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LUSNRC  workshop Objectives and

United States Nuclsar Regulatory Cor

Protec ;‘ngi’ pl and the Environment Dellverables

 Explore the concept of “substantial increase” in
probability and public consequences of ex-vessel
severe accidents per Section VIII.B.5.c of Part 52
Appendices

* Provide guidance to staff, reactor designers, and
COL holders

* Provide useful examples of what is and is not a
“substantial increase”



L USNRC

United States Nuclear Regulatory Commission
Protecting People and the Environment P ro b I e m State m e nt #4

Establish guidance that should be used for evaluating
changes to the severe accident design features
(VIIL.B.5.c) of each design certification rule
(construction & operation).



LUSNRC  grom part 52 App. A (ABWR)

Protecting People and the Environment

« VIII.B.5.c. A proposed departure from Tier 2 affecting
resolution of an ex-vessel severe accident design feature

identified in the plant-specific DCD, requires a license
amendment if:

(1) There is a substantial increase in the probability of an
ex-vessel severe accident such that a particular ex-
vessel severe accident previously reviewed and

determined to be not credible could become credible;
or

(2) There is a substantial increase in the consequences

to the public of a particular ex-vessel severe accident
previously reviewed.



ﬂ‘{jU S NRC What is an Ex-Vessel Severe

United States Nuclzar Regulatory Commission ACCident (EVSA) DeSign Featu re?

Protecting People and the Environment

Per the Statement of Considerations for the ABWR Final Rule, the change
process for EVSA applies only to “severe accident design features, where the
intended function of the design feature is relied upon to resolve postulated
accidents when the reactor core has melted and exited the reactor vessel and

the containment is belng challenged ? It—eiees.ﬂet—apply—tethes&demgn—featwes

In addltlon the Commlssmn is cognlzant of certaln deS|gn features that have
intended functions to meet ‘design basis’ requirements and to resolve ‘severe
accidents.’ These design features will be reviewed under either VIII.B.5.b or
VIII.B.5.c depending upon the design function being changed.

Similarly, many SSCs may perform functions intended to mitigate transients or
design basis accidents but also impact the consequences of an ex-vessel severe
accident. This analysis is limited to the specific functions performed by SSCs
that are solely used to limit the consequences of an EVSA. For example,
containment spray pumps may limit the consequences of an EVSA but they are
also used to mitigate DBAs. On the other hand, a corium retention system is
only used during an ex-vessel severe accident and is therefore within the scope
of this analysis.



{jUS NRC Example: US-APWR Tier 1
oy coniion— Ejra Protection System Table 2.7.6.9-2

Pmrecz‘mg People and rbe Envirenment

Desigh Commitment Inspection, Tests, Analyses Acceptance Criteria

6.b The FPS fire water 6.b Inspection will be 6.b The as-built FPS fire

supply is available to performed on the as- water supply is provided
the containment spray built FPS fire water to the containment spray
system and water supply. system and water
injection to the reactor injection to the reactor
cavity for severe cavity for severe accident
accident mitigation. mitigation.



RLUSNRC Tier 1

Unid S Nossa Reglaory Cos 2.11 Containment Systems

Prote cz‘mgi’ opl ami rbe Envirenment

The fundamental design concept of the US-APWR for severe
accident termination is reactor cavity flooding and cool down of
the molten core by the flooded coolant water.

Reactor cavity flooding to enhance the cool down of the molten
core ejected into the reactor cavity is achieved by the CSS,
whose operation during a design basis accident is described Iin
Subsection 2.11.3. Drain lines are used to drain spray water,
which flows into the SG compartments, to the reactor cavity
and cools the molten core. Fire protection system (FPS) water
Injection may also be used to inject water to the drain lines
from the SG compartment to the reactor cavity. The FPS water
supply is described in Subsection 2.7.6.9.1.



