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Postirradiation handling and examination at the HFEF Complex

The Hot Fuel Examination Facility provides postirradiation handling and examination of fast reactor
irradiation experiments and safety tests for the United States Breeder Reactor Program. Non-
destructive Interim examinations and destructive terminal examinations at HFEF derive data from
tests irradiated in the Experimental Breeder Reactor No. II, in the Transient Reactor Test Facility
(TREAT), anil in the Sodium Loop Safety Facility. Similar support will be provided in the near
future for tests irradiated in the Fast Flux Test Facility, and for the larger sodium loops to be
irradiated in TREAT.

INTRODUCTION

1. The Hot Fuel Examination Facility (HFEF)
Complex (ref. 1), located at the Argonne-West
Site of the Idaho National Engineering Labora-
tory, comprises two hot-cell facilities—HFEF/
South and HFEF/North.

2. HFEF/South, originally known as the Fuel
Cycle Facility (ref. 2 ) , was built in conjunc-
tion with the Experimental Breeder Reactor

No. II (EBR-II). From 1964 to 1968, HFEF/South
demonstrated remote reprocessing and refabrica-
tion of uranium-fissiuin metal—alloy driver fuel
elements in a closed cycle with EBR-II. During
those four years, 35 000 fuel elements were
remotely reprocessed and refabricated into sub-
assemblies. Since 1968, EBR-II has been the
principal United States facility for irradiation
of liquid roetal, fast-breeder-reactor fuel and
material experiments. HFEF/South provides hot-
cell support for the present EBR-II mission by
handling, packaging, and disposing of spent
fuel, blanket, and reflector subassemblies.
HFEF/South also complements HFEF/North capa-
bilities for interim and postirradiation han-
dling and nondestr'jctive and destruc-ive exam-
inations of fuel and material experiments from
EBR-II irradiation programs.

3. HFEF/North, a large, modern alpha-gamma hot-
cell facility, was activated in March 1975.
This facility provides state-of-the-art capa-
bilities for postirradiation handling and non-
destructive and destructive examinations of fuel
and material exoeriments now irradiated in
EBR-II and those that will be irradiated in the
Fast Flux Test Facility (FFTF) at Richland,
Washington. HFEF/North also provides preirradi-
ation and postirradiation handling and examina-
tion of fast-reactor safety and fuel performance
tests irradiated in medium-sized sodium loops
and capsules in the Transient Reactor Test
Facility (TREAT) and in the large Sodium Loop
Safety Facility (SLSF) of the Engineering Test
Reactor (ETR).

4. HFEF hot-cell facilities are briefly
described below.

SUMMARY DESCRIPTIONS
5. The HFEF/South facility (Fig. 1) contains
two large, heavily shielded hot cells; one with
an Inert-gas (argon) atmosphere, the other with
air-atmosphere. The shielding walls of both
cells are high-density (3.5 g/cm3) concrete,
1.5 m thick. There are two small equipment-
transfer locks between the argon cell and the
adjacent air cell, and one large equipment-
transfer lock through the argon-cell floor into
a subcell that communicates with the air cell.

6. The HFEF/South "air cell" is 4.6 m wide,
14.3 m long, and 6.4 m high inside. The air
cell provides nine work stations, each having
a viewing window and a pair of nonsealed
master-slave manipulators. The overhead han-
dling system in the cell consists of two 340 kg-
capacity, bridge-mounted electromechanical
manipulators and one 4.5 Mg-capacity bridge
crane. All internal concrete surfaces of the
air cell are painted.

7. The HFEF/South "argon cell" is a 16-sided
polygon, one face of which is an end wall of
the adjacent air cell. A central control room
forms a hub, so the argon cell contains 16
trapezoidal bays. Each bay is 4.9 m across,
3.7 m wide at the outer wall, 1.8 m wide at the
central control-room wall, and 6.7 m high. The
argon cpll now has 18 viewing windows, four
through the central control-room walls and 14
through the outer walls. Four more viewing
windows originally installed in the central
control-room walls were removed for use in
HFEF/North. The in-cell overhead handling
system consists of two 4.5 Mg-capacity bridge
cranes and six 340 kg-capacity bridge-mounted
electromechanical manipulators. All internal
surfaces of the argon cell are clad with carbon
steel, zinc-metallized, and shot-peened.
During normal operations, argon gas Is re-
circulated through the cell and is continuously
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cooled and purified to maintain specified

limits on oxygen and water vapor.

