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LDR-50

Low Temperature District Heating and

Desalination Reactor

= Development started at VTT in

2020

= Produces low temperature heat in

low pressure

= |ntegral PWR design with passive

safety features

* Innovative decay heat removal
system without any mechanical

moving parts

= Connected to district heating
network via secondary circuit
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LDR-50 — Apros model

= Apros is a process simulation software
developed by VTT and Fortum

+ Used widely for NPP safety analyses as well as other
applications

= Apros has been used in the design process

= Now load following analyses were conducted to
find the operational limitations of the thermal-
hydraulic design

= The model was extended to comprise the whole
secondary circuit, district heating network and
shutdown cooling system with boundary
conditions
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LDR-50 — Apros model
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Outdoor temperature

DH load following
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= District heat (DH) demand

depends on outdoor

temperature

Hours of 2016-2017

250 to 2500 MW and from 80

* In Helsinki, the ranges are from
to 115 °C
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DH load following

= District heat (DH) demand
depends on outdoor
temperature
* In Helsinki, the ranges are from
250 to 2500 MW and from 80
to 115 °C
= Sets boundary conditions for
calculations - power, supply
temperature, and return
temperature
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DH load following —
Apros analyses

= Helsinki data scaled for 2 x 50 MW
plant

= Load following done with one reactor
-> not a realistic way to operate the
plant but creates difficult scenarios

= Minimum load 40 %

® 4 hours from 0 to 100 % power

= Few boundary conditions:
* Primary pressure < 16 bar
* Downcomer temperature < 100 °C
= 3 cases selected to simulate with
Apros
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Temperature (°C)
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Temperature (°C)

Case 1 results

Case 1: Temperatures in primary and secondary circuits
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Temperature (°C)

Temperature (°C)

== Qutdoor temperature °C
Case 2
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Case 2 - low DH
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momentary
shutdown
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Temperature (°C)

Case 2 results

Case 2: Temperatures in primary and secondary circuits Case 2: Mass flow in circuits
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Temperature (°C)

Case 3 results

Case 3: Temperatures in primary and secondary circuits
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Conclusion and next steps

= The Apros model was modified so that DH network boundary
conditions can be set

= The reactor survives from these difficult load following situations
without difficulties from the thermal-hydraulic design

= Neutronics calculations needed
» Boundary conditions for core calculations

» Coupled Apros-Kraken calculations
—> Boundary conditions for the design and operation

= Still open questions about operating the reactor

= Comparison of different ways to control power and secondary
circuit




Further reading

= Komu, R. et al. “District heating Reactor LDR-50:
Thermal-Hydraulic Analysis of Difficult Load Following
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= Leppanen, J. et al. “Load Follow Simulations for the
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