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Preamble

* The information in this presentation is a summary of information
presented in the meeting of March 28, 2024

* Why are we providing this summary?

Confirm that nothing in the prior information has changed in the past 24
months

The progress made in the overall design during this period has not required
that we change the design of the structures and components that form the
functional containment

During our last meeting a brief discussion of the ARC 100 functional
containment indicated the advisability of presenting its status today

Address functional containment acceptance criteria
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* Functional containment is defined as a set of barriers that together ensure the
radionuclides releases are kept to within the values that minimizes the risk to the
general public and the environment

* The set of barriers can be different for different events
 The NRC has expressed an openness to a functional containment concept (SECY-18-0096)

* For the ARC-100 reactor, and any anticipated operational occurrences, design basis and
beyond design basis events, including postulated severe accidents, a functional
containment is sufficient to minimize the risk of radiological releases to the public and
environment.

* The total effective dose equivalent (TEDEs) at the site boundary will not necessitate
evacuation beyond it.



Derivation of Performance Criteria

[ Fundamental Safety Functions ]
[ Reactivity J { Decay Heat J RadionuclideJ

Control Removal Retention

—

Note: F/C refers to frequency/consequence targets

SECY-18-0096,
Enclosure 2,
Figure 3.



Performance Criteria Categories

* Three categories of performance criteria:
* Dose Limits

* Rate Limits
» Safety Class SSCs



Performance Criteria: Dose Limits

Normal Operation

Anticipated Events

10CFR 20: § 20.1301 Dose limits for individual members of
the public (including ALARA)

10CFR 20: Appendix B, Derived Air Concentrations (DACs),
Effluent Concentrations (e.g, RVACS Ar-41)

10CFR 53: § 53.425 Design features and functional

design criteria for normal operations

40CFR 190: § 190.10 Standards for normal operations

Design Basis Events

Design Basis Accidents

Beyond Designh Basis Events

See Next Slide




Accident Dose Criteria Applied to ARC-100

Dose Criteria ACE RIS Event Class e CLEAN TECHNOLOGY
(per year) Examples
104

10CFR 50.34 (a)(1) (ii)(D) 25 rem Total Effective dose

equivalent (TEDE) g)egéi? IR BRI Core DBEs, Fuel Handling Acc, Systems
Breaches with fires, Cover Gas breaks
10 CFR 100.11 (a)(1) 25 rem whole body, 300 rem thyroid 10+
EPA-400/R-17/001) 1 i TEE (erecuaienEheleing 102 Anticipated Occurrences Cover gas leaks, Primary system leaks‘,
(AOOQOs) secondary system leaks, radwaste spill

Safety Goals for the

Operation of NPPs 750 rem TEDE (early health effects) 5.0x107 Beyond Design basis

Core Severe Accidents

(51 FR 30028) Events (BDDESs)
1rem TEDE 1022 AOOS Cover gas leaks, Primary system leaks‘,
secondary system leaks, radwaste spill
. 25 rem TEDE 104 DBEs Core DBES,. Fugl Handling Acc, Systems
NEI-18-04, Figure 1 Breaches with fires, Cover Gas breaks
480 rem TEDE 106 BDBEs
Core severe accidents
750 rem TEDE 5.0x 10”7 Beyond extremely unlikely
25rem TEDE )
Within 10 CFR 50.34(a)(1) 10 DI DI BIEISE
6.3rem TEDE ) Cover gas breaks, Primary sodium processing
SRP15.0.3 Well within (25%) 10 CFR 50.34(a)(1) 8.7x10 AOOs system breaks w/o fire Fuel Handling Accidents
2.5 rem TEDE 3.6x1073 AOOs Smallreleases

Small fraction (10%) CFR 50.34(a)(1)



Performance Criteria: Rate Limits

Fuel Pin Failure

Cover Gas
Leakage

Reactor Building Leakage

Normal Operation

Anticipated Events

Expected: 4 pins
(8 53.450(g)(3))

