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TMI Offers Unique Opportunity 

Researchers are taking advantage of 

the unique opportunities offered by the 
TMI Unit-2 accident that occurred on 
March 28, 1979. Damage to the reactor 
core and the release of fISsion products 
within the system give researchers the 
opportunity to: 
• measure the performance of 
instrumentation. electrical, and 
mechanical equipment within the reac
tor containment building during and 
after the accident, 
• determine physical damage to sur
faces, components, and equipment 
resulting from radiaticn exposure, 
• assess core damage for 
metallurgical and physical behavior of 
fuel, clad, and core components during 
and after the accident, and 
• assess new technological 
developments for decontamination and 
the disposal of radioactive waste. 

These activities wiil add to current 
knowledge on light-water-reactor 
behavior following accidents involving 
core damage. The resultS could lead to 

improvements in plant safety. reIiabili in the design, construction, operation. 
t"y, regulation. and operation. Also, the and maintenance of nuclear power 
information will benefit those engaged plants. 

Three Mile Island-L(M:ation of the nation's most severe commereiaillUclear 
power plant accident. 

TMI Unit-2 Technica1 Information and Examination Program Update 

This first publication of the TI & EP Update introduces the TMI-2 Technical Information and Examination Program. 

The Update is specifically designed to highlig.\tt data and information obtained as a part of the TMI-2 Information and 
Examination Program. Since this is the initial Update, our intent is to provide an introduction of the program. The Update will be 
issued as sufficient data or information is obtained to justify publication. Only summaries will be provided in the Updat'!; however. 
more detailed information will be available in a data bank which is currently under deveiopment. In a later Update, a procedure for 
obtaining this information wiD be outlined. We hope these mechanisms satisfy requirements of aU interested individuais and 
organizations- for data and information from this program. 

Interested individuals and orpnizations can obtain a complimentary subscription by filling out the form on the inside paaes and 
mailing it to TI &. EP Update. EG&G Idaho, Inc., P.O. 130X 88, Middletown, PA 17057. 



Participants Form Information and Examination 

Program; Seek Generic Data from Unit-2 Accident 


Model of TMI Unit-l oonwnmeat bulldiDl shows penetration location. 

Camera, Radiation Probe Explore C,ontainment 

Four groups, with a common 
interest in obtaining valuable generic 
information from the 'Th'"d Unit-2 acci
dent, jointly established the TMI 
Unit-2 Information and Examination 

Since the accident, the TMI Unit-2 
containment building has been dark 
and inaccessible except through the eye 
of a small video camera. 

On November to, 1979, a nine-inch 
diameter hole was drilled through an 
inner flange of an existing spare 
penetration (see the photograph 
above), and a video camera, an 
associated strobe light, and a radiation 
probe were inserted into the contain
ment through the opening. During that 
day, more than two hours of video tap
ing was done. The camera, equipped 
with a zoom lens and capable of scan
ning 360 degrees, relayed good quality 
video tape information, but was· 

Program. The Department of Energy 
(DOE), the Nuclear Regulatory Com
mission (NRC). the Electric Power 
Energy Research Institute (EPRI), and 
the General Public Utilities Company 

limited in nw..ge and did not permit 
inspection of the water surface. 

Radiation readings from the 
installed probe were taken on 
November 11, 1979. Gamma radiation 
levels were in the 3 to 5 rem per hour 
range, and beta radiation levels were in 
the range of 400 reInS per hour. 

At present, Metropolitan Edison 
Company is documenting the results 
and conclusions from the review. of the 
tapes. Initial reviews do not. show any 
structural damage. Final evaluation is 
forthcoming and preparations are 
being made fof Initial entry into the 
containment. 

(GPU) signed a coordination agre 
ment on March 26, 1980, whit 
documents these common interests. 

EG&G Idaho. Inc•• has staffed t} 
Technical Integration Office (TIO 
which reports to Dr. Willis W. Bixb' 
the DOE Manager of the TMI Sii 
O{fi.<:<:. The TCO is responsibCe. for tf 
day-to-day management of the Infol 
mation and Examination Program. 

The TIO staff and their respecth 
areas of responsibility are as fonow~ 
Harold M. Burton, EG&G Progrm 
Manager~ Gregory R. Eidam, Radb 
tion and Decontamination Techni~ 
Coordinator; Robert E. Holzwortl: 
Mechanical Systems and Rad Wast 
Technical Coordinator; James Vi 
Mock, Instrumentation and Electri~ 
Systems Technical Coordinator 
Dennis E. Owen, Fuels Techni~ 
Coordinator; Frank J. Kocsis. COIl 
figuration and Document Contre 
Technical Coordinator; Joseph R 
Kerscher, Planning, Scheduling, aIlJ 

Budgets Coordinator; Donna l 
Morris. Material and Contracts COOl 
dinator; and Marilyn R. Rehbogen 
Secretary. 

PubDsbed by tile Technical Integra
tion Ofrrce, Confi,uratloll Docu
ment Control Section, EGAG Idabo, 
Inc. under Contract DE·AC07
7ID01570 to the U.S. Department of 
Energy, P.O. BoA 88, Middletown, 
PA 17057. Phone (717) 943-8486
FrS 590-3933. 

Coordinator ......•.•. F. J. Kocsis 

Editor ....•.•.•.•... D. M. Grigg 

Desigc ........... L. E. Rockho'd 


Secretary ......•• M. R. Rehbogen 

Manager •••..• , • • •• H. M. Burton 

Manager ..••. ~ ...... w. W. Bixby 
DO~TMl Site Office. 



B&W Samples Reactor Building 

Reactor coolant has been sampled 

regularly since the TMI Unit-2 accident 
and then analyzed by Babcock & 
Wilcox for specific radioisotope activ
ity. Data collected from the samples 
will be used in the fission product 
transportation and deposition task, 
part of the Technical Information and 
Examination Program. The graph 
below shows some sampie results. 

Babcock & Wilcox analyzed other 
samples in the reactor building such as 
the sump 00 October 20, 1979 (see the 
table to the right). and the air on 
February 13, 1980. The sample from 

TMI-l reactor coolant samples revHl 
radioisotope concentra!ioDS. 

the reactor building air documented 
spccific radioisotope concentrations 
(e.g., 8SKr activity of 11lCilml, 134cs 
activity of < 7 x 10-6 l1Ci/ml, 137Cs 
activIty of<3.2 x 1O-51-Ci/ml). 

The owner of TMI Unit-2. the 
General Public Utilities Company. 
measured the radiation in the reactor 
building on December 14, 1979, as one 
of the many preparatory steps for entry 
into the reactor, and to provide basic 
planning information for subsequent 
decontamination efforts. The measure
ments were perfom1ed throUgh a shaft 
called Penetration R-626, using various 
instruments (see the chart below). The 
calculated dose rate to the skin. based 
on the observed beta dose in the 
building, lies within a range of 100 to 
350 rad/br. 

to 

TLD Iret 

*RMS-l 

Gamm. dose "de tmr/hrl ., 

DiffereD! iD'rumCUts sllow dose nates 
inside the TMI-lreactor buHdmJ. 

Analysis ResllIl 

Unmlered: 

131cs (llCi/g solution) 136 

134cs (j.tCilg solution) 21 

F1Urale: 

Na (ppm) 1250 ± 100 

CI (ppm) 10 :t 2 

B (ppm) 1690 ± 40 

pH 8.6 ± 0.2 

90Sr (j.tCi/g 5Olulion) 4.8 ± 1.2 

137Cs (uCi/g solution) 135 

134Cs (JJC11g solution) 26 

3H (].lCi/g solution) 0.92 

Gross Alpha (J.:Ci/g solution) « X 10-6 

Gross Beta ()lCi/g solution) 149 

Sr-89 (jlCi/ g solution) 37 ± 4 

Filterable Solid 
(>JCilg solution): 

137Cs 0.2 

134C~ 0.03 

103Ru 3.0 X 10-3 

140La 8.0 X 10-3 

l44ca 3.0 X 10-3 

9SZr 1.0 X lO-3 

9SNb 4.0 X 10-3 

S4Mn 1.0 X io-s 

__________~----------------------_____ I 
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Oak Ridge Analyzes "Cookie" from Containment Building 
A disc (cookie) was cut from a shaft 

called Penetration R-626 in the TMI 
Unit-2 reactor containment building. 
Oak Ridge National Laboratory 
analyzed the 9-in. Type-304 "cookie" 
made of stainless steel. 

The test results indicated that signifi
cant amounts of surface contaminatior. 
may remain following the decon
tamination process; however, the 
decontamination method described 
below reduced the background radia
tion levels due to surface contamina
tion to about J. to 2 mrfh:: beta
gamma. 

When Oak Ridge received the disc, 
the initial radiation readings were 
80 mrfhr beta-gamma and 6 mrfhr 
gamma at 2 in. from the disc surface. 
See the table at the right for the 
analysis results. 

The disc was cut into sections (refer 
to the photograph) for decontamina
tion tests. The standard Bechtel Cor
poration Specification CP-952 decon
tamination series removed approx
imately 98% of the contamination 
from piece 3c. Wiping with dry 
cheesecloth removed approximately 
38OJ{I of the activity from piece 3a, 
while wiping with wet cheesecloth 
removed 17 070 of the activity from 
piece 3b. The apparent inconsistency 
between the wet- and dry-cheesecloth 
methods may be due to nonuniform 
contamination levels on the disc 
surface. 

EG&G Idaho, Inc •• P.O. Box 88 
Middletown, PA 17057 

Total Activity 
on Disc 

Isotape (in gCi) 

6OCo 0.019 6.09 X 10-5 

134Cs 2.68 8.4 X 10-3 

137Cs 12.7 4.0 X 10-2 

Penetration R-626 "cookie" is sectioned for decontamination tests. 
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Containment Airlock 
r The TIAEP Update iJ SPuijlcaUy" 
designed ro highlight data and 
infonnation obtained as pan of the 
TMI·] Technical informarion and 
EXilmination Program (Tl&EP). As space 
pennits, thll TlAEP Updllte _y feature 
cerulin TMJ·Ttdated. articl,s which, 
rhough flor part of the TI.J.EP, would be 
of genual intlfl'est to rhrl scientijlc 
commumty. 

'  J 

Groups Use TI&EP to 
Gather Unit ..2 Generic 
Information 

Four groups organized the 
Unit-2 Technical Information 

TMI 
and 

Examination Program (TI&EP) to 
g~l.ther valuable generic information 
about the Unit-2 accident. The four 
the U.S. Department of Energy 
(DOE), the U.S. Nuclear Regulatory 
Commission (NRC). the Electric 
Powez: Research Institute (EPRI). and 
General Public Utilities Corporation 
(GPU) - compose the Coordination 
Group for the program. 

EG&G Idaho, Inc., staffed the 
Technical Integration Office (TIO) for 
day-to-day management of the 

Continued on following page 

·Door Freed 

A small pin, which acts as a safety 

device, apparently caused the 
malfunction of the TMI Unit-2 
containment door locking mechanism 
that preventea entry, into the 
containment. On May 20, a two-man 
entry team spent 13 minutes trying to 
turn the containment door locking 
wheel before haiting the effort (see 
photograph)_ TMI officials report that 
tbe pin has been freed. and the locking 

. mechanism now appears to be 

operatiDi properly. 


Following extensive evaluation, a 

small hole was drilled into the 

containment door behind the pin, 

which freed the pin and allowed it to 

return to its normal position. TMI 

officials believe that corrosion may 

have frozen the locking mechanism. 


Proper operation of the locking 

mechanism has since been verified. and 

the containment was entered on July 

23. Information obtained during the 

containment purge and early entry will 

be reported in a future issue of the 

TI&EP Update. TMI officials stress 


that the airlock door can still be shut 
and sealed. 

TMI UDit·2 coDUiament door-loc:king 
mfthaaislll mallunetion aborted first entry 
attempt 

TI&EP Establishes Data Bank For Nuclear Community 
The Three Mile Island (TMI) Unit-2 Technical Information and Examination Program (f1&:.EP) is establishing a data bank of 

material related to the TMI-2 accident. The data bank will include data, anaiytical reports. and design reView documents produced 
since the accident. The information will be stored on the Zytron compu!er system at the Elearic Power Research Institute Nuclear 
Safety Analysis Center at Palo Alto, California. The data bank information will be available to program participants and others and 
win benefit the entire nuclear community by enhancing nuclear plant safety and reliability. InitiaDy, aD information retrieval wilt be 
through the Technical Integration Office. Information distribution will be done on microfIChe. Futu."C issues of the TId£P Updare 
will include instructions for information retrieval and will list both new documents acquired and data developed. 

Any information you may have which could be a useful input to the data bank should be sent to the T/d£P Update, EG&G 
Idaho, Inc .• PO Box 88, Middletown. PA 17057. Any questions concerning the type of information needed should be directed to 
Frank Kocsis, Cont1gUration and Document Control Coordinator. phone number (717) 948-8486. FrS number 5go.3933. 



Unit·2 Generic Information 
Continued from page I 

program under contract to DOE. 
EG&G officials recently signed a 
contract with GPU to act as the 
interface between GPU and program 
agencies for work in the information 
and examination program. TIO will 
schedule work to be done and compile 
necessary documentation. 

NRC licensing, inspection, and 
enforceatent activities are unaffected 
By the contract. GPU and its 
contractors wii! perform all work 
within the Unit-2 facilities. 

Analyses Completed 
on Containment 
Air Sample 

EXXON Nuclear, EG&G, and 
GPU scientists recently completed 
analyses on air samples drawn from the 
Unit-2 containment building. The 
samples were taken in April, 1980, to 
provide data requested by the TMI 
Working Group. The samples were 
taken using a glove box and sampling 
apparatus installed in containment 
penetration 626. The analyses· were 
completed on June 27, 1980. The 
results are presented in the table below. 

Airsampie 
analysis results 

Activ!ty(a) 
Isotope (iii microcuries per 

cubic centimeter) 

tritium 5 ± 1 x 10-5 
carbon-14 4±lxIO-i 
iron-55 less than 6 x 10-11 

cobalt-58 less than I x 1O-1l 
cobalt-60 tess than 1 x 10-11 

krypton-85 0.93 ± 0,07 
strontium-89 1.1 ± 0.5 x 1O-1~ 
strontium-90 2.2 ± 0.2 x 10-10 

ruthenium-I03 less than 2 x 10-9 

ruthenium-l06 less than 2 x 10-10 

iodine-129 6 ± 2 x 1O-!i 
cesium-I 34 1.7 ± 0.1 x 10-10 

cesium-I 37 9.3 ± 0.3 x 10-10 

uranium-235. less than 5 x 10-12 

uranium-238 less than 2 x 10-11 

plutonium-238 less than 8 x 10-12 . 
plutonium-239 

and -240 less than 2 x 10-12 

(a) Less than indicates below 
detectable limits jor the analytical 
techniques available. 

Workmen chugiDI EPICOR·1I rain cuk. 

EPICOR..II Cleaning Waste Water 
More than 365,000 gallons of 

contaminated water have passed 
through the EPICOR-II water 
treatment system as the first major step 
in cleaning up the Unit-2 facility .at 
Three Mile Island. 

The processing through a system of 
three large resin casks began last 
October with water from holding tanks 

The EPICOR·II system 

in the auxiliary 
125,000 gallons 

building. 
remain 

About 
to be 

processed. 
uses two 

filtering and demineralizing casks, 
each four feet in diameter by four feet 
high, and a final polishing cask that is 
six feet in d:ameter by six feet high. 
The water is decontaminated by 
filtration and ion exchange to extract 
strontium and cesium. 

The resin casks are housed in a 
chemical cleansing building. The water 
moves into the system via shielded lines 
from the auxiliary building. If 
necessary, water can be c~led through 
the system a second time for additional 
purification. 

A typical precessing run handles 
about 17,000 gallons of water before 
the resin casks require changing (see 
photograph). Water samples are taken 
about every 1500 gallons at points 
before and after each filter. The 

processing rate averages 10 gallons a 
minute. 

The waier after processing is 
considered releasable under 
Environmental Protection Agency 
regulations, but is being stored in tanks 
on the island until a programmatic 
environmental impact statement is 
prepared. The spent resin casks also 
are stored in a shielded facility on the 
island. 

Tbe TI&EP Update is Issued by 
tile EG4G ldabo, Jnc., Technical 
.atearation Office, Configuration 
Doeumeal C41ntrol Section, under 
contract D~AM07·761D01570 to abe 
Department of EBerlY, PO Box 88, 
Middletown. PA 17657. Telephones 
(717)9.41-8516 or FIS 590-3933. W. 
W. Bixby Is mDlller of the DOE
TMI Site Office. H. M. Blinon is 
manaler of lhe Technicalln1llration 
Office. D. M. Grigg is malU1ginc 
editor of the TI&EP Update. 



Techniques Being Investigated for 
Early Core Damage Assessment 

112sertion of an underwater 
television camera through a control 
rod drive mechanism nozzle may 
provide the first visual assessment of 
core damage in the TMI Unit-2 reactor 
vesseL The camera insertion is part of 
the potential early core damage 
assessment before the reactor vessel 
tophead is removed, according to 
"Dennis E. Owen, Fuels Technical 
Coordinator of the Technical 
Integration Office, and George 
Kulynch of Babcock & Wilcox. 

The core damage assessment may 
use thr:e different approaches: 
• 	 Visual inspection of the core 
• 	 Temperature and flux mapping of 

the core 
• 	 Damage mapping of the core. 

The visual inspection may use 
control rod drive mechanism (CRDM) 
and thermocouple penetrations in the 
reactor vessel head. Following removal 
of a CRDM. a radiation-hardened, 
underwater television camera may be 
inserted through the 2.S-inch-diameter 
opening in the CRDM nozzles, thus 
permitting visual inspection of the tcps 
of the fuel elements. Visual 
examination of the peripheral areas of 
the core may be accomplished by 
inserting a borescope through some of 
the eight thermooouple penetrations. 
The thermocouple nozzles are on the 
outer perimeter af the vessel, where it 
is expected that the fuel may still be 
intact. 

While the CRDM is removed, 
engineers could insert tooling to try to 
extract samples of core debris and 
determine whether any slumping of 

debris has occurred. Ower. said the 
samples would be taken to a remote
handling hot cell for analysis. Analysis 
of sampies would aid in planning the 

. reactor core removal. 
The temperature and flux mapping 

phase of the assessment could make 
use of instrument strings that run 
inside the reactor core. A small
diameter, swaged tube inside the 
strings. usually used for flux wires, 
provides a path for thermocouple 
insertion. The thermoooupies would 
allow temperature measurements and 
locate physical blockages that might 
indicate coolant flow blockages within 
the core. Flux wires also are being 
considered for use in providing 
information about fuel distribution in 

the subcritical areas of the core. 
The damage mapping phase of the 

assessment makes use of the 
instrument string guide tubes following 
withdrawl of the instrument string for 
analysis of the self-powered neutron 
detectors and other components. Both 
gamma and neutron detectors are 
under consideration for use in the 
instrument guide tubes to provide both 
radial and axial maps of the extent of 
reactor core damage. Owen said. 

Additional detectors are being 
considered for insertion in the 
instrument guide tubes to check fuel 
redistribution, the extent of oxidation 
within the core, and mechanical 
strength of the core materials. 

Local Residents Monitor 

Environmental Radiation 


Each day in 12 Pennsylvania 
communities within a S-mile radius of 
TMI Unit-2. specially trained residents 
take readings from radiation 
monitoring equipment located in 
municipal garages, firehouses. and 
sheds. These readings are part of the 
Citizens' Radiation Monitoring 
Program, a joint project of the U.S. 
Department of Energy (DOE), the 
Pennsylvania Department of 
Environmental Resources (DER), the 
Environmental Protection Agency 
(EPA), and Pennsylvania State 
University. Readings taken since May 
15 show normal background radiation 

levels, according to G. R. Eidam. 
Radiation and Decontamination 
Project Coordinator for the Technical 
Integration Office. " 

Each day after the equipment 
readings are recorded. a DER 
employee collects the data for 
compHation. DER distributes the data 
each weekday to the General Public 
Utilities Corporation and local 
officials of the Nuclear Regulatory 
Commission. DOE, and EPA. The 
Pennsylvania governor's office releases 
the data to the news media. 

Circumstances can alter the reading 
Continued 
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Corliinued 
schedules, however. While krypton-SS 
wa~ being purged from the TMI Unit-2 
containment building. some 
communities chose to monitor the 
instruments either continuously or on 
an hourly basis. Residents of the 
communities can view and read the 
instruments at any time. 

The program began early [his year 
when DOE and DER representatives 
visited officials of 12 communities and 
explained the proposed monitoring 
concept. From a list of 50 people 

supplied by community officials, 
course organizers enrolled residents to 
attend 36 hours of radiation 
monitoring training presented by 
Pennsylvania State University faculty 
members over a 2-t!2-week period. 

The course included a day of 
training at the Breazeale Nuclear 
Reactor Facility at Pennsylvania State 
University at State Coilege. where the 
residents learned to take readings of 
argon-41 with the same equipment they 
would later use in their communities. 

They also participated in the 
,alibration of the monitoring 
instruments, using a krypton-85 source 
inside a plastic tent. 

The monitoring equipment includes 
a Ludlum 177 radiation monitor with 
an Eberline HP-260 two-inch-diameter 
probe. a Rustrak recorder, and a Lear 
Siegler Inc. gamma rate recorder. 
Eidam said the equipment selections 
were based on sensitivity for detecting 
beta-emitting radionuclides (i.e" 
krypton-aS) and durability. 

t'ilIUftfl.-2T~I~.I:I~""'" 
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inside the building were lower than 
anticipated. The team completed all 
tasks planned for the entry; 

The team members were Sam 
Griffith, 28, a h.ealth physics 
technician with Nuclear Support 
Services Inc.; Larry E. Eberly, 44, an 
instrUment and control techl)ician with 
Metropolitan Edison Company (Met
Ed); Guy E. Wise, 45, a M-;t-Ed 
machinist; Richard Croll, 28, a 
radiation-chemical technician With· 
Met-Ed; and Peter Keegan, 27, a Met
Ed senior health physics technician. 
Griffith was also a member ofthe team 
that performed.' the . second 
containment entry (see a,rticle;on inside 
pages). .,.,. 

Dupng the entry, Wise arid Croll 
repaired the locking me~haDism ofa 
personnel airlock that is part o.f the. 

'eql:.!jpment hat<;h, (refer .to, location 
maps on the inside.pages),The doors 
to this airlock have beenshui sihc~ the, 
incident on March ·28" 1979.. Other
team members ,coiirpJe.t~d;a_ . 
radiological surVeY ofcore flood'tankS, 
perfodned m~dntenaIl.ceo:ti t"'f() 
monitors t!iatk.e¢poper:ators apprised . 

of' ' . aVi~~~~.ir~:;~t~~.p~fJ; 
n~<,,-"',a __....~¥.__.,..,:_,to'lif~,thC/I'~actor '.• 

-. "\,< ' 

• '." • ~ .: • ., < <' ,," '.:' • ',:, • 

',. 
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ThirdSucces$ful'·Containmeu,t 

Entry Completed 

Five men completed the third 
successful entry into the Unit-2 
containment building on October 16, 
1980. They were able to stay longer 
than planned because radiation levels 

previous entries; surveying radiation 
levels in the area around HP-RT-211, 
the radiation deteCtor removed during 
~he second entry; and removal of a 

C.ont.;nued on page 2 

This TI&EP Update highlights the 
venting of the containment and the 

. first titRe containment entries at 
TMI Ullit-l., This information, 
although not entirely It part of the 
tecbnical iGforruation and 
exlmlination prog.~, j" considered 
of generai illttrest tl) the scientific 
community.

'-



On August 15. 1980. a four-man 
::am made [he se~ond entry into the 
'MI Unit-2 contairurent and visited 
:ie J47"foot level,Qr operating floor. 
Dr the fir~t time !iin~e the Match 28, 
979' incident-While theni, 'they 
btamed radiation· of 100 to 
00 miliirelli per (See . 

.. . ·."The 

After turning on the 3Q5~foot and 
347-foot levet'lights, theieaniobtained 
radjati()n· re~!:Hl~gs.andso:r-face 
contaminatioilsru,nplesin.areasof the 
305-foot level. n.otsurYeYed during L'1e 
first,emry':.:;g~rliati~n. readings. on the 
305-fodtAevelinchided: north .of the 
op.enstaiFyji:;ll;i~!:mlbt(focation A}; 

.five to)evenf¢,from.:cthe sump water 
(usiilga t¢let~tPr1. Aotb4s remlhr 
(locati()Il<B);.at~coIltaii:with the
floor' diai)i" . ..... flood 

•..Ai)lillUftHUlfleJ.!U li!;m:ry 

20mpleted 
-:ontinued from page 1 

,ection of cable that was connected to 
{P·RT-2It. 

The (eam recorded radiation 
eadings of between 200 and 500 
n11lirem (mrern) per hour on the 
105-foot elevation, or entry ievci, and 
III average of 150 mrem peT hour on 
he 347-foot elevation, or operating 
100r. 

Wise and Ebuly left the building 
,fter the fint hour, staying twice as 
ong as was planned. Keegan left with 
hem when a l~amera malfunctioned. 
-I.e ';1>"aS sched-..<led to join Croll aud 
}rHfth, who were inside for 90 
ninu;es (30 minutes longer than 
chedliled). 

Acrual radiation doses to the team 

Opf::rating Floor Rarliation 
Measilrements Taken During 
Second Entry 

members were well below the 625· 
mrem limit set for the entry; they 
ranged from ZoiJ to just over 450 
rnrern. By comparison, .the company 
quarterly limit is 1Z50 mrem 811dthe 
federal quarterly limit is. 3000 rorem. 

During the entr.{. the team wore 
cotton overalls instead of the heavie: 
fireman's coats worn during the first 
two enLries. They aillo wore batter-i
powered air filtration devices \\-ith 
positive-flow air masks, rather than the 
oxygen tanks worn during the first 
entry. 

The entry preparations ami ,=ontrol 
center activities were videotaped by the 
TIO. These tapes win be narrated by 
the entry team manager and will be 
available for training critiques and 
management briefing. 

· . ~!iePbbo::.;nes~.;.ll(~~i'7:i~8:i;~: 
· 5fJfJ~1b.2IJ; . ..... ... ....... .' . . 

l'he .1T1..:t.8,P PPi1lltP~is. .speclfical1y 
uesigJled.:tO:,blgb!~gl1lc data llDd 
Infoimatio~llb~e.I,t~',~rt6f tlte 

· nn.2'Teehnicaf Jift;riU'atio~ .snd 
Ex8minlltiO~ .pr1li~m:~,(tJ&E~), As 
space veiinltS,TtieTi&Ef,JJpdate 
m~y 1eatlll'e .certain . ted 
infornri4io.n :Whkh~ :ili . . .a."t. 
oi .tbeT:t&Jl!Ptwpuld>1M:~f;genenii 
hltt.Fest!o.tJi:e~nufil: COnlnJ~ity. 

W.W. BixbY'~~ mal"lllge(of.llie 
DOE·TMISite()f1ke~HM.'BurtoDis manag~r Qf tIleTe~lH1ical 

· Iittegraijon .. Offit'e~,D;~;::9figg is· 
managiligedJtor oiffie 'lIMP 
Update.· .. 

the containmentf~nsubsequent 
analysis.. .. .... . 



. and water S:(ains on equipmeht elF.a 
floors of the 347-foot lev.:;)i, describing 
the conditions as similar to those found 
on the 305~foot levet during the first 
entry. Officials said no significant 
.structurai damage was seen; however, 
elevated temperatures had partially 
melted ·a telephone hOllsing, plastic 
rope, and some yellow plastic sheeting . 

. Behrle reported seeing pieces of what 
appeared to be wood floating in the 
dark sump water that fi!lea the 
containment below th~ ground level. 
AIl estimated 700,C"':;0 gallons of 
contaminated water are believed to be 
in the sump. 

Experiments conducted by tht 
teams included placing two trees 01 
thermoluminescem dosimeters in the 
containment for protective covering 
and directional dose tests and wiping a 

The walls of tbe transfer caila1 are clean. The stidd tanks around· the . portion of the 305-foot ie-.el flom 
head are dry. On the reactor bead, the cooling rIms and asscciated eleciricai leat1i Continued on page 4 
:lppeal" to be dean. 

linear decrease from 3 to 5 rem/hr on 

the 305-foot level to t80 mrem/hr on 

the 347-fo01 leveL 


Radiation sltI"Veys on the 347-foot 

level revealed 600 mrem/hr at the 

decking outside the enclosed stairwt"ll 

(location 1) and lOO mrem/hr along the 

south containment waH (location J). 

Southeast of the head storage stand 

(location K). the readings increased to 

400 mrem/hr. Other radiation levels 

measured on the 347-foot level 

included: fuel handiing bridge 

(location 1~).100 to 400 mrem/hr; 15 

feet from the reactor head and stud 

bolts (location M), 125 .mrem/hr; 

pressurizer spray line (location N). 2.5 

rem/hr; over core flood tanks 

(locations 0 a;id P), 250 to 300 

mrem/hr; and behind the enclosed 

stairwell (location Q), 50 mremlhr. 


Swipe!' taken on the 347-foot level 

yielded average cesium-13.4 and 

ces~um-137 concentrations of 9.0 x 

10-3 and 5.6 x 10-2 fJevcin2 A view of tttq~rill pia1e OD·top of the .eont~1 ~d drive mecfuJrdsms: The entry 

respectively on the flno); and of 2.5 x team reported·il waS .dry ID!.d "Ieaa with .nodebrls . on· it. 


"~ '. -,. '. . ", .: ' .. : ','. -. 

10-5 and 1.5 x 10-4 IlCilcm2 

respectively on the walls. Strontilml-90 

concemraticllls were found to be 3.1 x 

10-5 ~Cilcm2 or It:sso.D the floor. 


The team~ Jook ".67 photQgraphs 

during the entry.;. The:pholographk 

~urvey On the· 305~fpot<level showed .. 

more details . fioIn 

:h(; first ,",Vj'UC:;>'t'U..j," 

.1980, and· 
£howed 





PI. t::am membf.r takes beta radiation survey at the bottom of tbe rea.;;tor cooler Pllmp stand. 

Two guide stud; ~est ontbe s~()rage stands for reactor .essel 
stuib. Afte~ tbe inlfinl fueUng efforts.· tile glUde $tuds. 
were wrapped iD.ptilstic. Melted plastic is at the bottom 6f the 
stand. In addition, Ii sectIDn ~f magenta and yellow plastic 
rope has melted to the stand base. . . 



·" ~,,~",".' " 

ICorltainmeht;'VentingRelt!.tlses, 
43, OCufies of Krypton-8S " 

A two-week project to vent, 
krypton-aS from the Unit-2 
containment building released an 
estimated 43,000 Curies of the isotope 
to the atmosphere between June ~S' and 
Juiy 11 of 1980. Monitoruig'-by 
General Public Utilities COl1?ot~tiQ:n 
(GPU) and federal agencies indicat~ 
tbe maximum offsite radiation doses 
during the venting were 4.34 millirem 
(mrem) to the skin and 0.044 mrem to 
the whole body. The maximuni {loses 
allowed by the NRC are 15 mrem to 
sk~n and 5 mrem to the whole body. 

GPU officials .'litributed,~,tll,e 
difference between the actual 'release 
and the prerelease estimate of 51,000 
Curies to deliberately conservative 
~stimates of the containment volume 
md the amount of kry-pton trapped in 
:he buHding. Original plans called for 
'he venti,ng procedure to take from two 

to 'four weeks using the r,;actc< 
building purge system to effect the 
operation. ' 

The venting beganJune 28 after the 
'Nuclear Reg"latory Commission 
(NRC) approved the operation. Mter 
four mmutesof venting, however, 
radiatiori monitors sounded and 
officials halted the procedure: 

Late in the afternoon of June 28, a 
five-hour test of venting rateS began. 
The test helped engineers conclude that 
the radiation monitor alarm was, 
erroneous. Venting was resumed at 3 
,p.m. June 29, using' the hydrogen 
purge system to obtain a smaller air 
flow rate. 

Engineers used the system for the 
next 10 days, admitting fresh air to the 
containment as krypton mixed with air 
was discnarged through filtering 
mechanisms, past radiation monitoring 

Two Engineers First to Enter 
Containment ~Since 1979 Incident 

On July 23, 1980. William H. 
Behrle III and Michael Benson became 
lhe first persons to enter the Unit-2 
containment building since the March 
28, 1979 incident. Doring tlie entry, 
they visited the 305-f09t elevation, or 
~ntry level, to conduct radiological and 
photographic surv,eys of ;condItions 
with.1n the containmenL(See 
lccompanying location map.) Whilein 
:he containment, they used two-way" 
'adios to cOmrrlunicate with the 
lOmmand center. Betide and Benson 
U'e both engineers. employeg "by 
¥fetrop6Iitan ljdisonCompany. a 
;ubsidilil'Y of G¢n~ial Public: llJiliti~ 
;orporation .(GP:U)~ , .' , 

)Vl1lle in th~. c'~u':(~IDr1llJ,en,tji~Ui
ook M',p,holrographli. """,.f...... 

Location 
Enclosed stajrwell 
Metal d~k for covered floot hatch 
Edge,of metal-covered floor hatch 
Air cool~rs ',' 
Top of open stairwell 
D-ring and li~er ' 

. Flo9r, drains(t~ge): 

~ore"riooCipi,p~g" 


'~~:~;~~~I'iPitlg:. ' 
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Entry Teams Take First Look at 
Reactor Head, Polar Crane 

The first close look at the Unit-2 
reactor vessel head and the polar crane 
revealed expected rust but no visible 
damage, according to members of the 
fifth containment entry team. 

The fifth entry into the Unit-2 
containment, conducted on December 
11 by a team of 14 persons, was. 
devoted to visual inspection of the 
reactor head and polar crane, 
additional radiation surveys, and tests 
of decontamination procedures. All 
tasks further photographic surveys of 
the containment interior. Results from 

the radiation surveys and 
decontamination tests are expected to 
be reported in a later issue of the 
TI&EP Update. 

Gregory R. Eidam, a TIO project 
engineer who participated in the entry, 
repo!ted. that the crane, cables, and 
hoole were rusty but appeared to be 
structurally sound. One section of 
copper conductor from the crane was 
found to have fallen to the 347-foot 
floor level. A more detailed 
examination of the polar crane, 
including motors and auxiliary 

equipment, is tentativeiy planned for 
the seventh containment entry to be 
conducted in early March. 

Other team members reported that 
the area around the top of the reactor 
vessel appeared to be rusty. Water was 
found in the north neutron shield 
tanks; the south tanks were dry. 

Four persons from GPU companies 
were occupied for more than an hour 
taking additional radiation surveys on 
the 30S-foot floor level, examing floor 
penetrations for future sump sampling, 
aiu:I checking locations for television 
cameras scheduled for installation 
during the sixth containment entry (see 
article in this issue). 

Continued on Page 2 

View from the top of the D-ring looldng down at the steam senerator (left) and the reactor coolant pump (right). Most of the exposed metal. 
surfaces show little sign of corrosion. . 



Exposed metal parts on the control panel for the auxiliary fuel handling bridge are 
extensively corroded. Plastic buttons and control handles are partially melted. 

TIO Engineer Participates in 
Fifth Entry 

Entry Team 
Continued from page 1 

On the 347-foot floor level. other 
team members tested gross 
decontamination methods to determine 
the most effective techniques. The tests 
included water flushing at low 
pressure. water flushing at high 
pressure. decontamination Soi:ltion 
with abrasive scrubbing and a low
pressure flusb, strong decontamination 

Gregory R. Eidam, a Technical 
Integra.tion Office Project engineer, 
helped inspect the Unit-2 polar crane 
during the fifth containment entry. 
conducted on December I L 

Eidam was the project engineer for 
the original in5tal1ation and 
refurbishment efforts for the polar 

solution with low-pressure flush, and a 
strippable coating. The temperature of 
aU decontamination fluids was I 50°F. 

Among the entry team members 
was John Collins, deputy program 
director of the Nuclear Regulatory 
Commission's (NRC) TMI Site Office. 
Collins left TMI recently to take 
another NRC post with the Office of 
Inspection and Enforcement, Region 
4, in Texas. 

cra!le at the Loss-of-Fluid-Test 
(LOF1) Facility at th~ Department of 
Energy's Idaho National Engineering 
Laboratory. 

"We took the stairs up (from the 
347-foot floor level) and climbed the 
crane access ladder between the two 
crane box beams," Eidam said. "We 
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The TI&EP Update is issued by 
tbe EG.lG Idaho, lru:., Technical 
integration Offlee, Document 
Couirol Center; F .1. Kocsis. 
maaa,er; under Department of 
Energy COBtNet No. DE·A.,"07· 
76ID01S70. P.O. Box 88, 
Middletown, PA 17057. Telephone 
'17-948-1010 or ITS 590·1020. 

The TI&EP Update Is specifically 
designed to highllaht data and 
informadom obtained as part of tbe 
TMI·l Technical Information and 
E:wninatlon Program fIl&EP}. As 
space pennin, the TI&EP Update 
may feature certain TMI·related 
information that, though IUlt part of 
tbe 1'1&EP, would be of general 
Interest to the scientific community; 

W.W. Bixby is manager of tbe 
OOE-TMI Site Office. H.M. Burton 
Is manager of the Technical 
Inteandon Office. n.M. Grigg is 
IlIanaaing edit!!r of the TI&EP 
Update; G.R. Ikown is associate 
editor. 

took radiation readings and did a 
visual inspection. The crane iooked 
rusty. as were the couplings and the 
rails. It appeared to be in structurally 
good condition." 

Eidam remarked that one section of 
copper conductor (bus bar) from the 
crane had fallen to the 347-foot level 
floor. 

Before climbing to the polar crane, 
Eidam helped photograph conditions 
inside the containment. He watched, as 
part of the buddy-system plan, when 
two other team members climbed down 
to inspect the top of the reactor vesseL 

According to Harold Burton. 
Manager of the TIO, refurbishment of 
the Unit-2 polar crane is an extremely 
important activity of the TI&EP. "It 
represents a critieal path activity to 
early examination of the reactor cor~ 
and removal of the reactor vessel head, 
both key recovery program 
milestones," stated Burton. 

Eidam is scheduled to join the 
seventh containment entry team in late 
February for more extensive 
mechanical and electrical inspections 
of the crane and its components. 



Fourth Entry on 
Videotape 

Twelve engineer'S and technicians, 
working in three shifts over a three
hour·and-forty·mlnute ~eriod. filmed 
an. hour of videotape footage inside 
Unit-2 as part of the reactor building 
damage ru;essrnem during the fourth 
containment entry. They supplemented 
the videotape by taking 71 stiU 
photographs. 

The November 13 videotape 
included :!O minutes of filming at the 
305-foot floor l;;vel and 40 minutes at 
the 347-foot floor level. The tape was 
later edited to 20 minutes and 
narration was added. 

The other u:tivities by team 
members on the 347-foot floor level 
included moviI!~; the au;.ciliary fuel 
handiing bndge "''lr easier access to a 
ladder leading to the reI'" r Y~ssel 

head ar:::a, testing deco...':'tnina+ion 
methods, a"' conducting ra~iologicaJ 
surveys. 

On the :?05·foot level, gamma 
readings ranged from 200 milIirem per 
hour (mrem/hr) in the northeast 
section of the containment to 3800 
mrem/hr 3.t the B cere flood tank 
piping. Gamma readings on the 
347-foot level ra::lged from 100 
mrem/hr at the rap of the east Dring 
to 1000 mrem/hr at a floor drain and 
1500 mrem/hr at ab(lu~ one meter into 
the west Dring. 

Smear sampies tak.en on the 

30S·foot level as part of testing 
decontamination methods yielded the 
preliminary result:; shown in Table I. 

A scrape sample taken outside the 
decontamination .nethods ~est area 
yielded preHlJ'Iinary readings of 3.4 x 
10-1 microcurie.. {JJCi} of ce~ium-134 
and 2.4 J( 101 ;;,Ci of cesmm-137. A 
scrape sample from the test area 
following decontamination testing 
showed 5.0 x 10-2 ).lCi of cesium-i34 
and 3.6 x 10-1 ).lCi of cesium-D7. 

A paint chip found on the floor at 
the 347-foot level had results of 1.6 x 
10-2 ).lCi of cesium-134, l.l x 10-1 /-lCi 
of cesium-137, and 4.8 x 10-3 ).lei of 
strontium·90. The chip is believed to be 
from the containment building dome. 

Continued on Page 4 

T~ fourth entry was videotaped using a camera installed in containment penetration 626. Thls penetration was also used for visual 
examination of the containment interior a.'1d drawing reactor building Iiir satI\ples prior to the fIrst entry (see TI&EP Update of 
April 15, 1980). 

3 



Fourtb Entry Continued from page 3 

Table 1. Preliminary Analyses of Smears Taken on the lOS-Foot Level 
(in microcuries) . 

Treatment 	 Sample No. Cesium-l34 Cesium-!37 Strondwn-90 

Before decontamination 	 1 1.7EO ± 7.6E-3 1.2El ± 1.9E-2 2.3E-l ± 5117o 
2 1.3EO + 6.6E-3 8.9EO + 1.6E-2 5.7E-l + SOlo 

After demineralized 3 1.8E-2 ± 3.1E4- 1.4E-l ± 1.6E-4 5.2£·3 ± SOle 
water wash 4 2.6E-2 + 3.1E-4 1.9E-1 + 8.9E-4 1.4E-2 + SOle 

After Radiac wash 	 5 1.8E-3 ± 2E-4 5.8E-2 ± 4.9E-4 5.6E·3 ± SOle 
6 3.8E·3 + 1.4E-4 2.8E·2 + 3.4E-4 7.1E-4 + 5% 

After Radiac scrub 	 7 8.SE·3 ± 2.1E·'" 6.3E·2 ± 5.!E-4 3.3E·3 ± 50/e 
8 5.1E·) + 1.6E4 3.6E·2 + 3.9E-4 1.2E·3 + 50/11 

Accumulation of boron crystals is evident around the base of the incore instrumentation seal table. Corrosion is visible on the exposed metai 
surfaces. . 
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F.J. Kocsis III. TIO Information and Records Manager. uses a computer tcrminal to relay TMI data to nuclcar utilities. The terminal is part 
of the Nuclear NOTEPAD computer conferencing system. 

TIO Relays 
Data to Nuclear 
Utilities 

A computer conferencing system is 
helping the TIO disseminate 
information to nuclear utilities about 
activities at TMI Unit-2. 

Nuclear NOTEPAD, formerly 
known just as NOTEPAD, offers 
computer conferencing among 62 
nuclear utilities with operating or 
construction licenses, the Nuclear 
Safety Analysis Center (NSAC)! 
Institute of Nuclear Power Operations 
(INPO), and the TlO at Three Mile 
Island via either printout or video 
display terminals. 

"Nuclear NOTEPAD users can 
receive from TIO the results from 
containment entries, pertineut news 
stories about TMI activities. and news 
releases from the GPU Public Affairs 
Office," said Frank J. Kocsis III, TIO 
Information and Records Manager. 

"As more reports and data about 
the TMI-2 recovery become available, 
we will make announcements on 
NOTEPAD so that interested nuclear 
.utilities may request it," Kocsis said. 

Kocsis and Ronald Simard, 
Assistant Director for Infor
mation and Data Services at NSAC, 
set up the TMI NOTEPAD operation 
nine months ago. NSAC and 
INPO jointly found NOTEPAD. 
INFOMEDIA Corporation of Palo 
Alto, California, operates the 
computer conferencing system. 

s 

«NOTEPAD bas been used 
extensively to share expertise amoDi 
the nuclear utilities and gain 
information about Nuclear Regulatory 
Commission orders for design and 
operating changes in nuclear plants," 
Kocsis said. 

NOTEPAD was organized in 
August. 1979. after the Kemeny 
Commission criticized the lack of 
information being shared among 
nuclear utilities. 

The value of NOTEPAD. officials 
said, was demonstrated in February. 
1980, when Florida Power 
Corporation's Crystal River Plant 
experienced problems and information 
sharing helped rectify the situatior .. 



Cameras 

Installed in 

Unit..2 


Technicians have instaiied eight 
black-and-white television cameras 
inside Unit-2 to provide continuous 
visual monitoring of conditions inside 
the containment building. Videotaping 
equipment, included as part of th:'l 
system, will allow making visual 
records of future events within the 
containment and will assist the TIO in 
documenting damage within, the 
reactor buildini. 

The installation, performed as part 
of 	the sixth containment entry on 
February 3rd and 5th. included 
placement of four cameras each for 
overlap;>ing coverage on the' 30S- and. 
347-foot levels of the building. 
Technicians transported the cameras 
into the containment on the fll'St day of 
the entry, and installed them on tbe 
second day. 

The night-vision cameras, dubbed 
"moon landers" because of the white 
environmental housings atop tripods, 
are linked to control consoles in the 
Unit-2 control room and the entry 
command center. 

. Each camera has azoom lens with a 
one-billion-to-one dynamic range so 
that they will operate in extremely low 
light levels, according to James W. 
Mock, the TIO project engineer who 
worked with General Public Utilities 
Corporation OD the installation. 
Auxiliary lights can be attached to the 
cameras if necessary. 

The camera housings include 
windshield wipers to remove 
condensation that accumulates in the 
high humidity of the containment. 
Each housing also has positions, both 
inside and outside, for attaching 
radiation dosimeters. 

Mock explained that for camera 
control from the consoles, each camera 
unit has redundant receivers for remote 
operation of lats zooming. panning, 
and tilting. Cables especially 
manufactured for the project carry the 
signals from the containment to the 
monitor screens on each console. 
Operators at t1ie console \:an sec 

ttansmissions from each camera and 
select a desired view for recording on 
videotape. 

Krypton-85 
Venting Final 

Results 


Final results of effluent monitoring 
done during the two-week: venting of 
krypton-8S from the Unit-l 
containment showed tbat about 44,132 
Curies were released. Ttle venting 
occurred from June 28 to July 11, 1980 
and was described in the Tl&:EP 
Update, October 29, 1980. 

Analyses indicated the reactor 
building originally contained about 
44,600 Curies of krypton. In addition, 
the project vented an estimated 1.3 
Curies of tritium, S.5 x (0-6 C:.uies of 
cesium-137,and 5.72 x 10-9 Curies of 
strontium-90. 

Radiological monitoring by the 
General Public Utilities Corporation 
and the Environmental Protection 
Agency confirmed that detectable 
offsite releases of radioactive material 
were wen within the technical 
specifications set for venting by tbe 
Nuclear Regulatory Commission 
(NRC). 

Since July, the utility has vented 
about 100 Curies of krypton-IS a 
montb, which is permissible within 
NRC guidelines. The releases are 
usually made before entries into the 
containment buildinS. 

GEND Group 
Hosts First 
International 
Seminar 

More than 100 persons from 21 
countries learned about the PfOl1'ess of 
the TMI Unit-l resarcb effort and 
plans for future work duriq a two-day 
seminar in Wasbinaton. D.C. 

The seminar, hosted by the OEND 
group -- General Public Utilities 
Corporation. Electric Power Raearch 
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Institute, United States Nuclear 
Regulatory Commission, and United 
States Department of Energy -- was the 
first directed to an international 
audience. 

''The emphasis of the presentations 
was the plans for carrying out research 
programs and selected results to date in 
three areas -- instrumentation and 
electrical survivability, decontami
nation and dose reduction, and 
radioactive waste processing, .. said 
Willis W. Bixby. DOE Site Manager 
atTMI. 

The GEND iI'OUp sponsors the 
Three Mile Island Technical 
Information and Examination 
Program to obtain valuable !i;eneric 
information from the Unit-2 acciderlt. 

The November 21 and 22 seminar, 
Bixby said, included presentations on 
nine major task areas: 

• 	 Instrumentation and electrical 
sur.:vabUity 

• 	 FISsion product transport and 
deposition 

• 	 Decontamination and dose 
reduction 

• 	 Radioactive waste handling 
• 	 Data bank 

• 	 Mechanical component 
survivability 

• 	 Early core damage assessment 

• 	 Core deposition studies 

• 	 Fuel and core component 
examination program 

Participants also had the 
opportunity to watcb a 2O-minute. 
narrated, color vi_tape of the fourth 
entt"l into the UDit-2 containment. 

