluated in the plant-specific DCD. Offsite doses are not adversely
affected by the changes proposed. Therefore, the proposed changes do not
involve a significant increase in the probability or consequences of an accident
previously evaluated.

4.2.2 Does the proposed change create the possibility of a new or different kind of
accident from any accident previously evaluated?

The proposed changes do not introduce new failure modes, interactions or
dependencies, the malfunction of which could lead to new accident scenarios.
One of the changes is administrative and the other lowers an initial source term
used in existing accident analyses. Therefore, the proposed changes do not
create the possibility of a new or different kind of accident from any accident
previously evaluated.

4.2.3 Does the proposed change involve a significant reduction in a margin of safety?

The proposed changes do not involve a significant reduction in the margin of
safety. The proposed changes do not reduce the redundancy or diversity of any
safety-related functions. The proposed changes lower the initial source term
concentrations used in the accident analyses.

The DCD Chapters 6 and 15 analyses results are not adversely affected. No
design basis safety analysis or acceptance criterion is challenged or exceeded
by the proposed changes. Therefore, the proposed changes do not involve a
significant reduction in a margin of safety.

4.3 Applicable Regulatory Requirements/Criteria

10 CFR 52, Appendix D, Section VIII.B.5.a requires that an applicant or licensee who
references this appendix may depart from Tier 2 information, without prior NRC
approval, unless the proposed departure involves a change to or departure from Tier 1
information, Tier 2* information, or the Technical Specifications, or requires a license
amendment under paragraphs B.5.b or B.5.c of that section. When evaluating the
proposed departure, an applicant or licensee shall consider all matters described in the
plant-specific DCD. This exemption request involves a departure from'Tier 1
Subsection 2.7.1 and the generic TS.

4.4 Precedent

No precedent is cited.
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4.5 Conclusions

Based on the considerations discussed above:

(1) there is reasonable assurance that the health and safety of the public will not be
endangered by operation in the proposed manner, and

(2) such activities will be conducted in compliance with the Commission's regulations,
and

(3) the issuance of the exemption will not be inimical to the common defense and
security or to the health and safety of the public.

The above evaluations demonstrate the requested changes can be accommodated
without an increase in the probability or consequences of an accident previously
evaluated, without creating the possibility of a new or different kind of accident from any
accident previously evaluated, and without a significant reduction in a margin of safety.
Having arrived at negative declarations with regard to the criteria of 10 CFR 50.92, this
assessment determines the requested change does not involve a Significant Hazards
Consideration.

5.0 Risk Assessment

A risk assessment was determined to be not applicable to address the acceptability of
this request.

6.0 References

1) Westinghouse Electric Company, AP1000 Design Control Document, Revision 19,
June 2011
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2.7 HVAC Systems

2.7.1 Nuclear Island Nonradioactive Ventilation System

Design Description

The nuclear island nonradioactive ventilation system (VBS) serves the main control room (MCR), control
support area (CSA), Class 1 E dc equipment rooms, Class 1 E instrumentation and control (I&C) rooms,
Class I E electrical penetration rooms, Class 1 E battery rooms, remote shutdown room (RSR), reactor
coolant pump trip switchgear rooms, adjacent corridors, and passive containment cooling system (PCS)
valve room during normal plant operation. The VBS consists of the following independent subsystems:
the main control room/control support area HVAC subsystem, the class 1 E electrical room HVAC
subsystem, and the passive containment cooling system valve room heating and ventilation subsystem.
The VBS provides heating, ventilation, and cooling to the areas served when ac power is available. The
system provides breathable air to the control room and maintains the main control room and control
support area areas at a slightly positive pressure with respect to the adjacent rooms and outside
environment during normal operations. The VBS monitors the main control room supply air for
radioactive particulate and iodine concentrations and provides filtration of main control room/control
support area air during conditions of abnormal (high) airborne radioactivity. In addition, the VBS isolates

I the HVAC penetrations in the main control room boundary on "High-2" particulate or iodine radioactivity
in the main control room supply air duct or on a loss of ac power for more than 10 minutes. The Sanitary

I Drainage System (SDS) also isolates a penetration in the main control room boundary on "High-2"
particulate or iodine radioactivity in the main control room supply air duct or on a loss of ac power for
more than 10 minutes. Additional penetrations from the SDS and Potable Water System (PWS) into the
main control room boundary are maintained leak tight using a loop seal in the piping, and the Waste
Water System (WWS) is isolated using a normally closed safety related manual isolation valve. These
features support operation of the main control room emergency habitability system (VES), and have been
included in Tables 2.7.1 -I and 2.7.1-2.
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Table 1.6-1 (Sheet 15 of 21)

MATERIAL REFERENCED

DCD Section Westinghouse
Number I Topical Report Number Title

15.4 WCAP-7979-P-A (P)
WCAP-8028-A

TWINKLE - A Multi-Dimensional Neutron Kinetics Computer Code,
January 1975

WCAP-7908-A FACTRAN - A FORTRAN-IV Code for Thermal Transients in a U02
Fuel Rod, December 1989

WCAP-7907-P-A (P) LOFTRAN Code Description, April 1984
WCAP-7907-A

WCAP-15806-P-A (P) Westinghouse Control Rod Ejection Accident Analysis Methodology
WCAP- 15807-NP-A Using Multi-Dimensional Kinetics

WCAP-10965-P-A (P) ANC: A Westinghouse Advanced Nodal Computer Code,
WCAP-10966-A September 1986

WCAP- 11397-P-A (P) Revised Thermal Design Procedure, April 1989
WCAP- 11397-A

WCAP-15644-P (P) AP1000 Code Applicability Report, Revision 2, March 2004
WCAP- 15644-NP

WCAP-I 1596-P-A (P) Qualification of the PHOENIX-P/ANC Nuclear Design System for
WCAP-1 1597-A Pressurized Water Reactor Cores, June 1988

WCAP-16045-P-A (P) Qualification of the Two-Dimensional Transport Code PARAGON,
WCAP-16045-NP-A August 2004

WCAP- 10965-P-A, ANC - A Westinghouse Advanced Nodal Computer Code;
Addendum I (P) Enhancements to ANC Rod Power Recovery. April 1989
WCAP- 10966-A
Addendum I

WCAP-14565-P-A (P) VIPRE-0 I Modeling and Qualification for Pressurized Water Reactor
WCAP- 15306-NP-A Non-LOCA Thermal-Hydraulic Safety Analysis, October 1999

WCAP-15063-P-A. Westinghouse Improved Performance Analysis and Design Model
Revision I with Errata (P) (PAD 4.0), July 2000
WCAP- 15064-NP-A

WCAP-16045-P-A Qualification of the NEXUS Nuclear Data Methodology,
Addendum I-A (P) August 2007
WCAP- 16045-NP-A
Addendum I-A

WCAP-10965-P-A Qualification of the New Pin Power Recovery Methodology,'
Addendum 2-A (P) September 2010

WCAP-15025-P-A (P) Modified WRB-2 Correlation, WRB-2M, for Predicting Critical Heat
WCAP-15026-NP-A Flux in 17x 17 Rod Bundles with Modified LPD Mixing Vane Grids.

April 1999

(P) Denotes Document is Proprietary
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1.9.4.2.3 New Generic Issues

Issue 83 Control Room Habitability

Discussion:

Loss of control room habitability following an accidental release of external toxic or radioactive material
or smoke can impair or cause loss of the control room operators' capability to safely control the reactor.
Use of the remote shutdown workstation outside the control room following such events is unreliable
since this station has no emergency habitability or radiation protection provisions.

AP1000 Response:

Habitability of the main control room is provided by the main control room/control support area HVAC
subsystem of the nonsafety-related nuclear island nonradioactive ventilation system (VBS). If ac power is
unavailable for more than 10 minutes or if "High-2" particulate or iodine radioactivity is detected in the
main control room supply air duct, which would lead to exceeding General Design Criteria 19 operator
dose limits, the protection and safety monitoring system automatically isolates the main control room and
operator habitability requirements are then met by the main control room emergency habitability system
(VES). The safety-related main control room emergency habitability system supplies breathable quality
air for the main control room operators while the main control room is isolated.
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Appendix IA

Reg. Guide 1.52, Rev. 3, 6/01 - Design, Testing, and Maintenance Criteria for Post Accident
Engineered-Safety-Feature Atmosphere Cleanup System Air Filtration and Absorption Units of

Light-Water-Cooled Nuclear Power Plants

C.4.9 Conforms

[ Table I Conforms
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3.1.2 Protection by Multiple Fission Product Barriers

Criterion 19 - Control Room

A control room shall be provided from which actions can be taken to operate the nuclear power unit
safely under normal conditions and to maintain it in a safe condition under accident conditions, including
loss of coolant accidents. Adequate radiation protection shall be provided to permit access and occupancy
of the control room under accident conditions without personnel receiving radiation exposures in excess
of 5 rem whole body, or its equivalent, to any part of the body, for the duration of the accident.

Equipment at appropriate locations outside the control room shall be provided (1) with a design capability
for prompt hot shutdown of the reactor, including necessary instrumentation and controls to maintain the
unit in a safe condition during hot shutdown and (2) with a potential capability for subsequent cold
shutdown of the reactor through the use of suitable procedures.

AP1000 Compliance

The AP 1000 main control room provides the man-machine interfaces required to operate the plant safely
and efficiently under normal conditions and to maintain it in a safe manner under accident conditions,
including LOCAs. Simplified passive safety-related system designs are provided that do not rely upon
operator action to maintain core cooling for design basis accidents. Operator action outside the main
control room to mitigate the consequences of an accident is permitted.

The main control room is shielded by the containment and auxiliary building from direct gamma radiation
and inhalation doses resulting from the postulated release of fission products inside containment. Refer to
Chapter 15 for additional information on accident conditions. The main control room/control support area
HVAC subsystem of the nuclear island nonradioactive ventilation system (VBS) allows access to and
occupancy of the main control room under accident conditions as described in subsection 9.4. 1. Sufficient
shielding and the main control room/control support area HVAC subsystem provide adequate protection
so that personnel will not receive radiation exposure in excess of 5 rem whole-body or its equivalent to
any part of the body for the duration of the accident.

If ac power is unavailable for more than 10 minutes or if "High-2" particulate, low pressurizer pressure is
detected, or "High-2" iodine radioactivity is detected in the main control room supply air duct, which
would lead to exceeding General Design Criteria 19 operator dose limits, the protection and safety
monitoring system automatically isolates the main control room and operator habitability requirements
are then met by the main control room emergency habitability system (VES). The main control room
emergency habitability system also allows access to and occupancy of the main control room under
accident conditions. The emergency main control room habitability system is designed to satisfy seismic
Category I requirements as described in Section 3.2; the system design is described in Section 6.4.

In the event that the operators are forced to abandon the main control room, a workstation is provided
with remote shutdown capability. A main control room evacuation is not assumed to occur
simultaneously with design basis events. The remote shutdown workstation is described in Section 7.4.
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6.4 Habitability Systems

The habitability systems are a set of individual systems that collectively provide the habitability functions
for the plant. The systems that make up the habitability systems are the:

" Nuclear island nonradioactive ventilation system (VBS)
* Main control room emergency habitability system (VES)
* Radiation monitoring system (RMS)
• Plant lighting system (ELS)
* Fire Protection System (FPS)

When a source of ac power is available, the nuclear island nonradioactive ventilation system (VBS)
provides normal and abnormal HVAC service to the main control room (MCR), control support area
(CSA), instrumentation and control rooms, dc equipment rooms, battery rooms, and the nuclear island
nonradioactive ventilation system equipment room as described in subsection 9.4.1.

If ac power is unavailable for more than 10 minutes or if "High-2" particulate or iodine radioactivity is
detected in the main control room supply air duct, which would lead to exceeding General Design Criteria
19 operator dose limits, the protection and safety monitoring system automatically isolates the main
control room and operator habitability requirements are then met by the main control room emergency
habitability system (VES). The main control room emergency habitability system is capable of providing
emergency ventilation and pressurization for the main control room. The main control room emergency
habitability system also provides emergency passive heat sinks for the main control room,
instrumentation and control rooms, and dc equipment rooms.

Radiation monitoring of the main control room environment is provided by the radiation monitoring
system. Smoke detection is provided in the VBS system. Emergency lighting is provided by the plant
lighting system. Storage capacity is provided in the main control room for personnel support equipment.
Manual hose stations outside the MCR and portable fire extinguishers are provided to fight MCR fires.

6.4.2.6 Shielding Design

The design basis loss-of-coolant accident (LOCA) dictates the shielding requirements for the main control
room). Main control room shielding design bases are discussed in Section 12.3. In addition to shielding
provided by building structural features, consideration is given to shielding provided by the VES filter
shielding. Descriptions of the design basis LOCA source terms, main control room shielding parameters,
and evaluation of doses to main control room personnel are presented in Section 15.6.

The main control room and its location in the plant are shown in Figure 12.3-1.
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6.4.3.2 Emergency Mode

Operation of the main control room emergency habitability system is automatically initiated by either of
the following conditions:

0 "High-2" particulate or iodine radioactivity in the main control room supply air duct
* Loss of ac power for more than 10 minutes

Operation can also be initiated by manual actuation.

The nuclear island nonradioactive ventilation system is isolated from the main control room pressure
boundary by automatic closure of the isolation devices located in the nuclear island nonradioactive
ventilation system ductwork if radiation levels in the main control room supply air duct exceed the "High-
2" setpoint or if ac power is lost for more than 10 minutes. At the same time, the main control room
emergency habitability system begins to deliver air from the emergency air storage tanks to the main
control room by automatically opening the isolation valves located in the supply line. The relief damper
isolation valves also open allowing the pressure relief dampers to function and discharge the damper flow
to purge the vestibule.

