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FABRICATION OF ZERO POWER REACTOR FUEL ELEMENTS
CONTAINING 233U304 POWDER

R. G. Nicol, J. R. Parrott,* A. M. Krichinsky,
W. D. Box, C. W. Martin, W. R. Whitson®

ABSTRACT

Oak Ridge National Laboratory, under contract with
Argonne National Laboratory, completed the fabrication of
1743 fuel elements for use in theilr Zero Power Reactor. The
contract also included recovery of 20 kg of 233U from rejected
elements. This report describes the steps associated with
conversion of purified uranyl nitrate (as solution) to U3Og
powder (suitable for fuel) and subsequent charging, sealing,
decontamination, and testing of the fuel elements (packets)
preparatory to shipment. The nuclear safety, radiation expo-
sures, and quality assurance aspects of the program are
discussed.

1. INTRODUCTION

The work that ORNL undertook for Argonne National Laboratory (ANL),
which involved fabrication of fuel elements containing 233U308 powder
for use in ANL's Zero Power Reactor (ZPR), included:

1. performing studies to determine the operating parameters of the

conversion process so an acceptable powder could be obtained;

2. designing, installing, and testing fuel element fabrication

process equipment; and

3. fabricating the required fuel elements in a specified time.

Because of the age of the starting uranyl nitrate and recycled
oxide, purification by solvent extraction and/or ion exchange was
required before conversion to U3z0g and subsequent charging into fuel
element shells.

Details of the fabrication operations, including nuclear safety and

personnel radiation exposure data, are included.

*Retired.



2. SUMMARY

A total of 1743 fuel elements (each containing 33 g of 233y;0g)
was prepared from eight lots of powder and transferred in three ship-
ments to Argonne National Laboratory (ANL), Tdaho Falls, Idaho. Twenty
kilograms of 233y was recovered from reject elements by dissolution of
oxide, purified by solvent extraction and/or ion exchange techniques,
and recycled. An overall material balance (U) of 99.67 was obtained for
the program.

The U30g powder (57.5 kg) was produced in 6- to 13-kg lots, using
uranyl nitrate solution source material (232U content <10 ppm U) left
over from the LWBR support program.1 The source uranium was purified by
ion exchange immediately prior to conversion to U30g powder to remove
232y daughters, thus reducing the radiation exposure to personnel during
oxide conversion (room 502) and element fabrication (room 501) in
building 3019 at ORNL. Conversion rate was 6.6 kg of uranium per day in
a medium of plant dry air at 800°C. The oxide was processed in an
unshielded glove box facility using an ORNL-developed process outline
that featured precipitation of ammonium diuranate (ADU) from a low-acid
solution using ammonia, washing of the ADU cake in a centrifuge (to
remove most of ammonium nitrate present), drying washed cake via
microwave energy, and calcining dried cake in air at 800°C. (The last
step was the only deviation from that reported in the LWBR support
program.) The product oxide was packaged in stainless steel primary
cans, each holding 500 to 600 g of powder, stored in "bird cage"” con-
tainers in batches of four each in fissile material storage vault 3100,
and transported back to the fabrication facility at a rate of one or two
cans per day.

The high quality of the 233U308 powder was ensured by the admin-
istration of a quality assurance (QA) program developed at ORNL in
compliance with contractual requirements and approval of ANL. The QA
program included provisilons for controlling (1) the quality of the feed
material, (2) manufacturing process parameters and reagents, (3) quali-
fication of the operating personnel, (4) calibration of process equip-
ment, and (5) inspections required for qualifying each lot of powder and

each individual fuel element preparatory to shipment.



Radiation exposure to operating personnel — a single individual or
the entire group — did not exceed the recommended maximum quarterly dose
(1300 mrem) at any time during the program. The exposure to radiation,
which varied directly with the time spent, occurred during hood and
glove box operations in the fabrication and recovery programs and while
transporting powder and elements, both completed and in—-process, to
satisfy safeguards requirements.

Once the control parameters were set in preproduction runs, minor
production delays were caused by the presence of organic material in
solvent extraction product which remained in the ion exchange product
(or conversion feed), faulty operation of the welder, and weld overhang
that hindered decontamination. Two uranyl nitrate solutions containing
greater than normal organic species produced a powder with above normal
density, probably caused by increased sinterability during calcining.
Blow holes developed from pressure In the elements caused by improper
heating cycles, from faulty tracking of the welding torch, and from
impurities on the packet metal, which caused sparking.

