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Itlarch 1, 1988

Dr.  Joseph C.  l {a l ters ,  Ph.D.
Comnuni cati on Consul tant
27 Palomino Road
Flagstaff ,  AZ 85004

SCRIPT FOR VIDEO ENTITLED "THE TMI STORY: A DOCUMENTARY' - Hl{R-9-88

Dear Dr. lJal ters:

At tached is  a  copy of ' the scr ip t  wr i t ten for  the v ideo ent i t led "The TMI
Story: A Documentary" being prepared by the TMI-2 Programs of EG&G ldaho,
Inc. for the U.S. Department of Energy. The script ref lects conments and
ref inements offered by several organizat ions, including the Department of
Energy and GPU Nuclear .  Presumably ,  th is  is  a  f in ished scr ip t ;  however ,  i f
the Department of Energy provides addit ional corments between now and
March 14,  EG&G ldaho,  Inc.  wi l l  ed i t  the scr ip t  accord ing ly .

P lease s tudy the manuscr ip t  and be prepared to  verbal ize i t  when you v is i t
th is  o f f ice dur ing the week of  13 March.  At  that  t ime,  both the audio and
dra f t  i l l us t ra t i ve  po r t i ons  o f  t he  v ideo  w i l l  be  cons t ruc ted .  A lso ,  t he
animat ion seguences t 'e ing developed by EG&G Idaho,  Inc.  or  suppl ied by the
Elect r ic  Power Research Inst i tu te  of  Palo Al to  (CA) wi l l  be rev iewed and
f i t ted to  the scr ip t .

R e n o ,  P h . D .
Program Specia l  is t

bmr

Attachment:
As Stated
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THE TMI STORY: A DOCUMENTARY

by

Harley lf. Reno

0n l,farch 28, 1979, attention of the nation and

world was captured by events unfolding at the

Three l , l i le Island Nuclear Power Stat ion near

Harr isburg, Pennsylvania" Early that morning,

the Unit-2 reactor ceased operat ing properly,

being shutdown by a series of automated
'protection 

systems. Although all systems stopped

safely, a combination of equipment malf,unct ions

and human errors eventual ly resu' l ted in

irreparable damage to the reactor. That

contr ibuted to involvement of the U.S. Department

of Enerrgy and others in research and cleanup

operat ions, and expenditure of pr ivate and pubi ic

funds from several sources total l ing more than a

bi l l ion do l lars .  Th is  documentary  summar izes

import;ant contr ibut ions by 008 during that

per ioc l ,  and i t  i l lus t ra tes some benef i ts  indust ry

and the nat ion ga ined f rom both the inc ident  a t

Three Mi le  Is land and subsequent  act ior rs .
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The tncident at Three Hlle lsland, or TMI, 肯 s

divided into three parts, namely the acctdent,

which lasted about lS hours, forced coollnq ェ

些  SyStem, which lasted about 30 dayss and

CleanuD tt faCtlttttes tt research, which is

taking about ten years.

Before dlscusslng the accldent, a brlef

explanation of normal reactor 9perations is

needed.  A water reactor llke tれe unit_2 reactor

of TMI ts nothing more than a big hot water

heater, whtch uses nuclear fuel to heat large

volumes of water.  Water leaves thd reactor at

about 600 degrees Fahrenhelt and is pumped to one

or more steam generators, where the heat energy

ls transferred to a second strea171 of water.

Water leaves the steam generator and returns to

the reactcr at about 550 degrees Fahrenhelt for

reheating.  Pressure ln the prlmary or reactor

system is kept high ‐ approximately 2200 pOunds

per square inch ‐ to prevent bolling the water.

In the steam generators, water in the secondary

system f lows in  the opposi te  d i rect ion of  water

from thre reactor. Cool water in the secondary

system enters the steam generaton through the;

bottom and passes upward around metal tubeg,.
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華 contatntng water from the reactor.  The heat

moves from the hot water in the prlmary system t。

the cool water in the secondary system causing

the water in the secondary system to bctl and

change into steam.  The steam spins a turbine,

productng electrictty for publlc consumption.

The steam continues flowSng to a condenser, where

it is cooled and converted to water.  The water,

then, ts pumped back to the steam generator,

where the steam cycle is repeated.

The process of transferrlng heat from the reactor

ta the steam generators to the condenser ls the

mechanism by which the nuclear fuel, or core, is

cool ed.  Thus, water circulating through the

reactor is referred to as P'co01 ant.・・  When a

reactor is not operating, coolant must be

circulated through the core to remove heat

generated by the decay of radloactive products

produce(l during normal operationso  Water in the

reactor systsm ls malntalned at a constant

pressurt3 by the pressurizer connected to the pipe

trattsporting hot water fFOm ↓ he reactor to the

stean generator.  Because pressures in the

reactor system tend to イ luctuate, the pressurizer

automattically compensates for sl19ht changes by

heating th/a water or coolin/J the steam bubb19

within lじhe pressurtzer.
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At the beginning of the accident at Tl,lI,

automatic protection features in the reactor

system operated as designed, safely shutting-down

the steam turbines and reactor. But a valve at

the top of the pressurizer stuck open, penmitting

water in the reactor system to escape into the

Containment Eui lding. A sump pump in the

basement of the Containment Bui lding was

activated automatical ly and began pumping the

water into the adjacent Auxi l iary and Fuel

Hand l  i ng  Bu i l d ing .

l{hen the pressurizer valve stuck open, the steam

bubble in  the pressur izer  was lost ,  g iv ing an

ind icat ion that  the reactor  was fu l l  o f  coolant .

0perators in the control room of Unit-2 became

concerned about potential  overpressurizing the

reactor system. There was concern too about the

loss of  water  in  the s team generators ,  loss of

water in the pumps returning water from the steam

generators to the reactor, and increasing levels

of radioact ivi ty in the atmospheres of the

Conta inment ,  and Auxi ' l ia ry  and Fuel  Handl  ing

bui lc l ings.  Apparent ly ,  the h igh pressure

inject ion system, which pumps water into the

react;or system during an emergency, was

del i l 'er ing some coolant to the reactor and steam



generators. The net result, however, was more

coolant escaping from the reactor into the

Containment Building than was being added by the

hlgh pressure injection system.

At 5:00 Al.l, two hours into the accident, second

shif t  personnel began arr iving according to

routine work schedules. The second shif t

supervisor soon recognized the trouble and

ordered operators to close the block valve atop

the pressurizer. Further loss of coolant was

halted. However, the amount of coolant remaining

in the reactor only part ial ly covered the core.

As a result ,  both temperatures in the core and

pressures in the cool ing system began increasing

as water f lashed into steam. That effect ively

prevented the high pressure inject ion system from

replac ing coolant  los t  to  the Conta inment

Bui lding or transformed into steam.

As temperatures in the core rose, exposed core

materia' ls and steam interacted causing severe

damage 1to structures and fuel assemblies. Some

components melted and f lowed to lower port ion of

the core.  A "bubble"  o f  hydrogen gas accumulated

in the jLop of the reactor. The hydrogen gas lvas

formed when the steam interacted with hot metals

of the exposed core in Hays that str ipped oxygen
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During the last ten hours of the accident,

operators. opened and closed valves and systems in

ways that el iminated the steam voids, reduced the

hydrogen bubble in the reactor system, and cooled

the core. The operators briefly opened the block

valve on the pressurizer and act ivated the high

pressure injection system. The procedure vented

steam and hydrogen into the Containment Bui lding

and progressively permitted ref i ' l l ing the reactor

system with coolant.  Temperatures in the core

began to decrease. Heat was removed by

restorat ion of forced circulat ion of coolant

through the reactor and steam generators.

Shor t ly  a f ter  in i t ia t ion of  vent ing,  hydrogen

re leased in to  the Conta inment  Bui ld ing apparent ly

ign i ted.  A rap id  increase-decrease in

atmospher ic  pressure of  the Conta inment  Bui ld ing

was detected by instruments in the control room.

Later examination of charred equipment and

distortred doors showed the hydrogen

burned and 'indeed was the source of

pressurE.
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Once vo ids in  the coolant  system were f i l led,

c i rcu la t ion pumps in  the cool ing system were

restart,ed. Temperatures of water returning lo



the reactor were lower than water leaving the

reactor, indicating that flow through the reactor

system had been restored. That signaled an end

to the accident. However, the basement of the

Containment Building was flooded by approximately

600,000 gal lons of radioact ive water. The

atmosphere of that bui lding contained large

amounts of radioact ive krypton gas. The

Auxi l iary  and Fuel  Handl ing Bui ld ing was

contaminated by approximately 550,000 gal lons of

water and some gas from the Containment Bui lding.

