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ABSTRACT

This report reviews the capability and readiness of remote handling
facilities at the Idaho National Engineering Laboratory (INEL) to receive,
and store the TMI-2 core, and to examine and analyse TMI-2 core samples.
To accomplish these objectives, the facilities must be able to receive
commercial casks, unload canisters from the casks, store the canisters,
open the canisters, handle the fuel debris and assemblies, and perform

various examinations.

The report identifies documentation, including core information, nec-
essary to INEL before receiving the entire TMI-2 core. Also identified are
prerequisites to INEL's receipt of the first canister: costs, schedules,
and a preliminary project plan for the tasks.

The information shows that all of the core receipt, storage, and
examination operations can be performed at INEL. Some problems exist, but
none are insolvable. Information was obtained from existing documentation,
responses to specific questions, and interviews with hot cell personnel.
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SUMMAR Y

The events leading up to the Three Mile Island Unit-2 (TMI-2) reactor
accident, the accident itself, and the results of that accident have been
the subject of national review by the nuclear industry and government
agencies. As part of that review, samples of the core will be examined and
analysed in order to understand the accident sequence and to form a data
base for predicting and controlling nuclear fuel behavior during degraded
core-cooling situations. The ldaho National Engineering Laboratory (INEL)
will receive and store the TMI-2 core as part of the Core Activities Program
administered by the Technical Support and Projects Office (TS&PO). Core
examination efforts, encompassing selection, acquisition/isolation, stor-
age, distribution and examination of core material samples, will also be
administered by the TSLPO as part of the Core Activities Program, At least
half of the examination and analysis effort will be performed by other
laboratories, coordinated by and on samples provided through the TS&PO.

The INEL undertook an overall review of their remote handling facili-
ties and determined capability, availability, and readiness to receive the
TM1-2 core. In adaition, a study was made that determined the administra-
tive documentation needed prior to their receiving the core, the availa-
bility ana condition of DOT-approved shipping casks, and accommodations for
moving examination samples between site facilities. A preliminary project
plan was also prepared from this information to demonstrate the feasibility
of performing the core examination in the existing facilities. This plan
contains costs and schedules for the work required to ready the facilities
and prepare documentation. Although receipt date of the TMI-2 core samples
is presently uncertain, it is assumed for readiness purposes that the first
core canisters will arrive by commercial carrier during the last quarter of
FY-84.

The primary facilities selected for use in the Core Activities Program
and the operations they will perform are as follows:
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0 TAN-607 Hot Shop --  Fuel receiving and transfer
° TAN-607 Hot Cell -- Fuel examination preparation

° TAN-607 Storage Pool -- Fuel storage

° TRA Hot Cell, ARA Hot Fuel examination
Cell, Hot Fuel Examina-
tion Facility, CPP Remote

Analytical Facility.

Although other facilities at INEL have similar capabilities, TAN-607
was selected to perform the first three operations because the other facil-
ities are presently committed and will not be available for full-time
dedication to the TMI Program. However, these facilities could provide
strong backup to TAN-607 during an emergency. Personnel at these other
facilities feel they could perform part or all of the examination tasks if
need be without impacting other programs, by scheduling TMI examinations
with existing work. Since fuel-examination requirements are not yet firm,
facilities were not identified for specific tasks. This report describes
each facility and lists examination capabilities.

Documentation needed to be complete prior to receipt of the first core
samples is identified for TAN-607 in areas of safety, environmental protec-
tion, safeguards and security, quality assurance, and operations. This
type of documentation for the other examination facilities should already
exist, be relatively easy to update, and would not be a critical-path
item. These facilities routinely receive shipments of irradiated fuel
samples for examination, and the TMI samples would, in all probability, be
within the sphere of work of previously analyzed accidents.

Of primary concern in the documentation area is the input data needed
to start work on some of the documents. The safety and environmental docu-
ments, for instance, need data on the characterization of the fuel debris
to be shipped, as well as on the characterization of the shipping container.
Without these data, completion of several important documents could be
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delayed. Interfaces and lead times for all documents are shown on the
schedule of the preliminary project plan.