Most of the radiation exposure to operating personnel occurred
while transporting the powder; charging, seal welding, and sanding
excess weld on the packets; and opening reject packets to allow uranium
recovery. Although the last operation was done sporadically, it was
performed on elements containing uranium with the greatest age, thus

containing the greatest concentration of 232y daughters.

3. 233y PURIFICATION

Nitrate solutions containing 233y that had been generated in reject
oxide dissolution operations and recycle solvent extraction and ion
exchange solutions were purified by solvent extraction to recover the
uranium. These partially purified solutions, containing <0.4 M acid,
were purified by cation exchange to remove residual thorium and 232y
daughters sufficiently to permit conversion to 233U303 (Sect. 5) in
unshielded glove boxes without intolerable personnel radiation exposure.

The purilfication flow sheets are described in ref. 1.



4. CONVERSION OPERATIONS

The conversion equipment and operating procedures used in producing

33U308 were approximately the same as those reported in the LWBR
report1 for producing 233U02. The uranium in nitrate solution was pre-—
cipitated as diuranate using NH3y. The precipitate was dried to 107
molsture content in a microwave oven and calcined to produce U30g by
contacting with air at 800°C. The powder produced was stable and so
required no "stabilization step” as was necessary in producing UO,. The
product was granulated to pass through a 100-mesh screen, blended,
collected in stainless steel cans in 500- to 600-g quantities, bagged
out of the product glove box, placed in "bird cage” containers in
batches of four cans, and stored in vault 3100 until required for fuel

2lement fabrication.

5. FUEL ELEMENT PRODUCTION OPERATIONS

The 2330305 powder produced in the oxide conversion facility (room
502 in building 3019) and aged less than 60 d was delivered in cans con-
taining 500 to 600 g to the charging glove box (GB-1) in the fuel
element fabrication facility (room 501 in building 3019) (Fig. 1). One
day's supply (one or two cans) was bagged into GB-1 and stored behind a
lead brick shield until needed for charging into the empty stainless
steel packets (Fig. 2).

5.1 Packet Preparation

The stainless steel packets (shells plus associated lids) were
fabricated by ANL according to thelr specifications and were shipped to
ORNL in wooden boxes containing 500 to 1000 packets each. The packet
parts were delivered to the ORNL plating shop where they were electro-
polished (to facilitate future decontamination), rinsed, dried, encased
in plastic bags, and returned to building 3019. Identification numbers
were etched on the large faces of the shells, and each shell, with a
1id, was weighed (tare) using a Mettler balance (Fig. 3). A day's
supply of units was bagged into GB-1 and placed in a packet storage rack

in batches of four.
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Fig. 1. ANL-ZPR program equipment located for U308 packaging operation.









5.2 Packet Charging

Each packet unit was reweighed, using an 0'Haus balance, in GB-1 to
provide a reference weight. The shell was placed in a vibrator feeder
holder (Fig. 4), and the base of a funnel was inserted inside the open
top. After four shells were placed in the holder, a tared stainless
steel beaker was filled with 33 (£0.66) g of powder (Fig. 5), and the
contents were dumped into the funnel above one shell. The operation was
repeated to completion. Stainless steel depth gages (Fig. 6) were
inserted above the powder in all shells, and the vibrator was actuated.
When the funnels became "empty,"” the depth gages were used to jar the
last traces of powder from the funnels and to force the powder levels to
about 0.25 in. below the top edges of the shells. After removing depth
gages, carefully lifting off funnels, and tapping the top edges of the
shells to remove adhering powder, the correct packet lids were inserted
manually. The packets were reweighed, placed in the packet storage

rack, and passed through a rubber curtain to the welding area.

5.3 Packet Heating

The filled packets (groups of four) were placed in an oven (Fig. 7)
with metal tongs, heated to 250°C, and held there for a total heating
time of 1 h. This heat treatment reduced the moisture content of the
powder to <0.03 wt % and produced a final internal pressure of about
two~thirds atmosphere in the packet after seal welding and subsequent
cooling to ambient temperature. The packets were required to be under
a vacuum to prevent the walls from bulging when changing from the

topographical elevation of Oak Ridge to that of Idaho Falls.

