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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
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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
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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
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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.
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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,
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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.
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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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