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1. Introduction 

In the Federal Republic of Germany, nuclear energy generation 

is mainly based on the light water reactor (LHR) operating with 

low enriched uranium (LEU). The LHR constitutes a well-established, 

mature system which has proved its potential for economic energy 

production in large-scale commercial operation. 

Approximately 7000 MW of LWR capacity have been installed up to 

mid-1978 and further capacity is under construction or planned 

for the future. In accordance with Germany's nuclear energy 

policy, spent fuel from LHRs will be stored for some years in an 

interim storage pool until reprocessing becomes available after 

1990 in the Integrated Fuel Cycle Center at Gorleben. The residual 

fissile conter: (U,Pu) of the spent fuel can then be recovered and 

either be recycled into thermal LHRs or later on be burnt in fast 

breeder reactors. 

However, the concern over possible nuclear arms proliferation 

in a growing nuclear energy economy has led to a reassessment of 

the plutonium recycle concept and a search for possible alternatives. 

Various scenarios have been suggested as alternatives to the 

uranium and plutonium recycle. One of them is to utilize natural 

or slightly-enriched uranium in a throwavay fuel cycle in the 

heavy water reactor. 

This paper deals with the pressurized heavy water reactor which, 

from the neutron economy point of view, offers advantages over the 

light water reactor. Its capability to be fuelled with natural 

uranium has also been considered a desirable nuclear option by 

various countries with sufficient domestic uranium resources. 

In Germany, this potential of the PHHR has been recognized early 

and from the very beginning of the German nuclear power development 

program the heavy water reactor has been one of the main develop

ment lines, unlike the Canadian CANDU-PHWR concept which uses 

pressure tubes in a nearly unpressurized low temperature moderator 

tank, the German development line is based on the pressure vessel 

design where coolant channels and the surrounding moderator are 

heli at equal pressure. This offers the chance of relying on the 

well-proven LWR technology. 



In 1966, a 50 MW pilot plant (MZPR) of the pressure vessel design 

went Into operation at Karlsruhe which showed very satisfactory 

operational behaviour and is still being used for power production 

and district heating purposes. Demonstration plant size was 

reached with the fully commercially operated 367 MM nuclear power 

plant at ATUCHA (CNA-1, Argentina) which went into operation in 

1974 and shows very good performance as well. 

The power plant size of ATUCHA-1 is rather small compared with 

modern light water reactors. The possibility of increased plant 

size is, therefore, essential to this reactor type and was subject 

to thorough investigations. It was found that taking account of 

present day manufacturing experience, especially as regards the 

fabrication of large pressure vessels and other heavy components, 

and using essentially the same core structure, the overall plant 

design of ATUCHA-1 can, without major problems, be suitably 

adapted to a gross electrical output of more than 650 MW . 

The paper intends to present information on this pressure vessel 

heavy water reactor line. In addition to presenting data on the 

ATUCHA-1 power plant, the paper will address the conceptual 

design of a 685 MW PHWR which could be realized without further 

development needs. Apart from the natural urarium fuelling mode, 

data will be given also for operating the reactor with slightly 

enriched uranium (1.2 w/o U235) since this type of fuel cycle 

appears to exploit even better the resource utilization potential 

of heavy water reactors. All relevant data have been supplied by 

the corresponding manufacturing industry. 
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2 The ATUCHA-: Nuclear Power Plant 

2.1 System Layout 

The design of the ATUCHA-1 nuclear power plant as described in 

reference /l, 2/ is very much based on experience gained with the 

50 MW pilot plant MZPR in Karlsruhe HI. With MZFR, the principal 

feasibility of using the well proven pressure vessel technique of 

LWR's for heavy water reactors had been successfully demonstrated. 

The system layout, therefore, resembles very much that of a standard 

pressurized water reactor with a 2-loop closed cycle primary coolant 

system (see table 2.1 for overall technical plant specifications). 

The heat released from the fuel assemblies is transferred via U-tube 

steam generators to the secondary system which feeds a saturated 

steam turbine. Zry-4 made coolant channel tubes and the moderator 

tank, both within the pressure vessel (5.36 m inner diameter, 

12 m high, see Figure 2.1) are used to separate coolant and 

moderator from one another. Unlike the CANDU design where the 

coolant channels are made up as pressure tubes within a nearly 

unpressurized moderator tank (calandria) the pressure vessel design 

allows for the coolant and moderator to be kept at the same pres

sure. Coolant channel tubes can, therefore, be relatively thin and 

the associated parasitic absorption is minimized. While the coolant 

temperature is in the range of 262 - 296. °C, the moderator tempera

ture is kept at about 180 °C by separate moderator coolant circuits 

to improve neutron economy. 

