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BUILDING 4507, HIGH-LEVEL CHEMICAL DEVELOPMENT FACILITY

1.0 INTRODUCTION

1.1 Purpose and Uses

Building 4507, the High-Level Chemical Development Facility, is a
doubly contained, multi-storied structure erected in 1957, housing 4 hot
cells shielded by the equivalent of 4 feet of high density concrete. The
cells, each having a usable volume 10 feet long, 6 feet wide, and 11 feet
high and served by master-slave manipulators, are used for laboratory or
small-scale pilot plant operations with highly irradiated a-B-y sources.
The penthouse superstructure contains alpha-tight glove boxes, a shielded
manipulator cave for small scale work, and a gantry crane for handling
shielded casks.

The cells in Building 4507 have been used in development studies on
fluoride volatility and aqueous processing of LWR fuels, separation of

232 231 41 242-244

U from Pa, recovery of 2 Am and Cm from plutonium and/or rare

earth wastes, preparation of sol-gel microspheres of Am, Cm, and 238Pu,
HTGR head-end processing studies, and separation of fission products from
aqueous wastes. The building is being used in 1973 for laboratory-scale

HTGR and LMFBR head-end processing studies, including tests with short-

cooled (30 days) fuel rods.

1.2 Location and Distance from Other Facilities
Figure 1, part of the Oak Ridge National Laboratory Permanent Facili-
ties Plan, shows the location of the High-Level Chemical Development

Facility in the plant complex. The distances of the various buildings
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from Building 4507 and the approximate number of occupants are:

Number of People Present

Bldg. Distance Nights and
No. Name ft Direction Weekdays Weekends?

4507 High-Level Chemical

Development Facility - - 4-7 1-3
4505 Unit Operations Abuts North 65 1-2
4501 High-Level Radiochemical

Cells (abuts 4505) 60 North 50 1-2
4508 Metals and Ceramics 100 South 200 1-5
4500 Central Research and Ad-

ministration (Wing 1) 48 East 100 2-3
3587 Instrument Stores 400 West 4 0

3Includes janitors, regular shift personnel, and irregularly assigned
technical personnel.
1.3 Emergency Evacuation Routes

In the event of a laboratory-wide emergency, as announced over the
public address system and signalled by the wailing evacuation siren,
experiments will be immediately shut down, the building put into contain-
ment by actuating the Manual Containment button, and personnel proceed
via Central Avenue to the East Portal parking lot (Fig. 1), or as other-

wise directed.

1.4 Building Description
1.4.1 General
Building 4507 is a 54-ft by 54-ft brick veneered, concrete block
building with an insulated sheetmetal superstructure called the penthouse.

A 10-ton gantry crane used for handling shielded casks of fuel and



analytical samples is located in the penthouse. Vestibule (air lock)
personnel entrances are provided and the building is sealed against air
leaks so as to be able to normally maintain at least -0.15 in. of water
in the operating areas with respect to the atmosphere. The building and
penthouse thus provide a secondary containment envelope for radioactive
materials handled within the primary cell block which operates at a

lower (-1 in. HZO) pressure. Table 1 summarizes the floor space and
containment volumes in the main areas of the building and in the 4
shielded hot cells. Table 2 is a general description of the cells, their
shielding, services, and current uses. Containment features of the

building and cells are described in detail below (Section 2.0).

1.4.2 Ventilation System

Ventilation for the building and cells (shown schematically in
Figs. 2 and 3) is supplied by fans in the Bldg. 4556 filter house; .
roughing, HEPA, and optional charcoal filters provide the primary line
of filtration prior to discharge of the air to the duct to the main ORNL
filters at Bldg. 3106 and the 3039 exhaust stack. Details of the system

are described in Section 10.0 and Appendix G.

1.4.3 Fire Protection System

The automatic fire protection and sprinkler systems in Bldg. 4507
are shown on Dwg. Nos. D-39803 through D-39806, D-39853, and D-39854R1.
Manual fire alarm boxes are located (Fig. 4) behind the cells on the east
wall of the charging area and on the outside west wall of the Operating
Area, south of the vestibule door. Each cell has a fixed water spray

(fog) nozzle, manually operated from the cell face for fire fighting
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Table 1. Floor Space and Volume of Building 4507,
High-Level Chemical Development Facility

Length Width Height Volume Floor Space

Area (ft) (ft) (ft) (ft3) (ft2)
Operating Area 51.0 16.9 15.8 13,591 863
Change Room 18.0 8.0 18.5 2,664 144
Charging Room 51.0 18.9 10.0 9,649 965
Makeup Area 51.0 18.9 8.5 8,202 965
Total Interior 34,106 2,937
Penthouse 51.0 21.5 17.75 19,463 1,096
Secondary Containment (Building) Total 53,569 4,033
Cells (each) 10.0 6.0 11.0 660

x 4

Primary Containment Total 2,640




Table 2.

High-Level Chemical Development Facility

Description of Cells in Building 4507,

Equiv. Std.
Cell Cell Liner Conc. Shielding Services Available
No. Floor Walls (ft) Process to Cell
1 SST Paint 5 HTGR Proc. water, vacuum,
head-end 15 psig air, VOG,
110V, gases, reagent
ports
Cave SST SST 1.6 Same Same
2 SST Paint 5 LMFBR Same
head-end
3 SST Paint 5 Standby Same
4 SST Paint 5 Standby Same
Maint. Paint Glass § - Standby 110V
Box Paint
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purposes; manual operation is necessary to prevent build-up of ekcessive
water in the cells. Heat detecting (165°F) sensors in each of the cells
and throughout the building signal an alarm via the Gamewell Alarm
system to the ORNL central panel. The Gamewell fire detection and alarm
system is shown on D-26330.

