
Chapter 4 

Nuclear Power Plant Pre-feasibility Study: Technology 

Technological pre-feasibility study is based on several assumed conditions and 

available data from various sources which are mentioned at the relevant sub-sections. 

Technical Feasibility 

Under this section following important facts needs to be assesse<:k 

• System capacity 

• Technology 

4.1. System Capacity 

As discussed in the Chapter-1 Table 1.3 of this document, the total installed capacity 

of the Sri Lankan power system will be around 6000MW in year 2020. To absorb this 

much of energy the entire transmission system and distribution system should be 

developed. Time to time CEB planning section plans and executes projects which will 

enhance the absorbing capacity of the Sri Lankan power system. For example 

"Colombo City Electricity Distribution Development Project" could be shown. 

Therefore it is assumed that the entire electrical system will be developed to absorb 

projected energy supply in the year 2020. 

Nuclear power plants are normally base load power plants owing to the fact that the 

power level of the plant can not be varied easily and these plants needed to be run at 

maximum capacity for economical usage. As per the CEB data, the present daily 

demand curve of the Sri Lankan power system is shown in figure-4.1 (below) and it 

indicates the present base load demand is around 800MW. Considering the average 

annual growth rate of 7.8% (Table 1.2) and the maximum demand forecast in year 

2020, the possible base load will be around 2000MW (Assuming linear 

extrapolation). 

As seen from the long term generation expansion plan, the major portion of the power 

will come from coal based plants. But these plants are much easier to start or stop and 

connect with the grid compared with nuclear power plants. 
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Figure 4.1 -Average Daily Demand Curve 

4.2. Technology 
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For further study it is needed to select suitable type and size of a nuclear power plant. 

There are various type of NPPs classified according to reaction type, moderator type, 

coo lent type, reactor vessel possition, reactor temperature, type of the technolgy and 

type of the output. A complete classification is given in the Appendix-1. 

4.2.1. CANDU (CANada Deuterium Uranium) Power Plant 

In this document the CANDU type nuclear power plant is mainly considered because 

of the many advantages it possess. The other consideration is SST AR (Small, Sealed, 

Transportable, Autonomous Reactor) and is also disscussed at the end of this Chapter. 

The advantages of CANDU over other types are as follows. 

• The CANDU technology is well developped over the past few decades. The 

new generation (Generation-4) NPPs are still under development. Adopting 

well developped technology eleminate the requirement of much modification 

during operation. CANDU type reactors are mainly operating at Canada, India 

and China. Table 4.1 gives the details of CANDU NPPs in the world. 

• Most of the reactor types are single vessel type. This make the metalic vessal 

bulkier and weighs several tons making the handling exteamly difficult at the 
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constrution stage. In CANDU design the reactor vessal is not a single unit. 

The reactor vessal consist of large number of small vessals called channels, 

situated close to each other. This eleminate the handling difficulty. 

• The fuel required for the CANDU reactor is natural Uranium (U235 content of 

natural uranium is 0.7 percent of mass) while the other type of NPPs reqire 

enriched uranium (more than 2 percent mass of U235). The uranium 

enrichment process make the fuel cost slightly higher. Using natural uranium 
~ 

eleminate the risk of proliferation of enriched nuclear material which is a 

requirement under IAEA (International Atomic Energy Authority) Nuclear 

Non Proliferation Treaty. 

• Fabrication and handling of nuclear fuel bundle from the natural uranium is 

simpler in CANDU type reactors. The typical fuel bundle is shown in the 

Figure 4.1 below. 

• The CANDU reactor can use various type of fuels including waste generation 

from other type of reactors, specially from Light Water Reactors because the 

waste from this tye of reactors normally contain Uranium more than 0.5 

percent of mass. Natural Thorium can be used in the CANDU reactors. The 

thorium resources were found in Sri Lanka. This will be further discussed in 

coming chapters. The Figure 4.2 shows the fuel cycle options for CANDU 

reactors. 