@' USNRC Tier 2

United States Nuclzar Regulatory Commission

troecing reople nd e miomens.—— 9-9.1 Fir@ Protection Program

9.5.1.2.2 Fire Protection Water Supply System

The fire water supply system is designed in accordance with the
guidance of RG 1.189 (Ref. 9.5.1-12) and the applicable NFPA
codes and standards. The fire protection water supply system is
sized such that it contains sufficient water for two hours
operation of the largest US-APWR sprinkler system plus a 500
gpm manual hose stream allowance to support fire suppression
activities. Redundant water supply capability is provided. In
addition to fire suppression activities, the fire protection water
supply system may also supply water for severe accident
prevention, for alternative component cooling water, and for
severe accident mitigation for the containment spray system
and water injection to the reactor cavity, if it is available.



@' USNRC Tier 2

United States Nuclzar Regulatory Commission

Protecing People and the Evvironment 9.5.1 Fire Protection Program

As discussed in Subsection 9.5.1.2, the fire pump arrangement
provides two 100% capacity pumps. One is a diesel driven fire
pump and the other is an electric-motor driven fire pump. One is
designated as the lead fire pump. This system arrangement
allows one pump to be out of service and still maintain the
capability to provide 100% of the system flow requirements. An
electric-motor driven jockey pump (or acceptable pressure
source) is used to keep the fire water system full of water and
pressurized, as required. Piping between the fire water sources
and the fire pumps is in accordance with the guidance of NFPA
20 (Ref. 9.5.1-15). A failure in one water source or its piping
cannot cause both water sources to be unavailable.



LUSNRC

United States Nuclzar Regulatory Commission

Protecting People and the Environment

Fire Protection Water Supply System

Injection Line to Reactor Cavity

Inside
FSS-VLV-005
TC
Reactor Cavity |
FSS-VLY-006 6

Tier 2
6.2 Containment

Qutside

Fire Pump

FSS-MOV-004

PEN#238
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LUSNRC Conceptual framework for guidance

United States Nuclzar Regulatory Commission

Protecting People and the Environment

DRAFT FRAMEWORK FOR EVALUATING PROPOSED DEPARTURES FROM TIER 2 AFFECTING
RESOLUTION OF AN EVSA DESIGN FEATURE

i Types of EVSAs

EVSA types, sorted by “fdmﬂ“z“ ) Core-Concrate High Pressure Corg Containment
containment challenge mode CU’E\?:?:’U“ Steam Explosion Interaction Melt Ejection bypass
10 CFR 52.47(a}23) (ISGTR, ISLOCA)
' .
{ EVSA Functions '

High-level capabilities High P c

idantified . - igh Pressura Core

o 93_%‘}‘&? Hydrogen Control Core Debris Coolability Melt Prevention
! .
i Design Features I ,_L e

SSCs or design features Containment- Containment Core debris Core debris Dea izati Cavity design

’ : 1 pressurization .
relied upon to accomplish wide hydrogen geometry spreading quenching system features to contain

EVSA funclions removal Ejected core debris|

 Performance Factors

— T ]

SSC characteristics, aﬁggnnigarlca Size and Material ue:c)::e Uzm , pe‘:‘,r'oe{:ne'aﬂce

described by Tier 2 that df N configuration properties q ng {top! ol

affect SSC performance aractenstics! battom) characlerstics
NOTES

1. General performance characteristics may vary depending on the SSC.
Examples include:

=  Capacity (e.g.. flow rate, batiery life)

Type

Mumber

Configuration

Power source

Active [ passive

Meed for operator action

Ability to function in a harsh ervironment (equipment survivability)

R

Note: this figure shows the conceptual outline of one possible framework. It does not represent an official staff
position or endorsement. 1



P USNRC Key sSTEPS TO FRAMEWORK

United States Nuclear Regulatory Commission

Protecting People and the Environment

1. Using either deterministic or probabilistic methods, determine which of the top-
level EVSAs are CREDIBLE

a) For non-CREDIBLE EVSAs, justify why the event is not CREDIBLE based
on the reliability / effectiveness of the associated EVSA FUNCTIONS.

b) For CREDIBLE EVSAs, explain how the EVSA FUNCTIONS minimize the
PUBLIC CONSEQUENCES of the EVSA type.