The GEND p-oup plans to be 
"quite flexible in workin, with 
individual nations or orpnizations 
within nations. " Herbert Feinroth. 
DOE director for the System and 
Safety Evaluation Division, told the 
seminar. SlJIICSIions for participation 
induded. purchase of technical reports 
and direct involvement in development 
of nuclear waste disposal propams. 

Five countries - Germany, Italy, 
Spain, Sweden, and Taiwan - already 
have representatives at TMI to work 
with the utility. Representatives from 
other countries pve positive responses 
to the possibility or participating, but 
none have made committments as yet. 



"Each government or organization 
at the meeting was encouraged to 
participate in a manner considered 
suitable to its need$." Bixby said. 

HP-RT-211 
Analysis Results 

Sandia National Laboratories has 
completed analysis of radiation 
detector HP-RT-211. which was 
removed from the containment 
building during the second entry (see 
TI&EP Update of October 29, 1980). 
The major preliminary fmdings are: 

• the total radiation dose 
estimate for the detector is 
lower than previous 
estimates. 

• equipment haviq electrical 
connectors should be oriented 
so that the connector is 
shielded from direct spray or 
the coi:tnector shell should be 
potted to reduce the 
possibility of water and 

contaminant intrusion, and 

• 	 with slight adjustment or 
modification, some 
instruments may still provide 
correct and usable 
information despite partial 
failure. 

The cause of the instrument failure 
was confirmed to be a 163-ohm short 
circuit between the coDector and 
emitter of a 2N-3906 transistor. which 
was part of the detector output circuit. 

Scannin, electron microscope 
photographs showed a catastrophic 
punch-through between the collector 
and emitter. Scientists postulated that 
the failure occurred when the 
containment buildina spray system 
actuated. durin, the TMl incident, 
shorting the sisnaI and 600-volt pins in 
the backshell of rhe connector jl)inin, 
the detector to ib cable. (No other 
radiation detector failed! in this 
manner.) . 

Although the failur~ caused the 
instrument to indicate' low> instn.unent 
data recorded on a stripchan appear to 
be proportional to actual r~tion 
levels in the containment. Efforts to 

reconstruct the radiation proflle time 
history are continuing. 

Six transistors, two pieces ofTeflon 
tubinJ, and a buna nitrile "0" ring 
were removed from the detector for use 
in estimating the total gamma 
radiation dose. Data collected by 
exposinl like devices to known 
radiation doses enabled scientists to 
estimate the total dose at the detector 
location within the containment to be 
between 0.76 and 36 rads. 

Gamma spectroscopy and 
radiochemical analysis of the outside 
detector surfaces indicated the 
presence of cesium and strontium 
contaminants but no transuranics (to 
the minimum detectable limits of the 
instruments used). The top horizontal 
surface had cesium-134 and cesium-137 
pmma levels of 0.048 and 0.305 
microcurL:.: per square centimeter 
respectively. The levels on the sides and 
bottom were low« by a factor of four. 
Beta-gamma film proftles of the 
contaminant cli5tributions showed 
localized hotspot!. The "0" rin, seal 
prevented C.lDtamioants from enterin, 
the inside of the detector. 

, 
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A major r..age in the recovery and 
(!leanup of the damaged TMI-2 reactor 
began in July with tP.sting of an ion ex
change water treatment process known 
as the Submerged Demineralizer 
SYBtem (SDS). The 5DS will process 
100,000 gallons of coolant in the reac
tor coolant system, and 600,000 
gallons of more highly contaminated 
water from the b,.seruent of the Unit 2 
containment building. Together with 

pi,ge;,""_eMMM''I'!.''MMWP';P'Si 

Submerged Demineralizer Syst~em Processes 
C;ontaminated Water 

TMI Unit-2 Technical Information &ExamInation Program 

the containment entry program (see ar
ticle, this issue) the cleanup of this 
water is OIle of the two major ongoing 
projects of the recover! program. 

Removal of the contaminated water 
from the reactor buildin.g will 
signifl.C8Jltly reduce the levels of direct 
and mobile airborne radiation present 
in the building. The water is a source of 
direct radiation to plant personnel who 
must go into the reactor building due

ing containment entries to maintain 
plant systems. The removal of CC!n
taminated water, which entered the 
reactor buildinB through an open relief 
valve during the accident more than 
two and a haIf years alo, is a necessary 
st~ in the recovery effort. 

The 8DS is an ion exchange process, 
similar to the BPICOR n system used 
earlier in the recovery effort to treat 

Continued ':)n Page 2 
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Demineralizer System 
Continued from Page 1 

500,000 galloJl.<!' of water in the less 
contaminated auxiliary building (see 
July 31,1980 Update). The SOS differs 
from the EPlCOR II in two major 
ways. First, the SOS operates under 
water in the Unit 2 spent fuel pool ad
jacent to the reactor building. This 
underwater operation protects plant 
workers from the high radiation levels. 

Second, the SOS uses an inorganic 
material called zeolite, rathe. than the 
predominantly organic resins used in 
EPICOR n, to absorb the fission pro
ducts from the water. The SOS zeolite 
is composed of 40 percent Linde ionsiv 
zeolite-A-51 and 60 percent Ionsiv 
zeolite-IB-96. The inorganic zeolite can 
a.ccommodate loadings in excess of 
20,000 curies per cubic foot, while 
resins in the EPICOR II system nor
mally accomodate loadings less than an 
average of 40 curies per cubic foot. The 
ion exchange process in the SDS effec
tively removes more than 99 percent of 
the fission products, primarily cesium 
and strontium, from the contaminated 
water. The ion exchange media are ex
pected to produce a decontamination 
factor in excess of 30,000 for cesium 
and 250 for strontium. Tritium, a flS
sion product also present in the water. 
can not be flltered out because of it~ 
structural similarity to the hydrogen 
component of the water molecule. 

Radioactive water from th: base
ment of the reactor building is being 
pumped into the SOS in the spent fuei 
pool by means of a SUCtiOD pump 
floating on the surface of the COD
taminated water (see accompanying 
figure). The water passes through 
preliminary ruters and on to the zeolite 
resin canisters. After it passes through 
the zeolite canisters, the water can be 
stored in tanks, or can be processed 
further with the EPICOR II system. 
The further processina through 
EPICOR II is expected to produce an 
average decontamination factor in ex
cess of 100 for cesium and strontium. 

SDS processing of contaminated 
water generates radioactive waste in 
the form of filters and ion exchange 
resins laden with radioactive concen
trates. This waste will be temporarily 
stored in the fuel poOl a4jacent to the 
demineralizer ~em orin specially 
constructed containers on site. The. 

Department of Energy (DOE) plans "to program as planned can proceed with 
ship the SDS resins to DOE facilities little risk to plant personnel or the 
for research, development, and testina public. NRC approval of the SOS 
purposes. allowed plant technicians to begin test 

The pr~sed water from the SOS processing of water through the 
still contains concentratioJl.<; of tritium system.. Approximately 1SO,000gallons 
in excess of 0.8 microcuries (p.Ci) per of less heavily contamjnated water 
milliliter. Until the Nuclear Regulatory from the auxiliary building were pro
Commission (NRC) approves final cessed during the summer of 1981, and 
disposition of this water, it will be processing of the reactor building 
stored in various tanks on !oile. Poten sump water began in September. 
tial on-site use of the water may in By the end of the third week: in Oc
clude pumping it back into the reactor tober, the 80s system had processed 
building to protect workers from approximately 123,000 gallons of reac
residual radiation on the building's tor building sump water. The system 
basement floor, and using the water in processing rate is about 5 gallons of 
decontamination activities and in water per mmw. Recovery program 
various plant systems. Most of the estimates indicate that it will take 
water to be processed will be stored in about four to five months to process 
two specially constructed SOO,OOO the contaminated water in the TMI 
gallon tanks on site. Unit 2 containment building. 

Actual implementation of SOS The 8DS cost $11 million to desisn 
testing was not possible until the third and build. Its use will be a aignificant 
week of June, when the NRC approved step toward the cleanup of the damag
its use. Approval was contingent upon ed TMl Unit 2 nuclear plant. SDS 
the conduct of an NRC study of the en operation will also provide generic in
viionmental consequences of the entire formation to the nuclear industry 
recovery program.. This study. now regarding processing of high specific 
completed, concluded that the cleanup activity liquids. 

First Multilevel Sample Taken 
EO&G engineers develop:d a unique • Minimizes losses of floccu1ant dur

Ull' -'lmel sampling device to obtain ing sampling by rapid sample ac
representati've liquid and sludge quisition 
samples from the 600.000 gallons of • 	 Minimizes losses of entrained gas in
highly contaminated water in the the sample 
T\1l·2 containment building base
ment. The device, called Water and • Permits exact sample locations to be 

determined relative to the basementSludge Sample Device (WSSD), was 
floordesigned to obtain eight simultaneous 

ISO-milliliter samples at four different • 	 Provides mown sample volumes 
levels. This technique will allow scien

• 	 Ensures that outside of sample bottists and -engineers to determine the ex
tle r.mutins contamination·free by tent of stratification and floeculant 
usinl watertight bottle housings dispersal patterns in the eigbt and a 

half feet of water in the containment • Allows immediate visual observa
basement. tion of the sample 

The lightweight aluminum device In addition Ii&htwei&ht desisn of the
was designed for easy operation under WSSD permits operation by one in· 
adverse conditions inside the Contain dividual. 
ment building. Unique features of the The lower portion of the WSSD is
WSSD include the foDowm.g: shown in the accompanying 
• 	 Acquires eisht simultaneous photOgraph. Evacuated sample bottles 

samples at four levels, two near the are placed septum down into the shield 
liquid surface. two at the mid-Jevcl. .. base to eoaaaeWith an O-ring to form 
two near ·the·· bottom. and two the lower watertiaht seal••Installation . 
sIudse~ples . .. " of tbe shield cap Over 'tJ:Je.shield base '" 

• 	 Minimi_stlatificaiia·~ ~ance.. . - eon,tinUed on:PtiP 3. ,. 
". 



Sample Taken 
Continued from Page 2 
engages the outer shield base O-ring to 
complete the watertight anticon~ 

tamination seal of the containment 
housing around each bottle. The shield 
caps are securely locked into position 
by a fast-acting shieId cap bar ratchet 
assembly. The locking bar ratchet 
assembly permits rapid unlocking and 
removal of the shield caps to minimize 
personnel operating time and radiation 
exposures. The sludge sample isolation 
cup at the base of the WSSD traps an 
area of sludge on the basement floor, 
and maintains the actuating needle suc
tion point as close to the floor as possi
ble in order to ensure representative 
sampling. 

After the WSSD is lowered into the 
proper position in the containment 
basement, an enabling pin is removed, 
and sampie acquisition is initiated by 
plunger action. This action drives the 
actuating needles through the sample 
bottle septums, causing liquid or 
sludge samples to be rapidly forced'in
to the evacuated bottles. When the 
WSSD is raised, the bottles retract 
from the needles and the self-sealing 
septum prevents any loss of sample 
material. The WSSD is raised from the 
basement to the 305-foot elevation. 
and technicians remove the s!Jield caps. 
This exposes the sample bottles which. 

Lower Portlou of tile Water ad SlImp SampUa& Dmce 

Table 1. nn·} reactor building basemeut water sample IlIUIIyses l'I!5ultsS 

Sample Nqmber: 1 3 6 I 

Nadide 
S"Mn 
6OCo 
90sr 
90sr 
l06Ru 
12SSb 
1191 
134es 
137es 
144Ce 

(ltCl/m!) 

NOb 
>6E-04 
S.O ± O.2E-rOO 
5.4 :t:: O.SE+OO 

NO 
>3E-02 
5.5 ± 0.1E-06 
US ± O.OlE+Ol 
1.43 ± 0.01£+02 

NO 

(ltCllmJ) 

NO 
>3E-03 
5.4 ± O.2E-rOO 
5.2 :t:: 0.5E+00 

NO 
>3'£-02 
5.4 :t: O.1E-OS 
1.84 ± 0.01E+Ol 
1.42 ± 0.0IE+02 

NO 

(p.Cilml) 

NO 
>2E-03 
5.2 ± O.2E+OO 
5.1 ± 0.5E+00 

NO 
>3'£-02 
3.8 ± 0.5E..(16 
1.86 ::t 0.0IE+01 
1.43 ::t O.OIE+02 

NO 

Slany 
4tWllIIl) 

>2E-04 
>IIE-04 

NA 
NA 

>4E.{)4 
>SE-m 

NA 
1.87 ± O.OIE+Ol 
1.44 ± 0.0IE+02 
>8E-03 

Sgpenate 
4tW1IIl) 

NAf: 
NA 
NA 

S.3 ± O.SE+OO 
NA 
NA 

2.5 ± O.SE.()6 
NA 
NA 
NA 

~ 
(j&CII1101lda) 

NO 
1.7 ± O..2E+OI 
8 ± 2E+02 
7.8 ± 0.8£+02 

NO 
4.5 ::t 0..2E+02 

NA 
1.79 ± 0.04£+02 
1.2:9 :t: O.OIE+03 
7.6 ± 0.68+01 

(p.aI.J) (-atIIGHlls) 

<IE-02 <1E-02 <1'£-02 NA NA 8..8 ± O..9EOl 
4 ± lE-08 NA NA j ± 1&07' NA S± lE~ 
2.2 ± 0.7B-04 NA NA 2.6 ± 0.5E-03 NA 2., ± 0.68-03 

a. Concentrations as of 6-1-81
b. NO = not detected. 
c. NA - iIot anaIy:7.ed; 

http:anaIy:7.ed
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The prellmJaarJ polar eraue lDapectIOD was the tIrrit ill • Iedes of btspeedOBS to detcmalae lbe paeral coJldidoa of tile crae ad 
to collcluct ovenill area damage usessmems ud radladoa lIIl'Veys. 

Preliminary Inspection of 
Polar Crane Complete 

A four-man team performed the 
preliminary inspection of the TMI-2 
reactor building polar crane during 
containment entry 13. The inspection 
included opening and. inspecting the 
drive train and main hoist gear boxes, 

Sample Taken 
Continued from Page 3 
free of external surface cont2mination, 
are loadoo into lead-shielded shipping 
containers. 
~ The WSSD was successfully used on 
&:ay i4. 1981 dur:b:tg containment en
try"IO to obtain eight TMI-2 contain
ment basement water samples. The 
samples were shipped to the Idaho Na
tional Engineering Laboratory for 

. analysis and archiving. Four samples 
were archived. and the preliminary 
analytical results of the other four are 
shown in the accompanying table. 

.Bach of the four samples analyzed 
was taken at Ii different level re1aIive to 

. the basement floot. Sample 1 was 

conducting motor winding resistance 
checks. performing visual inspections 
of the motors' internals through their 
inspection ports. and conducting 
overall area damage assessments and 
radiation surveys. This inspection was 

taken at 84-3/4 inches above the floor; 
sample 3 was taken at 47-3/4 inches; 
sample 6 at 5-318 inches; and sample 8 
at the basement floor itself. Sample 8 
contained solids as well as liquid, and 
both of these were analyzed in the 
study. The table contains data from 
nuclide analyses conducted for the 
gamma emitters (cesium-I37 and -134). 
for the beta emitter (strontium-go). for 
the x-ray emitter (iodine-l29), and for 
fissile material. In addidon the 
presence of ceriUin-l44. antimonY-1lS. 
and cobalt-60 were observed and were 
quantitatively· measuredwbcre. possi
ble. All data gathered in these analyses 
are currently uncierloinB further detail
ect. analysis. . . 

the flISt in a series of detailed inspec

tions to determine the general condi

tion of the crane and to provide early 

assessments of which components may 

require replacement. 


The polar crane work is an essential 

part of the TMI-2 recovery and R&D 

efforts, since the crane is required to 

remove missile shields and the reactor 

vessel head. The two major areas of 

R&D interest include electrical and 

mechanical component survivahility. 

The Technical Integration Office's In

strumentation and Electrical program 

",ill focus its efforts on determing the 

survivability of such components as 

limit switches. motors, loadcells. and 

control cabinets. The Electric Power 

Research Institute's Mechanical Com

ponents program will focus its efforts 

on determining the survivability of 

such components as reduction gears, 

cable drums, and wire lape. These ef

forts will not only provide the data 

necessary forGPU to determine the ex

tent. of . reburbishment required. but 


. will also contn'bute v8iaabIe informa
.tion to ovCraJIw.d.er'standina of the the 
reacto'r 1;l1uk611& enVitonmcdt dlll'inl·
the aCcident. . . 



TMI Containment Entry Highlights 

A total of eight successful contain

ment entries have been completed since 
the last issue of the Update. Following 
are highlights of the key tasks perform
ed during these entries: 

Entry IS 

This entry was conducted over a two

day period, February 3 and 4, 198L 

Eight closed circuit TV cameras were 

installed; decontamination tests and 

photographic surveys of damage were 

conducted on the 347-foot elevation 

(see photo); radiation surveys were 

made; and various samples of paint 

chips and other materia] were obtained 

from the 347-foot elevation. 


Jti:ntry 7 

This entry was conducted over a three

day period, March 17, 18, and 19, 

1981. Three one·liter samples and one 

150-milliIit..r sample of the water in the 

containment building basement were 

obtained using a rota-flex pump. A 

zeolite column was installed and 

operated to obtain five gallons of pro

cessed effluent from the basement 


water for the Submerged Demineral
ize· System (SDS) development data 
(s~"e SDS article, this issue) .. Detailed 
, adiation and photographic surveys 
were conducted in the in-cC're in
strumentation tunnel area to support 
the sump surface suction plan for the 
SOS. In addition, the first radiation 
surveys were conducted at t..lte top of 
the CRDM. service structure (see 
photo). 

Entry 8 
This entry was conducted on April 8, 
1981. A photographic survey Etnda 
general reconnaissance of the area at 
the 305-foot elevation open stairwell 
were conducted. Closed circuit TV 
cameras numbers 4 and 7, which were 
installed in entry 6, were repositioned 
(see photo), and the power soun:e for 
camera number 7 was changed. 

Entry 9 
This entry was conducted on April 30, 
1981. The cover of penetration lR-S61 
was removed in preparation for entry 
10 decontamination testing. GPU's 

SDS sump pump was inst31Ied through 
the open stairwell, and a photographic 
history of the pump installation was 
made. A photographic survey of elec
trical penetrations R-S04 and R-509 
wa~ made for the Instrumentation and 
Electrical program. A radiation survey 
of zeolite resin columns used in entry 7 
was conducted. The scaffolding used 
to install the closed circuit TV cameras 
in entry 6 was dismantled. 

Eutry 10 
This entry was conducted on May 14, 
1981. Safety equipment was installed 
on accessible portions of the polar 
crane. Radiation and smear surveys 
were conducted on the control rod 
drive mechanism service stll1cture in
ternals. Entry team members obtained 
six water and two sludge samples from 
the containment basement using 
EG&G's Water and Sludge Samplins 
Device (see article, this issue). They 
also performed the rust large-scale 

Continued on Page 6 

Teetmiclaus emeriag the TMI·2 containment bWldJDg In ODe of • series of IIIIIlQJed Imtria into tile buiJdiag. 

(GPU Nuclear Photo by Don Shoemaker) 
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Entry Highligbts 
Continued from Page 5 

decontamination experiment on the 
305-foot elevation using an initial 
spray mist and a combination of low 
pressure and bigh pressure sprays. In 
arldition, a post-decontamination ex
periment cleanup was performed. 

Entry 11 
This entry was conducted on May 28, 
1981. Areas where large-scale decon
tamination experiments were con
ducted during entry 10 were protected 
from recontamination by using con
tamination control areas and pro·, 
cedures (see photo). Entry team 
members completed installation of 
polar crane safety equipmellt, transfer
red a portable gamma spectrometer in
to' the reactor building, and ebtained 
three floor scans on 305-fo01 elevation 
which included three area spectra emd 
three background spectra. Technicians 
replaced radiation monitor HP-R-2.13 
on the 347-foot elevation with a new 
instrument, and replaced the GAI
tronics paging telephones on the 
305- and 347-foot elevations with l:lew 
ones. The team members also perform
ed radiation and photographic surveys 
of the pilet-operated relief valve and 
other general areas within the east 
D-ring (or biological shield) and cen
nected SDS hoses to the R-626 penetra
tien. 

Entry U 
This entry was conducted on June 25, 
1981. Closed circuit TV camera 
number 4 was replaced, and the con
nectors cn camera number 7 were 
repaired. Entry team members per
formed maintenance and medification 
tasks en lighting panel LPR-3A and 
the GAI-treDics telephone system, they 
installed temporary lighting in the 
enclosed stairwell, and they performed 
smear surveys on the walls at the 
305- and 347-foot elevations. Loose 
samples of peeling paint were obtained 
at the 305-foot elevation near core 
flood tank B, at an electri.cal box at the 
347-foot elevation, and from the con
tainment dome on the floor north of 
the open stairwell at the 347-foet eleva
tion. 

Continued on Page 8 
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Ooseo ...ircult television 
amera number 4 at open st~n 
on tbe 305-foot elevation. 
(TID Photo Entry 8) 

Physics techulcbm performing'the first radiation survey on the lOp of tbe coatrol rod drive meduudsm service sb'IletIIft. (TID Photo Entry 7) 
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Tec:hnidans rlt'"dlOVe outer set of protective 8boe covers at eootaDduatioD COD~~ area OD the J85.foot elevation. (TIO Photo EntTy 11) 

Entry Highlights 
Continued from Page 7 

Entry 13 
This entry was conducted on July 1, 
1981. This entry was made to perform 
radiation surveys and to complete the 
polar crane inspection which 'h.ad to be 
aborted during entry 12 due to pro
blems with personnel airlock no. 2. 

Entry 14 
This entry was conducted on July 23, 
1981. Closed circuit TV camera 
number 2 was replaced and connectors 
on camera number 8 were repaired. 
Team members obtained a 
1 SO-milliliter sample of the water under 
personnei airlock number 1 and a sam
ple of the white crystal. accumulatiun 
on the floor of the 347-foot elevation 
by the in-core instrumentation seal 
table. Water samples from the neutron 
shield tanks could not be obtained 
because the tanks are empty. 
Photographic surveys were taken of 
the air coolers and some selected in
struments- Beta and gamma radiation 

and mtear su.."veys were conductJed on 
the reactor vessel service structure and 
the refueling pool floor. Entry team 
members removed core flood tank 
transducel"s CFI-PT4 and eF2-L1r4 for 
analysis and installed a continuous air 
monitor and an area radiation 
monitor. In addition. Radiologic=1 
Engineer DeUa Loggia became thle flI'St 
woman to enter the TMI-2 CO!ltain
ment since the accident. 

Entry 15 
This entry was conducted on A.ugust 
'1.7, 1981. Spectra from scans of the 
floor on the 305-foot elevation were 
obtained by gamma spectrometry. 
Overhead beta and gamma and S1D€'.ar 

surveys on core flood tanks JA and IB 
and on platforms on the east side ,ofthe 
reactor buildin,q; were also obtained. In 
addition, a remote radia:ion survey of 
the deep end ofthe refuel pool, a smear 
survey on the mezzanine, and a survey 
around the open stairwell were also ob
tained. One entry team inspa:ted the 
stealn generator cleaning line and ob
tained severa! photographs of the area. 
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Another team replaced closed circuit 
TV camera number 8 with a new 
camera box and installed new wires 
and a control box on camera number S. 
Reactor building nitrogen pressure 
alarm switch NM-P8-14S4 was replac* 
ed, and flow transmitter MU-IO-FTI 
was removed. The last entry team per
formed air cool~ inspections and took 
photographs of the motors. They also 
obtained some thermocouple readings. 

Entry 16 
This entry was conducted on 
September 24. 1981. Two teams 
photographed various penetrations 
and inventoried the defueling tools in 
the building. One of the teams in
spected the air cooler fan motors, 
removed three fan motor covers, and 
obtained one resistance temperature 
device reading. The third. team obtain
ed a Sl.unp water sludge sample at the 
open sta.int"dl using EG&G's Water 

. and SIndge Sampling· Device (see arti 
cle, this isSue). The fourth team per
formed containment charaCterization 

. suJ:vCys on the 347-fobt elevanon •. 
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Department of Energy Ships EPICOR n Resin 

Canister To Research Facility 


A:!'l EPICOR II resin canister from a 
contaminated-water treatment system 
at TMI-2 was shipped to Battelle Col
umbus Labs (BCL) in West Jefferson, 
Ohio on May 19, 1981. The Depart
ment of Energy (DOE) coordinated the 
~'hipment of the resin canister to the 
Ohio research facility. 

The canister. a prefilter referred to 
as the PF-16 liner. is one of a total of 
more than SO highly loaded EPICOR II 
liners used in processing contaminated 
water in the auxiliary building at the 
damaged Unit 2 reactor. DOE will 
sponsor research to determine the con-

wading the EPICOR n resiD cauIstrr 
for shipping> 

dition of the highly loaded rf:sins and 
liners after they have been stored for 
long periods. The selected. liner was us
IO'd March 3 and 4, 1980 to process 8250 
gallons of contaminated water from 
the auxiliary building. The PF-Hi is 
one of the most highly radioactive resin 
liners used in the EPICOR II system, 
with a loading of approximately 1300 
cuties of cesium-137 and strontium-90. 

Researchers at BCL haive bet!."lln a 
variety of tests on the liner. These tests 
inc:lude resin sampling analysis. gas 
and liquid sampling analysis, visual ex
amination of the liner, and various 
other studies of its chemical and 
radiological makeup. The tests will 
continue over several months; 
enalytica1 results on these studies will 
be published in future issues of the Up
date as data become available. 

BCL analysis of the PF·16liner will 
contribute to the development of 
technology for storing, processing, and 
disposing of contaminated resin liners. 
Some specific goals of the program in
clude acquisition of deJa for: 

• 	 Developing short-term storage re
quirements for such liners 

• 	 Developing storage canisters and 
disposal requirements for perma
nent burial 

• 	 Determining the effects of long
term storage 011 the--..e resins and 
canisters 

• 	 Developing other options for pro
cessing the resins 

The PF-161iner was sbipped to Bat
telle in a high integrity roielded cask 
mounted on a low-boy tractor trailer 
(see photo). The liner is 48 inches ~ 
diameter and 60 inches high, and con
tains approximately 32 CUbic feet of 
ion exchange media. It was shipped in 
a . licensed type B cask. 92 inches high 
and 85 inches in diameter. The cask 
walls consist of two one-inch layers of 
steel separated by three and one ball 
inches of lead. The cask was designed. 
to resist extreme environmental stresses 
such as fU'1! and immersion in water. 

Although the PF-16 liner was the 
fU'st bilJhly loaded resin canist=:' to 
leave the island since the 1979 accident, 
General Public Utilities (GPU) shipped 
22 low level radioactive resin canisters 
from the EPlCOR II system to a burial 
site in Hanford, Washington between 
April 22 and June 28, 1981. The last 
canister shipment arrived. in Hanford 
on June 30, 1981. The radiation levels 
of these shipments were lower than 
those of routine low level wastes from 
other nuclear power plants. 



TMI-2 GEND Reports Available to the Public 

In the continuing effort to distribute 

information about the TMI-2 cleanup 
and recovery effort to th-: nuclear in
dustry. twelve reports on various 
aspects of the Technical Information 
and Examination Programs (TI~P) 
have been published. A brief descrip
tion of each of these reports is offered 
below, along with the formal report ti
tle, its number, and its date of publica
tion. These reports are available from 
the Technical Information Center. 
U.S. Department of Energy. Oak 
Ridge. Tennessee 37830. 

GEND Planning Report. GEND 001. 
?ublished October 1980. The report 
describes overall plan:< for the 
Technical Information and Examina
tion Programs as established by the 
GEND group: General Public 
Utilities, the Electric Power Research 
Institute, tbe Nuclear Regulatory Com
mission, and the Department of 
Energy. 

Facility Decontamination Technology 
Workshop' November 27-29, 1979, 
Hershey, Pennsylvania. GEND 002, 
published October 1980. This report 
provides a record of decontamination 
and dose reduction activities at other 
facilities. The report is in tne form of 
published proceedings of the decon
tamination technology workshop. 

TMI-2 Injormation and Examination 
Program Technical Integration Office 
Annual Report. GEND 003, published 
February 1981. The annual progress 
report discusses activities conducted 
under the DOE portion of the TI&EP 
during FY-1980. 

Interim Status Report on Personnel 
Dosimetry. GEND 004, published 
June 1981. Dosimetry studies 
documented in this report surveyed 
available dosimeter systems, set up a 
prototype system, and compared the 
prototype with the commercial 
systems. 

Characterization oj the Three Mile 
bland Unit 2 Reactor Building At
mosphere Prior to tke Reactor 
Building Purge. GEND OOS, published 
May 1980. Samples of the TMI-:-2con-:-I'eport discusseS ~"oltheconcept. 
woment atmosphere taken. prior to the procC:dure$,a:Q4 toOlliigde5crlptioils 
krypton';SS venting were analyzed for . ."" presented in·· the· Piiase "I repO,.-t. 

radionuclide concentrations and for 
gaseous molecular components. The 
sampling procedures. analysis 
methods, and results are :summarized 
in this report. 

Three Mile Island Unit 2·Core Status 
Summary: A Basis jor Tool Develop
ment jor Reactor Disassembly and 
DejueJing. GEND 007. published May 
1981. The report summarizes TMI-2 
core damage analytical assessments 
performed by reconstructing the se
quence of events, by estimating the 
amO"!.lIlt of hydrogen generation, and 
by evaluating the amount of ftssion 
products released. 

Report on. Citizens Radiation Monitor
ing Program. GEND 008, published 
July 1981. The Citizens Radiation 
Monitoring Program developed a 
system for citizens to independently 
measure radiation levels in and around 
their communities. The report 
describes the program and its results. 

Measurements of 1-1:19 and Radioac
tive Particulate Concentrotions in the 
TMI-2 Containment Atmosphere Dur
ing and After the Venting. OEND 009, 
published April 1981. The report 
discusses the equilibrium concentration 
and species distnoution dming and 
after the reactor building krypton-8S 
venting. Concentrations of iodine-129. 
krypton-SS, cesium-134, cesium.-137, 
and strontium.-90 were measured dur
ing the venting 'Operation and are 
reported here. 

In- Vessel Inspection Before Head 
Removal (Conceptual Development). 
GEND 010 PHASE I, published 
AUgJJst 1981. 1'JUs first phase of a 
three-part report deals with conceptual 
development of the core inspection 
project. Concepts are described for in
ternal inspection of the reactor vessel 
and fuel assemblies prior to removal of 
the reactor vessel head. 

In- Vessel" Inspection Btfore. Head 
Removal (Tooling and Systems 
Design); .QEJI{D 010 PHASE II, 
published July "1981. ThiS· plU!se .II 

Preliminary procedures for beginning 
the work are also presented. 

Canistu Design Considerations for 
Packaging TMI-2 DflmIlged Fuel and 
Debris. GEND 011, published October 
1981. This document reviews re
quirements and provides design con
cepts for a standardized canister for 
packaging damaged fuel and core 
debris. 

TMJ-2 Reactor Building Purge-Kr-85 
Venting. GEND 013, published 
March 1981. A comprehensive 
technical report is presented on the 
total effort involved in decon
taminating the reactor building at
mosphere by venting the contained 
krypton-8S to the environment. 

Accountability Study for TMJ-2 Fuel. 
GEND 016, published May 1981. The 
Accountability Study considers pro
blems of identifying, measuring, and 
accounting for TMI-2 fuel in its pre
sent condition and as it is removed 
from the core and examined. The study 
identifies methods which will provide a 
material balance equal to the pre
accident balance. 

Technical 
Integration 
Office 
Reorganized 

The Technical Integration Office at 
DOE's Three Mile Island Site Office 
has beei:t reurganized to accomodate 
the expanded research effort of the 
program over the next several years. 
The program has been separated into 
two major .areas of aCtivity: the Data 
AcqUisition Program.and the Waste 
Immobilization and Reactor Evalua
ti6nProgram. Both ~f these plogouns 
fall Unaertbe ovemll title ofthe TMI-2 
TCchnjeal.infonnadon. Bud Examina
tion Pro,gnuDs, orTI&EP. 
~a ACquisition Program activities 

williriclUde the COnfiguration and· 
"..•·I>c:JciD.nenteontro( 'Center. the "in

strumentatiOn atlclE1CctiACal·.:PJ:ograin, 



the Radiation and Environment Pro
gram, the Off-Site Core Examination 
Program, and the R.adwast~ 

Technology Dl}velopment Program. 
The Waste Immobilization Program 
will conduct zeolite and resin disposi
tion studies; and t.he Reactor Evalua
tion Program will conduct core 
damage assessment, reactor disas
sembly studies, and fuel and core 
storage and disposal research and 
development. The reorganization 
became effective October 1. 1981 with 
the start of the new ftscal year. 

Tbe TI&I!.P Update is issued by the 
EG&G Idaho, Inc., Configuration 
and Document Control C~Dter at 
Three Mile Island under contract 
DE-AM07-761D01570 to tl>e 
Department of Energy, P.O. Box 
88, Middletown, PA 17057. 
Telephone 717 948-1050 or FrS 
590-1050. 

Aullu)t'5 ................ S. A. Elllniler 
........................ T. J. Lewl. 
OOE·TMI Site Offi£e 
Manai.r ............... W. W. Bixby 
EG&G TMI·~ Programs 
DMslon MaMger .......S. M. Burton 
Conrlgul'lltlon Ind 
Document Conlrol Center 
SlIpervlsor •.•.•••....•.•F. I.. Meltzer 
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TMI Unit 2 Technical Information & Examination Pro9ram 

Volume 3, Number 1 November 1, 1982 

Initial Quick Look Conducted 

to Assess Unit 2 Core Damage 


Figure 1 Closed·clrcult television 
closeup view of the rubble bed. 

Technicians uncoupled,and removed the 
'leadscrew from a control rod drive 
mechanism (CRDM) and on July 21, 1982, 
inserted a miniature radiation-resistant 
television camera down through the motor 
tube. As a result of this' effort, research 
and recovery engineers now have black 
and white videotapes of the internals of 
the damaged TMI Unit 2 reactor. 

In the TMI-2 operations, the leadscrew 
was removed from the center CRDM. The 
television camera inserted through this 
access, extended to between 4-112 and 5 ft 
below the bottom of the plenum into the 

. top of the core region, before reaching 
what is described by GPUNuc\ear as the 
surface of a "rubble bed." While it is too 
early to speculate about the condition of 
the entire core until further examinations 
have been made at other core locations. 
this initial "quick look" did confirm 
predictions that the damage would be 
extensive at the upper center region of the 
core. Figure fshows the television view 
of a small area of the "rubble bed." 
Figure 2 shows a portion of a control rod 
spider resting on top of the "rubble bed." 

The small area scanned with the camera 
showed that at least the top 5 ft of the 
Juel assemblies in the center region had 
become a bed of rubble. However, the 
upper plenum structure'appeared to be 
intact and not significantly damaged. 
Throughout the underwater inspection, 
flakes of light-colored material frequently 
swirled in front of the camera lens- during 
the movement of the camera, especially in 
the upper plenum region. 

The Uft-Iong leadscrew that was 
removed to provide camera access will be 
shipped to the Idaho National Engineering 
Laboratory (INEL) for examination by 
EG&G Idaho, nOE's contractor for the 
TI&EP. The metallurgical structure of the 
leadscrew will be examined at the INEL in 
support of efforts to determine accident 
temperatures. 

Published by EG&G Idaho, Inc., for the U.S. Department of Energy 
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During the quick look, data samples of 
-vented gas and reactor coolant liquid were 
obtained and are being analyzed. 
Altogether. the observations and 
samplings are providing early data on: 

• 	 The relative quantity and distribution 
of core debris in the plenum assembly 

• 	 Thermal distortion or other structural 

damage in the plenum assembly 


• 	 The condition of the core, particularly 
relative to debris bed formation 

• 	 The physical condition of control rod 

couplings. 


The assessment will offer the fIrst 
concrete information about core damage, 
providing a benchmark for previous core 
damage estimates that have varied widely. 
Further careful examination of the 
videotape and results of the sample 
analysis, when considered together, will 
offer the fIrst direct assessment of TMI-2 
core damage and will provide some of the 
information necessary to engineer core 
removal tooling, canning, shipping, and 
damage assessment examination facilities. 

Figure 2 Closed-circuit television 
closeup view of a CRDM spider 
resting on top of the rubble bed. 

I, 

I

I 
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Axial Power Shaping, Rod Test 
Meets with Success at TMI·2 

From June 23 to 25, 1982, the outward. They then attempted to slowly 
Department of Energy and General Public insert the assembly 3/8 in. into the core. 
Utilities Nuclear Corporation combined H initial inward motion succeeded, 
forces with a number of contractors and engineers "jogged" the assembly inward, 
support engineering firms to conduct the instead of inserting it rapidly. to provide 
first Axial Power Shaping Rod (APSR) maximum motor torque and control on 
insertion tests at the damaged TMI-2 the leadscrew. 
reactor. The eight 12-ft-Iong APSRs 
control efficient ,use of the fuel during ·During each step, acoustical and 
normal plant operations. They are not electrical outputs provided evidence of 
part of the reactor safety system and so APSR movement or jamming. Emissions 
did not insert automati~ally into the core from recently installed acoustic monitors 
'at the time of the accident, as did the on the APSR drive mechanisms helped to 
other 61 control rods. verify the mechanical motion of the rod 

drive system. Engineers were able to 
The APSRs have been positioned correlate noise during APSR movement 


approximately 3 ft above the full "in" with relative positions of the leadscrew to 

position since the accident; the insertion . upper plenum brazement plates. 

tests determined the mechanical motion of 

the rod drive systems. Two rods inserted 

the full 3 ft into the core; two of them 

inserted to within about 7 in. of the full 

"in" position; two rods moved in less 

than 7 in.; and two did not move in at all, 

although their drive rotor assemblies did . 

latch and unlatch properly and showed 
 APSR Positionb 
minor rotational movement. Because 

Rod Number Location in Corea 	 (%)normal rod movement procedures were 

not considered possible as a result of 

accident damage, the Tl&EP-supported 
 62 F·4 	 5.2
program operated the APSRs using an 63 L·4 	 18.8auxiliary power supply and control devices 

64 N·6 	 25_0totally independent of the normal 

operating controls. 65 N-10 0.0 


66 L·12 4.2 

The APSR test has two objectives. 67 F·12 	 1.1

First, engineers will be able to gain insight 
68 0·10 	 22.9into the extent of core and upper plenum 


damage by studying the data obtained 
 69 0·6 26.1 

.during the tests. This knowledge will be 

factored into plans for subsequent 


a. 	 See Figure 3 lor mapinspec'tions, head and upper plenum Dilhe co,•. 
removal, and core removal. Second, test 

planners wanted to insert the APSRs as 
 b. 	 P"rcentage 01 rod nol ,nse,leo 

into cor9. far into the core as possible to facilitate 

head removal operations. The APSR 

leadscrews must be uncoupled prior to 

head removal, and the uncoupling is most 

easily accomplished when the APSRs are 

fully supported at the bottom by a 

resistance greater than the downward 

force needed to uncouple the leadscrews. 


Insertion testing of an individual APSR 

followed a basic sequence. First, using the 

auxiliary portable service power supply. 

the APSR leadscrew was latched to the 

roller nut of the drive rotor assembly. 

Next, engineers attempted to slowly move 


. the APSR assembly a total of 3/16 in. 

Table 1 Positions of APSRs after insertion testing 

1 
J 

J 


1 
I 
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Electrical output from the dr.ive motors 
indicated electromagnetic "pole slippage" 
whenever the APSR encountered an 
obstacle and the leadscrew stopped 
turning•. This pole slippage occurred when 
the position of "the rotor turning the 
leadscrew would fallout of 
synchronization with the electrical field of 
the driving stator. The lack of 
synchronization" indicated to engineers 
that the APSR was no longer traveling 
down into the core .. When jamming 
occurred at any juncture in the test 
sequence, controlled increases in stator 
current and axial force were made, from 
the minimum of 500 Ib up to the 
maximum 1400 lb of force, the normal 
operating force for APSRs. In this way 
each APSR was either completely inserted 
or driven in until supported by a 
resistance greater than the 1400-lb 
downward force the. auxiliary power 
supply could provide. 

o E F G H K L M N 

The distance from full APSR removal 
(I00Olo) to full rod insertion (QOlo) is 
approximately 139 in. Befote the testing; 
all the rods were at 250lo, with 
approximately 35 in. extending above the 
top of the core. When testing ended on 
June 25, the positions of the eight APSRs 
were as shown in Table 1. The 
configuration of maximum to minimum 
inserted rods did not follow any 
observable pattern, although further study 
may show some relationship between 
APSR movement and apparent internal 
core damage indicated by other data 
gathered at TMI-2. Figure 3 shows the 
locations of the APSRs and the 61 control 
rods in a cross-sectional view of the 
TMI-2 reactor vessel internals. ! 

Although the TMI-2 APSR insertion 
tests were successful, it is not possible to ! 
draw firm conclusions about the condition 
of the entire core from these test results. IEngineers will study data from the sound 
recording and electrical monitoring devices 
to build a clearer picture of conditions in 
the core. The APSR test is a major step in 
an extensive inspection and examination 
program planning for safe removal of the 
fuel from the TMI-2 r'eactor. 