Review of INEL casks and transportation equipment show that samples
for examination can be moved between existing INEL facilities with few
problems. Moving the proposed 14-ft shipping canister between facilities,
however, is cited as a possible problem. Presently, it is planned to open
the canisters at TAN-607 and to ship only small samples to the examination
facilities. Shipping a 14-ft canister to the only other facility capable
of handling it, the Hot Fuel Examination Facility (HFEF), would require
adaption of one on-site cask.

The preliminary project plan contains costs and schedules for all
items needed to start receipt of the core canisters by the fourth quarter
of FY-84. These include facility modifications, documentation, and first-
year trade-off studies. The schedule shows that no insolvable problem
exists in completing all necessary work before late FY-84, assuming that
the data needed for specific items will be received on schedule.

Appendixes to this report describe in more detail the WBS tasks and
facility modifications discussed in the body of the report.
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TMI-2 CORE EXAMINATION PROGRAM:
INEL FACILITIES READINESS STUDY

1. INTRODUCTION

In order to acquire and preserve data from the damaged TMI-2 reactor
core, the entire core debris will be shipped to the ldaho National Engi-
neering Laboratory (INEL) for examination and storage as part of a TMI-2
Core Examination Program. The objectives of this examination and these
analyses are to provide the analytical data necessary for understanding the
accident sequence that occurred in the TMI-2 reactor, and to provide a data
base for predicting and controlling nuclear fuel behavior during degraded-
core-cooling situations.

A study was undertaken to review the status and capabilities of INEL
facilities that might be used in the TMI-2 Core Examination Program. This
study considered all activities to be performed during the course of the
core examination and evaluated the adequacy of INEL facilities. Activities
considered were cask receiving, material handling, storage, decontamination,
examination, material shipment to other laboratories, and waste disposal.

In addition, a review of the administrative requirements that must be ready
before the core arrives was done at the same time.

The products ot this study are (a) a document describing the capabili-
ties of the INEL facilities, (b) a plan defining the work needed to ensure
that the INEL is ready for the Core Examination Program, and (c) guidance
about the budget expenditure necessary for facility and administrative
preparations. The description of the INEL facilities, the definition of
adgministrative documentation, and the program plan are contained in the
following sections of this report. >Section 2 contains a description of
those facilities selected to perform specific functions of the examination
program. Section 3 discusses the aoministrative documentation identified
as necessary for the proposed program. Section 4 describes the transporta-
tion and cask faci1lities available for movement of core samples within the
INEL boundaries. Section 5 contains the preliminary plan, costs, schedule,



and definition of the work needed to prepare the INEL for the Core Examina-
tion Program. Specific technical issues are also discussed in Section 5.
The locations of the facilities discussed in this report are shown in Fig-
ure 1. The parameters and requirements against which the site capabilities
were evaluated are contained in Appendix A.
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figure 1. Locations of facilities at INEL.



2. FACILITY DESCRIPTIONS

2.1 Receiving and Transfer Facility

The receiving and transfer facility is to be used for receipt of the
commercial shipping cask, unloading the fuel canister, and transfer of the
canister either to storage or to a preparation area for further work. The
major requirements for this facility are that it be capable of receiving a
truck with cask, of handling a commercial cask, and that it have a shielding
and/or remote handling capability for unloading the canister from the cask.
The principal facility selected for this operation is the Test Area North
(TAN) 607 Building Hot Shop. A view of the Hot Shop is shown in Figure 2.

The TAN Hot Shop is a shielded cell designed for remote handling of
large radioactive components. The shop is 51 ft wide by 160 ft long by
55 ft high. The walls are 7-ft thick concrete. Shielded viewing is
provided by 6-ft thick glass windows filled with zinc bromide. The loca-
tion of the windows and of other major items in the Hot Shop is shown in
Figure 3.