2. Determine a pre-change and post-change value for each PERFORMANCE
FACTOR associated with any DESIGN FEATURES that would be impacted by
the change

3. Using appropriate quantitative or qualitative criteria, determine whether any
EVSA FUNCTION is impacted to a degree that alters the conclusions reached
during step 1a. If so, stop. Change requires a license amendment.

4. Using appropriate quantitative or qualitative criteria, determine whether any
EVSA FUNCTION is impacted to a degree that alters the conclusions reached
during step 1b. If so, stop. Change requires a license amendment.

12



L USNRC

United States Nuclsar Regulatory Commission GEN ERIC EXAMPLE

Protecting People and the Environment

A COL holder proposes to remove automatic actuation of the primary depressurization

system (PDS) valves. Manual actuation at 1200 degrees core exit temperature is
proposed.

1. Using level 2 PRA, the COL Holder screened out several EVSAs:
« frequency (direct containment heating) < 1 E-8 per year 2> Non-CREDIBLE
« frequency (containment bypass) < 1 E-8 per year > Non-CREDIBLE

What EVSA FUNCTION supports this conclusion? High Pressure Core Melt
Prevention.

2. DESIGN FEATURES relied upon to accomplish High Pressure Core Melt Prevention:
a) PDS

b) Low core power density
c) Reactor vessel lower head without penetrations
d) Tortuous pathway from reactor cavity to upper containment

3. Proposed change would impact DESIGN FEATURE (a); therefore, the

PERFORMANCE FACTORS for (a) must be quantified. The licensee should provide a
comparison of the before and after values of each PERFORMANCE FACTOR.

13



L USNRC

United States Nuclear Regulatory Commission

EXAMPLE (CONT,)

Protecting People and the Environment

DESIGN FEATURE: PRIMARY DEPRESSURIZATION SYSTEM

PERFORMANCE
FACTOR

Before proposed change

After proposed change

Number of valves

2

2

Type of valve Squib Squib
Power source DC DC
Actuation method Automatic Manual

Stroke time

< 15 seconds

< 15 seconds

Does change increase frequency of Containment Bypass or Direct
Containment Heating to the point where a previously screened out
“Not credible” EVSA becomes “credible”?

Yes: License amendment required per VIII.B.5.c.
No: No license amendment required per VIII.B.5.c. Must also
perform 50.59-like screening/evaluation against DBAs per VIII.B.5.b.

14



{’I)US NRC Internal NRC Workshop,

nited Sta ar Regulatory Con

Pmrectmg onple and the Environment A u g 2 O 1 0

* Preliminary thoughts on some definitions:

— Ex-vessel severe accidents - whether these include, for example,
bypass events such as interfacing systems loss-of-coolant accidents
(ISLOCA) and thermally induced steam generator tube rupture
(ISGTR)

— Credible and not credible — if there is a design feature that has been
installed to address a severe accident issue (e.g., issues identified in
SECY-93-087), and the staff has reviewed the design, then to remove
or significantly degrade this design feature may be an example of
changing a not credible severe accident into a credible one

15



{”US NRC Preliminary thoughts (cont.)

nited Sta ar Regulatory Con

Pmrectmg onple and the Environment

— Public consequences - early fatalities, latent cancer fatalities,
collective dose (person-rem), and other surrogates including large
release frequency (LRF) may be appropriate

— Substantial increase:

« The staff reviewed the proposed definition from a 1995 NEI letter
related to the ABWR rulemaking, and did not feel comfortable
with the following words of what is not a substantial increase: “de
minimus or within the bound of uncertainty of the probability
originally calculated...”

 Participants did not identify a suitable qualitative definition of
substantial increase. Nor was there complete consensus of a
quantitative threshold between substantial and not substantial.
The consensus is that the full context of the affected sequences
(absolute and relative risk impact) should be considered.