At approximately 7:00 Pltl - 15 hours after the

Unit-2 reactor began automatic shutdown - the

accident r{as over. Thus, the end of the accident

marked the beginning of the f inal cool ing of the

core,  and the labor ious,  t ime consuming,  and

expensive tasks of  c leaning up the fac i l i ty .  I t

also marked the beginning of a comprehensive

research and development by the Department of

Energy.

The sm,al l  bubble of hydrogen gas remaining insjde

the re;actor tras removed by venting into the

Con ta inmen t  Bu i l d ing .  However ,  t o  avo id  i gn i t i ng

the hyrCrogen,  d i r  in  the Conta inment  Bui ld ing was

c i rcu l ,a ted through a dev ice conta in ing cata ly t ic
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recombiners, uhich.control led the concentrat ions

of hydrogeri by chemical recombination with

atmospheric oxygen to fonn water vapor.

After the hydrogen gas r*as forc..{ from the

reactor coolant system, circule" ion of coolant

through the reactor system was restored fully. A

pump continued circulat ing coolant for about a

month, unt i l  temperatures in the system fel ' l

below those added to the system by the pumping

process. At that point,  the pump was turned off

and natural convection was allowed to cool the

.system. Fif teen months after the accident, the

radioact ive gas in the atmosphere of the

Containment Bui lding was vented to the outside

during a four week period from June and July

1980. The venting was a careful ly control ' led

process conducted according to a plan developed

by l ' letropol i tan-Etl ison Corporat ion - operator of

the Three Mi le  Is land Nuclear  Power Stat ion -  and

approved by the U.S. Nuclear Regulatory

Commiss iosr .  Metropol  i tan-Edison Corporat ion at

TMI was reorgan' ized later as General Publ ic

Ut i 
' l 
i t,y Nucl ear Corporat i on and thence i nto GPU

Nuclear  Corporat ion.



From the beginning of the accident, the

Department of Energy played an important ro'le at

Tl. l I .  Ini t ial ly,  D0E's presence there was to

support the U. S. Nuclear Regulatory Connission

and iletropolitan-Edison Corporation as they

labored to control the incident. That was

accomplished by making avai lable experts in

reactor behavior and experimental faci l i t ies at

nat ional  laborator ies.  S imulators  a t  the Idaho

National Engineering Laboratory were used in

recreating various aspects of the accident and

test ing hypothesized methels for control l ing the

acci dent.

In December 1979, President Jinrny Carter charged

DOE wi th  the responsib i l i ty  c f  implement ing the

federal portion of the research and development

program out l ined by the Pres ident 's  Commiss ion on

the Accident at Three l ' l i le Island. The

commission recognized that the incident at Tt4l

afforded the government and nuclear industry a

unique opportunity in understanding reactor

behavior during and after a severe core damage

acc ident .  The commiss ion be l ieved Uni t -2  would

provide infonmation not avai lable from severe

aceident  tests  conducted at  nat ional

laborator ies.  Consequent ly ,  the Genera l
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Publlc Utillty Nuclear Corporatton, the

El〔ctr・lcal Power Research lnstttute, the Nuclear

Regul■tory Commtssion, and the Department of

Energy, collectively Sdentified by the acronym

GEND, signed a Coordinatton Agreement ttn March

1980, establlshtng the Technical lnforlnatton and

Examlnation Program.  The Coordination Agreement

outlined objectives of that program and broadly

defined methods for achievlng those objectives

conststent with other obllgations of each

signatory to the agreement.       .

An important aspect of that agreement was

establishment of a physical presence at Tl.lI by

DOE, beginn ing in  1980.  The Technica l

Integration 0ffice of DOE was supported by $Ag

mil l ion and staffed mainly by personnel from EG&G

Idaho, Inc.,  operat ing contractor of the Idaho

National Engineering Laboratory. The Technical

In tegrat ion Of f ice was responsib le  for

coord' inat ing act ivi t ies between GPU Nuc' lear,

other signatories to the Agreement, and special

adv isory  commit tees estab l ished to  ass is t  in

p1 ann' ing cl  eanup operat i  ons and gatheri  ng

research materials needed for understanding and



explaining the accident. That off ice assisted in

planning and schedul ing act ivi t ies at Tl l I  and at

federal installations around the country. It

also disseminated technical and scient i f ic

information to governments and nuclear industries

around the world.

Meanwhtle, NRC was preparing a programmatic

Envtronmental lmpact Statement on decontaminating

unSt‐2 and disposing of wastes.  The

Environmental lmpact Statement, first issued as a

draft in August 1980 and in final form the

following March, alluded to spectal capablllties

in DOE which could benefit cleanup and waste

disposal efforts at TMI.  In March 1981, the        。

Secretary of Energy sent a me冊 orandum to             電

President Ronald Reagan, requesting the budget       Φ
博

for DOE at TMI be enhanced to accommodate the        ゅ

Φ
larger scopes of work suggested by NRC.  The         f

Prestdeilt responded positively and authorized a      ф

budget (〕xpansion.  The amount added was S75

m村1lton, increasing the DOE coHlmttment by fiscal

ycar 1982 to S123 1111lon.

Fol lowi r rg  issuance of  the F ina l  Programmat ic

Environrnental Impact Statement on Tl'lI, NRC and

DOE sigrred an interagency Memorandum of

//



..,::
Understanding, which specified interagency

procedures, roles, and responsibi l i t ies for

removal and disposition of wastes produced during

cleanup of Unit-2. That memorandum, along with

the Coordination Agreement, defined how 00E and

GPU Nuclear would interact in removing,

transporting, and storing or disposing of wastes

produced during cleanup. The DOE budget at Tl,lI

was increased another $36 mil l ion, br inging the

commitment  to  $159 mi l l ion,  beginn ing f isca l  year

1983.

In  1982,  DOE ass is ted GPU Nuclear  in  in i t ia l

examinations of the damaged core. Two leadscrews

in the control rod system wcre removed. A

miniature television camera was lowered into the

core region of the reactor through one of the

openings le f t  by a Ieadscrew.  The te lev is ion

camera revealed a large cavity in the core.

There was considerable rubble and damaged fuel

assemblies at the bottom of the cavity. Port ions

of damage fuel assemblies were observed around

the periphery of the cavity.

In 1983i,  DOE and GPU Nuclear deve' loped sampling

devices; which were lowered through the leadscrew

openings and used to  co l lect  samples of  the .

・
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debris. Information gathered from studying the

leadscrews, examining videos of the cavity in the

core, and analyring samples of debris collected

from the core justified expariding the Tl{I budget

to include fornulattng an explanation of what

happened to the core during the accident. The

addit ional funding was t30 mil l ion, br inging the

total commitment to Tl, l I  by DOE to t l89 mil l ion.

0f that amount, 40 percent was devoted to cleanup

of Unit-2 and 50 percent to research and

development act ivi t ies at various federal

I  aboratories.

In l ' larch 1984, DOE and GPU Nuclear contractually

agreed that DOE wourld t,ransport, store, and

eventually dispose of the damaged core from

tini t-2. They also agreed that Ct0E would

transport,  store, and prepare for disposal

abnorrmal wastes generrated during c'leanup.

Abnormal wastes are wastes whose characterist ics

are dif ferent from radioact ive wastes rout inel5r

produ'ced by commerci al , nucl ear power faci I i ti es .

The amount committed by 00E to cleanup of Unit-Z

and r,esearching anci understanding progression of

the a'ccident was less than 18 percent of the

costs of cleanup and research. That is,  i ,he.
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estimated Sl.I b卓 11lon was varFously shared by

other Parties: the insurance companies paid S305

mlll対on3 the customers of GPU Nuclear patd S246

冊111lons the domestic nuclear industry

contributed S153 mllllons the Ceneral Publlc

Utllities Corporation paid 382 mllllons the

Cowgnonwealth of Pennsylvania and State of New

」ersey contributed S30 mlll号 on and Sll mill10n,

respectivelys the Babcock and Wllcox Corporatton

patd S21 mtlllon a after lawsuit o it designed

and bullt the untt。 2 reactori the nuclear

industry of dapan contributed S18 mllllon, and,

of course, the Department of Energy spent S189

mllllon, cf which S79 mllllo吊  was directly

applicable to cleanup of Unit-2.  That left an

unfunded shortfall of about S38 mlllギ on.  GPU

Nuclear estimated that cleanup alone cost S965

m l l l l o n .

NRC, in its envtronmental lmpact statement,

indicated that cleanup of Unit,2 could be

accomplished using extsting technology and

hardware 31ready avatlable to the nuclear

industry and federal government.  NRC also ncted

that cleanup wquld take from five to nine years

to clomplete.  Although that forecast intttally

seerled pessimistic, in reality tt was quite .



号→!

!=壬!

real ist ic.  After the accident, NRC, GPU Nuclear,

and other organizations at Tl,lI realized that

access to the damaged reactor would occur only

after peripheral facilit ies rene decontaminated.

