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t of the Advisory Panel to the éoverno - King

r [Edward King] and Cabipet
: e on Nuclear Safety Following the Accident at the Threg Mile Island
ar Pover Station, R, Wilson, G. Rathjens and §. Wiltshire (January 1980)

Arrendix I. The Three Mile Island Accident

To determine which state sctions are now srerorriate it is
useful to follow in some detzil the course of events between 4 a.m.
on- Wednesdavws March 28, 1979 and the follouing Sundags Aarril 1
1979, There are several volumirous rerorts on thiss and we
condense from these 3 simplified account. This summary is intended

“not to rerlace these more comerehensive andes therefores more

- accurate accountss but to rlace in clear languade the rroblems as
they arose so that the reader of this rerort can see the
rersrective of the recommendations. :

Three Mile Island is 20 miles south of Harrisburd in the
middle of the Susgqueharnna River. Two nuclear rower rplants are
located theres Three Mile Island 1 and Three Mile Island 2. The
nuclear steam generatind systems were in each case desidgned by
Babcock and Wilcox Co. The reactors are rressurized water reactors
and the relevant r=arts are shown in 3 simrlified disdram in figure

1,

The nuclear reactor core consists of shout 30,000 fuel rods
—about 1/2 inch in diameter and 16 feet long# each rod is 3 tube of =~ .
~zirconium alloy (zircallow) filled with many ceramic rellets of
- uranium oxider 1/2 inch in lendth. During oreration nuclear
\-(' "fission takes place within the fuel rods» releasind enerdy within
them. The =zircallows tubes are filled with helium under Pressure
_and sealed to contain the radioactivity, The whole is surrounded -7 - -
by water, Neutrons 'from the nuclear Pission escare from their. -
-tubesy are slowed down by collision with the waterr and the Kglou ' o
‘neutrons reenter the tubes where most start a mew fission in new

uranium nuclei. .

w7 The fPuel rods heat ur 235 3 result of the nuclear reactions
"producing a total power of 2772 medawattis maximum and water flowinsg
around the rods is heated by them to &00° Fi the water is
pressurized to 2155 Founds rer sauare inch (Fsi) (150 atmosrheres)
_ to eprevent boilind. The water is rumred to a heat exchangers
called a3 once throudgh steam denerator (0TSG) where much of the heat
in the water is removed. The water then rasses back to the bottom
of the reactar vessel., There are twec such reactor coolind loors:»
.each with 2 Pumrs. All of this is inside a3 concrete contzinment
-vessel desidned to contzin any radioactivitu that would be released
if the barriers of the zirczllow fuel rod and the reactor coolind

.suystem were to bresk. ‘

Steam is produced in the steam deneratorsr where the water is

8t 2 lower pressure of 900 rsiy and rassed to the turbiner where it

is used to denerate electricity, The steazm is condensed back tao

water 1in the condenserrs and flows throush the condensate rumes and

- (‘ ~the feedwater pumes back to the stesm denerator, These two

~*"gsecondary® loors rass through & reretration in the containment
-vessel to the turbine room.
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Various safety sustems exist to insure that the radioasctivitu
alwaws staws within the fuel rodss this is done by ensuring that
the dererated heat is alwaus removed arnd the fuel does not crack or
melt. To shutdown the nuclear reaction (SCRAM the reactor) boron
shutdown rods can be raridly inserted into the reactor corei this
can harpeen either maruzlly or automztically,

Althoudgh the nuclear reaction cam be (and was at Three Mile
Island) shut down in less tham a3 seconds the radiocactive fission
rroducts continue to erovide some heat (decasy  heat), Immaodiziela
after shutdown this is slmost 8% of full Fower or 200 medawatts at
Thres Mile Island,.

If the msin feeodwater rumers fails there are 2 suviliarw FUMPS
to rrovide water to the steam dererators. Two are electrically

controlledr ard one is owrerated hy the steam turbhire, If +the
resctor rFressure dets too highs there are Fressure relief valvess
nre TR be controlled from cutside the cortainmart

{(electromednetically orerated relief valve EMOV) ard twue otiers
which cannot be orerated from outside the contaimnment wvessel are
S at a2 slightly bhigher eressure in case the first fz2ils tno
ur-eirate.

If the weter in the reactor evasorates so that cooling slous
downr & numher of emerdgercy core cooline devices exist to sut watesr
tack irn the core. This water is horzted to ernsure that the nuclear
rezction ceasses,

On March 28, 1979y Just before 4:00 2.Mm.y tmit No. 2 at Three
Mile Island was orerating st 97% of full rowery under zutomatic
caortirol and had been for three weeks., Three of Lhe crerating crow
of 4y the shift foreman and two oreratorss were ensgaged in
transferring resin from a condensate rolisher tank to £
regeneration tarnks and rroduced a block in the transter lire.

