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The core
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What is a Prismatic SENC2]
HTGR?

= Fuel:
» The base element is the TRISO particle

» Assembling in two steps:

< Mixing of TRISO particle and graphite based matrix > compacts (small
cylinders)

< Compacts inserted in channels of prismatic blocks

= Core composed of a regular pattern of prismatic blocks

» Possibility of having an annular core
< Lower radial power peak (tops off the radial power distribution)
< More graphite available in accident conditions as a cold sink

» Refuelling in batch
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Two Types of HTGR Fuel:: N C2 ]

Nuclear Cogeneration Industrial Initiative

Assemblies and Cores

TRISO
particle

UO, or UCO
KERNEL
BUFFER

SiC-LAYER
UTER PyC LAYER

Imm

~ 60mm Y

Pebble S Y P S
% =B pe_gee. %"

Pebble bed
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P N t i B I k 00“9 UH Nuclear Cogeneration Industrial Initiative
rismatiC BIOCKS

PRISMATIC
FUEL ELEMENT

/\
\Y 360 mm

DOWEL PIN (4)

CONTROL CHANNEL,
FUEL HANDLING HOLE 2 13 mm

HELIUM FLOW (TYP)

FUEL COMPACT

DOWEL SOCKET
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Block design: Fuel Rod/ N C 21

(*) Nuclear Cogeneration Industrial Initiative

Coolant hole Pattern Optimised

Objectives:

- Remove heat as close to source as possible

» Maintain fuel compact centerline temperature
<1250°C (short time excursions to 1400°C)
= Optimize reactor core pressure drop

= Maintain graphite element
structural integrity

COOLANT HOLE
(Coolant Hole Dia. Optimized
0.825 inch, 15.875 mm

|H FUEL HOL

(Fuel Rod Dia. Optimized
Graphite Ligament
/— Structural Integrity

0.5 inch, 12.7 mm)
ADIABATIC
UNIT CELL

Denotes heat flow
from fuel rod to coolant.
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Annular core
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Nuclear Cogeneration Industrial Initiative

600 MW(t) Control Rod Penetrations
Replaceable l (18 places)
Central & Side A ating
HeSactors _— Control Rods
Permanent (36 rods-18 pairs)
Side Reflector tart-up
Control Rods

Core Barrel (12 rods-6 pairs)

Seismic Keys 3 Boronated Pins

(6 places) (all around core)

s - Reserve Shutdown
- Channels
Active Core ;
(102 columns (18 locations)
10 blocks high)
~ - Refueling
Penetrations

Coolant Channels s _, (6 places)

(6 locations) \\ _ 7/ Central Access
Core Dimensions NS 1T 2 o penetration
Effective O.D. 4.83 meters ——

Effective .D. 2.96 meters ] ‘
Height rosmeters | Radially, around the core:

= Replaceable reflector prismatic blocks

= Permanent reflector blocks

= The metallic core barrel contains the
graphite core o

SusTaInaBLE NucLear ENErGY




Specific features of s*NC21

Nuclear Cogene n Industrial Ini

prismatic core reactor physms

= Large reactivity in a fresh core, to be compensated

» Control rods (not only in graphlte reflectors, but also in the core)

> Burnable poisons

» Use of fixed lumped boron
poison for reactivity control

Self shielding of the
lumped boron (B4C)
used to control
poison burnout and
core reactivity
behavior over a fuel
cycle to minimize
control rod
requirements

MULTIPLICATION CONSTANT

Sarmaed Bewn

oo 0'3 D'! ﬂl‘ (18 10
FRACTION OF CORE OPERATING CYGLE

* Fuel and burnable poisons
loadings can be varied radially within core annular rings and
axially within fuel columns (zoning) to minimise power peaks

= High Pu burning capacity
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Optimisation of the SENC2]
core design

1600°C Fuel Temperature Limit Determines Central Reflector Size

350 MW(t) 450 MW(t) 600 MW(t)

66 Columns 84 Columns 102 Columns

660 Elements 840 Elements 1020 Elements
3.60 m Core Dia. 4.32 m Core Dia. 5.04 m Core Dia.
6.21 m Vessel Dia. 6.93 m Vessel Dia. 6.93 m Vessel Dia.
5.95Wicc 6.01Wicc 6.60Wicc
0.5303MW/FE 0.5357TMW/FE 0.5882MWI/FE

