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Clean energy, water and air are life-giving resources for which
we at LUT University seek new solutions with our expertise in
technology and business.

We help society and businesses in their sustainable renewal.
Our international community consists of 6500 members.
Our campuses are in Lappeenranta and Lahti, Finland.
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s EcoSMR webinar on Finnish reactor designs

LUTHER RATIONALE

»» Thermal power level 24 MWth to

= fit manK existing district heating
networks - large fleet

= simpler licensing for 1-2 units

»» Familiar low-enriched UO, nuclear fuel,
light water coolant & modérator > | ;
materials and processes well ) bk’Jmm
understood MuarEngosing ([

= Pressure tube core configuration '

»» Inherent safety, security and safeguards

= Novel ideas to eliminate accident
potential

= Novel ideas to implement safety
functions passively
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EcoSMR webinar on Finnish reactor designs

COST CHALLENGE

Targets: LCOHs; 24 MWth, 5%3|J__|____jr el

Investment < 2000 €/kW i s
OPEX < 53 €/MWh o Bio, Fuel 13 €/

Must beat bio and heat pumps, for which 000
Investment ~1000..1100 €/kW N

OPEX ~13..22 €/MWh for bio, ~10 €/ MW
if COP 3..4 and electricity 35 €/MWh

Baseload heat supply for ~9 months/year
makes nuclear competitive _ Month of year

Design-to-cost approach essential;
regulate-to-cost welcome
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MEAE RECOGNITION

Ydinlaitosten elinkaaren
saantelyn kehittaminen
Loppuraportti

(Regulations revision working
group final report), TEM

2020:43

New owners, new sites, new
business models for nuclear
are feasible

Kuva 2. Ydinreaktorien nykyisid ja uusia toiintoja ja timintamalleja.

Ydinreaktorien | Nykyisid toimintoja
ja toimintamalleja

Tehotaso

Ensisijainen
kdyttotarkoitus

Sijoittelu
Suomeen

Omistaja

Toteutustapa

Kdyttaja

Jatehuolto

[sot voimalaitokset
> 1000 MWth

Sahkdntuotanto

Vanha tai uusi voi-
malaitospaikka,
harvaan asuttu
seutu

Suomalaiset
Mankala-yhtidt,
valtionyhtio

Omistaja ostaa tay-

sin ulkomaista
teknologiaa
Alihankintaa
Suomesta

Omistaj

Voimalaitokset itse
tai yhteistyossa

Uusia toimintoja ja toimintamalleja

Pienet modulaari-
set reaktorit (SMR)
<1000 MWth
Sahkontuotanto
tai yhdistetty sdh-
kon ja lammon
tuotanto

~10 uutta laitos-
paikkaa: isot kau-
pungit, tehdas-
paikkakunnat

Alueelliset tai kun-
nalliset energiayh-
tiot; (valtionyhtio?)
Omistaja ostaa
tdysin ulkomaista
teknologiaa
Alihankintaa
Suomesta

Omistaja tai pal-
veluna ostettu
kdytto

Ensisijaisesti ydi-
nenergian kdyt-
tdjien yhteistyo
kotimaassa.

Pienet
ldmmitysreaktorit
< 300 MWth
Ldmmdntuotanto:
kaukolampd,
talvimerenkulku

10-50 uutta
laitospaikkaa:
pienemmat kau-
pungit, isot
vesiliikennevdylat
Alueelliset tai
kunnalliset
energiayhtiot
Omistaja ostaa
kotimaista tek-
nologiaa (24-120
MWth)

Toteutus padosin
kotimaisin voimin
Omistaja tai palve-
luna ostettu kdytto

Ensisijaisesti kaik-
kien ydinenergian
kdyttdjien yhteis-
tyd kotimaassa.

Laivareaktorit
100-200 MWth

Merenkulku

Satamat (usein
mutta lyhytai-
kaisesti), Telakat
(harvoin mutta
pitempdadn)
Varustamo

Telakka hankkii
koeteltua teknolo-
giaa ulkomailta

Varustamo, voi

ostaa palvelua tek-

nologiatoimitta-
jalta

Ensisijaisesti kaik-
kien ydinenergian
kdyttdjien yhteis-
tyd kotimaassa.