Frobhably as a result of zction to clear the resin blockadges
the rlant suffered a total loss of feedwsters which antomatically
triddered 2 turbine trirr {(i.e, & switch off of the turbime) 3t
04:00 snd 37 seconds. All emerdency feedwater sumes starteds as
thew were surrosed to do and this starting was rnoticed be the
orerator, The reasctor continued to orerate at full rowers and
since the hest was no lenger being tsken zwaw as raridly as riormzls
the reactor orerating temrerature and eressiire rose. So farr the
resronse to the transient was a3s amticirated,

The subseauent behavior can  he seern most readily el
examination of several fidures and tables, In Figure 2 are the
outruts of several strie chart recorders during the first 10
minutes after the tranmsient. In figure 3 these and other recorders
are shown over 3 reriod of 16 hoursr and both figures show times of
crucial events.
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FAGE 33

Arerroximately g seconds after the accident, the
electromadrnetically orerated rressure relief valve (EMOV) ceered:
at a set point of 2255 rsi to relieve the gressure, The reazctor

system Fressure continued to rises until the set roint of 22060 rsi
was reached when the reactor trirred according to design and the
control rods were indectedy storrirng the ruclear reaction.

We rause and rnote some fFroblems that had develored. For
safetwr it would have been desiresble (and rossible) to have the
reactor trir in the event of feedwster interrurtion,. Were this the
casey in many incidents the relief valve would riot need to orerzte
{although in this rarticular incident it would haved.

After the rezctpr trirredy reactor sustem temrerature fells
the rressure fell as steam was vented through the relief valve.
The relief valve was surrosed to close again as the rressure fell
to 2100 psi (13 seconds 3fter the accident) but it failed to do so.
Thica fzailure was unnoticed bw the orersating crews because Palling
temrerature 3lso leads to a8 dror in rressuare (3lihough s slower
dror).

The reactor rrescure continued to fell and when it reached
1600 ssi (after 2 mirmtes) emerdencwy rumrs (hidh sressure core
indection or HFCI) started to indect more water into the reactor.
If +this had bteen zllowed +to continue the rezctor would be
intact——and Frobably orersting--today.

Unfortunztely the orerators were watching another
indicator—-—the rressurizer level. The rressurizer is 3 small tanks
normally half filled with reactor wsterr and covered hy rressurized
nitrodern dgas. This das enables the sustem to core with small
volume chandes without lardge eressure chandes. The orerators are
traired not +to allow the Ppressurizer to be comrletelw filled with
water for this normallye indicates that no das is rresent, Control
of +the reactor is difficult in that case. (This is referred to as
a8 "solid" =lant.,) The rressurizer bedan to indicste z high level f
waters because of a combination of release of =gas from it {hroudgh
the relief valve and formatiorn of steam wvoids elsewhere in the
reactor sustem. These steam voids formed because the eresayre
became low enough for the water to boil. The orerators mistskenly
thought that the resctor sustem had tco much water and made Lhe
terrible mistake of turnindg off the emerdgencwy rumrs which add water
to the sustem? these rumes were turned on and off throughout the
davy actions which showed 2 comrlete lack of understanding eof the
status of the reactor. It arrears that this lack of underciziwdie
hes been widesrread throughout the rclear industrye Naval reactse
orerators also are tasught to follow the rressurizer level.,

At 8 minutes into the acciderntr 3n orerztor noticed that Lhe
steam denerators were dry of water on the secondary sider althoudh
the auxiliary feedwster rumeps had been seen to start. The gs=rol-o-r
found thst these rumrs had been isolated fram the suslem bLiw ~lozed
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block valvesr and the orerator orserned thece valves, It sii1
arrears to be wnclear why thess valves were closeds zrd hee Tormd
they had been closed. Althoush it was imitislle thought that +thic
was 2 mador contributor to the sccidermty it contributed rothins
directly excert sdded confusion. It misled the orerators igtc
false actions in the first minutes of the secident.

The reactor sustem temrerature and sro-cure =Y S IPC IR Y
stabilize between 4:20 A.M. and S:14 A.M.5 this is because the
water was boiling and the steam was doing rut nf the relief valos.
The reactor sustem was by this time rasidle Filling wilh ato., s
emrtwing of waters and the cireulalird pFupre  were Fams it &
steam/water minture.