Portable fire-fighting equipment is provided in 4507: one fire hose
in the operating area and one in the Change Room; three portable fire
extinguishers in the operations area, two in the charging area, one in

the makeup area, and two in the penthouse (Fig. 4).

1.4.4 Radiation and Contamination Warning System

Radiation and contamination systems have been installed to con-
tinuously and automatically monitor gamma radiation, neutron radiation,
and air contamination in the 4507 facility. These instruments and
other components in the network provide health physics monitoring
information, sound local alarms when abnormal conditions occur, and
indicate the abnormal conditions on a central panelboard.

Operating personnel are first given warning when a '"caution level”
is detected by a monitron or beta-gamma air monitor, respectively. A
second warning is given when a 'high level" is detected. The neutron
detectors operate "rate' or "burst'" alarms when the alarm levels are
exceeded.

The building is automatically ''contained'" when two or more monitrons,
two or more beta-gamma air monitors, or any alpha air monitor detects a
high level of radiation or air contamination. The building evacuation

system operates automatically when two or more monitrons, or two or more
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beta-gamma air monitors, or any alpha air monitor detect a "high level"
of radiation or air contamination, or when two or more neutron monitors
detect a neutron burst or a '"high-rate' level. Details of the system

are in Section 7.0.

1.4.5 Work Areas of Building 4507

Operating Area. - The ground-level operating area is a large gallery

along the south face of the cell block. It contains the lead glass
viewing windows, manipulator controls, instrument and control racks,
desks, and the Applied Health Physics station for Bldg. 4507. The main
personnel entrance, provided with a 8-y hand and foot counter and a-survey
meter, is located there. All other entrances and exits from the building
are emergency exits under administrative control.

Change Room. - The Change Room contains a lavatory, a urinal, and
a shower, metal bins and cabinets for the storage of contamination zone
clothing (Laundry Station 42) and shoes, shoe covers, gas masks, air suits,
janitor supplies, etc. Laundry bags are provided for dirty clothes. A
checking station for 8-y and o radioactive contamination is also located
in the Change Room, and must be used by building personnel to prevent the
spread of radioactive contamination from the potentially-contaminated rear
areas into the front operating area. The Change Room doors must be kept
closed at all times; these doors are a part of the ventilation control
system.

Charging Area. - The ground-level charging area behind the cells

contains tracks for the rolling cell doors, main electrical panels, the

75 kVA transformer for the building, the condenser for the building
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vacuum steam jet, an air conditioner, and other service entrances. The
area is normally kept free of radioactive contamination and is used as

a shop by Plant and Engineering personnel assigned to the building. Metal
cabinets and shelves are provided for storage of small items. The unvesti-
buled double door in the Charging Area is not to be opened without per-
mission of supervision; the vestibuled door is an Emergency EXit under
administrative control, and should not be used as a routine personnel

exit or entrance.

Chemical Makeup Area. - This second level behind the cell block is

used as a passageway to the Penthouse above the cell block. It is

normally kept free of radioactive contamination, and may be used as a
storage area for equipment and supplies. The area also contains a number
of building services, instruments, and process vessels; these are described
below.

Penthouse Area. - Irradiated fuel specimens and analytical samples

are introduced and withdrawn from the cells and glove boxes in the pent-
house area, 'using shielded casks and the gantry crane. Experimental
equipment and solid wastes are also handled here. This area above the
cells is normally considered a Contamination Zone because of the possi-
bility of the accidental release of radionuclides. Lab coats or coveralls
and shoe covers will be worn in the Penthouse. (The Building Supervisor
and Applied Health Physics representative may temporarily declare the area
a Regulated Zone when the cells are not operating and if the area is

free of contamination.) A B-y and an o monitoring station are located

at the main personnel entrance to the Penthouse. Other instruments are
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at work sites in the room. Some process equipment and instrumentation for
the cells may also be located here. All personnel will observe regulations
posted on the entrance door.

Radioactive Waste Storage Pit. - South of Building 4507 is an under-

ground structure containing 2 tanks. This facility, shielded to handle
approximately 250,000 curies of mixed fission products, is treated as if
it were a "hot'" cell., The pit is constructed of poured, steel-reinforced
concrete with walls and base 12 in. thick. The pit is lined with stainless
steel and equipped with a sump and steam jet connection to the adjacent
2-in. metal waste header leading to WC-14. Thus, if the 1000-gal storage
tank or connection leak, the highly radioactive solution is retained in
the pit until it can be jetted to a permanent storage tank. The pit is
covered with 6 in. of lead, 3-in. of steel armorplate, and finally a
1/4-in. steel cover plate gasketed and bolted in place. The storage tanks
are vented to the Building 4507 VOG system, and the pit is vented to the
cell exhaust duct.

ORNL  Drawings D-45657, E-45659, D-45660, C-45661, and C-SK-55 show
the detailed piping connections and valving arrangements associated with
the operation of the radioactive waste storage pit vessels T-25 and T-30.
Drawing D-45696 shows details of the dry well and sump pump installed
adjacent to the pit to minimize leakage of ground water into the pit.
Instruments and alarms are connected to the central panelboard in Bldg.

4507.

1.4.6 Process and Auxiliary Equipment

Process equipment in Cells 1 and 2 of Building 4507 is of laboratory

scale (5-50 g of fuel) and is expected to be of a continually changing
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nature. In general, it consists of slightly modified laboratory glass-
ware, hot plates, tube furnaces, thermocouples, balances, food blenders,
sieve sets, etc. Items of specialized equipment include a laboratory
crusher in Cell 1 to reduce the size of graphite HTGR fuel specimens and
a small hydraulic shear in Cell 2 for cutting Zircaloy or stainless steel-
clad LMFBR or LWR fuel rods. Stainless steel or quartz 'burners' are
used in the tube furnaces to contain fuel specimens being heated or
burned during determination of fission product volatilities; filter packs
and scrubbers are used in the cells to remove particulates and reactive
materials, and gas holders to collect the non-condensables. These are
later discharged to the plant vessel off-gas (VOG) system. Dissolution
of the fuel specimens in mineral acids is used to prepare feed solutions
for solvent extraction tests and for material balance purposes.