The Hot Shop is served by a variety of remotely-operated handling
equipment. The largest piece of equipment is the 100/10-ton bridge crane
for moving heavy assemblies. This crane services the entire shop and can
1ift an emergency load of 150 tons. An overhead bridge-mounted electro-
mechanical manipulator (U-Man) can also service the entire shop. The
manipulator can 1ift a 600-1b load with its fingers and has a shoulder hook
capable of supporting loads of up to 5000 1b. Three wall-mounted manipula-
tors are installed for light duty work. These manipulators can travel both
horizontally and vertically along the Hot Shop walls and have jib booms
that can be swung from the wall to the center of the shop. Two manipula-
tors are installed on the south wall and one on the north wall. Figure 4
is an elevation view showing the equipment discussed above. Window G, at
the northwest corner of the Hot Shop, contains heavy duty master-slave
manipulators that can be used to work on objects at that window.
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The Hot Shop contains a main door on its west end, capable of allowing
heavy equipment to enter the facility. The allowable floor loading for the
shop s 250 lb/ftz. but heavy concentrated loads can be located within
the Hot Shop by positioning them over specific support areas.

The handling equipment described above is capable of performing all
receiving and transfer operations envisioned for the TMI-2 Core Examination
Program. The 25-ton or even 70-ton casks, considered as possible shipping
casks for the core samples, can be lifted and off-loaded in the Hot Shop
using the 100-ton crane. Either the 10-ton bridge crane or the 0-Man can
remotely l1ift and move a fuel canister to the storage pool or to the prep-
aration area, which will be the TAN Hot Cell (THC) at the east end of the
shop. The THC was previously known as the TAN Radioactive Materials
Laboratory (RML). Decontamination operations can be performed within the
Hot Shop on the cask or transporter, if required.

The seysmic rating for the TAN-607 building conforms to the Uniform
Building Code (uBC), Zone 2. The general condition of the Hot Shop is
rated as good, although there are upgrades required to bring it to full
capacity. These upgrades are outlined in Section 5 of this report.

Several other INEL facilities were considered for the receiving and
transfer operations. These were the Hot Fuel Examination Facility-North
(HFEF-N) and the Idaho Chemical Processing Plant (ICPP). The HFEF-N has
all the capabilities to handle a cask weighing up to 50 tons, remotely
handle a canister, and temporarily store the canister. >ince the facility
was not specifically designed to handle commercial casks, the ability to
transfer a canister from a cask is uncertain. The cask-transfer tunnel,
Figure 5, is not high or wide enough to handle a top-loading commercial
cask. The high bay above the cells can accommodate only bottom-loading
casks. While these problems could be overcome by facility modifications or
by special casks, the present and projected work load for the HFEF may not
lend itself to absorbing the dedicated schedule necessary for the TMI work.
The facility personnel are presently supporting the Liquid Metals Fast
Breeder Reactor (LMFBK) Program, which {is their first priority.
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ICPP has two facilities capable of receiving and transferring a canis-
ter to a shielded area. These are the Flourinel and Storage (FAST) Facil-
ity and the Irradiated Fuel Storage Facility (IFSF). The FAST Facility fis
presently under construction, but the Fuel Storage Area (FSA) of the facil-
ity will be available for operation in April 1984, The FAST FSA receiving
capabilities are divided into four areas as shown in Figure 6. These con-
sist of the truck and railcar receiving bay, the cask receiving and decon-
tamination area, a fuel storage area, and a fuel-cutting facility. The
receiving bay serves as an airlock where trucks and railcars can enter the
FAST Facility, thus minimizing the effects of outside weather congitions on
the main facility. The inner and outer doors are interlocked so that
neither may be opened until the other is closed. This bay has equipment
for washing road dirt from casks and vehicles; it is large enough to
accommodate two transports side by side.

The cask receiving and decontamination area is used for radiation
surveys, decontamination of casks, trucks and railcars, as well as loading
or unloading casks on trucks or railcars. The area can house two trans-
ports side by side. An overhead 130-ton crane with a 25-ton auxiliary
hoist are used for unloading casks. There is a cask storage area and two
decontamination rooms equipped with water, steam, chemical sprayers and
cask venting systems. The entire receiving area can adequately handle
commercial fuel shipping casks, if necessary.

