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Outline of Commercial Fugen'Project

1. Introduction

From the early stage of development, Japan's nuclear program has been

strongly involved in the adoption of light water reactors, and they now

dominate the share of nation's nuclear power supply. According to the

long term nuclear programme announced recently, Japan's total nuclear

power will grow to the level of 49,000 MWe by 1985, and it is quite certain

that this amount will be based mostly on LWRs by extension of the present

trend in the next 10 years.

Up to the present time, however, such a development program has been

planned on a pretty optimisticyprospect for future nuclear fuel supply.

Many recent informations tell that the price of natural uranium is escalat-

ing in a rapid pace, and the same is true to enriched uranium. For the

latter problem, only a very few capable countries have enrichment facili-

ties, but their supply capacity does'not seem big enough against growing

world demand. In other words, the nuclear fuel supply in the future is

becoming unknown in terms of both cos t and quantity in the long range time

scale.

Reflecting such an unstable economic situation of future nuclear fuel

supply, the advantage'of teavy water reactors are being emphasized these

days, because of favorable fuel economy resulting from the non-absorbing

physical nature of heavy water. The 165 WEe prototype heavy water reactor

Fugen is now close to its completion, in about a year future. The unique

feature of this reactor is to use plutonium mixed oxide fuel, and it will

probably be the first thermal-neutron reactor designed on the basis of

plutonium recycle. -

The idea of selecting 'such a reactor model came from two reasons

originally, i.e., the effective'utilization of nuclear fuels by plutonium

recycle and the favorable control characteristics expected in the plutonium

fuelled'heavy water reactor. The same philosophy also applies to the

development of the commercial Fugen reactor,and the design study of a

plutonium fuelled 600 MWe FUGEN-ty pe reactor'has been underway since 1975.

In the present schedule, the'whole-conceptual design will be completed by

a 2 year'programme, and the construction will start after gaining

operational experiences 'of prototype FUGEN.
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This report first describes the review of fuel cycle studies for

FUGEN type reactors, which were made for a support of future commercial

FUGEN programme. This result was also presented to the Advanced Reactor

Evaluation Adhoc Committee organized under government sponsorship. The

basic design philosophy of commercial FUGEN reactor will then be discussed

in the later half of this report.

2. Fuel Cycle Studies of FUGEN Type Reactors

A high neutron economy is a common physical character of heavy water

reactors, and because of this physical nature, heavy water reactors are

in an advantageous position for flexible and effective use of nuclear

fuels.

To express the favorable fuel cycle characters of heavy water reactors
1)

in general, the quotation is first made from the OECD-IAEA Report and

the important fuel cycle parameters are compared with the light water

reactors. (Table 1)

In this Table, a reactor noted by HWR is a CANDU-PHW , for which the

following important remarks can be made; i.e., (1) natural uranium inventory

per unit reactor power (Kg NU/Mle) is only 1/3 compared with typical light

water reactors, (2) natural uranium consumption per unit energy (Kg NU/MWe.

Year) is smaller, too, (3) uranium enrichment is not necessary, and (4)

plutonium production per unit energy output is much larger than light water

reactors.

It is pointed out that the previous quotation is for the CANDU-PHW

reactor, and the FUGEN is different in that it is boiling light water cooled

and uses plutonium mixed oxide fuel. In Canada, too, a proposal is being

made for a possible candidate of advanced CANDU system, the boiling light
3)water cooled plutonixpa burning BLW(PB) reactor . The main incentive for

developing the BLW(PB): is the expectation of lower capital cost and lower

unit energy cost. According to the present Canadian estimate3 , the

capital cost of a 1,200 MWe BLW(PB) reactor will be about 17% lower than

that of an equivalent PHW reactor, and the total energy cost will be about

15Z lower on the basis of a once through fuel cycle. Such a conclusion

mostly results from the reduction of a heavy water inventory and the

simplification of a heat transport system.
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Table 1

POWER REACTOR CHARACTERISTICS (FOR. UNITS OF 600-1200 Mele) (Quoted from OECD-IAEA Report)

MM BUM PWR PWR GG AGE HWR HTR. HTR SGHWIR

1970s 19803 1970s 19803 Dragon USA

Thermal efficiency (%) 34 34 33 33 30 42 29 41.7 39 32

Average spec. power in fuel
(CW/k- heavy r etal) 22. 24 38 41 '3.7 12.5 22 91 73 19.7