The Curium Recovery Facility process equipment, in standby in Cells
3 and 4, has been fully described in ORNL CF-65-7-69, CF-64-11-20, and
CF-63-7-50; it is awaiting future removal and disposal. Much of the
auxiliary out-of-cell equipment has already been removed for salvage.

Auxiliary equipment and services include building vacuum, supplied
by a local steam jet (App. F), and cylinder gases piped from storage
racks on the outside (south) wall of the building.  Emergency electric
power is supplied from Emergency Panel 5 in Bldg. 4505 (second floor)
to operate the Bldg. 4556 cell ventilation fans, the radiation-contamination
warning instruments of the containment system, and the emergency lighting.
The 4507 Emergency Power Panel is located on the south wall of the

Operating Area east of the Central Containment Panel.
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2.0 CONTAINMENT OF BUILDING 4507

2.1 Cell Containment

2.1.1 General

Primary containment is provided by the cell block, which is 43 feet
long, 18 ft wide, and 16 ft high. Each of the 4 cells has internal
dimensions 6 ft wide, 10 ft long, and 11 ft high. In cells 1 and 4
there is a lead floor, beneath which are a pit and storage tanks, thus
making the total cell height 15 ft from the bottom of the pits to the
ceiling of the cell. (The tanks in the Cell 1 pit were isolated in 1972
by cutting and welding or capping all piping extending above the lead
floors; vessel off-gas is being maintained on the tanks.) The pits and
floors of the cells are lined with stainless steel and the concrete

walls painted with Amercoat 33.

The front and side walls of the cells are 4-ft-thick barytes concrete.

The front wall contains a 4-ft-thick lead glass window. ' The rear wall

is 5-ft.-6-in.-thick concrete and the roof is 5-ft-thick concrete. All
openings into the cells are gasketed and sealed against extraneous leaks,
allowing air into the cells only through the filtered air inlet ducts
and back-flow preventers in the rear doors.

A 6-ft-wide by 6-ft-6-in.-high opening in the rear of each cell is
closed by a concrete door that rolls on wheels and track. This door is
sealed by a gasket joint against an angle iron framework inside the cell.
Security locks on the doors prevent unauthorized access to the cells.

The original 4 x 6-ft openings in the tops of the cells have been filled
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with special roof plugs to accommodate equipment handling facilities
needed for each program.

Each cell has two 10-in.-diam sleeves in the operating (south)
face for a pair of masterslave manipulators. In addition, the fronts
of the cells have one 6-in. sleeve, one 3-in. sleeve, and 23 2-in.
sleeves. The rear walls contain four 2-in. sleeves and one 3-in.
sleeve to the second floor at the rear of the cell bank. The roof
of each cell contains two 6-in. sleeves to the penthouse. Each of the
above mentioned sleeves is sealed at the exterior by a gasket within a
screwed cap or enters a special bulkhead located in the cell. The
special lead-shielded plugs containing service lines are shown on

Dwg. No. D-38617A.

2.1.2 Alpha Hazard Containment

Additional containment features provided in recognition of alpha

hazards are as follows:

1. The manipulators are equipped with replaceable vinyl
boots. The wall juncture is made with a compression
rubber gasket seal ring on the inside of an extension
of the manipulator sleeve (Dwg. No. D-53664). This
ring is pushed into the cell with a following replace-
ment ring with a new boot attached. Boots are replaced
when punctured.

2. Bulkhead boxes are installed in Cells 3 and 4 in the
rear top, and right and left front top corners of

the cell. All service, chemical, and electrical
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lines entering through the existing holes in the
cell face and rear are sealed in passing through
the walls of these boxes (Dwg. No. E-53550).

3. Sheet metal bulkheads have been installed immediately
inside the rear cell entries to supplement the rear
door gasketed seal (D-45943). These bulkheads con-
tain air filters for cell ventilation (and in Cells
3 and 4, a viewing window containing glove ports).
This permits minor maintenance to be performed in
Cells 3 or 4 without breaking cell containment
after proper decontamination.

4. A seal plate has been installed below the existing
roof plug opening of Cells 3 and 4, and all pene-
trations through this plate are welded to it and
form a continuous seal with roof area maintenance

and sampling equipment.

2.1.3 Cell Support Equipment

Operating Area. - The operating area located at the 'window (south)
side of the cells contains instrument panels and service piping racks.
All water, air, steam, and services entering the cells from this area
should be of metal construction and equipped with check valves to
prevent contamination backup into the operating area. Spare lines
terminating in the operating area are capped as well as plugged in
the cell. The instrument panel recorders are fed from transmitters

located in the makeup area at the rear of the cells. Wiring to the
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cells enters the cells via bulkhead seals or is potted in rubber or

plastic in shielded plugs.

Chemical Makeup Area. - The chemical makeup area was designed to

contain tanks and pumps for feeding cold chemical streams to solvent
extraction and other equipment in the cells. This area also contains
the transmitters for air purge instruments, solution addition funnel
stations for transferring solutions to the cell tanks, and a steam
ejector that provides the building vacuum supply. Piping from this
area is of metal construction and enters the cells via existing sleeves
and through bulkhead boxes in Cells 3 and 4. Check valves are used

on the service lines. Polyethylene tubing may be used only outside

of the cells to extend instrument lines.

