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THil Unit-2 Technical Information & Examination Program

TMI Offers Unique Opportunity

Researchers are taking advantage of
the unigue epportunities 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:

s 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,

s agsess 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 will add to current
knowledge on light-water-reactor
behavior following accidents involving
core damage. The results could lead to

improvements in plant safety, reliabili-
ty, regulation, and operation. Also, the
information will benefit those engaged

o

in the design, construction, operation,
and maintenance of nuclear power
plants.

Three Mile Island—Location of the nation’s most severe commercial nuclear
power plant accident,

-

TMI Unit-2 Technical Information and Examination Program Update

This first publication of the 7T & EP Update introduces the TMI-2 Technical Information and Examination Program,

The Upduate is specifically designed io highlight 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 Update; however,
more detailed inforrnation will be available in a data bank which is currently under development, 1n a later Update, a procedure for
obtaining this information will be outlined. We hope these mechanisms satisfy requirements of all interested individuais and
organizations for data and information from this program.

interssted individuals and organizations can obtain a complimentary subscription by filling out the form on the inside pages and
mailing it to 77 & EP Update, EG&G Idabo, Inc., P.O. Box 88, Middletown, PA 17037,




Participants Form Information and Examination
Program; Seek Generic Data from Unit-2 Accident

Four groups, with a common

interest in obtaining valuable generic
information from the TMI Unit-2 acci-
dent, jointly established the TMI
Unit-2 Information and Examination

Model of TMI Unit-2 containment building shows penetration location.

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

Camera, Radiation Probe Explore Containment

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 10, 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

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

Radiation readings from the
instalied 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 rems 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 for initial entry into the
containment,

{GPU) signed a coordination agre
ment on Marck 26, 1980, whic
documents these common interests.

EG&G Idaho, Inc., has staffed tt
Technical Integration Office (TIO
which reports {o Dr. Willis W, Bixb
the DOE Manager of the TMI Si
Qffice, The TIQ s responsdhie for tf
day-to-day management of the Info
mation and Examination Program,

The TIO staff and their respectiv
areas of responsibility are as foliow:
Harold M. Burton, EG&G Prograr
Manager; Gregory R. Eidam, Radis
tion and Decontamination Technic:
Coordinator; Robert E. Holzwortt
Mechanical Systems and Rad Wast
Technical Coordinator; James W
Mock, Instrumentation and Electrics
Systems Technical Coordinator
Dennis E. Owen, Fuels Technice
Coordinator; Frank J. Kocsis, Cor

figuration and Document Contrc

Technical Coordinator; Joseph R
Kerscher, Planning, Scheduling, an
Budgets Coordinator; Donna L
Morris, Material and Contracts Coor
dinator; and Marilyn R. Rehbogen
Secretary.
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B&W Samples Reactor Building

Reactor coolant has been sampled
regularly since the TMYI 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 amalyzed other
samples in the reactor buiiding such as
the sump on Qctober 20, 1979 (see the
table to the right), and the air on
February 13, 1980, The sample from
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FMI-2 reactor coolant samples revesl
radisisotope concentrations.

the reactor building air documented
specific  radioisotope concentrations
(e.g., B5Kr activity of 1 uCi/ml, 34¢s
activity of <7 x 10-6uci/mi, 137cs
activity of<3.2 x 10~ 1.Ci/ml).

The owner of TMI Unit-2, the
General Public Utilities Company,
measured the radiation in the reactor
building on December 14, 1979, a5 one
of the many preparatory steps for entry
into the reactor, and to provide basic
planning informatior: for subsequent
decontamination efforts. The measure-
ments were performed 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/hr. '
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Different izstruments show dose rates
inside the TME-2 reactor building.
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Analysis Result
Unfijtered:
13¢5 {1Ci/g solution) 136
1M (Ci/g solution) 27
Filtrate:
Na (ppm} 1250 + 100
C1 {ppay} 0z2
B {om) 1690 + 40
pH 8.6 + 02
¢ uCi/g solution) 4.8 + 1.2
137¢s wCi/g solution) 138
134 (:Civg solution} 26
2y /g solution) 0.92
Gross Alpha  (2Ci/g soludion) <i X 106
Gross Beta (1Ci/g solution) 149
Sr-89 uCi/g solution) 37 + 4
Filterable Solid
:Ci/g solntion):
137¢ 0.2
134¢ 0.03
103z, 3.0% 103
1401 5 80X 103
1440y 10x 103
957, 1ox 103
95ub 40X 103
Sdvn 7.0 X 10°5
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Oak Ridge Analyzes ‘“Cookie’’ from Containment Building

A disc {cookie) was cut from a shaft
called Penectration R-626 in the TMI
Unit-2 reactor containment building.
Ozk Ridge National Laboratory
analyzed the 9-in. Type-304 “‘cookie’’
made of stainless steel.

The test results indicated that signifi-
cant amounts of surface contamination:
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 1 to 2 mr/hr beta-
gamma.

When Qak Ridge received the disc,
the initial radiation readings were
8¢ mr/hr beta-gamma and 6 mr/hr
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
38% of the activity from piece 3a,
while wiping with wet cheesecloth
‘removed 17% 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 38
Middletown, PA 17057

Isotepe
60Co

134¢4

137¢4

Total Activity
on Disc
(in uCi)

0.019

2.68

12.7

Average Contamination
Level on Disc
(in uCi/cm?)

6.09 X 10-5
8.4 X 10°3

4.0 X 10-2

for decontamination tests,




TMi Unit-2 Technical Information & Examination Program

July 31,1980

Published by €G8G [daho. Inc _far the U S Departmen ot_Enecgs;

F The TISEP Updsie is spmﬂcatlD
designed to highlight data and
information obtained as part of the
TAl-2 Technical Information and
Examination Pregram ({TI&ZEP). As space
permits, the TISEP Update may feature
certain  TMi-related articles which,
though not part of the TIZEP, would e
of general interest to the scientific
\fomum'ty.

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

Four groups organized the TMI
Unit-2 Technical Information and
Examination Program (TI&EP) to
gather 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
Power 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 {TTO) for
day-to-day management of the

Continued on following page

-mechanism now appears to be

Containment Airlock

Door Freed

A smail pin, which acts as z safety  that the airiock door can still be shut
device, apparently caused the  and sealed.
malfunction of the TMI Unit-2 o
containment door locking mechanism
that prevented 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
the pin has been freed, and the locking

operating 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 . i e
containment purge and early entry will g Unit-2 contalnment doordocking
be reported in a future issue of the  mechanism malfunction aborted first entry
TI&EP Update. TMI officials stress attempt

( TI&EP Establishes Data Bank For Nuclear Community

The Three Mile island (TMI) Unit-2 Technical Information and Examination Programn (TI&ZEP) 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 computer system at the Electric Power Research Institute Nuclear
Safety Analysis Center at Palo Alto, California. The data bank information will be available to program participants and others and
wiil benefit the entire nuclear community by enhancing nuclear plant safety and reliability, Initially, all information retrieval wilt be
through the Technical Integration Office. Information distribution will be done on microfiche. Future issues of the TIKEP Updare
will include instructions for information retrieval and will list both new documents acquired and data developed.

Any information you may have whizh could be a useful input to the data bank should be sent to the TI&EP Updare, EG&G
Idaho, Inc., PO Box 88, Middletown, PA 17057, Any questions conceming the type of information needed should be directed t0
Frank Kocsis, Configuration and Document Control Coordinator, phone number (717) 948-8486, FTS number 590-3933.

N




Unit-2 Generic Information
Continued from page !

program under contract to DOE.
EG&G officials recently signed a
coatract 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 documeniation.

NRC licensing, inspection, and
enforcement activiiies are unaffected
by the contract. GPU and itz
contractors wiil perform all work
withia the Unit-2 facilities.

Analyses Compieted
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 coutainment
penetrationn 626. The analyses  were
completed on June 27, 1980. The
results are presented in the tabie below.

Air sample

analysis results
Activity®
Isotope {ie microcuries per
cubic centimeter)
tritium 5+ 1x1073
carbon-14 4+ 1x10°7
iron-55 less than 6 x 10~1}
cobalt-58 less than 1 x 10711
cobalt-60 fess than 1 x 10-H
krypton-85 0.93 + 0.07

1.1 £ 0.5x10°W
22 = 0.2x 10-10
less than 2 x 102
less than 2 x 10~10
6 +2x107Y1
1.7 + 0.1 x 10~10
9.3 £ 0.3x 1010
less than § x 10712
less than 2 5 10-11
less then 8 x 10"12 '

strontium-8%
strontium-90
ruthenium-103
ruthenium-106
iodine-129
cesium-134
cesium-137
granium-235
uranium-238
plutonium-238
plutonium-239

and -240 less than 2 x 10712

{8} fecs than indicates below
detectable limits for the analytical
techniqués available.

Workmen changing PICOR-H resin cask.

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
in the auxiliary building. About
125,000 gallons remain to be
processed.

The EPICOR-II system uses iwo
filtering and demineralizing casks,
each four feet in diameter by four feet
high, and a final polishing cask that is
six feet in diameter by six feet high.
The water is decontaminated by
filtration and jon 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 cycled through
the system a second time for additional
purification.

A typical processing run handles
about 17,000 gallons of water before
the resin casks require changing (see
photograph). Water samples are taken
about every 13500 gallons at points
before and after each filter. The

processing rate averages 10 gallons a
minute.

~The waier after processing is
considered reieasable 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 shieided facility on the
island.

"~
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The TIREP Update is issued by
the EG&G Idaho, Inc., Technical
Integration Office, Configuration
Document Countrol Section, under
contract DE-AMO07-T61D01570 to the
Department of Energy, PO Box 38,
Middietown, PA 17057. Telephones
(T1T)948-8586 or FIS 590-3933. W,
W. Bixby is manager of the DOE-
TMI Site Office, H. M. Burton is
mansger of the Technical Integration
Office. D. M. Grigg is managing
editor of the TILEP Update. )




Techniques Being Investigated for
Early Core Damage Assessment

[nsertion 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 vessei
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 three different approaches:

*  Visual inspection of the core

s  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 2.5-inch-diameter
opening in the CRDM nozzles, thus
permitting visual inspection of the tops
of the f{uel elements. Visual
examination of the peripheral areas of
the core may be accomplished by
inserting a borescope through some of
the eight thermocouple penetraticns.
The thermocouple nozzies are on the
outer perimeter of the vessel, where it
is expected that the fuel may still be
intact. .

While the CRDM is removed,
engineers could insert tooling 1o try to
extract samples of core debris and
determine whether any slumping of

Send for your free
subscription:

Fil out the address label and
mail to:

TI & EP Update
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Middletown, PA 17057

. considered for use

debris has occurred. Qwen said the
samples would be taken to a remote-
handling hot ¢¢ll 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 thermocouples would
allow temperature measurements and
locate physical blockages that might
indicate coolant flow blockages within
the core. Flux wires also are being
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 tibes to check fuel
redistribution, the extent of oxidation
within the core, and mechanical
strength of the core materials,

Local Residents Monritor
Envircnmental Radiation

Each day in 12 Pennsylvania
communities within a 5-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 PDepartment 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. T
Each day after the equipment
readings are recorded, a DER
employee collects the data for
compilation. 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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Corniinued

schedules, however. While krypton-85
was being purged from ¢he 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 this year
when DOE and DER representatives
visited officials of 12 communities and
explained the proposed monitoring
conicept. From a list of 50 pecple

supplied by community officials,
course organizers enrolled residents to
attend 36 hours of radiztion
mornitoring training presented by
Pennsylvania State University faculty
members over a 2-1/2-week period,
The course included a day of
training at the Breazeale Nuclear
Reactor Facility at Pennsylvania State
Untversity at State Coilege, where the
residents learned to take readings of
argon-41 with the same equipment they
wouid later use in their communities.

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

The monitoring equipment includes
& Ludlum 177 radiation moniior 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.,
krypten-£5}) and durability.

T Uns-2 Progrom

A

EG&G ldsho, Inc. « P.O, Box 83
Middietown, PA 1705%




Third Successfui Cmﬁammem

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
inside the building were lower than
anticipated. The team completed ali
tasks planned for the entry,

The team members were Sam
Griffith, 28, a health physics
technician with Nuciear Support
Services Inc.; Larry E. Eberly, 44, an
instrument and control technician 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 of the team

that performed the second
containment entry {see artlcle on msxde
pages).

During the entry, Wxse and Croll-
repaired the locking mechapism of a_ -
personnel. airlock that is part of the -
“equipment hatch (refer to location
maps on the inside. pages) ‘The doors
to this airlock have been shut sinde the-
incident on March 28, 1979 Other«» »
teamm members- comp' ted &
radiclogical survey of core floo anks,
performed mamtenance OB two !

previous enfries; surveying radiation
levels in the area around HP-RT-21t,

the radiation detector removed drurmg
:hie second entry; and removal of a

Coniinyed on page 2

\

(T!lis TE&EP Update hightights the

first fhree containment entries at

\

veniing of the containmeni aud the

TMI Unit-2,  Tais information,
although not extirely z part of the
technical information and
2xsmination program, s considered
of generai interest to the sciemtific
cemmunity,

J
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_ompleted
Toatinued from page I

ection of cable that was connected to
—ZP RT-211.

The team recorded radlatxori
eadings of between 200 and 3500

nillirern (nrem) per hour on the

i05-foot clevation, or eniry level, and
i average of 150 mrem per hour on
he 347-foot elevation, or operating
Toer.

Wise and Eborly left the building
ifter the [irat hour, staying twice as
ong as was pianned. Keegan left with
hem when a ramera malfunctioned.
e was scheduled to join Croll and
3riff-th, who were inside for 90
ainuces (30 minutes longer than
cheduled).

Acrual radiation doses 1o the team

mmembers were weﬁ below the 625 !
mrem limit set for the entry; they

rapged from 200 to just over 4356
mrem. By comparison, the company
quarterly limit is 1250 mrem and the
federal quarterly Hmit is 3000 mrem.
Truring the entry, the feam wore
cotton overalls instead of the heavier
fireman’s coats worn during the first

two eniries. They also wore battery-

powered air filtration devices wil
positive-flow air masks, rather than the
oxygen tanks worn during the first
entry.

The entry preparations and conirol
center aciivities were videotaped by the
TIG. These tapes will be narrated by
the entry tearn manager and will be
available for tzalnir»g critigues and
management brisfing

Operating Floor Radiation
Vieasurements Taken During
second Enfry

On August 135, 1980, a four-man
sam made the second entry into the
‘M1 Unit-2 containment znd visited
ae 347-foot level, or operating floor,
or the first time since the March 28,
97¢ incident. While there, "they
bramed radiftion readmgs of 100 fo

00 mxlixrem per. ‘hout’ (mremfhr} {See
ccompanving location maps ‘} The

am members ;

is manager of 'tke' §
. lntegratmn Office..
managing - eadtfor uf

Updafe. :
N—

the contammcnt for subsequem
analysis. :

After tummg on the 305,‘ ~foot and
347-foot level hghts the team obtained
radzatlon“ eadxugs : and surface
contammat;on samples m areas ‘of the

.-1nciuded north of the
rem/hr (iocauﬁn A




.and wa*er stains on equipment ard
-floots of the 347-foot leval, describiug
the conditions as similar ta those found
or the 305-foot level during the first
entry. Officials said no significant
structural damage was seen; however,
elevated temperatures had partially
meited "a telephone housing, plastic
rope, and some yellow plasuc sheeting.
- Behrle reported seeing pieces of what
appeared to be wood floating in the
dark sump water that filled the
containment below the ground level,
An estimated 700800 galions of
contaminated water are behpved to be
in the sump.

Experiments conducted by the
tearis included placing two trees of
thermoluminescent dosimeters in the
containment for protective covering
£ e T e , e - and directionat dose tests and wiping 2
The walls of the transfer cuna® sre clean, The sbield tanks around the resctor vessel pertion of the 305-foot level floo:
head are dry. On the reacior head, the ceoling fans and asseciated elecirical leads Continued on page 4
appear to be clean. -

linear decrease from 3 to 3 rem/hr on
the 303-foot level 1o 180 mrem/hr on
the 347-fool level.

Radiation surveys on the 347-foot
level revealed 600 mrem/hr at the
decking outside the enclosed stairwell
{location I) and 100 mrem/hr along the
south containment wall {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
inciuded: fuel handiing bridge
{location .}, 100 to 400 mrem/hr; 15
feet from the reactor head and stud
boits {location M), 125 mrem/hr;
pressurizer spray line (location NJ, 2.5
rem/hr; over core flood tanks
(locations O aud P), 250 to 300
mrem/hr; and behind the eunclosed
stairwell (focation Q), 50 mrem/hr.

‘Swipes taken on the 347-foot level
vizlded average cesium-134 and
cesium-lB? concenirations of 9.0 x ..
103 and 5.6 x 102 uCi/can?
respectively on the floor and of 2.5 x
105 and 1.5 x 1074 uCi/ems
respectively on the walls. Strontizm-90
concemra{zons were found to be 3.1 x
10-3 ,uCz/cmZ or less.on the floor.

The teams took. 67 photographis .
during the entry The -photographic
survey on the 1&5-feot Ievel showed.

.harzdl;ing -:br.icig_e
and reactor VEsH







Two gﬂide studs rest on the e'orsge stands for reactor vessel
studs. After the initinl fueling efforts, - the guide studs.

were wrapped in plastic. Melted plastic is at the bottem of the

staaqd. In addition, a section of magema and yellow plast:c
rope has meited to the stand base. . .

I the h;ic:kgmmzd mé steel

bﬁd‘ge,;s visihle



Containment Ven ting Rg!eﬁs’e& :
4@% 000 Curies of Ki"yﬁfﬁﬁ-gS

A two-week project
Yrypton-85 from the
containment building relessed an
estimated 43,000 Curigs of the isotope

to the atmosphere between June 28and -

July 11 of 1980, Monitoring -by
General Public Utilittes Corporation
{GPUY and federal agencies indicated
the maximum offsite radiation doses
during the venfing were 4.34 millirem
{mrem} to the skin and 0.044 mrem 1o
the whole body. The maximumi doses
atlowed by the NRC are 15 mrem to
skin and § mrem to the wholé bedy.
GPU officials aitributedg{\the
difference between the actual release
and the prerelease estimate of 57,000
Cunies to deliberately conservative
sstimates of the containment volume
and the amount of krypton trapped in
‘he building. Original plans called for
‘he venting procedure to take from two

Two Engineers First to Enter
Containment Since 1979 Incldem

On July 23, 1980 William H.
Behrle 1] and Michael Benson became
the first persons o enter the Unit-2
containment building since the March
28, 1979 incident. During. the entry,

they visited the 305-foot elevation, or

entry level, to conduct radiological and
photographic surveys of conditions
within the containment.
wccompanying location map.) While in

he containment, they used two-way

-adios  to comuiunicate with the
:ommand center. B..hr]e and Bcnson
ire  both
vfetropohtan Edison Comparcy, a
ubsidiary of General Public
,orporamon (GPU)* )

Oﬁ-sqmre-cem;me};er swi
o1 subsegue
Azasurements.
etrievgad a

to vent
Unit-2

‘Nuclear
(WRC) approved the operation. After

. five-hour test of venting rates began.

p.m. June 29, using the hydrogen

‘{Sce

{1 D-ring and liner -

engineers employed by} -Floor. draxns‘(fange)‘;

ta ‘four weeks using the reactee
buiidmg purge syszem to effect the
operation.

The venting began June 28 after the
Regulatory Commission

four minutes of venting, however,
radiation monitors sounded and
officials halted the procedure.

Late in the afternoon of June 28, a

The test helped engineers conclude that
the radiation menitor alarm was .
erroneous. Venting was resurned at 3

purge system to obfain 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 discharged through filtering
mechanisms, pasi radiation monitoring -

Location

Enclosed stairwell

Metal deck for covered floor hatch.
 Edge.of metal-covered floar hatch

Air codlers -

Top of open ataxrwen

Dose

Cgre ‘Ioo d piping
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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 ne visible
damage, according to members of the
fifth contazinment 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,
2dditional radiation surveys, and tests
of decontamiration procedures, All
tasks further photographic surveys of
the containmment 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,
reported that the crane, cables, and
hook 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

R ’Putxh?h\jd by EGBG idabo, Inc for the US Deplrtment uf Energy

equipment, is tentatively planned for
the szventh containment entry 1o 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 miore than an hour
taking additional radiation surveys on
the 305-foot floor level, examing floor
penctrations for future sump sampling,
and 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 looking down at the steam generator (left) and the reactor coolant pump (right). Most of the exposed metal

surfaces show little sign of corrosion.




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 seiution

with abrasive scrubbing and a low-
pressure flush, strong decontamination

[ i Rl

solution with low-pressure flush, and a
strippable coating. The temperature of
all decontamination fluids was 150°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.

AR~ LN E ke

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

Gregory R. Eidam, a Technical
Integration Office Project engineer,
helped inspect the Unit-2 polar crane
during the fifth containment entry,
conducted on December 11,

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

crane at the Loss-of-Fluid-Test
{LOFY) Facility at the 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

2
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The TI&EP Update is issued by
the EG&G Idaho, Inc., Technical
integration Office, Document
Comirsl Center; F.J. Kocsis,
manager; under Department of
Energy contract No. DE-AMO7-
76ID0O1570. P.0O. Box 88,
Middletown, PA 17057, Telephone
717-948-1020 or FT'S 590-1620.

The TIKEP Update s specifically
designed to highlight date and
information obtaized as part of the
TM1.2 Tecknical Information and
Examiaation Program (TI&EP). As
space permits, the T/REP Update
mey feature certain TMl-related
information that, though not part of
the TISEP, wouid be of general
interest to the scientific community.

W.W. Bixby is mansger of the
DOE-TMI Site Office. H.M. Burton
is manager of the Technical
Integruion Office. D.M. Grigg is
msnaging editor of the TIKEP
Update; G.R. Brown is associate
editor,

E e 1oay "
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took radiation readings and did a
visual inspection. The crane ionked
rusty, as were the couplings and the
rails. It appeared to be in structurally
good condition.”

Eidam remarked that one section of
copper conducior (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-Z polar crane is an extremely
important activity of the TI&EP. “It
represents a critical path activity to
early examination of the reactor core
and removal of the reactor vessel head,
both key recovery program
milestones,”” stated Hurton.

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 engineers and technicians,
working in three shifts over a three-
hour-and-forty-minute seriod, filmed
an hour of videctape footage inside
Unit-2 as part of the reactor building
damage asessmeni during the fourth
containment entry. They supplemented
the videotape by {aking 71 stiil
photographs.

The November 13 videotape
included 30 minutes of filming at the
305-foot floor level and 40 minutes at
the 347-foot floor level. The tape was
later edited to 20 minuies and

narration was added.

The other ictivities by team
members on the 347-foot floor level
included movir:; the auxiliary fuel
handiing bridge “or easier access to a
ladder leading ro the rer- r vassel
head arza, testing deco...mina‘ion
methods, a - c¢onducting raciological
surveys, '

On the 203-foot level, gamma
readings ranged from 200 millirem per
heur (mrem/hr} in the northeast
section of the containment to 3800
mrem/hr at the B cocre flood tank
piping. Gamma readings on the
347-foot level ranged from 100
mrem/hr at the 1op of the east D ring
to 1000 mrem/hr at a floor drain and
1500 mrem/hr at gbout one meter into
the west D ring.

Smear samples taken on the

305-foot levei as part of testing
decontamination methods yielded the
preliminary results shown in Table I.

A scrape sample taken cutside the
decontainination methods iest area
vielded preliminary readings of 3.4 x
10! microcuries WCi) of cesium-134
and 2.4 x 10! uCi of cesium-137. A
scrape sample from the test area
following decontamination tesiing
showed 5.0 x 10-2 HCi of cesium-134
and 3.6 x 10-! uCi of cesium-137.

A paint chip found on the floor at
the 347-foot level had results of 1.6 x
10-2 pCi of cesium-134, 1.1 x 16-1 uCi
of cesium-137, and 4.8 x 10-3 uCi of
strontium-90. The chip is believed to be
from the containment building dome.

Coniinued on Pege 4

The fourth entry was videotaped using 3 camera installed in containment penetration 626. This penetration was also used for visual
examination of the containment interior and drawing reactor building air samples prior tc the first entry (see TI&EP Updaie of

April 15, 1980}




Fourth Entry continued from page 3

Table 1. Preliminary Analyses of Smears Taken on the 305-Foot Level
(in microcuries) <

Treztment

Before decontamination

After demineralized

water wash

Afrer Radiac wash

After Radiac scrub

Sample No.

o~ R bW N

Cesium-134

1.7E0 + 7.6E-3
1.3E0 + 6.6E-3

1.8E-2 + 3.1E4
2.6E-2 + 3.7E4

7.8E-3 £ 1E4
3.8E-3 + 14E4

8.5E-3 + 2.1E4
5.1E-3 + 1.6E-4

Cesium-137

1.2E1 + 1.9E-2
8.9E0 + 1.6E-2

1.4E-1 x 7.6E4
1.9E-1 + 8.9E-4

5.8E-2 + 4.9E4
2.8E-2 + 3.4E4

6.3E-2 + 5.1E4
3.6E-2 + 3.9E4

Strontinm-90

2.3E-1 &+ 5%
5.7E-1 + 5%

$.2E-3 + 5%
1.4E-2 + 5%

5.6E-3 £ 5%
77E4 + 5%

3.3E-3 + 5%
L2E-3 + 5%

Accumulation of boron crystals is evident around the base of the incore instrumentation seal table. Corrosion i3 visible on the exposed metai
surfaces. -

4
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F.J. Kocsis HI, TIO Information and Records Manager, uses a2 computer terminal to relay TMI data to nuclear utilities. The terminal is part
of the Nuclear NOTEPAD computer conferencing system.

TIO Relays

Data to Nuclear
290 &

Utilities

A computer conferencing system is
helping the TIO disseminate
information to nuclear utilities abont
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 TIO at Three Mile

Island via either printout or video
display terminals.

*
&

/i

-

2

“Nuclear NOTEPAD users can
receive from TIO the results from
containment eniries, pertineut news
stories about TMI activities, and news
releases from the GPU Public Affairs
Office,”" said Frank J. Kocsis 111, 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.

b

“NOTEPAD has been used
extensively to share expertise among
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 XKemeny
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»
system, wili allow making visual
records of future events within the
containment and will assist the TIO in
documenting damage within. the
reactor building. *

The instziiation, performed as part
of the sixth containment entry on
February 3rd and 35th, included
placement of four cameras each for
overlanping coverage on the 305- and.
347-foot levels of the building.
Technicians transported the cameras
into the containment on the first day of
the entry, and installed them on the
secong 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 cenier.

" Each camera has a zoom 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 on the installation.
Auxiliary lights can be attached to the
carieras 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 lens 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 the console can see

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

Krypton-85
Yenting Final
Results

Final results of effluent monitoring
done during the two-week venting of
krypton-85 from the Unit-2
containment showed that about 44,132
Curies were released. Tae venting
occurred from June 28 to July 11, 1980
and was described in the TIREP
Update, October 29, 1980.

Analyses indicated the reactor
building originally contained about
44,60G Curies of krypton. In addition,
the project vented an estimated 1.3
Curies of tritium, 5.5 x 106 Curies of
cesium-137, and 5.72 x 10°9 Curies of
stroniium-90.

Radiological monitoring by the
General Public Utilitiess Corporation
and the Environmental FProtection
Agency confirmed that detectabie
offsite releases of radioactive material
were well within the technical
specifications set for venting by the
Nuclear Regulatory Commission
{NRC).

Since July, the utility has vented
about 100 Curies of krypton-85 2
month, which is permissible within
NRC guidelines. The releases are
usually made before entries into the
containment building.