Nykyisid toimintoja
ja toimintamalleja

Tutkimusreaktori
< 20 MWth

Tutkimustoiminta,
isotooppituotanto

Ydinenergia-alan
tutkimuskeskittyma

Yliopisto

Omistaja kehit-
tad kotimaista
teknologiaa

Omistaja

Ensisijaisesti kaik-
kien ydinenergian
kdyttdjien yhteistyd
kotimaassa
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CORE DESIGN

Fuel rod design conventional (shortened)
Bundle geometry adapted

Reactivity control with movable fuel bundles

Fuel movement proven in VVER-440 since
early 1970s

Practically eliminates rapid reactivity insertion
accidents

Total reactivity worth ~similar to control rods

Hydraulically separated moderator and
coolant

Diverse shutdown by moderator dumping -
plant simplification

Total reactivity worth ~ similar to bundles

Fuel and coolant temperature feedback
coefficients strongly negative, moderator
temperature coefficient slightly positive >
p{)vgcler coefficient always negative, reactor is
stable
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= Fuel, -3.00 pcm/K

“"‘.‘.:— Coolant, -9.23 pcm/K

Temperature (K)

Reactivity worth (pcm)
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Reactivity worth in HZP )

+ Calandria drain

:
20 40 60 80 100
Axial inserted height of movable assemblies (%)
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Modular
core

COOLING CIRCUIT DESIGN
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Intermediate
circuit

District
Heating
| Network

»» All reactor-related piping fully inside the containment
1. Core inlet/outlet 100/120 °C (max)
2. Pr < Pinic< Pnet- All process leaks inwards

3. District heating network, up to 1.6 MPa; delivery
temperature range tentatively 40..95 °C, return

temperature 20..60 °C

i #

»» Active operation (pumps) allows easy design of
operation control; can follow load

»» Passive safety for simplicity and robustness;
pressure tubes offer large convective heat transfer
area in accidents

»» Opening of individual pressure tubes is prevented
by geometric limitations, while reactor pressurised

Investigating pipe
/ modules

Easy scaleability
Manufacturing
may be
Impractical
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CONTAINMENT DESIGN

»» Easy access to all components for refuelling
and/or maintenance

»» No access during operation, no online
maintenance

= Safety systems N+1 configurable, where moving
parts needed (e.g. drain valves)

= Plant economically competitive without uptime
maximisation
»» Passive heat removal through structures

= Convection or boiling/condensation on system
surfaces

= From reactor to containment
* From containment to ambient

»» Above-ground structures not involved in safety
functions
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SECURITY AND SAFEGUARDS

»» Underground siting: robust against natural and
man-made hazards, including aircraft crash

= Concrete containment under a thick sand/gravel
bed

= Underground power, heat, data connections

= Large cooling water intake not needed — all heat is
sold to customers

»» Controlled access
= Plant fence at a radius of ~50 metres

»» Plant fence limits Emergency Planning Zone as
well = can be sited near population

= This allows for short authority response time
»» Nuclear materials Safeguards-by-Design built in
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NEW LICENSING AND REGULATION MODELS

»» SMR or DHR projects are fully
feasible under current legislation

= Large reactor projects have Technology Plant owner Vendor/IPR holder, via Design
demonstrated shortcomings « Outsources to Vendor  Certification

= Serial production aspects are not ESi Plant owner Site owner — can be Owner of
explicitly provided for Plant owner, or transfer site to

» For future nuclear legislation, Plant owner (later)
proposals have been made to Operations Plant owner Plant owner

= Allocate Responsibilities » May outsource to a Service
allocated to the most capable provider
parties o

= Minimise project risk by separate Liability Plant owner Plant owner
giﬁ)gé?}/r?cllseL%rntgggtngg?r?gi\%gﬂal Waste Plant owner (financial) Plant owner (financial)
projects management * may outsource to » May outsource to a Service

daughter company provider
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CONCLUSIONS

A small, simple, inherently safe district heating concept, LUT HEating Reactor, has
been proposed

Active operations
(Some) accidents practically eliminated: rapid reactivity insertion, core melt
Passive safety — heat removal based on free convection and through-wall conduction

Size optimised for a large fleet in Finland

Ambitious but feasible cost target set

Technology domestically manufacturable (except for fuel)
Comprehensive consideration of all constraints of nuclear new build
Can be sited near population centres

Fle(rj]éy olf(engineering still remains to be done — with manufacturers and with regulatory
eedbac






