KAIST
NQe

38LE NSATAHS

KAIST
A= 2 X3Sl
jeongiklee@kaist.ac.kr,




Black Start ’

Can start up from

a completely de-energized
state without receiving
power from the grid.

Islanding
Can operate

3‘ connected to the grid
"W, or independently.

Underground Construction
Makes reactors less vulnerable
to extreme weather and

physical attacks.

Fuel Security
Can easily store fuel

2 on-site for a decade or
more without the need of
an external fuel supply.

Modularity

Minimizes the use of
electrical parts and uses
passive cooling features
to safely shutdown
without pumps or
operator intervention.
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UK-SMR
IMR
IRIS

VBER-300
{Land Based)

301-450

BWRX300
DMS
CANDU SMR
VK-300

251-300

CAP200
Westinghouse SMR
NUWARD

mPower

SMR-160

151-250

ACP100
SMART
DHR
KARAT-100

51-150

Power range MW(e)

CAREM25
NuScale
RITM-200
KARAT-45
HAPPY200

25-100

- - - - .

UNITHERM
ELENA
TEPLATOR
RUTA-70

X 2: IAEA SMR £ D Al (2020) Land-based water-cooled reactors .



Diesign organization(s)

Reactor Ty pe / Primary
Circulation

Fuel type‘assembly army

MNumber of fise] assembly
Cooo bl

Moderator

Theermeal custput, B W{L)
Electrical owtput, MWie)
Core inlet temp., *C
Core outlet temp_, "C
Emnmchment, %

Fuel cycle, months
Eeactivily conirol
Reactor Vesel's

b ght/diameer, {m)
Diesigm stats

CHEA

Integral PWER /
Matural Circulation

U0 pellet /
et agoannal
[
Light waler
Light water
1060
3
2H4
36
3.1

24

Conirl mods

11/32

Under construction
as Prototype

China

CHRCHPIC

Integral PWER /
Farced
Circulation
Uik pellet /
17517 square
57
Light water
Light water
385
125
2R6S
3195
<495

24

Comirol rods +
G203 solid
buermeah bz
10 ¥ 3.35

Detailed Design
for constrection

XH2: IAEA SMR 2 1 A (2020)

Canada
Candu Energy

PHWRE with /
Calandnia

3 7-clement
Tl s Je:
2064 bundles
Hesvy waler
Heavy watber
G
300
310
Naturd
LR TR, M
ennched
Oinline
refuelling
Lone
controllers +
adjusters
NA -
Calandnia
Concepual

Integral PWER /
Forced
Circulation
Uik pellet /
17517 squane
Th
Light water
Light water
2 x 540
2% 17
JED
307
<5

Comtrol rods +
Gz solid

13/4
Conoeptual

Saudia Ambia
KAERI,
EACARE

Integral PWR /
Farced
Cingulation
U0 pellet /
171 7T square
57
Light waler
Light water
365
107
206
322
<5

30

Conirol reds +
Soluble boron

185765
Licensd /

Standard desipn
approval

Unated
Kaingdom

Faollz Royee,
Hec.

Hoop PWR /
Faorced
Cinculation
L0 pedlet
1751 7 square
121
Light waker
Light waier
1276
443
206
37
4.95 (max)

18 -24

Coninl mds
+ Gd20h z0lid
humahle
1.3/ 4.5

Conceptual,
Pre-Licensing
in the UK

United States of
America

HMuScale Power,
Iz

Integral PWE
M atural
Circulation
U0 pellet/ 17217
siquare
a7
Light water
Light water
2
) {gross)
265
321
< 4.95

24

Conirol rods +
Soluble bomon

17.7/27
Unidber diesign

certification
e view

Unted States or
Amenc and Japan

(GE Hitachi &
Hitachi GE Muclear
Emsenzy
Boiling Water
Reactor / MNatural
Circulation
Lk pellet
110 areay
240
Light water
Light water
BT0
2T0-250
270
287
340 (avg)/
495 max )

12-24

Rads, Solid
Burnah e Absorber
(B, H, Gdaa)
26/4

Pre-Licensing in
UK, Canada, and
the United Stales



Development Milestones

2003 First Integral test facility operational

2007 NuScale Power was formed

2008 US NRC  design  certification
pre-application started

2012 Twelve-reactor simulated control room
was commissioned

2016 (2nd half) NuScale to submut design certification
application to the NRC

2020 NuScale design certification target

2023 NuScale commercial operation target

KAIST

NuScale Overview

Generator

Steam
Turbine

NuScale Power Modules

Condenser

Reactor Pool

Spent Fuel Storage

Water-Filled
Pool Below
Ground

Containment

NSSS




NuScale DC

NuScale SMR receives US design certification approval

01 September 2020
< Share

The US Nuclear Regulatory Commission (NRC) has issued a final safety evaluation report (FSER) for
NuScale's small modular reactor. This is the first-ever FSER to be issued by the NRC for an SMR, and
represents the completion of the technical review and approval of the design.

