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INTRODUCTION

Until recently, ^ I was the only volatile radioactive isotope in

reprocessing plants that was considered to be a problem and for which

retention and isolation tystems were needed. For fuels processed at

cooling times of less than about l80 days, some iodine control was

necessary, the effectiveness of which was dictated largely by the cooling

time; this was due to the short 8.3-day half-life of ^ I. The standards

1?1
for J I release have recognized the problem through uptake in milk and

concentration in the thyroid of children and now severely restrict the

release of this nuclide.

Early in the LMFBR reprocessing research and development program

at the Oak Ridge National Laboratory (ORNL), two facts were noted:

(1) The incentives for shorter-decay reprocessing of breeder fuels

131
would increase the problem of I control.

(2) For other gaseous isotopes, routinely discharged to the

atmosphere, it might be necessary to devise and provide

retention systems in the future.

Thus, from the latter part of the 1960s to the present time, a significant

part of the total development program was devoted to methods for retaining

, krypton, and tritium, followed by ^9j and, most recently, ̂ C .
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Since the early 1970s, when licensing requirements for fuel cycle

facilities were first considered, an attempt has been made to tailor

the development of the gaseous retention systems to the projected future

regulatory requirements; even today, these requirements are still being

defined. The concept of limiting the maximum dose from all sources to

off-site personnel seems to be accepted in theory, but" detailed limits

and regulations for all nuclides may not be determined for some time. The

major contributors have been identified, and the gaseous nuclides are

recognized as the main potential source from a reprocessing site.

Studies of Methods for Achieving Low Release Rates

Included in our studies has been an examination of the requirements

for and feasibility of limiting off-site dose rates to various levels.

i

These studies extrapolated current and developing technology, while

incorporating some novel approaches to plant design; the objective was

to reduce radioactive effluents from future fuel reprocessing

plants to "near zero." While the study indicated that very significant

reductions in the release of effluents can be achieved by integrating

advanced effluent control systems with new concepts of containment and

ventilation, the feasibility of such a method has not yet been established,

nor have the economics been examined. The novel concepts include reduction

of net inleakage of air to the plant to minimize the effluent volume

treated, and provisions for extensive recycle of gases and liquids. A

schematic diagram of such an overall system in shown in Fig. 1.
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Significant results of the study included the identification of

modes for reducing effluents to any of several selected levels and the

general assessment of the importance of various sources at different

off-site dose levels.

General Status of Program

At present, the development of new and efficient methods for iodine

and krypton control have progressed to the point where feasibility is

clearly established and engineering-scale development is well along. A

method for tritium retention by voloxidation is under study, and a potential
Ik

problem with C, only recently recognized, may prove to be easily handled.

It is obvious that these studies are not related solely to LMPBE v

reprocessing, and that future regulatory requirements will be initially \

applied to the problems in LWR reprocessing. Nevertheless, these efforts,

which began at ORNL, are continuing under the general direction of the

LMFBR development program. At the same time, expanded efforts are being

made, both here and at several other sites, to investigate the more

immediate aspects related to LWE plants. The final result may indicate no

significant difference in retention methods for either type of plant.

SIGNIFICANCE OF THE VARIOUS GASEOUS ISOTOPES

As assessment of the importance of the various gaseous nuclides,

some information on retention requirements, and other factors relating to

the research and development effort are outlined here.
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Iodine

Economic incentives for reprocessing LMFER fuels at cooling times

131as short as 90 days seem to exist; thus, the requirements for J I

retention at that time have been examined. Depending on assumptions

for permissible off-site doses, this isotope will require plant retention

factors of 10 to 10 which can be achieved reliably by a primary retention

system that would remove the bulk of the iodine, followed by a final

ventilation gas cleanup. The primary system might be a mercuric nitrate —

nitric acid scrubber or the Iodox fuming nitric acii scrubber system we

are developing. Final cleanup is apparently most straightforward when

silver zeolites are used.

Since only the future operations will determine actual cooling times,

> 129
; the effect of I must be considered. While the rationale for determining

129permissible discharge of I is not accepted completely, it appears that

retention factors in the range of 100 to 1000 will be required. These

retention factors probably could be achieved reliably by the final

silver zeolite traps; however, the mass quantities may dictate alternate

trapping systems in preference to the expensive zeolites. The use of

liquid scrubbers on the smaller streams from the head-end operations

where iodine concentrations are highest appear more attractive.

Krypton-85

Presently proposed regulations, if adopted, will require retention

of Kr by a factor of about 10 in the United States beginning in 1983.

