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SUMMARY

In July and August of 1982, a series of video inspections was made of the
damaged internals of the TMI-2 reactor. These inspections, which were
collectively dubbed "Quick Look", took place during three entries to the
reactor building over a 3-week period. The "Quick Look" afforded the first
view of the extent to which the accident damaged the fuel and other components
inside the reactor. More than 6 hours of videotape footage were shot during
the inspections.

The videotapes showed extensive damage to the fuel, to the extent that a void
more than 5 feet deep was found at the top center of the core. At the bottom
of the void, a layer of rubble was observed. A panel of experts, the Quick
Look Videotape Review Group, was convened to review the tapes and interpret
the video images.

This group consisted of individuals who were familiar with damaged fuel
phenomena, fuel and internals design details, and the details of conduct of
the Quick Look inspections. This report presents the conclusions and
interpretations of that group.
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SECTION 1.0
INTRODUCT ION

1.1 OBJECTIVE

This data report describes the results and interpretations of the Quick Look
inspections perfommed to examine the extent of damage to the reactor core of
TMI-2.

1.2 BACKGROUND ON QUICK LOOK

The technical plan for reactor disassembly and defueling contains a
pre-head-1ift examination (PHLE) involving the removal of a control rod drive
mechanism (CRDM) and the insertion of a television camera through the empty
CRDM nozzle. Because of limited overhead clearances, the PHLE requires either
the availability of the polar crane or a complex hoisting, rigging, and
cutting scheme to remove the CRDM with missile shields still in place. Either
method involves considerable time and expense to make preparations.

Early in 1982, the Technical Assistance and Advisory Group (TAAG) laid the
groundwork for an alternative to the PHLE, a simpler Quick Look examination
that could be performed by inserting a miniature television camera through a
leadscrew support tube. This technique could be used merely by removing a
CRDM leadscrew rather than the entire CRDM mechanism and would not require the
use of the polar crane nor removal of the missile shields. Although the area
the camera could access inside the reactor was somewhat limited because of the
geometry of the CRDM and control rod guide assembly, the effort was considered
worthwhile because the camera could observe the condition of the control rod
guide assembly, the upper grid assembly of the plenum, and the tops of fuel
elements, including whether fuel pins were present.

After some discussion of potential drawbacks and feasibility, a test in the
Unit 1 reactor confimmed that the camera could indeed be maneuvered into the
desired areas within the reactor. As a result, the Quick Look inspection was
scheduled to be performed after the Decontamination Experiment was completed
ana as soon as the necessary preparations could be made.



1.3 PHYSICAL ARRANGEMENTS

The inspection crew and its equipment were set up on the work platform atop
the reactor head service structure. This location provides easy access to the
top ends of the CRDM assemblies. Refer to Figure 1 for a diagrammatic
representation of the physical arrangements.

The camera, which is 1-1/4 inches in diameter and 14 inches long (see Figure
2) was lowered through the 1-1/2-inch diameter hole within the CRDM made
available by removal of the leadscrew. The camera was suspended by its cable,
which provided power and carried the signal. The camera cable is marked with
color-coded tape at key elevations so that the camera position relative to
various reactor internal locations was known as the camera was lowered into
the reactor (see Figure 3). An additional 1/32-inch "tilt" cable was attached
near the forward end of the camera. By pulling up on the small "tilt" cable,
the camera can be articulated away from the vertical.

