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‘The Soviet Nuclear Power -
Program After the .
Chiernoby!l® Accident : -

The disruptions to the Soviet auclcar power industry through 1990 causcd
by the Chernobyl” accident will be minor when measured in broad ,
cconomic terms and will not derail Sovict intentions to increase reliance on

. this cnergy source. The Sovicts remain strongly commitied to reducing

dependence on oil und gas, antinuclear clements of public opinion will have
only a weak cfect, and the large investment and substantial infrastructurc
in the commercial nuclear program will ensure continued growth. Beyond
1990, however, some modification of the nuclear power program is likely; a
few changes could sct back the timetable by scveral years. These would
probably involve the design and location of future nuclear plants and a
shift in cmphasis resulting from the competition of coal and oil interests for
investment resources.

The USSR—and 16 some cxtent its CEMA partacrs—will bear a variety
of cacrgy-related costs because of the Chernobyl’ accident. The loss of
clectricity gencrated by the Chernoby!” reactors and the increased use of
fossil fuels in thermal power plants to partially offset the loss'are key short-
term consequences. Eastern Europe alrcady had to bear some of the burden
of clectricity cuts during the 1986-87 winter period of peak power demand.
During 1987 cnough power plant capacity probably will be restored at
Chernoby!’ or brought on line elsewhere (o alleviate this problem. Longer
term conscquences for the Sovict civilian nuclear industry include the -
investment writcoffs of at Jeast three reactors at Chernovy!' and the costs
of improvements to the safety of other ChernobyI™type reactors. A rough
total of these capital costs shows them to be the equivalent of two or three
years' investment in the industry. Since the-accident; Moscow-has alse -+ -
spent about $80 miltion on Western cquipment for use in the entombment
of the destroyed reactor and in other aspects of the recovery.

Despite increased costs, we expect the Sovicts will strive to minimize the
impact of the accident on their long-term plans for nuclear power and will
continue broadening the role of this energy source. We believe they will be
largely successful in this damage-limitation efort. The fixes proposed for
implementation over the next several years for Chernobyl™type reactors
are not likely to take them out of scrvice for long, and the costs arc
managcable. Moreover, power plants with Chernobyl™-type reactors have
long been slated to play a diminishing rolc in the Sovict nuclear program of
the 1980s and 1990s as the emphasis shifts to other reactor types. These
other types represent $O percent of the nuclear energy capacity currently
undcr construction or planncd.

il —Secret——
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Longstanding problems in manufacturing components for nuclear power
plants and delays in plunt construction will account for the majority of the
shortfalls in bringing new capacity on stream between now and 1990,
overshadowing the impact of Chernobyl® on the growth of the USSR's
commercial nuclear program. The cumulative effect of the Chernobyl®
accident (both the direet effects and the turmoil caused by the recovery cf-
fort) will probably mcan that only three or four fewer new nuclecar reactors
(cut of 35 planncd) will be completed during the 1986-90 plan period. The
loss of thesc reactors and delays in the construction of others will mean
that roughly 10 percent less electricity will be produced from nuclear
power. We belicve the USSR will have about 48,000 megawatts of
commercial nuclear capacity by yearend 1990 (compared with 28,300
megawatts in 1985) and will producc some 260 billion kilowatt-hours of
clectricity at nuclear power plants in 1990 (compared with 167 billion
kilowau-hours in 1985). '

The Sovicts are likely to encounter only a minor domestic backlash against
nuclear power. The psychological blow of Chernoby!® may be enough to
catalyze some Soviet groups with rescrvaticns about nuclear caergy and
the supporters of other cnergy sources into challenging plans for some
nuclear facilitics. Advocates of other reactor types and other energy
sources will use the accident to bolster their arguments. The plans most
vulncrable to pressure for nonnuclear alternatives are those for cight
Chernoby!™type reactors where little construction has taken place and
those for 20 units of a new type of nuclear plant designed to be sited near
citics to provide a dedicated source of heat beginning in the 1990s

The Sovicts have sought a high-profile involvement of the West in the
postaccident cvents. Moscow chose the International Atomic Energy
Agency (IAEA) as the forum in which to defuse Western concerns about
radioactive contamination and safety in the USSR's nuclear program. The
Soviets will probably continue 10 usc the IAEA to ccrtify that the proposed
modifications to Chernobyl™type reactors arc adequate and that all Soviet
reactors arc safc—particularly types they hope to export.

Given the long-term nced to monitor the eavironment and the leadership’s
intent to keep expanding its nuclear energy program. Moscow is likely to
look to the West for radiation monitoring and dccontamination equipment

and, possibly, nuclear power plant componcnts and services. A role for the

West as supplicr of plant components is more likely if Moscow chooses to

iv




kaccclcralc conslrucuon ol' prcssunzcd \\alcr rcacl rcnlacc Chcrn
byl™-type rcactors lhnl may be’ canceled; Sowcl cqu lpmc supplicrs’ ‘ha
not bccn ablc to mcct lhc dema nd at the current pacc of constriuction,

Any market in th}c USSR for- Vcstc‘n nuclcar vcndors is likely to'be hlghlv

. _competitive.” F'rms from the Umlcd States, Francé; Finland, West FoA
Germany, chdcn Grcal Britain, and Japan can offer many comparable

comnoncn(s and scn'xccs — . : . S .
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Far scveral decades the Sovicts have viewed nuglear cnergy as the key to
growth in the clectricity supply—and recently in the heat supply—in the
Europcan USSR. The Chernobyl® accident on 26 April 1986, however, has
robbed the commercial nuclear power program of some momentum and
challenged many Sovict concepts regarding its safety, reliability, and low
costs. The special August 1986 mecting of the laternational Atomic
Encrgy Agency showed that the Sovicts were beginning to make changes
based on their analysis of the accident. This mecting also revealed that the
Soviets cxpect to study their nuclear program a good deal more, which
means we arc now getling only a first look at the possible changes *

This report explores how the Chernobyl® disaster will probably influcace
the USSR's plans for nuclcar power and heat supply and evaluates the
implications for total primary cncrgy production.




The Soviet Nuclear Power
Program After the
Chernoby!l’ Accident

Short-Term Conscquences of the Accldent

The accident that destroyed reactor unit 4 of the
Chernoby!' nuelcar power plant in late April 1986 had
many and varied consequences—{rom the tragic hu-
man costs (sce inset) to marginally greater fossil-fuel
consumplion, salcty upgrades on Chernobyl*-type re-
actors, and some recxamination of the commercial
nuclcar program in the USSR.

The Accident: Prescription for Disaster

The Sovict accident report filed with the International
Atomic Encrgy Agency (IAEA) indicates that the
crrors that doomed unit 4 began on 25 April when
technicians started a poorly exccuted cxperiment to
test the emergency electricity supply to the reactor.
Major violations of the procedures for reactor opera-
tions were committed, such as switching off the
cmergency shutdown system and operating the reac-
tor with 100 many control rods withdrawn. Thesc
human crrors, coupled with a design flaw that allowed
rcactor power to surge when uncontrolled stcam
generation began in the core, sct up the conditions for
the accident.

The final moments of the accident cccurred in a
period of about 40 scconds at 0123 focal time on”
Saturday, 26 April. Operator errors had put the
reactor in an unstable condition, so reactor power
increased rapidly when the experiment began. Subse-
quent analysis of the Soviet data by US experts
suggests the power surge may have accelerated when
- the operators tried an emergency shutdown of the
rcactor.! According to Sovict data, the cnergy re-
lcascd was, for a fraction of a second, 350 times the
rated capacity of the reactor. This burst of energy
resulted in 2n instantancous and violent surge of heat
and pressure, rupturing fuel channels and relcasing

' Ancxpert team assembled by the Department of Energy has
evaluated the final hours of unit 4. For details sce DOE/NE-0076,
November 1986, Report of the US. Depaciment of Encrgy's Teum
Analyses of the Chernobyl™d Atomic Energy Station Accideat
Sceuence

The Human Costs of the Chernobyl* Accident

The 31 initial casualties resulting from the explosion
that destroyed unlt 4 will ultimately account for only
a minor part of the human toll of the Chernobyl’
disaster. Two power plant workers were killed imnte-
diately, and burns and high radiatlon exposures
eventually claimed the lives of another 29 people—
niost of them firemen and site ecmergency personnel.
Soviet doctors reporied that nearly 300 people re-
ceived enough radiation io require hospitalization.
These individuals will experience substantial addi-
tional risk of cancer. (

Longer term health consequences in the USSR will
result from radivactive contamination spread by the
accident over an area af about 1,000 square kilonie-
ters. Many thousands of persons were exposed to this
radlatlon (or will be exposed to residual amounts of .
radiation as daily routines are reestablished), in-
creasing their long-term risk of cancer. This cancer
threat poses unique medical and psychological prob-
lems, even though the overall statistical increase in
cancer rates is likely 1o be mintmal,

Soviet reactions to the accident inclided a massivé™
evacuation and a cleanup eflort that will probably be
a long-terni battle. An area with a 30-kilometer
radius around the reactor was evacuated, and Mos-
cow reported that about 135,000 people were moved.
in addition to these official evacuees, perhaps as
many as 270,000—nostly womea aid children—left
cities {such as Kiev) in the region eround the reactor
site but outside the evacuation zone. The official
evacuation staried about 36 hours after the explosion
and took about 10 days to complete. Most evacuees
will never be able to return 1o their homes. Nearly all
of the 135.000 evacuees have been resettled, about
half in new homes




L. ? L
stcam lhal dnsruplcd hrgc POI'HO']S of the corc. Somie
of the shattered core malcml was propclied through

lhc ro:)f cf llu. reactor bulldmg

Thc hot core mamrial lhal was relcased started about
30 scparalc fires in the unit 4 reactor hall and turbine
building, as well as on the roof of the adjoining unit 3:
All but the main fire in the graphite moderator.

