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Data are considered on the contribution of nuclear power plants with RBE

reactors (Chernobyl-type nuclear power plants) to the production of

electrical energy in the Russian Federation and the former USSR in 1991 and

in previous years. Their operating characteristics are analyzed: annual

energy production; unplanned shutdowns; annual and cumulative installed

capacity utilization f actors (ICUF) (EIUH]. A comparative analysis is made

of the characteristics of nuclear power plants with RBE and with VVER

!
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reactors and of those of foreign nuclear power plants. The economic effect~

of operation 'of power units with REE is assessed. An overview is' offered of

means of financ.tng their redesign and modernir.ation. Renovation of nuclear ]
'!

power plants with RBE reactors through gradual replacement of their

f acilities with EER-800 channel-type water-graphite reactors is examined.
,

;

Tables 6, Tig. 2, list of reterences 4 - Technicoeconomic specifications of

nuclear power plants with RBE reactors -(1991 and the future).

Scientific Research and Design Institute

of Power Engineering (SRDIPE), 1992
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1. DTTRCDUCTION

The post-Chernobyl period in the nuclear power industry has been

characterized by an increasingly negative attitude toward it on the part of

the scientific and technical community, particularly toward one of the two

msin trends in the nuclear power industry in the former USSR: nuclear power

plants with RBE (Chernobyl-type) reactors.

During the years since the accident at Chernobyl its causes have been

thoroughly analyzed (1), and the measures that have been taken to increase

the saf ety of RBE reactors have completely eliminated the possibility of

recurrence of an accident according to the Chernobyl scenario, which involved

instantaneous neutron runaway, i.e., the release of significant quantities of

radioactivity. The redesign and modernization of nuclear power plants with

RBE reactors is continuing. Nevertheless, the prejudice remains against

them. and against channel-type water-graphite reactors in general, and

decommissioning of some active power units ahead of schedule is being

considered. The latter possibility, clearly, does not take into account the

economic and social problems associated with such a decision.

The lov level of domestic general industrial technology and product

quality as compared with the level abroad is not a secret nov. This problem,

which the entire country shares, could not but affeet reactor engineering,

including nuclear power plants with RBE reactors. Vithin the nuclear power

industry this problem must obviously be solved expeditiously, because this

-. - - . ..
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branch of industry poses a potential danger. Nevertheless, under existing

conditions, given the existing quality of general industrial equipment,

nuclear power plants with RBE reactors are demonstrably saf e and of f er high

operating characteristics at both domestic and worldwide levels. This is the

result, above all, of several good design qualities of RBE reactors, and is

to the credit of the highly skilled operating personnel of nuclear power
plants.

This work presents data on the contribution of nuclear power plants

with RBE reactors to the nuclear power industry and to electrical

energetics, their operating characteristics in 1991 and in the preceding

years, and considers certain technicoeconomic aspects of their future

operation.

2. CONTRIBUTION OF NUCLEAR POWER PLANTS VITH RBE REACWR5

% ELECTRICAL ENERGY PRODUCTION

In 1991 the production of electrical energy in the Russian Federation

(RF) vas:

at thernoelectric power plants - 759,450 billion kV/hr (72.54%);

at hydroelectric power plants 167,574 billion kV/hr (16.0%);-

at nuclear power plants - 119,984 billion kV/hr (11.46%);

Total: 1,047,011 billion kV/hr (100%)

>
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Of all of the electrical energy produced in 1991 at thermoelectric

power plants, the greater part (60X) fell to natural gas: 150 billion m3 av

20X of the yield of natural gas in the Russian Fedcration. 172 million tons

cend. fuel gas, 46 million tons cord. fuel oil and 93 million tons cond. fuel

coal vere burned.

In 1990 58.9% of all energy produced in the f ormer USSR was produced in

the Russian Federation (there are no data f or the USSR f or 1991), which

comprised 1,017,042 bil. kV/hr.

In 1991 the production of electrical cargy in the Russian Federation

increased by 2.95% in all over 1990, productica by nuclear power plants by
1. 4N. However, the proportion of nuclear power plants in the production of

electrical energy decreased by 1.4X (relative). It can be said that against

the background of general economic breakdown these indicators are not bad.

_

Hine of the fif teen nuclear never clants active in the f ormer USSR are

located in the Russian Federation. havira total installed caDacity of 20242
W Four nuclear cover olants house thirteen never units vith cressurized

vater reactors (WER). vith a total caoacity of 8594 MV ard eleven novg

units with RBMK reactors and installed caracity of 11.000 MV are installed et

three nuclear Dever clants. (9,800 W vhen taking into count administrative

underestination of nuclear power plant capacity); the Beloyarskaya NPP has

one power unit with a 600 MV capacity fast breeder reactor, and the

!
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Bilibinskaya NTEP has f our EGP (expansion not knovn] power units with a total

capacity of 48 MV.

The contribution of nuclear Dover Diants to the production of

electrical energy in the Russian Federation in 1991 (11.46%), as-in the

preceding years, was significantly lover than in industrialized countries

where nuclear power is being developed. For example, in 1991 it was

approximately 76% in France, 35% on average in the EEC countries, and

approximately 20% in the United States. However, in the most industrially

developed regions of the Russian Federation the percentage of electrical

energy produced at nuclear power plants van significantly above average:

16.7% f or the Volga Unified Energy System (UES) [0ES) .(nuclear power plants

with VVER reactors); 21.7% f or- the Central UES-(contributions of nuclear

power plants with VVER and RBE reactors 33 and- 67%, respectively); 33.1X f or

the North-Vest UES (contributions of nuclear power plants with VVER-and RBE-:

34 and 66%).