Penthouse Area. - A schematic layout of the equipment located in

the west area of the penthouse is shown on Drawing E-53650. The large
glove box straddling Cells 3 and 4 is an alpha-sealed equipment removal
cubicle (D-45917) to be used for maintenance and transfer of large
items of equipment. It is sealed from the cell during normal operation
by lead and concrete shielding plugs and a gasketed seal plate. Items
transferred into or out of this cubicle will be bagged utilizing
standard alpha-contaminated transfers techniques.

A sample transfer system (E-53653) 1is connected to Cell 4 via an
8-in.-diam shielded transfer tube terminating in an alpha-sealed lead
shielded glove box. Samples are transferred from this box via a sealed
container into a shielded carrier or into the adjacent cold transfer

box where alpha-contaminated transfer techniques are used. The cell
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to box transfer tube has a gasketed shielding door at its upper terminus
to limit the amount of cell contamination entering this box as well as
shield personnel hands during necessary maintenance.

Small items of decontaminated equipment from Cells 3 and 4 may
follow this hot-to-cold box route as well as the reverse procedure
being used to admit small items to the cell.

The mixer-settler drive box (D-45820) is an alpha-sealed glove box
containing motors for driving cell equipment. The tubes containing the
flexible shafts are purged with ventilation air  to limit contamination
from the cell through the bearings. The shafts' can be removed for
maintenance by disconnecting in the cell and bagging them out through the
port on top of this box.

Atop Cell 1 is a 4-ft-7-in. wide by 6-ft-6-in.  long by 5-ft-6-in.
high (interior) stainless steel glove box shielded by 6 inches of steel.
This cave is equipped with a 6-in.-thick lead glass viewing window and
a pair of Model G compact manipulators as well as with standard gloved
ports inside the shielding. The cave was designed to serve as a medium-
activity-level periscope-camera facility, sample and waste removal
area, and equipment addition and removal station. A series of
drawings (M-20641-E1-001-D ff) describes the cave. Normal bagging
procedures are used for removal of alpha-active materials, plus shielded
containers for alpha-beta-gamma active nuclides. The cave base is
sealed to the cell block by concrete grout and caulking, while the
alpha box itself is welded to cave base. Air flow is into the box from
the penthouse through a HEPA filter inlet, and out  of the box via the

cell ventilation system below in Cell 1.
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The top of Cell 2 is sealed by the standard gasketed steel contain-
ment plate (Dwg. No. D-38618A). The roof plug itself contains a nominal
6-in.-diam (5-3/4-in. actual) ''sample' hole closed by a manually-operated
slide valve with a steel cover plate and a nominal 14-in.-diam (13-in.
actual) "waste removal' hole closed by a motor-driven ball valve and a
concrete shielding plug (Dwg. No. D-54248).

Cells 1 and 2 like Cells 3 and 4 are now connected with intercell
transfer ports. The transfer ports contain rolling carts which may be
pushed between the cells using the manipulators. Doors on each end
of the transfer mechanisms limit the air flow between cells. The Cell
1-2 unit is shown on Dwg. No. M-20641-CD-001E and -002E; the cell 3-4

unit is shown on Dwg. No. D-45895 ff.

2.2 Building Containment

2.2.1 Ventilation

Existing air flow patterns were shown schematically in Figs. 2 and
3 and in detail on Dwg. Nos. D-25756, D-38980, D-38981, and D-38986.
Under normal conditions, filtered air is introduced into the building
through the 10-ton air conditioner and an emergency air inlet in the
front operating area, passes through the Change Room into the Charging
Area through a backflow preventer, and enters the cells through 'Dust-
stop'" and HEPA filters and backtiow preventers on the rear cell doors.
The cell ventilation system permits a maximum of 600 scfm of air to
be withdrawn from each cell through a 16 x 24-in. vent and backflow
preventer (Dwg. No, D-39299) at its base which connects to a 30-in.

header leading to the Bidg. 4556 filter house, the 3106 central filtration
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units, and 3039 stack. The operating area is maintained at -0.15 in.
of water relative to the atmosphere, while' the cells are normally main-
tained at about -1.4 inch of water relative to the operating area by
adjustment of dampers. This provides a one-way flow pattern into areas
of increasing contamination and hazard (Fig. 5a and Table 3). Under
emergency conditions the normal air inlets. are automatically closed,
creating a higher vacuum in the building (Fig. 5b).

During the summer, ventilation air in the penthouse enters through
three filtered inlets and is exhausted to the atmosphere through roughing
and HEPA filters by a large blower mounted on the roof (Dwg. No. D-38983).
Under emergency containment conditions, the inlets are automatically
closed, the blower shut off, and a quick-opening pneumatic damper
to the cell ventilation duct opened completely (Dwg. No. D-38984R1).

In the winter, the blower is not operated, and air - flows from the
inlets to the partially open damper on the emergency exhaust duct.

A1l roughing and HEPA filters in 4507 and 4556 are routinely
tested by the ORNL Inspection Engineering Department with di-octyl
phthalate (DOP). Charcoal filters would be tested with 1311 tracer

techniques.

