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Abstract

Space heating is a very important field in the non-electrical application of nuclear energy. The nuclear

heating reactor has been developed by the Institute of Nuclear Energy Technology, Tsinghua University. A series

of advanced features are adopted in the design for the NHR to achieve a higher standard of safety. Therefore any

off-site emergency actions such as sheltering, evacuation, relocation and decontamination are not needed. The

NHR can be used in district heating, seawater desalination, providing low-pressure steam for industrial process

and as a heat source for agriculture and breed aquatics. The NHR R&D program, the present status and the

prospect based on the analysis from the points of safety, economy and society will be discussed in this paper.

1. Retrospection of R&D on the NHR

In order to solve the problems related to the energy shortage, environmental pollution and the

overburdened transportation systems in China and also to expand the utilization fields of nuclear energy

except electricity generation, the study of using a simpler reactor for district heating was started in the

Institute of Nuclear Energy Technology (INET), Tsinghua University. In 1983 and 1984, 1NET

conducted successful tests of nuclear district heating using the existing pool type research reactor. After

that, the several reactor types that can be used for heating were compared and vessel type nuclear

heating reactor (NHR) was selected to be as the main research direction.

During the Seventh Five-year Plan (1985-1990), the research and development works on the key

technology, such as natural circulation, integrated design, passive residual heat removal and hydraulic

control rod driving system, were completed. A 5MW test NHR (NHR-5) was begun to construction on

March 1986 and put into operation in 1989. Since then, the reactor had been successfully operated for

district heating and some special experiments. At the same time, the development of NHR-200 as

industrial demonstration had already been included as a project of the Eighth Five-year Plan as well as

the State Development Plan (1991-2000).

On the basis of the success of NHR-5, a commercial sized NHR with output of 200MW thermal

power (NHR-200) has been developed by INET. On Oct. 1992, the Daqing Oilfield Administration, as

the applicant of the first NHR-200 demonstration plant, applied to construct the "Daqing Oilfield

200MW Nuclear Heating Plant". After argumentation by the experts, the application was approved by

the State Plan Committee on Jun. 1993. The feasibility study report was passed the evaluation by the

China International Project Consultation Company and the State Development Bank on Dec. 1993 and

Jul. 1994, respectively. The siting report and the environmental impact assessment report was approved

by the respective authorities. On August 1995, the State Council confirmed to carry the project into

execution.
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On the basis of the basic design, the application for the construction permit of the first NHR-200

demonstration plant was submitted to the Chinese National Nuclear Safety Administration on Nov.

1995 with the PSAR. From then on the licensing procedure started formally and lasted about one year.

Finally, the applicant got the construction permit on Dec. 1996.

2. Main conclusion resulted from NHR-5

The initial fuel loading of the NHR-5 was achieved on Oct. 9, 1989. The experimental reactor went

to the first criticality on Nov. 3, 1989. And the rated power was reached on Dec. 16, 1989. Since then,

the reactor had been successfully operated for district heating until the main objectives were actualized.

The main items of experiments conducted on NHR-5 after the commissioning are summarized in

Table I.

Table I. Main test items at NHR-5

Test item

Positive reactivity

introduce

ATWS

LOCA

Heat & electricity

co-generation

Refrigeration

Seawater

desalination

Description

2mk introduce by control rod

withdrawn

Isolating all of heat sink

Position of control rods not

change

Nature circulation interrupted in

RPV by drawn water from

primary circuit

Third circuit replaced by steam

circuit, cooling water of

condenser used for heating

Reactor and steam generator

coupled with a LiBr refrigeration

cycle device

Reactor and steam generator

coupled with a small MED device

Main results

Power peak reached 1.18 times

Reactor power decreased to

dissipation level automatically

Residual heat can be removed by

condensation on primary heat

exchanger

Test is successful. Whole facility

is operated smoothly.

Chilled water with temperature of

7°C can be provided

Result shows that the design is

successful

The conclusion from the results of the operation and experiments can be summarized as follows:

• The NHR-5 achieved a high availability of 99% (Factual operation days divided by planned

operation days). There were four times unplanned scram, in which two were caused by loss of offsite

power, one was caused by failure of air compressor and the other one was caused by operator mistake in

in-service inspection on the instrument power source. The longest shutdown time caused by unplanned

scram was five hours.

