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ABSTRACT

Preliminary safety studies based on the Preliminary Design Criteria
(ACI-168) are given for the proposed Fluorinel Process. A large number
of abnormal occurrences are postulated and evaluated for safety considera-
tions. Based on the safety evaluation, items requiring additional technical
support work or more design detail are identified.
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SUMMARY

Safety studles are presented for the Fluorinel Process proposed for
installation at the ICPP to process various classified and special
reactor fuels. The conceptual process proposed in the Preliminary
Design Criteria (ACI-168) has been studied and a table of postulated
abnormal occurrences 1s presented. Each occurrence 1s evaluated for
causes, safeguards, method of detection, correction and significant
consequences of the accident. Based on evaluation of the abnormal
occurrences, a list of technical support work required to determine
significant consequences of certain potential accidents is given.

Also given is a 1list of items requiring additional design detail to
insure adequate safeguards or detection methods. These safety studies
will provide useful input for preparation of the Preliminary Safety
Analysis Report and identification of major safety hazards associated
with the Fluorinel Process.
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(3) Empty dissolver leaving about a 175 liter heel and add charge
water to dilute heel and undissolved solids.

(4) Add 6 M HSO4-1 M HNO3 containing 12 g/l Cd to the dissolver
and boil to dissolve the Be0-U0O2 ceramic.

(5) Empty the dissolver to the complexing tank and adjust for
solvent extraction.

2.3 Dissolver Off-Gas System

The normal off-gas flow rate will be about 30 to 50 scfm from the
dissolvers and 10 to 30 scfm from the complexing tanks. The high rate
of Hy gas evolution in the dissolver causes severe foaming. The off-gas
from each dissolver and complexing tank will pass through separate
cyclone-condensers to break up mist/foam and condense liquid from the off-
gas streams. Liquid from the cyclone-condensers will drain back to each
vessel. A scrub column with recirculating aluminum nitrate solution
will be used to scrub hydrofluoric acid fumes from the off-gas and
complex any entrailned liquid not previously removed. The scrubbed
off-gas from the M cell dissolvers will enter the CPP-601 E cell DOG
system enroute to the ICPP stack. During uranium dissolution in the
complexing tanks, the complexing tank off-gas may be valved to the C&D
DOG line and routed through the Rare Gas Recovery Facility at CPP-604.
The scrub solution will be sampled perlodically to determine when replace-
ment with fresh aluminum nitrate i1s necessary. Spent aluminum nitrate
will normally be added to an adjusted batch of dissolver product.

2.4 Analytical Requirements

Operation of the Fluorinel headend system will be monitored by periodic
and continuous sample analysis of various process solutions, chemical
makeup solutions, the dissolver off-gas stream, and insoluble solids.

Chemical solutions made up in the CPP-601 PM Area will be sampled
to check that each solution is made up to the proper specifications.
Solutions "out of specs" will be adjusted and resampled. The hydro-
fluoric acid dissolvent will be continuously monitored with cadmium
monitoring systems to assure dilution of the soluble neutron poison
has not taken place.

During operation of the dissolver(s), a side stream of the dissolver
off-gas will be continually analyzed for oxygen and hydrogen concentra-
tions with an in-line analyzer system. The analyzer system will warn
operating personnel of potential explosive hydrogen-oxygen mixtures.

The hydrogen concentration can also be used to monitor the progress of
the hydrofluoric acid and sulfuric acid dissolution steps.

During dissolution steps in the dissolver and complexing tanks,
periodic samples will be taken to determine the rate of change of certain
metal concentrations in the product solution. When samples show that the
rate of change is less than about 10% per hour, the dissolution step
in progress will be terminated and the next processing step can proceed.
In order to provide rapid analytical results for the samples, a special
computer—coupled X-ray analyzer will be used.



Prior to solvent extraction, the dissolver product feed will be
sampled to provide uranium values for accountability input and to check
that the solution is properly adjusted for solvent extraction.

Centrifuged solids will be collected in aluminum contalners 1in
the hot cell. Filled solids containers will be placed 1in shielded
assembly between the neutron source and the detector. A carrilage
drive unit may be necessary to allow the detector to scan the length
of the sample. The source, detector with scanning drive, and sample
holder assembly will be located inside the hot cell with provisions for
remote removal. The electronics will be located outside the cave in
an instrument cabinet. A study is in progress to verify the use of the
assay system and to develop more detalled design criteria.