Control Rod 
Assembly Location 

Core Barrel 

Unit 2 reactor vessel and 

..::.-.....::.....:...~____ 
~~~--+-~~~+-~~--+-~~~+-~~~ 

rll--:..---.,;;.....,_Thermal Shield 

~~____ 

__-,-_Reactor Vessel 

Figure 3 
internals cross section. 
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Gross Decontamination 
l~Techniques Tested in 

Experiment at TMI·2
Preliminary data results from the gross 

decontamination experiment completed 
March 24 in the TMI-2 Reactor Building 
look encouraging. Beginning with the first 
preparation entry in September 1981, the 
6-month, 43-entry experiment culminated 
in 3 weeks and 11 entries of actual testing 
of several decontamination methods on a 
variety of surfaces. The purpose of the 
experiment was to determine the 
effectiveness, safety, application rates, 
and efficiency of several gross 
decontamination techniques. 

The predominant technique used in the 
decontamination experiment was low- and 
high-pressure water spraying of floors and 
walls-hydrolasing-a process not so f 

I severe as to strip the epoxy paint from 
surfaces nor drive and embed 
contaminants into them, yet forceful 

I enough to dislodge contaminant~bearing 
particles of rust and other debris. 
Figure 4 shows technicians hydrolasing 
the top of the D-rings. Water was sprayed l over surfaces from a blaster lance (see I 
Figure 5) with various size fan nozzles 
under pressures ranging from 2,000 to 
6,000 psi and temperatures from ambient 
to 140¢F. The portable high-pressure 
pump and temporary hot water heater 
system located outside of the Reactor 
Building are capable of supplying water 
heated to 140°F at flow rates up to 2S 
gpm and pressures up to ]0,000 psi (see 
Figure 6). 

'I 
I 

1 
I 
-I 
1 

Figure 4 Technicians hydrolasing 
the top of the D·rings. 

Figure 5 Hydrolaslng blaster nozzle 
and safety equipment. 
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Low-pressure flushes preceded the high
pressure hydrolasing in an attempt to 
wash the bulk of contaminant-bearing 
particulates and debris Into drains that 
empty into the Reactor Building 
basement. The wash water was then 
processed by the Submerged. 
Demineralizer System. The water used in 
the experiment was decontaminated 
accident-generated water, which was 
processed by the EPICOR II system in the 
early months after the accident. The wash 
water was borated and also contained 
trace amounts of tritium. 

Initially, surfaces were misted by a fine 
water spray to stabilize loose . 
contamination, thereby minimizing 
airborne contamination caused.by the 
force of the high-pressure spraying. This 
procedure was suspended when airborne 
contamination levels indicated only a 
slight increase during periods of 
spraying-whether surfaces were misted or 
not. Of more concern than airborne I 
activity caused by spraying was the 
problem of recontamination by the 
inadvertent splashing of areas previously Figure 6 Gross decontamination 
washed. In order to reduce the magnitude I 

experiment hot wat,r heater and 
of recontamination caused by spraying, high pressure pump. . 
detailed procedures and spray sequences 
were develOPed .. 

I 


I 

Figure 7 Gross decontamination Iexperiment spinjet sprayers. I 

! 
i 
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Other methods in the gross 
decontamination included the use of 
wheelmounted spinjets, mechanical floor 
scrubbers and detergents, and strippable 
silicon coatings. The spinjets look much 
like domestic lawn mowers with water jets 
instead of blades (see Figure 7); they 
provide easy mobility and an even spray 
application over floors. The mechanical 
scrubbers are similar to floor buffers, but 

;'"are equipped with abrasive pads, 
apparently highly effective in removing 
contaminant-bearing rust. However, 
because the chemical detergents used with 
the scrubbers might have affected the 
functioning of the Submerged 
DemineralizerSystem, a specially designed 
vacuum gathered the detergents into 
barrels after scrubbing. This wet/dry 
vacuum picked up contaminated material 
without contaminating the basic internals . 
of the vacuum equipment, using a·series 
of special·throwaway filters. The 
·mechanical scrubbers proved to be a very 
effective decontamination technique and 
will undergo further testing using zeolite 
and abrasive pads without detergents. 

The strippable silicon coatings were 
applied in a liquid from the seeped into 
pores and cracks and around uneven 
surfaces yet dried into a highly self
binding sheet that could be pulled up in 
one intact piece, holding radioctive 
particles (see Figure 8). They were 
especially effective on surfaces that wourd 
be otherwise inaccessable. Each method 
.proved effective for its special use in the 

. overall decontamination experiment. 

Areas inchid~d in the gross 
decontamination experimen·t were the 
reactor building dome, the 500-ton polar 
crane, the walkways on top of the two 
D-rings, the refueling canal, and the top 
of the reactor vessel missile shields. Also· 
decontaminated were 'large tools, 
equipment, and floor surfaces on the 
operating deck or 347-foot elevation, and 
overhead areas, walls, and floors on the 
entry or 305-foot elevation. 

Figure 8 Technician removes 
strippable coating from. Reactor 
Building floor. 
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Aiding transport of equipment and 
personnel during the experiment were a 
scissors lift platform and a "spider" lift 
installed during predecontamination 
entries. The scissors lift is a device to lift 
equipment and personnel approximately 
19 ft off the reactor building entry 
elevation to permit decontamination of 
overheads and walls. The spider lift, 
named for its ascent and descent on a 
cable, allows personnel and equipment 
direct access from the 347-foot elevation 
to the polar crane. The lift is needed 
because the crane is not parked in'its 
normal position and thus prevents normal 
access. Figure 9 shows technicians using 
the spider lift to ascend to the polar 
crane. 

Other activities performed in support of 
the gross decontamination experiment 
were the wrapping for protection of 
approximately 55 instrumentation and 
electrical components, the removal of . 
selected radiation monitors, and the 
acquisition of pre- and 
postdecontamination data. Pre- and 
postexperiment data acquisition included:, 

• 	 Placing ,and collecting of approximately 
100 thermoluminescent dosimeters at . 
selected'Reactor Building locations 
(see article this issue) 

• 	 Obtaining some 200 loose particulate, 

concrete, metal, cable, and damaged 

item samples 


• 	 Collecting gamma spectrometer 

measurements 


• 	 Measuring contact beta and gamma 
. radiation, levels using a portable 

radiation instrument 


• 	 Conducting comprehensive smear 

surveys 


• 	 Collecting air samples 

• 	 Performing area characterization 

photographic surveys. 


The overall general area dose levels in 
the building showed. only small median 
reductions as a result of the experiment 
because of various high radiation sources 
such as the water remaining in the 
basement (see article this issue). However, 
the preliminary results of the experiment 
show that floor surface smearable 
contamination levels could be reduced 'to 
the order of 104 dpm/loo cm2 of 137Cs 
or less by the use of water in a 
combination of low- and high-pressure 

application. As anticipated, the hotter the 
water and the higher the pressure, the 
better the results from hydrolasing; 
however, recontamination by splashing 
also increases. Use of mechanical floor 
scrubbing with detergents could further 
reduce the floor surface smearable 
contamination to the order of 
103 dpmllOO cm2 of 137Cs. Smearable . 
surface contamination was reduced in a 
range of 64 to 93070. 

The experiment has shown that 
consistent reductions in smearable levels in 
the 90010 range are achievable with the 
appropriate sequence and' application of 
techniques. The data now being evaluated 
are augmented by photographs and 
videotapes of the decontamination 
activ{ties, which will contribute to the first 
comprehensive documentation of gross 
decontamination in a commercial reactor 
facility. 

\, 
, I 

I 
I 
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Figure 9 Technicians ascending to 
the polar crane on the spider lift. 
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Dose Levels Reduced in TMI·2 
Reactor Building 

Figure 10 Basement floor one i.vel 
below aDS·foot· elevation after sample 
was taken. . 

, t, 
Removing contaminated water from the· 

basement 'of the TMI-2 Reactor Building 
eliminated a major source of high . 
radiatio~ that contributed to fields found 
in the building as a result of the 
March 28, 1979 accident. This water 
removal, in conjunction with the TI&EP
supported gross decontamination 
experiment, (see article in this issue) 
reduced radiation dose levels substantially. 
The dose rate reductions will, among 
other. benefits, allow cleanup workers to 
remain in the Reactor Building 
environment for longer periods of tinie. 

In September 1981, GPU Nuclear 
technicians and engineers began pumping 
water from the Reactor Building basement 
using a surface suction technique. A 
submersible pump attached to a raft 
removed approximately 600,000 gal for 
processing through the Submerged 
Demineralizer System water processing 
system. Removing the 600,000 gal lowered 
the water level from 8-112 ft down to 
approximately 6 in., leaving an estimated 
30,000 gal At this level, the pump's 
snorkel tube touched, the floor causing the 
pump to tilt and lose suction. 

While removing the 600,000 gal of 
. water did seem to reduce levels slightlY, 
the remaining 30,000 gal were still 
emitting radiation into the building. 
Before and during the initial removal, the 
shielding effects of the water itself 
prevented radiation emissions from below 
the top 16 to 18 in. of water from 

. reaching the surface to be measured by 
detectors. As water was being pumped out 
of the basement. radiation readings taken 
at the 305-foot elevation decreased 
slightly, primarily because the readable 
source was moving farther away. Since the 
detectors. had only been able to measure 
the top "layer" of the water at any given 
time, the dose levels from the remaining 
water were still 2/3 of the original 
readable dose. Basement walls, composed 
of unpainied cinder blocks and cement' 
that readily absorbed radioactivity. were 
no longer shielded by water and als.o 
contributed to dose level readings. 

In March 1982, GPU Nudear, assisted 
by TI&EP personnel, began the gross 
decontamination experiment The 
experiment was designed to reduce 
contamination on selected surfaces in the 
Reactor Building. Depending on the 
decontamination techniques used and the 
particular areas involved, preliminary 
experiment results showed that dose rates 
had dropped significantly at several 
locations. However, the overall radiation 
dose levels remained near the pre
experiment levels, This was due in part to 
the contaminated water still in the 
basement and in part to other sources 
which as yet have not been identified. 

In May 1982, entry team personnel' 
installed a specially adapted jet pump into 
a depression in the basement floor under . 
the reactor vessel to remove the remaining 
30;000 gal of basement water. Two 
.draindowns with this pump were required 
to draw off the remaining water 'for 
processing through the Submerged 
Demineralizer System (SDS). After 
completion of the last draindown, an 
engineer from one of the entry teams 
visually inspected the basement. By 
shining a light onto the floor from the 
first landing below the 305-foot elevation 
he could see a silt-like material on the 
floor covered by 1/4 to 112 in. of water. 
From the bottom landing, he scooped up 
a sample of this silty material and placed 
it into a container for later analysis. 
Figure 10 shows the sample location on 
the basement floor. 
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Removal of the last 30,000 gal of water 
significantly reduced radiation dose levels 
inside the Reactor Building. Two fixed
point surveys that best represent the 
impact of the contaminated wate~ were 
made at the open stairwell leading to the 
basement, and at a hatchway exposed to 
the basement. Readings taken at these 
points before and after removal of the last 
few inches of water showed reductions 
from 4000 to 2200 mR/h and from 6000 
to 25.00 mR/h, respectively. 

Purifying the contaminated basement 
water was accomplished in two stages 
using ion-exchange technology. Initially. 
the SOS, containing inorganic zeolite ion
exchange media, effectively removed 99"'0 
of the fission produc~s (See article in 
November 31, 1981 Update). The 
products, primarily ions of cesium and 
strontium, were chemically exchanged for 
ions of sodium. EPICOR II, a system 
containing organic and inorganic ion- . 
exchange media, rem9ved 99% of the 
fission products remaining in the SDS 
effluent.. 

Table 2 Curies of radioactive isotopes ~em'bvedfrom 
Reactor Building basement water down to 
'a level of about·1 ft 

lon-Exchange 
System 

50S EPICOR 11 
Element (Ci) (Ci) 

137Cs 210,000 2 
134Cs 22,600 2 
. 90Sr 7,331 19 
Other<' 23 

Table 2 shows the number of curies 
removed from the Reactor Building 
basement water down to a level of about 
I ft. Because of a chemical structure 
similar to water, tritium passes through 
the ion-exchange systems. The liquid 
effluent from the EPICOR II system, at 
this point, contained about 1,800 Ci of 
tritium. This tritiated water remains stored 
on the island in two 5.00,OOO-gal tanks and 
will be used for further decontamination 
work. 

Additional calculations done after 
completion of the surface suction phase 
show that a total of 320,000 Ci were 
removed from basement water. The final 
volume of water removed from the 
basement will remain in SOS storage tanks 
until reactor coolant system water cleanup 
is completed. 

The processing of about 100,000 gal of 
water from the reactor coolant system 
(RCS), a project underway since May 17, 
1982, continues the dose reduction 
operations in TMI-2. Concentrations of 
radioactivity are continually reduced by a 
"feed and bleed" dilution process; water 
is "fed" into the RCS in 50,OOO-gai 
batches, while equivalent amounts are 
"bled" off. This method ensures that the 
damaged reactor core is always covered 
with water. The first batch contained 
about 45."lo of radioactivity measured in 
the system liquid. Each subsequent batch 
reduces the radioactivity concentration by 
a faetor of about two. Original 
predictions were that seven "feed and 
bleed" batches (350,000 gal) would be 
needed to clean RCS water. The SOS is 
expected to adsorb about 15,000 <;:;i of 

. cesium, strontium, and other elements. At 
. the end of three batches, the SOS'had 

processed 150,516 gal and removed ' 
9,562 Ci of radioactivity from the ReS. 

Completion of this project will reduce 
radiation dose levels. in the Reactor 
Building even further. The fact that 
workers will be allowed to remain in the 
Reactor Building for longer periods of 
time, consistent with ALARA principles, 
will accelerate the successful defueling of 
the damaged reactor core. 

I 
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Hydrogen· Burn Damage 
·Studies Continue at TMI·2 

AbOUl 10 hours into the accident at 

TMI-2, ·the Reactor Building pressure 

stripchart recorder indicated a pressure 

spike of about 28 psig in the Reactor 


. Building. Together with associated high 
temperatures and pertinent gas readings, 
this pressure spike led industry experts to 
conclude that an undetermined amount of 
hydrogen ignited and burned in the 
building. The apparent hydrogen burn is . 
of interest as a resource for studying 
hydrogen generation··mechanisms during a 
loss-of-coolant accident such as the one at 
TMI-2. 

~ . , Two research efforts of interest to the 
TI&EP will provide information to aid the 
industry in resolving concerns associated· 
with licensing plants under the new rules 
established by NRC following the TMI-2 
accident. The research efforts will also 
provide information to aid the Tl&EP's 
Reactor Evaluation Program in assessing 
damage to the TMI-2 t:OFe. Estimates of 
how much hydrogen burned during the 
accident can be compared with the )mown 
preaccident inventory of hydrogen. 
Researchers can then calculate how much 
zircaloy cladding had to oxidize to 
produce the hydrogen; which burn· 
damage indicates existed in the building at . 
the time of the accident. This zircaloy 
oxidation estimate provides one reliable 
basis for assessing the extent of damage to 
the TMI-2 core. 

. The first research effort, conducted by 

Dr. J. O. Henrie of Rockwell Hanford 

Operations, involves a preliminary study 


.	of instrliment readings taken during the 
accident. According tQ Dr. Henrie's work, 
as much as 390 kg of the 450 kg of 
hydrogen present in the reactor building 
may have burned. As part of an overall 
data qualification being conducted, 
accident data obtained from other 
instruments will also be examined. All 
data will be qualified to assess how 
accurately they represent the actual 
phenomena observed in the plant. Specific 
data include Reactor Building pressure 
and temperature, steam generator 
secondary-side pressure, and building 
atmospheric samples. The qualification 
process will also assess the calibration 
history, accuracy, range, response time, 
and sample rates recorded by plant 
instrumentation. This evaluation will 
allows researchers to assign confidence 

intervals to instrument output and 
uncertainty intervals to all data. 

The second study, conducted by N. 
J. Alvares and D. G. Beason of Lawrence 
Livermore National Laboratory and G. 
R. Eidam of the TI&EP Technical 
Integration Office (T1O) was published as 
a GEND report (GEIj.,D.INP-023, . 
Volume 1). Entitled Jiivestigation of 
Hydrogen Burn Damage in the TMI-2 
Reactor Building, the study concentrated 
on analyzing the effects ofthe hydrogen 
burn in order to identify possible burn 
flame paths and areas of localized 
damage. 

Reactor Building entry photographs 
taken as cleanup efforts at the damaged 
plant continue have been the primary 
source material for this second study. The 
authors studied photographs from the 
first 15 Reactor Building entries to 
attempt to determine possible flame paths, 
concentrations of damage evidence, and 
some possible temperature estimates f.or 
different Reactor Building locations. Most 
of the damage occurred on the operating 
deck, or 347·foot elevation, in the north, 
south, and east quadrants. The polar 
crane region exhibited burn damage also, 
while very little damage ·was noted on 
either the 305-foot (entry level) elevation 
or in the west quadrant of the 347·foot 
elevation. This study theorized that some 
areas received more' damage than others 
because air flow from ventilation systems 
affected the path the burn took through 
the building. 

Figure 11 Damaged 55·gal barrels on 
the 347·'oot elevation. 

Discussed below are some examples of 
the damage evident in the TMI-2 building 
caused by the hydrogen burn. Damage 
caused by a ·sudden increase in pressure 
appears to be restricted to areas near the 
elevator and enclosed stairwell complex on 
the 347-foot elevation. The elevator door 
and stairwell door both were bent out of 
shape, indicating a buildup of pressure to 
levels the door materials and structure 
could not withstand. These distorted 
doors, as well as the crushed or imploded 
barrels pictured in Figure 11 could both 
have been affected by a pressure pulse, or 
possibly by heating followed by rapid 
cooling. 

Indications of thermal damage, such as 
charring, melting, ·or actual burning of 
material were present almost exclusively in 
the north, south, and east quadrants of 
the 347-foot elevation. Wood items such 
as scaffolding, the plywood backing of a' 
telephone table near the south wall, and 
boxes in the northeast quadrant all 
charred, in some places, heavily. 
However, no damage at all was evident on 
a wooden fence frame in the west area 
near the open stairwell. 
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Paper and fabric in the north, east, and 
south areas showed evidence of scattered 
local thermal damage. The paper 
maintenance manual on the fuel handling 
bridge pictured in F/gure 12 burned and 
crumpled. A fabric rag inside the head 
storage stand charred heavily, while a rag 
lying only a few feet away indicated no 
damage at all. 

Figure 12 .Burned and crumpled 
maintenance manual on the fuel 
Jlandling bridge. 

,Plastic and polyethelene materials ' 
demonstrated the most dramatic evidence 
of thermal damage. Control panel buttons ' 
on the auxiliary fuel handling bridge 
melted out of shape, and telephone cord 
wire softened and lost its shape. A 
telephone on the 347-foot elevation, 
pictured,in Figure 13. deformed from 
the heat; experimental results and 
manufacturer's data indicate that 
temperatures above 221°F would cause a 
telephone to deform under its own weight. 

, The locations of the damaged items 
throughout the 347-foOt elevation might 
indicate that the burn followed a pathway 
caused by air flowing from the building. 
air cooling system. Two ioss-of-coolant 
accident (LOCA) vents convey a major 
portion of cooling system air to overhead 
regions of the Reactor Building on the 
south wall. (Both vents were to the right , 
side of the polar crane position during the 
accident.) Circulation patterns during 
normal cooling operations draw air from 
the 347-. 305-, and 282-foot elevations 
and exhaust through the O-rings 
(personnel shields). During the accident 
the LOCA vent dampers were 
automatically opened following Reactor 

Building isolation. Since no record exists 
of operators manually closing, the LOCA 
vent dampers, efflux from the air coolers 
may have moved through the LOCA 
-dampers and discharged to the upper 
containment regions during much of the 
accident sequence. Cooling fan flow 
directions may account for burn patterns 
on the 347-footelevation, and also on the 
polar crane in the Reactor Building. 

The polar crane above the 347-foot 
elevation appeared to have widespread 
thermal damage, but no evidence of 
pressure-caused damage. The study 
described,the damage as uniform, "as 
though all burned and melted materials 
were engulfed in flame or hot gas for a 
short period.''' In the crane operator's 
cab, the operator's chair and the 
instrument panel buttons were melted anq 
charred. Thermal damage also was 
observed on bus bars (some of which fell 
to the 347-foot elevation), bus bar 
insulation, labels, hose, and ceiling paint. 
Thermal damage to polar crane 
components'appears uniform. Discharge 
of the air coolers through the L0CA ' 
ducts may have been a primary dispersal 
mechanism of hydrogdh and air to the 
polar crane region. 

Figure 13 Deformed telephone on 
the 347·foot elevation. 

There are almost no indications of 
hydrogen burn on the 305-foot elevation. 
One floor plate in front of the air coolers 
on the 305-foot elevation moved slightly 
from its normal position, possibly as a 
result of a slight pressure pulse in the 
basement region below the 305-foot 
elevation. On one telephone the cord coil 
relaxed. possibly as a result of the heat 
emitted from the enclosed stairwell 
nearby; the elevator control buttons also 
melted, possibly as a result of hot gas 
emission from the elevator shaft. 

The two research efforts discussed 
above will provide information to aid the 
industry in understanding hydrogen bum 
control mechanisms. Assessing the extent 
of damage attributable to the burn, 
evaluating the building pressure and 
temperature response. and correlating the 
extent of damage with the amount of 
hydrogen burned will all contribute to a 
'more complete understanding of the 
incident at TMI-2. 
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Characterization 
of EPICOR· II Resin Canister 

., 
',:1J PF·16 Complete 

As part of DOE's research and 
development program, Battelle Columbus 
Laboratories (BCL) completed 
characterization studies on an ion
exchange media canister used to process 
TMI-2 accident water. Preliminary results 
indicate that the content of the ion
exchange media canister characterized was 
not extensively degraded as a result of 
being loaded with accident-generated. 
waste. This characterization will 
contribute to the technology required for 

, safe storage, processing, and ultimate 
disposal of highly contaminated ion
exchange media. 

The canister studied is one of the 
50 ion-exchange media prefilter canisters 
used in the EPICOR II water processing 
system at TMI-2. The EPICOR II system 
processed approximately 500,000 gal of 
highly contaminated accident-generated 
water that accumulated in the Auxiliary 
and Fuel Handling buildings during the 
accident. The processing generated' 
prefilter canisters, such as the one 
sketched in Figure 14, highly loaded 
with predominately 137Cs and 9OSr. In, 
order to determine what effects exposure 
to accident-generated wastes might have 
on this type of ion-exchange media and 
container,one of these prefilters, PF-16, 
was selected to undergo characterization. 
This liner was used on March 3 and 4, 
1980 to process 8,250 gal of water from 
Reactor Coolant Bleed Tank "A." The 
PF-16 was considered one of the most 
likely prefilter liners to demonstrate 
deterioration because of its relatively high 
loading of 1 ;250 curies and low residual 
pH of 2.79.' 

The PF-16was shipped to BCL on 
May 19, 1981 (See article November 30, 
1981 Update) where characterization tasks 
were performed. After completing 
acceptance radiological surveys and cask 
internal gas sampling, technicians removed, 
the shipping cask lid and hoisted the liner 
into the heavy element hot cell using a 
shielded transfer and storage device 
pictured in Figure 15. 

4·;0. bung 
COflnecllon 
in lid 

T----·--'\~-----(:::;""">_--UflIn9 lug 
(1 of 2) 

Figure 14 Cutaway sketch of 
EPICOR II prefilter liner. 

Figure 15 BCl transfer and storage 
device atop the PF·t6 shipping cask. 

One of the initial char~cterization tasks 
con\iucted was a visual inspection of the 
liner external surfaces. This inspection was 
performed by viewing the liner directly 
through the hot cell window and by using 
the in-celI.television camera with an 
external monitor. All external surfaces 
appeared to be clean and in good 
condition. 

I 
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Technicians then obtained two gas 
samples from the area inside the liner 
above the ion-exchange media, using an 

, evacuated sample chamber that was fixed 
over the liner vent plug by an 
electromagnetic device. A third sample 
was drawn in a similar manner from the 
bottom of the liner effluent tube. 

- Scientists analyzed the gas samples 
using mass spectrometry and gas 
chromatography. The test results shown in 

Table 3 indicate that Samples 1 and 2, 
obtained through the vent plug, were 
enriched with hydrogen and carbon 
dioxide but were oxygen depleted. These 
samples a180 contained slightly higher than 
normal (compared with ,ajr) , 
concentrations of nitrogen and carbon 
monoxide and several small quantities of 
hydrocarbons. The third sample, obtained 

, from the bottom of the effluent tube, had 
, gas concentrations very close to that of air 

with no large concentrations of such 
heav~ combustible gases as methane. 

After remo'.(ing the liner manway cover, 
technicians lowered a television camera 
through the opening and visually , 
examined the liner internal surfaces. The 
protective coating on the vertical inner 
surface appeared to be blistered yet intact, 
as did the underside of the liner top plate. 
No visible corrosion was evident when a 
portion of the ion-exchange media was 
removed to view the liner/media interface. 
the manway cover, which did not have a 
protective coating on the undersurface. 
was quite rusted. The surface of the ion
exchange media was dark, crusty, 
cracked, and caked'with a white material 
believed to be boron deposits. 

'The PF-16 is believed to contain 
inorganic zeolites and three types of 
organic ion-exchange media-cation, 
anion, 'and mixed bed. Since the actual 
composition of the media is considered 
proprietary by EPICOR Incorporated, 
characterization of the PF-I6 required 
examination and sampling to identify such 
basic items as the tyoes and ratios of the 

medi<dn the liner. A~-in. Lucite tube 
with a basket retaine1 and a stainless steel 
cutting tip allowed BCL personnel to 
obtain a core sample of the ion-exchange 
media. 

Table 3 PF·16 gas analysis 

Vent Plug 	 Effluent Tube 

Sample 1 Sample 2a Sample 3 

Volume Percent 

Carbon dioxide 5.52 ± 0.06 
Argon 0.96 ± 0.05 
Oxygen 0.20 ± 0.02 
Nitrogen 80.S ± 0.4 

'Carbon monoxide 0.2 ± 0.02 
Hydrogen 12:4 ± 0.2 

Figure 16 Top, middle"and bottom 
regions of ion·exchange media 
core sample (30x). 

5.27 :, 0.06 0.30 ± 0.03 
0.96 ± 0.05 0.94 ± 0.05 
0.30 ± 0.05 20.2 ± 0.2 

81.2b ± 0.5 78.0 ± 0.4 
0.004 ± 0.001 

12.2 ± 0.02 0.5 ± 0.05 

Parts per Million by Volume 

45 ± 5.0 
0.1 

4 '" 1.0 
0.1 

1 ± 0.2 
0.4 ± 0.1 

0.1 
20 
10 
10 
2Q 

Melhane 
Ethylene and Acetylene 
Ethane 
Propylene 
Propane 
Isobulane 
n·Butane 
Hydrogen sulfide 
Carbonyl sulfide 
Sulfur dioxide 
Unknown compounds 

500 ± 2.5 
0.7 	± 0.1 
42 ± 4 

0.1 

6 '" 1 
0.6 :, 0.1 

0.1 
20 
10 
10 
20 

s, Not subjacted to detailed analysis. 
b. Inetudes carbon monoxide. 
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Table 4 PF·16 residual liquid chemistry analysis 

pH 
Conductivity 
Acidity 
Total residue upon evaporation 

Component 

Sodium 
Iron 
Phosphorus 
Zinc 
Magnesium 
Calcium· 
Aluminum 
Boron 
NH4 
S04 
N03 
Chlorine 
Total organic carbon 
Total KjeJdahl nitrogen (TKN) 

Gross beta/gamma 
Gross alpha 
Strontium .89190 
Antimony 125 
Cesium 134 
Cesium 137 
Plutonium 238, 239. 240 
Uranium 238 . 

5.3 ± 0.1 at 27'C 
30 I,mholcm at 27"C 
1.2 meqlml at pH 7.0 
3.1 ± 0.1 mglml 

Concentration 

<2000 ppb 
34 ppb 

< 110 ppb 
88 ppb 

<20 ppb 
.100 ppb 

110 ppb 
1.12x106 ppb 
O.8/,glml 
5.21,g/ml 

<0.31,g/ml 
3.01,g/ml 
61 pglmJ 
0.48 flU/ml 

Table 5 Residual liquid radiochemistry analysis 

Concentration 
. Component {uCi/mll 

1.77 ± 0.01 )( 10.2 

5.9 =0.01 )( 11)·4 
5.2 ± 0.1 i'x 10.4 

7.9'4 ~ '0.42' x 10.4 

·1.32 ± 0.02 x 11)·3 

1.308 ± 0.005 x 10.2 


<1.0 x 10.4 

< 1·.0 x 10.4 


Scientists performed preliminary 
examination of the core sample using the 
hot cell stereo microscope at 
approximately 30x magnification while ~he 
sample remained encased in the Lucite 
tube. The three well-defined regions that 
were observed are shown·.in Figure 16. 
The top region, presumed tobe an 
inorganic medium, consists of free~ 
flowing, dry, granular. and irregularly 
shaped particles. The middle region 
consisted of regularly sl;!aped, spherical, 
translucent particles, while the bottom 
region consisted mostly of opaque and 
translucent particles. Some opaque 
agglomerates were present in the bottom 
region, but may have been caused by 
moisture and particles adhering to the 
Lucite tube. 

Radiochemical analysis of portions of 
the core sample yielded preliminary data 
on the distribution of radionuclides 
throughout the three regions in the liner. 
The top region was apparently quite 
effective in removing the cesiu'm from the 
contaminated water, as most of the 
cesium was located in that region. The 
strontium was less effectively removed by 
the top region and was more uniformly 
distributed throughout the other two 
regions. 

From these preliminary examinations of 
the media core sample, scientists at BCL 
concluded that the ion-exchange media 
did not appear to be significantly 
degraded by radiation. This fact was later 
confirmed when ion-exchange media 
integrity examinations were performed 
using electron' microscopic scanning. 
Deterioration of the ion-exchange media' 
by radiation appears to be minimal even 
in the regions of the highest activity 
loading near the top of the media. It 
should be noted however, that some 

. media surface cracking and spalling was 
observed in the bottom layer of the core 

. sample. Since this region is farthest from 
the 'high activity area, this degradation 
may be an effect of either high moisture 
content in the region or of chemical 
attack. 

Following the first core'sample, BCL 
personnel obtained a sample of the 
residual liquid from the bottom of the 
core sample hole. Technicians performed 
comprehensive chemical and 
radiochemical analyses of the liquid; the. 
results are shown in Tables 4 and 5. 
The only significant chemical species 
present in the liquid was 1.12 x 106 ppb 
of boron, an element not effectively 
removed from contaminated water by the 
ion-exchange media. The liquid sample 
exhibited a very low ion content. This 
indicates that no significant amounts of 
either corrosion products or ion-exchange 
media degradation products are present in 
the liquid. The liquid sample also 
exhibited a relatively neutral pH of 5.3, 
which would not be expected to present a 
corrosion hazard to the liner steel. In 
addition, the radiochemical analysis 
indicates no .significant release of 
radionuclides from the resin matrix, even 
though the liner contains approximately 
1,250 Ci of activity. 
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Figure 17 Plot of PF·16 contact 
gamma radiation readings. 

--- Contact 
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Distance from top of liner (in.) 

External gamma scans were performed 

to determine the relative deposition of 

gamma-emitting radionuclides throughout 

the liner. Most of the activity was 

concentrated in the top 3 to 6 in. of the 

ion-exchange media bed. Technicians· 

performed gamma spectroscopy at the 

location of the peak activity and, 

consistent with the' radiochemical analysis 

of the core sample, found that 137Cs and 

134Cs contributed most of the gamma 

activity. The maximum external radiation 

readings were 2800 Rlh on contact, 1000 

Rih at a distance of 1 ft, and 410 Rlh at 

3 ft. Figure 17 shows a plot of the 

contact external gamma scan . 


. ' After resealing the liner manway cover, 
technicians conducted gas generation tests. 
The test results clearly demonstrated that 
oxygen depletion and hydrogen generation 
mechanisms exist in the liner. While these 
data indicate that such mechanisms exist, 
the data could not be used to.quantify gas 
generation because of the liner leak rate. 
The leak rate was detected after BCL 
conducted pressurized leak testing, and 
may have been caused when the liner was 
pressurized for the leak test. 

BCL personnel performed a number of 
. other characterization tasks before they 
shipped the liner to the Idaho National 
Engineering Laboratory. These taskS 
included measurement of ion-exchange 
media water content; measurement of the 
Hner internal dose rates; determination of 
ion-exchange media pH; and meaSurement. 
of the liner temperature profile. The 
TI&EP published specific results of all 
BCL's PF-16 characterization tests in . 
GEND-015, Characterization of EPICOR 
llPrefilter Liner 16. . ' 

The characterization of PF-16 provided 
reseachers with valuable information 
about the behavior of highly loaded ion
exchange media and yielded baseline data 
for the development of safe handling. 
storage, and disposal techniques. One of 
the most important results of this 

, characterization work is the fact that the 
PF·r6 liner and its ion-exchange media 
suffered no extensive damage as a result 
of being loaded with accident-generated 
waste. 
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MultichipTLDs used 
in TMI·2 Reactor'Building 
Characterization 

The TI&EP is 'conducting experiments Reactor Building characterization and 
using a multichip thermoluminescent radiation mapping effort, are designed to 
dosimeter (TLD) developed by Battelle measure gross beta-gamma fields at 
Pacific Northwest Laboratories (PNL). various locations throughout the building. 
These experiments, part of the TI&EP The experiments include: 
Radiation and Environment"Program's 

• 	 Placing TLDs at pre- and 
postdecontamination experiment 
sample locations on the 305- and- Figure 18 TLD side view. 
347-foot elevations to collect the 

radiation data required to measure the 
gross decontamination experiment 
effectiveness 

• 	 Placing TLDs at selected locations 

around dome area radiation 

monitor HP-R-214 prior to the 

'monitor's removal to collect the 

radiation data required for HP-R-214 

failure studies 


• 	 Suspending TLDs on "trees" through 

four 305-foot elevation floor 

penetrations to collect the radiation 

data required for Reactor Building 

basement characterization. 


.Each dosimeter contains 24 LiF chips " 
that are oriented so that 12 chips face the 
front and 12 chips face the back. The 
front and back sections are separated by a 
O.125-in.~thick aluminum separator plate 
(see Figure 18). The chips are clustered 
in groups of three under fOUT different 
thickness absorber shields (see 

,Figures 19 and 20) encased with two 
wraps of O.OO5-in. aluminized Mylar and a 
0.OO5-in. anticontamination plastic bag. 
The laminated construction of the shields 
allows the use of varying thicknesses of 
.shielding over each cluster of chips. There 
are three aluminum absorber shields and 
one thin aluminized Mylar film shield. 
The thickest aluminum shield is 
O.125-in. thick and prevents all beta 
radiation from penetrating to the TLD 
chips. The other two aluminum shields are 
O.020-and O.032-in. thick and allow only 
those beta particles with sufficently high 

, energy levels to penetrate the aluminum to 
. reach the TLD chips. The aluminized 
Mylar shield is thin enough to allow 
virtually all except very low energy beta 
particles to penetrate to the TLD chips. 
This design provides the capability for 
determining the relative beta energy 
distribution as well as providing an 
accurate measurement of the gross gamma 
field. 

Figure 19 TLD center section 
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These TLDs offer many distinct 
advantages for TI&EP researchers. 
Among their advantages is the unique 
capability to measure background 
radiation levels on one side of the 
dosimeter while simultaneously measuring 
the radiation emitted from the surface in 
contact with the opposite side. This 
capability was used to measure radiation 
levels before arid after the gross 
decontamination experiment at 
predetermined locations on the 305- and 
347-foot elevations where concrete spalling 
or metal samples, smear surveys, 

. RO-2A portable radiation instrument, and 
portable gamma spectrometer . 
measurements were taken. The directional 
capability of this TLD can also be 
employed to determine the relative 
location of high radiation sources when 
the TLD is suspended in a stationary 
position such as in the Reactor Building 
basement characterization. 

i 
I· 

The data obtained from these multichip 
TLDs will provide TI&EP researchers with Figure 20 TLD top view. 
valuable -information to aid in accurately 
determining the effectiveness of gross 
decontamination techniques, and will . 
provide an additional source of 
information for reactor buiI9ing 
characterization work. In addition, the 
data may also provide an additional 
resource for deterrninfng worker 
requirements in high beta-gamma fields 
such as those at TMI-2. 

,
.' 
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Prototype Gas Sampler. 
Developed for TMI·2 
Waste Sh.ipments 

In support of the TMI-2 TI&EP, 

EG&G Idaho, Inc., engineers developed 

special tooling to sample gases from 

highly radioactive ion-exchange media 

canisters (liners). The tool, shown in 

Figures 21 and 22, is called a 

prototype gas sampler (PGS). To ensure 

safe shipment of liners from TMI for 

research and disposition, the PGS was 

designed to remotely remove and reinstall 

liner vent plugs, capture any gases 

released, and purge liners of combustible· 
 Figure 21 Prototype gas sampler gases with ali inert gas. lristalled on EPICOR II liner. 

TMI-2 technicians detected a 
combustible gas mixture in an EPICOR II 
ion-exchange media liner as they prepared Figure 22 Cross-sectional view of 
the liner for shipment to an off-island the prototype gas sampler. 
facility during March of 1981 (see PF-16 
characterization article, this issue). 
Although the liner was vented prior to Mountz Model shipment, preliminary gas sampling upon PT·6 pneumaticarrival at Battelle Columbus Laboratories 

indicated the generation of combustible 

gas while also indicating a depletion of 

oxygen. Based on these results, GPU 

Nuclear and TI&EP personnel decided 

that EPICOR II liners should be sampled 

for gas, vented, and purged with an inert 

gas (if·necessary) before they were 

shipped. . 

After considerable preliminary 

evaluation, EG&G Idaho engineers at the 

Idaho National Engineering Laboratory 

(INEL) decided that the best method for 

accessing the gas-containing area within 

the liners would invoive removal of the 

2-in. pipe plug from the liner vent port. 

Under TI&EP direction, these engineers 

designed, fabricated, and tested the PGS. 


. Following tests at the INEL, EG&G Idaho 
delivered the sampler to GPU Nuclear at 
TMI-2, where it will be used on liners 
housed in storage modules at the Solid 
Waste Staging Facility. 

torque wrench 

'Carrier assem~ly 

Air cylinder 
which applies 
downward force 
on tool--____~ 

Housing window 

Housing 
or shroud 

Gas sample port 

-Air cylinder which lifts· 
the tool 

/ 

Eye bolt-part of 
positioning 
system 

Purge gas line 

.---Top of prefilter 
____.. ---.~- . .., liner. 
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Major components of the PGS system 
include a portable, IS-in.-thick concrete 
shielding structure (blockhouse) and a 
remote support facility that is the 
command center for all operations. The 
sampler, a pneumatically operated device, 
consists of a platform, sample housing, 
position and rotation drive assemblies, 
and a closed-circuit television monitoring 
system. To reduce the possibility of 
combustion, PGS surfaces that have 
relative motion are made of nonsparking 
material and the sampler is electrically 
grounded to the liner. A lifting fixture 

, attaches the sampler to the hoist system of 
the blockhouse. A lOO-ftumbilical cable 
carrying television camera signals, power, 
lighting, compressed air, and gas handling 
lines connects the PGS to the command' 
center, 

Using' a mirror-window arrangement in 
the blockhouse, initial alignment of the 
PGS over the liner vent port is 
accomplished using the liner lifting lugs as 
indexing guides. The position of the vent 
plug relative to the lifting lugs varies from 
liner to, liner, therefore precise positioning 
of the sampler drive shaft over the vent 
plug is made ,using air-driven threaded' 
adjustments on the sampler. An 
adjustment range of ± 1 in. in all 
directions from the nominal position is 
provided at a rate of approximately 1 in. 
per minute. PGS operators monitor final 
alignment of the tool tip to the vent plug 
with the closed-circuit television system 
mounted on the PGS. 

The tool tip is designed to secure the 
plug with sufficient force to lift it free of 
the vent port but with small enough force 
to allow the tool to be disengaged after 
reinstallation. In addition, a downward 
force can be applied to the tool to force it 
into the plug. 

After the tool is engaged1rt,'the liner 
vent plug (see Figure 23), the PGS is 
lowered until the shroud around the, tool 
is sealed against the liner top. The PGS's 
weight, 850 lb, is sufficient to maintain 
the seal should liners reach maximum 
anticipated pressures of up to 19 psig. 

The plug removal drive system consists 
.of a pneumatic torque wrench and a ball 
bearing spline. The torque'system is 
capable of producing 2500 ft-lb of torque 
with a maximum unloaded speed of 
5 rpm. The liner lifting lugs serve to 
dissipate rotational forces that result from 
torque applied 'during unthreading of the 
vent plug. ' 

- The ball bearing spline allows the drive 
shaft to move vertically during 
unthreading and threading. In addition, 
two air cylinders mounted on the housing 
allow the tool tip to be raised to lift the 
plug clear of the port after unthreading or 
lowered to reinsert the plug. 

With the television system, operators 
monitor indexing marks on the shaft to 
determine direction of drive rotation ,as 
well as the number of revolutions in the 
threading and unthreading sequences. 
Two air cylinders operate a cable 
mechanism to change direction of drive 
rotation, as required, 

, 
t 

After PGS:eperators unscrew the plug 
and lift it clear of the port, liner gases can . Figure 23 View through shroud 
pass into the shroud and through gas window of tool tip engaged in 
handling lines to the command center. liner vent plug. Upon completion-of venting, nitrogen is 
used to "sweep" the sampler and liner to 
remove any gases before the plug is 
lowered back into the port and tightened, 
thereby resealing the liner. The storage 
module is ventilated through a HEPA 
filter unit and the PGS assembly is 
removed. The liner can now be retrieved 
from the storage cell and placed into a 
shipping cask. 

Functional testing at TMI demonstrated 
that the PGS can be effectively used to 
vent and inert EPICOR II liners to ensure 
their safe shipment from TML 
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Industry Benefits 
from Electrical Equipment 
Survivability Information 

Charge converters used in the loose 

parts monitoring (LPM) system within the 

Reactor Building at TMI-2 apparently 

failed shortly after the accident, and the 

metal oxide semiconductor (MOS) field

. effect transistors that caused the failure 

should not be used in high radiation fields 

such as-adjacent to a nuclear reactor. This 


. is the report from M. B. Murphy of 

Sandia National Laboratories where 

analysis of the charge converters has been 

done in support of the TIO 

Instrumentation and Electrical Equipment 

Survivability Program. Murphy presented 

his data at the TMI-2 Programs Seminar 

in San Francisco during December 1981. 


Both Rockwell International, which 

supplied the (PM system, and Endevco, 


> 	 which supplied the charge converter used 
in the system, conducted independent 
examinations on the converters. Both 
examinations verified that· failure would 
occur in the MOS field effect transistor in 
the converter from excessive radiation at 
dose levels of approximately 105 rad. 
Although at TMI-2 the charge converters 
were mounted in areas where the raaiation 
doses during normal plant operation 
would be well below the damage 
threshold, the radiation release inside the 
Reactor Building during the accident was 
high enough to cause failure. 

Degradation of the Endevco charge 

converters has also been 0 bserved at 

Tennessee Valley Authority's Sequoyah 1 

plant where they were mounted within 

10 ft of the transducers, thus putting them 

in high radiation areas near the reactor 

vessel and steam generators. The MOS 

transistors were damaged after less than 

1 year of reactor operation. The charge 

converters used at TMI-2 and Sequoyah 1 

were Endevco models 2652M4 and 

2652M3, respectively. Figure 24 is a 


. photograph of a failed TMI-2 charge 

converter with the covering sleeve cut 

away for removal and testing of suspect 

components. 
 ( 

Figure 24 Failed charge converter 
after disassembly. 
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Radiation damage to the MOS In a letter to the TIO expressing 
transistor did not cause a sudden failure. 
but rather caused its gradual 
deterioration. Bias adjustments could 
appear to correct for deterioration 'of the 
transistor, meaning that the system might 
not have responded correctly to a loose 
part noise after adjustment. 

Deterioration of the MOS transistor can 
be detected remotely by measuring the d.c. 
converter. This voltageis normally 13.5 V. 
supplying 7 rnA to the 2652M4 charge 
converter. Respective voltage and current 
for the 2652M3 are 18 V and 9 rnA. 

appreciation that useful recovery 
information is being passed on to 
industry. Rockwell International reported 
development of a charge converter using 
junction field effect transistors. Three 
designs were tested in their gamma 
radiation facility. exposed at a rate of 

.106 rad/h. One design o~erated at an 
exposure greater than 10 rad. Run-to
failure tests were made at 106 rad/h with 
this succe<fsful circuit and a duplicate. 
Both operated at exposures in excess of 
107 rad. Rockwell will offer these units as 
replacements in their existing systems, and 
will incorporate them into any future 
LPM systems. 
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TMI·2 GENDReports Available 
to the Public . 

Between November 1981, when the last Controlled Air Incinerator Conceptual 
Update was published, and DeSign Study. GEND·021, published' 
September 1982, seven formal reports January 1982. A conceptual design study 
were published by the TMI-2 Technical for a controlled air incinerator facility for 
Information and Examination Program. incineration of low-level combustible. 
The title, GEND number, date of waste at TMI-2. 
publication, and a brief description of 
each is presented below. The reports are TMI-2 Information and Examination 
available from the National Technical Program 1981 Annual Report. 
Information Service, 5285 Port Royal GEND-022, published April 1982,An 

. Road, Springfield, Virginia 22161. overview of work accomplished in the 
. TI&EP Data Acquisition, Waste 

Color Photographs of the TMI Reactor Immobilization, and Reactor Evaluation 
Containment BuildiT/gjor Entries 1, 2, 4 • . programs from October 1980 through 

.5, and 6. GEND;,()()6, published December 1981. 

February 1982.. A collection of all 


. 308 photographs taken during the first six Zeolite Vitrijicatipn Demonstration 
entries, arrange~ in sequence and Program Characterization of 
produced in color. The photographs are . Nonradioactive Demonstration Product. 
accompanied by mapsjndicating location GEND-025, published September 1982. A 
in the Reactor Building of each subject. laboratory analysis of the glass product 

made when nonradioactive ion-exchange 
, 	Examination Results of the TMI media were vitrifiedfThe media were 

Radiation Detector HP-R-0211. loaded with nonradioactive cesium. 
GEND-014, published October 1981. An strontium, and other fission products to 
.analysis of the first piece of electrical simulate the actual condition of . . 
equipment removed from the Unit 2 radioactive TMI-2 ion-exchange media 
Reactor Building, including cause of (from the Submerged Demineralizer 
failure and recommendations to the System) to be vitrified later in 1982. 
industry. 

Charac.terization ojEPICOR II Prefilter 

Liner 16, GEND-OJ 5, published August 

1982. Description of the characterization 

work and analytical results from 

completed study of the PF-16 liner. 


Response of the SPND Measurement 

System to Temperature During the'Three . 

Mile Island Unit 2 Accident. GEND-017, 

published December 1981. A discussion of 

why the SPND Measuring System did not . 

indicate accurate, fuel rod temperatures 

during the accident. 


Nondestructive Techniques jar Assaying 

Fuel Debris in Piping at Three Mile Island 

Unit 2. GEND-0l8, published 

November 1981. An evaluation of the 

four major categories of nondestructive 

techniques for assaying fuel debris in the 

primary coolant: ultrasonics, passive 

gamma ray, infrared detection, and 

remote video examination. 
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Makeup 
filters 

Figure 1. Makeup and Purification 
System which ~Intalns RCS quality 
and chemical limits. 
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Resin Characterization 
Supports 
Waste RemoYalEfforts 

Assisted by Westinghouse Hanford 
Company (WHq, TI&EP and OPUNC 
engineers began planning for tbe removal 
of ion exchange resin from the makeup 
and purification system demineralizer 
vC3seIs. Classified: as abnormal wastes 
(those not routinely generated at miClear 
power plants), the demineralizer resins 
have the potential for research and 
devclopment work in the area of waste 
disposal tecimology. 

During normal reactor operations. the 
makeup and purification system, shown in 
Figure 1, maintains reactor coolant quality 
and chemistry within prescribed limits. 
After the start of the accident on March 
28. 1979, reactor coolant system (Res) 
let40wn flow waS directed tbro~ the 
filters and deminera1izers for at least 
18-111 hoursbe(orethe flow stopped. The 
two demincraIiz« vessels, cidl located in 
a separate cnbicle(desipated.A lind B) 
on the 305-OO.de¥ation ofthe AUxiliary 
Building. wCre bypassechomi:!iimt: ~er 

letdown flow was lost and have since 
remained isolated from the RCS. 

Using demineralizer drawings and 
accident operating histories provided by 
GPUNC, plans were developed to assess 
the largely unknown status of the 
demineraliz.ers. and to outline a suitable 
cleanup strategy. Because high radiation 
levels prevented recovery persom;e!. from 
entering the cubicle.;;, a remotely operated 
miniature transport vehicle called the 
Surveillance and 1nservice Inspection 
Robot or SIS! was designed and equipped 
by WHC for entry into the deminei:alizer 
cubicles to obtain preliminary 
characterization information. SISI is 
shown in Figure 2. 

During these exploratory entries into 
the demineralizer cubicles, 51St also 
provided engineers with video 
observations of the cubicle interiors.: The . 
videotapes verified as-built equipment 
conditions, and showed piping and 
equipment to be in satisfactory condition. 
An evaluation of tbe equipment from the 
videotapes was useful in ciefining a resin 
removal approach, the most desirable 
option being that of using existina in
plant equipment and piping. 

In order to confirm the presence of fuel 
in the vessels and to determine if the . 
amount was at or near the c:rilic:allevel of 
70 kg. seYmu independent me8surement 
techniques were used. Solid-state track 
recorders (SSTRs) which provide a·tecord 
of tracks of fission prodllCtS 1Iel1Critedby 

. neutron-initiated fissions in the. 13Su· 
c:Olltainc!:d in the ssm wt:te ~ . 

.alon&side the A vc:ssd. Usiq SSti. data. 
1.7::t:(Ur; ~ oflD'Uiium. Wen:~ . 
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Figure 2. Remotely operated 
transport vehicle developed for 
exploratory work In the c1emiDeiaHmr 
cubicles. 

Demineralizer A 

Gas (8 pslg) (4 palg) 

85Kr "Ci/cmS 2.1E·2 1.BE·2 

H2% 6.B 7.2 

~% d).S d),S 

H2% 88..S BOA 

Othe,ok 6.8 2.4 

Table 1. Onslle deminerallzer v ...., 
gas sample analysis 

to be in tbe A vessel. Wbile SSTR diata 
confirmed the presence of fuel within the 
vessels. the data are unable to b.elp verify 
the locations of the fUel. 

To determine fuellocal:ion and obtain 
additional information on fission proouct 
content, WHC placed a siIicon-iithium 
gamma spectrometer system inside the 
cubicles. The detector can "see" the high
t;I}ClI'gY gamma ray associated with the 
144Pr daugliter of the fission product 
144Ce. Cerium-l44 is valuable as a fuel 
tracker because it is known to have 
chemical properties similar to uranium 
and is generally known to stay v.ithin the 
fuel matrix. Analysis of the A vessel's 
spectral data estimated fuel content to be 
1.3 ± 0.6 kg of uranium. The vessel was 
also estimated to contain about 6000 Ci of 
138es. the most prominent flSSion 
product. 

The gamma ~osropy showed that 
the activity for 37Cs and for the fuel 
tracker, 144CeIPr. peaks at two feet trom 
the bottom on the far side of the A vessel. 
'Thi5 profile suggests there is no water 
above the top of the resin bed. If the 
ettimates of location of the top of the 

Deminerallzer B 

(8 pslg) (4 pslg) 

B.BE·2 1.0£-1 

78 74 

d).2 EO.2 

10 11 

12 15 

resin bed are accurate, then the resin 
voloroe is one-balf of the volume 
originally installed in the vessel. This 
fmding is consistent with· Pacific 
Northwest I.aboratory (pNL) 
nonradioactive resin irradiation tests that 
showed a similar volume reduction for 
resin exposed to 1.7 x 109 nuIs, the dose 
GPUNC estimated the resins received as 11 
result of the accident. Although no 
quantitative fuel estimates could be made 
for the B vessel, the one data point 
obtained indicates less fuel but more 
fission products than for the A vessel. 

The characterization of the makeup and 
puriftcation dem:ineralizers f."lI1minated 
with sampling ao<! analyzing vessel gases, 
liquids, aod resln itself. Results of the gas 
sample analysis performed by the on-site 
chemistry department confirmed 
predictiollS .:onceming the composition of 
the gases that have been trapped and 
generated in the deminera1izer vesse1s since 
the accident. Due to the vessel's high 
radiation levels, radiolysis of the vessel 
water resulted in high amC)lwts of 
hydrogen and a substantial quantity of 
nondiatomic gases. The amount of oxygen 
was low due to an oxygen scavenging 
reaction willi the resins. A comparison 
betweea the nondiatomic pseS analyzed 
by WHC aod the PNL resin irradiation 
tests suggests that the resins in ·both 
demineralizer vessels were wet when 
irradiated. 

In early March 1983, engineers inserted 
a vacuum pickup probe through the 
diapllnun valve and resin fill line into the 
B vessel and produced the first high dose 
rate sample. The sample solution varied 
from amber to dark brown in color. but 
with very little solids evident. 

In April 1983. TLiEP enaineers 
completed a successful examination of 
demineralizer A vessel usins a SO-ft Ions. 
radiation-tolerant, fiberoptic scope. The 
scope. inside a pOlyethylene guide l1.1be. 
was poshed into the vessel through the 
resin fill Une and passed easily throu,ch the 
resi:t fill line diaphra,gm vaive~ Thc' ' 
fiberoptic scope and auide tUbe paths are 
detailed in F"JiUIC 3. Observations by 
TI&:EP personnel during the fiberscope 
inspcd:ion .:oncluded that the A vessel 
contains a bed of resin with.a crust of 
boron ayst8ls coating the top of the bed. 
The em. of the bed hau Jarae void .' 
that appearstobe·aIIOvf; the n::sbi·sJiddDs . 
outlet: line. The n:Sm in thew:cfis . 

.~tIl1d ambeiC:OloRdbeiow. 
the~ . ...c'tust: . .... . 
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Using mecbanical probes and vacuum 
sampling system, a 10-g solid sample of 
the A vessel resin was obtained. This 
sample had radiation readings of 3 radIb 
beta and ISO RIh gamma. The mechanical 
probe inserted into the B vessel found the 
resin bed approximately 1 ft. below the 
top of the water and 18 in. thick. 
Estimates of the resin and water levels in 
the B vessel are shown in Figure 4. 
Samples from various depths in the resin 
bed were resulting in a 7.5-ml slurry with 
approximately SO ml of solids. Radiation 
readings taken without shielding at the 
top of the sample shipping container were 
40 radlh beta and 800 mR gamma. 

Oak Ridge National Laboratory 
(ORNL) will do the chemical and 
radiochemical analyses on the resin 
samples. Results of the resin sample 
analyses will be reported in subsequent 
issues of the Update as the information 
becomes available. With this 
:baracterization information, TI&EP and 
GPUNC Vlill be able to determine 
:ompatibility of the .resin and comptabllity 
)f any resulting liquid waste Vlith the 
Submerged DcmineraIizer System (SDS) 
;on exchange processing system. 

Figure 3. Pathways of fiber optic 
hONIcopt ductnr; examlnat.ol 
demlnerallzer A veaaellntenells. 

Figure 4. estimate. of resin and 
water levels In B"...••. 

I..----Flow 
Distribution 
Laterals 

il2';t~_~'''!iF'',ar.'_'3._'i''Y''mI!!!'...m'fiiilW?R 511 liB· lin 3' 

http:examlnat.ol


Video Inspections Support 
Reactor Building 
Basement Characterization 

Significant effort is being expended 
toward overal1 characterization of the 
TMI-2 Reactor Building. These efforts 
support dose reduction tasks, rlSsion 
product transport and deposition studies. 
Reactor Building dlUIiage assessments, and 
eventual c1eaDup of the basement by 
providing information necessary to 
determine decantamination techniques. 

As a result of the TMI·2 accident, 
contaminated water flooded the Reactor 
Bwlding basement. Approximately 
640,000 gal of water collected in the 
baselnent and remained until September 
1981. At that time, the Submerged 
Demineralizer System (SDS) and the 
EPICOR II ion exchange system were put 
to work to remove and decontaminate the 
bulk of tJ::e basement water. By May 
1982, nearly aU of the basement water had 
been removed and processed. 

lnitially, characterization efforts in the 
basement centered aroung sampling and 
analyzing the standing water and solids 
from the basement floor. Analysis results 
indicate the 134.137es aru,L9Osi- are the 
major radionuclides with !IOgr found 
predo:runately and after water removal in 
the solids. In August 1982, prior to a 
decontamination water flushing of the 
basement wall, beta and gamma radiation 
measurement began using 
thermoluminscent dosimeters (TLD). TLD 
"trees," each containing four TLDs 
spaced 5 ft apart on a cord, were lowered 
into the Reactor Building basement from 
the ground or 305-00 elevation. The 
preliminary TLD data indkate the 
basement walls. up to approximately 8 ft, 
and the floor area axe the principal 
sources of gross beta and ,aroma 
radiation. The degree of radionuclide 
penetration into the concrete as a result of 
the standing water is a major area of 
interest to the recovery project. 

Visual surveys, taken with closed circuit 
television (eerY) cameras and reported 
on by Reactor Bunding work crews during 
task debrierm& sessions, are helping 
r:searchers develop a graphic record of 
building damage. At greatly reduced 
man/rem exposures over in-person 
inspections, a color ccrv with remotely 
operat.:d functions for focus, zoom, iris, 
and pan-tilt operation::;, was lowered into 

4 

tnt' Rl-.actor Building basement. Th4 
cam~ surveyed the outside of the 
Reactor Coolant Drain Tank, the area 
below Core Flood Tank A, and the area 
below the equipment hatch. The calnera 
surveys showed no signs of physical 
damage resultin.8 from the accident, 
except some corrosion of carbon steel. All 
systems appeared intact; however, funber 
quantitative testing may reveal internal 
damage. Deposits or "bathtub rings" left 
on the walls by changes in level of 
postacci::lent basement water are evident. 
The solids on the basement floor, which 
are clnsidered to be one of the major 
contributors to dose rates in the lteactor 
Building, appears evenly distributed, thin, 
and loosely settled in the small area the 
camera surveyed. However, in subsequent 
surveys done in spring 1983, a number of 
bare sponts were observed in some areas 
of the floor. 

The special capabilities of Uhe camera 
system allowed observation otherwise 
unavailable, of a malfunctioning motor
opera~d valve located on the sampling 
line from Steam Generator B. This valve 
must be opened to drain the steam 
generator, a necessary operation prior to 
reactor vessel head lift. Following the 
camera inspection, engbleers concluded 
that the pin connecting the valve motor 
stem to the valve was broken and the 
valve must be bypassed in order to drain 
the steam generator. The best, points in 
the sampling line for cutting and installing 
the valve bypass were selected using the 
camera. 

Upon completion of this serle; of video 
surveys. the camera was replaced because 
of radiation damage to the camera system 
due to the hi&h radiation fiell.f..s close to 
the basement floor. A manually-operated 
camera was 8Scsemb1ed using off-the-:;helf 
components. Because radiation dose rates 
in the ar:a of Core Flood Tank A are 
relatively low (60 to 80 mRIh) compared 
to other areas of the 305-00 elevation, 
entry personnel were able to manipulate 
tbe te1escopingboom and pan-tilt 
mecbanil!m for the camera. 

From a 3O-in. manway. and a 
penetration near the Reactor Building's 
seismic sap. shown in FlJUI'C 5, 
technicians manipulated tbe camerA 

Figure 5. The 30-10. manway in the 
305·foot elMltlon thlt prcv!ded 
access to the reactor building
"semaRt for came.. su,...,.. 



Figure 6. 

A. The top of the sump Inlet trash 
rack In the Reactor Building 
basement. Exldence of extensive 
rusting Is present on metal surfaces 
and boric acid crystals can be seen 
on piping. 

B. A cable tray located approximately 
six feet below the calling contains 
galvlnJzed colile conduit. Boric acid 
crystals can be seen on pipe section 
above the cable tray. 

crystals. 

'.: ~:~. : 

C. I-beam support and pipe below 
ceiling show eyldence of boric acid 

through pipe and equipment congested 
pathways to gain access to tbe basement 
area near the sump inlet trash rack which 
is located in the nonhwest COrrier ofdie 
Reactor Building basement. Confirming 
information from earlier surveys, no 
visual evidence of physical damage to 
structures or equipment was found, but 
there is extensive rust and corrosion on 
carbon steel surfaces. The top of the 
sump inlet trash rack is shown in 
Figure 5. Solids and sediment deposition 
on the basement floor is not uniform. An 
estimated 500/0 of the floor area surveyed 
was covered with a thin layer of sediIilent 
or sludge. 

Turning the camera toward the ceiling 
of the basement, the surfaces of pipes, 
conduits, electrical cables, cable trays were 
examined. Heavy deposits of 
agglomerated b.oron crystals were seen. A 
cable tray located upproximately six feet 
below the cei.ling is shown in Figure 6. As 
the camera rubbed or bumped surfaces 
and equipment, a "snow storm" of this 
loose debris fel! nom surfaces near the 
ceiling to the base."Ilertt floor. Additional 
evidence of boron crystals is seen in 
Figure 6. The presence of this type of 
debris has added a new component to 
baseline cleanup and recovery 
consideration. The crystalline boron 
material, that is believed to have 
originated primarily as a precipitate out of 
accident water and decontamination water 
sprays, represents a potential source of 
airborne contamination. 

The basement walls. support columns, 
and equipment items appeared relatively 
clear of the bathtub rings noted in the 
earlier surveys except for what appeared 
to be the remnants of two partially 
washed away rings on one suppon 
column. This could attest to the 
effectiveness of 11 high-pressure water 
spray washdown of the basement waDs. 

The camera surveys of the Reactor 
Building basement have contributed to the 
overall understanding of the po&taccident 
condition of this area. Integrating the 
visual information with the preliminary 
radiological and chemical studies will add 
a new dimension to the characterizatio 
effort. Additional Sl.lIWiys. planned in 
preparation for additiol1BJ radio1oskal 
and d1e1nic:a1 studies. will assist recovery 
engineeri in demrminin.I the most 
beneficial1ocations for smnpIina the 
basement floor sludte, for additional 
radiation measumneats. and for accessing 
~ equipment. 
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Vitrification' of,Raciioact.ve 
Liners Completed 

Table 2. Leach rates of low activity 
and n!llradioactive glass Jogs
m/em lday).. 

, Submerged DemineraHzer System (SOS) 
liners from TMI-2's zeolite ion lexchange 
media water cleanup system are being 
used in Department of Energy (DOE) 
waste disposition rese;arch and . 
development programs at a OOE national 
laboratory in Washington State. Three 
liners were shipped to the Pacific 
Northwest Laboratory (PNLJ during 1982 
and 1983 where their contents were 
successfully immobilized as vitrified gWJ 
logs. 

Low 
Location Activity Nonradiolictl,e 
on Log Glass Glass 

Top 4.8E-5 3.0E-5 
Middle 4.6E-5 3.9E-S 
Bottom 1.3E-4 3.6E-5 

rate tests. In Table 2. thOSe leach rate test 
results are shown along with.results 
.obtained during tests on a nomBdioactive 
vitrified log. The test resUlts are 
comparable with existinj standards for 
vitriflednuclear wastes and they. indicated 
that the glass successfully trapped the 
radioactive contaminants. 

Following vitriftcatiOll of the contents 
of liner DlooIS, all the component!: use1 
in the system were analyzed in preparation 
for vitrification of the two highest loaded 
SDS liners. All tests, including analytical 
studies ('i the perfonnance of the off-gas 
system filter and measurements of the 
effects 'of vitrification on canister wall 
thickness and smoothness. indicated that 
the system maintained its integrity while 
functioning as designed to vitrify the 
radioactive zeolites. 

PNL has been studying 'litrification as 
an effllCtive method for immobilizing the 
high specific activity radio tctive material. 
In the vitrification process. zeolites (which 
contain silicates and many of the basic 
constituents needed to make glass) are 
mixed with glass-forming chemicaJs: mud 
are fed into a canister in a furnace, where 
the mixture is heated to approximately 
10500(:. When the mixture cools, the 
canister becomes the container for the 
final waste product, a glass column that is 
a stable form for the SDS zeolites. 

In four tests on nonradioactive liners 
conducted in 1981, PNL demonstrated the 
effectiveness of the process. Then, in May 
1982. the In radioactive TMI liner 
arrived at PNL for vitrification. This 
liner, mOOts. loaded with 13,000 Ci of 
radioactive cesium, strontium, and 
daughter products, was one of tbe least 
radioactive liners from TMI. 

PNL technicians fed a mixture of 
010015 zeolites lind aJus formers into the 
vitrification in-can,me1ter system shown in 
Figure 7. VitriftcltiQn produced lin 
8-in.-diametet, '7-ft..Jona .... lot that was 
exteMiveiy monitored aDd acstcd: aftCr it 
had cooled. Glass 'core· sampICs. of the loa 
were taken from the top, middie,' an~ 
bottom of the aJass 1In4 ubja:tld toJ.ach 

"- ,!-:. 
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In January 1983'. a highly radioadive 
liner loaded with almost IU.OOO Ci of 
cesium and mOT.tium plus daughter 
produCt.> ?ni~'c:d at PNi from TMI. This Handling
liner, number DlOO12. was thel;irst fixture
radioactive liner to be shipPed with 
catalysts to recombine nidiolytic gases, (as 
described: ih the re1.ated article on SDS 
wastes). The DlOO12 zeolites were vitrified 
in stages over a period of weeks. lnthe 
first vitrification run, a portion of the 
D10012 zeolites. was :mixed "'ith glass 
formers to ·produce a 190-kg.mix. This Mixer 
mix tumbled for one hour in the mixer .feeder 
feeder vessel shown;a FIgUre 7· until the 
mixture was homogenized. It was then fed 
at a rate of 10 kg/h into the canister in 
the 1050 0 C furnace where vitrification 
occurred. Following vitrification, the 
mixture was heat soaked for four hours. 
Once cooled. the canister contained a 
solid glass log, approximately 6.S ft long Fillers 
and 8 in. in diameter. 

When another radioactive liner, 
Dl0016, loaded to 112,000 Ci, arrived at 
PNL from TMI, the balance of zeolites 
from DlOO12 was vitrified in a second 
vitrification run togetber with part of the 
zeolites from DlOOI6. The remaining 
Dl0016 zeolites were tben vitrified in a 
third canister. The three canisters, 
produced through vitrification of the 
bighIy loaded zeolites, are currently Fumaceundergoing characterization and leach rate (below floor)tests similar to those performed on the 
low-level liner vitrified in May 1982 (see 
Table 2). Preliminary test results indicate 
that the vitrification system performed 
extremely well, proving that highly loaded Figure 7. In-can melter system In use 
zeolites can be successfully immobilized as It Plclflc Northwest Llbanltory to 
glass logs. vitrify ZDS zeolft... 

Radiolytic Gases Recombined 
in SDS Waste Liners . 

The Department of Energy's TI&EP at 
TMI-2 facilitated recent shipment of 
highly loaded radioadive waste canisters 

.from the Island by developing a system to 
prevent formation of combustible gas 
mixtures in the canisters. The gas mixtures 
were formed because of radiol,ut gas 
generation In the canisters containing 
radioactive zeolite ion ex<:bange media. 

The canisters. called liners, were used in 
the Submerged Demineralizer System 
(5DS) to process accldcnt-senerated water 

predominantly contaminated with 
radioactive cesium and strontium. Over 
one million plIons of water flowed 
through the SDS from the Reactor 
Coolant Bleed Tanks. the Reaetor 
Buildina basement. and the .Reactor 
Coolant Systom.ancl resukedin ctirle 
loadings of up to 113,000 a includiDa 
daughter produl:t$ in $OII1C 1iners. The 

. 

Department of BneriY (DOE) ....eed to 
take 19 of these Hum for reseudtancl 
development work (See Wrification aiticJe. 
in this issue). . . .. 



While GPL'NC and the DOE TI&EP 
were preparing to ship the liners to DOE 
laboratories, technicians determined that 
the highly loaded liners were generating 
hydrogen and oxygen gases at tates which 
could produce unsafe concentrations 
during shipment. l'echnicians calculated 
gas generation rates of up to 1.1 liters per 
hour by monitoring the nsed liners both 
to assess the rate of increase in liner 
pressure and to analyze the composition 
of gases being generated. The data 
indicated that each liner's gas generation 
rate was proportional to both its curie 
loading and the amount of water 
remaimng in it. 

The TI&EP assembled a task force of 
technical experts to develop a solution to 
the radiolytic gas generation problem in 
~DS liners. After evaluating a list of 
possible solutions, the task force decided 
to test an approach in which catalyst 
pellets are placed inside each liner to 
recombine the radiolytic hydrogen and 
oxygen into water. Catalyst lecombiners 
had been used successfully in 
homogeneous solution research reactors to 
recombine hydrogen and oxygen over long 
periods of time. The task force concluded 
:hat conditions for catalyst use in the 8DS 
liners would have to be modified for 
successful application of the technique at 
TMI. Water would have to be removed 
from the liners to prevent possible catalyst 
submersion in the event of a shipping 
accident involving liner inversion, since 
catalyst action is inhibited when the 
penets are submCl-ged in water. Water 
removal was also expected to help reduce 
the radiolytic gas ge.,eration rate since 
those rates depended on the liner water 
content as well as the curie loading. 

In compliance with task force 
recommendations for use of catalysts in 
SDS liners, Westinghouse Hanford 
Company developed a vacuum outgassing 
system to remove residual water from the 
lineJ'!l. Vacuum outgassing removes water 
by reducing the pressure below the vapor 
pressure of water at ambient temperature. 
The residual water then boils off at room 
temperature. In performance tests, the 
vacuum outgassing system successflilly 
removed 10 Ib of water per day from a 
nonradioactive liner. 

Rockwell Hanford Operations (RHO) 
conducted laboratory tests during the late 
spring and early summer of 1982 to 
evaluate the rise ·of ::atalyst 'w.:ombiners in 
50S liners. The-I selected Englebard Type 
D p1atinum~panadium .catalysts for-the 

TMI studies. RHO performed tllese te..-ts 
on a nonradioactive SDS liner at three 
different liner pressures and in upright 
and inverted positions to simulate the 
pos.~ible conditions under which the 
catalysts r,light have to perform during 
shipping. The tests were conducted with 
gas generation rates of up to 3 liters per 
hour, more than twice the rate (1.1 liters 
per hour) observed in the highest loaded 
liner at TMI. To comply with federai 
shipping regulations, the catalysts would 
have to maintain hydrogen concentrations 
in the liners below 4% by volume or 
oxygen below 50Je by volume. All tests 
conflTl1led L'1at the catalysts would 
successfully recombine gases produced at 
more tban twice the maximum gas 
generation rate observed at TMI. 

Actual vacuum outgassing and catalyst 
addition would have to be performed at 
TMI from a remote location in order to 
protect workers from the hi.gh radiation in 
the SDS liners. RHO designed a 
combination vacuum outgassing and 
catalyst addition tool to allow TM1 
technicians to perform both furu;:tions 
remotely. When using the tool for vacuum 
outgassing, technicians t:Onnect the tool's 
I-I/2-in. diameter pipe to the SDS liner 
vent port through which residual water 
can then be removed. Tests using the tool 
to add catalysts to the liner concluded 
that the pel!ets could be added remotely 
through the vent ports to a filter assembly 
inside each liner. FlgUre 8 shows a ~---'on- Vent port 
techician carefully pouring the catalyst 
pellets into the portal on one end of the Catalysts
tool. The Johnson scr~ filter assembly, added 
with an area of 770 mm , is located below to this 
the vent port and can hold 236 g of the Johnson 

screenplatinum-paIladium catalysts. From the 
Johnson screen assembly, shown in 
Figure 9. the (llltalysts experience enough 
gas flow to successfully recombine the 
radioIytic gases. Contains 

8 cu. ft. of 
Inorganic 

Figure 9. Cutaway view Of an SDS zeolite 
Uner showing Johnson Senten to 
whlchcatal,sts .re added. 

~(P~~~4~~1l""'- Outlet 

Zeolite 
fillr------- opening 

..-.~~5ii;;;...,,-- Inlet 



Figure 8. Technician adds calallfst 
pellets to SDS Dner through cata:yst 
addition po.~lJ\I. 

Gas 
Composition 

(vol %) 

Table 3. Gas sample results of Liner 
D1oo12 after shipment. 

Nitrogen 
Hydrogen 
Oxygen 
Carbon dioxide 
Argon 

83.2 
2.1 

12.3 
1.3 
1.1 

Once all testing on nonradioactive liners 
proved the viability of the suggested 
techniques, tests were conducted at TMI 
on the most highly loaded radioactive 
liner, Dl0012, to observe the process 
under actual conditions. During the 
demonstration, the vacuum system 
performed as expected and the catalysts 
worked successfully to recombine the 
radiolytic gases. As part of the 
demonstration, the pressures in 
radioactive test liner DlOO12 were then 
monitored during a 14-<1ay observation 
period. Monitoring corumned that the 
catalysts were effectively recombining the 
radiolytic gases. 

Since December 1982, the combined 
vacuuming outgassing and catalyst 
recombiner approach has lxren used in 
preparing all SDS liners for shipment. The 
test liner 010012 left TMI for Pacific 
Northwest Laboratory on December 31, 
19&2. When the sbiprnent arrived at PNL 
on January 3, 1983, PNL sampled the 
liner gases through the liner's vent hose. 
The results, shown in Table 3, indicate 
that the catalyst controlled hydrogen 
concentrations below 4'1D as required. by 
federal regulations that :will be used for 
safe shipment. Shipments have Since 
proceeded smoothly and on schedule so 
that by the end of May 1983, 9 of 19 
liners will use for research had been 
shipped to a DoE research laboratory at 
Richland. Washington.· 
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EPICOR Waste Canister 
Shipments Continue 
Ahead of Schedule 

1982 1988 


The canisters are preIdters from the 
EPICORll water proe<.:ssing system at 
TMI-2. which decomaminated 500,000 gal 
of accident water from the TMI-2 
Auxiliary and Fuel Handling buildings. 
The curie loadings on the canisters after 
processing accident water range from a 
low of 160 a to a high of 2200 Ci. 

The flI'st canister left the Island in May 
1981 for characterization studies at 
Battelle Columbus Laboratories, where 
researchers concluded that the canister 
had suffered minimal damage as a result 
of exposure to the radioactive ion 
exchange media it contains. The liner then 
continued on to the Idaho National 
Engineering Laboratory (!NEL) for 
further characterization. After that ilI'st 

. shipment, regular shipments to the lNEL 
.began in October 1982 and have 
continued at a rate of three to six a 
month. At the INEL, researchers are 
studying the short- and long-term effects 
of ionizing radiation on various typtS of 
ion exchange mec!ia and on the canisters 
containing those media. 

The characterization studies performed 
at the INEL will contribute to the 
development of technology needed to 
safely stOre, procea, and ultimately 
dispose of the contaminated ion t'xchange 
media. Two disposition options for these 
canisters currently under examination are 
(a) ion exchange media solidification in a 
cement or polymer aDd (b) media isolation 
in a hish-integrity container. Future 
Updates will discuss these disposal options 
aDd cbaraaerization studies as prosress is 
made. 

Shipments50 

40 

30 

20 

10 

0 

FIgure 10. Actual shipments of 
EPICOR liners lire proceeding ahead .	0' original projections, with 
completion in July. two months ahead 
of schedule. 

When the Department of Energy first 
prepared to ship ion exchange media 
canisters from the EPICOR n water 
processing system oCf TMI in 1981,. the 
list of canisters to be shipped numbered 
SO. Now. two years later, less than 10 
remain to be shipped. AB shown in 
Figure 10, shipments of these canistef3 are 
proceedins ahead of schedule. By the end 
of July 1983, alI of the original SO 
EPICOR II canisters will have been 
shipped from TMI. 
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Information and" Industry 
Coordination Serves Needs 
of Nuclear" Industry 

In support of TI&EP's overall goal of 
distributing information to industry, the 
Information and Industry Coordination 
Group (l&IC) was formed in late (982 to 
collect and distribute technical 
information learned from the accident at 
TMI-2. Systems, which are already serving 
the nuclear industry, have been used by 
I&IC to receive and distribute 
information.. Notepad, managed by the 
Institute of Nuclear Power Operations, is 
primarily designed for architectural and 
consulting firms, and the utility 
companies. NOMIS (Nuclear Operations 
and Maintenance Services), managed by 
NUS Corporation, for U.S. nuclear power 
utilities including GPU, is intended for 
maintenance and operations personnel and 
has the advantage of a mandatory 
feedback system. 

The I&IC Group determines which 
audience needs the information to be 
distributed and sends it for transmittal to 
NOTEPAD or GPU as a member of the 
NOMIS network. Another responsibility is 
to review all incoming Notepad and 
NOMIS bulletins to determine if there are 
concerns to which the DOE TI&EP can 
respond. I&fC can then communicate with 
the persons requesting the information or 
:an tailor information notices so that the 
proper people can be reached. 

Many times, the I&IC Group will 
contact the manufacturers or users of 
certain instruments when specific 
problems with the instruments in an 
accldem en\ironment are encountered. If 
generic problems are encountered and 
neither Notepad nor NOMIS is well suited 
for dissemination, I&IC may publish the 
information through the TI&EP's 
established GEND reporting system, in 
trade articles, or make a presentation to 
the: approporiate audience. For exarnpie, 
the I&IC Group has given presentations to 
IEEE meetings and has provided 
information on request to several utilities 
about hear stress. 

I&IC is constantly upgrading, 
expanding, and tailoring the program to 
contribute to the needs of industIY. F'or 
more information about I&IC, contact 
John Saunders or Jim Flaherty at 
(717) 948-1043. 
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Results of Quick Look 

Examinations Provide 

Damage Assessment 


After months of extensive planning, 
preparations, and training, engineers and 
technicians conducted a series of visual 
examinations inside the damaged TMI 
Unit Z reactor. The examinations, called a 
quick look. were conducted over a three
week period in July and August 1982. 
Although the quick look was limited in 
,cope. it provided engineers and 
researchers with concrete evidence of the 
actual condition of the re&:tor core and 
upper internals. This information forms a 
basis for evaluating early accident drunage 
..s~essments. performing future core 
damage research, and developing the 
ne.:essary plenum and fuel removal tooling 
in preparation for reactor vessel head 
removal and ultimate defueling of the 
damaged reactor core. 

Figure 11. Quick Look fnspectlon 
ctlmer8 and control unl1. 
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The primary objective of the quick look 
was to inspect the control rod guide tubes, 
a portion of the upper grid, the top of the 
fuel assemblies, and-if the fuel assembly 
u;:lper end Irttings were missing-the 
reactor core itself. A small, radiation
resistant, closed-circuit television (CCTV) 
camera (see Figure 11) was lowered 
through an opening created by the 
removal of a control rod drive mechanism 
(CRDM) leadscrew {see Figure 12}. 
Because of the size constraints of the 
opening, the camera was manipulated 
using its power cable and a separate 
articulating cable attached to the tip. 
During the series of quick look 
examinations, the reactor internals were 
examined at three locations, which were 
selectetl to provide a composite picture of 
the reactor conditions: core center, 
midradius, and near the outer edge. TIle 
results of these separate e-AalDinations are 
discussed below. 

Although the three examinations 
reqmred the use of slightly differem 
procedures because of the varying 
conditionli at the inspection locations, the 
same basic sequence of events occured at 
each location. The inspections began with 
technicians lowering the camera thrtlugh 
the CRDM motor tube into the reactor 
plenum to the general vicinity of the tenth 
support plate. Following preliminary 
inspections JI the areas of the tenth 
support plate and the upper end fitting of 
the fuel assembly directly below the access 
opening, the technicians manipulated the 
camera to perform detailed inspections of 
the plenum components and adjacent fuel 
assemblies. 

During the qulck look, visibility was 
limited by water turbidity and the 
intensity of available light. These 
conditions caused th~ effective visibility 
range to vary from as little as 3 iin. to a 
maximum of 24 in. from the camera lens. 

The detailed examination of the reactor 
plenum assembly revealed that, overall, 
the plenum appeared to be intact and 
relatively undamaged. The interior 
surfaces of the CRDM guide tubes 
examined appeared to be in good 
condition. FlaIces of debris were observed 
on the to? of nearly every horizontal 
surface: these flakes measured 
approximately 1/8 in. in diameter or less 
and formed layers, some to a depth of 
1116 in. The tnietness of the layers 
increased on surfaces closer to tbe core. 
These layers apparently were loosely 
deposit<!d. because the motion of the 
camera in the water offen 'disturbed the 
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flakes. The undersides '::If horizontal 
surfaces and the faces of vertical surfaces 
were clean and free of loose dehris. The 
vertical surfaces of the CRDM guide 
lubes, split-tubes, and Ctubes were 
re-Jatively free of debris near the top of 
the plenum, but had some slight deposit 
of material in the lower portion. The 
hottom end of one of the split tubes 
appeared to have evidence of minor metal 
removal. However, some of the C-tubes 
only inches away were undamaged. All of 
the S1\pport plate- brazements that were 
inspected appeared unbroken, free of 
distortion, and generally undamaged. 

At the core center position, the entire 
upper end fitting was missing. as were all 
adjacent end fittings. The grillwork from 
the midradius upper end fitting was 
completely missing as was its control rod 
spider, spring, and spring retainer. The 
grillwork on each of the othe;: upper end 
fittings visible from this location was 
present but partially melted and 
suspended from the plenum grid plate. 
One section of grillwork also had other 
identifiable components, such as a spacer 
grid, stubs of control elements, and 
partial fuel rcJs, suspended from it. 

The insides of the midradius upper end 
fitting were scanned using the camera's 
right angle lens. The end fitting a,peared 
to be in its non:nal position with respect 
to the grid structure. Metal chips and 
debris were found in the small space 
between the center tabs on the end fitting 
and the grid. In addition, some areas of 
the top portions of this upper end fitting 
have the appearance of having been cut 
by a torch, while adjacent areas appear to 
be in the as-manufactured condition. 

The fuel assembly upper end fitting and 
spidtr assemblies were found in their 
normal positions at t.he outer-edge 
inspection location -md one adjacent 
location. This indicates that the upper end 
fittings and the fuel assemblies in these 
IOU!.tions were sufficiently intact to 
support the spiders. 

Because the entire upper end fitting at 
core center location and the end fitting 
grillwork at midradius location -",ere also 
missing, access to the active core region 
was POssihle. Tr.is examination revealed 
that it void exists in the upper central 
ponion of the core. The void extends 
from the bottom of the plenum to the top 
surface of a rubble bed, approximately 
5 ft below the bottom of the plenum and 
radially outward to just beyond the 
midradius inspection point. This void was 

A. Metal chips and debris 
between centering tabs of 3n 
upper end fitting. 

B. Damage to E-9 upper end 
fitting looks like metal alte. It has 
been cut by a torch. 

C. Control rod element stub iii 
upper end fitting grill work. 

O. General appearance of the 
rubble bed at core·center location 
H·8. Potato-shaped object in 
cen~N of picture is l'ctually (linly 
O.32·cm In diameter. 

E. Unidentified rod on top of 
rubble bed at locaiion E·g. 

F. Pellet hold-down spring 011 top 
of rubble bed at location E·9. 

c 
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formed by tne redistribution of fuei from 
central fuel. assemblies. The rubble bed in 
the central region consists of fine granular 
particles, angular in shape. and 
approximately 118 in. in size. No 
recognizable shapes could be identified 
other than a portion of a control rod 
spider assembly. Engineers believe that 
this is the core center spider assembly 
which fell into the rubbk bed when its 
leadscrew was uncoupled to provide access 
for the quick look camera_ The general 
appearance of the rubble bed in the 
midradius region was considerably 
different than that at the core center 
location. In the midradiU6 region, the 
rubble bed was comprised of much larger 
pieces and numerous recognizable shapes. 
Stubs of fuel rods were also observed 
protruding upward from the rubble and a 
forest of rods could be seen look~g 
radially outward toward the west edge of 
the core. These rods and stubs were 
suspended from the remains of the upper 
end fittings that were still in place. 

Probing of the rubble bed at core center 
and midradius inspecticn locations 
completed the quick look examinations. 
Technicans inserted a lI2-in.-diameter 
steel rod into the reactor vessel through 
the CR.DM guide tube until it came in 
contact ...-ith the rubble. The rod was then 
rotated amI allowed to penetrate the 
debris to a depth of 14 in., where it was 
stopped by an unyielding obstruction. The 
rod penetrated the rubble bed to the same 
depth at both locations. 

The results of the quick look 
examinations, when taken together with 
other core damage estimates, provide 
engineers with a more accurate description 
of core damage and demonstrate that 
work in and around the reactor itself can 
be conducted safely and efficiently. 
Engineers reviewing the quick look data 
have concluded that a number of the 
Unit 2 fuel assemblies sustained 
considerable damage, cans4Jg the 
formation of a void area and a rubble 
bed. Tnis rubble bed consists of loose 
material and is not a fused mass. There 
was some evidence of partial melting of 
non fuel material in components with 
melting points much lower than uranium 
oxide fuel; no evidence of melted fuel 
pellets was found. Engineers also 
concluded that the plenum assembly 
appeared to be substantiallY undamaged. 
The information and experience gained 
during the quick look provide a solid 
basis for conducting future 'recovery 
activities, including reactor head removal, 
plenum r~moval. and safe defueIing. 
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Figure 1. The CTS sonar mapping 
device was lowered through a lead 
screw opening into the damaged 
TMI·2 core to obtain Information on 
the shepe of the core void area. 

accul'ltely 
determined 

Unknown 
core condfUon

aubagnUeI 
rubble 

predlcitN:l 

New Tool M,aps Shape of 
Damaged Core Internals' 

A specially developed tool was used in 
August and September to ultrasonically 
determine the profJIe of the void area in 
the upper region of the damaged TMI 
Unit 2 core. The tool and its related 
components, together called the Core 
Topography System (CTS), were designed 
and built by U.S. Department of Energy 
(DOE) contractor EG&G Idaho, Inc., at 
the Idaho Natipnal Engineering Labora
tory (!NEL) to measure the size and 
shape of the cavity inside the damaged 
Unit 2 reactor. This cavity, discovered 
during camera inspection of the Unit 2 
reactor in June 1982, resulted from frac
turing and relocation of the upper por
tion of the core dllring the accident. 

A preliminary review of the crs data 
indicates that the void is roughly sym
metrical and in some locations extends 
nearly to the core former wall (the struc
ture marking the core boundary). That 
review, based on only about S'lt of the 
total data. clearly shows that very few 
fuel assemblies in the core appear to 
re-.nain intact. and those that may. still be 
intact are located prima.-ily in the·peripb- , 
era] row of fuel asSemblies. The cfs 
data.aOO show many objecU, presumably 
the uppeI1:liost portions of dami8ed '. 
assemblies, banging ;dovin.intOtbe core 
region from the underside of·tbeptenum. 
After seVeral months"of comPUter~ted . 
data coiiipuation and Jab<inltOry~ .. 
are coQipleted~eilgi~ .·Will· be able . 
to TepOi:! definitive rCsUlts trow.tbe 
CTS~o~1i:; . .., ,.,. . 

. "." ,',. :' ; :~ "., .'. ," 
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New Tool Mlaps Shape of 

Damaged Core Internals 


Figure 1. The CTS sonar mapping 
device was lowered through a lead 
screw opening into the damaged 
TMI·2 core to obtain information on 
the shape of the core void area. 

Unknown 
core condltJon. 

aubsiantla. 
rubble 

predicted 

A specially developed tool was used in 
August and September to uIuasonically 
determine the profIle of the void area in 
the upper region of the damaged TMI 
Unit 2 core. The tool and its related 
components, together called the Core 
Topography System (CIS). were designed 
and built by U.S. Department of Energy 
(DOE) contractor EG&G Idaho, Inc., at 
the Idaho NaIipnal Engineering Labora
tory (lNEL) to measure the size and 
shape of the ca'lity inside the damaged 
Unit 2 reactor. This cavity, discovered 
during camera inspection of the Unit 2 
reactor in June 1982. resulted from frae
turing and relocation of the upper por
tion of the core dtuing the accident. 

A preIiminary rev.iew of the CTS data 
indicates that the void is roughly sym
metrical and in some locations extends 
nearly to the core former wall {the struc
ture marking the core bomuiary). That 
review, based on only about S'Ji; of the 
total data, dearly shows that very few 
fuel assemblies in the core appear to 
remain intact. and those that may still be· 
intact·are located primaIily in tbeperiph
era! .row of fuel assemblies. The crs 
data also show many objects,presumably 
the uppertriost portions of ~ . 
assemblies, haDgiuadoWJl.into the core 
region frOm. the·Underside·()f tije. p1enW):l. 
Arter seVeraImooths'ofcotnputer~ 

. data· !=Ompilii.non·and ·hibOi~~s·. .i: 
~~~~~ UigiD_~.-~--be·~,a~-~- .." ); 