Such retention, either by cryogenic methods or the fluorocarbon absorption



process under development in Oak Ridge, is clearly feasible, but no

sustained demonstration of such reten tion has ever been done on an

operating reprocessing plant.

Tritium

Wo regulations exist or have been proposed for specific retention

factors and effective dates for tritium. However, these are anticipated

when the technology has proceeded to the point where feasibility for

and costs of tritium retention are understood. Required retention

factors are expected to be only in the range of 10. The technology forr

tritium retention appears inherently much more complex than for the other

gaseous nuclides because tritium is an isotope of water and will combine

with the plant water inventory unless it is trapped in a nonaqueous system

prior to dissolution of the fuel. The voloxidation process, utilizing

a nonaqueous system, has been under study at ORKL for several years with

limited work done elsewhere. Not only is the effectiveness of the basic

process marginal (decontamination factors of 10 are probably achievable,

100 are hard to guarantee), but the equipment for the high temperature

process (up to 600cC) is quite complex for highly radioactive systems.

Various methods for enriching tritium in plant water to remove a

substantial fraction as a radioactive waste stream before discharging

the remainder to the environment as clean water are under investigation

at other sites. Some optimism has been reported, but for practicality

the methods require drastic reductions in the input of water to the

plant. We have examined superficially a process whereby discharge of

water from the plant would be reduced to only a few hundred gallons per

day, which might be solidified as a low-level waste. Eventually, the



entire residual water inventory would have to "be either solidified or

treated for tritium removal. The potential problems have neither all

been identified nor thoroughly examined, and feasibility of such a

scheme clearly has not yet been established.

Carbon-lit-

Ik
Recently, it has been determined that C may be a prime contributor

to off-site doses in the range of tens of millirems per year. The problem

is not yet well understood; even source terms are subject to much

speculation and are supported by little actual data. In mixed oxide

Ik
fuels, the C comes primarily from nitrogen impurities in the range of

Ik
tens of parts per million in the fuel. The C is generated by a n,p

Ik
reaction on N.

Ik
To date, we have only begun to examine the behavior of C in actual

Ik
reprocessing steps. Apparently, some C would be evolved in the head-end

steps including fuel and dissolution, but substantial amounts could

appear in the solvent extraction system.

The Iodox Process

Rather than attempt an exhaustive description of various iodine

retention schemes, this paper will describe some of the merits of the

Iodox process that have been under development at ORNL for the past five

years. This process, while requiring the use of fuming nitric acid

and a scheme for continuously regenerating that chemical, appears to

have the distinct advantage of converting all chemical species of iodine

to a single form which is readily scrubbed from the gas phase and converted

to a solid forfl. for isolation.



Iodox Flowsheet

A flowsheet .for the Iodox process is shown schematically in Fig. 2.

Off-gas streams containing iodine species are treated in a bubble-cap

tower. Fuming nitric acid, in the range of 20 to 22 M, is fed into

the scrubber column operated at 25°C. Water is fed at a very low flow

rate to the top of the column to reduce the acid vapor content of the

off-gas, and the acid content of the liquid below the feed plate is only

slightly lower than the feed acid. Gas flow rates of 150 to 200 lb/

hr*ft^ (~ 0.2 m^/m .sec) constitute the practical operating range.

Iodine absorbed from the gas phase is converted to HIoOo, which is

soluble in the fuming nitric acid over the range of operating conditions

in the column. The solubility of HIoOo has been measured and is shown

in Fig. 3. In principle, the iodine can be concentrated above the

solubility limits in an evaporator and a precipitate will form. Laboratory-

scale tests have verified this, but engineering-scale results are not yet

available.

For the process to be feasible, the fuming nitric acid must be

reclaimed from the evaporator and concentrated for reuse. An extractive

distillation system, used commercially for bulk production of fuming

nitric acid has been adapted for this purpose, tested on a small engineering

scale, and included in a new, enlarged demonstration. Photographs of

a 76-mm-diam Iodox column and a serûcontinuous extractive distillation

system are shown in Figs, k and 5, respectively. The extractive

distillation system utilizes magnesium nitrate solution to extract

water from the water-acid system, Hot 75-wt $ Mg(N0o)2 is contacted in
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Fig. 3. Solubility of HI 0 in nitric acid.
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i>] PHOTO 0028-74

Fig. h. Iodox process "bubble-cap column.
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PHOTO 0173-74

Fig. 5. Bench-scale equipment for nitric acid production "b;-
extractive distillation. Equipment ready for application of thermal
insulation.
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a packed column with 13 M HNOg from various acid recovery steps to

yield an equilibrium vapor containing 90 to 95$ acid. The diluted

salt from the bottom of the column is concentrated by 230-psi steam

back to the 75 wt % salt solution.

