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Secretary
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Re: Docket PRM-50-44

Gentlemen:

I strongly oppose the proposed amendments to 10 CFR Pact 50 made by the
Committee to bridge the gap in their petition of July 7,1986. The

'

recent conference held in Vienna, Austria on August 25 to 29 on the Chernobyl
accident clearly indicates that the cause of the accident was due to
"a prompt critical reactivity excursion and a steam explosion" not by a
" graphite fire" (see attached article from the September 11, 1986 issue
of Nuclear News). The main contributing factors were human error and the
failure to follow prudent safety precautions and written operation
procedures, not the presence _of graphite in the reactor.

The proposed amendment would serve no useful purpose in decreasing the
likelihood or mitigating the effects of a Chernobyl type accident. The
Chernobyl accident in effect substantiates the NRC's position that a
graphite fire caused by the Wigner effect in a small research reactor is
a "non-credible" event. The imposition of unnecessary regulations and
requirements upon research reactors will really decrease overall safety
rather than increase safety. A diversion of effort on the part of the
staff of a research reactor from managina the day to day operations of
the facility and bona fide safety considerations to "non-credible"
events lessens the attention given to " credible" events and increases
the likelihood of human error precipitated events.

Notwithstanding, there are lessons to be learned from the Chernobyl acci-
dent, and changes in the NRC regulations in certain areas may well be
advisable. The proposal by the Committee to bridge the gap, however, was
obviously made prematurely before all the facts were revealed and conse-
quently did not address the real problem but only a perceived problem.

Sincerely,

WSWh n 99

W.E. Wilson
Associate Director
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Helicopter inspecting the damaged plant (photo: Soviet Life)

Chernobyl: The Soviet report
from August 25 to 29, the International has been used in a number of countries to crtial energy of the turbine rotor De

Atomic Energy Agency held a unique provide power to feedwater pumps and latest test was intended to see if this
conference in its headquarters city of Vien- emergency core-cooling systems could be overcome with a new soltage
na, Austria. The meeting was devoted en- (ECCSs), and to relieve some of the regulation system.
tirely to the April accident at the Cher- wear and tear that a very rapid startup The human errors started here. Al-
nobyl-J power reactor in the Soviet imposes on diesels. though there had been plenty of discus-

Union, and featured the presentation by It came as a surprise to some Western sion of the justification of the experimen-
Soviet officials of a large volume ofinfor- experts that the Soviets seemed also to tal program in general, the specific test
motion-surprisingly large, in the view of be trying to supply the main circulation program is said by the official Soviet re-
some attendees. NN European Editor pumps from the rundown of the tur- port-released a few days before the
Simon Rippon was presentfor the confer- bogenerator, The flywheels on these start of the conference (NN, Sept.1986,
ence, and he covered both the Soviet reve- pumps are already designed to proside a p. 23)-to have been improperly pre-
lations and the analyses of them by out- longer coastdown until natural circula- pared:
side observers. tion can be established. The initial mis- "The quality of the program was poor

understanding may have come from a and the section on the safety measures
Why the experiment? mention of the connection of four of the was drafted in a purely formal way. (ne

The Chernobyl-4 accident took place main circulation pumps to the test safety section said merely that all switch-
because of a variety of poorly conceived generator and the other four to the grid. ing operations carried out during the ex-
actions and procedures related to an ex- Dis connection, it seems, was used to periments were to hase the permission of
periment. His was one of many candid maintain the reactor at power with cool- the plant shift foreman, that in the event
assertions made in a remarkable tive- ing from four pumps during the tur- of an emergency the staff were to act in

hour presentation on August 26 by Val- bogenerator rundown, thus allowing the accordance with plant instructions and
cry Aleksevich Legasov, head of the test to be repeated quickly,if necessary, that before the experiments were started
Soviet delegation to the conference. The through the opening up and shutting off the officer in charge-an electrical en-
Soviet disclosures may not have included of the steam valves once again, ne four gineer, incidentally, who was not a spe-
enough technical detail or procedural pumps connected to the test tur- cialist in reactor plants-would adsise
justification to satisfy every conference bogenerator would have been discon- the security officer on duty accord-
attendee, but by Soviet standards the nected from that supply in the normal ingly.)"
Legasov address was unusually informa- way when the steam valves were first The program made essentially no pro-

tive and scif-critical. shut off, leaving only the feedwater vision for additional safety measures.
De experiment was intended to dem- pumps drawing energy from the running- though it called for the deactivation of

onstrate that, in the esent of tur- down turbine. the ECCS, so that it would not trip in as

bogenerator disconnection along with The meeting was also told that there the circulation pumps ran down. The
loss of offsite power, the inertia of the had, in fact, been earlier tests of this kind procedures also placed extra demands on

turbine rotor could contnbute to aux- at Chernobyl-4, in 1982 and 1984. In the auxiliary power supplies.
iliary electricity supplies dunng those these tests the regulation of the field coils In reply to press questioning in Vien-

sital seconds before the startup of of the generator had allowed the voltage na, a representatise of the Soviet dele-

standby diesel generator .. This technique to fall off much more rapidly than the in- gation said that it was personnel of a