8. The HFEF/North facility (Fig. 2, refs. 3 and
4) also contains two hot cells, one with argon-
gas atmosphere and the other with air atmos-
phere. The air-atmosphere "decontamination
cell" is 9.1 m wide, 6.1 m long, and 7.6 m high
ii.side. The argon-atmosphere "main cell" is

9.1 m wide, 21.3 m long, and 7.6 m high inside.
T'e shielding walls of both cells are high-
uensity (3.5 g/cm3) concrete 1.2 m thick. The
decontamination cell has six work stations, one
of which is an enclosed spray chamber with a
remotely controlled turntable to facilitate
equipment decontamination. Each station is
equipped with a pair of nonsealed master-slave
manipulators. The overhead handling system in
the decontamination cell consists of one 4.5 Mg-
capacity bridge crane and one 340 kg-capaclty
bridge-mounted electromechanical manipulator.
Excepting the floor, all internal surfaces of
this ceLl are painted concrete; the floor is
clad with stainless stuel.

9. The argon-atmosphere main cell provides 15
work stations, each outfitted with a pair of
sealed mnster-slave manipulators. The overhead
handling system in the main cell consists of
two 4.5 Mg-capacity bridge cranes and two 450
kg-capacity bridge-mounted electromechanical
manipulators. All inte -.,.1 surfaces of the main
cell are clad with carbon steel, zinc-metal-
lized, and shot-peened. During normal opera-
tions, the argon-gas atmosphere is recirculated
through the cell and is continuously cooled and
purified to maintain specified limits on oxygen
and water vapor.

HFEF MISSION AND PROGRAMS
10. The HFEF mission is to provide hot-cell
services necessary for EBR-II operations, for
preirradiation and postirradiation handling and
examination of fuels and materials irradiation
experiments, and for fast-reactor safety tests,
all of which are a part of the United States
Breeder Reactor Program.

11. For EBK-II operations, HFEF handles, pack-
ages, and ships spent fuels to the Idaho
Chemical Processing Plant for reprocessing,
and packages spent hlanket nnd reflector sub-
asaemblles for disposal. HI-'KK also provides
hot-cell services for qualification and sur-
veillance of EBR-II metallic driver fuel,
blanket, and reflector subassemblies, and for
handling and examining miscellaneous irradiated
EBR-II components when required.

12. For the EBR-II fuel and material experi-
mental irradiations program, HFEF handles all
subassemblies removed from the reactor and per-
forms interim and terminal postirradiation
destructive and nondestructive examinations

on the subassemblies, capsules, and elements.

13. For TREAT sodium loop and capsule irradi-
ations (ref. 5 ) , HFEF assembles irradiated fue!
elements into loop test trains or static capsules.

and loads the test assemblies into sodium loops
or pressure vessels. The completed test
vehicles are checked for leaks, and the instru-
mentation is tested, before they are transferred
to TREAT for transient irradiation. Posttest
operations on the TREAT tests include stripping
loops of materials and components to prepare
them for neutron radiography, removing test
trains from loops or static-capsule pressure
vessels, mechanically sectioning loops, non-
destruccively examining components and pack-
aging selected components for shipment to other
laboratories for detailed examination.

14. For SLSF tests (refs. 6 and 7), HFEF pro-
vides postirradiation handling, disassembly,
and examinations. These activities include
transferring the large SLSF loop into the HFEF/
North main cell, machining the upper end of the
loop so the test train can be removed, trans-
versely sectioning the test train, and non-
destructively testing the test train (including
neutron radiography, gamma scanning, and visual
and photographic examinations). Components are
sectioned, packaged, and shipped to other labor-
atories for detailed examination. HFEF also
disposes of the used SLSF loop hardware and
radloactively contaminated bulk sodium.