In the Russian Federation as a whole'in' 1991 the contribution of

nuclear never clants with reactors of dif f erent types to the production of

electrical energy vas:

- nuclear power plants with VVER - 41% (45% capacity);

- nuclear never niants with RBE - 55.7% (51.5% caracity);

- other nuclear power plants 3. 3% (3. 5% capacity).-
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The percentage of electrical energy produced at nuclear power plants in

the f orner USSR in pover units of various- types was:

- nuclear power plants with VVER 44.8%;-

- nucelar power plants with RBE 68%;-

- other nuclear power plants - 100%.

Data on the production of electrical energy at nuclear power plants in

the Russian Federation and the former USSR in 1991 are given in Table 1.

In the last five years (since 1987) eleven nuclear power plant power

units were brought to nominal capacity (7 units in 1987, i unit in 1988, 2
,

units in 1989.1 unit in 1990, none in 1991), with total installed capacity
of 11500 W.

Of those, two units vere at nuclear power plants with RBE: at

Ignalinsk NPP (RBE-1500,1987) and Smolensk NPP (RBE-1000,1990).

Nine units vere commissioned at nuclear power plants with VVER. two

units at Balakovskaya NPP (1987, 1988); three units at Zaporor.hets NPP -(1987,

1987, 1989), and one unit each at Kalinin, Rovno, Ihnel'nitskaya and South'-

Ukraine NPP (1987,1987,1989),1

Thus, of the total capacity of nuclear power plants commissioned in the

last five years, approximately 35X vere in the Russian Federation. Of those,
I

i~
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in turn. only 9.0% is at nuclear power plants with RBE reactors, the rest.

being at nuclear power plants with VVER.

Table 1-

NPP in Russian Federation (RF) Other NPP -(Ukraine, Lithuania)

NPP vith RBE reactors

Kursk "!2966 Chernebyl 14478
Leningrad 23109 Ignalinsk 17000
Smolensk 20707

Total, RF: -66782 Total, others: 314*/8

Total NPP vith RBE reactors: 98260 (68X in RF)

NPP vith VVER reactors-
,

__

Balakovskaya 15462 South Ukraine 16716
Kalinin 11779 Rovno 11389-
Kola 11968 Zaporor.hets 27084f

Novovoronerh 10038 Ihnel'nitskiy 5472

Tota 1. RE: 49247- iTotal. Others: 60661-

50TE NPP with VVER reactors: 109910 (44.8x in RF)

NPP vith non-serial reactors

Beloyarsk 3670

Bilibinskaya 295

Total, RE: 3965

70TE NPP in RT: 119990 'IOTE, others: 92139

TOTE: 212,080

. _. - . - _ - . - ~ . . _ _ _
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The commissioning of nuclear power plant power units during those years I

reduced somerbat the proportion of production by nuclear power plants with

RBE in the total energy balance of nuclear power plants in the forner USSR

(Table 2).

At the same time, when assessing the the contribution of nuclear power

plants of dif f erent types to-energy production two indicators should be kept

in mind: the percentage of electrical energy produced and the percentage in

total capacity. These indicators (considering the regulated capacity of

RBE) f or all nuclear power plants of the f orner USSR in 1991 vere:

nuclear power plants with VVER:-

percentage of electrical energy 51.8%, percentage of capacity - 56%:

nuclear power plants with RsE:-

percentage of electrical energy 46.3%, percentage of capacity -

42.3%;

other nuclear power plants.-

percentage of electrical energy 1.9%, percentage of- capacity - 1.7%.

These indicators permit one to draw the folloving conclusions

concerning the role of nuclear cover elents with REE reactors As comparect

vith nuclear cover clants with VVER reactors in the Russian Federation; aiven

14% arester caoacity they have 36% arester enercy oroduction. For all

..
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nuclear nover Diants of the forner USSR: civen 24% less eseacity they have -

only 10,6% less enerev troduction.

'lhble 2
Production of electrical energy at nuclear power plants of the forner USSR in

1987-1991 (U T/hr).

Type 1987 1988 1989 1990 1991
of

reactor W/hr % W/hr X W/hr X W/hr X W/hr %

RBMX 91.0 48.7 103.8 48.1 104.2 49.0 101.5 48.0 98.2 46.3
1000,1500

WER 88,2 47.2 104.3 48,4 101,3 47.6 106.2 50.2 109.9 51.8
440.1000

All NPP 186.9 100 215.7 100 212.6 100 211.5 100 212.1 100

3. OPERATING CHARACTERISTICS OF NUCLEAR POWER PLANTS VITH RBMX

REACTORS

In accordance with accepted recordkeeping practices, active power

plants have been compared on the basis of cost of electrical energy. Utan

cost values of electrical enercy for nuclear cover niants ard thermoelectric

clants f rom 1981 throuch 1990 weiched f or annual electrical enerov

Droduction. vere 0. 96 and 0. 94 konecks/ kwhr. i. e. accroximately ecual.
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Hggn cost of electrical engrav f or the decade at nuclear cover clants vith

RBE reactors was 15V lover than at nuclear cover clants with VVEP.

