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Abstract

In this paper, special advantages for SMRs were given. SMRs were emphasized for the
developing countries and regions being only just a little installed capacities, for example, less than
lOOOOMW(e). The development status for the perfect SMRs in China were introduced and the
economy comparison was made among 4 nuclear projects under construction in China. Some
improvements for SMRs to reduce the capital expenditure were proposed. A conclusion was made that
SMRs can be expected to be chosen by many countries in next century.

1.0. SPECIAL ADVANTAGES FOR SMRS

In the regions where it is developing country or where the installed capacity for the
grid is less than 10 000 MW(e), the SMRs have special advantages and will develop rapidly.
The main reasons are as follows:

(i) The maximum unit size for a grid usually should be less than 10% of the installed
capacity for the grid. Therefore, in the regions where the installed capacity for the grid
is less than 10 000 MW(e), only can be chosen the SMRs.

(ii) It is more suitable for lower load growth rate. The growth rate for the grid installed
capacity is step-type, thus selection of SMRs enables the growth rate not so high and
compliance with requirements much better, especially for the regions where the
installed capacity for the grid is a little and load growth rate is lower.

(iii) Component manufacture is much easier for the SMRs in developing country. It is
beneficial for the localization and reduction of investment, because the cost of
domestic component is much cheaper compared with the import component.

(iv) The investment for SMRs is lower than that for large unit size, as a result, it is much
easier for raising investment, and it can be built earlier.

(v) In mature condition, the construction period for SMRs should be shorter, thus it is
earlier to put into operation compared with the large unit size.

From those mentioned above, we can see in the developing countries and regions being
only just a little installed capacity for the grid, for example less than 10 000MW(e), the SMRs
are obviously attractive and preferred. However, in the regions being large installed capacity
for the grid, say larger than 10 000 MW(e), or in the regions for site selection being very
difficult, the large unit size for example 1000 MW(e) or more, is still a favorable solution.

2.0. THE DEVELOPMENT STATUS FOR THE PERFECT SMRS IN CHINA

In China, Qinshan Phase I (simply Ql) a 300 MW(e) was connected to the grid in
December 15, 1991. It has been in commercial operation since April 1, 1994. The load factors
are as follows: 66% in 1993, 63.2% in 1994, 84.4% in 1995 and 84.5% in 1996. The operation
experience has demonstrated that the design, component manufacture, construction and
operation for Ql are quite satisfactory. After some improvements and optimization, it has been
exported to Pakistan in February 1992, the Chashma Nuclear Project, and it will be in
commissioning this year.
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The Qinshan Phase II (simply Q2) 2 x 650MW(e), located near Ql 2km away and
started on June 2, 1996 first concrete pouring, now is smoothly under construction. It will put
into operation in June 2002. The design, some components manufacture and construction are
performed by Chinese side, but Framatome and EDF provide technical assistance in NI, and
Stonewebster provides that in CI, mainly in consultation and design reference documents,
including drawings, internal documents, scientific softwares and CAD softwares [1].

Q2 is based on the technologies of DaYa Bay NPP. The safety level for Q2 is similar to
DaYa Bay NPP. In addition to consideration of DBA, it also considered extra design basic
accidents and applied the procedures, such as ATWT, HI to H4, and Ul to U5 procedures
against extra DBA. In order to obtain best safety, the power density in core for Q2 is less than
that for DaYa Bay NPP for 10%. The specific volume for pressurizer is larger than DaYa Bay
NPP for 20%. The medium pressure safety injection accumulators are connected to RPV
directly. Each steam generator has one 100% motor driven pump and one 100% steam driven
pump for the auxiliary feed water pump system. Also, containment continue ventilation
system is a 4 x 50% capacity system. All indicated above enable the safety level for Q2 more
conservative, and it must offer higher safety margin. The characteristics are shown in the
Appendix.

For the equipment supply, Chinese manufacturers can provide fuel assemblies, reactor
pressure vessel, reactor internals, CRDM, steam generator, pressurizer, fuel manipulator, spent
fuel storage rack, pressure vessel safety class II, heat exchanger, ventilation components, I&C
components, and unit computer, etc. for NI. They also can provide turbine (650MW(e)),
generator (650MW(e)), MSR, condenser, heater, and main transformer, etc. for CI. However,
main coolant pump, main coolant piping, some pumps safety class II, main steam isolation
valve, safety valves, some special valves, emergency diesel, electrical penetration, GIS for
500kV and 220kV, incore & excore instrumentation, etc. should import from abroad.

From the practices for Ql and Q2, we can see that China can offer SMRs including
300MW(e) and 650 MW(e) PWR units without any technical problems.

3.0. ECONOMY COMPARISON

There are 4 nuclear projects under construction in China [2]. The first one is Q2, as
mentioned in paragraph 2. The second one is Lingao Project 2 x 984MW(e) PWR (simply
LA), located near to DaYa Bay NPP 2km away. It takes DaYa Bay NPP as reference plant.
First concrete pouring started on May 15, 1997. It will be interconnected with the grid in June
2002. The third one is Qinshan Phase III (simply Q3) 2 x 728 MW(e) CANDU PHWR,
located at the same area with Ql and Q2, and imported from AECL, Canada. First concrete for
the Project began on June 8, 1998. It will be connected to the grid in February 2003. The last
one under construction in this century in China is Lian Yun Port Nuclear Plant (simply LP),
located at Lian Yun Port in the east of China. The first concrete pouring will begin in June
next year and it will complete in July 2004. The economy comparison among them, including
specific investment cost and generating cost, is shown in Table 3-1.