The inspection team consisted of four members in addition to the health
physics technician: a technical director, a TV control unit operator, a TV
camera manipulator, and a cable hanaler (see Figure 4). These functions were
performed by the following individuals:

Technical Director: Noman Cole, MPR Associates (Q.-1 and 2)
David Buchanan, GPU Nuclear (QL-3)
TV Camera Manipulator: William Markwood, Babcock & Wilcox

TV Control Unit Operator: Lyle Bohn, Babcock & Wilcox (QL-1 ana 2)

James Tarpinian, Bechtel Northern (QL-3)
TV Cable Handler: William Austin, GPU Nuclear (QL-1 and 3)
Equipment Handler: Daryl Miller, Bechtel National Inc. (QL-3)
Debris Probe Manipulator: William Austin (QL-3)

1.4 SEQUENCE OF EVENTS

On July 19, 1982, the leadscrew for the CRDM at location H-8 (see Figure 5)

was uncoupled from the control rod spider. On July 21, 1982, it was removed
from the CRDM and packaged for further examination and analysis. The first

Quick Look inspection (QL-1) was then initiated at the H-8 location, which is
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above the center of the core. The camera was lowered down through the
leadscrew hole in the CRDM, and an inspection was made of the control rod
guide assembly and upper grid plate area of the plenum assembly. The spider
and fuel assembly end fitting were not seen, indicating that part of the core
was gone from its nommal position. Next, the camera was lowered down into the
void in the core, which at that location extended to 5 feet 3 inches below the
nominal top of core. The debris bed was examined, and then the camera was
rotated to point upwards and raised to examine the underside of the plenum
assembly. See Figure 6 for a sectional view of the reactor.

On August 5, 1982, after trying several locations, the leadscrews were removed
at locations E-9 and B-8 (see Figure 5). On August 6, the second Quick Look
inspection (QL-2) was performed at both locations. At the B-8 location, which
is near the core periphery, the spider assembly was still in place, and the
camera could not be lowered beyond that point. The camera was moved to the
E-9 location, which is midway between the other two, and an auxiliary light
was lowered into the core at H-8. At E-9, the camera was again unobstructed
by the upper end of a fuel element, and the CRDM guide tube, debris bed, and
underside of the plenum assembly were examined. Variations of lighting using
the on-camera and auxiliary lights were tried.

On August 9, 10, and 11, 1982, a panel of experts - the Quick Look Videotape
Review Group - was convened to review and interpret the videotape recordings
made during QL-1 and QL-2. This panel is described in the next section of
this report. The panel made recommendations about specific areas and
techniques for the third Quick Look inspection.

On August 12, 1982, the third and final Quick Look inspection (Q.-3) was
performed. The location chosen was again E-9, and the auxiliary light was
again placed into the core at H-8. Besides additional inspection of the
debris bed, two other activities were added to the inspection. The debris was
probed for depth and degree of compaction with a stainless steel rod, and a
right-angle viewing lens was mounted on the camera to enhance the horizontal
viewing possibilities.

On August 17, 1982, the Quick Look Videotape Review Group was again convened
to examine the tapes from QL-3. This report summarizes the observations and

conclusions of that Review Group.
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1.5 QUICK LOOK VIDEQTAPE REVIEW GROUP

This expert panel of reviewers was convened to provide an organized review of
the approximately 6 hours of videotape recorded during the three inspections.
This panel consisted of cognizant individuals from most of the organizations
participating in the TMI-2 recovery effort. The base group of participants
were individuals who were familiar with the details of construction of the
fuel and core internals, and with the video technology. This base group

included:
V. R. Fricke - GPU Nuclear, Technical Planning - Chairman
N. M. Cole - MPR Associates, Inc., Technical Director of QL Inspections
R. V. DeMars - Babcock & Wilcox, Fuel Engineering
J. T. Mayer - Babcock & Wilcox, Lynchburg Research Center
C. Cox - Westinghouse Hanford Company
W. T. Franz - EG & G

In addition, the following part-time participants provided significant input
to the review efforts:

J. McCarthy - GPU Nuclear Fuels Division
P. Kasik - MPR Associates

T. Patterson - Bechtel Northern Corporation
D. Owen - EG & G Idaho

P. MacDonald - EG & G Idaho

G. E. Kulynych - Babcock & Wilcox

R. E. Kosiba - Babcock & Wilcox

E. J. Bateman - Babcock & Wilcox

H. Davis - Babcock & Wilcox

C. S. Caldwell - Babcock & Wilcox

The approach was to index the raw tapes by footage from the beginning so that

sections of interest could be found quickly, and then to examine in detail the
footage that was particularly interesting. The indices for each set of tapes

are included as appendices to this report.