6.4.4 System Safety Evaluation

In the event of an accident involving the release of radioactivity to the environment, the nuclear island
nonradioactive ventilation system (VBS) is expected to switch from the normal operating mode to the
supplemental air filtration mode to protect the main control room personnel. Although the VBS is not a
safety-related system, it is expected to be available to provide the necessary protection for realistic events.
However, the design basis accident doses reported in Chapter 15 utilize conservative assumptions, and the
main control room doses are calculated based on operation of the safety-related emergency habitability
system (VES) since this is the system that is relied upon to limit the amount of activity the personnel are
exposed to. The analyses assume that the VBS is initially in operation, but fails to enter the supplemental
air filtration mode on a High-I radioactivity indication in the main control room atmosphere. VES
operation is then assumed to be initiated once the High-2 level for control room atmosphere activity is
reached.

Doses are also calculated assuming that the VBS does operate in the supplemental air filtration mode as
designed, but with no switchover to VES operation. This VBS operating case demonstrates the defense-
in-depth that is provided by the system and also shows that, in the event of an accident with realistic
assumptions, the VBS is adequate to protect the control room operators without depending on VES
operation.

Doses were determined for the following design basis:

VES Operating VBS Operating

Large Break LOCA 4.33 rem TEDE 4.84 rem TEDE
Fuel Handling Accident 1.5 rem TEDE 1.6 rem TEDE
Steam Generator Tube Rupture

(Pre-existing iodine spike) 3.4 rem TEDE 4.0 rem TEDE
(Accident-initiated iodine spike) 1.0 rem TEDE 1.4 rem TEDE

Steam Line Break
(Pre-existing iodine spike) 1.1 rem TEDE 0.9 rem TEDE
(Accident-initiated iodine spike) 1.3 rem TEDE 2.9 rem TEDE

Rod Ejection Accident 3.6 rem TEDE 2.5 rem TEDE
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Locked Rotor Accident
(Accident without feedwater available) 0.4 rem TEDE 0.7 rem TEDE
(Accident with feedwater available) 0.2 rem TEDE 0.9 rem TEDE

Small Line Break Outside Containment 0.4 rem TEDE 0.4 rem TEDE

For all events the doses are within the dose acceptance limit of 5.0 rem TEDE. The details of analysis
assumptions for modeling the doses to the main control room personnel are delineated in the LOCA dose
analysis discussion in subsection 15.6.5.3 for VES operating cases. The analysis assumptions are
provided in subsection 9.4.1.2.3.1 for the VBS operating case.

No radioactive materials are stored or transported near the main control room pressure boundary.

As discussed and evaluated in subsection 9.5.1, the use of noncombustible construction and heat and
flame resistant materials throughout the plant reduces the likelihood of fire and consequential impact on
the main control room atmosphere. Operation of the nuclear island nonradioactive ventilation system in
the event of a fire is discussed in subsection 9.4.1.

The exhaust stacks of the onsite standby power diesel generators are located in excess of 150 feet away
from the fresh air intakes of the main control room. The onsite standby power system fuel oil storage
tanks are located in excess of 300 feet from the main control room fresh air intakes. These separation
distances reduce the possibility that combustion fumes or smoke from an oil fire would be drawn into the
main control room.

The protection of the operators in the main control room from offsite toxic gas releases is discussed in
Section 2.2. The sources of onsite chemicals are described in Table 6.4-1, and their locations are shown
on Figure 1.2-2. Analysis of these sources is in accordance with Regulatory Guide 1.78 (Reference 5) and
the methodology in NUREG-0570, "Toxic Vapor Concentrations in the Control Room Following a
Postulated Accidental Release" (Reference 6), and the analysis shows that these sources do not represent
a toxic or flammability hazard to control room personnel.

A supply of protective clothing, respirators, and self-contained breathing apparatus adequate for
11 persons is stored within the main control room pressure boundary.

The main control room emergency habitability system components discussed in subsection 6.4.2.3 are
arranged as shown in Figure 6.4-2. The location of components and piping within the main control room
pressure boundary provides the required supply of compressed air to the main control room pressure
boundary, as shown in Figure 6.4-1.

During emergency operation, the main control room emergency habitability system passive heat sinks are
designed to limit the temperature inside the main control room to remain within limits for reliable human
performance (References 2 and 3) over 72 hours. The passive heat sinks limit the air temperature inside
the instrumentation and control rooms to 120'F and dc equipment rooms to 120*F. The walls and ceilings
that act as the passive heat sinks contain sufficient thermal mass to accommodate the heat sources from
equipment, personnel, and lighting for 72 hours.

The main control room emergency habitability system nominally provides 65 scfln of ventilation air to
the main control room from the compressed air storage tanks. Sixty scfm of supplied ventilation flow is
sufficient to induce a filtration flow of at least 600 cfin into the passive air filtration line located inside the
main control room envelope. This ventilation flow is also sufficient to pressurize the control room to at
least positive 1/8-inch water gauge differential pressure with respect to the surrounding areas in addition
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to limiting the carbon dioxide concentration below one-half percent by volume for a maximum occupancy
of 11 persons and maintaining air quality within the guidelines of Table 1 and Appendix C, Table C-I, of
Reference 1.

Automatic transfer of habitability system functions from the main control room/control support area
HVAC subsystem of the nuclear island nonradioactive ventilation system to the main control room
emergency habitability system is initiated by either the following conditions:

* "High-2" particulate or iodine radioactivity in MCR air supply duct
" Loss of ac power for more than 10 minutes

The airborne fission product source term in the reactor containment following the postulated LOCA is
assumed to leak from the containment and airborne fission products are assumed to result from spent fuel
pool steaming. The concentration of radioactivity, which is assumed to surround the main control room,
after the postulated accident, is evaluated as a function of the fission product decay constants, the
containment leak rate, and the meteorological conditions assumed. The assessment of the amount of
radioactivity within the main control room takes into consideration the radiological decay of fission
products and the infiltration/exfiltration rates to and from the main control room pressure boundary.

A single active failure of a component of the main control room emergency habitability system or nuclear
island nonradioactive ventilation system does not impair the capability of the systems to accomplish their
intended functions. The Class I E components of the main control room emergency habitability system are
connected to independent Class 1E power supplies. Both the main control room emergency habitability
system and the portions of the nuclear island nonradioactive ventilation system which isolates the main
control room are designed to remain functional during an SSE or design-basis tornado.

In accordance with SECY-77-439 (Reference 13), a single passive failure of a component in the passive
filtration line in the main control room emergency habitability system does not impair the capability of
the system to accomplish its intended function. There is no source that could create line blockage in the
VES line from the air bottles to the eductor. Thus potential blockage in the filtration line does not
preclude breathable air from the emergency air storage tanks from being delivered to the main control
room envelope for 72 hours during VES operation. The following cases are evaluated since they involve
releases that extend beyond 24 hours after the initiation of the event:

Large Break LOCA 4.4 rem TEDE
Steam Line Break

(Pre-existing iodine spike) 1.2 rem TEDE
(Accident-initiated iodine spike) 2.0 rem TEDE
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Table 6.4-2

MAIN CONTROL ROOM HABITABILITY INDICATIONS AND ALARMS

VES emergency air storage tank pressure (indication and low and low-low alarms)

VES MCR pressure boundary differential pressure (indication and high and low alarms)

VES air delivery line flowrate (indication and high and low alarms)

VES passive filtration flow rate (indication and high and low alarms)

VBS main control room supply air radiation level (High-1 and High-2 alarms)

VBS outside air intake smoke level (high alarm)

VBS isolation valve position

VBS MCR pressure boundary differential pressure
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7.3.1.2.17 Control Room Isolation and Air Supply Initiation

Signals to initiate isolation of the main control room, to initiate the air supply, and to open the
control room pressure relief isolation valves are generated from either of the following
conditions:

1. High-2 control room air supply radioactivity level
2. Loss of ac power sources (low Class 1 E battery charger input voltage)
3. Manual initiation

Condition I is the occurrence one of two main control room air supply radioactivity monitors detecting
the iodine or particulate radioactivity level above the High-2 setpoint.

9.2.6.1.1 Safety Design Basis

The sanitary drainage system isolates the SDS vent penetration in the main control room boundary on
High-2 particulate or iodine concentrations in the main control room air supply or on extended loss of ac
power to support operation of the main control room emergency habitability system as described in
Section 6.4. The SDS vent line that penetrates the main control room envelope is safety related and
designed as seismic Category I to provide isolation of the main control room envelope from the
surrounding areas and outside environment in the event of a design basis accident. An additional
penetration from the SDS into the main control room envelope is maintained leak tight using a loop seal
in the safety-related seismic Category I piping.

9.4.1.1.1 Safety Design Basis
The nuclear island nonradioactive ventilation system provides the following nuclear safety-related design
basis functions:

* Monitors the main control room supply air for radioactive particulate and iodine
concentrations

0 Isolates the HVAC penetrations in the main control room boundary on High-2 particulate
or iodine concentrations in the main control room supply air or on extended loss of ac
power to support operation of the main control room emergency habitability system as
described in Section 6.4

9.4.1.1.2 Power Generation Design Basis
Main Control Room/Control Support Area (CSA) Areas

The nuclear island nonradioactive ventilation system provides the following specific functions:

* Controls the main control room and control support area relative humidity between 25 to
60 percent

* Maintains the main control room and CSA areas at a slightly positive pressure with
respect to the adjacent rooms and outside environment during normal operations to
prevent infiltration of unmonitored air into the main control room and CSA areas

Isolates the main control room and/or CSA area from the normal outdoor air intake and
provides filtered outdoor air to pressurize the main control room and CSA areas to a
positive pressure of at least 1/8 inch wg when a High-1 radioactivity concentration
(gaseous, particulate, or iodine) is detected in the main control room supply duct
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* Isolates the main control room and/or CSA area from the normal outdoor air intake and
provides 100 percent recirculation air to the main control room and CSA areas when a
high concentration of smoke is detected in the outside air intake

* Provides smoke removal capability for the main control room and control support area

* Maintains the main control room emergency habitability system passive cooling heat
sink below its initial design ambient air temperature limit of 75'F

" Maintains the main control room/control support area carbon dioxide levels below
0.5 percent concentration and the air quality within the guidelines of Table I and
Appendix C, Table C-1 of Reference 32.

9.4.1.2.1.1 Main Control Room/Control Support Area HVAC Subsystem

The main control room/control support area HVAC subsystem serves the main control room and control
support area with two 100 percent capacity supply air handling units, return/exhaust air fans,
supplemental air filtration units, associated dampers, instrumentation and controls, and common
ductwork. The supply air handling units and return/exhaust air fans are connected to common ductwork
which distributes air to the main control room and CSA areas. The main control room envelope consists
of the main control room, shift manager's office, operation work area, toilet, and operations break room
area. The CSA area consists of the main control support area operations area, conference rooms, NRC
room, computer rooms, shift turnover room, kitchen/rest area, and restrooms. The main control room and
control support area toilets have separate exhaust fans.

Outside supply air is provided to the plant areas served by the main control room/control support area
HVAC subsystem through an outside air intake duct that is protected by an intake enclosure located on
the roof of the auxiliary building at elevation 153'-0". The outside air intake duct is located more than 50
feet below and more than 100 feet laterally away from the plant vent discharge. The supply, return, and
toilet exhaust are the only HVAC penetrations in the main control room envelope and include redundant
safety-related seismic Category I isolation valves that are physically located within the main control room
envelope. Redundant safety-related radiation monitor sample line connections are located upstream of the
VBS supply air isolation valves. These monitors initiate operation of the nonsafety-related supplemental
air filtration units on High-I radioactivity concentrations (gaseous, particulate, or iodine) and isolate the
main control room from the nuclear island nonradioactive ventilation system on High-2 particulate or
iodine radioactivity concentrations. See Section 11.5 for a description of the main control room supply air
radiation monitors.

9.4.1.2.3.1 Main Control Room/Control Support Area HVAC Subsystem
Abnormal Plant Operation

Control actions are taken at two levels of radioactivity as detected in the main control room supply air
duct. The first is "High-I" radioactivity based upon radioactivity instrumentation (gaseous, particulate, or
iodine). The second is "High-2" radioactivity based upon either particulate or iodine radioactivity
instruments.