1Copynght C1986 by Amencan Nuclear Society
- - - . . _ - - -,_. - _ _ _ -. - - _ - -



* Chernobyl special report

systems that had been connected to this Thus, the operators at Chernobyl-4 de- I

g turbogenerator, including four of the cided to press on, and at 1.03 and 1:07
main circulation pumps and two feedwa- a.m., they started the sixth and seventh |

ter pumps, were switched to the grid bus- main circulation pumps in immediate |

bars of the turbogenerator that was still preparation for the tests. Since the reac-
on line. tor power, and consequently the hy-

At 2 p.m., the ECCS was isolated to draulic resistance of the core and the recir-
,

5 m.ir / prevent it from kicking in automatically. culation circuit, were substantially lower
fl '" The start of the test, however, was then than planned, the full eight pumps pro-j

postponed at the request of the local duced a massive coolant flow through the
electricity dispatcher, As a result, the reactor,56 000 to 58 000 m'/hr. At someg
plant was maintained in the unauthorized individual pumps, the flow was up to,

e,. n

state with no ECCS for the next nine 8000 mVhr compared with a normal\ 4
} ' hours, although this particular Siolation operating level of 7000 mVhr. This was

} j ', Pnprati j did not in actuality play any important another violation, because of the dangerN

part in what followed. Still, the delay that pump breakdown and vibrationv
$80 , ;s may have aggravated operator impa- could be caused by cavitation at the,

tience over the test, and contributed to pumps. But the most serious conse-hern \
% g the "mindset" that led plant personnel to quence of the increased flow was the cre-

ignore procedures and block safety sys- ation of coolant conditions very close to
tems in their effort to get the plant to the saturation, with the possibility that an,

l '"' I proper power level for the test. small temperature increase could cause
At 11:10 p.m., the load demand was extensive flashing to steam. The steam

lifted, and preparation for the test re- pressure and the water level in the steam,
sumed with power reduced to the re- separation drums had also droppede,

quired level, 70G-1000 MWt. The au- below emergency levels--but, as part of
/ tomatic control system that operates on the continuing attempt to keep the reac-

'

KIEV
'

groups of control rods in 12 zones of the tor running long enough for the test to be
~* core, to stabilize power density distribu. started, the operators also blocked the

* Y tion, was switched off, in keeping with a resulting signals of the low levels to the
low-power operation requirement. At emergency protection system.
higher power levels, these zonal rods also At 1:19 a.m., the feedwater supply was

Map from Soviet report to IAEA regulate the average power automati- increased-to as much as four times its
cally. When the local controllers are initial value--in an attempt to restore the
switched off. automatic controllers work- water level in the steam separation

" commercial electro-technical" organiza- ing on a signal of the average power of drums. This reduced both the reactor
tion. Domtechenergo, that had asked for the whole core come into play, but it ap- coolant inlet temperature and fuel chan-
the tests on Che rnobyl-4. Dom- pears that the operators did not syn- nel steam production, with consequent
techenergo had, presumably, been re. chronize this automatic system quickly negative reactivity effects. Within 30 sec-
sponsible for the deselopment of the new enough to the required power setpoint. onds the automatic control rods had fully
voltage regulation system that was being There was an overshoot in the power re- withdrawn in response to the negative
tested in the experiment. duction, and the level fell below 30 MWt. reactivity, and the operators attempted

By I a.m. on April 26, the operators to withdraw the manual rods as well. But
The sequence of esents were able to stabilize the power back at the operators again usercompensated.

The detailed sequence of events lead. 200 MWt, but this was as high as they and the automatic rods began to mose
ing up to the accident at Chernobyl-4 was could get it due to the xenon poison build- back in.
presented by Legasov on the first after- up that had started during the excursion
noon of the accident review meeting in to lower power and was still continuing.
Vienna. He followed the written descrip- To drag the reactor up to 200 MWt, the -

tion fairly closely, but added one or two operators had pulled far too many of the [
significant asides and commcnts. Ele manual control rods out of the reactor, y
noted. for example, that there would and the neutron flux distribution in the ;

hase been pressure on the operators to core was such that the reactivity worth of .

complete the tests as they shut down on those rods that would be effective in the C{ -
'

'
this occasion, because the next planned first few centimetres of trascl back into
maintenance period would be more than the core was limited to the equivalent of #% *'"

a > car aw ay. lie also said that, in six to eight fully inserted rods. L, '

hindsight it can be seen that technical According to the rules, this operating ! 'y- -
#

'means could easily ha$e been used to margin of reactisity should not be al- ,' , ,

pres ent the operators from oserriding lowed to go below 30 rod equivalents
! safety protection sprems and otherwise without special authorization from the

, '} ' JL ~

g t &,

,

<'
f' #M[ hsiolaiing procedure. Failure to provide chief engineer of the power station. , v

adequate protection for such human I.egasov said that if the margin eser falls MT" T ^# h.

error represented "a tremendous below 15 rod equisalents. "nobody in the ~6 s$,, [%e
psphological mntake" on the part of the whole world-not even the Prime Minis- f.] -V -.O
deugners of the RllMK reactor. ter--van authori/e continued operation p gg p 9. =