5.4 Seal Welding and Preliminary Inspection

The heated packets were removed from the oven individually with
metal tongs and were placed in a heated (200°C) brass positioning block
(Fig. 8) on the welding assembly. The lid was pressed in place with a
metal bar such that its top edge was flush with the top of the shell
body. Then, the welding torch tip was set above the indentation between
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the 11d and shell and was anchored in position after being spaced prop-
erly by inserting a 0.38-mm (0.015-in.) shim in the air gap between
torch tip and top of the packet (Fig. 9). A preliminary run was made by
actuating the two cams of the torch tracking guide (with no power to the
torch) to direct the movement of the torch along the perimeter of the
top edge of the packet (see Appendix). When alignment of torch tip and
packet edge was assured, power was supplied to the torch while in
motion, and a seal weld was made on the packet.

On completion of the welding operation, the torch power and
tracking unit were stopped, and the packet was removed for preliminary
inspection. The weld was buffed to remove oxide and examined under a 4X
magnifying glass. If a weld was visually unacceptable, the packet was
passed by hand back to the feed can bag-in port and bagged out for
storage and subsequent recycle. If it was acceptable, the packet was
passed down an incline to GB-2 (Fig. 1) and stored in a packet storage
rack.

The welding operation was repeated until all heated packets were

processed. After two welds, the torch tip was replaced.

5.5 leak Testing and Preliminary Decontamination

Leak testing was performed on initially accepted packets obtained
from welding batches of four or eight units. One at a time, packets
were leak tested by immersion into ethylene glycol in a glass vessel
(Fig. 10) that was evacuated to -635 mm (-25 in.) Hg. If no gas
bubbles rose from the weld area in 10 s (indicating an acceptable leak
rate of <1 x 10-5 cm3/s),2 the vessel was vented, and the packet was
removed, wiped dry (using cheesecloth), and placed in a rack in one of
three ultrasonic cleaning baths (Fig. 11), containing 7 M HNO3, for 16
to 20 h. Unaccepted packets were recycled.

After acid treatment, the packet surfaces were rinsed with water,
wiped dry with absorbent tissue paper, and smeared with dry wiping paper
as a check for alpha contamination. If the lab monitor, alpha (LMA),
located over an opening in the top of GB-2, showed less than 1000 alpha
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dis/min per 100 cm? (initial acceptability), the packet was bagged out;
if it showed excessive removable contamination, the packet was returned

to the ultrasonic cleaner.

5.6 Decontamination of Packets and Uranium Accountability

Accepted packets leaving GB-2 were delivered to vented hood H-2
(Fig. 1). The sealed plastic bag containing the packets was opened, and
each packet was checked thoroughly for removable alpha contamination by
IS&AHP* personnel (Fig. 12). When acceptable, the packets were carried
by hand to vented hood H-1 (Fig. 1) for weighing to determine the offi-
cial net weight of powder in each (Fig. 3).

Those packets having acceptable welight were returned to H-2 for
removal of excess weld, which contained fixed alpha contamination.

Those few not meeting the weight specification were repackaged in
plastic and stored for recycle.

Excess-weld removal was accomplished by sanding (Fig. 13) one
packet at a time. That alpha contamination not removable by sanding
was covered by nickel plate in H-1 using the electroless plating process
(Fig. 14), following acid pickling. After sanding and each plating
operation, each packet was weighed to determine the amount of nickel
plate deposited.

The amount of nickel plate required was determined by measuring the
amount of fixed alpha contamination present after each plating opera-
tion. A gas flow proportional counter (Fig. 15), owned by ANL, was used
for this measurement. Occaslionally, a leak was detected when counting
the fixed contamination; it was caused by cutting too deeply into the
weld area when sanding, thus allowing radon to escape. (Large leaks
were detected by portable IS&AHP equipment after plating and before

final counting.)

*Industrial Safety and Applied Health Physics.
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5.7 Acceptance of Packets

5.7.1 Weight of powder

L/

Packet powder weight was acceptable if it measured 33.0 g * 2%.

5.7.2 1Internal pressure

Packet internal pressure was acceptable when the unit was filled
with powder and seal welded at 200 to 250°C, thus causing the internal
pressure to be about two-thirds atmosphere when at ambient temperature
at our elevation. The final test for internal pressure was made by
checking the large faces of each packet for concavity by use of a

stralight edge with a light source on the opposite side from the viewer.

5.7.3 Moisture content of powder

Moisture content of the powder in the packets was acceptable if it
was €0.03 wt %. Drying to this level was achieved by heating the powder
to 250°C for 1 h.