GEND Group
Hosts First
International
Seminar

More than 100 persons from 21
countries learned about the progress of
the TMI Unit-2 research effort and
plans for future work during a two-cay
seminar in Washington, D.C.

The seminar, hosted by the GEND
group -- General Public Utilities
Corporation, Electric Power Research

6

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 sclected 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

at TMI.

The GEND group sponsors the
Three Mile Island Technical
Information and Examination
Program t¢ obtain valuable generic
information from the Unit-2 accident.

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

¢ Instrumentation and electrical
sur» vability

¢ Fission product transport and
deposition .

*  Decontamination and dose
reduction

Radioactive waste handling
Data bank

s  Mechanical component
survivability

s Early core damage assessment
s Core deposition studies

¢ Fuel and core component
examination program
Participants also had the
opportunity to waikch a 20-minute,
narrated, color videotape of the fourth
entry into the Unit-2 containment.
The GEND group plans to be
“‘quite flexible in working with
individual nations or organizations
within nations,”” Herbert Feinroth,
DOE director for the System and
Safety Evaluation Division, told the
seminar, Suggestions for participation
included purchase of techuical reports
and direct involvement in development
of nuciear waste disposal programs.
Five countries — Germany, Italy,
Spain, Sweden, and Taiwan -- already
have representatives at TMI to work
with the utility. Representatives from
other countries gave positive responses
to the possibility of participating, but
none have made committments as yet.



““Each government or organization
2t the meeting was encouraged to
participate in a rnanner considered
suitable to its needz.”” Bixby said.

HP-RT-211
Analysis Results

Sandia National Laboratories has
completed analysis of radiaticn
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 findings are:

» the total radiation dose
estimate for the detector is
fower than previous
estimates,

s  equipment having electrical
connectors should be oriented
5o that the connector is
shielded from direct spray or
the connector 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 instrumery failure
was confirmed to be a 163-ohm short
circuit between the collector and
emitter of a 2N-3906 transistor, which
was part of the detector output circuit.

Scanning electron microscope
photographs showed a catastrophic
punch-through between the collector
and emitter, Scientists postulated that
the failure occurred when the
containment building spray system
actuated during the TMI incident,
shorting the signal and 600-volt pins in
the backshell of rhe connector joining
the detector to its cable. {(No other
radiation detector failed in this
manner.) ’

Although the failure caused the
instrument to indicate low, instrument
data recorded on a stripchar: appear to
be proportional to actual radiation
levels in the containment. Effcrts to

reconstruct the radiation profile time
history are continuing.

Six transistors, two pieces of Teflon
tubing, and a buna nitrile ““0’" ring
were removed from the detector for use
in estimating the total gamma
radiation dose. Data collected by
exposing like devices to known
radiation doses enabled scientists to
estimate the total dose at the detector
jocation within the containment to be
between 0.7ES and 3ES rads.

Gamma spectroscopy and
radiochemical analysis of the outside
detector surfaces indicated the
presence of cesium and strontium
contaminants but no transuranics (to
ths minimum detectable limits of the
instruments used). The top horizontal
surface had cesium-134 and cesium-137
gamma levels of 0.048 and 0.305
microcuriz. per square centimeter
respectively. The levels on the sides and
bottom were lower by a factor of four.
Beta-gamma film profiles of the
contaminant distributions showed
localized hotspotz. The ‘O’ ring seal
preveated contaminants from entering
the inside of the detector.
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Submerged Demineralizer System Processes
Contaminated Water

A major stage in the recovery and
cieanup of the damaged TMI-2 reactor
began in July with testing of an ion ex-
change water treatment process known
as the Submerged Demineralizer
System {SDS). The SDS will process
100,000 galions of coolant in the reac-
tor coolant system, and 600,000
gallons of more highly contaminated
water from the basement of the Unit 2
contazinment building. Together with

the containment entry program (see ar-
ticle, this issue) the cleanup of this
water is one of the two major ongoing
projects of the recovery program.
Removal of the contaminated water
from the reactor building will
significanily 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 dur-

SYSTEM

ing containment entries t0 maintain
plant systems. The removal of con-
taminated water, which entered the
reactor building through an open relief
valve during the accident more than
two and a half years ago, is a necessary
sten in the recovery effort.

The SDS is an jon exchange process,
similar to the EPICOR II system used
earlier in the recovery effort to treat

Continved on Fage 2
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Demineralizer System
Continued from Page 1

500,000 gallons of water in the less
contaminated auxiliary building {sce
July 31, 1580 Update). The SDS differs
from the EPICOR 11 in two major
ways. Pirst, the SDS operates under
water in the Uit 2 spent fuel pool ad-
jacent to the resctor building. This
underwater operation protects plant
workers from the high radiation levels.

Second, the SDS uses an inorgaznic
material called zeolite, rather than the
predeminantly organic resins used in
EPICOR 11, to absorb the fission pro-
ducts from the water. The 8DS zeolite
is composed of 40 percent Linde ionsiv
zeolite-A-51 and 60 percent TIonsiv
zeolite-1E-96. The inorganic zeolite can
accommodate loadings in excess of
20,000 curies per cubic foot, while
resing in the EPICOR 11 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 decontamingtion
factor in excess of 30,000 for cesium
and 250 for strontium, Tritium, a fis-
sion product also present in the water,
can not be filtered out because of its

structural similarity o the hydrogen

component of the water molecule.
Radioactive water from the base-
ment of the reactor building is being
pumped into the SDS in the spent fuei
pool by means of a suction pump
floating on the surface of the con-
taminated water {see accompanying
figure}. The water passes through
preliminary filters 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 1II system.
The further processing through
EPICOR I 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 adjacent to the
demineralizer system or in specially

constructed containers on site. The

Department of Energy (DOE) plans {0
ship the SDS resins to DOE facilities
for research, development, and testing
purposes.

The processed water from the SDS
still contains concentrations of tritium
in excess of 0.8 microcuries (uCi) per
mitliliter. Until the NMuciear Regulatory
Commission (NRC) approves final
disposition of this water, it will be
stored in various tanks on site. Poten-
tial on-site use of the water may in-
clude pumping it back into the reactor
building to protect workers from
residual radiation on the building’s
basement floor, and using the water in
decontariination activities and in
varicus plant systems. Most of the
water to be processed will be stored in
two specially constructed 500,000
gallon tanks on site.

Actual implementation of SDS
testing was not possible until the third
week of June, when the NRC approved
its use. Approval was contingent upon
the conduct of an NRC study of the en-
vironmental consequences of the entirg
recovery programn. This stady, now
completed, concluded that the cleanup

program as planned can proceed with
little risk to plant personnel or the
public. NRC approval of the SDS
allowed plant technicians to begin test
processing of water through the
system. Approxiraately 150,000 galions
of less heavily contaminated water
from the auxiliary building were pro-
cessed during the summer of 1981, and
processing of the reactor building
sump water began in September.

By the end of the third week in Oc-

‘tcber, the SDS system had processed

approximately 123,000 gallons of reac-
tor building sump water. The system
processing rate is about 5 gallons of
water per minutz. Recovery program
estimates indicate that it will take
about four to five months to process
the contaminated water in the TMI
Unit 2 containment building.,

The SDS cost $11 million to design
and build, Its use will be & zignificant
step toward the cleanup of the damag-
ed TMI Unit 2 nuclear plant. SDS
operation will also provide generic in-
formation to the nuclear industry
regarding processing of high specific
activity liquids,

First Multilevel Sample Taken

EG&G engineers developsd a unique
sav “lavel sampling device to obtain
representative liquid and sludge
samples from the 600,000 galions of
highly contaminated water in the
TV1-2 containment buiiding base-
ment. The device, called Water and
Sludge Sample Device [WSSD), was
designed to obtain eight simultaneous
150-mifliliter samples at four different
levels. This technique will allow scien-
tists and ergineers to determine the ex-
tent of stratification and flocculant
dispersal patterns in the eight and a

half feet of water in the containment

basement. _

The lightweight aluminum device
was designed for easy operation under
adverse conditions inside the contain-
ment building. Unigue features of the
WSSD include the following:

® Acquires eight simultaneous
samples at four levels, two near the

tiquid surface, two at the mid-level,

two near ‘the boticm, nnd two
s}ndge samples

s Minimizes losses of flocculant dur-
ing sampling by rapid sample ac-
quisition

* Minimizes losses of entrained gas in
the sample

# Permits exact sampie locations to be
determined relative to the basement
ficor

» Provides known sample volumes

¢ Ensures that outside of sample bot-
tle romains contamination-free by

nsing watertight boftle housings

¢ Allows immediate visual observa-
tion of the sample

In addition lightweight design of the
WSSD permits operation by one in-
dividual,

The lower portion of the WSSD is
shown in the accompanying
photograph. Evacuated semple bottles
are placed septum down into the shield

' bas¢ to engage with an O-ring to form
‘the lower watertight seal. Installation -
3 ofthcshxddapovetthesh:ddbm
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Sample Takeh

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 shield 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 sampie 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 epabling pin is removed,
and sampie acquisition is initiated by
plunger aciion. This action drives the
actuating needles through the sample
bottle septums, causing liquid or
sludge samiples 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 shield caps.
This exposes the sample bottles which,

isoighon|cep

Seucﬁg; 5Lm;3!e‘~ ’

Lower P

ortion of the Water aud

Sampling Device

Table 1. TMI.2 reactor building basement water sample anslyses results®
Sample Number: 1 ‘ 3 [1 ]
Slarry Saperaate Particulute

Naclide {(uCl/mb) (aCl/ml) wCi/ab (EC/ml) @Ci/ml) (uCi’g solids)
Sdun NDP ND ND > 2E-04 Naf ND
&0co >6E-04 >3E0 >2E-03 >BE-04 NA 1.7 + 02E+01
30g, 50 + 025400 5.4 = G.2E+00  S.2 + 0.2E+00 HA. NA 8 + 2E+02

54 & OSE+00 52 % 0SE+00 5.1 x 0.5E+00 NA 53 + 0.5E+00 7.8 + DBE+02
106y ND ND ND >4E04 NA ND
125gp, >3E02 >3E-02 >3IE02 >SE-02 NA 45 £ 0.2E+02
129y 55+ DTE06 5.4 % 07ED5 3.8 * 0.5SE06 NA 2.5 = 0.5E-06 NA
1340y 1.85 £ 0.0IE+01 1.B4 £ 0.01E+0! 1.86 £ 0.0IE+01 1.87 = 0.01E+01 A 1.79 : 0.04E+02
137¢ 143 + 0.01E+02 1.42 + 0.01E+02 1.43 x O.0IE+02 1.44 & D.0IE+02 NA 1.29 + 0.0IE+03
14, ND ND ND >BE-03 NA 16 + 0.6E+01

(pg/mb) (ug/md) {g/ml) {ug/ml) (tg/ml} (mg/y solils)

235 and e <1E02 <IE-02 <IB02 A NA NA 8.8 + 0.9E-02
238py 4 &+ 1E08 NA Na § 3+ BT NA 5+ 1BY
239y : NA 2.9 + D.6E03

22 + O.7E-4 NA NA 2.6 = 0.5E-03
2. Concentrations as of é«hsl.

b. ND = not detected.

c. NA = not analyzed.
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The preliminary polar crane inspection was the first in a serles of inspections to determine the general condition of the crane and
to conduct overzll area damage sssessmenis and radiation surveys.

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 inspscting the
drive train and main hoist gear boxes,

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

Sample Taken

Continued from Page 3

free of external surface contzmination,
are loaded into lead-shielded shipping
containers.

. The WSSD was successfully used on
May 14, 1981 during containment en-
try 10 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 2 different level relative to

the basement fioor. Sample 1 was

taken at 84-3/4 inches above the floor;
sample 3 was taken at 47-3/4 inches;
sample 6 at 5-3/8 inches; and sample §
at the basement floor itself, Sample 8
contained solids as well as liguid, and
boih of these were analyzed in the
study. The table contains data from
nuclide analyses conducted for the
gamma emitters {cesium-137 and -134),
for the beta emitter (strontium-%), for
the x-ray cmitter (iodine-129), and for
fissile material. In addition the
presence of cerium-144, antimony-125,

and cobalt-60 were observed and were
_guantitatively measured where possi-

ble. All data gathered in these analyses

are currently nndﬂmng fm'ther dctaﬁ
e analys:s‘ :

the first 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 survivability.
The Technical Integration Office’s In-
strumentation and Electrical program
will 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 rope. These ef-
forts will not only provide the data
necessary for GPU to determine the ex-
teat “of reburbishment required, but

- will also contribute valuable informa-
tion to overall understanding of the the

reactor  building - env:mnmem durmg'u
the mdcnt. :




THMIE Containment Entry Highlights

A total of eight successful contain-
ment entries have been completed since
the last issue of the Updeate. Following
are highlights of the key tasks perform-
ed during these entries:

Entry 6

This entry was conducted over a two-
day period, February 3 and 4, 1981.
Eight closed circuit TV cameras were
installed; decontamination tests and
photographic surveys of damage were
conducted on the 347-foot elevation
(sce photo); radiation surveys were
made; and various samples of paint
chips and other materiai were obtained
from the 347-foot elevation.

gntry 7

This entry was conducted over a three-
day period, March 17, 18, and 19,
1981, Three one-liter samples and one
150-milliliter sample of the water in the
containment building basement were
obtained using a roto-flex pump. A
zeolite column was installed and
operated to obtain five gallons of pro-
cessed effluent from the basement

{GPU Nuclear Photo by Don Shoemaker}

water for the Submerged Demineral-
ize: System (SDS) development data
(sze SDS article, this issug). Detailed
radiation and photographic surveys
were conducted in the in-ccre in-
strumentation tunnel area to support
the sump surface suction plan for the
SDS. In addition, the first radiation
surveys were conducted at the top of
the CRDM. service structure (see
photo).

Entry 8§

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

Entry 9

This entry was conducted on April 30,
1981. The cover of penetration R-561
was removed in preparation for entry
10 decontamination testing. GPU’s

Technicisns emeﬁég the 'miw é;nuiument bnil inlone of l series of ontries Iﬁm haing. '

SDS sump pump was installed through
the open stairwell, and a photographic
history of the pump installation was
made. A photographic survey of elec-
trical penetrations R-504 and R-509
was made for the Instrumentation and
Electrical program. A radiation survey
of zeolite resin columns used in entrv 7
was conducted. The scaffolding used
to install the closed circuit TV cameras
in entry 6 was dismantled.

Eatry 10

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

Continued on Page 6




Entry Highlights
Continued from Page 5

decontamination experiment on the
305-foot elevation using an initial
spray mist and a combination of low
pressure and high pressure sprays, In
addition, 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 werg 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 equipment, transfer-
red a portable gammaz spectrometer in-
to the reactor building, and obtained
three floor scans on 305-foot elevation
which included three area spectra and
three background spectra. Technicians
replaced radiation monitor HP-R-213
on the 347-foot elevation with a new
instrument, and replaced the GAI-
tronics paging telephones on the
305- and 347-foot elevations with new
ones. The team members also perform-
ed radiation and photographic surveys
of the pilot-operated relief valve and
other general areas within the east
D-ring (or biological shield} and con-
nected SDS hoses to the R-626 penetra-
tion.

Entry 12

This entry was conducted on June 25,
1981, Closed cirenit TV camera
nutmber 4 was replaced, and the con-
nectors on camera number 7 were
repaired. Eniry team members per-
formed maintenance and modification
tasks on lighting panel LPR-3A and
the GAl-tronics 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 electrical box at the
347-foot elevation, and from the con-
tainment dome on the floor north of
the open stairwell at the 347-foot eleva-
tion.

Continued on Page 8
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Closec .ircuit television

camera number 4 at open stairwell
on the 365-foot elevation.

s {TIO Photo Entry 8}

;,H‘A,‘f‘ B

drive mechanism service structare. (770 Photo Entry 7}

RN/ PR i R ‘Eu‘. " e .
L Physics fechnician performing the first radiation snrvey on the top of the conirol rod

afd liphting pane! LPR-3C on
tielevation.
rto Enzry 6)




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 had to be
aborted during entry 12 due to pro-
blems with personnel airlock no. 2.

Entry 14

This entry was conducted on Jaly 23,
1981, Closed circmit TV camera
number 2 was replaced and connectors
on camera number & were repaired.
Team members obfained a
150-milliliter sample of the water under
personnel airlock number 1 and a sam-
ple of the white crystal accuroulation
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. Betz and gamma radiation

IY R S

Techniclans remove outer set of protective siive covers at coniamination contrzi uren on the 305-foot elevation. {T?O Photo Entry 11)

»

and smear surveys were conducted on
the reactor vessel service structure and
the refueling pool floor. Entry team
members removed core flood tank
transducers CF1-PT4 and CF2-1.T4 for
analysis and installed a continuous air
monitor and an area radiation
monitor. In additien, Radiologica!
Engincer Della Loggia became the first
woman to enter the TMI-2 contain-
ment since the accident.

Entry 15

This entry was conducted on August
27, 1981, Spectra from scans of the
floor on the 305-foot elevation were
obtained by gamma spectrometry.
Overhead beta and gamma and smear
surveys on core flood tanks 1A and 1B
and on platforms on the east side of the
reactor building were also obtained. In
addition, a remote radiasion survey of
the deep end of the refuel pocl, a smear
survey on the mezzanine, and a survey
around the open stairwell were also ob-
tained. One entry team inspected the

steain generator cleaning line and ob-
tained several photographs of the area.

5.

Loy .
* * »

Another team replaced closed circuit
TV camera pumber 8 with a new
camera box and installed new wires
and a control box on camera number §.
Reactor building nitrogen pressure
alarm switch NM-PS-1454 was replac-
ed, and flow transmitter MU-10-FT1
was removed. The last entry team per-
formed air cooler inspections and took
photographs of the motors. They also
obtained some thermocouple readings.

Entiy 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 & sump water sludge sample at the
open stairwell using EG&G’s Water

. and Shudge Sampling Device (see arti~

cle, this issue). The fourth team per-
formed containment characterization

- surveys on the 347-foot elévation.
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Department of Energy Ships EPICOR 11 Resm
Canister To Research Facility

7 EPICOR 11 resin canister from a
contaminated-water treatiment system
at TMI-2 was shipped to Battelle Col-
umbus Lahs (BCL) in West Jefferson,
Ohio on May 19, 1981. The Depart-
ment of Energy (DOE) coordinated the
shipment of the resin canister to the
Ohio research facility.

The canister, a prefilter referred to
as the PF-16 liner, is one of a towal of
more than 30 highly loaded EFICOR 11
liners used in processing contaminated
water in the auxiliary building at the
damaged Unit 2 reactor. DOE will
sponsor research to determine the con-

Loading the EPICOR II resin canister
for shipping.

PF-¥4 Yiner Jeaving TMI for characterization at Battelle Columbus I.tht. (

dition of the highly loaded resins and
liners after they have been stored for
long periods. The selected liner was us-
ed March 3 and 4, 1980 to process 8250
gallons of contaminated water from
the auxiliary building. The PF-16 is
one of the most highly radioactive resin
liners used in the EPICOR II system,
with 2 loading of approximately 1300
curies of cesiurn-137 and strontium-90.

Researchers at BCL have begun a
variety of tests on the liner. These tests
include resin sampling amalysis, 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 wmonths;
gnalytical results on these studies will
be published in future issues of the Up-
date as data become available.

BCL analysis of the PF-16 liner 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 d4ta for:

® Developing short-term storage re-
quirements for such liners

* Developing storage canisters and
disposal requirements for perma-
nent burial

PU Nuclear Photo) - - -

e Determining the effects of long-
term storage on these resms and
canisters

» Developing other options for pro-
cessing the resins

The PF-15 liner was shipped to Bat-
telle in a high integrity chielded cask
mounted on a low-boy tractor trailer
(see photo). The liner is 48 inches in
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 half
inches of lead. The cask was designed
to resist extreme environraental stresses
such as fire and immersion in water.

Although the PF-16 liner was the
first bighly loaded resin canister to
leave the isiand since the 1979 accident,
General Public Utilities (GPU) shipped
22 low level radioactive resin canisters
from the EPICOR 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 the nuciear in-
dustry, twelve reports on various
aspects of the Technical Information
and Examination Programs (TI&EP)
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. Depariment of Energy, Ozk
Ridge, Tennessee 37830,

GEND Planning Report. GEND 001,
nublished Qctober 1980. The report
describes overall plans for the
Teconical Information and Examina-
tion Programs as established by the
GEND group: General Public
Utilities, the Electric Power Research
Institute, the Wuclear Regulatory Com-
mission, and the Department of
Energy.

Facility Decontamination Technology
Workshap’ 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 workshaop.

TMI-2 Information and Examination
Program Technical Integration Office
Arnnval 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 04, published
June 1981. Dosimetry studies
documented in this report surveyed
available dosimeter systems, set up 2
prototype system, and compared the
prototype with the commercial
systems.

Characterization of the Three Mile
Isiegnd Unit 2 Reactor Building At-
mosphere Prior fo the Reactor
Building Purge. GEND 005, published
May 1980. Samples of the TMI-2 con-
tainment atmosphere taken prior to the

krypton-85 venting were ana'}yzed‘for o

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

Three Mile Island Unit 2 Core Status
Summary: A Basis for Tool Deveinp-
ment for Reactor Disassembly and
Defueling, GEND 007, published May
1981. The report summarizes TMI-2
core damage analytical assessments
performed by reconstructing the se-
quence of cvents, by estimating the
amount of hydrogen generation, and
by evaluating the amount of fission
products released. '

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

Measurements of 1-i29 and Radioac-
tive FParticulate Concentrations in the
TMI-2 Containment Atmosphere Dur-
ing and After the Venting. GEND 009,
published April 1981. The report
discusses the equilibrium concentration
and species distribution during and
afier the reactor building krypton-85
venting. Concentrations of iodine-129,
krypton-&5, cestum-134, cesium-137,
and strontium-90 were measured dur-
ing the venting operaiion and are
reporied here.

In-Vessel Inspection Before Head
Removal (Conceptual Development).
GEND 010 PHASE 1, published
August 198}, This 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 pricr to removal of
the reactor vessel head.

In-Vessel Inspection -Before Head
Removal (Tooling. and Systems
Designj. GEND 010 PHASE II,
published July 1981 This Phase it}

: 'reportd:scussesdsxgnsofthecancept,
procedures, -and toelmg dwcnpnons
A.praentcd in thc Phase I rcport - S

Preliminery procedures for beginning
the work are also presented,

Canister Design Considerations for
Packaging TMI-2 Damaged 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
debiris.

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

Accountability Study for TMI-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 egual to the pre-
accident balance.

Technical
Integration

Office
Reorganized

The Technical Integration Office at
DOE’s Three Mile Island Site Office
has been reurganized to accomodate
the expanded resecarch 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
Immobxhzanon and ‘Reactor Bvalua- ’
tion Prog:am Both of these programs
fall under the overall title of the TMI-2
Technical Fnformation and Examina-
tnon Programs or TI&EP. .

Data Acgmuon ngram activities.

will ‘include the -Configuration and =@
Docmnent ‘Control ‘Center, - the e |
) ,stmmentanonandﬂectnw' 'yogmm,




the Radiation and Environment Pro-
gram, the Off-Site Core Examination
Pregram, and the Radwaste
Technology Development Program.
The Waste Immobilization Program
will conduct zeolite and resin disposi-
tion studies; and the Reactor Evalua-
tion Program will conduet 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 fiscal year.

( THE Unll-2 Toscheion Infcrvmtion k Exmsinetion m\

2

The TI&KEP Update is issued by the
EG&G Idsho, Inc., Configuration
and Document Control Center at
Three Mile Island under contract
DE-AMO7-76ID0O15870 to tbe
Diepertment of Energy, P.0, Box
88, Middletown, PA 17057,
Telephone 717 948-1050 or FIS
590-1050,
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I - t - I Q " k L k C d d : Technicians uncoupled and re.moved the
. ‘leadscrew from a control rod drive
n l la u 'c . 00 on UCte mechanism (CRDM) and on July 21, 1982,
. inserted a miniature radiation-resistant

to As se s s U n l t 2 C O re D a m a g e television camera down through the motor
. ‘ ) tube. As a result of this effort, research

E E 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 4-1/2 and 5 ft
below the bottom of the plenum into the

" top of the core region, before reaching
what is described by GPU Nuclear 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 Tshows the television view
of a small area of the “‘rubble bed.”’
Figure 2 shows a portion of a control red
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
fuel 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 24-ft-10ng leadscrew that was
removed to provide camera access will be
Figure 1 Closed-circuit television shipped to the Idaho National Engineering

Laboratory (INEL) for examination by
closeup view of the rubble bed. ' EG&G 1daho, DOE’s contractor for the
TI&ZEP. The metallurgical structure of the
leadscrew will be examined at the INEL in
support of efforts to determine accident
temperatures.

Published by EG&G ldaho Inc,, for 1the 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 enginecr core
removal tooling, canning, shipping, and

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




Axial Power Shaping Rod Test
Meets with Success at TMI-2

From June 23 to 25, 1982, the
Department of Energy and General Public
Utilities Nuclear Corporation combined
forces with a number of contractors and
support engineering firms to conduct the
first Axial Power Shaping Rod (APSR)
insertion tests at the damaged TMI-2
reactor. The eight 12-ft-long APSRs
control efficient use of the fuel during
normal plant operations. They are not
part of the reactor safety system and so

did not insert automatically into the core

at the time of the accident, as did the
other 61 control rods.

The APSRs have been positioned
approximately 3 ft above the full ““in”’
position since the accident; the insertion
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
minor rotational movement. Because

outward. They then attempted to slowly
insert the assernbly 3/8 in. into the core.
If initial inward motion succeeded,
engincers “‘jogged’’ the assembly inward,
instead of inserting it rapidly, to provide
maximum motor torque and control on
the leadscrew. :

"During each step, acoustical and
electrical outputs provided evidence of
APSR movement or jamming. Emissions
from recently installed acoustic monitors
on the APSR drive mechanisms helped to
verify the mechanical motion of the rod
drive system. Engingers were able to
correlate noise during APSR movement
with relative positions of the leadscrew to

. upper plenum brazement plates.
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“ravie 1 Positions of APSRs after insertion testing

APSR PositionP _

normal rod movement procedures were Rod Number Location in Core? (%)
not considered possible as a result of
accident damage, the TI&EP-supported 62 iy E.4 5.2
program operated the APSRs using an 83 ’ L4 18.8
auxiliary power supply and control devices .
totally independent of the normal 64 N-6 : 25.0
operating controls. ’ 65 N-10 . 0.0
66 L-12 ' 4.2
The APSR test has two objectives. 87 F.12 ‘ 1.1
First, engineers will be able to gain insight 68 D-10 22.9
into the extent of core and upper plenum : 7
damage by studying the data obtained - 69 D6 26.1

during the tests. This knowledge will be
factored into plans for subsequent
inspections, head and upper plenum
removal, and core removal. Second, test )
planners wanted to insert the APSRs as b, Parcentage of rod not inserted
far into the core as possible to facilitate inte core.

head removal operations. The APSR

leadscrews must be uncoupled prior to

head removal, and the uncoupling is most

easily accomplished wheri the APSRs are

fully supported at the bottom by a

resistance greater than the downward

force needed to uncouple the leadscrews.

a. See Figure 3 for map
of the cora.

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,
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Electrical output from the drive 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 fall out 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 {b 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 1400-1b
downward force the auxiliary power
supply could provide. :

SlaREn e G

The distance from full APSR removal
(100%) to full rod insertion (0%) is
approximately 139 in. Before the testing,
ail the rods were at 25%, 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 7. 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 TMI1-2. 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,
Engineers 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 reactor.
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Gross Decontamination
-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
severe as to strip the epoxy paint from
surfaces nor drive and embed
contaminants into them, yet forceful
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
over surfaces from a blaster lance (see
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 25
gpm and pressures up to 10,000 psi (see
Figure 6).
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Figure 4 Techniclans hydrolasing
the top of the D-rings.