Initial core: Irradiation level
21. 21 24.4 24.4 8 325 53

(W.M/k t h~avy lmetal) _________ 0-8C) _ _ _ _

Frenh fucl enr. (% U 235) 2.2 2.2 2.63 2.63 Nat. 1.63 Biat. .95 93.15 2.13

Spent fuel enr. (% U 235) 0.77 0.77 0.76 0.76 0.94 30

Inventory: ki nat. U/1lDc 570 519 415 384 900 576 156 175 307 655

-kg SW/Mle 31I0' 281 250 232 253 147 351 '355

(0.25 tails assay).:
kg Pu(E)/MSe . ;

Pu(E) produced (g/M~ie yr) 296- 296 346 346 512 141

Replacement loadings: Irradia-
tion level (IWd/kg heavy metal) 27.5 27.5 33 33 4 18 9.6 77 93.5 21

Fresh fuel enr. (% U 235) 2.56 2.56 3.19 3.19 Nat. 2.23 Nat. 6.36 93.15 2.11

Spent fuel enr. (% U2235)- 0.75 0.75 0.84 0.84 0.4 0.81 0.83 30 0.63

Net consumption: ' ''' ' 1 I
kg nat. U/Mfie-yr ) 157' 157 175 175 300 150 131 136 88 177

kg SW/MWe-yr 115 115 138 138 - 109 _ 122 95 121

0.25-tails assay) '

Pu(E) produced (g/MWe yr) 248 248 269 269 595 181 440 115 (U233) 259

Operating time to reach ,

equilibrium (yr)4 4 3 3 3 4 7 5 4.5

I,

1) 1 MWe-yr = 8760 MWh. F:
are based on credits de]

2) Depteted uranium.

igures are based on instantaneous credit for spent fuel.
Layed by times shown in Table 10.

3) Depends on position.

Demands in this report

4) Al]Lows for reprocessing losses and, where appropriate, for the decay of Pu 241.

NOTE: All plutonium figures are expressed in equivalent grams Pu 239, i.e. in Pu(E) for use in FBRs,

'applying the following "worth factors": 239 x 1.00; 240 x 0.18; 241 x 1.53; 242 x 0.08.



To evaluate an advantage of commercial FUGEN fuel cycle, the burn up

calculations have been made for various fuel types, and some of the im-

portant fuel cycle parameters were compared with the light water reactors.

The following fuel types have been considered for this purpose, i.e.,

(1) Plutonium - natural uranium mixed oxide

(2) Plutonium - depleted uranium mixed oxide

(3) Plutonium - natural-uranium - thorium mixed oxide

(4) Slightly enriched uranium oxide

The reason for picking up these fuel types, came from an incentive to

show the flexibly of fuel use in FUGEN type reactor, including depleted

uranium and thorium. For calculations, a 54 fuel pin bundle standard.

lattice was employed, and its lattice parameters are shown in Table 2.

Table 2

Reactor Model for FUGEN Fuel Cycle Evaluation

Thermal power (MWt) 3,440

Heat efficiency (%) 32

Core diameter (Cm) 749.0

Core height (Cm) 450.0

Fuel pellet dia. (Cm) 1.07

Maximum linear heat rate (KW/ft) 13.4

Number of pressure tubes 652

Pressure tube I.D. (Cut) 13.0

Number of fuel pins in an-assembly 54

Ring array, lst/2nd/3rd/4th ring = 0/12/18/24

Fuel enrichment:

(1) Pu-NU mixed oxide;

Nu + 1.0 w/o fissile Pu, 1.3% fissile Pu, 1.5% fissile Pu.

(2) Pu-DU mixed oxide;

DU + 1.5 w/o fissile Pu, 1.7 w/o fissile Pu, 2.0 w/o fissile Pu.