5.7.4 Leak test
Packets were acceptable if their leak rates were less than 1 x 10-5

cm3/s.

5.7.5 Surface radioactivity

If the removable alpha contamination on the packets was <30 dis/min
per 100 cm? and the fixed alpha contamination was <300 dis/min per 100

cm?, the packets had acceptable levels of surface radioactivity.

5.7.6 Width and thickness

Packets were accepted if they passed freely through a go/no go gage
having inner dimensions of 3.0 (length) x 2.000 x 0.250 in. (76.2 x 50.8
X 6.35 mm) (Fig. 16). Any that warped during heating and handling were

straightened by squeezing in a vise or by anchoring one end in a vise
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and applying hand pressure (Fig. 17). (Those, finally accepted, were

rechecked for leaks before continuing tests.)

5.7.7 Length

Packets were accepted after measuring their lengths (Fig. 18). The
original specification called for a length of 3.000 * 0.001 in. (76.2 %
0.025 mm), but most of the shells were found to be less than this, as
received. All were shorter after welding because the weld melt flowed

downward slightly due to gravity.

5.7.8 Surface flaws

Packet surfaces were examined for surface flaws and accepted if no
dents nor scratches were found to be deeper than 0.0015 in. (0.038 mm)

"

when compared visually with “"standard” flaws.

5.8 Packet Identity

Each packet was given a unique identification number so that the
history of all activities associated with that element could be examined
at some future time if needed. A typical number was XXX-X-XXX-YYY-ZZZ,
where ANL supplied the first seven numbers (X) to indicate that it con-
tained 233U and had a given length. The next three numbers (Y) were
assigned by ORNL to indicate the U30g powder lot used in filling, and
the final three (Z), also assigned by ORNL, indicated the unit number in
the lot.

5.9 Packaging and Storing

All accepted packets were wrapped individually in aluminum foill and
placed in a uniform pile of 25 units, each with a large face down, in an
isotope shipping can (7 x 4.25 in. diam) (178 x 108 mm diam). The bot-
tom, top, and side spaces were filled with crinkled aluminum foil to
restrict movement of the packets. Filled cans were sealed and stored in

"bird cages” approved for fissile materials in storage vault 3100.
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When two isotope cans were filled and sealed, they were placed in a
6 M-type shipping drum [55 gal (208 L)], which was sealed and stored in
3100 until enough were ready for shipment.

5.10 Shipping

At the request of ANL, drums containing accepted packets from one
or more lots of U30g were shipped by approved carrier. A lot consisted
of one week's production of powder in the oxide conversion facility.

The size of the lot was further set by the time required to complete the
fabrication of packets because radiation background increased with age

of the uranium. Also, age of the uranium determined the number of drums
and the configuration of the array in the carrier used to transport the

shipment.

6. FUEL ELEMENT PRODUCTION RESULTS
6.1 Production and Efficiency

Packet production time covered a 15-month period, ending in
November 1979. The final shipment was made in February 1980. There was
a 2-month delay in the middle of the program because no new packets came
into the plant.

The oxide production operation consisted of eight acceptable lots.
There were three false starts; one run was canceled when purification
was Incomplete and the product powder exhibited a higher than normal
radiation background; and on two occasions the freshly purified uranium
from the solvent extraction runs contained high carbon (from organic
phase carry-over) which resulted in excessive sintering, thus producing
a higher density powder. 1In all other respects, these latter runs pro-
duced acceptable powder.

A total of 1743 acceptable packets was produced and shipped to ANL.
These contained 57.5 kg of U30g, 48.7 kg of total uranium, and 47.7 kg
of 233y. Packet production from lots varied from 117 to 346 units

depending primarily on welding efficiency.
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Production efficiency of accepted packets was 70.17%7 of the packets
handled. The rejects consisted of 658 failures due to faulty welding
(26.5%) and 84 due to excessive sanding (to remove surface contamina-
tion), dents, or deep scratches (3.4%).

Welding efficiency ranged from 557 at the beginning to 887 at the
end of the program. Causes of unacceptable welds were (1) malfunction
of welding controls, overheating, and underheating; (2) loosening of
guide cams and misalignment of the welding tip with the work area; (3)
outgasing of the packet at final weld closure caused by heating of the
filled packet in the welder; and (4) slag on the weld work area. Packet
production data for the lots involved appear in Fig. 19.