• The measures against radioactivity contamination were very effective. The detecting data showed

that the radioactive level in intermediate circuit and heating grid was same with the one of local

background level.

• The rad waste produced in the three years could be disregarded. The amount of wastewater was

8.5m3 with P radioactive level of 14Bq/l. The radioactive level of gaseous influent at the outlet of the

stack was as low as the background.

32



• The average professional collective dose was 5.67mSv-man per year. The environmental

surveillance proved that there was no influence on the environment in around region by the operation of

NHR-5.

3. The first NHR-200 demonstration plant

The first NHR-200 demonstration plant is designed for Daqing Oilfield, which is located in the

northeast of China. The planned site is 105km apart from Qiqihaer in northwest and 160km apart from

Harbin in southeast. The center of the site is at 124°53'15" of east-longitude and 46°35'28" of

north-latitude [1].

The area of the site is about

300m x 400m. It is divided into three

regions according to its functions, namely

main installation region, auxiliary

installation region and management

buildings. The main installation region

includes all of buildings that would be

contaminated, such as the reactor building,

drainage pool and stack. The position for

the second reactor building is also

reserved in this region. The auxiliary

installation region is a non-radioactivity

one, including make-up, circulating water

system, transformer station and so on. The

total area is considered and arranged as

the requirements of 2 x NHR-200 plants.

The heating grid is constituted by

NHR-200 plant and 9 sub-heating-stations.

The sketch map of the heating grid is shown in Fig. 1.

In Daqing Oilfield, the lowest temperature was reached to -36.2°C and heating period is longer. Up

to 1996, there are about 14 million square meters of building area and more than one million tons of oil

and one hundred million cubic meters of gas per year were consumed by heating. In the basic design, 3.8

million square meters of building area, in which the heating load is 319MW, will be heated by NHR-200.

NHR-200 can supply 196MW as basic load and oil-fired boilers will share others.

Heating is needed for 181days in Daqing area. NHR-200 can produce a quantity of heat of 3.13 x

106GJ. The self-consumption of the heat energy by NHR-200 plant is 2% of the rated power. Therefore,

NHR-200 can provide 3.07 x 106GJ to the grid as basic load. Using NHR-200 as heating source will

save about one hundred thousand tons of oil per year.

In order to optimize the property of NHR-200, some existing oil-fired boilers are remained to

regulate the peak load of heating. They need 1.34 x 104 tones of oil to provide 123kW for heating

together with NHR-200 per year when outside temperature is lower than -6.97°C. Comparison with no

Fig.l Sketch map of the heating grid

33



boilers to regulate the peak load of heating, the heating area increases by 64% and the 85.4% of the total

quantity of heat is provided by NHR-200 during the heating period.

In order to further evaluate the economy of NHR-200, the economic analysis was carried depends

upon the budgetary estimate and the heating cost of the oil-fired boilers. It is required that the analysis

result should be compared with heat price that is given by the replaced oil-fired boilers.

The cost can be divided into two parts: the cost of the nuclear heating plant and the cost of the

heating grid. The items taken into account in the cost are fuel, material, electricity, water, personnel,

maintenance, depreciation, management and capital cost. They are summarized into three parts:

investment cost, O&M cost and fuel cost. The decommissioning cost is not included in and will be taken

after the loan reimbursement. The cost composition is listed in Table 2. The specific cost is 31.54

RMB¥/GJ at the condition of average interest rate of 7.65%.

Table 2. Proportional costs of NHR-200 plant

Investment 61.74%

O&M 29.02%

Fuel 9.24%

In order to reflect the actual status, three oil-fired boiler plants are selected to calculate the heating

cost. And three representative oil prices are selected to compare the heating cost. The heating costs of

the oil-fired boiler plants are listed in Table 3. The result can be given through specific cost comparison

of NHR-200 and oil-fired boilers at the different oil price (see Table 4). The oil price in Table 3 and

Table 4 are the CIF (cost, insurance and freight) and the exchange rate between Chinese RMB and US

Dollar is 1US$= 8.3RMB¥. The heating cost of NHR-200 is lower than that of oil-fired boiler. In

addition, the sensitive analysis shows that the heating cost of NHR-200 will be 33.2 RMB¥/GJ if the

investment increase with 10% and that the heating cost will be decrease with 5% if the interest rate drops

per 1% [2].