. erst!>..r.,.epo._.·...••""rt.........de•..rllliPvereSi1liS~:tlte ,::.:':';;J 
:WUlA: ... '. ,"",:.•-r'? '.,  . 
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are lowered into the core, and a position
ing head, which supports the boom and 
provides up and down as wen as rota
tional movement for the system. The 
1-3/8-in.-diameter boom is 40 ft long and 
has acoustic transducers at the bottom 
end. The transducers, located in the 
"sensing head," are lowered into the 
reactor through a manipulator tube, 
which replaces the control rod drive 
mechanism motor tube normally occupied 
by a lead screw. Once ~:lside the core 
void, as shown in Figure I, the sensing 
head sends out an ultrasonic signal that 
reflects off the first barrier it e.acounters 
and returns to the transducer which sent 
it. The time required for the signal to 
return is directly relatw to the distance 
the reflecting surface is from the 

. sensing head. 

The sensing head contains six pairs of 
transducers that point in six predeter
mined directions. When the CTS was 
installed in the core, it was oriented 
relative to IIXed points on the core service 
structure. One pair of transducers points 
straight down and records the sensing 
head's altitude above the bottom of the 
void. Another transducer set, pointing 
horizontally outward, measures the diam
eter of the void area. The four remaining 
transducer sets point at angles both above 
and below the horizontal at + 30. +45. 
-35, and -60 degrees. The sensing head 
transducers can provide data on the loca
tion of an object within 1-1/2 in. 

During operation of the CTS, thesens
ing head was driven to within 6 in. of the 
bottom of the core void. The sensing 
head then rotated a full 360 degrees in an 
automated, (.'Ontinuous motion. As the 
head rotated, a selected tl,lIlsducer at 
each location transmitted a signal every 
0.9 degree of rotation, resulting in 400 
data points per transducer per 36O-degree 
revolution. The sensing head then auto
matically raised 1 in., and the entire pro
cedure was repeated until the tool 
reached the top of the core cavity. A 
total of roughly 500,000 data points were 
obtained during CTS operation. 

During the weeks and' months which ' 
fonowed the incoTe work, all data col
leted were processed using correSponding 
computer software to develop a, romp.lete 

series of horizontal and vertical "cross.. 
sections" of the core, called slices. The 
data are being used to develop a topo
graphic map showing overall shape of the 
core cavity, location and shape of 
damaged fuel assemblies, and .)ther 
such features. 

Using the crs before head and plenum 
removal will allow researchers to analyze 
the configuration of tbe core before dis
assembly and defueling work ,alters that 
conitguration. The data gathered will be 
used to refine core relocation predictions 
in severe core damage accident 
assessment models. 

The data will also be used in analyses 
of reactor system components which may 
be built-in mitigators of accident effects . 
For example, early review of the data 
indicates that the core void is nearly, but 
not entirely, symmetrical. The crs data 
will provide information on where both 
the greatest and least amount of damage 
occurred. Engineers can then examine 
these areas to identify possible reasons 
for va.riances in the amount of damage. 

General Public Utilities Nuclear 
Corporation (GPU Nuclear) will use CTS 
data to assist planners working toward 
removal of the plenum in 1984, for the 
data show material hanging flIOm the cen
tral portion of the plenum which must be 
removed before that component can be 
lifted. The CTS also provides detailed 
information on the radial extent of the 
core void, its shape and prominent fea
tures such as partial and intact fuel 
assemblies. All this information win 
influence how and where fuel assembly 
removal-the last major stage in TMI-2 
cleanup-will begin. q 



First Samples of Damaged 

Core Obtained for Analysis 


Engineers participating in the DOB's 
TMI Read:or Bvaluation Program entered 
the Unit 2 Reactor building in September 
and October 1983 to obtain the imt 
actual samples of damaged core mate~ 
rials. The March 1979 accident caused 
part of the fuel to fragment into gravel
sized and smaller pieces which now con
stitute a rubble bed in the core. Prior to 
the sample gathering, scientists could 
only speculate on the particle size and 
makeup of the granular debris. 

EG&G Idaho, Inc., engineers, sup
ported by DOE and in cooperation with 
GPU Nuclear, aes;gned and built the 
specialized sampling tools used in the 
R"!lctor Building entries. To obtain six 
debris samples, team members used two 
types of rubble bed samplers-one a sur
face sampler and another for sampling 
below the surface. The surface sampler, 
shown in Figure 2, is called the clam
shell sampler because of its open-shut 
mode of operation. It was designed to 
obtain core debris from the top of the 
rubble, especially any large rubble 
chunks. The s+.aiDless steel device is 6 in. 
long and 1.4 in. in diameter. Operators 
remotely open its hinges to a width of 
several inches to obtain samples. 

The rotating tube or subsurface sam
pler is the same size as the clamshell 
~amp:er. In Figure 3, an engineer prac
tices attaching the subsurface sampler to 
the sampling boom in a mockup facility. 
The subsurface sampler readily enters the 
rubble bed surface with its pointed bot
tom tip. Once the device is below the 
surface, operators remotely slide open 
the sampling chamber's revolving 
door, admitting up to 2 in.3 of 
subsurface rubble. 

Each sampling device was lowered into 
the corf! at two locations: core center 
location H-S, and location E-9, at one
half the core radius. The first samples 
were taken at three different depths at 
each location: the surface, 2 to.3 in~ 
down, and 22 in. below the surface. The 
samplers l1(j:felowered into the cOre one 

at a time on the end of a 46-ft-Iong 
boom. This boom, lowered in four sec
tions to the rubble bed, had demarcatiuDs 
along its length to provide operators with 
sampler depth positions throughout the 
operation. Once operators completed 
sampling, they raised the boom and 
sampling tools up through a sample con
tainer situat~ over the control rod drive 
mechanism opening. The 12-in.-bigh, 
steel-shielded container had a trap door 
bottom wJu=Ch sealed shut after the sam
pling tool containing the core debris was 
secured inside. Based on radiation read
ings taken after sample acquisition, six 
good-sized samples were obtained. The 
readings ranged f£Om 220 mR1h gamma 
to 1100 mRIh gamma at the outer sur
face of the steel sample container. 

The six samples obtahted during the 
grab sample work are currently being 
analyzed at Babcock: &; Wilcox research 
facilities and at the INEL. The results of 
these thorough chen:aical andmicrostnJc.. 
tural analyses are expected in. the spring of 
1984. They will reveal for the first time 
the actual makeup of the rubble bed 
contents. These results will be studied to 
characterize the nature and history of 
damaae to the core and will yield 
infOfl1l!1tion Deeded for fuel handling and 
renwval opetations. 0 

Figure 2. Seen in Its open position, 
this clamshell sampler was used 
to obtain debris from the surface of 
the Nbbte bed Inside the TMI·2 core. 

Figure 3. An engineer worts with 
the subsurface sampler U38d to 
obtain core debris from beneath the 
surface of the core rubble bed. 



Control. Rod Drive 
Mechanism Lead Screw 
Samples Evaluated 

One of three control rod drive 
mechanism lead screws removed from the 
reactor vessel to provide ac:a:ss for 
closed-circuit television inspection of the 
reactor internals and for core daInaj~e 
assessment has undergone extensive lab
oratory examination. The H-8lead screw 
selected for examination came rrom an 
area of core dlunage at the ccl1!'er of 
tbe vessel, 

In November 1982, a 30-in. threaded 
section of tbe H-8 lead screw was att 
into tbree pieces and removed irom tbe 
Reactor Building. Figure 4 sbowl the 
location of the lead screw in tbe rea.::tor 
and the sections cut and sent to labora
tories for evaluation. The fust section 
was sent to BaueUe Pacific Northwest 
Laboratory, the second tG Babcock it 
Wilcox's Lynchburg Research Center, 
and the last remained on site for solution 
cbemistry studies. 

Contact radiation readinas cuging 
from 30 to 60 RIb gamma were detected 
on the three sections, primarily due to 
tbe presence of 137es. One section was 
used in investigations of techniques for 
removing cesium and other fISSion prod
ucts from stainless steel reactor internal 
components. The sample was soaked in 
increasinsIy strODi chemical solutions, 
!'8DSing from borated water to Ditric
hydronuoric acid. A noticeable decrease 
of 137es and 12SSl' activity occWTed 
only after the ~essive nitric
hydronuoric acid bath, indicating that 
tbe cesium deposits were very tiabtJy 
bound to tbe lead screw. Additional' 
exPeriments showed thAt there were no 
detectable amoullts of m:etalIk zirConium, 
zirconium hydride. or zifccmium-si.lvu 
aiIoys present Ollthele8d screw~{1b!ere 
had 'been ~D 1bat. the.prescuce of 
these'·materiaI!; COuIct· cOMdtu~.ea pyn.,.. 
pboriclty bazardduriqheiif 1m.) , 

In detailed analyses of the second sec
tion, the lead screw was examined vis
ually and samples of surfaa debris were 
coUccted. Nine metalloJraphic spedmCllS 
were cut from selected locations for 
microstructural evaluation and recon
~truction of the peak temperatUre profile 
of the lead screw. This section was found 
to have loose particulate debris 011 the 
surface and iii Dl"aJti1a.ycr film on the 
stainless steel. The lead screw deposits 
indicated extensive core materials l'eaC

tion. Lead-screw-deposit particles bearing 
uranium and zirconium ("meatiq fuel 
cladding interaction) aCCOWlted for 
approximately 10'" of the particles ana· 
Iyzed. The prescuce of strontiUllHilver
bearina particles, which constituted 
approximately 6'!t of the partide popula
tion, indieated that the silver-indium
cadmium control material reacted with 
the zircaloy fuel rod cladding or auide 
tubes after control rod failure. 

Metallography and microscopy revealed 
three distinct layers 011 the lead screw. 
An inner layer, appro~y 3 pm 
thick, was identified as heina a typical 
reactor water colTOSion film. A second 
chromium-ricb layer, 10 to go pm thick, 
was also identified. About CJOIJ. of the 
cesium 011 the lead screw SImple was 
associated with this second 1Qa-. Iu 
noted in examiIIation of the rust lead 
screw section, the cesium could not be 
effectively nmoved from the lead screw 
by any dec:ontunination solution except 
the nitric-hydrofluoric acid. This implies 
that a laq,e concentration of c:aium may 
n:main Ollverdcal Wlderhad surfaces 
even after proposed fJv.sbiDa efforts. t'.ae 
third. and outCl'lDO$t "ycr, Whic:h ran,acd 
in ~tDess from 25 to 75 ,.. was rad

=~=.~~ 
_ riWrMof tbeuram~onthe . 
lead scRw sCcdon•.' 

http:cOMdtu~.ea


In March 1983. the rest of the lead 
screw was cut into sections and shipped 
to the INEL for detailed examinatilID. 
Extensive testing is now underway at tbe 
INEL to more completely identiry the 
type and quantity of f'lSsion product and 
uranium deposits on the kad screw. 
Examinations will determine the max
imum temperatures to which the lead 
screw was subjected and tbe amount of 
teHurium deposited in the lead screw 
debris and on its surface. The testing 
should also reveal if there is a change in 
composition and quantity of radioactive 
material depending upon lead screw 
location in the core and should further 
characterize the nature of the loose and 
tightly adhered layers discovered in tbe 
early analyses. 0 

Top of plenum 
322 ft 8 In.

--330 ft 8 In. 

......H-......;;=~ Plenum 

Smooth 

ToPNi. 

ToBaw 

TolNEL 

Figure -t. The lower podioft oUhe . 
H-8 lead screw was divided into four .. . 
sections for analYsis at ·..parale . 
laboratory tadlltles. . 



Accident Waste Shipment 

Goals Reached 

The DOE TeChnical Information and 
Examination Program (TI&EP) reached a 
milestone in the TMI-2 recovery )K'ogram 
during the summer of 1983, when the last 
of SO EPlCOR II canisters jeft the TMI 
site for the lNEL, and the last Sub· 
merged Demine"-llzer System (SOS) liner 
used to process Unit 2 Reactor Building 
basement \'tater left for Rockwell 
Hanford Operations, a DOE contractor 
in Richland, Washington. 

In a leUer j<; the Tl&EP staff marking 
completion of the EPICOR task, Shelby 
Brewer, DOE Assistant Secretary for 
Nuclear Energy, noted that the final ship
ment of an EPlCOR liner in July 1983 
"not only opened the way for a valuable 
research program," but also alleviated 
"concerns of the people around the TMI 
site" that the plant would become the 
permanent disposal location for the 
wastes. In August, Dr. Brewer attended 
formal ceremonies as the last SDS liqer 
used to process basement water was 
shipped off the island. See Figure S. 