After the canisters nhave been unloaded from their casks and decontami-
nated, they can be moved to an adjacent fuel-storage area (as shown in
Figure 6) where they are lowered into one of two cask unloading pools. The
pools are 31 ana 41 ft deep respectively, which enables personnel to remove
the cask contents underwater with adequate shielding. Two 10-ton cranes
are provided for unloading the cask contents and transfterring those con-
tents to the 1solation, storage, or cutting pools. The isolation pools are
connected to the unloading pools for the inspection and canning of fuel,
when required. The unloading pools also connect with a transfer canal
where the cask contents can be moved underwater, using the 10-ton cranes,
to a storage area.
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Figure 6. Plan view of FAST Fuel Storage Area (FSA).



The IFSF is used for the receipt, unloadiny, and storage of irradiated
fuel. Unlike the FAST Facility, all operations performea at the I[FSF are
in an air environment. The tacility 1s divided into several functional
areas as shown on Figure 7. The cask-receiving area is capable of receiving
truck or railcar cask shipments. It is equipped with 75- and 15-ton cranes
for unloading and handling casks. The casks are placed in the transfer pit
where their contents can be removed. A specially-designed transfer car is
used to move the cask from the transfer pit to the fuel-handling cave. The
car is designed in such a way that the fuel-handling cave is always
1solated from the cask-transfer pit even when the car is in motion.

Tne fuel-nanaling cave 1s equipped with a lu-ton bridge crane and a
bridge-mounted electromechanical manipulator with a 1000-1b capacity
shoulder hook, 2-ton hoist, and a hand with 30U 1b capacity. The cave is
used for transferring fuel from shipping casks and preparing fuel for stor-
age. Temporary storage wells are contained in the floor of the cave to
accept shipping baskets and containers. Only two of the wells are capable
of accepting the TMi-2 core canisters.

The FAST Facility and IFSF both have the capability to receive the
TM1-2 core-fuel shipments and transfer the fuel from the casks into a
shieldea area. The IFSF is limited to storing two canisters, but the FAST
Facility has large storage areas. Both facilities, however, are committed
for other programs and would not be available to supply dedicated support
to the TMI Program. If it is necessary to have an emergency backup facil-
ity for TAN-6U7 operations, further discussion with FAST Facility personnel
will be necessary. (Questions of use and funding need to be resolved. The
extent of possible use as well as the impact on the existing programs need
determination. Funaing will have to be provided to prepare procedures,
train personnel, make a safety analysis, and procure equipment.

2.2 Preparation Facility

Prior to examination ot any core samples, the shipping canisters must
be moved to a preparation facility. This facility must have the equipment

R
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Figure 7. Plan view of the Irradiated Fuel Storage Facility (IFSF).



and personnel necessary to open the canisters (which are to go directly to
storage), remove the contents, and repackage samples for shipment to other
INEL facilities, national laboratories or commercial facilities. Opening
the canisters to make an inventory or inspection of their contents could
also be required. For these purposes, a facility must be available that
has the remote handling and shielding capability for handling a 14-ft long
canister. The facility selected for this task is the TAN Hot Cell (THC).

The TAN Hot Cell adjoins the southeast end of the main TAN Hot Shop as
shown in Figure 2. The THC was designed for the observation, handling, and
examination of small radioactive objects. It is 35 ft long by 10 ft wide
and has access to the Hot Shop through a door at the north end of the cell
(see Figure 8). Four viewing windows, each equipped with master-slave
manipulators, make it possible for personnel to do hot cell work from an
operating gallery. Two overhead bridge-mounted-manipulators serve the
entire THC. These manipulators have a 150-1b hand capacity, 750-1b capac-
1ty shoulder nooks, and 2-ton chain hoists. Figure 9 is an elevation view
of the THC showing the winaows and manipulators.

The access door from the THC to the Hot Shop is equipped with an air
pallet with 2-ton capacity and enters the THC through two sliding shielding
doors 46 in. wide by 8 ft high. The air pallet is stored on the Hot Shop
side of the door. The false floor inside the THC on which the air pallet
rests is capable of sustaining a 2-ton load.

The THC is constructed so that the TMI fuel canisters could be handled
in a horizontal position when their contents are extracted. There is suf-
ficient room within the THC to install any welding, cutting, or other
equipment to open or close the canisters. The THC contains roughing
filters, HEPA filters, and halogen absorbers.