Figure 5 Hydrolasing blaster nozzle
and satety equipment.




Figure 6 Gross decontamination
experiment hot wat“gr heater and
high pressure pump. ‘

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 1I 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, thercby minimizing
airborne contamination caused.by the
fotce 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
activity caused by spraying was the
problem of recontamination by the
inadvertent splashing of areas previously
washed. In order to reduce the magnitude
of recontamination caused by spraying,
detailed procedures and spray sequences
were developed.

Figure 7 Gross decontamination
axperiment spinjet sprayers.
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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
Demineralizer System, 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 would
be otherwise inaccessable. Each method
proved effective for its special use in the

- overall decontamination experiment.

Areas inchided in the gross
decontamination experiment 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 durmg predecontammanon
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 @ shows technicians using
the spider lift to ascend to the polar
crane. i

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 acguisition included:

.'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 éamples

¢ 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 10% dpm/100 em? of 137¢s
or less by the use of water in a
combination of low- and high-pressure

8

s Placing and collécting of apvproximatély

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 dpm/100 em? of 137Cs. Smearable
surface contamination was reduced i m a
range of 64 to 93%.

The experiment has shown that
consistent reductions in smearable levels in
the 90% 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
activities, which will contribute to the first
comprehensive documentation of gross
decontamination in a commercial reactor
facility.

Frgure 9 Technicians ascendlreg to
the polar crane on the spider lift.




Dose Levels Reduced in TMI-2
Reactor Building

Figure 10 Basement fioor one level

- below 305-foot elevation after sample

was taken.

Removi‘,ng contaminated water from the
basement of the TMI-2 Reactor Building
eliminated a major source of high

" . radiation 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 decontamnination
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 time.

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 8-1/2 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.

Sl e

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 unpainted cinder blocks and cement’
that readily absorbed radioactivity, were
no longer shielded by water and also
conmbuted to dose level readmgs

In ‘March 1982, GPU Nuclcar, a.ssmted
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 o 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 1/2 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 water 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 2500 mR/h, respectively.

Purifying the contaminated basement
water was accomplished in two stages
using ion-exchange technology. Initiaily,
the SDS8, containing inorganic zeolite ion-
exchange media, effectively removed 99%
of the fission products (See article in
November 31, 1981 Update). The
products, primarily ions of cesium and
strontium, were chemically exchanged for
ions of sodium. EPICOR 1I, a system-
containing organic and inorganic ion- .
exchange media, removed 99% of the
fission products remaining in the SDS
effluent. .

- ‘ . . ¥ T _aw . ] V"? N '
Tabie 2 Curies of radioactive isotopes removed from
Reactor Building basement water down to '

a level of about 1 ft

lon-Exchange

System
SDS
Element {Ciy
137¢s 210,000
134¢cg 22,600
- 90gr 7,331
Other? e

a. Primarily

1258!}. 1“Cm, 50c°>

Table 2 shows the number of curies
removed from the Reactor Building
basement water down to a level of about
1 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 500,000-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 SDS 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 50,000-gal
batches, while equivalent amounts are
“*pled” off. This method ensures that the
damaged reactor core is always covered
with water. The first batch contained
about 45% of radioactivity measured in
the system liquid. Each subsequent batch
reduces the radioactivity concentration by
a factor of about two. Original
predictions were that seven ‘‘feed and
bleed” batches (350,000 gal) would .be
needed to clean RCS water. The SDS is
expected to adsorb about 15,000 Ci of

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

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

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 defuelmg of
the damaged reactor core. '
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Hydrogen Burn Damage
Studies Continue at TMI-2

About 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 15 .
of interest as a resource for studying
hydrogen generation mechanisms during a
loss-of-coolant accident such as the one at
T™M1-2.

Two research efforts of interest to the
TIXEP 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 TI&EP’s

- Reactor Evaluation Program in assessing

damage to the TMI-2 core. Estimates of
how much hydrogen burned during the

accident can be compared with the known

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 fifst research effort, conducted by
Dr. J. O. Henrie of Rockwell Hanford

“Operations, involves a preliminary study

of instrument readings taken during the
accident. According to 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

R

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 (T10) was published as
a GEND report (GEND-INF-023,
Volume 1). Entitled ﬁvesfrgatzorz of
Hydrogen Burn Damage in the TMI-2

Reactor Building, the study concentrated

on analyzing the effects of the hydrogen
burn in order to identify possible burn |
flame paths and areas of locahzed
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 for
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-foot 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 ¢rushed or imploded

barrels pictured in Figure 17 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.




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 Figure 72 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.

:Cigure 12 Burned and crumpled
. maintenance manual on the fuel
handling 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 loss-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 D-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-foot-elevation, 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 meited and

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 LOCA
ducts may have been a prlmary dispersal
mechanism of hydrogéh and air to the
polar crane region.

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 burn
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.

Figure 13 Deformed te|ephone on
the 347-foot elevation.
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‘Characterization |
of EPICOR Il Resin Canlster
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 techriology required for
" safe storage, processing, and ultimate
" disposal of highly contaminated ion-

exchange medxa.

The canister studied is one of the
50 ion-exchange media prefilter canisters
used in the EPICOR 11 water processing
system at TMI-2. The EPICOR I 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 ngure 74 h1gh1y loaded
with predominately 37Cs and 90Sr. 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-16 was shipped to BCL on
May 19, 1981 (See article November 30,
1981 Updare) 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 ising a
shielded transfer and storage device
pictured in Figure 15.
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Figure 14 Cutaway sketch of
EPICOR Il prefiiter liner.

Figure 15 BCL transfer and storage
device atop the PF-18 shipping cask.

One of the initial characterization tasks
conducted 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-cell television camera with an
external monitor. All external surfaces
appeared to be clean and in good
condition.




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 | and 2,

obtained through the vent plug, were
enriched with hydrogen and carbon
dioxide but were oxygen depleted. These
samples also contained slightly higher than
normal {compared with air) -
concentrations of mitrogen 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
heavy combustible gases as methane.

After removing 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 guite 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 .
inosganic zeolites and three types of
orgamc 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-16 required
examination and sampling to identify such
basic items as the types and ratios of the

medla in the liner. A@-in. Lucite tube
with a basket retainer and a stainless steel
cutting tip allowed BCL personnel to
obtain a core sample of the ion-exchange
media.

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

rabie 3 PF-16 gas analysis

Vent Plug Effluent Tube
Sample 1 Sample 23 Sampie 3
Volume Percenf
Carbon dioxide 552 = 0.06 5.27 & 0.06 - 0.30 + 0.03
Argon 0.86 = 0.05 0.98 = 0.05 0.94 = 0.05
Oxygen ) . 0.20 = 0.02 0.30 =+ 0.05 - 20.2 x 0.2
Nitrogen 80.6 = 0.4 812b 5 05 , 78.0 = 0.4
‘Carbon monoxide . 0.2 = 0.02 - — - 0.004 x 0.001
Hydrogen 124 = 0.2 12.2 = 0.02 0.5 = 0.05
Parts per Million by Volume

Methane 500 = 2.5 45 + 5.0
Ethylene and Acetylene 0.7 = 0.1 0.1
Ethane 42 = 4 4 x 1.0
Propylene 0.1 0.1
Propane o . 6+ 1 1+ 0.2
Isobutane ) 0.6 = 0.1 0.4 = 01
n-Buiane a.1 0.1
Hydrogen sulfide . 20 20
Carbonyl sulfide . 10 10
Suitur dioxide 10 10
Unknown compounds 20 20

a. Mot subjected to detailad analysis,
b. includes carban monoxids.
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ravie 4+ PF-16 residual quuid chemistry analysis

pH
Conductivity
Acidity

Totat residue upon evaporation

5.3 = 0.1 at 27°C

30 umholcm at 27°C
1.2 megimi at pH 7.0
3.1 £ 0.1 mg/ml

Component Concentration

Sodium < 2000 ppb
iron 34 ppb
Phosphorus < 110 ppb
Zinc 88 ppb
Magnesium < 20 ppb
Calcium - _100 ppb
Aluminum 110 ppb
Boron 1.12 x 106 ppb
NHd 0.8 pgiml

. 804 5.2 pgimi
NOg < 0.3 pg/ml
Chiorine 3.0 pgiml
Total organic carbon 61 xgiml

0.48 xgtm|

Total Kjeldahl nitrogen (TKN)

b

ravie 5 Residual liquid radiochemistry analysis

- Congentration

" Component {Ciml)

Gross beta/gamma 1,77 = 0.01 x 1072
Gross alpha 59w 0.01 x1g9
Strontium 89/90 52 + 0.1 Px 104
Antimony 125 7.94 £'0.42 x104 .
Cesium 134 132 = 002 x103
Cesium 137 1,308 = 0.005 x 102
Plutonium 238, 239, 240 <1.0 x 103
Uranium 238 i <1.0 x 104

Scientists performed preliminary
examination of the core sample using the
hot cell stereo microscope at

“approximately 30x magmficauon while the

sample remained encased in the Lucite
tube. The three well-defined regions that
were observed are shown in Figure 76,
The top region, presumed to be an
inorganic medium, consists of free-
flowing, dry, granular, and irregularly
shaped particles. The middle region
consisted of regularly shaped, spherical,
translucent particles, while the bottom
region consisted mostly of opaque and
transiucent particles. Some opaque
agglomerates were present in the bottom
region, but may have been caused by
moisture and particles adhering to the
Lucite tube. .

UPDITE

Sy

Radiochemical analysis of portions of
the core sample vielded preliminary data
on the distribution of radionuclides
throughout the three regions in the liner,
The top region was apparently quite
effective in removing the cesium 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 sampile, scientists at BCL
concluded that the ion-exchange media
did not appear to be significantly
degraded by radiation. This fact was later
confirmed when jon-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 sampie hole. Technicians performed
comprehensive chemical and
radiochemical analyses of the liquid; the.
results are shown in7ables 4 and 5.
The only significant chemical species
present in the liquid was 1.12 x 10° ppb
of boron, an element not effectively
removed from contaminated water by the
ion-exchange media. The liguid 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.

SRR
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Figure 17 Plot of PF-16 contact
gamma radiation readings.
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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 & 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 137¢s and

Cs contributed most of the gamma
activity. The maximum external radiation
readings were 2800 R/h on contact, 1000
R/h at a distance of 1 ft, and 410 R/h 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 rdate 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
liner 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
IT Prefifter 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 technigues. One of

~ the most important results of this

characterization work is the fact that the
PE-16 liner and its ion-exchange media
suffered no extensive damage as a result
of being loaded with accident-generated

waste.

o
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Multichip TLDs 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

347-foot elevations to coliect the

- Figure 18 TLD side view.

~ Chip Bétéinef
i " Housing

UPDINTE

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 th
front and 12 chips face the back. The

‘front and back sections are separated by

e

a

0.125«in:~thick aluminum separator plate

(see Figure 18). The chips are clustered
in groups of three under four different
thickness absorber shields (see

-Figures 19 and 20) encased with two

wraps of 0.005-in. aluminized Mylar and
0.005-in. anticontamination plastic bag.

a

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

" 0.125-in. thick and prevents all beta

radiation from penetrating to the TLD

chips. The other two aluminum shields are
0.020- and (.032-in. thick and allow only -

those beta particles with sufficently high

- energy levels to penetrate the aluminum
-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

to

accurate measurement of the gross gamma

field.



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
Ievels before and 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.

Shield

s,

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

R
18

Figure 20 TLD top view.
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Prototype Gas Sampler

Developed for TMI-2

Waste Shipments

In support of the TMI-2 TI&EP,
EG&G ldatho, 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 -
gases with an inert gas.

TMI-2 technicians detected a -

- combustible gas mixture in an EPICOR II

ion-exchange media liner as they prepared
the liner for shiprent to an off-island

“facility during March of 198} (see PF-16

characterization article, this issue).
Although the liner was vented. prior to
shipment, preliminary gas sampling upon
arrival 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 11 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 involve 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 Facmty

Figure 21 Prototyhe gas sampler

installed on EPICOR il liner.

Figure 22 Cross-sectional view of

the prototype gas -sampler.
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Major components of the PGS system
. include a portable, 18-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 100-ft umbilical 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
reinstailation. In addition, a downward
force can be applied to the tool to force it
into the plug. :

After the tool is engaged ri:the liner
vent plug (s¢e Figure 23), the PGS is
lowered until the shroud around the. tool
is sealed against the liner top. The PGS’s
weight, 850 Ib, 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-Ib 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 4 cable
mechanism to change direction of driv
rotation, as required. .

After PGS-operators unscrew the plug
and lift it clear of the port, liner gases can -
pass into the shroud and through gas-
handling lines to the command center.
Upon completion-6f venting, nitrogen is -
used to ‘‘sweep”” the sampler and liner to

Figure 23 View through shroud
window of ool tip engaged in
liner vent plug.

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 I liners to ensure
their safe shipment from TMI.

PP
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Industry Benefits |
from Electrical Equipment
Survivability Information

e ———

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 LPM 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 10° rad.
Although at TMI-2 the charge converters
were mounted in areas where the radiation
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 observed 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 Figure 24 Failed charge converter
transistors were damaged after less'than - after disassembly.

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, : .
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Radiation damage to the MOS
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 voltage is normally 13.5 V,
supplying 7 mA to the 2652M4 charge
converter. Respective voltage and current
for the 2652M3 are 18 V and 9 mA.

In a letter to the TIO expressing
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

"10% rad/h. One design ogerated at an

exposure greater than 107 rad. Run-to-
failure tests were made at 10° rad/h with
this successful 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.




TMI 2 GEND Reports Avallable

to the Public

Between November 1981, when the last

Update was published, and
September 1982, seven formal reports
were published by the TMI-2 Technical
Information and Examination Program.
The title, GEND number, date of
publication, and a brief description of
each is presented below. The reports are
available from the National Technical
Information Service, 5285 Port Royal

- Road, Springfield, Virginia 22161.

‘Color Photographs of the TMI Reactor

Containment Building for Entries 1, 2, 4,

5, and 6. GEND-006, published- -
February 1982.. A collection of all
-308 photographs taken during the first six
entries, arranged in sequence and
produced in color. The photographs. are
accompanied by maps indicating location
in the Reactor Building of each subject.

. Examination Results of the ™I

- Radiation Detector HP-R-0211.

~ GEND-014, published October 1981. An

.analysis of the first piece of electrical
equipment removed from the Unit 2
Reactor Building, including cause of
failure and recommendatlons to the
industry.

Characterization of EPICOR II Prefilter
Liner 16, GENID-015, 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 Istand 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 for Assaying
Fuel Debris in Piping at Three Mile Island
Unit 2. GEND-018, 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.

RS ﬁﬁﬁmﬁmﬁ%’“:'

Controlled Air Incinerator Conceptual
Design Study. GEND-021, published
January 1982. A conceptual design study
for a controlled air incinerator facility for
incineration of low-level combustible.
waste at TMI-2.

TMI.2 Information and Examination
Program 1981 Annual Report. .

GEND-022, published April 1982.-An
overview of work accomplished in the

. TI&EP Data Acquisition, Waste

Immobilization, and Reactor Evaluation

‘programs from October 1980 through

December 1981.

Zeolite Vitrification Demonstration
Program Characterization of
Nonradioactive Demonstration Prodezct

_ GEND-025, published September 1982. A
laboratory analysis of the glass product

made when nonradiopactive jon-exchange
media were vitrified¥ The media were
loaded with nonradioactive cesium,
strontium, and other fission products to
simulate the actual condition of .
radioactive TMI-2 ion-exchange media
{(from the Submerged Demineralizer
System) to be vitrified later in 1982.
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Resm Charactenzatmn

Supports

Waste Removai l:fforts

Assisted by Westinghouse Hanford
Company (WHC), TI&EP and GPUNC
engineers began planning for the removal
of ion exchange resin from the makeup
and purification system demineralizer
vessels. Classified as abnormal wastes
{those not routinely generated at nwclear
power planis}, the demineralizer resins
have the potential for research and
development work in the area of waste
disposal tecnnology.

Figure 1. Makeup and Purification
System which maintalns RCS quality
and chemical fimits.

“Lotdown g
filters
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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 (RCS)
letdown flow was directed through the
filters and demineralizers for at least
18-1/2 hours before the flow stopped. The

 two demineralizer vessels, cach Jocatéd in
a separate cubicle (designated- A and B)
ont the 305-00 elevation of the Auxiliary

Bmldmg, were bypasedsomm aftcr s
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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 o assess
the largely unknown status of the
demineralizers, and to outline a suitable
cleanup strategy. Because high radiation
Ievels prevented recovery personrs! from
entering the cubicles, a remotely operated
miiniature transport vehicle called the
Surveillance and Inservice Inspection
Robot or SISI was designed and equipped
by WHC for entry into the demineralizer
cubicles to obtain preliminary
characterization information. SISI is
shown in Figure 2.

During these exploratory entries into
the demineralizer cubicles, SISI 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 the equipment from the
videotapes was useful in defining a resin
removal approack, the most desirable
option being that of using existing 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 critical level of
70 kg, several independent measurement
techniques were used. Solid-state track
recorders (SSTRs) which provide a record

_of tracks of fission products gaagnmd

neatron-initiated fissions in the
contained in the SSTR were lowa'ed

 alongside the A vessel. Usmgm'Rdxta,

1.7 iﬂ.ﬁkgofmnmmm :
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Figure 2. Remotely operated
transport vehicle devefoped for
exploratory work in the demineralizer
cubicies.

Demineralizer A

to be in the A vessel, WbiieSS’IRdiam
confirmed the presence of fuel within the
vessels, the data are unable to help verify
the locations of the fuel.

To determine fuel Jocation and obtain
additional information on fission product
content, WHC placed a silicon-dithium
gamma spectrometer system inside the
cubicles. The detector can “‘see’” the high-
«i nergy gamma ray associated with the

“Pr daughter of the fission product

440, Cerium-144 is valuable as a fuel

tracker because it is known to have
chemical properties similar to uranium
and is generally known to stay within the
fuel matrix. Analysis of the A vessel's
spectral data estimated fuel content to be
1.3 + 0.6 kg of uranium. The vesse] was
also estimated to contain about 6000 Ci of
l33(35, the most prominent fission
product,

The gamima oscopy showed that
the activity for 37Cs and for the fuel
tracker, Ce/Pr, peaks at two feet from
the bottom on the far side of the A vessel.

“This profile suggests there is no water

above the top of the resin bed. If the
ectimates of location of the rop of the

Demineralizer B

ST Mjﬁ‘“‘ﬁ‘:ﬁm e e

Gas {8 psig) (4 pslg) (8 psig) (4 psig)
85Kr uCifem3  2.1E-2  1.8E-2 9.9E-2 1.0E-1
Hp% X 7.2 78 74
02% 0.3 0.3 0.2 0.2
No% 863 80.4 16 1
Other% 6.8 24 12 15

Table 1. Onsite demineralizer vassel
gas sample analysis

resin bed are acourate, then the Tesin
volume is one-half of the volume
originally installed in the vessel. This
finding is consistent with Pacific
Northwest Laboratory (PNL)
nonradioactive resin irradiation tests that
showed a similar volume reduction for
resin exposed 1o 1.7 x 10% rads, the dose
GPLNC estimated the resins received as a
resuli 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
purification demineralizers cubninated
with sampling an- analyzing vessel gases,
liquids, and resin itself, Results of the gas
sample analysis performed by the on-site
chemistry department confirmed
predictions concerning the composition of
the gases that have been trapped and
generated in the demineralizer vessels since
the accident. Due to the vessel’s high
radiation levels, radiolysis of the vessel
water resulted in high amounts of
hydrogen and a substantial quantity of
nondiatomic gases. The amount of oxygen
was low due 10 an oxygen scavenging
reaction with the resins. A comparison
betweea the nondiatomic gases analyzed
by WHC and the PNL resin irradiation
tests suggests that the resins in both
demineralizer vessels were wei when
irradiated.

In early March 1983, engineers inserted
a vacuum pickup probe through the
diaphram 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, TI&EP engineers
completed a successful examination of
demineralizer A vessel using a 50-ft long,
radiation-tolerant, fiberoptic scope. The
scope, inside a polyethylene guide tube,
was pushed into the vessel through the
rsmﬁllhneaudpassednsﬁythmuzhthe
resin fill line diaphragm vaive, The ™
fiberoptic scope and guide tube paths are
detailed in Figure 3. Observations by
U&EPpcrsonnclduringt_héﬁbuwopz
inspection concluded that the A vessel
contains a bed of resin with a crust of
boron crystals coating the top of the bed.
The center of the bed has 2 lasge void -
thatapparstobeabovethemslnmg'

_ outlet Tinz, The resin in the bed is
.‘agglomentedand:mbcrmlmedbdow
thecrysnllmeaust. SRS
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Using mechanical probes and vacunm
sampling system, a 10-g solid sample of

the A vessel resin was obtained. This Figure 3. Pathways of fiber optic
sample had radiation readings of 3 rad/h horescope during examination of
beta and 150 R/h gamma. The mechanical ‘ demineralizer A vessel internzis.

probe inserted into the B vessel found the

resin bed spproximately 1 ft. below the Manway

top of the water and 18 in. thick.

Estimates of the resin and water levels in Fig “’el 4. f’:m‘;"’ °'l”““ and

the B vessel are shown in Figure 4. water levals in B vessel.

Samples from various depths in the resin

bed were resulting in a 73-ml shurry with Y 12 =

approximately 50 ml of solids. Radiation
readings taken without shielding at the

top of the sample shipping container were Flow
40 rad/h beta and 800 mR gamma. Distribution
Latarals
Oak Ridge National Laboratory
{ORNL) will do the chemical and
radiochemical analyses on the resin T

samples. Results of the resin sample 127
analyses will be reported in subseguent

issues of the Update as the information l » 7 ;
becomes available. With this 8 // /
characterization information, TI&EP and ) 1!

GPUNC will be able to determine
sompatibility of the resin and comptability
5f any resulting liquid waste with the .
Submerged Demineralizer System (SDS)
ion exchange processing system.
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Video inspections

Reactor Building
Basement Characterization

Significant effort is being expended
toward overall characterization of the
TMI-2 Reactor Building. These efforts
support dose reduction tasks, fission
product transport and deposition studies,
Reactor Building damage assessments, and
eventual cleanup of the basement by
providing information necessary to
determine decontamination techniques.

As 2 result of the TMI-2 accident,
comtaminated water flooded the Reactor
Building basemeni. Approximately
640,000 gal of water collected in the
basement and remained until September
1981, At that time, the Submerged
Demineralizer System (SDS) and the
EPICOR I ion exchange system were put
to work to remove and decontaminate the
bulk of tke basement water. By May
1982, nearly all of the basernent water had
been removed and processed.

Initially, characterization efforts in the
basement centered aroung sampling and
analyzing the standing water and solids
from the basement floor. Analysis results
indicate the 13%,137¢; are the
major radionuclides with r found
predominately 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 Buikiing basement from
the ground or 305-00 elevaticn. The
preliminary TLD data indicate the
basement walls, up to approximately 8 ft,
and the floor area are the principal
sources of gross bets and pamma
radiation. The degree of radionuclide
penetration into the concrete as a result of
the standing water is a8 major area of
interest to the recovery project.

Visual surveys, taken with closed circuit
television (CCTV) cameras and reported
on by Reactor Building work crews during
task debriefing sessions, are helping
researchers develop a graphic record of
building damage. At greatly reduced
man/rem exposures over in-person
inspections, g color CCTV with remotely
operated functions for focus, zoom, iris,
and pan-tilt operation:, was lowered into

S R RS

the Reactor Building basement, The
catszra surveyed the outside of the
Reactor Coolant Drain Tank, the area
below Core Flood Tank A, and the area
below the equipment hatch, The camera
surveys showed no signs of physical
damage resulting from the accident,
except some corrosion of carbon steel. All
systerns appeared intact; however, further
quantitative testing may reveal internal
damage. Deposits or ““bathtub rings”” left
on the walls by changes in level of
postaccident basement water are evident.
The sofids on the basement floor, which
are censidered to be one of the major
contributors to dose rates in the Heactor
Building, appears evenly distributed, thin,
and loosely settled in ihe smali 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 the camera
system allowed observation otherwise
unzvailable, of & malfunctioning motor-
operated valve located on the sampling
line from Steam Generator B. This valve
must be opered to drain the steam
generator, 4 necessary operation prior to
reactor vessel head lift. Following the
camera inspection, engineers 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 series of video
surveys, the camera was replaced because
of radiation damage to the camera system
due to the high radiation fields close to
the basement floor. A manually-operated
camera was asserabled using off-the-shelf
components, Because radiation dose rates
in the area of Core Flood Tank A are
relatively low (60 to 80 mR/h) comparad
to other areas of the 305-00 elevation,
eniry personnel were able to manipulate
the telescoping boom and pan-tilt
mechanism for the camera.

From a 30+n. manway, and a .
penetration near the Reactor Building’s
seismic gap, shown in Figure 5, .
technicians manipulated the camera

Figure 5. The 30-in. manway in the
305-1o0t elevation that previded
access to the reactor buliding
besement for camers surveys.
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Figure 8.

A. The top of the sump inlet {rash
rack in the Reactor Buliding
basemient. Exidence of extensive
rusting Is present on metal surfaces
and boric acid crystals can be seen

on piping.

B. A cabie tray located approxirnately
six feet below the celling contains
galvinized colite conduit. Boric acid
crystais can be seen on pipe section
above the cabie tray.

C. I-beam support and pipe below
celling show svidance of boric acld
crystals,

Cr%(‘stals

through pipe and equipment congested
pathways to gain access to the basement
area near the sump inlet trash rack which
is located in the northwest corner of the
Reactor Building basement. Confirming
information from earlier surveys, no
visual evidence of physical damage 1o
structures or equipment was found, but
there is extensive rust and corrosion on
carbon steel surfaces. The top of the
sump inlet wrash rack is shown in

Figure 5. Solids and sediment deposition
on the basement floor is not uniform. An
estimated 50% of the floor area surveved
was covered with a thin layer of sediment
or studge.

Turning the camera toward the ceiling
of the basement, the surfaces of pipes.
condnuits, electrical cables, cable trays were
examined. Heavy deposits of
agglomerated boror crystals were seen. A
cable tray located approximately six feet
below the ceiling is shown in Figure 6. As
the camera rubbed or bumped surfaces
and equipment, a ‘‘snow storm”’ of this
locse debris fell from surfaces near the
ceiling to the basement 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 crystailine boron
material, that is believed 1o 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 columas,
and equipment items appeared rclatively
clear of the bathtub rings noted in the
earlier surveys except for what appeared
to be the remnants of iwo partially
washed away rings on one support
column. This could attest to the
effectiveness of a high-pressure water
spray washdown of the basement walls.

The camera surveys of the Reactor
Building basement have contributed to the
overall understanding of the postaccident
condition of this arez. Integrating the
visual information with the preliminary
radiological and chemical studies will add
a new dimension to the characterization
effort. Additional surveys, planned in
preparation for additionsi radioclogical
and chemical studies, will assist recovery
engineers in determining the most
beneficial iocations for sampling the
basement floor sludge, for additional
radiation measurements, and for msmx
bassment eqmpment



V:tnfrcatmn of Radaoactive
Liners Completed

_ Submerged Demineralizer System (SDS)
liners from TMI-2’s zeolite ion exchange
media water cleanup system are being
used in Department of Energy (DCE)
waste disposition research and |
development programs at a DOE national
laboratory in Washington State. Three
liners were shipped to the Pacific
Northwest Laboratory (PNL) during 1982
and 1983 where their contents were
successfully immobilized as vitrified glass
logs.