The EPICOR II canisters are prefilters 
from the EPICOR II water processing 
system at TMI-2, which decontaminated 
565,000 gal of accident water from the 
Amiliary and Fuel HandJing buildings. 
The curie loadings on the canisters after 
processing accident water ranged from 
160 to 2200 Ci. The SDS is a water 
decontaII'Juation process that uses inor
ganic material called zeolite, rather than 
the predominantly organic resins used in 
EPICOR II, to adsorb the fission prod
ucts from the water, concentrating them 
in a form suitable for safe shipment and 
disposition. The SDS processed a total of 
600,000 gal of highly contaminav-.d water 
from the Unit 2 basement. Zeolite, a sub
stance resistant to radiation damage;'has 
been found to accommodate radioactivity 
loadings in excess of 20.000 Cifft3. while 
the resins in the EPlCOR. II system nor~ 
malty accommodate loadings of less than 
40 Cilft3. 

Of the 19 SDS liners that DOE is 
accepting for research and disposition 
projects. only six were not used in base
ment water processing. These six liners, 
used to process R.eactor Building decon
tamination water and reactor coolant 
system water, remained 011 the island 
following the August ceremonies there, 
with one liner scheduled for shipment to 
the Richland site in October, two in 
November, one in December, and the 
fmal two in February 1984. Of the 
19 80S liners, 16 will be buried in special 
concrete overpacks for a monitored 
burial demonstration program. The other 
three liners were used in 1983 in a vitri
fication demonstration, whereby the 
zeolite-ion-excbange media were mixed 
with glass formers and vitrified into a 
glass log to trap the radioactive 
contaminants. 

Of the SO EPICOR II canisters sent to 
theINBL, 47 will be buried at a commer
cial site in hlgb intesrity containers, 
capable of immobilizing the wasta for 
300 years. A related artk:Je on these 

'specialcootainers appears in this issue of 
the Update. The remainins three 
EPlCOR canisters are being used for 
research and diSposition ·projeas. such as 
resin solidification and resin'desradation 

. studies. 0 . , 

Flgurs 6. Dr. Shelby Brewer, DOE 
Assistant Secretary for Nuclear 
Er.e'1Y. acc.pt8 the last SDS liner 
used to proce.. ICCldent w••te 
water while GPU Nuclear President 
Robert Arnold looks on. 



Videotape'on Waste 
Management 
Available for Loan. 

A videotape program, "The Submerged 
Demineralizer System: Meeting the Waste 
Management Challenge," is available for 
loan from the TI&BP Without charge. 
The program documents an entire TMI~2 
waste manaserill,:nt sequeave from waste 

. generation, throUgh processing and Ship
ment, to waste disposition. Presented in a 
narrative style sunable for a genefal tech
nicaIaudience, the program discusses the 
diffu:ulties and6uccessesenooumered 
during 'development. and use of the Sub

. merged JJemineralizerSYstem. To boirow 
, a copy .of thevideolape;. contact . 
KimHilddbck,EG&Q idaho,lnc.,P.O. 
&x 88~ MiddJetown~ FA 17051. Phone 
FTSS9C);.1019 Or dl1)~1019.[] 

New Container 
Handles 
TMI..2 Wastes 

Technicians at the INEL near Idaho 
Falls. Idaho. have begun loading 
EPICOR liners into high integrity con
tainers or HIes in preparation for ship· 
ment to a permanent ~torage' area. The 
loading marks the end or a pioneering 
effort to design the first disposal con
tainers for items with high radiation 
levels. 

Nuclear Packaging Incorporated of 
Tacoma. Washington, built two pro· 
totype containers and will build 45 addi
tional containers following a DOE 
decision 10 demonstrate that wastes 
generated as a result of the TMI-2 acci
dent could be handled as commercial 
reactor wasl~. EG&G Idaho, Inc., 
worked with Nuclear Packaging during 
the 18-month design and development 
proces.s. The containers are 7 ft tall by 
more than 5 ft in diameter. In Figure 6, a 
HIC sits on a trailer with an EPICOR 
liner near~y. 

"The container is designed to hold up 
to 2500 Ci of beta-gamma emitting 
was!es," according to one of the design 
team members, Ray Chapman of EG&G 
Idaho. immobilizing wastes for a 
minimum of 300 years and meeting 
design criteria in 10 CFR 61 were other 
goals for the project. The Transportation 
Technology Center at Sandia National 
labora!ories developed the final design 
criteria. A peer group made up of repre
sentatives from throughout the nuclear 
industry evaluated and approved the 
design. 

The containers are made of steel rein
forced concrete with a steel inner liner. 
The inner shell is epoxy coated for COrro
~ion protection. The COncrete walls range 
in thickness frl'm 6 to II in. A special 
f".ature of the lid ~ a venting m!!Chanism 
that wili aUow dispersion of bydrogen 
and oxygen gases generated as a result of 
water breakdown within the Container • 

• •:,_.~ -0

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

1 



Figure 6. A new HIC, still wrapped
in shipping materill, sits on a low
boy trailer next to a nonradioactive 
EPICOR liner US" to practice 
loading at the INEL. 

Instead of using bolts or mechanical 
fasteners for the container lid. the lid is 
sealed with epoxy around its perimeter. 
The seal successfuDy passed drop tests 
conducted by the manufacturer and by 
INEL engineers: its integrity was unaf
fected by the impact of the drop. The 
epoxy seal, after a 48-h curing period 
withstands radiation of more than 109 R, 
based on exposure tests. Using the epoxy 
also minimizes radiation exposure to 
workers. Surface exposures on the con
tainer with an EPICOR liner inside are 
about 100 Rlh on the sides and about 
25 RIb on the top. 

The werkers at tbe INEL will use 
special handling rlXtures and procedures 
in the Test Area North Hot Shop to 
place each EPICOR liner into a con· 
tainer. In Figure 7, a nonradioactive 
EPICOR liner is lowered into a container 
duriog a dry run. A permanent storage 
site for the Hners and containers is still 
under study, but the containers will be 
transported in a Chem-Nuclear Systems 
Incorporated CNSI-I4-190 cask that is 
being bwlt specifically for the project. 0 

Flgure.7, A~ . 
EPICOR IInIi' ·1. loWIiIiWd'eIpwIy IriIOUwtllC. .. ., 



First Demineralizer Resin 
Sample Results Assist 
Waste Management Work 

The DOE TMI Waste Immobilization 
Program is workins with government 
laboratori1es and GPU Nuclear to develop 
methods for safely removing contam· 
inattd resins from the Unit 2 makeup 
and purification system demineralizers 
located in the Auxiliary Building of the 
damaged plant. As reported in the 
August 15, 1983, issue of the Updote, 
sampling activities to assess demineralizer 
conditions began in early 1983. Prelim
inary results have given waste manage
ment engineers new information to assist 
in planning for resin removal. 

1n February 1983, gas samples were 
successfully obtained from both the 
A and B demineralizer vessels. Analysis 
of the samples confirmed GPU Nuclear's 
supposition that both the A and B resins 
were wet when they were exposed to fIS
sion product contamination, although 
fiberoptic borescope examination of the 
A demineralizer showed that the A vessel 
resins are now dry. The borescope exam
ination, conducted in April 1983, showed 
what may be a crust of boron tI'Ystals on 
the surface of the dry A-vessel r~ins, but 
confirmed that the resins in the B vessel 
are still under about 1 ft of water. 

Solution and solid samples were 
obtained from the B vessel in March and 
April, and a solid sample was obtained 
from the A vessel in April. Analysis of 
resin samples from both the A and B ves
sels is continuing at the Oak Ridge 
National Laboratory (ORNL), but sel
ected preliminary results are listed in 
Table 1. AU samples wnJirm that the 
fuel oontent of the demineralizer resins is 
well below criticality levels. but the pres
ence of plutonium in the resins means 
they will have to be handled as tf'llm
uranic wastes. The samples also indicate 
cesium activity levels that far exceed 
known values for any ether accident
gt:!lerated waste in the plant. The 137Cs 
acthity ranged from 220 ~ilg in the A 
vessel solid sample to 16.9 x 103 ~i/g in 
the B vessel solid sample obtained in 
April. Cesium will have to be removed 
from the resins before existing plant 
systems can be used to transfer the resins 
out of the A and B vessels. 

In normal plant operations, demin
eralizer resins are removed by sluicing 
tllem in slurry form through existing 
sluice piping to spent-resin storage tanb. 
Tests performed on irradiated resin as 
part of the TMI research efforts confIrm 
that the resins here are sluiceabJe. 
However, the high activity would make 
normal sluicing a high radiation-exposure 
task for plant workers. The DOE Waste 
Immobilization Program, GPU Nuclear. 
Westinghouse Hanford, and ORNL have 
developed a two-phase plan to fU'St 
remove the cesium from the resins, and 
then sluice t.1te resins from the ves:;ek 
for packaging. 

During Phase I, 137es will be removed 
f;om the resins and processed throup 
the plant's Submersed DemineralU:er 
System, a water decontamination process. 
To accomplliih cesium removal, engineers 
will add water to the vessels to rinse and 
elute their contcnU. The resins will be 
riiIsed with borated water and "!luffed" 
with uitrogen gas. and then the WaIcr wiD 



Table 1. Sample Analysis of Resins in 1h& A and B Demineralizer Vessels 

March 198~ Sam~le A~ri11983 Sample 

B Solution B Solid B Solution B Solid A Solid tElement (ppm) ~pm) ~pm) (ppm) (ppm) 

_8Cs 30 30 100 100 
_8Sr <1 1 4 

U 0.064 1620 0.109 283 1250 
Pu 0.72 E·3 3.550 0.64 e.3 0.787 3.520 

"' 

fsotop~ (JICi/g) (pel/g) (pCi/g) (PCI/i) (,.lei/g) 

Cs·134 0.181 E+3 0.778 E+3 0.101 E+3 1.13 E+3 15 
Cs·137 2.64 E+3 11.2 E+3 1.48 E+3 18.9 E+3 220 
Sr·gO 0.014 E+3 0.49 E+3 9.48 0.8& E+3 200 

a. No analysis conducled. 

be decanted. Essentially the same opera
tion will take place during elution; how
ever, chemicals such &s sodium borate 
will be added to the flush water to 
remove additional radioa{;tive cesium 
from the resin. During hoth the rinse and 
elution steps, the flow rate of water 
through the vessels will be restricted to 
below 5 gpm, arate slow enough to 
ensure that very little of the resin will be 
carried out with the rinse water. Because 
even this slow velocity is capable of car
rying some resin and fuel particles out 
with the water, a filter will be insralled in 
the flow path to guard against particle 
carryover to the Submerged 
Demineralizer System. 

Engineers estimate that about 2000 gal 
of water will have to flow through each 
demineralizer vessel before the cesium 
activity is significantly reduced. The 
water will be added to the vessels in 
300-gal batches, and each vessel will be 
rinsed three times and then eluted three 
times. Engineers will feed a batch into a 
vessel. soak the resins, fluff them, let 
them settle, and then will decant the 
water. Because the cesium concentrations 
are so high, the discharge stream from 
each vessel will bave to be diluted with 
additional process water immediately 
after the rinse water leaves the deminer
wer cubicle. The entire procedure can 
be repeated more than three times if it 

10 

appears tbat stili more cesium could be 
removed from the resins. Cesium removal 
will reduce the dose rates both in the 
demineralizer cubicles and along the 
sluice path to the spent-resin storage 
tanks. Removal of the cesium will also 
minimize the handling problems asso-
ciated with the packaging of the sluiced 
resins for shipment. 

Once the resins have undergone rinsing 
and elution, Phase 2 of the removal plan 
will begin. In this phase, the actual sluic
ing, packaging, and disposition of the 
demineralizer resins will occur. While 
analysis of the ORNL samples continues, 
the information contained in the prelim
inary results have allowed waste ma.nage
ment planners to develop this two-phase 
resin removal process. Additional samples 
will have to be obtained from the dry 
rem bed in the A vessel before engineers 
can confum that the two-phase process 
developed on the basis of the wet resins 
in the B vessel will work equally well for 
the dry A resins. Barring any oomplica
lions, the resin removal process should 
begin early in 19M. The removal of the 
resins from the plant will accamplish 
another significant milestone in the 
TMI-l cleanup. 0 



TMI·2 Cables and Connectors 
Under Evaluation 

DOE is supporting an effort to deter
mine the" effect of the TMI-2 accident on 
the cables and connectors inside the 
Reactor Building. Accident effects on 
both the electrical and material properties 
of the cables and connectors are being 
assessed. The components under evalua
tion include penetration assemblies, ter
minal boxes, terminal blocks, splices, 
cables, and cornectors. The aim of the 
cable and COIL.'lector evaluation program 
is to determine what impact cable and 
connector degradation had on the func
tional capability of instruments in the 
Reactor Building. DOE's TMI Instrumen
tation and Electrical Program is being 
assisted in its characterization efforts by 
three national laboratories: the INEL, 
Hanford Engineering Development 
Laboratory, and Sandia National 
Laboratories. 

TMI-2 contains approximately 1800 

instrumentation and electrical channels. 

In the cables and connectors evaluation 

program, engineers are reviewing post

accident data to identify channels and 

penetrations most likely to contain 

impaired cables or connectors. From 

these data, candidates for further eval

uation are selected. 


The instrument channels are first 
studied remotely using in situ data scan
ning techniques. Approximately 300 cable 
channels are undergoing these data scans. 
Cable channels and penetrations known 
to have been subjected to such environ
menu:! stresses as high temperature, rad
iation, and moisture are selected for the 
data scan. Data taken include insulation 
resistance as a function of voltage and 
time applied, capacitance and dissipation 
factors as a fnnction of frequency, loop 
resistance, inductan:::e, and changes in 
characteristic impedance as measured by 
time-domain reflectometry methods. 

Several factors are considered when the" 
scan data of instrument chalmels are 
being analyzed. Using empirical data on 
the cbannelsobtained from the cable or 
cormectar vendor, empmcal"data meas
ured on prototype components, and . 

theoretical calculations-including calcu~ . 
lations based on computer modeling
engineers learn what they can about the 
way the chaImels should opera~ and 
what might be causing channel impair~ 
ment. Analytical characterization also 
takes into account the effect of the end 
instrument on the channel; this effect 
r.annot be separated fro01 the cable or 
connector in the scan data. Also con
sidered in scan data anaiysii; are drawings 
that locate cable channels according to 
the environmental stress they are pro
jected to have received. This information 
is then correlated with the data taken in 
the scan tests. 

By September 1983, 60 channels had 
been scanned. Of these 60, six showed 
signs of impairment. Preliminary analysis 
suggests the causes of impairment may 
~clude corroded penetration contacts, 
water penetration through the bulk cable 
sheath, and corrvsion in spliced regions. 
In further testing planned on the 
impaired channels, the exact nature of 
each cable malfunction will be 
pinpointed. 

Based on· information gathered in the 
in situ data scans, sections of cables, 
connectors, and other components are 
identified for laboratory evaluation. If 
possible, these samples are removed from 
the Reactor Building, and their electrical 
and material properties are characterized 
in investigations at the pa.rticipating 
national laboratories. Noticeable changes 
in materiaJ properties of the samples are 
correlated with impairment in dielectric 
properties of the sample_ The dielectric 
properties of cable samples are ebarac
terized over Q1l appropriate temperature 
range, and the data are compared with 
that taken on an experimental control 
section of cable. 

. The Cxamination of Ilc particular TMJ-2 
Cable samp1t,the poJat crane pendant. 
cable, offets one· exartJ.p!e' of the kinds of 
da~ beingpttet:edali a l"!SUltof insL'U 
data scanil.irigand ccorrelatiililaboratory 
ex~at:ion 9f TMl-2cable5imd connec.: 
t9TS. ThepOlar~ariejleridant Cable was "". 



normally used to oper&te the SOO~ton 
Reactor Building polar crane at nfi-2 
from a remote location on the building's 
347-ft elevation. During the TMJ-2 acci
dent, the cable hung suspended through 
approximately 50 ft of free space at 
nearly the center of the Reactor Building; 
thus, the cable was considered a prime 
source for studying both radiation levels 
and bydrogen burn patterns. 
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Visual inspection of the· cable in place 
mthe building provide.i!:he only ir. 'situ 
information obtained on the sampie. In 
this visual exanJnation, ~gmeers 
observed the effects of the hydrogen bum 
on the cable sheath: greater burn dama.&; 
occurred at higher elevations. The cable 
was removed as .partof the polar crane 
refurbishment program, as· reported .in 
the related article in this issue of the 
. Update. With. the cable's building orlen:.. 
tations carefiillymarked, the sample was 
cut into 3O-in. sections. Tbe measured 
radiation levels frQm the cable are shown 
in Figure 8. In.this fIgure; .an increasing 
se(:tion number corresponds to increasing 
elevation in the building. The relatively 
high radiation levels forlower elevations 
are attributed to tl;.e fact that thes<: cable 
sections were lying flat in the building, 
thus exposing more surface area to set
tling contamination. In aU studies of the 
cable sections, no significant difference in 
electriCal properties was observed between 
the different cable sections. 

The examination of this particular 
. cable sample eonrumed studies of both 
hydrogen burn patterns and radiation 
levels in the building being conducteil in 

.. other research programs. It eonfirtiied 
that th~ Cabl~·s.e1eCtrical properties were 
uniform along the entire length of the 
::able, regardless of extremes of 

enVironmental conditions. 


Figure a Radiation levels on the 
polar crane cable were a function of 
location .along t~ length of the.....able 
from the crane to the floor; .Radlation 
levels decreased as the distance of 
the cable from the floor increased. 

Information such as this will continue 
to be gathered on cable and connector 
specimens from the TMI·2 Rl:actor 
Building. By October 1984, engineers par
ticipating in the characterization program 
hop!) to be able to define the extent to . 
which cable and Connector c:I.egradation 
imp~the functional capabitityof the 
instiumeD~tion inTNJ-2. By late 1985; 
results from J~~ratorytests characteriz
ing the nature ofimpairmellt to the 
cablC::s :a:iidcorinectors will be available 
.fOr~on by utilities. and by 
ruanufactUrersofeable and connector 

•. eq~pntent,asweli as·.by the Nuclear 
>R.¢gWa~oty CmnillissionandOtber 
·:staijd#di-settingot~Q!l.Q .. 



Polar Crane Refurbishment 
Complete, First Load 
Testing Planned 

Walkway 
elevation: 427 ft 4-1/2 10.''-Festoon 

" 

r~.Control Auxiliary .. 
,"pendant Main 
~;.holat holat 
i 

Following nearly a year of inspections, 
a!lalyses, repairs, replacements, and 
no-load operational testing, the polar 
crane at TMI-2 is structurally, mechan
icaily. an!:! electrically ready to undergo 
load testing-the fmal stage in prepara
tion for reactor vessel bead lift opera
tions. The SOO-ton Whiting polar crane 
installed in the TMI-2 Reactor Building 
became inoperable as a result of the 
March 1979 accident. Figure 9 shows the 
main components. 

Because of the pnlar crane's strategic 
importance in removing the reactor vessel 
head, GPU Nuclear and the Polar Crane 
Task Group decided inspections, refur
bishments, and tests should he aimed at 
restoring functional capabilities of strictly 
the bridge, trolley, and main hoist mech
anisms using pendant control. The indus
try experts making up the task group 

agreed that concentrating recovery efforts 
on these operating functions would help 
to control costs, save time. and minimize 
man-rem exposure, while achieving the 
m.ain objective of the volar crane 
recovery project: reestablishing those 
crane motions necessary to move w.e 
missile shieids and reactor vessel bead. 

The Polar Crane Task: Group included 
personnel from Bechtel North American 
Power Corporation, responsible for 
overall management and implementation 
of refurbishment activities; consultants 
from United States Crane, Inc., spon
so~ by the Electric Power Research 
Institute and responsible for mechanical 
component repair work:; and DOE
sponSored consultants from United 
Engineers and Constructors Inc., 
responsible for electrical compflnent 
repair work. . 

Figure 9. Major components of 
the TMI-2 polar crane were refur
bished during recent work preparing 
for reactor vessel head remoYai. 



Much of the damage to electrical 
systems and components appeared to be 
the result of the hydrogen burn, In fact, 
the power and control conductor-collector 
system from the crane bridge to the trol
ley showed extensive damage. In some 
areas, the supporting insulators fractured, 
and in other cases, the insulating sheath 
material had softened enough that the 
conductor rail dip lost its grip. Conse
quently, large sections of power
conducting rail were dropped or 
d;storteu. Rather than replacing this 
system with in-kiud equipment, which 
was not economically justifiable and 
would have unnecessarily exposed person
nel to contamination, it was replaced 
with a new flexible cable loor> system. 
The cables, about 100 ft ~n length and 
.TIuch like long extension cords, provide 
power and control interconnections 
between the bridge and trolley. A similar 
cable bypasses the crane conductor sys
tem to supply three-phase power to 
the bridge. 

Among the electrical equipment that 
was replaced in kind were 15 electrical 
relays and contacts in various control 
cabinets, which were corroded or mal
functioning. Five trolley and bridge accel
erating resistor banks, which were also 
corroded, showed low insulation 
resistance or had open circuits. In Fig
ure 10, damage to resistor bank insula
tion and windings can be seen. 

The crane control pfodant, which was 
superficially charred due to the hydrogen 
burn but found in subsequent tests to 
have retained its functional capabilities, 
was also replaced, as was the crane fes
toon, which was totally destroyed by the 
hydrogen burn. The control pendant, sus
pended from a cable, hangs at the 347-ft 
elevation in the Reactor Building and 
prDvides a means to remotely operate the 
crane in lieu of operation from the cab. 
The cable hangs from a trolley system at 
the '.valkway handrail. The pendant and 
cable lll&y be trolleyed back and forth 
along the walkway by means of the fes
toon. This issue of the Update includes 
an article on the cable and connector 
evaluation program that discusses studies 
of LlJe pendant cable. 

While the cable was replaced. in kind, 
the festoon was replacro with three· extra
flexible, flat, 12-conductor cables. The 
control pendant was replaced with a 
Eghtweight, watertight, neoprene control 
station, which has all but two of the 
original control functions; the new unit 
does not have a warning bell push button 
or key operated on/off switch because of 
their relative unimportante to the pri
mary role of the TMI-2 polar cr,me: 
head lift. 
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Figure 10. Insulation corrosion 
and winding breakage in these polar 
crane resistor banks caused open cir
cuits and low resistance. 

None of the cratle's .n;wtors or cIutclies 
l"<:eded to' be replaced, but were not 
aeclared electrically operable until after 
corrosion films bad been removed froe:. 
the slip rings. The metal conduit, which 
houses and routes electrical wiring 
around the polar crane, was not dam8,fed 
by the accident, and none of the internal 
wlrlns showed signs of distress. 

Mecbanicltl damage was minor, as 
compared to the damage to the electrical 
components, with significant replacement 
required only for the main hoist magnetic 
drum brakes. Becanse of the extent of 
the corrosion and their Critical impor
tance to safety, these brakes were 
replaced withollt determining whether 
they were operable. The brake wheels, 
however, needed on.Jy to be cleaned. 

Once recovery of the electrical and 
mechanical components of the bridge, 
trolley, and main hoist was complete, 
they were tested without 3l load to verify 
their operating ca,abilities. 

The remaining effort in the polar crane 
recovery project is fun load testing of the 
polar cratle. Scheduled for late 1983, the 
test calls for the hoist to lift about 
210 toIlS so it may be certified at 
110 tons-the approximate weight of the 
reacior vessel head. According to ANSI 
standards, the load rating of the crane 
can be no more than 8OlVo of the max
imum load the crane lifts during the test. 
A frame holding five missile shields, with 
an approximate total weight of 192 tons, 
as well as cables and associated lifting 
equipment will provide the weight. 

The test load will be lowered, stopped 
and held by the hoist brakes. and (many 
lowered to the floor. Then it will be 
transported 10 ft out and back by the 
trolley and at least 10 ft from side to side 
by the bridge. The load-wiD. be lifted 
again after rotating the bridge 
.180 d~.After ~tiOD of the 
polar crane, reactor vesselhelid removal 
is .sCheduled for early 1984. Cl 



Underhead Characterization 
Supports Reactor Vessel 
Head Removal 

One of the early OOE TMI Reactor 
Evaluation Program activities involved too Table 2. 
formation of a task group to evaluate and 
determine the best approaches to safely 
remove the TMI-2 reactor vessel head. Elevation 
This group, know.a as the Head Removal 
Task Group, included ri!prese~ves 
from Babcock & Wilcox, Bechtel 
Corporation. EO&:G Idaho, Inc., and 

{ft} (in.) 

GPU Nuclear. 327 77132 
326 6 

Based on the data obtained during the 
quick look closed-circuit television 

326 
325 

53/4 
6 

(CCTV) examirltion, the axial power 324 6 
shaping rod test, the control rod drive 324 4 
mechanism (CRDM) uncoupling opera 324 o 
tions, and engineering evaluations, the 323 6 
task group recommended that the head 323 o 
be removed dry-without flooding the 322 6 
adjoining refueling canal. Thlll dry 322 o 
method is essentially the same techrJque 

Quick Scan I Underhead Radiatio~ Levels. December 16, 1982 

used during normal refueling. The task 
group also rf:commended that an alter.. 
native wet method, during which the 
refueling canal is flooded, be available as 
a backup should higher-than-expected 
radiation levels be encountered during 
head lift operations. Based on task group 
recommendations, the work described 
below was started to support reactor 
vessel head removal. 

In order to confl1'lll conditions that 
could be expected during and after head 
removal, engineers and technicians char
acterized the environment under the reac
tor vessel head. Project activities included 
visual or CCTV observations of the 
l1l1derhead and upper-plenum surfaces, 
radiation level measurements inside the 
vessel, and debris samples from the 
upper-plenum surface. 

Core Location 

E·g 
(RIb) 

40 
~20 

170 
200 
240 
320 
550 
540 
530 
520 

50 
100 
200 
220 
340 
600 
540 
540 
580 



The first phase of undethead charac
terizationbeianin December 1982,when 
an ionization chamber was lowered into 
the reactor through two access openings 
that were created when the CRDM lead 
screws were removed for the quick-looks. 
This underhead radiation survey, called 
Quick Scan I. gave engineers radiation 
level data at a core midradius location 
(E-9) and at core center location H-llo 
The detector obtained data. presented in 
Table 2, from the 327-ft elevation just 
under thebead, down to the 322-ft eleva
tion just above the top of the plenum. 
Preliminary analyses of these data, per
formed by OPU Nuclear, indicat,ed 
that the radiation levels expected during 
head removal might be higher than 
originally estimated. 

The second phase of underhead charac
terization, or Quick Scan II, began in 
August 1983, when the reactor vessel 
water level was lowered to about 2 ft 
above the top surface of the plenum. 
Tf.chnicians removed the 800-lb center 
CRDM to gain access to the space 
between the dome of the reactor head 
and the top of the plenum. Once the 
CRDM was removed, technicians 
installed a hollow manipulator tube 
between the CRDM service structure and 
the top of reactor head. The tube, 
attached to the CRDM standpipe flange, 
helped technicians guide instruments and 
surveillance cameras through the opening 
into the reactor head. 

Because removal of the CRDM 
increased the size of the access opening 
through the head and the water level in 
the vessel was varied, engineers and tech
nicians were able to use larger equipment 
and conduct more comprehensive studies 
of the underhead enviroiunent. These 
activities included CCTVexiuiunations of 
the undersideo! the h~ ana" upper Por

, tions of tbepienum.ionizatlOnclIamber 
radiaton level meilsurenlents. thermo:. , 
lUIt$escent dosimder:(fWl ," ' , 
measurements. and Wnpllng of &bris 'on 
the ,plenum's top sUrface. ; " 

also able to inspect 
" 

two areas near the 
, 

outer edg~ of the plenUlIl. A review 
group evaluatedtbe video footage of the 
reactor upper plenum and fourid,no visi- ' 
ble evidence of distortion on tlie plenum., 
assembly. No visible miUerial floated on 
the water surface, and no distinct piles of 
debris were seen on the plenum surface 
aroUnd the access location. No mechani
cal debris or recognizable component 
pieces were seen. 

The camera did reveal a uniform layer 
of loose, finely divided debris about 
I mm deep, over the area examined. 
The loose debris appeared to be 
flusbable. The material obserVed on the 
inspected surfaces was of four different 
types. Some of the material consisted of 
finely divided, dark granules which 
appeared to be fairly heavy; these 
granules moved when disturbed by the 
camera manipulator, but settled quickly. 
A second type of debris consisted of very 
small, thin flakes of a light-reflective 
material; these were easily disturbed by 
water movement and settled slowly_ The 
third type of material was ,a light-eolored 
adherent layer deposited on horizdntal 
and vertical surfaces; this did,nofmovt'! 
unless it was touched by thecameraor 
manipulator. A few large vcrythinfJakes 
of light material, up to 2.,cmilcross~, 
represented the fourth type, of substance ' 
observed. TheSe flakes were thOught: to 
be pieCes of the adherent layertbat had, 
been dislodged by the camera or ,manipu- " 
Iator. The cameras, samplers, and other " 
devices used were relatively uncon-' ' ' 
taminated when removed from the, 
reactor. 

After completing'theCCTV e;'ItalJllIUl:" 

tions, technicians obtained tWo ' 

of the loose d~biis on the tOp 

the plenum. One Slimple ~':lnt~<:4 
approximately 10,:to 1.5 '11l& of-':1lialteriiaJ: 

"and had ra'Ldj"ia~(m' -rea4inJP':O;(g()CJ 



Ionization chamber radiation readings 
were made using the same basic technique 
used during Quick Scan 1. The radiation 
data collected during Quick Scan II are 
currently being evaluated; however, pre
liminary reviews indicate that the radia
tion levels may be slightly lower than 
estimates based on the Quick Scan I data. 
In addition, multichip TLD strings were 
lowered into the reactor to provide an 
overall radiation level profile and verify 
ionization chamber me!l.surements. 

The reactor vessel water level was then 
lowered farther to expose the upper sur
face of the plenum. CCTV observations 
were again made, and radiation level 
measurements were obtained with the 
ionization chamber and TLD string. The 
review group reconvened to observe the 
video footage and this time noted that 
the camera was able to see more than 
half of the undersurface of the head and 
more than 100/0 of the plenum cover sur
face. Two lanes between guide tubes were 
inspected to the periphery of the plenum 
assembly and still no piles of debris were 
visible. The lighter adherent layer visible 
in the first inspection seemed to have 
cracked when it dried out. The white 
adherent layer appea:;ed to be no more 
than 2 to 5 mils thick. Many tiny, highly 
reflective particles, approximately 3 mils 
in diameter, were visible on the horizon
tal and vertical surfaces. These may have 
b~n droplets of silver. 

The underside of the head was clean, 
although a thin light coating visible on 
the underhead surface appeared to have 
flaked off in numerous places. Lead
screw support tubes had localized 
deposi.... of light material in many places. 
Most of the outside support tube iurfaces 
appeared to be clean, but there were 
localized deposits of light material at the 
bottom end of several tubes. 

The underhead characterization data 
are providing engineers with valu&ble 
information to help determine the best 
methods to protect workers from radia
tion exposure during head removal opera
tions. The data will also form the basis 
for conducting plenum removal and even
tual defueIing of tire damaged Unit 2 
core. 0 



··~r~ 

r~~~:>,Lii aUal!lm.•ID&~*¥*il l~~~~~~~~~~~ 

~llt F IN 



I llJjIPlb>NL§ 

11M 1IIIP .... Is IuuIcI _ tile £Ga.G 1IlIbe, Inc., 

CGniI;uralion IIlII IIccumInt Con!rGl CamIr It Th!II Mile 
Island unn 2 IIIIIIIf CG!!IrIct DE-ACOH6ID01570 til till 
U.S. O8pIl'lmlnt " tnefW. P.O. Ball Ie MiIIIIIIIIwIt. 
I'A 1mv'. TeIep/IIJne 1717) IMI-l0ii0 IF FlS 5JO.105C. 

Authors _•••__....m ....._ ••••_m....._ G.LIraIIIn 
LA.. ..... 

u .... 
T .... u.te 

D... ......... 

editor •__•__.....__.._._......__ LA.. E....... 


Production Edltor •••_ .. _ ......... __ u. ....... 

Dealgner ...... ____••__...._ .._. IL""" 
DOE·TMI Site 
ORIce MenIIger ........ _._••__ •••• .., 


EG&G Iltatlo TMI-2 Progrwna
81W'1Oh ................______• K.II......, 


13U 



TMI Unit 2 Technical (,.formation & Examination Program 
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Figure 1 Thi. schematic 
lIIu.t...... the threo major slepS 
toward detuM'no Unit 2. 
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TMI Moves 
One Step 
Closer to 
Cleanup with 
Head Removal 

This summer, workers at Three Mile 
Island (TMI) will take another major step 
toward defueling the Unit 2 reactor vessel 
by removing the vessel's head al'.d placing 
it on the storage stand. After several 
tests, engineers gave (he go-ahead to 
remo"e the head dry-without i100ding ,
tbe refueling canal. These rests included 
radiation surveys, sampling, and video 
inspections oi the underside of tbe head 

determine radioactivity, analyze 
particle makeup. and look 
ror debris that could make 

removal difficult. Figure 1 
iliustrates the three rem~.ining major 

steps toward disassembly of tbe reactor at 
TMJ-2: placing tbe bead on tbe stora,ge 
sland, sloring tbe plenum under waler in 
the refueling canal, and removing fuel 
and debris from the vessel. 

White these activitie$, and all of the 
vital projects in between, • ,.; scheduled to 
take the Technical Information and 
Eumination Progam (TI&EP) well into 
1937. General Public UuliCie:s Nuclear 
Corporation (GPU Nuclear) and U.S. 
Department of EDersY (DOE) personnel 
have done mudl to brill! the proaram 10 

its present sl8Jc, d.iscoYerin8 Alana the 
way new aspectS of acddent recovery and 
answering a number of important 
questions -about the nature and impact of 
the accident. 



In preparation for head removal, the 
service structure and refueling canal both 
were decontaminated, and the lifting and 
handling equipment was tested. As part 
of a complete safety evaluation, engineers 
conducted a head-drop analysis, verifying 
that the components below could 
withstand such an impact. Looking for 
debris thaI could make head removal 
difficult. anal}"sts look debris samples 
from Ihe top of the plenum assembly and 
found the materials there were 
nonpyrophoric, 

Two final projects in preparing ihe 
head for remo\'ai are currently underway, 
Worker5 are installing Ihe :canal 5tal 
plate, which will close the gap between 
the mOllth of rile reactor vessel and the 
refueling canal. and they are installing a 
tempOrary de fueling water cleanup system 
as a precaution. should all unellpccted 
event require tbe refueling canal to be 
nooded for shielding during head lift. 

As Figure 1 illustrates. the second 
major step toward disassembly is moving 
the plenum assembly 10 the shallow end , 	of lhe refueling canal, where it will be 
stored under waler umil its removal. The 
plan is to firs! jack the plenum up from 
i!s curfel!! seated position and then lift it 
from the reaClOr vessel using the polar 
crane. 

In 1983. major advances were made in 
designing lools to inspect and remove the 
plenum. Four 6O-lon hydraulic jacks are 
being custom designed for the job. From 
a central pumping station, four operators 
will hand-pump the jacks, lifting the 
plenum slowly and in smail increments 50 

il may be continuously monitored from 
lOp to bottom to check for clearance and 
prevent jamming. Engineers are already 
aware from video inspectlons of the 
plenum's underside that panial fuel 
assemblies stiU hang from the plenum. 
After initial jacking, workers will knock 
off these slubs using a tool that is now in 
the design stages, 

Once the plenum ~sembly is lifted, 
engineers wi1\ wrap it in a large, semi
rigid plastic bag, called the transfer 
contamination barrier, and place the 
entire assembly in the shallow end of the 
refueling c:anal. 

Rgure 1 indicates that the rmal major 
step to the TMI-2 reactor disas!;eQlbly is 
removal of fuel and dehm from the 
reactor vessel. GPU Nuclear and Tl&EP 
engineers have been concentrati:lg on a 
number of aspe::ts of this task, including 
a major defueting water cleanup system, 
fuel removal tools. and cani!ltc:rs in which 
to ship the fuel and debris, 

The extensive defueling waler cleanup 
system to be installed essentially comists 
of twO subsystems, one te provide water 
filtration and processing f;or the reactor 
vessel and contamination ibarrier, and a 
second to provide water filtration and 
processing for the refueling canal and 
spent fuel pool A (see Figure 1). 

Clearly. a key element to derueling is 
the fuel removal tooling, to which 
engineers and designers have been 
devoting much of their efffo~ts. 
Westinghouse Electric Corporation, 
selected as contractor [0 design and 
fabricate these tools, suggested two 
designs for consideration_ The first 
design-a manual, remote defueling 
system-reflects the technical 
specifications prC',riously established for 
the necessary mechanical equipment and 
vacuum and separation equipment. The 
vacuum would remove fine materials as 
small as 10 IiIll and debris as IlllTge as fuel 
pellets. The system would (hen separate 
the debris from the water and load the 
debris into canisters, 

Westinghouse's second proposed design 
also meets the technical specifications, 
but it is a more automated approach to 
defueling. The system would us;e robotic 
arms to position a vacuum hose and load 
into a shredder materials too large for 
vacuuming. All of the debris then would 
be pumped in a slurry Out of the reactor 
ves.<;el for separation and canister loading. 

After discussing options for fuel 
canili1ers, Tl&EP and GPU Nuclear 
representatives selected a design wide 
enough to hold intact cross sections of 
fuel assemblies. This canister is, however, 
shorter than anticipated because ell3ineers 
do not expect to be shipping any full 
length fuel assemblies; few if any appear 
to be intact. A benefit to using this 
canister design is the potential cost 
savings; government-owned rail shipping 
casks may be available for transponing 
Ihe canisters containing the remains of 
the Unit 2 core from Nl. 0 
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During the accident, reactor coolant 
water flowed through the Makeup and 
Purification System for nearly 18 hours 
and deposited significant amounts of 

Robots Reduce Worker 
Radiation Exposure 

contaminants on the resins in the 

Many work areas in the Unh 2 plant 
contain large amounts of radioactivity 
and reany surfaces are highly 
contaminated. While workers are 
protected witt. anticontamination clothing 
and monitored with personnel dosimeters, 
the effort to keep e"posure rates low is a 
challenging one. Researchers are finding 
that robots can take the place of humans 
for many ta;ks in high radiation areas. A 
look at two robots, destined for use at 
TMI, illustrates their useful role in 
reducing human radiation exposur~s. 

"Left-handed Louie" comes to TMI 
from Westing.qouse Hanford Operations 
after a long history of remote-control 
work in a variety of environments. 
Lonie's official name is the Remotely 
Controlled Transporter Vehicle, or 
RCTV, but since an anonymous 
technician during the 19505 scrawled 
"Louie" on the robot's ann, the RCTV 
bas been known by its more humanlike 
name. Louie will assist in a crlUciJU waste 
handling operation at T!I"~., i.~t of 
monitoring the removal of the Malceup 
and Purificanon System demineralizer 
resins from their tanks. 

purification system demiru:ralv.er tanks. 
Extensive efforts to determine exactly 
how contaminated tbese resins are have 
shown that cesium activitY levels in the 
resins may far exceed known values for 
any other l!ccident-generated waste in the 
plant. Research work reported in both 
thl: August and December 1983 issues of 
the Update obtained dose rate readings 
of 3000 Rlh in the A cubicle. and 
1000 RIb in the B cubicle. 

The contaminants in the resins are 
soluble fission products. They will be 
removed through a series of rinsing a.,d 
elution steps conducted remotely through 
specially adapted plant systems. Dose 
rates inside the purification resin tank 
cubicles are much too high to permit 
human workers to enter routinely. but 
the resin tanks must be repeatedly 
monitored to see if the rinsing and 
elution steps are decontaminating the 
resins. Left~handed Louie wiII be used for 
the job. As shown in Figure 2, Louie 
...rill carry a gamma radiation detector 
into a resin tank cubicle and hold the 
delmor in a predetermined place up 
against tbe tank wall. Technicisns seated 
at control panels outside the cubicles can 
then monitor gamma radiation levels. 

Figure 2 Louie will enter the 
demineralizer cubicle to monitor 
gamma activity in the resin tank 
during cesium elution. 
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Figure 3 louie!s 1.3·m 
manipuJator arm will help monitor 
cesium feyels in a high 
radiation area. 

Louie's components include a 
transporter base, a telescoping rube, a 
manipulator arm, three cameras, lights, 
and a 3O-m-Ior;.g control cable. Pictured 
in Figure 8, Louie's telescoping tube and 
mauipulator arm have a combined 
vertical reach of 2.9 m, which is ample 
height to reach nearly to the top of the 
3-m-hlgh demineralizer tanks. Its 
manipulator arm can reach as far as 
1.3 m horizontally in any direction. 
Louie's strength WIll not be needed for its 
demineralizer work, but, the telescoping 
tube can hoist up to 4~O kg, and the 
manipU:tator ann, can lift and lraaneuver 
up to 68 kg. . 

Louie's cameras are radiation 
hardelied, and will be the operating 
technician's "eyes" in t.'te cubicles, not 
only for positioning Lou~e and the 
gamma morutor correctly. but also for 
observing conditions inside the cubicles 
during the rinsing and elution processes. 
The 30-m cable connecting the 
transporter to the control console outside 
the c~bicles weighs nearly 23 kg. 

This robot is a simple one, whose every 
movement must be diaate(j by the 
op~rating technician. It haS no ability to. 

. interpretCQmmands' or repeat activities 
, ,on itS ;'wn. Classed as a,~'inast~r-slav~" 
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rooot, it is basically a hot cell 
manipulator arm on a traru;porter. But its 
simplicity does not diminish its usefulness 
to the cleanup task. in which it will serve. 
The radiation monitor Louie will carry 
will help determine when the 137Cs 
concentrations in the demineralizer resins 
have been reduced to the lowest practical 
leveL Operating technicians will conclude 
the rinsing and elution process when the 
gamma detectors show no change in 
readings after two consecutive elution 
cycles. Louie could be exposed to dose 
rates of up to 3000 k/h in the course of 
the cesium elution process. Its use wilI 
greatly reduce the human exposure risks 
involved in the important task of eluting 
and removing the purification s}'!'tem 
resins from the plant. 

Robots may playa key role in the 
defueling of the reactor vessel, scheduled 
to begin in late 1986. A remotely 
controlled tool positioning system called 
ROSA might be used in place of long
handled tools handled by human worlcers 
in the Reactor Building. ROSA is a 
Westinghouse Electric Corporation robot; 
its name is an acronym for Remotely 
Operated Service Arm. It can be used in 
connection with a Westinghouse-designed 
defueling system to remove all debris 
from the damaged Unit 2 reactor. 

Research has shown that the accident 
reduced much of the original core to a 
bed of rubble. The top 1.5 m of the core 
is now a large cavity, with a volume of 
approximately 9.5 m3• Into this cavity, 
cleanup engineers will lower a variety of 
special equipment. Small, loose debris 
will be vacuumed out of the core into 
shipping canisters located inside the 
Reactor Building. Large debris will be 
reduced to a smaner size and then 
removed to shipping canisters. Material 
fused to the rubble bed will be cut loose 
with cutting shears, chisels, and drills. 
Items to be removed intact for research 
studies will be placed into debris baskets 
hanging inside the core. ROSA can do 
the lifting, rearranging, and positloning 
required for these special defueJing 
activities. 

Westinghouse's ROSA, shown on a 
transporter in Figure 4, is a manipulator 
arm with humanlike articulation at a 
"shoulder," "elbow," and "wrist." Its 

flexibility comes from its modular design. 
The arm consists of six segmf:l1ts, each of 
which is a self-contained unit with a 
motor, gear train, brake. and position 
indicators. Constructed of 1ightweight 
alloys, the arm is very strong for its 
54-kg weight. When fully extended to its 
2-m length, ROSA can lift 23 kg; when 
the 8nD is close to its base, it can lift 
more than 90 kg. With special 
adjustments, ROSA may bl:: able to lift Figure 4 ROSA's "shoulder," 
even more weight. ROSA's arm joints are "elbow," and "wrist" move to 
all electric, but are completely watertight commands issued through a 
so the arm will work well in the flooded computer. 
vessel and cana~. 
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A 180·m umbilical cable will connect 
ROSA to its control computer. to be 
located in a trailer outside the Reactor 
BUilding. This computer, containing 
several microprocessors operating in 
parallel, is ROSA's hain. For manuai 
control, an operator sits at the control 
console, issuing commands with a 
joystick. The computer translates these 
commands into arm movements. 

Unlike the movements of such master
slave robots as Louie, ROSA's 
movements do not need to be dictated 
step-by-step. The computer calculates the 
arm joint movements required along six 
different axes to move the al'$ in the 
manner indicated by the joy~tick. Tne 
calculations are performed in a fraction 
of a second, and the arm responds 
almost immediately. 

ROSA's computer can be 
preprogrammed with complete 
instructi.:;ns for any standard task. The 
arm can also be taught to perform a 
specific activity. An operator first leads 
ROSA through the activity with the 
joystick and then instructs the robot to 
repeat that activity, unsupervised. 
ROSA's memory records all the 
information necessary to repeat the 
activity indefinitely. Both the 
preprogramming and the teachability will 
be useful for repetitive, tedious tasks. 

Westinghouse developed ROSA in the 
early 19805 and has used ROSA in steam 
generator repair work and inside reactor 
ve3sels. ROSA \\-ould remain the property 
of Westinghouse during its use at TML 
Indeed. it would be aCcompanied by a 
Westinghouse technical adviser and 
operated by Westinghouse technicians. 
But the robotic arm can far outwork its 
human counterparts. While they Me 
restricted to eight-hour days, ROSA can 
work ~thout rest or maintenance for 
1500 nonstop hours. ROSA's flexibility, 
strength, and ease of operation can help 
to comple!e the defueling operation safely 
and efficiently. 

Louie and ROSA can complete vital 
cleanup tasks along the road to cleanup 
of the TMI·2 plant. They Me designed to 
be versatile, and each could be used for 
jobs not discussed here. GPU NucleM is 
working with the Electric Power ReseMch 
Institute and carnegie·MeDon University 
to develop another r{loot for performing 
characterization and cleanup tasks, and 
the potential for using robots in other 
areas in the future continues to be 
examined. These machines can play a 
useful role in both simple and complex 
jobs as they help keep human exposure 
as k'\V as is reasonably achievable<O 
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Source Term Assessment 
Continues at 1MI 

The TI&EP continues to make progress 
in its studies of source term, recently 
completing visual inspections of the 
TMI-2 Reactor Coolant Drain Tank 
(RCDT) and investigating the 
concentration of radioiodine and 
tellurium in the reactor core and building 
basement. In a related effort, GPU 
Nuclear engineers took concrete core 
samples on the 305-ft aud 347-ft 
elevations to assess radionuclide 
penetration into the concrete.. 

The RCDT was the major pathway for 
the release of accident water into the 
Reactor Building basem¢llt. In video 
inSPections of the tank below the vent 
line, analysts saw a dark, particulate 
sediment of less than 0.32 em thick, 
nonuniformly distributeJ on the bottom. 
Personnel also saw particles larger than 
they predicted would have been released 
through the pressurizer to the drain tank; 
they cpkulated a maximum particle size 
of 30j.llll. 

During each of these inspections, 
samples of the water ~d sediment were 
cx[racteq foraDalysis. By studying the 
samples, personnel at,tbeldahoNational 
Engineering Labomt01Y (lNEL) will 
determine the quatliityoffuclandfission 
products tele8Sed to the RCDT. The 
~esulting data will also-support ongoing 
analyses, of'fission, product nUiss ba14nce 

In defining the source term in Unit 2, 
program personnel are placing special 
emphasis on determining the 
concentration of 129]- and 13£1.re in liquid 
and solid smnples collected from the 
reactor core and Reactor Building 
basement. Data collected to date indicate 
that the fraction of radioiodine released 
from the core to the basement is 
significantly less than the fraction of 
radiocesium released to the iJasement. 
Basement sediment samples are being 
analyzed to determine if the radioiodine 
precipitated. Lead screw and core grab 
samples are being analyzed for 13£1.re
whose behavior is important because it is 
a parent of iodine-to determine if 
platoout or scavenging of the tellurium 
significantly reduced the amount of 
radioiodine released from the COl':. 