4 NETP
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Pu burning sENC21
performance of HTGR

PLUTONIUM DESTRUCTION CAPABILITY OF
DISPOSITION OPTIONS (ONCE-THROUGH REACTOR CYCLE)

3 NET S NET 5
© CONSUMPTION | ' | CONSUMPTION |
. PU23  51% [Pu233  90-85%]
. TOTALPu -27% | = [TOTALPu §5-72% |
. Pu

RELATIVE PLUTONIUM 1SOTOPE QUANTITIES

VITRIFICATION LWR GT-MHR

i "SPENT FUEL {Pu CONSUMPTION!
STANDARD" SPENT FUEL
40 GENERAL ATOMICS
4 SNETP
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Graphite core structure *

| 600 MW(t) Core

= Fuel assembly blocks 22 - S ln.

X Maximum IHameter

stacked into columns and
doweled together

= Gaps between graphite

columns allow refuelling §
= Restrained vertically by 3 E
metallic core support K
= Core columns free to o

expand/contract vertically *

= Restrained horizontally at
top and bottom

= Contained by core barrel & bottom plate

sNC21

Nuclear Cogene n Industrial Ini

(6.83 m)

- Top Replaceable
Reflextonr

. Puormanent Side

Releclor

~ Replaceuble Side
Reflector

T Fuel Assembly

T Contral Replacesble

Relector

* Rattom Regd s vralile

Relectin
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Internals
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Re a Cto r I n te rn a I s v Nuclear Cogeneration Industrial Initiaive

600 MW(t) Reactor

* They include

» Permanent graphite reflector
(lateral and bottom)

» Bottom support plate ]
» Core barrel

In-Core Flux
Muapping Unit

Control Assembly

Upper Plenum Shroud

Head Insulation
Upper Core Restramt

- : Core
» Upper core restraint Metallic S
» Upper plenum shroud il
n They must : . ) Graphite Core Support
» Accommodate core dimensional - e
changes (thermal & irradiation) : \

and duty cycle transients
» Withstand 0,3 g earthquake
» Operate for a 60 years lifetime

Metallic Core Support
(Core Barrel & Bottom Support Plate)

ssssssssssssssssssssssss
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Upper Core Restraint 3 NC2]
Element

L2682 PITCH ~ FUlt mandLING HOLE

= “T” keys interlock elements oo o

= Allow free thermal expansion “___\
of fuel column verticallyand |
horizontally around the fuel
column centreline

= Restrains column centreline
translation at top in horizontal
direction

= Provides interface with coolant channels, rod & RSS
guide tubes

= Material: Hastelloy XR (alternate: SiC/SiC or C/C
composites)

SusTaInaBLE NucLear ENErGY
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The reactor

= M o 329 m
600 MW(t) 107.9 ft
Upper Plenum Control Rod
Shroud ji / Drive Assembly
Upper Plenum

(Top Plenum)

CR Guide
Tube

Ilnnnlw.un

Side reflector 1R l
seals 1 H
Ovuter Reflector

Core Barrel
Cenfiral
Reflector |
Hot duct i ' ) \
Insulation I
canister

Cool

Hot
Cool

Bottom plenum
and SCS insulation
cover sheets

ioe %

ppar core
$raint

CR Structural
Element

Reactor Vessel

Fuel Hements

Lower Metallic

Core Support
Insulation Blocks

hutdown Cooling
System<(SCS)

“0
("}

*NC2]

Nuclear Cogeneration Industrial Initiative

0“’

Main design challenges:

= To cool the vessel and
metallic internals by
cold He

= To avoid hot streaking
in the outlet plenum

= To insert 48 control
rods, 12 Reserve
Shutdown guide tubes
in the vessel head

Outlet Plenum 202 m

Fomer¥len® sean | = To reload the core
Graphite C ' '

Sraphite Gare »7m Without opening the

778t yessel
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Cooling metallic sNC2]
structures

“ADRONATED GRaPHITE

SHIELDING
“FLOW DISTRIBUTION
[HER N
|
RELPACEASLE SILE
Cool Inlet Gas Flow REFILECTOR SUPPONRT
1 0L DOeRS
P
+ o |
1 f — LOWLR PLENUM