Table 2. Leach rates of low activity
nparadioactive glass logs

Low
Location Activity Nonradioactive

onlog  Glass Glass
Top 4.6E-5 3.0E-&
Middie  4.6E-5 3.3ES
Bottom  1.3E-4 3.8E5

PNL has been studying vitrification as
an effective method for immaobilizing the
high spexific activity radio wctive material.
In the vitrification process, zeolites (which
contain silicates and many of the basic
constituents nieeded to make glass) are
mixed with glass-forming chemicals amd
are fed into a canister in a furnace, where
the mixture is heated to approximately
1050°C. When the mixture cools, the
canister becomes the container for the
final waste product, 3 glass column that is
2 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 first radioactive TMI liner
arrived at PNL for vitrification. This
liner, D10015, loaded with 13,000 Ci of
radioactive cesium, strontium, and
daughter products, was one of the least
radioactive liners from TMI.

PHNL techricians fed & mixture of
D10015 zeolites and glass formers into the
vitrification in-can melter systemn shown in
Figure 7. Vitrification produced an
8-in.-diameter, 7-ft-long glass log that was
extensively monitored and tested afiter it
had cooled. Glass core samplés of the jog
were taken from the top, middie, and
bottom of the shsa md ﬂbjeam o leach

rate tsts In Tablc 2, those leach rate test
results are shown along with results
obtained during tests on a nonradicactive
vitrified log. The test results are
comparable with existing standards for
vitrified nuclear wastes and they indicated
that the glass successfully trapped the
radioactive contaminants,

Following vitrification of the contents
of liner D10015, all the components used
in the system were analyzed in preparation
for vitrification of the two highest loaded
SDS liners. All tests, including analytical
studies ¢f the performance of the off-gas
system filter and measurements of the
eifects of vitrification on canister wall
thickness and smoothness, indicated that
the system maintained its integrity while
functioning as designed to vitrify the
radioactive zeolites.
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In Jatuary 1983, a hxghly radivactive
finer loaded with almost 113,000 Ci of
gesium and strortium plus daughter
producis arrived at PNL. from TMI. This
liner, number D10012, was the first
radioactive liner to be shipped with
catalysts to recombine radiolytic gases, (as
deseribed in the related article on SDS

wastes). The D10012 zeolites were vitrified -

in stages over a period of weeks. In the
first vitrification run, 2 portion of the
D1001Z zeolites was mixed with glass
formers to produce a 190-kg mix. This
mix turmbled for one hour in the mixer
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° 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 6.5 ft long
and B in. in diameter.

When another radioactive kner,
D10016, loaded to 112,000 Ci, arrived at
PNL from TMI, the balance of zeolites
from D10012 was vitrified in a second
vitrification run together with part of the
zeolites from D10016. The remaining
D10016 zeolites were then vitrified in a
third canister. The three canisters,
produced through vitrification of the
highly loaded zeolites, are currently
undergoing characterization and leach rate
tests similar to those performed on the
low-level liner vitrified in May 1982 (see
Table 2). Preliminary test resuits indicate
that the vitrification system performed
extremely well, proving that highly loaded
zeolites can be successfully immobilized as
glass logs.

Figure 7, in-can melter system in use
at Pacific Northwest Laboratory to
vitrify ZDS zeolites.

Radiolytic Gases Recombined
in SDS Waste Liners

‘The Department of Energy’s TI&EP at
TMI-2 facilitated recent shipment of
highly Ioaded radioactive 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 radiolytic gas
generation in the canisters containing
radioactive zeolite ion exchange media.

The canisters, called liners, \a;ere used in
the Submerged Demineralizer System

{SDS) to process acrident-generated water

predominantly contaminated with
radioactive cesium and strontium. Over
one million gallons of water flowed
through the SDS from the Reactor
Coolant Bleed Tanks, the Reactor
Building basement, and the Reactor
Coolant System, and resulted in curie
loadings of up to 113,000 Ci including
daughter products in some liners. The
Department of Energy (DOE) agreed to
take 19 of these liners for research and
devdopmcnt work (See v:triﬁmon nmcle
in this issuc) .

| Fumnace

{below tioor)




While GPUNC and the DOE TI&EP
were preparing to ship the liners to DOE
laberatories, technicians determined that
the highly loaded liners were generating
hydrogen and oxygen gases at rates which
could produce unsafe concentrations
during shipment. Technicians calculated
gas generation rates of up to 1.1 liters per
hour by menitoring the used 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
remaining in it.

The TIXKEFP assembled a task force of
technical expers io develop a solution to
the radiolytic gas generation problem in
08 liners. After evaluating a list of
possible solutions, the task force decided
to test an approach in which catalyst
pellets are placed inside each Hner to
recombine the radiolytic hydrogen and
oxygen into water, Catalyst recombiners
had been used successfully in
homogeneous sclution research reactors to
recombine hydrogen and oxygen over long
periods of time. The task force concluded
hat conditions for catalyst use in the SDS
liners would have to be modified for
successful application of the technique at
TMI. Water wouid have to be removed
from the liners to prevent possible catalyst
submersion in the event of a shipping
accident involving Hner inversion, since
catalyst action is inhibited when the
pellets are submerged in water. Water
removal was also expected to help reduce
the radiolytic gas generation rate since
those rates depended on the Bner water
content as well as the curie loading,

In compliance with task force
recommendations for use of catalysts in
SD3S liners, Westinghouse Hanford
Company developed a vacuum outgassing
system to remove residual water from the
liners. 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 ouigassing system successfully
removed 10 b of water per day from a
nonradioactive Hner.

Rockwell Hanford Operations (RHO)
conducted laboratory tests during the late
spring and early summer of 1982 to
evaluate the use of catalyst recombiners in
 SDS liners. They selected Englehard Type
"D platinum-paltadium catalysts forthe

TMI studies. RHO performed these tests
on a nonradicactive SDS liner at three
different liner pressures and in upright
and inverted positions to simulate the
possible conditions under which the
catalysts might 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 T™ML. To comply with federal
shipping regulations, the catglysts would
have to maintain hydrogen concentrations
in the liners below 4% by volume or
axygen below 5% by volume. All tests
confirmed that the catalysts would
successfully recombine gases produced at
more than 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 high radiation in
the SDS Hiners. RHO designed a
combination vacuum outgassing and
catalyst addition o0l to allow TMI
technicians to perform both functions
remotely. When using the tool for vacuum
ontgassing, technicians connect the tool’s
1-1/2-in. diameter pipe to the SDS liner
vent post through which residual water
can then be removed. Tests using the tool

¢
1
3
i

Zeolite
i

to add catalysts to the liner concluded lm
that the pel'sts could be added remotely

through the vent ports to a filter assembly v

inside each liner. Figure 8§ shows a 7 v

tecknician carefully pouring the catalyst
pellets into the portal on one end of the
tool. The Johnson screen filter assembly,

. .

with an area of 770 mm#, is located below
the vent port and can hold 236 g of the
platinum-palladinm catalysts, From the [
Johnson screen assembly, shown in
Figure 9, the catalysts experience enough
gas flow to successfully recombine the
radiolytic gases.

Figure 9. Cutawzy view of an SDS
iiner showing Johnson Screen to
which catalysts sre added.

opening
inlet
Qutlet

- Vont port

Catalysts

added

to this

< Johnson
--m— screen

Confains
8 cu fi. of
inorganic

zo0llte




Figure 8. Technician adds catalyst
peliels to SDS finer through catalyst
addition porish.

Onee all testing on nonradioactive liners

proved the viahility of the suggested ble 3. mple resu i
technigues, tests were conducted at TMI Composition ;ﬁogem ,g:: :I:ipment. Its of Liner
on the most highly loaded radioactive Gas {vol %)

liner, D10012, to observe the process

under actual conditions. During the .

demonstration, the vacuum system N'tmgen 83.2

performed as expected and the catalysts Hydrogen 2.1

worked successfully to recombine the Oxygen i2.3

radiclytic gases. As part of the Carbon dioxide 1.3

demonstration, the pressures in Argon 1.1

redioactive test liner D10012 were then
monitored during a 14-day observation

period. Monitoring confirmed that the
catalysts were effectively recombining the
radiolytic gases.

Since December 1982, the-combined
vacuuming outgassing and catalyst
recombiner approach has been used in
preparing all SDS liners for shipment. The
fest liner D10012 left TMI for Pacific
Northwest Laboratory on December 31,
1982, When the shipraent 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% as required by
federal regulations that will be used for
safe shipmeni. Shipmeats 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 Iaboratory at
Richland, Washington. . )
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When the Department of Energy first
prepared to ship ion exchange media
canisters from the EPICOR 1i water
processing system off TMI in 1981, the
list of canisters to be shipped numbered
50. Now, two years later, less than 10
remain to be shipped. As shown in
Figure 10, shipments of these canisters are
proceeding ahead of schedule. By the end
of July 1983, all of the original 50
EPICOR 1I canisters will have been

shipped from TMI.
50-rEhipments -
-
’/
-
40-+ ,,/
. -
204+ Actusl " Original
Schedule
20—+
104
0""’:=;_1_I_§_ """r-{a;o‘rz%u't':
© 2 © %3 81 28 8 58 & £ 5 -3
2 &g oz &S &£ =< =33 3§

198211983

Figure 10. Actual shipments of
EPICOR liners are proceeding ahead
- of originat projections, with
completion in July, two months ahead
of schedule.

EPICOR Waste Canister
Shipments Continue
Ahead of Schedule

The canisters are prefiiters from the
EPICOR I water processing system at
TMI-2, which deconiaminated 500,000 gal
of accident water from the TMI-2
Auxifiary and Fuel Handling buildings.
The curie loadings on the canisters after
processing accident water range from a
low of 160 Ci to a high of 2200 Ci.

The first 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 fon
exchange media it contains. The liner then
continued on to the Idabo National
Enginsering Laboratory (INEL) for
further characterization. After that first

_shipment, regular shipments to the INEL

began in October 1982 and have
continned at a rate of three to six a
month. At the INEL, researchers are
studying the shori- and long-term effects
of jonizing radiation on various types of
ion exchange media 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, process, and ultimately
dispose of the contaminated ion exchange
media, Two disposition options for these
canisters currently under examination are
{a) ion exchange media solidification in a
cement or polymer and {b) media isolation
in a high-integrity container. Future
Updates will discuss these disposal options
and characterization studies as progress is
made,
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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 (I&IC) was formed in late {982 to
collect and distribute technical
information learned from the accident at
TMI-2. Systems, which are aiready serving
the nuclear industry, have been used by
IXIC 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
atilities inchuding GPU, is intended for
maintenance and operations personnel and
has the advantage of 2 mandatory’
feedback system.

The 1&IC Group determines which
audience needs the information to be
distributed and sends it for {ransmittal to
NOTEPAD or GPU as a member of the
NOMIS network. Another responsibility is
to review all incoming Notepad and
NOMIS bulietins to determine if there are
concerns to which the DOE TI&EP can
respond. 1&IC can then communicate with
the persons requesting the information or
zan taifor information notices so that the
proper people can be reached.

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

I&IC is constantly upgrading,
expanding, and tailoring the program to
contribute to the needs of industry. For
more information about I1&IC, contact
John Saunders or Jim Flaherty at
(717} 948-1043.
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Results of Quick Look
Examinations Provide

Damage Assessment

Afier months of extensive planning,
preparations, and training, engineers and
technicians conducted a series of visual
examinations inside the damaged TMI
Unit 2 reactor. The examinations, called a
quick ook, were conducted over a three-
week period in July and Augnst 1982,
Although the guick look was limited in
scope, it provided engineers and
resezrchers with concrete evidence of the
actual candition of the reactor core and
upper internals. This information forms a
basis {or evaluating early accident damage
uscessments, performing future core
damage research, and developing the
necessary plenum ang fuel removal taoling
in preparation for reactor vessel head
removal and ultimate defueling of the
damaged reactor care.

12

Figure 71. Quick Look inspeziion
camara and control unit.




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 assembiy
usper end fittings 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 & control rod drive mechanism
(CRDM} leadscrew (see Figure 12},
Because of the size constraints of the
opening, the camera was manipuiated
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
selected to provide g composite picture of
the reactor conditions: core center,
midradius, and near the outer edge. The
resuits of these separate examinations are
discussed below.

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

During the quick look, visibility was
limited by water turbidity and the
intensity of available light. These
conditions caused the effective visibility
range to vary from as litle as 3in. toa
maximum of 24 in. from the camera lens.

The detailed examination of the reactor
pleaum assembly revealed that, overali,
the plenum appeared to be intact and
relatively undamaged. The interior
surfaces of the CRDM guide tubes
examined appearsd to be in good
condition. Flakes of debris were observed
on the top of nearly every horizontal
surface; these flakes measured
approximately 1/8 in. in diameter or less
and formed layers, some to a depth of
i/16 in. The tnickness of the layers
increased on surfaces closer to the core.
These layers apparently were loosely
deposited, because the motion of the
camera in the water often ‘'disturbed the




flakes. The undersides of horizontal
surfaces and the faces of vertical surfaces
were clean and free of loose debris. The
verticel surfaces of the CRDM guide
tubes, splittubes, and C-tubes were
relatively free of debris near the top of
ihe plenum, but had some slight deposit
of material in the lower portion. The
bottom 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 support plate brazements that were
inspected appearved 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 filting was
completely missinig as was its contro! rod
spider, spring, and spring retainer. The
grillwork on each of the other upper end
fittings visible from this location was
present but partially melted and
suspended from the plenum grid plate.
One section of grilwork also had other
identifiable components, such as a spacer
grid, stubs of control elements, and
partial fuel reids, 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 normal 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 tep 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
spider assemblies were found in thefr
normal positions at the outer-edge
inspeciion location ind one adjacent
location. This indicates that the upper end
fittings and the foel assemblies in these
lovations 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 were also
missing, access to the active core region
was possible. This examination revealed
that a void exists in the upper central
portion 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
radialiy outward to just beyond the
midradius inspection point. This void was
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A. Metal chips and debris
batween centering tabs of an
upper and fliting.

8. Damage to E-2 upper end
fitting looks like metal afte: it has
been cut by a torch.

C. Coatrol rod element stub i
upper end fitting grili work.

D. General appearance of the ‘
rubble bed st core-center location
H-8. Potato-shaped object in
eantsr of picture is actually only
0.32.cm in dizmster.

E. Unidentified rod or top of
rubble bed at location E-Q.

F. Peliet hold-down spring on top
of rubble bed at incation E-S.
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formed by the redistribution of fuel from
central fuel assemblies. The rubble bed in
the central region consists of fine granular
particles, angular in shape, and
approximately 1/8 in. in size. No
recognizable shapes could be identified
other than a portion of a control rod
spider assemnbiy. Engineers believe that
this is the core center spider assembly
which fell into the rubbie bed when its
leadscrew was uncoupled to provide access
for the guick look camera. The general
appearance of the rubble bed in the
midradius region was considerably
different than that at the cors center
Jocation. In the midradiue region, the
rubble bed was comprised of much larger
pieces and numerous recognizable shapes.
Stubs of fuel rods were also observed
protrading upward from the rubble and a
forsst of reds could be seen looking
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 1/2-in.-diameter
steel rod into the reactor vessel through
the CROM guide tube until it came in
contact with the rubble. The rod was then
rotated and 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 guick 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 arcund 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 assernblies sustained
considerable damage, causing the
formation of a void area and a rubble
bed. This rubble bed comsists of loose
material and is not a fused mass, There
was some evidence of partial melting of
nonfuel material in components with
melting points much lower than vraninvm
oxide fuel; no evidence of melted fuel
pellets was found. Engineers also
concluded that the plermm 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 removal, and safe defucling.
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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 shape of the core void area. -
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New Tool Maps Shape of
Damaged Core Internals

A specially developed tool was used in
Angust and September to ulirasonically
determine the profile of the void area in
the upper region of the damaged TMI
Unit 2 core. The tool and its related
companents, 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 Nazipnal Engineering Labora-
tory (INEL) 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-
i turing and relocation of the upper por-
: t ' tion of the core during the accident.

™

A preliminary review of the CTS data
indicates that the void is roughly sym-
metrical and in some locations extends
] o g nearly to the core former wall {the struc-
¥ B ture marking the core boundary). That
review, based on only about 5% of the
total data, clearly shows that very few
fuel assemblies in the core appear to :
reinain intact, and those that may . still be
intact are located primarily in the- pmph— .
eral row of fuel assemblies. The CTS N
data also show many objects, presumably
the uppermost portions ofdamaged T S
assembhes, ‘hanging down into the com ol
|- A4 - region from the underside of the plenim,
lab” N _After several months of computer-assisted .
4 ’ . data compﬂztmn and laboratory anxlysxs o
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New Toal Maps Shape of
Damaged Core Internals

A specially developed tool was used in
August and September to ulirasonically
determine the profile of the void area in
A the upper region of the damaged TMI
1 Unit 2 core. The tool and its related
Figure 1. The CTS sonar mapping i components, together called the Core
device was lowered through a lead Topography System (CTS), were designed
screw opening into the damaged and built by U.S. Department of Energy
TMi-2 core 1o obtain information on / 1 (DOE) contractor EG&G Idaho, Inc., at
the shape of the core void area. ‘ ! the Idaho Naripnal Engineering Labora-
/ tory (INEL) 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-
i ‘ tion of the core dvering the accident.

‘ A preliminary review of the CTS data
; indicates that the void is roughly sym-
metrical and in some Jocations extends
nearly to the core former wall {the struc-
ture marking the core boundary). That
review, based on only about 5% of the
total data, clearly shows that very few
: ¥ 1 1 fuel assemblies in the core appear to
Unknown . renain intact, and those that may stili be-
core condition- ‘ intact are located primarily in the periph- .
substantial ) ‘ . eral row of fuel assemblies. The CTS' '
rnibble data also show many objects, presumably
] ) the uppermost portions of damaged =~ -
Nlﬂ.‘ : i . . assemblies, hanging down into the core ..
‘ ~ region from the underside of the plenum.
AN T klLok o 7 _After several months of computer-assisted
’ % il NF data compllauon and laboratnry analysis.
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are lowered into the core, and a position-
ing head, which supports the boom and
provides up and down as well as rota-
tional movement for the system. The
1-3/8-in.-diameter boom is 40 ft long and
has acovstic 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 Iaside the core
void, as shown in Figure 1, the sensing
head sends out an ultrasonic signal that
reflects off the first barrier it eacounters
and returns to the transducer which sent
it. The time required for the signal to
return is directly related 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 fixed 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, poiuting
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, the sens-
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, continaous motion. As the
head rotated, a selected transducer at
each location transmitted a signal every
0.9 degree of rotation, resulting in 400
data points per transducer per 360-degree
revolution. The sensing head then auto-
matically raised ! in., and the entire pro-
cedure was repeated until the tool
reached the top of the core cavity. A
total of roughly 300,000 data points were
obtained during CTS operation.

During the wecks and months which
followed the incore work, all data col-
lested were processed using corresponding

computer software to develop a sbmpléte :

series of horizontal and vertical ““cross-
sections®’ of the core, called slices. The
data are being used 1o develop a topo-
graphic map showing overall shape of the
core cavity, location and shape of
damaged fuel assemblies, and sther

such features.

Using the CTS before head and plepum
removal will allow researchers to analyze
the configuration of the core before dis-
assembly and defueling work alters that
configuration. 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 CTS data
will provide informatior on where both
the greatest and least amount of damage
occurred. Engineers can then examine
these areas to identify possible reasons
for variances 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 from 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 will
influence how and where fuel assembly
removal—the last major stage in TMI-2
cleanup—will begin. O
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First Samples of Damaged
Core Obtained for Analysis

Engineers participating in the DOE’s
TMI Reactor Evaluation Program entered
the Unit 2 Regctor building in September
and Cectober 1983 to obtain the first
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 saiaple 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, deg’gned and built the
specialized sampling tools used in the
R~actor Building entries. To obtain six
debris samples, team members used two
types of rubble bzd samplers—one a sur-
face sampler and another for sampling
below the surface. The surface sampler,
shown in Figore 2, is called the clam-
shell sampler because of its open-shut
mode of operation. Ii was designed to
obtain core debris from the top of the
rubble, especially any large rubble
chunks. The stainless steel device is 6 in.
jong 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
sampier. 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 core at two locations: core center
location H-8, 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.

at a time on the end of a 46-ft-long
boom. This boom, lowered in four sec-
tions to the rubble bed, had demarcations
along its length to provide operators with
sampler depth positions thronghcout the
operation. Once operators completed
sampling, they raised the boom and
sampling tools up through a sample con-
tainer sitnated over the control rod drive
mechanism opening. The 12-in.-high,
steel-shielded container had a trap door
bottom which sealed shut after the sant-
pling tool containing the core debris was
securad inside. Based on radiation read-
ings taken after sample acquisition, six
good-sized samples were obtained. The
readings ranged from 220 mR/h gamma
io 1100 mR/h gamma at the outer sur-
face of the steel sample contatner,

The six samples obtained during the
grab sample work are currently being
analyzed at Babcock & Wilcox research
facilities and at the INEL. The resuits of
these thorough chemical and microstruc-
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
damage to the core and will yield
information needed for fuel handling and
removal operations. 3.

Figure 2. Seen in lts open position,
this clamshell sampler was used

to abtain debris from the surface of
the rubbie bed Inside the TMI-2 core.

Figure 3, An enginesr works with
the subsurface sampler used to
obtain core debris from beneath the
surface of the core rubble bed.

down, and 22 in. below the sarface. The = -

samplers were lowered into the core one -
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Control Rod Drwe w
Mechanism Lead Screw
Samples Evaluated

One of three control rod drive
mechanism: iead screws removed from ihe
reactor vessel to provide access for
closed-circuit television inspection of the
reactor internals and for core damage
assessment has undergone extensive lab-
oratory examination. The H-8 lead screw
selected for examination came from an
arez of core damage at the center of
the vessel,

In November 1982, a 3C-in, threaded
section of the H-8 lead screw was cut
into three pieces and removed irom the
Reactor Building. Figure 4 shows the
Jocation of the lead screw in the reactor
and the sections cut and sent to labora-
tories for evaluation. The first section
was sent to Battelle Pacific Northwest
Laboratory, the second te Babeock &
Wilcox's Lynchburg Research Center,
and the last remained on site for solution
chemistry studies.

Contact radiation readings ranging
from 38 to 60 R/h gamma were detected
on the three sections, primarily due to

the presence of 37Cs. 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
increasingly strong chemical solutions,
ranging from borated water to nitric-
hydroﬂuonc ac:d A noticeable decrease
37¢s and 125sp activity occtrred
only after the aggressive nitric-
hydrofluoric acid bath, indicating that
the cesiumn deposits were very tightly
bound to the lead screw. Additional -
experiments showed that there were no
detectable amounts of metallic zirconium,
zirconium hydride, or zirconium-silver
aﬂoysprmutunthe!ndscrcw.{'l‘hue
had been spec\dauon that the presence of
these materials could’ consﬁtute a pyro—
phonatyhamd dunng hud lzft- o

In detailed analyses of the second sec-
tion, the lead screw was examined vis-
ually and samples of surface debris were
collected. Nine metallographic specimens
were cut from selected locations for
microstructural evaluation and recon-
struction of the peak temperature profile
of the lead screw. This section was found
to have loose particulate debris on the
surface and & multilayer film on the
stainless steel, The lead screw deposits
indicated extensive core materials reac-
tion. Lead-screw-deposit particles bearing
uranium and zirconium (indicating fuel
cladding interaction) accounted for
approximately 10% of the particles ana-
lyzed. The presence of strontium-silver-
bearing particles, which constituted
approximately 6% of the particle popula-
tion, indicated that the silver-indium-
cadmium control material reacted with
the zircaloy fuel rod cladding or guide
tubes after control rod failure.

Metallography and microscopy revealed
three distinct layers on the lead screw,
An inner layer, approximately 3 gm
thick, was identified as being a typical
reactor water corrosion film. A second
chromium-rich layer, 1010 90 um thick,
was also identified. About 90% of the
cesium on the lead screw sample was
associated with this second layer. As
noted in examination of the first lead
screw section, the cesium could not be
effectively removed from the lead screw
by any decontamination solution except
the nitric-hydrofluoric acid. This implies
thnaluaemmnnonofmummy
remain on vertical underhead surfaces
even after proposed flushing efforts. The
third snd outermost fayer, which ranged
mthwkn&frmﬁto?igm, wmd
ily removed with & wire brush. “This.
contained appmxunndy 85% of the
and m 90% of the' unmnm on the
lud scrcv aemon. - :
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In March 1583, the rest of the lead
screw was cut into sections and shipped
to the INEL for detailed examination.
Extensive testing is now underway at the
INEL to more completely identify the
type and quantity of fission product and
uranium deposits on the lead screw.
Examinations will determine the max-
imum temperatures to which the jead
screw was subjected and the amount of
tellurium deposited in the lead screw
debris and on its surface. The testing
should also reveal if there is a change in
compaosition and guantity of radicactive
material depending upon lead screw
focation in the core and should further
characterize the nature of the loose and
tightly adhered lzyers discovered in the
early analyses, {1
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Figure 4. The lower portion of ihe e
H-8 iead scraw was divided into four . - * -
sections for analysis at apame ’
laboratory facilities.




Accident Waste Shipment
Goais Reached

The DOE Technical Informaticn and
Exemination Program (TI&EP) reached a
milestone in the TMI-2 recovery prograin
during the summer of 1983, when the last
of 50 EPICGR H caunisters ieft the TMI
site for the INEL, and the last Sub-
merged Demineralizer System (SDS) liner
used to process Unit 2 Reactor Building
basement water left for Rockwell
Hanford Operations, a DOE contractor
in Richland, Washington.

In a lester < the TI&EP staff marking
completion of the EPICOR task, Shelby
Brewer, DOE Assistant Secretary for
Nuclear Energy, noted that the final ship-
ment of an EPICOR 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 liner
used ta process basement water was
shipped off the island. See Figure §.

The EPICOR 11 canisters are prefilters
from the EPICOR 11 water processing
systern at TMI-2, which decontaminated
565,000 gal of accident water from the
Auxiliary and Fuel Handling buildings.

The curie loadings on the canisters after -

processing accident water ranged from
160 to 2200 Ci. The SDS is a water
decontamination 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 warer, concentrating them
in a form suitable for safe shipment and
disposition. The SDS processed a total of
600,000 gal of kighly contaminated water
from the Unit 2 basement. Zeolite, a sub-
stange resistant to radiation demage, has
been found to accommodate radioactivity
loadings in excess of 20,000 Ci!ft3, while
the resins in the EPICOR 11 system nor-
mally accommodate loadings of less than
40 Ci/ft3.

- studies. [J

Of the 192 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 Reactor Building decon-
tamination water and reactor coolant
system water, remained on 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
final two in February 1984, Of the
19 SDS 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-exchange media were mixed
with glass formers and vitrified into a
glass log to trap the radioactive
contaminants.

Of the 50 EPICOR 1l canisters sent to
the INEL, 47 will be burized at a commer-
cial site in high integrity containers,
capable of immobilizing the wastes for

300 years. A related article on these

special containers appears in this issue of
the Updare. The remaining three
EPICOR canisters arc being used for
research and disposition projects, such as
resin solidification and resin-degradation

Figura 5. Dr, Shelby Brewser, DOE
Asslistant Secretary for Nuclear
Erergy, accepts the last SDS liner
used to process accident waste
water while GPU Nuclear President
Robert Ameold iooks on.