SECTION 2.0
BRIEF CHRONOLOGY OF QUICK LOOK INSPECTIONS

2.1 QUICK LOOK 1, JuLy 21, 1982

The camera was lowered at the H-8 position (see Figure 5). The inside of the
control rod guide assembly was examined down to the level of the top of the
core. The camera was then raised slightly and angled in a way that would
allow it to pass through the flow holes in the side of the guide tube into an
adjacent location (see Figure 7). Because of symmetry and lack of adequate
reference marks, it was not possible to determine which adjacent location the
camera entered when it was tilted out through the flow hole. At any rate, the
control spiders were not visible, either at H-8 or at the adjacent location.

The camera was then drawn back into the H-8 guide tube and lowered vertically
into the region where the fuel assemblies should have been. Nothing but small
particles of debris suspended in the water was encountered until the camera
contacted a rubble bed, 5 feet 3 inches below the top of the core.

After scanning the debris bed for a time, the camera was tilted from vertical
downward position to horizontal. The camera was then rotated 360 degrees
without encountering any obstructions. This indicates that the void space at
the center of the core involves at least the 9 center fuel assemblies and
possibly as many as 21 because the camera focus was believed to be set at 3
inches, which increases the sweep diameter to 27 inches (see Figure 8).

The camera was also tilted so that it looked vertically upward at the bottom
side of the upper plenum assembly (see Figure 9). While looking upward in the
H-8 position, C tubes and two grid pads on the bottom side of the grid plate
were inspected (see Figures 10 and 11).

A detailed chronology index of the QL-1 Command Center videotapes can be found
in Appendix A of this report.



2.2 QUICK LOOK 2, AUGUST 6, 1982

In preparation for this inspection, the leadscrews at the E-9 and B-8
positions were removed. An auxiliary light was inserted at H-8 and lowered
into the core void. The camera was first inserted at B-8, on the core
periphery. After examining the top of the control rod assembly hub (spider),
which was in its normal location, the light on the camera failed. The camera
was replaced with a spare, and the B-8 spider and fuel element upper end
fitting were again examined in detail.

The camera was then raised and "kicked out" through a flow hole into an
adjacent location, where a burnable poison rod assembly (BPRA) is located.
Figure 7 shows how a BPRA is held down by a retainer. The retainer with the
spider hub inside it was visible at this point. Because the spiders were
still in place at B-8 and the adjacent location, the camera could not be
lowered any further.

The camera was then withdrawn from B-8 and inserted through the E-9 location.
Although portions of the upper end fitting were still in place at E-9, the
major part of the end fitting was gone, as well as the fuel pins below it.
The partial end fitting offered no impediment to the motion of the camera.
When the camera was lowered into the core, it also encountered nothing until
it reached a rubble bed approximately 5 feet below the top of the core. The
debris in the rubble bed was scanned for a considerable time, as it contained
many identifiable components.

While attempting to orient the camera vertically upward to inspect the
underside of the plenum, the camera was repeatedly stopped from further motion
by objects that interfered with raising the camera. After five attempts, the
camera was finally pointed upward and raised into contact with the underside
of the plenum (see Figure 12).

When the camera was lowered a bit, the juncture of four partial upper end
fittings came into view (see Figures 13 and 14). These upper end fittings are
part of fuel bundles, but their remains were suspendea from the underside of
the plenum. Their condition is described in detail in Section 3.1.2 of this
report.



A detailed chronology index of the QL-2 in-containment videotapes can be found
in Appendix B of this report.

2.3 QUIKK LOOK 3, AUGUST 12, 1982

In this inspection the camera was again inserted at the E-9 location, with the
auxiliary light at H-8. After additional examination of the inside of the
control rod guide assembly, the camera was lowered to the debris bed.