Hot Gas Flow - ym—— ,JK FLOOR BLOCK

|

| -1’ / - :” 1 JEIrIT I 1IIR1R q*
REMOVE ARLE CORE | [ l g
SUPPORT PLDESTAL _* . N
— == S R 2011
P
|
%
e e

crRamic FLoor -/
BLOCK

460 0"
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C o re by pass fI OW © " Nudear Cogeneration Industral Tniiacive

* Defined as any flow that bypasses coolant holes:
» Gaps between columns
» Control rod channels
» Reactor shutdown channels

ssssssssssssssssssssssss
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Core outlet flow (1) et L

= The main flow going through the _E‘*&

-

A s

core makes a 90° turn to enter <& &7 ¢
the outlet plenum = —

= There is a difference of \/ T Y
temperature that can reach  mmuere= 7 28R
400°C between hot streaks from -

fuel coolant channels and cold streaks from bypass
channels (control channels, gaps between blocks)

= |nsufficient mixing of these streaks will induce
temperature fluctuations that can propagate to
components downstream

=Failure risk of structures due to thermal fatigue (e.g.
break in the fixation of the insulation of the hot gas duct
of THTR)

SusTaInaBLE NucLear ENErGY



Core outlet flow (2) o
i’ DOWELS (TYPICAL)

~——BOTTOM REFLECTOR
ELEMENT (UPPER)

* I[ncreasing turbulence and early =z I
mixing of hot and cold streaks is |
necessary at core outlet.

1304

~—FLOW DISTRIDUTION |
ELEMENT

CORL SUPPORT

u Optlmlsatlon |S § Q 3 Cross Flow p— 1" T
na « Mixes je FERESIS
performed by asgziiiiicsi: RN
CFD calculation §: 3 | e moon

= Validation of CFD calculation of
temperature fluctuations
requires testing:
> INL Matched Index of =SSy
Refraction Facility (MIR) JS8" &8ss |
> OSU HTTF facility BT
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eactlivity contro o J—

.'/-

-------------
rrrrr

e Replncwabin sl de reflector
with centrel red

- Replaceable central reflecter
With beronated compacts

= Large negative temperature
coefficient intrinsically shuts
reactor down

~72fuel columns |1FE}

! 30 fusl cslumns 2FE)

= Principle of reactor control 500 0. . 2ats ) aaNp—

» Two independent and diverse
systems of reactivity control for reactor shutdown are required
< Control rods
< Reserve Shutdown System (RSS)
» Each system capable of maintaining subcriticality

» One system capable of maintaining cold shutdown during
prismatic refuelling

=60 control drives to be accommodated on the vessel head,
without jeopardising the integrity of the primary boundary

= Gathering the control positions into clusters of 2 or 3 positions
with mechanisms grouped in the same housings. CBASNETP

SusTaInaBLE NucLear ENErGY

www.snetp.eu



00 ¥
(™ ¢ © U
- Nuclear Cogeneration Industrial Initiative

Control drives

CONTROL ROD DRIVE CONTROL ROD DRIVE

SUPPORT SURFACE SUPPORT SURFACE

GAMMA SHIELDING GAMMA SHIELDING

CONTROL ROD GUIDE
TUBES

CONTROL ROD GUIDE
TUBE

RESERVE SHUTDOWN :
STORAGE HOPPER "G
——NsuaTION — —
RE L 2 "

T FLOATING SEAL RING

\NtUTRON SHIELDING

INSULATION
CONTROL ROD DRIVE

CONTROL ROD DRIVE FLOATING SEAL RING MECHANISM

MECHANISM

Z;/.".'.-

3
s
:
)

31'g

NEUTRON SHIELDING Ei:ﬁ
H 1]
44— FIXED SEAL RING CeERVE SHLTOOWN :I; wn
11
CONTROL ROD GUIDE .//sroms OFFER /'//5 :
TUBES G
CONTROL ROD GUIDE . S
TUBES
B v
Y A
Control drive for Control drive for 1 control Reserve Shutdown
2 control rods rod and 2 RSS system (RSS)

/
p

/ OUTER NEUTRON
REACTOR VESSEL

Alternative control ConTmOL A SNETP

rod drive system S iemoionr Poamsam
www.snetp.eu
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Fuel handling
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uel handling (1)
|

