
Decay heat removal systems in nuclear
power plants

How do you remove decay / residual heat from a reactor core?

Methods for removing decay or residual heat from a reactor core can be grouped into two general categories:

Closed-Loop System. One category includes methods that circulate fluid through the reactor core in a

closed-loop,using some type of heat exchanger to transfer heat out of the system. Heat Removal through

Steam Generators.

 

What is the power level of decay heat in a nuclear reactor?

The power level of the decay heat is approximately 6%of the reactor power when the reactor operates at

nominal power. After the nuclear reactor is shut down under normal conditions,the residual heat and decay

heat are transferred from the reactor core to the ultimate heat sink by a normal residual heat removal system

(NRHRS).

 

How do you remove decay heat from a pressurized water reactor?

Decay heat removal using the feed-and-bleed method. The feed-and-bleed method for decay heat removal

becomes a necessary method in some pressurized water reactors (PWRs) if there is a loss of steam generator

heat sink capability.

 

Which passive decay heat removal systems are suitable?

Three classes of passive decay heat removal systems have been identified as suitable candidates: the reactor

vessel auxiliary cooling system (RVACS) which is similar to that proposed for the GE S-PRISM; a DRACS

similar to that used in the Experimental Breeder Reactor EBR-II; and a new pool reactor auxiliary cooling

system.

 

When does a decay heat removal system become ineffective?

The technology of decay heat removal that relies on electric power,known as an active system,will become

ineffective when there is a total loss of electrical power for an extended period(e.g.,extended station blackout

(SBO)),such as the accident at the Fukushima Daiichi Nuclear Power Plant.

 

What are decay heat removal systems?

The decay heat removal system designs feature any number of passive,highly-reliable,and/or redundant

features to accomplish their heat removal function. Other safety related terms such as fault-tolerant,walk-away

safe,fully passive,etc. are also used to describe the characteristics and performance of these systems.

Heat pipe applications to nuclear power plants have been studied with various concepts. Table 1 presents

previous studies on application of heat pipes to nuclear power plants. Dunkel et al. [2] devised the in-vessel

and ex-vessel decay heat removal systems using heat pipes under loss of coolant accident (LOCA) condition.
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Systems for Passive Decay Heat Removal . Final Report . Manuscript Published: May, 2021 . Prepared by

Darius Lisowski, Qiuping Lv, Bogdan Alexandreanu, Yiren Chen, Rui Hu, Tanju Sofu . Nuclear Science and

Engineering Division . Argonne National Laboratory, Lemont, IL 60439 . Imtiaz Madni, NRC Senior Reactor

Systems Engineer; Task Lead

Shutdown systems and decay heat removal systems form the backbone of the nuclear plant protection system.

While the former ensures safe shutdown of the fission reaction, the latter is essential to remove the heat from

the decay of the fission products during earlier fissions. Thus, heat continues to be generated even after

shutdown.

S-CO 2 power cycle can be used as power conversion system for almost all the nuclear power systems

including small modular reactor (SMR), Generation IV reactor and fusion reactor. It can also be used as a

self-propellant and self-sustaining decay heat removal system to enhance the safety of existing commercial

nuclear power plant.

In Nuclear power plant application, heat pipes can be used as a passive heat transfer system for performing as

overall thermal hydraulic and natural circulation sub-system in an Inherent Shutdown, Heat Removal System

(ISHRS) in the core (i.e. installed on top of the core doom) of nuclear reactor such as Molten Salt or Liquid

Metal Fast Breeder ...

China''s Fuqing no. 5 nuclear power plant completed the installation of the PRS in September 2019 and carried

out commissioning work in October. ... The secondary passive residual heat removal system of HPR1000 is

one of the means to remove residual heat of the reactor; it can improve the ability of defense in depth and

enrich mitigation ...

The low-pressure systems are the Low-Pressure Coolant Injection (LPCI) made of the Residual Heat Removal

(RHR) system and the Core Spray (CS) system. The LPCI is an emergency system that consists of a pump that

injects a coolant into the reactor vessel once it has been depressurized. ... and decay heat is removed for the

extended period ...

AP1000 nuclear power plant is the number of innovative passive safety systems, such as the passive core

cooling system, the passive containment cooling system and the passive residual heat removal system, which

is the subject of this paper. The passive residual heat removal system (PHRS), shown in Figure 1, is intended

to receive the heat

ing and improving safety of nuclear power plants. Shutdown PSA is a version that has been developed

relatively later compared to that asso- ... The residual heat removal system (RHRS) is used for decay heat

removal during cold shutdown and refueling states. April 5, 2018 8:41 Advanced Concepts in Nuclear

Energy... 9in x 6in b2940-ch01 page 4 ...
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The concept of passive safety is put forward to improve the safety and reliability of the nuclear power plant.

