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ABSTRACT

A facility for separation of Pu®®® and
Np227 from irradiated neptunium dioxide
target slugs was designed, constructed,
and operated at the Savannah River
Iaboratory. This report describes the
facility and includes design details of
equipment.
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UNCLASSIF) ED

A FACILITY FOR CHEMICAL SEPARATION OF p,238

SUMMARY

238 237

A small-scale facility to separate and purify Pu and to recover Np
from ilrradlated target slugs was deslgned and lnstalled in nine months.
Existing shielded cells and gloved boxes in the maln laboratery tuilding
were used to house the facility. Final products were plutonlum nitrate
sclutlon and neptunium dioxlde powder.

The main problems encountered during the design of the facllity were:
(1) to provide adeguate containment and shlelding of the radioactive
materials, (2) to select chenilcal- and radlation-resistant materials,
and (3) to provide for remote cperation and maintenance of process
equipment.

Equipment for dissolving the irradiated targets, removing fission
products, and separating neptunium and plutenium required gamma
shielding. This equipment, consisting of a dissolver, tanks, and resin
columns for three lon exchange cycles 1), was contalned within three
stainless steel and "Homalite" boxes installed in two heavily shielded
cells of the SRL Hligh Level Caves. Precilpitation, filtration, and
calcination equipment for preparing neptunium dioxide and concentrated
rlutonium niltrate required alpha contalnment and was 1nstalled 1in

a gloved box designed for plutonlum chemistry and known as the "Dry
Chemistry Facility".

This report contalns a discusslon of the major design problems and &
detalled description cf the facllity and equipment. Egulpment design
detalls are based on information originslly contained in a rough draft
deslgn manual that was used for preparing operating procedursg and for
training operating and maintenance personnel. Detaills of the process
and operations are discussed in another reporttz).
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DISCUSSION

DESIGN CONSIDERATIONS

The chemical process for which the facllity was designed required that:

(1)
(2)
(3)

(4)

Several
(1)
(2)
(3)
(%)
(5)
(6)
(7)

irradiated aluminum - neptunium dioxide slugs be dissolved 1n
10M HNOs with mercury and fluorlde catalysts,

fisaion products and undeslrable catlons be removed and pu®3®
and Np2®7 be separated by ion exchange,

plutonium nitrate be purified and concentrated by precipiltating
the peroxide and redissolving 1t in HNO4, and

neptunium nitrate be converted to the dioxide by precipitating
the oxalate and calclning it to the oxide.

auxiliary operations were also required. These Included:

cask handling and unloading of target slugs

slug storage

preparation of chemical reagent solutions

sampling of process solutlons

loading of transfer casks

packaging of material for shlpment

waste disposal

The capacity of the faclllty was 40 to 80 g of total actinide per bateh
at a maximum rate of three batches per week. The equlipment deslgn
required sufficient flexibllity to permlt minor changes 1nh process
chemistry and use of the facility for further process development
experiments.

The materials to be processed presented unusual design problems because
of" thelr corrosive natures and high levels of radiocactivlity. In some
cases, the alpha particles were energetic enough to be a potential heat

problem,
regqulred that special attention be given to the selection of construction
materlals,

These factors and the need for a relatively long service life

The necesgsity for maintaining contlnuous production required

the incorporation of features for remote maintenance and replacement of
equiprment and components.




Stainless steel and radlation-reslstant plastics were selected as
construction materials for the contaimment boxes and for all process
equipment. The use of low-melting plastics in contact with process
solutions was prohlblted unless the plastic component could be flughed
after use and could be easlly and remotely replaced, Pneumatically
operated valves were used wherever possible. This type of valve mini-
mized the use of remote manipulators and thereby minimized the number

of manipulator failures and reduced the hazards assoclated with changling
and repairing contaminated manipulators. All equipment pleces except
the dissolver and the 1ln-cell tanks were designed for remote replacement.
Wherever possible, in-cell tanks were piped to provide alternative
routlings and usage 1ln case of fallure of individual units. To facili-
tate remote replacement of equlpment and piping, all connections inside
the containment boxes were made with ferruled tubing fittings. In
addition, all pipe lines were fabricated on jigs, and the jigs were
retalned for the fabricatlion of replacement items. Standardlzed
locatlions were established for tanks and valve racks to minimize fthe
number of Jigs required. '

DESCRIPTION OF FACILITIES AND EQUIPMENT

The interlm production faclility consists of the following four main
sections;

(1) Cold feed preparation facility

The cold feed preparation facility (see Figure 1) is located
outside of the Hlgh Level Caves wing and 1s protected from
the weather by a canvas tent. The facility consists of an
elevated platform supporting tanks for chemical storage and
for the make-up and addition of process reagents. Pumps and
alr pressure tanks are provided for transfer of solutions into
the process system.

(2) High Level Caves processing facililty

The High Level Caves processing facility (see Figure 1) contains
equlpment for dissolvling, feed preparation, and lon exchange
separation. . The 1lnstallation consists of three in-cell con-
talnment boxes, process equipment, instrument panels, and
operatling consolea. The disgolution and decontamination box
(Box 1) 1s located in Cell 1. . The separation or partition box
(Box 2) and the Pu®®® concentration box (Box 3) are located in
-Cell 2 of the. High Level Caves.

Slug casks may be introduced into Cell 1 adjacent to the
transfer port of the dissoluticn box. The casks c¢an be opened
and the slugs transferred to the dissolver or to a shielded
storage drawer by meansg of General Mills and master-slave
manipulators.



(3)

(%)

Shielded lines leaving the back face of Cells 1 and 2 are
connected to the sampling station, resln removal statilon,
plutonium bottling statlon, and neptunium ftransfer cask station.

High Level Caves auxillary facilities

The auxiliary facillties provide equipment for handling and
gampling both product and waste. Operating and instrument
controls and vacuum, exhaust, and alarm systems are included.

Plutonium finlshing facility

The plutonium finishing facility (see Figure 2) is located in
the exlsting plutonium process chemistry laboratory known as
the "Dry Chemistry Facillity". This laboratory, consisting of

a large compartmented gloved box with appropriate operating and
service areas, equipment, and utilities, was specially designed
for the handling of relatively large amounts of Pu®®° in
solutlons or as dry powder or metal. Facllitles are provided
for transferring solutlons into or out of the system, preclpi-
tating, filtering, and calcining. Materials may be 1introduced
into the boxes through transfer ports and removed, through bag
rings; liquid wastes are piped to a high level dralh line.
Filgure 2 shows a slde view of the finishing facillty gloved
box.