(3) Pu-NU-Th mixed oxide;

A j Inner 2 rings NU + 2 w/o fissile Pu

outer ring 68% NU + 2 w/o fissile Pu + 30 w/o Th

B jInner 2 rings NU + 4 w/o fissile Pu

touter ring 46% NU + 4 w/o fissile Pu + 50 w/o Th

(4) EU oxide;

1.5% EU, 2.0 w/o EU
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In this calculational study, the fuel enrichment is not graded in a

bundle except in Pu-NU-Th fuels for which 30% or 50% Th-oxide is contained

in the outer ring only. Naturally, local power peaking becomes prominent

when the listed enrichments are uniformly given without grading in a bundle.

The problem of local power flattening will be con sidered and adjusted in

detail in the later design study, but presently the emphasis is on the

evaluation of fuel cycle parameters. The calculations were made by
4Methuselah-II ), a nuclear design code suitable for such survey calculations.

The fuel cycle parameters evaluated in these calculations are; fuel

burn up (MWD/T), natural uranium consumption (Kg NU/MWe.Year), plutonium

loading (gr fissile Pu/MWe.Year), plutonium recovery (gr fissile Pu/Mwe.Year,

and gr fissile Pu/Kg NU), requirement of uranium enrichment service

(Kg SWU/MWe.Year), and reprocessing (Kg oxide/lWe.Year).

The results of calculations are summarized in Table 3 together with

the case of light water reactors, whereas the latter was mostly quoted
5)from WASH report and converted for the same units. In these calculations,

80% of load factor is applied to all cases, meaning that each MWe.Year

unit is actually 80% of its nominal value. It is also pointed out that

the evaluations for FUGEN are based on an on-load refuelling system. If

the off-load 8 batch refuelling method is employed for example, the burn

up rate will be reduced by about 10%, and the other .parameters will also

deteriorate by about the same rate, but still keeps high standard compared

with the light water reactors.

Some of the basic conclusions obtained from these fuel cycle studies

are briefly summarized as follows.

Burn up and fuel types:

(1) Flexibility for fuel choice is an important characteristic of FUGEN.

With a little more plutonium enrichment, use of depleted uranium might

be possible as well as natural uranium. On the other hand, enriched

uranium may be used if the plutonium supply becomes insufficient. It

is also pointed out that the expectation is large for realizing

plutonium-thorium cycle in FUGEN type reactors, although it might be

a further future problem.

(2) In FUG1E, about 30,000 MWD/T of burn up will be obtained by using a

fuel of 2.0% fissile content whether uranium or plutonium, whereas

the burn up of BWR is only 27,400 MWD/T with 2.65% enriched uranium.

This difference will contribute to the saving of natural uranium

consumption.
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Table 3 Fuel Cycle Parameters.. -

NU (4) Fissile
Burnup Con- Pu Fissile Pu recovery SWU Reprocess

Reactor Model 2WD/nu sumption Loading Kg SWU/ Kg Oxide
KRg IM/ gr Puf gr Put gr Put *Mwe.Y /IfWe.Y

MWe.Y HWe.Y I9?e.Y Kg NU

FUCGE Pu Burner

NM+l.O% Pu (type A) 1 ) 22,L50 40.2 406 186 4.63 0 46.2

" 1.3 " 28,120 32.0 422 156 4.88 0 36.8

" 1.5 ' 31,750 28.4 431 141 4.96 0 32.7

NU+1.0% Pu (type B)(1) 23,130 39.1 395 182 4.66 0 44.8

1.3 " 28,800 31.3 412 153 4.88 0 35.9

" 1.5 " 32,660 27.5 419 137 4.97 0 31.7

FUGEN.Pu Burner

DU+1.5% Pu (type A)' 23,800 0 574 204 - 0 43.4

" 1.7 " 27,450 0 566 180 _ 0 37.7

2.0 " 32,900 0 555 153 - 0 31.5

FUGEN Pu Burner(2)

NU + 2% Pu + 302 Th 31,300 24.7 506 166 6.73 0 33.0

NU + 4% Pu + 50% Th 52,400 13.0 536 113 8.65 0 19.8

FUGEN EU Burner

1.5% EU 19,060 142.4 (3) 0 171 1.20 45.0 54.2

2.0 30,400 124.2 0 112 0.90 51.0 34.0

LU R (6)(7)

B W R 27,500 145.6 0 184 1.26 88.8 35.4
(184.6)

P W R 32,600 154.6 0 190 1.23 99.1 30.8
(192.2)

(1) Type A, B show the plutonium isotopic composition.