15. Additional breeder reactor programs which
HFEF expects to support in the near future
include TREAT irradiation programs using the
new, longer, Mark-Ill sodium loop and the very
large Advanced-TREAT-Loop (ATL); and the Fast
Flux Test Facility (FFTF) fuel and absorber
programs. For the FFTF programs, HFEF will
handle, examine, and disassemble subassemblies,
and will perform nondestructive and destructive
examinations of elements and capsules.

16. To support the above-mentioned programs,
HFEF provides a wide range of capabilities.
For EBR-II subassemblies, these capabilities
include removal of residual sodium, flow-test
measurements, neutron radiography, visual and
photographic examinations, profilometry, and
disassembly (ref. 8 ) . The prnfilometer (reT. 9)
measures the subassembly length, axial straight-
ness, twist, and flat-to-flat and corner-to-
corner dimensions of the hexagonal ducting.
Subassemblies may be reconstituted (ref. 8) for
n-fjrn to Kllll-TT following compltt Ion of pri--
scrlbjd nondestructive examinations.

17. For all -apsules and elements, HFEF capa-
bilities include precision weight determinations
(ref. 10), precision diameter (profilometry)
measurements (ref. 11), length and bow determin-
ations (ref. 12), gross and detailed isotopic
gomma-ray scanning, visual and photographic
examinations (ref. 13), eddy-current cladding-
integrity testing (refs. 14 and 15), neutron
radiography, fuel element fission-Ras sampling
and analysis, volume and pressure determinations
for fuel element or capsule plenums, leak
tcscing, metallographic sample preparat ^ns,

and optical microscopy (ref. 16). Additional
capabilities can be provided when required.

8. Figure 3 shows the layout of "he equipment
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for the above-mentioned handling and examina-
tion capabilities in the HFEF/North main cell
and decontamination cell.

SPECIAL HFEF FEATURES AND CAPABILITIES

19. Several features and capabilities of the
HFEF Complex are of especial importance. These
include:

20. Sodium Removal. Sodium that remains on
EBR-II subasseroblies when they are taken from
Che reactor is removed while the subassembly is
in the heavily shielded inter-building transfer
coffin (IBC). Moisc air or inert gas is forced
through the coffin at increasing rates, then
the suba9sembly is flooded with water. Finally,
the subassembly is dried with hot air. Used for
many years, this method has proved very effec-
tive. Elements and capsules from the subassem-
blies usually may be examined without requiring
additional sodium removal.

21. Element and Capsule Handling (ref. 17).
Whenever practical, elements and capsules being
handled in HFEF/North are maintained in the
vertical attitude. To minimize the handling

of vulnerable experiments using manipulators,
a collet-type end fitting Is attached to the
upper end of each element or capsule. The
experiments are then batch-processed through
the examination sequences In magazines that hold
20 elements or capsules. The grip-mechanisms of
the semiautomatic in-cell examination machines
grip the end fittings, not the bare elements.
In five years of operation, about 7500 capsules
and elements have been handled using this
system.

22. Neutron Radiography. The HFEF Complex
offers In-house capabilities for neutron radi-
ography of Irradiated fuels and other components
in the HFEF/North Neutron Radiography (NRAD)
Facility (Figs. 4 and 5; refs. 18, 19 and 20).
The NRAD neutron source is a General Atomic
TRIGA reactor which is operated at 250 kW power
level. The reactor is located directly below a
workstation in the HFEF/North main cell. It
provides lxl0& neutrons/cm2-sec thermal-neutron
flux at the specimen plane. Specimens to be
neutron radiographed in NRAD are loaded into
holders in the HFEF/North main cell and the
loaded holders are lowered through a vertical
shaft on an elevator platform. To produce the
radiograph Images, a collimated, horizontal
neutron beam from the reactor is passed through
the specimen to activate radiography-transfer
foils (indium or dysprosium) remotely positioned
behind the specimens. The transf er foil Is then
remotely retrieved and placed in contact with
X-ray film in a timed exposure to produce rhe
radiograph. The facility was designed so speci-
mens being radiographed need not be removed from
the argon-gas environment of tin HFEF/North main
cell. Also, the transfer foils are easily
recovered without any exposure to radioactive
contamination and with essentially no exposure
to radiation.