« Should not be necessary for the COL holder to have to re-run
severe accident progression codes or consequence codes to
evaluate Tier 2 changes.



LUSNRC

United States Nuclear Regulato

Protectin gP pl and the En vironment

Potential Examples of
“Substantial Increase” and
Not Substantial Increase

17



Ex 1: Potentially Not a Substantial Increase in Probability

Assume Tier 1 only provides a general description of the
severe accident RCS depressurization system for a PWR.
The system helps prevent core melt at high RCS pressure,

high pressure melt ejection, and temperature induced SGTR
(ISGTR).

Assume Tier 2 describes 2 series MOVs. The change is the
replacement of an MOV by an AOV with dedicated air bottle.
The following failure rate data are available:

— MOV fail-to-open 1.0E-3 EF =4

— AQV ¢ 1.2E-3 EF =4

Pressurizer & ’|D<7 — E‘ Ei
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Ex 2: Potentially a Substantial Increase in Probability

Assume Tier 1 only provides a general description of the severe accident
RCS depressurization system for a PWR. The system helps prevent core
melt at high RCS pressure, high pressure melt ejection, and ISGTR.

Assume Tier 2 describes 2 series MOVs normally supplied by Class 1E
DC power. Also assume that Station AC Blackout is the dominant CDF
contributor, but that LRF due to ISGTR is very low (not credible) because
of the RCS depressurization capability.

The proposed change is from DC power to Class 1E 480V AC power.
Thus the probability (frequency) of ISGTR would be increased many-
fold.

Pressurizer —a )'D{—
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Ex 3: Potentially Not a Substantial Increase
in Public Consequences

Assume Tier 1 states:

Reactor cavity floor concrete is provided to protect
against challenge to liner plate melt through from ex-
vessel core debris.

Assume Tier 2 states that the reactor cavity floor concrete is
45 inches thick.

The as-built thickness is found to have a minimum of 44.25 inches,
and assume the change is to accept this as-built condition. A
review of previous severe accident analyses indicates that there is
adequate margin from molten core-concrete interaction with no
measurable impact on early (< 24 hr) or late containment failure
performance.

20



Ex 4: Potentially a Substantial Increase
in Public Consequences

Assume Tier 1 states that the fire protection system (FPS) can be used to
provide AC independent water addition to the containment via drywell
sprays in a BWR.

Assume that Tier 2 states that the FPS consists of an electric and a
diesel-driven pump supplying a minimum flow rate to the drywell sprays
through locally operated manual valves. This feature provides a means
of fission product scrubbing as well as adding thermal mass and delaying
containment overpressure for severe accidents by 10 hours or more.

Because of flow restrictions in the as-built connection between the FPS
and the RHR system, a departure is proposed that reduces drywell spray
flow rate by more than half. Fission product removal rate would decrease
and the delay in time to containment overpressure would be reduced
from more than 10 hours to 3 hours.

21



Ex 5: Potentially a Substantial Increase
in Public Consequences

Assume the Tier 1 document provides a general description of the severe
accident containment venting system (SACVS) for a BWR, and is silent
on the failure position of the pneumatic actuation valves.

Assume that Tier 2 describes the pneumatic actuation valves in the
system as being fail open on loss of pneumatic pressure or loss of
electrical control power. Also assume that Station AC Blackout is the
dominant contributor to CDF, and that the SACVS provides a controlled
release path preventing containment structural failure and mitigating
fission product release.

The proposed change to the pneumatic valve is from fail open to fail
close upon loss of pneumatic pressure or electrical power. Thus, the
SACVS would not be available for the dominant ex-vessel severe
accident sequences.

22



Ex 6: Potentially Not a Substantial Increase
in Public Consequences

A Tier 1 commitment states that a BWR containment is to be deinerted to
< 4% oxygen by volume except for limited periods of time. Technical
specifications allow deinerted conditions for 24 hours during plant startup
and 24 hours during plant shutdown.