239Pu240 2 4 u/ 2 42 Pu : Type A, 75/20/5/0; Type B, 58/24/14/4

(2) Thorium is contained in the outermost ring only.

(3) Enrichment tail : 0.3 X

(4) Depleted U from spent fuel : not recovered for FLUGEI,
recovered or (not recovered) for LItR.

(5) MWe.Year is actually 80% of its nominal vatue.

(6) Thermal efficiency : FUGEI 32% BUR 33% P1R 34%

(7) Data for LUR were from WASU-1139 (74)



(3) As for the utilization of depleted uranium, it might be considered

just the same way as the case of Pu-NU mixed oxided fuel, but with

an additional 0.4 - 0.5 w/o plittonium enrichment. If the price of

plutonium becomes low enough, this might become attractive and no

technical difficulty is expected beyond the engineering of Pu-NI.

fuel cycle.

(4) For utilization of thorium fuel, the initial approach will be a once-

through-cycle together with use of plutonium and natural uranium.

The main purposes in such a fuel cycle are to save natural uranium,

and to control power peaking. To attain higher, conversion of thorium,

it is generally preferred to have high exposure and this determines

enrichment condition. If reprocessing and 2 33U recycle would become

economically viable, the thorium fuel cycle will attract a major

concern in the future FUGEN projects.

Natural uranium consumption:' :

(1) The rates of natural uranium consumption have been evaluated for each

MWe.Year of energy generation, where a MWe.Year is actually the 80%

of its nominal value considering the load factor. In general, the

consumption rate is much smaller in FUGEN, where plutonium enrichment

greatly contributes to this saving.

(2) The uranium consumption rates'in light water reactors are shown in

two cases whether irradiated uranium is recovered or not. The rates

are in the range of 145 - 192 Kg NU/MWe.Year, but for FUGEN plutonium

burners they are only'a' quarter values and in the range of 30 - 40

Kg NU/MWe.Year. This difference is of course the result of effective

plutonium burning in FUGEN, whereas in the light water reactors an

additional uranium has to be wasted as enrichment tails.

Plutonium loading-and recovery'

(1) The fissile plutonium loading for each MWe.Year in FUGEN Pu burners

is around 400 gr, and it does not change very much with increasing

enrichment. The reason for that is the higher burnup for the

higher enrichment. In those fuels utilizing depleted uranium or

thorium, the fissile plutonium loading would become a bit large up

to around 550 gr/MWe;Year. -

(2) As for the fissile plutonium'recovery, the FUGEN Pu burners will

yield about'140- 190 gr/MWe.Year, while the values for light water
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reactors are little larger and in the range of 180 - 190 gr/MWe.Year.

It appears to be a contradition for FUGEN since having a better

neutron economy, but it is a result of efficient burning of converted

plutonium within one fuel cycle. However, its recovery rate becomes

large for the lower enrichment cycle, and it will exceed the values

of light water reactors when the initial plutonium enrichment becomes

below 1.0 w/o.

Uranium enrichment requirement:

For the FUGEN Pu burners, the uranium enrichment is not required at

all. In the FUGEN EU burners, requirement for enrichment service will

become about half of the light water reactos for each MWe.Year of energy

generation.

Spent fuel discharge:

Spent fuel discharge amount is equal to the reprocessing quantity.

It does not depend very much on the reactor types, but rather depends on

the fuel burn up. Hence, if the FUGEN aims .to attain the same fuel burn

up as the light water reactors, the amount of spent fuel reprocessing will

be of the same level as the LWRs.

Uranium utilization factor:

The last parameters to be evaluated is the "natural uranium utilization

factor" given by the following definition,

NUF Wt. of loaded uranium - Wt. of discharged uranium
Wt. of required natural uranium

The utilization factor defined in this manner takes the 238U destructions

into account as an efficient use, since most of the 238U destructions would

anyhow convert to 239Pu. The calculated NUTs are shown in Fig. 1 for each

reactor type, and the values are pretty high for the FUGEN Pu burners in

the range of 2.0 -3.0Z. For the FUGEN EU burners, they are in the range

1.0 - 1.2% but still keep about 1.5 times higher values from the light

water reactors. It is also noted that the NUF tends to increase with

increasing enrichment (either plutonium or uranium), where this is resulted

from a large exposure in a more enriched system.