The run up to the accident started at I of the reactor.' 11ut the operators were ; * Mt G'7
4@( .

a.m. on Apnl 25, with the reduction of so intent on gettmg the reactor up to an
\, .

g
YL '@ireactor power oser the nest tne mmutes acceptable power lesel for the test-

.L ,A / ;
^ s!trom lilo percent 02tio MWt) to halt that another attitude attnbuted to the

mush then the unwanted tur- m mdset-t hat they ienored the touchy Soviet de>egation ieader Legasov
bogenerator was shut down. l'he plant state of the re.htor. (photo AP W:de World Photos)
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At 1:22 a m.. the reactor parameters BOILING WATER
were approumately stable. and the deci- PRESSURE TUBE

e sion was made to start the actual turbine g
test. But in case they wanted to repeat w GRAPHITE MODERATED
the test again quickis, the operators FouR STE AM lig
blocked the emergency' protection signals SgARf0RS

' REACTOR
from the turbine stop val e, which they / \
were about to close, so that it would not |, |

trip the reactor. Also, just before they a h
shut off the steam to the turbine, they ,

; j {1 p,,_~)Dk) I]g [sharply reduced the feedwater flow back
ffg | |to the initial Icvel required for the test

J U.f.r| g g=
,

conditions. This boosted the coolant inlet ; E *= t =(:t E . ,_

temperature, creating a transient situa- -._ - , ,
--

tion that could not be addressed because !
'

, , ,
' ' '

safety systems were cut off.
At 1:22:30 a.m., the operators obtained FUEL E

a printout from the fast reuctivity evalua-
'-

#|
-

.zi E .$.tion program, giving them the position of -

MMM fall the rods and showing that the operat- g
ing reactivity margin had fallen to a level -

I II ^that required immediate shutdown of the - REciRcutAnoN PUMPS-

reactor. But they delayed long enough to a

GRAMMstart the test. There was clearly a failure ,

to appreciate the basic reactor physics of Schematic diagram of the RBMK-1000, a heterogeneous water graphite channel-type
the system, which had rendered the con- reactor (source: Soviet report to IAEA)
trol rods relatively worthless. The neu- -

tron flux distribution in the core had with an increase in reactivity and power, had not reached their lower stops. He
been pulled into such a distorted shape and further increases in temperature and therefore deactivated the rods to let them
that the majority of the rods would have steam production-producing a runaway fall by gravity.
to go well into the core before they condition. At about 1:24 a.m., observers outside
would encounter sufficient neutron flux At 1:23:40 a.m., the scram button- the plant reported two explosions, one
for their absorption to be effective. which would drive all control rods into after the other; burning lumps of mate-

At 1:23.04 a.m., the turbine stop valve the core-was pushed. Legasov told the rial and sparks shot into the air abose the
was closed. With the isolation of the tur- Vienna meeting that there seemed to be reactor and some fell onto the roof of the
bine, four of the primary circulation some ambiguity about the motivation for turbine hall and started a fire.
pumps started to run down-another this action. as unearthed during sub- In his presentation of Table I, which
transient situation for which the automat- sequent questioning by investigators of delineates the operator violations, at the
ic responses had been cut off. the fatally ill shift foreman, who had Vienna meeting, Legasov said that if any

Shortly after the beginning of the test, given the order-he may have been be- one of the first five violations had not
the reactor power began to rise sharply. latedly responding to the printout of been committed, the accident would not
The bulk of the coolant was very close to reactisity margin; he could hase been re- have happened.
the saturation point at which it would sponding to the sharp rise in reactor
flash to steam, because the operators had power; or he may simply hase beliesed
earlier run an excessive level of coolant that the test had now run long enough to Inside the reactor
flow with all eight pumps on during low- allow him to shut down the reactor. The mechanism of the accident, par-
power reactor operation. The RBMK After a few seconds a number of ticularly in the last few seconds before
reactor, with its positisc void coefficient, shocks were felt in the control room, and the explosion that literally blew the top
responds to any such formation of steam the operator saw that the control rods off the reactor, was the subject ofintense

interest for one of the working groups at
the meeting. By the end of the week, the
#""'#"'"' "I I "' # '""' * ""' ' ' P* "' " "'TABLEI

f;THE Most DANGEROUS Vlo r S or OPERATING PROCEDL1RES

reactivity excursion and a steam explo-
w ianon Atom anon romequence sion-was a wholly plausible explanation

I Reducingoperational Attempt to oscrcome Emergency protection for what happened. There is still a need
reactivity margin below senon poisoning system was ineffective for more detailed understanding of the
perminible hmit mechanism, and some doubts linger on

2 Power lesel below that Error in switching Reactor difficult to control the cause of a second explosion that was
specified in test program off local auto-control reported to have taken place three or

3 All circulating pumps on with Meeting test requirements Coolant temperature close four seconds after the first.
some exceedmg authonzed to saturation The Soviet analysis is based mainly on
discharge camputer modeling of the reactor condi-

4 Blocking shutdown signal To be able to repeat tests Lossof automatic tions starting from 1:19 a.m., some four
from both turbogenerators "if necessary shutdown possibihty minutes before the accident (see chart.