Videotape on Waste

Management
Avallabia for Loan

A videotape program, ‘‘The Submerged
Demineralizer System: Meeting the Waste
Management Challenge,”” is available for
loan from the TI&EP without charge.
The program docuraents an entire TMI-2
waste managerment sequeace from waste
- generation, through processing and ship-
ment, to waste disposition. Presented in 2

narrative style suitable for a general tech- -

nical apdience, the program discusses the
difficulties and successes encountered
during development and use of the Sub-
. merged Demineralizer System. To boitow
-a copy of the videotape, contact’
Kim Haddock, EG&G Idaho, Inc., P.O.
" Box 88, Middletown, PA 17057. Phone
FIS 590-1019 or (717) 948-1019. 01~

- UPDRTE

New Container
Handies
TMI-2 Wastes

Technicians at the INEL near Idaho
Falls, Idaho, have begun loading
EPICOR liners into high integrity con-
tainers or HICs in preparation for ship-
ment 1o a permanent storage area. The
loading marks the end of a picneering
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 2 DOE
decision to demonstrate that wastes
generated as a result of the TMI-2 acci-
dent could be handled as commercial
reactor wastes. EG&0 idaho, Inc.,
worked with Nuclear Packaging during
the 18-month design and development
process. The containers are 7 ft tall by

‘more than 5 ft in diameter. In Figure &, a

HIC sits on a trailer with an EPICOR
liner nearly.

“*The container is designed to hold up
1o 2500 Ci of beta-gamma’ emitting
wasies,”” according to one of the design
team members, Ray Chapman of EG&G
1daho. Immobilizing wastes for a
minimum of 300 years and mecting
design criteria in 16 CFR 6l were other
goals for the project. The Transportation
Technology Center at Sandia National
Laborazories 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 congrete with a steel inner liner.
The inner shell is epoxy coated for corro-
sion protection. The concrete walls range
in thickness from 6 to 11 in. A special
feature of the lid is a venting mechanism
that will allow dispersion of hydrogen
and oxygen gases generated as a result of
water breakdown within the container.
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Figure 6. A new MIC, still wrapped
in shipping matorial, sits on a low-
boy trailer next {o a nonradioaclive
EPICOR liner used to practice
loading at the INEL.
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Instead of using bolts or mechanical
fasteners for the container lid, the Ed is
sealed with epoxy around its perimeter.
The seal successfully 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 10”7 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 160 R/h on the sides and about
25 R/h on the top.

The workers at the INEL will use
special handling fixtures and procedures
in the Test Area Norih Hot Shop to
place each EPICOR liner into a con-
tainer. In Figure 7, a nonradioactive
EPICOR liner is lowered into a container
during a dry run. A permanent storage
site for the liners and containers is still
under study, but the containers will be
transported in a Chem-Nuclear Systems
Incorporated CNSI-14-190 cask that is
being built specifically for the project. O

Figure 7. A nontadioactive
Emcoamummmo
the HIC.
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First Demineralizer Resin
Sample Results Assist
Waste Management Work

The DOE TMI Waste Immobilization
Program is working with government
laborataries and GPU Nuclear to develop
methods for safely removing contam-
inated resins from the Unit 2 makeup
and purification system demineralizers
focated in the Auxiliary Building of the
damaged plant. As reported in the
August 15, 1983, issue of the Updare,
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.

In February 1983, gas samples were
successfully obtained from both the
A and B demineralizer vessels. Anaiysis
of the samples confirmed GPU Nuclear’s
supposition that both the A and B resins
were wet when they were exposed to fis-
sion praduct 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 2 crust of boron ¢rystals on
the surface of the dry A-vessel resins, but
confirmed that the resins in the B vessel
are still under about 1 it 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 szl-
ected preliminary resuits are listed in
Table 1. All samples confirm that the
fuel content 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 trans-
uranic wastes. The samples also indicate
cesium activity levels that Tar exceed
known values for any cther accident-
generated waste in the plant. The 137¢
activity ranged from 220 uCi/g in the A
vessel solid sample to 16.9 x 103 Ci/g in
the B vessel solid sample obtained in
April, Cesium will have 10 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
them in slarry form through existing
sluice piping to spent-resin storage tanks.
Tests performed on irradiated resin as
part of the TMI research efforts confirm
that the resins here are siuiceable.
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 2 two-phase plan to first
remove the cesim from the resings, and
then sluice the resins from the vessels
for packaging.

During Phase 1, 137Cs will be removed

rom the resins and processed through
the plant’s Submerged Demineralizer
System, a water decontamination process.
To accomplish cesium removal, engineers
will add water to the vessels to rinse and
clute their coctents. The resins will be
rinsed with borated water and **fluffed”*
with nitrogen gas, and then the water will




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

March 1983 Sample

April 1983 Sample

B Solution B Selid B Solution
Element - {ppm) {ppm) (ppm)
Cs 30 —.a 30
Sr 1 - <1
U 0.064 1620 0.109
Pu 072 E-3 3.550 0.54 E-3
Isotope (uCilg) {«Cilg) {Cilg)
Cs-134 0.181 E+3 0.778 E+3 0101 E+3
Cs-137 264E+3 H2E+3 148 E+3
Sr-80 0.014E+3 A9 E+3 " 946

&. No anslysis conducted.

B Solid
{ppm)

106
1

283
0.787

uCirg)

113E+3
169 E+3
085 E+3

A Solid
{ppm)

100

4

1250
3.520

(uCilg)
15

220
200

be decanted. Essentially the same opera-
tion will take place during elution; how-
ever, chemicals such as sodium borate
will be added 10 the flush water 1o
remove additional radioactive cesium
from the resin. During both the rinse and
elution steps, the {low rate of water
through the vessels will be restricted to
below 5 gpm, a rate slow enough 1o
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 installed in
the flow path 10 guard against particle
carryover to the Submerged
Demineralizer System.

Engineers estimate that about 2000 gal
nf water will have 1o flow through each
demineralizer vessel before the cesium
activity is significantly reduced. The
water will be added to the vessels in
300-ga! 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 sertle, and then will decant the
water. Because the cestum concentrations
are so high, the discharge siream from
each vessel will have to be diluted with
additional process water immediately
after the rinse water leaves the deminer-
glizer cubicle. The entire procedure can
be repeated more than three times if it

10

appears that still 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 io the spepr-resin storage
tanks. Removal of the cesium will also
minimize the handling problems asso-
ciated with the packaging of the siniced
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-
ipary results have allowed waste manage-
ment planners to develop this two-phase
resin removal process. Additional samples
will have to be obtained from the dry
resin bed in the A vessel before engineers
can confirm 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 complica-
tions, the resin removal process should
begin early in 1984. The removal of the
resins from the plant will accomplish
another significant milestone in the
TMI-2 cleanup. O
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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
czble and connector evaluation program
is to determine whal impact cable and
connector degradation had on the func-
tional capability of instrumenis 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-
vation 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-
mentzl 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 function of frequency, lcop
resistance, inductanse, and changes in
characteristic impedance as measured by
time-domain reflectometry methods.

Several factors are considered when the .

scan data of instrument changels are
being analyzed. Using-empirical data on
the chaanels obtained from the cable or
connector vendor, emprical data meas-
ured gn prototype components, and |

B

theoretical calculations—including calcu-
lations based on computer modeling—
engineers learn what they can about the
way the channels shkould operate and
what might be causing channe! impair-
ment. Analytical characterization also
takes into account the effect of the end
instrument on the channel; this effect
cannot be separated from the cable or
connector in the scan data. Also con-
sidered in scan data analysis 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 scanred. Of these 63, six showed
signs of impairment. Preliminary analysis
suggests the causes of impairment may
aclude corroded penetration contacts,
water penetration through the bulk cable
sheath, and corrosion in spliced regions.
In further testing planned on the
impaired channels, the exact naiure 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 evaluaton. If
possible, these samples are removed from
the Reactor Building, and their electrical
and material properties are characterized
in investigations at the participating
natiopal laboratories. Noticeable changes
in material propérties of the samples are
correlated with impairment in dielectric
properties of the sample. The dieleciric
properties of cable samples are charac-
terized over an apprapriate temperature
range, and the data are compared with
that taken on an experimental com:ml
section of cable.

'I‘hcexammatmnofapartrcsﬂarTMl

‘ cable sample, the polar crane pendant,

cable, offers one example of the kinds of

«datz being gathiered as a result-of in situ
data scannmg and. corre]atmg Iaboratory
‘exammzmon of ‘TMI-2 cables and connea— .

pendant_ cable was
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normally used to operate the 500-ton
Reactor Building polar crane at TMI-2
from a remote location on the building’s
347-ft efevation. During the TMI-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 hydrogen burn patterns,

TR N S A TR R W
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Figure 8. Radiation levels on the
polar crane cable were a function of
iocation along the length of the cable

from the crane 1o the floor. Radiation .

levels decreased as the distance of
the cable from the floor increassd.

Visual inspection of the cable in place
in the building provided the only in situ
information obtained on the sample. In
this. visual exanination, engineers
observed the effects of the aydrogen burn
on the cable sheath: greéater burn damag:
occurred at lngher ¢levations. The cable
was removed as part of the polar crane
refurbishment program, as réported in
the related article in this issue of the

-Update. With the cable’s building orien-

tations carefully ‘marked, the sample was
cut into 30-in. sections. The measured
radiation levels from the cable are shown
in Figure 8. In this figure; an increasing
section number corresponds te increasing
elevation in the building. The relatively
high radiation levels for lower elevations
are attribated to the fact that thess cable
sections were lying flat in the building,
thus exposing more surface area to set-
tling contamination. In ali studies of the
cable sections, no sigaificant difference in
glectrical properties was observed between
the dafferent cable sections.

The examination of this particular

. cable sample confirmed studies of both

hydrogen burn patterns and radiation
levels in the buﬂdmg being conducted in

- other research programs. It confirmed

that the cable’s electrical properties were
uniform along the entire length of the
cable, regardless of extremes of
environmental conditicns.

Information such as this will continue
to be gathered on cable and connector
specimens from the TMI-2 Reactor
Building. By October 1984, engineers par-
ticipating in the characterization program
hope: to be able to define the extent to
which cable and connector degradation
impaired the functional capability of the

insttumentation in TMI-2. By late 1985,

results from JzYoratory tests characteriz-

" ing the nature of impairment to the

 cables and connectors will be available
fformspecnon by utilities and by -
‘nanufacturers of cabie and connector

- " equipnient, a5 weli as.by’the Nuclear
. :-‘"chula‘o.xjy Camm!ss:on and ather




Polar Crane Refurbishment
Complete, First Load
Testing Planned

Following nearly a year of inspections,
analyses, repairs, replacements, and
no-load operational testing, the polar
crane at TMI-2 is structuraily, mechan-
icaily, and electrically ready 10 undergo
load testing—the final stage in prepara-
tion for reactor vessel head lift opera-
tions, The 300-ton Whiting polar ¢rane
installed in the TMI-2 Reactor Bailding
became inoperable as 2 result of the
March 1979 accident. Figure 9 shows the
main componenis.

Because of the prlar 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 be 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 growp

Control
pandant

Walkway

elevation: 427 1 4-1/2 In.

hoist

agreed that concentrating recovery efforts
on these operating functions would help
to control costs, save time, and minimize
man-rem exposure, while achieving the
main objective of the polar crane
recovery project: reestablishing those
¢rane motions necessary to move the
missile shieids and reactor vessel head.

The Polar Crane Task Group included
personpel from Bechtel North American
Power Corporation, responsibie for
overall management and implementation
of refurbishment activities; consultants
from United States Crane, Inc., spon-
sored by the Electric Power Research
Institute and responsible for mechanical
component repair work; and DOE-
‘sponsored consuitants from United
Engineers and Constructors Inc.,
responsible for electrical component
repair work. '
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Figure 9. Major components of

the TM!-2 polar crane were refur-
bished during recent work preparing
for reactor vassel head removal.

% R R A S e R s



Much of the damage to electrical
systems and components appeared to be
the resul: 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 <lip lost its grip. Conse-
quently, large sections of power-
conducting rail were dropped or
distorted. Rather than replacing this
system with in-kind equipment, which
was not economically justifiable and
would have unnecessarily exposed person-
nel to contamination, it was replaced
with a new flexible cable loop system.
The cables, about 100 ft in length and
quch like long extension cords, provide
power and conirel interconnections
beiween 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 pendant, 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
hydregen burn. The control pendant, sus-
pended from a cable, hangs at the 347-ft
elevation in the Reactor Building and
provides a means fo remotely operate the
crane in Heu of operation from the cab.
The cable hangs from a trolley system at
the walkway handrail. The pendant and
cable may be trolleyed back and forth
along the watkway by means of the fes-
toon. This issue of the Updare includes
an article on the cable and connector
evaluatiop program that discusses studies
of the pendant cable.

14.

While the cable was replaced in kind,
the festoon was replaced with three extra-
flexible, flat, 12-conductor cabies. The
control pendant was replaced with a
Eghtweight, watertight, neoprene control
station, which has all but two of the
original contro! functions; the new nnit
does not have a warning bell push button
or key operated on/off switch because of
their relative unimportance to the pri-
wmary role of the TMI-2 polar crane:
head lift.




Figure 10. Insulation corrosion

and winding breakage in these polar
crane rasistor banks caused open cir-
cuits and low resistance.

None of the crane’s motors or clutches
needed to be replaced, bui were not
geclared electrically operable until after
corrosion films had been removed fror
the slip rings. The metal conduit, which
houses and routes electrical wiring
around the polar crane, was not damaged
by the accident, and noze of the internal
wiring showed signs of distress.

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

Once recovery of the electrical and
mechanical compenents of the bridge,
trolley, and main hoist was complete,
they were tested without & load to verify
their operating capabilities.

The remaining effort in the polar crane
recovery project is full load testing of the
polar crane. Scheduled for late 1983, the
test calls for the hoist to Hft about
210 tons so it may be certified at
170 tons—the approximate weight of the
reacior vessel head. According to ANSI
standards, the load rating of the crane
can be no more than 80% of the max-
imum load the crane lifis 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 lowsered, stopped
and held by the hoist brakes, and finally
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 will be lifted
again -after rotating the bridge

‘180 degrees. After recertification of the
‘polar crane, reactor vessel hiead removal

is scheduled ‘for early 1984. O




Underhead Characterization
Supports Reactor Vessel

Head Removal

One of the sarly DOE TMI Reactor
Evaluation Program activities involved the
formation of a task group to evaluate and
determine the best approaches to safely
remove the TMI-2 reactor vessel head.
This group, knowa as the Head Removal
Task Group, included representatives
from Babcock & Wilcox, Bechtel
Corporation, EG&G Idaho, Ine., and
GPU Nuclear.

Based on the data obtained during the
quick look closed-cireuit television
(CCTV) exami~ ation, the axial power
shaping rod test, the control rod drive
mechanism (CRDM) uncoupling opera-
tions, and engineering evaluations, the
task group recommended that the head
bz removed dry—without flooding the
adjoining refueling canal, This dry
method is essentially the same technique
used during normal refueling. The task
group also recommended 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 confirm 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
mnderhead and upper-plenum surfaces,
radiation level measurements inside the
vessel, and debris samples from the
upper-plenum surface.

Table 2. Quick Scan | Underhead Radiatior Levels, Dacember 16, 1982

Elevation

L)

327
326
326
325
324
324
324
323
323
322

{in.)

7 7132

@a >
=

CHROLBOLOID

Core Location

E-9 H-8
(Rih) (Rin)
a0 ——
120 -
— 50
170 100
200 200
240 220
320 340
550 600
540 540
530 540
520 580




The first phase of underhead charac-
terization began in 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 guick-looks.
This underhead radiation survey, called
Quick Scan I, gave engineers radiation
Jevel data at a core midradius location
(E-9) and at core center location H-8.
The detector obtained data, presented in
Table 2, from the 327-ft elevation just
under the head, down to the 322-ft eleva-
tion just above the top of the plenum.
Preliminary analyses of these data, per-
formed by GPU Nuclear, indicated
that the radiation levels expected during
head removal might be higher than
originally estimated.

The second phase of underhead charac-
terization, or Quick Scan 11, began in
August 1983, when the reactor vessel
water level was lowered to about 2 ft
above the top surface of the plenum.
Technicians removed the 800-1b center
CRDM 1o 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 environment. These
activities included CCTY cxammannns of
the underside- of the head and upper. por-

" tions of the plcnum, mmzauon chamber

" radiaton level measurexmnts, thermo- )
luminescent domm:tez (TLD)
measurements and's

the plenum’

approxlmately 10: to 15 mg f:ms:enal

also able to inspect two areas mear the
outer edge of the plenum. A reéview -
group evaluated the video footage of the
rezctor upper plenum and found no visi-
ble evidence of distorfion on the plenum
assembly. No visible material fioated on
the water surface, and no distinct piles of
debris were seen on the plepum surface . -
arouind the access location. No mecham
cal debris or recognizable companem
pieces were seen.

The camera did reveal a uniform layer
of loose, finely divided debris about ’
1 mm deep, over the area examined.
The loose debris appeared to be
flushable. 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-colored-
adherent layer deposited on Horizantal
and vertical surfaces; this did.not’ move
unless it was touched by the cameraor. .
manipulator. A few large very thin flakes
of light material, up to 2.5.cm dcross,- T
represented the fourth type of substance
observed. These flakes were thought to
be pieces of the adherent layer that had - s
been dislodged by the camera or manipu- -~
lator. The cameras, samplers, and other: . -
devices used were relatively uncon-~ -
tamirated when. removed from the o
reactor. S

After completing the CCI‘V exanun&'
tions, techmc:ans obtained twe- samp]es
of the loose debns on the top ‘surface' 3
the plenum One: samplc con




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

The reactor vessel water level was then
lowersd farther to expose the upper sur-
face of the plenum. CCTV observations
were again made, and radiation level
measurements were obtained with the
jonization 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 10% 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 inspectior seemed to have
cracked when it dried out. The white
adherent layer appea.ed to be no more
than 2 to § mils thick. Many tiny, highly
reflective particles, approximately 3 mils
in diameter, were visible on the horizon-
tal and vertical surfaces, These may have
bzen 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 numerocus places. Lead-
screw support tubes had localized
deposiws of light material in many places.
Most of the outside support tube surfaces
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 valuzble
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 defueling of the damaged Unit 2
core. [1
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Fioman stne ™I Moves
One Step
Closer to
- Cleanup with

| Head Removal

== g4 This summer, workers at Three Mile
] Island (TMI) will take another major step
tloward defueling the Unit 2 reactor vessel
*/ by removing the vessel’s head and placing  §
> Refuelinq canal it on the storage stand, After several
tests, engineers gave the go-ahead to
mg:‘ 1‘ remove the head dry—without flooding
P the refueling canal. These tests included ¥
radiatior: surveys, sampling, and video
inspections of the underside of the head
Sz to determine radioactivity, analyze
N"““«kpmiclc makeup, and look
%Q‘E«-“‘ for debris that could make
removal difficuit. Figure 1
iliustrates the three remaining major
" steps toward disassembly of the reactor at
TMI-2: placing the head on the storage
stand, storing the plenum under water in

c-_- ] /g the refueling canal, and removing fuel
e
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canal and debris from the vessel.

While these activities, and all of the
vital projects in between, . .2 scheduled 10
take the Technical Information and
Step 3. Examination Progeam {TI&EP) well into
Remova fus! and Fuel S 1957, Ge{lcral Public Utilities Nuclear
debris from transter tube Corporation (GPU Nuclear) and US.

Department of Energy (DOE) personnel]
reactor vessel have done much to bring the program to .
its present stage, discovering along the . I
Figure 1 This schematic way new aspects of accident recovery and
illustrates the three major steps answering a number of important
toward defusling Unit 2. qusuops -about the nature and impact of
the accident.
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In preparation for head removal, the
service struriure and refueling canal both
were decontarninated, and the lifting and
handling cquipment was tested, As part
of a complete safety evaloation, engineers
conducted a head-drop analysis, verifying
that the components below could
withstand such an impact. Looking for
debris that could make head remaval
difficult, analysts took debris samples
from the top of the plenum assembly and
found the materials there were
nonpyrophoric.

Twa final projects in preparing the
head for removai are currently underway.
Workers are installing the canal seal
plate, which will close the gap berween
the mouth of tie reactor vessel and the
refucling canal, and they are installing 2
temporary defueling water cleanup system
as 2 precaution, should an unexpecled
event require the refueling canal to be
flocded 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 the refueling canal, where it will be
stored under water until its removal. The
plan is 1o first jack the plenum up from
its current seated position and then lift it
from the reacior vessel using the polar
crane.

In 1983, major advances were made in
designing tools to inspect and remove the
plenum. Four 60-ton hydraulic jacks are
being custom designed for the job. From
2 central pumping station, four operators
will hand-pump the jacks, lifting the
plenum slowly and in small increments so
it may be continuously monitored from
top to bottom to check for clearance and
prevent jamming, Engineers are already
aware fram video inspections of the
plenum’s underside that partial fuel
assemblies still hang from the plenum.
After initial jacking, workers will knock
off these stubs using a tool that is now in
the design stages.

Once the plenum assembly is lifted,
engineers will 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 canal.

Figure 1 indicates that the final major
step to the TMI-2 reactor disassembly is
removal of fuel and debris from the
reacior vessel. GPU Nuclear and TI&EP
engineers have been concentrating op a
aamber of aspects of this task, including
a major defueling water cleanup system,
fael removal tools, and canisters in which
to ship the fuel and debris.

The extensive defueling water cleanup
system to be installed essentially consists
of two subsystems, one to provide water
filtration and processing for the reactor
vessel and contamination barrier, and a
second 10 provide water filtration and
processing for the refueling canal and
spent fuel pool A (see Figure 1.

Clearly, a key eiement to defueling is
the fuel removal tooling, o which
engineers and designers have been
devoting much of their efforts.
Westinghouse Electric Corporation,
selected as contractor (o desigr: and
fabricate these tools, suggested two
designs for consideration. The first
design—a manual, remote defueling
system—~reflects the technical
specifications previously established for
the necessary mechanical equipment and
vacutin and separation equipment. The
vacuum would remove fine materials as
small as 10 pm and debris as large as fuel
pellets. The system would then separate
the debris from the water and load the
debris into canisters.

Westinghouse’s second propesed design
also meets the technical specifications,
but it is a4 more automated approach to
defueling. The system would use robotic
arms to position a vacuum hose and load
into a shredder materials 100 large for
vacuuming. AH of the debris then would
be pumped in a slurry out of the reactor
vessel for separation and canister loading,

After discussing options for fuel
canisters, TI&EP and GPU Nuclear
representatives selected a design wide
encugh to hold intact cross sections of
fuel assemblies. This canister is, however,
shorter than anticipated because engineers
do not expect 10 be shipping any full
ltength fuel asseinblies; few if any appear
to be intact. A benefit 1o using this
canister design is the potential cost
savings; government-owned rail shipping
casks may be available for transporting
the canisters comaining the remains of
the Unit 2 core from TML.
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UPDINTE

Robots Reduce Worker
Radiation Exposure

Many work areas in the Unit 2 plant
contain large amounts of radioactivity
and many surfaces are highly
coniaminated. While workers are
protecied with anticontamination clothing
and monitored with personnel dosimeters,

the effort to keep exposure rates low is a

challenging one. Researchers are finding
that robots can take the place of humans
for many tasks in high radiation areas. A
lock at two robots, destined for use at
TMI, illustrates their useful role in
reducing human radiation exposures.,

+1 eft-handed Louie’” comes tc TMI
from Westinghouse Hanford Operations
after a long history of remote-control
work in a variety of environments.
Loui#’s official name is the Remotely
Controlied Transporter Vehicle, or
RCTV, but since an anonymous
technician during the 1953s scrawled
“Louie’’ on the robot’s arm, the RCTV
has been known by its more humanlike
pame. Loule will assist in a crucial waste
handling operation at T»21, st of
monitoring the removal of the Makeup
and Purificanon System demineralizer
resins from their tanks.

During the accident, reactor coolani
water flowed through the Makeup and
Purification System for nearly 18 hours
and deposited significant amocunts of
contaminants on the resins in the
parificatioa sysiera demineralizer tanks.
Extensive efforts to determine exactly
how contaminated these resins are have
shown that cesium zctivity levels in the
resins may far exceed known values for
any other z2¢cident-generated waste in the
plant. Research work reported in both
the August and December 1983 issues of
the Update obtained dose rate readings
of 3000 R/h in the A cubicle, and
100C R/h in the B cubicle.

The contaminants in the resins are
soluble fission products. They will be
removed through a series of rinsing and
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 will be used for
the job. As shown in Figure 2, Louie
will carry a gamma radiation detector
into a resin tank cubicle and hold the
detector in a predetermined place up
against the tank wall. Technicians seated
at control pagels outside the cubicles can
then monitor gamma radiation levels.

Figure 2 Louie will enter the
demineralizer cubicle to moniior
gammz activily in the resin tank
during cesium slution.
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Figure 3 Louie’s 1.3-m
rmanipulator arm will help monitor
cesium levels in a high

radiation area.

Louie's components include a
transporter base, a ielescoping tube, a
manipulator arm, three cameras, lights,
and a 30-m-lor.g control cable. Pictured
in Figure 3, Louie’s telescoping tube and
manipulator arm have a combined
vertical reach of 2.9 m, which is ample
height to reach nearly to the top of the
3-m-high 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 450 kg, and the
manipulator arm. can lift dnid maneuver
upto68keg. . T

LGN

Louie’s cameras are radiation
hardened, and will be the operating
technicianr’s “‘eyes” in the cubicles, not
only for positioning Louie and the
gamma mounitor correctly, but also for
abserving conditions inside the cubicles
during the rinsing and clution processes.
The 30-m cable cornecting the
transporter to the control console outside
the cubicles weighs nearly 23 kg.

This robet is a simplé one, whose every
movement must be dictated by the
operating technician. It has no ability to

- interpret-commands or tepeat activities
", on’its pwn. Classed as a-“‘master-slive™
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rovot, it is basically a hot cell
manipulator arm on a transporter. Bat its
simplicity does not dimminish its usefulness
10 the cleanup task in which it will serve.
The radiation monitor Lonie 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 elutien process. Its nse will
greatly reduce the human exposure risks
involved in the important task of eluting
and removing the purification system
resins from the plant.

Robots may play a key role in the
defueling of the reactor vessel, scheduled
to begin in late 1986. A remotely
controlied too! positicning system called
ROSA might be used in place of long-
handled tocls handled by human workers
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. Inio this cavity,
cleanup engineers will lower a variety of
special equipment. Small, loose debris
will be vacuwmed out of the core infto
shipping canisters located inside the
Reactor Building. Large debris will be
reduced to a smaller 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 posinoning
required for these special defueling
activities.

‘Westinghouse’s ROSA, shown on a
transporter in Figure 4, is a manipulator
arm with humanlike articulation at a
“shoulder,”” “‘clbow,”” and *‘wrist.”” Its

flexibility comes from its modular design.
The arm consists of six segmeitts, each of
which is a self-contained unit with a
motor, gear train, brake, and position
indicators. Constructed of lightweight
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 srm is close tc its base, it can lift
more than 90 kg. With special
adjustments, ROSA may be able to lift
even more weight. ROSA’s arm joiuts are
all electric, but are completely watertight
5o the arm will work well in the flooded
vessel and canal.

UPDNTE
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Figure 4 ROSA’s “shoulder,”
“elbow,” and “wrist” move to
commands issued through a
computer.




A 180-m umbilicel 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 train. For manual
conirol, an operator sits at the control
console, issuing commands with a
joystick. The computer transiates these
commands into arm movemnents,

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 arm in the
manner indicated by the joystick. The
calculations are performad in a fraction
of a second, and the arm responds
almost immediately.

ROSA’s computer can be
preprogrammed with complete
instructions for any standard task. The
arm can also be taught to perform =z
snecific 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 ROUSA in the
early 1980s and has used ROSA in steam
genierator repair work and inside reactor
vessels. ROSA would remain the property
of Westinghouse during its use at TMIL.
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 are
restricted to eight-hour days, ROSA can
work without rest or maintenance for
1500 nonstop hours. ROSA’s flexibility,
strength, and ease of operation can help
io complete the defueling operation safely
and efficiently.

