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Upper Gas Plenum
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“Typical” SFR Assembly (271 pins) Typical PWR Assembly (289 pin locations)
S F R Pin Diameter = 7.4 mm Pin Diameter = 9.4 mm PWR
Pin Pitch = 8.9 mm Pin Pitch = 12.5 mm

Lower End Plug and Shielding

Lower End Plug




Thermophysical Properties:

Na Water
Atomic Weight 23.0 18
Melting Point (°C) 97.8 0
Boiling Point (°C) 892 345
Density (kg/m?3) 880 713
Specific Heat (J/kg-K) 1300 5600
Volumetric Heat Capacity (MJ/m3-K) 1.14 4.0
Thermal Conductivity (W/m-K) 76 0.54
Viscosity (cP) 0.34 0.1
Core AT (°C) 155 30
Outlet temperature (°C) 510 330
Margin to boiling (°C) > 300 19

Excellent Heat Transfer v+
Low Vapor Pressure v+
High Boiling Point v+
Low Melting Point v
Material Properties:
Thermal Stability v+
Radiation Stability v +
Material Compatibility v +
Neutronic Properties:
Low Neutron Absorption v+
Minimal Activation v
Negligible Moderation v o+
Supports Passive Safety v +
Cost:
Initial Inventory v o+
Make-Up Inventory v+
Low Pumping Power v +
Hazards:

Sodium reacts with air and water

Sodium HZtx| EM



32 PWR SRR
Reactivity Max. reactivity design with Under max. reactivity with - Recriticality issue
intact configuration intact configuration

Power density Low (~100 kW/liter) High (~300 kW/liter)

Power Coefficient Negative (Coolant boiling) Positive (Coolant boiling) - Faster power excursion
and possible positive PC

System Pressure  High Low - LOCA is not a concern
- No ECCS

Sub-cooled Low (~20 K)) High (~300 K) - No boiling

margin

Natural - Better

Circulation

Final Heat Sink Water (sea, river) Air

for decay heat

Chemical No -Sodium fire
reaction -Sodium water reaction
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Shutdown Control rod + Chemical shim

system

Inventory control ECCS (SIT+HPSI+LPSI)

Decay heat RHRS with water heat sink

removal

Containment Needs to take LOCA (Max. P ~ 6 bar)
Containment cooling and spray
systems

Safety Injection, Shutdown Cooling , Containment Spray Systems

Two S/D control rod
systems

Not necessary
DHRS with air heat sink

Needs to take sodium fire
(Max. P ~2 bar)
Contalnment Inert system

-Different
mechanism

- Leak make-up

Natural circulation
possible (PDHRS)

- Temperature
could be higher




2. tHEN B8

« SAR Chapter 15 Events Categories by Type of Events . SFR Z=Q Al 2A

* 15.1 Increase in Heat Removal by the Secondary system DBA:

« 15.2 Decrease in Heat Removal by the Secondary system - Loss of Heat Sink
- 15.3 Decrease in Reactor Coolant Flow Rate - Loss of Flow

- Transient Over Power
- PHTS Pipe Break

- RV Sodium Leak

« 15.4  Reactivity and Power Distribution Abnormalies
« 155 Increase in RCS Inventory

« 15,6 Decrease in RCS Inventory

* DEC:
« 15.7 Radioactive Material Released from a - Ultimate TOP (ATWS)
System/Component - Ultimate LOF (LOF+ATWS)
- 158  ATWS : BDBA - BE Analysis - Ultimate LOHS (LOHS +ATWS)

 Sodium Accidents
- SG wastage

- Sodium Fire



« O] CRBR(Clinch River Breeder Reactor) PSARO|| =Z =l At10 Atg

Anticipated Events

Control Assembly Withdrawal at Startup

Control Assembly Withdrawal at Full Power

Seismic Reactivity Insertion (OBE)

Small Reactivity Insertions

Inadvertent Drop of a Single Control Rod at Full Power

Loss of Off-Site Electrical Power

Spurious Primary Pump Trip

Spurious Intermediate Pump Trip

Inadvertent Closure of One Evaporator or Superheater Module
Turbine Trip

Loss of Normal Feedwater

Inadvertent Actuation of the Sodium/Water Reaction Pressure
Loss of One D.C. System

Loss of Instrument or Valve Air System

IHX Leak

Off-Normal Cover Gas Pressure In PHTS

Off-Normal Cover Gas Pressure In IHTS

Unlikely Events

Loss of Hydraulic Holddown

Sudden Core Radial Movement

Maloperation of Reactor Plant Controller

Single Primary Pump Seizure

Single Intermediate Loop Pump Seizure

Small Water to Sodium Leaks In Steam Generator Tubes
Failure of Steam Bypass System