. material still inside unit 4 were extinguished in a few
hours by the heroic ¢florts of firefighters. The graph-
ite firc continued to burn for ncarly two weeks—
carcying radioactivity high into the atmosphere—
until it was smothered by sand, lcad, dolomite, and
boron dropped from helicopters. 7

Unit 3 was shut down four hours after the destruction
of unit 4. Units 1 and 2, located scveral hundred
meters from unit 4, continued producing clectricity
for 24 hours after the accident. The Sovicts reported
considcrable radioactive contamination ¢of units 1, 2,
and 3. (-

Electricity Losses and Increased Fuel Use
For five months following the destruction of the
Chernobyl™-4 reactor, the plant's three surviving rcac-
tors werc idled. This loss of gcrerating capacity—
roughly 10 percent of the total in the Ukrainc—would
have led, if uncompensated, to an average monthly
deficit in clectricity production of 2.4 bilfion kilowatt-
hours (k\Wh). But, during the summer lull in clectric-
ity demand, the Sovicts were in a favorable position to
offsct much of this potential deficit by stepping up
clectricity production from power plants burning fos-
sit fucls. Beginning in September, however, the sca-
sonal upsurge in demand for electricity probably
climinated most of the pamlcss adjustment mecha-
nisms.!/

A\
The Ukraine experienced clectricity problems even
during the summer lull in demand. Ukrainian party
chief Vladimir Shcherbitskiy, in a July speech, called
for additional cnergy conscrvation measures, and
Ukrainian Council of Ministers chairman Alcksandr
Lyashko noted that some enterprises needed to

r 1

change to night shift work to reduce daytinie clectric-

" ity demand. These steps were likely preparation for

coping ‘with the prospccn\c shoﬂ.ac of LlCC"lCll\
since the Sovicts were only able to restore two feactors
at Chernobyl’ to partial service by the onset of winter,

The cifcet on total fuet demand of the cffort 10 offsct
Chernoby!™-induced clectricity losses appears to have
been minor. Given the fucl-use capability of the
replacemient planls the Sovicts were probably using
an extra 45,000 barrcls per day (b/d) of oit, 220
million cubic mcters per month of natural gas, and
400,000 tons per month of coal.’ During the five-
month period when the Chernobyt' plant produced no
clectricity, the nationwide demand for fucl oil in-
creased 1 to 2 pereent, natural gas usc grew 0.2
percent, and coal usc rosc by 0.3 percent.

In addition 10 the power losscs at Cherncbyl’, the
Sovicts arc expecting cuts in output during 1987 at
the four other nuclear power plants operating RBMK
(Chernoby!™-type) reactors. C

_'j fixcs to improve safcty will reduce power
output at these plants by about 10 percent, or nearly
10 billion KWh, in 1987, SoviclE 3 ksave not
indicatcd whether this is a onc-time loss in power
gencration duc to temporary downtime or a derating
of the capacity of thesc reactors.

Returning the Chernobyl® Plant to Service

As soon as the Chernobyl® accident was under control,
Moscow began promoting a rapid recovery of power-
generating capability at the idle plant, evincing con-
cern for longer term considerations affccting the
nuclcar power program as well as for the immediate
cxigencies:

Moscow desired to spare the economy the degree of
clectricity shortfall that would come in winter unless
much of the Cheranoby!® capacu) was rcturned to
SC{VlCC

* The fotal monthly fucl bill was ncarly 800.000 tons of standard
fucl. A unitof standard fucl contains the cncrgy cquivalent of 7,000
kilocalories per kilogram, or 12,600 Blus per pound. |

LURE



"The Sovncls rcsmlcd Chcmob)l unit 1 m Ialc Scp-

: mbcr and unit 2in \ovcmbcr. lhcrcb} missing their .
rly opumlsuc goal RS Adcquatcly dccomammaung
“the site to fesume opcranons tcslcd Sovict mgcmm)
and resources (sce insct on ‘page 6). A major realloca-
I tion of managers and technicians was needed to sol\c
.~ problems such as'thé cntombment of the destroyed -
_rcactor and decontamination of the highly radloacuvc
lurbogcncrator hall, which houscs the turbines of all
four of the plant’s units [ 1 Part of the pricc
for this success was a slowdown in the construction of
at least three reactors at other power plants due for
startup in 1986. Intermittent opcration of Chernobyl®
units 1 2nd 2 through mid-December suggested lhal
-problems rcmamcd

The fatc of Chcrnobyl‘ unit 3 is still uncertain.
Although entombment of unit 4 is now completc, the
recovery of unit 3 will drag on for some time,
“éspecially if critical electrical and ventilation assem-
blics were damaged in the fircs following the accident
ot if radiation contamination is 100 extensive for rapid
cleanup. If the reactor of unit 3 is not fully recovered,
Moscow will have to reassess the “shared facilitics™
design at RBMK reactors. Three nuclear power
plants now usc this type of design and onc other such
plant is atan carly slagc of consuucnon. )

* Shortly after lhc Apnl m:ldcnl. pl:ms were announ«d to restarnt
ChernobyT" uaits | and 2 in Jurc. During August the deadlinc for
sestart was shifted 10 October as the Sovicts became more coa-
cerned about radiation exp of opcratioas stafl. |

» 1a order 10 save on plant investment and simplily dugns. the
Soricts construct RBMK plants 10 share facilitics for functions
such as reactor hall ventilation or water treatment. Although
designs for Western nuclear power plants usc similar logic, a much
greater ¢ffort and investment arc madc to assurc that the integrity
of functions is malnumcd in lhe e\'cnl of ducuplmn atany one
reactor. :

mcludc_ L

Van\xhxlc lhc Sovicts nppcar'lo have nb.mdoncd‘
ﬂurls o rccon:r llxc paruall\- consuuclcd unus S an

Thc unmcdxau ccono

plants replacing electricity from Chernobyl’ instcad
ol’ scllmg the fucl oxl for hard currcnm

. lncrmscd purchascs of Wcslcrn cquxpmcni to I'acnh-
tate the cleanup after the accident.

« The diversion of construction labor, equipment, and
materials to the tasks of decontaminating the Cher-
nobyl’ plant and surrounding arca, cntombing the
destroyed reactor of unit 4, and bmldmg new hous-
ing for the cvacuees.

