'-'-OAK RIDGE NATIONAI. LABORATORY
5 operaied by

_NION CARBIDE CORPORATION

; " ftor the

_-U‘S ATOMIC ENERGY COMMISSION

LT ?;
3 4456 00237L7 9 | DATE = 12/19/61

_ RES(K:TS OF THE ICPP-ORNL DAREX COORDINATION MEETING
2 at Idaho Chemical Process:.ng Pla.nt, November 20-21, 1961

L. Mcholson and J. A.' Bl.l_?.k.ham

T Tb.lS report summar:. zes_ -'the agreements reached in a meeting at the
‘Idaho Chem:.cal Processing Plant on November 20- -21, 1961, between ORNL

and Phillips Petroleum Company technical personnel inregard tocriteria for
the pr0posed Darex Pilot Plant. The ob;;ectlves of the pilot plant will be to
develop processes ‘suitable for production use for low-and highly~enriched
U-235 fuels and. for thorium fael A pllot plant capable of both batch and
continuous processing with a highly-enrlched fuel

_ ca.pacn.’oy of 6 to 10 kg da.y U-235 ahd equivalen‘a volumetric through«

put for low-enr:.ched :t‘uels is planned. Flowsheets were reviewed and

final exper:.men*bal and eng:meenng studies were assmgned to permit
prepara’oion of a “tentatlve schedule :f‘or Darex des:.gn » procurement,

a.nd 1nstallatlon Hh, ;
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LEGAL NOTICE

This report was prepored as ¢n account of Government sponsered work, Naither the Unlted States,

nor the Commission, nor any parson acting on behalf of the Commission:

A. Makes any warranty of representation, expressed of implied, with respeet to the accuracy,
cempleteness, or usefulness of the informotion contained in this report, or that the use of
any information, apparstus, method, or process disclosed in this report may not Infringe
privately owned rights; or

B. Assumes any lisbilities with respect to the use of, or for dameges reswulting from the use of
any information, apparatus, method, or process disclosad in this report.

As used in the above, "persen acting on behalf of the Commission" includes eny employee or

contractor of the Commission, or employee of such contractor, to the extent that such employee

or contractor of the Commission, or employee of such contractor propares, disseminates, or
provides nccess to, any Informatien pursuant te his employment or contract with the Commission,

or his employment with such contractor,
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RESULTS OF THE ICPP~ORNI: DAREX COORDINATION MEETING
at Idaho Chemical Processing Plant, November 20-21, 1961

ORNL - P, L., Culler, F. . Kitts, E. L. Nicholson
IGPP - Jl A' BuC_kh.arm; P‘ BuI‘n, H. V. Chaﬂ!berlain) R. G‘n Denney,

D. K. MacQueen, J. A. McBride, C. M., Slansky, J. I. Stevens, -

F. M. Warzell, M. E. Weech

1.0 OBRJECTIVES OF THE DAREX HOT PITOT PIANT INSTALLATION

The ohjecfives of the Darex Hot Pilot Plant program were stated to

inelude

(a)

()

(e)

(a)

(£)

the following:

The principal objective 1ls to develop processes suitable for
production use and to obtain data necessary for design of a
production facility. As such, ‘the hot pilot plant Darex installa-
tion must be an experimental unit operable under a wide variety of
conditions. Use of this unit iteelf as a production facility is a
secondaty objective.

'Demonstration of the Darex flowsheet for fuels that would be of
interest to a private fuel reprocessing company. This includes
slightly enriched uranium and thorium fuels.

Demonstration of the Darex flowsheet on an existing backlog of
highly enriched fuel both to demonstrate the process and, as a
secondary objective, to eliminate the backlog.

Demonstration of continucus Darex processing with provisions also
included for batch processing of fuele presenting wausual problems
such as those fuels having a high silicon or niobium content or
contalning Tho -U02 ceramic,

Demonstration of satisfactory removal of chloride from solvent
extraction plant feed solutions prepared by the Darex Pilot Plant.

Demonstration of the removal of chloride to innocuous levels from
gageous wastes that are routinel 1y discharged from the Darex Pilot
Plant. Attempts will be made to eliminate routine discharge of
chloride~bearing radicactive waste so a new waste storage system
may be avolded., Dumplng of the plant chloride inventory prior

to plant repair might be by removal 1n drums after distillation to
remove activity.

Possxbly; the demonstratlon of the use of soluble nuclear poisons
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2.0 DAREX PILOT PLANT THROUGHPUT
A capacity between 6 and 10 kg/day for continuous processing of highly

enriched fuel or an equivalent capacity of low enriched fuel was stated to

be a satisfactory target, pending more exact information on the solvent extraction
system capability. The ICFP and ORNL continuous flowsheets satisfied this
condition. Reduced throughput with UOE-ThOQ fuels is unavoidable but not
detrimental to process demonstration., The capacity attainable with batch
operaticons for highly enriched fuel requires further study and is dependent

on critlcality control methods.

3.0 LOCATION OF THE DAREX PILOT PLANT AND FUEL CHARGING

The Darex Pilot Plant wlll be located in an ICPP Hot Pilot Plant cell,
11'-6" x 17'-6" x 30! high. 'The previously proposed method of fuel element
charging‘through exiisting curved charge tubes through a partition wall was

discarded because it would not permit charging long power reactor fuels. The
fuel will be charged vertically downward from the roof of the pilot cells.
Studies will be made by ICPP of the prcblems of handling casks for long fuel
elemenfs in this area. A closure will be requlred on the slug chute to
conifine fumes within the dissolver.

| The concept of shop assembly and piping of equipment in groups on frames
and lowering the completed equipment group into the cell appeared desirable
to minimize field welding and expenses. Studies will be made by ICPP to
determine the maximum frame size that can be moved into the pllot plant.