This ratio vas the result of lover canital investment in cover units
vith RBE reactors and hiaher imtalled caeacity utilization f actors (ICUF)

UIUM1

Since 1991, in connection with the transition to market relations, the

change in economic methods, the lack of stable prices and hyperinflation, the

cost of electrical energy as an indicator of comparative economic

etfectiveness has become increasingly meaningless.

Under these conditions, a technicoeconomic analysis of active nuclear

power plants should be based, above all, on a set of economic indicators:

ICUT, the number of violations in operation (with ana3ysis of their causes),
underproduction of electrical energy, and so on.

Table 3 presents the values of production of electrical energy and ICUT

of all power units at nuclear power plants with RBE in 1990 and 1991,

cumulative (f rom the moment of power startup to the end of 1991) values of

ICUT, and mean arithmetic and mean values of ICUF, weighted f or capacity, f or
all power units with RBE reactors.

--
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Operating. indicators of nuclear power plants with RBlfI reactors in 1990-1991

NPP Unat Date Installed 1990 1991 Total Cumulative
2(Country) of ca pa city /

..
..

Produe- ICUT ),
power r e gu la- Produc- ICUPl3. - Produc- ! CUP'8 taon %

startup ted cap., taon % taen % of
oWxhr of of elec.

elec, elec. energy
energy, energy. as of
GWxhr GWxhr end 1991.

GWxhr

Lenan9taa 1 12.21.73 1000/10033 0) 0 4367.5 71.2 105066.0 68.25

(ET) 2 07.15.75 1000/70033 6606.4 90.6 4936.3 80.5 109242.0 77.9
3 12.07.70 1000 8203.9 93.7 7100.5 81.1 85719.3 81.1
4 02.09.91 1000 8452.8 96.5 6704.4 76.5 7 B4 85. 3 82.3

Kursk 1 12.30.76 1000/70033 5531.9 15.8 4600.0 75.0 93829.8 73.7
(RT) 2 01.26.79 1000/70033 5242.3 72.0 4839.5 '78.9 80444.1 73.6

3 10.17.83 1000 7483.0 85.4 5572.4 63.6 51095.4 71.1
4 12.02.85 1000 6549.0 74. 0 1954.0 90.0 41586.~3 78,1

Chernobyl 1 09.27.77 1000/7003) 5648.4 77.5 4464.5 72.1 82493.1 68.2
(Ukraine) 2 12.22.78 1000/7003) 4811.5 66.0 3078.8 50.2 79951.2 72.6

3 12.03.81 1000 6869.9 78.4 6571.6 75.0 56887.3 64 . 5

Smolensk 1 12.09.82 1000 6760.9 77.2 7235.9 82.6 58166.3 73.3
(RT) 2 - 05.04.83 1000 7253.7 82.8 6288.3 71.8 45784.5 78.6

3 01.31,90 1000 5090.9 58.1 7313.9 83.5 12404.8 73.9

Total for all NFF
w2th RBMX-1000 14000/12200 84504.5 73.5/ 81027.6 15.2/ 1013986.6 74 1/

14.2 ) 75, e6) 76 246

Ignalansk 1 12.31.83 1500/1250 ) 8073.1 73.7 7405.4 67.6 53571.4 55.64

(Lithuania)2 08.27.87 1500/1250 ) 8958.9 81.8 9594.2 87.6 26746.2 55.34

TOTAL 16 17000/14700 101536.5 74.0/ 98027.2- 75.5/' 1094304.2 71.8/
74. @ 3 76.161 74.161

1) talang 2nto account regulated 2nstalled 4) capacity regulated since 1988;
capacity; 5) shut down for redesagn;

2) from momer.t of power startup; 6) mean arathmetic value/ mean we2ghted
3) capac2ty regulated since June 12, 1990: f or capac2ty
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These 1rdicators can be evaluated against a worldwide background using

diagrams (1) and (2). The f oreign data presented in them are based on late

March of 1991, f rom March 1992 f or annual irdicators, ard f rom the time of

connection to the power network for cumulative indicators. This slight

divergence (f or nuclear power plants with RBE data are given f or 1991) is

not significant.

The disgrams illustrate a sionifisant increase in_mean values of ICUF

f or nuclear Dover olants with RBE reactors over ICUF of f orelan nucleer

paver tients. With resnect to cumulative ICUF they are anoroached eniv by

nuclear Dover olants vith heavy-vater channel-tvoe reactors. It should be

noted that the diagrams give mean values for all nuclear power plants with

FBE reactors. As one can see from Table 3, for nuclear power plants with

RBE-100 reactors these indicators are significantly better than for nuclear

power plants with RBE-1500 reactors, and correspondingly f or the system as a

whole. It may also be observed that f or nuclear power plants with RBE-1000

reactors located in the Russian Federation the mean values of ICUF are 2.5-

4.0A' (relative) higher than for the system of nuclear power plants as a

whole.

On the other hand, one cannot help but notice that in spite of regular

recording of ICUF, this indicator plays dif f erent roles ebroad and in the

orner USSR.
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As ve know, ICUF is not only dependent on the nuclear power plant

itself, but is a function of the load schedule, i.e. , the demards of the

energy system. However, due to the entirely dif f erent states of energy

production, this f actor relates more to foreign than to domestic energy

production. In theJnited States the never caeacity reserve of the system

exceeds 30%. in the FRG it is on the level of 25%. ard so on. Such reserves
,

create considerable f reedom in the load schedule of nuclear power plants and

its basic character is dictated by economic considerations alone.