5 Blocking water level and To perform test despite Protection system based on ncxt page). This was the point at which
steam pressure trips from unstable reactor heat parameters lost the operators started to introduce a sig-
drum-separator nificant perturbation on the reactor sys-

6 Switchmg off emergency core To asoid spurious Lou of possibihty to tem by increasing the feedwater flow to
coohng setem inggenng of ECCS reduce scale of accident restore the water lesel in the steam

*f rom the souct Umon summary of its report to the I AEA. separator drums. The data-logging sys-
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Notes: Vertical hnes on chart represent 10-second intervals from one-second intervals. At 1:23.43, the neutron power curve switches
1:19 00 to 123.30. At that point, the vertical lines begin representing from A to D, with a change in the vertical scate (see legend).

Paramcier Scale 1%n ) Scale Stat) Parameter Scale (%n ) Scale 6tn )

A Neutron power, low range (%) 0 120 K Main circulation flow (m'/h) 2 8 ,

D Reactnity. sum (%) -I +5 L Feedwater flow (kg/s) 0 600

C steam drum pressure (bar) 54 90 M Steam flow (kg/s) 0 600

D Neutron power. high range (%) 0 480 N Fuct temperature (*C) 200 2000

E. Auto. rod. group I (fraction in) 0 1.2 O Mass steam quality (%) 0 6

O Auto rod. group 2 (fraction in) 0 1.2 P Volumetric steam quality (void fraction) 0 1.2

II Auto-rod. group 3 (fraction in) 0 1.2 S Steam drum water level (mm) - 1200 0

tem had also recorded the position of all tual turbine rundown test, the steam of feedwater flow, would have allowed
three sets of automatic control rods at quality in the fuel channels increased increased steam production in the fuel
this time, prosiding a good reference again, and the automatic rods started to channels (curve P) despite competition
point for the modeled curves. reinsert (curves E and 11) and managed from increasing steam pressure in the

Actual measurements from the data- to compensate for the resulting reactivity drums (curve K). The condition of the
logging sptem, and information gleaned transint. reactor was.such that a smallincrease in
from the questioning of operators, are in- A detailed printout of power density power increased the volumetric steam
dicated on the chart (with corresponding distribution and rod positions at 1:22:30 quality much more than it would at nor-
letters in circles) with the cunes obtained has prosided a picture of the neutronic mal power, and resulted in a large posi-
from the computer model, and they all state of the reactor core at this point in rive reactivity insertion.
seem to tie in fairly well. Unfortunately, time. It indicates that in the radial- After 1:23:31, the volumetric steam
there were relatively few reactor mea- azimuthal direction, the neutron flux for quality (curve P), reactivity (curve B),
surements from the data logger because all practical purposes showed a smooth and neutron power (curve A) all began
much of its capacity had been switched to convex shape, but that in the vertical di- to increase. At 1:23:40, the scram button

record information relevant to the tur- rection, the curves showed a double was pressed, but the automatic rods were
bine rundown test. hump, with a greater release of energy in already inserted, and the reactor power

As the feedwater flow was increased the upper part of the core. This neutron was on the brink of taking off. (On the
(curve L,1:19 to I:22), the water levelin distribution is consistent with a burned- chart, the neutron power curve switches
the steam separator drums was restored out core, practically all rods withdrawn, from A to D at 1:23:43, with a change in
(cune S), and the steam pressure de- solumetric steam quality in the upper the vertical scale.)
creased (curve C). As the colder water part of the core much greater than lower The prompt critical excursion took the
from the drums reached the reactor core, down, and greater xenon poisoning in the power first to around $30 MWt at
the steam generation in the fuel channels central region than in the periphery. The 1:23:40, and only the Doppler effect of
probably decreased, and the steam qual- reactor would hase been in an unusual the fuel heating up to an estimated 3000
ity went down (curves O and P). Re- and impermissible state, with the excess *C pulled it back down brictly. The con-
vonding to the negative reactisity that reactivity worth equisalent to only six to tinuing reduction of water flow through
this would hase introduced, the automa- eight rods. the fuel channels during the power excur-
tic control nids withdrew (cunes E. G. But at 1:23, the reactor parameters sion led to intensive steam production,
and ti mose down, indicating less ab- would have appeared to be closer to the destruction of the fuel, a rapid surge
sorber in the core). It is beliesed that the stable than they had been for some time. of coolant boiling (with the particles of
operaton, in their attempt to maintain At 1:23.04, the turbine stop valve was destroyed fuel entering the boding
the power at 200 MWt, attempted to closed for the start of the test. A reduc- water), a rapid and destructive increase
" help" the automatic rods with manual tion in total coolant flow occurred (curve of prewure in the fuel channels, and fi-
rods (dotted cune,1:19:30) and further K.1:23:12) as the four main circulation nally the explosion that destroyed the
reduced the reae:nity margm. pumps that had been connected to the reactor.