To assess'the extent to which 
radionuclides migrated into the concrete 
in the Inillding, engineers obtained 
17 samples of concrete from the 3OS-ft 
and 347·ft ele'lations_'(The basement 
concrete was itot included in this study 
becaUse of its iDaccessibilitt.) Tests on" 
these large core samples,. obtained using a 
concrete boring,tool,'.res~ 'iIi ,one 
5igjnfic3nt [m4ing: that the Jna.jority"of 
radiOm.iclides released. from tht Reactor 
CooIan~ syste,m(RCs) into· the Reactor 

, , BUildin! eJlvirOninent,v.~ trapPed 'bi the 
cotl<irete'ssUrfacecoatbigs~"" " 

and sourceterm..;..~~e.concentiati6n and 
distribution ilfr;uiioiiuclide aCtivity. 



Most oonc::ete surfaces in TMI-2 are 
protected with epoxy-based, nuclear-grade 
coatings, making all. otherwise porous 
concrete resistant and easier to 
decontaminate. Pictured in Figure 5 is a 
sam'Ple of concrete taken from the D ring 
wall at the 30S-ft elevation. To its right is 
the sample's autorediograph, which 
documents the coating's ability to absorb 
radionudides and prevent them from 
penetrating the concrete. Only where the 
coating was scarred and the unprotected 
surface was exposed to contaminated 
water for an extended period of time did 
analysts discover significant radionuclide 
penetration. 

The analysts then removed the 
coatings from the samples to see 
if this would effectively 
decontaminate the surfaces; 
and up to 98.5'16 of total 
activity measured was 
removed with the coating. 

While analysts are not saying 
widespread coating removal in TMI-2 is 
necessary, it may be beneficial in areas 
where long-tenn personnel operations are 
planned. A GPU Nuclear report suggests 
devising other equally effective 
decontamina..ion methods as alternatives 
to coati;-.g cemoval.D 
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Figure 5 Tbis concrete core 
sample, whOse coating was 
aCCidentally chipped-during 
removal, wa~ .taJ(enfrom ~he 
Dring wallat:the3Q5.ft elevation.. 
Its al.ltoradiograPh~ .higtJt, •. 
shows dartfshac:lir:t9whe:ntJhe . 
coatingptotactecftbecoft(;...te 
frQm t'8CIionuC;:llde;periet~tion~.· ..... 
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Hydrogen Burn Study 
Answers Questions About Its 
Cause and Damage 

After two years of research and 
analysis, TI&EP engineers completed 
their studies of the hydro~n burn that 
occurred at TMI, answering a number of 
questions generated from the event and 
gaining a better understanding of its 
cause and its damage. 

Section A-A 
Overall, analysts concluded that the 

hydrogen burn caused little damage to Hydrogen
the Reactor Building itself anel no 

release --~..~ EDmmmr;mdamage to safety systems. The damage 
sitethat was found, for the most part, was 

fully consistent with TI&EP expectations. 

The bum OI..'(:urred about 10 hours into 
the accident, after tbe reactor core 
ov<'!rheated and the zircalo,! cladding that 
encased the fuel reacted with steam. 
liberating ~ quantities of l:ydrogen to 
the building, where the gas later ignited. Reactor 
The estimated pressure rise time for the coolant 
event was 10 to 15 seconds, but most of drain tank 
the 28-psig pressure increase occurred in 
the final 3 to 6 seconds. 

Evidence, such as charred paint and 
cables, indicates a flame rose from the 
building basement to the dome, where it 
remained until quenched. 

The precise location 811d ignition 
source of the flame are unknown and 
may aiways be so, but evidence indicates 
the burn originated on the building's west 
side, in the basement. Among the 
candidate sources of the burn is the 
electrical equipment on two Motor 
Control Centers that tripped at the time 
of the evenf. Access to the 282-ft·Ievel 
will provide further insight into the 
ignition source and location.· 

...... L~of~ 
·hj~ r81."88 ... 
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282-ft, 6 In. 
elevation 

and open stairway. 

305·tt 
elevation 

Reactor ...t steamj
vessel generator 

Calculations by several researchers 
indicate that about 370 kg of hydrogen 
were in the Reactor Building at ignition, 
of which about 320 kg burned. A 
hydrogen and steam mixture was released 
into the building through the discharge 
duct from the RCDT, as illustrated in 
Figure 6. The hydrogen then rose 
through openings and became well mixed 
throughout most of tbe building by way 
of the ventilation system, with an average 
concentration being 7 to SOlo, depending 
on water vapor concentrations. Somewhat 
leaner hydrogen concentrations existed in 
the unventilated enclosed stairwell and 
elevator hoistway, while richer 
concentrations existed immediately before 
the burn in the vicinity of the release site 

Since the electrical equipment was 
operating in the presence of a flammable 
mixture for one to seven hours, analysts 
questioned why ignition did not occur 
earlier. They developed three possible 
explanations. FIrst, releases of steam 
early in the accident generated relatively 
high concentrations of water vapor, thus 

raising the lower flammability limit of 
hydrogen in air. Second, sparks 
occurring earlier may have been too 
weak to cause an 19nition. And 

third, it is possible that earlier 
ignitions did actually occur, but 
without a,ny significant flame 
propagation away from the 
ignition site. 
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DOE Studies. oflonExcl1ange 
Media FoclIs ·on Gas ' 
Generation and Resin 
Degradation 

Througb DOE research into the 
accident at TMI, laboratory personnel 
have learned a great deal about organic 
and inorganic ion exchange media, both 
of which have been part of the cleanup 
process there. Researcbers analyzed the 
media in the EPICOR II prefilters, 
Makeup and Purification System 
demineralizers, and Submerged 
Demineralizer System (SDS) liners, 
focusing ~necificalJy on two major 
concerns: radiolytic generation of 
combustible gases and resin degradation. 

4.-________.-______-.,-______~--------~------~ 	the container, 
causing an increase 
in container 
pressure above 
atmospheric 
pressUre. 

Organic ion exchange resins were used 
a10ne or in combinRtion with inorganic 
zeolites in the 50 EPICOR II prefil(:ers 
tbat decontaminated accident' water from 
the Auxiliary and 'Fuel Handling' 
buildings. Research on tbe EPICOR II 
ion exchange media focused specifically 
on radiolytic generation of combustible 
gases, resin degradation, and liner 
integrity. Laboratory scale studies have 
shown that at doses of about 107 rads 
and more, residual water in the organic 
resin decomposes and.the resin itself 

'degnidi;!s. ~lli.p[l'~generategases 
,whiClHoUldiCad to eombust\blegas 

miXtur~ incontaineis c:luringhandling~ 

Shippmg, or storage. 


The tadwlyticdi:coinposition'of water 
produCes ·hydfogen,whichaccumUIateS in 
sealed containers, and Oxnen, wmcb is 
consumed durin! a reaction·with the 
organic resin and Water in the container. 
The .hydrogen gas generation rate is, 
dependent on the radiation dose to the 
water and organic resin: the rate intteases 
in a nearly linear relationship with an 
increasing curie' content (see Figure 8). 
Internal pressure in a sealed container 
will at firs. decrease sharply as oxygen in 
the air inside the container is consumed 
by a chemical reaction. The dose 
delivered to the organic ~esin acts as a 
catalyst for this reaction. When all the 
oxygen' has reacted, the ongoing 
radiolytic process builds up hydrogen gas 

concentrations in 



In a closer look at resin degradation, 
analysts characterized the two worst-case 
EPICOR II prefdters and found that the 
pH of tp.e ion exchange media was acidic 
and became si,gnificantly more so from 
top to bottom of the bed. But resin 
degradation, such as surface cracking, 
spalling, and fragmentation due to 
radiation exposure appeaced to be 
minimal. This minimal degradation was 
observed at the bottom of the bed, far 
from the highest activity loading. Thus, it 
likely was the result of high moisture 
content or chemical attack. Analyses also 

. demonstrate no significant leaching of 
nuclides from the resin and essentially n13 

threat to liner integrity. And results of 
metallurgical studies suggest that the 
liners can be disposed of safely for more 
than 300 years in high-integrity containers 
without any threat to the environment. 

StUdying the two Makeup and 
Purification System demineralizers, 
analysts focused on resin degradation due 
to irradiation and high temperatures. 
After five years of radioactive decay, 
demineralizer A contains approximately 
5000 Ci of cesium, and demineralizer B 
holds about 14,000 Ci of cesium. To 
date, these resins have absorbed a dose 
of more than 109 rads. In addition. 
fission product decay heat likely 
produced temperatures of up to 811 K. 
As expected, this combination of high 
temperatures and radiation dose caused 
the demineralizer resins to degrade; the 
bed size reduced by about 70lVe. 

Samples of both demineralizer beds 
were sent to Oak Ridge National 
Laboratory for analysis. Demineralizer A 
was found to be dry, with agglomerated, 
black resin fragments. indicating 
temperatures in excess of 672 K and 
extensive radiation damage. Analysts 
have not concluded whether this vessel's 
resins are sluicible, but they have 
confirmed that demineralizer B resins 
likely can be siu.iced because they 
remained under water. 

As expected in resins irtadiated to the 
high le~'els found in these two vessels, 
radiolysis produced hydrogen and oxygen 
gases. Analysts say the hydrogen 
generation and oxygen depletion 
mechanisms observed in these resins were 
the same as in the EPICOR II system ion 
exchange media. Before slllliclng, the 
cesium will be removed by elution from 
the resins and processed by the SOS 
zeolites, whose abilities to handle such 
high curie loadings bas been proven. 

5DS was the third system at TMI in 
which an ion exchange medium was used. 
The inorganic zeolites in these liners 
effectively processed about 3785 m3 of 
contaminated water from the reactor 
coolant bJeed tanks, the RCS, and the 
building basement. 

Below a dose of 109 rads, inorganic 
zeolites do not suffer radiation 
degradation; the only effect of the 
extremely high curie loading is radiolytic 
generation of hydrogen and oxygen gases. 
Focusing their studies on this concern, 
analysts have found that gas generation 
rates are approximately proportional to 
curie loading. Also, the oxygen depletion 
mechanism found in organic resins does 
not occur with inorganic zeolites to the 
same degree. The measured fraction of 
hydrogen was greater than stoichiometric, 
but oxygen was generated in sufficient 
quantities to form a combustible mixture 
in a sealed container. 

Zeolite liners in storage at TMI 
exhibited gas generation rates of nearly 
1 Lih. Rockwell Hanford Operations 
developed a catalyst recombiner and 
vacuum outgassing system to solve the 
gas generation problem. Vacuum 
outgassing removed residual water, and 
palladium catalyst pellets recombined the 
radiolytic gases generated fmm both the 
residual and chemically bound water so 
the liners could be safely shipped from 
the Jsland.O 
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Core Topography System 
Data and Photos Give 
First Accurate Picture 
of Core Void 

As reported in the December 15. 1983, 
issue of the Update, engineers lowered a 
sonic sensing bead into the TMI-2 core 
and collected nearly 500,000 data points 
to acoustically map the size and shape of 
the cavit~ inside the damaged reactor. 

Since then, these individual data points 
have been reconstructed into the three
dimensional dear plastic model pictured 
in Figure 9. This model is tbe first 
al:.l:.utate map o{ the Utlptt 'Portion of the 
core, which experienced considerable 
damage during the accident. 

The model sbows in some places the 
void extends alI the way to the edge of 
the core. The suspended materials in the 
model are axiai power shaping rods, 
which were driven in after the accident, 
and stubs of fueL assemblies. After 
studying the results of the core 
topography system, engineers have 
determined the cavity volume to be 
approximately 9.5 m3. At the deepest 
point, the cavity drops about 2 m, as 
measured from the underside of the 
plenum. 

Figure 9 Mike Martin, senior 
projec.t.~9ineer••xplalnst~e 
making ofthis cl,arplasfic:
model of the coJl~vold. dav.toped 
from nearly soo.ooo data points. 
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These findings are also supported by 
videotapes of the region between the 
pienum and rubble bed. Figure 10 shows 
the stubs of fuel assemblies hanging 
unsupported from the underside or the 
reactor plenum. Data from the sonar 
mapping device indicate these segments 
typically are 5 to 25 em long. A clos::. 
shot, seen in Figure 11, reveals an 
exposed fuel rod plenum spring. In 
Figure 12, the core former wall is clearly 
visibJe and appears in most places to be 
undamaged. Just in one area on the east 
side of the reai;:tor does the core former 
wall appear to bow outward 
by about 6 em. 

Figure 10 Stubs of fuel 
assemblies hang from the 
underside of the plenum 
assembly. 



Figure 11 This fuel rod broke off 
close to the end fitting, exposing 
the fuel rod plenum spring. 

Figure 12 Although the void 
extends, In most plac6s, to the 
edge of the core, the core former 
wall appears undamaged. 

· -, ... 



Only the top 1.5 m of the nearly 4-m
tall core are visible to analysts at this 
time; the area relow is still unknown. 
But looking down, the video camera has 
provided some clear photographs of the 
rubble red. In Figure 13, fractured fuel 
rods lay like pickup sticks on the surface 
of the gravel-like rubble bed. Fuel rod 
plenum springs are also visible there (see 
Figure 14). And contra.-y to earlier 
conclusions based on limited visual 
observations, the surface of the rubble 
bed is uneven. In one region of the 
rubble red, engineers saw a "valley," 
which the" speculate was created during 
the acddfnt by upward water flowing 
through !be rubble bed. 

• 
Figure 13 Fractured fuel rods lie 
scattered across the surface of 
the rubble bed. 

Figure 141n.8 closer shot, fuel 
.. 	 rod plenum springs are also 
visible·on the rUQble bed surface. 
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Section A·A 	 Using the data collected from the !'''::".:: 
sensing head. engineers also were able to -16" 
v!ot cross sections of the void. Two such -20" 
cross sections are pres.:nted in Figure 15. 
The solid lines in these drawings were ~~::-:: -30" 
produced from actual data, while tile 
dashed lines are approximate locarions 

-40" obtained by extrapolation or 
interpolation. (A few areas of the n;bble 
bed were not within the range of the 
acoustic transducers.) 

Section A-A of Figure 15 shows the 
deepest point of the void, at ?osition p._70" 
where water possibly flowed. as expirined 
earlier. The bottom of tbis narrow -78/1 

A B C D E F G H K L M N 0 P R 	 channel is about :2 m into the core. !n 
Section B-B, the data points plotted in 
the center of the cross section jut up into 
the void. As videotapes of this region 
confirm, this protrusion is a panial fud 

Section B-B rod and its associated hardware, whkh 

-5G" 

SO" 

-Hi" feli from the plenum into the ruoble bed. 

As a result of this information, 


30" 
 analysts have conduded that 135 of the .. 
Fuel rod and total 177 fuel assemblies in Unit 2 are 

related hardware 1 broken, thus creating the void in the t.:>p_40" 
1.5 m of the core. Of the remaining 
42 assemblies, 19 are more than 

50" 50ll'fn intact (indudir.g the two possible 
fully intact assemblies), and 23 are less 
than 50ll'fn intact. Again, these numbers 
strictly pertain to the known 1.5 m of the 
core. This and other sonar topographic 
data are still being evaluated and will be 

_78" useful in planning for plenum anQ fuel 
A B C D E F G H K L M N 0 fI' R removal. 

Engineers plan this year to answer 
some questions about the unknown 
region below the currently defined vvid 
by all:llyzing more samples taken from 
deep in the rubble bed.O 

Figure 15 Sections A-A and s-a 
lire top9graphical plot cross 
sections of the TM1·2 core void. 

-60" 

-70" 

-, _... -~-----,---,-----, 
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Firs't . Samples of 
Core Debris Analyzed 

These six samples shown at right were 
the first obtained from the daIalaged 
TMI·2 reactor core. After their removal 
last fall, five of the samples were sent to 
the INEL and the sixth to 
Babcock & Wilcox laboratories in 
Lynchburg, Virginia, wher~ they were 
weighed and photographed. 

At the INEL, analysts removed eight 
particles from the five saIDples for 
gaIDma spectroscopy and fissile 
determination. The core debris consisted 
of fuel pellet fragments, shards of 
cladding or guide tubes, and particles 
which appear to be glazed with previously 
liquid material. Five of the ~t particles 
were ~arilY fuel. While 1 Ce, l06Ru, 
and I Eu appeared to be associated 
mostly with the fuel, 137Cs and 125Sb 
were released from the fuel particles. 
Based on a limited analysis, the released 
cesium and antimony appear to be 
present on other core materials. 
Radiation levels for the five samples, 
using a teletector from 2.5 cm away, 
ranged from 3 to 36 Rlh gaIDma. Particle 
sizes ranged from about 0.6 cm to a fine 
debris. One surface saInple consisted of 
13 large chunks of material. 

Future work will address the chemistry 
of the debris in all six samples. The 
information from the debris saInpIes will 
aid in assessing the tools and procedures 
required to defuel the TMI·2 reactor. In 
addition, the data will be used to define 
the behavior of a commercial reactor core 
under the accident conditions found in 
TMI·2.0 
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t------'!---I- Lifting 
Tripod 
Attached to 
Polar Crane 

Fl. EI. 

Veasel 

November 1984 

TMI·2 Head 
Safely Lifted 

Two teams of more than 40 workers 

labored around-the-<:lock to ruccessfully 

lift the head from the damaged Three 

~~~:>~>~~ 
,-q,~~~~%<::(..~~~<..~ 
~~~~'·i!,,'ft~~,;,~'\i)~'\.~ 
-me\rt\~'a\ ttml'Q\)M£l\"S 'lIIlQ. \uil. d\ tne 
<S~1.'i.~<$., ) 
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'l'he head was lifted on the eveID.»g DJ 
July 24 and was seated on its stoTllIJe 

smoa sharlJyaJ'rermidnipr rhe ne:« day. 
The bead, induaiD8 /be serna: struc:ture, 

JeBO blanketed sbie1diIf8, and lift rigging, 
weighs approximately 159 tons. The lu:aJ:l 
consi~ts of two major components: the 
domed cap {Jf the reactor vessel and the 
head service structlLre (see Figure 1). 

Figure 1. Section view of reactor 
vessal head remoyal. 

~~IWc~\"%~~!!!Ifin~~. _~ 
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Figure 2. Photo taken from televi· 
sion monitor of the head traveling 
toward the head storage stand. 

Attached to the polar crane with three 
cables and lifting tripod. and covered 
with 13 tons of lead blankets, the head 
was flISt lifted a fraction of 1m inch so 
that workers could ensure that the head 
was level. With the head then raised 
:3 feet abcve the reactor vessel, workers 

. wrapped a plastic "diaper" underneath 
to prevent contaminants there from being 
spread during travel. Moving at a rate of 
1 to 2 feet per minute, the head was rais
ed 38 feet Imd then moved south and east 
towards its storage stand (see FIgUre 2). 

During the entire process. ensineers and 
technicians were located in a command 
center in the TMI-2 Turbine Buikting and 
monitored the head lift activities by closed
circuit television and mobile radio. The 
workers inside the Reador Building worked 
most of the time inside a Jcad:meJ.ded 
work station to ~ exposure. The 
Reactor BuiIdi.tIJ was isolated dflrin,g the 
lift, and·~ monltms·plaad inside 

the building showed no radiation releases 
during the entire operation. 

The fmal lowering of the head was 
delayed while the guide holes in the head 
were aligned with the guide pins on the 
storage stand. Surrounding the head 8tor: 
age stand are 12-foot-higb columns 6JJcd 
with sand that act as radiation shields. 
The columns were originally filled with 
water but were drained and refilled with 
sand because of leakage. FJgure :3 shows 
the head seated on the storage staIJJd.. 

Figure 3. Reactor yessel head 
seated on tttorage stand. 
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Figure 4. IIF and work platform in 
place en the reactor vessel. 

After the head was sutcCSSfuJly landed 
on the storage stand. workers released 2he 
iirting rig and attached it to the Internals 
Indexing FlXiure (IlF) located on the 
opera~ing floor of the Reactor Buuding. 
This 6-foot-bish !'iteel cylinder, used dur
ing normal refueling operations. was 
pla~ed on top of the open vessel wbere 
the cylinder will remain throughout the 
entire defueling process. On~ the lIF 
was attached, water was added to the 
Reactor Coolant System, filling the UP to 
a depth of about S feet. This configura
tion provides shieidiDg from radiooctivity 
and will allow the plenum andl fuel to be 
extrac:ted tbrOUJh the IIF without 
flooding the rcfucliag ~al. On~ the UF 
was r'tlled with water. workers installed a 
1·3l4-inch-thi~k lead-lined steel work 
platform on top of the UF, eornpleting 
the head remoyal/IIF installation pro
cedure. PiaUle 4 shows the IIF and plat
form in pJa~ on the reactor vessel. 

During pla~ent of the work plat· 
form. 8 minor lr.alfunctiOD of one of the 

switches on the polar crane caused. it to 
stop when the work platrorm was within 
an in~h of the IIF. Worken manually 
lowered the work platform the rest of the 
way by turning the turnbuddes on the 
crane's lift rigging. 

Throughout the bead removal process, 
tbe radIation levels were less than 
originally anticipated. Readings taken at 
the refueling canal were 3 Rlhour, which 
was 10 to IS times lower than projected. 
In the lead-curtain cubicle. workers ex
perienced radiation levels of 30 mRlhour, 
lower than the .so to 1.so mRlbour antici
pated. While removing their prorerove 
clotbina. six workers experienced millor 
skin contamination. whicb was subse
quently washed off with soap and water. 

With the 'bead lifted and the IIF in 
1I~. the first major pbase toward suc
cessful cleanup has been accomplisbed. 
Currently. the schedule c:aUs for initial 
plenum jacking in Dcceaibcr 1984 and 
dcfuelina to be&in the followina JuIy.O 
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Months of Preparation 

Lead to Safe Head Lift 


The successful head lift in July 1984 
climaxed months of preparatory work in 
and out of the TMI-2 Reactor Building. 
Safety played a key role throughout the 
operation, from underhead characteriza
tion to placement of the head on the 
storage stand. 

One of the early objectives of the 
TI&EP's Reactor Evaluation Program 
was to determine the best approach to 
safely remove the reactor vessel head. 
The approach chosen was to remove the 
bead dry, without flooding the refueling 
canal. This is essentially the same techni
que used in normal refueling operations 
and was considerably less time consuming 
tha'1 removing the head wet, which. would 
have required subsequent deoontamina
tion of the refueling canal and processing 
of the canal water. 

The Underhead Characterization Pro
gram confirmed the decision to remove 
the head dry. This program included the 
closed-circuit television examinations of 
surfaces under the head and on top of 
tbe plenum, radiation measurements in
side the vessel, and analyses of debris 
sanlples from the plc~um's upper surface. 

While cameras saw much debris hang
ing from the underside of the plenum, its 
top surface-lx:tween the plenum aad the 
head-showed no apparent damage or 
distortion and little debris. After obtaIn
ing gamma and beta radiation readings of 
this debris, technicians removed some 
samples whicb were tested for pyrophoric 
reaction. The test, conducted at Battelle 
Pacific Northwest Laboratory's TMI 
facility, demonstrated the debris posed no 
pyrophoric hazards. 

The next major step in head removal 
prepara'.ions followed in February 1984, 
when the pow crane was successfully 
load tested and qualified to lift the .reac
tor vessel bead and service structure. The 
crane fifted and maneuvered a 214-ton 
load of missile shields, the lifting frame, 
and assorted rigging assemblies. 

Major preparations were coilducted in 
the five months preceding the actual lift. 
The 60 studs that fastened the head to 
the reactor vessel were partially deten
sioned to identify the studs that might 
haye been stuck as ill result of corrosion. 
Studs are detensioned by first stretching 
the studs and then loosening the nuts on 
them (see FiS'Jre S). As expected, workers 
encountered some difficulty turning the 
stud Duts but succeeded using penetrating 
oil and a striking bar and bammer. Two 
of the studs were removed a: that time, 
leaving holes in the head flange that later 
were lined up with the two guide pins on 
the stOfagc stand on which the head was 
seated. In a later entry, the workers fully 

detensioned and removed the other 
58 stud and nut assemblies, each weigh
ing 670 Ib, and placed them in storage 
racks. Finally, the stud holes were filled 
with a preservative and sealed, preventing 
them from corroding. 

Figure 5. This closeup shows 
some of the 60 studs that fasten
ad the TMI·2 reactor head to the 
reactor vessel. The nut on the 
lower portion of each stud main· 
tains tension on that stUd. 
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Figure 6. A TMI·2 worker pours a 
sealant around the canal seal 
plate. The sealant and a metal 
seal plate were placed between 
the refueling canal and the reac· 
tor vessel so the canal could 
have been flooded, if necessary, 
for shielding. 

After tbe bead studs were partially 
detensioned, the reactor ves:rel was refill
ed and pressurized. Processing of the 
Reactor Coolant System water could then 
reswne. By sending the water through the 
Submerged Demineralizer System. its 
radioactivity was reduced. Also, ilie 
water's boron concentration was increas
ed froc. 3700 to about SOOO ppm, thus 
increasing the safety margin for preven
tion of criticality (nuclear chain reaction) 
during later defueiing operations. After 

the processing was complete, the n:actor 
vessel was depressurized and water par
tially drained to below the reactor vessel 
flange before head lift. 

Clearing a path for the "ead to be 
transported through the south end of the 
refueling canal, the au:xiliary fuel bamll
ing bridge was dismantled and m(>vej to 
the north end of the can<ll. The bridge is 
a crane tbat straddles and trolleys over 
the refuelin6 canal. 

-', '" . 
.:;.: :::. 
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A few days before head lift, the re
maining 66 lead screws were parlced, or 
raised from inside the reactor vessel up 
into the reactor head service structure. 
Other important preHft jobs included in
stalling cameras to monitor the head to 
maintain alignment as it was lifted; strip
ping the bead of remaining insulation, 
wiring, piping, and equipment for ade
qaate accessibility; preparing the [IF for 
placement on the reactor vessel after head 
removal; assembling in the Reactor 

Building the IIF work platform; and in
stalling a system to process tne Reactor 
Coolant System water within the reactor 
and IIF. The water is being pumped 
through this system to remove radioac
tivity from the reactor coolant system 
water, thereby keeping radiation ie'rels 
low in work areas above the vessel. 

Head lift planners were aware that 
head lift could have resulted in an air 
particulate radioactivity buildup or radia

tion intensity in the area around the top 
of the vessel, possibly requiring the 
refueling canaJ to be flooded_ They 
therefore took precautions for such a 
contingency, fully inspecting the canal, 
sealing all penetrations in the canaJ waIls 
and floors, and modif}ing the water 
systl-"IDS so the canai could have been 
flooded with borated water-and subse
quently drained. 

A seal plate was installed, closing the 
gap between the reactor vtsse! and the 
refueling canaJ. On a partial mockup of 
the canaJ seal plate, workers practiced 
various techniques to apply the sealing 
compound that was to be used in the 
cavities and joints of the seal plate. 
Figure 6 shows a TMI-2 worker actlll'lly 
pouring the sealant around the reactor 
vesseL 

Training was, in fact, a critical part of 
the head removal effort. By rehearsing in 
the Unit 2 Turbine Building on mockups 
of the reactor nead, IIF, UF work plat
form, and other components and appara
tus, workers were prepared to enter the 
Reactor Building and carry out their func
tions safely and efficiently. Consequently, " 
they were able to reduce their time in the 
building and minimil:e their exposure. 

Training was one of a number of items 
established to make head lift a safe ac
tivity. Some other controls included the 
use of shielding, protective clothing and 
respuators, personal dosimeters, radiation 
monitors, and television cameras, the 
combination of which were desigued to 
keep radiation exposures to a minimum. 

o 
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Next Step: 

Plenum 
Jacking, 
Removal 
Planned 

No sooner was the head removal proj
ect completed when the TMI-2 recovery 
program turned its primary focus to the 
next major stage in reactor disassembly: 
plenum removal. 

The plenum assembly, a 55-ton cylin
drical stru"ture above the reactor core, 
houses the control rod guide tubes. It is 
scheduled for initial jacking in December 
and placement in the deep end of the 

• refueling canal in May 1985. Over the past 
couple of months. the TI&EP and GPU 
Nuclear have been getting the plenum 

- assembly ready for its initial jacking. 

As a preparation. technicians ·are 
visually inspecting the plenum, using 
specially designed underwater cameras, 
recorders, lighting, and (ong-handled 
camera-positioning tools. to determine 
the amount of debris on tbe underside 
and peripberal surfaces of the plenum, as 
well as on top of the fuel assembly end 
fittings (see Figure 7). If a great amount 
of debris is found and considered to be a 
possible hindrance to tbe plenum lifting 
operation, the technicia<~~ may remove it 
by water lancing or vacul.Ulling. 

A1so during the inspection, workers 
will attempt to separate unsupported end 
fittings using newly designed end fitting 
separation tools. If some end fitting~ re
main attached, they may leave them since 
the plenum would still be able to sit 
eveuly on a stand in the refueling canal. 

End fitting separation is considered to be 
the frrst intentional movement of sign
ificant quantities of fuel in the damaged 
reactor core. This action can not cause 

" ..-~~ ... -



core criticality because the nearly 5000 ppm 
of boron in the Reactor Coolant System 
water in the vessel prevents criticality, 
regardless of fuel geometry. 

The visual inspecdon of the plenum is 
not designed solely to check for debris and 
to test £he knock-off tools, but also to see 
how much clearance remains in certain . 
normally tight areas between the plenum 
alld the core support shield that encircles 
the reactor vessel. Technicians want to 
establish whether the plenum has been 
damaged or distotted in these vital areas. 

In De.::ember, workers operating four 
6O-ton hydraulic jacks will initially lift 
the plenum about 2-1/2 inches. The 
workers will then check for fuel separa
tiOll, after which they will jack the 
plenum another 6·112 inches to be sure 
the plenum has a free path out of the 
reactor vesseL 

The work will then be completed in 
early 1985, when a dam will be installed 
to hold water in the deep end of the 
refUeling canal, a plenum storage stand 
will be put in place, the deep end will be 
flooded. and the plenum will be lifted, ~ 
placed on its stand, and covered. 

The outcome of this entire phase of the 
reactor disassembly project will be detail
ed in a future Update issue. 0 

Figure 7. Wor~ers lower new 
plenum inspeclion equipment Into 
8 large model of the TMI·2 raactOl 
as they receive training In the 
plant's Turbine Building. The grid 
on the map of the plenum (left) 
provides guidance. 
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SD$Il EPIC()Fl; 
. Waste Shipmenta· • 

The TI&EF'
What Has it Accomplished? 

What is in the Future? 


Summa 
Cleanu 

~. 
Polar Crane 

Inspection 

The safe removal of the TMI-2 reactor 
vessel head marked the successiul comple
tion of Phase 1 of the defueling sequence. 
Many TI&EP sponsored activities, along 
with intensive head lift preparations, COD

tributed to the achi.evement of this major 
milestone. These activities began in 1980 
when the OOE Technical Integration 
Office (rIO) was established. 

The first major step toward defueling 
the damaged reactor occurred in July 1980 
when the rlIst manned entry into the 
Reactor Building occurred. To support 
this activity, the TI&EP established a 
Citizens' Radiation Monitoring Program, 
which proved to be one influential factor 
in alleviating the fears of local residents 
regarding adequacy of monitoring during 

I:>~r.__n 
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the veuting of 8SKr froru the Reactor 
Building-a prerequisite for manned 
entries. lbe program was designed to nro
vide a credible source of infOi1l1ation 
about radiation levels to the citizens in the 
communities adjacent to TMI during 8:5Kr 
venting. The program represented a 
unique effort to build citizen confidence 
in public information and remai."ls acth'e 
in six communities today. 

As manned entries into the Reactor 
Building increased, the TI&EP sponsored 
early inspections of tbe polar crane. 
These inspections provided recovery 
engineers with vital information on the 
extent of damage to the crane so that a 

safe, cost effective r~furbishment of the 
necessary crane components could be 
condu.cted as expeditiously as possible. 
TI&EP engineers also pro'idea technical 
electricai engineering evaluations to sup
port the polar crane recovery-a critical 
path milestone for head removal that was 
completed in February 1984. 

Probabiy the single TI&EP spons"~ed 
event that provided the greatest impact on 
the cleanup occurred in July and August 
of 1983 when the fIrSt iilspections inside 
the reactor were conducted. Not only did 
this activity provide the first pictures of 
the actual conditioDi of the care, but it 
conclusively demonstr::ted that work in 

~f TI&EP 
,ctivities 
~iI'8..-~ 

Community 
Monitoring 
Program 

First 
Manned 
Entry 

Quick Look 

and around the reactor itself could be per
formed safely and efficiently. The activity. 
called "Quick Look," also proved tbat 
reactor internal components could be safe
Jy removed and bandled and it paved the 
way for future underhead and in-vessel 
(core) cl1aracterization programs. 

Other TI&EP activities also provided 
valuable contributions to the cleanup, but 
were not nearly as visible as Quick Look 
or head lift. Some of those a...'tivities in
cluded the gross decontamin tion experi. 
ment designed to determine ,he most ef
fective means of reducing loose surface 
cont~mination, fISSion product deposition 
and mass balance, Reactor Building char
acterization, and shipping and disposal of 
accident generated wastes. 

A major milestone in the Waste 
Immobilization Program was reached in 
the summer of 1983 when the last ion
exchange wastes used to decontaminate ac
cident water were shipped from the Island 
for re:earch and development projects and 
disposal. Tne t'NO ion-exchange media 
systems, called EPICOR II and Submerg
ed Demineralizer System (SDS), decon
taminated more than a million gallons of ./!

accident generated water and captured ap
proximately 95010 of the radioactive ele
ments released from. the Reactor Coolant 
System as a result of the accident. (See 
articles published in previous editions of 
the Update.) 

Another major cleanup milestone, elu
tion of cesium from the plant's Makeup 
and P ...dfication S:ystem demineralizer 
resin, is scheduled for completion in late 
1984. Completion of this activity will 
essentially complete the Waste Immobiliza... 
tion Program's roie in the TMI-2 cleanup. 
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Now tbat the head bas been removed, 
the major thrust of th~ TI&EP is toward 
plenum removal. In addition, the 
de fueling and core shipping phase is 
gaining momentum. 

The plenum insp;:ctian equipment has 
already arrived on the Island, and train
ing for the w::tual plenum inspections is 
well unde;way. The inspections, schedu1
ed to begin in October, will be followed 
by removal of fuel rod stubs that are 
adhering to the plenum's underside. Once 
this step is complete, the plenum wili be 
raised some 2-112 inches using hydraulic 
jacks to check for intact fuel assembly 
separation. This operation is currently 
scheduled to be completed by the end of 
1984 and will be followed by transport of 
the plenum assembly to a storage stand 
located in the deep end of the refueling 
canal in the spring of 1985. 

The defueling and core shipping ac
tivities h&ve made significant progress. 
Westinghonse Electric Corporation, the 
defueling equipment contractor, has com
pleted the preliminary desic;u for the 
de fueling tooling. TIl'! tOoling tmal, 
design and fabri<.:ation are expected to be 
completed before July 1985, when early 

• 	 defueling is l:urrently scheduled to begin. 
Early defueling, which basically consists 
of a vacuum.:ng technique, is projected to 
be completed by early fall of 1985 and 
will be followed by bulk defueIing. 
Preliminary design of the fuel shipping! 
storage canisters is essentially complete. 
The first canisters are schedu1ed for 
delivery in early spring. 

After completing many months of 
engineering evaluations and studies, 
TI&EP engineers selected the cask design
ed for rail shipping as th" best method 
for transporting the TMI-2 core to the 
Idaho National Engineering Laboratory 
(lNEL). Based on this COlK'.ept, engineers 
have begun the preliminary cask design. 

In addition to the plenum and core ac
tivities, the TI&:EP is continuing to SlolPport 
the cleanup effort by analyzing samples of 
core ma.tP.rials and internal con.ponents. 
These efforts, as well as sinillar efforts in 
the past. will provide GPU Nuclear 
recovery engineers with the necessary data 
to formulate the best approach in solving 
compiex recovery problems. 0 

~Wf!~~~l~,t5&1-~~~:;~III".I~'I.lmlla~~~U§~IR~"""~""~~"~~IaIa~RI.~£J. 
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Videotapes Detail 
Head Removal Operations 
and Successful 
Waste Disposal System 

The TI&EP recently completed two 
videotapes, now available for loan 
without charge. One of the programs, 
titled "TMI-2 Head Removal-One Step 
Closer to Recovery," details the head 
removal operation carried out July 24 
through July 27, 1984, in Unit 2 at TMI. 
With actual footage from inside the 
Reactor Building, this videotape takes the 
viewer step-by-step through the lift, 
transport, and storage of the reactor 
vessel head. The program also discusses 
the followup work of shielding and 
\..Overing the opened reactor vessel and 
some of the preparatory work done in 
the months previous to the major event. 

"EPICOR II: The Evolution of a Suc
cessful Waste Disposal System," also 
recently released, examines how this 
demmeralizer system processed con
taminated water through three stages of 
organic and inorpmic ion-exchange media. 

The videotape specifically disC1llSses 
EPICOR II system processing of the 
water, developrr;.'!llt of a prototype 
gas sampler that sampled and purged the 
EPICOR II liners of radiolytic gas, 
shipments of the liners to the lNEL for 
JIUijor research and development studies, 
and preparations for liner burial in high 
integrity containers. 0 

These videotapes may be obtained by 
contacting Kim Haddock, EG&G Idaho, 
Inc.,TMI Site Office, P.O. Box 88, 
Middletown, PA 11057, telephone 
FTS j9()..1019 or (717) 948·1019. 





In all J)l'E!SS'.1l'lZed Tn.tiel' reactors.llcensed sinCEI 
1976. the proper oPer&t1cn of ~e lOose P&1'ts 

. monit.o!.'ing (LPM) System of the re&ctor VEISII$l and 
reIa.ted reactor coolant tX'mponentB must.be 
dlmlonstra.tecl on B regular blS1s. In samt' 1.'elLCtol.'s. 
t.he system's performance :Is a Um1ting oondltion 
Col' continued operation. But: the r.orms.i routine 
BUl'Veillance procedUl'eS, whlllh rely on audro out
put, w:Ill not detect when thssyst.em is ~. 
A more reliable method u! monitol1ng the state-cf
health '::If a.n'LPM system 18 by ~ regular dc 
b:ias voltage measurements of the (!(IUvl3l'tel's. t'his 
ill the conclusion of the DOE Instrumentation and 
Elo!e*Jl"1<al (TlI!E) P:rogram, which bas been resear
ohl.ng Sflleoted ins!;rumenta.tlon 81l.d ~ com
ponents used in 'J'MI.g and other nu.olea.r power 
f.aell1t1es. 

After studying LPM system cherie converters 
removed from the TMI-2 a.nd 8equoyall-l nucl'l&r 
vower sta.t1ons. :uleE engineers found t.hat the con
verters, which USfI field effect. t.ra.nsletoI'S of metal 
oxide silicon, d.egraded as a. function of a.c
cumuli.ted radiation dose. These con'lert.ers, 
however. were not de;oJ;gned to be radiation 
tolera.nt. ncr d.oes the manufacturer, Endevco, 
claim them to be. T'ne TMI-2 1nstl'uments had been 
mounted in low r&Cllation dose a.rea.a but failed 
after being expo~d to unU$Wllly.high ~tion 
after tJle accident. The Sequojah-l cherge con
YElrters had been mounted under the rea.otor veseel 
where they falled as a reeult of high accumula.ted 
radiat!on dose after 156 effectt'lfl full-power days. 

Plants that use charfe converters thBt a.re not 
:rad1a.tIon qU&llfied S.:riiH'IloXllnmanded to tal!:,!! regular 
~ts of con'l~ de biBB v"lIage. wllich 
wm shift i,lpWa.rdsa.syad!J.tion dose is accum:ulsted 
untn the limit of the ,lOWei'SuppJy re.U Yoltage. IlOl" 

:ril!IJly30 roIts, f!i ree"hl!d. By ~ the cha.rge 
conVBI~l' de bRiB vOlt.age·and l~ tor 8. :Qigher- . 
than-ilormalleYal. plantoperiltors can ei!ect1vely 
mOI$Jl' r&d.la.t1On ~~ normal.bias 
voltages for the TMI·2 a.nd ~-l cha.rge Con
vert.e1'$ w_ 13.5 a.nd 18 vol:ta, ~. 

Inm.:-n1to~ the convertel'~s ~ll\!1O.;outJn1t. the. 
onlynorn.iI.l. 1J:uHcation of de~t1onis a; 

, - .' -. --.-' - :: .. 
. '. ..,' '"' . 

deor$&Bein ~<!I uSUal ~tind :nbrattonlevels; . 
th:Is outpu1; is"not a oonstsnt. .t;ba.~ woUld. ind:1Ca.te 
to personnel that the ~nvartel' d~ siIl.cetts· 
l&st test. Consequently; & pl&t1t could~ c;perati."lg. 
in l1101a.t1on of technJ.cal specitlcattoriS a.n4 U.S:·· 
NRC Begu1atory Guide 1.13S lU,wlth90n.t:::al 
room personnel UlUiW8.re of the conditIon.. 

!n response to its fsUed eb.a.rge collveiier3, 
Sequoyah-ll'ep1a.cad US unita with ~peraturs 
and radiation hardened converters. All nuclaa1' 
power pla.nta are recoin:mande<1 to consider install
ing charge convorte1'8w1th temperature and :re.d.la
tlon tolerant comJlQrulntB &.ble to withstand 
normal plllnt conditions. Stl'&tegl.c location and 
sh1eldlng of convSl'tel's can also stgltif1cantly 
reduce radiation damage, prolong tb8 IIe1'VI.ee life•. 
and inor_ the rllllabllity of ~tion sensitive 
equipmen~ :in.stslled in s. reactor buJldlng. 
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TMI Unit 2 Technical Information & Examination Program 

Volume 5, Number 2 February 1985 

Plenum 
Jacking
Performed" 
Smoothly 

The plenum assembly, the "-ton 
cylinder on top of the core contain
ing the guide tubes for the ('.ontrol 
rods. was jacked in December 1984 
in preparation for its removal in May 
(see Figure 1). Removal of the ple
num will provide access for defueling 
the damaged reactor. 

To Jacking 
control 
station 

Plenum 

Location of 
Figures 2 &. 3 

Figure 1. In December 1984, the 
plenum assembly was jacked to 
7·1/4 in. The highlighted area' 
indicates the Jocation of the 
photographs in Figures 2 and 3. 

Published by EG&G Idaho Inc., for the U.S. Department" 



Plenum jacking operatio.ns began 
at Three Mile Island Unit 2 (TMI-2) 
last October with video inspections 
under the plenum and between it and 
the core suppart assembly. The in
spections, which continued through 
November, were to assess the condi
tion of the plenum, specifically to de
termine its available clearances and 
freed.)m from interference from 
other reactor components. 

The inspections revealed that GPU 
Nudear can expect little difficulty in 
plenum removal. Babcock & Wilcox 
(B&W) had predicted before jacking 
that potential thennal deformation in 
the way of binding could occur. 
GPU Nuclear did fmd distortion at 
the bottom of the plenum, but any 
binding resistance would have been 
well witpin the lifting capacity of the 
hydraulic jacks. 

In concert with the inspections. 
which also revealed debris on the 
lower regions of the plenum assem
bly, workers dislodged unsupported 
fuel assembly end fittings. Many of 
the end fittings were already missillg 
when workers inspected the region 
under the plenum. Plans for selec
tively knocking off the remaining end 
fittings reflected GPU Nuclear's ex
pectations that many of them would 
drop off as the plenum was jacked. 
All eight of the axial power shaping 
rods also were removed during the 
end fitting separation activity. 

After receiving Nuclear Regulatory 
Commission (NRC) approval of the 
required Safety Evaluation Report 
and permission to jack the plenum, 
GPU Nuclear moved the jacks into 
the Reactor Building from their 
mockup positions in the Turbine 
Building, During staging in the Reac
tor Building, two of the jacks 
required alterations to fit the 
plenum, but no other significant 
delays occurred. 

The original plan was to jack 
the plenum 2-112 in., remove any 
remaining fuel assembly material, 
and then jack it another 2-1/2 in. 
Another inspection and clean-off 
procedure was then to fonow before 
the plenum was to be jacked 
2-114 in. more, to an 
overall 7-114 in. 

However, jacking to 2-112 in. was 
performed with no apparent binding, 
so following inspection and peripher
al end fitting knock-down, the 
plenum was jacked directly to 
7-114 in. Jacking the plenum resulted 
in no measurable increase in either 
Kr·8S or radiation levels. 

The video inspections, jacking. and 
end fitting knock-down were 
observed on remote closed-circuit 
television monitors and recorded on 
high-resolution. b.roadcast-quality 
video re..::ording equipment. From 
these high-quality videotapes, 
enhanced photographs were obtained 
as further illustration of the plenum 
activities. In enhanced video 
photography, several frames of 
videotape (an average of 17 frames 
was necessary for each of the 
photographs seen bere) are compiled 
into one image. resulting in a much 
clearer view than could be obtained 
from any individual frame. 

Figure 2 is a closeup of "ears" to 
a fuel assembly's upper end fitting; 
the "ears" guide the upper end fit
ting into the plenum assembly. 

,:'~i: ,',': 
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Figure 2. Thi$ closeup focuses 
on "ears" to a fuel assembly's Upper end fitting upper end fitting. The "ears" are 

"ears"beveled to guide the upper end 
fitting into the plenum assembly. 



End fitting "ear" 
revealed upon 
jacking 

2112 in. 

Core debris 

Grid rib 

4 in.71/4 in. 

Grid pad 

Grid rib 

Grid pad 

Figure 3 i1lustrates the jacking se
quence from 2-112 in. to ~he f~al 
jacking position of 7-1/4 m., with. 
the camera closely focused on an m
side section of the plenum. Clockwise 
from top center, the figure shows the 
plenum at 2-112 }n., 4 in., 5 in., . 
6 in., and 7-1/4 m. In the final PIC
ture, an end fitting '.'ear" h~ come. 
into view. after prevlOusly bemg 
obscured by a grid pad. In enhanced 
photographs of stages between 6 and 
7-1/4 in., the position of this "ear" 
is seen as unchanged, indicating 
,he end fitting did not rise with 
:he plenum. 

Following the second jacking, 
Norkers separated the rest of the end 
'ittings from the plenum, inspected 
he rubble bed and the underside of 

6in. 

the plenum, and probed t~e ll!bble 
bed in an effort to detemune Its 
depth and the condition of the 
core below. 

Preparations for removing the 
plenum this spring include installing 
a dam to hold water in the deep end 
of the refueling canal, pntting the 
plenum storage stand in place, laying 
on the stand a large cover in which 
the plenum will be wrapped. and 
flooding the deep end of the canal. 
After the plenum is lifted with the 
polar crane, it will be placed on its 
storage stand and wrapped. 0 

Sin. 

Figure 3. Clockwise from top 
center, these enhanced pho
tographs show the plenum at five 
jacking stages. The photographs, 
magnified two to three times the 
actual size, were taken from a 
smaD area inside tIM plenum, using 
an 11·mm lens. (See Fagure 1 for 
location of photographs..) 



Reactor 
. Vessel 
Defueling 
Scheduled to 
Start in July 

! Upper plenum 
assembly 

Fuel transfer 

mechanism 


Within just a few months. workers 
will begin defueling the damaged 
Unit 2 reactor vessel, whose head 
was removed in 1984 and plenum is 
scheduled for removal in May. GPU 
Nuclear will defuel the vessel by 
loading the debris into canisters that 
will then go througb several stages of 
transfer and storage before being 
shipped off the Island to the Idaho 
National Engineering Laboratory 
(lNEL). A number of contamination 
controls have been incorporated into 
the scheme to keep radiation levels as 
low as reasonably achievable. 
Figure 4 is a schematic of the defuel
ing system for TMI-2. 