6.2 Uranium Material Balance

There was 83.6 kg of uranium of acceptable isotopic and chemical
purity available for the program. At the completion of the job, 83.3 kg
of uranium was accounted for; this was 99.647% of the source material. A
complete material balance appears in Table 1. The remaining 0.36% is
probably held on tank and boron—-glass ring surfaces or appears as a loss

due to measuring uncertainties.

6.3 Quality Assurance

ORNL was required to maintain a QA program for the ANL-ZPR
asslstance project. This included the requirements relating to the
source feed material (left over from a previous projectl), powder manu-
facturing processes, packet fabrication processes, operating procedures,
identification, and process controls. Also, necessary approvals,
quality control plans, inspections, qualifications, test results,
records, records handling and retention, sampling plans, and certifi-
cation were described. Requirements related to packaging and shipping
the packets were included.

Analyses of the product U30g powder, before use in fabricating
packets, are shown in Tables 2, 3, and 4. Inspection of the fabricated

packets consisted of checking the specifications shown in Table 5.
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Table 1. Uranium material balance for the ANL~ZPR program

(Uranium available for use in this program)

Initial inventory (avallable for use in this program)

Total U (kg) 233y (kg)

a. Liquid (UNH in U-storage) 55.963 54.886

Liquid ("In-process” tanks) 9.472 9.285
b. Solids (as oxides) in storage 18.197 17.835

Total to account for 83.632 82.006
Shipments out
a. ANL-ZPR (Idaho) 48.690 47.722
b. Approved transfer to other

programs 2.699 2.646

Total shipped 51.389 50.368
Waste discards
a. From solvent extraction,

ion exchange, and

analytical facility 0.521 0.511
b. From oxide conversion line 0.293 0.287

Total measured losses 0.814 0.798
Remaining inventory
a. Recycle oxide from program 5.367 5.262
b. Unused oxide 5.086 4,991
c. UNH solution in U-storage 18.740 18.397
d. "In-process” tanks 1.724 1.688
e. Archive samples (oxide) 0.215 0.211

Total remaining 31.132 30.549
Total accounted for (items 2, 3, 4) 83.335 81.715
Difference (item 1 minus item 5) 0.297 0.291

(% unaccounted for) 0.36 0.36




Table 2.

e,
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Inspection of 233U308

powder

Inspection analysis Specification Average of eilght lots
Uranium content >84.0 wt 7% 84.48 wt %
Uranium isotoplc content See table 3
Impurities See table 4
Oxygen/uranium, atom ratio 2.7 = 0.1 2.672
Moisture <0.03 wt % at 0.018 wt 7%

200 £ 10°C
(determined by
measuring moisture
released when
heated from 200

to 1000°C)

Table 3. Uranium 1sotoplc specifications for 233U308 powder

Concentration (tot

al U basis), wt %

Isotope Specification Average of eight lots
232 <104 7.3%
233 »97.0 98.01
234 2.5 1.198
235 0.5 0.082
236 <0.1 0.018
238 <1.0 0.688

%parts per million.
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Table 4. TImpurities in 233U308 powdera

Specification (maximum) Average of eight lots
Impurity (ppm U) (ppm U)
Al 300 314b
B 3 1.5
C 500 26
Ca 50 13
Cl + Br 25 16
Co 15 1
Cr 100 15
Cu 40 3
F 30 2
Fe 400 79
Mg 100 2
Mn 20 2
Mo 100 3
N 50 6
Ni 200 8
P 500 319
S 75 30
Si 200 82
Th 500 13
Ti 20 1
v 50 0.4
23ZPu 25 11
As 0.6
ca? 10
Dy% <3
Eu? <3
Gga <3
K 8
Na“ 7
PbZ 2
sm% <4
zZn% 5
zr4 4

9n addition, any detectable quantities of impurities of the refractory
metal group or the rare-earth group shall be reported with no specifi-
cation of maximum concentration.

bAccepted by ANL.
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Table 5. Packet specifications

Inspection item Specification
Identification number 13 digits
Net weight of powder 33.0 g (£2 wt %)
Depth of dents and scratches €0.0015 in.
Internal pressure <2/3 atmosphere at ORNL
Leak rate of packet <1 x 1075 emd/s
Moisture content £0.03 wt %

Surface contamination (alpha)

Transferable <30 dis/min per 100 cm?
Fixed <300 dis/min per 100 cm?
Length 3.0 £ 0.001 in.?
Straightness Pass freely through go/no go
gage