In the forner USSR the cover caoscity reserve vas 4-6X, and this has

decreased still more in recent years. As ve know, only the drop in

industrial production is delaying an energy deficit. This dictates demands

on operation of nuclear power plants and their ICE vhich dif f er f rom those

in other countries.

In this connection, among the data given in Table 4, the upper section
~

of the table with ICUF of domestic power units is of the greatest interest.

The table illustrates two circumstances: consistent 1v hich values gi

mean ICUF of nover units with RBtf and VVER-440 reactors ard sienificanth

lover (bv 15-200 mean ICUF of tower units with VVER-1000 reactors.

Another operating indicator of nuclear power plants is unnlanned

shutdovns. 'Iheir number (total and those involving activation of emergency

reactor protection systems) for power units of different types is given in

i
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Table 5. In addition to non-serial reactors, this indicator is miniel for

power units with VVER-440 reactors and slightly worse for power units with

RBE reactors. For cover units with VVER-1000 reactors the averace eer-unit

gnber of shutdowns was higher than f or cover imits with RBE:

in 1988 in 4.2 (with activation of RPS in 2.1);

in 1989 in 3.5 (with activation of RPS in 2.4);

in 1990 in 4.1 (vith activation of RPS in 1.9);

in 1991 in 4.2 (with activation of RPS in 2.2).

Thble 4
ICUT of nuclear power plants with RBE as compared with ICUT of VVER and

nuclear power plants of leading vestern countries

Type of reactor 1987 1986 1989 1990 1991

RBE -1000 2L.1 lij 2L,1 IL11) ILgli
RBE-1500 50.6 58.6 76.02) 77.82) 77.62i
VVER-440 79.2 79.4 80.5 79.6 -

VVER-1000 65.7 65.5 59.0 58.7 64.63)
USA (PVR+BVR) 58,2 63.5 62.0 64.6 68.O
TRG (PVR+BVR) 74.9 74.0 69.1 68.4 75.0
Japan (PYR+BVR) .77.4 70.7 70.5 71.2 72.8
England (Magnox+AGR) 53.6 55.9 53.5 51.8 54.2
France (PVR) 59.5 58.5 61.8 62.9 61.8

i) Taking into account power level of 700 mV (el.) regulated for some power
units since June 1, 1990.

2) Calculated f or regulated power level 1250 mV (el. ). 3) for all VVER (BVR)
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Table 5
Unplanned shutdowns at nuclear power plants of the f orner USSR

Type of 1989 1990 1991

reaeter

Total Mean Act. Mean Total Mean Act. Mean Total Mean Act. Meta
for of for for of for for of for

unit RPS unit unit RPS unat unst RPS un2e

RB5' 21 Li 13 M 24 L1 23 Li 16 L.Q 14 M

VVER-440 8 0.9 5 0.6 13 1.4 6 0.7 7 0.8 3 0.3

WER- 1000 79 4.9 36 2.2 97 6.1 42 2.6 66 42 32 2.0

Non-sersal 6 1.0 2 0.33 5 1.0 4 0.8 3 0.8- 0 0

reacters

All NFF 114 2.5 56 1.2 139 3.0 75 1.6 94 2.0 49 1.1,

.

Shutdowns involving activation of reactor protection systems figure

more frequently in foreign reports. In 1989 the figures were; at United

States nuclear power plants L2: France 23; FRG L.Q: Japan 0.35 cases per

reactor / year.

It is interesting to compare these indices with domestic date. averaged

for four years (1988-1991).

- _ _ _ - _ __ - _ __ - _ __ - -
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The average number of shutdovns involving activation of reactor

protection systems per one reactor / year vas:

- 2.5 f or power units with VVER-1000;

- 1.2 for power units with RBE;

- 1. 4 f or all nuclear power plants.

One may thus conclude that with resoect to mean irdices for all nuclear

cover olants Russian nuclear never clants are at the vorld level but this

level is the result of the contribution of cover units with VVER-440 and RBMK

reactors. ard when takira into account the nimher of never units and their

cacacity the ceneral situation is dictated crimarily by the latter.

The structure of causes of unplanned shutdowns of power units with RBtD*.-

and VVER reactors is shown in Table 6. As a result of the recordkeeping

procedures used, indicators f or nuclear power plants with VVER reactors

include both VVER-1000 and VVER-440 reactors, which " blurs * the picture

considerably, since the latter have significantly better indices than the

f orner, and the structures of the causes of their shutdowns dif f er.

,
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Table 6-
Structure of causes of unplanned shutdowns according to type of reactor;in .

1991

Cause RBE YYER |

Number of shutdowns N Number of shutdovns-- .X
'|

Personnel error 7 36.8 28'- 37.3
'

Tault of manuf acturer i SJ 10 ill

Tault of design and
planning organizations 2 10J 17 22d

Combined causes 9 47.4 20' 26.7

TOTAL 11 100 Ifi .100_

Nevertheless, these indices do permit one to:drav certain conclusions.
a

Firstly, in the total number of shutdowns, which for power units with VVER

reactors vas 3,95 higher in total and- 2.63 times higher per power unit than

f or RBE. reactors given approximately equal percentages-of shutdowns due ' to
.

personnel error, the cercentaae of shutdowns caused by errors in'

manufacturina or of desian orcanizations was 2 or more times smaller. Given

the existing system of recordkeenirg, these cases are unambiguous or evident. '

<

with respect tu cause, and were the result of the more numerous and complex-

equipment and more compler flov diagrams'of power units with VVER reactors-

than of power units with RBE reactors. At the same time, at power units

with RBE reactors the proportion of combined _ causes of power unit shutdowns.