As the feedwater llow was cut back at test turbogenerator started to run down. A second power excunion at 1:23:45,
1-22. a mmute before the start of the ac- This. together with the earlier reduction to more than 1000 MWt, is represented
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Modeling of the Chemobyl accident
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in the computer modeling by redistribu- cause nobody could imagine that a pilot because more rods are available to be
tion of the disintegrating fuelin the boil- would be stupid enough to try. He dropped in-one must consider the role
ing water and graphite moderator. suggested that the Soviet Union had rec- of lost neutrons in the chain reaction bal-

At precisely the moment of fuel dis- ognized somewhat later than other coun- ance equation. The description of the -

ruption, which was simulated in the tries the need to protect against this kind RBN1K reactor as one with a high neu-
model when the power density in the fuel of human fallibility. tron efficiency means that the losses of
exceeded 1260 J/g, there was an abrupt On the specific question of the most neutrons by leakage from the very large
fall of the coolant flow (curve K) as serious violation-the operation of the core, and by absorption in the various
check valves on the main circulation reactor far below the authorized limit for materials within the core, are relatively
pumps closed in response to the in. reactivity margin-Legasov said that an small. Under these circumstances, the
creased pressure in the core. This loss of automatic system to prevent this had light-water coolant becomes one of the
flow was also recorded by the data-log- been considered at the early design stage. more significant absorbers in the core,
ging system. The flow from the pumps But at that time such a system, which and any reduction caused by boiling will
would have been partially restored after would rely on a fairly complex calcula- have a significant positive effect on the
the rupture of the fuel channels, but the tion of the power distribution in the core neutron multiplication. If. on the other
water was now directed into a mass of and the reactisity worth of all the reactor hand, a great many control rods are still
damaged zirconium and hot graphite. control rods, was not considered to be partially inserted. the remosal of some
The ensuing reaction would have pro- sufficiently reliable to incorporate as an water becomes less significant.
duced large amounts of hydrogen and automatic shutdown system. Among the immediate measures being
carbon monoxide, which-upon contact Since the triggering esent of the Cher- taken on other RBNIK reactors is a lock
with air above the reactor-could have nobyl accident was a prompt critical reac- on the rod drive mechanism that ensures
caused the second explosion. tivity excursion, a great deal of the criti- at least 1.2 m of insertion into the core.

cism of the design centers on the subject Also, the authorized minimum operating
RB%lK modifications of reactor physics-although if one lis- margin of reactivity has been increased

.One of the most sensitive issues for tens to many of the experts trying to ex- from 30 rod equivalents to 80. This
both Soviet and Western experts was the plain the situation, one can sympathize means that in their first second of inser-
extent to which design features had con- somewhat with the operators accused of tion, the available rods must hase a reac-
tnbuted to the accident. The Soviets, having an inadequate understanding of tivity effect-sometimes referred to as
while stressing the overabundance of their reactor. The positive void coeffi- reactivity bite-equivalent to the full in-
human errors, were relatively frank cient of the light water coolant in the fuel sertion of 80 rods.
about the few identifiable design weak- channels is clearly the most significant Ntodifications proposed for the slightly
nesses-if only to assert that forthcoming characteristic of this reactor, though in it- longer term include the installation of
modifications are sufficient to allow con- self this does not make the reactor im- more control rods and the provision of a

tinued operation of other RBNIKs. Ex- possible to control as long as there is an diverse rapid shutdown system that
perts from other countries sought to sub- adequate number of effective control would use some form of fluid injection.
stantiate the claims that many of them rods. The large size of the reactor, with The absence of a diverse shutdown sys-
had made prior to the meeting, to the ef- low-enrichment fuel and highly efficient tem is the RBN1K aspect that was
fect that such an accident could not hap- graphite moderator, also tends to lead to perhaps the most criticized by specialists
pen in their reactors because of funda- a system that is subject to local power in- , from other countries, particularly those
mental design differences from the stabilities. These can be controlled, sub- from Canada, who pointed out that they
RBNtK. ject to a system of automatic regulation learned the lessons about the need for

One of the design flaws specifically re- coupled to good instrumentation. But at such a system after the criticality accident
ferred to by Legasov in his opening re- low power, the instabilities are more ap- at the NRX research reactor at Chalk
marks was the lack of automatic systems parent, and the instrumentation is less ef- River back in the 1950s.
to prevent the operators' violations. He fective. Another change designed to help over-
compared the situation to that of an air. To understand why the withdrawal of come the positive void coefficient is the
craft designer considering it unnecessary too many rods can be a dangerous situa- introduction of fuel with an enrichment
to provide automatic locks to stop a pilot tion in the RBN1K-esen though the situ- of 2.5 percent instead of 2 percent. It was
from testing the doors during flight, be- ation appears to be a relatisely safe one stated that this change-oser will begin
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next year, but will take some time to be Western specialists was that there was no bris abose the reactor. There has obsi-
fully effective, since fuel is changed on- possible mechanism in their reactors for a ously been some editmg of these pic.
load over a petiod of years. liigher en- prompt critical reaction that could pro- tures, since the I AEA sisitors to Cher-'

richment fuel has been developed for the duce fuel-coolant interaction similar to nobyl in May were apparently shown
larger design of RBMK, which gets an that which appears to hase taken place at much longer shots of the glowing core.
output of 1509 MWe from a reactor of Chernobyl-4. The only scenarios for pos- But the remaining video, and Soviet de-
the same size as the 1000 MWe units at sible steam explosions insolse core scriptions of the damage, were enough
Chernobyl. The apparent contradiction meltdown and melt through, with a sig- for the working group on accident dam-
of improving the situation by putting nificant time delay and thas much less se- age to determine that the whole of the
more fissile material into the core is, ac- sere release consequences if a steam ex- top plate of the reactor had been lifted
cording to one knowledgeable reactor plosion were to occur. But on the question off by the explosion and deposited at an
physicist, also related to a greater pro- of whether an explosion of comparable angle to one side of the reactor. In the
portion of non-water atoms capturing neu- energy to that at Chernobyl-4 would process, all of the fuel and control rod
trons in the critical balance equation. breach their containments, the general channels-roughly 2000 in total-had