2.2.2 General

The Building 4507 containment equipment locations, wiring diagrams,
and indicating panels are shown on Dwg. Nos. D-39771Rl, D-39772, and
D-39773, and the alarm connections to the ORNL alarm panel at Guard
Headquarters on Dwg. No. Q-1920-13. Other alarms signal Shift Patrol

Headquarters in Bldg. 3105. Routine periodic surveillance i1s maintained
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Table 3. Pressure Differentials in Building 4507

Relative Pressure Differentials

(in. H20)
Area Normal Containment
Fan suction at 4556 to outside -5.9 -5.2
20-in. duct at 4556 to outside -4.3 -3.4
30-in. duct at 4507 to Operating Area -3.9 -2.9
Operating Area to outside -0.15 -0.27
Makeup Area to Operating Area -0.20 -0.25
Charging Area to Operating Area -0.25 -0.31
Penthouse (summer) to outside -0.24 >0.5
Penthouse (winter) to outside -0.21 >0.5
p Waste Pit to Operating Area -2.9 -2.2
Cell 1 to Operating Area -1.45 -1.15
Cell 2 to Operating Area -1.47 -1.15
Cell 3 to Operating Area -1.45 -1.10
Cell 4 to Operating Area -1.54 -1.15
Cell 1 Cave to Penthouse -1.36 -1.0
Maintenance Box to Penthouse -1.25 -1.0
Mixer-Settler Drive Box to Penthouse -1.13 -1.0
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in 4507 by the Shift Patrol during nights and weekends. A remote
readout of the 3039 stack radiation monitor is located on the contain-
ment panel in the operating area of 4507; this serves to indicate
releases of gaseous fission products at the stack, and stimulate close

observation of process conditions in 4507.

2.2.3 Administrative Control

Approval of the Building Supervisor or his alternate, and con-
currence by HP is required to:

1. Open penthouse gantry crane door.

2. Open monorail door in charging area.

3. Open both doors simultaneously of any vestibule.

4, Change settings on cell exhaust dampers.

5. Open rear plug doors to "hot" cells.

6. Open any sealed access hole to "hot" cells.

7. Change settings on valves in valve pit or radioactive waste

storage pit.

8. Perform maintenance or construction in or on the building.

9. Jet cell tanks in Cells 3 and 4 to send hot waste to WC-14.

10. Bring fissionable materials into the building or to trans-

fer them between cells.

Permanently assigned Chemical Technology Division supervisors or
Health Physics personnel may approve use of emergency exit vestibules
and stairway to convey items in or out of the building. When thus
used, only one door of the vestibule may be opened at a time such that
secondary containment is not broken. HP surveillance is required to

assure that no contamination escapes from the building.
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Permanently assigned Chemical Technology Division supervisors may
authorize minor maintenance work on equipment related only to their
project in 4507. Before authorizing such work, the Chemical Technology
Division supervisor must issue a Hazards Work Permit in duplicate.

One copy is placed on a clipboard in the front operating area to inform
others of work in progress.

Before maintenance work is performed in any cell or on any line or

system directly connected to the cells, a Radiation Work Permit (RWP)
must be issued by the Chemical Technology Division supervisor, and

initialed by the building supervisor or his alternate. One copy of

the RWP should be attached to the clipboard for information and final

deposition, Health Physics aids in writing these permits.

3.0 CHEMICAL PROCESSES

Although Building 4507 has served as a pilot plant or a small pro-
duction facility in the past, its use has reverted to the original
purpose of small-scale development and demonstration of reactor fuel
reprocessing flowsheets using highly irradiated samples. Process
requirements usually change and are modified as.each.flowsheet develops;
consequently no fixed flowsheet can be described. (Typical flowsheets
are in Appendix C!) Current (1973) programs involve studies of head-
end operations for HTGR and LMFBR processing. These operations
include shearing stainless steel or Zircaloy-clad fuel rods containing
UO2 and/or (U,Pu)Oz, or crushing and grinding graphite shapes con-

taining U0 (U,Th)Oz, UC2, or (U,Th)C2 fuel particles. The fuels may

2’

then be heated or burned in closed systems to volatilize gaseous fission
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products and/or remove the graphite. The residues are leached with
nitric acid, fluoride-catalyzed nitric acid, or other medium to dissolve
the fuels for further treatment prior to recovery or disposal of the
source and fissile materials.

The scale of operations in any experiment generally involves less
than 50 g of fuel, and in most cases less than 10 g. Typical volumes

of reagents are listed in Table 4.

Table 4. Reagents Used in Flowsheet Tests

Approximate Total Volume, liters

Reagent HTGR LMEFBR
Air or oxygen 20-30 20-30
Inert gases 20-30 20-30
1 M NaGH 0.1 0.2
0.1 M.HNos——0.0S M_Hg(NOs)2 -- 12-16
8 M HNO3 0.1 0.2
8 M_HNOs—-0.0S M HF 0.1 0.1
13 M_HNOS—-O.I M Al1--0.05 M HF 0.1 0.1
15.8 M_HNO3 0.2 0.2

4.0 CRITICALITY
Criticality control in Building 4507 is by administrative super-
vision and mass limitation. The current Nuclear Safety Review NSR-621,
under which operations are conducted, permits any one cell to contain

up to 350 g of 235U, or 250 g of 233U or 239Pu, or 250 g of any combination
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thereof. The entire building may not contain twice those amounts. Under

these limits the minimum natural-water moderated and reflected critical

masses of 510 g for 239Pu, 588 g for 233U, and 800 g for 235U should

never be reached. Up-to-date inventories of fissionable material in each
cell will be kept posted by each cell supervisor and no material brought
into the building without permission. Excess materials should be stored

in the Building 3597 Hot Garden and Canal.

Aqueous liquid wastes containing 233U or 235U must be diluted with

U to <1% 233U or 235U prior to discharge to the ORNL liquid waste

system. Aqueous wastes containing 239Pu must be diluted 100-fold (molar

238

basis) with 232Th prior to discharge. Proper records of the dilutions

will be kept by cell supervision. Large quantities (>1 liter) of organic
wastes will not be discharged to the liquid waste system without permission
of the Operations Division.