0.55 vol%/day

Low Volume Operating
Deck HVAC System
(ODHV)

Design Basis Events (FFTF calculated,
Design Basis Accidents 0.1% ANL-ART-49)
Beyond Design Basis (21 fuel pins)

Events

Severe Accident All pins including 23%

stored fuel pins

1 vol%/day




Performance Criteria: Safety Class SSCs

Safety Class SSCs

Normal Operation

Anticipated Events Not Applicable

Design Basis Events

Reactor Vessel/Guard Vessel
Primary Heat Transport System, including all components of the
Primary Coolant Boundary
Safety Related Batteries
Primary and Secondary Control Rods
Reactor Protection System
Direct Reactor Auxiliary Cooling System (DRACS)
Reactor Vessel Auxiliary Cooling System (RVACS)
Safety Electrical Systems (limited to UPS)
Reactor Building isolation system
Reactor Building
(ARC-100 SSC Safety Classification Process,
Table 3-1, December 2025)

Design Basis Accidents

Beyond Design Basis Events Not Applicable
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Sources Of pOSSible RadioaCtive REIeases CLEAN TECHNOLOGY

Outside the Reactor Building (RB)
* Solid and liquid waste processed and stored in Radwaste Building
* Gaseous radwaste stored in bottles in radwaste building

 DRACS NaK and IHTS secondary sodium activated but within activation products
concentrations that allow unrestricted access to the system

e Activated air continuously emitted by the RVACS, and below the allowable limit for Ar-41
(108 uCi/cc)

Inside the Reactor Building

* Primary Sodium Processing System
* Cover Gas Purification System

e Sampling System

* Primary System and portion of the intermediate heat transport system
* Fuel (in active core and stored used fuel), coolant and cover gas within the reactor vessel
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Barriers in FunCtionaI Containment CLEAN TECHNOLOGY

Inside the Reactor Building

* Reactor building is last barrier in the functional containment set of barriers that prevent releases to the environment.
Depending on the location of the radiation source, a number of intermediate barriers can be present

* In core sources
* The fuel, if it experiences failure of its cladding, can result in a source of radioisotopes in the coolant and cover gas.
* The coolant and the cover gas are also activated
* |If the primary system, and systems connected to and processing the primary system, were to leak, radioisotopes from
activation and released from the fuel can be released into specific Reactor Building compartments or the overall RB space

e QOut of core sources

* Systems that are not processing primary sodium or cover gas, contain activated radioisotopes.

* Radiation shielding is used to reduce the activation level

* Their systems boundary provide the first barrier

* Fuel transported to the wash station and to the transportation /storage cask, if mishandled can provide a source of release
directly to the RB

* Releases from RB depend whether the release happens in a compartment or in an open space, and ultimately on the
extent of RB openings, the pressure within the RB, and systems designed to reduce the radioactivity within its spaces

Outside the Reactor Building

* The radiation shields provided to ensure the activation of the system’s content is or below a level that would pose an
unacceptable risk if released , the system boundaries, and the protection systems (if any) that limit releases were they to
occur