\
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FIG. 1 HIGH LEVEL CAVES ARRANGEMENT
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FIG.2 DRY CHEMISTRY FACILITY ARRANGEMENT




COLD FEED PREPARATION FACILITY

General Description

The cold feed area conslsts of storage and mixing ftanks for preparing
process sclutions and pumps to transfer the solutlons. The area 1is
outside the High Level Caves and is enclosed with a tarpaulin. The
area 1s heated by electrical space heaters to prevent freezilng of
solutions and damage to eguipment.

There are nine chemical feed tanks located on a 7-ft-high, 5-ft by
11-ft steel platform. The platform is constructed of checkered plate
covered wlth acid-resistant paint. A secondary tray to catech acld
spills is located below the platform.

A conerete pad below the platform supports nine pumps, one for each
chemical feed tank. Additional space in the area 1s used for mlxing
and for storage of acid drums and chemicals. Scales and a welgh tank
are provided for weighing and mixing the batches of solution to ke
transferred to the feed tanks.

The asphalt floor of the area 1s sloped to a vitreous pipe drain filled
with limestone. A safety shower 1s located by the platform.

There 1is a two-way lntercom installed between the outside agreg and the
operating area of Cells 1 and 2.

| Equipment
‘ ' ) Feed Tanks

‘ Installed feed tanks consist of the feollowlng nine type 304L stalnless
‘ steel vessels: : :

‘ Tank No. Capacity Use
E-1 20 llters Elution sclution for Column RC-1
E-2 20 liters Elution seclution for Column RC-2
E-3 20 liters Elution solution for Column RC-3
W-1 55 gallons Decontamination wash solution for Column RC~1

W-24 55 gallens Partiticoning wash solution for Column RC-2
W-2B 55 gallons Decontamination wash solution for Column RC-2
W-3% 55 gallons Decontamination wash solution for Column RC-3

SC=A K5 gallons Scrupb solutlion for dissolver off-gas
scrubber SC-1

DS-A 30 liters Feed solutlon for dissolver D3-1

- 12 -




Each tank is equlipped with a guarded "Pyrex" sight glass and a plugged
pipe couplling is located at the top for addiftion of chemlecals to the
tank. The 55-gal tanks are equipped with alr-operated stirrers. All
tanks are vented to a header running to a limestone drain.

Three 20-liter chemical additlon tanks, FJA-1, FJA-2, and FJA-3, are
located in the cold feed area. These tanks are equipped with f1lling
funnels and are piped to the feed adjust tanks in Boxes 1, 2, and 3.
Chemicals are transferred to the respective feed adjust tanks by alr
pressure. The chemical addition tanks are constructed of type 304L
stainless steel, and each is equlpped wlth a sight glass, pressure
gauge, drain valve, vent valve, and 20-pslg compressed alr service.

Pumps and Piping

A separate pump ls piped 1lndependently to each of the nlne chemilcal
feed tanks. The pumps for the transfer of W-1, W-2B, W-3, and 3C-A
tanks are Eco "Gearchem" pumps, 700 series with 3/8-1inch ports. The
pumps for E-1, E-2, E-3, W-2A, and DS-A tanks are Eastern D-11
centrifugal pumps. An acid drain below the pumps slopes to an earth
draln.

The Eco "Gearchem" pumps have 200-mesh stalnless steel strainers 1ln the
inlet lines to protect the pump gears from forelgn material. All of

the pumps dilscharge through 1/4-inch-0OD stalnless steel tubing headers
to the ecell. The discharge line has a pressure gauge, a "Kel-F" 5
filter, and a recycle line that returns to the top of the tank. The
recycle line is equipped wlth a valve to regulate the dlscharge

pressure or to recirculate the tank contents for mixing. The "Gearchem"
pumps are protected wlth a 60-psig safety valve.

The W-2A recycle line 1s plped through a heat exchanger to cocl the
partitioning wash solution. A 45°F chilled water line passes through

an insulated chamber, where a cooling ccil contacts the recyecle line.

Solution Make-Up

Scales and a welgh tank are provided for welighlng and mixing solutions.
The scale 1s a Failrbanks-Morse scale with a 0- to 500-1b range dial with
1/2-1b graduatlons. It is equipped wilth balance beams of 100-1b and
200~-1b capaclty.

The welgh tank 1s a 55-gal stalnless steel drum equipped with an air-
operated stirrer. Transfer of solutions from the welgh tank or from
the storage tanks 1s performed with an Eco "Gearchem" pump equipped
wlth portable polyethylene and stainless steel suctlon and dlscharge
lines.

Bullding process cold water and distllled water services are avallable
for solution make-up and general use.

- 1% -




Auxiliary Tanks

Three auxiliary tanks are installed in the operating area on the
outside cell wall. ‘

Auxiliary Dlssclver Feed Tank, DS-B

A 750-m1 tank 1s provlded for adding reagents to the dlssclver, DS-1.
The tank 1s constructed from stainless steel and equlpped with an
entry funnel, a polyethylene sight gauge, and a pressure gauge.
Ligquid is transferred into the cell from the DS-B tank by 20-psig ailr
pressure., The transfer line is valved at the 1nstrument panel.

Regin Peed Tank, RF

A 7-1liter tank for transferring resin into the cells is provided. The
resin slurry i1s moved through 3/8-inch stainless steel lines into the
boxes to the lon exchange columng by means of 20-pslig alr preasure
controlled from Console 1. A three-way valve below the tank allows the
flow to be directed to the proper resin column.

The tank is constructed of stainless steel and is equipped with an entry
funnel, a polyethylene sight gauge, a 3parge head, a pressure gauge, and
a vent to Cell 1.

Auxiliary Elution Feed Tank, E~-3 Aux

A 4-1liter graduated cylinder, guarded by an expanded metal frame, 1s
provided for feedlng an accurately measured volume of elution solution
through the resin column in Box 3.

HIGH LEVEL CAVES PROCESSING FACILITY

The chemical processlng equipment in the High Level Caves 1is housed 1in
three stainless steel containment boxes located in two general purpose
cells. Aluminum-Jacketed slugs are received in a shielded cask, which
is intrcduced 1nto Cell 1 and opened remotely. The lrradiated sluga

are then tranaferred with a General Mills manipulator to the dilssolution
and decontamination box (Box 1) or to a storage drawer.