The forgone hard currency carnings from reduced

_ sales of heavy fuel oil at prevailing world-market -

prices during 1986 potentially amounted to roughly
$100 million. This opportunity cost was halved whea
two Chernoby!" units were brought back on line in
Dceember 1986. Continucd losscs of potential sales of
fuel oil (at the reduced level) will nevertheless equal
nearly S10 million per month until another 2,000
megawatts (M) of power plant capacity is brought
into the power network, probably late this year

¢ Unit § is 88 preent complete and unit 6 is 15 pereent complete. Ia
addition 10 decontamination and construction work on the powet
plants themseires, bousing and basic ameaities would necd to be
olumzcd for the 10,000 to 13,000 workers needed to Baish
consiruction. These people and their (amilies were dnplaccd from
the heavily contaminated town of Prigyat”

. Thc opporlumt) costs ol’ usmg additional l‘u'cl-oil in '










A Chronology of the Recovery Effort at the
Chernobyl’ Nuclear Power Plant

1986 : 29 September  Unit | restarted; unit 2 restart
S proniised In two weeks.
26 April Reactor unit 4 explodes, causing .
Jires in that unlt and some damage 10 October Plans for units 3, 5, and 6 an-
to adjolning unlt 3. Radioactive con- nounced—unit 3 restart scheduled
taminatlon forces shutdown of un- Jor mid-1987; construction on units
damaged unlts § and 2 and suspen- S and 6 to resunte after unit 3
sion of construction on units 5 and 6. brought on lire.
28 April Sovicts publicly acknowledge the 13 October- Unit 1 shut down for “adfustments.*
 accident. - & November
L _:J 8 November  Unit 2 reactor restarted; trial opera-
tion al low power.
14 May Gorbachev appcars on TV, describ- 1S November  Peavda reports entombmeitt of unit 4
ing the accident and announcing coumiplete.
goals for recovery.
S Decetnber TASS announces that units I and 2
15 May Tunnel for access to the area under are on line and ready for normal
the unit 4 reactor started; construc- service.
tiont on entonbment for unit 4
begun. ) 1987
22 May Flrst recovery timetable announced,  11-16 Janu-
proposing to complete entombiment ary 1AEA director Hans Blix inspects
and *prepare” unlts 1, 2, and 3 for entombnient and “verifies™ its
operation by 15 June. Integrity.
2 June Restart of units 1 and 2 scheduled -
Jor October; restart of unlt 3 put on L /‘ —
hold, ‘ { _j
4 July Tunuel to unlt 4 completed.
13 March Soviet press reports that unlts | and
19 July Special CPSU Politburo meeting 2 are operating at full power.
. discusses Chernobyl’ investigation S
results, announces reorganization of 25 April The chairman.af the USSR's State
nuclear power industry. Committee for Utilization of Atomic
Energy, Andronik Petrosyants, an-
25-29 August  1AEA speclal meeting on Chernobyl’ : nounces that units $ and 6 will not
held in Vienna. be completed. .




Table {
The USSR's Nuclear Uragram in an
[nternationul Perspective
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Britain 12940 n _ 591 19

Canada 11813 17 ’ T 1

« Preliminacy data,
* Doxs not include Chernobyl® units 3 and 4.

Announced changes in fuel enrichment at existing
rcactors will initially cost about 115 miltion rubles.
There will also be hard currency costs; by Scptember
1986 some $80 million had been spent on imported
goods 10 aid the recovery. Much of the cost of these
imports could be charged to the nuclear program
because they were used in the entombment of the
Chernobyl’ unit 4 rcactor. The eventual costs to the
nuclear industry are likely to be much higher.'

The Soviets have made relatively small purchases
from the West to facilitate eleanup after the accident,
speedily return Chernobyl® units to'use, and construct
new housing for workers displaced from their apart-
mcots and homes by radioactive contamination. The
Sovicts bought a widc varicty of products: remote-
controlled robots and tunncling cquipment for dccon-
tamination work and cntombment of the unit 4
reactor, radiation monitoring cquipment, radiation

"Unconfirmed Soviel estimates of the cost of the Chernobyt
accident range from 2 billion 10 24 billion rubles. The minium
cstimate was quoted in the Sovict press during the summier of 1986
and probably accounts (or oaly direct damage to the plant,
immediale site cleanup, and possidly population relocation exnendi-
tures. The higher estimate was provided unoflicialls T -

3 The upper estimate would probably cover a total
azcounting of the costs of cleanup and recovery and prodably
ccpecsents 3 projection of expenses through 1990

protection ites for personnel, and prefabricated
housing units. In addition, the USSR reccived from
intcrnational contributors several million dollars
worth of donations in the form of cash, medical
supplics, and houschold itcms

Managing the Nuclear Power Capacity

Background
The USSR ranks among the leaders worldwide in the
development of peaceful uses of nuclear cnergy (sce

" table 1) Aficr 7 quick start as the first country to

operate a nuclear power plant, the USSR fell behind
the United States and, later, France. Sovict industry
has not been able to meet in timely fashion the
technological and logistic challenges of nuclear power
plant coastruction, so plant startups are lagging three
to five years behind original plans. The USSR, never-
theless, has managed ambitious nuclear power re-
scarch that has yiclded the world's largest capacity
rcactors uscd for commercial applications, one of the
most advanced breeder-reactor programs, and numer-
ous dcsigns that Soviet energy planners hope to
impicment in futurce uses of nuclear encrgy in urban/
municipal and industrial projects (sce figure 2. °
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USSR: Commercial Nuclear Reactor and
Plaat Types

RBMK. A graphitc-moderated, boiling-water reactor
currently used ai the Chernobyl’, Leningrad, Kursk.,
Suolensk, and Ignalina nuctear power stations. It is
produced in iwo standardized capacities: 1.000 AW
and 1,500 MW’ flcctrical rating). Although boiling-
water reactors are used otetside the USSR, there is no
close Western counterpart to the REMK, which is
opcrated only int the USSR

VVER. A pressurized-water reacior, in which the
water is used as both a moderator aud a coolant. It is
produced in two siandardiz=ed capacitles: 440 M1y
and 1,000 MW (electrical ratiug). This reactor is
similar to many Western designs. VVERs are opcral-
ed in the USSR at the Armenian, Balakovo, Kola,
Novovoronezhskiy, Rovno, South Ukraine, and Za-
porozh’ve plants. VVER reactors are also operated in
Eastern Europe and Finland.

BN. 4 fast-breeder reactor that, as its nanie implies,
will produce or “breed” nuclear fuel for other reac-
tors as it operates. This reactor Is cooled by liquid
sodium. The Sovicis are running iwo prototypes: 350
MW and 600 MW (electrical rating). Plans

call fur the design, constructian, and operution of
KOO-AW and 1.600-M W versioas, Only-a jow other
conntrics have masiered this tecknology on a similar
scale. !

AST, ATLTs. These 1wo types of nuclear plants are
designed 10 supply heated water for centralized heat-
ing. The AST will use a specially modified reactor o
300 AW fthermal rating) that the Soviets plan 10
dedicate solely for centralized heat supply to cities.
Production has fust started on this reacior, Current
plans call for its use at Gor'kiy and Voronezh by
1990 and eventually at many other citles. The
ATETs plant will supply both electriclty and licated
waler (o citics. The ATETs will use a VVER-1000
reactor 1o power a sican; turbine-generator, modificd
to permit release of heated water 1o the central heat
neiwork in citics. Although the ATETs design incor-
porates a standard VVER reactor model, the loss o

“energy to the heat network lowers the electrical rating

of the reacior 10 900 MW. Current plans call Jor
startup of ATETS plants at Odessa, Minsk, and
Khar’kov by 1990 and extensive use in the £ uropean
USSR in later years.

An important difference in viewpoint exists between

the Sovicts and the West on the cconomics of com-
mercial nuclear power. In the West, the focus on the
“bottom linc™ of financial projections means that the
cost and revenuc projections for an individual utility
play the fcading role in decisions on how much
nuclear power capacity to build or, as morc recently,
in decisions to cancel nuclear projects. The Sovicts, on
the other hand, arc less guided by the costs of
individual projccts than by the cost-benefit ratio of a
proposcd power plant with respeet to Sovict fucl-
supply logistics and the reliability and quality of
clectricity supplicd to end users.' In the USSR,

* Inadequacies in clectricity supnly —including fow voltage, AC
frequency below established limits, and intermittent brownouts of
atc chronic in the USSR

cutoffs

_nuclear power plants are highly valued because they -

substantially reduce the burden of fossil-fucl produc-
tion and transportation, and, uatil Chernobyl’, nucle-
ar plants were more reliable clectricity producers than
cither fossil-fucled or hydroclectric plants. Although
nuclear power plants arc likely to become more costly
as Chernoby!™-inspired design modifications are im-
plemented, they will retain their attractiveness in the
Sovicts® broader economic cvaluation.

Choice of Reactor Types

After making a comunitment 10 nuclear pawer, Mos-
cow turncd 1o the RBMK graphite-modcrated,
boiling-water rcactor in the 1960s and 1970s (sce
insct). This cnabled the USSR to get substantial
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nuclear power capacity on linc during the protracicd
period of tooling up 1o produce other types of rcactors.
The RBMK was less technically demanding to build
than other large-capacity rcactor types. Conscquently,
thc RBMK-1000 and RBMK-1500 are the backbonc
of the currcnt program. The Sovict pressurized-water
modecl has two standardized capacitics (VVER-440
and VVER-1000).* The larger version is scheduled to
become the workhorse of the 1990s. Moscow hopes
the prototype fast breeder reactor (BN-600) will be-
come the model for expansion in the 1990s and
beyond to increasc efficicncies in the nuclear (ucl
cycle and to lower costs. Within the next yecar or so,
the Soviets will probably begin operating a new
rcactor (AST-500), which will replace some fossil-
fucled plants in supplying het water to centralized -
hcating systems

* The numcric part of a power-teactor designation relers to the
capacity of the reactor. For the VVER. RBMK, and 8N ccactans
this capacity is expressed ins megawatts of clecteicity gencration
<capsbility. For the AST reacior, this capacity is cxprcseed in
mecganatts of thermal (heating) capability

NMaintaining the RBMK Option

The scriousness of the Chernobyl® accident has over-
shadowed the history of more than 80 reactor-years of
RBMKs operating reliably and without serious inci-
dent, according to the available évidedce: A number
ol pasitive characteristics of RBMK reactors, de-
scribed in Soviet technical handbooks, are probably
stilt valid and will contribute 1o a Sovict willingaess 0
kcep these reactors operating. The RBMK-1000 rcac-
tor 1n recent yeats has had a better record for oa-time
assembly than other large power reactors (sce figure
3). Plants with this reactor can generate more clectric-
ity on an annual basis than cither {ossil-fucled or
VVER-cquipped power plaats of cquivalcnt capacity
beeause the RBMK s subject 10 fewer unplanned
outages.* Onlinc refucling capability helps RBMK
rcaciors to matntain high utilization rates.

