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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- A7588-
Revision1A (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 N18.2). 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.

Regulatery-Guide-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-B-1 of SRP 4.2,
Revision 3, Appendix B.

. The high cladding temperature failure criteria for zere-zero-power conditions is a peak radial

average fuel enthalpy greater than 170 cal/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 5-5-percent rated thermal power) and fat-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 averageA-verage fuel pellet enthalpy at
the hot spot remainsis below 200 cal/g (360 bBtu/lb) for irradiated fuel. This bounds non-
irradiated fuel, which has a slightly higher enthalpy limit.
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. For core coolability, the peak fuel temperature must remain below incipient fuel melting
conditions.
. Mechanical energy generated as a result of (1) non-molten fael-fuel-te-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.

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 channel
calculation and then, a hot regioad 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-hot-spet are then determined by multiplyingthe-average-core-energy-generation by

the—het—ehaﬂﬂel—ﬁaetepaaé performmg a conservatlve fuel rod transient heat transfer calculation. Fhe

A discussion of the method of analysis appears in WCAP-7588Rewvision1A15806-P-A (Reference 4).
Average Core Analysis

The spatial-kineties-computerthree-dimensional nodal code TWANKLEANC (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-er3three spatial dimensions (rectangular coordinates) for 6six
delayed neutron groups. The core moderator and fuel temperature feedbacks are based on the NRC
approved Westmghouse version of the VIPRI: 01 code and methods (References 18 and 19) aad—up—te

Hot SpetRod Analysis
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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
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 prov1ded in Reference 18. Ln—&he—het—spe&a&&lys*s—ﬂae&m&akhe&t—ﬂax—&s—e@m

coolab111ty limits are not exceeded the ﬁxel dxspersal into the coolant ora 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.

eempa{ef—eeée This code calculates the pressure trans1ent, takmg mto 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
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Input parameters for the ana1y51s are conservatlvely selected%%he—bas&seﬁvakw&ea%e&ﬂa&eé—ﬁer—@hs—%e

isas described in Reference 4.

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 usmg eﬁhef three-dlmensmnal
static methods 6
Standard nuclear de51gn codes are used in the analy51s Ne—efeéﬂ&-t&k%—fe;—ﬂae—ﬂme—ﬂa&enmg—e%ew
reaetivity-feedbaek: 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.

I Appropriate safety analysis sassinsallowances 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.

15.4.8.2.1.3 Moderator and Doppler Coefficients

' The critical boron concentrations-at-the-beginning-ofevele-and-end-ef-eyele-are is adjusted in the nuclear

code to obtain a moderator densitytemperature coefficient eurves that areis conservative compared to
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actual design conditions for the plant consistent with Reference 4. The fuel temperature feedback in the
neutronics code is reduced consistent with Reference 4 requirements. Ne-weightingfactor-is-apphed-to

15.4.8.2.1.4 Delayed Neutron Fraction, Beff

Calculations of the effective delayed neutron fraction (Be) typically yield values no less than 6-70-pereent

at-beginning-of-eyele-and 0.50 percent at end of cycle for-the-first-eyele. The accident is sensitive to e if
the ejected rod worth is equal to or greater than P as-in-zero-pewertransients. To allow for future cycles,

a pessimistic estimates of Py 0f-0-49-pereent-at-beginning-ofeyele-and 0.44 percent at-end-ofeyele-areis

used in the analysis.

15.4.8.2.1.5 Trip Reactivity Insertion

The trip reactivity insertion assumed-is-giveninFable15-4-3-and-ineludesaccounts for the effect of the

ejected rod and one adjacent stuck RECAT0d. Fhese-values-are-reduced-by-the-ejected rodreactivity- The
shutdewatrip 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 relatlve to expected baseload operauon AllBeeaase—the—eeﬁtfeHed—msemea—{m%s—%ﬁﬂae

eases assume that the mechamcal 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-beginning-and-end-ofa typical cycle at-zero-and-full-powes; are
presented-nextsummarized 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)
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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.

. 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.