Hore than one year passed before the Auxlllary

and Fuel Handling Building was decontaminated

sufftctently to permit regular occupancy ind the

Contatnment Building vented of radicacttve gas.

Another two years passed before radiation levels

in the Containment Bullding were reduced to

safely permtt prolonged occupancy, particularly

tn those areas allowing access to the reactor.

Three more years elapsed, whlle sctentists and

engineeFS WOrked on the ,olar crane, opened the

reactor, and designed, bu号1を, and tested hardware

for remoピキ嚢g, packagSng, and transportttng core

debrts.  And moro c予t&n これree years were needed to

dtsmember, package, and transport trle cOre tO the

ldaho N8it10nal Engineering Laboratory for storage

and resc,arch.

After the accident, GPti  Nuclear began cleaning

and decontaminating the Auxi l iary and Fuel

Hand' l  i  ng Bui I  d ing. The Auxi 1 i  ary and Fuel

Hand l i ng  Bu i l d ing  i s  rea l l y  two  d i s t i nc t

fac i l i t ies  separated by a cornmon wa1l .  The
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Aux弓ltary Bullding contains tanks, pumps, pSping

and other equSpment used to process and stoFe

water for the reactor and primary cooling

system.  That bullding also is used for treatment

of radicactive wastes.  The Fuel Handling

Bulldtng contatns equtpment for moving and

sをoring nuclear fuel.  Most of trne hardware,

fl oors, and walls of the Aux弓 ltary Buヽ101ng were

contaminated when the sump pump in the basement

of the Contatnment Butlding bogan discharging

spllled reactor coolarlt into tho sump of the

AuxllSary Butiding.  As a result, GPU Nuclear

elected to lnstall the commerctally ava1lable

EPICOR‐II deminerallzer system for processing

both spllled water in the Aux村 liary Butlding &配 d

water used in scrubbing floors, pipes, and other

surfaces.

The EPICOR‐II demineralizer system was comprised

of three EPICOR ion exchange pref1lters arranged

ln serles.  As contamlnated water passed from one

pref lヽter to the next, progressiv91y lnore and

more radloactive contaminants ‐ princSpally

cestum and strontium e were removed.  The cleaned

甲ater was stored until needed for other cleaning

and decontaminatlon tasks.  9nce a Flref lヽter was

loaded ttittt radioactive matttrtals, ・it was removed



from service, moved from

in a shie' lded container,

temporary concrete building

complex.

Auxlltary Bulld毒 調g

stored in a

rBear the unit_2

By the time the Auxlllary Bulldfng was

decontaminated, 50 EPICOR‐ II preftlters had じ een

used and placed in storage.  Several prefllteFS

contained approxtmately 2,200 curies of

radicactive isotopes and had a radttation fteld

approaching l,000 Roentgens per hour on the

exposed surface.  Since the preftlters

tndividually contatned more radicactivity than

WaS peFmitted for dtsPosal as commerci&1

low‐level radicactive wastes, they had to be

eSther repackaged in high‐ integrity containers or

thelr contents immobtllzed in concrete or other

durable mt〕dia, as specified in regulat村 ons of

NRC.  Neither situation seemed workable becau8e,

in 1981, there was no licensed hギ ghointegrity

csntaSner which could accommodate something as

large and radioactive as an EPICOR― II prttfllter.

An EPICOR`,II prefllter is cylギ ndrical, about four

feet in diameter, five feet high, and contains

about 35 t,ubic feet of organlc reslns or organlc

resins wSlLh zeollte.  Likewi se, lmmobiltztng the

contents t〕f an EPICOR‐ II pref1lter would incFease
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signif icantly the volume of radioact ive wastes

disposed by GPU Nuclear. Unnecessary

proliferation of radioactive wastes was contrary

to recomrendations outlined in the Programatic

Environmental Impact Statement by NRC. DOE

agreed to accept the 50 EPICOR-II prefilters

under tenns of the interagency l.lemorandum of

Understanding and use them as research materials,

in order to develop a method whereby they could

be disposed as low-level radioact ive wastes.

Two EPICOR-II prefilter vrere retrieved from

storage and transported to Battelle Columbus

Laboratories in Ohio fsr e.xamination. That

laboratory discovered gases escaped when the

pref i l ters were opened and residual l iquids

ins ide were ac id ic .  Immediate ly ,  quest ions were

raised about potential  rust ing and over

pressunizat ion of each pref i l ter in storage at

Tl ' l l .  DOE asked EG&G ldaho to design and bui ld a

dev ice which would vent  each pref i l ter  o f  gases

and replace the internal atmosphere w' i th an inert

gBS, brefore transport ing the pref i l ter by truck

from TMI to Idaho National Engineering

Laboratory, sr INEL. EG&G Idaho responded to the

request and del ivered to GPU Nuclear the

Protot,ype Gas Sampler, which remotely opened. the

．
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一 prefl l ter, sampled and analyzed internal gases'

and replaced the atmosphere in.the prefi l ter with

argon. All  EPIC0R-Il prefi l ters rere transported

safely by truck to INEL, rhere they were placed

in storage.

Radioactlve materials brought, to IIIEL are used in

answering questlons important to the government

and nuclear industry.  The EPICOR-I I  pref i l ters

afforded 00E some unusual research

opportunit ies. For example, engineers and

scientists were concerned about rates of internal

corrosion of the steel containers, the behavior

of  organic resins af ter  receiv ing internal

radiat ion doses in excess of  that  accompl ished in

laboratory tests, and development of a

high- integr i ty  container which would faci l  i tate

disposing of  the pref i l ters as low- level

radioact ive wastes.

ECaC Id8hO deVised ways of FemOtely collecting

samples of resins and zeolites in selected

preflltgirs and analyzing them for chemtcal and

Phystcal changes in resins.  Analyses revealed

that resins began to structurally change in

radtaticin fields less intense than assumed by

NRC.  TIⅢat discovery encouraged NRC to fund .
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continued research in degradation of irradiated

res ins and in i t ia te  rev is ion of  regulat ions

concerntng imobi l  izat ion of,  resins before

disposal.  Et i&G Idaho also succeeded in remotely

transferr ing resins from an EPICOR-II pref i l ter

to an ernpty EPICOR l iner. The emptied pref i l ter

was decontaminated, then metallurgical samples

were cut from the sides. The samples were

examined and shown to have l i t t le corrosion.

That f inding el iminated further-concerns about

uncontro l led rust ing of  EPICOR- l I  .pref i l ters

during storage.

Crttics of TMI and DOE claimed that the EPICOR‐ II

prefllters could not be disposed as low‐ level

radloactive wastes within the present regulatory

framework.  They argued that a high‐ integrity

container large enough to accommodate a prefllter

could nct be bullt or llcensed.  DOE, two of its

national laboratortes, st▼ せral private companies,

and a state regulatory authority belleved     _

otherwiseo  EG&G Idaho asked Sandia Natlonal

Laboratortes to assist in developing crlteria for

a high‐integrity container suitable for the

prefiiters.  EG&G Idaho contracted Nuclear

Packaging, Inc. of Federal Way, Washington, to

design the high‐ integrity container based up9n

criterta provided by Sandia National



EG&G ldaho also contracted Nuclear Packaging,

Inc. to construct two prototype high-integrity

containers. One was bui l t  and drop-tested from

l0 feet at the manufacture's faci l i ty and the

other used in addit ional test ing at INEL" The

Department of Social and Health Services of the

State of t{ashington requested that t,he second

prototype at INEL be drop-tested from 30 feet"

After that test,  the State of t{ashington issued a

Cert i f icat ion of Compliance for the concrete

h igh- in tegr i ty  conta iner  based upon technica l

revieu and and advice from NRC. Thus, the

f irst-of-a-kind reinforced concrete

h igh- in tegr i ty  conta iner  was used in  the d isposai

o f  46  EPIC0R- I I  p re f i l t e rs  as  C lass  nC"  l ow- leve l

radioact ive wastes in the commercial nuclear

waste d isposal  fac i l i ty  in  the State of

t{ashington. The other four pref i l ters were

disposed as government research wastes in a

fac i l i ty  a t  INEL,  a f ter  comp' le t ion of  research

sponsored NRC.

0nce the Auxi l iary  Bui ld ing at  TMI was

decontaminated, attent ion shif ted to

decontaminat ion of  the Conta inment  Bui ld ing.  The

f i rs t  task was to  dra in  and c lean the 600,000

gal lons of ,  contaminated water  in  the basemen[ .
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GPU Nuclear designed and bui l t  into the EPICOR-II

demineral ization system another fi ltration system

for removing cesium and strontium from the water

in the Containment Eui lding. The new system was

inserted in the process l ine between the

Containment Bui lding and EPICOR-II system in the

Auxi l iary  Bui ld ing.  The f i l ters ,  or  vessels ,

resembled a large, household water softener.