" la 1985, foc csample. the 14 RBMK-1000 teactors averzged 72-
r<rcent wtilizatoa o capacity, while the six online VVER-1000
rcactars averaged 64 per and a repeesentative samiple of focsil-
fucled gencransg capacity averaged 10-percent wtilization,




Because the 14 existing RBMK reactors composc $3
pereent of the nuclear power plant capacity and
provide 6 pereeat of all the clectricity genceated in the
USSR (60 percent of nuckear-generated power), a
prolonged safcty-related equipment refitting of exist-
ing reactors could seriously disrupt the Sovict electric-
ity supply. We believe Moscow is not planning exten-
sive modification of RBMKs, although Sovict
inquirics 1o Western companics suggest Moscow is
considering a retrofit of additional equipment besides
that mentioned in their accident report to the IAEA
The Sovicts appear o have rejected wholesale upgrad-
ing of RBMK containment on the grounds of techui-
cal difficulty and costs. ¥/ *

The technical shortcomings of the RBMK reactor
that contributed to the accident include a complex
nuclear core that requires moderatcly sophisticated
monitoring with computcr-assisted control, and the
potential instability of the nuclear reactions in the
corc during low-power operating conditions or if
coclant is rapidly lost. These were known to Sovict
specialists well before the Chernobyt® events. Report-
ing in the Sovicl nuclear industry's technical journals
showed that design cngineers were working on these
problems, so fixes may not require extraordinarily
long downtimes or construction delays.

Another concern surfaced by the catastrophe is the
possible vulnerability of Sovict nuclcar power stations
to multiple reactor failure. All five of the existing
plants using RBMK rcactors are built around pairs of

" Western supplicrs have been contacted about equipment for
hydrogzn monitoring and ignition 10 detect and prevent the forma-
tion of an explosive mixture that could resultin the Chernodby!™-type
destruction of a nuclear reactor. Other possibititics for retrofits may
involve adding backup cmergeacy core coaling and improving the
automated reacior-control systems.

* The Sovicts have alrcady set 3 precedent on refusal to retrofit for
containnient. Soviet plannces had decided by the mid-1970s 10 2dd
containment to designs for pressurized-water reactors (VVERs).
The containment function was incorporated in phascs, with Jater
model VVER-140 recactors receiving containament or localization ol
certain critical components. {n 1950 the Soviets bailt their first
reactor with full containment, cquivalent 1o that used in the West.
They did not, however, retrofit any of the cight carlier modet
VVER-440s with containnrents. The decision not 1o enforce the
samc safety standards at all VVERS was probably influcnced by the
technical difficulty of such cxtensive reconstruction and by costs.
cstimated by some Western cxperts to cqual the ofiginal investment
ia the reactors

reactors. The explosion at Chernoby ! unit 4 damaged
cotaponents of unit 3, calling attention to the risk that ™
other events such as major fires or large pipe rupturcs

in anc rcactor could endaiiger the other member of 2
pair. Modifications 1o reduce this risk of multiple
reactor (ailure in future plants would require time-
consuming redesign work, which would increase con-
struction costs, "~

AModUfying the RBMKs. Of the 29 RBMK reactors
built or planncd, the projects most vulacrable to
canccllation if basic design llaws cannot be casily
remedicd arc the cight reactors at the carliest stages
of construction. These are located at the existing
Kursk and Smolensk plants and at the proposed
Kostroma plant. In an Apsil 19387 announcerent of
the remaining RBMK projects, the Sovicts implied,
by omission, that the four recactors at Kostroma had
been dropped. The Kostroma plant is in the carliest
stages of design and site preparation work and could
be canceled with the least disruption. The plans cited
in the Soviet press call for construction of four 1.500-
MW RBMK rcactors at Kostroma, duc to come on
tinc at two-year intervals from 1992 10 1999. A power
station operated on natural gas could be proposed as
an cffective alternative to the Kostroma nuclear plant,
since large gas-fired power plants are already in
cxistence in the region. A gas-fired replacement for
Kostroma could be built with only minor delays to the
plan for expanding powce-gencrating capacity.

Replacement of Smolensk units § and 6 (RBMK-
1500s) and Kursk units 5 and 6 (RBMK-1000s) would
pasc greater problems. Although assembly has just
begun on some of these reactors, abandoning them
would mcan a costly writcofl of the construction
infrastructure that is alrcady being used to complete
four other reactors at cach location. Replacement
clectricity-gencrating capacity could be cither conven-
tional gas-fired or cven nuclear, using VVER reac-
tors. 1t is unlikely that the Power Ministry could
complete the process of site selection, design, and
construction of this replacement capacity in time to
avoid a tighiening of power supplics to the central
region, becausc the units at Smolensk and Kursk were
cxpected on line in the carly 1990s.
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Seven RBMK reactors are in later stages of construc-
tion, with four at an advanced stage, including the
reportedly canceled Chernobyl' units $ and 6. Modifi-
cations alrcady proposcd by the Sovicts could proba-
bly be donc on the remaining five without major
cxtensions to completion times. 1f the Soviets decide
to curtail the RBMK construction program sharply—
following through on Petrosyants® announcement
about the two Chernobyl' units—they stilf might be
able 1o salvage some prestige. Moscow would be able
to claim, with some justification, that they arc only
accclerating a tong-planned shift to VVER reactors.
The emphasis in" construction of nuclear power plants
has moved from RBMK reactors to VVER reactors
over the Jast three five-year planning cvcles. In the

1976-80 plan period, six of the 11 completed reactors
were RBMKs, and in 1981-85 the share declined to
cightof 17. The plan for 1986-90 shows only seven
RBMKs among the 35 reactors due for completion.

Qutlook for Achievement of Nuclear Industry

Goals for 1990

Savict targets for nuclear power plant capacity and
cutput were out of reach even before the Chernoby!®
accident shocked the nuclear industry (scc figure 4).
The targets call for starting clectricity output or heat




Table 2
USSR: Plan for \ddlllons to Nuclear Pover Plant Cap:
(Schieduled Startups, 1986-90; 2

clty

1986 l939

Kafinin2 — VVER-1000 _ Zapatoah'yc & _ VVER-to00 -

b_;\orgz.!\',\: b] Tauar § . \'\'LR - 1000 - B

chnnh_yl‘_j____ Smolcnﬁk s KB\H\ 1000 R

qulinx hJ South ULmnc ! \'\'I.R IOOO

Kowod Minst ATETS | VVER-1000 _

Bal: Lo\o 2 'VE Ebmel'nitskiy 2 \'\'ER:IOW

Khmel'nisskiy 1 VVER-1000 . lenafinad RBMK-1500

Gor'kiy | AST-$00 Gor'kiy 2 AST-$00

e 1999

Zaporozh’yc 4 Rovno § . \'\‘l;_l(_-_lgm

Smoleask 3 Crimean 2 \‘\'ER -1000

Bihkovo 3 Rostov 2 VVER-1000__

1588 Odessa ATETs 2 VVER.1000

.}?x—lig—i{xj . Kh.u "kov ATETs | VVER-1000

Zipocorhive $ Keak's RBAK-1000

C—hqnqb ‘6 RB\"\ 1000 Voronezh 2 AST-500

Rovno 4 __WVERI000 ~ Toul .