A-summary-of-the preceding-cases-is-given-in—Table154-3: The nuclear power and fuel and-eladding
temperature-transients for the limiting cases are presented in Figures 15.4.8-1 through 15.4.8-34.

The calculated sequence of events for the limiting cases rod-ejeetion-aecidents;-asshown-in-Figures154-8
+threush15-4-8-4 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
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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
enter DNB will be less than 60 cal/g Fuel meltmg does not occur at the hot spot —"PHNG-&&&}?S*&

15.4.8.2.1.9 Peak Reactor Coolant System Pressure Surge

A-eCalculations of the pressure-surgepeak reactor coolant system pressurefor-an-ejeetion-worth-of-about
one-dollarat beginning of eyelehot-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 111. Beeause-the-severity-of the-analysis-doesnotexeeed-the-worst-ease-analysisTherefore, 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 operatlng with a limited number of fuel rods wntammg claddmg defectsﬂae—éesrgn—bas—rs—ﬁae%

¥ a a eetsy and that leaking
steam generator tubes result in a bulldup of act1v1ty 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 act1v1ty contained in the fuel- claddmg gap is released to the reactor coolant. 1=

‘r‘uel meit is calculated to occur as a result of the rod ejection (see subsection E5,4.842. 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 #nitial
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
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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) Pncrerersed- o pereen ot e e liter

e metals. Also, to address the fact that the failed fuel
rods may have been operatmg 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).

15.4.8.3.5 Identification of Conservatisms

. The reactor coolant activities are based on conservative assumptions (refer to Table 15.4-4)an

assumed-fuel defectlevel-of-0-25-percent; whereas, the activities based on the expected fuel
defect level isare far less than-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 less-than1-84.0 rem at the site boundary for the limiting 2-hour interval (0 to 2 hours)

and less-than2-5.9 rem at the low population zone outer boundary. These doses are well within the dose

guideline of 25 rem tetal-effeetive-dose-equivalent TEDE identified in 10 CFR Part 50.34. The phrase
“well within” is taken as being 25 percent or less.
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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
I - Initiation of rod ejection 0.00
pewerPCMI limiting
event
b S g e e e o b e } 003
Peak nuclear power occurs 0.14 |
Rods-beginte-fall-inte-eoreReactor trip setpoint reached <0.930
Peak cladding temperature occurs 02.36
Peak heat-fluxenthalpy deposition occurs 2.370.44
Rods begin to fall into coreRealefuel-center-temperature-oceurs 454120
2, ‘ele—z Initiation of rod ejection 0.00
powerPeak cladding
temperature limiting event
Power range high neutron flux (low setting) setpoint reached 037
Peak nuclear power occurs 0-440.08
Rods-begin-te-fal-inte-eereMinimum DNBR occurs 01122
Peak cladding temperature occurs Peal-heat-flux-eeeurs 0.11-53
Reactor trip setpoint reachedPeak-eladding-temperature-eceurs <2.550.30
Rods begin to fall into corePeak-fuel-centertemperature-oceuss 323190
3. End-ofevele—full-pewerPeak | Initiation of rod ejection 0.00
enthalpy/peak fuel centerline
temperature event - - : ;
Peak nuclear power occurs 0.1406
Reds-beginto-fall-inte-eoreReactor trip setpoint reached <0.9430
Rods begin to fall into core Peak-eladding-temperature-oeeuss 1.2036
Peak fuel center temperature occursPeslheat-flux-oeeurs 2.3750
Peak cladding temperature occursPeak-fuel-centertemperature 4342 .80
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Table 15.4-1 (Sheet 3 of 3)

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

Time

Accident Event (seconds)
P;" e higl wron flux(ow-setting) 023
Peak-nuelear power-oeeus 022
Reds-begin-to-fall-into-core 13
Peak fuel-center-temperature-0eeurs 204
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HZPY HERY [¥el

TimeinLif Bealiii Beadau End
Poveepdevel oy 0 1028 0
E,-beforerod-ejection _ 26 _
E -afterrod-ejection 1290 49 19:6
Dol ose e R s 2 4 2
Percentotituel-metted-at-hotspot 0 <10 0
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PARAMETERS USED IN EVALUATING THE RADIOLOGICAL
CONSEQUENCES OF A ROD EJECTION ACCIDENT