Another RBMK feature that has come view was that it might cause cracking and been ripped open.
in for criticism from abroad is the high some openings, but would not com. The working group agreed that the
temperature of the graphite moderator pletely destroy the structure, which power excursion and steam explosion
dunng normal operation-but it is not would still have some effectiveness in re- could have produced the necessary
yet certain that this contributed signifi- ducing radioactive releases. energy. The energy release calculated by
cantly to the sescrity of the Chemobyl ac- Inevitably, there was much talk in Vien- the French delegation was on the order
cident. At a temperature of 7(0-750 *C, na of the need to "improse the man- of 200 MJ, generating a pressure of some
the graphite represents a significant machine interface." The Soviet special- tens of atmospheres under the top plate.
source of heat in an RBMK reactor, ists seemed to acknowledge that they Rough calculations also indicated that it
compared to other graphite-moderated have lagged behind the West in this area. would only hase taken about two atmo-
and heavy-water reactors, where the They also accepted the need for im- spheres to lift the plate.
moderator acts as a large heat sink. Dur- proved training and retraining of For some observers, the severing of
ing the low-power operation of the Cher- operators, with greater use of simulators. the fuel channels pointed up a weakness -

nobyl-4 reactor just prior to the accident, But, scoring a rather perverse point, they in the RBMK design. With the graphite
it is also likely that the nitrogen-helium noted that the excellent routine perfor- hotter than 700 *C during normal opera-
gas mixture, which is used for partial mance of their plants to date was one of tion, and dependent on the coolant chan-
cooling of the graphite, would have been the reasons why the operators at Cher- nels for heat removal, the Zircatoy pres-
changed to pure nitrogen, which has nobyl were ill-equipped to deal with an sure tubes could easily be subjected to a
poorer heat remoul properties. This abnormal condition. The fact that the temperature at which they would rupture
would have placed additional reliance on Chernobyl-4 unit had been the top- readily, especially in the region of the
the coolant in the fuel channels to re- ranked reactor in the performance fig- transition joint to stainless steel just
move heat from the graphite, and mey urcs of Soviet plants was also cited as a above the reactor.
hase weakened the transition joints be- possible cause of complacency on the The fire on the roof of the turbine hall
tween the zirconium alloy and stainless part of the operators. was the most immediate cause for con-
steel at the tops of the fuel channels, in cern for firefighters. The hot lubricating
the area where they were ruptured by the Accident consequences oil in the turbines and the hydrogen cool-

ant for the generators were sulnerable.imtial steam explosion. The damage to Chernobyl-4 was
On the vexing question of contain- shown in a screening of the sideo pic- gising rise to fear that the fire could

ment, the Soviets asserted that much of tures taken mainly from helicopters on spread to the' adjacent Chernobyl-3 unit
the plant, in the strong-box compart- the second day after the explosions, and even to Units I and 2. which share
ments that formed the containment for These included two brief glimpses of the the same long turbine hall. The fires
the design basis low-of-coolant accident, red glow of the core seen through the de- above the reactor were dealt with mainly
appeared (in the available sideo pictures)
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|with fire cumeuishers and mstalled fire pl.mned This was the reason pisen by -

[ ',.g_hsdrantt All of th.;se fires were extin- Lcpasos for the apparent delay m esacu- |

phhed by 5 a.m. on the morning of ation, which had drawn wme critiewm e g5 - %,

Apnl 26. Only then was the adjoimng from outside obsersers. Once safe evacu- ! .. 7. q

Chernob 1-3 reactor shut down.1his res. ation routes were established, dd ;$f h3

etation came as a surpnse to some dele- Legasov, the evacuation was carried out 9 , . , g. m
qS$gaten m did the Sovictv statement that with what was termed remarkable effi. *

; p *p
the other two units were not shut down ciency, in 2.5 hours with a flect of 10lX) * ~

until the following day. The Soviets said buses. '
,

that this was an indication of how the The pattern of radioactive release (sce ,'
damage had been confined to the one Table 11), calculated on May 6 with al- a1 *

unit. Iowance for decay of short-hved mate-
The sideo of the damaged reactor in- rial, obsiously started sery high on the

cluded some shots of components in the first day (amounting to 12 mci), then fell
equipment saults around the reactor, and to 2 mci on days four and five, and then
indicated that, at the lower levels, much rose rather alarmingly to 7 and 8 mci on , '