é:l:km'o 4 \;\'-EE-R 1000 R 4\:»« cwruol\ New feactors

Crimean | VVER-1000 32000 MW eatrical) 24 VVER- 10005

Rostov | VVER-1000 2,000 MW (thermal) in ASTs S RBNK-1000s

Odessa ATETs | VVER-1000 . 2 RB\"\ Im

Voronczh | /\S.T-SOO ) _ : _,\_5}500. .
35 All types B

2 Original plan, subject 10 annual revisions duning 1986-90.

generation at as many as ninc new reactors in a single
vear, 1988 (sce table 2).” The 1990 clectricity output
goal for nuclear power is even more ambitious than
the capacity goal—390 billion kWh, compared with
the 167 billion k\Wh produced in 1985

** Soviet ncar-term plans for nuclear power were summzrized in the
12th Five-Year Plan (1986-90; Full details of the plan have not
been published, but the general goal is clear—a doubling of
opcrational nuclear power plant capacity. from 23,300 MW in 1985
to about 60.000 MW in 1990. An alternative plan for 41,000 MW
of new capacity, which would bring totaf auclear capacity in 1990
10 about 70,000 MW, has also been cited by Sovicts in the nuclear
industry. This total is not confirmed. however, in the litcrature on
consttuction at icdividual plants. The 41,000-MW target probabdly
represents both the capacity they hope 1o bring on linc and the
capacily in late stages of constructior.

Before the Chernobyl” accident, we estimated that the
Soviets would achicve good growth in both capacity
and output but still fall short of plans for 1990. We
projected that capacity would increase to about
50,000 MW and that clectricity production would
grow to about 285 billion k\Wh. Such an outcome
would have been consistent with Soviet performance,
which continues 1o (all short in component manufac:
wre and plant construction.

As a result of the Chernobyt® accident (both the direct
cffects and the turmoil caused by the recovery cffort),
we cstimate that by vearend 1990 nuclear capacity
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will reach only 48,000 M\V and clectricity otutput
only 260 billion k\Wh. V¢ expeet that three or four
fewer new reactors will be completed because labor
and materials have been drawn from other nuclear
plant construction sites to speed the Chernobyl® recov.
cry (scc figure.5). Indeed, Chernobyl™induced delays
arc likely 1o affect much, if not all, of the construction
of nuclcar power plants. Such delays on unit | at the
Odessa nuclear heat-and-power plant, unit 2 at the
Voronezh AST, and possibly unit § at the Kursk plant
could postponc startup of these units until the carly
1990s.

In making these projections we assune that the
Soviets will succeed in limiting the disruptions causcd
by retrofitting RBMKs and will not have to disrupt
construction of the VVER-1000 rcactors, including

almost all of those duc on linc by 1990, for safety
upgradcs (scc table 3). Thesc assumptions arc based
on our obscrvation that only a few individuals in the
Soviet nuclear-power decisionmaking hicrarchy (the
CPSU, the scientific community, and involved minis-
teics) have cxpressed reservations about the basic form
of the nuclcar program

Assuring the Future; VYER and AST Reactors

The VVER and AST reactors, represcnting 80 pee-
cent of the capacity under construction or planncd,
are the futere of the Soviet nuclear program to the
year 2000. The Sovicts want 1o use these reactor types
in power plants, in plants supplying heat to central-
ized municipal distribution nctworks, and in plants

I




" Table 3
USSR: Actus! rnd Projected Additions to Nuclear
Pawer Plant Capacity, 1986-90 '

1986 .
Katinin 2 CNVER.ao0_
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Rovno ) VVER-1000 o
1987 _ _
Bslatova 2 VVER1000 B
{gnalina 2 RBMK-1500

a’—f—{ir ! AST-S00

es .

Zapatozh'ye 4 VVER-1000

Crimean 1 YVER-1000 o
Rostor 1 VVER-1000

Khmel'nitskiy t VVER-1000

Voronczh | AST-500 .
Gor'kiy 2 AST-500

fgnalina ) RBAK-1500

Balakovo 3 VVER-1000

South Ukraine 3 VVER-1000 B
Sroleask 3 RBMK-1000

w0 T .
Rorno 4 o _VVER-1000
'L:_poro,vh'yc s VVER-1000
Rowor2 VVER-1000”
Kafinin 3 VVER-1000
Odewa :\_TEH—I ) \“'EE!-IO&O'
Kuesk § RHBMK-1000+
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+ Dclay to 1991 possible.

that will provide both electricity and heat to munici-
pal and industrial customers. Because these reactors
arc central to the expansion of the USSR's nuclcar
program, their involvement in a Chernobyl™-inspired
safety review that resulted in major changes in cquip-
ment and procedures would have a larger impact on
growth prospects for the nuclear industry than would
changes to RBMK reactors alone. Such a safcty
review has alrecady been suggested s a possibility by
scveral leading scientists in the USSR's nuclear cstab-
lishment

The nuclear power plants under construction that will
use VVER and AST reactors are alrcady caught up
indircctly in the post-Chernoby!® activity. Construc-
tion of a2 VVER-1000 reactor at Rovno in the Ukrainc
was accelerated so that the loss of Chernobyl® to that.
region could be reduced. Despite some defays, this

reactor started generating electricity in 1986 instead
of in 1987 as we had projected carlicr. Construction at
scveral other plants, however, slowed as resources
were drawn off to complete the entombment of the
destroyed reactor at Chernobyl® or to accelerate the
installation of safcty modifications

Arnother sct of postaccident concerns that could affect
VVER and AST reactors relates to the number of
reactors colocated at zny onc plant. Some Soviet
specialists may challenge the wisdom of colocating
multiple reactors that can be rendered inoperable for
months or ycars by an accident in one unit. Plans
made before the Chernobyl® accident call for most
plants to colocate four to seven reactors. Reducing the
number of reactors at plants would substantially slow
the growth and incrcase the cost of the nuclear power




program. The larger number of smaller plants would
also reduce cconomics of scale in operation and
maintcnance, *

In addition, the widespread radioxctive contamination
around Chernobyl’ and the increased risks of cancer
to people cxposed to this radioactivity are likely to
motivate Sovict specialists to reconsider the decision
to locate nuclcar heating plants in heavily populated
arcas. At present, in order to operate cconomically,
plants supplying both clectricity and heated water for
central heating arc located 25 kilometers or less from
the heat-distribution network of a city. Plants that
produce only heated water for heating are sited cven
closer—within 15 kilometers of the centers of major
cities."

Before the Chernobyl® accident, Soviel nuclear spe-
cialists had convinced critics.in the USSR that the
nuclear hecating plants were cquipped with safety
backups adequate to casure that their proximity (o
citics posed acceptable risks. Construction is under
way on nuclear heating plants at Gor'kiy, Voronczh,
Odcssa, Minsk, and Khar'kov that are scheduled to
come on linc before 1990, Canccling or modifying
these plants probably would be prohibitively cxpen-
sive, according to Sovict calculations. The post-
Chernobyl® safcty reviews are likely, however, to
reopen the discussion of site locations for the roughly
20 nuclear heating plants that cxist only on paper in
long-term plans.

Until the mid-1970s Soviel experts believed that the
probability of a major accident in a nuclear power
plant was so small that massive and cxpensive con-
tainment structures were unnccessary. All later model
reactors (both RBMK and VVER), however, have
some form of containment. The carlicr uncontained
reactor models may now come under closer scrutiny
siacc Chernobyl® has shown the potential impact of

* Existing Sovict standards for auclear plant locations —minimum
distances of 3 kilometers (km) from any populated area. 25 kmi from
citics with populations of at feast 300.000. or 40 km from citics with
popuiations of 1 million or more—were amended for auclear
heating plants (ASTs) following a review in the late 1970s.

what had been considered 2 low-probability eveat. §f
the Sovicts decide to improve sufety, the cight uncon-
tained VVER reactors may be reviewed first because

“of the potential risks if the integrity of components is

breached

Impact on Sovict Nuclear Esergy Policy

At the time of the Chernobyt® accident, a distinctive
Gorbachev imprint on the USSR's nuclear goals was
not yet apparent. Gorbacher's new assignments at
energy ministrics were 100 recent 10 have had a visible
cffect on the nuclear program—the new Minister of
Power and Electrification was appointed in March
1985. The new leadership in the various major cnergy
ministrics (oil, natural gas, coal, and power) apparent-
Iy did not alter the long-term cacrgy goals when the
opportunity presented itself in late 1985, At that time,
the plan for 1986-90 (pushing natural gas production
znd calling for sustaincd growth in ojl output) and the
cxisting Long-Term Energy Program (setting goals
for cxpanded roles for coal and nuclcar encrgy in the
1990s and beyond) were publicly endorsed without
changes.