• The CANDU reactor posses the advantage of online refuelling facility. The 

other type of reactors need temporary shut down for refuelling. This feature of 

CANDU reactor improves the duty cycle or the capacity factor of the power 

plant. The online refuelling facility also improves the fuel burning and helps to 

reduce mined Uranium consuption 30 to 40 percent than other type of reactors. 

• The CANDU Extends life expectancy of the reactor because maJor core 

components like fuel channels is accessible for repairs when needed. Typically 
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about 60 years of life expectancy exist for this NPP while other type of NPPs 

last about 30 to 40 years. 

Country No. of Total Installed Max.CANDU Mini. CANDU 
CANDU Capacity of Power Plant Power Plant 

Plants CANDU Capacity (MW) Capacity 
(operational) (MW) (MW) 

Canada 16 11,303 881 516 
India 15 3,800 540 187 
South Korea 4 2,823 715' 678 
China 2 1,330 665 650 
Romania 2 1,305 655 650 
Argentina 1 600 - -

Table 4.1- World CANDU Plants as at Year 2003 

Figure 4.2- CANDU Fuel Bundle (37 element, 50 em long & 10 em diameter) 
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Plutonium Recycrlng 

Figure 4.3 - CANDU Fuel cycle options 
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Figure 4.4 - Schematic Diagram of a CANDU reactor 
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Figure 4.4: The primary loop is in yellow and orange, the secondary in blue and red. 
The cool heavy water in the calandria (CANDU reactor core) can be seen in pink, 
along with partially-inserted shutoff rods. 

Key 

1 Fuel bundle 8 Fueling machines 

2 Calandria (reactor core) 9 Heavy water moderator 

3 Adjuster rods 10 Pressure tube 

4 Heavy water pressure reservoir 11 Steam going to steam turbine 

5 Steam generator 12 Cold water returnin~ from turbine 

6 Light water pump 13 Containment building made of reinforced 

concrete 

7 Heavy water pump 
- -- ·---- - - ----

4.2.2. Suitable Size of the Nuclear Power Plant 

There is no fast and hard rule for selecting a size of a single unit power plant in 

relation to total installed capacity of an interconnected power system. The selection of 

size of the power plant depends on transmission network capability to absorb the new 

amount of energy without effecting stability criteria. For this, a comprehensive 

analisis needed consdering future improvements to transmission network, site location 

and demand growth. As a thumb rule the single unit power plant should be less than 

or equal to 15 percent of the total installed capacity of an interconnected power 

system [4]. As per the demand forecast the peak demand in the year 2020 will be 

around 5300 MW and total installed capacity will be around 6000 MW [2]. 

Therefore maximum possible single unit size will be around 900 MW based on the 

above said thumb rule. Readily available CANDU power plant designs are 220MW, 

700MW and 900 MW. Thus 700 MW size can be conveniently selected to cover up a 

portion of the future base load. 

The medium level CANDU reactor which is called Douglas Point type (Name derived 

from Douglas Point reactor in Canada) have the design capacity of 220MW. In India 

there are 11 units of this type operating successfuly (Operating capacity of each 

202MW). Even if the 700MW size is not selected for Sri Lanka, the Douglas Point 

type can be adopted integrating with new advanced features. 
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The reference data for the unit selected is "Qinshan Phase-III 700 MWe class 

CANDU 6 NPP, China" which was in service from December 2002 [5]. The unit data 

are given in the Table 4.2. 

Reactor 
Type Horizontal pressure tube 
Coolant Pressurized heavy water 
Moderator Heavy water 
Number of fuel channels 380 
Fuel 
Fuel Compacted and sinteretl natural U02 pellets 
Form Fuel bundle assembly of 37 elements 
Length of bundle 495mm 
Outside diameter 102.4 mm 
Bundle weight 23.5 kg (includes 2.1 kg zirconium alloy) 
Bundles per fuel channel 12 
Heat Transport System 
Reactor outlet header pressure (gauge) 9.9 MPa 
Reactor outlet temperature 310 degree C 
Reactor coolant flow 8.6 Mg/s 
Number of steam generators 4 
Steam generator type Vertical U-tube with integral steam drum and 