Reactor building Penetrations to Outside

CLEAN TECHNOLOGY

Size

Centerline

Assumed Leakage

Reactor Building Penetrations (inches) Quantity Seal Rating Elevation Area otes
Conduit (Electrical penetrations from
duct banks)
Safety related 4" D 34 0.3 bar 478" 0 below 4psig
Non-safety Related 4" D 17 0.3 bar 467" 0 below 4psig
Piping
IHTS 24" D 4 Above 492" 0
LRW 2"D 1 Above 492° 0 i
"D 1 Anchored - . Anchorage design allows
SIA at wall Above 492 0 no gaps.
DRACS 10"D 6 Above 492" 0
Demin Water 2"D 1 Above 492 0
Duct
REWVACS 48x36 10 Anchor 471'-10" Design to not collapse
RVACs 36x36 4 at silo 471'-10" under Confinement
Isolated from RB (in | pressures - leakage will be
RVACs 120x36 4 554'.3" its own chase) essentially none becau?'e
anchorage at silo wall 1s
welded
HWVAC 16x16 1 Above 492' ab d
— - W e supported at
HVAC 30x30 1 Initial 1" gap Above 492 wall with angles all
HWVAC 60x36 1 all around Above 492' around and have These are the penetrations
HVAC &0x30 1 sealed to 1 Above 492° sealing material which could be assumed to
HVAC S 4x24 4 mil or less 497'-0" designed so that - leak
effectiveness leakage should be
HWVAC 20=x20 1 Above 492" minimal
HWVAC 16x16 1 Above 492
0 (Aurlocks to be
Personnel and Equipment Access WVares 4 Uses Awrlocks 495" monitored/locked to
avold leakage)
Refueling Access Door (only open when 21-6"W = ) 5 492' Single Door. sealed (leakage at preset unknown. but
reactor 15 shutdown) 16'H i (Bottom) will be specified for negligible leakage
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Pressures/Temperatures in Reactor Building it >
its compartments

* In core and out of core events with no sodium fires generate small pressures and temperature
increases in the reactor building and its various compartments

* Inthe case of a postulated severe accident, the release of hot cover gas in the reactor building space produces
pressurization of less than 0.30 psi and temperature increases of a few degrees (6.5 °C)

* Other events result in negligible pressurization and temperature increases

* Events resulting in sodium fires pressurize the compartments in which the event occurs, and then
the adjacent zones within the Reactor Building. Temperatures are also significantly increased in
the compartments with possible consequent failure of the equipment housed therein.

 Compartments where sodium fires could occur are not directly connected to the environment

* Some sodium fires, however, can occur in the open space within the reactor building with direct path (normally
closed) to the environment
Primary Sodium Processing System (PSPS)
* Significant pressurization can occur from sodium fires in systems with relatively small radioactivity contents
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Sodium Fires in Reactor Building

Primary Sodium Processing System

* Moderate energy system
* Variable P, T in different part of the system -100 psi, 500°C max (Na vapor pressure at 500°C is ~0.045psi)

* Housed in two compartments in RB mezzanine floor, not in direct connection with the outside:
components compartment and cesium traps compartment are separated

» System has guard pipes (part of confinement barrier) everywhere except at flanges

* Breaches postulated to occur at “worst location” in components and cesium traps compartment in mezzanine floor
and at anti syphon tanks connection in operating floor

* Worst location is defined as one that allows maximum drainage of system volume by gravity after pump is tripped

* Compartments and location of the anti syphon tank have fire suppression deck covering the floors and multiple
sensors to detect fire (pressure, temperature, smoke, aerosol) and trip the pump

* Manual fire extinguishing system used at EBR Il supplements fire suppression deck
* Automated fire extinguishing system utilized at STELLA facility in Korea is being considered for additional protection
* Bounding circumferential break “postulated” to occur at discharge line in operating floor, despite
guard pipe
* No fire suppression deck or automated fire extinguishing
* Pump tripped only after long enough time for sensors to unequivocally detect the fire, followed by gravity drainage
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Reactor Building Break Locations
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Results - Operating Floor Circumferential Break in Return Line a rc

to RV

Figure 3.1-11¢g: Breach 5, Reactor Building Operating Floor
Sodium Breach Release Rate and Burn Rate vs Time following
Circumferential Breach in Return to Reactor Vessel
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Results - Operating Floor Circumferential Break in Return Line a rc

to RV CLEAN TECHNOLOGY

Figure 3.1-11h: Breach 5, Reactor Building Operating Floor
Sodium Released from Breach and Burned from Breach vs Time
following Circumferential Breach in Return to Reactor Vessel
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Results - Operating Floor Circumferential Break in Return Line a rc

to RV

Figure 27: Case 5, Reactor Building Operating Floor Pressure vs.
Time following Breach in Return to Reactor
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Figure 30: Case 5, Reactor Building Relief Space Pressure vs. Time
following Breach in Return to Reactor
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Temperature, F