Table 5, reproduced from the original Building 4507 Hazards Evalu-
ation (ORNL CF-60-5-25), summarizes the effects of a nuclear incident of
1018 fissions within one of the cells. It indicates that such an inci-
dent would be contained by the primary containment (shielded cell) area.
The effects on the environment of material released via the cell venti-
lation system in the table do not include the contribution of the

additional line of HEPA filtration provided by the new Building 4556

filter house.
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Table 5. Effects of Nuclear Reaction of 1018 Fissions Followed
by Rupture of Vessel, Building 45072

Aerosol Gaseous fp
Release? Release

Maximum downwind integrated dose

from VOG release, rem <0.001 0.61
Maximum downwind integrated dose

from COG release, rem <0.001 0.17
2-min dose from secondary containment

shell, rem <0, 001 10.7
Maximum downwind integrated dose from

building release, rem <0.001 <0,001
Neutron + prompt gamma dose, rem 0.04°¢

%Feed adjustment tank.
bDoes not include effect of Bldg. 4556 HEPA filtration.

cThrough concrete shield.

5.0 OPERATING SAFEGUARDS

5.1 Hazards Evaluations

All operations in Building 4507 must be conducted in a safe manner,
so that exposures of operating personnel to ionizing radiation are mini-
mal and so that no radioactive materials are released to the environment
from the containment envelopes. Therefore, each new operation or pro-
ject proposed for Building 4507 must submit a Hazards Evaluation Report
to the building supervisor for approval, to the appropriate section chief
or assistant section chief, to the Chemical Technology Radiation Control
Officer, and in the case of a major project, to the Radioactive Operations

Committee operating under the ORNL Radiation Safety and Control Department.
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The advice and counsel of representatives of Applied Health Physics
is mandatory. A guide for the preparation of such a Hazards Evaluation
is included in Chapter 7 of the ORNL Radiation Safety and Control

Training Manual.

5.2 Planning Experiments

It is suggested that operating procedures and run sheets (Appendix
C) be prepared by the experimenters and submitted for approval before
starting any operation. Changes in procedure must be approved by the
building supervisor before they are instituted; this is necessary to
ensure the safe operation of the other cells in the facility. No
changes in piping, instrumentation, or other services may be made with-
out approval for the same reason.

Experimenters and operators of each cell must familiarize them-
selves with the radiation control and alarm systems of Building 4507,
with the emergency equipment available, and with the procedures for the
emergency containment and evacuation of the building. Continued close
cooperation between the experimenters, operators, supervision, and
Health Physics will ensure the desired safe operation.

The following list of operating safeguards should be included in
the planning of any experiment:

1. Built-in safeguards (fail-safe) for the experiment or

process.
2. Procedural safeguards for the experiment or process.
3. Adequate transfer of information between shifts.

4. Control and recording of tank inventories.
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5. Control and recording of fissionable material inventories.

6. Planning for emergency action in the experimental cell or
support equipment.

7. The use of pressure relief devices to prevent rupture or
uncontrolled leaks from process lines and vessels.?

8. Prevention of backup of radioactive materials into common
utilities in the building.

9. Protection of instrumentation from process solutions.

10. Frequency and certification of instrument calibration.

11. Protection of steam jets against backup of process solutions.

5.3 Special Regulations Applying to the Penthouse
This area is normally a contamination zone. Shoe covers and lab
coats or coveralls must be worn. Gloves taped to the sleeves
must be worn when working in the glove boxes.
Lab coats should be kept in the air-lock. Lab coats left in the
penthouse are considered contaminated (unless checked for contami-
nation).
HP should be present when bagging out samples, trash, etc. When
the bag-out operation is completed, the glove box, bag sealer,
and surrounding floor area must be smeared by HP. In case HP
cannot be present, the shift supervisor will smear the area and
record the results and subsequent action taken in the log. All
items leaving the high-level alpha glove boxes must be double

bagged.

#Radioactive Operations Committee recommendation, ORNL CF-71-6-9 (June 1971).
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Persons working in the glove boxes will slowly remove their hands

from the gloves while the sleeves and gloves are monitored for alpha .
contamination. Contaminated clothing will be stripped off immediately -
and the port covered to prevent release of further activity if a

breach occurs. The area will be quickly monitored to detect con-

tamination on the surrounding equipment and floor.

A decontamination solution should be made up, ready to use, and

stored on the north wall, along with cheese cloth and water.

A1l persons when leaving the immediate cell area and the penthouse

will survey themselves at each place for alpha and beta-gamma

contamination. Uncontaminated lab coats will be placed in the

air lock. Lab coats which are contaminated will be placed in a

plastic bag and left in the penthouse. Notify the building or

shift supervisor immediately of contamination releases.

On encountering activity releases one will automatically take .
corrective action. Health Physics can be of great assistance in

assessing the initial degree of damage; however, the shift

supervisor is responsible for the safety and well being of his

men.

The following table (Table 6) of transferable contamination

levels should be used as a guide in determining the severity of

spills. If the extent is unknown, the worst case will be

assumed by personnel entering the area.
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Table 6. Guide for Quick Estimation of Severity of Alpha
Contamination Release?

b.c Results 5
Method of Detection ’ (d/m/100 cm®) Requirements
Smear about 100 cm2 and >3000 Evacuate and contain
probe the smear on an Maximum protection
alpha counter. Time the Radiation Work Permit
count rate if needed.
>300 Coveralls, booties, gloves
Respiratory protection if
above MPC
a
>3 Lab coat, shoecovers, gloves
Respiratory protection if
above MPCa

%This guide will need to be adjusted by experience of the HP personnel
and operating crew. It refers to localized contamination only. Wide-
spread contamination cannot be handled by this means.

bCheck hands directly on meter after every entry to any glove box.

Change out of contaminated items immediately on finding any reading.

“Check all plastic bag seals and double bag immediately as a precaution.

9. Glove boxes must be kept free of trash. Do not leave your trash for
the next person to bag out. Do not over-stuff the plastic bags or
lard cans, you will probably break the seam of the bag.