If "High- I" gaseous radioactivity is detected in the main control room supply air duct and the main
control room/control support area HVAC subsystem is operable, both supplemental air filtration units
automatically start to pressurize the main control room and CSA areas to at least 1/8 inch wg with respect
to the surrounding areas and the outside environment using filtered makeup air. The normal outside air
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makeup duct and the main control room and control support area toilet exhaust duct isolation dampers
close. The smoke/purge exhaust isolation dampers close, if open. The main control room/control support
area supply air handling unit continues to provide cooling with recirculation air to maintain the main
control room passive heat sink below its initial ambient air design temperature and maintains the main
control room and CSA areas within their design temperatures. The supplemental air filtration subsystem
pressurizes the combined volume of the main control room and control support area concurrently with
filtered outside air. A portion of the recirculation air from the main control room and control support area
is also filtered for cleanup of airborne radioactivity. The main control room/control support area HVAC
equipment and ductwork that form an extension of the main control room/control support area pressure
boundary limit the overall infiltration (negative operating pressure) and exfiltration (positive operating
pressure) rates to those values shown in Table 9.4. 1 -1. Based on these values, the system is designed to
maintain personnel doses within allowable General Design Criteria (GDQ 19 limits during design basis
accidents in both the main control room and the control support area.

if ac power is unavailable for more than 10 minutes or if "High-2 " particulate or iodine radioactivity is
detected in the mai control room supply air duct, which would lead to exceeding GDC 19 operator dose
limits, the protection and safety monitoring system automatically isolates the main control room from the
normal main control room/control support area HVAC subsystem by closing the supply, return, and toilet
exhaust isolation valves. Main control room habitability is maintained by the main control room
emergency habitability system, which is discussed in Section 6.4.
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Table 11.1-4

PARAMETERS USED TO CALCULATE SECONDARY COOLANT ACTIVITY

Total secondary side water mass (lb/steam generator) 1.68 x 10'

Steam generator steam fraction 0.058

Total steam flow rate (lb/hr) 1.5 x 107

Moisture carryover (percent) 0.1

Total makeup water feed rate (lb/hr) 700

Total blowdown rate (gpm) 186

Total primary-to-secondary leak rate (gpd) 300

Iodine partition factor (mass basis) 100
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Table 11.1-5

DESIGN BASIS STEAM GENERATOR SECONDARY SIDE LIQUID ACTIVITY

Activity Activity

Nuclide (FtCi/g) Nuclide (pCi/g)

Br-83 1.4 x 10"5 Y-93 8.2 x 10-8

Br-84 2.4 x 10.6 Zr-95 1.5 x 10-7

Br-85 3.1 x 108 Nb-95 1.5 x 10-7

1-129 1.3 x 1011 Mo-99 1.9 x 104

1-130 7.9 x 10-6 Tc-99m 1.7 x 104

1-131 6.3 x 10-4 Ru-103 1.2 x 10-'

1-132 4.2 x 10-4 Ru-106 4.1 x 10.8

1-133 1.0 x 10"1 Rh-103m 1.2 x 10-'

1-134 4.9 x 10.' Rh-106 4.1 x 10.8

1-135 5.0 x 10-4 Ag-ll0m 3.0 x 10-6

Rb-86 1.4 x 10-' Te-125m 1.5 x 10-7

Rb-88 1.4 x 104 Te-127m 7.0 x 10-7

Rb-89 5.6 x 10-6 Te-127 2.2 x 10.6

Cs-134 1.1 x 10-1 Te-129m 2.4 x 10-6

Cs-136 1.7 x 10-' Te-129 2.1 x 10.6

Cs-137 8.2 x 10-4 Te-131m 5.6 x 10-6

Cs-138 5.9 x 10-' Te-131 1.6 x 10.6

H-3 3.8 x 10"' Te-132 7.0 x 10"'

Cr-51 1.3 x 10.6 Te-134 2.0 x 10-6

Mn-54 6.6 x 10-7 Be-137m 7.7 x 10-4

Mn-56 7.8 x 10.' Ba-140 9.4 x 10-7

Fe-55 5.0 x 10-7 La-140 3.3 x 10-7

Fe-59 1.3 x 10-7 Ce- 141 1.4 x 10-7

Co-58 1.9 x 10.6 Ce-143 1.2 x 10-'

Co-60 2.2 x 10-7 Ce-144 1.1 x 10-
7

Sr-89 1.8 x 10.6 Pr-143 1.4 x 10-7

Sr-90 8.0 x 10.8 Pr-144 1.1 x 10-7

Sr-91 1.9 x 10.6

Sr-92 2.4 x 10.'

Y-90 1.4 x 10.8

Y-91m 1.0 x 10-

Y-91 1.3 x 10-7

Y-92 2.8 x 10-7
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Table 11.1-6

DESIGN BASIS STEAM GENERATOR SECONDARY SIDE STEAM ACTMWTY

Nuclide Activity (pCi/g)

Kr-83m 1.1 x 10-6

Kr-85m 4.3 x 10.6

Kr-85 1.5 x 10.'

Kr-87 2.4 x 10-6

Kr-88 7.7 x 10-6

Kr-89 1.8 x 10-7

Xe-131m 6.9 x 10-6

Xe-133m 8.7 x 10-6

Xe-133 6.4 x 10-4

Xe-135m 5.5 x 10-6

Xe-135 1.9 x 10"5

Xe-137 3.4 x 10-7

Xe- 138 1.3 x 10.6

1-129 1.5 x 10-"

1-130 8.7 x 10-"

1-131 6.9x 10.6

1-132 4.7 x 10.6

1-133 1.1 x 10.5

1-134 5.4 x 10.7

1-135 5.5 x 10-"

H-3 3.8 x 10"'
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11.5.1.1 Safety Design Basis

While the radiation monitoring system is primarily a surveillance system, certain detector channels
perform safety-related functions. The components used in these channels meet the qualification
requirements for safety-related equipment as described in subsection 7.1.4.

Channel and equipment redundancy is provided for safety-related monitors to maintain the safety-related
function in case of a single failure.

The design objectives of the radiation monitoring system during postulated accidents are:

* Initiate containment air filtration isolation in the event of abnormally high radiation
inside the containment (High-1)

* Initiate normal residual heat removal system suction line containment isolation in the
event of abnormally high radiation inside the containment (High-2)

* Initiate main control room supplemental filtration in the event of abnormally high
particulate, iodine, or gaseous radioactivity in the main control room supply air (High- I)

Initiate main control room ventilation isolation and actuate the main control room
emergency habitability system in the event of abnormally high particulate or iodine
radioactivity in the main control room supply air (High-2)

* Provide long-term post-accident monitoring (using both safety-related and nonsafety-
related monitors)

The scope of the radiation monitoring system for post-accident monitoring is set forth in General Design
Criterion 64 and in the provisions of Regulatory Guide 1.97.

11.5.2.3.1 Fluid Process Monitors

Main Control Room Supply Air Duct Radiation Monitors

The main control room supply air duct radiation monitors (particulate detectors VBS-JE-REOO 1 A and
VBS-JE-REOO 11B, iodine detectors VBS-JE-RE002A and VBS-JE-RE002B, and noble gas detectors
VBS-JE-RE003A and VBS-JE-RE003B) are offline monitors that continuously measure the
concentration of radioactive materials in the air that is supplied to the main control room by the nuclear
island nonradioactive ventilation system air handling units. The control support area ventilation is also
part of this air supply system. The air supply is partially outside air. Refer to subsection 9.4.1 for system
details. The main control room supply air duct radiation monitors receive safety-related power. When
predetermined setpoints are exceeded, the monitors provide signals to initiate the supplemental air
filtration system on a High- I gaseous, particulate, or iodine concentration, and to isolate the main control
room air intake and exhaust ducts and activate the main control room emergency habitability system on
High-2 particulate or iodine concentrations. Alarms are also provided in the main control room for these
high concentrations.
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12.2.1.3 Sources for the Core Melt Accident

12.2.1.3.1 Containment

If there is core degradation, core cooling would be provided by the passive core cooling
system which is totally inside the containment such that no high activity sump solution would
be recirculated outside the containment. The shielding provided for the containment
addresses this post-LOCA source term. The source strengths as a function of time are
provided in Table 12.2-20 and the integrated source strengths are provided in Table 12.2-21.

12.2.1.3.2 Main Control Room HVAC Filters

During operation of the nuclear island nonradioactive ventilation system (VBS) supplemental
filtration or the main control room emergency habitability system (VES), filters in the control
room HVAC work to remove particulate and iodine from the air. As radioactivity
accumulates within the filters, this becomes a potential source of dose. These source strengths
as a function of time are provided in Table 12.2-28 and the integrated source strengths are
provided in Table 12.2-29.

12.3.2.2.7 Control Room Shielding Design

The design basis loss-of-coolant accident dictates the shielding requirements for the control
room. The rod ejection accident dictates the shielding requirements for the main control room
emergency habitability (VES) filter in the operator break room. Consideration is given to
shielding provided by the shield building structure. Shielding combined with other
engineered safety features is provided to permit access and occupancy of the control room
following a postulated loss-of-coolant accident, so that radiation doses are limited to five rem
whole body from contributing modes of exposure for the duration of the accident, in
accordance with General Design Criterion 19.

Shielding of the VES filtration unit is accomplished by safety-related metal shielding.
This shielding is composed of either tungsten that is 0.25 inches thick or stainless
steel shown to provide an equivalent amount of shielding. The length and width of
the shielding are designed to match the length and width of the filtration unit being
shielded.
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TABLE 12.2-28 (SHEET 1 OF 2)

CORE MELT ACCIDENT SOURCE STRENGTHS FROM MCR HVAC FILTERS AS A
FUNCTION OF TIME

VES Filter() Source Strengths after a Loss of Coolant Accident

Source Strength (Mev/sec)

Energy Group 2hours 8hours 24hours 30days
(Mev/gamma)

0.01-0.02 1.19E+06 3.11E+06 1.81E+06 1.97E+05

0.02-0.03 1.47E+06 5.26E+06 3.89E+06 2.65E+05

0.03-0.06 2.87E+06 8.30E+06 5.46E+06 6.74E+05

0.06-0.1 3.03E+06 8.13E+06 5.22E+06 5.41E+05

0.1-0.2 5.76E+06 1.41E+07 8.76E+06 9.02E+05

0.2-0.4 6.14E+07 2.61E+08 2.46E+08 1.87E+07

0.4-0.6 1.86E+08 6.02E+08 3.60E+08 1.83E+07

0.6-0.7 1.47E+08 2.33E+08 1.47E+08 1.03E+08

0.7-0.8 1.09E+08 1.80E+08 1.05E+08 7.30E+07

0.8-1.0 1.85E+08 1.67E+08 6.99E+07 7.13E+06

1.0-1.5 3.36E+08 6.99E+08 1.85E+08 1.22E+07

1.5-2.0 1.21E+08 2.55E+08 4.97E+07 2.69E+04

2.0-3.0 3.13E+07 3.87E+07 7.28E+06 9.07E+03

3.0-4.0 3.68E+05 5.98E+03 5.56E+02 1.41E+02

4.0-5.0 1.42E+04 3.16E+01 8.55E-04 7.80E-04

5.0-6.0 3.31E-05 3.12E-04 3.35E-04 3.21E-04

6.0-7.0 1.32E-05 1.24E-04 1.33E-04 1.28E-04

7.0-8.0 5.11E-06 4.82E-05 5.17E-05 4.96E-05

8.0-10.0 2.68E-06 2.53E-05 2.71E-05 2.60E-05

10.0-14.0 1.69E-07 1.60E-06 1.71E-06 1.64E-06

Total 1.19E+09 2.47E+09 1.19E+09 2.35E+08

Notes: 1) Based upon a particulate filter density of 0.212 g/cc and charcoal filter density of 0.440 g/cc.
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TABLE 12.2-28 (SHEET 2 OF 2)

CORE MELT ACCIDENT SOURCE STRENGTHS FROM MCR HVAC FILTERS AS A FUNCTION OF TIME

VBS Filter (2) Source Strengths after a Loss of Coolant Accident

Source Strength (Mev/sec)

Energy Group
(Mev/gamma) 2 hours 8 hours 24 hours 30 days

0.01-0.02 6.86E+08 1.OOE+09 5.75E+08 6.21E+07

0.02-0.03 9.55E+08 1.76E+09 1.27E+09 8.46E+07

0.03-0.06 1.71E+09 2.71E+09 1.75E+09 2.10E+08

0.06-0.1 1.72E+09 2.60E+09 1.63E+09 1.70E+08

0.1-0.2 3.49E+09 4.61E+09 2.81E+09 2.91E+08

0.2-0.4 3.54E+10 8.45E+10 7.59E+10 5.76E+09

0.4-0.6 1.03E+11 1.91E+11 1.10E+11 5.61E+09

0.6-0.7 7.99E+10 7.20E+10 4.39E+10 3.04E+10

0.7-0.8 5.97E+10 5.62E+10 3.17E+10 2.16E+10

0.8-1.0 1.03E+11 5.23E+10 2.13E+10 2.11E+09

1.0-1.5 1.86E+11 2.20E+11 5.64E+10 3.62E+09

1.5-2.0 6.71E+10 8.03E+10 1.53E+10 8.78E+06

2.0-3.0 1.66E+10 1.22E+10 2.24E+09 3.09E+06

3.0-4.0 1.82E+08 1.93E+06 1.89E+05 4.81E+04

4.0-5.0 6.86E+06 7.65E+03 2.91E-01 2.65E-01

5.0-6.0 3.74E-02 1.12E-01 1.14E-01 1.09E-01

6.0-7.0 1.49E-02 4.47E-02 4.54E-02 4.35E-02

7.0-8.0 5.78E-03 1.74E-02 1.76E-02 1.69E-02

8.0-10.0 3.03E-03 9.11E-03 9.24E-03 8.86E-03

10.0-14.0 1.92E-04 5.75E-04 5.84E-04 5.60E-04

Total 6.59E+11 7.82E+11 3.65E+11 7.OOE+10

Notes: 2) Based upon a particulate filter density of 0.230 g/cc and charcoal filter density of 0.632 g/cc.
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TABLE 12.2-29

CORE MELT ACCIDENT INTEGRATED SOURCE STRENGTHS FROM MCR HVAC
FILTERS

30-Day Integrated Source Strength (Mev)

Energy Group VES (1) VBS (
(Mev/gamma)

0.01-0.02 1.75E+08 5.65E+10

0.02-0.03 3.81E+08 1.26E+11

0.03-0.06 5.89E+08 1.90E+11

0.06-0.1 5.77E+08 1.84E+11

0.1-0.2 9.03E+08 2.95E+11

0.2-0.4 3.34E+10 1.05E+13

0.4-0.6 2.36E+10 7.44E+12

0.6-0.7 3.81E+10 1.15E+13

0.7-0.8 2.63E+10 7.92E+12

0.8-1.0 7.57E+09 2.39E+12

1.0-1.5 1.77E+10 5.67E+12

1.5-2.0 4.03E+09 1.34E+12

2.0-3.0 6.47E+08 2.18E+11

3.0-4.0 1.20E+06 4.46E+08

4.0-5.0 4.17E+04 1.52E+07

5.0-6.0 1.03E-01 3.51E+01

6.0-7.0 4.08E-02 1.40E+01

7.0-8.0 1.59E-02 5.42E+00

8.0-10.0 8.32E-03 2.84E+00

10.0-14.0 5.25E-04 1.80E-01

Total 1.54E+11 4.79E+13

Notes: 1) Based upon a particulate filter density of 0.212 g/cc and charcoal filter density of 0.440 g/cc.