Table 15.4-4 (Sheet 1 of 2)

Initial reactor coolant iodine
activity

An assumed iodine spike that has resulted in an increase in the reactor
coolant activity to 60 pCi/g (2.22E+06 Bg/g) of dose equivalent I-131

(see Appendix 15A)®

Reactor coolant noble gas
activity

Equal to the operating limit for reactor coolant activity of 280 uCi/g
(1.036E+07 Bg/g) dose equivalent Xe-133

Reactor coolant alkali metal
activity

Design basis activity (see Table 11.1-2)

Secondary coolant initial

18% of reactor coolant concentrations at maximum equilibrium

iodine and  alkali metal conditions
activity
Radial peaking factor (for 1.765
determination of activity in
faited/meltedamaged fuel)
Fuel cladding failure
—  Fraction of fuel rods 0.1
assumed to fail
— Fuel enthalpy increase
(cal/gm)
60
Fission product gap
fractions
Todines 131 0.1238
Iodine 132 0.1338
Krypton 85 0.5120
-andOther noble gases 0.1238
Other halogens 0.0938
Alkali metals 8-420.6860
Loepe-mielting
Aretidne
]‘Fa ‘{"?H Ff: a ‘H”'if“,‘
released
Meoble-cinesy b
Iodine chemical form (%)
—  Elemental 4.85
—  Organic 0.15
—  Particulate 95.0
Core activity See Table 15A-3-in-Appendix15A

Nuclide data

See Table 15A-4-in-Appendixt5A
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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 (y/Q) factors See Table 15A-5-inAppendixt5A

Secondary system release path
—  Primary to secondary leak rate (Ib/hr)
— Leak flashing fraction

—  Secondary coolant mass (1b)

—  Duration of steam release from
secondary system (sec)

—  Steam released from secondary
system (Ib)

—  Partition coefficient in steam generators

104.35 (47.4 kg/hr)
0.04®

6.06 E+05 (2.75E+05 kg)
1800

1.08 E+05 (4.90E+04 kg)

factor limit for elemental iodine (hr)

e Jodine 0.01
} o Alkali metals 0.0035%
Containment leakage release path
—  Containment leak rate (% per day)
e 0-24 hr 0.10
e >24 hr 0.05
—  Airborne activity removal
coefficients (hr'")
¢ Elemental iodine 1.29©
o Organic iodine 0
e Particulate iodine or alkali metals 0.1
—  Decontamination factor limit for 200
elemental iodine removal
—  Time to reach the decontamination 312.78

Notes:

| a. Equivalent to 300 gpd (1.14 m*/day) cooled liquid at 62.4 Ib/ft’ (999.6 kg/m”).
b. No credit for iodine partitioning is taken for flashed leakage.

c. From Appendix 15B.
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Time {seconds)

Figure 15.4.8-1

Nuclear Power Transient Versus Time
for the PCMI Rod Ejection Accident-at-Beginning-of Life; Full Power
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Nuclear Power Transient Versus Time
-at-End-of LiferZero-Powerfor 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 <
0.5-6 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

I The secondary coolant iodine and alkali metal activity is assumed to be 18 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 less—than
0.76 rem at the exclusion area boundary for the limiting 2-hour interval (0-2 hours) and-less
than 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 fess-than-1.4 rem at the exclusion area boundary
for the limiting 2-hour interval (0 to 2 hours) and fess-than-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.

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 uCi/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)®

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

Break flow rate (gpm) 130"

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 Ib/ft’.
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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

— Preaccident spike

Initial activity equal to the equilibrium operating limit
for reactor coolant activity of 1.0 pCi/g dose
equivalent [-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 :28.0 hours.