The secondary emergency passive residual heat removal system (EPRHRS) is an innovative design for China

Pressurized Reactor (CPR1000), which can remove the core residual heat effectively and improve the inherent

safety by passive methods when ...

A novel nuclear power plant that will float eight or more miles out to sea promises to be safer, cheaper, and

easier to deploy than today''s land-based plants. ... OFNP decay heat removal system. This diagram shows the

reactor core and steam generators immersed in fresh, distilled cooling water inside the reactor pressure vessel

(RPV). If ...

System Study 2018 Update Residual Heat Removal December 2019 iii ABSTRACT This report presents an

unreliability evaluation of the residual heat removal (RHR) system in two modes of operation (low-pressure

injection in response to a large loss-of-coolant accident and post-trip shutdown-cooling) at 104 U.S.

commercial nuclear power plants.

A self-sustaining heat removal system for safer nuclear power. ... Even once their fuel''s chain reaction has

stopped, reactor cores in nuclear power plants still generate ''decay heat''. This radioactive residual heat has to

be transferred to a heat sink (e.g. cooling towers). ... nuclear power, reactor, decay heat, energy, cooling

system ...

Passive heat removal in nuclear reactors is the concept that when a reactor encounters an emergency, such as

loss of coolant flow, it will be able to shut itself down safely without intervention, human, electrical or

mechanical. ... &quot;Reliability of Passive Systems in Nuclear Power Plants,&quot; in Nuclear Power -

Practical Aspects, ed. by W. Ahmed ...

In Nuclear power plants, the process of Decay heat removal is very crucial for safe operation of the plant.

Passive methods such as using Natural Circulation Loops make the process reliable and cheaper. However,

such systems are subjected to instability when both heater and condenser are horizontally positioned. One of

the methods to overcome such ...

Decay heat must be removed from the core of nuclear power stations once the chain reaction stops. The

EU-funded SCO2-HeRo project demonstrated a reliable and efficient way of removing decay heat, which does

not require external power sources. This innovative self-launching and self-sustaining cooling system will

improve the safety of nuclear power plants even under ...

This TMI Action Plan 48 item involved a specific study related to the usefulness of installing an add-on decay

heat removal system in existing nuclear power plants to improve the overall operational reliability of decay

heat removal. The study entailed a review of the detailed design of a decay heat removal system (to be

designed under DOE ...
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The feed-and-bleed method for decay heat removal becomes a necessary method in some pressurized water

reactors (PWRs) if there is a loss of steam generator heat sink capability. The feed-and-bleed technique

involves passing hot coolant out of the primary system through a pilot-operated relief valve (PORV).

One of the major characteristics of the next generation nuclear power plants is passive decay heat removal.

The present work concentrates primarly on this issue and investigates varios alternatives for passive decay

heat removal with the goal of finding the maximum achievable power which can be removed using only

natural heat transfer phenomena.

We can think of nuclear power plants as systems of engineered systems and as sociotechnical systems

consisting of independent subsystems with their own goals. Interoperability is the key to successful system

integration. ... The main advantage of the small size of SMRs is the relative ease of decay heat removal from

the reactor and the ...

The low-pressure systems are the Low-Pressure Coolant Injection (LPCI) made of the Residual Heat Removal

(RHR) system and the Core Spray (CS) system. ... Decay Heat Removal References: Nuclear and Reactor

Physics: ... Safety of Nuclear Power Plants: Commissioning and Operation, SSR-2/2 (Rev. 1). VIENNA,

2016. ...

The Offshore Floating Nuclear Power Plant Concept (2) Moored 10-20 km offshore, in relatively deep water (

100 m): no earthquake and tsunami concerns Nuclear island is underwater: ocean heat sink ensures indefinite

passive decay heat removal Quick and cost-effective decommissioning in a centralized shipyard (U.S. sub and

carrier

After Fukushima nuclear power plant accident, the importance of decay heat removal system has become

emphasized to cope with the unexpected accident from natural disasters. Existing emergency core cooling

system (ECCS) concentrated on the supply of refueling water into the reactor pressure vessel (RPV) to cool

the core directly.
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