Results - Operating Floor Circumferential Break in Return Line a rc

to RV
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Figure 28: Case 5, Reactor Building Operating Floor Temperature
vs. Time following Breach in Return to Reactor
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Figure 31: Case 5, Reactor Building Relief Space Temperature vs.
Time following Breach in Return to Reactor

w

Structure, Ceiling

o
Ul
o
o

1,000
Time, sec

1,500

Based on RB Volume: 10185 m”3

2,000



alfC

CLEAN TECHNOLOGY

Results - Sensitivity to Percent Spray and Pool

Figure 21: Case 4, Reactor Building Operating Floor Pressure vs.
Time following Breach in Return to Reactor

Figure 22: Case 4, Reactor Building Operating Floor Temperature
vs. Time following Breach in Return to Reactor
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Radiological Results
(Operating Floor guillotine break in return line to vessel)

* Primary sodium burned: 187.4 kgs

* Sodium volume: Hot Pool: 318.5 m3
Cold Pool: 303.2 m3

* Sodium density: 832 kg/m?3

* Primary sodium concentrations: Na-22 4.3 uCi/cc
Na-24 31 mCi/cc
Fission Products — based on 21 (0.1%) failed pins

* Operating Floor leakage to Environment: 1 vol%/day (4.5 m3/hr)

* Inhalation and submersion doses calculate at the 100 meter EAB / LPZ for the duration of the
accident (including continued release after the fire has been extinguished)

* Dispersion factors based on meteorological data from across the United States
» Offsite Dose: 1.4 rem (94.8% Na-24; 2.2% Cs-137)



Fuel Handling Accidents within the Reactor Building a rc

CLEAN TECHNOLOGY

» Used (spent) fuel is stored within the reactor vessel

« Afuel handling accident (FHA) within the reactor vessel would have no offsite radiological
consequences.

« Likewise a fuel assembly stuck within the Fuel Handling Machine (FUM) would have no offsite radiological
consequences

- A dropped fuel assembly outside the reactor vessel could release radioactivity within the
Reactor Building:

« During FUM transfer between the vessel and wash station and between the wash station and transportation cask
pit the assembly as a limited drop distance (~24 inches)

« During transfers at the wash station or at the transportation cask pit a greater drop distance (i.e., more potential
fuel pin failures)

* FHA calculation assumptions:

Maximum burnup fuel assembly is dropped (i.e., largest radionuclide inventory)

15 days between reactor shutdown and fuel transfer.

ANL-ART-49 and ANL-ART-38 release fractions to plenum

1 vol%/day Reactor Building to Environment release rate, even though no pressurization occurs

Federal Guidance Report No. 13 total effective dose equivalence (TEDE) inhalation dose conversion factors
(DCFs); and plume submersion DCFs from FGR No.12

« NRC Standard Review Plan 15.0.3, Table 1 FHA 2 hour dose criteria: 6.3 rem TEDE.

 ARC-100 FHA results: 0.32 rem TEDE per fueldoln failed (i.e., up to 19 fuel pins in the dropped assembly
fail-can fail and the 2 hour TEDE remain within the SRP 15.0.3 dose crlterla 'there are 19 pins in the first two rows
adjacent to the duct)

» Testing of "dummy” assembly planned to confirm extent of damage.



Cover Gas Accidents within the Reactor Building a rc

CLEAN TECHNOLOGY

Cover gas processing system is housed in two
compartments on the mezzanine floor of the RB

* remove sodium liquids from the gas, and heats stream
to vaporize residual sodium for further processing

OVERALL SNAPSHOT OF CGPS PIPING | "‘\?