,

i
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or cases when the causes vere interrelated and cannot be related

unambiguously to any of the three preceding groups, was approximately 1.7

tines larger.

.

4. ECONOMIC DTECT OF OPERATION OF NUCLEAR POVER PLANTS YITH RBE

REACTORS

At the present time, and evidently f or a long time to come, the tarif f s

on electrical energy in etfect in this country, like the costs of energy

carriers, do not and vill not retlect their actual national economic

etfectiveness. In other countries, on the contrary, these indicators are

quite stable and easily predicted, and are a good reflection of the

ef f ectiveness of the fuel-energy conplex and the so-called " electrification

ettect.'

According to various sources, the cost of electrical energy at nuclear
_

power plants during the period f rom 1995-2005 in the United States vill be -

3.9-4.3 cents /kVxhr (given discount rates of 5.0% and 6.5%, respectively).

It is lover in Europe: 2.74 cents /kVxhr in France; 2.9 in Belgiua; 3.6 in

Great Britain; 4.0 in Germany (all given a discount rate of 5.0%). Taking

into account the f act that under the conditions developing in the Russian

Federation actual discount rates there should be above average world rates,

the cost of electrical energy at nuclear power plants in the Russian

Federation counted in accordance with international methods and prices,

should be on the level of 4.0 cents /kVrhr.

l.
m i im's ei _ . . _ _ . _ . . . _ _
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In econection with the af orementioned unreliability of domestic data

correlatirq production of electrical anergy and the national product, it

seems advisable to use the estimates of the University of Pennsylvania (USA)

based on anticipated electrical capacvity of the gross domestic product (GDP)

in the United States, the f ormer USSR arri Vestern Europe in 1995-2005. These

estimates, averaged by year, are (approximately): United States 0. 89

kVrhr/ dollar; f ormer USSR 0.83 kVzhr/ dollar; Vestern Europe 0.6 kVrhr/ dollar.

An approximation of these indices may be used as the basis for

calculating the economic etf eet of operation of nuclear power plants.

Proceeding f ron an ICUT of 70% (a conservative estimate), 35 year

operating lives of power units with RBE reactors, assuming replacement of

fuel channels and restoration of ' fuel channel / graphite lining" clearance,

the total resource of cover unitm_vith RBE reactors f or the Russian

Federation (11 units) is 2360 bil. kVrhr accrued eroduction as of 01.01.92

794 bil kVrhr. remainine resource (underoroduction of electrical enerevi

1570 bil. kV/hr. Includina Chernobyl and Ienalinsk NPP. this indicator is

2560 bil. kVrhr. (Given the more conservative assumption of 30 year operating

lives of power units, the remaining resource f or nuclear power plants in the

Russian Federation and all nuclear power plants with RBMK is 1230 and 2030

bil. kVzhr.)

.

Thus, the rer.aining resource of nuclear power plants vith RBE f or the

Russian Federation correspunds to a cost of electrical energy of over $60

i

!
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billion, or a national product of approximately $1.9 trillion, or for all

nuclear power plants with RBtD*, over $100 bil. ani $3 trillion, respectively.

It is interesting to compare these indices with the required

expenditures to redesign nuclear power plants to bring their safety

indicators to a level analogous to vestern nuclear power plants constructed

at the same time. Factual econtmic data are now available f or many aspects

of this redesign, but continuous inflation makes it dif ficult to extrapolate

them to de program as a whole.

Based on data for 1989-1990, using the conditional price increase

coef ficient during the period of redesL7n of 50, and a rate of $1 = 100

rubles, one can estimate costs f or the Russian Federation to redesian nuclear

Dover olants vith RBtD' reactors at accroximately $1 binion.1. e. 1.5-2. 0%

of the cost of underoroduction of electrical enerov by nuclear cover clants

(160 billion). While this estimate unquestionably requires refinement, it is

obvious that the cost of redesigning nuclear power plants comprises a minor

part of the value of their energy resource, and a still smaller part of the

value of the corresponding national product. These costs may be realized

through state support of the industry, by bringing deductions for

modernization into conf ormance with current costs, and other measures (in

more detail in Sec. 6).

!
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5, RIDESIGN AND !DDERNIZATION OF NU(1 EAR P0YER PLANTS VITH RBE

REAC1VRS

At nuclear power plants with RBE-reactors a series of measures are

being undertaken to redesign the power units to improve their reliability and

satety. At the same time, work is in ptogress to retool the power units,

including modernization of individual equipme st units, Redesign and

modernization is being carried out both independently and with the

involvement of directly subcontracted agents of the liinistry of Atomic Energy

and cooperatives.

Vork is nov being carried out primarily on the first phases of nuclear

power plants. At Phase i of Leningrad NPP, in accordance with the Decree No.

105-40 of 01.28,89 of the Council of liinisters of the f ormer USSR, a " Plan

f or modernization, improvement of technical level, redesign ard capital

repair of Leningrad NPP" is being implemented, 1his plan calls for measures

such as: capital repair of basic and auxiliary equipment, buildings and

structures, replacement of fuel channels, redesign of IMPTs (erpansion not

knovn) with replacement of RGi'(expansion not known), assembly of the

emergency core cooling system, replacement of down pipes, introduction of the

"Skala-M" system, modernization of the control and protection system,

measuring and test equipment, etc.