All these fuel cycle parameters are given in a common philosophy to

indicate the "effective fuel utilization", but only evaluated from dif-

ferent aspects. In the next step, the authors would like quote some of

the previous works indicating the "effective fuel utilization"
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of the heavy water reactors in the world. Shown in Table 4 are the results

of calculational studies made by many authors, giving expected increase

of fuel burn up for each 0.1i incremental addition of fissile enrichment.

In this result, the increase of fuel burnup is in the range of 2,000 -

2,700 MWD/T/0.1% enrichment for most of the heavy water reactors, which

is again found much higher than the light water reactors.

Table 4

Improvement of Fuel Burn Up by 0.1%. Fsi.. e Matria
of Fissile Material

Enrichment

Reactors Fissile Burn Up Data SourceIsotopes- Increase

'233
CANDU-PHW U 2,756 M1D/T AECL-2290

235
U 2,295

Fissile Pu 2,300

CANDU-BLW U235 2,673 " Calculated by
Shindo (JAERI)

SGHWR - 2,745

EL-4 U 2,880 " Calculated by
S. Yasukawa (JAERI)

Fissile Pu 2,340

Fugen U 2,475 " PNC Design Study

Fissile Pu ;2,300 " *

C-Fugen Model UU 2,210 " PNC Design Study

(1,100 MWe) Fissile Pu 1,925 "

LWR (BWR) U 1,200-1,500 PNC Calculation
10 MWD/T

Fissile Pu 1,000-1,400 I

MWD/T

: , '
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3. The Role of Plutonium Recycle in FUGEN Type Reactors

As discussed in Chapter 2, the flexibility and effective use of fuels

are the two important characters of the FUGEN type reactor. To consider

the plutonium recycle, however, problems of plutonium balance and cycle

cost have to be evaluated carefully so that its feasibility might be

visualized from technical and economic aspects.

On the other hand, the long term nuclear programme in Japan forecasts

that the total nuclear power will reach to 49,000 MWe by the years 1985.

If such an amount of nuclear power is supplied by light water reactors

only, the fissile plutonium build up is simply calculated from Table 3,

and it will be well over 9 tons/year in 1985. The rate of build up in the

later years will be much greater depending on the further expansion

programme of the future. It is emphasized elsewhere that fast breeders

will require a big amount of plutonium when they are commercially introduced.

However, it is quite uncertain as to when the fast breeders will become

commercially feasible.

According to the recent announcement by ERDA, the United States is

only prepared to guarantee the supply of all the enriched uranium for

which the contracts were made prior to June 1974; but for some of the

later contracts, plutonium recycle would be required for a purchase

condition. This is a reflection of the worldwide movements to save uranium

resource, and at the same time indicates a difficult situation for the

future enriched uranium market.

At this point, it is emphasized that FUGEN type reactors have more

advantages if plutonium recycle is anyhow required in any thermal neutron

reactors. To carry out plutonium recycle in FUGEN type reactors, two

approaches might be considered, i.e., plutonium self sustaining cycle and

plutonium burning cycle. When the former is considered, the amount of

recycling plutonium fuel is quite limited due to the limit of plutonium

recovery from the spent fuel. Because of this reason, the self sustaining

cycle in FUGEN type reactors will allow only average of 0.4% plutonium

enrichment by recycle. On the other hand, the reprocessing cost of spent

fuels depends directly on the amount of oxide fuel, and this makes the

fuel cost to become expensive in the plutonium self sustaining cycle.

On this aspect, one can expect a better fuel economy when higher burnup

is obtained with more enrichment. In this case, the plutonium fuel would

be obtained from any possible sources, and the reactor would be charater-

ized as a plutonium burner.
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The calculational studies made on such a fuel cycle cost is quoted

from the previous work6) and shown in Fig. 2, where three plutonium prices,

12.28$, 9.28$, 6.28$/gr fissile, and two fabrication costs, 48$ and 96$/

Kg Metal, were assumed.