Box 1 containg a dissolver with off-gas condenser and caustic scrubber,
a process filter, a resin column, and associated tanks and piping. The
process solution 1s transferred from Box 1 to the partitioning box

(Box 2), located in Cell 2 of the High Level Caves. Box 2 contains a
resin column and assoclated egquipment. Nepfunium product is removed
from Box 2 to a cask loading station located outside the rear wall of
Cell 2. The concentrated neptunium solution 1s transferred to the
finlshing facility for conversion to neptunium dioxlide. The remaining
process sclution 1s transferred to the plutonium concentration box

(Box 3) located adJacent to Box 2 1in Cell 2. Thls box contains a resin
column for decontaminating and concentrating the plutonium solutlon,
The concentrated plutonium solution is bottled for shipment or trans-

- 14 -




ferred to the finishing facility for further processing.

Single line piping diagrams of this equipment are included in the
Appendix (Figures A-1, A-2, and A-3).

High Level Caves Cells

Two of the general purpose cells In the High Level Caves are used.

Each cell is approximately 6 ft by 12 £t in flcor area and 17 ft high.
The walls are 3~-ft-thick high denslty concrete with two lead-glass
windows in the operating face of each cell. A General Mills heavy duty
electric rectilinear manipulator and a one-ton bridge crane are mounted
on continuous ralls that run the length of the two cells. The manipu-~
lator and crane can be moved from cell to cell by ralsing steel barriers
in the intercell wall. There 1s an accesgs door at the rear of each cell
and the cell roof covers are removable. A shlelded transfer and storage
drawer 1s installed in the intercell wall.

Each cell is equipped with a sump plt to ecatch llqulds spllied in the
cell, The liquid can be steam Jetted to a high level drain. Service
plugs and transfer blocks are provided for pipling and electric services
into the cell. Cell air is exhausted to the bulliding exhaust system.
Each cell is lined with a disposable plagtic liner to prevent gross
contamination of the cell. "Plexiglas" panels with glove ports and
bag rings are installed in each cell doorway.

Procesgs Contalnment Boxes

The primary contalnment boxes, located in Cells 1 and 2 of the Hlgh
Level Caves, are constructed of stalinless steel angle framing and have
stalnless steel and/or "Homalite" slde, top, and bottom panels. Each
box 1s 8-1/2 ft high and 4 ft deep. Box 1 is 6 ft wide, and Boxes 2
and 3 are each 5 ft wide.

Fach box is equlpped with an alr lock entry port. The alr locks have
top opening lids and a slidlng tray. A slliding door separates the air
lock from the inside of the box. PFigures 3 and 4 are pictures taken
of Box 2 during constructlon.

A BO-1b-capacity bridge crane 1is provided in each box. The hoisgt is
powered by a 1/30-hp reversible capacltor electric motor driving a rope
drum through a 200-to-1 worm gear reducer. A replaceable polyethylene
rope with a stainless steel hook 1s attached to the rope drum. The
electrical controls for the hoists are located in the orerating area.

A light rack is located over the top "Homalite" panel of each box. The
racks support groups of 4~ft fluorescent lamps mounted in a "Unistrut"
frame. The Box 1 rack contains 22 lamps and the Box 2 and 3 racks
contain 18 lamps each. The lamps 1n each light rack are divided into
four subcircuits separately switched at the operating area consoles.
The light racks can be removed via the cell roof slab opening for
relamping and maintenance.

- 15 -




The contalnment boxes are fabricated in two sections. The bottom
sectlion 1s completely enclosed with 16-gauge stainless steel; the
bottom and sides are continuocusly welded to angle framework. The
bottom section ls approximately 32 inches high and separated from the
top section by a 3/8-1nch reinforced plate. The bottom section
contalns the process tanks and dissolver.

The top box sections have "Homalite" or stainless steel side and top
panels, and contain process plplng, valves, resin columns, filters,
liquid traps, and other process equipment. Piping from the top section
extends through the 3/8-inch deck plate 1nto the process tanks and
digsolver. The bridge cranes and alr locks serve the upper box sectlons.
Connections for process plpilng and electrical and instrument gervices
are made at bulkhead fitting and Amphenol plug panels in the upper
section.

The upper section of each box 1is provlded with two master-slave
manipulator ports. The manipulators are provided with gauntlets which
prevent gross contaminatlon of the manipulators. Each box 1s equipped
with a fire detector and a water spray nozzle. The fire detector 1s
connected to the bullding fire alarm system.

[

|

Y s

CELr v ox g

FIG.3 BOX 2 FRONT VIEW
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FIG. 4 BOX 2SIDE VIEW

Process Equipment

Procegs Tanks

The process tanks are fabricated from type 304L stainless steel and
plate. Type 308L stainless steel welding rod was used; 100% X-ray and
dye tests were sgpeciflied, The tanks 1neclude:

In Box 1 In Box 2 In Box 3

Tank Tank Volume, Tank Volume, Tank Volume,

Description No. 1liters No. 1liters No. 1llters
Transfer T-1 38 T-2 33 T-3 89
Feed adjust FJ-1 53 F3-2 53 FJ-3 89
Feed F-1 38 F-2 53 F-3 89
Feed waste FW-1 38 Fw-2 89 FW-3 89
Wash waste WW-1 138 WW-2 138 WW-3 138
Product tank 1 P-11 13 P-21 13 P-31 12
Product tank 2 P-12 13 p-2p 13 P-32 12
Dry waste DW-1 29 DW-2 29 DW-3 29

- 17 =



The tanks for each contalnment box are welded underneath a common top
plate which also serves as a worklng level deck. The tank bottoms are
gloped 5 degrees.

Each tank 1s equipped with a dip line which extends to the low point
of the tank bottom. Llquld transfers intc and out of the tanks are
normally made through the dip lines. The waste and product tanks are
equlpped with Inlet tubes connected to the resin column plping.

All tanks except the transfer and feed tanks are permanently vented

and equipped with three tube bubbler packs. Two bubbler tubes per

tank are used for liquid level determinations. The third tube is
designed for use in specific gravity determinations. The bubbler lines
are 1/8-inch tubilng and are supplied with 0.l-cfh compressed alr through
purgerator meters in front of the cells.

The transfer and feed tanks are connected with pressure-vacuum vent
lines and are pressurized or evacuated to transfer process solutions.