A Tier 2 change to the containment inerting system is proposed that
would increase the time to establish an inert atmosphere from 4 hours to
5 hours following an outage. Tier 1 commitments would continue to be
met and no changes to technical specifications are needed. The PRA
identifies that de-inerting during startup and shutdown is an insignificant
contributor to LRF and risk based on a nominal cumulative 24 hours per
year.

23



Ex 7: A COL holder proposes a modification to the hydrogen
monitoring system that increases measurement uncertainty from +/-
1% to +/- 2.5%, a parameter that is described in Tier 2.

Proposed Methodology

Using results from level 2 PRA, the licensee concludes hydrogen
combustion is credible event.

The licensee identifies the following design features relied upon to
accomplish hydrogen control and therefore minimize the public
conseqgquences of a hydrogen combustion event.

a. Large free volume containment
b. Twenty hydrogen igniters

The proposed change would impact design feature (b), therefore the
performance factors for (b) must be quantified.

24



Ex 7 (continued)

DESIGN FEATURE: HYDROGEN CONTROL SYSTEM

PERFORMANCE
FACTOR

Before proposed
change

After proposed
change

Number of igniters

20

20

Location

Azimuthally spaced
around containment
and in SG and PZR

compartments.

Azimuthally spaced
around
containment and in
SG and PZR
compartments.

Hydrogen monitor scale
and accuracy

0-10% +/- 1%

0-10% +/- 2.5%

25



Ex 7 (continued)

Hydrogen Monitoring Subsystem
* Measures global H concentration in containment
* 10% —> combustion possible
* 8% -2 igniters actuated (margin to limit)

Measurement Uncertainty
« Max uncertainty of 1% - 10% actual = 9% indicated
« Max uncertainty of 2.5% > 10% actual = 7.5% indicated

Therefore, this modification could constitute a substantial increase
in the consequences to the public of an EVSA by reducing
protection against a global hydrogen event and increasing
anticipated dose. The change would require a license amendment.

26



Ex 8: A COL holder proposes to modify the hydrogen
control system so that actuation occurs at 8.5% hydrogen
by volume, rather than 8.0% as described in Tier 2.

Proposed Methodology

Using results from level 2 PRA, the licensee concludes
hydrogen combustion is a credible event.

The licensee identifies the following design features relied
upon to accomplish hydrogen control and therefore
minimize the public consequences of a hydrogen
combustion event.

a. Large free volume containment
b. Twenty hydrogen igniters

The proposed change would impact design feature (b),
therefore the performance factors for (b) must be
quantified.

27



Ex 8 (continued)

DESIGN FEATURE: HYDROGEN CONTROL SYSTEM

PERFORMANCE Before proposed After proposed change

FACTOR change

Number of igniters 20 20

Location Azimuthally spaced Azimuthally spaced
around containment around containment
and in SG and PZR and in SG and PZR
compartments. compartments.

Peak pressure due to 68 psia 71 psia

combustion event

The ultimate failure pressure of containment, as described by the DCD
is 126 psia. The licensee determines that the small increase does not
lead to a significant reduction in margin and would not lead to a
substantial increase in consequences to the public. Therefore, the
change does not require a license amendment.




LUSNRC

Regultory Commission Problem Statement #3

Pmrecz‘mg People and rbe Envirenment

Determine for new plants what revisions to the risk-informed
guidance for evaluating changes to the licensing basis should be
required and determine the applicability of the 10 CFR 50.59
guidance (NEI 96-07, rev 1).