%Rescinded when packets were found to be less than above, as received.
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7. SCRAP RECOVERY

All rejected packets, collected spilled powder, and powder aged
until its radiation background was excessive were stored in vault 3100
until the work load was such that uranium recovery could be done.
Recycling consisted of (1) cutting the tops of reject packets (Fig. 20)
and dumping the contents down the chute into the oxide dissolver and (2)
dumping other powder from screw-top storage cans into the same chute.
The oxide was dissolved in slightly more than the stoichiometric amount
of 1NO3 so that the product was only slightly acidic; this product solu-
tion was stored for future use or was purified by ion exchange and
reconverted to U30g powder immediately.

Any uranium~bearing solutions (»0.1 g U/L), collected in the con-
version line, were transferred to the solvent extraction system for
recycle. All solutions containing <0.1 g U/L were transferred to the
ORNL intermediate-level waste (ILW) system.

8. WASTE MANAGEMENT

Emptied packet hulls were bagged out of the dissolver charging box
and stored in a 55-gal (208-L) stainless steel drum. Contaminated
rags, paper, plastic, and rubber were placed in clean plastic bags and
stored in the above-mentioned drums. When a drum was full and sealed,
it was scanned by a nondestructive assay method based on a scintillation
technique and compared with a standard to determine the amount of 233y
present.3 The drum was finally stored above ground at the ORNL burial

site.

9. EQUIPMENT PERFORMANCE

Equipment enclosures. The equipment was housed in two glove-ported

stainless steel enclosures and two mild steel glove boxes modified for
use as fume hoods. The two stainless steel enclosures were intercon-
nected with a pass-through port; a partition in the first enclosure
isolated the weighing and compacting equipment from the welding and

tracking mechanisms, thus reducing the dusting conditions around these
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mechanisms. Fach stainless enclosure was vented through a flame resis-
tor prior to passage through an absolute filter into the alpha ven—
tilation system. Absolute filters on the inlet ventilation nozzles
prevented the release of contamination in the event of a flow reversal.
The pressure differential relative to the room was controlled with a
hand-operated butterfly valve. The windows were 0.25-in. (6.35-mm)
annealed, laminated safety plate glass, and none were broken during the
campaign.

The two mild steel glove boxes were painted with an acid-resistant
coating to reduce corrosion. The glove ports in the 0.25-in. (6.35-mm)
annealed, laminated glass windows were left open to ease operation and
to ensure sufficient air velocity for the enclosures to function as
ORNL-approved hoods. The 6-ft (1.8-m) enclosure (H-1) that housed the
weighing and nickel-plating equipment was ventilated through the room
ventilation system into the cell ventilation system. The 3-ft (0.9-m)
enclosure (H-2), which was used to remove packet surface contamination
by filing the packet welds smooth, was ventllated through an absolute
filter into the alpha ventilation system. All of the enclosures were
salvaged from prior programs at ORNL and modified for ease of main-
tenance and comfort of operating personnel.

Vacuum pumps. Two types of vacuum pumps were used. A Welch oil-

sealed sliding vane vacuum pump generated the necessary vacuum for the
packet leak detection system. It was selected for this service because
the oil-lubricated vanes have a longer service life than the oilless
type. The pump was located outside of the enclosures because oil fumes
could not be tolerated in the enclosures. The pump exhaust flowed
through a cotton fiber filter before being discharged to the cell ven-—
tilation system. The pump performed for the duration of the program
without a malfunction.

A Neptune "Dyna Vac" pump supplied the vacuum and pressure for
transferring solutions between the vessels and out of the enclosures
into the waste system. This small, compact cilless pump had an
oscillating flexible diaphragm and a small disc in the inlet and outlet

ports that functioned as check valves. An appropriate piping arrangement
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permitted the pump to evacuate or pressurize a vessel for transferring
solution either into or out of it. The pump was reliable and durable;
however, the corrosive vapors of the acidic packet decontamination solu-
tion caused a diaphragm failure near the end of the program. A new pump
was installed because the cost to repair the contaminated pump was more

than the cost to replace it.