Lonic and ROSA can complete vital
cleanup tasks along the road to cleanup
of the TMI-2 plant. They are designed to
be versatile, and each could be used for
jobs not discussed here. GPU Nuclear is
working with the Electric Power Research
Institute and Carnegie-Mellon University
to develop another robot 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
usefu! role in both simple and complex
jobs as they help keep human exposnre
as low as is reasonably achievable.[]

Source Term Assessment
Continues at TMI

The TI&EP continuss to make progress
in its studies of source term, recently
completing visug! inspections of the
TMI-2 Reactor Coolant Drain Tank
{RCDTY) and investigating the
concentration of radiofodine and
telturium 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
penctration into the concrete.

The RCDT was the major pathway for
the release of accident water info the
Reactor Building basement. In video
inspections of the tank below the vent
line, analysts saw a dark, particulate
sediment of less than 0.32 cm thick,
nonuniformly distributed on the bottom.
Personnel also saw particies larger than
they predicted would have been released
through the pressurizer to the drain tank;
they calculated a maximum. particle size
of 30 ym.

During each of these inspections,
saruples of the water and sediment were

extracted for analysis. By studying the
samples, personnel at-the Idaho Mational

‘Engineering Laborafm*y (INEL) will.
determine the quantity of fuel and fission -

prodiicts released to the RCDT. The
esulting: data will also- support ongoing
analyses of fission. product. mass balance
and source tcrm-—the conuentraﬂon and
distribution’ of radlonuchde acuvxty

In defining the source term in Unit 2,
program personnel are placing special
emphasis on determining the
concentration of 1291 and 1307 in liquié
and solid samples 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 vasement.
Basement sediment samples are being
analyzed to determine if the radioiodine
precipitated. Lead screw and core grab
samples are being analyzed for 130 ...
whose behavior is important because it is
a parent of iodine—to determine if
plateout or scavenging of the tellnrium
significantly reduced the amount of
radioiodine released from the core.

To assess the extent to which
radionuclides migrated into the concrete
in the building, engineers obtained
17 samples of concrete from the 305-ft
and 347-ft elevations. (The basement
concrete was aot included i this study
becatise of its inaccessibility.) Tests on .
these large core samples, obtained using a
concrete bonng tool, resulted in one

_significant ﬁmimg that the majority-of

tadxonnchdes released from the Reactor

Coolani System {(RCS) into ‘the Reactor: L
B .Bmﬂﬂmg envnronment wcre trapped in ’the




Most concrete surfaces in TMI-2 are
protected with epoxy-based, nuclear-grade
coatings, making an. otherwise porous
concrete resistant and easier to
decontaminate. Pictured in Figure5isa
sample of concrete taken from the D ring
wall at the 305-ft elevation. To its right is
the sample’s autorediograph, which
documents the coating’s ability to absorb
radionuclides 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 tme 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% of iotal
activity measured was
removed with the coating.

D ring wall at the 305-ft. elevahon. -
‘shows dark shading wheve. the
» from radlonuclid penatraﬁan. :

While analysts are not saying
widespread coating removal in TMI-2 is
necessary, it may be beneficial in areas
where long-terin personnel operations are
planned. A GPU Nuclear report suggesis
devising other equally effective
decontamina ion methods as alternatives
to coating removal. ]

Chip -

Figure 5 This concrels cora
sample, whose coating was
accidentally chipped-during
removal, was taken from the

lts autoradiograph, at right, -
coating pmtacted_ the concrete
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Hydrogen Burn Study

Answers Questions About lis

Cause and Damage

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

Overall, analysts concluded that the
hydrogen burn caused little damage to
the Reactor Building itself and no
damage to safety systems. The damage
that was found, for the most part, was
fully consistent with TIZEP expectations.

The burn occcurred about 10 hours into
the accident, after the reactor core
overheated and the Zrcaloy cladding that
encased the fuel reacted with steam,
liberating large quantities of kvdrogen to
the building, where the gas later ignited.
The estimated pressure rise time for the
event was 10 to 15 seconds, bui most of
the 28-psig pressure increase occurred in
the final 3 to 6 seconds.

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

The precise iccation and ignition
source of the flame are unknown and
may aiways be 50, 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 equiptent on two Motor
Control Centers that tripped at the time
of the event. Access to the 282-ft level
will provide further insight into the
ignition source and location.

Section A-A

Reactor
coolant
drain tank

_Location of

Ly
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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 the building by way
of the ventilation systein, with an average
concentration being 7 to 8%, depending
on water vapor concentrations. Somewhat
leaner hydrogen concentrations existed in
305-1 the unventilated enclosed stairwell and
elevation elevator hoistway, while richer
concentrations existed immediately before
the bum in the vicinity of the release site
and open stairway.

Since the electrical equipment was
operating in the presence of a flammable
mixture for one to seven hours, analysts
questioned why ignition did not cccur
sarlier. They develaped 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 1o cause an ignition. And
third, it is possible that earlier
ignitions did actually occur, but
without any significant flame
propagation away from the

282-11, 8 in.
elevation

Leidown
coolers

29”?“’; ‘ Reactor 4 Steam _} 1gution site.
oolan vessel generator
Drain Tank

"Figure 6 As this drawing
,-TM‘l-a basame" '
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DOE Studies of lon Exchaﬂgef"

Media Focus on Gas
Generation and Resin

Degradation

Through 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. Researchers analyzed the
media in the EPICOR I prefilters,
Makeup and Purification System
demineralizers, and Submerged
Demineralizer System (SDS) liners,
focusing snecifically on two major
concerns: radiolytic generation of

combustible gases and resin degradation.

4

Organic ion exchange resins were used
alone or in combination with inorganic
zeolites in the 50 EPICOR 11 prefilters
that decontaminated accident water from
the Auxiliary and Fuel Handling
buildings. Research on the EPICOR II
ion exchange media focused specifically
on radiolytic gengration 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

o degrad&s. Both;prfmm generatc gases
which -could Jead to combusﬁble gas
xmxmm in"containers during handling,
sinppmg, of storage.

The Iadmlytlc decomposmon of water
produces hydrogen, which accumulates in
sealed containgrs, and oxygen, which is
consumed during 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 intreases
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 resin acts 25 a
catalyst for this reaction. When alfl the
oxygen has reacted, the ongoing
radiolytic process builds up hydrogen gas
cencentrations in
the container,
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Hydregen generation rate (Lth) x 10— 2
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rate of
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causing an increase
in container
pressure above
atmospheric
pressure.

Tl At TMI,
potential hazards .
associated with-this
hydrogen gas
buildup in sealed
containers led DOE
reseéarchers to
develop a tool to
solve the problem.

A gas sampler with
a remotely operated
. support facxhty
" - safely vented,
R sampled md

».F:gure 8 This. graph pressnts
hydrogen generation rates. vers
; curies for EPICOR ll -prefiltars
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In a closer look at resin degradation,
analysts characterized the two worst-case
EPICOR 1 prefilters and found that the
pH of the ion exchange media was acidic
and became significantly more so from
top to bottom of the bed. But resin
degradation, such as surface cracking,
spalling, and fragmentation due to
radiation exposure appeared to be
minimai. 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 no
threat to liner integrity. And results of
metallurgical studies suggest that the
liners can be disposed of safely for more
than 300 vears 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 resing have absorbed a dose
of more than 10% 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 70%.

Samples of both demineralizer beds
were sent to Oak Ridge National
Laboratory for analysis. Demingeralizer A
was found o be dry, with agglomerated,
black resin fragments, indicating
temiperatures 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 siuiced because they
remained under water.

As expected in resins irradiated to the
high levels 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 slhuicing, the
cesium will be removed by elution from
the resins and processed by the SDS
zeolites, whose abilities to handle such
high curie loadings has been proven.

SDS was the third systera at TMI in
which an ion exchange medium was used.
The inorganic zeolites in these liners
effectively processed zbout 3785 m3 of
contaminated water from the reactor
coolant bleed 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 TM1
exhibited gas generation rates of nearly
1 L/h. 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 peliets recombined the
radiolytic gases generated from both the
residnal and chemically bound water so
the liners could be safely shipped from
the Island.[]
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Core Topography System
Data and Photos Give
First Accurate Picture

of Core Void

As reported in the Decewnber 15, 1983,
issue of the Update, engineers iowered a
sonic sensing head into the TME-2 core
and collected nearly 500,000 data poinis
to acousticaliy map the size and shape of
the cavity inside the damaged reactor.

Since then, these individual data points
have been reconsiructed into the three-
dimensional clear plastic model pictured
in Figure 8. This mode! is the first
accurate map of the upper portion of the
core, which experienced considerable
damage during the accident.

The model shows in some places the
void extends all 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
tcpography sysiem, 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 Wike Martin, senior
project enginaer, explains the
making of this clear plasfic
model of the core void, daveloped
from nearly 500,000 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 of the
reactor plenum. Data from the sonar
mapping device indicate these segments
typically are 5 to 25 om leng. A clos..
shot, seen in Figure 71, reveals an
exposed fuel rod plenum spring. In
Figure 12, the core former wall is clearly
visible and appears in most places to be
undamaged. Just in one area on the sast
side of the reastor does the core former
wall appear to bow outward
by about 5 em.

Figure 10 Stubs of fuel
assemblies hang from the
underside of the plenum
assembly.
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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 placss, to the
edge of the core, the core former
wall appears undamaged.
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Only the top 1.5 m of the nearly 4-m-
tall core ure visible to analysts at this
time; the area below is still unknown.
But looking down, the video camera has
provided some clear photographs of the
rubble bed. 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 (se¢
Figure 14). And contrary to earlier
conclusions based on limited visual
observations, the surface of the rubble
bed is uneven. In one region of the
rubble bed, engineers saw a “*valley,”
which thev speculate was created during
the accident by upward water flowing
through the rubble bed.

Figure 13 Fractured fuel rads lie
scaftered across the surface of
the rubble bed.

Figure 14 f!n;a clbseji shot, fuel
. rod plenum- springs are also
yisib!e‘on jhe rubble bed surface.
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Figure 15 Sections A-A and B.§
are topagraphical plot cross
sections of the TMI-2 core void.
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Using the data collected from the se—i
sensing head, engineers also were able to
plot cross sections of the void. Two such
cross sections are presented in Figure 15.
The soiid lines in these drawings were
produced from actual data, while the
dashed lines are approximate locations
obtained by extrapolation or
interpolation. (A few areas of the rubble
bed were not within the range of the
acoustic transducers.}

Section A-A of Figure 15 shows the
deepest point of the void, at Position P,
where water possibly flowed, as expicined
earlier. The bottom of this narrow
channel is about 2 m into the core. in
Section B-B, the data points plotted in
the center of the cross section jut up into
the void. As videoiapes of this region
confirm, this protrusion is a partial fuel
rod and iis associated hardware, which
fell from the plenum into the rupble bed.

As a result of this information,
analysis have concluded that 135 of the *
total 177 fue!l assemblies in Unit 2 are
broken, thus creating the void in the top
1.5 m of the core. Of the remaining
42 assembties, 19 are more than
50% intact (including the two possible
fully intact asseriblies), and 23 are less
than $0% intact. Again, these nembers
strictly pertain to the known 1.5 m of the
core. This and other sonar topographic
data are still being evaluated and will be
useful in planning for plenum and fuel
removal.

Engineers plan this year to answer
some questions abowt the unknown
region below the currently defined void
by analyzing more samples taken from
deep in the rubble bed.{]




First Samples of
Core Debris Analyzed

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

At the INEL, analysts removed eight
particles from the five samples for
gamma spectroscopy and fissile
determination. The core debris consisted
of fuel pellet fragmeats, shards of
cladding or guide tubes, and particles
which appear to be glazed with previously
hiquid material. Five of the c;iiht particles
were primarily fuel. While 144ce, 106gy,
and 139gy appeared to be associated
mostly with the fuel, 137¢s and 123gh
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 R/h gamma. Particle
sizes ranged from about 0.6 ¢m to a fine
debris. One surface sample 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 samples will
aid in assessing the tcols 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
T™I-2.00
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TMI-2 Head
’ Safely Lifted

LT

T %
i 5 T %’:: Lifﬁﬂg
s ; Tripod
H Attached to
: ; Polar Crane Two teams of more than 40 workers
] ] labored around-the-clock to successfully
: + | FLEL lift the head from the damaged Three
<, S SEE SISt SRETSSEI ey i
T i S o ds.
S St Tretiees velsy e
Sefsng {he ‘mierns componzns wnb T of e
Suen Gt Usamsses.,
Reactor
Vessel The head was lified on the evening of
Head July 24 and was scated on its storage
) stand shortly abter midnight the next day.
@RI The iread, including the service structure,
- ...!-7L * Jead blanketed shiclding, and lift rigging,
-Seal Plate weighs approximately 159 tons. The haad
Fuel consists of two major components: the
Transter_ domed cap of the reactor vessel and the
Mechanism head service structure {see Figure I}.
'{ § Reactor
! ' ! vessei —
: ¢ : Figure 1. Section view of reactor
o S vesse! head removal.
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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 lifiing tripod, and covered
with 13 tons of lead blankets, the head
was first lifted a fraction of an inch so
that workers could ensure that the head
was level, With the head then raised
3 feet abeve the reactor vessel, workers

_wrapped a plastic ““diaper”’ underneath

to prevent contaminants there from being
spread during fravel. Moving at a rate of
1 to 2 feet per minute, the head was rais-
ed 38 feet and then moved south and east
towards its storage stand (see Figure 2).

During the entire process, engineers and
technicians were focated in a command
center in the TMI-2 Turbine Building and
monitored the head Lift activities by closed-
circuit television and mobile radio. The

workers inside the Reactor Building worked

most of the time inside a lead-shielded

work station 10 minimize exposure. The
Reactor Building was isolated diiring the
lift, and radiation monitors placed inside

the building showed no radiation releases
during the entire operation.

The final lowering of the head was
delayed while the guide holes in the head
were aligned with the guide pins oa the
storage stand. Surrounding the head stor-
age stand are 12-foot-high columns filled
with sand that act as radiation shields.
The columns were originally filled with
water but were drained and refilled with
sand because of leakage. Figure 3 shows
the head seated on the storage stand.

Figure 3. ARaactor vessel head
seated on siorage stand.

e o



i
72

U

i

s A




Figure 4. IF and work plattorm in
place cn the reactor vessel.

4

After the head was successfully landed
on the storage stand, workers released the
fifting rig and aitached it to the Internals
Indexing Fixiure (11F} lacated on the
operating floor of the Reactor Building.
This 6-foot-high stee} cylinder, used dur-
ing normal refueling operations, was
placed on top of the open vessel where
the cylinder will remain throughout the
entire defueling process. Once the IIF
was attached, water was added to the
Reactor Coolant System, filling the 1UF to
a depth of about 3 feet. This configura-
tion provides shielding from radioactivity
and will aliow the plenum and fuel to be
extracted through the IHF without
flooding the refueling canal. Once the HF
was filled with water, workers installed a
{-3/4-inch-thick lead-lined steel work
platform on top of the IIF, completing
the head removal/IIF installation pro-
cedure. Figure 4 shows the IIF and plat-
form in place on the reactor vessel.

During placement of the work piat-
form, a minor maifunction of one of the

. ‘.. B\ .
A -

switches on the polar crane caused it to
stop when the work platform was within
an inch of the IiF. Workers manually
lowered the work platform the rest of the
way by turning the turnbuckies on the
crane’s lift rigging.

.
»

Throughout the head removal process,
the radiation levels were less than
originglly anticipated. Readings taken at
the refucling canal were 3 R/hour, which
was 10 to 15 times lower than projected.
In the lead-curtain cubicle, workers ex-
perienced radiation levels of 30 mR/hour,
Tower than the 50 to 150 mR/hour antici-
pated. While removing their protective
clothing, six workers experienced minor
skin contamination, which was subse-
quently washed off with soap and water,

With the head lifted and the IIF in
place, the first major phase toward suc-
cessiul cleanup has been accomplished.
Currently, the schedule calls for initial
plenum jacking in December 1984 and
defueling to begin the following July.O3




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 placeraent 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 nead.
The approach chosen was to remove the
head dry, without fleoding the refueling
canal. This is essentially the same techni-
que used in normal refueling operations
and was considerably less time consuming
than removing the head wet, which would
have required subsenuent decontamina-
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-circnit television examinations of
surfaces under the head and on iop of
the plenum, radiation measurements in-
side the vessel, and analyses of debris
samples from the pleaum’s upper surface.

While cameras saw much debris hang-
ing from the underside of the plenum, its
top surface—between the plenum aad the
head—showed no apparent damage or
distortion aad little debris. After obtain-
ing gamma and beta radiation readings of
this debris, technicians removed some
samples which 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
preparations followed in February 1984,
when the polar crane was successfully
load tested and qualified to lift the reac-
tor vessel head and service structure. The
crane lifted and maneuvered a 21d-ton
load of missile shields, the lifting frame,
and assorted rigging assemblies.

Major preparations were conducted in
the five months preceding the actual lift,
The 60 studs that fastcped the head to
the reactor vessel were partially deten-
sioned to identify the studs that might
have been stuck as a result of corrosion.
Studs are detensioned by first stretching
the studs and then loosening the nuts on
them (see Figure 5). As expected, workers
encountered some difficulty turning the
stud puts but succeeded using pencirating
oil and a striking bar and hammer. Two
of the studs were removed a* that time,
leaving hoies in the head flange that later
were lined up with the two guide pins on
the storage stand oa 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 1b, and placed them in storage
racks. Finally, the stud holes were filled
with a preservative and sealed, preventing
them from corroding.

Figure 5. This clossup shows
some of the 60 studs that fasten-
ad the TMI-2 reactor head tc the
reactor vassel. The nut on the
fower portion of each siud main-
tains tension on that stud.




After the head studs were partially
detensioned, the reactor vessel was refili-
ed and pressurized. Processing of the
Reactor Coolant System water could then
resume. By sending the water through the
Submerged Demineralizer System, its
radioactivity was reduced. Also, the
water’s boron concentration was increas-
ed from 3700 to about 5000 ppm, thus
increasing the safety margin for preven-
tion of criticality (nuclear chain reaction)
during later defueiing operations. After

Figure 6. A TMI-2 worker pours a
sealant around the canal seal
ptate. The sealant and a meial
seal plate were placed between
the refueling canal and the reac-
tor vessel so the canal could
have been flooded, if necessary,
for shielding.

S e e R e

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

Clearing a path for the head to be
transported through the south end of the
refueling canal, the auxifiary fuel hand)-
ing bridge was dismantled 2nd moved to
the north end of the canal. The bridge is
a crane that straddies and trolleys over
the refueling canal.




A few days before head lift, the re-
maining 66 lead screws were parked, or
raised from inside the reactor vessel up
into the reactor head service structure.
Other important prelift jobs included in-
stalling cameras to monitor the head to
maintain alignment as it was lifted; strip-
ping the head of remaining insulation,
wiring, piping, and equipment for ade-
quate accessibility; preparing the IIF for
placement on the reactor vessel after head
removal; assembling in the Reactor

Building the [IF work platform; and in-
stafling a system to process toe Reactor
Coolant System water within the reactor
and IIF. The water is being pumped
rhrough this system to remove radioac-
tivity from the reactor coolant system
water, thereby keeping radiation levels
fow 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-

UPDINIE

tion intensity in the area around the top
of the vessel, possibly requiring the
refueling canal to be flooded. They
therefore took precautions for such a
contingency, fully inspecting the canal,
sealing all penetrations in the canal walls
and floors, and modifying the water
systems 50 the canal could have been
flooded with borated water—and subse-
quently drained. ‘

A seal plate was installed, closing the
gap between the reactor vessel and the
refueling canal. On a partial mockup of
the canal 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 actuzlly
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, IF work plat-
form, and other components and appara-
tus, workers were prepared to enter the
Reactor Building and carry ont their func-
tions safely and efficiently. Consequently, =
they were able to reduce their time in the
building and minimize 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
respiiators, personal dosimeters, radiation
monitors, and television cameras, the
combination of which were designed to
keep radiation exposures to a minimum.

0




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 structure above the reactor core,
houses the contrel 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
Muclear have been getting the plenum

- assembly ready for its initial jacking.

As a preparation, technicians are
visually inspecting the plenum, using
specially desigred underwater cameras,
recorders, lighting, and long-handled
camera-positioning tools, to determine
the amount of debris on the underside
and peripheral surfaces of the plenom, 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 the plenum lifting
operation, the techniciazs may remove it
by water lancing or vacuuming.

Also during the inspection, workers
will attempt to separate unsupported end
fittings using newly designed end fitting
separation toels. If some end fittings re-
main attached, they may leave them since
the plenum would still be able to sit
evenly on a stand in the refueling canal.

End fitting separation is considered to be
the first intentional movement of sign-
ificant quantities of fuel in the damaged
reactor core. This action can not cause

B e S
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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 inspection of the plenum is
not designed solely to check for debris and
to test the knock-off tools, but also to see
how much clearance remains in certain
normally tight areas between the plenum
and the core support shield that encircles
the reactor vessel. Technicians want to
establish whether the plenum has been
damaged or distorted in these vital arsas.

In December, workers operating four
60-ton hydraulic jacks will initially lift
the plenum about 2-1/2 inches. The
workers will then check for fuel separa-
tion, after which they will jack the
plenum another 6-1/2 inches to be sure
the plenum has a free path out of the
reactor vessel.

The work will then be completed in
early 1985, wher 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 isspe. {J

Figure 7. Woriers lower new
plenum inspeclion equipment into
8 large model of the TMI-2 reactor
as they receive training in the
plant's Turbine Buliding. The grid
on the map of the plenum (left)
provides guidance.
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The TI&EF‘
What Has it Accomphshed"

What is in the Future?

The safe removal of the TMI-2 reactor The first major step toward defueling
vessel head marked the successivl comple- the damaged reactor occurred in July 1980
tion: of Phase 1 of the defueling sequence. when the first manned entry into the

Many TI&EP sponsored activities, along Reactor Building occurred. To support
with intensive head lift preparations, con- this activity, the TI&EP established a
tributed to the achievement of thiz major Citizens’ Radiation Monitoring Program,
milestone. These activities began in 1980 which proved to be one influential factor
when the DOE Technical Integration in alleviating the fears of local residents
Office (TIO) was established, regarding adequacy of monitoring during

Summa
Cleanu

Polar Crane
Inspection

Gross
Decontamination

.8DS'& EPICOR

Basemsnt Watar . )N
~ Waste Shipments
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the venting of 35Kr from the Reactor
Building—a prerequisite for manned
entries. The program was designed to rro-
vide a credible source of information
about radiation levels to the citizens in the
communities adjacent to TMI during 85k
venting, The program represented a
unique effort to build citizen confidence
in public information and remains active
in six communities today.

As manned eatries into the Reactor
Building increased, the TI&EP sponsored
early inspections of the polar crane.
These inspections provided recovery
engineers with vital information on the
exient of damage to the crane so that a

safe, cost effective refurbishment of the
necessary c¢rane components could be
conducted as expeditiously as possible,
TI&EP engineers also provided technical
electricai engineering evaluaiions 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 sponsored
event that provided the greatest impact on
the cleanup occurred in July and August
of 1983 when the first inspections inside
the reactor were conducted. Not only did
this activity provide the first pictures of
the actual conditions of the core, but it
conclusively demonstrated that work in

>f TI&EP
ctivities

Community
Monitoring
Program

Quick Look

TR R

and around the reactor itseif could be per-
formed safely and efficienily. The activity,
called “Quick Look,” aiso proved that
reactor internal components could be safe-
Iy removed and handled and it paved the
way for fuiurc underhead and in-vessel
{coze) characterization programs.

Other TI&EP activities aiso provided
valuable contributions to the cleanup, but
were not nearly as visible as Quick Look
or head lift. Some of those activities in-
cluded the gross decontamin tior experi-
ment designed to determine Jhe most ef-
fective means of reducing loose surface
cont»mination, fission product deposition
and mass balance, Reactor Building char-
acterization, ard 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 research and development projects and
disposal. The two ion-exchange media
systems, called EFICOR II and Submerg-
ed Demineralizer System (SDS), decon-
taminated more than a millon gallons of *
accident generated water and captured ap-
proximately 95% of the radioactive ele- -
ments released from the Reactor Coolant
System as z 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.rification System demineralizer
resin, is scheduled for completion in late
1984. Completion of this activity will
essentially complete the Waste Immobiliza-
tion Program’s role in the TMI-2 cleanup.




Now that the head has been removed,
the major thrust of the TI&EP is toward
plenum removal. In additionr, the
defueling and core shipping phase is
gaining momentum.

The plenum inspection equipment has
already arrived on the Island, and train-
ing for the actuzl plenum inspections is
well underway. The inspections, schedul-
ed to begin in October, will be followed
by removal of fuel rod stubs that are
adhering tc the plenum’s underside. Once
this step is comptlete, the plenum will be
raised some 2-1/2 inches using hydraulic
jacks to check for intact fuel assembly
separation. This operation is currently
scheduled to be completed by the end of
1684 and will be followed by tramsport 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 have made significant progress.
Westinghouse Electric Corporation, the
defueling equipment contractor, has com-
pleted the preliminary desigu for the
defueling tooling. The (ooling final
design and fabrication are expected to be
completed before July 1985, when early
defueling is currently scheduled to begin.
Early defueling, which basically consists
of a vacuumumng technique, is projected to
be completed by early fall of 1985 and
wili be followed by bulk defueling.
Preliminary design of the fuel shipping/
storage canisters is essentially complete.
The first canisters are scheduled 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 the best method
for transporting the TMI-2 core to the
Idaho National Engineering Laboratory

- (INEL). Based on this concept, engineers

have begun the preliminary cask design.

In addition to the plenum and core ac-
tivities, the TI&EP is continuing to support
the cleanup effort by analyzing samples of
core materials and internal consponents.
These efforts, as well as similar efforts fa
the past, will provide GPU Nuclear
recovery engineers with the necessary data
to formulate the best approach in solving
compiex recovery problems. [J




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 feotage 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
vovering 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
demineralizer system processed con-
taminated water through three stages of
organic and inorganic ion-exchange media.

The videotape specifically discusses
EPICOR I system processing of the

water, development of a prototype

gas sampler that sampled and purged the
EPICOR 11 liners of radiolytic gas,
shipments of the liners to the INEL for
major research and development studies,
and preparations for liner burial in high
integrity containers.[}

These videotapes may be obtained by
contacting Kim Haddock, EG&G Idaho,
Inc., TMI Site Office, P.O. Box 88,
Middletown, PA 17057, telephone
FTS 390-1019 or (717) 948-1019.
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In all pressurized water rewl:orsﬁcenéad sincs
1978, the proper operaticn of the loose parts

" montforing (LFPM) gystem of the reactor vessel and

related reactor coolant components must be
demonstrated on 8 regular bagis. In some reactors,
the system’s performasnce 18 a miting condition
for continued operation. But the normal routine
survelilance procedures, which rely on audio out-
put, will not detect when the system is dsgrading.
A more reliable method of monitoring the state-cf-
health of an'LPM systern is by taking regular do
bias voliage measurements of the converters. This
is the conclusion of the DOE Instrumentation and
Electrical (1&8) Program, which has been ressar-
ching salected instrumentation and elsctrical com-
ponents used in TMI-2 and other nuclear power
facilities.

After studying LPM aystem charge converters
removed from the TMI-2 and 3eguoyab-1 nuclsar
powar atations, I&E engineers found that the con-
verters, which use field effect transietors of mstal
oxids silicon, degraded as a function of ac-
cumulsied radistion dose. These converters,
howevsr, were not designed to be radiation
tolerant, nor does the manufacturer, Endeveo,
glaim them to be. The TMI-2 instruments had besn
mounted in low radiation doss areas but fafled
after being expesed 0 unususlly high radiation
after the accident. The Sequoyah-1 charge con-
verters had been mounted under the resctor veseal
whera they falled as a result of high accumulated
radiation doss after 166 effective full-power days.