2) Based upon a particulate filter density of 0.230 g/cc and charcoal filter density of 0.632 g/cc.
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From DCD Figure 12.3-1 Sheet 6
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Table 14.3-7 (Sheet 2 of 3)

RADIOLOGICAL ANALYSIS

Reference Design Feature Value

Section 8.3.1.1.6 Electrical penetrations through the containment can
withstand the maximum short-circuit currents available
either continuously without exceeding their thermal limit, or
at least longer than the field cables of the circuits so that the
fault or overload currents are interrupted by the protective
devices prior to a potential failure of a penetration.

Section 9.4.1.1.1 The VBS isolates the HVAC ductwork that penetrates the
main control room boundary on High-2 particulate or iodine
concentrations in the main control room supply air or on
extended loss of ac power to support operation of the main
control room emergency habitability system.

Section 12.3.2.2.1 During reactor operation, the shield building protects
personnel occupying adjacent plant structures and yard areas
from radiation originating in the reactor vessel and primary
loop components. The concrete shield building wall and the
reactor vessel and steam generator compartment shield walls
reduce radiation levels outside the shield building to less
than 0.25 mrem/hr from sources inside containment. The
shield building completely surrounds the reactor
components.

Section 12.3.2.2.2 The reactor vessel is shielded by the concrete primary shield
and by the concrete secorKlary shield which also surrounds
other primary loop components. The secondary shield is a
structural module filled with concrete surrounding the
reactor coolant system equipment, including piping, pumps
and steam generators. Extensive shielding is provided for
areas surrounding the refueling cavity and the fuel transfer
canal to limit the radiation levels.

Section 12.3.2.2.3 Shielding is provided for the liquid radwaste, gaseous
radwaste and spent resin handling systems consistent with
the maximum postulated activity. Corridors are generally
shielded to allow Zone 11 access, and operator areas for
valve modules are generally Zone 11 or III for access.
Shielding is provided to attenuate radiation from normal
residual heat removal equipment during shutdown cooling
operations to levels consistent with radiation zoning
requirements of adjacent areas.
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15.0.11.1 FACTRAN Computer Code

FACTRAN (Reference 5) calculates the transient temperature distribution in a cross section
of a metal-clad U0 2 fuel rod and the transient heat flux at the surface of the cladding using as
input the nuclear power and the time-dependent coolant parameters (pressure, flow,
temperature, and density). The code uses a fuel model which simultaneously exhibits the
following features:

A sufficiently large number of radial space increments to handle fast transients--s.eh
as red ejeetion accident

15.0.11.6 ANC Computer Code

The ANC computer code is used to solve the two-group neutron diffusion equation in three
spatial dimensions. ANC can also solve the three-dimensional kinetics equations for six
delayed neutron groups.
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Table 15.0-2 (Sheet 4 of 5)

SUMMARY OF INITIAL CONDITIONS AND COMPUTER CODES USED

Reactivity Coefficients Assumed Initial
Thermal

Computer Moderator Moderator Power Output
Codes Density Temperature Assumed

Section Faults Used (Ak/gm/cm 3) (pcm/*F) Doppler (MWt)

15.4 Spectrum of RCCA ejection ANC, VIPRE Refer to Refer to Refer to subsection Refer to
accidents subsection 15.4.8 subsection 15.4.8 15.4.8 subsection

15.4.8
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15.1.5.4.1 Source Term

The only significant radionuclide releases due to the main steam line break are the iodines and alkali
metals that become airborne and are released to the environment as a result of the accident. Noble gases
are also released to the environment. Their impact is secondary because any noble gases entering the
secondary side during normal operation are rapidly released to the environment,

The analysis considers two different reactor coolant iodine source terms, both of which consider the
iodine spiking phenomenon. In one case, the initial iodine concentrations are assumed to be those
associated with equilibrium operating limits for primary coolant iodine activity. The iodine spike is
assumed to be initiated by the accident with the spike causing an increasing level of iodine in the reactor
coolant.

The second case assumes that the iodine spike occurs prior to the accident and that the maximum
resulting reactor coolant iodine concentration exists at the time the accident occurs.

The reactor coolant noble gas concentrations are assumed to be those associated with equilibrium
operating limits for primary coolant noble gas activity. The reactor coolant alkali metal concentrations
are based on those associated with the design basis fuel defect level.

The secondary coolant is assumed to have an iodine source term of 0.0 1 gCi/g dose equivalent 1-13 1. This
is I percent of the maximum primary coolant activity at equilibrium operating conditions. The secondary
coolant alkali metal concentration is also assumed to be I percent of the primary concentration.
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15.1.5.4.6 Doses

Using the assumptions from Table 15.1.5-1, the calculated total effective dose equivalent
(TEDE) doses for the case with accident-initiated iodine spike are determined to be less than
0.6 rem at the site boundary for the limiting 2-hour interval (4.8 to 6.8 hours) and 1.1 rem at the
low population zone outer boundary. These doses are small fractions of the dose guideline of 25
rem TEDE identified in 10 CFR Part 50.34. A "small fraction" is defined, consistent with the
Standard Review Plan, as being 10 percent or less. The TEDE doses for the case with pre-
existing iodine spike are determined to be less than 0.5 rem at the site boundary for the limiting
2-hour interval (0 to 2 hours) and 0.4 rem at the low population zone outer boundary. These
doses are within the dose guidelines of 10 CFR Part 50.34.

At the time the main steam line break occurs, the potential exists for a coincident loss of spent
fuel pool cooling with the result that the pool could reach boiling and a portion of the radioactive
iodine in the spent fuel pool could be released to the environment. The loss of spent fuel pool
cooling has been evaluated for a duration of 30 days. The 30-day contribution to the dose at the
site boundary and the low population zone boundary is less than 0.01 rem TEDE. When this is
added to the dose calculated for the main steam line break, the resulting total dose remains less
than the values reported above.
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Table 15.1.5-1

PARAMETERS USED IN EVALUATING THE RADIOLOGICAL
CONSEQUENCES OF A MAIN STEAM LINE BREAK

Reactor coolant iodine activity

- Accident-initiated spike Initial activity equal to the equilibrium operating limit for reactor
coolant activity of 1.0 gCi/g dose equivalent 1-131 with an
assumed iodine spike that increases the rate of iodine release from
fuel into the coolant by a factor of 500 (see Appendix 15A).
Duration of spike is 5 hours.

- Preaccident spike An assumed iodine spike that has resulted in an increase in the
reactor coolant activity to 60 giCi/g of dose equivalent 1-131 (see
Appendix 15A)

Reactor coolant noble gas activity Equal to the operating limit for reactor coolant activity of
280 jtCi/g dose equivalent Xe-133

Reactor coolant alkali metal activity Design basis activity (see Table 11.1-2)

Secondary coolant initial iodine and alkali 1% of reactor coolant concentrations at maximum equilibrium
metal activity conditions

Duration of accident (hr) 72

Atmospheric dispersion (x/Q) factors See Table 15A-5 in Appendix 15A

Steam generator in faulted loop

- Initial water mass (lb) 3.32 E+05

- Primary to secondary leak rate 52.25(a'
(lb/hr)

- Iodine partition coefficient 1.0

- Steam released (lb)
0 - 2 hr 3.321E+05
2 - 72 hr 3.66 E+03

Steam generator in intact loop

- Primary to secondary leak rate 52.25(a)
(lb/hr)

- Iodine partition coefficient 1.0

- Steam released (lb)
0 - 2 hr 3.321E+05
2 - 72 hr 3.66 E+03

Nuclide data See Table 15A-4

Note:
a. Equivalent to 150 gpd cooled liquid at 62.4 lb/ft3.
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15.3.3.3.1 Source Term

The initial secondary coolant activity is assumed to be I percent of the maximum equilibrium
primary coolant activity for iodines and alkali metals.

Table 15.3-3 (Sheet I of 2)

PARAMETERS USED IN EVALUATING THE RADIOLOGICAL
CONSEQUENCES OF A LOCKED ROTOR ACCIDENT

Initial reactor coolant iodine activity An assumed iodine spike that has resulted in an increase in the
reactor coolant activity to 60 gtCi/gm of dose equivalent 1-131 (see
Appendix 15A)(a)

Reactor coolant noble gas activity Equal to the operating limit for reactor coolant activity of
280 g.tCi/gm dose equivalent Xe-133

Reactor coolant alkali metal activity Design basis activity (see Table 11.1-2)

Secondary coolant initial iodine and alkali 1% of design basis reactor coolant concentrations at maximum
metal activity equilibrium conditions
Fraction of fuel rods assumed to fail 0.10

Core activity See Table 15A-3

Radial peaking factor (for determination of 1.75
activity in failed fuel rods)

Fission product gap fractions
1-131 0.08
Kr-85 0.10
Other iodines and noble gases 0.05
Alkali metals 0.12

Reactor coolant mass (Ib) 3.7 E+05

Secondary coolant mass (lb) 6.04 E+05

Condenser Not available

Atmospheric dispersion factors See Table 15A-5

Primary to secondary leak rate (lb/hr) 104.5(b)

Partition coefficient in steam generators
iodine 0.01
alkali metals 0.0035

Accident scenario in which startup
feedwater is not available

Duration of accident (hr) 1.5 hr
Steam released (lb)

0-1.5 hours(c) 6.48 E+05
Leak flashing fraction(d)

0-60 minutes 0.04
> 60 minutes 0

I

I
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15.4.8 Spectrum of Rod Cluster Control Assembly Ejection Accidents

15.4.8.1.1.3 Reactor Protection

The reactor protection in the event of a rod ejection accident is described in WCAP- 15806-P- A7-5.,
Revision-JA (Reference 4). The protection for this accident is provided by the high neutron flux trip (high
and low setting) and the high rate of neutron flux increase trip. These protection functions are described in
Section 7.2.

15.4.8.1.2 Limiting Criteria

This event is a Condition IV incident (ANSI N 18.2). See subsection 15.0.1 for a discussion of ANS
classification. Because of the extremely low probability of an RCCA ejection accident, some fuel damage
is considered an acceptable consequence.

Ceopreheasive studies f0 c tlhe thfr"eshold flfuel fa•i-e and cfthe thresheld eo significant cnversi.n of the
fuel theRmal enaerg to meGhani0al energy have been varried out as pa) of the SPERT project (Refernen4 e
5). Entensive tests of uranium dioeide (Us2) zirtonium clad fuel acdS representative of thos in
ptesurid n ar porsbeatyorf fures suerh as AP1000 have demgostsated failure thrtesholds in the range w f210
to 257 caLg. Other rodS ofa Slightly different design have exhibited failure as Jow as 225 caL'g. These
results differ- significantly frem the TREATi (ReferPene 6) rfesults, whieh indicate a rfailurae thresheld
2180 eang. Limited results indicate that this tho-resheld denreases by about 10 pret B With fuel buSR4p. The

Tladding faile meha ma per to be meting for zero bumup rods and britole fractre for iradiaated
feds-.

Also important is the convers9ion ratio of thermal to mnechanical energy. TPhis ratio beceomes marinally
detectable aenve 10p0 eatl fer unihadiatedg rodr -And 2 w00 catg fo iradatedna rod . Catastoephic failsem
(large fuel dispersal, la lge re e), even fo iaadiated rcds, did ies o eocur below 300 presa .

Regulator-y Guide 1.77 -NUREG-0800 Standard Review Plan (SRP) 4.2, Revision 3 (Reference 24),
interim criteria applicable to new plant design certification are applied to provide confidence that there is
little or no possibility of fuel dispersal in the coolant, gross lattice distortion, or severe shock waves.
These criteria are the following:

The pellet clad mechanical interaction (PCMI) failure criteria is a change in radial average fuel
enthalpy greater than the corrosion-dependent limit depicted in Figure B- I of SRP 4.2, Revision
3, Appendix B.

The high cladding temperature failure criteria for zero-power conditions is a peak radial average
fuel enthalpy greater than 170 cab'g for fuel rods with an internal rod pressure at or below system
pressure and 150 cal/g for fuel rods with an internal rod pressure exceeding system pressure.

* For intermediate (greater than 5-percent rated thermal power) and full-power conditions, fuel
cladding is presumed to fail if local heat flux exceeds thermal design limits (e.g., DNBR).

* For core coolability, it is conservatively assumed that the averageAver-age fuel pellet enthalpy at
the hot spot remainsis, below 200 callg (360 bBtullb) for irradiated fuel. This bounds non-
irradiated fuel, which has a slightly higher enthalpy limit.

For core coolability, the peak fuel temperature must remain below incipient fuel melting
conditions.
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Mechanical energy generated as a result of (1) non-molten fuel-to-coolant interaction and (2) fuel
rod burst that must be addressed with respect to reactor pressure boundary, reactor internals, and
fuel assembly structural integrity.

No loss of coolable geometry due to (1) fuel pellet and cladding fragmentation and dispersal and
(2) fuel rod ballooning.