In terna l ly ,  the vessel  was f i l led wi th  zeol i tes,

which look l ike granulated cereal  or  dry  pet

food. Zeol i t ,es have strong aff ini t ies for

cer ta in  rad ioact ive mater ia l  s .

Since those vessels would be capturing and

concentrating large quantities of strontium and

ceslum, they were arranged in serles wlthin the

C'B・・
 Pool of the Fuel Handling Bullding, hence the

name ・
・
submerged demineralizer system8, 。r SDS.

The pool provided shielding to workers and

equipmtttnt against intense radiatlon from the

loaded vessels without interfering wtth access tO

neoded facilitteso  Water leaving the SDS vessels

was sellt to the EPICOR‐II deminerallzer system

for fillal Gleaning before storage in a special

tank.



Originally, specttficattons for SDS llmited each

vessel to containing about 10,000 curies of

radioactive lsOtopes.  However, studies by DOE at

the Oak Ridge National Laboratory indicated that

each vessel could be safely loaded to many times

that number of curtes, thereby reductng both the

number of vessels needed to process that 600,000

ga1lons of water and volume of wastes produced.

After all the watcr was processedi 19 Vessels of

wastes had been produced.  Some vessels contained

about l12,000 curies of radicactivity each, wit院

radtatton fttelds approaching a 100,000 Roentgens

at the exposed surface.  That was substantially

more radicactivlty than had been managed in the

disposal of the EPICOR‐ II prefllters.

Consequently, DO三  was faced wギ th two challenges:

Ft rst, it had to ftgure out how to GOntr01 the

production of gases in each vessel.  And second,

it had to decide what to do with the vessels once

they were moved from TMI.

l , lhen water  is  p laced in  a  h igh rad ia t ion f ie ld ,

i t  beg ins  to  d i sassoc ia te  i n to  i t s  e lemen ta l

components .  That  is ,  rad ia t ion tends to  break

the ehemical bonds binding hydrogen and oxygen by

a  p rocess  te rmed  " rad io l ys i s . "  Tha t  resu l t s . i n
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the production of hydrogen and oxygen gases.

l{hen tlrat p!'ocess occurs in a closed system like

an SDS vessel,  there exists the possibi l i ty that

those gases could eventually overpressurize the

vessel or reach concentrations which could

instantaneously  ign i te .  In  e i ther  s i tuat ion,  the

end results are undesirable. Therefore, control

of gases rras accomplished by insert ing a

catalyt ic recombiner into the vent port atop each

vessel.  The recombiner funct ioned similar to the

one used to cont,iol concentrations of hydrogen

l iberated into the Containment Bui lding after the

accident. The recombiner chem.ical ly reunited the

gases into water. That process l imited the

product ion of  gases in  the SDS vessels ,  making i t

possible to transport each safely by truck in a
'  commercial ly avai lable cask from TMI to the
. i  Pacif ic Northwest Laboratories near Richlancl,

?

F t{ashi ngton.

At Pacif ic Northwest Laboratories, the SDS

vessels were used in several experiments and

demonstrat ior, .s. For example, the contents of

three SIDS vessels were mixed wit ,h glass-forming

compounrCs, transferred to a special stainless

stee;l  crontainer, and heated to where the contents

of  the rcanis ter  fused in to  a so l id  mass of



glass" Heretofore, radioact ive zeol i tes had not

been inmobil ized in glass, nor had the contents

of a canister been fused in place within a

container.

Some SDS vessels were used in remote handling

experiments, which demonstrated that objects as

radioact iv€r as those vessels could be transferred

dry from one container to another. That

demonstrat ion provided an alternative to

submerging high radiat ion sources in water before

making l;ransfers between containers. The

demonstrat ion also avoided the inconvinient,

expens;ive, and t ime consuming task of

decorrtaminating wet hardware.

(}

At the conclusirn of the experiments at pacif ic e])
_.i

Northwest Labrl" -ories, each SDS vessel lvas C3
3\3

placed in a concrete overpack in preparat ion for s?
fs

storage below ground. One overpack was equipped .g
(r)

with instruments for cclntinuous monitoring of

radiation f ields, temperatures, and pressures of

the SDS vessel .

0nce the Containment Bui lding was decontamir iated

to the po int  where technica l  personnel  could

regular ' !y  occupy the fac i l i ty ,  a  ba lance had.  to
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be struck between meeting the needs of the

operat ing ut i l i ty and various government

agencies. GPU Nuc?ear focused on decontaminating

Unit-2 to where l{RC would agree to change the

l icense for Untt-Z to ref lect the faci l i ty being

defueled. That would benefi t  economical ly the

uti l i ty anrJ i ts customers. 0n the other hand,

the goverrnment and industry r{ere interested in

understanding the accident and measuring i ts

effects on nuclear equipment. That knowledge

wou' ld lead to construct ion of better equipment,

safer  operat ion of  nuc lear  fac i l i t ies ,  prevent ion

of similar incidents, and smoother and more

eff ic ient recovery operat ions should other

incidents occur. That meant al l  part ies had to

agree on what was to be done, in what pr ior i ty

things would be done, and against what schedule.

Consequently, not al l  equipment could be examined

nor  a l l  research samp' les co l lected.  Only  those

th ings that  f i t  the schedule of  the ut i l i ty  and

resources of al l  interested part ies were pursued.

During an accident, control and safety of a

nuclear reactor depends on instruments and

electrical equtpment functtoning properly.  When

inStFuments or equSpment malfunction, control of

an acctdent becomes very difficulto  Such was the

さ9く.



case at r$ll in l,larch 1979. It is not surprising

that t)08, l{RC, the Electrical.Power Research

Inst i tu te ,  and e lect r ica l  u t i l i t ies  in  genera l

Here eager to recover and test instruments, and

electr ical connectors and cabl ing from inside the

Containment Bui lding, as soon as possible after

ini t ial  entr ies. Recovery of those types of

hardware were particularly important, because

they ini t ial ly were s' .rbjected to an intense steam

envi ronment  as the Uni t -2  reactor  leaked coolant '

into the Containment Bui lding. Then, they were

subjected to the burning of hydrogen gas.

Final ly,  they experienced several years of

in tense i r rad ia t ion and h igh humid i ty .

Information gained from examining equipment

sttbjected to those hosti le environments was

recognized as important in improving standards

for  fabr icat ing and qual i fy ing new e lect r ica l

equipment .  I t  proved inva luable to  understanding

how equipment presently in use at other nuclear

power stat ions would perform in an accident.

Likewise, that information revealed modes of

instrument fai lure during and after an accident.

And lars t ly ,  i t  was usefu l  in  assess ing the safety

of othrer nuclear reactors using the same or

simi I  arr equi pment.
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0f the many pieces of electr ical equipment

removed from containment, examined and tested in

laboratories, two pieces yielded espeeial ly

interest ing and valuable information:

At the top of the Containttent Butlding is the

polar crane, whose operation was mandatory

for moving the large pieces of equipment tn

and around the reactoro  After the accldent,

numerous questtons were ralsed regarding the

safe use of the crane in subsequent cleanup

and defueling operatSons.  Consequently,

examlnaをlon and recertification of the crane

was prerequlslte to future acttons.  The

pendant cable, which contains control

switches for operating the polaF Crane, was

suspended near the center of the Ccntalnmenと

Bullding durtng the accident.  The outer

surface of the cable showed varying degrees

of thermal damage from the hydrogen burn.

Scme parts were charred, some discoloFed, and

others undamaged.  Testing sections of the

cable showed that the acctdent and

POSteaccSdent environments had little or no

effect on the material propertttes of the

inner insulation of the cable, cr the abヽ lity

of cttrcults lnslde to perfoFm thelF lnte,ded

f!unctions.



At the top of the enclosed statrwell ln the

Containment Bu村 lding, there ts a r■ こtatton

monitor, which is designed to provide operators

with infomation about radtation levels tn the

event of a loss‐ of‐cool ant‐acctdent.  Durtng the

accSdent, operators used tht■ t monttor to declare

a Ceneral Emergency at THI, when radtat弓 on levels

in the Containment Butlding reached preset limits

causing the instrument to alarm.  Examination and

testing of the mo卯 対tor later FeVealed that

Fadiation levels illeasured by the monttor during

the acctdent probllbly were inaccurate, and those

measured long after the acctdent drastically tn

error.  Part of the lnaccuFaCy durlng the

accldent was attrlbuted to the lnstrument belng

shielded by thictt pteces of lead and stainless

steel tnstallee fOr the purpose cf protecting

electrontcs inside the monitoF.  InaCcturactes

durlng the post‐ accldent perlod were attrlbttte毬

to intrusion of molsture into the mo恥 i七oF tilrOugh

an impropeFly inStalled seal duFtttg asseF3bly, and

degra、dation of electro■ tcs by prolonged

irradtation.  The moisture shor七 ‐cttrcuited scme

electrical systems and the pFolonged iFradittt,o■

adversely affected cert3々 n tFattStstors im the
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lnstrument.  Based on lnformation galned from

stuく!ying the monitor in the Containinent

Butlding of unit‐ 2, NRC changed

speclfttcattons for raも tatton 闘OnltOrs

installed in the containment め u肯ldings of

operatlonal reactors.