After some examination of the debris bed and the underside of the plenum, the
camera was again lowered to the bottom of the void space. A 1/2-inch diameter
stainless steel rod was used to probe the depth of the debris bed at the E-9
location and later at H-8. In both places the rod penetrated to a depth of 14
inches into the rubble bed, using only rotation plus its own weight.

Next, the camera was removed, and a camera fitted with a right-angle viewing
lens was inserted at E-9. A detailed scan was made of most of the support
plates in the control rod guide assembly (see Figure 15). This scan inspected
the upper and lower surfaces of the support plates by locating the right-angle
lens opposite the plate (see Figures 16 and 17). The end fitting in E-9 with
its grillage plate gone was also inspected with the right-angle lens (see
Figures 18 and 19).

Finally, the camera was inserted 2 feet 6 inches into the core void, and a
pancramic scan was made. During this scan, some vertical arrays of tubes
could be seen in the distance, very indistinctly.

A detailed chronology index of the QL-3 in-containment videotapes can be found
in Appendix C of this report.



SECTION 3.0
OBSERVATIONS

3.1 CONDITION OF PLENUM

The upper plenum assembly is a structure whose purpose is to guide the control
elements in their vertical motion and to compress the springs at the top
fitting of the fuel elements, and by so doing, align them and hold them firmly
in place. The upper plenum assembly is shown in cross-section in Figure 20.

Several portions of the upper plenum assembly were accessible during the quick
look video inspections. These included the control rod guide assemblies at
H-8, E-9, and B-8, the upper grid plate (which is at the bottom of the plenum
assembly), and the grid pads attached to the underside of the grid plate. The
control rod guide assembly is shown in cross-section in Figures 15 and 16, and
in plan view near a typical support plate in Figure 17. The upper grid plate
as seen from below is shown in Figures 10 and 11. These figures also show the
grid pads, which are bolted and dowelled to the grid plate.

3.1.1 Control Rod Guide Assembly

The insides of all three control rod guide assemblies (H-8, E-9, B-8) were
examined. In each location, the inside surface of the column weldment
appeared to be in good condition. These vertical surfaces were clean near the
top, and only small accumulations of scale were visible at lower elevations.

At nearly every brazement support plate observed, the 3/8-inch diameter
setscrews that fasten the support plate to the column weldment were found (see
Figures 16 and 17). All screws appeared to be in good condition, with intact
threads clearly visible. The screws had varying amounts of fine surface
deposits, and several had small, flaky debris resting on their top surfaces.

The brazement support plates support the C tubes and split tubes, which are
brazed into openings in the support plate. These braze joints, in the
locations examined, appeared normal and showed no sign of melting. In
particular, at the 10th support plate in the E-9 location, a braze joint with
a split tube was inspected and showed no sign of melting or metal loss.
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The detailed inspection with the right-angle camera lens in the E-9 position
showed that the top surfaces of the first and second support plates had a
light corrosion film typical of that normally found on reactor internals and
no indication of any material with any thickness. The third support plate had
a small amount of material with some thickness (probably less than 1/64 inch)
on its top surface. From this support plate downward, the amount and size of
material on the top surface increased. The lowermost or 10th support plate
top surface had metal chips and part of what appears to be a poison pellet
(see Figure 15 for locations of each support plate relative to the core). The
bottom surfaces of all support plates inspected (1st, 2nd, 3rd, 4th, 5th, éth,
and 10th), as well as the grid pads, were free and clean of debris. There
were gas bubbles noted on almost all bottom surfaces that were inspected.

The C tubes and split tubes serve as guides for the rods of the control
element when it is withdrawn into the guide tube. For the most part, these
tubes were intact and in good condition. However, at the E-9 location, one of
the split tubes showed evidence of minor wastage of metal. Also, two or three
adjacent C tubes (adjacent to each other, not necessarily to the split tube)
showed signs of melting at the bottom end, below the 10th support plate.