Peak reactor coolant system pressure is less than that which could cause stresses to exceed the
"Service Limit C" as defined in the ASME code.

Fuel melting is limited to leIss than 10 percent Of the fuel v•olume EA the hot spot even ifte
average fuel Pellet enthalpy is b-elIOV the lim-its of thc first criterien.

15.4.8.2 Analysis of Effects and Consequences

Method of Analysis

The calculation of the RCCA ejection transients is performed in two stages: first, an average core ehmnel
calculation and then, a hot regiond calculation. The average core calculation is performed using spatial
neutron kinetics methods to determine the average power generation with time, including the various total
core feedback effects (Doppler reactivity and moderator reactivity). Enthalpy, andfuel temperature, and
DNB transients at-the hetspot are then determined by multiplying the average core ene.fr, gener.atif.n by
the hot chan"nel factor and performing a conservative fuel rod transient heat transfer calculation. The
poM'Ovc diStributionI calculated Without fecdbacke is ccnser-atively assumed to pecsist thfaughout the

A discussion of the method of analysis appears in WCAP 7588, Revision 1A15806-P-A (Reference 4).

Average Core Analysis

The spatial kinetics coMpu*te:three-dimensional nodal code TWPAIKEANC (References 14, 15, 16, 17,
21, 22, and 27) is used for the average core transient analysis. This code solves the two-group neutron
diffusion theory kinetic equation in -,-2-,efr4three spatial dimensions (rectangular coordinates) for 6six
delayed neutron groups. The core moderator and fuel temperature feedbacks are based on the NRC
approved Westinghouse version of the VIPRE-0 1 code and methods (References 18 and 19). and up to
2000 spatial points. Th0 e omputer- eode inceludes a multir-egion, transient fuel clad coolant heat transfcr-
model- for-I the cacltonf pointWiSe Doppler and mfOderatOr feedbacVk e0ffectsA1-. inf this analysis, thle code
is usedNa a onie dimfens~ionallW8 aal kinet~icS coAdeA becaumSe it atllows a morfe realistic r-epresenttationf eofh-e
spatial effects of axial modratr eedak an-d- _RCCA movemenPffPt_. Beas hep radial dimensioni
maissing, it is neeessary to use conservyative methods (deseribed as follows) of calculating the ejected rod
;worti44h MAnd hoAt- chane -RA01f9 0acto. Furth11erf d-e Scrip tio omaf TWIN KLE appgears in subseceti on 15.0. 11.

Hot SpotRod Analysis

The hot fuel rod models are based on the Westinghouse VIPRE models described in WCAP- 15806-P-A
(Reference 4). The hot rod model represents the hottest fuel rod from any channel in the core. VIPRE
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performs the hot rod transients for fuel enthalpy, temperature, and DNBR using as input the time
dependent nuclear core power and power distribution from the core average analysis. A description of the
VIPRE code is provided in Reference 18. in the hot spot analysis, the initial heat flux is equal to te

nominal Yalue m.ultiplied by the design hot chanmne factor. During the transient, the hemt folu hot hennel

faoor is linearly imt reeased to the tansientvalue in 0.s 1 second, the timne for full ejetien efsthe red. The

assumption is made that the hot spots before and after- ejection are coincident.* Th 'is is. conser 'tive

beraue the Pak after ejecticon eruio in or. adjaeen to the assembly it the eressuro analbsfor
ejection, the powerr in this region is depressed.

The hot spot analysis is pertfomed using the fuel and cladding trensiunleat ter t cosienmputer code
FAt.RAN (Referenoe r). atis eemputer cdeo calculates the ransient temperatue distroibtion in a eroess
recion-29 Of -A metalcla U02 fuel ro~d and t-he- heat flux at the surface of the rod, using as input the nuclearf
pewer versus time and the lpeal oe. lant conditions. The zirconium water retion is explicitly
represented; anTd dateril properties are representeda funtienttigs Of temperoacue. A patrabolir adial powe
distribution is used within the fuel rod-.

VFA CTR AN u1ses the Dittus Beektor or. Jens Lottes correlation to determiffe the Film heat tranisfer: befree
DNBand- the Bishop Sandburg Tong corrFelation (Reference 8) to dtriet-he film boiling oepfficient

after- DNB. T:he Bishop Sandbug Tong correlation is conser-vatively used, assuming zero~ bulk flujid
qu~alit. TheP -DNBAR- is- noAt- cluae.instead, the code is forced into DNB by qpeeifý'ifg a eaon'seative
DNB heat flux. ythe gap heat transfer coefficient is ealeulated by the code. it is adjusted to force the full

poWer, Steady preste temperature distributio to asuee With the fuel heat transfero desig codes. Fusthe
descr-iption of rFAGT4AN appears in subsection 15.044-.

System Overpressure Analysis

Ther-e is little likelihood of fuel dispersal into the coolant. The pressure surge mafy be calculated On the
basiis Of cnention-16A18 heatt tranHsfer from the fuel and prompt heat absofpticn by the colanlf the fuel
coolability limits are not exceeded, the fuel dispersal into the coolant or a sudden pressure increase from
thermal to kinetic energy conversion is not needed to be considered in the overpressure analysis.
Therefore, the overpressure condition may be calculated on the basis of conventional fuel rod to coolant
heat transfer and the prompt heat generation in the coolant. The system overpressure analysis is conducted
by first performing the core power response analysis to obtain the nuclear power transient (versus time)
data. The nuclear power data is then used as input to a plant transient computer code to calculate the peak
reactor coolant system pressure.

The pressueurei clculated by first per-formling the. filel hea asfe clcudolation to deatermine the
average and hot spot heat flux versuis timne. Using this heat fluxt data, a (Seetion 44) calcutlationi
performed to determfine the volu1me surge, Finally, the volumne surge is simulated in a plant transient

eemtitf ede.This code calculates the pressure transient, taking into account fluid transport in the
reactor coolant system and heat transfer to the steam generators. For conservatism, no credit is taken for
the possible pressure reduction caused by the assumed failure of the control rod pressure housing.

15.4.8.2.1 Calculation of Basic Parameters

Input parameters for the analysis are conservatively
ofC core. Table 15.1 3 presents the important parame

selected on the basis e4alues ealeuwm pqr. iýqbqza
$p.m ivý;od in this an&u n ysisas described in Reference 4.
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15.4.8.2.1.1 Ejected Rod Worths and Hot Channel Factors

The values for ejected rod worths and hot channel factors are calculated using either- three-dimensional
static methods or by a synthesis meth.d using one dimensional and tw. dim..ensional caluWaions.
Standard nuclear design codes are used in the analysis. No credit is ta"en for the flu* flattening effects of
reactiVit' feedback. The calculation is performed for the maximum allowed bank insertion at a given
power level, as determined by the rod insertion limits. Adverse xenon distributions are considered in the
calculation.

Appropriate safety analysis fna-giF&allowances are added to the ejected rod worth and hot channel factors
to account for calculational uncertainties, including an allowance for nuclear peaking due to densification
as discussed in Reference 4.

Power- distributions before and after ejection for- a worst ease can be fbund in WCAP 7588, Revision !A
(Refcrenee 1). During plant startp physics testing, rod werths and power- distributions have bhe
mneasured in the zero power: configuration and eompar-ed to values Used in the analysis. The ejceted rod

v0@44 sffld power: peakinig factors arc consistently over-predicted in the analysis.

15.4.8.2.1.2 Reactivity Feedback Weighting Fecto rsNot Used

The largeSt temperatur~e r~ises, and henee the largteSt reactiVit)y feedbacks, occur in channels whor-e the
power- is higher- than average. This mneans that the r-eactivity feedback is larger- than that indicated bya
simple single ehannel affAlysis.

Physics calceulatfions, Afe carited oust for- temperature changes with A flat temper-ature distributioni and with
a large numberO Of axia-l and raldial temfperature distr-ibutions. Reactivity changes are compared, -and-
ef-fective r-eactivity feedback weighting factors are shoAwn to- b-e consservative. These weighting factors5 take
the ferm ofimultiplier-s tha,when applied to single ch.Afanel fteed-backs, cexfreet the-m toefctvwhl
core feedbacks for the appropriate flux shape.

In this afnalysis, because a1 onfe d-i-mensional (axial) spatial kinetics method is used, amial r-eaetivity-
weighting is not neeessaiz' if the initial condition matcehes the ejected fcd configuratien. in additiont, no
reactivity weighting is applied to the moederator. feedback.

A conserlativc radial reactivity weighting factor- is applied to the transient fiael temperatURe to Obtain an

e•e•tive eluc IcmperTa rc•satun •wioT Ltim e,a c-unt• gt ur- te tiUsg spraniuLtimieVIin. -IuHSe
reaetivity weighting &factrs are shown to be eenseryativc compared to three dimnensional analysis

(Referenlee5.)

15.4.8.2.1.3 Moderator and Doppler Coefficients

The critical boron concentrations at the beginning •of •ele and end of cycle are is adjusted in the nuclear
code to obtain a moderator densitytemperature coefficient enrves that areis conservative compared to
actual design conditions for the plant consistent with Reference 4. The fuel temperature feedback in the
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neutronics code is reduced consistent with Reference 4 requirements. No weighting ftor... is applied to

The Doppler- reaetivity defect is determined as a function of power- lye! using a onte dimnensionial, steady
state computer codc with a Doppler weighting factor. of onie. The Doppler defectiused is givenMin
subsectionPR 15,0.4. The Poppler- weighting factor- incrfeases under accident conditionis.

15.4.8.2.1.4 Delayed Neutron Fraction, Peff

Calculations of the effective delayed neutron fraction (13eff) typically yield values no less than 0--.7
p.erent at bgin•ning of cyele and 0.50 percent at the end of cycle for..the fi• eye. The accident is
sensitive to Peff if the ejected rod worth is equal to or greater than Peffas in zero power transients. To
allow for future cycles, a pessimistic estimates of Peff of 0.19 percent at begeinnig of .y.le and 0.44
percent at iend ofeye! s used in the analysis.

15.4.8.2.1.5 Trip Reactivity Insertion

The trip reactivity insertion assumed is given in Table 15.1 3 and ineludesaccounts for the effect of the
ejected rod and one adjacent stuck R-GCrod. These values a. e r-educed by the ejeeted rod revactv•ity. The
--ii.de-, .. ip reactivity is simulated by dropping a limited set of rods of the required worth into the core.
The start of rod motion occurs 0.9 second after the high neutron flux trip setpoint is reached. This delay is
assumed to consist of 0.583 second for the instrument channel to produce a signal, 0.167 second for the
trip breakers to open, and 0.15 second for the coil to release the rods. A curve of trip rod insertion versus
time is used, which assumes that insertion to the dashpot does not occur until 2.47 seconds after the start
of fall. The choice of such a conservative insertion rate means that there is over 1 second after the trip
setpoint is reached before significant shutdown reactivity is inserted into the core. This conservatism is
important for the hot full power accidents.

15.4.8.2.1.7 Results

For all cases, the core is preconditioned by assuming a fuel cycle depletion with control rod insertion that
is conservative relative to expected baseload operation. All]ecause the conetrol rod insertion lifmits fOr the

-- -- ~-. a. a------------~ 1. .1
pkr 1 tuuu Ore mUffim!eRSIeon, a Si~igRc40AA MnunfVAr Ew-e~~t 6OM0FMM -A ANRA-- O .eeff

the most limiting cases, (that is, these cases that produced the least amonewt of marin to the Stmdfrd
Review Plan Section 15.1.8 evaluati, n ac.eptance criteria). Theo hot zero power. cases ad hot.full p
eases assume that the mechanical shim and axial offset control RCCAs are inserted to their insertion
limits before the event and xenon is skewed to yield a conservative initial axial power shape. The limiting
RCCA ejection cases for both the begiming and ead .oa typical cycle at zero and fuill power, are
presented ne*4summarized following the criteria outlined in subsection 15.4.8.1.2.

PCMI and high cladding temperature (hot zero power)

The resulting maximum fuel average enthalpy rise and maximum fuel average enthalpy are less
than the criteria given in subsection 15.4.8.1.2.

High cladding temperature (> 5% rated thermal power)

The fraction of the core calculated to have a DNBR less than the safety analysis limit is less than
the amount of failed fuel assumed in the dose analysis described in subsection 15.4.8.3.
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Core coolability

The resulting maximum fuel average enthalpy is less than the criterion given in subsection
15.4.8.1.2. Fuel melting is not predicted to occur at the hot spot.

There are no fuel failures due to the fuel enthalpy deposition, i.e., both fuel and cladding enthalpy limits
were met. Additionally, the coolability criteria for peak fuel enthalpy and the fuel melting criteria were
met. Therefore, the fuel dispersal into the coolant, a sudden pressure increase from thermal to kinetic
energy conversion, gross lattice distortion, or severe shock waves are precluded.

-Beginninfg Of cycele, full power-

Th... limiting ejected r.Od Aorth And hot chanel ft. r are conser':atively assfufcd to be 0.37 porcc; ,t ik

and 4.9, r.espectiv.ely. The peak hot spot "ladding ayea.ge tempe rature is 22652F. The peak hot spot fuel
cenlter temfperatUre reaches mnelting at 49002F. However, mnelting is fest~ited to less than 10 pefeent of
the pellet at the hat spot.

Beginnfing Of cycle, zero8 power

FEW this condition, the limiting ejected rod worth and hot chmanel factor: are coniserVatively assumed to be
0.65 percent ;;k and 12.0, rcspectively. The peak hot spot cladding average temfpcraiture is 19072F, anfd
the peak hot spot fuel center temperature is 30182F.