A....241, Am ith halolifAmong plutonium isotopes, 2Pu f -decays to Am with a half life

of 15 years. This means that a long time storage of plutonium fuel

results in many undesirable effects to fuel characters. Also, the "storage"

is not an easy problem by itself both from technical and economic'reasons.

All these problems requires us effective use of plutonium fuel under an

optimum storage" plan.

At present, many unknown factors restrict an accurate forecast of

plutonium utilization in the future. Such factors are (1) uncertainty

of nuclear power growth -including commercial introduction of fast

breeders, (2) uncertainty-of future uranium supply and enrichment service

'.Cost, and (3) uncertainty of spent fuel reprocessing.cost for plutonium

lrecovery. Accordingly, the recycle of plutonium in FUGEN type reactors

might be considered in either self-sustaining or burning cycle dependipng

on the social and economic backgrounds of future nuclear fuel supply,

since "flexibility" is the one major character of the FUGEN.

Since 1975, check and review for all the advanced type reactors have

been made by the Advanced Reactor Evaluation Committee, an adhoc committee

sponsored by the government. The committee took up four reactor types,

i.e., LWR, FBR, HTGR and FUGEN;,and gave recommendation that FUGEN would be

a plutonium burner considering the long term fuel cycle in Japan. The

outline of.this recommendation is briefly described in the following.

Significance of FUGEN Project from the aspect of stable

energy supply: -

(1) The demand for electric power will grow as ever before, in which

nuclear power is expected to occupy a greater share. The present

world economic situation is adding a new difficulty to secure the

nuclear fuel resources.

(2) The uranium reserves might increase to some extent by the continuing

effort of exploration, but to secure the cheap enough uranium is a

different problem.

(3) In the United States, too, enriched uranium supply will be in a

shortage after 1980, and the U.S. will not necessary guarnatee the

- 11 -



future enriched uranium supply. Also, plutonium recycle in LWR is

becoming a requirement for purchasing enriched uranium. In many

countries other than the U.S., the effort is made to build new

enrichment plants, but nobody is yet able to give the accurate

estimate of enrichment service cost.

(4) If the commercial FUGEN plutonium burners are introduced on schedule

after 1985, it would save 30,000 tons of natural uranium, and cut

down the demand of enrichment service by about 20% prior to 1990

when a first commercial FBR is expected to start its operation.

In this case, about 50 tons of plutonium reserve would be cut down

contributing to the reduction of economic burden for storage and

physical protection.

(5) If the full scale commercialization of FBR is realized in some

future time, the plutonium fuel might be in a short of supply.

In such a situation, the FUGEN will be able to use enriched uranium

fuel but at lower enrichment than the LWRs. The rate of plutonium

recovery in this case can be maintained at the same level or even

better than the LWRs, and the demand for the enrichment service

will be only half that of the LIRs.

(6) From the experience of the prototype FUGEN development, it is

concluded that the heavy water moderated, boiling light water cooled

reactor is a promising system, for (i) effective use of plutonium

and natural uranium will be achieved, (ii) early commercialization

can be expected, and (iii) development is on the extension of the

prototype FUGEN.

(7) Primary proposal is a plutonium burner, but slightly enriched uranium

can also be used depending on the stituation of plutonium balance.

No particular difficulty is expected to use enriched uranium in a

reactor originally designed as a plutonium burner.

- 12 -



4. Primary Proposal for Commercial: FUGEN Development

Based on the overall background discussed'in the previous chapters,

the design study of a 600 MWe FUGEN has been on progress since 1975. Its

unit power was determined by considering a reasonable scale up from the

165 MWe prototype FUGEN, and it 'continues on to be a plutonium burner.

The high fissile plutonium enrichment, 1.65-1.80% is being considered to

attain fuel burnup of 30,000 MWD/T, which is about the same level as the

light water reactors.

The important change from the prototype FUGEN is an employment of

off-power refuelling system. In an on-power refuelling system, a more

sophisticated refuelling facility would'become necessary especially for a

vertical tube type reactor. *With an employment of off-power batch re-

fuelling method, some amount of fuel burnup has to be sacrificed. When

these two handicaps were compared with respect to energy cost, it was

found that they were about equal and the decision was made to avoid a

technical sophistication. It is noted that the same conclusion was also

given in the design philosophy of SGHWR refuelling system.7)

The outline of nuclear design criteria is briefly shown in Table 4,

for which the detailed discussions are made by R. Takeda, Design Study of

Commercial Fugen Type Power Reactor (Part I). The proposed schedule of

the Commercial FUGEN programme is shown in Table 6, which'consists of

conceptual design (Phase 1), detailed design and construction (Phase II).