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

Reactor coolant noble gas activity

280 uCi/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

18% of reactor coolant concentrations at maximum
equilibrium conditions

Reactor coolant mass (1b) 3.84-7 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)

13154994

Atmospheric dispersion factors

See Appendix 15A

Nuclide data

See Appendix 15A

Steam generator in ruptured loop

— Initial secondary coolant mass (1b)
— Primary-to-secondary break flow
— Integrated flashed break flow (1b)
— Steam released (Ib)

— lodine partition coefficient

— Alkali metals partition coefficient

1.166 E+05

See Figure 15.6.3-5
See Figure 15.6.3-10
See Table 15.6.3-2
1.0 E-02®

43.6-5 E-03®

Steam generator in intact loop

— Initial secondary coolant mass (Ib)

— Primary-to-secondary leak rate (Ib/hr)
— Steam released (Ib)

— lodine partition coefficient

— Alkali metals partition coefficient

2.80-30 E+0504
52.4416®

See Table 15.6.3-2
1.0 E-02®

33.6-5 E-03®

Notes:

] a. lodine Ppartition coefficient does not apply to flashed break flow.
b. Equivalent to 150 gpd at psia cooled liquid at 62.4 1b/ft’.
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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-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 cfm. An additional 10 cfm

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 +41.3 to 3-43.3 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 the-threethese 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 1 of 3)

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

| Primary coolant source data

Noble gas concentration
Iodine concentration
Primary coolant mass (1b)

280 pCi/g dose equivalent Xe-133
1.0 uCi/g dose equivalent I-131
3:724.39 E+05

Containment purge release data

Containment purge flow rate (cfim)

Time to isolate purge line (seconds)

Time to blow down the primary coolant system (minutes)
Fraction of primary coolant iodine that becomes airborne

886016000
30

10

631.0

Core source data

Core activity at shutdown

Release of core activity to containment atmosphere (timing and
fractions)

Iodine species distribution (%)

See Table 15A-3
See Table 15.6.5-1

Removal coefficient for particulates (hr)

e Elemental 4.85

e Organic 0.15

e  Particulate 95
Containment leakage release data
— Containment volume (ft’) 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') +71.9
— Decontamination factor limit for elemental iodine removal 200

See Appendix 15B

Main control room model

Main control room volume (ft’)

Volume of HVAC, including main control room and control support
area (ft%)

Normal HVAC operation (prior to switchover to an emergency mode)

e Air intake flow (cfm)
e Filter efficiency
Atmospheric dispersion factors (sec/m’)

35:7003.89E+04
4055001 2E+05

19251650
Not applicable
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
e 0 - 24hr 1.0
e 24 - 96 hr 0.6
e 96 - 720 hr 0.4
— Breathing rate (m*/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 | 2:6-E-2.0 E-0607
actuation is actuated (Ci/m’ of dose equivalent I-131)
— Response time to actuate VES based on radiation monitor response time and | +88200
VBS isolation (sec)
— Interval with operation of the emergency habitability system
e Flow from compressed air bottles of the emergency habitability system | 60
(cfm)
e  Unfiltered inleakage via ingress/egress (scfm) 5
¢  Unfiltered inleakage from other sources (scfm) 10
e Recirculation flow through filters (scfm) 600
e  Filter efficiency (%)
e FElemental iodine 90
e  Organic iodine 3690
e 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)
e Air intake flow (cfm) 47661900
e Intake flow filter efficiency (%) Not applicable
e Recirculation flow (cfm) Not applicable
— Time at which the compressed air supply is restored and emergency 168

habitability system returns to operation (hr)
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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 (cfm)
Filtered air recirculation flow (cfm)
Filter efficiency (%)

e Elemental iodine

e  Organic iodine

e Particulates

60265

23
860
2740

90
90
99

Miscellaneous assumptions and parameters

Offsite power
Atmospheric dispersion factors (offsite)
Nuclide dose conversion factors
Nuclide decay constants
Offsite breathing rate (m*/sec)