The feed adjust tanks are equipped with 1/30-hp variable-speed stirrers,
which are controlled remotely. The waste and product tanks are equipped
with 2%-inch 10B-fritted stainless steel air sparge heads to be used
for mixing.

All tanks except the feed and transfer tanks are equlpped with sample
dip linesg, which are piped to the sample gtation in the cell loading
area.

The feed adjust and feed tanks are equipped wlth electric heaters,
coolling water Jackets, and thermocouple wells. Each tank has three
1000-watt ring heaters mounted on the bottom of the tank. The cooling
water outlets from the top of the cooling water Jackets are connected
to the low level draln line in the service trench behind the cells.
The thermocouple wells are equipped with stainless steel-jacketed
thermocouples with polyethylene-sheathed lead lines, which extend to
Amphenol connectors at the box wall and from there to temperature
recorders in the operating area.

Each tank is provided with a spare fittlng, which can be used as a tank
connection for installation of any new lines or liquid level alarm
probes. The spare fitting is a "Swagelok" female connector, which has
been drilled through for a 1/4-inch tube.

A dry waste tank 1s provided in each box. They are open top vessels
with liners for storage of solid waste matter (for example, old valves
and gauntlets). The box deck plates slope to the top of each dry waste
tank. Liguid leaks and deck plate flushes drain into the annular space
between the tank and waste tank liner. The waste liquid can be sampled
and recycled or transferred to the high level drain.
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Dissolver-Condenser

The dissolver unit, located in Box 1, conslsts of a 50-liter bolling
pot and attached condenser. The pot 1s equipped with three ring-type
electrical heaters (4500 watts total), a cooling water Jacket, and four
thermocouple wells. A slug entry hatch; designed to withstand a
dissolver pressure of 2 pslg, 18 provided in the dissolver top. The
dissolver bottom 1s sloped and a process dip tube is installed through
the dissolver top to the low point in the pot. The pot contalns four
bubbler lines designed for use in determining liquid level, specific
gravity, and presence of foam.

The condenser conslsts of a 3-ft-long sectlon of 4-inch pipe contalning
nine bubble caps and an 8-inch demister wilire sectlon. The condenser has
three separate coolling water Jackets and three thermocouple wells. It
is designed for off-gas rates of 20 cfm and 1s exhausted to the off-gas
system through a caustic scrubber,

Serubber

A caustic scrubber, installed In Box 1, removes locdine from the dissolver
off-gas stream. It 18 constructed of a 2-ft-long section of 4-inch pipe.
A 0.2-gpm caustic spray nozzle 1s located 1n the scrubber plpe between
two B8-inch demlster wire sections.

The scrubber 15 designed for gas flow rates up to 20 cfm. Gases
exhausted from the scrubber pass through a demister fillter unlt in
Box 1, a liquid trap in Cell 1, and CWS (Chemical Warfare Service)
fllters in the loading area before going intce the building off-gas
exhaust system.

Caustic solution from the scrubber flows by gravity through a welr to
the high level draln system. A c¢onductivity-type flow detector acti-
vates indicating lights on the Cell 1 console.

Resin Columns

The lon exchange columns are constructed of heavy-wall, preclsion-bore
"Pyrex" tubing. Each resin column in Boxes 1 and 2 is 14.95 inches in
ID and 15 inches long and contalng 4.1 liters of resin. The regin
column In Box 3 is 2.5 inches in ID and 15 inches long and contalns
1.1 liters of resin. The resin is retalned between 150-mesh stainless
steel screens. The top retaining screen 1s mounted in a spring-loaded
plston with polyethylene wipers to maintain the resin in a compacted
bed. A 3/8-inch tube is located between the retaining screens to
permit resin charging and removal, The columns are installed with
"Swagelok" fittings and polyethylene ferrules. A transparent shield
is provided around the "Pyrex" column to prevent loss of product or
equipment damage 1f the column should shatter. Figure 5 shows a typilecal
regin column.
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FIG. 3 TYPICAL RESIN COLUMN

Process Fllter

The process filter (FT-1), provided in Box 1 for flltering dissolver
solution, is a Micro Metallic Company Bu-fritted stalinless steel
filter unit with a 4-ft® filter area. The filter housing is welded
closed and equipped with "Swagelok" fittings. A standard jig 1s pro-
vided for fabrlcating replacement fllters,

High Level Waste Hold Tank

A 125-1iter stainless steel high level waste hold tank 1s 1lnstalled
in an upper corner of Cell 1. High level liquid waste from Boxes 1,
2, and 3 can be transferred to thls tank by vacuum and then drained
by gravity inte the bullding high level drain gystem. Waste liguid
from the resin waste statlon is also discharged to the waste hold tank.
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The high level waste hold tank is equipped with three process waste
inlet lines, a vacuum supply line, a drain valve, a spray nozzle, and
high and low level conductivity probes. A process header from each
containment box enters at the top of tank. Valves are provided for
thege 1lines on one wall inside Cell 1. The vacuum supply line 1s valved
at the sample statlon and a vacuum gauge and a vent valve are located 1n
the operating area. The tank drain valve handle extends into the oper-
ating area through a service plug. The spray nozzle 1s connected to a
process cold water line for tank flushing and decontamination. The high
‘and low level conductivity probes are connected to the liquid level
alarm panel,

Waste Jet
A high level drain Jet is installed in each box for emergency use in
case the high level waste hold tank system should fail. The Jet 1s a
s-inch Schutte and Koerting stalnless steel jet. Water at 75 to
100 psig 1s used as the jetting fluid.

Valves and Plping

Two types of valves are used in the containment box piping. For
unidirectional flow Hoke AOTY-440 bellows seal valves with modified
pneumatic operators are used. The modified operators have stainless
steel rather than brass parts and "Hypalon" diaphragms. Where multi-
directional flow is desired, Republic plug valves are used. The valve
plugs are polyethylene in Box 1 and "Teflon" in Boxes 2 and 3.

The valves are equipped with "Swagelok" fittings that are spaced to
match vertical tube connections in the process piping. All valves of
like kind are interchangeable and valve Jigs are provided for fabri-
cating replacement valves.

The basic piping material is 1/4-inch type 304L stainless steel tublng.
Bubbler packs have 1/8-inch type 304L tubing, and the resin and waste
systems have some 3/8- and 1/2-inch type 304L tubing.

Single lilne piplng diagrams for Boxes 1, 2, and 3 are included in the
Appendix (Figures A-1, A-2, and A-3).

