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Abstract

Nuclear heating application has received a wide attention in China due to the favourable
economic and environmental aspects. The Nuclear Heating Plant NHR-200 is seen to provide
the required energy for district heating, industrial processes and seawater desalination for
many sites in China and possibly abroad. The paper summarizes the technical description of
the plant and give its main characteristics related to the integral design approach.

1. The development of NHR in China

Because the energy consumption as sensible heat at temperature less than 150°C accounts for about 25%
of the total energy consumption in China, therefore, in order to mitigate the energy shortage, environmental
pollution caused by coal burning and overburden on coal transportation, great attention has been given to the
R& D of the nuclear heating reactor (NHR), which has been as one of the national key projects in science &
technology in China since 1980s. The NHR could be used in the district heating, air conditioning, sea water
desalination and other industrial processes. Therefore the NHR could substitute the nuclear energy for fossil
fuel and change the energy composition in China. This will be of significance in socio-economic
development and environmental protection.

Research work on possible application of nuclear heat was initiated in early eighties. During 1983-1984,
the INET used its existing pool type test reactor to provide space heat for the nearby buildings. Meanwhile,
two types of NHR i.e. deep pool type NHR and vessel type NHR have been developed by INET. Based on
the heating grid conditions in China and the comparison among various design concepts of the NHR, the
vessel type NHR has been selected as a main development direction. As a result, construction of a 5MWt
experimental NHR (NHR-5) started in 1986 at INET. The reactor was completed in 1989 and has been
operated successfully for space heating since then. In the meantime, a number of experiments have been
carried out to demonstrate the operating and safety features of NHR.

In China it has been, decided to construct a 200MWt NHR demonstration plant to realize the NHR
commercialization. The feasibility study of the first DaQing demonstration plant has been completed and
approved by the respective authorities.

It is worth to mention that during the last few years the INET has closely cooperated with Siemens-KWU.
German and the former EIR Switzerland on the R&D of the NHR and recently the INET also has
information and personnel exchange on the matter with the respective institutions in Russia and other
countries.

2. Technical description of the NHR-200.

For a nuclear district heating reactor it has to be located near the user due to the medium if heat
transmission (hot water or low pressure steam). It means a NHR is surrounded by a populous area. Using
emergency actions as an essential element in the ultimate protection of the public can thus become
impractical. Therefore, in all credible accidents the radioactive release from heating reactor has to be
reduced to such low levels that off-site emergency actions, including sheltering, evacuation, relocation and
field decontamination will not be necessary. In the other hand there is a serious challenge to the economy for
a NHR. The capacity of a NHR can not be as big as that of NPP due to the limitation of heat transmission.
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Moreover the load factor is also much lower than that of NPP. It is obvious that to meet the safety
requirement and lower the capital investment are the major concern in the design of a NHR. The only
solution is to have a design with inherent safety characteristics and passive safety as much as possible
instead of the complex engineering safety features.

The reactor structure and core cross section of NHR-200 are shown in Fig.l and Fig.2 respectively. The
simplified schematic diagram is given in Fig.3. The main design data of NHR-200 are listed in Table 1.
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Fig. 2. Core arrangement.
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Fig. 1. The NHR-200 reactor.
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Table 1 Main design parameters of NHR-200

Name

Rated thermal cower
Pressure of the primary coolant circuit
Core inlet/outiet temperature

Core coolant flow rate
Intermediate circuit pressure
Intermediate circuit temperature

Intermediate circuit flow rate
Heat grid temperature

Fuel assembly type
Fuel assembly number (initial core)
Enrichment of fuel (initial core)'
Averaee core Dower density
Average fuel linear Dower density

Unit.
MW
MPa

*C
t/h

MPa

*C
t/h

*c

Value
200
2.5

145/210

2376
3.0

95/145

3400
130/80

12x12-2
1 96

%
kW/1

I W/cm

1.8/2.4/3.0
36.23

! 77.

The major features of the NHR-200 design are:

(1) Integrated arrangement, self-pressunzed performance and dual vessel structure.

(2) Natural circulation for primary loop.

(3) Passive safety systems including Residual Heat Removal System and Boft Injection System

(4) Low operating parameters with large safety margin including temperature, pressure and power density.

With these features, the probability of pressure boundary break is much lower than that of conventional
NPP. The mitigation of a LOCA is much easier and there is no ECCS in the NHR. The supporting systems
such as on-site diesel generators, component cooling system, service water system, instrument air system
and ventilation system etc. do not provide with safety functions, namely they are non safety-related in the
NHR design. While in a NPP these systems are safety-related and sometimes loss of them are dominant
initiators resulting in core damage.