Mounting, grinding, polishing, and photomicrography of fuel samples
has been done in the past at the THC, but equipment does not presently
exist to perform these operations. This work is normally done for small
samples at the Test Keactor Area (TKRA) hot cell, which is descrived in
Section 2.4.3. Samples can be transported from the THC to TRA in existing
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INEL casks. The THC is equipped to handle the canisters, open them, trans-
fer samples to smaller canisters for shipment to other sites, and reclose
the canisters. Proposed polishing and grinding equipment would allow THC
personnel to prepare large samples for metallographic examination. The THC
is seismic rated for UBC Zone 2, and its general condition is good. Some
upgrades have been identified for specific items, which are outlined in
Section 5.

Other facilities were considered to perform the preparation opera-
tions. The most promising of these facilities was HFEF-N. The facility
was discussed in Section 2.1. as a possible receiving facility. The HFEF-N
contains all necessary equipment to perform any of the preparation opera-
tions including mounting, grinding, and polishing of samples. It is an
alpha-qualified facility. However, the TAN-607 Hot Cell was selected
because it allows the canister to remain in a single facility after it is
received. Also, there are the previously discussed problems of transfer-
ring a canister to HFEF-N from a commercial cask, and HFEF's present
dedication to the LMFBR Program. The HFEF-N facility could be an alternate
location for the preparation of TMI fuel as long as this preparation does
not interfere with other work, and if prior arrangements have been made for
them to receive the fuel. The canisters could be transferred in the TAN-607
Hot Shop to a cask that would be compatible with the HFEF-N receiving
equipment.

The FAST Facility and IFSF are both designed to prepare fuel for stor-
age or processing, but neither facility presently contains the equipment
required to open canisters and cut fuel element structural members. They
were not considered further for this task.

2.3 Storage Facility

The storage facility is intended to store the entire TMI-2 core in
canisters, from which samples for examination will be taken. The major
requirements of this facility are that it be capable of handling a fuel
canister, provide shielding to personnel, and store the fuel in a non-
critical configuration. It is estimated that storage will be needed for
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as many as 250 canisters, which will contain the entire TMI-2 core.
Although dry storage was considered, wet storage was selected for economy.
The TAN-6U7 storage pool was selected for storing the core canisters. The
pool will adequately store the entire TMI-2 core and is accessible to the
recommended receiving and transfer, and preparation facilities.

The TAN-607 storage pool adjoins the northeast end of the TAN Hot
Shop, Figure 2. There is a pool vestibule in the Hot Shop where canisters
can be lowered onto a cart located on rails at the bottom of the pool.
Access to the main pool is gained by pulling the cart from the vestibule to
the man pool with a power winch,

The vestibule pool is 24 tt wide by 25 ft long. The storage pool is
48 ft wide by 70 ft long. The entire pool is 24 ft deep. A shielding wall
6 ft 10 in. thick between the hot shop and storage pool area extends 5 ft
down into the pool, providing an air-tight seal between the two areas. An
elevation view of the pool is shown in Figure 10. The storage pool is
served by a 15-ton bridge crane, mounted on a working bridge over the pool.
Although LUFT-IFSF is using part ot the pool, it will not interfere in any
way with the TM]-2 Core Examinaton Program.

With installation of modular storage racks, the pool can easily accom-
modate the examination-sample canisters in either vertical or horizontal
storage positions. Preliminary calculations (Appendix B) show that 10 ft
of water 1s more than adequate to shield the canisters. If the rails for
the cart remain free and if all canisters are stored within the operating
limits of the 15-ton crane, there is sufficient space to store the entire
core. This assumes canisters are stored on 2-ft centers in either the
horizontal or vertical position. Neither position is ideal. Horizontal
storage makes it necessary to move the top store racks to get at the lower
ones. Vertical storage requires that modularized storage racks be moved
between other racks to keep them below the water.

Another possible problem with using the pool to store the entire core
for lony periods is the thermal effect of the fuel decay heat on the water
temperature. The pool presently has no cooling system except natural
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convection to remove heat. Temperature increases of the pool water may
enhance algae growth and complicate keeping the pool water clean.