Other C tubes at E-9, some only centimeters away, were undamaged. The reason
for the localization of the damage was not understood.

At H-8, the bottom ends of several C tubes were visible on several occasions
and appeared to be intact.

3.1.2 Grid Plate

The depth of the camera lens below the top of the CRDM at the work platform on
the service structure is known to within an uncertainty of less than 1 inch.
This is possible because the cable on the camera is marked by a series of
colored tapes at various distances from the front end of the camera. Refer to
Figure 3. '

Using these tape markings, and references of known position inside the plenum
assembly (see Figure 15), no evidence of sagging of the grid plate was
observed at any of the three locations. The brazement support plates, ends of
C tubes and split tubes, grid plate surfaces, and grid pads which were

observed were all at the expected locations.
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At the H-8 location, the underside of the plenum assembly appeared to be in
the normal configuration, which resembles the view shown in Figures 10 and
11. However, the field of view was not as large as that in the photograph.
Two of the grid pads were seen and appeared to be in normal condition, except
for linear surface patterns. These patterns could have been either cracks in
a surface coating of fine debris, or fracture marks associated with spalling
of the pad surface. It was not possible to determine which by looking at the
video image. Gas bubbles appeared to collect on the underside of the grid
pads.

At E-9, four adjacent fuel element upper end fittings could be seen suspended
from the underside of the grid plate with the TV camera positioned as shown in
Figure 12. The view was similar to that depicted in Figure 14. Figure 14
shows several upper end fittings as seen from below. Figure 21 shows top and
side views of the upper end fitting.

The upper end fitting is manufactured from two separate castings, which are
welded together at four places along each edge. The upper piece is referred
to as the "plenum" piece, while the lower piece is called the "grillage"
piece. The diamond-shaped bosses visible on the bottom of the grillage piece
are where the control element guide tubes are mounted. The central hole in
the grillage piece is for the incore instrument guide tube. All fuel elements
contain these guide tubes.

The four end fittings suspended from the grid plate were identified as
belonging to the fuel elements located at grid points D-9, D-8, E-9, and E-8,
using some additional information not on the videotapes. Figure 21 shows that
the fuel element nameplate is mounted along an edge of the upper end fitting
which is perpendicular to the bars on the grillage. GPU Nuclear records
confirmed that the fuel elements are all loaded into the reactor with the
nameplates on the south side.

Figure 22 depicts the view from below diagrammatically on the left half of the
figure. The grillage lines were oriented as shown, along the north-south
axis. While scanning the end fitting diagonally located from E-9, it was
apparent that it was part of a C element, i.e., one with a control spider.
Stubs of control rod were visible extending downward, with solid cores as in
Figure 12. This eliminates D-10 as a possible identity, since D-10 has an
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axial power shaping rod spider, which at its current elevation would have
hollow tubes protruding through the end fitting grillage.

This diagonal element also had partial length fuel rods and guide tubes along
its far edge, and a portion of a spacer grid was visible near the fuel rods.
Location F-8 was also eliminated as a possibility, since, as shown on the
right half of Figure 22, the grillage lines go the wrong way (i.e., grillage
lines of F-8 would run vertically if viewed from E-9). This left only F-10
and D-8 as possible locations for the partial fuel rods.

If the diagonal element were the F-10 element, the partial fuel rods would be
aligned radially with respect to the center of the core. If the diagonal
element were the D-8 element, the partial fuel rod orientation is consistent
with being the perimeter of a void in the core. That is, the partial fuel
rods would be tangential to a core void volume, which is consistent with the
observed void and rubble bed. Thus it was concluded that the diagonal element
was D-8, and the other two visible end fittings were at D-9 and E-8.

On the E-9 upper end fitting, the grillage is completely gone. The spider is
also gone, as is the spring retainer and the spring (see Figure 13). On the
other three visible upper end fittings, the grillage is still present, but
partially damaged. The end fittings are retained in the plenum grid plate
without any apparent support from below.