Canister 
transfer 
device 

Upender 
loading cask 

Defueling will occur in two major 
phases: early defueling-removal of 
loose core debris by vacuuming, to 
begin in JuIy 1985-and bulk 
defueling-removal of the remaining 
larger core debris using manually 
operated t(lois and robotic devices. to 
begin in November 1985. 

Both activIties will be carried out 
with much of the refueling canal dry; 
only the deep end of the canal will 
be flooded to provide shielding from 
the relocated plenum and the canis
ters loaded with core debris. Shield
ing over the open reactor vessel will 
continue to be pro"ided by the Reac
tor Coolant System water in the in
ternals indexing fIxture (lIF) that sits 
atop the reactor vesseL Among the 
advantages of keeping the canal dry: 
a smaller volume of water will 
be contaminated au" have to 
be processed" 

Rotating shielded 
work plaHorm 

Tool rack 

Support structure 
with Integral 
off-gas and 
water processing 

.". 
Shielding 

FiaUfe 4. This schematic illus
trates the early delueling system. 
Early defueling is scheduled to 
begin in July 1985. 

. ..~. ': . 
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In preparation for early defueling, 
workers will use long-handled tools 
to remove fuel assembly end fittings 
and some of the other large pieces of 
debris to clear the rubble bed for 
vacuuming. The workers will stand 
on a newly designed, steel shielded 
work platform and manipulate the 
tools through an 18-in.-wide slot. 
This work platform and the water in 
the IIF together should provide 
enough shielding to keep dose rates 
18 in. above the platform at an 
average 7 mR/h. Dose rates over the 
IS-in. slot in the platform will be 
maintained at 17 mR/h. The workers 
will continue their "pick-and-place" 
work later as they vacuum out 
the debris. 

The vacuum system will be located 
under the shielded work platform 
and will comprise a pump. piping, 
valves, and a filtration system. Its 
control console, to be located on top 
of the platform, will give workers the 
necessary valve actuation readouts, 
pump moniloring, manifold control, 
back flush control, and other fail-safe 
information for the entire system. 

Debris a.TJ.d fine particles, aU in 
Reactor Coolant System water, will 
be drawn through a nozzle that will 
be manually operated with a iong
handled tool. The debris will flow 
int(; knockout canisters that will re
tain varticulates ranging in size from 
about 130 f.lm to the size of whole 
fuel pellets. The knockout canister 
removes the medium-sized debris 
from the water by reducing the flow 
velocities, thereby allowing the 
particles to settle. 

The smaller debris that are not re
tained in the knockout canisters will 
be drawn through the vacuum pump 
and discharged through filter canis
ters that will retain particles as small 
as 0.2 ~. The processed Reactor 
Coo\a.nt 'System water wID then. be 
channeled back into the reactor 
vessel. In the event of excessive wear 
or clogging, system components can 
be backflushed or replaced. Later. 
when bulk defue1ing begins larger 
pieces of debris, such as partial fuel 

assemblies, will be loaded into 
fuel canisters. 

All three canister types-fuel, 
fIlter, and knockout-have an out
side diameter of 14 in. and length of 
150 in. The filter canisters will be 
positioned. two at a time, in a brack
et in the vessel, below the work plat
form. The knockout and fuel 
canisters, meanwlille, will be posi
tioned in a carousel, also inside the 
reactor vessel. The t:afousel permits 
one canister at a time to rotate into 
the loading position and wUl be able 
to hold as many as five loaded canis
ters in-vessel. 

The three canister types have a 
design life of at least 30 years and 
can be vented, dewateredl. and leak
tested. The fuel canister has an inter
nal shroud that controls the size of 
the internal cavity and provides a 
mea."1S for encapsulating the neutron 
absorbing material that will provide 
criticality control during shipment. 
Also, catalyst recombiners will be in
corporated at the top and bottom of 
each of the three types of canisters to 
recombine hydrog~n and oxygen 
gases formed by radiolytic decom
position of the water in the debris. 

The central feature of the defuel
ing system is the earlier mentioned, 
newly designed shielded work plat-. 
form. This new platform will be 
placed over the IIF, 9 ft above the 
reactor vessel flange, reylacing the 
temporary platform that was installed 
after bead lift. The platform rotates 
to provide workers with full core ac
cess. The platform also will serve as 
a support for in-vessel equipment, in
cluding the vacuum system and canis
ter carousel, and provide shielding to 
workers standing on top. 

Between the work platform and its 
own support structure will run vari
ous liites for water treatment and air 
ventilation to control off·gassing. So 
that the platform's ability to rotate is 
not impaired, careful management of 
cables and service lines went into the 
platform's design. 

Because the defueling operators 
will not have full, direct view of their 
work, a system of lights and cameras 
will be incorporated, with techniques 
to improve viewing through turbid 
water. Monitors will be stationed on 
top of the work platform, as well as 
in the "nit 2 Command Center. 
Technicians will also consult reliable 
control and console readouts 
to be Sllre all operations are 
running smoothly. 

Much of the defueling work will be 
done manually using tools mounted 
on the ends of 30- to 37·ft-Iong 
handles. High-pressure lines will run 
through the handles to activate 
the tools. 

Among the tooi .. are locking pliers 
to grip large pieces of debris or ad
just hoses and cables; three- and 
four-point grippers to pick up objects 
from the debris pile; a. grapple to lift 
irregular pieces, ~llch as end fittings 
and spider assemblies; single rod 
shears, similar to scissors and 
capable of cutting one or two fuel 
rods at a time; a hydraulic parting 
wedge to separate all'': fracture mate
rial for easier handling and vacuum
ing (see Figure 5); bolt cutters for 
light-duty vertical and horizontal 
cutting; and hooks [0 lift and 
move debris. 

Figure 5. Among the defueling 
tools beIng designed is this hy. 
draulic parting wedge to separale 
and fracture material for easier 
handling and vacuuming. 
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A number of the tools have under
gone ,roof-of-principle tests. A 
n-ydro\aseI, for example, was capable 
of cutting through 112-in.-thkk 
stainless steel by means of a high
pressure water stream and an 
abrasive. Some of the other tools, 
meanwhile, have been pm of reactor 
servicing operations for years. 

The defueling activities may release 
substantial amounts of soluble and 
suspended solids in the reactor water. 
Meanwhile, the Makeup and Purifi
cation Demineralizer System that 
normally cleans the Reactor Coolant 
System water has been inoperable 

since the accident. A defueling watel 
cle?A.up system (DWCS) was there
fere designed as the means to main
tain a low, stable level of 
radioactivity in the water. The 
DWCS is capable of processing water 
from the reactor vessel, as well as 
from the fuel transfer canal and 
spent fuel pool where the loaded can
isters will be temporarily stored. 

The eight filter canisters that are 
part of the water cleanup system 
each will be capable of filtering 3 Lis 
of water. The filters are made of sin
tered stainless steel metal and will 
remove fuel fines and debris particles 

Swing bolt 

Coupling 
flange 

robotic hookup 
(for bulk defueling) 

and spreader 

Coupling for 

Activating cylinder 

Wedge 

as sma11 as 0.2 1llD. As designed, the 
DWes will be able to process out 
sl!'ipended solids from reactor 
coolant water at a rate of up to 
41'..10 gpm and soluble radioisotopes 
at up to 60 gpm. 

Once the canisters-still in the 
reactor vessel-are loaded with 
debris, they will be hoisted through 
the opening in the platform into a 
shielded transfer cask attached 
averhead to the fuel handling bridge. 
A collar around the cask will be 
lowered to the platform to cont:ul1, 
radiation fields as the canister is 
withdrawn from the vessel. The can
ister, inside the cask, will then be 
transported over the refueling canal 
to the canal's dammed a.'ld flooded 
deep end. Then the canister will be 
lowered into the water, where it will 
either be placed in a storage rack or 
immediately placed in the fuel 
transfer mechanism that will move 
the canister through the fuel transfer 
canal and into spent fuel pool A. 

The iolllkd canisters will sit in 
storage ra::ks in the water-filled spent 
fuel pool until GPU Nuclear is ready 
to t!ansfer them to tPe Fuel Handl
ing Building truck bay, wh~re they 
will be prepared for shipment. The 
storage racks will ha"e room to 
accommodate at least 250 canisters, 
during the intemn, in the spent 
fuel pool. 

In the following artic1e. the 
Technical Information and Examina
tion Program (TI&EP) presents 
details on the shipping cask that will 
be used to safely transport the loaded 
canisters to the lNEL. 0 

http:cle?A.up


Selected 
Shipping 
Cask Desiqn 
Stresses 
Safety 

Loaded with debris from the dam
aged TMI-2 core, 238 canisters will 
be transported by train to the INBL, 
where they will be temporarily stored 
and later used for research. Two rail 
casks-each capable of carrying &eV

en debris-filled canisters at a time
will be required for the operation; 
after unloading their freight in 
Idaho. the casks will be returned to 
the Island for their next shipment. 

Designed by Nuclear Packaging, 
Inc. (NuPac), the casks will ensure 
that the TMI-2 core debris will be 
safely carried off the Island and 
transported to the INEL. At the Test 
Area North facility in Idaho, the 
can~sters will be unloaded remotely 
and placed in storage racks in a 
water pit. 

Using a conservative approach to 
meeting U.S. shipping regulations, 
the cask design provides for two 
levels of containment. Federal regula
tion 10 CFR 71.63 requires two sepa
rate containers for shipping 
plutonium-bearing material. In addi
tion, the cask and its inner contain
ment vessel will have seals that meet 
"leak-tight" leak rate criteria. At 
this low leak rate, specified in 
ANSI N14.S. the cask can be used to 
.;-=!!~oort the core debris canisters 
without precise isotopic information 
that would be needed to calculate 
allowable release rates for higher 
leak rate seals. 

As designed, the cask could be 
loaded wet-in a fuel pool. But to 
optimize the operations, these casks 
will be loaded dry. Additionally, the 
fuel pool that would be used for wet 
loading now holds equipment that 
precludes placing the rail cask in the 
underwater cask loading pit. There
fore, equipment is being designed to 
load the casks standing upright on a 
rail car in the truck bay, and a spe
cial loading system will be used to 
transport the canisters to the cask 
from the fuel pool. 

This loading system is·being de
signed sucb that operations personnel 
will always be shielded from the can
isters and thus protected from direct 
radiation exposure. 

Canisters containing core debris 
will be transferred inside a protective 
tI:ansfer bell from the spent fuel pool 
to the rail cask waiting in the truck 
bay (see rIgUl'e 6). The transfer bell, 
whose base has a sliding gate, will 
come to rest on the floor valve that 
is part of the temporary loading head 
that sits atop the cask. The transfer 
bell's sliding gate and the valve to
gether will open. -:dJ.)wing the canis~ 
ter to be lowered into one of the 
cask's seven cavities. After the trans
fer bell is removed and sent to bring 
the next canister for loading, a shield 
plug will be placed in the cask cavity 
above the canister that was just load
ed. (A "mini bot cell" will provide 
the necessary shielding over the open 
cavity during the plug's installation.) 
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Transfer bell 

Floor valve 

Canister 
(14a 1/4 in. outside 
diameter) ----.. 

150 In. 

Outer canister positions __ 

Center canister position __ 

Energy absorber 

Center head plug 

Temporary loading head 
(move and orient using 
overhead crane or use 
temporary bearing) 

Primary container 

Secondary container 

Canister guide tubas (7) 
(14-112 in. inside 
diameter) 

50 in. inside diameter 

Figure 6. The· selected canister 
shipping cask, designed to contain 
seven loaded canisters, will pr0
vide two levels of containment. 



Th~ temporary loading head allows 
the cask to be flll::d with canisters 
without leaving any of the already 
loaded canisters exposed (see 
Figure 7). This loading head has an 
outer head plug port t~t rotates 
over the six outer canister positions, 
leaving one position open at a time 
for loading, and a center head plug 
port to flIl the center cavity. Once 
loaded, the cask wm be sealed, leak
tested. and rotated from a standing 
to a horizontal position on the rail 
car using a crane. 

Each cask can be loaded in four 
days, after whlch the two casks will 
be gone for 32 days. While the casks 
are away, other operations in the 
truck bay can be perfot1It:d. Ship
ping 238 canisters, seven canisters per 
cask, two casks per train, will take 
about 23 months. 

Center head plug 

Outer head plug 

In addition to meeting federal reg
ulations, the NuPac cask meets NRC 
licensing requirements regarding 
brittle fract!ll'", containment vessel 
stresses (allowable stress criteria. 
fabrication stresses, transportation 
vibratory stresses, and hypothetical 
accident-condition impact stresses), 
and containment requirements (dou
ble containment provisions and con
tainment "leak-tight" leak rates). 
The cask will provide criticality con
trol for the array of seven canisters 
placed inside. This measure for criti
cality control is in conjunction with 
that being provided within the indi
vidual canisters for the most severe 
accident postulated. 

In parallel with the preparation of 
the cask Safety Analysis Report, a 
drop test sequence of a one-quarter
scale cask model is being planned to 
verify the structural performance of 
the casks during impact events and 
thus provide experimental verification 
of assumptions used in analytical 
modeis. In addition, the drC'p test 
will provide the public with a readily 
understandable demonstration of the 
safety of the cask. complementing 
the analytical approaches to demon
strating cask safety. 0 

Temporary
loading head 

Figure 7. The temporary loading
head has an outer head plug port 
for loading canisters Into the . 
cask's six outer cavlUes and a 
center head plug port to load the 
seventh canister Into the 
center cavity. . 



Cesium 
E\u\\on ot 
Demineralizers 
Begins 

In the autumn. of 1984, processing 
began for the two makeup and puri
fication demineralizers that were con
taminated as a result of the accident 

at TMI. The demineralizers contained 

the hlghest concen.tration of radioac

tive isotopes outside the R.eactor 

Building and, as a result, left them 

inaccessible to workers. 


During normal plant operation, the 
demineralizer tanks remove impurities 
from Reactor Coolant System water. 
But during the 1979 accident, highly 
cont2ID.in3.ted coolant water passed 
through tbe tanks, whose resins cap
tured about 11 ,000 Ci. of radioactive 
cesium. The tanks also contained as 
much as 9 lb of reactor fuel particles. 
OPU Nuclear, with the U.S. Depart
ment of Energy (DOE), EO&O 
Idaho, Inc., and contractors, devel
oped a program to remotely charac
terize the demineralizers, elute the 
high activity radionuclides from the 
resins, and process the resulting 
waste stream. (In 1983, the deminer
alizer resins were characterized in 
preparation for cesium elution. For 
more about this characterization, see 
Update Volume 3, Number 2, 
August 15, 1983.) 

To remove the radioactive fission 
products, a mixture of water and so
dium hydroxide is first pumped into 
each demineralizer vessel, where ions 
of cesium are exchanged for sodium 
iens from the sodium hydroxide. 
Consequently, the cesium is no 
longer bound to the resin, but 
dissolved in the water. Boric acid 
is added to this mixtwre to 
reduce its pH. 

The elution equipment was de
signed using the data gathered from 
characterization and sample testing. 
The equipment removes the high spe
cific activity liquid from the demm
c;ralizers through existing access 
points on the resin fill lines, ilIters it, 
and delivers batches to the plant 
neutralizer tanks. The water is then 

processed through the Submerged 

Demineralizer System (SDS). 


Each batch of eluant is pumped 
out of the demineralizer and deliv
ered to a fUtration system located 
about 20 ft away. This filtration sys

tem uses a 20-flIIl stainless steel ruter 

that prevents suspended particles and 

resin debris from being transported 

to downstream equipment. The fll 

tered eluant, which contains cesium. 

strontium. organic contaminants, an.d 
other radicnuclides. is then stored in 
tanks and sampled. 

Thes'e samples teU engineers how 
effective the process is in releasing 
the cesium and decontaminating the 
demineralizer resins, whether more or 
less sodium hydroxide is needed to 
release cesium from the resins in the 
next batch, and what the ceSium con
centration is h. the water in the neu
tralizer tanks before the mixture 
moves on to the SDS. 

The inorganic material in the liners 
of the SDS captures the radioactivity 
that was released from the demineral
izer resins. and packages it in a state 
that is safe for shipment to an ap
proved waste disposal site. 

The two SDS liners generated from 
cesium elution are expected to con
tain 90070 of the cesium originally in 
the demineralizers, and will be 
shipped tn a DOE labor1itory 
for dispositiou. 0 
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Researchers 
Analyze 
Samples to 
Define Core 
Condition 

Figure 8. These particles 01 . 
greater than 0.157 in. are among 
the debris in the· sample obtained 
31 in. into the rubble bed at the 
core's mid·radius. 

Over the past year ,scientiSts at the 
INEL and the B&WIaboratory in 
Lynchburg, VA, have been closely 
examining material acquired from the 
TMI-2 core. Not oruydoes this~ study 
help them to determine the state and 
nature of the core's damage and its 
postaccident condition, but it is pro
viding information especially helpful 
for developing tools and procedures 
for defueling the reactor. . 

Eleven samples of loose debris 
were obtained-sixat the center of 
the core, from the surface to the 
depth of 3O-l/Z.in.,and five at the 
mid-radius point, again from the sur
face but to the depth of 37 in. 
(see Figure 8). 

In the course oi their work, ana
lysts have been gathering data on the 



samp\ec;' physical makeup-spe<.:ifu:ally 
size, shape. structure, and origin. They 
have been studying the chemical and 
microsttuctural makeup of some of 
the partides by conducting metallo
graphic examinations, scanning elec

tron microscopy, X-ray diffraction, 

and Anger analyses. Researchers also 

have been quantifying the particles' 

fission products. In pyrophoricity tests 
of the samples, they found that the 
particle content Will: not combustible in 
the presence of oxygen, reducing this 
concern during fuel shipment. 

Key among tbeir findings are the 
temperatures the core apparently 
experienced during the accident. Re
searchers found particles of a ceram
ic material of uranium and zirconium 
that could only have formed at tem
peratures atove 4800°F-which is 
280°F below the melting point of 
U02 fuel (see Figure 9). The ceramic 
forms when U02 fuel pellets. in 
contact with zircaloy cladding at 
that high temperature, are dissolved 
by the zirconium. forming a liquid 
phase of Zr-U-O, termed 
"liquefied fuel." 

While this ceramic material is the 
frrst concrete evidence of such tem
peratures. the finding generally 
agrees with predictions by computer 
codes for severe core damage. In 
fact, one of the computer analyses 
predicted peak temperatures in the 
range of Soooop. 

Figure 9. Particles of a uranium
zirconium ceramic material 
Indicate the core temperature
reached at least 4800oF, which is 
280°F beiow the melting point of 
uranium dioxide fuel. 

U02 fuel-___~ 

, ,,:-: ,:, 
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Fission products bave been 
retmned in the core to different 
extents, according to their chemical 
characteristks. Tne data obtained 
from the grab samples provide infor
mation on the fractions of core 
inventory retained. The Cs-137 con
centrations showed a much lower re
tention level than 8r-90 and 1-129. 
Researchers hypothesize that the ma
jority of Cs-137 was released into the 
Reactor Coolant System due to its 
high solubility in water. That I-129 
and 8r-9O had a higher degree of 
retention in the core is significant he
cause these radionuclides Carry with 
them considerable consequences to 
personnel. as well as the public, if 
released to the environment. 

Previously molten 
U, Zr mixture 

Outer surface 

In lesser quantities. other gamma
emitting radionuclides present in the 
core debris were Co-60, Ru-106, 
As-nOm, 8b-125, &-154, En-1SS. 
and Am-24l. A comparison with 
computer code data indicated that 
some of these fission products, such 
as Ce-I44, Eu-154, and Eu-155. 
remained primarily with the fuel and 
were not transported out of the reac
tor core. An analysis of one sample, 
for instance, indicated that while 
130/0 of Cs-137 was retained, 27 to 
40% of Ru-106 and 70 to 100"10 of 
Ce-l44 and Eu-154 were retained. 



\.¥ 

Through this effort and the ongo
ing mass balance project. research 
engineers will be able to establish the 
behavior of these radionuclides in sit
uations like the one at TMI. As these 
studies continue, the INEL plans to 
determine the core materials to which 
the radionuclides tend to attach 
themselves to thus allow retention. In 
the end, this information will help 
engineers gain a better understanding 
of fission product transport and may 
help to change the approach for 
siting, nuclear plants; tbe current 
IO-mile evacuation plan may be un
necessarily restrictive. 

In work geared specifically toward 
the defueling effort, a series of tur
bidity t cesium release, and airborne 
activity potential tests were per
formed in two stages: undisturbed, 
without fracturing the d~bris parti
cles, and disturbed, after crushing 
the debris particles to expose freshly 
fractured surfaces. 

Researchers found that crushing 
the debris had r.ainimal impact on 
turbidity. This work directly in
fluences plans for defueling the 
damaged reacto!' because ma'!imum 
water clarity is essential. 

Disturbing the debris by crushing 
did, however, increase the soluble 
Cs-137 concentrations by a factor of 
4 or 5. The soluble Cs-137 went into 
solution in 5 min, with little subse
quent leaching. In evaporation tests, 

airborne activity increased 2 to 3 
orders of magnitude near the end of 
the process, just before the liquid 
dried out. As soon as the liquid 
evaporated. airborne activities 
decreased almost to zero, indicating 
the activity possibly was transported 
with the water vapor. These studies 
regarding cesium release and airborne 
activity potential are essential to 
establishing radiation exposure con
trols for personnel who will par
ticipate in the defueling operations. 

Among some of the general physi
cal observatioru of the 11 samples; 
they comain fuel pellet fragments 
and shards of cladding or g11ide 
tubes, as welJ as other core 
structural material. 

All of this research will have an 
impact on defueting in a number of 
ways. First, the physical form of the 
debris is significant because small 
particles, for example, may be sus
pended in the Reactor Coolant 
System water during defue1ing and 
cause cloudiness. Knowledge of the 
particle size distribution is necessary 
to determine the type, number, and 
effectiveness of fllters to be used to 
clean the water. 

The content of retained fISsion 
products also is important because it 
represents a potential radiological 
source that must be f:ontrolled. Re
searchers must define core source 
term and tbe levels of leachable ra
dionuclides, such as Cs-137. that 
could potentially di5Solve in the 
water during the defue1ing operation. 

Meanwhile, the type of material in 
the rubble bed will influence tool 
designs and the defueling method. 

Overall. this research is important 
to deiIDing the behavior of a com
mercial light water reactor core under 
the accident conditions found in 
Three Mile Island's Unit 2. 0 

. . 
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Robot 
Inspects 
Basement 
Where People 
Are StUI 
Prohibited 

Figure 10. This 6·ft-tall, remote· 
controlled vehicle used radiation 
instruments and three telev;;sion 
cameras to inspect the 
TMI-2 basement. 

Late in 1984, OPU Nuclear in
itiated the most extensive examina
tion of the Unit 2 Reactor Building 
basement since the 1979 accident. 
But workers were not assigned to 
conduct the inspection in this most 
highly conwminated part of the 
building. Instead, a six-wheeled, 
remote-controlled vehicle, nicknamed 
Rover, was called in to do the job. 

Rover, a 6-ft-tall "remote r<~con
naissance vehicle ,. equipped with ra
diation instruments and three televi
sion cameras (see Figure 10),was twice 
lowe£ed into the basement. 

Two workers stationed in the 
basement of the adjacent Turbine 
Building remotely operated the robot. 

Technicians used an electrically 
operated hoist to lower the lOOO-lb 
robot through a hatch in the build
ing's 30S-ft elevation floor. As Rover 
was eased 24 ft downward, its six 
lights shone on the walls, still 
marked with a "bathtub ring," a 
reminder of where accident water 
once stood. The robot's cameras also 
sent back views of digital readouts 
from the radiation instruments. 

·15 




Once it reached the floor, Rovet' 
set out on its mission of simultane
ously conducting radiologicru and 
can1et'a surveys over preplanned 
paths. Before the close of the year, 
Rover surveyed almost half of the 
f.:1rcumference of the basement that 
at one time was flooded with radio
active water from the accident. The 
2 to 4 in. of water Rover waded 
through is water that collects in the 
basement with decontami.nation 
work; the water is pumped out peri
odically and processed. 

As Ii result of Rover's work, GPU 
Nuclear has learned that an appar
ently thin layer of sediment lies in 
patches on the basement floor. Gen
eral area gamma radiation readings, 
taken 4 to :5 ft above the floor. were 
between 5 and 35 R/h; and localized 
readings. from 4 to 7 ft up the walls. 
were anywhere from 5 to 1100 Rih. 
The highest localiT.ed radiation read
ings were recorded at the concrete 

block wan of the enclosed stairwell 
and elevator shaft. In comparison: 
radiation levels where people now 
work in the building are generally 
0.035 to 0.1 Rlh. 

Data from these and future entries 
will help planners prepare for decon
tamination of the basement. After 
Rover and other remote-controlled 
vehicles complete their ins~ions, 
they will be modified to collect sam
ples and actua1Iy carry out the decon
tamination activities. Technicians 
demonstrated on Rover's first entry 
that these vehicles can in fact be reo 
covered for modifications and re
used: the surface contamination that 
accumulated on the remote recon
nai!>sance vehicle easily washed off 
with hot water before it was lifted 
out of the basement. 0 

Videotape 
Reviews TMI 
Activities of 

1984 

The TI&EP recently completed a 
videotape program titled .11984 in 
Review: A DOE TMI-2 Programs 
Brief." Now available for loan with· 
out charge, this program reviews ac
complishments in the recovery and 
research and development activities 
of 1984. Specifically discussed are 
head removal;-plenum jacking; prep
arations for defueling, including tool 
desip and characteri7..ation of the re
actor core through sample acquisition 
and analysis; plans for shipment of 
core contents; preparations for core 
receipt; studies of various electrical 
components; and the continued 
inunobiljzation of h.ighly 

radioactive waste. 


The program is available in a 
2O-min versio.o and a condensed 
9-min version. To obtain either of 
these versions of the program, con
tact Kim Haddock. EG&G Id8ho, 
Inc., TMI Site Office, P.O. Box 88, 
MiddletrrWn~ P A ,17057, telephone 
FTSS90-1019 or. (117) 948-1019.0 

http:localiT.ed


:in: the TMI-2 Topics; yqu. will Btitute (EPRI), the Institute of-TMI~2 	 1'6&4 news items of:illterest to the Nuclear Power Operations 
nuclear powsr industry whloh (INFO), and the Nuolear Opera.
ll'l&y not cover work (lOnducted tions and Maintenance Informa.TopiC-s under the auspices of the DOE tion Services (NOMIS). For more 
TI&!EP. TheTI&!EP Information information, contact John 
and InduE$'y Coordination grou.p Saunders or Jim Flaherty. TI&!EP 
transmits such news items at Informa.tion and Industry Coor
techn.1cal meetingS and through d1na.tlon, FTS 590-1083 or (717) 
the Electric Power Resea.:rch In- 948-1083. 

GPU In December 1984, GPU time the rod sank by just frae
Nuclear conducted a series of tionli of an inch. The averageNUCLEAR PROBES probes of the damaged reaotor depth at which penetra.tion

REACTOR CORE core and found that the depth of ceased was 90 to 106 in. from 
the rubble bed averages 14 to the 312-ft, 1/2-in. elevation. 
46 in. UsIng a 39-ft-Iong, 130-lb, 
sta.1nlass steel rod, and with the These data most consistently
help of olosed-circUit television indicate the bottom of the rubble 
cameras, workers probed the bed-the level at which the probe 
co:re at 18 locations. hit lmpenetrable ma.teI'ial. Ana

lysts, however, were un.able to 
The depth '"If the void, they con determine the state of the materi

firmed, a.veraged 66 to ao in. from al below the rubble, except tha.t 
the 312-ft, 1/2-in. elevation-the the workers had no trouble with
underside of the plenum had it draWing the teol; it did not get 
been in its seated position. lodged or stuck: in any substance. 

Workers first 08J.'eful1y lowered In conjunction with this work, 
the tapered, 7/8--in.-dl&m.eter GPU Nuclea.r took a number of ra
probe until they saw on camera. diation readings from thermolumi
monitors or felt, when no visual nascent dosJm.eters positioned in 
aid was ava.1l&ble, that it was the jacked plenum. Beadings 
touoh'.ng the surfaoe of the rolb ra.nged from. 3 to 360 Rlh, which 
ble bed. Then t..'tJ.ey let it drop was considerably lower,than the 
!':t'eely to sink into thebedby ita ex:pt'iCted 800 to 1000 Rlh. 
own weight. After recording the 
penetrat:io,."l, workers IJla,nually Monit0rin8of the operation .. 
pushed the rod into the bed as was pos.siPle·using carefully posi
cieeply as they could, recording tioned u:n,derwat;er ca.ni~ and 
the penetr&~ollea.ch step of the drop lights, and the entire opera
way, and then hammered it in tioJ;J wasrecol'ded on V!deo~pe.
unt.1I it wouldgp no farther. . Personnel. D}.e~whll~tqq;I;:a.dv~

tag~ .oi~e.pl,'Ob~P~ojetlt to,.~~t. 
In most: ~Bes;,~·WOl;'~tn's outanew,v1sl1a1.e~8Jicsi:neht:' 

'no~:e~d~{e~tiL .:c~-:a1=tit~b~-~0~'" 
·;,::;~i~~~t ...·~;#n'tDri';;;;i!r;~;,;;,\,;;, 

.the.'WOrkerBr~ to dliVe tb.e"rod. . .... ,., ...' -, ::":.~;~~~.;;~;...;~>~ -:~:.,; . ' 
18timelJ>lI'Ii . e]l~ei'~-eanh' '- -;"'-';'-'\;,'-';; j,

.~"'. ",.~~>.•.. ,:... '- .~,.":; '''<>' " . :".,>:-~., .,; . ".- ,,"'-'<;;.~.. :~'..<".',.~',' .::~< _.,:: ;.,. ~,,'.. 
'.~.' ::~~i,;~?{~~:~_\",}, .~:..~~~,i,~2..<"-:',-: ~J;:<:;:~ ':.,,~.:,<;.': ," .~; :<> .. ,+~",<;. c.,: ~j:,.<:<.~:: ./::~. :«; .-, ,~;>::' ~.; <.-:.: ..~:;,:.' . " > 

>'",'_.,{. ,.:;" '.':.. _.. /.~',,,,, . ..;;":~':,':~':~y.:: _.'.' ,,"~:~';: i;~.;\ :':.:,,,~<~~:"'--,~;" ..L::;.::<~:/~\ .~;~J .M~:·O::"/t.:;-,.,,:~~..·.~~'~.?~ :; <.," 
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SIMPLE MEASURES CAN 
PREVENT INSTRUMENT 

FAILURE 

SCABBLING FURTHER 
REDUCES DOSE RATES IN 

UNIT 2 

Research engtne8l,'s P.t TMI 
have lea.rned tha.t wa.tel' damage 
was the most prevalent ca.use of 
failure in instrumentation and 
electr10al equipment in the 
Unit 2 Reactor Bullding. In most 
aasas, however, simple mea.su:res 
oould ha.ve been ta.ken to prevent 
or signIDca.ntly dela.y moisture
related problems. 

Researchers a.rr1ved at this 
conclusion after examjning two 
representat1ve pressure tre.nsmit
tars and three representativa lev
el transmitters from the core 
flood tanks. La.boratory tests 
confirmed the pressure transmit
ters opera.ted flawlessly, while 
the level transmitters failed. from 
water damage. 

The difference? The pressure 
transmitters were equipped With 
mOisture bamers; the level 
transmitters were not. Simple, 
inexpensive protective devices, 
such as conduit seals and drip 
shields, insta.lled during plant 
constructiOn or when the plant is 
down for refuj:llinS. can prevent 
or delay failures like those found 
in Unit 2. 

Tec1ln1c1a.rul at TMI have s1gn1f~ 
1ca.ntly reduced radia.tion dose 
rates in the Unit 2 Reactor Build· 
1n.g by removing contaIg1n&ted 
paint from ooncrete floors. In 
this latest dose-reduction a.otivi
ty, GPU NuoJ.ea.r deoreased gen
eral area gamma. dose rates by 
an a.verage of 38% on the 347-ft 
eleva.tion.tlool', from ad.ose rate 
of appl'Ox1:m.a.tely 80 mRlh to 
aoout 50 mR/h. . '. 

The dec()n'"..a.mination pr~s; .. 
knowna:isC&b~;~d'for 
the. IooBeltl.:pgQfpa.1rJ.t anq; ~b(),lit 
~. " ,', " ,,' ~ - .' 

ReSearch el:igineei>s also have 
found that operator contUsion 
could 'result w;hen leveltr8.nsm1t
ters and relateQ, signa.l condi
tioners and control room read
outs are reoalibrated for do 
output s1gna.ls of -10 to -..TO V. 
In this case. a tra.nsmittel' that 
fa.1ls will have a. O"V output mg.. 
na.l that results in a midsca.le 
control room meter read1Ilg, giv
ing control room opel'ators an er
roneous indication. By us:Ing a 
level transmitter with a de out
put signal of 4 to 20 mA 01' 
o to 10 V and recalibrating the 
readout Oirauitry, operators have 
a clear in.dication of device oper
ability; So control room meter 
reading of zero means a pos
sible system problem or 
instruinentatlon failure. 

The performance, or fallure, of 
the T.MH~ transmitters illustrates 
the value of implementing such 
preventive strategies for a.ll 1n~ 
stt'umenta.t1on i.nst&lled in a reac
tol? building. If you are mterE/frt.ed 
in further dooumenta.t1on of thls 
work. contact th.e Informatl.on and 
Industry Coordination office at 
FI'B 500-1063 or (7171 94&1063_ 

1116 in. concrete from 3700 ft2 
of concrete floor. Once scabb1Sd, 
the flo.or. was repa.1ntsd with a 
nucl~-grade paint. 

The sca.bblera use the up-and
do.wn motion of ,.pistons. to lOosen 
the Dl!!ter1&1 and a.:re used l'OliI.
tinely bY the·CQ~()ll.indua,. 
try~ :"iIJI-2 technicians Mve. 
adapted themacbinesfol'd~n- .......•. 

II:~:,;:~~~ 

"< '-'--'.' ':",,': -.>: <~;;'';':~;~'~"-~'~:'~f.~;.~ 

-" , ': ::~--- .. , ":.: .: -, .':.: " ..' -- 
." ". :'.~ ~,~ '.:... ,:.:'.. :.~.'.:;);'~!'~'> . i.~ 
~: ;--~, ..(~~; '-:.- -. - ,: ,~)r 
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TMi RECEIVES INDUSTRY 
FUNDING SUPPORT 

amount of airborne contamln.a.
tion generated dUl"ing the 
operation. 

Scabbllng :Is pari; of an over!¥l 
dose-reduction pl'-ogram, begun in 
early 1983, that has reduced dose 
rates at the 347-ft eleva.tion of the 
Reactm Bullding to approXimately 
50 mRlh from 117 mRlh. TMI-2 
engineers estimated that to"lAl ra
dia;i;1on exposure to workers from. 

On January 1. the eleotl.'1c utili
ty industry began aiding the 
Unit 2 cleanup by ma.ldng volun
teer pa.yments to a program set 
up by the Edison ElectrJ.c Insti
tute (EEl). The EEl boa.rd of 
dll'eotors in 1983 a.dopted a. res0

lution to create a program to vol
unta.r1ly provide $150 miIlien ever 
six years, $26 m11l1on psr year. as 
part of its cost-sharing effort for 
the l'MI-2 cleanup. The. board sub
sequently modif1ad its plan in 
1984 in order to m.a.inta.in the 
cleanup schedule at TMI and ap
proved a. two-part progra.m: an in
dustry voluntary progJ?am. and a. 
program of supplemental resea.Nh 
and development grants from six 
Pe:ruwylva.n1a. and New Jersey 
utility companies. 

The $25 .m.1lIion per year is the 
sum of appro:x:i.ma.tely $11 mil
lioI'. from the EEr industry 
voluntary program and $14 mil
lion from the supplemental pro
gram. Thirteen utilities have 
pledged to support the industry 
voluntary program for a total of 
bbout $66 million. MoDies for the 
supplemental program. come 
from funds that the six utillties 
otherwise would have paid as 
dues to theresea.rch and develop-
men~ or~Uon. EPRI. . 

early 1983 through August 31. 
1984 was reduced 43%-from a 
potential tol'.aJ. expo8'U!'e of 
893 lI.I&Il-reID to an actua.l total 
exposure of 510 man-rem. 

I'MI-2 workers have. since 
begun sca.bbling the 305-ft eleva
tion, whose floors- were contami
na.t.ed by ra.dioactive material in 
the water that spilled dlli."'ing the 
1979 accident. 

The companies pa.rt1cipaiiing in 
the supplemental progra.m are 
GPU Corporation, Pennsylva.n1& 
Power &= Light Company. 
Duquesne Light Company. 
Rookl!"nd Electrio Company, 
Philadelpb1a. Electric Company. 
and Publio Service Electrio Be Gas 
Compa.ny; Atlantic City Electric 
C'lmpany, while not a. member of 
EPRI, is also a. pa.rtiO!J)a.nt in the 
supplemental progra.m. 0 
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New Electrical 
Diagnostic 
System 
Supports 
Maintenance 
Activities 
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Figure 1. Electrical circuit characteri
zation and diagnostic syslem. 

A primary goal of the Three Mile 
Island (TMI) research and develop
ment program is to assess how the 
TMI-2 accident affected the general 
condition of all systems in the Reactor 
Building. During the accident, some of 
the instrument and control signals 
began deteriorating to the point of 
ambiguity, severely handicapping con
trol room personnel. Because the hos
tile Reactor Building environment 
prevented direct access, it was neces
sary to assess system performance by 
the electrical characteristics gathered 
from remote locations. To perform the 
task, the Electrical Circuit Characteri
zation and Diagnostic (ECCAD) sys
tem was designed as a means to acquire 
basic electrical data on electrical chan
nels ~'1d to store and format the data 
for easy handling and analysis (see 
Figure 1). 

Data Easily Accessed 

The ECCAD system uses commer
cially available electronic test equip
ment with computerized control to 
provide a means to obtain a high
quality standard data set. The data set 
encompasses the electrical measure
ments typically performed in a plant 
maintenance program. The most sig
c!ficant feature of this system is that 
the data, which is stored and format. 
ted, can be easily accessed for the qual
ity assessment and diagnosis of 
electrical circuit and equipment condi
tions. Although the system is still 
under development, it could be used in 
its present configuration after some 
operator training in data analysis. 

; , " ," 
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Teams of personnel started working 
with basic data obtained from points 
outside the Reactor Building to estab
lish the validity of signalS coming from 
the Reactor Building and assigned a 
degree of confidence to these signals. 
Since then, electrical characteristics 
have been monitored, recorded, ana
lyzed, and compared with laboratory 
test results to gain quantitative data 
from which analysts couId assess the 
ability of instruments to function. 

Forecasting More Reliable 

Electrical characteristics monitored 
include indicated output signal, insula
tion resistance, circuit resistance, capaci
tance, time domain reflectometry, bias 
voltage, starting current, equipment 
actuation time response, operating cur
rent, and spectral content of output 
signals (feedback blanking or "noise"). 
Data acquisition consisted of passive 
and active surveillance of the above 
characteristics for the cable, junction 
points, and the end device. fur the pur
pose of analysis, each circuit or channel 
was treated as a transmission line, with 
the end device being the load. Because 
the circuit's ability to function generally 
was not defined in terms of its electrical 
characteristics, analysts had to start with 
assumptions and arrive at qualitative 
results rather than make absolute, qmm
titative assessments. The results appear 
to be well suited to forecasting channel 
reliability. 

Use of the ECCAD System at TMI-2 
saved considerable test time and also 
resulted in high quality, repeatable 
data with minimum operator error. 
Direct storage of data on magnetic 
disks in the computer also eliminated 
paperwork. 

System Enhances 
SurveClance 

The ECCAD System is still in its 
infancy, but at least one nuclear service 
vendor is planning to provide an iden
tical system to support plant mainte
nance. In support of maintenance, 
EeCAD will enhance surveillance 
procedures to allow for a determina
tion of the quality of operation and 
the likelihood of continued reliable 
operation of equipment being moni
tored. The System can quickly verify 
the accuracy of abnormal instrument 
indications, provide a verifiable and 
reproducible basis for operator action, 
and detect degraded circuits that, with 
maintenance, would be returned to 
proper operating condition. 0 

A Calculational Approach to 
Determining Combustible Gas 

Concentrations in Sealed 
Radioactive Waste 

The 1ecbnical Integration &Examina
tion Progmm (Tl&EP) has developed a 
calculational method for determining 
the rates at which gas is generated in 
radioactive waste containers. The work 
is lrignificant to facilities generating 
radioactive waste, because the method 
will decrease costs and reduce personnel 
radiation exposures during various vent
ing and storage op>...rations. . 

Gas Production A Sa/ety 
Concern 

The production of combustible 
gases in sealed radioactive waste con
tainers bas been identif"red as a signifi
cant safety concern relative to 
handling. shiPPing, and storage of 
radioactive waste. A Nuclear Regula
tory Commission (NRC) evaluation of 
the hydrogen gas generation problem 
resulted in issuing new requirements 
for certain certificates of compliance 
related to. radioactive waste shipment . 
packages •.. 
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These new requirements address 
hydrogen gas generation and applica
ble safe storage and shipment periods. 
The requirements state that for waste 
containers that have the potential to 
radiolyticaliy generate combustible 
gases, a detennination must be m:me 
by tests and measurements of canISters 
for hydrogen and oxygen content. 

Basically, hydrogen gas concentr:l
tions must be limited to no more than 
5070 by volume, or the cori:!iner ~ust 
be inerted to ensure that oxygen, IS 

lilnited to 5% by volume. Complianc.e 
with this requirement is unnecessary If 
the containers are shipped within 10 
days of se..aling or venting. 

New Requirements Tho 
Conservative 

These new requirements affect most 
radioactive waste shipments from oper
ating nuclear power plants. The 
TI&EP considered the new NRC 
requirements conservative and costly 
relative to fmancial expenditures and 
increased personnel radiation expo
sures and sought to improve predictive 
tec1miques. 

In addition to the NRC require
ments, utilities must consider that the 
determination of safe storage periods 
for radioactive waste containers is 
more significant with the enactment of 
the "Low-Level Radioactive Waste 
Policy Act" of 1980. The Act provides 
for the formation of interstate regional 
disposal facilities to relieve the present 
burden on the three states with low
level waste (LL'W) disposal sites. After 
Januarj' 1, 1986, states with regional 
waste compacts will not accept LL!,: 
from nonmember states, thus reqwnng 
on-site storage for the affected utilities. 

'lllsk Force Organized 

The Utility Nuclear Waste Manage
ment Group of the Edison Electric 
Institute formed a "Hydl'Ogen Genera
tion Thsk Force" to study and evaluate 
the new NRC requirements. The task 
force acquired direct technical and 
operational experience assistance from 
the TI&EP. This resulted:in the devel
opment of a calculational metI;t0d ,to 
quantify hydrogen gas generatIon m 
sealed containers. 

The calculation model was devel
oped by applying the results of the 
NRC and Department of Energy 
(DOE) funded research projects. to the 
gas generation problem. A modified 
computer shielding code was used to 
reduce uncertainties associated with 
previous predictive models. Actual 
TMl EPICOR II measurements were 
compared to predicted values with 
excellent agreement. 

Calculational Method 
Verified 

Based on the work by the TI&EP 
and the Electric Power Research Insti
tute (EPRI). the NRC acknowledged 
the validity of the calculational 
method. The Commission has modi
fied certificates of compliance to allow 
calculation of hydrogen concentration 
as well as tests and measurements as an 
acceptable method of compliance to 
regulation. 

Calculating combustible gas concen
trations is now an acceptable means of 
deterlnining quantities of gas in sealed 
radioactive containers. Waste genera
tors will realize cost savings anil reduce 
manrem exposures by eliminating spe
cial handling requirements for the 
majority of their radioactive wastes. 
Waste management safety will be 
enhanced by the ability to quickly 
identify tbose containers that present a 
potential hazard. 0 
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Drop Tests 
Verify Design 
of Shipping.
Cask for Safety 

Figure 2. Height and ,orientation 
check before end drop. 

In spring 1985, engineers at Sandia 
National Laboratory, in Albuquerque, 
NM, dropped a quarter-scale model of 
the NuPac 125B transport cask .onto a 
526,OOO-lb mass of concrete faced with 
abDut 4 in. of battle ship armor plate. 
This model of a double-containment 
nil cask, designed by Nuclear Packag
ing. Inc. (NuPac), underwent Ii selies 
of drop tests as a demDnstratiDn of the 
cask's structural integrity and capabil
ity to survive hypothetical accidents 
without rupture, leakage, gross defor
mation, or compromise tD its payload. 

EG&G Idaho, Inc., the U.S. Depart
ment of Energy's cDntracting manager 
of the TMI-2 cleanup project, selected 
the 125B rail cask to transPDrt the 
damaged fuel to the Idaho National 
Engineering Laboratory (INEL). The 
results of the drop tests are a major 
chapter in the Safety Analysis Report 
that the Nuclear Regulatory Commis
sion is now reviewing for cask licens
ing. The drop tests in fact confirmed 
the positive results .of earlier computer 
analyses: that the cask can safely 
contain the TMI-2 core debris under 
the extreme conditions of hypothetical 
accidents. 

Materials Effectively Protect 
Payload 

Constructed principally of stainless 
steel and lead, the 125B rail cask bas 
four basic components: foam-filled 
overpacks to absorb energy and pro
tect the ends of the outer cask; the 
outer cask containment vessel. with 
lead shielding; the inner containment 
vessel, with borated concrete for neu
tro.>u moderation and critkaIity con
trol; and aluminnm honeycomb energy, 
absorbers at the ends of each canister 
tube in the inner vessel, to limit the 
axial "g" loads that could develop on 
the core debris camsters. 

Additionally supporting the canister 
tubes are steel plates tbat make up a 
hub, spoke, and wheel arrangement in 
the inner ves~1. Both vessel lids have 
rupture discs that contain pressure 
buildup in normal and hypothetical 
accidents. The discs are designed to 
rupture if the cask experiences a fire of 
longer duration and with temperatures 
significantly rugher than considered 
even for hypothetical accidents. 

WhDe the fu1!-scale NuPac rail cask 
will weigh approximately 183,000 lb, 
its quarter-scale model, a full represen
tation of the actual cask, was lI64th 
that weight, or 2,830 lb. 

Regulation Establishes 
Accident Cor.dit;ons 

Federal regulation 10 CFR 71, sub
part F, requires the evaluation of this 
package dropped onto a flat, essen
tially unyielding surface, given certain 
hypothetical accident conditions. The 
regulation specifies that the package 
strike the surface in a position for 
which maximum damage is expected. 

Figure 3. Instant prior to impact 'rom 
oblique drop. 
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Figure 4. Overpack damage from 
oblique drop. 

The model was dropped three times 
from 30 ft: flat on its bottom end, at 
a 62-l/2-degree (oblique) angle onto 
its lid, and on its side. It was then 
dropped twice from 40 in. onto a 
1-1I2-in.-diameter pin. In these two 
puncture tests, the cask came down Oil 

its side and then on its lid onto the pin, 
demonstrating the integrit"1 of the side 
wall and closure of the cask. Figures 2 
through 4 show preparations, an 
actual drop, and a closeup of damage. 

Nearly alI permanen: damage to the 
package was limited to the external 
overpacks and internal energy absorb
ers, as expected and desired. The only 
significant exception was damage to 
the outer cask outer shell and lead 
shielding on the side of the cask where 
it came in contact with the pin. The 
inner vessel experienced no damage. 

Before the series of tests began, the 
model was instrumented with acceler
ometers, strain gauges, and thermo
couples to obtain a detailed record of 
responses. Preceding each drop, work
ers swept, wet down, and reswept the 
target surface to eliminate dust that 
could cloud up and obs;,:ure the model 
upon impact. Portable, gridded stadia 
boards erected behind and to the sides 
of the landing surface provided a con
trast for filming the experiment and 
for measuring velocity, elasticity, and 
deformation. 