HIGH LEVEL CAVES AUXILIARY FACILITIES

Auxiliary Equipment

Sampler Staticn

A 1l4-stage sampler 1s installed in a modifled Junior cave located in
the cell loading area. The 3-inch-thick steel junlor cave shell 1s
provided with a "Plexiglas" front containing glove ports, a bag ring,
and an air lock. The Junior cave 1s equipped with a high level drain
for liquid waste and is exhaugted by the bullding off-gas exhaust
system,
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The l4-stage sampler consists of two racks. The top rack can be moved
vertically with pneumatic cylinders. The rack contains a pair of
stainless steel needles for each of the 14 sampling points; each pair
conslsts of one long and one short needle. The needles are positioned
to provide a sample of predetermined volume. The bottom rack holds

14 standard 10-cc pyramid sample bottles with dliaphragm ftops and can be
moved horizontally on centering guldes.

Resln Waste Station and Disposal Cask

A resin waste removal station 1s provided outside the Cell 1 wall in
the loading area. The dlsposal cask can be attached to the station.

The resin waste station consists of a 20-inch by 1l4-inch by 8-inch
stainless steel enclosure with a "Plexiglas" top panel and a sliding
door. The statlion 1s permanently pilped to the resin waste header In
Cells 1 and 2 and to the high level waste hold tank with 3/8-inch
stainless steel tubing.

The resin waste cask conslsts of a disposable, 85-liter, stainless steel
tank contained withln a reuseable lead liner. A reuseable stainless
steel and "Plexiglas" gloved box 1s mounted on top of the resin tank
and shield assembly.

The gloved box 1s equipped with a sliding door transfer port that
mateches the port on the resin removal atatlon. The waste tank assembly
is attached to the removal station by toggle clamps. A neoprene gasket
seals the Joint between the sliding door faces of the gloved box and
wagte station.

The disposal cask 1s equipped with a resin slurry inlet which 1s connected
to the resin waste header. A liquld waste outlet from the waste tank 1is
equipped with a 200-mesh stainless steel screen and is connected to the
high level waste hold tank l1ine. The connections from the station to the
waste tank are made with 3/8-1nch polyethylene tubing in the gloved box.
These lines are equlpped with valves at the tank connections.

Regin transfers are made by vacuum supplied from the high level waste
hold tank, The spent resin in the process resin columns is slurried
wlth dilute nitric acid from the cold feed area. The resin slurry
flows from the column through the resin waste piping lnto the waste
tank. The resin is retained in the waste tank by the 200-mesh screen,
and the liquid 1s drawn into the high level waste hold tank.

The resin waste gtatlon 1s exhausted by the off-gas exhaust system at
approximately 20 cfm. Air inlet is through a 4-inch by 4-inch by
6-inch CWS filter mounted on the waste tank gloved box; a negative
pregsure of approximately one inch of water 1s malntained.
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Product Transfer Station and Transport Casks

A product transfer statlon 1s provided outslde the Cell 2 wall in the
leading area. Shlelded casks which can be attached to the transfer
station are provided to transport product sclution from the transfer
station to the finilshing facility.

The transfer statlon consists of a 20-inch by l4-1nch by 8-inch stain-
less steel enclosure with a "Plexiglas" top panel and a sliding door.

The station 1s permanently piped to the product hold tanks and vacuum

header in Cell 2 with 1/4-inch stainless steel tubing.

Each cask assembly consists of & cylindrical shielded tank with a
gloved box mounted on the top. A dolly is provided for each cask. Two
casks are provided for neptunium preoduct and two for plutonium product.

Each plutonium cask contains a 2.,1-1liter stalnless steel tank equipped
with a coolling water Jacket. The tank is shielded with one 1nch of
paraffin and one inch of lead around the sldes and bottom. Two plpes
enter the top of the tank. One line 18 a dip line and extends to
within 1/8 inch of the bottom of the tank. The other line 1s a short
line extending 1/4 inch below the tank top. Each line is provided with
a valve. A bypass line and valve connects the two tank lines. The
valves are installed above the tank in a shlielded cavity. One inch of
polyethylene shielding is provided for the tank top and the cavity is
filled with lead shot to a level two inches above the valves.

A stainless steel gloved box i1s welded to the top of the shielded tank
and valve section. It is equipped with twe glove ports, a 4-inch by
h-inch by B-inch CWS air inlet filter, and a sliding door panel, which
matches the product transfer station sliding door panel. Extension
handles from the shielded valves extend into the gloved box section.
"Swagelok" connectors are provided for connecting the tank dip tube and
short tube to the product transfer and vacuum lines in the product
transfer station. Cooling water and drain connections are provided
outside the gloved box section for the tank cooling water Jacket.

The neptunium product transfer casks are similar to the plutonium casks
except there is no cooling water Jacket or paraffin and polyethylene
shielding. The neptunium transfer casks have a capaclity of 12.7 liters.

Product Loading Station

A plutenium product loading station is provided in the cell loading

area adjacent to the product transfer lcoading station., It consists of !
a two-section "Micarta'-faced plywood and "Plexiglas" gloved box.

Product soluticn measuring and sampling 18 performed in the upper

section. The solutlion is then put into special stainless steel ship-

ping containers in the lower section.

- 23 .




The upper gloved box section contains a 4,5-1liter stainless steel
product transfer tank, a l-liter graduated cylinder, and assoclated
valves and piping. 1/4-inch tubing connections to the product trans-
fer station are made through an 8~inch plastic tube connected to
glove ports.

The lower gloved box sectlon contains a pneumatically operated rack
which positions contalners beneath a loading port in the upper sectilon.

The loading station gloved box is exhausted through a CWS fllter to
the off-gas exhaust. Alr flow into the box 1is provided through double
duststop filters in the gloved box entry alr lock.

Decontamination Station

The stalnless steel shipping containers are decontaminated in a
modified laboratory hood. The hood face is replaced with a slliding
front with glove ports. Loaded contalners are triple bagged and placed
in a stainless steel container on a dolly for transport to the hood.
The bagged contaliners are put into the hoed on a holder. With the hood
front in the "down" position, the bags are removed, and the containers
are decontaminated.

Operating Controls and Instrumentation

Most in-cell equipment is operated remotely from consoles located near
the front face of the cell. For convenlence, process instrumentation
for each containment box is grouped near the appropriate control
console., In addition, each box is equipped with a palir of master-slave
manipulators; a General Mills manipulator serves the area within the
cells but outside the containment boxes. The manipulators are used for
material handling, maintenance, and limited process cperation.