At first glance, the parts of the grillage that are missing from D-8, D-9, and
E-8 appear to have eroded away. But only a fraction of an inch away, there
are other portions of the grillage that are in pristine condition, with
sharply defined edges evident and no apparent damage or discoloration.

The Review Group concludes that some unexplained damage mechanism must have
removed the missing portions of the grillage. It was suggested that the
mechanism might have been steam cutting or perhaps abrasion by a mixture of
coolant flow and core debris, or some other chemical/metallurgical mechanism
related to the high temperatures and hydrogen concentrations present in this
area when the core was uncovered and quenched.
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In addition to the partially damaged grillage, one of the upper end fittings
(D-8) had additional identifiable components suspended from it. A portion of
a spacer grid was visible, stubs of control elements protruded from the
grillage, and partial fuel rods were suspended along one edge of the

fittings. The fuel cladding was broken or eroded or melted away a few inches
or less below the grillage. Several rods had portions of the internal springs
protruding out the end of the cladding.

When the end fitting at E-9 was carefully scanned from the inside with the
right-angle viewing lens, it appeared to be at the normal elevation with
respect to the grid structure. Many chips and pieces of debris were found in
the tight space between the centering tabs on the end fitting and the grid
plate. This debris may be what is holding the end fittings in place, while
the remainder of the fuel element is broken away.

Portions of the upper end fitting at E-9 look similar to metal which has been
cut by a torch. Adjacent to the cut areas, the metal appears to be in the
as-manufactured condition. The cutting mechanism and why it is highly
localized is not understood.

3.2 DISTRIBUTION OF CORE DEBRIS

3.2.1 Top Side of Horizontal Surfaces

Top and bottom sides of horizontal surfaces on the 1lst, 2nd, 3rd, 4th, 5th,
6th, and 10th support plates (see Figure 15) of the E-9 guide tube were
inspected with the right-angle lens (see Figures 16 and 17). The top surface
of the first and second support plates appeared to have a light corrosion film
typical of that found in normal plants. Starting with the third support
plate, the top surface had some debris with thickness (e.g., probably less
than 1/64 inch). The thickness and amount of the debris on the horizontal
surfaces increased the closer the support plate was to the top of the core.
Down through the six support plate, the thickest layer of debris flakes
appeared to be no more than about 1/16 inch in depth. On the top side of the
10th support plate, the amount and size of debris were more extensive. For
example, a piece of what appeared to be a pellet was observed lying on top of
the 10th support plate.
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The layer of flake debris that was on the horizontal surfaces appeared to be
loosely deposited and not tightly adherent. Several times the motion of the
camera through the water caused the flakes to move around.

3.2.2 Underside of Horizontal Surfaces

The underside of horizontal surfaces of the 1lst through the éth support plates
and the 10th support plate of E-9 guide were inspected by the 90-degree lens
and were clean and free of material buildup. The undersides of the two grid
pads inspected in the H-8 position were clean and free of material buildup
(Figure 11). On the underside of almost all horizontal surfaces there were
gas bubbles, which is nommal for reactor internals.

3.2.3 Vertical Surfaces

In the E-9 position, the vertical surfaces of the CRDM guide assembly tube and
the C tubes were relatively clean and scale-free for the top several feet of
the plenum, with an increasing corrosion film and/or scale as the camera was
lowered. However, near the very bottom of the guide tube, the corrosion
film/scale buildup on these surfaces was slight.

3.2.4 Surfaces in the Area of End Fittings

The E-9 end fitting had debris of a larger characteristic size that was packed
into the tight space between the upper end fitting centering tabs and the
plenum grid plate (see Figure 19). This debris looked like metal chips or
fragments, rather than tiny flakes. One piece of debris appeared to be a
fragment of a pellet.