,

of this equipment had survived almost in- days eight and nine before falling off
tact. On one side of the reactor, the cells sharply. The increase on days eight and
containing four of the main circulation nine was attributed to a rise of tempera-

~

rn
pumps were intact; on the other side, ture in the core as various materials were
away from the added partial support of dropped on top of the damaged reactor |
the turbine building wall, the other four to sealit off. The release fell off again as T . 'r i

circulation pumps were visible standing some nitrogen gas cooling of the core was 9 s [ |

out of the rubble. established and as the scaling became ef. j;i
'

A (T
'It is estimated that about 3.5 percent fectise. 9

of the fuel material was ejected from the
,

core, and that some 10 percent of the Coser-up operation '

)graphite was ejected or ignited. Much of Reports of helicopters dropping a vari- '

,%

the fuel (0.3-U.5 percent) was deposited ety of materials onto the burning reactor
as heavy particulate matter, some tens of sounded like a fairly desperate effort to . y

microns in size, aroand the site. A cover it with anything at hand. The ~~ "

further 1.5-2 percent was distributed Sovic's maintained in Vienna, however,
mer a 20.km zone, while 1-1.5 percent that .t was a rather more carefully

',

was distnbu'ed as small particulates, thought-out operation. Spraying buildings with r'econtaminant
down to micron size, over the rest of the immediately after the accident, at- (phot,: Soviet Lde)
30-km esacuation zone. tempts were made to get some cooling

The initial large release from the reac- water into the damaged core via the With a loading of something like 5000
tor fortunately missed the nearby town of cmergency auxiliary feedwater pumps. tons from the covering on top of the reac-
Pripyat, but caused considerable con- but this prmed unsuccessful. Considered tor, and with the possibility of continuing
tamination of the forested areas through next were covering of the open reactor high temperatures, there was real con-
which evacuation routes had to be vault or allowing the fire to burn itself cern for the supporting structures of the

out. The former was adopted for the reactor. The Soviets stated that it was
fairly obvious reason of trying to limit this fear, rather than the speculation

TABLE 11 radioactive releases, but it raised the about the danger of core melting, that
EstnixtED RELEASE OF problem of fuel heatup and the remote led to an urgent decision to construct a

RADIONUCLtDES FROM THE possibility of some fuel melting into large slab of concrete below the reactor.
I CHERNOBYL ACCIDENT. masses that might go re-critical. This has a heat exchang~ on top ofit and
i The first thing dropped on the core is described in the Smiet report as an,

! | Reimed aci ty tMCO Ree was some 40 tons of boron carbide, to re- " artificial heat-removal horizon.' Be-
%ug duce the possibility of re-criticality. This cause of the high radiation doses stil! pre--

! was followed by 800 tons of dolomite vailing around the reactor, the concrete
Xe.133 45 up to l00
Kr-85m - up to 100 (limest ne),to bsorb heat as it decom- was pumped in through tunnels dug to
Kr.85 0.9 up to 100 posed and also to release carbon dioxide the basement of the reactor.
i.33: 7.3 20 to help extinguish the graphite fire. Next The next stage will be to build some

Te 132 1.3 15 there came 2400 tons of lead, also to ab- sort of entombment around the whole of
Cs.134 0.5 10 sorb heat as it melted but additionally to the damaged reactor. Work is already
Cs-137 1 13 run down through the core,if possible. It under wav on the construction of walls,

was also hoped that the lead would build particulariy between Unit 3 and the dam-sto-99 3 2.3
32

r}95 up some shielding against gamma radia- aged reactor, and the long-range plan
s, tion. not the least for the benefit of the calls for all of the debris to be renfed

-g "

,'t) f) N helicopter pilots. The cmcring was com- over. The So iets have not finished the
! Cc.141 2.8 2.3 pleted with large quantities of sand and detailed design of the entombment, and

Cc.144 2.4 2.8 clay, both to smother the graphite fire seemed eager in Vienna to get siews
Pu-238 0.8E-3 3.0 and to filter escaping fission products. from other countries, especially on the
Pu-239 0.7E-3 3.0 The cmering did indeed heat up the relative merits of a natural circulation
Pu-240 IE-3 30 fuel and increase releases of radioactisity open cycle cooling scheme sersus some
Pu-241 0 14 3.0 until it was possible to establish cooling form of closed cycle cooling.t

j Pu-242 2 E-6 3.0 by pumping nitrogen gas-from a com-
| Cm 242 2.1E.2 3

, pressor station on the site-into the Radiation efTects
Sr.90 032 4.0 space below the reactor sault. By May 6 As of late August,31 people had died'

Np-234 1.2 32 the temperature was stabihzed, and the as a result of the Chernobyl-4 accident.
%:irnated error 2 5tr*. reli'ase d radioactisin feH to a bw bet All of these were operating personnel,
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tiretichttr .ind s mcr fe hy workers who |
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*
quentes of the .wdent. Ap.irt f rom two
pcopic killed at once. one f rom steam b ~.

.
'
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burns and one f rom tallme debris, all the _ - '"-w -'

deaths h.ise occurred a'mone the 203 r- # ' ; -
- H

~

~

ucknew (others were hospitalized with h,s .a t -
~ ]-@ MEGYg ' ~

"
people hospitahicd with acute radiation .