Experimental Data

Results for a series of nuis where gas flows were varied by a

factor of k are plotted in Fig. u. Run conditions are given in Table 1.

In all runs except BCX-7, methyl iodide was the species being removed.

Individual plate decontamination factors (DFs) do not appear to drop

below about 3 for any of the conditions tested. Thus, an overall DF

of 10 could theoretically be obtained using 13 plates. Laboratory

studies of potential interference by 1 to 3 f« W02 in the gas stream

indicate that the DF is decreased somewhat only in the lower few stages.

The upper stages are not greatly affected.

lodox system demonstration

The three unit processes of iodine scrubbing, solid pentavalent

iodine collection, and acid recovery have been combined in a new

engineering-scale demonstration system to demonstrate the flowsheet

described above. Fig. 7 is a partial view of this system, the bubble-cap

column predominantly. All equipment which contacts the acid or acid-salt

solutions is fabricated from Zircaloy, Pyrex, and Teflon.

The extractive distillation system is contained within an enclosure

to maintain the elevated temperature (~130 to 150°C). Transparent

polycarbonate doors permit the column to be viewed during operation.
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Fig. 6. Decontamination factor for I vs plate number

(7•6-cm-diam bubble-cap colum, iodomethane or elemental iodine
in air scrubbed with 20 M HN0_ at 27°C).
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PHOTO 1283-76

Fig. 7. Integrated Iodox system.
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Demonstration runs have included the operation of all components.

Solid iodine as HI,Og slurry in HNO, is accumulated in the acid evaporator

receivers. Measured iodine decontamination factors (from CH3I) averaged

3.2 per plate for the 6 plates of the scrubbing column as shown in

Table 2. Data pertinent to the extractive distillation system are

shown in Table 3, where it is seen that 90 to 93-5 wt % OTO^ was obtained

as product at a rate of ~kl g/min.

Future operation of this system will be directed to long-term runs,

measurement of the effects of an NOg impurity in the feed gas, the

optimization of process operating parameters, and demonstration of iodine

solidification and disposal techniques. A major goal is to provide data

that allow the design of a system to treat off-gases from a 100 kg UOg/day

pilot plant. Process control is effective using conventional instrumentation,

and additional operation of the demonstration system will identify

critical operating parameters.

RETENTION OP

85,At least three methods have been considered for retention of Kr

from the off-gas stream of a reprocessing plant: (l) cryogenic adsorption

on charcoal or other solid sorbent; (2) cryogenic absorption in liquid

nitrogen, followed by fractional distillation; and (3) selective absorption

in fluorocarbons. Adsorption on charcoal at liquid nitrogen temperatures

is an effective system for removing krypton and xenon from pure off-gas

streams; this was tested on a large scale on the dissolver off-gas at

the Idaho Chemical Processing Plant about 18 years ago. Although the

removal system is relatively simple, effective and safe operation is
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Table ?.. Decontamination factors for ^ I-traced CUI in
air in a k~±a. (1U2 mm) diameter bubble-cap column

Plate
numbers

Run
IXD-2

Run
IXD-3

1

2

3

1*

5

6

Average

Column, overall

Column, overalla

U.00

2.8U

4.11

2-39

2.10

1+.90

3.2U

2090

3090

3.88

3.21

3.18

2.83

2.91

3-18

hlSo

5270

Based on measurements of
gas streams only.

I concentrations and flow rates of
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totally dependent on elaborate gas pretreatment systems to remove

essentially all contaminants such as C02, nitrous oxides, hydrocarbons,

water, and oxygen. This elaborate pretreatment limits the applicability

of the system to the off-gas from a reprocessing plant.

Absorption of krypton and xenon in liquid nitrogen, followed by

fractional distillation to concentrate the krypton-xenon fraction,

is an effective method of removing and concentrating the krypton for

storage. This system is also dependent on a pure feed gas which is

free of all contaminants such as water, carbon dioxide, nitrous oxides,

and organics. A potential explosion hazard exists from the buildup of

trace organics or radiation-produced ozone in the system. It is felt

that these problems can be dealt with satisfactorily, and cryogenic

distillation is considered to be one of the two most promising processes

for krypton-xenon recovery. Such a system has been in operation for a

number of years at the Idaho Chemical Processing Plant, and systems are

presently being marketed commercially for removal of krypton-xenon

from reactor off-gas streams.