The reactor core consists of 253 fuel assemblies, each in one of 

the 253 coolant channels, and arranged in a trigonal lattice of 

27.2 cm pitch. In a fuel assembly, 36 fuel rods and 1 support tube 

are bound together by spacer grids and end plates in 3 concentric 

circles (see Pig. 2.2). The natural uranium fi el is contained in 

the Zry-1 clad fuel rods in the form of sintered U02 pellets with 

a total active length of 530 cm. Additional fuel assembly specifi

cations are summarized in table 2.2. 
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On-power refuelling as well as reshuffling is used to provide long-

term reactivity control. Each fuel assembly is reshuffled once 

before leaving the core so as to give a radially flat power densi

ty distribution and optimum fuel utilization. Target discharge 

exposure is more than 6000 MWd/tU for the base load operated reac

tor. In the actual case of the ATUCHA-1 power plant, however, burn-

up is somewhat reduced beca-se of the reactivity reserve needed for 

daily load following operation. 

A total of 24 black (Hf absorber) ana 3 grey control rods made 

from stainless steel provide short term reactivity control as well 

as shutdown function. All control rods are inserted from above 

between the coolant channels at inclination angles between 15° and 

21° so as to leave the reactor vessel head free for operation of 

the loading machine. 

Vertical and horizontal cross sections of the containment building 

are shown in Fig. 2.3. 

2.2 Operational Experience 

The ATUCHA-1 nuclear power plant was started up in mid-1974 and 

power production was raised in several steps in a six month test

ing period which also \ncluded a short maintenance and inspection 

shutdown. In the following two years the plant successfully worked 

in load following operation and achieved an average time availabili

ty of 90 %. At the end of 1976, the plant was shut down for a 

scheduled six month inspection and maintenance period. In May 1977 

it was started up again and due to the excellent operational expe

rience found before, it was possible to increase its power output 

by about 8 %. 

Up to now, average D-O-losses amounted to not more than 4 kg/day 

and it is to be expected that losses can be further reduced in 

future with increased operational experience. 

Fuel rod failures have been found to be very low ( ^0.2 o/oo) and 

are considered of no practical importance. 

file:///ncluded
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Overall plant 

Reactor thermal output 

Net power station output 

Net efficiency 

Reactor 

Main design feature 

Coolant and moderator 

Number of coolant loops 

Operating pressure 

Number of coolant channels 
(= number of fuel assemblies) 

Inner diameter of coolant channel 

Coolant flow rate 

Coolant temperature at inlet/outlet 

Moderator temperature 

. Fuel 

Heavy metal loading 

Mean specific power 

Number of control rods 

Coolant channel arrangement 

Coolant channel pitch 

Mean discharge burnup 
(base load operation) 

1179 

3*»5 

0.292 

MW 

KW 
e 

pressure vessel, moderator 
and coolant separated by 
coolant channels 

D20 

2 

115 

253 

10.82 

20 000 

262/296 

180 

bar 

cm 

t/h 

°C 

°C 

natural uranium oxide 
(sintered pellets) 

38.6 

30.5 

27 

trigonal 

27.2 

> 6.0 

t 

MW/tU 

lattice 

cm 

MWd/kgU 

Table 2.1 Overal Tecbnical Specifications of ATUCHA-1 Nuclear 

Power Plant with Pressurized Heavy Water Reactor 
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Fig.2.1 
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Fuel assembly type 

Number of fuel assembl ies in core 

Active l eng th of fue l rods 

Fuel assembly p i t c h 

Fuel rod c l a d d i n g , o u t e r diameter 

Cladding t h i cknes s 

Fuel rod c l a d d i n g , m a t e r i a l 

P e l l e t d iameter 

Uranium oxide d e n s i t y (without d i sh ing) 

C o o l a n t - t o - f u e l volume r a t i o 

Modera tor - to - fue l volume r a t i o 

Fuel assembly heavy metal loading 

37-rod cluster (36 fuel rods, 
1 support rod) arranged in 
3 concentric circles 

2i;3 

530 

27.2 

11.9 

0.55 

Zry-4 

10.6 

10.55 

1.59 

16.8 

152.5 

cm 

cm 

mm 

mm 

mm 

g/cnr 

kg 

Table 2.2 Fael Assembly Specifications for 367 MWg ATUCHA-1 

Power Plant with Pressurized Heavy Water Reactor 
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Fig.2.3 
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3 685 MW,. PHWR Design 

3.1 General 

For the pressure vessel type heavy water reactor maximum achievable 

power production is mainly limited by pressure vessel size. While 

in the case of the ATUCHA-1 power plant the pressure vessel inner 

diameter is about 5-4 m, present day manufacturing experience 

allows a maximum of about 7.4 m. With essentially the same core 

structure used in the ATUCHA-1 power plant the gross electrical 

output can be raised to 685 MW . In fact, no major problems arise 

when the ATUCHA-1 design is suitably adapted to this power level. 