For the first two drops, the cask 
model.was refrigerated to test its 
response at low temperatures, specifi
cally to conium that the unit is not 
subject to brittle fracture-a "worst
case" condition. By the time the model 
reached the drop site and \\--as prepared 
for the test, its temperature was the 
desired -2soF. The test confirmed that 
the kind of stainless steel being used to 
construct the cask does not lose its 
ductility at temperatures this low, elim
inating concerns about brittle fracture. 
The model was at ambient temperature 
for the side drop and puncture tests • 
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Damage Expected by Design 

After the end and obUque drops, 
inspectors returned the model to the 
laboratory to examine the overpacks, 
leak-test containment seals for both 
vessels, and torque-check the lid bolts. 
After the last drop test, the cask model 
again was leak-tested and then X-rayed 
and measured to be sure there was no 
hidden damage. Also, the overpacks 
were sectioned and examined to see 
h'1W well the-! performed. 

Removing the cask lid, inspectors 

found only minor deformation to the 

seven top energy absorbers-damage 

that was intended by design. Just as 

expected, the lower seven energy 

absorbers clearly protected the ~ay


load; the seven quarter-scale canisters 

were undamaged. Leak tests per

formed before and after the drops 

confirmed that the seals maintained 

their integrity. 


X -rays showed that even after 
repeated impacts, no quantifiable 
amount of lead slumped; orily the side 
puncture drop reduced lead shielding, 
but to an extent consistent with federal 
regulations. 

The puncture tests verified the equa
tions used to determine the thicknesses 
of cask materials. In the side puncture 
test, most of the deformation occurred 
at the point of contact; the outer shell 
was indented by less than its thickness 
and maintained its integrity against 
puncture. Slight residual elastic 
stresses were induced in the package 
shells due to a modest inelastic defor
mation of the lead shield. 

Consequently, the results of the 
actual drop tests verified the positive 
findings of earlier computer analyses 
conducted to determine cask safety. 
Most importarJt, the stresses on the 
cask model were well below the yield 
stresses for cask materials. Also, the 
damage assumptions for input to the 
computer thermal analyses were found 
to be quite conservative compared to 
the actual damage from the drops. 0 
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TMI Unit 2 Technica! Information & Examination Program 

Special cask in place on 
15O-ton railroad car. 

Volume 6, Number 1 Apri11986 

....~ 

One of the remaining major efforts in the cleanup of the Three Mile Island 
Unit 2 reactor was the development ofa safe, reJ/able shipping cask to trans
port the TMI-2 spent fuel debris from TIAI to the Idaho National Engineering 
Laboratory. 

Included in this special issue of the Updilt. are articles about design and 
construction of the shipping cask, the extensive testing process for cask 
certification, procedures for loading the core debris at TMI-2, the transporta
tion process and safety precautions, and plans for unloading, storJng, and 
examIning the fuel debris at the INfL. 

Published by EG&G Idaho, Inc., for the U.S. Department of Energy 
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Special Cask Developed for 
Core Debris Shipments 

Exploded view of tlie rail 
cask outer and innef' vessels. 

In 1984, the Department of Energy 
(DOE) signed Il. contract with GPU 
Nuclear Corporation to accept TMI-2 core 
debris for use in a research and develop
ment program aimed at understanding the 
oiccident sequence at TMI-2. DOE is taking 
the responsibility for transporting, storing, 
and ultimately disposing of the entire core. 
The irrst of more than 250 canisters filled 
with TMI-2 debris is expected to be deliv
ered by GPU Nuclear to DOE in mid-1986; 
the shipping program is expected to last 
two to three years. 

During the planning stages for handling 
core debris, EG&G Idaho (a DOE prime 
contractor at the Idaho National Engineer
ing Laboratory) investigated spent fuel 
shippmgcask options. The reqUirements 
for TMI-2 debris transport led to the deci
sion that new casks be desiped, certified. 
and fabricated for this unique project 
rather than modify and recertify existing 
casks. EG&G Idaho also evaluated whether 
canisters should be transported by truck or 
rail. 

While truck-mounted casks could traru:
port one to three fuel caniSters each, the 
use of a riIil cask that holds seven canisters 
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has significant advantages. With more 
canis1.!rs in a rail cask than in a truck cask, 
fewer shipments will be needed. Only 35 to 
4{) rail shipments will be required, com
pared with the potential for more than 
250 truck shipments. 

Fewer shipments reduce the chance for 
an accident involving the cask during the 
transportation sequence and thereby reduce 
the total risk to the public. In addition, 
fewer shipments mean fewer loadi'lg and 
unloading operations and reduced raQla
tion exposure to workers. For the overali 
TMI-2 shipping operation, the use of rail 
casks is projected to be more efficient and 
less costly than if truck casks were used. 

The choice of rail to transport the TMI-2 
COre debris led to the development of the 
Nuclear Packaging, Incorporated 
(NuPac) l25B rail cask. This cask was 
designed, tested, and fabricated specifically 
for transporting the TMI-2 spent fuel 
debris to the INEL. The cask was certified 
by the Nuc:lear Regulatory Commission 
(NRC) in April 1986. 

When the cask design was started in 
late 1984, several unique factors about the 
condition of the TMI-2 spent fuel had to 
be considered. Existing spent fuel shipping 
casks are certified only for transporting 
assemblies of undamaged spent nuclear 
fuel. The NuPac 125B rail cask had to be 
certified to transport spent fuel debris from 
the TMI-2 accident. Without the cladding 
that surrounds the spent fuel in an intact 
assembly, two barriers are needed during 
transport to comply with NRC regulations. 

Under NRC regulations a cask with two 
barrie.s is required. Each barrier is a speci
fied containment boundary that must meet 
stringent requirements for structural 
strength and demonstrate that an uncon
troUed release of the contents win not 
occur, even after a sequence of accident 
conditions. 

This double containment in the 
NuPac 125B rail cask is accomplished by 
use of two separate and strong vessels, one 
inside the other, each with a thick lid and 
seals that will be leak tested before each 
shipment. In addition to the cask inner and 
outer containment vessels, there are canis
ters into which the fuel debris will be 

loaded underwater at TMI. These canisters 
are another barrier that prevents a release 
of material during transport. A complete 
shipping package includes the double con
tainment cask and its canisters, making 
three levels of protection to ensure the 
safety of the public. 

Leaktight Design 
Another unique feature of the 

NuPac 125B rail cask is the extremely small 
rate of leakage of radioactive materials that 
is allowed after a sequence of serious acci
dents. Each of the two cask contaL'UIlent 
vessels was desilned, built, and tested to a 
leakrate low enough that the ternn 
"Ieaktight" is applicable, even during and 
after hypothetical accident conditions. 

The leakrate for leaktight is defined as 
one-tenth of one-millionth of a cubic centi
meter of gas per second at a pressure dif
ference of one atmosphere across the 
containment boundary. This leakrate is 
equivalent to about three cubic centimeters 
in a year, or abubble growing to about the 
size of a pingpong ball. Only gas could 
escape ..• not radioactive particles. 

This low leakrate applies for leakage 
from the inner to the outer con~nment 
vessel, as well as from the outer vessel to 
the environment. The canisters and con
tainment boundaries in the rail cask will 
ensure that an uncontrolled release of 
material to the environment will not occur. 

Another important design consideration 
in developing a safe shipping package for 
the fuei debris was the control of gases that 
are generated when radioactive materials 
are in contact with water. The radiation 
that is emitted splits nearby water mole
cules into hydrogen and oxygen gases by a 
process called radiolysis. 

These gases must be controlled during 
transpOlt of wet radioactive materials or a 
flammable gas mixture could result. The 
method of control for TMI-2 fuel debris 
shipments is to use a catalyst that recom
bines the hydrogen and oxygen gases into 
water and allows safe tran!lport of the fuel 
debris. 

One other important consideration in the 
rail cask design was ensuring that the 
nuclear fuel contents would remain .subcrit
ical under all conditions. Subcritical means 
that the self-sustaining splitting of atoms 
that occurs in a nuclear react:>r cannot 
occur in the cask. 

The rail cask and the fuel debris canister 
designs ensure subcriticality of the nuclear 
fueL This feature-an overriding design 
consideration-led to the incorporation of 
criticality control structures into each 
canister and the inner containment vessel 
ofthe cask. 

The criticality control materials are 
positioned and supported to ensure sub
;:riticality of the nuclear fuel by absorbing 
neutror:s needed to achieve a chain reac
tion. With these neutron absorbers, sub
criticality is main:ained even after the 
sequence of accidents is considered. 

Inner Containment Vessel 
Each cask consists of an inner contain

ment vessel that fits intO an outer contain
ment vessel. The inner vessel is fabricated 
starting with a hub-and-spoke structure 
made of stainless steel plates that are 
welded together. This structure is welded to 
two large forgings at each end. The struc
ture p!'ellCnts the seven canisters and their 
supports, which fit into each opening in 
the structure. from crushing each other in 
impact accidents. 

Each canister fits into a stainless steel 
tube that forms part of the containment 
boundary of the inner vessel. Each tube is 
welded at the bottom to a thick plate that 
seals the tube closed at this end. The con
tainment boundary ls completed with a 
massive forging to which the tubes are 
welded and the thick. stainless steel lid that 
is bolted to the forging. 

The 5-inch-thick lid is bolted down with 
24 3/4-inch-diameter bolts. Around the 
edge of the lid are two O-rings that form 
the bore seals, which are inspected and leak 
tested before each shipment. 
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In addition to the stainless steel plates 
that separate the seven containment tubes, 
there are one-inch-thick plates welded 
around the outside that stiffen the inner 
vessel and form voids between the plates 
and the outer surface of the ;ontainment 
tubes. 

A neutron absorbing material that solidi
fies like concrete is pumped like grout into 
t"f.:~se voids. The neutron absorber ensures 
that the canisters remain subcriticaJ and the 
stiength of the material, together with the 
plates, protects the containment tubes from 
damage should an accident occur. 

For added safety, another design feature 
is incorporated inside the inner vessel. 
Located at the end of the containment 
tubes are: removable energy absorbers that 
protect the canisters by crushing under 
accident conditions. Each energy absorber 
is an aluminum honeycomb material that 
limits the axial impact forces on the 
canisters. 

The "Opper energy absorbers are J.ttached 
to the bottom of shield plugs-short, solid 
cylinders of stainless steel added for worker 
radiation protection. After canisters are 
loaded into the cask. the shield plugs 
reduce the radiation from the fuel debris to 
levels that allow workers to replace the 
inner vessel lid and test the seals. 

Outer Containment Vessel 
Like the inner containment vessel, the 

outer containment vessel has many safety 
features included in tbe design. Tbe outer 
vessel is called a composite wall cask 
because there are three thick layers of metal 
that form the wail of the cask. Two layers 
are stainless steel shells, one inside the 
other, that have a gap of nearly four inches 
between them. Molten lead is poured into 
the gap between the shells. The molten lead 
pour is accomplished after a brick oven is 
bui!' around the outside of the cask. The 
entire cask is heated to a temperature hot
ter than the melting point of lead and the 
molten lead is added. When the lead cools 

and solidifies, it becomes an effective 
shidd to reduce radiation levels outside the 
cask to below acceptable levels. After con
trolled cooling of tbe cask, the shielding 
effectiveness of the lead is checked with a 
radiation source to ensure there are no 
voids in the lead. 

The larger stainless steel shell is two 
inches thick, while the shell that fits inside 
is one-inch-thick stainless steel. Both shells 
are welded at the bottom to a thick base 
plate that is carefully machined to the 
correct dimensions for welding. 

80th shells are also welded to a large 
upper forging of :;tainless steel that is 
machined to very precise dimensions where 
the outer vessel containment seal is formed. 
The 7.5-inch-thick lid is boited in place 
with 32 1.5-inch-diameter bolts. Around 
t"IJe edge of the lid are two O-r'lllgs that 
form the bore seals, which are inspected 
and leak tested before each shipment. 

Attached to the outer shell are thick, 
shQrt cylinders of stainless steel that are 
used to lift or hold down the cask during 
usc. These attachments, also known as 
trunions, are designed and tested to show 
that they can support more than the weight 
of the loaded cask. 

Another attachment to the outer sheU is 
a structure called the shear block. This 
attachment absorbs forces during transport 
that would jolt the cask forward or b:>.ck
ward, and protects the trumons from high 
inertial loads which may be encountered 
during transport. 

Another safety f.::ature of the rail cask is 
a thermal shield that would help protect the 
;::ask in an accident involving fire. The 
thermal shield consists of a wire wrapped 
around the outer shell every couple of 
inches, covered by a thin sheet of stainless 
steel welded over the wire, leaving an air 
gap between the thin sheet and the outer 
shell. This air gap reduces the amount of 
heat that can flow into the cask body in a 
tire because air is a poor conductor of hear 
energy. The thermal shield and the high 
heat capacity of the caSk would keep tem
peratures low inside the cask if a lIre 
occurred. 

One other strrJctural safety feature gives 
the cask a dumbbell-sbape appear.mce. 
Large energy absorbers, called overpacks, 
are attached to each end of the outer shell, 
Each overpack is made of a thin plate of 
stainless steel and filled with foam that 
crushes on impact, absorbing energy and 
protecting the cask body. The effectiveness 
of the overpacks was demonstrated by a 
series of drop tests, done as part of the 
cask certification process, that showed the 
safety of this cask design feature. {An 
article about the drop tests appears in this 
Update issue.) 0 
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Special Canisters Designed to 
Hold Spent Fuel Debris 

Three different types of canisters are 
being u~ed tn defuel the TMI-2 reactor. 
Each has the same general exteTtlaI 
appearan!:e-a stainless steel vessel 
14 inches in diameter by 150 inches long. 
All have features that ensure safety during 
transport insIde the rail cask. 

The IIrst type of canister is cailtd a fuel 
canister and has a removable upper lid. 
With the lid removed, there is a square 
opening into which damaged fuel assem
bles with a full cross-section can be 
lowered. 

The second type is a knoc:kcut canister 
and is used in a hydraulic vacuum defuel
i11g operation. Water and pieces of debris 
are vacuumed up with a tool and pumped 
through the inlet of a knockont canister. 
The pieces of debris settie out of the water 
as the flow velocity decreases in the rela
tively larger diameter of the canister. The 
water, with residual fine pieces of debris, 
leaves the knockout canister and enters the 
third type of canister-a filter canister. 
This canister captures the fine debris on 
pleated, O.5-micron stain1:llS steel filters. 

Neutron absorber materials are also built 
into all three caDi&e! types to ensure sub
criticality of the nuclear fueL In the fuel 
canisters, there is a square of borated alu
minum sandwiched between two sheets of 
stainless steeL To ensure that the square 
does Dot mOVl: in an accident, light'",'ei.ght 
concrete is added to rill the space between 
the outside of the squ!O.--e alId the inside of 
the canister shell. 

The neutron absorbers in the knock(\~t 
canisters are located inside on::! large coa
trol tuhe and four small outer tubes. Each 
tube contains pellets of boron carbide that 
are seal welded inside. The tubes are sup
ported along their length by thick plates 
that limit movement of the tubes. 

In the mter canisters, the mass of the 
stainless steel ruter media and a central 
tube of boron carbide pellets (as in the 
knockout ca.'1ister) act as the neutron 
abrorbers. 

In all three ~s of canisters, both the 
upper and lower canister heads have beds 
of catalytic materials that recombine the 
radiolytical1y generated hydrogen and 
oxygen gases ';)ack into water and prevent 
the formation of combustible gas mixtures. 
o 
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Thorough Analyses and Tests 
Performed for NRC Cask 
License 

Obtaining certification from the NRC 
for the NuPac 125B rail cask required 
thorough analyses of the cask structures. 
thermal behavior, containment capability, 
shielding performance, and controls that 
ensure subcriticality. 

The certification for the rail cask is 
based on an extensive three-volume safety 
analysis report. The report contains both 
the results of computer analyses and data 
from drop tests that were performed to 
demonstrate the stmcturaI integrity of the 
cask and canisters. 

The results of the drop tests <:onfirmed 
the predictions made in the stni.ctural 
analyses on the st.renath and behavior of . 

Oblique drop at the Instant 
before impact. 

the cask and canister structures during 
accident conditions. The drop tests provide 
conclusive evidence of the validity of tbe 
analytical models. The test results were 
given to tbe NRC to accelerate resolution 
of potential delays for questions about the 
amount Qf conservatism used in the struc
tural analyses. 

Cask Tests 
10 en!;tlre that <mI.y safe packages are 

used ~ transpOrt. NRCreglilations require 
that spent fuel sbippiDgcasks survive a 
series of severe accidents. incl.g (in 
sequence) two drops ot the paCkage in an . 
orientation to .produce the maximum dam

.age. The IrrstdWPis'frOm 30 feetQntO an 
". ' ..... '. ..... '., 

. ; .~. 

---::.. 
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End puncture drop at the instant before impact. Puncture drop height and orientation check. 

Cask simulation vessel with simulation impact Cask simulation vessel and aimulation impact tlmlter 
limiters for horizontal drops. for vertical drops. 

7 



2 

unyielding surface. followed by a drop 
from 40 incr.es onto a steel rod that is loug 
enough to produce maximum damage to 
the package. The two drops are fonowed by 
a 30-minute fire at a temperature of 
1475°F. after which the package is assumed 
to be flooded with water SO that controls 
for subcriticality can be evaluated: 

The damage from the 30-foot dro;;>, for 
Doth cask and canisters, was rust predicted 
analytically for every possible angle of 
impact and then demonstrated with a series 
of drop tests. Por the cask drop test pro
gram performed at Sandia National Labo
ratories, a one-quarter-s::ale model was 
used. (Scale-model testing is an engineering 
practice that is used extensively in solving 
problems in aerospace, civil, mechanical, 
and nuclear engineering. The scaling laws 
are widely accepted and provide a cost
effective method of demonstrating design 
adequacy.} The scale-model tests confirmed 
the predicted behavior of the full-size cask. 

Several drops were made with the 
quarter-scale model to show, for different 
cask orientations, the maximum damage to 
different parts of the cask. Three dlUps 
were from 30 feet onto an unyielding sur
face. Two of the three drops were con
ducted at a temperature of _20 0 P to 
simulate an accident at subfreezing temper
atures that might cause brittle mr...terials to 
fractur~ upon impact. 

The first 3D-foot drop was onto the 
bottom end of the cask to determine how 
well the cask walls, lids, and closure bolts 
performed. The tt:St also demonstrated that 
the energy absorbers within the inner ves~el 
adequately protected the canisters. The 
oblique angle drop from 30 feet was onto 
the lid, at an angle that would maximize 
the stress on the cask body The side drop 
from 30 feet was done to produce maxi
mum loads on the inner vessel. 

The fmt 4O-mch drop onto a puncture 
rod demonstrated the integdty of the cask 
side wall in an accident where the outer 
foam overpacks are not effective in absorb
ing energy and the cask wall mnst absorb 
the impact of a protruding object. The 
second 4O-inch drop onto the lid showed 
how the cask lid would remain undamaged 
in a puncture accident without reduction of 
the impact energy by the overpacks. 

After the drop tests, the cask was disas
sembled. inspected, and damage to the 
overpacks was documented. The model 
cask was measured, leaktested. aild x-rayed 
to ensure that any structural damage would 
be found. As expected, tbe test data con
frrmed the damage predicted by the analy
sis for the crop conditions. 

The tests showed conclusively the safety 
of the cask, even in accidents in....olving 
severe impacts. Por comparison, the impact 
in a drop from 30 fee~ onto an unyielding 
surface is about the same as an impact at 
90 miles per hour into two feet ofrein
forced concrete. 

Canister Tests 

A series of drop tests with the fuel cauis
ters showed that the square shroud did not 
move when surrounded by the lightweight 
concrete in the canister. A full-size knock
out cani$ter was SUbjected to four 30-foot 
drop tests at Oak Ridge National 
Laboratory. 

Two of the tests were with the canister in 
a vertical orientation. One drop test. onto 
the bottom of the canister, showed that the 
canister internal structures could safely 
withstand the force of the fuel debris com
ing down and compressing the tubes in the 
structure that contain the neutron absorb
ers. The second vertical drop was onto the 
upp<:r end of the canister to show that the 
weight of the fuel debris could not apply 
forces that would pull the internal structure 
apart.. 

Two other drops were made with the 
canister horizontal to investigate bending 
and twjsting ofthe internals. All four tests 
showed that the tubes containing neutron 
absorbers experienced no deformations 
beyond those determined by computer 
analyses of the structures. 

Besides the drop test program, a thor
ough test program was performed on the 
catalyst beds installed in each canister to 
recombine the hydrogen and oxygen gases 
generated by radiolysis of water. In each 
test, the performance oftbe catalyst bed 
was Illeasured while hydrogen and oxygen 
gases were added at a flowrate about three 
times what is expected to be generated in a 
TMI-2 debris canister_ 

The testing program helped determine 
the size and shape of the beds to be built 
into each canister. The effects of the envi
ronments to which the catalyst beds would 
be e.xposed. such as chemicals in the water 
in the TMI-2 reactor, were also investi
gated. The catalyst test program provided 
conclusive evidence of the satisfactory 
performance needed to ensure safe trans
port oftheTMI-2 fuel debris. 0 

r 
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New Loadingl Procedure 
Developed for Debris Canisters 

TMI fuel cask loading 
components. 

Because the spent fuel storage pools at 
TMI-2 were being used for accident recov
ery operations, fuel debris canisters could 
not be loaded underwater into a shipping 
cask, which is a traditional industry prac
tice. Instead, the NuPac 125B rail cask is 
loaded in the TMI-2 truck bay. with the 
canisters brought to the rail cask in lead
shielded traLsfer equipment. 

The cask loading procedure begins after 
the overpacks are removed from the cask. 
The railcar and cask are positioned under a 
cask unloading station in the truck bay. 
Screw jacks on the cask unl{lading station 
are used to lift the cask and the transport 
skid from the railcar. The railcar is moved 
out of the truck bay, the cask and skid 
lowered to the floor, and the truck bay 
door closed. The cask unloading station is 
then moved and stored out of the way. 



I 
Tho hydraulic cylinders are attached to 

the cask to raise it from a horizontal lay
down position to a vertical position. The 
cask is locked in place by attachment to a 
support tower. A work platfonn is bolted 
around the cask and connected to the 
tower. The cask is opened by removing the 
lids Ilf the OUler and inner containment 
vessels, and a shielded loading conar is 
installed. A mini-hot cell is moved over the 
cask and collar to remove and hold a shield 
plug from one of the seven tubes in the 
cask. 

A canister is transferred from the spent 
fuel storage pool by the fuet transfer cask 
and lowered into the shipping cask. The 
canister transfer process is repeated six 
more times. Radiation exposure to workers 
is controlled by the lead shielding that is 
built Into the mini-hot cell, fuel transfer 
cask, and loading collar. 

After canister loading is finished and the 
mini-hot c<lll and loading collar are 
removed, both the inner and outer vessel 
lids of the cask are replaced and indepen
dently leak-tested to ensure that the cask is 
assembled correctly. The cask is then low
ered to a horizontal position, placed on the 
railcar, reassembled with overpacks, and 
inspected and surveyed for radiation levels 
before being moved to the TMI north gate 
for transport by the railroad carrier. 0 

Rail Transportation Program 
Developed for Cask . 

In conjunction with the development of 
the NuPac 12SB rail cask and railcar, a 
t.ransportation program was fonnulat~ to 
ensure the safety of the public while the 
cask and railcar are in transit to Idaho. The 
Union· Pacific Railroad is the only railroad 
which serves INEL and was requested by 
EG&G Idaho to publish a rate for TMI-2 
fuel debris traffic from TMI-2 to ThiEL. 
The Union Pacific Railroad in tum con
tacted Courail, (the railroad that serves the 
TMI site) as wen as other potential con
necting carriers serving the northeast 
United States. EG&G Idaho and DOE are 
reviewing the potentiai routes to ensure that 
they are appropriate in terms of track 
safety and service requirements. 

The railroads being considered are 
hazardous-material carriers that consist
ently earn railroad industry recognition for 
safety of operations and maintenance of 
track. Evaluation of the routes proposed by 
the railroads will include various factors 
such as the highest quality track available, 
which results in the shortest possible sched
uie using regularly scheduled railroad serv- . 
ice. The routes ultimately selected will be 
through relatively low populated areas 
where possible. These requirements will 
reslilt in a route with connections and 
tracks that have a low accident freqnency 
i..Jex and a minimum number of switching 
stations. 

The Casks will ride on new railcars, each 
with 8 axles and Ii load capacity of 
150 tons. A special design consideration 
fOT the rail cars was a safety margin such 
that the rated ~pacity of the railcar com
fortably exceeded the loaded weight of the 
cask. 

Railroad personnel will maintain contin-. 
nous contact and use surveillance controls 
during traJisport.. :The i2i1!oadshave the 

.. responsibility for bancgmg any incidents 
.that ma,yoccUr during shipping and ~ve 
established emirrgeney ProceduteS and . 

::!=~lto~~QUS 

In ~unlib:ly event ofan accident dur
ing shipment, the railroad would take the 
initial action of isolating the train. Based 
on the severity of the accident, a nation
wide emergency response system could be 
mobilized ifnecessary. Because of the 
safety designs built intc the TMI fuel ship
ping casks, it is highly unlikely that, even in 
a rail accident, a breach of container integ
rity would occur. 

Should an emergency occur, the DOE 
has established eight regional offices to 
provide radiological assistance. Any of 
these offices can mobilize an emergency 
response team within two hours; the team 
can arrive at an accident scene within eight 
hours. Nationwide, 28 DOE radiological 
assistance teams are available. The number 
of personnel responding and type of equip
ment assigned would depend on the nature 
of the emergency. 

The total shipment time from TMI to 
Idaho is expected to be less than two 
weeks. With more than 250 canisters 
expected to be used and 1 canisters per 
cask, 35 to 40 shipments are planned. 
While one cask is being loaded at TMI, 
another will be being unloaded at the 
INEL. 

Shipments are expected to begin in mid
1986 and should be completed in two to 
three years. Before actua! shipments begin, 
the designated governors representative in 
each state through which the shipments 
pass will have received a notice of the pend
ing shipping campaign. DOE, which is . 
responsible for shipping the TMI-2 fuel 
debris, will continuously monitor all 
!li;pects of the fuel shipping program.D 

-...•.\,.:: " 
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Core Debris to be Stored at 
INEL; Researchers to Have 
Access 

On arrival at the lNEL. the rail cask is 
removed from the railcar and transferred to 
a truck transporter fcr the 30-mile trip to 
the research and storage facility Hot Shop 
at 'lest Area North. Inside the Hot Shop. 
operations for u:lloading the canisters from 
me cask are done remotely. 

Each canister is withdrawn from the 
cask, taken to a pool of water, and lowered 
into a storage module. Each module holds 
up to six canisters. When a storage module 
is full, each canister is vented with a spe
cially designed venting and gas sampling 
system before beL'1g filled with demineral
izt'd water. 

The modules are moved to storage loca
tions in the pool and placed together, but 
no! interconnected. After each module is in 
place, a gas venting line is r.onne.cted to 
each canister. These fuel st!lrage modules 
were designed to be stable and subcritical 
under all potential accident conditions. 

Storage of the TMI-2 core debris is 
planned for up to 30 years at lNEL, a 
DOE-owned facility located 50 miles west 
of Idaho Falls, Idaho. At the INEL, 
researchers will have access to core debris 
for the core examination research and 
development program. Until now, they bave 
had only small samples of the damaged 
core to examine. While progress in under
standing the accident sequence at TMI has 
been made, scientists at the lNEL and at 
other nuclear research facilities can develop 
the fullest possible understanding only by 
studying debris from many core locations. 
This stored material will offer tb,;m that 
opportunity. 0 
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A significant milestone was reached 
at TMI-2 in July with the removal of 
stratified core debris samples from the 

Core 
Borer Samples reactor vessel. Once examinations and 

analyses are complete, the information Removed gained from these core samples is 

Three-man drilling 
crews __ • supervised by an EG&G 
technical advisor _•• operated 
16 hours perdsy .•• 

• . • operating the drill rig. 
monitoring Its performance ••. 

•• _repositioning equipment, 
and adding drill casing. 

expected to contribute to the resolution 
of several important research issues. 

These issues include improving the 
definition of current core conditions, 
advancing the understanding of the 
accident scenario, and establishing 
location and distribution of retained 
fission products. In addition, informa
tion developed during core borer oper
ations will significantly aid core debris 
removal (see box). This information 
was developed both from drilling data 
and from video inspections made 
through the bore holes. 

The need for a thorough under
standing of conditions inside the dam
aged reactor was recognized during the 
early stages of the TMI-2 program. 
More than simply identifying the end
state condition of the core, under
standing the thermal, chemical, and 
mechanical processes that occurred 
during the accident was established as 
a priority concern. The release or 
retention of fission products by the 
core is at the center of severe accident 
predictions and related licensing issues, 
and was recognized as an important 
to~ic for investigation at TMI-2 • 

Similarl~ the events and conditions 
contributing to the relocation of core 
materials, as well as the timing of 
those events, make up the major data 
points for reconstructing the accident 
sequence. Vital to all these consider
ations is the ability to acquire mean
ingful core s!lIIlples. . 

The research community requires 
physical samples representlng the spa
tial extent ofdamage or degJ'adation. 
With analysis, the SanlPleS must be .. 
capable of providing d.ata:to charaCter
ize the v~riations in p;jStaCciqenccore 

. inaterials present. as wellas repni$ent 
as-built vanatiom; mJuel ~bly 
~l~andlocationS...•...... ' ... 

. .. .".-.~..'........'~.' '.:.;.•.~.~::.~ .......... ' , :.:.... :.'::..:.,,: :.~:c. -'i /.';, ',:
-- - . . . ~,:. .' ,': 
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To be meaningful, the samples had 
to be traceable within the three
dimensional geometry of the core. 
Similarly, those responsible for dcfuel
ing plans needed data on the type and 
distribution of altered core materials, 
both in the normal core space and in 
the regions within the lnwer L'Ore sup-
port structures. The latter informa
tion, to be useful, had tn be available 
shortly after drilling. An overriding 
consideration was to minimize delays 
to the plant recovery and defueling 
operations. 

The Core Stratification Sampling 
(CSS) Pmject, referred to as the "core 
borer" project, was developed as a 
coherent approach to the complex task 
of in-core sample acquisition. Starting 
with equipment and technology cur
rentlyavailable in the mining/geology 
industry, the system was extensively 
modified to meet the special operating 
and environmental requirements of the 
TMI-2 Reactor Building. 

The drill unit was modified to pro
vide precision positioning ov'!r the 
reactor vessel, to incorporate a micro
processor for operational control and 
safety interlocks, to record drilling 
parameters (torque, load, etc.), and to 
provide relevant plant protection func
tions. For the most part, the sample
cutting hardware was derived directly 
from the mining industry, with the drill 
bit the only major departure from 
standard, off-the-shelf equipment. The 
bit carried special teeth of diamond
faced tungsten carbide, the only con
figuration found to tolerate the 
combination of hard, ceramic-like 
materials as well as the ductile 
metallics encountered during the 
sampling operations. 

'len core samples were removed from 
the reactor vessel and loaded into five 
shipping canisters for shipmerit to the 
INEL. Once at the lNEL, the sample 
materials were removed from the 
canisters and prepared for distribution 
to several laboratories where extensive 
examinations wiD begin. 

Current examination plans include 
participation by both foreign and 
domestic laboratories, including facili
ties in Japan, cap,ada, and up to six 
European countries. The examination 
and analysis activities are expected to 
take more than two years to complete. 

The unqualified success of the sam
ple acquisition project is the direct 
result of a strong cooperative effort 
between GPU Nuclear (GPUN) and 
EG&G Idaho, Inc., with direct bene Core boring machine for 
fits to both the research community TMI-2 reactor. 
and recovery interests. 0 

Operator 
Drilling ----11Mf-11e platform 
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33g·ftTransfer elevationcask roller 
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Core 
Bore Findings 
Sup rt 
Defueling 

DriIting data a'ld video inspections 
through the bore holes provided signif
kant new information to support 
defueling or rations. Among the 
fino.ings were: 

• 	 The amount of force require-d to 
drill through the core indicate~ the 
core material, while containing a 
significant quantity of resolidif;ed 
material, is not as hard as once 
thought. 

• 	 The normal core region contains 
loose debris, resolidified material. 
and apparently intact remnants of 
fuel assemblies, as expected. 

• 	 Damage to reactor components 
below Lt'le core region appears to be 
less than expected. Some minor 
damage was found on the 
eastern side. 

.. 	 Less debris was found in reactor 
corc~-support components than 
e%pl%:ted. 

• 	 Most debris in the bottom of the 
reactor vessd appears loose enough 
to be removed with vacuuraing 
equipment. 

• 	 DUring the 1979 accident, the bot
tom Z to 3 112 fee. of the core 
rem:ained covered with water. 

As a result of these findings, de fuel
io,g pI.a:nnerl' are reviewing tocling 
requirements. To date, approximately 
25 oj tIte estimated ISO tons of core 
debris flave been removed. 0 
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Instrumentation 
and Electrical 
Program 
Completed 

The TMI-2 Ilistrumentation and 
Electrical (I&E) Program, begun in 
1980, was completed in June t986. The 
program was designed to take advan
tage of the unique opportunity offered 
by the TMI-2 accident to evaluate a 
variety of instrumentation and electri
cal equipment for the effects of expo
sure to accident conditions including 
steam, spray, and radiation, as well as 
hydrogen burn and the resultant 
overpressure. 

The examination of this equipment 
over a period of several years also pro
vided information on long-term expo
sure to moisture. Findings of the 
TMI-2 I&E Program support the gen
eral conclusion that the plant instru
mentation and electrical components 
performed well with respect to their 
required functions under accident 
conditions. 

The TMI-2 I&E Program also iden
tified and analyzed a number of instal
lation fJroblems and instrument 
response characteristics that led to 
misleading information and equipment 
failures. These problems included 
faulty seals and inadequate drains and 
vents to protect enclosed equipment 
against moisture, anomalous responses 
of radiation monitors, and substantial 
corrosion of electrical contacts over a 
period of a few years. 

The equipment involved included 
the radiation monitors from which it 
has not been possible to determine the 
true radiation profile within the Reac
tor Building; pressure transmitters that 
failed because of moisture intrusion; 
the loose parts monitors that degraded 
and then failed due to the sensitivity of 
the electronics to radiation; various 
switches and contacts that are continu
ing to fail due to corrosion; solenoid 
operators for valves that trapped mois
ture within the assembly; and various 
other devices that suffered from mois
ture intrusion . 

In addition to analysis of active 
equipment, cables and connectors have 
been carefully analyzed. Some 750 cir
cuits were tested using the newly devel
oped ECCAD system (see box). In 
addition, cables, or sections of cables, 
were removed from the Reactor Build
ing for in-depth laboratory analyses. 

Major Findings 

Two major findings have emerged 
from the program: (1) more attention 
must be given to the prevention of 
moisture intrusion during the design, 
construction, operation, and mainte
nance of nuclear power plants, and 
(2) while basic engineering designs of 
electronic devices are generally ade
quate, applications engineering and 
specifications should be improved. 
These two findings are closely related. 

Moisture Instrusion-The major 
cause of I&E equipment failure was 
moisture intrusion, generally caused by 
inadequate ~eals on housings, 
conduits, fittings, and connectors. 
Where seal integrity was maintained at 
the cable entry into the equipment 
housing, the internals were generally 
not corroded and the device was 
operable. 

For example, seven pressure 
transmitters were removed from the 
Reactor Building for evaluation at the 
lNEL. All had been located above 
flood level in the Reactor Building and 
were exposed to approximateiy the 
same environment. Three of the 
pr'!ssure transmitters were made by 
manufacturer A and four by 
manufacturer B. All of the A units 
survived the accident and 
postaccident; one of the B units 
survived the accident and 
postaccident, and mother B unit 
survived the accident and one year of 
postaccident before failing. 

. ".. ": 
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ECCAD 
System 
Description 

The Electrical Circuit Characteriza
tion and Diagnostic (BCCAD) system, 
developed under the TMI-2 I&E Pro
gram, can make a significant contribu
tion to predictive maintenance for 
electrical circuits. The ECCAD system 
is a computer-controlled measurement 
system designed to characterize electri
cal circlIit parameters that might 
impact the ability of a circuit to per
form its function. For example, jf the 
circuit energiz.es a motor for a motor
operated valve, the ECCAD system 
can determine if all connections or 
cont.a;cts ,are good, if proper voltage 
can be applied to operate the motor, 
and if the motor is electrically 
functional, 

The sys*.em functions byme~U~~g
basic electrical paraiDcier5 arid.~y" " 

, SL'llding an electro~.&n.eticpill!;e ", 
through a circuit.; Byliru;lyZing the" ' 
reflected pulse and related electrlcal ; 
data, tlle condition ofihecircuit.can 
be determined and exaet locations of 
circuit abnormalities cap be: estab
lished. Further, this infonnatioil is 
stored in the com.puter and can be 
compared with data taken earlier or 
later to d'!termine if circuit deteriora~ 
tion is taking place. 

The BeCAD system Is composed of 
standard electronic test equipmenfthat 
is readily available on the commercial ' 
market. The system isco~~roll~d'by a ," " 
Compaq personal comjmter,' The', 
computei: ' 	 ' 

" 	 

• 	 Contro1s individual insiru'lnents", 

setting critical valueS ' 


• 	 Performs a self..test'oIf the' 

instruments 
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Laboratory analysis showed that all 
of the failures resulted from moisture 
intrusion. Those units that survived 
had either an adequate internal seal 
(manufacturer A) or a properly 
installed conduit and junction box 
(one of manufacturer B's units). A 
proper installation specification, 
calling for sealing the unit (as was 
done by manufacturer A), or for a 
junction box with breather, drain, and 
Correct condait entry would have 
precluded moisture intrusion and 
extended the life of the equipment. 

Other Findings-while moisture 
intrusion was the major cause of 
equipment failure, other significant 
findings were made. 

• Dome Monitor 

The Reactor Building dome radia
tion monitor, with shielded ion 
chambers and electronics. was the 
only radiation monitor inside the 
Reactor Building with the capability 
to measure and indicate WCA-Ievel 
radiation. This monitor was the 
subject of extensive postaccidem 
examination in efforts to under
stand the monitor response and to 
determine radiation IC"/eis inside 
the Reactor Building during 
the accident. 

The dome monitor design shows 
that insufficient consideration had 
been given the fact that the energy 
content of the radiation changes 
with time during the course of an 
accident. By not requiring a flat 
gamma energy response under all 
radiation conditions, radiation mea
surements were inaccurate. Also, 
the electronics (specifically the MOS 
transistors) were significantly 
degraded by radiation exposure. 
Specifying and testing the dome 
monitor aesign for postaccident 
radiation dose levels could have 
led to improved performance of 
this equipment. 

• Area Radiation Monitors 

Three radiation monitors were 
selected for ~arly removal in an 
attempt to establish an improved 
knowledge of radiation levels during 
the accident. All three were located 
in the Reactor Building and were 
exposed to the acc:jent and postac
cident envirorcment. All three moni
tors were of the Geiger-Mueiler 
(GM) tube type, with an accompa
nying electronics package which fed 
square waves {one for each GM 
pulse) to an electronics pacbge 
mounted outside the Reactor 
Building. 

One ARM provided all erroneous 
(low) indication of the high radia
tion levels. It was discovered that 
the area radiation monitor gave OD

scale readings when it should have 
given high, off-scale readings. The 
device did have a fail-safe circuit 
that was supposed to ensure high, 
off-scale readillJ.s for high input 
radiation Jeve.ls. However, in the 
presence of the accident radiation 
(estimated to be between 2.5 x 105 

Rads and 1 x 106 Rads), the circuit 
did not work. Failure to require 
proof of performance at high radia
tion levels resulted in misleading 
information that could have ham
pered accident mitigation activities. 

• Loose Parts Monitor Charge 
Converters 

Charge converters associated with 
the loose parts monitoring system 
were found to have failed due to 
radiation sensitivity of semiconduc
tors. This failure occurred in the 
first few days of the ~.ccident when 
the system was being monitored 
very closely to detect loose pans 
moving through the systems and to 
assess core damage. 



':--'., 

This type of failure would mask or 
distort real loose parts signals. The 
studies at TMI-2Ied to the determi
nation that similar failures were 
occurring during normal operating 
conditions at another operating 
nuclear plant. This problem was 
subsequently corrected through 
redesign by the manufacturer. 

The specification of a required radi
ation operating level and total radia
tion dose for this equipment could 
have led to the use of an alternate 
design or installation at a location 
with a lower radiation environment. 

• Solenoid Valves 

Two Class l-E solenoid valves were 
removed from the Reactor BuUding 
air cooling and purge system. Both 
solenoids were operational except 
that one limit switch failed to 
respond to the valve position. One 
valve shell was rusted from moisture 
that had entered the solenoid hous
ing, due to a flaw in the configura
tion of the conduit installation. The 
limit switch failure was moisture 
related and the lead wire insulation 
to both valves had embrittled. The 
long-term integrity of these valves 
could have been improved by ensur
ing protection against moisture 
intrusion as well as by specifying the 
use of materials that WQutd not 
prematurely age and embrittle from 
heat or radiation. 

These examples, typical of the 
. equipment problem:> found during the 
TMI-2 I&E Plogram, led to the follow
ing general conclusions: 

.. 	 Moisture intrusion is the mf:ljor 
cause of equipment failure and, as 
such, must be considered in specifi
cations, equipment designs, and 
installation and maintenance 
procedures. 

.. 	 Applications engineering should be 
performed on a wider range of 
eq11ipment, not jnst safety-related 
equipment. Analysis should include 
abnormal (e.g., LOCA) operating 
conditions and should address 
information needs for accident 
mitigation activities. 

• 	 Qualifications testing should 
include normal and abnormal radia
tion eIivironments when it is vital 
that equipment continue to operate 
in such adverse environments. 

• 	 Predictive maintenance should be 
encouraged to avoid unnecessary 
interruption of electrical circuits for 
maintenance purposes. NRC studies 
show that 350/0 of electrical failures 
are maintenance-induced. The use 
of diagnostic or trending systems 
(such as an ECCAD system) wouid 
allow maintenance to be performed 
only where needed. 

Further information on the TMI-2 
I&E Program is available in the follow
ing reports. Copies of these reports are 
available from: 

TMI-2 Technical Information and 
Examination Program 
P. O. Box 88 

Middletown, PA 17057 
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Special Tools 
Developed for 
Core Debris 
Removal 

Table 1, Defueling activity 
and related tooling. 

Defueling Activity Tooling 

Core debris sizing and reactor 
internals disassembly 

"Pick and place" 

Fines/debris vacuuming 

Tooling support equipment 

Shears, shredder, impact chisel, 
cutting station, abn:.sive saw, 
brushes, abrasive water jet, cavitat
ing water jet, plasma arc torch, 
incore instrument cutt€!r, core bor
ing mach;ne, and cutoff saw, 

Top access partial fuel assembly 
removal tool, scoops, hooks, tongs, 
grippers, tampers, sweepers, debris 
container handling tools, cranes, 
and handling bridges. 

An Integral fines/debris vacuuming 
system with specialized capturing 
canisters and an assortment of 
vacuum nozzles. 

Work platforms and support struc
tures, control systems, cable man
agement system, closed-circuit 
television viewing and Ilghting sys
tem, robotic arm manipulator, tool
ing positioners and stabiiizers, 
debris canisters and buckets, and 
canister positioning system. 

A number of special tools have been 
developed to meet the unique challenge 
of removing TMI-2 core debris. They 
are being used inside the reactor vessel, 
underwater, in a radioactive environ
ment, and are operated from up to 
35 feet away. 

The current tooling inventory repre
sents the culmination of several years 
of intensive technical planning. The 
overall philosophy calls for the sim
plest, least-de'lelopmental tools and 
techniques, Tooling is permitted to 
become more complex and develop
mental only as dictated by proof-of
principle testing, operational 
experience, and increasing knowledge 
of core conditions. 

In late 1982, GPUN and their sub
contractors, with funding support 
from DOE/EG&G Idaho, Inc., started 
the reactor vessel defueling tooling 
development effort. The thrust of this 
effort was to provi.de a tooling system 
capable of removing approximately 
100 tons of uranium dioxide fuel and 
50 tons of core components from the 
TMI-2 reactor vesseL The initial fuel 
a.'ld core debris removal tooling was 
delivered to TMI in time for the first 
phase of reactor vessel defueling, start
ing in October 1985. (Reactor vessel 
defueiing operations are expected to be 
completed by December 1987). This 
tooling, and the defueling tooling that 
will follow, provides the means to pre
pare the reactor vessel core material 
and to place it in specially designed 
debris canisters. These canisters will be 
placed in temporary storage at the 
Idaho National Engineen' ,g Labora
tory, with DOE having responsibility 
for their ultimate disposal. (See item 
on shipping program on page 1 of this 
issue of Update,) 
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Tooling requirements are based on 
four phases of reactor vessel defueling 
as follows: 

f) Initial de fueling-removal of fuel 
element end fittings and other loose 
debris, including vacuumable fines, 
from the rubble bed. 

• 	 Core region defueling-removal of 
debris remaining after the comple
tion of initial defueling in the core 
region. This phase is differentiated 
from initial dr.fueling in that signifi
cant debris sizing operations will be 
performed. It is also intended that 
the removal of the once-molten, 
"bard crust" will be accomplished 
during this phase. 

• 	 Lower head defueling-remo..1l1 of 
debris from the lower reactor vessel 
head. The lower head includes the 
volume directly below the flow 
distributor. 

• 	 Core support assembly (CSA) 
defueling-removal of debris from 
the core support assembly. The CSA 
consists of bolted, stainless stee! 
subassemblies induding the core 
support shield, core barrel, thermal 
shield, lower grid, incore instrument 
guide tubes, and flow distributor. 

In addition to uranium dioxide fuel, 
the core material consists of fuel rods, 
end fittings. control rod material, 
spacer grids, fuel cladding, instrume:tt 
strings, control rod spiders, and neu
tron poison materials. 

All the defueIing tooling is designed 
for remote operation, underwater in 
the reactor vessel, and is controlled at 
or near the main work platform 
located over the reactor vessel. While 
se.eral tools are hoist mounted and 
manually operated. most of the tooling 
is hydraulically operated. The tool 
"end effectors," which represent the 
mechanical devices performing the 
work, are designed for mounting on 
poles and tool positioners up to 35 feet 
long. The accompanying table lists 
the tools. 

The main work platform, on which 
most of the defueling tooling is staged 
and operated, is located above the 
reactor vessel flange. The work plat
form is shielded and can be rotated. It 
is equipped with ports and slots cov
ered with removable hatches. These 
openings permit workers to use defuel
ing toOliJlg and support equipment 
inside the reactor vessel, while mini
mizing radiation exposure. 

Before being placed into service, the 
tooling and S'lpport equipment are 
functionally tested to ensure that they 
will interface as designed and perform 
as intended. Functional testing is nor
mally performed at the manufacturer's 
facility or on-island at the defueIing 
test assembly reactor vessel mockup. 
GPUN is currently reviewing plans for 
the d!!Sign, fabrication, and testing of 
CSA and lower head cutting tools and 
equipment. This tooling will complete 
the reactor vessel defueling tooling 
requirements. Recent reactor vessel 
core boring and associated video 
inspection results suggest that there is 
no reactor vessel core condition that 
the present and anticipated defueling 
tooling and support equipment inven
tory cannot accommodate. 

During the past few years, robots 
have played an. important role in the 
TMI-2 cleanup program, helping to 
reduce worker radiation exposure. To 
date, five different devices have been 
used to test or probe in high-radiation 
areas of the plant. Thus far, no 
remote-controlled device has been used 
inside the reactor vessel. As indicated 
in the table, a robotic arm has been 
purchased and is expected to be used in 
the vessel as a light-duty defueling 
operations manipulator. 

The final development of this tool
ing will complete a major milestone 
leading to ultimate disposition of the 
TMI-2 plant. 0 
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