During the period f rom July 1989 through June 1990 vork was conducted

on Unit i of Leningrad NPP to offect full restoration of diametral clearances
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between fuel channels and graphite blocks. The experience of this operation

demonstrated that full replacement of fuel channels durim one reactor

shutdovn may be combined with measures to update equipment ard improve the

technical level of the power unit. 1 bis experience was utilired durig

similar repairs at INPP, Chernobyl NPP, SNPP and Ignalinsk NPP. Mass

replacement of fuel channels is now in progress on Unit 2 of Leningrad NPP.

The repairs on power units with RBE reactors to restore ' fuel channel-

graphite" clearances ani replace reactor fuel channels are creatino the

crospect of usinc fuel channels with internal diameter of 86 mm finstead of

80 mm) and fuel assemblies with fuel elements vith increased diameter to

increase the fuel load and its burnout depth. Implementation of this measure

vould mske it Dossible to imorove the safety of nover units. reiect the

constent Dresence of auxiliary absorbers in the crore and reduce consumotion

of natural uranium and the fuel conoonent of the cost of electrical enerav by

20-2%.

The most sienificant area of nonconf ormance of active RBE reactors

vith OPB-88 recuirements is their lack of orotective containmerdJ|L, which vere

not mandatory or regarded as f easible during the design of RBE reactors.

Considering the presence in second-generation RBE reactors of strong

and dense bores housin; all large coolant system equipment, which are

designed f or pressure of 4 kg/cm2. the lack of a common containment may be

compensated by oroducino a ' confinement" - a sealed enveloce containina-

_ _ _ _ _ _ _ _



- . __ _ _ _ __ _ _ ___ _ ___ _ _ _ _ - _ _ _ _ _ _ - _ _ _ . - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

,

., ,_,

;

i

radioective leaks f rom the central reactor room ard senarator drum roama, .

'

_ The design of such a coniinement was developed by YNIPIET and LoTsPSK

[ expansions not knownj, and its implementation ~is assumed in the redesign of

power units.
>

|

Calculations show that +ha nrahability of release of-radioactive '

<

Droducts above the nermissible l4mits allowed in sanitary standards and-rules |
.

decreases by 70 times followina the redesian of the- first nhases of mwlear- '

l
pover niants with kBMr reactors and will be annroximately 2 I 1041

reactor /vear, which meets world requirements for nuclear power plants of that.
,

generation.

:

|'
The set of measures to redesign RBt!K reactors, replace channels and

repair graphite linings (in the seventeenth to twentieth year of: operation),. ~

and also to replace some equipment, makes it possible to count on extending-

their design service lif e to 36 years. The economic offect of extending the.

operating lif e- of power units is reflected in the indicators given in the- . '

previous section, One must only note that a-number of factors will. promote

an increase in this economic offact: postponement'of expenditurescon.

- decommissioning of the power unit, plann4nn!and .orploration to . select 's site
b.

L for the new pover unit, development-of a social'intrastrueture, etc.-

.

t
-

Vith regard to extension of the operating _lif e of power units -a

tendency videspread abroad - it must be borne in mind that 30 calendar. years,

the f ormal' operating lite designated at the time of design of the power- unit,
-

_ _ _- .-
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cannot be regarded as the time of its final shutdown. In the United States,
!

!or eraaple, the designated service lite of 1000-1300 mV (el.) power units is
|40 years, while in Trance nuclear power plants have no rigidly defined i

:lengths of operation,

6. FINANCING TE REDESIGN AND OPERATION OF N0 CLEAR POER PLANTS VITH

RB12 REACTORS
<

The nuclear power industry is a capital- and science-intensive branch

of industry, in which technology is in a continuous process of improvement

and cycles of design and implementation are long. For this reason, any

changes that af f ect the nuclear power industry, whether technical, techno- +

logical, organizational, economic or legal, may cause serious ditficulties in

its functioning. This obviously relates to the changes now beirg experienced

in the process of reorientation to a market economy. Essential conditions of
this reorientation are acknowledgement of the actual condition of the

industry and the creation of a special organizational and financial-

mechanism including state support. When discussing- the state of the-

industry as a whole, one must naturally keep in mind the fact that as a

result of the dif f erent construction schedules and design characteristics,
,

the technical end financial situations at dif f erant plants ditier

considerably (the latter is also true of energy systems), and cannot be

regulated under identical rules..
,

$
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This large ard urgent problem greatly exceeds the f ramework of this

work, so only a f ev points relatirq to the financing of redesign of nuclear

power plants with RD E reactors will be mentioned below.

Because of the situation that has arisen, financing f or renodeling must

clearly be provided from L g i O 'N > Wurces ard borrowed f unds,

he first include: deducts.ons fre ranovation, which must be revised

upward by accelerating (modifying noas for) amortization and revaluing

production resources; profits f ron nuclear power plants clear of taxes,

including hard currency profits, which should be increased by reducing value-

added taxes and increasing the tarif f on electrical energy; and also possible

resources of the Unifled Tund for Decanissioning Nuclear Power Plants, etc.

Borreved funds include: budget allocations, above all; long- and short-

term credits on preterential terms; and an extrabudgetary stabilization fund.