This steam/water minxture was etill adesuxte L o meintaiin
sdecuate cooling of the fusl rodss but the coolant FURMS ATR fon
desidgned to rumr steam and bedan to. be noisy {cavitstiom), Thea
orerators turred off the Pusesy ore set at 5414 3.0 2:d the olhor

a3t 5141 aim. exrecting that natural circulalics el 3T,
Natural circulation would indeed have occurred if the resctir
sgstem had been filled with (subcooled) water. But  simce iU L

filled with & boilind water/stesm mivture the decizian e 1y

disaster. The water settled to the botiom and the stoan Misse L
the tors makind circulation imeossible. Orly the botivm 2 Tewetr i
ihe core was covered with water and the tor r3art of the COTE  WwEg

coaled only by steam.

Immediatelw after the rumrs were turred offs the thermocourles
measuring temrerature in the coolant looss showed that the core L
uncovered but’ the orerators Jdid not interrpret them carrectlu. THm
temrersture of the hot les (toe) wenl off scaler the temsersiogre
rising to & roint that at that sressure could only indicate thal
the thermocourle was in rure steamr» and the cold led cooled down
wzhnwinzg that circulslion hed storred,

Thz orerators had creatasd serious sroblemss olihoudgh trhodo
still did not krnow what the rroblems were or how thew had crecsted
them. For about 1 hour--5!140 to 4!40 a.m.--the to= of the core was

uncovered and uwndercooled. Subsenueni detailed calcuistions - oaw
that the temrerature in the tor of the core rose 1o 2000°F. t
this temrerature two rheromens oneocourreds the steam inte: <ol

chemically with the zirconium fuel rod claddinge axidlhiua
cladding and relezsing hudrodent

Zr + HRO *» Zr0 + HR

The fuel rodss bw then brittles cracked oren and relezsed the
daseous fission rroducts (xenonsy kryrtons and iodine) to the
reactor coolant water whence some left via the relief valve to Lihe
containment vessel and some to the ocutside environment throudh
leaks in the rrimary coolant sustem. Rising radiation levels wore
observed as earls as 5!120 a.m.r 3 site emergency declared oL 4135

T

F.m. 2nd 2 deneral emergencs at 7124 s.m. :




a rrobability of 1/10 has beern estimated.

All the radiosctivity will rot be released even if the
contaimnment is violated. Farticularly critical are the
chemical elements iodiner tellurium and cesium? if
released they interact chemicalley in the body wheraas
venon does not, Filters and slzie out mechanism= kernt L=
iodine release2 low at Three Mile Islands bzt in 2 geriy o
gecoident these filters mighit bhe overloadedd thoy wore Lo
fact rneot a5 effective as theve shenld bave beson al Tieeas
Mile Island because thew had hecome ssturated i srevicugs
usea,
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pAccertability of Accidents and Their Consequences

The ranel made o attemrt to decide whether one rFarticolar
secident 1is rpublicle accertable or unaccertaile. The Kemeny
Commission made a roint that the eresent 1level of safety--which
includes the accident 2t Three Mile Islands must be imerroved.

*To rrevent rmuclesr acridents as verious &g Three BHile i
Island fundsmental chandes will be mnecessaruy in  Libe
orgsnizzstiony Frocedures and sracticesz—-gnd zhove 311 i the
attitudes of the Nuclear Redulstory Commission andr to the
evtarnt that the irmstitutiorms a8re turical of the nuclear

industre,?

It alsoc rnote (P, 32 saragrarh 18 that imslicit smons  Lhe
czlculations in the Rasmussen Rerort is an estimate of frecquency of
accidents similar in size to Three Mile Island, This frewlency 1is
ore im  several thundred reactor orerzting uears, We have row had
rearly 500 reactor orerating uwears sand orne asccidenlt ol ilhie
madgnitude. Although the accident a3t Three Mile Island was not
Frredicted by Rasmussen 1t was not In itself sontrare Lo ite
eronshility estimaetes thereins Since Rasmussen &snd collessuess s
marny of those who have read and understood the rerorty believe Lhe
resuyltses if corrects were accertabler it seems to us thal this
assumertion of the Kemens rerort rerrecents & signifTicasnt dewsai-lure
from those rast beliefs angd needs examination. This i
rarticularly true when we realize that the main rublic criticisms
of nuclear rezctor safety and Raswussen’s rerort in rarticulare
have beerr based on a disbtelief in the numbhers——-pei  declared
statements that even if the low accident rrobabilits eslimaie. sy
corrects rexctore zre still umaccestable, Discussion o+ iy Jus?
crities and the rpublic seem not 1o have counsidered adevuaiuoiw
whether the results im Rasmussen’s rerort would bhe accertable if
true. However the nuclear industre and the Noclears Regulsloosw
Commission rroceeded as if it were.

ttemeny doesn’t address this discrersnca.