pre-heater 

Steam temperature (nominal) 268 degree C 
Steam quality (minimum) 99.75% 
Steam pressure (gauge) 4.7 MPa 
Number of heat transport pumps 4 
Heat transport pump type Vertical, centrifugal, single suction, double 

discharge 

Net heat to turbine 2064 MW (th) 
Electrical output (gross) 728 MWe 

Table 4.2-700 MWe class CANDU 6 NPP Data 

4.2.3. Fuel Requirement of CANDU 6 Unit 

Initial charge 

The fuel bundle shown in figure 4.2 is used in this type of reactors. 

Initial charge of fuel (Nos. ofbundles) 

Initial charge of fuel 

Initial natural Uranium charge 

Initial zirconium alloy 

=4560Nos. 

= 107,160 kg 

= 97,584 kg 

= 9,576 kg 
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Transitional period 

Transitional period starts from about 100 to 110 days and lasts until the equilibrium 

state which is normally attained in 400 to 500 days. In the transitional period refueling 

starts and the quantity of material to be refueled based on reactor core flux analysis 

and experience. 

After equilibrium state 

When the equilibrium state reached, approximately 10 channels per week and 8 

bundle shifts per channel are required to be fuelled for full power operation. Therefore 

fuel requirement for a reactor in full operation year is as follows. 

No. of uranium bundles required 

Fuel required 

Quantity of natural uranium required 

Zirconium alloy required 

= 4,160 Nos. 

= 97,760 kg 

= 89,024 kg 

= 8,736 kg 

Approximate Volume of required fuel for one year = 22 Cubic Meter 

4.2.4. Cooling Water Requirement of Nuclear Power Station 

There are two types of water cooled systems. 

Closed cycle - the steam is cooled in towers or ponds and the water that is not lost to 

evaporation is recycled through the plant again. 

Once-through- the steam is cooled by more water that is pumped from an outside 

source in pipes through a condenser. 

Table 4.3 indicates the water usage of each type ofNPPs. 

Type of Cooling Water Withdrawal Typical Water 

(liters/MWh) Consumption (liters/MWh) 

Ones Through Cooling 94,635 to 227,124 1,514 

Closed Cycle (Cooling 3,028 to 4,164 2,725 

Towers) 

Table 4.3- Cooling Water Requirement 
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4.2.5. Waste Disposal 

The nuclear waste can be classified into following four groups. 

(I.) Exempt waste & very low level waste 

Exempt waste and very low level waste (VLL W) contains radioactive materials at a 

level which is not considered harmful to people or the surrounding environment. It 

consists mainly of demolished material (such as concrete, plaster, bricks, metal, 

valves, piping etc) produced during rehabilitation or dismantling operations on 

nuclear industrial sites. Other industries, such as food processing, chemical, steel etc 

also produce VLL W as a result of the concentration of natural radioactivity present in 

certain minerals used in their manufacturing processes. The waste is therefore 

disposed of with domestic refuse. 

(II.) Low-level waste 

Low-level waste (LL W) is generated from hospitals and industry, as well as the 

nuclear fuel cycle. It comprises paper, rags, tools, clothing, and filters etc, which 

contain small amounts of mostly short-lived radioactivity. It does not require 

shielding during handling and transport and is suitable for shallow land burial. To 

reduce its volume, it is often compacted or incinerated before disposal. It comprises 

some 90% of the volume but only 1% of the radioactivity of all radioactive waste. 

(III.) Intermediate-level waste 

Intermediate-level waste (IL W) contains higher amounts of radioactivity and some 

requires shielding. It typically comprises resins, chemical sludge and metal fuel 

cladding, as well as contaminated materials from reactor decommissioning. Smaller 

items and any non-solids may be solidified in concrete or bitumen for disposal. It 

makes up some 7% of the volume and has 4% of the radioactivity of all radioactive 

waste. Generally, short-lived intermediate-level wastes (mainly from 

decommissioning reactors) are buried, while long-lived intermediate-level wastes 

(from fuel reprocessing) will be disposed of deep underground. 