[Cold Box |}

* “cold box” where noble gases are liquified for storage
(and decay) in a cryogenic distillation column

Normally operated in batch mode following a
fuel pin failure, but can be operated continuously

CGPS Charcoal Adsorber
CGPS.WCF-0001

Radiological contents during normal operation is
less than radiological content of Primary Sodium
Processing System (i.e., primary sodium to cover
gas decontamination factor)

CGPS is a moderate energy system

Accidental CGPS environmental releases are
bounded by those resulting from breaks and fires
of the PSPS and by FHAs.



Severe Accident -Why it is extremely low probability a rC

CLEAN TECHNOLOGY
Pool Temps With and Without the Mass In the RVACS and DRACS

Event occurs and afterwards nothingis
considered available to cope with the event.

The extreme assumption that the reactor vesselis
essentially fully insulated negating the effect of
heating heat sink outside the vessel, coupled with
the complete failure of the passive heat removal
systems (DRACS and RVACS) cause a “ rapid” rise
in the temperatures of the fuel cladding core
coolant and hot and cold pools.

The cover gas pressure control and purification
system (feed and bleed) system is also assumed
to be not working

The assumption that no heat is shared with
adjacent heat sinks is a physical impossibility —
definitely not-credible.

Bounding event is one with no heat removal, but
with physically present heat sinks, but of
extremely low probability.

Temperature rise rate in bounding event is
drastically slower than from non-credible event.
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Severe Accident (2 of 4)

An extremely low probability severe accident
is postulated by assuming all heat removal
system are fully incapacitated for 72 hours
after the transient initiation

.The hot and cold pools heat up and expand

Expansion causes the cover gas region to be
pressurized

Pressurization causes failure of the reactor
top head penetration seals in about 20
hours, much earlier than the initiation of pin
failures

Active core pins start failing at 57 hours, with

stored fuel pins failing a litt%e later

During pin failure the volume of cover gas
displaced into the reactor building throu%h
the top head represents a leakage of 23 % of
cover gas vol /day

At 72 hours re-established heat removal
causes pools to contract, and flow is from
Reactor Building is to the cover gas. Release
is terminated

Temp (°C)
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Peak Clad Temps With and Without the Mass in the RVACS and DRACS
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Severe Accident (3 of 4) a rC

CLEAN TECHNOLOGY

* Pressurization of the reactor building space from released hot cover gas (35 m3 at 760 °C
in 11,000 m3 at 28°C results in an increase in pressure of 0.30 psi and in temperature of

6.5°C

* Mechanistic source terms utilizing the SRT ANL computer code (ART 38 and 49) were
planned to be used to determine content of radioisotopes in the reactor building which leak
out to the environment



Severe Accident (4 of 4)
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Per NEI 18-04 TEDE for extremely low frequency event can be 480 Rem

Offsite TEDE (30-Day) (rem)

Minimum Sampled Result
5th Percentile

Nominal

Median

Mean

95th Percentile

Maximum Sampled Result

5.37
12.42
15.83
15.37
15.36
18.61
25.47

10 CFR 20
Iso-Risk Line

(PER PLANT YEAR)
- p=
by &
- ~

-
5
£

Design

EVENT SEQUENCE MEAN FREQUENCY

Objective
Individual Risk
QHO
EPA PAG
Dose Limit

Event Sequence Frequency (per Reactor Year)

10CFR50.34
Dose Limit

Total Effective Dose Equivalent at the Exclusion Area Boundry (Rem)

1E+01 1.E+02 1.E+03 1E+04

MEAN TOTAL EFFECTIVE DOSE EQUIVALENT (REM)
AT EXCLUSION AREA BOUNDARY (EAB)



Accident Dose Criteria Applied to ARC-100

Dose Criteria ACE RIS Event Class e CLEAN TECHNOLOGY
(per year) Examples
104

10CFR 50.34 (a)(1) (ii)(D) 25 rem Total Effective dose

equivalent (TEDE) g)egéi? IR BRI Core DBEs, Fuel Handling Acc, Systems
Breaches with fires, Cover Gas breaks
10 CFR 100.11 (a)(1) 25 rem whole body, 300 rem thyroid 10+
EPA-400/R-17/001) 1 i TEE (erecuaienEheleing 102 Anticipated Occurrences Cover gas leaks, Primary system leaks‘,
(AOOQOs) secondary system leaks, radwaste spill