29



r:z:j’U S NRC Observation: RG 1.174 covers most but

Unised States Nuclear Regulutory Comanssion not all risk-related changes (e.g.,
some changes under 50.59
potentially are not

covered)

Protecting People and the Environment

All risk-related
programs & processes

Risk-related
change processes

not covered
by RG 1.174

.
Ex-vessel Tier 1
SA

Tier 2

All change
processes

30



@ USNRC Major Programs & Processes to be

United States Nuclzar Regulatory Commission Reviewed fo r £c Gaps”

Protecting People and the Environment

GROUP 1 GROUR 2 GROUP 3 GROUP &

0.5 20,24 SL9E 20,65 50.55(a) 20,309 30,09 50.55(a) 20.48(c) a0.96a IMC D00 IMC OG0E HMDE3 HMD &4
Chsngas, Tach Licensing Maint Ir-service Backfit Graded QA In-servios Fre Risik- SO PPasf. Incidant GeEneric
Tasks, and Specs Changes Rule Testing Inspactian Frotectian Inforrned Ircdicatars Iwaaligaticn Tasues

Exparimants ECCS
Criteria
Fomg Gude Forg Guide Gulche Reg Gulde: Reg Gulde HRO-REG- Gulde Reg Gulde Resg Guick: ROF Bask Doousment RE= OT

1157 1177 L1174 116 1175 111 1.201 1.178 1,305 [IMC DI0E lm] TEC-002

HEI $6-07 HET S6-0% HUHARC HEI 00-04 EFRI-TR- HFPA-B05
a3-01 LIZG5T &
WCOAP-
14572
DISCUSSION

RG 1.174 defines defense-in-depth oriteria and Introduces the canoept of an acceptably "small” increase in risk.
Together, these ane used to ascertain compliance with regulations. Although writben for & specific application, the
underlying philesophy and principles form the basis of & broad spectrum of regulatory activithes, All of the programmatic
areas and thelr guidance documents listed above have an implicik or explicit Bnk bo BG Guide 1.174.

For exarmple, the ROP Basis Document (IMC 0308) states that threshalds sheuld be “consistent with other NRC
applications...eg., RG 1.174.

If changes are made to either the deterministic criberia or risk thresholds in G 1.174, the documents shown above rmay
be affected. MEC staff and managers should evaluste ssch decument to debermine the impact snd whether changes are
appropriate.

SECY-10-0121 defines four categories of guidance documents that may be impacted by changes ko RG 1.174:

Group 1. Guidance for changes to a licensee’s approved licensing basis without priar NBLC appraval.

Group 2. Rizk-informed guidance to support changes be & icensee’s approved licensing basis, including cperational
programs, with prier NRC approval

Group 3. Guidance to support implernentation of fsk-infermed regulations

Groug 4. Guidanoe b suppart implersentstion of the ROP

These categories are important becawse the rales and responsibilities of NRC technical staff and managers may be
different for each category. For exarmple, the Division of Inspection and Regional Support In NRR may have the lead an

Group 4 but have limited or no involvement in Group 2. Senlor managerment will be responsible for ensuring 2
reasonably level of consistency between groups.
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United States Nuclzar Regulatory Commission

Protecting People and the Environment

Consider additional

criteria for LWA, ESP.

Also, evaluate the
need for special
criteria for
construction.

Proposed change, test,
o experiment

MO

Tier 2 Severe
Accident Feature?

MO

Controlled by
another regulation?

MO

Screen out?

Perform Change

Evaluation

“yes" to any of
the questions?

Documeant and

report to NRC

Evaluate using
applicable
regulation e.g..
50.54, 50 85,
5(.55a, Part 20

HES

Implement

reguired

Approval Required
via RG 1.174 or
other means®

Cantact: CJ Fong, Divislan of Construction

DRAFT FRAMEWORK FOR CHANGES TO PLANTS LICENSED UNDER PART 52

*Licensee-Initiated
license changes that
are consistent with
currently approved
staff positions (2.g.
reg guldes) are
narmally evaluated
by the stalf using
traditional
engineering
analyses. A licensee
generally would nat
be expected to
submit risk
information in
support of the
proposed change.