While sctentists attd engineers were examining

electrical cabling and ヽ nstrtimentation in the

Containment Buヽ lding, others were busy examining

the instde of the reactor, and planning for

openlng the reactor and removlng the damaged

core.  As mentloned earlter, EG&G Edaho provided

a televiston camera and developed a sonar devtce,

both of tthich were used intt村 ally to explore

instde the reactore  That 'tquick look・ ・ equipment

provtdeは the informatlon needed in planning

FemOV&l of the heこ d and llfttng the plenum

astse韓おly fro船 村nstde the reactor.  It also set

thc stage for colloGを ing samples of debris from

tとtOp th13 da冊電と9華堪 coF8,

ltt Pl邑ぽl腕塙韓g ずせF F暑碍器Y&1 0f the 卜 ead and lifting

t'モt母 癖景電1健11田: aSSel母も号フ, マuostions were ratsed by

r】al“屯ict津岳乱tS t魂 曇粛怠 crtとtcs of ttctivities at TMI

二|めc)ut 屯卜↓噛 G亀碧逸るt張疫じy ■f the ゃolar crane to safely

iil't t許ilめ品魯 1品『害零, 軸38 rヽy ptecos of steel.    .



Although the electr ical cabl ing and switching

electronics of the crane seemed operable, GPU

l{uclear refurbished and, where necessary,

replaced moving parts, before load testing and

requal i fying the crane to original

specifications. That effort took more than a

year and delayed opening the neactor until July

1984.

In preparing foF llfting the head, a significant

amount of housekeeping had to done around the top

of the reactor and in the empty fuel transfer

canal surrounding the toP of the reactOr.  Such

things as insulation, fans, electrical cabling,

and various pteces of hardware were removed.

That ellminated some radtatlon sources and

simplified ttorking around the top of the

reactore  A leak tight barrieF WaS bullt across

the deep end of the fuel tFanSfer canal.  The

barrier ftictlitated keepSng the deep end of the

canal fil刊ed with water.  Al so, an ettergency

flood system was installed to provide water for

add→t章onatt radiatton shielding or contamtnation

control around the top of the reactor.
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Next, the large nuts and studs used in attaching

the head to the body of the reactor had to be

cleaned, decontaminated, and lubricated, before

loosening. Each stud was about 12 inches in

diameter and there were 60 of them around the top

of the reactor.

Elaborate precautions were t,aken by GPU Nuclear

to shield workers from excessive radiat ion and

protect against further contamination of the work

area around the top of the reactor. The head was

draped with nlead blankets" to protect against

spreading radioact ive contaminants cl  inging to

the head. The head was I i.fted from the reactor

and moved slowly through the air to a stonage

stand bui l t  dur ing const ruct ion of  Uni t -2 .  The

stand was enclosed by a banrier constructed of

f iberg ' lass tubes f i l led wi th  sand,  each about  two

feet in diameter uy 22 feet tal l .  The head was

iowereC into place atop the stand for storage.

After the head was removed, the holes in the

f lange once occupied by the 50 studs were p' lugged

and a s tee l  r ing -  ca l ' led the in terna ls  index ing

f ixture - attached to the f lange. That f ixture

' " ras used in  gu id ing the p lenum assembly  in to  the

reactor  dur ing in i t ia l  assembly .  The f ix turq was



made leak t ight so that the water level in the

open reactor could be raised, providing more

shie ld ing against  rad ia t ion.

Immedtately below the head of a reactOr was the

pl enum assetibモy.  It was constructed of stainless

steel, measuring nearly 14 feet in diameter by 12

and a half feet high, and wetghing about 55

tons.  The plenum assembly was mostly Open spaces

lnterrupted by 69 tubes, contalnlng the

l eadscrews.  The spaces permitted free passage of

hot water from the core to pipes leadine tO the

steam generators.  The leadscrews manipttlated

control rods tn each fuel assembly, which, in

turn, increased or lecreased nuclear reactlons in

the core.
田
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When constructed, the plenum asミembly and Part Of     罷

the adjacent ccre support assembly were machined      O
鶴

to close matching tolerances, bGth keyed to fit       憲

的
into the reactor vessel in a certain wayo  That

way, they aligned properiy to the fuel and

cantrol rod assettblies below.  During the

acct(lent, portions of the plenum assembly



を
　
　
一　
生
や

experienced local ized ri '.: lt ing and thermal

expansion far in excess of designed clearances.

That caused physical distort ion of some

components and created concern about the

st ructures poss ib ly  b ind ing dur ing I i f t ing the

plenum assembly from the reactor. Since the

polar crane would l i f t  and remove the plenum

assembly, any binding might exceed the l i f t ing

capaci ty  o f  the r igg ing.

Four  spec ia l ly  des igned hydraul ic  jacks were

attached at equal intervaキ〕
ざ【Bround the top of the

plenum assembly. Each one extended downward

through a narroh, space to a flange on the core

suppor t  assembly .  In  un ison,  the four  jacks,

each capable of  l i f t ing 60 tons,  were act ivated,

raising the plenum assembiy 7 and l /4 inches

w i thou t  d i f f i cu l t y .

After y aヽising the plenum assembly, a temporary

work platform was installed over the internals

indextrig fixture.  From that platform,

techntcians, using small televis,on cameras,

inspected all suFfaCeS of the plenum assembly.

With thie atd of long handled tools, end flttings

and pieices of fuel rods weFe diSlodged fro理  the

underside of the plenum assembly.  Those pteces
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of core debris simply fel l  into the cavity of the

core. Once the plenum assembly was cleaned of

core debris, the temporary work platform was

removed and preparations began for final l ift ing

and storage of the plenum assembly.

Ordinarモly, the plenutt assembly is removed from

the r・eactor vessel by attaching a llfting device

to t,le three llfting lugs projecting upward from

the plenum るssembly, then connecting the system

to the hook of the polar crane.  Because the

plentm assembly of untt_2 expeFienCed some damage

and thermal distortlon, engtneers of GPU Nuclear

dectded to not use the lifting lugs.  Instead,

they devtsed a method whereby the llfting device

was attached at three polnts to the underslde of

reinforcing Structures in the top of the plenum

asseTibly.  Once attached, the device was

conneicted to the polar crane.  The plenum

asse『ib]y was llfted free of the reactor and moved

to the deep end of the fuel transfer canal.

Therel, tt was lowered ont9 a submerged storage

standi.  Water in the deep end of the canal

pFOVided sれtelrding against radiation.

With the reactor oPo機, ruefueling beg己津 1齢

earnest, , Fi rst, a FOtataわle work platfor納 瞬aS
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installed over the internals indexttng ftxture.

The platform shtelded technlctans from radtation

from the core and provlded access to the core

through a slot in the floor.  Parts of a

carousel‐1lke device were lowered into the

vessel, assembl ed, and attached to the side of

the platform.  Five canisters were lowered into

the carousel and readied for filling with core

debris.  The cantsters were destgned specifically

for recelvl■ 9, transporting, and stoFlng the core

debrts.  The technScians, using long handled

tools, began collecting the loose debrts lying on

top of the core and placing it in canisters,  The

loose fuel rod segments, ptteces 3f collapsed fuel

assembltes, and rock‐ like rubble were placed in

cantsterso  Smaltter pteces of rubble were

vacuumed into canlsters.  Fine debFls suspended

in the water was removed by f1lteration devices

installed in some canisterse  ttventual ly, all

loose materials on top of tthe core were removed

and packaged in canlsters.

Foll o'wing the ttquick look・・ and sampling of the

core three years earlier, EG&G Idaho began

developing dri1ling hardware which cou18 dr111

through the entire core, regardless of type and

denstty of materi31s encountered.  The interlt Was
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to col lect several vert ical samples from the core

for use in studying eauses and effects of the

accident.

After test ing several types of dr i l l ing bits, the
nChrisdri l '  manufactured and sold by Christensen

l,lining Products of Salt Lake City was selected

The Chrisdri l  successful ly dr i l led through random

layers of zircaloy rods, Inconel and stainless

stee l  s t ructures,  hard- f i red a lumina p la t ing,

ceramic materials, concrete, and gravel.  The

abi l i ty  o f  that  dr i l l  to  penetrate those media

was made possible by equipping the cutt ing face

with 1ir9€, diamond-faced tungsten carbide teeth.