How a NuScale SMR piant could look (Image: NuScale)



NuScale Safetyu [DHR] s

Decay Heat Removal System

FWIVs

 Main steam and main MSIV
feedwater isolated

+ «—t—— DHR actuation valves

%
=
— reactor pool

« Decay heat removal
(DHR) valves opened

» Decay heat passively
removed via the steam
generators and DHR
heat condensers to the
reactor pool

-
—— DHR passive
condenser

* DHR system I1s
composed of two
independent single
failure proof trains (1 of 2
trains needed)

10



NuScale Safety (ECCS)

KAIST
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DEPARTMENT OF
NUCLEAR &
QUANTUM ENGINEERING

Emergency Core Cooling System

* Main steam and main
feedwater isolated

« Reactor vent valves and
reactor recirculation
valves open on safety
signal

* Decay heat removed

— condensing steam on inside
surface of containment
vessel

— convection and conduction
through liquid and both
vessel walls

reactor vent valve —=—

i1 11 x’ i'

—— S—, ——

reactor recirculation valve -

—- containment vessel

= reactor pool

== reactor vent valve

—— reactor recirculation
| valve

11



NuScale Safety

* NuScale design has achieved the “Triple
Crown” for nuclear plant safety. The plant
can safely shut-down and self-cool,
indefinitely, with:

= No Operator Action
= No AC or DC Power
= No Additional Water

» Safety valves align in their safest
configuration on loss of all plant power

» Details of the Alternate System Fail-safe

concept were presented to the NRC in
December 2012

DEPARTMENT OF
NUCLEAR &
QUANTUM ENGINEERING

12



NuScale Safety [SBO] gs

Stable long-term cooling under all conditions
Reactor and nuclear fuel cooled indefinitely without pumps or power

No Pumps « No External Power « No External Water

Decay heat Decay heat Transition to
removed by remo.ved by Iong—te_nn air

| steam generators containment cooling

s and DHRS (30 Days) (> 30Days)

< (3 Days) ,

14

w b

;

@) 9

o

S=

<

O

w

o

TIME = 1sec 1 hour 1day 3days 30 days Indefinite

* Based on conservative calculations assuming all 12 modules in simultaneous upset conditions and reduced pool water inventory

13



Core Damage Frequency

KAIST

NuScale Safety [Risk] ge

Risk = (frequency of failure) X (consequences)

107

NRC Goal (new reactors)
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Reactor Building -

107 1
Biological
} Shield -,
10 6 . \\‘.
Reactor Pool -, Ground level
107 L N
10_8 :ggﬁg;ui— Pool Structure Containment
' And Liner

Reactor
Vessel

Operating ! Operating " New LWRs ' New LWRs' NuScale !

PWRs BWRs (active) (passive) SRSIEE

N
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Probability of core damage due to NuScale reactor
equipment failures is 1 in 100,000,000 years

14



NuScale EPZ

Containment

Reactor Vessel

—

Fuel Cladding

Traditional PWR

Reactor Building

Reactor Pool

Containment

Reactor Vessel

| > F

Site Boundary EPZ

(depending on site characteristics)

Fuel Cladding

NuScale Plant

+ Passive Safety
+ Additional Fission Product Bartiers
+ Significant Delay in Release of Fission Products

15
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NuScale Systems

Systems and Components Needed to Protect the Core:
» Reactor Pressure Vessel

» Containment Vessel

» Reactor Coolant System

» Decay Heat Removal System

» Emergency Core Cooling System

» Control Rod Drive System

» Containment Isolation System

» Ultimate Heat Sink

16



NuScale Activities for Licensing =

KAIST

NQe

NuScale’s testing supports reactor safety code development and validation, reactor
design, and technology maturation to reduce first-of-a-kind risk

a2\
SIET Fluid Heated
k Test Facility

NuScale Testing and Code Development Sucesses

7 oo

Development
and Validation
Testing

NIST Integral Systems Testing

(hermal-ﬁyd lalm

and Confirmatory
Testing

@onstratioh e

and Simulations

Assessments

SIET Steam Ge

Hydrau

tor Thermal

o e )
Critical Heat Flux[Testing at Stern Labs
(o o
Steam
Generator Tube
Inspection
Demonstration
Safety Analysis