Process Transfer Control Panels

The process transfer control panels are completely enclosed steel and
"Plexiglas" boxes housing valves and piping for applying vacuum or
pressure to the contailnment box process transfer and feed tanks. There
are three trangfer control panels, one for each process contalnment
box. The Box 1 panel 1lg located beneath the Cell } wlndow; the Box 2
and 3 panels are located under the Cell 2 windows.

The Box 1 transfer control panel controls vacuwun and pressure supply
for transfers into and out of the T-1 (transfer) and F-1 (feed) tanks.
The Box 2 panel contreols the T-2 and F-2 tanks, and the Box 3 panel
controls the T-3 and F-3 tanks.

A typlcal transfer or feed tank is equipped with a pressure-vacuum vent
line which is piped through a transparent liquid trap and a filter trap
in the contalnment box to a transfer control panel. The liquid trap

contalns a liquid level alarm probe. Inside the transfer control panel
the line 1s connected through a float check valve to the common port of
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a three-way plug valve. The through-slde ports of the valve are
connected to a 20-pslg pressure supply, a vacuum supply, and a vent
header. Gauges are provided for the tank pressure-vacuum vent lines
and for the vacuum supply line. A valve 18 provided for venting the
vacuum header to the vent header which exhausts into the cell contain-
ment box.

Instrument and Control Consoles

Instrument and Control Console 1 1s located in the cave operating area
in front of Cell 1. It houses some of the control valves, electrical
gear, and instrumentatlion for the Box 1 process, Console 2 1s located
in the operating area in front of Cell 2. It contalns controls similar
to Console 1 and serves Boxes 2 and 3.

The cong8oles are fabricated from steel angle and sheet. Valves,
electrical switches and controls, and instruments are mounted on the
glde, top, and end panels. Doors and removable panels provide access
to plping and wiring Inside the consoles.

The consoles provide mounting space for the following valves and
electrical and instrument controls:

(1) plug valves connected to compressed alr and vent headers to
operate the Hoke pneumatic valves in the "hot" process piping
and to pressurize or vent the cold feed adjust tanks (FJA),
the dissolver addition tank (DSB), and the resin feed tank (RF)

(2) pressure regulator and air valves to supply sparge mixing heads
in the waste and product tanks

(3) water supply valves for the coolling jJackets of the feed adjust
tanks, feed tanks, dlssolver and condensger, and contalnment
box and high level waste hold tank spray lines

(4) box light switches, tank and dissolver heater switches and
powerstats, stirrer switches and rheostats, and contalnment
box bridge crane contrels

{5) purgerator flow meter and Magnehelic gauges for indication of
containment box negative pressure, dry waste tank liquild level,
dissolver liquid and foam indication, and pressure drop across
the dissolver, condenser, and scrubber

Console 2 also contalns a thermocouple temperature recorder which
records the feed adjust and feed tank temperatures in Boxes 2 and 3.

Instrument and Contrcl Panels

Instrument and Control Panels 1 and 2 are mounted on the outslde front
walls of Cells 1 and 2, respectlvely. These panels provide mounting
gpace for control valves and rotamefers for column wash and elution
lines and the off~gas exhaust scrubber solutlon line, control valves
from the feed adjust and dissolver addition tanks, and purge rate
meters for bubbler lines inte the "hot" process tanks.
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Manometer Racks

The manometer racks are mounted on the outgide front wall of Cells 1
and 2. One rack is supplied for each of the three containment boxes.
Each rack contalns five 30-inch U-loop water manometers for determining
liquid level in the feed adjust, feed waste, wash waste, and two
product tanks 1ln each box. The manometers are connected parallel with
the purge lines from the purgerators on the 1lnstrument and control
panels.

Recorder and Instrument Panel

A panel 1s provided 1n the operating area for an elght-point temperature
recorder and a six-position battery-powered radiation alarm unit.

Box 1 process temperatures are relayed from thermocouples located in the
dilssolver, condenser, feed adjust, and feed tanks to the eight-point
temperature recorder.

The radlation alarm unit consists of silx radiation meters, which
energize an alarm buzzer when any one of six radiation probes detects a
preset radiation level. Radlation detection probes are located at each
of the three transfer control panels below the cell windows, at the
vacuum pumps on the Cell 1 roof, and at each of the two primary off-gas
exhaust fllter banks behind Cells 1 and 2.

Liquid Level Alarm Panel

The liquid level alarm panel is located in the operating area. It
houses an alarm bell, indicating lights, and four liquid level relays.
The relays are connected to conductivity probes in the Box 1, 2 and 3
transfer and feed tank liquid traps and the high level waste hold tank.

Conductivity probes in the liquig traps from the Box 1 transfer and
feed tanks are tied in parallel to one relay. Liquid in elther trap
wlll cause the alarm bell to ring and the Box 1 overfill indicator light
to turn on.

Conductivity probes in the liquid traps from the Box 2 and 3 transfer
and feed fanks are tied in parallel to ancther relay. Liquld in any one
of the four traps will sound the alarm and llight the Box 2 and 3
overfill indicator light.

The other two relays are connected, one each, to the high level and

low level conductivity probes in the high level waste hold tank. A
green light on the panel indicates when the tank is empty. When the
tank is approximately 10% full the lower probe will contact the liquid
and cause the green light to switch off and an amber light to switch
on., If the tank is fllled to 90% of capacity the alarm bell will sound
and a red light will switch on.
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An acknowledge button is provided to silence the alarm bell in all cases;
however, the appropriate alarm light or lights will remain on until the
cause for the alarm has been relleved. Relay and light test buttons

are provided for each of the four relays.

Jet Pump

A pump is provided adjacent to Console 1 to boost the buillding process
water pressure for use with the box waste Jets. The pump is an Eco
"Gearchem" pump, 70O serles, with 3/8-inch ports.

The process water line is equipped wlth a strainer upstream of the pump
and a bypass and relief valve around the pump. The line branches to
each of the three boxes to service Jeta J-1, J-2, and J-3. Operating
pressure 1s approximately 75 psig. Each branch line 1s equipped with

a gauge and a valve for pressure regulation.

Box Microphones

Microphones are installed through service plugs to each of the three
contalnment boxes., The amplifier, speaker, and controls for the
mlcrophones are located on the wall in front of Cell 2.