10. NUCLEAR SAFETY

The nuclear safety of the facility was ensured through the use of
engineered systems of safe geometry, restricted volume, and fixed
neutron poisons. Also, we relied on administrative procedures that
restricted both total fissile mass and fissile element concentrations.
In our solvent extraction head—-end vessels, a soluble neutron ahsorber
was used. A nuclear safety analysis for all operations was docu-
mented. 4,5 Operation of the system was reviewed and approved by the
ORNL Criticality Safety Review and the Radioactive Operations Review

committees.

11. RADIATION EXPOSURES

Freshly purified 233U02(N03)2 solutions exhibited low levels of
radioactivity because the 228Th content, and thus, succeeding 232y
decay daughters, was removed. Approximately 4 d after purification,
the radiation level began to increase and continued to do so with time.
Thus, personnel radiation exposure was directly dependent on the age
(after purification) of the uranium being processed.

Purification processes (solvent extraction and ion exchange) were
conducted remotely in shielded cells, which minimized radiation exposure
to personnel. Oxide conversion, most packet charging and handling
operations, recycle solids (dissolver) charging, and waste handling were
done in unshielded equipment, resulting in radiation exposures depending
on age of the uranium.

Average personnel whole-body doses of radiation during the ANL-ZPR
program ranged from 339 to 703 mrem per quarter depending on the work

load. Most of the exposure occurred during packet fabrication and
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handling of reject packets while charging the dissolver because these
uranium oxide powders had the greatest age since purification (Fig. 21).

Exposure experience is shown in Fig. 22. The low value in the
middle of the program was caused by a shortage of new packet shells and
thus, a reduction 1in work load.

Hand exposure to radiation varied from 100 mrem per oxide conver-
sion lot (one week's handling of freshly purified uranium) to 300 mrem
per two-batch (one day's) charging of aged (D6 months since purifica-
tion) uranium as oxlde in rejected packets.

Excessive exposure to any one person was controlled by close moni-

toring and by rotating people on the various jobs.
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APPENDIX. PROGRAMMER FOR WELDING LIDS ON RECTANGULAR PACKETS

A speclal welding programmer was required for seal welding the 1ids
on filled packets in the ANL-ZPR program. This programmer had to con-
trol the tungsten inert gas (TIG) torch as follows:

1. move the torch at a uniform rate along a straight line for a

distance of 2 in. (50.8 mm),

2. turn 90° and move at the same rate for 0.25 in. (6.35 mm),

3. turn 90° in the same hand direction and move at the same rate

for 2 in. (50.8 mm), and

4. turn 90° again in the same hand direction and move at the same

rate for 0.25 in. (6.35 mm) to close the seal weld.
In actual practice, welding was started about 0.5 in. from the corner on
a 2-in. (50.8-mm) dimension and continued around until about 0.25 in.
(6.35 mm) of the weld, at the start, had a second pass.

Programmer Description. An x-y motion table was constructed using

linear bearings and 0.5-in.-diam (12.7-mm—diam) stainless steel rods.
The welding head was coupled to a socket in the bottom of the table by
a spring-loaded rod. When the x~y motion table moved in the +x direc-
tion, the welding head also moved in the +xr direction. When connected,
the two moved as one in the +y, -x, and -y direct-ons.

The drive mechanism for the x-y table consisted of two cams attached
to a variable—-speed, direct-current motor. The cam that provided the
x motion operated inside a spring-loaded yoke attached to the table.

The y motion cam was spring-loaded and moved against a pin on the table.

The cams are shown In Figs. 23 and 24. The x cam was heart-shaped;
the Yy cam consisted of two half circles with an up-ramp and a down-ramp
connecting the two, but 180° apart.

As the drive motor turned, the yoke on the heart-shaped cam moved
the table in the x direction until it reached the joining arc sections
of the cam, thus moving the welding head 2 in. (50.8 mm). During the
yoke travel on the arc sections, the table remained at the same location
in the x direction.

At the same time that the yoke moved onto the arc sections, one of

the ramps on the y cam had traveled into position such that the pin that
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moved the table in the y direction was forced from one circle to the
other, moving the welding head 0.25 in. (6.35 mm) along a narrow edge of
the packet.

The other half of the X cam was a mirror image of the first;
therefore, the yoke moved the welding head 2 in. (50.8 mm) along the
back wide edge of the packet. Again, the yoke traveled on the arc sec-
tions, and the y cam turned so that the second ramp was in position and
the spring returned the table to its original position.

A pinion gear set was Incorporated into the assembly to connect the
two cams so that the relationship of the two to each other could be

adjusted to produce 90° corner welds.
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