Plante that use charge converters that are not
radiation quslified are recommended to fake regular
measuremants of converter de bias voitade, which
will shifi upwards as radiation dose is accumulated
until the limit of the )ower gupply rail voltags, nor-
woally 30 wolta, is reached. By msaguring the charga
converter do bis voltdge and locking for s higher-
than-normal level, plant oparilors. can effectively
monitor radiatiin degradation. The normal bias
valtagastort}mmaand&qucyahlehargem-
verters were 13.5 and 18 volis, raspamvelx

In monitoring the converter’s audio out.put. :
only nam.al mdicaticn of degmdatiun is &

decrease in the usual background vibration ievels. o
" this cutput 18 not a constant thas would indicate -
to personnél that the converter degmded sineas 8-

last test. Consequently, & plant could De cpemﬁ::g . ’

in violatton of sechnles! specifications and . 8.
NERC Regulatory Guide 1.133 R, with gonz:cx '
room personnel unsware of the condiffon.

In response W ite failed charge convertera
Ssquayah-1 replaced fis units with temperature
and radistion hardensd converters. All nucizar

power plants are recommended to ¢onsider instail-
ing charge convorters with tempsrature and radia-

tion tolerant components able to withstand
normal plant cenditions. Strategic location and
shielding of converters can aleo significantly
reduce radiation damage, prolong the servics life,
and increase the reliability of radiation sensitive
gquipment installied in a reactor dullding. -
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Plenum

Jacking —

Performed
Smoothly

TMIi Unit 2 Technical Information & Examination Pregram

February 1985

To jacking
control
station

Jack
(in 4 places}

Plenum

Location of
Figures 2 & 3

The plenum assembly, the 55-ton
cylinder on top of the core contain-
ing the guide tubes for the control
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.

Published by EGAG Idaho d 'ln_c.b,b for ﬂ;; ,U.Sf bepanme;it'of ‘Energy

Figure 1. In December 1984, the
plenum assembly was jacked to
7-1/4 in. The highlighted area
indicates the location of the
photographs in Figures 2 and 3.
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Plenum jacking operations began
at Three Mile Island Unit 2 {TM1-2)
last October with video inspections
under the plenum and between it and
the core support 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
freedom from interference from
other reactor components.

The inspections revealed that GPU
Nuclear can expect little difficulty in
plenum removal. Babcock & Wilcox
{B&W) had predicted before jacking
that potential thermal deformaticn in
the way of binding could occur.
GPU Nuclear did find distortion at
the bottom of the plenum, but any
bindirg resistance would have been
well within the lifting capacity of the
hydrauiic 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 missinng
whea 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 2-1/2 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 follow before
the plenum was to be jacked
2-1/4 in. more, to an
overall 7-1/4 in.

However, jacking to 2-1/2 in. was
performed with no apparent binding,
sc following inspection and peripher-
al end fitting knock-down, the
plenum was jacked directly to
7-1/4 in. Jacking the plenum resulted
in no measurable increase in either
Kr-85 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, broadcast-quality
video recording equipment. From
these high-guality 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 here) 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.
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Figure 2. This closeup focuses
on “ears” to a fuel assembly’s - .
upper end fitting. The “ears” are Upper end fitting
beveled to guida the upper end ears

fiiting into the plenum assembly.




End fitting “*ear”’
revealed upon

jacking \

Grid pad

Figure 3 illustrates the jacking se-
quence from 2-1/2 in. to the final
jacking position of 7-1/4 in., with
the camera closely focused on an in-
side section of the plenum. Clockwise
from top center, the figure shows the
plenum at 2-1/2 in., 4 in., 5 in.,

6 in., and 7-1/4 in. In the final pic-
ture, an end fitting ““ear’’ has come .
into view, after previously being
obscured by a grid pad. In enhanced
phdtographs of stages between 6 and
7-1/4 in., the position of this *‘ear’”
is seen as unchanged, indicating

the end fitting did not rise with

‘he plenum.

Following tie second jacking,
workers separated the rest of the end
‘ittings from the plenum, inspected
‘he rubble bed and the underside of

the plenum, and probed the rubble
bed in an effort to determine 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, putting 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. O

Core debris

Grid rib

Grid pad

Figure 3. Clockwise from top
center, these enhanced pho-
tographs show the plsnum at five
jacking stages. The photographs,
magnified two to three times the
actual size, were taken from a
small area inside the plenum, using
an 11-mm lens. (See Figure 1 for
focation of photographs.)




Reactior
Vessel
Defueling
Scheduled to
Start in July

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 through several stages of
transfer and storage before being
shipped off the Island to the Idaho
National Engineering Laboratory
(INEL). 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.

UPDINTE

Defueling will occur in two major
phases: early defueling—removal of
loose core debris by vacuuming, to
begin in July 1985-—and bulk
defueling—removal of the remaining
larger core debris using manually
operated tools and rabotic 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 cpen reactor vessel will
continue to be provided by the Reac-
tor Cooiant System water in the in-
ternals indexing fixture (ITF) that sits
atop the reactor vessel. Among the
advantages of keeping the canal dry:
a smaller volume of water will
be cantaminated ap< have to
be processed.

i
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Transfer
canal

Upender
loading cask

Canister
carousel

/ Fuel transfer
mechanism

/Upper plenum -

assambly

o
Aol
*
ae
— .

Rotating shielded
work platform

Tool rack
Support structure
with integral

off-gas and
water processing

Figure 4. This schematic illus-
trates the sarly defueling 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 1o 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 siot.
This work platiorm 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
18-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
uader 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 piatform, will give workers the
necessary valve actuation readouts,
pump monitoring, manifold control,
backflush control, and other fail-safe
information for the entire sysiem.

Debris and fine particles, all 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 particulates ranging in size from
about 130 um 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 setile.

The smaller debris that are not re-
tained in the knockout canisters will
ke drawn through the vacuum pump
and discharged through filter canis-
ters that will retain particles as small
as 0.2 pm. The processed Reactor
Coolant Systemn water will then be
channeled back into the reactor .
vessel. In the event of excessive wear
or clogging, system components ¢an
be backflushed or replaced. Later,
when bulk defoeling begins larger
pieces of debris, such as partial fuel

oo

)

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 knockeut and fuel
canisters, meanwhile, will be posi-
tioned in a carousel, also inside the
reactor vessel. The rarousel permits
one canister at a time to rotate into
the loading position and will 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 vears and
can be vented, dewatered, and leak-
tested. The fuel canister has an inter-
nal shroud that controls the size of
the internal cavity and provides a
means 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 hydrogen and oxygen
gasss formed by radiolytic decom-
position of the water in the debuis.

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, replacing the
temporary platform that was installed
after head 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 vacaum 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 lines 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, 2 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 sure all operations are
rinnping smoothly.

Much of the defueling work will be
done manually using tools mounted
on the ends of 30- to 37-ft-long
handles. High-pressure lines will run
through the handles to activate
the tools.

Among the tool. 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; & grapple to lift
irregular pieces, such 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 hydraglic parting
wedge to separate an<. fracture mate-
rial for easier handling and vacunm-
ing (see Figure 35); bolt cutters for
light-duty vertical and horizontal
cutting; and hooks 1o lift and
move debris.

Figure 5. Among the defueling
tools being designed is this hy-
draulic parling wedge to separale
and fracture material for easier
handling and vacuuming.
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A number of the tools have under-
gone nroof-of-principle tests. A
nydrolaser, for example, was capable
of cuiting through 1/2-in.-thick
stainless steel by means of a high-
pressure water stream and an
abrasive. Some of the other tools,
meanwhile, have been part 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 inoperabie

Swing bolt

Coupling
flange

since the accident. A defueling wate
cleraup system (DWCS) was there-
fore 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 eighr filter canisters that are
part of the water cleanup system
each will be capable of filtering 3 L/s
of water. The fiiters are made of sin-
tered stainless steel metal and will
remove fuel fines and debris particles

Guide pin

Coupling for

robotic hookup
(for bulk defueling)

Activating cylinder

Wedge
and spreader

as small as 0.2 ym. As designed, the
DWCS will be able to process out
sespended solids from reactor
coolant water at a rate of up to

400 gpm and soluble radioisotopes
at up to 60 gpm.

Once the capisters—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
everhead to the fuel handling bridge.
A collar around the cask will be
lowered to the platform to contain
radiation fields as the canister is
withdrawn from the vessel. The can-
ister, iuside the cask, will then be
transported over the refueling canal
to the canal’s dammed and flooded
deep end. Ther 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
<anal and into spent fuel pool A.

The foaded canisters will sit in
storage razks in the water-filled spent
fuel pool until GPU Nuclear is ready
to transfer them to the Fuel Handi-
ing Building truck bay, where they
will be prepared for shipment. The
storage racks will have room to
accommodate at least 250 canisters,
during the interitn, in the spent
fuel pool.

In the following article, the
Technical Information and Examina-
tion Program (TI&EP) presents
details on the shipping cask that will
be used to safely transport the Ioaded
canisters to the INEL. [
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Selected
Shipping
Cask Design
Stresses
Safety

Loaded with debris from the dam-
aged TMI-2 core, 238 canisters will
be transported by train to the INEL,
where they will be temporarily stored
and later used for research. Two rail
casks—each capable of carrying sev-
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
ithe 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
canisters 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
ilevels 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 M14.5, the cask can be used to
irznenort the core debris canisters
without precise isotopic informaticn
that would be needed to caiculate
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 eguipment 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
rajl 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 such 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
transfer bell from the spent fuel pool
1o the rail cask waiting in the truck
bay (see Figure 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, allowing the canis~
ter to be lowereg 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 hot cell” will provide

the necessary shielding over the open
cavity during the plug’s installation.)




Transfer bell

Floor valve

Canister
(14-1/4 in. outside

diameter) -—\

150 in.

Outer canister positions —___

Center canister position —__

Center head plug

Temporary loading head
(move and orient using
overhead crane or use
temporary bearing)

Primary container
Secondary container

Canister guide tubss (7)
(14-112 in. inside
diameter)

50 in. Inside diameter

7
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1
~25 in.

Energy absorber i y/ j :
AEE
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Figure 6. The selected canister
shipping cask, designed io contain

seven loaded canisters, will pro- _
vide two levels of containment.




The temporary loading head aliows
the cask to be filizd with canisters
without leaving any of the already
loaded canisters exposed (see
Figure 7). This loading head has an
outer head plug port that rotates
over the siz outer canister positions,
leaving one position open at a time
for loading, and a center head plug
port to fill the ceuter cavity. Once
loaded, the cask will 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 ir four
days, after which the two casgks will
be gone for 32 days. While the casks
are away, other operations in the
truck bay can be performad. 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 io meeting federal reg-
ulations, the NuPac cask meets NRC
licensing requirements regarding
brittle fracture, 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 wiil provide criticality con-
trol for the array of seven canisiers
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 drop test
will provide the public with a readily
uniderstandable demonstration of the
safety of the cask, complementing
the analytical approaches to demon-
strating cask safety. [

Canister positions (7)

Temporary
loading head

Figure 7. The temporary loading
head has an outer head plug port
for Ioading canisters Into the -
cask’s six outer cavitles anda
center head plug port to load the
soventh canister into

center cavity.




Cesium
Elution of
Demineralizers
Begins

In the autumn of 19234, 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 highest concentration of radioac-
tive isotopes outside the Reactor

Building and, as a result, left them
inaccessible to workers.

During rormal plant operation, the
demineralizer tanks remove impurities

from Reactor Coolant System water.
But during the 1979 accident, highly
conteminated coolant water passed

through the tanks, whose resins cap-
tured aboui 11,000 Ci of radioactive
cesium. The tanks also contained as

much as 9 Ib of reactor fuel particles.

GPU Nuclear, with the U.S. Depart-
ment of Energy (DOE), EG&G
Idaho, Inc., and contractors, devel-
oped a program to remotely charac-
terize the demineralizers, clute 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 radiocactive 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
ions 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 mixture 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 demin-
eralizers through existing access
points on the resin fill lines, filters it,
and delivers batches to the plant
neotralizer tanks. The water is then

processed through the Submerged
Demineralizer System (SDS).

Each batch of elnant is pumped
ont of the demineralizer and deliv-
ered to a filiration system located
about 20 ft away. This filtration sys-
tem uses a 20-um stainless steel filter
tnat prevents suspended particles and
resin debris from being transported
to downstream equipment. The {il-
tered ciuant, which contains cesium,
strontium, organic contaminants, and
other radicnuclides, is then stored in
tanks and sampled.

These samples tell 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 in the water in the neu-
tralizer tanks before the mixture
moves on to the SDS.

The inorganic materiai 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 90% of the cesium originally in
the demineralizers, and will be
shipped to a DOE laboratory
for disposition. [




Researchers
Analyze
Samples to
Define Core
Condition

Figure 8. These particles of
greater than 0.157 in. are among
the debris in the sample obtained
37 in. into the rubble bed at the
core’s mid-radius.

Over the past year, scientists at the
INEL and the B&W laboratory in
Lynchburg, VA, have been closely
examining material acquired from the
TMI-2 core. Not only does 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—six at the center of
the core, from the surface to the
depth of 30-1/2 in., and five af the
mid-radius point, again from the sur-
face but to the depth of 37 in.

(see Figure 8B).

In the course of their work, ana-
lysts have been gathering data on the




satnples’ physical makeup—specifically
size, shape, structure, and origin. They
have been studying the chemical and
microstructural makeup of some of
the particles by conducting metallo-
graphic examinations, scanning elec-
tron microscopy, X-ray diffraction,
and Auger analyses. Researchers also
have been quantifying the pasticies”
fission products. In pyrophoricity tests
of the samples, they {found that the
particle content was not combustible in
the presence of oxygen, reducing this
concern during fuel shipment.

Key among their findings are the
temperatures the core apparently
experienced during the accident. Re-
searchers found particles of a ceram-
ic material of uragium and zirconium
that could only have formed at tem-
peratures above 4800°F—which is
280°F below the melting point of
U0, fuel (see Figure 9). The ceramic
forms when UQ 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
“fliguefied fuel.”

While this ceramic material is the
first 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 5000°F.

Figure 9. Particles of a uranium-
zirconium ceramic materiai
indicate the core lemperature
reached at least 4800°F, which is
280°F beiow the meiting point of
uranium dioxide fuel.

u02' fuel

Fission products have been
retained in the core to different
extents, according to their chemical
characteristics. The data obtained
from the grab sampies provide infor-
mation on the fractions of core
inventory retained. The Cs-137 con-
centrations showed a much lower re-
tention level than Sr-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 Sr-90 had a higher degree of
retention in the core is significant be-
cause these radionuclides carrv with
them considerable consequences to
personnel, as well as the public, if
released to the environment.

Previously molten
U, Zr mixture

In lesser quantities, other gamma-
emifting radionuclides present in the
core debris were Co-60, Ru-1086,
Ag-110m, Sb-125, Bu-154, Eu-155,
and Am-241. A comparison with
computer code data indicated that
some of these fission products, such
as Ce-144, Bu-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
13% of Cs-137 was retained, 27 to
40% of Ru-106 and 70 to 100% of
Ce-144 and Eu-154 were retained.

Cuter surface




Through this effort and the ongo-
ing mass balarce project, research
engineers will be able to establish the
behavior of these radionuclides in sit-
uations like the one at TMI. As these
siudies continue, the INEL plans to
determine the core materials to which
the radionuclides tend to attach
themselves to thus aliow 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; the current
10-mile evacuation plan may be un-
necessarily restrictive.

In work geared specifically toward
the defueling effort, a series of tur-
bidity, cesium release, and airborne
activity potential tests were per-
formed in two stages: undisturbed,
without fracturing the dcbris parti-
cles, and disturbed, after crushing
the debris particles to expose freshly
fractured surfaces.

Researchers found that crushing
the debris had minimal impact on
turbidity. This work directly in-
fluences plans for defueling the
damaged reactor because maximum
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-
qguent leaching. In evaporation tests,

airbornpe activity increased 2 to 3
orders of magnitude near the end of
the process, just before the liguid
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 tc
establishing radiation exposure con-~
trols for personnel who will par-
ticipate in the defueling operations.

Among some of the general physi-
cal observations of the 11 samples:
they coniain fuel pellet fragments
and shards of cladding or guide
tubes, as well as other core
structural material.

All of tais research will have an
impact on defueling in a number of
ways. First, the physical form of the
debris is significant because small
particies, for example, may be sus-
pended in the Reactor Coolant
System water during defueling and
cause cloudiness. Knowledge of the
particle size distribution is necessary
to determine the type, number, and
effectiveness of filters to be used to
clean the water.

R R S e
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The content of retained fission
products also is important because it
represents a potential radiological
saurce that must be controlied. Re-
scarchers must define core source
term and the levels of leachable ra-
dionuclides, such as Cs-137, that
could potentially dissclve in the
water during the defueling operation.

Meanwhile, the type of material in
the rubble bed will infiuence tool
designs and the defueling method.

Overall, this research is important
to defining the behavior of a com-
mercial light water reactor core under
the accident conditions found in
Three Mile Island’s Unit 2, (3
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Robot
Inspecis
Basement
Where People
Are Still
Prohibited

Figure 10, This &-fi-tall, remote-
controlied vehicle used radiation
instruments and three television
cameras to inspect the

THI-2 basement.

Late in 1984, GPU 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 contaminated part of the
building. Instead, a six-whezled,
remote-controlied vehicle, nicknamed
Rover, was called in to do the job.

Rover, a 6-ft-tall “remote recon-
naissance vehicle >’ equipped with ra-
diation instruments and three televi-
ston cameras (see Figure 10), was twice
lowered into the Dasement.

Two workers stationed in the
basement of the adjacent Turbine
Building remotely operated the robot.

Technicians used an electrically
operated hoist to lower the 1000-Ib
robot through a hatch in the build-
ing’s 305-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.




Onge it reached the floor, Rover
set out on its mission of simultane-
ously conducting radiclogicat and
camera surveys over preplanned
paths. Before the close of the year,
Rover surveyed almost half of the
circumference 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 decontamination
work; the water is pumped out peri-
odically and processed.

As a result of Rover’s work, GFU
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 fiocor, were
between 5 and 35 R/h; and localized
readings, from 4 10 7 ft up the walls,
were anywhere from 5 to 1100 R/h.
The highest localized radiation read-
ings were recorded at the concrete

block wall 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 R/h. '

Data from these and future entries
will help planners prepare for decon-
tamination of the basement. After
Rover and cther remote-controifed
vehicles complete their inspections,
they will be modified to collect sam-
ples and actually carry out the decon-
tamination activities. Technicians
demonstrated on Rover’s first entry
that these vchicies can in fact be re-
covered for modifications and re-
used: the surface contaminaiion that
accumulated on the remote recon-
naissance vehicle easily washed off
with hot water before it was lifted
out of the basement, 1

The TIZEP recently completed a
videotape program titled **1984 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 tocl
design and characterization of the re-
actor core through sample acquisition
and analysis; plans for shipment of
core contents; preparations for core
receipt; studies of various electrical
componenis; and the cortinued
iminobilization of highly

radioactive waste.

Videotape
Reviews TMI
Activities of

1984

The program is available in a
20-min version and a condensed
9-mpin version. To obtain either of
these versions of the program, con-
tact Kim Haddock, EG&G ldaho,
Inc., T™MI Site Office, P.O. Box 88,
Middletewn, PA. -17057, telephone
FTS 590-1019 or (717) 948-1019. ]
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TMI2

Topics

GPU
NUCLEAR PROBES
REACTOR CORE

In the TMI-2 Topies, you will
read news items of interest to the
npuclear powsr industry which
may not cover work conducted
undeP the auspices of the DOE
TIZEP. The TI&HEP Information
and Industry Coordination group
transmits such news items at
technical meetings and through
the Electric Power Hesesrch In-

In December 1984, GPU
Nuclear conduated a series of
probes of the damaged reactor
core and fuund that the depth of
the rubble bed averages 14 to
48 in. Using & 39-ft-long, 130-1b,
stainlass gteel rod, and with the
help of closed-cireuit televigion
cameras, workers probed the
core at 18 locations.

The depth ~f the void, they cox-
firmed, averaged 56 to 80 in. from
the 318-ft, 1/8-in. slevation—the
underside of the plenum had it
been in its seated position.

Workers firgt carefully lowered
the tapered, 7/8-in.-diameter
probe until they saw on camera
monitors or felt, when no visual
aid was available, that it was
touching the surface of the rub-
ble bed. Then they let it drop
freely to sink into the bed by its
own weight. After recording tha
penetration, workers manually
pushed the rod into the bed as
desply as they could, recording
the penstraion each step of the
way, and then hammered it in

until it Won go no farthar.

In most ca.sas, the workers

UPDINIE

stitute (EPRI), the Instituie of
Nuclear Power Operations
(INFO), and the Nueclear Opers-
tions and Maintenance Informa-
tion Services (NOMIS). For more
information, contact John
Saunders or Jimm Flaherty, TIREP
Information and Industry Coor-
dination, I8 800-1063 or (717
848-1063.

time the rod sank by just frae-
tions of an inch. The average
depth at which penetration
ceased was 90 to 106 in. from
the 312-ft, 1/8-in. elevation,

These data most consistently
indicate the boittom of the rubble
bed—the level at which the probe
hit impenetrable material. Ana-
lysts, however, were unable to
determine the state of the materi-
al below the rubble, except that
the workers had no trouble with-
drawing the becol; it did not get
lodged or gtuck In any substance.

In conjunction with this work,
GPU Nuclear tcok & number of ra-
diation readings from thermolumi-
negcent dosimeters positioned in
the jacked plenum. Beadings
ranged from 3 to 360 B/h, which
was considerably lower-than the
expected 800 to 1000 R/ -

Monitoring of the pperation
wag posgible using earefully posi-
tioned underwater cameras and
drop Lghts and- the entiré’ opera.—
%sion was recesrded on videota.pe ‘
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SIMPLE MEASURES CAN
PREVENT INSTRUMENT
FAILURE

SCABBLING FURTHER
REDUCES DOSE RALE&{P;

Regearch engineesrs »4 TMI
hiave learned that water damage
was ths most prevalent cause of
faflure in instrumentation and
electrical equipment in the

Unit 2 Reactor Building. In most

casss, however, simple measures
could have been taken to prevent
or significantly delay noiature-
related problems.

Regearchers arrived at this
conclusion affer examining two
representative pressure trensmit-
ters and three representativs lev-
el transmitters from the core
flood tanks. Laboratory tests
confirmed the pregsure transmit-
ters operated flawlessly, whila
the level] transmitters failed from
water damage.

The difference? The pressure
transmitters were equipped with
moisture darriers; the level
transmitiers were not. Bimple,
insxpensive protective devicss,
such as conduit seals and drip
shields, installed during plant
construction or when the plani is
down for refupling, can prevent

or delay failures like those found

in Unit 8.

Technicians at TWMI have signif-
icantly reducsed radiation dose
rates in the Unit 2 Reactor Build-
ing by removing contaminated
paint from conerete ficors. In
thia l1stest dose-reduction activi-
ty, GPU Nugclsar decreased gen-
eral area gamma dose rafes by
an average of 38% on the 347-1¢
elsvation floor, from a dose rate
of approximately 80 mﬁ.f’ h o
a.bouh 80 mB./h.

The desoma.mination process, o

known. as sca.bb}mg ca.lled' for

Regearsh enginesrs also have
found that operator confusion
could resuit when level wansmit-
ters and related signal condi-
fioners and control room resd-
outs are recalibrated for do-
output signals of -10 %0 + IO V.
In this case, & transmitier that
fails will have & O-V outpub sig-
nal that resulls in a midsecale
control roomn meter reading, giv-
ing control room operatorg an er-
roneous indication. By using a
level transmitier with a do cut-
put signal of 4 to 20 mA or
Q to 10 V and recalibrating the
readout cireuitry, operators have
& clear indication of device oper-
ability; a control roocm mster
reading of zero means a pos-
sible system problem or
ingtrumentation failure.

The performance, or failure, of
the TMI-g transmitters illustrates
the value of implementing such
preventive strategies for all In-
strumentation instailed in & reac-
tor building. If you are interested
in further documentation of this
work, contact the Information and
Industry Coordination office ab
FT8 580-1083 or (717) 948-1083.

1/16 in. concrete from 3700 ft°
of concrste floor. Once scabbled,
the fioor was repainted with a
nuciear-grade paint.

The scabblers use the up-and-
down motion of pistons to loosen
the material and are used rou-
tinely by the mnamwmon indus- -
try. T II-2 technicians havs: i
adapted the machines for:
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T¥i RECEIVES INDUSTRY
FUNDING SUPPORT

amount of airborne contamina-
tion generated during the
operation.

Scabbling is part of an overall
dose-reduction program, begun in
eariy 19835, that has reduced dose

‘rates at the 347-ft elevakion of the

Reactor Building to approximately
80 mR/h from 117 mR/h. TMI-R
engineers sestimated that total ra-
diaiion exposure to workers from

Cn January 1, the electric utili-
ty industry began aiding the
Urnilt 2 cleannup by making volun-
teer payments to & program seb
up by the Edison Electric Insti-
tute (HET). The EEI board of
directors in 1983 adopted a resc-
lution to create 4 program 5o vol-
untarily provide $150 million over
six years, $25 million per year, as
part of ite cost-sharing effort for
the TMI-2 cleanup. The board aub-
ssquently modified its plan in
1984 in order to rmaintain the
cleanup schedule at TMI and ap-
proved a two-part program: an in-
dustry voluntary progeam and s,
program of supplemental research
and development grants from six
Pennsylvania and New Jersey
utility companies,

The $25 million per year is the
gum of approximately $11 mil-
lior from the EEI indusiry
yoluntary program and $14 mil-
lion from $he supplemental pro-
gram. Thirteen: utilitieg have
pledged to support the industry
vohuntary program for a total of
sbout $66 million. Monies for the
suppiemental program come
from funds that the six utilities
ctherwise would have paid as
duss to the research and develop-

- ‘'meut organization, EPRI.

UPDIN

early 1983 through August 31,
1884 wae reduced 43%—from a
potential tosal exposure of

883 man-rem o an actual total
exposure of 510 man-rem.

TMI-2 worksers have since
begun scabbling the 305-ft eleva-
tion, whosse floors were contarai-
nafted by radivactive material in
the water that spilled during the
1979 accident.

The sompanies participasing in
the supplemental program are
GPU Corporation, Pennsylvania
Power & Light Company,
Duguesne Light Company,
Rocklend Electric Uompany,
Philadelphia Elsctric Company,
and Public Servive Blectric & Gas
Company: Atlantic City Elsctric
Company, while not & mermber of
EPRI, is also a participant in the
supplemental program. [

il
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Figure 1. Electrical circuit characteri-
zation and diagnostic system.

Published by EG&G ldaho, Inc., for the U.S. Department of Energy

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 cnd to store and format the data
for easy handling and analysis (see
Figure 1).

Data Easily Accessed

The ECCAD system uses comumer-
cially available electronic test equip-
meat with computerized control o
provide a means to obtain a high-
quality stapdard data set. The data s=t
encompasses the electrical measure-
ments typically performed in a plant
maintepance program. The most sig-
oificant 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 deveiopment, it could be used in
its present coafiguration after some
operator training in data analysis.




Teams of personnel started working
with basic data obtained from points
ontside 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 could 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 ocutput
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. For 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, quan-
titative assessmenis. 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 guality, répeatable
data with minimum operator error.
Direct storage of data on magnetic
disks in the computer also eliminated
paper work.