(o

Control Room
Simulations

o
j et N 4 4 Stern Labs )

& i
CHF Test Section at
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Pressure Drop, Ap = p,, - B,

o Q

SMR 21

X

0 0l XAz
Instability

constant q(z)
constant h

(=1,

| S

liquid
A
g out
L 1 t—1q'(2)
l Pin
m h

D i —
Vd two phase single phase
e region liquid
»
»

Mass Flow Rate , m

e O
=0 e

Class

1. Static instabilitics
1.1, Fundamental
(or pure) static
instabilitics

1.2, Fundamental
relaxation
instability

1.3, Compound
relaxution
instability

[

. Dynamic instabilities
2.1. Fundamental
(or pure)
dynamic
instabilities

2.2, Compound
dynamic
instabilities

2.3. Compound
dynamic
instability
as secondary
phenomena

Type

1. Flow excursion or
Ledinegg instability

2. Boiling crisis

1. Flow paltern tran-
sition instability

. Bumping, geysering,
or chugging

1. Acoustic oscillations

2. Density wave
oscillations

1. Thermal oscillations

2. BWR instability

3. Parallel channel
instability

L. Pressure drop
oscillations

Mechanism

adp
aly

_dap
int e

[N

Ineffective removal
of heat from heated
surface

Bubbly tlow has less
void but higher aP
than that of annular
flow

Periodic adjustment
of metastable condi-
tion, usually due 1o
lack of nueleation
sites

Resonance of pressure
Waves

Delay and feedback
effects in relationship
between flow rate,
density, and pressure
drop

Interaction of variable
heat transfer coefficient
with flow dynamics

Interaction of void re-
activity coupling with
flow dynamics and
heat transfer

Interaction among small
number of paralle]
channels

IFlow excursion initiates
dynamic interaction be-
tween channel and com-
pressible volume

Characteristics

Flow undergoes sudden,
large amplitude excursion
1o a new, stable operating
condition

Wall temperature excursion
and flow oscillation

Cychie flow pattern transi-
tions and flow rate variation:

Period process of super-heat
and viclent evaporation
with possible expulsion and
refilling

High frequencies (10— 1040
Hz) related to time required
for pressure wave propaga-
tion in sy stem

Low frequencies {1 Hz) re-

lated to transit time of o
continuity wave

Occurs in film boiling

Strong only fora small
fuel time constant and
under low pressures

Various modes of flow
redistribution

Very low frequency
periodic process (1.1 Hz)

21
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NuScale

Power Module

ClVs

CNV
RXM piping
RWW

RPV

integrated PZR
baffle plate and
steam plenum

SG annular
space

RVI lower riser
assembly

RVI core support
assembly

CIV = containment isolation valve
CNV = containment vessel
PZR = pressurizer

RPV = reactor pressure vessel

I RRV = reactor recirculation valve I

RVI = reactor vessel internals

I RVV = reactor vent valve I

RXM = reactor module

SG = steam generator

Parameter

CNV height; OD max./min.
RPV height and OD
Module weight (metal)
RPV weight (metal)

Numerical Value

75.8 ft and 15/11.2 ft
58 ft. and 10 ft.
762 tons
343 tons (w/o fuel)

22
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Accident Operation

Steam escapes Condenses on Re-enters RPV
CNV wall

Returns to core
from RRV

KAIST
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RCS temp. (core outlet) [K]

OLH T IS0
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Minimum Requirements’ Per Shift for On-Site Staffing of Nuclear Power Units by

Operators and Senior Operators Licensed Under 10 CER Part 55

One Unit Two units Three units
Number of nuclear :
POWer units Position One One Two Two Three
operating” control control control control control
TIooImn rooim I'o0Ins To0Ims TO0Ims
Senior
1 1 1 1 1
None Operator
Operator 1 2 2 3 3
Senior 3 2 7 2 2
One Operator
Operator 2 3 3 4 4
Sendor A 3
- 2 3 3 3
Two Operator
Operator -~ 3 4 5° 5
Semior _ _ _ 3 4
Ti Operator
Operator — — - 5 &

KAIST
NQe

26



KAIST

SMR 28 atH J|=sE 2t =

_I_

\ e A\ = //

' — > - : _ -.,:‘-44 F=—
a % | S |ww N Sl T
- [

» Simulator used for HFE
and operational program
development
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