3.2.5 Debris and Effect on Water Clarity

Frequently when the core debris bed was jarred by camera impact, a cloud of
very finely divided particles was raised. These small clouds settled or
dispersed very quickly. In general, the cloudiness of the water showed no
consistent pattern from one inspection to the next. In Quick Look 1, the
water was quite cloudy, and visibility was only 1/2 to 3 inches beyond the
camera lens. In Quick Look 2, the water was clearer, and visibility extended

to about 9 inches beyond the camera; it seemed to be limited by available
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light, rather than water clarity. In Quick Look 3, some objects were
discerned to be at a distance of 1 to 2 feet from the camera, but the image
was very indistinct and probably limited by available light.

The improvement in water clarity as the Quick Look inspections progressed may
have been due to the time interval between the leadscrew disconnect and
removal and when the TV inspections were made. The longer this time interval,
the greater the clarity of water due to settlement of greater amounts of
debris, as can be seen by the water clarity experienced during Quick Look 3.

3.3 EXTENT OF CORE DAMAGE

3.3.1 Core Void

There is a void in the upper central portion of the core. At the very center,
at H-8, the void extends downward from the bottom of the plenum to a debris
bed whose top surface is 5 feet 3 inches below the plenum lower surface. This
void includes at least the central 9 fuel element locations, and possibly as
many as 21, as shown in Figure 8. This was concluded based on the ability to
rotate the camera 360 degrees while it was pointed horizontally, without
encountering any obstruction.

The void also extends down to 5 feet below the top of the core at the E-9
location. At E-9 it was not possible to make such a 360-degree sweep; the
camera was obstructed from turning each time this was attempted. In addition,
at E-9, several stubs of rods extended vertically upward from the debris bed.
There were also rod stubs extending vertically downward a few inches along the
west edge of the D-8 location, suspended from the remains of the upper end
fitting of the fuel element, which was still in place (see Figure 23).

The entire fuel element upper end was gone from the H-8 location. No upper
end fittings were suspended at H-8 or at the adjacent locations visible (see
Figure 11). Because of uncertainty as to the way the camera was pointed, it
was not possible to determine which locations adjacent to H-8 were observed.
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At E-9, portions of the upper end fittings for the E-9, D-9, E-8, and D-8 fuel
elements were suspended from the plenum grid plate. The remainder of the top
5 feet of E-9 was gone.

At B-8, as well as one adjacent location, the spider assembly was encountered
at its expected location. This indicates either that the fuel bundles in
these locations are intact or suffered minor damage, or that the upper end
fittings are stuck in the plenum grid.

3.3.2 Debris Bed

The debris bed was probed by lowering a 1/2-inch diameter stainless steel rod
to a point where it touched the debris, and then rotating it and allowing it
to penetrate the debris by the force of its own weight (about 30 pounds). It
was not considered prudent to push it downwards because that could have caused
the probe to buckle to the extent it could not have been withdrawn.

When this was done, the probe penetrated easily to a depth of 14 inches, until
it was stopped by an unyielding surface. The probe penetrated to the same
depth at both locations, H-8 and E-9.

At H-8 a control spider was visible at a location slightly off center, resting
on top of the debris bed. The portions of the spider that were visible
appeared to be undamaged. The spider must have fallen when the leadscrew was
uncoupled, since there was no upper end fitting to support it, and it was on
top of the debris bed. No spider was found below the E-9 location.

At the center location (H-8), the debris bed was relatively flat and level and
consisted of granular material of small average size, perhaps 1/8 inch or
less. At E-9, the debris bed was more irregular, and the pieces were of
larger average size with many identifiable components visible. Appendix D
contains a tabulation of these identifiable component pieces.

- 15 -



3.3.3 Radial Scan

When the camera with the right-angle viewing lens was inserted at the E-9
location, a panoramic scan was made at an elevation about 2-1/2 feet below the
top of the core. For one-third of the circuit, when the camera was looking in
the direction of the auxiliary light, which was at the H-8 location, the
picture was washed out by flare from the light. For the third of a revolution
when the camera was pointing away from the light, an array of vertically
oriented rods or tubes could be discerned, although indistinctly.