0 - 8hr

8 - 24hr
24 - 720 hr

Not applicable

See Table 15A-5
See Table 15A-4
See Table 15A-4

3.5 E-04
1.8 E-04
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 (-41.3 - 3:43.3 hr)"" 24.623.5
Low population zone boundary dose (0 - 30 days) 234222
Main control room dose (emergency habitability system in operation)
— Airborne activity entering the main control room 4253.70
— Direct radiation from adjacent structures. including sky shine 00-45-30
~  Filter shine 03266+
—  Spent fuel pooling boiling 0.01
—  Total 444433
Main control room dose (normal HVAC operating in the supplemental filtration
mode)
— Airborne activity entering the main control room 44.56-50
— Direct radiation from adjacent structures. including sky shine 8:0.45-30
— Filter shine 08:0.64-03
—  Spent fuel pooling boiling 0.01
— Total 4:4.73-84
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Table 15.7-1

ASSUMPTIONS USED TO DETERMINE
FUEL HANDLING ACCIDENT RADIOLOGICAL CONSEQUENCES

Source term assumptions

—  Core power (MWt) 343468"

—  Decay time (hr) 48

Core source term after 48 hours decay (Ci)

I-130 1.282:49 E+05
[-131 8.1826 E+07
1-132 9.1027 E+07
1-133 4,064 E+07
I-135 1.1724+ E+06
Kr-85m 1.529 E+04
Kr-85 1.075 E+06
Kr-88 5.4581 E+02
Xe-131m 1.025 E+06
Xe-133m 44737 E+06
Xe-133 1.7069 E+08
Xe-135m 1.94-91 E+05
Xe-135 1.048 E+07

Number of fuel assemblies in core 157

Amount of fuel damage One assembly

Maximum rod radial peaking factor 1.765

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 (m’/sec) 3.5E-4
Nuclide data See Appendix 15A

Note:
1. The main feedwater flow measurement supports a l-percent power uncertainty:—use—ef-a—2-pereent—power
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15A3:.1.2 Secondary Coolant Source Term

The secondary coolant source term used in the radiological consequences analyses is conservatively
assumed to be +0-1 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):

A
A= K—{VI—
where:
A = first order removal coefficient by surface deposition
Kw = mass transfer coefficient (specified in Reference 1 as 4.9 m/hr)
A = surface area available for deposition

v = containment building volume

The available deposition surface is 219,000251,000 ft?, and the containment building net free volume is
2.06 x 10° ft*. From these inputs, the elemental iodine removal coefficient is +-71.9 hr™.

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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l LCO 3.74 The specific activity of the secondary coolant shall be < 8-40.01 pCi/gm DOSE

EQUIVALENT I-131.

APPLICABILITY: MODES 1, 2, 3 and 4.

ACTIONS
CONDITION REQUIRED ACTION COMPLETION TIME
A.  Specific activity not Al Be in MODE 3. 6 hours
within limit. AND
A2 Be in MODE 5. 36 hours
SURVEILLANCE REQUIREMENTS
SURVEILLANCE FREQUENCY
SR 3.7.4.1 Verify the specific activity of the secondary coolant 31 days
<6-40.01 puCi/gm DOSE EQUIVALENT I-131.
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RCS Specific Activity

B 3.4.10

BASES

APPLICABLE SAFETY ANALYSES (continued)

assumed to be the LCO of 280 pCi/gm DOSE EQUIVALENT XE-133. The
safety analysis assumes the specific activity of the secondary coolant at its limit
of 6+0.01 uCi/gm DOSE EQUIVALENT I-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).



Enclosure 3 to Serial: NPD-NRC-2015-027

Page 72 of 75

B 3.7 PLANT SYSTEMS

B 3.7.4 Secondary Specific Activity

BASES

Secondary Specific Activity

B3.7.4

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. 1) assumes the initial secondary coolant specific activity to have a
radioactive isotope concentration of 8-+0.01 pCi/gm DOSE EQUIVALENT
I-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 < 8-+0.01 pCi/gm DOSE EQUIVALENT I-
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)

BASES

Main Control Room Emergency Habitability System (VES)

B3.7.6

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, 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)
B3.7.6

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 1.

APPLICABLE
SAFETY
ANALYSES

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

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

e Control Room Air Supply Iodine or Particulate Radiation - Hhigh-2

e Loss of all AC power for more than 10 minutespartienlate-or-iodine
sarekicaetngine,