Early in 1986, however, there were signs that the
Gorbachev cnergy team was considcring some shift
away from coal, with a corresponding greater empha-
sis on nuclcar power in the longer term. A key
clement in the program for a coal resurgence—direet-
current ultra-high-voltage (UHV) clectricity transmis-
sion—wzs chal'enged on (he grounds of high develop-
meat costs and lack of progress i achicving new -
technical capabilitics. The eritics of coal argued that
nuclear power plants arc better suited to supplying
clectricity 1o the Urals than would be UHY transmis-
sion lines finked to distant coal-fired power stations."

r 1




Since the accident, a number of Sovict viewpoints
relating to the effccts of Chernoby!” on the USSR's
nuclear program have been set forth in the Sovict
media and expressed by Soviet officials jn conversa-
tions with Western counterparts. There appears to be
broad agreement on scveral judgments:

* The USSR's need for nuclear energy as the main
alternative to fossil fucls was not changed by the
Chernobyl’ disaster.

« Operator crror in performing tests at unit 4 was the
chicf, although not the sole, causc of the disaster.

* Sovict targets for completing nuclear power plants
and for generating clectricity in 1990 should not be
changed.

Soinc disagreement among Sovict authoritics is cvi-
dent, however, on;

¢ The extent to which the basic design flaws in the
RBMK reactor that contributed to the destruction
of Chernaby!® unit 4 and damage to the adjoining
unit 3 can be fixed.™

The amount of work nceded 10 restore reliable
operation of Chernoby!” units | and 2 and provide
housing and services 10 workers.

The feasibility of returning Chernoby!' unit 3 to
operation and whether construction could be re-
sumed on Chernoby!® units $ and 6 (2 decision not to
recover units 5 and 6 was apparently made in
March/April 1987).

The functions and authority of the several organiza-
tions that deal with nuclear cnergy.

' For example, the firsi official statements on the cause of the
accident singled out operator efror and poor management in the
Power Ministry and State Committee for Safety in the Nuclear
Indusicy. By 19 July the Politburo had extended its public criticism
ta include the firing of a key designer of the RBMK reactor, an
official in the semisecret Minisiry of Medium Machine Building.
By implicating design shortcomings as at Jeast a contributing cayse
of the accident, the Politburo had called into qucsiion not only the
design integrity of cxisting and planned RBMKs but also paasibly
the design philcsophy underlying the entire nuclear program. It was
not until the August TAEA special awceting that the Sovicts directly
acknowledged that design faults were parily responsible for the
scriousness of the accident.

Given the complexity of these issucs, the contradic- _ .
tory viewpoints on some matters, and the number of
burcaucracics involved in making the necessary deci-
sions, Sovict policics onthe nuclear progtam could
remain unscutled for another year or more. The
immediate attention of decisionmakers was dirccted
at Chernoby!’ cleanup activitics, the cffort to eatamd
unit 4, and the recovery of units 1,2, and 3. Mcan-
while, the nuclear industry has been rocked by reorga-
nization and uncertainty about the authority of key
players such as the Power Ministry, the State Com-
mitice for Nuclear Safety, and the new Ministcy of
Atomic Encrgy (sce inset). == °

An Underlylng Commitment to Nuclear Power
Neverthcless, Soviet spokesmen continue to affirm 2
strong commitment to the growth of nuclear cnergy.
This commitment is bolstered by the large infrastruc-
ture dedicated to the auclear industry—a factor that

-will carry considerable weight with policymakers as

they review long-term plans for nuclear cnergy. Long-
rangc goals for Sovict nuclear power to the year 2000
were defined in terms of their projected impact on
cconomywide (uel use.

Specifically, Moscow had sct goals for the develop-
ment of nuclear encrgy during the 1986-2000 period
that were designed to mesh with other energy pro-
grams so that:

¢ Consumption of oil and gas could be reduced.

¢ Retirements of obsolete power plants could be
speeded.

* The quality of electricity supply could be improved.
+ Fossit fucls could be conserved in increasing quanti-
tics by using nuclcar encrgy in more applications.

* Growth in thc demand for cleetricity in the Europe-
an USSR could be met; nuclear power stations are
concentrated in the area west of the Ural Moun-

1ains. :

Our conversion of these targets to actual reactor
construction goals implies that over 120,000 MW of
power plants and about 20 nuclear heating plants
would have to be added during the 1986-2000 period.




Reerganization of the Soviet Nuclear Program

After studying the results of the Chernobyt’ investiga-
tion in July, the CPSU Politburo began a reorganiza-
tion of the Soviet nuclear industry. It fired the head
af the All-Unlon State Commitice for Nuclcar Safcty
and the main designee for KBMKs, as well as key
personnel in the Ministry of Power and Elecirifica-
tion and in the Minlsiry of Medixen Machine Build-
ing (probably for its role as overseer of RBMK
design).» In addition, the Politburo sct up a new
Miunistry of Atomic Encrgy and increased the party’s
influence on the operation of nuclear plants by assign-
ing people from the ceniral CPSU apparatus instcad
af local party representatives to cach nuclear power
station.

Major questions remain on which organizations and
people will wield authority for such functions as
operation of nuclear power plants, preparation and
disposal of nuclear fuel, etforcement of safety rules,
coustruction of ruclear plaats, and fabrication of
components|_

; TJmany arcas of au-
thority have yet to be cleariy defined. The Ministry of
Atomic Energy, for example, will assumc responsibil-
itv for operating all nuclear power plants, taking over
Sron: the Ministry of Power and Elecirification and
the State Conunittee for the Utilization of Atomic
Encrgy (stafed with nuclear experts from the Minis-
1ry of Mediwun Machine Building). Whether cven
niore authority will be transferred from other key
miinisiries to the new Atomic Energy Ministry is not
now evident. '

* The responsibilities of the Ministey of Medium Machine Building
include functions in both military and civillan nuclear prograns.
The civilian aucleor industey depeads on this ministry for nuclcar
Sucel, for design and construction work on the RBMK reactor. and
Jor expertise in auclear matcrlals transpotiation, storage. and
reprocessing

The Soviets appear 1o have begun work—ranging
from prcliminary paperwork on the plant designs to
actual plant construction—on about threc-quarters of
the projects nceded 1o mect the long-term goals (sce
tablc 4). Morc than half of thesc nuclear projects arce

r

in the carliest stages of development, however, and
some 30,000 to 40.000 MW of the nuclear capacity
nceded to achieve the objectives for the year 2000 has
not yet been approved at cven ihe drawing-board
stage.

Disagrcement, morcover, is evident in the Sovict
media on several aspects of nuclear cnergy develop-
ment ovee the longer terim, Among the points at issuc
arc: :

« The adequacy of Sovict nuclear safcty standacds
and standards of cnforcement.

o Whether reactor types other than the RBMK
(VVER or AST) should receive thorough safety
revicws,

« The nced for a reevaluation of quality control in
component manufacture for nuclear plants.

« The criteria for site locations of future nuclear
plants.

« The feasibility of pushing ahcad with worc and
larger breeder reactors.

o The need for development of an inherently sale
reactor.

Before Chernobyl® the Soviet safety philosophy was
bascd on a pereeption of the probability of certain .
tvpes of accideats rather than on an evaluation of the
conscquences of both probable and unlikely occur-
rences. The Sovicts believed that their nuclear plant
designs, opcrating parameters, and rules for plant
operations assurcd that any failures would be small
events that could be contained safcly.

o

——
—_ Y stated that “as a result of the
Cnernoby!” nuclear accident, the Sovicts have buried
forever the fail-safc argument concerning nuclear
power.™ If the Sovict nuclear industry is instructed to
give greater weight to cnsuring safety for cven low-
probability cvents with major consequences, this new
philosophy will impact on plant site s¢lection, designs,
component manufacture, and plant operation.

)




“Table § K . .
The Soviet Nuclear Program (o the Year 2000:
Outlock Before Chicenobyl®

______ . ____—:_—___ » :_h—TC:peciu' a1y _ - ——:Ph;u —_ -Ruc-l.ou——
Toualplanaed 17000010 180,000+ s 016250
Orcrating fceacrating power as of 24 Apeil 1986 28312 —_— l.'; <
_. Ofwhich ROMK e 48300 3 ]
Capacity at some phase of construction or planning T 11,3004 I ) 162
__OfwhichkBMK_ B [ X s 13
__ Cocsteuction 3t main facilities 35,0004 “iegee 3
- Of which RBMK : 1,000 Mo )
Sit preparation 19,300 [1)2] 13
Of which RBMK . 4,500 3f0% 3
Planning and design 31,000 12/5% »
Of which RMBK .00 Jfar 6
Site proposals 26,000+ it 3
) Of which REMK None o Noae None
C:mcily awaiting go-ahead oa site selection and design 30000 (0 40,000 6ol 301048
Of which RBMK Unknowa Unkeswn Unknown

* Includes capacity partially or whollv dedicated to supplying heat
for space heating and industrial-process applications.

* Number at feft of diagonal (/) shows total of plants with activity
in the category, number on right shows plants exclusively in the
category.