U H — J e (F:l:lnzf:vaet;rmmbe
....... o =¥ ) /“"—"‘\\
| E 1 \
/! |
(‘;EAI;lEEv'Ri'ON li ' 0 ] [[] n Fuel Elevator
— Slt_e'wingand
v,m\,m Muiugiiittimeii —
POSITION ' 1TTTHHHH T
MIRROR~120° 1T T [\ S\ Fuel Elevator
ROTATION _____ | LT | L in UP position
T TP T o el
T Lr" Ll IJ
ulbuuuuuuuulEEuNl
N nullvivuuuuulEEuEl ' '
MIRROR POSITIONED " '-'TTT' TITITITITITIY T-_
TO CONFIRM ELEMENT R L0 =
IDENTIFICATION DATA “‘TTTr TITITITITITT Ul
’ T Lr“
TOP SURFACE FTC GRALPLE mulbyuubuLg ums
SS:EEACYOR GUIDE SLEEVE ""TTT, HUHUUUM Lr""‘ mm?ch;uis Fuel Elevator
! oot TR A P || st o CwraiZe o
L TITHHTITTITTT T L — Travel =13.83m
—_T)]‘IJ[U‘T!J[II] E]n T
Fuel handling machine (FHM) Fuel elevator (FE)

= The control rods and guide tubes are withdrawn from a sector
of the reactor head above 1/6 of the core

= The FHM is introduced in one emptied control rod position and
the FE in the central hole of the vessel head

= 1/6 of the core is unloaded, the FHM is moved out and control “
rod reintroduced.




. sNC21

\ mua ZZZZ) | New Fuel g‘r?r’e ) Spent Fuel
Fabrication Storage Wm'g S:cn:&,g
Facility Cell
Fresh Fuel
Storage Sy
00000¢ ~
©0000¢ s g T
QO0000C 4
888¢ [ e ——
000C
000C
000C
000C
000C
O 8885 Module 1 Module 2 Module 3 Module 4
00000C Spent Fuel Spent Fuel Spent Fuel Spent Fuel
Q0000C Storage Storage Storage Storage
00000¢ \ ‘ %
888885 f ; \ Spent Fuel Storage System
33888¢ L
00000C Fuel Storage -
S Fuel loading and
y El unloading process
Fuel Elevator Fuel Charge and
Discharge System
(Shared among modules)
Fuel Elevator
‘ O e i 3 I NewFuel Zzzzd)
Fuel server Car Fue! Handiing :”"’Y
t . e Machine Fuel :
e e / T o oet
7 Adaptor
l—‘ Fuel Server < %
Support Rals
r Modue Spent Reactor Core] Reactor Core] Reactor Core| Reactor Core|
Fusl Storage
m | ﬁﬁ] Reactor Pressure Reactor Pressure Reactor Pressure Reactor Pressure
| Vessel |

Fuel Storage Server
SNETP
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Nuclear Cogeneration Industrial Initiative

Power conversion systems and
their components
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Gas or steam SENC2]
thermodynamic cycle?

ADILITYTOUIE BRAYTON CYCLE

A
50 |—
) STEAM CYCLE
o GAS TURBINE
B CYCLE
£ STEAM CYCLE
= i b MHR
S
o
WATER
P REACTOR | | -
180 500 850 Turbine inlet temperature ° C
(400) (1000) {1600) {* F)

... high temperatures mean high efficiency

= Super-critical steam cycle improves the thermal
efficiency of the steam cycle, but increases the CBASNET

AAAAAAAAAA NucLear ENErGY
TecHNOLOGY PLATFORM

impact of a water ingress
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Gas cycle: direct or i NCZ]
indirect? (1)

Main merit of gas cycle: no risk of massive air ingress

485 C (805 F)
6.96 MPa (1010 psia)
MODULAR
REACTOR
CORE ~_,| GENERATOR
510 C (950 F)
TURBINE |1 2.56 MPa (371 psia)
& N o / 1
*}
850 C(1562F) BYPASS o
6.81 MPa (1003 psla) VALVE
RECUPERATOR
®
) " lizrc@s1p)
- }2.53 MPa (367 paia)
PRECOOLER
@
HIGH FRONM
PRESSURE BiNK '
COMPRESSOR
/ @ \107 C(224F)
7.08 MPa (1027 psia)
;ROKH HEAT
INK
i ®
—
]
26C (78 F)
INTERCOOLER / ® \ ‘ 251 MPa (365 psia)
Low ‘b
PRESSURE ! Generator ~ 300 M\Ve
COMPRESSOR