In this chapter, therefore, information is given for* a 685 fW PHWR 

design which can be realized in the immediate future without 

further development needs. 

3.2 System Layout 

Overall technical specifications for the 685 MW 2-loop power plant 

are shown in table 3-1• The core contains 451 coolant channels. The 

, fuel assemblies are principally of the ATUCHA-1 type with the 

support tube replaced by an additional fuel rod. The number of con

trol rods has been reduced to 9 grey and 9 black rods because in 

the cold state the reactor is held subcritical by the soluble boron 

system which rlso serves as a diverse and redundant shut down 

system. Primary coolant pumps and steam generators are taken over 

from standardized 3-loop PWR's. 
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3.3 Fuel Management and Resource Utilization 

The natural uranium fuelled core starts with an excess reactivity 

of several percents at beginning of life which is compensated by 

part of the control rods as well as by some ppm of soluble boron 

admixed to the heavy water. After an initial decrease because of 

fast saturating fission product buildup reactivity reaches a 

Pu-239 formation induced maximum after about 33 full power days 

which is somewhat higher than the initial value. After that, the 

reactivity gradually decreases until at about 125 full power days 

a value of 0.7 % is reached which is necessary for efficient con

trol rod operation and for overriding the xenon peaks in the case 

of load following operation. 

During this first reactor life period reactivity can be gained by 

an appropriate radial reshuffling of fuel assemblies. Those at mean 

core radii with relatively high burnup are exchanged for assemblies 

at the periphery having a low burnup. The associated reactivity 

variations are compensated by control rod movements and changes 

in the boron concentration in the heavy water. At the end of this 

first pei'iod, all boron is removed and refuelling has to start in 

order to provide new reactivity. 

The loading scheme is charaterized by charging the fresh fuel 

assemblies into channels at mean radial position and shuffling the 

partly burnt fuel assemblies to the core center and to the core 

edge respectively. This is the same loading pattern as used in the 

ATUCHA-1 Nuclear Power Plant M/. 

After having discharged two complete core loadings, the equilibrium 

state will be reached. 
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Overal plant 

Reactor thermal output 

Net power station output 

•Net efficiency 

Reactor 

Main design feature 

Coolant and moderator 

Number of coolant loops 

Operating pressure 

Number of coolant channels 
(= number of fuel assemblies) 

Inner diameter of coolant channel 

Coolant flow rate 

Coolant temperature at inlet/outlet 

Moderator temperature 

Fuel 

Heavy metal loading 

Mean specific power 

Number of control rods 

Coolant channel arrangement 

Coolant channel pitch 

Mean discharge burnup 
(load following operation 100/80/100) 

2160 

637 

0.295 

MW 

MW^ 
e 

pressure vessel, moderator 
and coolant separated by 
coolant channels 

D20 

2 

115 

451 

10.82 

37 080 

268/306 

180 

bar 

cm 

t/h 

°C 

°C 

natural uranium oxide 
(sintered pellets) 

70.7 

30.5 

18 

trigonal 

27.2 

7.4 

t 

MW/tU 

lattice 

cm 

MWd/kgU 

Table 3.1 Overall Technical Specifications of 685 MW 

Nuclear Power Plant with Pressurized Heavy Water 

Reactor 
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The on-power refuelling technique yields a very advantageous fuel 

utilization with regard to neutron economy. In the equilibrium 

stats, the positive contribution to the reactivity of the fresh 

fuel is not compensated by boron poisoning but by the negative 

contribution of the partly burnt fuel assemblies. 

The average discharge burnup essentially depends on the reacti

vity reserve, on the heavy water concentration and to a lesser extent 

on the moderator temperature. The design envisaged assumes a heavy 

water concentration of 99.85 % and provides reactivity reserve for 

the load following operation 100/80/100 %. This leads to a target 

discharge exposure of 7.4 MWd/kgU and requires refuelling of 

1.86 fresh fuel assemblies per full power day. 