We believe the Soviets will try to accommodatc both
old and new safcly philosophics to minimize costs and
delays. Existing plants and plants at advanced stages
of construction would continuc to be judged according
to the current safcty standards. The new safety
philosophy would be phased in at plants on the
drawing board and possibly at sclected plants now in
the carliest stages of construction. This approach to a
more comprehensive safety philosophy would lcave
plans for new nuclear power plant capacity untouched
in the 1986-90 period but could lead to delays in the
1990s. Support for this theory of Soviet reactions was
cvidenti__

"Vin December 1986,

. =,

. con-
struction o1 RBMKs would ccasc after the 1ast two
Chernobyl’ reactors were completed (units 5 and 6,
scheduled for the carly 1990s). We believe the Soviet

reference to a construction halt on RBMKs would still
allow for completion of maay of the remaining 15
reactors now at some phase of 2ssembly."”

will probably survive the post-Chernobyt’ scrutiny,
although some additional safety requirements could
be mandated. However, the slowing of the Sovict

"1l oew safcty measures that go bevond what has already been
propated make new RBMK reactors probibitively expensive, the
Sovicts could rop as many as six RBMK reactors that are now in
very carly stages of planning. Such 16 action could be taken
withost 2 major impact en electricity supply if Moscow is willing to
rapidly ceplace these reactors with coaventional thermal power
plants fucked by natural gas”




“Soerel

The Manwfaciuring Infrasteucture for the
Nuclcar Poxer Industey

The manwfacturing infrastructure for the Soviet nu-
clear power industry is divided into two more or less
distinct subscts. One group, composed of over 500
major enterprises, makes components for RBMK
reactors. The logistic nightmare of the RBAMK sup-
rort industry is a main reason this reactor has been
scheduled for gredual phaseout. The other—and
much :mallcr—group o, support enlerprises manu-
Jactures comporenis for VVER reactors and is sched-
uled to producc for the breeder reactor program. In
the latler group of enterprises are the Izhorsk Heavy
Equipment plant near Leningrad and the Atomnrash
rlant outside Volgodonsk, 1wo of the largest nuclear-
component-fabrication facilities in the world. But the
Atomumash plant has shown a disappointing pecforn-
ance since production of VVER pressure vessels
began in 1978. Far from being a showease nuclear
asserably plant, Atommash has been plagued with
problems—poor management, production of substan-
dard cormponents, and plant damage from ground
subsidence.

nuclear program as well as safety revicws will proba-
bly mcan that the cconomic rationale for a large-scale
breeder-reactor program currently targeted to start in
the fate 1990s will be croded.

The Influence of Nuclear-Industry Infrustructure
The large investment the Sovicts have made in manu-
fzcturing plants that supply the nuclear industry will
bolster their commitment to a growing and little-
changed program (scc insct). Plants manulacturing
componcents for Sovict-designed reactors are located
not only in the USSR but also throughout Eastern
Eurape. The Sovicts have invested tens of billions of
rubles and millions of dollars of hard currency im-
ports in building and equipping their facilitics. They
have accomplished many of their goals for centraliz-
ing component production and for integrating the
capabilitics of the CEMA. The East European coun-
trics, for example, can produce ncarly all the compo-
nents for power plants using VVER-440 reactors—

with the notable exception of nuclear-fucl assemblics,
Morcover, VVER and RBMK quclear power plantsg
built in the USSR cuntain muay key components
manufactured in Eastern Eurape, ¢

Because it appears likely to Western observers that
the failure of or an inadequate operational range of
certain components could have contributed 1o the
Chernoby!® accident, the absence of repereussions in
the Ministry of Power Machine Building or the
Ministry of the Elcetrical Equipment [ndustey is
sueprising. The IAEA special meeting on Chernobyt'
provided insight on this matter. According to the
Sovict account of the accident, mproper designs, not
poorly built componeats, cxplained entircly the inabil-
ity of certain systems to perform as expected Thus,
in a perverse way, the Chernobyl® accident is good
news for the cquipment manufacturing ministries
because they were implicitly certified as competent.
Indced, it is possible that more resources will be
assigned to themn so that cquipment for medifications
can be produced quickly.

Antlauclear Volces in the USSR

Antinuclear movements as they cxist in the West are
not possible in the USSR. Moscow's contro! organs
probably would cffectively prohibit the organization
of an antinuclear group of substantial size and almost
ccrtainly would prevent public demonstrations or cir-
culation of publications containing vicws opposcd to
official policics on nuclear energy. The Soviets have
also minimized the opportunities for an antinuclear
lobby by mounting an.cfTective pronuclear-campaign
that advertises the advantages of nuclear power: fucl
savings, less environmental impact than coal, and
{ower overall costs.

Nevertheless, antinuclear sentiments exist in the
USSR, and they reccive some degree of official
acknowlcdgment. Three groups that have questioned

" In the nuclear industey, as in other Soviet indusirics, respoasibil-
ities for designs of cquipment and plants are bandled by institotes
and burcaus that opcrate nearly independently of the manufactur-
ing and construction organizations that usc the designs
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the nuclear program are likely to respond to the
Chernoby!" accident with increased activity: (1) spe-
cialists on ccalogy, (2) those regional Communist
Party authoritics who have shown reluctance to back
nuclear projects, and (3} scattered individuals who
reveal a grassroots expression of doubt and concern
about the locations and operations of nuclcar plants.

Although Sovict ccologists have generally supported
the nuclear program as providing un energy source
much less disruptive to the environment than fossit
fucls, particularly coal, a few scientists have criticized
the impact of nuclear cnergy. The most prominent of
these critics has been Nikolai Dollezhal, original
designer of the Chernobyl'-type reactors. In an article

published in a Ieading Soviet journal in 1979, Dollez- .

hal argued that a large nuclear program in the
European USSR could eventually require withdrawal
of lands from agricultural production, make excessive
demands on water resources, and release ccologically
threatening quantitics of heat into the atmosphere.
Dollezhal's solution (to consolidate nucicar power
plants in large, remote complexes) could now gain
more backing from ecologists, whose opinions recently
have had increasing, though still minor, influcnce on
policy formulation.

Since the Soviets arc unlikely to allow direct question-
ing of the safcty of auclear plants, the ecology issuc
could provide an acceptable surrogate for use by
‘groups whose rcal concerns are safety and public
health. A harder look at the ecological impact of
nuclear power could jeopardize the extensive usc of
this cnergy source for central heating, because the
reactors used for this purpose must be located close 10
populated arcas. Morcover, cnsuring that nuclear
facilitics arc morc ecologically benign probably would
drive up the capital costs of most nuclear plants.

Many regional party and government organizations
saw rcal advantages 10 nuclear power and supported
nuclear power plant projects. A few regions (the

** The view that ecologists, or arguments couched in ecological
language, have had influence on Soviet policymaking is supported
by their role in cecent evens: the decision not to divert Siberizn
rivers, the foflowup 1o the Daester River chemical soill, and the
“nuclcar winter™ linc in nuclcar weapons debater
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Ukraine, for example) gambled heavily on the suc- ~

cessful operation of nuclear power plants: ncarly all
new power plant constraction there since the fate
1970s has been nuclear. The Ieadership of the Geor-
gian republic, however, opposed building nuclear
plants until carly 1986, when the construction of a
power station was announced. The basis for opposition
to nuclear plants in Georgia was not fully discussed in
the Sovict press, but concern about radiological conse-
quences on Georgian agriculture was evident. The
Chernobyt’ catastrophe is likely to revive the Geor-
gian antinuclear lobby, which may now be more
successful in arguing that untapped hydro resources
and local coal deposits can meet future Georgian
clectricity needs. ” - :

[mpact on Resource Aflocation and Trade

The assorted production and research burcaucracies
of the energy ministrics that compete for resources
with nuclear power (oil, gas, and coal) will use the
Chernobyl” accident and its associated capital costs as
an opportunity o promote their claims for investment
resources at the expense of the nuclear industry (see
insct). In the short term, the oil and natural gas
industries may be the quickest to take advantage of
the Soviet nuclear industry's setback. Oil and gas
provided 70 percent of the USSR's energy production
in 1986 and will remain the most important Soviet
encrgy sources well into the 1990s. Spokesmen for oil
and gas industry interests will be able to make the
casc thatover the next several years these fuels will be
cven more accessary for the Sovict economy because
the nuclear industry will fall short of plans while it is
reorganizing and regrouping in reaction to Cherno-
byl'. The oil and gas intcrests will probably link this
argument to 2 bid for increases in their already
cscalating requircments for investment and skilled
labor, promising that they can meet the encrgy needs
of the cconomy

Coal is nuclear power's main long-term compctitor.
Coal-based encrgy strategies have backers in the
State Planning Committee (Gosplan), in the Power




‘Ara muumum the nurlrar mdu.(ln- will nced to -
wrife a[f the (00 nullwn-rublc reactor destroved at.
C Iu-rnob ¥l Y the Soticts must abandon Cleraaby
funitd’ an i lfu‘ IA k. Iom- on umu Sand 6 because
“they arc (oo coulanunalcd fo recover anothc
'mllhau rublcs of Investincai fe
“al outlays of hundreds of millions of rubles’ would b
nr(cnalr S new rapid shutdown ¢ tqmpmrnlfor e
‘tors is uulallcd at all RBMKs. The VVER redcto
particidarly llk uxh{ carly, éncontained ouncs, ma;
‘also need safery upgeades that, if extensive, couId
cost sc rral Imadrcd mtllfon rublc:.