The Chrisdri l  was attached to a modif ied

conmerc ia l  dr i l l ing machine,  which was equipped

w i th  a  spec ia l  d r i l l i ng  sp ind le  and  chuck .  The  E
spindle and chuck could acconmodate several sizes H
of  dr i l l  p ipe and instantaneously  change ver t ica l  h ;

g)
pressures of the bit. Because the core media ?*.
thnough which the bit  would pass were unknown, C.)

and because each medium dictates torques and

loads on the dr i l l ing system, a computer-based

control system was incorporated into operat ion of

the dri  I  I  i  ng machi ne. That system, p' l  us the

spec ia l  sp ind le ,  made  i t  poss ib le  to
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automatical ly manipulate the dri l l  through media

of unknown densit ies and consistencies without

operator intervention.

After the loose debris was removed, the dri l l ing

system was installed on the work platform above

the reactor. Ten samples of materials were

dr i l led f rom the core and p laced in  canis ters .

GPU Nuclear  used smal l  te lev is ion cameras to

inspect  spaces be low the core.  The dr i l l ing

system was removed from the work platform and

stored nearby. The canisters with samples were

transferred to the Auxi l iary and Fuel Handl ing

Building by way of the f looded port ion of the

fuel transfer canal.

Supposedly, the way was clear for GPU Nuclear to

complete defue l ing operat ions.  But ,  because

clari ty of the water in the vessel had been

deter iorat ing for  weeksn technic ians could not

see what to remove. Nor cou'ld they brake or

penetrate the surface of the core with long

handled too l  s .



After some testing, GPU l{uclear determined that

the clouding agent in the reactor" Has afi

uncontrol led biological growth. Before any more

core debris could be removed, the growth of

microorganisms, feeding on the organic materials

in the water, had to be control led. GPU Nuclear

controlled the organisms by treating the water

with chemical addit ives and f i l ter ing the treated

water  through a ser ies of  sand- l ike f i l ters .

Soon, clar i ty was restored to the water in the

reactor. The same chemical treatment was

admin is tered to  canis ters  f i l led wi th  core

debris. That was done as a precaution against

potential  comosive act ions by some bacteria.

GPU Nuclear  re insta l led the core dr i l l ing machine

and dri l led as many overlapping holes through the t>
c)

crust  as poss ib le .  L i tera l ly ,  an e ight - foot  . \ l .

c ircu' lar sect ion in the center of the core tras f i

dr i l led in to  rubble.  Loose debr is  le f t  behinr r  o)
(s

af ter  dr i l l ing was loaded in to  canis ters  and ' r
Gd

removed from containment, The technicians again

started working with manual tools, prying out

remnants of the core. The remants consisted

mostly of fuel rods, structural hardware, and

endf i t t ings of  the lower  por t ions of  fue l

assemb l ies .  Remnan ts ,  l i kew ise ,  were  p laced . in

cani sters.
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Each time an area above was disturbed by

technicians, some debris left behind by the dri l l

moved downward through open spaces between stubs

of fuel rods. That meant more and more core

material was being displaced to lower port ions of

the core and into the lower plenum. In fact,

another ?0 tons of debris was added to the 20

tons displaced to the lower plenum during the

accident .

After the core was removed, the lower core

support assembly was cut apart and removed, using

the dri l l ing machine and a remotely operated

plasma arc cutt ing torch developed for GPU

Nuclear by Power Cutt ing, Inc. near Chicago.

Pieces of the support assembly containing core

debr is  were p laced in  canis ters .  P ieces f ree of

debris were removed and stored outside the

reactor  unt i l  complet ion of  defue l ing

operat ions.  At  that  t ime,  some p ieces were

packaged and sent to INEL t 'or possible

examinat ' ion at  a  la ter  date.  The debr is  in

lower plenum tras scooped or vacuumed up and

in canisrfers for storage at INEL.
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Although the principal focus of the part ic ipants

tn GEND was galning access to the reactor and

removing the damaged core, much attention also

was given to transporting the core from TllI to

II{EL for storage and research. According to

regulat ions of the Nuclear Regulatory Conmission,

materials containing greater than trace amounts

of plutonium must be contained behind two

barr iers .  S ince a l l  nuc lear  fue ls  in  reactors

progressively accumulate trace amounts of

plutonium in the course of normal use,

containment of that substance is not di f f icult .

The metal,  or zircaloy, of a fuel rod in a fuel

assembly funct ions as the f i rst level of

containment. The cask used to transport the

spent fuel provides the second level of

containment. Thus, the rule establ ished by NRC

is compl ied wi th  in  the rout ine t ranspor t  o f

spent  nuc lear  fue l .

In the case of the damaged core of Unito2,

however, the ztrcaloy of fuel rods was breached

during thlB accidents  As a result, the flrst

containmeint barrter was lost.  No commerctal cask

avatlable provided two 百 evels of contatnment.

That meant either an existing cask had to be

modified Dr a neW one designed, bull t, and  .
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l icensed specif ical ly for transport ing core

debris I'rom I'MI to INEL. In 1984, EG&G ldaho

contracted with Nuclear Packaging, Inc. to

design, construct,  test,  and I icense a neh, cask.

Although that may sound llke a simple

undertaking, detractors and some politicians

claimed the regulatory and polStScal cl村 mates

were nct conducive to butldttng and llcensing a

new casko   ln general, they were correct,

because designing, 1lcensing, and butlding any

cask took several years.  A totally new design

owas construed as practically impossible and

potenttally an unacceptable delay to the

defueling schedule being followed by CPU

Nuclear.  But, early involvement of NRC in

planning for a double containment cask and

following suggestions by NRC to subject a model

of the cask to a series of drop tests effectlvely

shortened the ltcensing time to the point that

the NuPに、c 125‐B Ra lヽ Cask was designed, tested,

bull t, 電ind llcensed between dune 1984 and Aprll

1986 ‐ :i period of less than two years。

A l/4-scale model of the cask was drop-tested

f ive t inres by the Transpor ta t ion Technology

Center  o f  Sandia Nat ional  Laborator ies.  The.



first three drops were from 30 feet onto an

unyielding surface, and the last two were from 40

inches onto a two inch puncture pin. Although

testing damaged the overpacks on the model,

design of the overpacks presupposed some

deformation and damage from each test. Integrity

of the cask model, however, was not compromised

by or duo' ing drop test ing.

Fol lowing the drop tests  a t  Sandia Nat ional

Laboratories, a ful l  scale model of the canister

being used at Tl.lI was drop-tested four times by

the Chemical Technology Division of the Oak Ridge

National Laboratory. Unl ike the tests at Sandia,

the canis ter  was p laced ins ide a s tee l  p ipe to

s imulate p lacement  ins ide the ra i l  cask and the

pipe f i t ted with Styrofoam pads to simulate

impact  l imi ters  used in  the ra i l  cask.  The

assembly was dropped from 30 feet to simulate

severe acc idents .  Analys is  o f  the canis ter  a f ter

the tests showed no external damage. Damage to

in terna l .par ts  was l imi ted to  s l ight  bending of

some pieces, hut nothing that would compromise

integr i ty  o f  the canis ter .
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Results of the drop tests were tncluded in the

Safety Analysis Report for the NuPac 125‐B Rall

Cask.  That report was submitted by Nuclear

Packaglng to NRC, as part sf the licensing

applicatton for the cask.  DOE, confident encugh

that the NuPac 125-B Rall Cask 昭。uld be licensed,

authorized construction of two NuPac 125‐B Ratl

Casks, wht]e NRC was reviewing the applScation.

Consequently, the two casks, plus all the loading

and unloading hardware, were in place at both TMI

and INEL in plenty of time to avold disrupting

the defuellng schedule of CPU Nuclear.  Another

rati cask was butlt later by Nuclear Packaging

and leased to GPU Nuclear.  Thus, three casks

were used in transporting core debrls.

I t  is noteworthy that the casks and loading

hardware were tai lor-made to f i t  in the Truck Bay

between Units I  and 2 at TMI. Before that

equipm,ent was moved to TMI from near Seatt le, i t

was ful ly assembled and tested at the Hanford

Engineer ing Development  Laboratory  near  Rich land,

t lash inrgton.  Technica l  personnel  f rom GPU Nuclear

used t lhat demonstrat ion for test ing procedures

and  t ra in ing .



The NuPac 125‐ B Ratl Cask is a stainless steel

vessel withln a stainless steel and lead

composite vessel.  Each vessel ts made leak‐ ttght

by a double O‐ rtng bore seal ttn tts lld.  The

tnner vessel contains seven tubes, eac" sizctt to

accommodate a cantster from TMI.  Although the

cantster effectively ls a thlrd level of

contalnment for core debrls durlng transport, no

credit is taken for that barrier in design and

operatton of the cask.  In other words, it is a

safety feature apart from the cask.