22. An addition to the NRAD facility, now being
engineered, will provide a second collimated

neutron beam and a radiography station outside
the hot cell. With this addition, specimens
may be positioned in the neutron baam directly
from a bottom-discharging cask without being
transferred into the main cell. It will, there-
fore, not only improve production, but will also
facilitate development of improved techniques
for neutron radiography.

23. Data Acquisition and Process Control Syst<-^
(DAPCS) (ref. 21). This system uses redundant
computers (two) to acquire, store, and process
data from selected in-cell examination systems
and equipment, and from facility operations,
DAPCS also controls the in-cell element posi-
tioning stages for the precision gamma scanner
(PCS-II) and the element laser profilometer.

A network of remote terminals, strategically
located in the operating corridors and coupled
to the DAPCS computers, Is being developed for
dynamic administration of fissile-materials
accountability and criticality-hazard controls.
The HFEF/North fixed air-sampling system (ref.
22) , comprising 65 air-sampling heads that
monitor ultra-low levels of airborne radioactive
contamination throughout the facility, also uses
DAPCS for data acquisition.

24. Laser Utilization In Examination Devices.
Now being qualified at HFEF Is a laser profil-
ometer (ref. 12) for capsules and elements.
This profilometer uses a low-powered laser
system for precision measurement of specimen
diameters and for determining their axial bow.
This new system will replace the existing pro-
filometer that uses linear voltage differential
transformers as measuring elements. The laser
profllometer will be interfaced with the DAPCS
system for acquisition of data and control of
the positioning stage-

25. In HFEF/North, a system for gas analysis,
sampling, and recharge (GASR) is being developed.
This device uses a high-powered laser to puncture
fuel-element cladding* A sample of the fission-
gas is drawn oif for radiochemlcal analysis and
the puncture-hole can then be welded closed.
GASR is expected to be much more effective,
efficient, and controllable than mechanical-
drill systems.

26. Television System for Experiment Examina-
tion (TVSEE). To complement the present capa-
bilities for visual and photographic examina-
tions In HFEF/North, a closed-circuit television
system Is b*'ing developed. The syatem incorpor-
ates in-cell black-and-white and color television
cameras coupled to a digital data-recording
system. The output from the data-recording
system may be digital magnetic tape, conventional
video tapes, or hard-copy photographic prints.
This system will enable HFEF to collect signifi-
cantly more high-quality visual and photographic
data from experiments. Also, the data will be
more readily and efficiently stored, retrieved,
reviewed, transmitted, and analyzed.

HFEF ORGANIZATIONAL STRUCTURE
27. Figure 6 illustrates the HFEF organizational
structure and functions. The HFF.F Manager and
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his immediate staff total five persona. The
Experiment Coordination and Control Section
(ECC), totalling 12 persons, provides the HFEF-
to-program interface and operates the DAPCS
system. ECC Cognizant Engineers determine and
interpret the experimenter's technical require-
ments, review the data obtained, and otherwise
assure that HFEF satisfies all experiment
requirements. The HFEF Operations Section is
responsible for all productive operations of
the HFEF/llorth and HFEF/South facilities except-
ing NRAD; it is the largest (78 persons) of the
four HFEF sections. The HFEF Neutron Radi-
ogr .phy Facility is -anaged and operated by the
three-person NRAD Section. The Operations
Engineering Section (12 persons) is responsible
for provision of new examination and handling
equipment, tor any modifications of existing
systems and equipment, and for direct engineer-
ing support required by the Operations Section
in day-to-day operations. To supplement the
basic HFEF organization, the direct, full-time
support of 13 health-physics personnel is pur-
chased from HFEF's parent ANL-West Division.
In addition, the direct, full-time support of
nine instrumentation and control specialists is
purchased from the EBR-II Project. Overall, 132
persons are routinely involved in managing and
operating the HFEF Complex for n full day-shift
and a minimal second-shift operation. Other
part-time support is purchased as necessary.

28. In summary, the HFEF Complex provides
state-of-the-art capabilities for postirradi-
ation handling, and destructive and nondestruc-
tive examinations for the United States Breeder
Reactor Program. Irradiation tests to develop
fast-reactor fuels, materials, and safety are
supported by the HFEF hot-cell services. HFEF
systems, equipment, and techniques are contin-
uously upgraded and improved to better support
these essential programs.
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