10. Keep the floor clean.

11. Keep the north wall free of unnecessary items. No dead storage is
permitted in this area. Only the most critical live storage is
permitted.

12. Before operating the gantry crane, make sure that the rails are
free of trash, wires, people, etc. The power must be shut off
when the crane is standing for more than a few minutes to reset

the alarm and prevent people from forgetting the blinking lights.
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The gantry crane door may not be opened without supervisory
approval.

Cask Handling. - A supply of adequately-sized and inspected

wire rope ''chokers'" will be obtained from the Rigger (Ironworker)
Loft at Building 7002, and used to handle all casks in Building
4507. Lifting capacities for each size of wire rope are attached
to each choker on a small brass tag. The rated capacity of any
crane or hoist must not be exceeded without approval of supervision
and the Chemical Technology Division Safety Officer.

Use particular caution when handling heavy or massive items in

the vicinity of the Cell 3-4 Curium Recovery Facility Maintenance

Box. The glass must not be broken under any circumstances!

The glove ports on all of the Cell 3-4 maintenance box and auxiliary
boxes must be kept covered by gloves or plastic sleeves and a metal

disc or metal cover whenever they are not in actual use.

6.0 PERSONNEL EXPOSURE

6.1 Zoning

Exposure of operating personnel to ionizing radiation and contami-

nation must be kept at an absolute minimum. This may be accomplished

by adequate training of personnel and by observation of zoning practices

established in accordance with the Health Physics Procedure Manual:

A "radiation zone' is an area where external radiation exposure to

personnel is possible. A "contamination zone'" is an area where the

possibility of contamination of employees, environs, and/or equipment

exists, and where there is a possibility that radioactive material may
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be deposited inside the body. A '"regulated zone' is an area where
operations are restricted for the purpose of radioactive contamination
control. This zone may contain radiation zones, contamination zones, or
both, ranging in size from a small spot to a large area.

In Building 4507 the following zones and requirements have been
established (Fig. 6):

Regulated Zone. - Entire building and loading area at west end.

Either street or clean contamination zone clothing may be worn except

in areas designated as contamination zones. Pocket dosimeters, film
badges, and safety glasses must be worn by all personnel working in the
building. Visitors authorized by supervision to enter radiation/contami-
nation zones must wear an approved film badge and dosimeters.

Contamination Zones. - Cells 1, 2, 3, and 4, Penthouse, and other

areas temporarily designated as contaminated. Contamination zone
clothing required as specified at entrance to zone or on radiation work
permit.

Radiation Zone. - Cells 1, 2, 3, and 4, maintenance box, Cell 1 cave,

and other areas so designated. A radiation work permit is required for
entry into radiation zones. Normal precautions to prevent exposures will
be observed for work around radiation zones.

Personnel Monitoring. - Personnel are required to monitor themselves

for both alpha and beta-gamma contamination when (1) leaving a contami-
nation zone, (2) passing through the change room to the front operating
area, and (3) before leaving the building (hand and foot counter and

alpha counter).
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6.2 Smoking and Eating
Smoking is permitted only in the front operating area. Eating or
drinking (except for the water coolers) is not permitted anywhere in

the building.

6.3 Radioactive Sources

The normal curie load for each cell under operating conditions is:

Cell Number Program Curie Load

1 HTGR? 115 150-day-cooled, 2>°U0,-ThO,,
! 2 2
(6 compacts)

2 LMFBRb 2600 30-day-cooled, 100,000 MWd/ton
25% Pu02——75% UO2 (4 rods)

3 Standby - -

4 Standby - -

1 Cave HTGR 19 As above (<1 g fuel)

A normal curie load for the operating area is not recognized; sources
of radiation must be kept within the designated contamination and radiation
zones. Properly monitored and tagged tools, dirty laundry, analytical
samples, etc., of less than 20 mr/hr, in sealed and/or shielded con-
tainers, may be brought through the operating area. During normal
operation the gamma and neutron dose rate in the operating area is to
be no greater than 0.25 mrem/hr, with permissible hot spots of small area,

such as those opposite wall penetrations, no greater than 2.5 mrem/hr.

®Appendix E2.

bAppendix El.
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For special, non-routine operations such as when a TRU-HFIR rod is
examined in front of the cell window, the neutron dose rate in the
operating area may be approximately 2.5 mrem/hr. In limited access
areas, not normally inhabited by operating personnel, the dose rate is
to be less than 2.5 mrem/hr, with limited area hot spots no greater

than ten times this value. For short-term, nonroutine operations, such
as during equipment removal or carrier handling, radiation levels as
high as 500 mrem/hr will be permitted. For very nonroutine operations,
such as those involving special handling of small samples, radiation
levels as high as 10 R/hr will be permitted under the direct supervision

of the engineer in charge of operations and HP personnel.

7.0 RADIATION AND CONTAMINATION CONTROL

7.1 Radiation Monitors

The following radiation monitoring instruments (Table 7 and Fig. 7)
are the responsibility of Building 4507 Applied Health Physics. Health
Physics personnel make daily inspections of these instruments and
arrange for maintenance as required. If an instrument is observed
to be erratic or out of service, immediately refer the matter to the
Health Physics office in 4500N Building, Room A-32, phone 3-6997.
Maintenance of the instruments is performed by J. D. Blanton's group,
phone 3-6875; the system is routinely tested quarterly by that group.