Spaces betweerr tubes and structural components

are f i l led wi th  a  spec ia l  neut ron absorb ing

mate r ia l ,  wh ich  p rec ludes  the  poss ib i l i t y  o f  a

cr i t ica l i ty  dur ing an acc ident .  Impact  I imi ters ,

or energ.y absorbers, at the ends of each tube to

cushion canis ters  in  case of  sudden

decelerat ions.  The outer  vessel  is  const ructed

of  two c i rcu lar  p ieces of  s ta in less s tee l  f i t ted

one insir le the other. The space between the two

p ieces  i s  f i l l ed  w i th  l ead ,  wh ich  p rov ides

shie ld ing against  rad ia t ion emi t ted by contents

of  the canis ters .  Large energy absorb ing

overpack: i  are f i t ted over ends of the cask to

protect l the cask and contents from potential

damage i t r  case of  a  t ranspor ta t ion acc ident . .  The
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cask with overpacks is 23 feet long and 10 feet

in dianeter across the overpacks. The system

weighs about 180,000 pounds, when ful ly loaded

and assembled atop the rai lcar. That is

approximately the same weight as a ful ly loaded,

stretched Boeing 727 air l iner, including a ful l

complement of passengers, creh,, cargo, and fuel

at takeoff.

When the dttctsion was made to develop the NuPac

125‐B Rall Cask, the last technical chalienge to

transPorting cors debris from TMI to INEL was

interfacing loading equtpment with the Tru●k ttay

in ways that would not infringe cn space

dedicated to Untt-l or interfere wttth the

relicensing of untt‐1.  Accordingly, the

equipment was des19ned and bullt to per盟tt

unrestricted passage of the ra堪, cask and

ra lヽcar, mantpulate the cask, and satisfy

safe‐shutdown earthquake crlterla wlthin the

confines of the Truck Bay.

As noted ear l ier ,  once a canis ter  was loaded wi th

core drsbr is ,  i t  was sealed,  wi thdrawn f rom the

reacton ves;se l  in to  a  sh ie lded t ransfer  dev ice,

and mo'ved to the deep end of the fuel transfer

canal .  There,  i t  was lowered in to  ar r  up-ender ,
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or device which rotates the canister from

vertical to horizont,al, at the bo^ut,om of ihe

canal.  A transfer device then shutt led t ,he

canister through the fuel transfer tube in the

wall  of the Containment Bui lding to another

up-ender in the "An pool in the Fuel Handl ing

Building. There, the canister was rotated to

vert ical and placed in the storage rack. At the

appropriate t ime, the canister was dewatered

using argon gi ls,  leak-tested and monitored for

leaks, and readied For shipment. The fuel

transfer cask was used to load the rai l  cask.

When a ratl cask was avallable at TMI for

loading, the overpacks were removed outside the

Truck Bay.  The cask on a ratlcar was pushed into

the Truck Bayo  The cask on lts transport skid

was disconnected from the rallcar and lifted by

the cask unloading statlon.  The raticar was

wlthdrawn from the Truck 8ay, and the cask and

skid lowered to the flooro  The cask was rotated

to vertical by hydFaullC llfters and secured tc a

work platform.  The cask was opened.  And the

shielded lcading collar installed on top of the

cask.  The mini‐hot cell withdrew and held a

shield plug from a tube in the cask.  The fuel

transfeF CaSk retrleved a canlster ready for.
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shipment from the ''A:' p001, transferFed it to the

cask, and lowered tt into the open tube.  The

mint‐hot icell returneo the plug to the fillQd

tube.  That transfer and loading sequence was

repeated stx more times until the cask contained ―
圭

l seven canis,。rs・―:→fl挙=!'P二!ing Was ,OT?1呈''d' ―::毛|::
I ids of the cask were replaced and each vessel

leak- tested,  ensur ing that  the cask was assembled

correct ly. The cask was returned to horizontal 
r '

and l i f ted onto the ra i lcar .  The overpacks were

placed on the rai l  cask. The package was

surveyed and cert i f ied for release to EG&G Idaho

by GPU Nuclear at t,he front gate of Tl,lI. I

Before acceptance by EO&G Idaho, each cask and

its ra1lcar were inspected by representatives cf

Conratl, the Federal Rallrcad Admttnistratlon, and

EG&G Idaho.  The transportation officer of EG&G

Idaho accepted tustody of the loaded casks on

behalf of DOE, after attendant transportation

documentation for each cask was checked.  DOE

honored requests from varlous states to lnspect

the train whlle in route to INEL.  The tratn was

lnspected by representatives cf the States of

Ohlo, Indiana,・ 11lincis, MtssouFt at prearranged

stops along the rall FOute。   Occasionally, the

train was ヽ nspected by a representative of ttte !

State of Kansas.
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In consultat ion with various rai l roads, DOE

evaluated the quickest and safest rail routes

between Tl,lI and INEL. It reached agreements

wlth Conrai l  -  or Consol idated Rai l  Corporat ion

- and Union Pacif ic Rai lroad for transportat ion

of the core debris in the NuPac 125-8 Rai l

Casks. Those rail companies were selected partly

because of their demonstrated safety records with

hazardous wastes, part' ly because their cornbined

route is one of the shortest distances between

Tl.lI and II{EL, and partly because the combined

route was composed of top quality trackage

certified by the Department of Transportation for

use in transport ing hazardous wastes. That

trackage also was cert i f ied independently by the

Federal Rai lroad Admin' istrat ion for the same

purpose.

After all inspections were completed at TMI, the

Conratl locomctive attached to the train.  The

train left thrc,ugh the front gate of TMI.

Conrall agreed to provido expedited ‐ or

exclusive‐use tt rail service from TMI to East St.

Loui s, 11linols.  At that point, Unlon Pacific

lnltiated the siame servlce, assumlng

responsibllity for transporting casks to the

Scoville sidttntl at INEL.  Conrall restricted.the
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speed of the train to 30 miles per hour between

Tl{I and East St. Louis, as a matter of corporate

pcl icy for transport ing hazardous materials.

Union Pacif ic had a higher speed restr ict ion of

50 miles per hour between East St. Louis and

INEL.

DOE ful ' ly recognized that transport ing core

debris from Tl, l I  t ranscontinental ly to INEL would

be a sens i t ive publ ic  issue.  EG&G Idaho was

requested to wri te procedures which outl  ined the

process whereby governors of states a'long the

rai l  route would be noti f ied of the planned

action to transport that material  through thei ' r

jur isd ic t ions.  Those procedures out l ined the

rat ionale used in  se lect ing the ra i l  route,

explained the communicat ion network used to

monitor casks in transit ,  and described emergericy

communicat ions used in  case of  an unusual

occurrence a long the route.  F i rs t - t ime

not i f icat ion was issued to  each s tate 45 days

before in i t ia t ing the t ranspor t  campaign.

Thereaf ter ,  each s ta te v las not i f ied in  wr i t ing

seven days before the train left  TMI and

te lephoned i f  the se.hedule of  the t ra in  var ied

more than four  hours f rom that  in i t ia l ly

transrmitted by letter.



Public announcement of the rail route between Tl'lI

and INEL in i t ia ted a f lood of  publ ic  inqui ry .

Inquir ies were received from mayors, f i re chiefs,

pol ice departments, ci t izen groups, state

off ic ials, congressmen, and senators to mention a

few. The cit izenry in teveral comunit ies along

the rail route voiced ctesires that the core

debris be transported via alternate routes around

thei r  domains.

Seemingly ,  there is  publ ic  percept ion that  ra i l

routes can be changed here and there easily and

convenient ly  to  avoid th is  or  that  populat ion

center. General ly,  decisions to "avoid my town"

are impract ical.  Alternate routes around cit ies

or  munic ipa l i t ies  compr ise lesser  qual i ty

trackage. The use of that trackage would

increase transport t ime and add to the r isk of

transport inE the core debris. Regulat ions

promulgated by the Department of Transportat ion

speci f ica l ly  d i rect  ra i l road companies to

t ranspor t  such mater ia ls  on h igh qual i ty ,

main i  ine t rackage.

Upon arr i l ra l  a t  the Scovi l le

Union Paci f ic  iocomot ive was

INEL Ioconrot ive immediate ly

s id ing  a t  INEL ,  the

di sconnected. The

attached to the train
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and hauled i t  to the Central Faci l i t ies Area.

0verpacks of a cask were removed and stored. The

gantry crane l i f ted a cask and i ts transport skid

from the railcar and transferred them to a truck

transporter.  Slowly, the cask was haulei l

approximately 25 miles to the Hot Shop of Test

Area North of INEL.