LEGEND:

DIAMOND =
DECISION

RECTANGLE =
PROCESS

GREEN = GUIDAMCE
EXISTS AMD IS
APPLICABLE

YELLOW =
GUIDANCE EXISTS,
BUT MAY NOT BE
100% APPLICABLE
OR MAY HAVE GAPS

RED = GUIDAMCE
HAS ¥ET TO BE
DEVELOPED

Projects
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Reference

Examples of Severe Accident Mitigation Features in Tier 2

Design Design function & S8Cs Affects probability or DCD Section
consequences?
ABEWR AC-independent water addition system Conseguences (provides SSAR [19.8.7]

[ACTWAS) provides the ability to flood the
lower drywell

primary means of flooding
lower l:]n"l.*:ell should core
relocate into containment)

Tier 1, Section 2.15.6
Table 19.8-7

[COPS) provides a scrubbed release path in the
event that containment pressure exceeds
design limits.

Lower drywell has design features to limit Conseguences SSAR [19.8.7]
consequences of a severe accident: Tierl. Secflon 2141
1) Sacrificial concrete Table 19.8-7
2] Basaltic concrete
3) Pedestal
4) Sump Protection
5) Increased floor area
&) Wetwell-drywell connecting vents
7) Solid vessel skirt
Lower drywell flooder system [LDFS), uses Consequences sS4
thermally actuated flooder valves to provide Table 19.8-7
alternate cavity flooding in the event of core
debris discharge and the failure of the ACTWAS.
Containment overpressure protection system | Conseguences SSAR [19.8.7)

Tier L Section 2.14.6
Table 10.6.7
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Examples of Severe Accident Mitigation Features in Tier 2

Reference

Design Design function & S5Cs Affects probability or DCD Section
consequences?
AP1000 | The PXS provides the ability to cool the outside | Probability (limits the ITAAC2.2,03.09a]

of the reactor vessel during a severe accident.

likelithood of vessel failure)

ITAAC 2.2.03.09a.1
ITAAC 2.2.03.09a.ii]
Tier 2. 5.3.5

Tier 2, 19.39.10

The stage 4 ADS squib valves are manually
actuated by operators when core exit
thermocouple [CET) temperature exceeds
1200 degrees F.

Probability (limits the
likelihood of vessel failure)

Tier 2, 19D.4.2

The [hydrogen igniters and containment
penetrations] have sufficient thermal lag to
withstand the effects of identified hydrogen
burns associated with severe accidents.

Hydrogen igniters are manually actuated when
CET temperature exceeds 1200 degrees F.

Probability (limits likelihood of
hydrogen explesion that could
damage vessel) and
consequences [limits
likelihood of containment
breach)

ITAAC 2.2.03.09¢

Tier 2, 19,39.9
Tier 2, 19.59.9.5,56
Tier 2. 6,2.4.2,3

Basze mat material

Neither. DCD states that " it is
not necessary to specify a
concreie type for the
containment basemat since
credible containment basemat
tailure that could lead to
fissicn product releases to the
atmosphers are likely to cceour

at times well beyond 24
hours.”

Tier 2, 19B.4

The fire protecticn system provides non-safety
containment spray for severe accident
management,

Conseguences (limits increase
in containment pressure
following severe accident)

A A -]
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Examples of Severe Accident Mitigation Features in Tier 2

Reference

Design Design function & S5Cs Affects probability or DCD Section
consequences?
EPR Primary depressurization valves are manually | Probability® & Consequences Tieri.2.2.1

actuated at core exit temperature thatis
indicative of core damage [1200 degrees F).

There are two dedicated trains that are used
solely for severe accident mitigation.

*Could affect the probability of
a particular EVSA, high-
pressure melt ejection (HPME)
which was previcusly
reviewed and determined to be
not credible.

Tier 2, 19.2.3.3.4

Combustible gas contrel system prevents
damage to the containment by contrelling
combustible gases during a severe accident,
Includes passive autocatalytic recombiners
(PARs), mixing dampers, and hydrogen foils.