The conceptual design has been already started since August 1975, and will

be completed'by the end of 1977 taking four design steps. The final

detailed design is scheduled to start in 1978, but the start up of actual

construction will have to wait 2 years of prototype FUGEN operation. The

2 year schedule for Phase I is already committed, whereas Phase II is

presently still tentative. However, the programme is a very promising one

and the more definite action will be taken in a close future.
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Table 5

Design Criteria of Commercial FUGEN Reactor

Fundamental Plan:

Type : Heavy water moderated, boiling light water cooled,
vertical pressure tube type

Power: 600 1MWe, 2,000 MWth

Fuel : Pu mixed oxide (Pu burner)

Basic Engineering Criteria:

Maximum linear heat density

Minimum critical heat flux ratio:

Power coefficient

Void coefficient

Refuelling method

Lattice form studied

1-

13.4 KW/ft 1'. -
12 I - |atb

1.9

negative

negative or around zero

off power, and from the core top

square, rectangular, and
ring array

(1)

(2)

(3)

(4)

Priority of Design Target:

Easy structure for manufacturing and maintenance

High stability in reactor control

Lower power peaking (= power flattening)

High fuel economy

Pressure Tube Arrangement:

(1) Moderator to fuel volume ratio is determined from the void coefficient
requirement

(2) Large lattice pitch is preferred as long as the nuclear design permits,
for easy manufacturing and maintenance

(3) Square, rectangular and ring array lattices are studied

(4) A large fuel assembly is preferred to save off load refuelling time.
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Fuel assembly and lattice parameters:

Fuel pellet diameter

Cladding tube I.D.

Cladding thickness

Number of fuel pins

Minimum fuel pin gap

Pressure tube I.D.

Pressure tube thickness:

Gas annulus thickness

Calandria tube I.D.

Calandria tube thickness

Lattice pitch (in square lattice):

Pu (fissile) enrichment 1

10.5 mm

10.72 mm

0.86 mm

60 or 54

2.1 mm

132.8 mm

4.8 mm

19.7 m

181.8 mm

2.0 mm

265.0 mm

w/o, 1.80 w/o1.65

Fuel pin arrangement: ring array

Pitch circle radius

(*) 1st ring: 14.54

2nd ring: 28.09 mm

3rd ring: 42.31 =

4th ring: 56.69 mm

(*) 1st ring becomes a water channnel in a 54 pin assembly.

Refuelling System:

(1) No Shuffling

(i) to avoid any mechanical trouble,

(ii) to shorten the refuelling time, and

(iii) to keep a better fuel condition.

(2) Off power refuelling system with

(i) refuelling shut down twice a year, and

(ii) 8 batch refuelling.

(3) Burn up: average 30,000 MWD/T
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Table 6 SCHEDULE OF COMMERCIAL FUGEN DEVELOPMENT

HEAVY WATER REACTOR DEVELOPMENT
PROJECT, PNC

P h a s e IP h a s e II
Classification of Job

Conccptual Design Construction of Proposed Plant

Organization in Charge P N C Not Determined R e n a r k a

Fiscal TYear
( Mac) 1975 1976 1977 1978 1979 1980

Step 1 Establishment Discussion of basic criteria

of Plant Characteristics Initial study of reactor structure

and Design Basis and nuclear design

Step 2 Conceptual design with emphasis

Conceptual Design 1 on reacter proper and adju3tment
of the results of step 1

Step 3 Overall conceptual design of

Conceptual Design 2 nuclear power plant

Step 4 Complete conceptual design with

Conceptual Design 3 minor adjustment through rtep
1, 2 and 3

Proposed Schedule Detail Design Construction Construction of commercial plant

of ck & Review Start will be started after more than

Commercial Fugen type cr itwo years experience of prototype

Power Plant Government Safety Evaluation "Fugen" operation

_______________ ~ ~ ~ ~ '---___ -1-_ -- '__ _ _ __ _ __ _
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