Direct recuperated

Indirect combined
Brayton cycle

cycle




Gas cycle: direct or sNC21
indirect? (2)

Integration of the power
conversion system in the Yes No
nuclear primary containment

Specific for helium, use of

. Ttirbo-compressor magnetic bearings preferred

Industrially available components

He circulator to be developed,
. Primary circulator N.A. : . :

preferably with magnetic bearings

Recuperator Intermediate heat exchanger

P (IHX)
Heat exchanger Plate technologies are preferred (compactness)
Must resist to high pressure Must resist to high temperature
differences gradients

Possibility of optimising the
efficiency by added bottom steam
cycle (combined cyle)

Heat applications Limited Extended

Higher efficiency due to higher

Electricity generation temperature (~ 50°C))?

B
SusTAINABLE NucLEarR ENERGY
TecHNOLOGY PLATFORM




U

system in the primary containment

PCS vessel Assemblies Reactor Reactor
of control an vessel unit l
protection

Direct cycle: mtegratlon “tNC 21

Generator

system and . Low-
T-MHR aetem NI PBMR i
Ny - l ’ High-
(General N (South zen
Atomics) X | LT Africa)
Generator ;h ! Power
‘- : turbine
?ﬁ? Recuperator
=
Recuperator 7 » EE
: | Reactor
1 2 core
n
Turbine = .:.LE
High : - —_ i
Pressure .
compressor ‘
Low 2‘ ,:
rresor 3 GTHTR 300
& utdow!
Intercooler ’?{?_’ : ‘ igoltiglg n (JAEA)
H[ system
brecosler o U = Less integration = bigger reactor building
duct vessel

= Horizontal turbine

= Easier maintenance
= Justification of ducts “

= Max. integration = max. compactness
= Vertical turbo-machine with magnetic bearings
= Easiness of maintenance?




Heat exchangers s*NC21
for gas cycles

= Use of plate heat exchanger technologies to
keep reasonable size of components

= Widely used in industry, but challenges for the
specific application:
» To nuclearize designs and manufacturing
» Materials (800H, Ni based materials)

< Corrosion issues with He impurities
< Solving fabrication problems (welding, forming...)

» Integration of many plate modules into a heat
exchanger

Integration of 38
plate-finned modules
with He distribution
into a 600 MW heat
exchanger

uuuuuuu

% & 2 NP

Chemically . - EE— — :“‘.' : " - v éUS%A‘NABLE NLCLE"-i ENERG\'/
etched, diffusion Stamped plates Finned plates

hAanAdaAd nlatac




Steam generator for
steam cycle

Generator

Lrranmion | - BTEAN TUREAMEET

—— e $10e0Ae {:

praae vca
WAL mo\ aErroRT PeATE
)

ARap-awy

A [T

_E — S 1 |~ ALR Saroe
- He E:: L L SrronT BATE - e LR
= Water/steam I_ ==
- e — :
- | - el
Steam cycle for cogeneration == H“ =
p— |
I
wder LEAD ™
PRSAWATER Tiees ;“J
i s et
=]

- Steam Generator (MHTGR- .= =T
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HTGR circulator for

steam and |nd|rect gas cycles
. }"— i

s*NC21

Nuclear Cogene n Industrial Ini

-

_¢M

B N5 i

t A =l i
o

/ B "j\» -

Main Circulator

Main Loop
Shutoff Valve

Main
Circulator
Plenum

BARRIER PLATE

= Bearings (magnetic)

= Cooling of the motor
and the bearings

= Thermal insulation

Shroud ﬁ IVIAG BR

INSULATOR PLATE

\ IMPELLER
~ \DiFFUsER

SHUTOFF VALVE

SNETP
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Nuclear Cogeneration Industrial Initiative

Prospects for evolution: an
example, the MMR™
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A new approach SN C 2]

¢, @

| | | | Ve
fo r s I m p I Ifl e d m I c ro 0 Nuclear Cogeneration Industrial Initiative
|
4 e, eactor Vessel
‘f \-~

$ 3060

= Very low power: 15 MWth
= Prismatic core

=With very low power density (1,24 MW/m3),
still transportable by road (vessel @ ~ 3 m)
= Sufficient fuel for a core lifetime of 20 years

= Very large margins in accident (no heat-up of the fuel)