Based on apparent size and the known magnification characteristics of the
lens, the tubes appeared to be 1 to 2 feet away from the camera. During the
remainder of the scan, when the camera was roughly perpendicular to the line
of sight to the light, the picture was dark with no detail.

Based on this scan, it is believed that the limit of the core void in this
sector extends approximately to where indicated on Figure 23. Although fuel
damage may exist beyond this line, tubes extending from end fittings to the
debris bed do exist in this area.
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SECTION 4.0
CONCLUSIONS

The following conclusions can be drawn within the limits of the examinations

conducted:

The upper plenum appears relatively undamaged; however, there are
some upper end fittings with some fuel attached to the upper grid
unsupported by fuel rods; and the lower ends of several C tubes
appear to have melted.

The TMI-2 fuel was severely damaged over a significant portion of
the core with the result that a portion of the fuel is in the form
of rubble with fuel clad in particles of all sizes from very small
to full size.

A significant size void exists in the upper center of the core
resulting from settling of the damaged core and/or removal and
redistribution of material from the core.

At two points -- one at the center and the other midway to the edge
-- the rubble at the bottom of the void is composed of loose
material to a depth of at least 14 inches and in those areas is not

a fused mass.

There appeared to be evidence of partial melting of non-fuel
material, such as metal components that have melting points lower
than uranium oxide fuel.

In arriving at the above conclusions, limitations of the TV camera system and

procedures
resolution,
considered.

employed with respect to focusing, lighting, range of visibility,
ability to orient the camera, and other factors were carefully
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SECTION 5.0
RECOMMENDAT IONS

Based on the results of the review of the three Quick Look inspections, the
following recommendations have been made by the Videotape Review Group:

o Samples of reactor core debris which were taken in conjunction with
leadscrew removals should be analyzed as soon as possible to
determine their composition.

° The program to disconnect the remaining leadscrews should proceed
as scheduled. Although much has been learned about the damaged
core using this video inspection technique, it is the consensus of
the Review Group that any further inspections at other locations
are not likely to add much to that knowledge. Accordingly, it is
not recommended to delay the uncoupling to perform more video
inspections. Subsequent to uncoupling, additional inspections may
be perceived to be desirable, depending on lessons learned during
other evolutions.

° Specific technigues for conducting Quick Look 3 and the uncoupling
of leadscrews were recommended by the Review Group. These have
been incorporated into the appropriate procedures and will not be
repeated in this report.
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FIGURE 3
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FIGURE 4
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FIGURE 5
LOCATION OF CONTROL ASSEMBLIES, TMI-2
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FIGURE 6
CUTAWAY VIEW OF REACTOR
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FIGURE 7
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FIGURE @

LOOKING UP AT UNDERSIDE OF UPPER PLENUM ASSEMBLY
AT H-8 CORE POSITION DURING QUICK LOOK 1
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FIGURE 11

LOOKING VERTICALLY UPWARD AT UNDERSIDE
OF THE UPPER PLENUM ASSEMBLY GRID PLATE
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FIGURE 12

LOOKING UP AT UNDERSIDE
OF THE UPPER PLENUM ASSEMBLY WITH FUEL ASSEMBLY
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FIGURE 13

LOOKING UP INTO THE BOTTOM
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FIGURE 14

LOOKING UP FROM THE UNDERSIDE OF POSITION E-Q
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FIGURE 15

DEPTH OF VARIOUS PARTS TO BE INSPECTED VIA A
TV CAMERA INSERTED DOWN A LEADSCREW HOLE IN TMI-2
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FIGURE 16

RIGHT ANGLE VIEWING CAMERA
INSIDE CONTROL ROD GUIDE ASSEMBLY

T ul a "-1,.’
9TH SUPPORT
PLATE X \
= | IS
I
! |
/— C TUBES
//
11.00" gy 1.25" DIA. TV CAMERA WITH 90°
Ty / LENS INSPECTING THE 10TH
Pq SUPP<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>