Control and Service Piping

All control and service plplng to Boxes 1, 2, and 3 1s routed through
the conscles and panels located in the operating area.

Lines from the cold feed area are run through the building wall into a
service trench below the floor of the operating area to the consoles
and panels. Process c¢old water, 20-psig alr, and 90-pslg alr are
supplied from bullding service headers existing in the service trench.

All lines into the cells from the ceonsoles and panels enter through
service plugs. The tublng 1s spiraled in small bundles through the
plugs which are then filled with poured lead or lead shot. "Swagelok"
unilons are provided at each end of the tubing in the service plugs for
eage of assembly.

Ball check valves are installed in the cell entry lines where practical
to prevent the possibility of liquid back-up and possible contamlnation
spread in the operating area. The valves are located inside the cells
between the gervice plugs and the containment boxes.

Piping from the cold feed area and operating area lnto the cells is
1/4-inch stalnless steel and copper tublng except for purge lines, which
are 1/8-inch copper tubes, and cooling water lines, which are 3/8-inch
copper tubes.
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Auxiliary Services

The exhaust, electrical, and vacuum service gystems are described in
this section, Process cold water, distllled water, 20-psig compressed
air, 90-psig compressed air, high level drain, and low level draln
services are supplied from existing bullding facllities and are not
discussed.

Exhaust Systems

The processing facility utllizes two existing exhaust systems. The cell
exhaust system 1s retained for exhausting Cells 1 and 2. An extension
of the off-gas exhaust system is provided for containment box, dis-
solver, and wvacuum pump exhaust.

Normal cell exhaust 1s 500 c¢fm per cell. Air inlet ia through fiber-
glass duststep filters located in air slots on the cell roof. A
20-inch by 20-inch by 2-inch thick fiberglass exhaust filter is
located near the floor of each cell. Each cell exhaust is equipped
with a duststop prefilter and a 2i4-inch by 24-inch by l2-inch-thick
(W3 absolute filter and exhaust fan. A second filter unit and fan are
installed as spares. The fans are discharged lnto exhaust stacks.

An off-gas exhaust system serves the three cell containment boxes, the-
dissolver exhaust, the vacuum pump discharge and pump housing, the
product and waste transfer gtations, the sample station, and the pro-
duct loading station. A single line diagram of the off-gas exhaust
system ig provided in the Appendix (Figure A-14).

The processing facility off-gas exhaust header is separated from the
main exhaust header by two completely enclosed Flanders Model 6C22-CN2N2,
Size C, CWS filters. The Flanderg filters are piped in parallel and one
is 1n service at all times. Service runcuts from the facility header
are equlpped with 4-inch by 4-inch by 6-inch CWS cartridge filters

prior to the Flanders fllters. The cartridge filters are housed in
gloved boxes, The sample gtation and product loading statlon filters
are installed in individual stalnless steel housings.

Power Supply

Lighting panels A and E, Instrument panel 11-RL, and emergency panel
ES supply 110 v normal, lnstrument, and emergency power, respectively.
These panels are located 1In the High Level Caves operating area on the
wall opposite Cell 1. Instrument power 1s supplied to the intercom
system between the cold feed area and the operating area., Emergency
power 1s supplied to the liquld level alarm system and the cold feed

pumps. All other equipment and instruments are supplied normal 110 v
electrical power.

The fire alarm detectors in Boxes 1, 2, and 3 are connected in series
to the bullding fire and evacuation alarm panel.

- 28 -




Vacuum System

A separate vacuum system is provided for the processing facllity. The
system consists of three Model 1400B Welch Duo-Seal vacuum pumps,
stalnless steel piping, and plastic and stalinless steel valves. Vacuum
service is supplied to the Box 1, 2, and 3 proccess transfer control
panels, the high level waste hold tank, and the sample station. A
diagram of the vacuum system is included in Figure A-4 in the Appendix.

The vacuum pumps are installed on the Cell 1 roof. Each pump 1s piped
to a specific use point. Individual switches with pilot lights are
located 1n the operating area at convenient locations. Valved cross
connections are provided between the pumps so that each pump can be
used as a spare for either or both of the other pumps.

Each pump suction line 18 equipped with a dry ice 1lquid trap. The
trap has a valved draln line to the bulldlng high level drain system,
Each pump ls contained in a stainless steel and "Plexiglas" enclosure
to permit removal of the entire pump and enclosure for decontamination
and maintenance. The pump enclosures are exhausted to the off-gas
exhaust system.

The wvacuum pump dlscharge lines are connected 1lnto a common header
equipped with an oll trap. The trap discharge line 1s exhausted to
the off-gas exhaust system,

FINISHING FACILITY

General Description

The finishing faclility i1s provided to concentrate plutonium nitrate
gsolution and convert neptunium nitrate solution to a dioxide powder.
Plutonlum is preclpitated as the percxide, collected on a filfer, and
dissolved to the desired concentration. Neptunium 1s precipltated as
the oxalate, collected on a fllter, and calcined to the dloxide.

The finlshing facility is installed in an 8-ft section of a "Dry
Chemistry Facility" gloved box, which is 24 ft by 4 ft by 6-1/2 £t high
and 1is located in the center of a 24-ft by 24-ft radicchemical labora-
tory. The gloved box has gloved panels on both sldes and 1s separated
by vertical partitions and air locks into three 8-ft-long sections.

Each 8-ft section 1s divided into an upper and lower box by a horizontal
partition which serves as a working surface for the upper box.

The gloved box 1s provided with an off-gas exhaust system, which
exhausts approximately 10 cfm from each gloved box sectlon. Alr entry
into the gloved boxes is through %-inch by 4-inch by 6-1inch CWS filters;
a negative pressure of 1/2 to 1 inch of water is malntained. The box
exhaust is flltered through two series CWS filters in the off-gas
exhaust system before being expelled into the bullding exhaust stack.
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The middle 8-ft dry chemistry gloved box sectlion houses the plutonium
and neptunium finishing equipment. A precipitator, fllter, and fil-
trate catch tank are provided for plutonium concentration. An anion
exchange column and assoclated tanks is provided for product recovery
from the filtrate solution, A precipltator, filter, filtrate catch
tank, and calclning furnace are provided for producing neptunium
dioxide. Tanks and preclpitators are located in the lower gloved box
gsectlon; valves, plplng, filters, and the calecining furnace are
located in the upper section,

A cask unlecadlng station and a plutonium product loading station are
installed in an adjacent 8-ft gloved box section. The cask unloading
station 1s identical to the product leocading statlon in the High Level
Caves processing facility.