The structure of borrowed ard internal furds applied to redesign and

their composition f or dif f erent plants may ditf er. %e general tardency,

evidently, vill be a gradual increase in the percentage of internal sources
! and a reduction of the percentage borrowed. In this connection, an increase

in the tarif f on electrical energy produced vill be very important, and is an

objective terdency durity the period of transition to market relations,

although it requires constant state regulation,

!

|
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It is well known that programs f or the redesign and updating of '

industry, including the nuclear power industry, also exist in other

countries. Financing methods ditf er in ditf erent countries, and are -

distinguished primarily by the percentage of participation by state and
'

privste capital. However, the role of the f ormer predominates in large ;

programs.

One may assume that in the United States a program f or financing the

redesign of nuclear power plants such as that being considered would be

resolved through the use of ' tar depreciation" - by increasing the percentage

of annual untaxed depreciation and applied according to an accelerated

schedule (nov 15 years in the United States f or the nuclear power industry,

20 years f or other industries), and through state subsidies. 1his approach

shares common f eatures with the methods of financing the redesign of nuclear

pover plants with RBMK mentioned above.

7. DESIGN OF A POVER UNIT VITH EER REAC10R AND RENOVATION OF

NUCLEAR POVER PLA!TPS YITH RBE REAC1DRS

one of the most important factors hindering the development of the

nuclear power industry is the public's negative attitude toward nuclear power

1

since the accident at Chernobyl. Nevertheless, positive tendencies have been

observed -in this regard, and .f oreign, and to some extent Russian, experience

_ demonstrate convincingly that purposeful work with the public gives

,

significant results. *

1.-
L
i
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Such positive resulta may be obtained in overcoming the prejudice

against channel-type water-graphite reactor designs, which has arisen since

the Chernobyl accident. In this case, essentially only one objective, or
,

more precisely, subjective obstacle to the further development of this design

needs to be overcome.

The channel-type design, objectively speaking, has a number of

advantages over the vessel-type design f rom the standpoint of satsty-(lower

coolant pressure, reactivity margin and accumulation of fission products, the

presence of heat accumulators in the core, the lack of a vessel and steam

generators and the problems associated with them, a high level of natural-

-coolant circulation, etc. ) and of economy (a single-circuit de' sign, fuel

reloading while the reactor is in operation, etc. ).

All_ of these advantaces of chancel-tvoe reactors are realized in the

desian of the MrrR-800 reactor I41. lioreover. a enanlete tranaition in this

reactor to natural coolant circulation has resulted in a sicrnificant decrease
' in the use of materials and soecific cost: - aM . more iunortantiv. it has

simo11fied and orovided a hiah decree of reliability of saf ety systems.

thereby innrovinn its level. All reactor eauinment of the MrvD is located '

E inside a containment _, which together with meeting'saf ety requirements should

result in greater public acceptance of the design,
|

The advantages of the design for a power unit with E-800 --

reactivity characteristics, the total. absence of valves in the system, the,

L
L. .. -
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use of passive natural circulation ard injection pumps, the presence of a

sealed containment, and so on - were marked by the jury of the international

St. Petersburg competition f or the best proposal for construction of saf e,

ecologically clean power units (18-2211ay 1992, St. Petersbur, Russia).

No less important is the large amount of experience that has been

acquired in operating channel-type reactors; in this regard the support of

the collectives and management of nuclear power plants with reactors of this

type is very characteristic and significant.

In both technicoeconomic and operational terms, the eroblem gi

develooinc and introducino never units with rDTR reactors is closelv linked
,

to the eroblem of renovation of nuclear never f acilities.

This problem includes two important circumstances. Firstly, the simple

withdraval of nuclear power plants from operation vill inevitably create a

number of social problems in connection with the population's occupations

(towns around nuclear power plants have a narrow professional profile).

Secondly, internal eroenditures on the reactor detartments of the

d.e. commissioned Dover unit vill not exceed 10% of total investments in-the

troduction site of the nuclear never clant. aM vill conDrise a still small
prooortion of the total cost of the industrial aM social inf rastructure.

|

The task of renovating nuclear power plants with RBE throu;h

; successive construction in immediate proximity of power units with EER
i
!
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reactors calls f or careful emalysis of the stai;e of the industrial

intrastructure of the nuclear power plants deterrdnation of the technically

possible and economically ieasible list of objects that may be suitable for
further operation.

One possible version is as fallows: the main building is cleared as far

as possible (but not totally) of radioactive equipment; complete disassembly

is postponed by approximately 40 years (the service life of the new power

unit), until the level of radioactivity of the most " contaminated" structures

and equipment has been reduced significantly. During this period the main

building of the decommissioned power unit may house laboratories, workshops,

simulators, varehouses, etc. h e new power unit is constructed in direct

proximity to the inactive unit (a variation has been proposed for the

Leningrad NPP, in which five power units with EER reactors would-be located

in the filled area between phases i and 2 of the plant), and the following
are utilized fully or cartially- service water system: hydrotechnical

structures: open distributors with all electrical transmission systems and

lines of coi g nication: never sunolv systems for internals (diesel niant.

storace batteries. backun never sourcesL external fire fichtim ecuinnent.
external dosimetric ecuitment: auxiliary structures (nitrocen-orveen niant.

vater Durification olant): nuclear nover nient transoortation systen etc.

The turbine generator building and equipment are partially or fully used, and

f. scent fuel storace facilities are used as they become available. 'Ibe

L- existing construction and assembly base is used to build the new power unit.

| R e entire social infrastructurec continues to function: the tovn with all

!

|
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sunolv lines. tramportation system, e-mications. mut services. 'Ihe

population's level of employment remains the same or increases.