Fuel Assembly Dropped During Refueling

Attempt to Insert a Fuel Assembly Into an Occupied Position
Single Fuel Assembly Cladding Failure In Fuel Handling System
Cover Gas Release During Refueling

Heaviest Crane Load Impacts Reactor Closure Head
Inadvertent Release of Oil Through the Pump Seal (PHTS)
Inadvertent Release of Oil Through the Pump Seal (IHTS)
Generator Breaker Failure to Open at Turbine Trip
Rupture in the RAPS Cold Box

Liquid Radwaste System Failure

Failure In the EVST NaK System

Leakage from Sodium Cold Traps

Rupture In RAPS Noble Gas Storage Vessel Cell

Rupture in the CAPS Cold Box



 Sodium Accidents

v Na + H,O —NaOH + Y H, + 162 kJ/mole v

v =4 N
. EYUNOI UAUS (BSYAUST : 1200~1400TC) a N}MM ~oalhy
- FAd BSdd= _\'nCr[]lﬂ\Eﬁﬁ?________ o
T “

Tube wall

- SGTR and wastage

Sodium-water reaction
experience at PFR, 1987

- S7IERYV RE LIECR FU|FE Al 2a5-7 S22 HAHC

- Sodium fire

¢ A SE A Z7|Q HI2 O E BhAY LA

 Sodium — concrete interaction

- A9 == X|do| E32|E otk
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« Major Limiting Accidents, Acceptance Criteria, Safety Analysis

* PWR + SFR
- LOCA, MSLSB, I_.OF,. LOHS - TOP LOF, LOHS
) Accepta[r)wliIeBlg r;eila P Density Limi - Acceptance Criteria
ocal Power Density Limits « Fuel melting temp (metal fuel: ~1300 K)
« PCT, Max. Cladding Oxidation, Max. H2 . Clad melting temp (~1500 K)
Generation J P

« Coolant boiling temp (1165 K)

 RCS Pressure Boundar
y e Clad Cumulative Damage Function < 0.05

« Containment Pressure

« Accident Phenomena and safety analysis
- PWR : complex — cannot avoid two phase conditions and phase transition

- SFR : simple — can maintain single phase during transients



3. SCHAtD o4

 Severe Accidents in PWRs

Reactor building

@ In-Vessel Phenomena
— Core Uncovery and Heatup

Containment spray

7 —— -
. . . f T T T T
— Cladding Oxidation e
— Core Melting and Relocation Bifscuconainmentieating
Bypass Steam . - . .
— Heat Transfer to Lower Head through generator " o, e
ruptures ~C

environment

Loss of
containment
integrity

Venting-filtration

Radioactive release to the

Stack

— Reactor Vessel Failure ¢ "0 Hydrogen Ausiliary building
. . * e ,*combustion Containment
@ EXx-Vessel Phenomena l ~ :.Vessel..,c leaks via penetrations
H L ore
— Direct Containment Heating(DCH) meltdoit Bt
— Fuel-Coolant Interaction(FCI) — " [ Hectionof corium
In-vessel or into the containment
— Molten Core- Concrete Vessel "G ex-vessel
) C__r rupture  3:%  steam explosiof
|ﬂtefaCthn(|\/|CC|) Evacuation Sump o e dg;‘;;'t'i‘;n Buildingve:;;ltzzt;::—filtration
. f m in the reactor pit
— Hydrogen Combustion “from the O
. . containment |
@ Fission Product Release and Transport Corium-concrete interaction

- Containment integrity is of a primary concern
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« Severe Accidents in SFRs

- Core Disruptive Accident — bounding approach

Recriticality0f] 2|ot =3 Z3 O X| A4k 8 7]
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COLD
POOL

Fission
FAIDUS L I| | G e

For Enhancing Molten-Fuel Discharge

Wrapper
tube

Grid spacer *

Inner duct

Support for
inner duct

Cross section
of sub-assembly

FAIDUS*

\ Fission gas

Initial state  Fuelmelting  Duct failure  Fuel discharge

Oxide 15 SFRe| #=f
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4. Ao
PWRE WZIT| 22 2|3t ECCS @F SCHAID Bt E 2|+ Robust Containment7}F =2
SFRE Recriticality X|E 3t XA EL TLEHHE ¢ DHRO| &8

SFR2 PWRO|| H|3l inherent safety feature?} & 29}, reactivity feedback, natural circulation®| 7t57d0| &=
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Pump Speed (rpm )

# Pump1

600

X Pump2

o b R o
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300 450

Time (seconds)

600

750 900

1J: Landmark EBR-II Passive Safety Demonstration Test

« Pump coast-down without scram causes reactor core temperatures

rise, introducing net negative reactivity reducing reactor power to
decay heat level

70 seconds

« Peak coolant temperature reaches the maximum (533°C) in about

« Coolant saturation temperature at this point is > 900°C, with
366°C as the minimum margin to coolant boiling
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