(IV.) High-level waste 

High-level waste (HL W) arises from the 'burning' of uranium fuel in a nuclear 

reactor. HL W contains the fission products and transuranic elements generated in the 
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reactor core. It is highly radioactive and hot, so requires cooling and shielding. It can 

be considered as the 'ash' from 'burning' uranium. HL W accounts for over 95% of the 

total radioactivity produced in the process of electricity generation. There are two 

distinct kinds of HL W: 

~ Used fuel itself. 

~ Separated waste from reprocessing the used fuel 

4.2.5.1. Managing HL W from used fuel 

Storage is mostly in ponds at reactor sites, or occasionally at ~central site. Some 90% 

of the world's used fuel is stored thus and some of it has been there for decades. The 

ponds are usually several metres deep, to allow three metres of water over the used 

fuel to fully shield it. The water also cools it. Some storage is in dry casks or vaults 

with air circulation and the fuel is surrounded by concrete. 

Either way, after 40-50 years the heat and radioactivity have fallen to one thousandth 

of the level at removal. This provides a technical incentive to delay further action with 

HL W until the radioactivity has reduced to about 0.1% of its original level. 

After storage for about 40 years the used fuel assemblies are ready for encapsulation 

or loading into casks ready for indefinite storage or permanent disposal underground 

(deep permanent repository). 

4.2.6. Spent Fuel Reprocessing 

Any used fuel will still contain some of the original U-235 as well as vanous 

Plutonium isotopes which have been formed inside the reactor core, and the U-238. 

In total these account for some 96% of the original uranium and over half of the 

original energy content (ignoring U-238). If the fast breeder technology is considered 

then U-238 becomes a usable resource and the energy content is hundreds of times 

larger. At the moment fast breeder technology is not popular due to some international 

political reasons. 

Used nuclear fuel reprocessing is done in several countries like France, UK, and 

Russia with a capacity of some 5000 tons per year. But in Canada the spent CANDU 

fuel bundles are preferred to be directly disposed. 
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Di~l t unnels 

Figure 4.5- Graphical Conception ofUnderground Disposal ofHLW 

4.2.7. SSTAR (Small, Sealed, Transportable, Autonomous Reactor) 

This type of reactors are still under developing stage. Several well known 

international companies are involved in making this type of reactor successful. Some 

of them are Hyperion Energy- USA and Toshiba- Japan. 

Hyperion Mini Reactor has the following important features [7]. 

• Nuclear power plants smaller than a garden shed and able to power 20,000 

homes. 

• Totally sealed and self-operating, has no moving parts and, beyond refueling, 

requires no maintenance of any sort. 

• It just quietly delivers safe, reliable power - 70 MW thermal or 25 MW 

electric via steam turbine - for a period of seven to 10 years. 
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• Natural heat-producing process that occurs with the oscillation of hydrogen in 

uranium hydride. 

• It cannot go "supercritical," melt down, or get "too hot." It maintains its safe, 

operating temperature without the introduction and removal of "controlling 

rods" - an operation that has the potential for mechanical failure. 

• Small enough to be transported on a ship, truck or train- approximately 1.5 

meters wide. 

• Hyperion power modules are buried far underground and guarded by a 

"' security. 

• They must be refuelled every 7 to 10 years. 

• The waste produced after seven years of operation is approximately the size of 

a softball and is a good candidate for fuel recycling." 

• It will be on sale within next five years. 

• They will cost approximately $25m to $35m. 

Super-safe, small, and simple (4S) reactor developed by Toshiba has the following 

features [8]. 

• The 4S is based on a smaller 10 MW design that can last 30-40 years before 

refueling. 

• The 4S is sodium-cooled, and uses liquid lithiurn-6 to moderate the reactor, 

instead of conventional control rods. 

• Like Hyperion's design, the reactor is totally sealed and reqmres no 

maintenance or operation. 

• The actual reactor would be located in a sealed, cylindrical vault 30 m (98 ft) 

underground 

• The 4S is planned to be online in 2012. 
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