In table 3.2 additional fuel management data are given as regards 

the quantities of heavy metal and fissile materials loaded and 

discharged as well as natural uranium requirements. It is to be 

noted that these data are nc nalized to an output of 1 GW for the 

initial core and 1 GWe . a for the equilibrium core although the 

reactor considered is of different size. Pig. 3-1 shows the mass 

flows in the once-through fuel cycle. 

As is with all heavy water reactors, natural uranium fuelling does 

not fully exploit their resource utilization potential. Equilibrium 

requirements can be reduced by 20 % if the reactor is fuelled with 

slightly enriched uranium (1.2 w/o U235). Corresponding fuel manage' 

ment data and materials mass flows are shown in table 3«3 and 

Pig. 3.2 resp. Note that in the initial core only 1/3 of the fue: 

assemblies would contain enriched uranium. Average equilibrium 

discharge exposure is roughly three times that of the natural 

uranium fuelled core (20 MWd/kg HM). 
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Initial core: 

Mean fissile enrichment 

Total core heavy metal loading 

Total core fissile material loading 

Natural uranium requirements 

Equilibrium core: 

Fraction of core replaced 

Mean fissile reload enrichment 

Heavy metal charged 

Fissile material charged (U235) 
T T 

Fissile material discharged^^ 
^•Pu 

Average discharge exposure 

Natural uranium requirements 

Fuel composition at discharge: 

Uranium 

• - U235 

- U236 

- U238 

Plutonium 

- Pu239+241 

- Pu240+242 

0.711 

111 
790 
112 

1.86 

0.711 
167 

1188 

351 

423 

7.4 
169 

98.792 

0.210 

0.080 

98.502 

0.378 

0.253 

0.125 

w/o U235 

t/GWa 
e kg/GWe 

tU/GVf e 

FA/d 

w/o U235 

t/GVL, • a 
e kg/GWg • a 

kg/GWg . a 

kg/GWe • a 

MWd/kgU 

tU/GW • a e 

w/o u loaded 

w/o U loaded 

w/o U loaded 

w/o U loaded 

w/o U loaded 

w/o U loaded 

w/o U loaded 

Table 3.2 Fuel Management Data for 635 MW Pressurized Heavy 

Water Reactor Operating on the Natural Uranium 

Once-Through Fuel Cycle 
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169 t i natural uranium (0.711 w/o U235) 

Fuel 

Fabrication 

0.711 w/oU235 

— — — — — 1 % losses 
assumed 

168 t U 

PHWR 

discharge burnup: 

net efficiency 

energy production: 

7.* MWd/kg U 

0.295 

1 GW • a e 

Discharge 

Fuel 

Storage 

Uranium 

kg/GWe • a 

total: 165 181 

fissile: 351 

Plutonium 

kg/GWe • 

total: 

fissile: 

a 
632 

423 

Pig. 3.1 Material Mass Plow in the Once-through Natural Uranium 
Fuel Cycle of a 685 MWe Pressurized Heavy Water Reactor 
normalized to an Energy Production of 1 GW • a in 
the Equilibrium Cycle 
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Initial core: 

Mean fissile enrichment 0.875 

Total core heavy metal loading 111 

Total core fissile material loading 972 

Natural uranium requirements (tails: 0.2/0.25) 150/15** 

Separative work requirements (tails: 0.2/0.25) 26/22 

Equilibrium core: 

Fraction of core replaced 

Mean fissile reload enrichment 

Heavy metal charged 

Fissile material charged (U235) 

Fissile material discharge ^ ^ U 

Pu 

Average discharged exposure 

Natural uranium requirements (tails: 0.2/0.25%) 

Separative work requirements (tails: 0.2/0.25%) 

Fuel composition at discharge: 