4.0 PROCESS FLOWSHEETS

Ixtensive discuséion was held on the proposed flowsheets: CPP-E~2062
(Phillips); E-45975, E=45976, E-45978, E-45977 (ORNL). The Phillips flow-
sheet is for continuous processing of highly enriched stainless steel fuel
using 60% nitric acid mskeup for stripping the chloride from dissolver

product. The ORNL flowsheets covered both batch and continuous operation

for highly enriched stainless steel fuel using 90% nitric acid ag the

stripping acid for the batch systems and for spiking recovered acild to
meke up ~70% HNOg stripping acid for the continuous systems. The ORNL
flowsheets also included a continuous Yankee Atomic Processing scheme and
a batch scheme for Consolidated Edison fuel.



The Phillips system envisioned feeding acidified dissolver product
directly to the chloride stripping column in which stripping vapor was
provided by a reboiler operating on the column hottoms. Rather high HNOy
content reboiler effluent (chloride free) was diluted to give solvent
extraction feed solution. Column overheads were then fractionated to give
aqua regis overhead for recycle to dissolution and 60% nitric acid bottoms
. for recycle to feed acldification. The Phillips chloride removal system was
based on extrapolation of laboratory ligquid-vapor equilibrium data taken in
the presence of iron salts.

The OBRNL continuous system envisioned surging dissolver product in the
tatch system feed adjustment tank and feeding from this reservoir at a constant
rate to the chloride stripping celumn in which stripping vapor was provided
by a boiler supplying 15.8 M nitric acid to the bottom of the column., The
highly acidic column bottoms {chloride free) were evaporated in an external
evaporator to yield strong nltric acid overhead (for butting with 90% HNO5
and recycle to the 15.8 M }1_503
vhich was diluted to glve solvent extraction feed. Chloride stripper

boiler) and a low acld content salt solution

tower overheads were combined with dissclver off gases and condensed‘to produce
‘dilute agus regia for adjustment and recycle to the dissolver. The ORNL chloride
removal system was based on limited unit operations scale continuous experiments
with an integrated dissolver, chloride stripper, and feed evaporator system
procesging stainless steel fuel.

Basic differences in approach 10 such problems as eriticality control,
off-gas treatment, liquid wastes, requirements for batch processing, etc.
were resolved or arve to be the object of further study.

Main points of agreement are:

l. The system will be capable of both batch and continuous operation.
Fuels will include selected high and low enrichment weranium and
_ thorium fuels.

2. The feed adjustment tank will be incorporated in the system, therehy
permitting batch operation also. The criticality problem of this
vessel for the continuous flowsheets must be worked out. Soluble
poisons should be considered,
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3. The use of 90% HNO, simplifies operations and offers a saving
‘in waste disposal %or batch operation; it also makes possible
the use of higher strength stripping acid and, henhce, more
complete chloride removal for the continuous system. It will
be used. A dilute acid throwaway will be avoided if possible.

s, The general scheme embodied in the ORNL flowsheets will be
adopted as a basis for process design by ICPP.

5, The ORNI flowsheets included a caustic scrubber to remove
traces of chloride from the off gases. The Phillips group
thought that the amount of chloride in off gases might be low
enough that it could be handled by dilution in the main stack.
It was agreed to provide space for the caustic scrubber but :
leave it out pending results of cold startup testing of the pllot
plant.

6. Solids removal from the system by mechanical methods (filtration,

- gentrifugation, etec.) should be avoided. PFundamental studies on Si
and Nb and a limited amount of laboratory scale styipping experiments
with solids present will be done by ORNL. ICPP will examine the
possibility of testing the effects of the FAT tank high temperature
hold period on solids during theilr stripper experiments, if these
experiments are performed with dissolver effluents vather than
synthetic solutions. Solids are the outstending single problem
interfering with a successful continuous Darex process.

7. ORNL will consolidate and analyze existing date applicable to the
© use of soluble polsons.

8. A study of the dynamics of the ORNL stripping system will be made
at ORNL to resolve guestions involving response time and system -
stability.

9. Previous ORNL Darex equipment design work should be incorporated
wherever posgible to speed the job. Complete sets of drawings
ghould be prepared.

10. The dissolver should be made as large as possible (i.e., as large

' as criticality comtrol will permit) to minimize splitting of
large fuel elements., It can be made with a square cross-section
if necessary. ICPP will investigate this.

11, Stripper sizing mey have to be deferred until completion of cold
pilot plant tests. Stripper reboller will be a separate vessel
to permit versatile operation. ICPP will perform the necessary
additional pilot plant tests on the chloride stripping process.
Such tests will include evalustion of the relative advantages
of bottom and top addition of nitric acid to the stripper. Data
regarding behavior of chlorine-containing compounds in the stripper
should also be obtained from these studies.
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12, ORNI will revise their chemical and material balance flowsheets
in accordance with the results of this meeting.

5.0 SCHEDULE

Scheduling studies indicate that some instruments, most piping materials,
and some vessels might be procured by the end of this fiscal year.

After reviewing the flowsheets and dlgesting the results of this meeting,
Tdaho wili prepare a tentative schedule for the Darex desilgn, procurement,

and installation.

E. L. Nicholson, ORNL and J. A. Buckahm, ICFP

ELN:JAB/nr
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