Table 3 Oil-fired boiler plants he

Oil price
RMB¥/tonne

830

958

1,280

US$/Barrel

14.06

16.23

21.68

ating costs

No. 1

37.87

41.71

51.39

Cost, RMB¥/GJ

No.2

33.44

37.28

46.96

No. 3

31.39

35.24

44.91

Ave.

34.23

38.08

47.76
: The oil price means CIF (cost, insurance and freight).

Table 4 Cost comparison between NHR-200 and oil-fired boiler plant

Oil price RMB¥/tonne

US$/Barrel

Fuel cost, RMB¥/GJ

Production cost, RMB¥/GJ

Total cost, RMB¥/GJ

NHR-200

/

2.9

19.2

31.54

Oil-fired boiler plant

830

14.06

25.5

32.6

34.23

958

16.23

29.4

36.5

38.08

1,280

21.68

39.3

46.2

47.76
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4. Prospect

Coal is the most important primary energy and the coal annual consumption has be 1.2 x 109 tones

in China since 1993, which is about 30% of the total coal consumption in the world and about 75% of

total primary energy consumption in China. Because of the distribution, exploiting process, and itself

quality of the coal, some serious problems have been encountered duo to a massive coal burning.

Coal resource is rich in northwest and poor in east and south. In east, coal reserves is about 23.2%,

annual output is about 50% and annual consumption is 73% of the total in China. It is estimated that the

annual output will decrease to 40% and consumption will retain at 73% in 2010. Therefore, several

hundred million tones of coal will be transported at that time. In addition, long distance transportation

must increase the cost of the coal and make the overburdened transportation system extremely.

Except the problems on production and transportation, the coal exploitation results ground surface

caving in, a mass of gangue, and a large quantity of wastewater. Moreover, unrestricted use of coal has

resulted in serious influence on environment. CO2 is the main greenhouse gas. Burning of fossil fuel is

the primary contributor, in which coal as solid fuel is two times of liquid and gaseous fuels such as oil

and gas for the concentration of CO2. It is estimated that CO2 produced by coal burning is 85% of the

total released into atmosphere in China. SO2 is the secondary byproduct by coal burning. In China, total

amount of 1.8 x 107 tones of SO2, in which about 80-90% was produced by coal, was released in 1994.

It is the primary reason of acid rain. The third main source of environment pollution produced by coal is

soot. The quantity of coal-soot released that is more than 70% of the total countrywide is the main

reason of the floating pollution at atmosphere. In addition, the residue after coal burning, of which more

than 2.5 x 108 tones will be let off countrywide, is also to pollute environment [3]. Even for radioactivity,

the level produced by coal burning is higher than the one by nuclear heating.

The purpose of developing nuclear heating is to replace fossil fuel with nuclear fuel and to provide

a possible solution for the serious problems above mentioned. For the NHR, it should be located in the

vicinity of the user duo to the consideration of heat transportation and economy. Therefore, the more

stringent safety requirements for NHR-200 are adopted in design.

Based on the existing general criteria for NPP and the specific characteristics of the NHR-200, no

off-site emergency actions such as sheltering, evacuation, relocation and decontamination is the

fundamental safety requirement for the NHR in case of all credible accidents [4]. In other words, the

radioactive release from the NHR-200 has to be reduced to such a low level that off-site emergency

actions are not needed. It means that for the plant site a maximum individual resulted from an activity

should be not larger than 5mSv. The results of safety analysis indicates that a release of 3.7 x 1013 Bq 13!I

can be the limitation for the maximum credible accident [5]. Correspondingly, more rigorous

requirements in terms of fuel element damage, DNBR and fuel temperature limits are specified. The

reactor core has to be covered by coolant in all loss of coolant accident (LOCA) cases. In addition, a

250m in radius non-residential area and a 2km in radius area of restricted development surrounding the

site are required.
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To meet the requirement of the general safety objective for the NHR-200 a series of technical

measures [6] are adopted in design. The main technical and safety features can be briefly summarized as

follows:

• Integrated design. That the core will be always covered by coolant is one of the fundamental

design criteria for the NHR-200. The integrated arrangement ensures that the possibility of large LOCA

caused by the breaking of main pipe can be excluded.