The plutonium product loading station is a 24-inch by l6-inch by 1l2-inch
deep stainless steel box equipped with a "Plexlglas" front. Process
plping connections for product transfer are provided. A shipping
container gloved box can be attached to the station via matchlng 12-inch
bag rings.

Process Equlpment

Tanks

The finishlng facllity process tanks are fabricated from type 304L
stalnless steel pipe and plate. These tanks include:

Tank Volume,

No. liters Degeription
T-1 2.5 Plutonium filtrate catch tank
T-2 50 Waste hold and column feed adjust tank
T-3 50 Column feed tank
T4 5.5 Column elutlion displacement and tails tank
T-5 5.5 Column elution product tank
-6 5.5  Neptunlum filtrate cateh tank
F1H 0.6  Plutonium product tank
T 175 Neptunium waste hold tank

Dip tubes are installed through the top of each tank. The T-1, T-2,
and T-6 tanks are equipped with process inlets. Each tank is equipped
with a vacuum-vent line, and vacuum 1s used for procesg liquld trans-
fers. The T-3 ftank is equipped with a 15-psig air line to provide
pressure for transferring feed sclution through the resin column.
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Fach tank except the T-3 tank is equipped wilth a 2%—inch—diameter,
lOou-fritted stalnless steel sparge aglitator. The sparge heads are
piped to a vent valve 1n the upper gloved box sectlion and are operated
by applying vacuum to the tank and opening the sparge vent valve.

Each tank, except the T-3 tank, can be sampled. A sample needle holder
for each tank is located in the upper box sectlion. Each sample needle
holder 1s equipped with a hypodermic needle connected to a 1/16-inch
polyethylene tube which extends through a 1/4-inch stainless steel tube
into the tank. An evacuated pyramld sample vial with a self-sealing
dlaphragm cap 1is filled by i1nserting it over the hypodermic needle.
Another needle holder, connected to a vacuum supply, 1s used for
evacuating sample vials. An O-ring sealed cap is provided for each
sample needle holder.

All tanks, except the T-3 tank, are equipped with 1iquid level sight
gauges. The sight gauges are 6-mm "Pyrex" glass tubes connected at

the bottom and top of the tanks with 1/%-inch "Swagelok" elbows. Each
slght gauge 1s provided with a "Plexlglas" guard and a callbrated meter
stick.

The FWT and T-2 tanks are equipped with drain lines connected to the
building high level drain. The T-2 tank 1s equipped with two 500-watt
emersion heaters, a coollng water Jacket, and & thermometer well. A
small water-cooled condenger 1s provided on the T-2 tank at the wvacuum-
vent connection.

The F1H tank is equipped with a bottom inlet-cutlet line, a vacuum-vent
line, a sample line, and a cooling water jacket. A porous stalinless
steel frit welded over the inlet-outlet connectlon is provided for
vacuun sparge mixlng.

Precipitators

Precipitators P-1 and P-2 are fabricated from type 304L stainless

steel. The precipitators are fully baffled vessels agltated with simple
four-blade paddles driven through reduction gears by Gast alr motors.
Each precipitator is equlpped with process dip llnes, process 1nlet
lines, and sample lines.

The plutonium precipitator (P-1) has a capacity of 3 liters. It is
shlelded wlth 1 1nch of lead and 1s equlpped wlith a thermometer well
and a cooling Jacket., A refrigerating unit circulates chilled glycol
solution through the coollng Jacket.

The neptunium precipitator (P-2) has a capacity of 5.5 liters and is

shielded with 1/2 inch of lead. The precipitator is equipped with a
cooling Jacket, two 250-watt emersion heaters, and a thermometer well.
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Fllters

The plutonium filter (F-1) is constructed from %-inch type 304L stain-
less steel pipe and a 10 stainless steel frit. The filter is
permanently installed and is equipped with a scraper to break up the
filter cake and a platlinum gauze catalyst to aid in dissolving the cake.
The neptunium filter (F-2) is constructed of type 347 stainless steel
pipe and frit material. The type 347 stainless steel is used to permlt
calcining 1n the filter wlthout contaminating the product wilth iron.

The neptunium filter is installed 1in a secondary houslng and 1s remov-
able. The capacity of each filter is approximately 350 cec.

Resin Column

The resin column is constructed from "Pyrex" plpe, 2 inches in diameter
and 12 incheg long, with stalinless steel end fittings. The column has
a resin capaclty of 500 cc. The resin 1s held between "Teflon" felt
retainers. The top felt retainer is mounted 1n a spring-loaded piston,
which keeps the regin in a packed bed.

Valves and Piping

Figure A-5 in the Appendix shows the finlishing facillity pilping diagram
and a table describing the valves and rotameters, The principal valves
are stainless steel Republic plug valves with "Teflon" plugs and Hoke
and Republic needle valves.

Process piping is fabricated from 1/4-inch type 304L stainless steel
tubing and "Swagelok" fittings. Cooling water and refrigerant lines
are 1/2-inch tubing.

Separate process, vent, and vacuum headers are provided for the
neptunium and plutonium processing equipment. The vent headers dis-
charge to the gloved box atmogphere through ligquid traps and CWS fillters.
The two vacuum llnes are connected to a common header through individual
liquid traps and CWS filters. A Welch Duo-Seal vacuum pump, located in
the lower box section, provides vacuum %o the system through a vacuum
regulator. A solenoid-operated vent wvalve 1s installed in the common
vacuum header, The vacuum pump power supply and the vent valve

golencid are interlocked with conductivity probes in the ligquid traps.
If process liquid 1s drawn into either trap, the pump will automatically
become de-energized and the solenoid valve will vent the header.

The P-1 precipitator and the T-1 and T-3 tanks are equipped with

pressure rellef valves, which are pliped to the off-gas exhaust system
through a surge tank and CWS filter,
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Calecinlng Purnace

A 2000-watt calcinlng furnace is provided for caleclning neptunium
oxalate to the dioxide. It 1s designed to hold the F-2 fllter unilt and
1s equipped with gas sweep plpe connections, a cooling jacket, and a
thermocouple well. The furnace temperature can be centrolled manually
with a powerstat or automatically wlth a temperature contrcller-recorder.

QX &

A. L. Coogler

(5?(5%'Cj;;4~Pé244

B. F. Fowler
Laboratory Services Division
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