Uranium 

- U235 
- U236 

- U238 

Plutonium 

- Pu239+24l 

- Pu240+242 

w/o U235 

t / G We 
kg/GWe 
tU/GW„ 

e 
t SWU/GW, 

0 .69 

1.2 

6 1 . 9 

7^3 

45 

189 

20 

123/130 

44/37 

FA/d 

w/o U235 

t/GWe • a 

kg/GW • a 

kg/GWp • a 

kg/GWe • a 

MWd/kgU 

tU/GVtf • a e 
t SWU/GVT 

9 7 . 2 0 1 

0 .072 

0 .172 

96 .957 

0 .597 

0 .307 

0 .290 

w/o 

w/o 

w/o 

w/o 

w/o 

w/o 

w/o 

u 
u 
U 

U 

U 

U 

U 

l o a d e d 

l o a d e d 

l o a d e d 

l o a d e d 

loaded 

loaded 

loaded 

Table 3.3 Fuel Management Data for 685 MW Pressurized Heavy 

Water Reactor Operating on the Low Enriched Uranium 

Once-Through Fuel Cycle 



- 16 -

130 t 

37 t SWU . 
s epa ra t i ve work 

I na 

1 "• 
natural uranium 

711 w/o U235 

Conversion 

and 

Isotope 

Separation 

1.2 w/o U235 

Fuel 

Fabrication 

r ^ O . 2 5 w/o U235 
\ 

62.5 t U N 
\ 

X
N 0 . 5 % 

_»_——» — ̂  losses 
1 % assumed 

1.2 w/o U235 61.9 tU 

P H ¥ R 

discharge burnup: 20 MWd/kg U 

net efficiency: 0.295 

energy production: 1 GW • a 

Discharge 
Fuel 

Stors tge 

Uranium 

kg/GWe • 

total: 

fissile: 

a 
60 170 

*»5 

Plutonium 

kg/GWe • 

total: 

fissile: 

a 
370 
189 

Fig. 3.2 Materials Mass Flow in the Once-through Low Enriched 
Uranium Fuel Cycle of a 685 MWe Pressurized Heavy Water 
Reactor normalized to an Energy Production of 1 GWg . a 
in the Equilibrium Cycle 
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3.4 Economics 

For the calculation of nuclear fuel cycle costs in the case of 

the once-through fuel cycle considered in this paper an 

assumption on how to handle the back end has to be made. 

However, no final statement on detailed procedures can be made 

at the moment. This implies that no reliable cost estimates for 

the disposal of spent fuel assemblies in the once-through fuel 

cycle are available at the time being. 

Fuel assembly fabrication costs depend on various parameters 

like plant capacity and overall economic conditions in the 

country where the manufacture facility is located. Therefore, 

two different prices for fuel assembly fabrication were assumed 

for the fuel cycle cost calculations (150 and 200 $/kg U). Other 

data assumed are: 

- natural uranium concentrate 40 $/lb U,Og 

- conversion to UFg 4 ?/kg U 

- separative work 100 $/kg SWU 

- tails assay 0.25 

In Fig. 3.3 fuel cycle costs for equilibrium conditions are shown 

as a function of spent fuel disposal costs. The substantial 

advantage of operating a HWR with slightly enriched fuel is evident. 

It should be noted, however, that disposal costs will be somewhat 

higher for the enriched fuel. 

These fuel cycle costs do not contain a heavy water component, 

neither for inventory nor for makeup requirements. At present 

costs of about 200 I/kg D20, heavy water inventory and makeup 

would add about 2 mills/kWh to the total power generation costs. 

As is with all nuclear power stations, plant costs by far dominate 

power generation costs. For the 685 MWQ PHWR design outlined in 

this paper specific plant investment costs without heavy water 

Inventory are estimated to be markedly higher than for currently 

employed LWRs with the main difference coming from different scale. 
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Fig.3.3 

Fuel cycle 
costs 
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I 

LEU-fu«l ( 1 . 2 w/o) 

250 $/kgHM 500 
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Fuel Cycle Costs for 685 MW, Pressurized Heavy Water Reactor Operatino on the Once-Through 
Fuel Cycle vs. Spent Fuel Disposal Costs 
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3.5 Other Aspects 

Additional information which might prove useful for assessing the 

potential of the pressure vessel type heavy water reactor is provid

ed in the following as regards technology status and R+D require

ments, safety and licensing related aspects and environmental 

impact. 

Technology Status and R+D Requirements 

With the extensive operating experience gained with MZPR and che 

ATUCHA-1 power plant and its excellent performance the technical 

feasibility of the pressure vessel type heav? water reactor has 

been clearly demonstrated. This includes the extension to higher 

power station output as envisaged in this paper. Construction of 

a 685 MW power plant can be initiated in the immediate future with-

out further development needs. If the full resource utilization 

potential is to be exploited by refuelling the reactor with slightly 

enriched uranium instead of natural uranium fuel irradiation test 

ing in addition to that already performed with slightly enriched 

uranium in MZPR would be needed in order to confirm that the fuel 

rods of present design stand the higher discharge exposures. The 

corresponding irradiation tests could either be performed at the 

ATUCHA-1 power plant or in the 685 MW plant which, in this case, 

would have to be operated with natural uranium and switched over 

to LEU-fuelling at a later cime. 