Safety Goals for the

Operation of NPPs 750 rem TEDE (early health effects) 5.0x107 Beyond Design basis

Core Severe Accidents

(51 FR 30028) Events (BDDESs)
1rem TEDE 1022 AOOS Cover gas leaks, Primary system leaks‘,
secondary system leaks, radwaste spill
. 25 rem TEDE 104 DBEs Core DBES,. Fugl Handling Acc, Systems
NEI-18-04, Figure 1 Breaches with fires, Cover Gas breaks
480 rem TEDE 106 BDBEs
Core severe accidents
750 rem TEDE 5.0x 10”7 Beyond extremely unlikely
25rem TEDE )
Within 10 CFR 50.34(a)(1) 10 DI DI BIEISE
6.3rem TEDE ) Cover gas breaks, Primary sodium processing
SRP15.0.3 Well within (25%) 10 CFR 50.34(a)(1) 8.7x10 AOOs system breaks w/o fire Fuel Handling Accidents
2.5 rem TEDE 3.6x1073 AOOs Smallreleases

Small fraction (10%) CFR 50.34(a)(1)
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Conclusions

. Have applied and will continue to apply the functional containment
acceptance criteria described above

. Preliminary analyses of AOOs, DBEs and BDBEs have concluded that
functional containment with leakage of 1 vol%/day meets the dose
limits

. Certain assumptions will require confirmation, e.g. number of pins
that can fail in a fuel assembly drop incident

. Design of reactor building access airlock and doors, and
penetrations will be such that a maximum of 1 % vol/day can occur

. Confirmation that leakage will be limited to 1% vol/day when at
design pressure of the reactor building will be by test during
preoperational testing



Back up Slides



Mezzanine Floor Breaches arc
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Results - Breach in PSPS Cesium Trap Compartment CLEAN TECHNOLOGY

Figure 1: PSPS Cesium Trap Room and Reactor Building (Relief
Space) Pressure vs. Time following Breach in PSPS Cesium Trap

Figure 6: Reactor Building Pressure vs. Time following Breach in
PSPS Cesium Trap Room
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Results - Breach in Cesium Trap Compartment
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Figure 2: PSPS Cesium Trap Room Temperature vs. Time following
Breach in PSPS Cesium Trap Room
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Figure 7: Reactor Building Temperature vs. Time following Breach

in PSPS Cesium Trap Room
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Results - Breach in Cesium Trap Compartment CLEAN TECHNOLOGY

Figure 2: Breach 1, RB PSPS Cesium Trap Room Temperature vs Time

Figure 7: Reactor Building Temperature vs. Time following Breach
following Breach in RB PSPS Cesium Trap Room

in PSPS Cesium Trap Room
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Results — Operating Floor Breach at Anti-Siphon Tank Flange
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Figure 17: Reactor Building Operating Floor Pressure vs. Time
following Breach on Siphon Tank Flange
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Figure 18: Reactor Building Operating Floor Temperature vs. Time

following Breach on Siphon Tank Flange
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Results — Operating Floor Breach at Anti-Siphon Tank Flange CLEAN TECHNOLOGY

Figure 20: Reactor Building Operating Floor Sodium Admitted Looking South
from Breach vs. Time following Breach on Siphon Tank Flange
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Results - Operating Floor Circumferential Break in Return Line
to RV

* First analyzed break with pump active for 10 minutes at 100
liter/m (1.383 kg/sec) to verify conditions in space would be so
that sensors provided in area for leak and fire detection would be
effective in tripping the pump.

* Determined time when temperature of atmosphere reaches 190F,
temperature sensor would reliably indicate fire on floor, and trip
the pump. (time =115.4 sec plus 5 sec delay to trip)

* Analyzed case with pump tripped at that time as bounding case
* Results in the next slides
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