Probability & Consequences

Tier L 2.5.0
Tier 2, 19.2.3.3.2

Core melt stabilization system stabilizes Conseguences Tier 1, 2.3.2
corium during a severe accident using: fier 21923331
1] Meltplug
2] Melt discharge channel
3] Spreading area and cooling structure
Severe accident heat removal system (SAHRS) | Conseguences fier1.2.3.3
removes heat and scrubs fission products Tier 2 19.2.3.3.3.2

during a severe accident,
Includes the following modes:
1} Passive cooling of molten core debris
2] Active spray for environmental control
of containment atmosphere
3] Active recirculation cooling of molten
core debris and containment
atmesphere
4 Active back-flush of IRWST
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Reference
Examples of Severe Accident Mitigation Features in Tier 2

Design Design function & S5Cs Affects probability or DCD Section
consequences?

ESEWR | Basemaf internal melt arrest and coolability Consequences Tier 2. Table 192,36
[BiMAC) provides a means to stabilize and cool Tier1, 2.4.2
core melt, Includes sacrificial concrete and Tier 1, Table 3.8-1
squib-actuated deluge lines from the gravity-
driven cocling system [GDCS)
Containment Inerting System (CIS) performs Probability & Consequences lier2.19.3.4.2.8
the non-safety related function of reducing Tier 2, 19.3.2.1
oxygen levels in containment to levels that deo lier1.2.15.5
not support hydrogen explosions.

US-APWR | Dedicated RCS depressurization valves provide | Probability (reduces the

a means to depressurize the RCS following a
core damage event.
[RCS-MOV-118, 119)

likelihood of a HPME and
temperature-induced SGTR) &
Consequences

Tier 2, 19,1
Tier 2. EhaptEI g 5]|h33ﬂ: oIl
512

Tier 2, Table 3,2-2

External reactor vessel cocling (ERVC] Probability Tier 2, 19.2.3.3.1
Glow type hydrogen igniters are provided to Consequences Tier 2, 19.1

contrel postulated hydrogen generation during 2, Subsect
a severe accident. 6.2.5
Containment spray system (C55) and firewater | Probability and Consequences | Tiera. 19.1
provide a means to flood the reactor cavity (FRA does not credit ex-vessel
cooling)
Containment base mat basalfic concrete Meither. DCD states that lier2.19.1-12

basemat material can be

o0




Reference
Examples of Severe Accident Mitigation Features in Tier 2

Design Design function & SSCs Affects probability or DCD Section
consequences?

selected by COL applicant
based on “availability of
material at plant location.”

Lower Rx cavity design Consequences [ier 2. 19.1
Tier 2, Chapter 3, Subsection

3.8.3

Core debris trap Conseguences lier 2. 19.1
Tier 2, Chapter 3, Subsection

3.8.5

*By definition, an ex-vessel severe accident (EVSA) can only occur following core damadge; therefore, any S5C with non-zero rizk
zignificance has at least a marginal impact on thiz probability. Per the Statement of Congiderations for the ABWR Final Rule, the
change process for EVSA appliss only to “severs accident design features, where the intendad function of the design feature iz relisd
upon to resclve posiulated accidents when the reactor core has melied and exited the reactor vesse! and the containment i baing

: It_l:imaﬁ_uutﬂﬂﬂ-l{.f_In_Lhus&-daagn_teﬂurﬂaimﬂnl::leuii-;:-meﬂ_dﬂsjgﬂjlas_arﬂﬂu_r&mema_ﬂ_rﬂanﬂa_%xa[a_a:.mdﬂnts._

milarly, many S5Cs may perform funclions intendsd to mitigate trangients or design basis accidents but alzo impact the
conseguences of an ex-vessel severs accident. This analysis iz limited to the specific functions performed by 55Cs that are =olsly
uzed o limit the consequences of an EVSA. For example, containment spray pumps may limit the consequences of an EVSA but
they are alzo uzed to mitigate DBAz. On the other hand, a corium retention system iz only used during an ex-vessel ssvers accident
and iz therefore within the scope of this analyzis.

In addition, the Commission is cognizant of certain design features that have intended functions to meet ‘design basis’
requirements and to resolve ‘severe accidents.’ These design features will be reviewed under either VIII.B.5.b or
VIII.B.5.c depending upon the design function being changed.
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