Safety and Licensing Related Aspects 

The safety characteristics of the pressure vessel type heavy water 

reactor bear much resemblence to that of a currently used LWR. 

Differences result from the vast amount of high-pressure moderator 

water available, the separation of moderator and coolant by coolant 

channels, the large D-O-inventory, the use of natural uranium fuel 

ana the capability of on-power refuelling. 
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Contrary to the LWR the PHWR does not rely on the steam generators 

to ensure emergency cooling of the reactor core and, thus, requires 

no emergency feedwater system. Instead, the four moderator coolant 

circuits including the residual heat removal chain which both are 

designed as high pressure systems are used for this purpose. 

The separation of coolant and moderator in heavy water reactors 

leads to a positive coolant void coefficient of reactivity. This 

does not impair, however, the safety and accidents characteristics 

of the reactor since shutdown reactivity is provided by fast con

trol rod and soluble boron injection. 

Because of the heavy water inventory tritium production is inherent

ly greater than in the LWR. Special care has to be taken to keep 

personnel exposure below allowed values. As can be concluded from 

the experience with the ATUCHA-1 power plant, this does not present 

a major problem. 

In the case of natural uranium fuelling the moderator and fuel tem

perature coefficients of reactivity are somewhat smaller in magni

tude but are negative enough to provide feedback for re.1 Lable 

reactor control. 

The continuous on-power refuelling method allows early replacement 

of defect fuel assemblies. Radionuclide inventory of the primary 

coolant circuit can, therefore, be held at very low levels. 

Environmental Impact 

The environmental impact of the pressure vessel type heavy water 

reactor is very similar to that of the LWR. Slight differencies 

arise from somewhat lower thermal efficiency resulting in higher 

amounts of waste heat, from higher tritium level and lower radio

nuclide inventory of the primary coolant system as mentioned above, 

and from reduced ore requirements. Due to natural or slightly en

riched uranium fuelling, however, heavy metal reactor throughput 

and the associated waste conditioning and disposal quantities are 

considerably increased. 
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4. Summary and Conclusions: 

This paper deals with the pressurized heavy water reactor which, 

from the neutron economy point of view, offers advantages over the 

light water reactor. Unlike -he Canadian CANDU-PHW3 concept which 

uses pressure tubes in a nearly unpressurized low temperature 

moderator tank, the German development line is based on the pressure 

vessel design where coolant channels and the surrounding moderator 

are held at equal pressuie. This offers the chance of relying on 

the we11-proven LWR technology. 

In 1966, a 50 MW pilot plant (MZFR) of the pressure vessel design 

went into operation at Karlsruhe which showed very satisfactory 

operational behaviour and is still being used for power production 

and district heating purposes. Demonstration plant size was reached 

with the fully commercially operated 367 MH nuclear power plant at 

ATUCHA (CNA-1, Argentina) which went into operation in 1974 and shows 

very good performance as well. 

In addition to presenting data on the ATUCHA-1 power plant, the 

paper addresses the conceptual design of a 685 MW PHWR which 

could be realized without further development needs. Apart from 

the natural uranium fuelling mode, data are given also for 

operating the reactor with slightly enriched uranium (1.2 w/o U235). 

With target discharge exposures of 7.4 MWd/kgU(U -fuel) and 

20 MWd/kgU (enriched fuel) the following resource utilization 

data were found for the equilibrium cycle: 

Natural Uranium (U) 

per GWg.a 

Separative Work per 

GWft.a 

Unat"Fuel 

169 

-

• 

Enriched Fuel 

(1.2 w/o U235) 

130 

37 

calls assay: 0.25 w/o 
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The electrical output of 685 HW , though twice the output of 

ATUCHA-1, is only half the electrical power generation of a 

current 130O MW light water reactor. Due to economies of scale, 

therefore, the specific plant investment costs of the PHWR are 

expected to be markedly higher than for large LWRs. Even when 

compared to LWRs of equal size, the larger dimensions of primary 

systems components as well as the heavy water inventory and the 

auxiliary systems needed for heavy water handling and upgrading, 

will lead to higher investment costs. 

In spite of the higher costs, there might well be some interest in 

the PHWR concept. Especially for countries with sufficient domestic 

uranium resources not wishing to be dependent on import of enrich

ment and other fuel cycle services which, in addition, would draw 

on their foreign exchange reserves, the PHWR with its capability 

to be f.ielled with natural uranium might be a desirable nuclear 

option. 
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