-

~ 9q ~
AIII Qless scscre symptom 4 Medical special-

ists from other ceuntries praised the %,

speed with which expert medical teams
-

reached the site and the efficiency with
which the sescre cases were selected. I .-

~*

Bis. dosimetry on the 203 sescre cases
- g

has rescaled that they all reccised doses * \
in excess of 1 Gy (Itil rads). with 35 re-
ceiving more than 4 Gy and a few ex- /,,,,,,,,,

6
posed to extreme doses of 12-16 Gy. All
the deaths thus far base been among
those who receised more than 4 Gy. j N

A mass of insaluable information has Mj j k[fbeen prosided by the Sosiet doctors on
the treatment of the victims, w hich, -

again, was judged by other experts to j-/ [-' O
g^ , ".,fk

'A
Uhave been excellent. There was praisc for , .

the good consentional medicine applied '

to the majority of the sictims, as opposed A radiation checkpoint at the edge of the 30-km evacuation zone (photo: Sovfoto)

to the much-publicized bone marrow
transplants, which were applicable only limit of additional cases as a result of the taminated food, is much more compli-
for cases within a small band of radiation accident, cated. The Soviet report has attempted
dose and which were largely unsuccess- The Soviets said that a highly efficient to produce highly conservative figures
ful. operation employing youth solunteers using maximized assumptions at all

Nobody beyond the bounds of the ensured the widespread distribution and stages to obtain a quick assessment of
Chernobyl site is reported to hase suf- use of potassium iodide tablets in the whether any special medical prosisions
fered any symptoms of direct radiation town of Pripyat and some surrounding need to be made for the regions of the
sickness. The majority of the 135 000 areas. This has provided the first large- Ukraine and Byelorussia, where some 10

people in the 30-km evacuation zone, in- scale test of this technique for blocking percent of the activity released from
cluding the 45 000 from the town of iodine doses to the thyroid. The first re- Chernobyl is estimated to hase fallen
Pripyat, receised external radiation ported indications are that the technique out. For the external radiation from this
doses of less than 25 rem from the has prosed effective and that there have fallout, the upper limits of the collective
radioactive cloud. A few people living in been no undesirable side effects. Mea- doses are put at 8.6 million person-rems
sillages situated in the most contami- surements indicate that the majority of for 1986 and 29 million person rems for a
nated areas may hase receised between the peopic in this area would have re- period of 50 years.
30 and 40 rem. These external doses are ceised a thyroid dose of less than 30 reds. On the still more difficult question of
estimated to account for a collective dose In the period after the accident, a large estimating the internal doses from con-
of 1.6 million person-rems. Taking ac- number of the population from the sumption of food contaminated with
count of the projected spontaneous evacuated zone and beyond, including al- cesium, a figure of 210 million person-
cancer deaths for this population over the most 100 000 children, were checked for rems for the next 70 years has been pro-
next 70 years -14 000 cases-the Soviet radiciodine in their thyroids. The mea- duced-but discussion in the working
report suggests 2 percent as an upper surements were reported to have shown party at Vienna concluded that, in their

levels significantly below those that could attempt to produce the most pessimistic
cause any health effects. estimate, the Sosiets may have overesti-

N5
.

; Outside the 30-km evacuation zone mated by a factor of 10. Some support
direct radiation measurements of several for this view came from whole-body mea-

4 times natural background of 0.0fLM012 surements that have already been carried
mR/hr were recorded, and in Kiev,lesels out on about 1000 people from the re-
peaked at I mR/hr before falling off gion. Of these,97 percent showed levels_

,

u
. ;.

slowly. The averaging of the radiation that were 10 times lower than the expec-r. - 'qf jg.;, - ,,

w e 3,, . mr. <'/ ; d measurements for the whole of the pnpu- tation based on the pessimistic assump-

G,:~e*"7.,47-gg# "4- lation of the European part of the Soviet tion of cesium ingestion. The Soviet re-
,

~ V~
Union outside the 30-km evacuatiort port stated that on the basis of its.-

d._ A zone gises values of individual doses of maximized figures, the cancer mortality
external radiation that do not exceed 1.5 rates in the Ukraine and Byelorussia may'~' '~~

r. .C :s

, , . . ~. .
rem for 1986, nor 50 rems for the next 50 be increased by no more than than 0.05* '

ired.,. M T - - .-% M years. The Sosiet report therefore con- percent as a result of the external radia-ri
.. ~ M i /' #?$ cluded that there is no health danger to tion, and less than 0.4 percent as a result*-

{ </ .~.7 .
,, T < - 674 this population as a result of the external of the internal radiation.

[- ,P - ( f k radiation from the Chernobyl cloud. This report was prepared principally by[ p.""| 4b The question of doses from the fallout European Editor Simon Rippon, with|,a? f' n.rd'-:
n '. nJ of radscactise material, both external contnbutions from E. Michael Blake, Jon' ,,

. s .h:.4
Building up the banks of the Pnpyat nyer to gamma radiation from the ground and in- Payne, and others on the NUCLEAR
prevent contamination (photo: Sowet tde) ternal doses trom consumption of con- NEWS sta[[
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