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Overview of Kairos Power

* Privately funded nuclear energy engineering and design company
focused on the commercialization of the fluoride salt-cooled high
temperature reactor (FHR)

° Founded in 2016
o Based in San Francisco Bay Area

o Builds on UC Berkeley Concept Development and R&D Kairos P/flwef :eagAq“afte“
ameda,

o ~120 full-time employees (and growing) selected from diverse industries

* Development schedule driven by US demonstration by 2030
(or earlier) and rapid deployment ramp in 2030s

* Leverages technology from past advanced reactor designs, coupled
together to provide a competitive design
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Fluoride Salt-Cooled High-Temperature Reactor (FHR)
Technology Basis

Coated Particle Fuel Liquid Fluoride Salt Coolant
TRISO Flibe (2LiF-BeF,)
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Reactor Systems - Core Configuration & Reactor Vessel

Reactor Reactor
Pebble coolant Pebble coolant
insertion outlet extraction inlet Decay heat
0 11 removal system . .
Highlights
Reactivty contral * Pebble bed fuel, salt coolant, and
|_—Reactivity contro . .
Cover gas space~———1 _ 2nd shutdown elements graphite structures provide large
Pebble extraction machine /Core coolant outlet flow thermal inertia, slow transient
Defueling chute ; | Reactor Vessel response, and ensure that design
yd limits are not exceeded
Pebble insertion channel ] /Downcomer . .
A Core barrel * Graphite reflector designed to
Pebble bed core y N match the vessel service lifetime
y raphite reflector
Pebble flow v
yd
| Engineered and bypass flow
\ ..‘.g:é'o
Fueling chute T Core coolant inlet
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KP-FHR Demonstration of LMP

A Purpose - Exercise key tasks from NEI 18-04 to
-\ demonstrate the applicability of the LMP
Southern methodology to the KP-FHR.
Company
o s KP-FHR pre-conceptual design inputs and early PRA

for Licensing of Advanced Nen-Light Water Reactors

Fluoride-Cooled High Temperature Reactor
Licensing M ization Project Dy ation

Scope limited to a loss of flow event

Authors: Matthew Denman, Jlordan E. Hagaman, Grant Tinsley

Po— Insights expected to be useful to future users of the
guidance in NE| 18-04.

September 2019

Prepared for:

U_S. Department of Energy (DOE)
Office of Muclear Energy
Under DOE Idaho Operations Office
Contract DE-ACO7-05ID14517

Final issued by:

At s

Amir Afzali, Next Generation Licensing and Policy Director Date
Southern Company Services
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Licensing Basis Event Identification

Normal Safety Manual

Loss of Reactor Reactor Reactor Normal Safety Manual
CForclfld Control Control Control D;cay Helat {I?VAl{_ZS D:cay Heat Sequence Family Frequency
ore rlow emova ooln ecover
Shutdown  Shutdown  Shutdown g v
1 AOO-1 01/y
2 DBE-1 2x107%/y
2x107°
2x 10 fy|3x 104 [ 3 BDBE—1 5x107/y
=71 0.09
610 {'}‘_ 4 RR—1 5)(1[)—9,{5,
5 DBE-1 5x107/y
0.1/y 6 DBE—1 5x10°/y
0.09
5x10°/y|0.02 pr—— 7 BDBE— 1 107y
~7]0.02
10— & RR-1  2x107
6x10™ Iy
6x10°]y 9 BDBE-2 3x107/y
10 BDBE -2 107y
0.3
8x107° 107ly|o2 — 11 RR-2  3x10%/y
- & 0.06
4x107/y 3x107y 12 RR—2  2x107%/y
0.01 .
13 RR-3  5x107%y

Note that the frequencies and event progressions used in table top, and shown here, are for illustration and do
not reflect final design or analysis of the KP-FHR.
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|dentifying Required Safety Functions

IAEA
Fundafmental Control Heat Control Heat Rafi?::gve
Sa e:ty Generation Removal :
Functions \ . L Material
I I I
I N 1 L I N 1 L I N 1 .
... from pebbles ... from pebbles ... from pebbles ... from pebbles ... from pebbles ... from pebbles
inside the outside the inside the outside the inside the outside the
vessel L vessel vessel vessel L vessel . vessel
I - . I n I ~ 1 L I n I ~ 1 .
KP-FHR 0
Required Safety Control core Remove decay Maintain vessel Maintain TRISO Maintain vessel
Functions reactivity heat integrity integrity integrity
. -

Note that the required safety functions identified in table top, and shown here, are for illustration and should
not be considered final.
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Evaluate LBE Against F-C Target — DBE Example

10" /yr
10°/yr = 10%/y
107" [yr é 107"y
Event 107/yr 1072y
Sequence 107%/yr 107y s
Frequency (-, [ ° o S
107°/yr 107y ~
107°/yr
107" [yr —

25 50 1 25 750
mrem mrem rem rem rem

TEDE at EAB

Note that the frequency and consequence values used in table top, and shown here, are for illustration and do
not reflect final design or analysis of the KP-FHR.
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Defense In Depth

Layer 1

-(-:Control reactivity disturbances

Layer 1 Provisions
*Maintain steady-state core heat
I removal capability
......... g fromemmees --; Layer Quantitative Qualitative
% Loss of Flow *Normal reactor control and
£ Initiator - 1) Prevent off-normal operation  Maintain frequency of plant Meet owner requirements for
s | B s omatetyreiated and anticipated events transients within design cycles plant availability
b Provisions
% 2) Control anticipated events Maintain frequency of design Minimize frequency of
g N and prevent design basis events  basis events below 102/yr challenges to safety-related
:‘; - 5 /_‘Reactorsafet rod tri eqUipment
£ Design Basis Y p
E Loss of Flow (safety-rela?ed]
g ‘[Z‘;?fj,,‘j:fj;;ife“"”“‘ 3) Control design basis events Maintain frequency of beyond No single design or operational
tayers | £ S < and prevent beyond design design basis events below feature relied upon to meet
basis events 10%/yr guantitative objective for all
| e design basis events
. ﬂl:,':g’;ij;j:f;‘;‘v‘;ﬁ*db‘*“"°f 4) and 5) Control beyond design  Maintain plant risks below No single barrier or plant
— Y o st basis conditions and prevent health targets with sufficient feature relied upon to limit
Layer 4 . '< beyond dign bess decey hest adverse impact on public health  margins releases for beyond design basis
removal
Actively and safety events
Mitigated
Release \,___
I PR | (nherent adonuciceetenion
itigated el and flibe salt . . o .
e rndilogica enctuson re Note that the SSCs and layers of defense identified in table top, and shown here,
within reactor site limits
tayers *’\"* are for illustration and do not reflect final design or analysis of the KP-FHR.
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Next Steps

* KP-TR-009-NP, KP-FHR Risk-Informed, Performance-Based Licensing Basis Methodology Topical
Report — Submitted to NRC April 2019

* Non-LWR PRA Standard — Targeting Standard Ballot Later This Year

* Expect More Mature Exercise of the LMP Process to be Demonstrated in Preliminary Safety
Information Document Which is Targeted for Submittal at End of 2020
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Questions
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