+ Very safe innovative fuel: TRISO particles embedded in
SiC matrix (Fully Ceramic Encapsulated (FCM™) fuel)

=Simplified design
» No refuelling
» No shutdown cooling system
» No need of redundancy of the control system
» No helium purification system CASNETP
» Reduction of the number of safety classified components

SusTaInaBLE NucLear ENErGY
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A new approach N C 21
for simplified micro- O e
modular HTGR: the MMR™

HELIUM
Reactor inlet temp: 300°C
Reactor outlet temp: 830°C
Reactor pressure: 3 MPa
Flowrate: 8.76 kg's

= Secondary system:
molten salt (current solar
technology)

= Thermal storage: allows
large load follow required
off-grid, keeping the
reactor at full power or
only with slow transients

HOLOWORLOFE

plant

= Systematic use of
modular construction
techniques

= Minimises the site e
construction time

ECHNOLOGY LATFORM
www.snetp.eu




Canadian Nuclear
Safety Commission

The Commission

Vendor

Uranium

Name of design
and cooling type

Reactors

The following table presents an overview of vendors who have applied for pre-licensing engagement with the

Nuclear substances

Current pre-licensing vendor design reviews

Waste

Acts and regulations

Resources

CNSC using the vendor design review process for their new reactor designs. Vendor design review is

described in guidance document GD-385, Pre-licensing Review of a Vendor's Reactor Design. The duration of
each review is estimated based on the vendor’s proposed schedule. A Phase 1 review typically takes 12—18

months and a Phase 2 review takes 24 months.

At the end of the review for each phase, an executive summary of the project report will be posted on this Web

page.

Approximate
electrical capacity
(MW electrical)

Applied
for

Review
start date

Status

Terrestrial Energy IMSR 200 Phase | April2016 | Phase 1 complete
Inc. Integral Molten 1
Salt Reactor
Phase December Phase 2
2 2018 assessment in
progress
NuScale Power, NuScale 50 Phase April 1, Service agreement
LLC Integral 2" 2019 signed.
Pressurized Assessment
Water Reactor pending

Canadi

I

LeadCold Nuclear SEALER 3 Phase | January Phase 1 on hold at
Inc. Molten Lead 1 2017 vendor's request
Advanced Reactor | ARC-100 100 Phase [ Fall2017 | Assessmentin
Concepts Ltd. Liquid Sodium 1 progress
URENCO U-Battery 4 Phase | Tobe Service agreement
High-Temperature 1 determined | under
Gas development
Moltex Energy Moltex Energy 300 Series December | Phase 1
Stable Salt Phase |2017 assessment in
Reactor 1and 2 progress
Molten Salt
SMR, LLC. (A SMR-160 160 Phase |July 2018 | Assessmentin
Holtec International | Pressurized Light 1 progress
Company) Water
StarCore Nuclear StarCore Module | 10 Series | To be Service agreement
High-Temperature Phase | determined | under
Gas 1and2 development

LLC

core and heat
pipes

Ultra Safe Nuclear | MMR-5 and 5-10 Phase December | Phase 1 complete
Corporation / MMR-10 High 1 2016
Global First Power | Temperature Gas
Phase | Pending PHASE 2 Service
2 Agreement in
place — Project
start pending
Westinghouse eVinci Micro Various outputs up Phase Pending Service agreement
Electric Company, Reactor Solid to 25 MWe 2" early 2019 | under

development

4 SNETP
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A new approach sNC 2]
for simplified S N it

micro-modular HTGR: the MMR ™

= Towards a prototype:

» CNL intends to provide sites for
demonstration prototypes of SMRs,

with a 3 steps process for qualifying
vendors for getting a site

» USNC has already gone through
the first two steps

&S NET
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Summary

SNETP
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sNC21
Summary e

= Prismatic cores require more reactivity at start of cycle than
pebble bed reactors, but they allow

» Tailored fuel management to compensate the reactivity and
reduce power peaks

» Annular cores that give additional margins for higher power, still
keeping the safety approach of modular HTGR based on inherent
physical properties of the reactor and use of passive system.

= Different thermodynamic cycles are possible depending on
the temperature, with

» Different thermal efficiencies (always higher than in LWR),
» Different impacts on the safety design
» Same application potential for prismatic and pebble bed cores

= There is still a large potential for evolution of modular HTGR

LLLLLLLLLLLLLLLLLLLLLLLL
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