In addition to these instruments, in-cell beta-gamma radiation

monitors (0-2501) are located in each cell and in the Cell 1 Cave
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Building 4507 Instruments

Alarm Level ORNL
(mr) Alarm Type Prop. No.
CAAM Tape Type Operating Area s? 500 cpm buzzer, lights X-86348
CAAM Tape Type Charging Area N? 500 cpm buzzer, lights X-86350
CAAM Tape Type Penthouse S2 500 cpm buzzer, lights X-86359
CAM Filter Type Operating Area S3 1000 cpm bell, buzzer, lights X-66058
CAM Filter Type Charging Area N3 1000 cpm bell, buzzer, lights X-66054
CAM Tape Type Charging Area N@ 1000 cpm bell, buzzer, lights X-80928
CAM Tape Type Penthouse N2 1000 cpm bell, buzzer, lights X-82065
CAM Tape Type Penthouse S2 1000 cpm bell, buzzer, lights X-80926
Monitron Operating Area sa 7.5 mr/hr bell, buzzer, light X-64420
Monitron Penthouse S2 7.5 mr/hr bell, buzzer, light X-100033
Monitron Charging Area Cell ”1 7.5 mr/hr bell, buzzer, light X-77444
Monitron Charging Area Cell ”2 7.5 mr/hr bell, buzzer, light X-64413
Monitron Charging Area Cell #32 7.5 mr/hr bell, buzzer, light X-77443
Monitron Charging Area Cell #4 7.5 mr/hr bell, buzzer, light X-64415
a Probe 0-2091 Nperating Area E 500 crm buzzer X-78786
a Probe 0-2091 Change Room 500 cnm buzzer X-78712
B-y Probe Q-2091 Change Room 1000 cpm buzzer X-78787
B-vy Probe Q-2091 Makeup Area 1000 cpm buzzer X-79432
(2 probes)
a Probe 0-2091 Penthouse S 500 cpm buzzer X-78479
a Probe Q-2091 Penthouse E 500 cpm buzzer X-78484
B-y Probe Q-2091 Penthouse E 1000 cpm buzzer X-78480
B-y Probe Q-2091 Penthouse S 1000 cpm buzzer X-86484
a Decade Scaler Operating Area S none none X-92563
B-y Decade Scaler Operating Area S none none X-90010
B-y Quintector Operating Area Cell
Faces S5 mr/hr electronic tone + light X-111853
B-y Hand § Foot Counter Operating
Area S none none X-72465
Neutron Monitor Operating Area s? 17 mr/hr buzzer and light X-92489
Neutron Monitor Charging Area N 17 mr/hr buzzer and light X-92490
Neutron Monitor Penthouse Area N 17 mr/hr buzzer and light X-92488
B-y Process Water Monitor Pent-
house N buzzer and light X-86317
a Process Water Monitor Cold
Tunnel E buzzer and light
8-y Process Water Monitor Cold
Tunnel E buzzer and light
Cell 1 In-Cell Monitor (Q-2501) none none X-86283
Cell 2 In-Cell Monitor (Q-2501) none none X-89290
Cell 3 In-Cell Monitor (Q-2501) none none X-89303
Cell 1 Cave Monitor (Q-2501) none none X-89304

3part of automatic containment system.
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facility. These and the Operating Area Quintector Gamma Monitor (Q-3006)
are operational (process control) instruments and the responsibility of

Building 4507 supervision.

7.2 Containment System

7.2.1 DescriBtion

The High Radiation Level Chemical Development Laboratory (Building
4507) is one of several facilities at Oak Ridge National Laboratory
equipped with networks of radiation and air monitoring instruments
connected to a central monitoring area within the building and to the
Laboratory Emergency Control Center. Facility Radiation and Contamination
Systems were installed in Building 4507 to continuously and automatically
determine the radiation condition of the entire facility and to report
this information to a central control panel within the building. Should
the radiation level or the air activity in several isolated portions of
the building exceed preset values, an audible alarm in the building will
be actuated, the building containment system will be actuated, warning
lights outside the building will flash, and an alarm signal will be
transmitted to the Emergency Control Center, Building 2500. Details of
the system are found in ORNL-TM-1668 (October 1966) by F. A. Russell, Jr.,
and D. J. Knowles.

The gamma radiation level is monitored by 6 monitrons located
throughout the building (Table 8). The neutron radiation level is monitored
by three neutron rate and burst detectors located throughout the building.

Air is monitored for beta-gamma emitting particles by five continuous air
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Table 8. Radiation Contamination and Neutron Monitors
Installed in Building 4507

Monitor No.

Facility Radiation Monitorsa’b

Cell 1 M1
Cell 2 M2
Cell 3 M3
Cell 4 M4
Operating Area M5
Penthouse M6
Facility Neutron Radiation Monitorsc
Operating Area N1
Charging Area N2
Penthouse N3
Facility Alpha Contamination Alarm Monitorsf’g
Operating Area Al
Charging Area A2
Penthouse A3
Facility Beta-Gamma Contamination Alarm Monitorsb
Operating Area® Bl
Charging Area, West® B2
Charging Area, Eastd B3
Penthouse, westd B4
Penthouse, East BS

Q Hh o

All monitors are Q-1154B-13.

Coincidence of any two high level alarms causes automatic
evacuation and building containment.

All monitors are ORNL model Q-2562 Neutron Burst-Rate Detectors.
Coincidence of either alarm from any two instruments causes
automatic evacuation.

ORNL model Q-2240B-4 Constant Air Monitor.

ORNL model Q-1740 Mobile Air Monitor.

All monitors are ORNL model Q-2340 Constant Alpha air monitors.
Coincidence of any high level alarm causes evacuation and
building containment.
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monitors (CAM) and for alpha emitting particles by three continuous
alpha air monitors (CAAM).

The high-level alarm outputs of the monitron indicator modules
are connected to a coincidence module so that the building is contained
and evacuation alarms are operated if high-level signals are recejved
from one of four monitrons in the charging area and from either the
penthouse or the operating area monitron, or the penthouse monitron
and th