2.5 PM Area Equipment

Chemical solutions for the Fluorinel Process will be prepared in
the CPP-601 PM Area.

All solutions used in the headend system will contain cadmium as
the soluble nuclear poison for criticality control. Each solution make-
up will be sampled and cadmium concentration determined by laboratory
analysis, FEach solution containing cadmium will be safeguarded against
inadvertent dilution by strict control of all lines (quick disconnects,
locking valves, etc.) entering the makeup tanks. In addition to the
laboratory analysis, the cadmium concentration in the hydrofluoric
acid will be verified by use of a dual cadmium monitor system. The
cadmium concentration of other solutions including nitric acid, sulfuric
acld, charge water, aluminum nitrate closed-loop solution, and heel
cleanout solution will be guaranteeéd by use of special procedures

requiring supervisory approval and signoff in addition to laboratory
analysis.

2.5.1 Closed-Loop Systems., Three independent closed-loop systems
using Cd as a soluble nuclear poison will provide heating and/or cooling
for the three M cell dissolvers, the two L cell complexing tanks, and
dissolver and complexing tank condensers. The Cd in the water will
provide a secondary criticality safeguard by preventing a decrease
in the cadmium concentration in the dissolver or complexing tank solutions,
should any of the vessels become perforated due to corrosion or other
causes. A liquid level alarm on each surge tank will detect any internal
leaks from the heat exchangers. Cadmium nitrate will be added to
water in each surge tank and the Cd concentration will be verified
by sample analysis.




3. SAFETY DESIGN CONSIDERATIONS

3.1 Criticality Safety

Since the equipment in the Fluorinel Process i1s not designed to
be geometrically safe and 18 not provided with fixed nuclear poisons,
criticality safety will be maintained by strict nuclear, operational
and administrative controls, Tentative control limits have been
chosen as listed below for preliminary design purposes.

(1) The combined system heel will not exceed 50 kgs U-235 on
a before-burnup basis. A method of calculating a running
uranium material balance for the system will be required.

(2) The dissolver charge water, HF dissolvent, sulfuric acid,
nitric acid, aluminum nitrate, and the closed-loop system
water will each contain a specified minimum cadmium concentra-
tion, The cadmium concentration of each solution will be
determined by laboratory analysis. Each solution will be
safeguarded against dilution by strict control of all lines
entering makeup tanks.

(3) The fuel charge to a dissolver for each batch will not exceed
28 kgs total uranium on an after-burnup basis.

(4) Two cadmium detector units will be used to continuously
monitor the cadmium concentration for HF dissolvent.

(5) A limit of 28 kgs of uranium on an after-burnup basis will
be set for the hot cell. Fuel clusters will be stored in
racks to hold elements in a critically safe array.

Based on process flowsheet conditions, equipment design, and
nuclear controls, criticality safety calculations will be made for indivi-~
dual vessels and the overall system. Final mass limits and operating
controls will be based on detailed design studies.

3.2 Hydrogen-Oxygen Mixtures

During dissolution, large quantities of hydrogen are given off
by the chemical reaction. To prevent possible explosion, the oxygen
concentration of the dissolver off-gas will be maintained below 4%.
No ailr sources to the dissolver will be allowed, and all purges will be
nitrogen. An oxygen analyzer will continuously monitor the off-gas.

Prior to fuel charging, the hydrogen concentration of the dissolver
off-gas must not exceed 3%. Residual hydrogen from the previous batch
and air entering the open slug chute could form an explosive mixture.
Following completion of a batch, excess hydrogen will be nitrogen-
purged from the dissolver and a hydrogen analyzer will be used to
monitor the off-gas. '



3.3 Fuel Charging

The Fluorinel System will process a number of large fuel clusters
possibly weighing up to 2,600 pounds. Since the routine method of
dropping fuel (through charging water) into the dissolver is not desirable
for large clusters, a method of lowering fuel from the charging cave
to the bottom of the dissolver 1s being proposed. Since accidental dropping
of a large cluster while lowering is possible, the dissolver design
(crash plate, vessel supports, etc.,) must be evaluated to Insure damage
will not occur.
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