In the Hot Shop, the cask was l i f ted from the

transport skid and placed vert ical ly in a stand

designed to contain other large fuel casks. The

cask was tested for radioact ive contamination and

.opened manual ly. Personnel left  the Hot Shop.

The shield plugs were removed and stored.

Canis ters  were wi thdrawn ind iv idual ly  and

conveyed across the Hot Shop to the water-f i l led

vestibule. There, each was lowered slowly into

one of two storage modules si t t ing on a transfer

car t .  When a module was f i l led wi th  s ix

canis ters ,  the canis ters  were re f i l led wi th

water. The cart passed under the wal l  of the Hot

Shop to the Water Pit  located in an adjacent

bui ld ing.  The module t ras l i f ted f rom the car t

and moved to a preassigned place in the storage

rack.
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Once in place, canisters were equipped with vent

llnes, through which residual air ttn the canister

escaped and addittonal water was added.  When the

NuPac 125‐B Ratl Cask was emptted, it was

reasSembled, returned to lts transport skid, and

thence to the Central Factlities Area.  At

Central, the empty cask, with its skid, was

returned to the raをlcar, surveyed for external

radicactive contamination, and released to uniOn

Pactfic for the return trip to TMI as routine

freSght.  In the・meantime, the next cask was

readied for transfer to the truck trans,orter and

hauled to the Hot Shop for unloading.  The

process was repeated until all casks at the

Central Facllittes Area were emptted, surveyed,

and released to un10n Paciftc for return to TMI

as routine fretght.  pertodtcally, Union Paciftc

sends each ratlcar to tts maintenance shop in

Pocatell o, Idaho for tholough inspection and

servl clng.

Although canisters are designed for 30 years of

storage, DOE plans to retr ieve the canisters and

process, repackage, or both the core debris into

a form acceptable to the federal high-level

rad ioact ive waste repos i tory .  The schedule for

bu i ld ing and operat ing the repos i tory  in  the.
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State of Nevada is substantial ly shorter than the

planned storage period of core debris at II{EL.

In the meantlme, a few canisters have been

retrieved from storage and returned to the Hot

Shop, where their contents t{ere removed.

Examination of the contents and detai led analysis

of selected samples have resulted in a good

understanding of the accident sequence within the

Uni t -2  reactor :

During the f i rst hour and 40 minutes, the

accident was a small-break 
' loss-of-coolant

accident. For that period, the reactor r{as

los ing coolant  through the re l ie f  va lve at

the top of the pressurizer. Even though the

reactor was losing coolant,  as long as the

reactor coolant pumps remained operat ional,

the core continued being cooled by a mixture

of water and steam. At the end of that

per iod,  excess ive v ibrat ion caused shutdown

of the pumps. That stopped forced

c i rcu la t ion of  coolant  through the reactor .

l lur ing the next hour and 14 minutes, stoppage

of forced cool ing caused the water and steam



to separate, and gradual boi l-off  of

coolant. The steam generators went dry and

coolant level in the reactor decreased

suff ic ient ly to begin exposing the core.

Radiat ion monitors in the Containment

Bui lding began detect ing increas' ingly higher

amounts of radlat ion. That signaled the

beginning fai lure of fuel rods in the core.

Local temperatures in the core exceeded 2,700

degrees Fahrenheit .  The ensuing rapid

oxidat ion of zircaloy increased core

temperatures to greater than 3,800 degrees

Fahrenheit .  That generated large quanti t ies

of hydrogen gas, As temperatures exceeded

3,400 degrees Fahrenheit ,  the zircaloy began cr
to melt.  l , lol ten material  continued to form c'r

q|J

as the molten zircaloy began to dissolve the c)
f\i

uranium oxide fuel . g")

g
$-

During the next 50 minutes, or three hours 
GJ

and 40 minutes after the accident began,

brief operat ion of one reactor coolant pump

sent a large quanti ty of water into the

reactor .  The hot ,  h igh ly  ox id ized z i rca loy

of fuel rods shattered. Breakage was

at t r ibuted to  a  combinat ion of  thermal  shock

and mechanical stresses. Except for fuel
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assemblies at the very edge of the core,

approximately the top five feet of the core
I

fragmented and collapsed into a bed of

rubble. That left  a larEe void in the core.

In-core thermocouples, or sophist icated

electronic thermometers, showed that the

surge of water caused local ized cool ing as

coolant percolated through the part ial ly

bl ocked core. l,leverthel ess, numerous

high-temperature regions remained in the

central port ion of the core. Molten material

continued to form in the lower central

regions of the core. The molten material  was

held in  p lace by a crust  o f  so l id i f ied

ceramic mater ia l  that  acted l ike a cruc ib le .

That was the hard crust encourrtered beneath

the rubble bed during grab sampling and

dr i l l i ng .  The  h igh -p ressu re  i n jec t i on  sys tem

activated, introducing enough water to cover

the core again. But, because the steam and

water could not readi ly penetrate the core,

cool ing proceeded s lowly .  At  that  t ime,  peak

temperatures probably exceeded 5,000 degrees

Fahrenhei  t .

Dur in 'g  the last  three hours of  the acc ident ,

or f ive hours after i t  began, numerous system

ぐ
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indicators signaled a maj.or and rapid

movement of core material, Later inspections

showed that those signals were caused by the

sudden fai lure of the crucible-l ike crust.

That fai lure released molten material into

and through the core support assembly to the

Iower plenum. Uater in the lower plenum

quenched the molten material, but only after

an estimated 20 tons of slag-l ike debris came

to rest on the lower head of the reactor.

Continued operation of the high pressure

injection system eventually terminated the

accident f ive hours after i t  began. The

. remaining t ime was used to clear the system

of steam and hydrogen, and decrease

temperatures to where all pumps could be

stopped permanently.

By now, one begins wondering what DOE got from

spending $189 mi l l ion of  taxpayers '  money.

t{ i thout a doubt, the return on that investment to

the federal government and nuclear industry is

inest imable.  For  example,  i f  DOE t r ied to

conduct an experiment l ike the one at Three Fl i le

I s land ,  as  pa r t  o f  t he  con t inu ing  se r ies  o f

reactor experiments at the Idaho National

Engineering Laboratory, construct ion of a
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f a c i l i t y  l i k e  U n i t - 2  w o u l d  c o s t  b i l t i o n s  o f

do l lars .  And,  i t  is  reasonable to  assume that

such a faci l i ty would be so burdened with extra

safety systems, results from a ful l -scale

experiment would not reflect what happened at Tl' lI

or could happen at another reactor. Had the

incident at Tl, l I  not happened, the real izat ion

that  nuc lear  reactors  des igned and bui l t  by  the

western wor' ld are safe despite interference by

man might  s t i l l  be f leet ing.  Other  types of

experiments might not have arr ived at that

rea l i za t i on  i n  such  a  conv inc ing  fash ion .

That  $189 mi l l ion investment  by DOE under l ines

the va lue of  large investments made s ince 1950 by

the federal government in researching nuclear

safety .  That  is ,  reactors  bu i l t  and tested at

the ldaho Nat ional  Engineer ing Laboratory  y ie ' lded

computer  codes and des ign cr i ter ia  which

predicted the behavior of commerc' ial  Fower

reactors in accident cases and forced their

const ruct ion in  ways that  safe ly  conta ined the

worst  case acc ident .  I t  took the acc ident  a t  THI

to  con f i rm  those  p red ic t j ons .  And ,  i t  t ook  TMI

to change the d i rect ion of  research in  reactor

safety from a focus on sudden, large break

loss -o f - coo lan t -acc iden ts  to  sma l l  b reak ,
' long-term 

accidents such as occurred jn Unit-2.
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■=f The S189 mllllon tnvestment ytelded additう onal

dividetlds, whose dollar values wtll nct be

realized until the nation starts disposing of

radicactive matertals at the tfederal repository,

sometime in the first decade of the next

century.  That DOE took time during the cleanup

effort at TMI to develop plans for workttng wtth

the states to ease thelr apprehenslons about

transporting core matertals from TMI through

thetr jurisdictlons will simplify cooperatlon

wlth states, when lt ts time to transport

high‐level wastes through their duriSdictions.

The attitude of DOE demonstrates the federal

9overnment′s concern for the health and welfare

of the cltizenry and accentuates lts recognltlon

of state concerns in nuclear waste tssueso  lf

the accident at TMI h巳さ nct happened, postpOning

grappling with issues related to transporting

high‐level radloactive wastes until the next

century would be more difficult, perpl exing, and

expensive!  As it is, TMI demonstrated that

transporting high‐level wastes can be

accomplished safely and easlly using today′ s

technology according to today′ s regulatlons.

How much was returned to the

investing that S18t, mllllon?

accountants eventually wi11

taxpayer by

Hi  s tor i  ans and .

te l l  that story.
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