Systern Enhances
Surveiilance

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,
ECCAD will enhance surveillance
nrocedures 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. []

A Calculational Approach to
Determining Combustible Gas
Concentrations in Sealed
Radioactive Waste

The Technical Integration & Examina-
tion Program (TI&EP) has developed a
calculational method for determining
the rates at which gas is generated in
radioactive waste containers. The work
is significant to facilities generating
radioactive waste, because the method
will decrease costs and reduce personnel
radiation exposures during various veni-
ing and storage opzrations. ‘

Guas Production A Safety
Concern

The production of combustible
gases in sealed radioactive waste con-
tainers has been identified as a signifi-
cant safety concern relative to
handling, shipping, and storage of
radioactive waste. A Nuclear Regula-
tory Commissicr (NRC) evaluation of
the hydrogen gas generation problem
resulted in issuing new requirements
for certain certificates of compliance
related to radioactive waste shipment .

- packages. :




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
radiolytically generate combustible
gases, a determination must be made
by tests and measurements of canisters
for hydrogen and oxygen content.

Basically, hydrogen gas concentra-
tions must be limited to no more than
5% by volume, or the cor/=iner must
be inerted to ensure that oxygen is
limited to 5% by volume. Compliance
with this requirement is unnecessary if
the containers are shipped wichin 10
days of sealing or venting.

New Requirements Too
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 financial expenditures and
increased personnel radiation expo-
sures and sought to improve predictive
techniques.

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 Radicactive Waste
Policy Act™ of 1980. The Act provides
for the formation of interstate regional
disposal facilities to relizve the present
burden on the three states with low-
level waste (LLW) disposal sites. After
January 1, 1986, states with regional
waste compacts will not accept LIW
from nonmember states, thus requiring
on-site storage for the affected utilities.

Task Force Organized

The Utility Nuclear Waste Manage-
ment Group of the Edison Electric
Institute formed a “Hydrogen Genera-
tion Task 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 method to
quantify hydrogen gas generation in
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
TMI EPICOR II measuremenis were
compared to predicted values with
excellent agreement.

Calculationuaf 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 Commissior: 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
determining quantities of gas in sealed
radioactive coniainers. Waste genera-
tors will realize cost savings and 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
identily those containers that present a
potential kazard. [




Drop Tests
Verify Design
of Shipping
Cask for Safety

Figure 2. Height and orieniation
check befora end drop.

In spring 1985, engineers at Sandia
National Laboratory, in Albuquergue,
NM, dropped a quarter-scale model of
the NuPac 125B transport cask onto a
526,000-1b mass of concrete faced with
about 4 in. of battle ship armor plate.
This model of a double-containment
rail cask, designed by Nuclear Packag-
ing, Ine, (NuPac), underwent a series
of drop tests as a demonstration of the
cask’s structural integrity and capabil-
ity to survive hypothetical accidents
without rupture, leakage, gross defor-
mation, or compromise to its payload.

EG&G 1daho, Inc., the U.8. Depart-
ment of Energy’s contracting manager
of the TMI-2 cleanup project, selected
the 125B rail cask to transport 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 conditicns of hypothetical
accidents.

Materials Effectively Protect
Payload

Constructed principally of stainless
steel and lead, the 1258 rail cask has
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-

tron moderation and criticality con-

trol; and aluminum 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 canisters.

Additionally supporting the canister
tubes are steel plates that make up a
hub, spoke, and wheel arrangement in
the inner vessel. 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
ionger duration and with temperatures
significantly higher than considered
even for hypothetical accidents.

While the ful'-scale NuPac rail cask
will weigh approximately 183,000 Ib,
its quarter-scale model, a full represen-
tation of the actual cask, was 1/64th
that weight, or 2,830 Ib.

Regulation Establishes
Accident Corndiiions

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 expacted.

Figure 3. Insiant prior to impact from
oblique drop.




Figure 4. Overpack damage from
oblique drop.

UPDNTE

The model was dropped three rimes
from 30 fi: flat on its bottom end, at
a 62-1/2-degree {oblique) angle onto
its lid, and on its side, It was then
dropped twice from 40 in. onto a
1-1/2-in.-diameter pin. In these two
puncture tests, the cask came down oz
its side and then on its lid onto the pin,
demonstrating the integrity of the side
wall and closure of the cask. Figures 2
through 4 show preparations, an
actual drop, and a closeup of damage.

Nearly all 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 confirm that the unit is not
subject to brittle fracture—a “worst-
case” condition. By the time the model
reached the drop site and was prepared
for the test, its temperature was the
desired -25°F. 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.




Damage Expected by Design

After the end and oblique drops,
inspectors returned the model to the
Izboratory to examine the overpacks,
leak-test containment seals for both
vessels, and torgue-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 1o see
how well they performed.

Removing the cask lid, inspectors
found only minor deformation to the
seven top encrgy absorbers—damage
that was intended by design. Just as
expected, the lower seven energy
absorbers clearly protected the pay-
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; only 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 2 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 important, the stresses on the
cask model were well below the yield
stresses for cask materiais, Also, the
damage assumptions for input to the
computer thermal analyses were found
0 be guite conservative compared to
the actual damage from the drops. O}
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Special cask in place on
150-ton raiiroad car.

One of the remaining major efforts in the cleanup of the Three Mile Isiand
Unit 2 reactor was the development of a safe, rejiable shipping cask to frans-
port the TMI-2 spent fue! debris from TMI to the Idaho National Engineering

Laboratory.

ncluded in this special issue of the Update are articles about design and
consiruction of the shipping cask, the extensive testing process for cask
certification, procedures for foading the core debris at TMI-2, the transporta-
tion process and safely precautions, and plans for unfoading, storing, and
examining the fuel debris at the INEL.

Published by EG&G Idaho, Inc., for the U.S. Department of Energy




Special Cask Developed for
Core Debris Shipments

Exploded view of the rail
cask outer and inner vessels.

In 1984, the Department of Energy
(DOE) signed a contract with GPU
Nuclear Corporation to accept TMI-2 core
debris for use in a research and develop-
ment program aimed at understanding the
accident sequence at TMI-2. DOE is taking
the responsibility for transporting, storing,
and ultimately disposing of the entire core.
The first 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 [daho National Engineer-
ing Laboratory) investigated spent fuel
shipping cask options. The requirements
for TMI-2 debris transport led to the deci-
sion that new casks be designed, certified,
and fabricated for this unigue 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 trans-
port one to three fuel canisters each, the

. use of a rail cask that holds seven canisters




has significant advantages. With more
canisters in a rail cask than in a truck cask,
fewer shipments will be needed, Only 35 to
40 rail shipments will be required, coni-
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 loading and
unloading operations and reduced radia-
tion exposure to workers. For the overall
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) 125B 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 Nuclear Regulatory Commission
(NRC) in April 1986.

When the cask design was started in

late 1984, several unigue 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 1258 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
barriers is required. Each barrier is a speci-
fied containment boundary that must meet
stringent requirements for structural
strength and demonsirate that an uncon-
trolled release of the contents will not
occur, even after a sequence of accident
conditions.

This double containment in the
NuPac 1258 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 zre canis-
ters into which the fuel debris will be

loaded underwater at TM1. 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 acei-
dents. Each of the two cask containment
vessels was desizned, built, and tested to a,
leakrate low enough that the term
“leaktight” 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 a bubble growing to about the
size of a pingpong ball. Only gas could
escape...not radiocactive particles.

This low leakrate applies for leakage
from the inner to the outer conzainment
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 fuel 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 miole-
cules into hydrogen and oxygen gases by a
process called radiolysis. i

These gases must be controlled during
transport 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 transport of the fuel
debris.

One other important consideration in the
rail cask design was ensuring that the
nuclear fuel contents would remain subcerit-
ical under all conditions. Subcritical means
that the self-sustaining splitting of atoms
that occurs in a nuclear reactar 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 contro! structures into each
canister and the inner containment vessel
of the cask.

The criticality control materials are
positioned and supported to ensure sub-
criticality of the nuclear fuel by absorbing
neutrots needed to achieve a chain reac-
tion. With these neutron absorbers, sub-
criticality is maintained ever 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 preven:s 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 is 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.




In addition to the stainless steel plates
that separate the seven containment tubes,
there are ong-inch-thick plates welded
aroupd the outside thart stifien the inner
vessel and form voids between the plates
and the outer surface of the zontainment
tubes.

A neutron absorbing raaterial that solidi-
fies fike concrete is pumped like grout into
these voids. The neutron absorber ensures
that the canisters remain subcritical and the
stiength of the material, together with the
plates, protects the contaimment 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 apper energy absorbers are attached
10 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
Jevels that allow workers to replace the
inner vessel lid 2nd test the seals.

Outer Contaz‘nmem Vessel

Like the inner containment vessel, the
outer containment vessel has many safety
features included in the design. The 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
buil’ around the outside of the cask. The
entire cask is heated to a temperature hot-
ter than the mehing point of lead and the
melten lead is added. When the lead cools
and solidifies, it becomes an effective
shield to reduce radiation levels outside the
cask to below acceptable levels. After con-
trolled cooling of the cask, the shielding
effectiveness of the lead is checked with a
radiation source to ensure theore are no
voids in the lead.

The larger stainless steel shell is two
inches thick, whilz 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,

Both shells are also welded to a large
upper forging of stainless 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
the edge of the lid are two O-rings that
form the bore seals, which ars inspected
and leak iested before each shipment.

Attached to the outer shell are thick,
short cylinders of stainless steel that are
used to lift or hold down the cask during
use. 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 shell is
a structure called the shear block, This

attachment absorbs forces during transport

that would jolt the cask forward or back-
ward, and protects the trunions from high
inertial loads which may be encountered
during transport.

Another safety feature of the rail cask is

a thermal shield that would help protect the

cask 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
fire because air is a poor conductor of heat
energy. The thermal shield and the high
heat capacity of the cask would keep tem-
peratures low inside the cask if a fire
accurred.

One other structural safety feature gives
the cask a dumbbell-shape appearance.
Large energy absorbers, called overpacks,
are attached to each end of the outer sheli,
Each overpack is made of a thin plate of
stainless steel and filled with foam that
crushss 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.} {3




Special Canisters Designed to
Hold Spent Fuel Debris

Three different types of canisters are
being used ¢ defuel the TMI-Z reactor.
Fach has the same general external
appearance—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 first type of canister is called 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
fowered.

The second type is a knockcut canister
and is used in a hydraulic vacuum defuel-
ing operation. Water and pieces of debris
are vacuumed up with a tool and pumped
through the inlet of a knockout canister.
The pieces of debris settie out of the water
as the flow velecity 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, 0.5-micron stainlzss steel filters.

Neutron absorber materials are also built

into all three canister 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. IO ensure that the square
does not move in an accident, lightweight
congcrete is added 1o fill the space between
the outside of the square aud the inside nf
the canister shell.

The neutron absorbers in the knockoui
canisters are located inside onz large coa-
trol tube 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 filter canisters, the mass of the
stainless steel filter media and a central
tube of boron carbide pellets (as in the
knockout canister) act as the neutron
absorbars.

In all three typss of canisters, both the
upper and iower canister heads kave beds
of cataiytic materials that recombine the
radiolytically generated hydrogen and
oxygen gases vack into water and prevent
the formation of combustible gas mixtures.

0.




Oblique drop at the instant
betore impact.

Thorough Analyses and Tests
Performed for NRC Cask

License

T,

Obtaining certification from the NRC
for the NuPac 1258 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 structural integrity of the
cask and camsters.

The resuits of the drop tests couﬁrmed
the predictions made in the structural -
analyses on the stmngth and behavxor of.

the cask and canister structures during
accident conditions. The drop tests provide
conclusive evidence of the validity of the
analytical models. The test results were
given to the NRC 1o accelerate resolution
of potential delays for questions about the
amount of conservatism used in the struc-
tural analyses.

Cask Tests

To ensure that only safe packages are
used in transport, NRC regulations require
that spent fuel shipping casks survivea -
series of severe accidents, including (in
sequence) two drops of the package inan -
orientation to produce the maximum dam-

o age. The ﬁrst drop is:froin 30 feet onto an-
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Cask simulation vessel with simulation impact Cask simulation vessel and simulation impact limiter
limiters for horizontal drops. for vertical drops.




unyielding surface, followed by a drop
{rom 40 inckes onto a steel rod that is loug
encugh to produce maximum damage to
the package. The two drops are followed 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 drop, for
poth cask and canisters, was first predicted
anaiytically for every possible angle of
impact and then demonstrated with a series
of drop tests. For the cask drop test pro-
gram performed at Sandia National Labo-
ratories, a one-guarter-scale model was
used. (Scale-mode] testing is an engineering
practice that is nsed extensively in solving
problems in aerospace, civil, mechanical,
and nuclear engineering. The scaling laws
are widely accepted and provide a cost-
effective method of demonstraging 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 diops
were from 30 feet onto an unyielding sur-
face. Two of the three drops were con-
ducted at a temperature of -20°F to
simulate an accident at subfreezing temper-
atures that might cause brittle msterials to
fracturs upon impact.

The first 30-foot drop was onto the
bottom end of the cask to determine how
well the cask walls, lids, and closure bolts
performed. The test also demonstrated that
the energy abisorbers within the inner veszel
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.

Thke first 40-inch drop onto a puncture
rod demonstrated the integrity of the cask
side wall in an accident where the outer
foam overpacks are not effective in absorb-
ing energy and the cask wall must absorb
the impact of a protruding object. The
second 40-inch drop onto the lid showed
how the cask lid would remain undamaged
in a puncture acecident without reduction of
the impact energy by the overpacks.

After the drop tests, the cask was disas-
sernbled, inspected, and damage to the
overpacks was documented. The model
cask was measured, leaktested, aud x-rayed
to znsure that any structural damage would
be found. As expected, the test data con-
firmed the damage predicted by the analy-
sis for the ¢rop conditions.

The tests showed conclusively the safety
of the cask, even in accidents involving
severe impacts. For comparison, the impact
in a drop from 30 feet onto an unyielding
surface is about the same as an impact at
50 miles per hour into two feet of rein-
forced concrete.

Canister Tests

A series of drop tests with the fuel canis-
ters showed that the square shroud did not
move when surrounded by the lightweight
concrete in the canister. A full-size knock-
out canister was subjected to four 30-foot
drop tests at Qak 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 siructures 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
upper 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 twisting of the internals. All four tests
showed that the tubes containing neutron
absorbers expérienced 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 capister to
recombine the hydrogen and oxygen gases
generated by radiolysis of water. In each
test, the performance of the catalyst bed
was measured while hydrogen and oxygen
gases were added at a flowrate about three
times what is expected to be generated in 2
TMI-2 debris canister.

The testing program helped determine
the size and shape of the beds to be built
inte each canister. The effects of the envi-
ronments to which the catalyst beds would
be exposed, 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 of the TMI-2 fuel debris. [




New Loading Procedure
Developed for Debris Canisters

TM! fuel cask joading Because the spent fuel storage pools at
components. ‘TMI-2 were being used for accident recov-
€ry operations, fuel debris canisters could
not be loaded underwater into a shipping
cask, which is a traditional industiy prac-
tice. Instead, the NuPac 1258 rail cask is
loaded in the TMI-2 truck bay, with the
canisters brought to the rail cask in lead-
shielded transfer 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 unleading 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 movec and stored out of the way.




Two 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 platform is bolted
around the cask and connected to the
tower. The cask is opened by removing the
lids of the outer and inner containment
vessels, and a shielded loading collar is
instatied, A mini-hot cell is noved over the
cask ang 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 fuel 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 ceil, fuel transfer
cask, and loading collar.

After canister loading is finished and the
mini-hot cell 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, reassernbled with overpacks, and
inspected and surveyed for radiation levels
before being moved to the TMI north gate
for transport by the railroad carrier.[]

Rail Transp»ortat:on Program
Developed for Cask

In conjunction with the development of
the NuPac 1258 rail cask and railcar, a

transportation program was formulated 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 TM1-2 to INEL.
The Union Pacific Railroad in turn con-
tacted Conrail, (the railroad that serves the
TMI site) as well as other potential con-
necting carriers serving the northeast
United States. EG&G Idaho and DOE are
reviewing the potential 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 sortest possible sched-

ule using regularly scheduled railroad serv-

ice. The routes ultimately selected will be
through relatively low populated areas
where possible. These requirements will
result in a route with connections and
tracks that have a low accident frequency
iradex and a minimum number of switching
stations.

The casks will ride on new railcars, each
with 8 axles and a load capacity of
150 tons. A special design consideration
for the rail cars was a safety margin such
that the rated capacity of the railcar com-
fortably exceeded the loaded welght of the
cask. -

Rmkoad personnel will mamtam contin-.
uous contact and use survcﬂance controls
. during transport. The railroads have the

‘ 'mpms;bxhty for handling any incidents.
-that may occur durmg s]uppmg and have
- estabhshed emergency procedutes and -

- trmuedpetsonnel to handléhamdous L S

In the unlikely event of an accident dur-
ing shipment, the railroad would take the
initial action of isolating the train. Based
on the severity of the accident, a naiion-
wide emergency response system could be
mobilized if necessary. 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 cccur.

Should an emergency occur, the DOE
has established eight regional offices to
provide radielogical 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 1o be less than two
weeks. With more than 250 canisters
expected to be used and 7 canisters per
cask, 35 to 40 shipments are planued.
While one cask s 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 actual shipments begin,
the designated governor’s representative in
each state through which the shipments
pass will have received a notice of the pend-
ing shipping campaign. DOE, whichis
responsible for shipping the TMI-2 fuel
debris, will continuously monitor ail
aspects of the fuel shipping program. L]




Core Debris to be Stored at
INEL; Researchers to Have
Access

On arrival at the INEL, the rail cask is
removed from the railcar and transferred to
a truck transporter for the 30-mile trip io
the research and storage facility Hot Shop
at Test Area North, Inside the Hot Shop,
operations for usloading the canisters from
the 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 being filled with demineral-
ized water.

The nodules are moved to storage loca-
tious in the pool and placed together, but
not interconnected. After each module is in
place, a gas venting line is connected to
each canister. These fuel storage modules
were designed to be stable and suberitical
under all potential accident conditions.

Storage of the TMI-2 core debris is
planned for up to 30 years at INEL, 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 have
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 INEL 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 tham that
opportunity. [
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Three-man drilling

crews . .. supervised by an EG&G
technical advisor . . . operated

16 hours perday . ..

. . . operating the drill rig,
menitoring its performance ...

. . . repositioning equipment,
and adding drill casing.
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Borer Samples
Removed

- as-built variations in fuel assembly
) typcs and loca!mns.

A significant milestone was reached
at TMI-2 in July with the removal of
stratified core debris samples from the
reactor vessel. Once examinations and
analyses are complete, the information
gained from these core samples is
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 estabiishing
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
carly 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
topic for investigation at TMI-2.

Similarly, 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 samples.

The research community requires
physical samples representing the. spa-
tial extent of damage or degradatwn.
With analysis, the samples must be
capable of providing datato character—
ize the variations in pastaccldent core
maienals present, as wed as represent -




To be meaningful, the samples had
to be traceable within the three-
dimensional geometry of the core.
Similarly, those responsible for defuel-
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 lower core sup-
port structures. The latter informa-
tion, to be useful, had to be available
shortly after drilling. An overriding
consideration was to minimize delays
to the plant recovery and defueling
operations.

The Core Stratification Sampling
(CSS) Project, 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-
rently available 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 over the
reactor vessel, to incorporate a micro-
processor for operational control and
safety interlocks, to record drifling
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 spacial teeth of diamond-
faced tungsten carbide, the only con-
figuration found to toleraie the
combination of hard, ceramic-like
materials as well as the ductile
metallics encountered during the
sampling operations.

Ten core samples were removed from
the reactor vessel and loaded into five
shipping canisters for shipmerit to the
INEL. Once at the INEL, the sampie
materials were removed from the
canisters and prepared for distribution
to several laboratories where extensive
examinations will begin. )

Current examination plans include
participation by both foreign and
domestic laboratories, including facili-
ties in Japan, Capada, and up to six
European countries. The examination
and analysis activities are expected to
take more than two years to complete.

The ungualified success of the sam-
ple acquisition project is the direct
result of a strong cooperative effort
between GPU Nuclear (GPUNM) and
EG&G Idaho, Inc., with direct bene- Core boring macitine for
fits to both the research community TMI-2 reactor.
and recovery interests. [l )
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Core

Bore Findings
upport “‘
‘efueling

Drilling data and video inspections

through the bore holes provided signif-

icant new information to support
defueling or iations. Among the
findings were:

* The amount of force required fo
drill through the core indicates the
core material, while containing a
significant quantity of resolidified
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.

e Damage to reactor components
below the core region appears tobe
Igse than expected. Some minor
damage was found on the
eastern side.

# 1ess debris was found in reactor
core-support copponents than
expected.

¢ Most debris in the bottom of the
reactor vessel appears loose enough
to be removed with vacouraing
equipment,

* During the 1972 accident, the bot-
tom 2 to 3 1/2 fee: of the core
remuained covered with water.

As a resalt of these findings, defuel-
ing planners are reviewing tocling
requirements. To date, approximately
25 of the estimated 150 tons of core
debris have been removed. [J




Instrumentation
and Electrical
Program
Completed

The TMI-2 Iustrumentation and
Electrical (I&E) Program, begun in
1980, was completed in June 1986, 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 resuitant
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-
eraf 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 problems 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 seals on housings,
cenduits, 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
INEL. All had been located above
flood level in the Reactor Building and
were exposed to approximateiy the
same environment. Three of the
pressure 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 sncther B unit
survived the accident and one year of
postaccident before failing,




ECCAD
System
Description

The Electricai Circuit Characteriza-
tion and Diagnostic (ECCAD) system,
developed under the TMI-2 I&E Pro-
gram, can make a significant contribu-
tion to predictive maintenance for
electrical circuits, The BECCAD system
is a computer-controlled measurement
system designed to characterize electri-
cal circuit parameters that might
impact the ability of a circuit to per-
form its function. For example, if the
circuit energizes a motor for a motor-
operated valve, the ECCAD system
can determine if all connections or
contacts are good, if proper voltage
can be applied to operate the motor,
and if the motor is electrically
functional.

. sending an eiectromagnemc pulse

The system functzons by measu ng
basic.electrical parameters and by__

through a circuit, By analyzmg the
reflected pulse and related elecmcal _
data, the condition of the'circuit can
be determined and exact Iocahons of
circuit abnormalities can be estab—
lished. Further, this mfarmatmn is .
stored in the computer and canbe - - -
compared with data taken earlier.or’
later to determine if circuit detenora—
tion is taking place. :

The ECCAD system is composed of
standard electronic test equipmentthat .
is readily available on the comumercial - -~
market. The system iscontrolled bya - -~
Compagq personal compuﬁer. The
computer: -

.. Controfs mdmdual ms:ruments
setting critical vamex.‘ -

* Performs a self-test: Qn the
msterents .

:Formats'i edata, enst ing 4 stand
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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
instatled 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 fora
junction box with breather, drain, and
correct condait entry would have
precluded moisture intrusion and
extended the life of the equipment.

Gther Findings—While moisture
intrusion was the major cause of
equipment failure, other significant
findings were made.

e 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 LOCA-level
radiation. This monitor was the
subject of extensive postaccident
examination in efforts to under-
stand the monitor response and to
determine radiation levels 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 design for posiaccident
radiation dose levels could have

led to imiproved performance of

this equipment.

s Area Radiation Mornitors

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’dent and postac-
cident envirorment. All three moni-
tors were of the Geiger-Mueiler
(GM) tube type, with an accompa-
nying electronics package which fed
square waves fone for each GM
pulse) to an electronics package
mounted outside the Reactor
Building.

One ARM provided ar erroneous
(low) indication of the high radia-
tion levels. It was discovered that
the area radiation monitor gave on-
scale readings when it should have
given high, off-scale readings. The
device did have g fail-safe circuit
that was supposed to ensure high,
off-scale readings for high input
radiation levels, 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 accident when
the system was being monitored
very closely to detect loose paris
moving through the systems and to
assess core damage.

£
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This type of failure would mask or
distert real loose parts signals. The
studies at TMI-2 led to the determi-
nation that simifar faflures were
occusring during normal operating
corditions 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.

e Solenoid Valves

Two Class 1-E solencid valves were
removed from the Reactor Building
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 sclenoid hous-
ing, due to & flaw in the configura-
tion of the conduit installation. The
limit switch failure was moisture
related and the lead wire insulation
o 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 would not
prematurely age and embrittle from
heat or radiation.

These examples, typical of the
“ equipment problems found during the
TMI-2 I&E Piogram, led to the follow-
ing general conclusions:

= Moisture intrusion is the major
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
equipment, not just safety-related
equipment. Analysis should include
abnormal {e.g., LOCA) operating
conditions and should address
information needs for accident
mitigation activities.

Quailifications testing should
include normal and abnormal radia-
tion environments 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 35% 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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Publications

R. C. Stralim and M. E. Yo wey, TMI-2 Pressure Transmitter Examination Pro-
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M. E. Yancey and R. C. Strahm, TMI-2 Pressure Transmitter Exomination and
Evaluation of CF-1-PT1, CF-2-LTI, and CF-2-LT2, GEND-INF-029, Volume II,
April 1984,

s
M. E. Yancey, Fxgmination and Evaluation of TMI-2 Transmitters CF-I-PT4 and
CF-2-L74, GEND-INF-029, Volume I1I, January 1985,
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August 1984.
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HP-R-212, GEND-{NF-049, January 1984.
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GEND-INF-046, January 1984, .
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GEND-INF-045, January 1984.

E. T. Soberano, Testing and Examination of TMI-2 Electrical Components and
Discrere Devices, GEND-INF-030, November 1982.

H. 1. Helbert, et al., TMZ-2 Cable/Connections Program FY-84 Status Report,
GEND-INF-056, September 1984.
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Defueling Activity

Special Tools
Developed for
Core Debris
Removal

Table 1. Defueling activily
and related tooling.

Tooling

Caore debris sizing and reactor
internals disassembly

“Pick and place”

Finesl/debris vacuuming

Tooling support equipment

Shears, shredder, impact chisel,
cutling station, abresive saw,
brushes, abrasive water jet, cavitat-
ing water jet, plasrma arc torch,
incore instrument cutter, core bor-
ing machine, and cutcif saw.

Top access partial fuel assembly
removal tool, scoops, hooks, tongs,
grippers, tampers, sweepers, debris
container handling tools, cranes,
and handling bridges.

An integral finesidebris 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 lighting sys-
tem, robotic arm manipuiator, tool-
ing positioners and stabiiizers,
debris canisters and buckets, and
canister positioning system.

i o e
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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 tc
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-developmental tools and
technigues. Tooling is permitted to
become more complex and develop-
mental only as dictated by proof-of-
principle testing, operational
experience, and increasing kunowledge
of core conditions.

In late 1982, GPUY and their sub-
contractors, with funding support
from DOE/EG&G Idaho, Inc., started
the reactor vessel defueling tooling
development effor:. The thrust of this
effort was to provide 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
and 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
defueling 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 temyporary storage at ithe
Idaho National Engineerr g Labora-
tory, with DOE having responsibility
for their ultimate disposal. (See itern
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:

¢ Initial defueling—removal of fuel
element end fittings and other loose
debris, including vacuumable fines,
from the rubble bed.

s (Core region defueling-—removal of

debris remaining after the comple-
~ tion of initial defueling in the core

region. This phase is differentiated
from initial d~fueling in that signifi-
cant debris sizing operations will be
performed. It is also intended that
the removal of the once-molten,
“hard crust” will be accomplished
during this phase.

* Jower head defueling—removal 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 steel
subassemblies including 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, instrument
strings, control rod spiders, and neu-
tron poison materials.

All the defueling 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
several 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 np io 35 feet
long. The accompanying table lists
the tools.

UPDINIE

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 tooling and support equipment
inside the reactor vessel, while mini-
mizing radiation exposure. -

Before being placed into service, the
tooling and s*1pport 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 defueling
test assembly reactor vessel mockup.
GPUN is currently reviewing plans for
the design, 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 videa
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-controlied 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. [
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