End of cycle, ful power:

The cjcctcd rod wort and hot channel factoref arce consefvatively assumned to be 0.30 pcrcent ;;k and 6.0,
r-espectively. TFhe peak hot spot cladding average temaperaturfe is 215 14F. Th1e peak hot spot fuiel
temperatur-e rteahes mnelting at 48002F. Howeverý, mnelting is r-estricted to less than 10 percent of the pellet
at he hoet fN-

End of cycle, ziero power

The ejected rod wort and hot channel factor for- this case are conservyatively assumed to be 0.75 perceent

seet fuiel center- temrecrature is 32634-.

A .umma. ofthe pre•eding a ses is given in Table 15.1 3. The nuclear power and fuel and eladdi. g
temperee-transients for the limiting cases are presented in Figures 15.4.8-1 through 15.4.8-3.

The calculated sequence of events for the limiting cases red ejectien accidents, as shown in Figures 15.1.8
T 15,O.gh .1.4.8 4, is presented in Table 15.4 1. Reactor trip occurs early in the transients, after which the
nuclear power excursion is terminated.

15.4.8.2.1.8 Fission Product Release

It is assumed that fission products are released from the gaps of all rods entering DNB. In the cases
considered, less than 10 percent of the rods are assumed to enter DNB based on a detailed three-
dimensional kinetics and hot rod analysis. The maximum fuel average enthalpy rise of rods predicted to
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enter DNB will be less than 60 cal/g. Fuel melting does not occur at the hot spot.THINC anay1yi
(Refer-ence 4). Although limited (less than 10 percent) fuel melting at the hot spot is allowed for. the fu~ll
power eases, in pr-aetice, mnelting is not expected because the analysis conservatsively assumes that the hot

Ispots befere and after- ejectionM -Are pmiun

15.4.8.2.1.9 Peak Reactor Coolant System Pressure Surge

A-eCalculations of the pfes e-suigepeak reactor coolant system pressurefor an ejec.tion r:"h A f abu't
ne doar.. at b.giffig Of ..y.le, hot fUll power, demonstrates that the peak pressure does not exceed that

which would cause the stress to exceed the Service Level C Limit as described in the ASME Code,
Section III. Beeau.se the Seerit. ' Of the analy,'Sis dOes n.t e..eed the Wor.st case analyssTherefore, the
accident for this plant does not result in an excessive pressure rise or further damage to the reactor coolant
system.

15.4.8.3 Radiological Consequences

The evaluation of the radiological consequences of a postulated rod ejection accident assumes that the
reactor is operating with-a limited number of fuel rods containing cladding defectsthe design basis fuel
defect !eye! (0.25 perceent of power- proeduced by fuiel rods containing cladding defects) and that leaking
steam generator tubes result in a buildup of activity in the secondary coolant. See subsection 15.4.8.3.1
and Table 15.4-4.

As a result of the accident, 10 percent of the fuel rods are assumed to be damaged (see subsection
15.4.8.2.1.8) such that the activity contained in the fuel cladding gap is released to the reactor coolant. I*
additinf, A- small fraction of fuel is, a med to melt aind reA~n.leas cAr-e iniVentOry tO the reacter- eeelantNo
fuel melt is calculated to occur as a result of the rod ejection (see subsection 15.4.8.2.1.8).

15.4.8.3.1 Source Term

The significant radionuclide releases due to the rod ejection accident are the iodines, alkali metals, and
noble gases. The reactor coolant iodine source term assumes a pre existing iodine spike. The initial
reactor coolant noble gas and alkali metal concentrations are assumed to be those associated with
equilibrium operating limits for primary coolant noble gas activity. The initial reactor coolant alkali metal
concentrations are assumed to be those associated with the design fuel defect level. These initial reactor
coolant activities are of secondary importance compared to the release of fission products from the
portion of the core assumed to fail.

Based on NUREG 1465 (Reference 12), the fission product gap fraction is 3 percent of fuel inventory.
For this analysis, the gap fractions are modified following the guidance of Draft Guide 1199 (Reference
25), which incorporates the effects of enthalpy rise in the fuel following the reactivity insertion, consistent
with Appendix B of SRP 4.2, Revision 3 (Reference 24). Draft Guide 1199 included expanded guidance
for determining nuclide gap fractions available for release following a rod ejection. Reference 26 was
issued as a clarification to the gap fraction guidance in Draft Guide 1199. An enthalpy rise of 60 cal/gm is
used to calculate the gap fractions (see subsection 15.4.8.2.1.8) is increased te 10 perc-'ent f the inventr,.
for iodine and noble gases and 12 percent for- alkali mtetals. Also, to address the fact that the failed fuel
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rods may have been operating at power levels above the core average, the source term is increased by the
lead rod radial peaking factor. No fuel melt is calculated to occur as a result of the rod ejection (see
subsection 15.4.8.2.1.8).

Even though no fuel center-line melting is expected, a conservative upper- limit for- fuel melting was
dete-en-ined to be 0.25 percent .f.the oA" r b..ad An the fellowi-g assumpti•:n.:

1. N49 more than 50 percent of the rods .Epe.ien.ing lad damage will e..periene .enterlin
melting. (Based efn 10 per-eent Of rods failing, this is 5 per-eent of the eer-e.)

2. Due to the power- distribution within the core, no more than 50 percenft Of the axial length of the
affected Pael roads will xeiec melting. (This reduces the equivalent numifber Of r-OdS experieneinig
incltinig to 2.5 percent of the core.)

3. Of rods experiencing center-line mnelting, only a conseryativ maiu f the innfermost 1
percent of the fuci voelume will actually mclf. (Based oft 2.5 perceent of the roeds exein ingmlting, the
resuiltinig fraction of the core epeienig meltinig is 0.25 percent.)

All of the noble gases and half of the Woines and allkali metas are assumfed to be released Ffrom the Melte

The initial seconidary coolant activity is a-ssiumed- to be 10 percenft Of the_ max6fimum equilibriumprmy
coolant activity for- iodinies and alkali mfetals.

15.4.8.3.5 Identification of Conservatisms

The reactor coolant activities are based on conservative assumptions (refer to Table 15.4-4)af
assumed fuel defect level of 0.25 per.ent; whereas, the activities based on the expected fuel
defect level isare far less thaf this (see Section 11.1).

15.4.8.3.6 Doses

Using the assumptions from Table 15.4-4, the calculated total effective dose equivalent (TEDE) doses are
determined to be lss than 1.84.0 rem at the site boundary for the limiting 2-hour interval (0 to 2 hours)

and less than 2.5.9 rem at the low population zone outer boundary. These doses are well within the dose
guideline of 25 rem total effective dose equivalentTEDE identified in 10 CFR Part 50.34. The phrase
"well within" is taken as being 25 percent or less.

15.4.10

4.

References

& o 4 .
Rkiher. D. 1. Ir. 'A n RvAluatim;nfa the RArl Riecti Aonwcirlnt in Wsiaos

I TV;- A * . " A 1 1F' AD '7C0O Q.Dý .4 A AU D

!/A', Jaoanu4a795.Beard, C. L. et al., "Westinghouse Control Rod Ejection Accident

Analysis Methodology Using Multi-Dimensional Kinetics," WCAP- 15806-P-A
(Proprietary) and WCAP- 15807-NP-A (Nonproprietary), November 2003.

7. &igAvirsona S. L,. (tO.) et at. ~ANC. A. wesuflenenuse AWava-ncco ftAOal 'C-Amneutr o:
• • & • • • f f & lit

AIG-l "P 1U IMt-.P' A Wro.annetnar) am'Or lAi I otftb, A ( 1'lfnnranret.'n beatemnneaI



Enclosure 3 to Serial: NPD-NRC-2015-014

Page 42 of 67

4-986Liu, Y. S., et al., "ANC - A Westinghouse Advanced Nodal Computer Code,"
WCAP- 10965-P-A (Proprietary) and WCAP- 10966-A (Nonproprietary), September
1986.

8. Bishep, A. A., Sandber~g, R. 0., and Tong, b. S., "Femed Convection Heat Tnsfey Fit

High Press.e After. the Critic•l Heat Flu.," ASME 65 14T 3 1, August 1965Not Used.

10. American National Standards Institute N 18.2, "Nuclear Safety Criteria for the Design of
Stationary PWR Plants," 19732.

13. "AP 1000 Stand-rd Combined License Technical Repeor, Bases of Digital Overpower and
Oivtzmper-ature Delta T (QPAT / OT"i T) Rca÷to- Trips," APP GW GbR 13"7, Revision
1, Febraa:204414-.Not Used.

14. Nguyen, T. Q., et al., "Qualifications of the PHOENIX-P/ANC Nuclear Design System
for Pressurized Water Reactor Cores," WCAP- 11596-P-A (Proprietary) and WCAP-
11597-A (Nonproprietary), June 1988.

15. Ouisloumen, M., et al., "Qualification of the Two-Dimensional Transport Code
PARAGON," WCAP- 16045-P-A (Proprietary) and WCAP- 16045-NP-A
(Nonproprietary), August 2004.

16 Liu, Y. S., "ANC - A Westinghouse Advanced Nodal Computer Code; Enhancements to
ANC Rod Power Recovery," WCAP-10965-P-A, Addendum 1 (Proprietary) and WCAP-
10966-A Addendum I (Nonproprietary), April 1989.

17. Letter from Liparulo, N.J. (Westinghouse) to Jones, R. C., (NRC), "Notification to the
NRC Regarding Improvements to the Nodal Expansion Method Used in the
Westinghouse Advanced Nodal Code (ANC)," NTD-NRC-95-4533, August 22, 1995.

18. Sung, Y. X., Schueren, P., and Meliksetian, A., "VIPRE-01 Modeling and Qualification
for Pressurized Water Reactor Non-LOCA Thermal-Hydraulic Safety Analysis," WCAP-
14565-P-A (Proprietary) and WCAP- 15306-NP-A (Nonproprietary), October 1999.

19. Stewart, C. W., et al., "VIPRE-01: A Thermal/Hydraulic Code for Reactor Cores,"
Volumes 1,2, 3 (Revision 3, August 1989), and Volume 4 (April 1987), NP-251 1-CCM-
A, Electric Power Research Institute, Palo Alto, California.

20. Foster, J. P. and Sidener, S., "Westinghouse Improved Performance Analysis and Design
Model (PAD 4.0)," WCAP- 15063-P-A, Revision 1 with Errata (Proprietary) and WCAP-
15064-NP-A (Nonproprietary), July 2000.

21. Zhang, B., et al., "Qualification of the NEXUS Nuclear Data Methodology," WCAP-
16045-P-A, Addendum 1-A (Proprietary) and WCAP-16045-NP-A, Addendum 1-A
(Nonproprietary), August 2007.

22. Zhang, B., et al., "Qualification of the New Pin Power Recovery Methodology," WCAP-
10965-P-A, Addendum 2-A (Proprietary), September 2010.



Enclosure 3 to Serial: NPD-NRC-2015-014

Page 43 of 67

23. Smith, L. D , et al., "Modified WRB-2 Correlation, WRB-2M, for Predicting Critical
Heat Flux in 17x 17 Rod Bundles with Modified LPD Mixing Vane Grids," WCAP-
15025-P-A (Proprietary) and WCAP- 15026-NP-A (Nonproprietary), April 1999.

24. NUREG-0800, Standard Review Plan, Section 4.2, Revision 3, "Fuel System Design,"
Appendix B, "Interim Acceptance Criteria and Guidance for the Reactivity Initiated
Accidents," March 2003.

25. Draft Regulatory Guide DG-i 199, "Proposed Revision 1 of Regulatory Guide 1.183;
Alternative Radiological Source Terms for Evaluating Design Basis Accidents at Nuclear
Power Reactors," October 2009. NRC ADAMS Accession Number: ML090960464.

26. NRC Memorandum from Anthony Mendiola to Travis Tate, "Technical Basis for
Revised Regulatory Guide 1.183 (DG- 1199) Fission Product Fuel-to-Cladding Gap
Inventory," July 2011. NRC ADAMS Accession Number: MLI 11890397.

27. Letter from Liparulo, N. J. (Westinghouse) to Jones, R. C. (NRC), "Process Improvement
to the Westinghouse Neutronics Code System," NSD-NRC-96-4679, March 29, 1996.