’Durmg l 98!-85 Yearly :pcadmg on cqulpmcm and
construction Jor nuclear’ plants averaged nearly 2
billion rubles, almost 35 percent of all power industry
tuvestment. Additional sums, perhaps several hun- -
dred million rubles, are anaually invested in infra:
structure for the nuclear industry. A rough total of

the capital costs of the accldent (ranging from actual .

to possible) to be borne by lhc ‘uclear industry .rho ;
these to be the cqmva[enl af two or lhrcc \car:'
currcnl mvc:!mcnl

Ministry, in the Coal Ministry, and i in man\' rcscarch
institutes. Expanded coal us¢'is supporied in the
Sovict Long-Term Encrgy Program; planners arc
counting on cuval, in comuncuon with nuclear power,”
to supply ncarly all new energy output once natural
s production levels off in the mid-1990s. However,

the Sovicts have aot been devoting the resources .

nceded to get the coal industry moving toward its’

ambitious goals. The industry's Icadership is nowina

strong position to bid for a larger resource share,

to dcliver clectricity morc chcapl\' and s:xl'cl\‘ lh;m_ :
nuclcar plams

Souc( Pucchases From the “’csl : S

The Sovicts are l'kcly to continiic to nccd \\'clcm
cquipment for menitoring radiation and health,
amounting to scveral million dollars per vear for at
least a decade. \{oscow probabl - hops o mcct t

'uvc uuhmuon of m:tchm "tools that ha

ccds. lhrounh IALA-sponsored donn(wrx\ :
1l \\ha( u necesa Oihc ptoducls and )

. to accelesate
¢ir VVER progfam or decide to’implé mc;ilhlfafaxd{_\' N
f turcs used in reactors opcfalcd in the West.
For u:\mplc the Sovicts “ould prob:bb ‘nced service
con racts with Westera machmc-(ool spcculms o
boo: nstruction of \’ VER reactors bccauxc cﬂ'cc-

. P“ .
chased in the Westis ‘csséntial 1o thc‘producuon of the”

-~ ma, Jor components used in these reactors, Many com-

. poncals of a gencric nature (such as pipes, valves, and

" pumps) could also be purchased from the West, since
““these would require litde modification to operate in

Sovlcl planls.

An\' markcl in the USSR l’cr \\’utcm nudcar vcn- -

“dors is llkcl) lo be highly compcuu\'c. Firms from the
- United States, France, Finland, \Vcst Gc:m:mv Swe-
“den, Great Bruam. and Jzpan can offer many cornpa-

rablc componcms and s«.mccr

.Soncl Nuclear Sllt‘ Abroad -

Before the Chernobyl accident, the USSR was step-
ping up its campaign 10 scll nuclear power plants in

“ the West. The accident has dampened the prospects of
Lall supplices of nuclear power plaats but may have a
using the argument that coal-fired plaats will be able -

morc lasting impact on Western supplicrs than on the
Sovicts {scc mscl) The Sovicts have tried 1o sl

T nuclcnr poser plants with VVER reactors to new
"“customers in 12 countrics in the past two vears. The

Sovi icts agreed, several months before Chernobyt’, to
stiripl\ a nuclear power station to North Korea, hosted




Tmpact of Chernobyl* on Nuclcar-Suppor:
Industeies—Are the Soviets in Better Shape
JSor a Comceback Than the Wese?

With the likely c.coeptions of France and Japan, niost
developed Western countries (including the United
Statesj could suffer greater sctbacks to their nuclear-
support industries during the next decade than will
the USSR as a result of reactions to C. hernobyl”,
While the nuclear industry in the developed West and
several other countrics—South Korea. Taiwan, the
Philippines, and India—was in recession before Cher-
nobyl’, before the fall in oll prices, and even before
the Three Mile Island accident, there were several
immediate backward steps in the months after the
Chernobyl’ accldent. Austria and the Philippines
Jinally chose to give up their previously troubled
nuclear programs. A number of planned vrders for
new statfons—in Finland, the Netherlands, and
Italy—were put on hold, permanently in some cases.
Further postponing of orders for nuclear power plants
is most likely 10 occur in the West as doubis abowt
nuclear power increase. As a result, shakeouts and
retrenchoicnl {n the developed West's nuclear-support
industries are now more the rule than the exception:
possibilities for new business are dwindling at home.
and reactor-export possibilities are shrinking. In an-
other five years or so, industrial capacity in the West
devoied to supplying nuclear power planis could be
greatly reduced. :

In contrast, new orders for nuclear planits in the
USSR continue. Because the state-operated nuclear
power equipnient industry of the USSR can weather
this period of slack international demand for nuclear
plants, the Soviet Union could find itsclf in a betier
position than most suppliers in the West 1o take
advantage of a rebound in nuclear plant orders in the
1990s. Such a rebound currently secms reinoie. Nev-
ertheless, selling nuclear power plants and equipment
could again become lucrattve {f confidence in nuclear
power is restored and conventional cnergy costs rise
sharply

a Chinese visit to Sovict nuclear plants. sought Ku- - -
waiti assistance as a beoker for possible sales in the
Afiddlc Cast, and offcred to scll nuclear plants-to
India, Egypt, Morocco, and fndonesia. Before Cheg-
nobyl" they also discussed constructing reactors in
Syria, lraq, and Libya, and planned to bid on plants
for Finland and Yugoslavia. In the wake of the
Chernobyl® disaster, the Sovicts probably have lost
sornc nuclear plant sales; Finland (with (wo operating
Soviet reactorsyand Yugoslavia immediately put their
nuclear orders on kold, while other potential Soviet
customers indicated that nuclear plans were being
revicwed. £

Beforc the Chernobyl” accident, Soviet auclear plant
marketers hoped to get several commitments for
purchascs of VVER reactors. Potential buyers in
Finland and Yugoslavia scemed close to placing or-
ders cumulatively worth roughly several billion dollars
over the next five 1o seven years. Given the trade
arrangements between each of these countrics and the
USSR, however, these transzctions probably would
have been largely barter agreements, with very little
hard currency transferred to the Soviets. Although
the Soviets were actively discussing contracts for
commocrcial nuclear plants with a number of other
non-Bloc potential buyers, this segment of business
was at a prcliminary stage.

The Soviets arce jointly cngaged with the East Europe-
an countrics (Bulgaria, Czechoslovakia, Fast Germa-
ny. Hungary, Poland, and Romania) in marketing
Sovict-dzsigned nuclecar plants to power industrics R
insidc and cutside the CEMA arca. These plants use
the YVER pressurized-water reactor in cither of two
capacitics: 440 MY or 1,000 MW. Rcactors of the
Chernoby!” type have never been offered for export.
With the cxception of nuclear fucl, all of the compo-
nents for the VVER-cquipped plants can be manufac-
tured in Eastern Europe, largely in Czechoslovakia,
East Germany, and Hungary, The 1,000-MW VVER
rcactors currently being marketed have full contain-
ment and other safety features functionally compara-
blc 1o those used in the West. The Soviets arc also
jeintly marketing a VVER-440 nuclcar power reactor
with a Finnish company that oncrates a plant of this
model in Loviisa, Finland.




L public (estimonials, a number of Eust Europcan
oflicials have reaflirmed their confidence in the safety
and rcliability of Sovict-designed reactars. Privatcly,
however, East European encrgy cxperts concede that
the Chernobyl* accident has increased concern about
the safety systems cngineered into Soviet designs
(cspecially the older VVER-440s without even Soviet-
type containment), but they expect that Sovict-
designed reactors will continue to be operated, built,
and ordered. ¢

The East Europeans have a large stake in the success
of Sovict-designed YVER models—19 reactors with a
combined capacity of about 8,000 MW arc now
opcrating in these countrics, and SO others {some
36,000 M\V) are under construction or on order.
Although we believe that the East Europeans will
follow through on plans for nuclear cnergy, their
nuclcar programs could cxpericnce delays (while pub-
lic confidence is restored with safety reviews) and
increased costs.
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