The examination samples, and archive fuel (fuel not to be examined in
this program), should be stored in a readily accessible area. The storage
pool is logical for the archive fuel, and there should be no problem in
using the pool for interim storage of the examination-sample canisters.
Heat generation will be minimal, and there is sufficient space to store
vertically or horizontally, with little concern about criticality.

Several other INEL facilities were considered for the fuel storage.
These were HFEF-South, the FAST Facility, CPP/IFSF, and the Engineering
Test Reactor (ETR) canal. HFEF-S {is presently slated for fuel storage in
support of HFEF-N operations. But in-cell space is available for other
storage or use. The major problem is that unloading a commercial cask with
a 14-ft fuel canister would require facility modification.

The FAST Facility is fully capable of storing the fuel canisters in
two of its six storage pools (see Figure 6). The storage pools are equipped
with two 10-ton cranes capable of removing the canisters from the unloading
pool area and depositing them in the first two of the storage pools via the
transfer channel. These pools are 41 ft deep; the other four are 31 ft
deep. The storage pools have ultraviolet and chiller systems to control
algae growth and maintain the water temperature within specified limits.
tach storage pool has a minimum floor area of 1440 ftz. Storage in the
cutting pool may be preferred since it has a special H&V system and because
it can be totally isolated from the rest of FSA. However, the FAST FSA is
committed to other programs and cannot be used for storing all the TMI
fuel. Special arrangements would have to be made in advance even for
emergency storage of small amounts of TMI fuel. ’Horeover. special racks to
nold the canisters would be needed.

The CPP/IFSF was considered for storage but was not found acceptable.
The shuttle bin for moving fuel from the handling cave to the storage area
can only accommodate 13-ft canisters. In addition, all storage space in
the facility is committed to other programs.

19



A review of the ETR facility was undertaken because it is presently
being shut down. The facility contains a T-shaped canal that could be used
for fuel storage. But the canal is only 20 ft deep, limiting the storage
method to horizontal placement of the canisters. The 50-ton crane is
available, but no equipment exists for shielding during unloading of a
canister from a cask. Also, the facility is not considered suitable for
storage since the canal-floor space available for storing the entire core
is marginal; furthermore, it has no advantage over the TAN storage pool for
storing examination samples. The facility will be shut down, with all
systems deactivated. To use the canal would require reactivation of these
systems as well as opening and manning a large facility for use of a small
storage space. The only advantage appears to be that the facility is rated
higher by seismic criteria than TAN-607.

2.4 Examination Facilities

2.4.1 General

The criteria for examination of the fuel samples have not been firmly
established at this time. Therefore, no facility was selected to perform
the examination of fuel samples. It is very likely that no single facility
will be used for examination; rather, several will be used, depending on
their particular capabilities. This section describes all of the INEL
examination facilities and lists capabilities for each.

2.4.2 Auxiliary Keactor Area (ARA) Hot Cells

The ARA hot cells consist of two adjoining shielded cells in
Building 626 of ARA No. 1. Figure 11 shows a plan view of these cells.
Cell No. 1 has two work stations, with master-slave manipulators. The cell
has a floor area 8 by 16 ft and a ceiling height of 14 ft. An overhead
bridge-mounted electromechanical manipulator serves the entire cell with a
hand and shoulder hook capable of lifting 750 1b. An overhead hoist
capable of lifting 2 tons is also installed in the cell.
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Figure 11. Plan view of ARA hot cells.
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Cell 2 has a single work station, with manual manipulators. The cell
has a floor area 8 by 8 ft and a ceiling height of 14 ft. An overhead
hoist, capable of lifting 1 ton, is installed in the cell. A port capable
of passing small samples and tools connects the two cells.

The cells have an air atmosphere, off-gas being passed through HEPA
and charcoal filters. Shielding consists of 36 in. of high density con-
crete. The cells are limited to handling experiments no larger than 9 in.
outside diameter by 8 ft long, and a maximum weight of 750 1b. The cell's
primary uses are to mechanically dismantle experimental fuel assemblies,
perform preliminary encapsulation of specimens for further examination, and
to perform initial examinations of the specimens. Machine tools, welding
and cutting equipment, and a 50-joule pulsed laser are available to the
cells. Work is normally performed in the horizontal position.
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