Enclosure 3 to Serial: NPD-NRC-2015-014

Page 44 of 67

Table 15.4-1 (Sheet 2 of 3)

TIME SEQUENCE OF EVENTS FOR INCIDENTS WHICH RESULT IN
REACTIVITY AND POWER DISTRIBUTION ANOMALIES

Time
Accident Event (seconds)

RCCA ejection accident

1. PCMI limiting event Initiation of rod ejection 0.00

Peak nuclear power occurs 0.14

Reactor trip setpoint reached <0.30

Peak cladding temperature occurs 0.36

Peak enthalpy deposition occurs 0.44

Rods begin to fall into core 1.20

2. Peak cladding temperature Initiation of rod ejection 0.00
limiting event

Peak nuclear power occurs 0.08

Minimum DNBR occurs 0.11

Peak cladding temperature occurs 0. 11

Reactor trip setpoint reached <0.30

Rods begin to fall into core 1.20

3. Peak enthalpy/peak fuel Initiation of rod ejection 0.00
centerline temperature event

Peak nuclear power occurs 0.06

Reactor trip setpoint reached <0.30

Rods begin to fall into core 1.20

Peak fuel center temperature occurs 2.50

Peak cladding temperature occurs 2.80
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Table 15.4-4 (Sheet 1 of 2)

PARAMETERS USED IN EVALUATING THE RADIOLOGICAL
CONSEQUENCES OF A ROD EJECTION ACCIDENT

Initial reactor coolant iodine An assumed iodine spike that has resulted in an increase in the reactor
coolant activity to 60 giCi/g (2.22E+06 Bq/g) of dose equivalent 1-131
(see Appendix 15A)(a)

Reactor coolant noble gas Equal to the operating limit for reactor coolant activity of 280 gCi/g
(1.036E+07 Bq/g) dose equivalent Xe-133

Reactor coolant alkali metal Design basis activity (see Table 11.1-2)

Secondary coolant initial 1% of reactor coolant concentrations at maximum equilibrium
iodine and alkali metal conditions
activity

Radial peaking factor (for 1.75
determination of activity in
damaged fuel)

Fuel cladding failure

- Fraction of fuel rods 0.1
assumed to fail

- Fuel enthalpy increase 60

(cal/gm)

Fission product gap
fractions

Iodine 131 0.1238
Iodine 132 0.1338
Krypton 85 0.5120
Other noble gases 0.1238
Other halogens 0.0938
Alkali metals 0.6860

Iodine chemical form (%)

- Elemental 4.85

- Organic 0.15

- Particulate 95.0

Core activity See Table 15A-3

Nuclide data See Table 15A-4

Reactor coolant mass (lb) 3.7 E+05 (1.68E+05 kg)

Note:
a. The assumption of a pre-existing iodine spike is a conservative assumption for the initial reactor coolant

activity. However, compared to the activity assumed to be released from damaged fuel, it is not significant.
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Table 15.4-4 (Sheet 2 of 2)

PARAMETERS USED IN EVALUATING THE RADIOLOGICAL
CONSEQUENCES OF A ROD EJECTION ACCIDENT

Condenser Not available

Duration of accident (days) 30

Atmospheric dispersion (x/Q) factors See Table 15A-5

Secondary system release path

- Primary to secondary leak rate (lb/hr) 104.5(a) (47.4 kg/hr)

- Leak flashing fraction 0.04(')

- Secondary coolant mass (lb) 6.06 E+05 (2.75E+05 kg)

- Duration of steam release from 1800
secondary system (sec)

- Steam released from secondary 1.08 E+05 (4.90E+04 kg)
system (lb)

- Partition coefficient in steam generators

* Iodine 0.01
* Alkali metals 0.0035

Containment leakage release path

- Containment leak rate (% per day)

* 0-24 hr 0.10
* >24 hr 0.05

- Airborne activity removal
coefficients (hr")

* Elemental iodine 1.9(c)
* Organic iodine 0
* Particulate iodine or alkali metals 0.1

- Decontamination factor limit for 200
elemental iodine removal

- Time to reach the decontamination 2.78
factor limit for elemental iodine (hr)

Notes:
a. Equivalent to 300 gpd (1.14 m3/day) cooled liquid at 62.4 lb/ft3 (999.6 kg/mi).
b. No credit for iodine partitioning is taken for flashed leakage.
c. From Appendix 15B.
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Nuclear Power Transient Versus Time
for the PCMI Rod Ejection Accident
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Nuclear Power Transient Versus Time
for the Peak Enthalpy and Fuel Centerline Temperature Rod Ejection Accident
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Figure 15.4.8-4 not used
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15.6.2.6 Doses

Using the assumptions from Table 15.6.2-1, the calculated total effective dose equivalent
(TEDE) doses are determined to be 1.3 rem at the exclusion area boundary and 0.6 rem at
the low population zone outer boundary. These doses are a small fraction of the dose
guideline of 25 rem TEDE identified in 10 CFR Part 50.34. The phrase "a small fraction" is
taken as being ten percent or less.

15.6.3.3.1 Source Term

The secondary coolant iodine and alkali metal activity is assumed to be 1 percent of the
maximum equilibrium primary coolant activity.

15.6.3.3.6 Doses

Using the assumptions from Table 15.6.3-3, the calculated TEDE doses for the case in which
the iodine spike is assumed to be initiated by the accident are determined to be 0.7 rem at the
exclusion area boundary for the limiting 2-hour interval (0-2 hours) and 0.5 rem at the low
population zone outer boundary. These doses are a small fraction of the dose guideline of
25 rem TEDE identified in 10 CFR Part 50.34. A "small fraction" is defined, consistent with
the Standard Review Plan, as being ten percent or less.

For the case in which the SGTR is assumed to occur coincident with a pre-existing iodine
spike, the TEDE doses are determined to be 1.4 rem at the exclusion area boundary for the
limiting 2-hour interval (0 to 2 hours) and 0.7 rem at the low population zone outer boundary.
These doses are within the dose guideline of 25 rem TEDE identified in 10 CFR Part 50.34.

I
Table 15.6.2-1

PARAMETERS USED IN EVALUATING THE RADIOLOGICAL
CONSEQUENCES OF A SMALL LINE BREAK OUTSIDE CONTAINMENT

Reactor coolant iodine activity Initial activity equal to the design basis reactor coolant
activity of 1.0 tCi/g dose equivalent 1-131 with an
assumed iodine spike that increases the rate of iodine
release from fuel into the coolant by a factor of 500
(see Table 15A-2 in Appendix 15A)(a)

Reactor coolant noble gas activity 280 tCi/g dose equivalent Xe-133

Break flow rate (gpm) 13 0("b)

Fraction of reactor coolant flashing 0.47

Duration of accident (hr) 0.5

Atmospheric dispersion (x/Q) factors See Table 15A-5

Nuclide data See Table 15A-4

Notes:
a. Use of accident-initiated iodine spike is consistent with the guidance in the Standard Review Plan.
b. At density of 62.4 lb/ft3.
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Table 15.6.3-3

PARAMETERS USED IN EVALUATING THE RADIOLOGICAL
CONSEQUENCES OF A STEAM GENERATOR TUBE RUPTURE

Reactor coolant iodine activity

- Accident initiated spike Initial activity equal to the equilibrium operating limit
for reactor coolant activity of 1.0 jtCi/g dose
equivalent 1- 131 with an assumed iodine spike that
increases the rate of iodine release from fuel into the
coolant by a factor of 335 (see Appendix 15A).
Duration of spike is 8.0 hours.

- Preaccident spike An assumed iodine spike that results in an increase
in the reactor coolant activity to 60 giCi/g of dose
equivalent 1- 131 (see Appendix 15A)

Reactor coolant noble gas activity 280 jiCi/g dose equivalent Xe-133

Reactor coolant alkali metal activity Design basis activity (see Table 11.1-2)

Secondary coolant initial iodine and alkali metal 1% of reactor coolant concentrations at maximum
equilibrium conditions

Reactor coolant mass (lb) 3.7 E+05

Offsite power Lost on reactor trip

Condenser Lost on reactor trip

Time of reactor trip Beginning of the accident

Duration of steam releases (hr) 15.94

Atmospheric dispersion factors See Appendix 15A

Nuclide data See Appendix 15A
Steam generator in ruptured loop
- Initial secondary coolant mass (lb) 1.16 E+05
- Primary-to-secondary break flow See Figure 15.6.3-5
- Integrated flashed break flow (lb) See Figure 15.6.3-10
- Steam released (lb) See Table 15.6.3-2
- Iodine partition coefficient 1.0 E-02 (a)

- Alkali metals partition coefficient 3.5 E-03 (a)

Steam generator in intact loop
- Initial secondary coolant mass (lb) 2.30 E+04
- Primary-to-secondary leak rate (lb/hr) 52.16(b)
- Steam released (lb) See Table 15.6.3-2
- Iodine partition coefficient 1.0 E-02(")
- Alkali metals partition coefficient 3.5 E-03(a)

I

Notes:
a. Iodine partition coefficient does not apply to flashed break flow.
b. Equivalent to 150 gpd at psia cooled liquid at 62.4 lb/ft3.



Enclosure 3 to Serial: NPD-NRC-2015-014

Page 54 of 67

15.6.5.3.5 Main Control Room Dose Model

There are two approaches used for modeling the activity entering the main control room. If power is

available, the normal heating, ventilation, and air-conditioning (HVAC) system will switch over to a

supplemental filtration mode (Section 9.4). The normal HVAC system is not a safety-class system but

provides defense in depth.

Alternatively, if the normal HVAC is inoperable or, if operable, the supplemental filtration train does not

function properly resulting in increasing levels of airborne iodine in the main control room, the

emergency habitability system (Section 6.4) would be actuated when High-2 iodine or particulate activity

is detected. The emergency habitability system provides passive pressurization of the main control room

from a bottled air supply to prevent inleakage of contaminated air to the main control room. The bottled

air also induces flow through the passive air filtration system which filters contaminated air in the main

control room. There is a 72-hour supply of air in the emergency habitability system. After this time, the

main control room is assumed to be opened and unfiltered air is drawn into the main control room by way

of an ancillary fan. After 7 days, offsite support is assumed to be available to reestablish operability of the

control room habitability system by replenishing the compressed air supply. As a defense-in-depth

measure, the nonsafety-related normal control room HVAC would be brought back into operation with

the supplemental filtration train if power is available.

The main control room is accessed by a vestibule entrance, which restricts the volume of contaminated air

that can enter the main control room from ingress and egress. The design of the emergency habitability

system (VES) provides 65 scfm ±5 scfm to the control room and maintains it in a pressurized state. The

path for the purge flow out of the main control room is through the vestibule entrance and this should

result in a dilution of the activity in the vestibule and a reduction in the amount of activity that might enter

the main control room. However, no additional credit is taken for dilution of the vestibule via the purge.

The projected inleakage into the main control room through ingress/egress is 5 cfmn. An additional 10 cfin

of unfiltered inleakage is conservatively assumed from other sources.

Activity entering the main control room is assumed to be uniformly dispersed. With the VES in operation,

airborne activity is removed from the main control room atmosphere via the passive recirculation

filtration portion of the VES.

The main control room dose calculation models are provided in Appendix 15A for the determination of

doses resulting from activity which enters the main control room envelope.
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15.6.5.3.8.1 Offsite Doses

The reported exclusion area boundary doses are for the time period of 1.3 to 3.3 hours. This is the 2-hour
interval that has the highest calculated doses. The dose that would be incurred over the first 2 hours of the
accident is well below the reported dose.

15.6.5.3.8.2 Doses to Operators in the Main Control Room

The doses calculated for the main control room personnel due to airborne activity entering the main
control room are listed in Table 15.6.5-3. Also listed on Table 15.6.5-3 are the doses due to direct shine
from the activity in the adjacent buildings, shine from radioactivity accumulated on the VES or VBS
filters, and sky-shine from the radiation that streams out the top of the containment shield building and is
reflected back down by air-scattering. The total of these dose paths is within the dose criteria of 5 rem
TEDE as defined in GDC 19.

As discussed above for the offsite doses, there is the potential for a dose to the operators in the main
control room due to iodine releases from postulated spent fuel boiling. The calculated dose from this
source is less than 0.01 rem TEDE and is reported in Table 15.6.5-3.
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Table 15.6.5-2 (Sheet I of 3)

ASSUMPTIONS AND PARAMETERS USED IN CALCULATING
RADIOLOGICAL CONSEQUENCES OF A LOSS-OF-COOLANT ACCIDENT

Primary coolant source data

- Noble gas concentration 280 tCi/g dose equivalent Xe- 133

- Iodine concentration 1.0 g.tCi/g dose equivalent 1-131

- Primary coolant mass (lb) 4.39 E+05

Containment purge release data

- Containment purge flow rate (cfmi) 16000

- Time to isolate purge line (seconds) 30

- Time to blow down the primary coolant system (minutes) 10

- Fraction of primary coolant iodine that becomes airborne 1.0

Core source data

- Core activity at shutdown See Table 15A-3
- Release of core activity to containment atmosphere (timing and See Table 15.6.5-1

fractions)
- Iodine species distribution (%)

* Elemental 4.85
" Organic 0.15
* Particulate 95

Containment leakage release data

- Containment volume (Ift) 2.06 E+06
- Containment leak rate, 0-24 hr (% per day) 0.10

- Containment leak rate, > 24 hr (% per day) 0.05

- Elemental iodine deposition removal coefficient (hr'1) 1.9
- Decontamination factor limit for elemental iodine removal 200

- Removal coefficient for particulates (hr-1 ) See Appendix 15B

Main control room model

- Main control room volume (ft3) 3.89E+04
- Volume of HVAC, including main control room and control support 1.2E+05

area (ft3)
- Normal HVAC operation (prior to switchover to an emergency mode)

" Air intake flow (cfm) 1650
" Filter efficiency Not applicable

- Atmospheric dispersion factors (sec/mi) See Table 15A-6
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Table 15.6.5-2 (Sheet 2 of 3)

ASSUMPTIONS AND PARAMETERS USED IN CALCULATING
RADIOLOGICAL CONSEQUENCES OF A LOSS-OF-COOLANT ACCIDENT

Main control room model (cont.)