From Table 3-1 we can see that the CI, C2 and C3 for LP are the lowest. This is a
particular exception because the Russian Government provides a very favorable offer, i.e. the
inflation and interest rates are quite low and basic cost is also relatively attractive.

These make CI, C2 and C3 for LP lowest. Another point is that economies of scale
certainly tip toward the larger unit, but the localization of design, component manufacture and
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TABLE 3-1. ECONOMY COMPARISON AMONG 4 PROJECTS IN CHINA

Name Unit type Capacity Start time Final
(MW(e)) time

Cl C2 C3

Q2 similar to
M310

LA M310

LP AES-91

650 02/06,1996 June 1578 3.12 6.11
2002

984 15/05,1997 June 2064 3.57 6.65
2002

Q3 CANDU-700 728 08/06,1998 Feb.20 1978 3.63 6.11
03

1060 -01/06,1999 July 1528 2.79 5.83
2004

"Note: on the table as shown above, Cl is specific investment cost ($/kW(e), final cost). C2 is generating cost
(cents S/kW-h). C3 is generating (to the grid ) cost ( cents S/kW-h).

construction can balance this advantage. It is the localization that makes Cl, C2 and C3 for
Q2 lower compared with LA. This demonstrated that the localization is the most important
factor to reduce Cl, C2 and C3.

4.0. SOME IMPROVEMENTS FOR SMRS TO REDUCE THE CAPITAL EXPENDITURE

4.1. Increased core inside diameter, reduced power density and postponed refueling period.

In general, the number of fuel assemblies can be increased from 121 to 145 for
650MW(e), and the core power density reduced from 100 kW/L to less than 90 kW/L. The
refueling period enlarged from 12 months to 18 or 24 months.

4.2. Use Gd2O3 burnable poison fuel assemblies to get optimum refueling pattern with low
leak in-out model, to increase fuel discharge burn-up and to flatten neutron flux distribution.

4.3. Increase number of RCC ( Rod Cluster Control ) assemblies adequately to reduce the
change rate for boric concentration, as a result to decrease the amount of waste liquid, which
should be treated.

4.4. Use the passive engineering safety features, such as the passive safety injection system,
the passive make-up water system and the passive refueling water tank, to simply system
design even to eliminate some systems. Therefore, it can enhance safety, decrease cost, and
promote operational efficiency.

4.5. Improve I&C from traditional model to advanced digital and modular system. It can
eliminate some traditional instrument and cables, which is beneficial to enhancement of
economies and reduction of construction period.

In summary, SMRs can be expected to be chosen by many countries in next century. It is
a promising trend for the developing countries and for the regions where the installed capacity
for the grid is less than 10000 MW(e), even for the regions where load growth rate only just is
a little although developed areas.
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5.0. STAFFING REQUIREMENTS ON THE NEW DESIGN OF SMRS IN CHINA

In the operation and maintenance (O&M) cost in China, the labour expenditure is much
cheaper than in other countries, and it takes only a few parts of the generating costs. The staff
level is a little lower. The labour policy is also different from the other countries in the world
on the whole. Those mentioned above make a NPP in China taking a large amount of statts.
But now many things are going are going better. The new design of SMRs has been taken into
consideration with staffing requirements as much as possible.

The periodic maintenance and in-service inspection are shared to the operation and
maintenance research institute to reduce the number of NPP statts. The administration statts in
NPP are also strictly controlled by government authorities. Taking into account the specific
investment costs, its significant effects on capital cost and the study of the specific investment
cost has been performed by the engineering institute, in order to enable generating costs as
low as possible.
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Appendix

Summary of main characteristics for Q2
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Gross electrical output

Rated thermal output

Type of fuel assemblies

Number of fuel assemblies

Average core power density (cold)

Average/ maximum linear power

Total mass of Uranium

Initial enrichments

Feed enrichments

Discharged batch burnup at equilibrium

Number of RCC assemblies

Neutron absorber

RPV inlet/ outlet temperatures

Total reactor coolant flow

Operating pressure

RPV inside diameter

RPV overall length

Wall thickness (core region)

Reactor coolant pump flow rate

Total head

Power

Steam generator type

Outlet steam pressure (nominal)

Steam flow (nominal)

650MW(e)

1930MWt

AFA17*17

121

92.8kW/L

161/362 W/cm

55.8t

1.9/2.6/3.1% U235

3.4%U235

36000 MWd/tU

33

Silver-Indium-Cadmium

292.8/327.2

46640 m3/h

15.5 MPa

3850mm

12111 mm

200 mm

24290 m3/h

96 mLC

6500 kW

60 F

6.71 MPa

3862 t/h
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Steam moisture

Main piping hot leg inside dia.

Thickness of piping hot leg

Crossover leg inside dia.

Thickness of piping crossover leg

Cold leg inside dia.

Thickness of piping cold leg

Total volume of the pressurizer

Rated heater capacity for the PZR

Inside diameter of the containment

Inside height of the containment

Wall thickness of the containment

Turbine- generator set speed

Steam flow rate

Final feed-water temperature

Nominal gross electrical output

0.25%

736.6 mm

67 mm

787.4 mm

71 mm

698.5 mm

64 mm

36 m3

1440kW

37m

59.4 m

0.90 m

3000 r/ min

3800 t/h

226

650 MW(e)
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