3. The characteristic related to integral design

3.1 Integrated arrangement

As showing in Fig.l the reactor core is located at the bottom of the reactor pressure vessel (RPV). 6
primary heat exchangers divided into two groups are arranged on the penpaery in upper part of the RPV.
The system pressure is maintained by N2 and steam. All penetrations of RPV are therefore of small size
(the largest one sized D50) and located at the upper part of RPV. No pipe goes inside and down to the lower
part of the RPV so that should a pipe break occurs outside the RPV the water ejection will last not so long,
then turn to steam ejection. This arrangement reduces the amount of losing inventory to a great extent.
Meanwhile a guard vessel fits tightly around the RPV so that the core will not become uncovered under any
break of primary pressure boundary even at the bottom of RPV. This vessel can also function as a
containment.
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The reactor vessel is cylindrical, with a weld hemispherical bottom head and a removable, flanged and
gasketed hemispherical upper head. The RPV is 4.8m in diameter, 14m in height and 197 Tons in weight.
The cylindrical portion of the vessel is welded by 65 mm steel plate then lined with 6 mm stainless steel
layer. The RPV will be manufactured and fabricated in factory then shipped to the site. The guard vessel
consists of a cylindrical portion with a diameter of 5m and an upper cone portion with maximum 7m in
diameter. The guard vessel is 15.1m in height and 223 Tons in weight. The upper and lower portions are
fabricated in factory then shipped to the site separately, then welded together on site.

3.2 Natural circulation

The reactor core is cooled by natural circulation in the range from full power operation to residual heat
removal. The hydraulic resistance along the primary circuit is dominant by the primary heat exchangers.
The "U" type tube bundles are adopted for PHES in order to give facilities for repairing. The pitch of fuel
elements is chosen to 13mm, a little tight than usual. The flow resistance does not increase too much, but it
is good for negative reactivity feedback. There is a long riser on the core outlet to enhance the natural
circulation capacity. The high of the riser is about 6m. Hence the average coolant velocity in core is
0.57m/s about 2 times larger than that in. Although the core power density increases comparing with NHR-
5 the MDNBR is still larger than the limitation with a sufficient margin.

A number of measurements and experiments have been earned out in NHR-5 and demonstrated that the
capacity of natural circulation is sufficient to carry out the heat in the power range from full power operation
down to residual heat removal. Even in case of interruption of natural circulation in the primary circuit due
to LOCA the residual heat of the core can be transmitted by vapor condensed at the uncovered tube surface
of the primary heat exchangers. [ 1 ]

3.3 Self-pressurized performance

At the upper part of RPV there is a space filled with the mixture of N2 and steam, providing a surface in
the primary circuit where liquid and vapor can be maintained in equilibrium under saturated condition for
pressure control purpose during steady state operations and during transients. The pressure of the primary
system is equal to the N2 partial pressure plus the saturated steam pressure corresponding to the core outlet
temperature. A hydraulic instability way take place in some conditions in steam-water two phase flow under
lower pressure and in natural circulating loop. A N7 partial pressure of 0.6Mpa is chosen to maintain sub-
cooling in the core outlet with large margin in order to avoid two-phase flow even in the hot channel during
normal operation and transient. The volume of upper space is large enough to prevent the safety valve from
opening during most of the transients, such as loss of off-site power. In the present design the safety valve is
only opened in case of ATWS induced by loss of main heat sink. The operational experiences gained from
NHR-5 shows that the N2 as a blanket gas does not cause a problem with water chemistry. The concentrate
of nitrate and nitrite in the coolant is around 5 ppb.

3.4 Spent fuel storage

There are 96 fuel assemblies in the active core. The expected region discharge burn-up is 30000 Mwd/T.
One fourth of the fuel assemblies are scheduled to be refueled after each 5 winter seasons operation.
Therefore, the total discharged spent fuel assemblies at the end of lifetime of NHR-200 are only about the
amount of another two cores of fuel assemblies. It makes possible to storage the whole spent fuel inside the
RPV. There are in total 200 cells divided into two layers for spent fuel assembly storage surround the active
core. A stand-by small pit for defective fuel assemblies is reserved in the reactor building. This
arrangement makes refueling and spent fuel storage equipment and facilities quite simple. In many countries
the concept of spent fuel storage inside RPV is under developing to increase the bum-up of fuel. For NHR-
200 this arrangement also could increase the bum-up about 15%.
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4. The accident analysis

The accident analysis shows that the design features of NHR-200 provides an excellent safety
characteristics not only with a low probability of initiators, but also with a unserious consequences of
accidents. The results of LOCA analysis of NHR-200 are listed in Table 2 [2],

Table 2. Results of Loss of coolant accidents analysis for NHR-200

Accidental
lasting time (sec)
Ultimate
pressure in the
PRV (MPa)
Total loss of
inventory (Ton)
Water amount
remained above
the core (Ton)

DSO pipe break
inside guard
vessel

-1000

-1.65

-14

124

DSO pipe break
outside guard
vessel followed by
failure of
isolation

-72000

0.12

25.7

112.3

Safety valve stuck
open

-11000

-0.6

-10.1

128

Small crack at
the bottom of RV

-10000

-0.9

18.2

-120

ATWS initiated
by loss of off-site
power followed
by safety valve
stuck open

-3000

-2.37

6.8

131.2

5. Conclusion

In light of the requirement on safety and economy a NHR should be designed with inherent safe features
instead of complex safety systems. An integrated arrangement is one of the key characteristics The
experiences gained from NHR-5 four winter seasons operation and the practice of NHR-200 design show
that an integrated arrangement with self-pressunzed performance, natural circulation and in-vessel spent fuel
storage is realistic and has many advantages.
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