- Occupancy

• 0 - 24 hr 1.0

* 24 - 96 hr 0.6

9 96 - 720hr 0.4

- Breathing rate (m3/sec) 3.5 E-04

Control room with emergency habitability system credited (VES Credited)

- Main control room activity level at which the emergency habitability system 2.0 E-07
actuation is actuated (Ci/m 3 of dose equivalent 1-131)

- Response time to actuate VES based on radiation monitor response time and 200
VBS isolation (sec)

- Interval with operation of the emergency habitability system

0 Flow from compressed air bottles of the emergency habitability system 60
(cfm)

0 Unfiltered inleakage via ingress/egress (scfin) 5
* Unfiltered inleakage from other sources (scfm) 10

* Recirculation flow through filters (scfm) 600

* Filter efficiency (%)

* Elemental iodine 90

0 Organic iodine 90

* Particulates 99

- Time at which the compressed air supply of the emergency habitability 72
system is depleted (hr)

- After depletion of emergency habitability system bottled air supply (>72 hr)

* Air intake flow (cfin) 1900

* Intake flow filter efficiency (%) Not applicable

* Recirculation flow (cfm) Not applicable

- Time at which the compressed air supply is restored and emergency 168
habitability system returns to operation (hr)



Enclosure 3 to Serial: NPD-NRC-2015-014

Page 58 of 67

Table 15.6.5-2 (Sheet 3 of 3)

ASSUMPTIONS AND PARAMETERS USED IN CALCULATING
RADIOLOGICAL CONSEQUENCES OF A LOSS-OF-COOLANT ACCIDENT

Control room with credit for continued operation of HVAC (VBS
Supplemental Filtration Mode Credited)

- Time to switch from normal operation to the supplemental air
filtration mode (sec)

- Unfiltered air inleakage (cfm)

- Filtered air intake flow (cflm)

- Filtered air recirculation flow (cfm)

- Filter efficiency (%)

* Elemental iodine

" Organic iodine

* Particulates

265

25

860

2740

90

90

99

Miscellaneous assumptions and parameters

- Offsite power Not applicable

- Atmospheric dispersion factors (offsite) See Table 15A-5

- Nuclide dose conversion factors See Table 15A-4

- Nuclide decay constants See Table 15A-4

- Offsite breathing rate (m3/sec)

0 - 8hr 3.5 E-04

8 - 24hr 1.8E-04

24 - 720 hr 2.3 E-04
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Table 15.6.5-3

RADIOLOGICAL CONSEQUENCES OF A
LOSS-OF-COOLANT ACCIDENT WITH CORE MELT

TEDE Dose (rem)

Exclusion zone boundary dose (1.3 - 3.3 hr)(') 23.5

Low population zone boundary dose (0 - 30 days) 22.2

Main control room dose (emergency habitability system in operation)

- Airborne activity entering the main control room 3.70
- Direct radiation from adjacent structures, including sky shine 0.30
- Filter shine 0.32
- Spent fuel pooling boiling 0.01
- Total 4.33

Main control room dose (normal HVAC operating in the supplemental filtration
mode)

- Airborne activity entering the main control room 4.50
- Direct radiation from adjacent structures, including sky shine 0.30
- Filter shine 0.03
- Spent fuel pooling boiling 0.01
- Total 4.84
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15.7.4.5 Offsite Doses

Using the assumptions from Table 15.7-1, the calculated doses from the initial releases are
determined to be 2.8 rem TEDE at the site boundary and 1.2 rem TEDE at the low population
zone outer boundary. These doses are well within the dose guideline of 25 rem TEDE
identified in 10 CFR Part 50.34. The phrase "well within" is taken as meaning 25 percent or
less.
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Table 15.7-I

ASSUMPTIONS USED TO DETERMINE
FUEL HANDLING ACCIDENT RADIOLOGICAL CONSEQUENCES

Source term assumptions

- Core power (MWt)

- Decay time (hr)

3434(")

48

4
Core source term after 48 hours decay (Ci)

1-130
1-131
1-132
1-133
1-135
Kr-85m
Kr-85
Kr-88
Xe-131m
Xe-133m
Xe-133
Xe-135m
Xe- 135

1.28 E+05
8.18 E+07
9.10 E+07
4.06 E+07
1.17 E+06
1.52 E+04
1.07 E+06
5.45 E+02
1.02 E+06
4.47 E+06
1.70 E+08
1.91 E+05
1.04 E+07

Number of fuel assemblies in core 157

Amount of fuel damage One assembly

Maximum rod radial peaking factor 1.75

Percentage of fission products in gap

1-131 8

Other iodines 5

Kr-85 10

Other noble gases 5

Pool decontamination factor for iodine 200

Activity release period (hr) 2

Atmospheric dispersion factors See Table 15A-5 in Appendix 15A

Breathing rates (m3/sec) 3.5 E-4

Nuclide data See Appendix 15A

Note:
1. The main feedwater flow measurement supports a I -percent power uncertainty.
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15A.3.1.2 Secondary Coolant Source Term

The secondary coolant source term used in the radiological consequences analyses is conservatively
assumed to be 1 percent of the primary coolant equilibrium source term. This is more conservative than
using the design basis secondary coolant source terms listed in Table 11.1-5.

Because the iodine spiking phenomenon is short-lived and there is a high level of conservatism for the
assumed secondary coolant iodine concentrations, the effect of iodine spiking on the secondary coolant
iodine source terms is not modeled.

There is assumed to be no secondary coolant noble gas source term because the noble gases entering the
secondary side due to primary-to-secondary leakage enter the steam phase and are discharged via the
condenser air removal system.

15B.1 Elemental Iodine Removal

Elemental iodine is removed by deposition onto the structural surfaces inside the containment. The
removal of elemental iodine is modeled using the equation from the Standard Review Plan (Reference
1):

V

where:

Ad = first order removal coefficient by surface deposition

Kw, = mass transfer coefficient (specified in Reference I as 4.9 m/hr)

A = surface area available for deposition

V = containment building volume

The available deposition surface is 251,000 ft2, and the containment building net free volume is
2.06 x 106 ft3. From these inputs, the elemental iodine removal coefficient is 1.9 hr 1 .

Consistent with the guidance of Reference 1, credit for elemental iodine removal is assumed to continue
until a decontamination factor (DF) of 200 is reached in the containment atmosphere. Because the
source term for the LOCA (defined in subsection 15.6.5.3) is modeled as a gradual release of activity into
the containment, the determination of the time at which the DF of 200 is reached needs to be based on
the amount of elemental iodine that enters the containment atmosphere over the duration of core
activity release.
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3.7 PLANT SYSTEMS

3.7.4 Secondary Specific Activity

LCO 3.7.4

APPLICABILITY:

The specific activity of the secondary coolant shall be < 0.01 ptCi/gm DOSE
EQUIVALENT 1- 131.

MODES 1, 2, 3 and 4.

ACTIONS

CONDITION REQUIRED ACTION COMPLETION TIME

A. Specific activity not A. 1 Be in MODE 3. 6 hours
within limit. AND

A.2 Be in MODE 5. 36 hours

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.7.4.1 Verify the specific activity of the secondary coolant _ 0.01 31 days
pCi/gm DOSE EQUIVALENT 1- 13 1.

I
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RCS Specific Activity

B 3.4.10

BASES

APPLICABLE SAFETY ANALYSES (continued)

assumed to be the LCO of 280 ptCi/gm DOSE EQUIVALENT XE-133. The
safety analysis assumes the specific activity of the secondary coolant at its limit
of 0.01 jiCi/gm DOSE EQUIVALENT 1-131 from LCO 3.7.4, "Secondary
Specific Activity."

The LCO limits ensure that, in either case, the doses reported in Chapter 15
remain bounding.

The RCS specific activity satisfies Criterion 2 of 10 CFR 50.36(c)(2)(ii).
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B 3.7 PLANT SYSTEMS

B 3.7.4 Secondary Specific Activity

Secondary Specific Activity

B 3.7.4

BASES

BACKGROUND Activity in the secondary coolant results from steam generator tube LEAKAGE
from the Reactor Coolant System (RCS). Other fission product isotopes, as well
as activated corrosion products in lesser amounts, may also be found in the
secondary coolant. While fission products present in the primary coolant, as well
as activated corrosion products, enter the secondary coolant system due to the
primary to secondary LEAKAGE, only the iodines are of a significant concern
relative to airborne release of activity in the event of an accident or abnormal
occurrence (radioactive noble gases that enter the secondary side are not retained
in the coolant but are released to the environment via the condenser air removal
system throughout normal operation).

The limit on secondary coolant radioactive iodines minimizes releases to the
environment due to anticipated operational occurrences or postulated accidents.

APPLICABLE
SAFETY
ANALYSES

The accident analysis of the main steam line break (SLB) as discussed in Chapter
15 (Ref. I) assumes the initial secondary coolant specific activity to have a
radioactive isotope concentration of 0.01 pCi/gm DOSE EQUIVALENT 1-131.
This assumption is used in the analysis for determining the radiological
consequences of the postulated accident. The accident analysis, based on this
and other assumptions, shows that the radiological consequences of a postulated
SLB are within the acceptance criteria in SRP Section 15.0.1, and within the
exposure guideline values of 10 CFR Part 50.34.

Secondary specific activity satisfies Criterion 2 of 10 CFR 50.36(c)(2)(ii).

LCO As indicated in the Applicable Safety Analyses, the specific activity limit of the
secondary coolant is required to be < 0.01 pCi/gm DOSE EQUIVALENT 1-131
to maintain the validity of the analyses reported in Chapter 15 (Ref. 1).

Monitoring the specific activity of the secondary coolant ensures that when
secondary specific activity limits are exceeded, appropriate actions are taken in a
timely manner to place the unit in an operational MODE that would minimize the
radiological consequences of a DBA.
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B 3.7 PLANT SYSTEMS

B 3.7.6 Main Control Room Emergency Habitability System (VES)

Main Control Room Emergency Habitability System (VES)

B 3.7.6

BASES

BACKGROUND The Main Control Room Emergency Habitability System (VES) provides a
protected environment from which operators can control the plant following an
uncontrolled release of radioactivity, hazardous chemicals, or smoke. The system
is designed to operate following a Design Basis Accident (DBA) which requires
protection from the release of radioactivity. In these events, the Nuclear Island
Non-Radioactive Ventilation System (VBS) would continue to function if AC
power is available. If AC power is lost or a High-2 iodine or particulate Main
Control Room Envelope (MCRE) radiation signal is received, the VES is
actuated. The MCRE radioactivity is measured by detectors in the MCR supply
air duct, downstream of the filtration units. The major functions of the VES are:
1) to provide forced ventilation to deliver an adequate supply of breathable air
(Ref. 4) for the MCRE occupants; 2) to provide forced ventilation to maintain the
MCRE at a 1/8 inch water gauge positive pressure with respect to the
surrounding areas; 3) provide passive filtration to filter contaminated air in the
MCRE; and 4) to limit the temperature increase of the MCRE equipment and
facilities that must remain functional during an accident, via the heat absorption
of passive heat sinks.

The VES consists of compressed air storage tanks, two air delivery flow paths, an
eductor, a high efficiency particulate air (HEPA) filter, an activated charcoal
adsorber section for removal of gaseous activity (principally iodines), associated
valves or dampers, piping, and instrumentation. The tanks contain enough
breathable air to supply the required air flow to the MCRE for at least 72 hours.
The VES system is designed to maintain CO 2 concentration less than 0.5% for up
to 11 MCRE occupants.

The MCRE is the area within the confines of the MCRE boundary that contains
the spaces that control room operators inhabit to control the unit during normal
and accident conditions. This area encompasses the main control area, operations
work area, operational break room, shift supervisor's office, kitchen, and toilet
facilities (Ref. 1). The MCRE is protected during normal operation, natural
events, and accident conditions. The MCRE boundary is the combination of
walls, floor, roof, electrical and mechanical penetrations, and access doors. The
OPERABILITY of the MCRE boundary must be maintained to ensure that the
inleakage of unfiltered air into the MCRE will not exceed the inleakage assumed
in the licensing basis analysis of design basis accident (DBA) consequences to
MCRE occupants. The MCRE and its boundary are defined in the Main Control
Room Envelope Habitability Program.
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Main Control Room Emergency Habitability System (VES)

B 3.7.6
BASES

BACKGROUND (continued)

Sufficient thermal mass exists in the surrounding concrete structure (including
walls, ceiling and floors) to absorb the heat generated inside the MCRE, which is
initially at or below 75°F. Heat sources inside the MCRE include operator
workstations, emergency lighting and occupants. Sufficient insulation is
provided surrounding the MCRE pressure boundary to preserve the minimum
required thermal capacity of the heat sink. The insulation also limits the heat
gain from the adjoining areas following the loss of VBS cooling.

In the unlikely event that power to the VBS is unavailable for more than
72 hours, MCRE habitability is maintained by operating one of the two MCRE
ancillary fans to supply outside air to the MCRE.

The compressed air storage tanks are initially filled to contain greater than
327,574 scf of compressed air. The compressed air storage tanks, the tank
pressure, and the room temperature are monitored to confirm that the required
volume of breathable air is stored. During operation of the VES, a self contained
pressure regulating valve maintains a constant downstream pressure regardless of
the upstream pressure. An orifice downstream of the regulating valve is used to
control the air flow rate into the MCRE. The MCRE is maintained at a 1/8 inch
water gauge positive pressure to minimize the infiltration of airborne
contaminants from the surrounding areas. The VES operation in maintaining the
MCRE habitable is discussed in Reference I.

APPLICABLE The compressed air storage tanks are sized such that the set of tanks has a
SAFETY combined capacity that provides at least 72 hours of VES operation.
ANALYSES

Operation of the VES is automatically initiated by either the following safety
related signals:

" Control Room Air Supply Iodine or Particulate Radiation - High-2
" Loss of all AC power for more than 10 minutes.

In the event that a High- 1 radioactivity setpoint value is reached, the non-safety
VBS re-aligns to supplemental filtration mode, providing MCRE pressurization,
cooling, and filtration.

Upon High-2 particulate or iodine radioactivity setpoint, a safety related signal is
generated to isolate the MCRE and to initiate air flow from the VES storage
tanks. Isolation of the MCRE consists of closing safety related valves in the lines
that penetrate the MCRE pressure boundary. Valves in the VBS supply and
exhaust ducts, and the Sanitary Drainage System (SDS) vent lines are
automatically isolated. VES air flow is initiated by a safety related signal which
opens the isolation valves in the VES supply lines.