• Natural circulation. Both normal operation and shutdown cooling, natural circulation is the only

one operation pattern in the primary circuit. The residual heat removal system, which is composed by

two independent trains, is the most important safety system. The residual heat is also removed by a

passive pattern, natural circulation.

• Hydraulic control rod driving. It meets the requirement of "fail-safe" principle i.e. control rods

will drop into the core automatically in case of lose of power supply, depressurization of RPV, pipe

break and pump shut down events. In addition, a boric acid injection system as a second shutdown

system will be operated when the event of anticipated transient without scram (ATWS) occurs.

• Self-pressurized performance. The primary pressure is maintained by the saturate steam pressure

corresponding the core outlet temperature and a certain inventory of nitrogen.

• Effective isolating from radioactivity. The multi-barriers, including fuel cladding, primary

pressure boundary, steel containment and a secondary containment, compose the multi-defenses against

the release of radioactive substance. In addition, the nuclear heat supply system is composed by triple

loops, i.e. the primary circuit in the RPV, an intermediate circuit and the heating grid. The working

pressure in the intermediate circuit is higher than that in the heating grid and that in the RPV, so that the

pollution of radioactivity can be prevented from and the safety of the heating grid can be ensured.

As a result, NHR-200 is satisfied not only in economy but also in the radiation safety. For the

environmental protection, NHR-200 is more attractive. In case of the same output thermal power of

200MW, same heating quantity of 3.07 x 106GJ, burnup of 3 x 104MWd/tu, the efficiencies of oil-fired

boiler and coal-fired boiler are 80% and 70% respectively, the energy consumption comparison for the

NHR-200, oil-fired boiler and coal-fired boiler are listed in Table 5.

Table 5 Energy consumption
Energy needed

Nuclear fuel*

Oil

Coal(2.09xl07J/kg)

NHR-200

1
"** 1

1.34 x 104

2.7 x 104

Oil-fired boiler

0

10.76 x 104

/

Coal-fired

boiler

0

/

25 x 104

unit: tonne
Difference

+1

-9.42 x 104

-22.3 x 104

* With enrichment of 3%.

It can be resulted from the table that one tonne of nuclear fuel consumed by NHR-200 can instead of

about one hundred thousand tones of oil or more than two hundred thousand tones of coal. Therefore,

environment will benefit greatly from using nuclear fuel to replace coal or oil as heating source (see

Table 6). With the same thermal power, an NHR-200 can reduce the release of 3.85 x 105 tones of COi,

6 x 10J tones of SO2, 1.6x 103 tones of nitrogen oxide, 5 x 103 tones of soot and 5x104 tones of residue
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[7]. From the point of view of environmental protection, it can be considered that nuclear is a clean

energy resource.

Table 6 Environment impact by different heating plants, tonne/year

Thermal power

Carbon dioxide

Sulphur oxide

Heavy metal

Nitrogen oxide

Radioactivity(mSv/ person-year)

Soot

Residue

High level rad waste

Transportation for fuel

Fossil-fired boiler

Oil

200MW

200 000

1800

0.2

619

0.001

49.2

1.5

0

100 000

Coal

200MW

385 000

6000

0.4

1,600

0.013

5000

50 000

0

250 000

Gas

200MW

204 600

146

0.2

807

0.001

30.9

0.5

0

108m3/year

NHR-200

200MW

0

0

0

0

0.0004

0

0
1

~1

Consequently, nuclear heating is helpful to environmental protection because no baleful gases,

such as CO2, SO2 etc., will be released during the process. The level of radioactivity that is about one

thirtieth of the core-fired boilers is lower than the value envisioned by people. The NHR-200 as a safe,

clean and economic energy resource could be widely used in district heating, air conditioning, seawater

desalination, providing process steam, and supplying heat source for agriculture and breed aquatics.

Some cities and large enterprises have shown that they are very interested in introducing the NHR-200

into their local energy system. The NHR-200 is also helpful to ensure that the economy of China will be

developed continuable in 21 century.
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