In the future more technically complex plans for renovation any'be

possible, which would call f or more functional utilization of the main -

building of the decommissioned power unit and involve clearing of the reactor

cavity.

In any case, analysis shows that the design acceptability of all power

units introduced vill be very important in carrying out the renovation of

nuclear power plants, and the economic and social of f ects of such measures

are very significant.

i

8. CONCLUSION

thny questions associated with the future functioning of nuclear power

plants with kBE reactors remained outside- the scope of this work: the

problem of the social-protection.of nuclear power-plant workers,
-

international cooperation in enhancinr/ the saf ety and reliability of

-reactors, public opinion and means of improving it, and so on. All of these
questions demand careful consideration.

'Ibe data given on the operation of nuclear power plants with RBE

reactors in the forner USSR e.nd -in the Russian Federation clearly demonstrate
.
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the significant role of these nuclear power plants in domestic electrical

energy production.

The proportion of nuclear power plants involved in the production of

electrical energy in the Russian Federation in 1991 was 11.46%. 55.7X of

that contribution was provided by nucisar power plants with RB E reactors

(given 51.5% of capacity). For the Central and Northwestern Unified Power

Systems, where the share of nuclear power plants in the production of.

electrical energy was the greatest, 22% and 33%, the contributions of nuclear

power plants with RBE reactors were 67% and 66%.

In comparison vith nuclear power plants with VVER reactors, nuclear

power plants with RBE reactors had 36% greater anergy production, given 14%-

greater capacity.

Given nearly equal average ten-year costs of electrical energy at

nuclear power plants and thermoelectric plants (0.96 and 0.94 kopecks /kVxhr),

its average cost at nuclear power plants with RBE reactors vas.15% less than

at nuclear power plant with YYER reactors. Besides lover specific capital

investments, this was the result of higher installed capacity utilir,ation

f actors of the nuclear power plants and better operating indices.

In 1988-1991 ICUT of nuclear'pover plants with RBE reactors was 22-30%-

higher than at nuclear power plants with VVER-1000 reactors. Moreover, they

has approximately one-quarter the number of annual unplanned shutdowns, and-

_ =
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1. 9-2. 4 times f ever abutdowns invoinng activation of reactor protection
i

systems. Among the causes of unplanned shutdowns, the number caused by
|

design ani plannW organir,ations was approximately eight times less in 1991.

for erample.
1

l
|

Vith respect both to ICUF in 1990-1991 and to cumuistive values of ICUT

(f rom the time of connection to the network), nuclear power plants with RBE

| reactors greatly surpassed foreign nuclear power plants with reactors of
'

!ditferent types. Vith respect to cumulative ICUF they were approached only

| by heavy-vater channel-type reqctors, but their average cumulative ICUy was !

3-6% (relative) lover.

i

i

| Measures taken to enhance the saf ety of RBE reactors have completely
1

, eliminated the possible recurrence of an accident involving instantaneous-

| neutron runaway on the Chernobyl scenario, i.e. , one involving the release of

significant quantities of radioactivity. - A set of measures are now being

carried out to redesign and retool power units. Following the redesign of
| the first phases of nuclear power plants, which is the first priority, the

probability of serious accicents involving the release of greater amounts of

racticactive products than provided for under health standards, decreases by

70 times, and vill be approximately 2x10-61/ reactor year, which meets world

requirements for nuclear power plants of that generation.

As of 1.01.1992 the remaining resource (underproduction of electrical

energy during the operating lif e) for nuclear power plants with RBE reactors

,

,
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in the Russian Tederation was 1570 bil. kVxhr, arx12560 bil. kVIhr including

Chernobyl and Ignalina NPP. Given an anticipated cost of electrical energy

produced by nuclear power plants of 4 cants /kVIhr and electrical power

consumption of gross internal product 0.83 kVIhr (estimate by University of

Pennsylvania, USA, f or the forner USSR), the remaining resource of nuclear

power plants with RBE reactors for the Russian Federation corresponds to a

cost of electrical energy of over $60 bil, or a cost of gross product of

approximately $1.9 trillion, and for all nuclear power plants with RBE over

$100 bil. and $3 trillion, respectively.

An estimate of expenditures on reconstruction of nuclear power plants

with RBE reactors in the Russian Federation is $1 billion, i.e. ,1.5-2.0% of

the cost of their underproduction of electrical energy. An analy6is

demonstrates that these expenditures can be realized through state support of

the industry, bringing deductions for renovation into accord with current
prices, and other measures.

It seems that because of the current arguments surrounding the future-

fate of RBE reactors these data and the materials in this work may be useful-
in reaching a decision. 'lhe conclusion f rom the inf ornation off ered is
clear: power units with RBE reactors should be utilized af ter redesign and-

updating, continuing to make their weighty contribution to our far from

fortunate eleetrical energy industry,

n
- -
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IInformation is given on the contribution of nuclear power plants _
with Chernobyl-type nuclear reactors (RBMK)'to the production =of
electric <; energy in the former USSR in--1991 and: previous years. . The-
operating characteristics are analyzed, and.it.is-found'that there-
was a great-increa~se.in.mean values _of installed capacity utilization '

factors for RBMK reactors over those of foreign nuclear power plants.
_

,

It was also found that for VVER-1000 reactors the average per unit t

number of shutdowns was higher than for RBMK reactors.- Compared.to'
VVER reactors,-RBMK reactors had'26% greater energy production, and

.

the ten < year- cost of electric energy - for RBMK reactors was 154- less !

I than that of VVER reactors.
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