Absorption and separation of krypton and xenon from air streams

by contacting with fluorocarbons have been demonstrated on a pilot-plant

scale at the Oak Ridge Gaseous Diffusion Plant (ORGDP). This process

was conceived by Steinberg at Brookhaven National Laboratory in 1959.

Because the system operates in the temperature range of -25 to +50°F,

it avoids the potential hazards associated with operating at liquid

nitrogen temperatures. The system is also much less sensitive to

contaminants in the feed gas such as trace organics, carbon dioxide and
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nitrogen oxides. Small quantities of water can be handled effectively

in the system, and tests are in progress to establish the limits.

Fluorocarbon Absorption Process

This paper will report only the work done on the fluorocarbon

absorption process and the present status of the development.

Flowsheet

The removal of krypton and xenon from contaminated air can be

accomplished by intimately contacting the bulk gas stream with a

continuously flowing stream of fluorocarbon solvent in a packed absorber

column at a relatively low temperature and moderate pressure. Because

of differences in solubility, essentially all of the krypton and xenon,

plus substantial amounts of oxygen, nitrogen, and argon, can be dissolved

in the solvent. The off-gas leaving the absorber column is reduced in

krypton by a factor of 100 to 1000 and can be vented safely. The

loaded solvent, which contains absorbed gases rich in krypton and

xenon, is routed from the absorber to a fractionator system where most

of the dissolved nitrogen, oxygen, and argon is driven off. The solvent

is then directed into a stripped system where a product gas concentrated

in krypton and xenon is evolved. Pure solvent is regenerated in a still

and recycled back to the absorber. The process is depicted schematically

in Fig. 8. The oiT-gas from the fractionator must be recycled back to

the process, because, in addition to nitrogen, oxygen, and argon, it

also contains a measurable amount of desorbed krypton and xenon.

Typically, the absorber column is operated at pressures of 300 to 400 psig



22

o
wo
< UJ
ace

a
ui

i
aaauosav

H3ddlHlS

11 aaddiais

U I U

12 5!§

FM

5
•H
ft
CO
CO
0)
o
o

I
CO

•8

I
ao

o
•H

XI
o
03

OO

SO
•H
Em



23

and a temperature of -25 to 0°F; the fractionator column operates at

50 psig and 50°F; and the stripper column operates at 15 psig. Peripheral

systems are required for solvent cleanup, for product purification and

packaging, and for isolation of contaminants. Refrigerant R-12 is the

standard fluorocarbon solvent used in the process.

Pilot plant and engineering test systems

A pilot plant used for testing various aspects of the fluorocarbon

absorption process has been operated at the QRGDP for about five years.

The pilot plant consists of a primary absorption-fractionation stripping

operation and all peripheral equipment required for feed-gas preparation,

process solvent recovery, process solvent purifications, and krypton

product purification. The plant is designed to handle a nominal 7

liters/sec (STP) of reprocessing plant off-gas and to achieve krypton

DFs in excess of 10 with product concentration factors greater than

10 . A photograph of the primary plant, showing the absorber,

fractionator, and stripper is shown in Fig. 9. The absorber column

is 3 in. in diam and contains 9 ft of wire mesh packing; the fractionator

column is 3 i-n- i*1 âiam with 7.5 ft of packing; and the stripper column

is 6 in. in diam with 12 ft of packing. The process utilizes

conventional equipment designs which have been employed for many years

in nonnuclear applications in the chemical industry. Pilot plant

control and monitoring instrumentation is typical of industrial gas

absorption processes.
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ABSORBER COLUMN
STRIPPER CONDENSER
. vâ&i^SHHHIIHHII
FRACTIONATOR CONDENSER

FLASH UNIT
Vi

FRACTIONATOR COLUMN

STRIPPER COLUMN

SOLVENT TANK

IB
STRIPPER REBOILER

FRACTIONATOR REBOILER

SOLVENT PUMP

SOLVENT COOLER
, ..->.-,:•:, / . • * • * • "

Fig. 9. The ORGDP LMFBR-HTGR fuel reprocessing plant off-gas
decontamination pilot plant without insulation.
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A second, smaller engineering-scale system, termed the Off-Gas

Decontamination Facility, was constructed at OEÏÏL as a means of

examining certain process features in a more basic manner. The

system consists of two columns, a 1-1/2-in.-diam absorption column

and a 3-in.-diam stripping column. This system has been used to obtain

basic data on flooding rates, mass transfer, and to identify critical

operating parameters.

Experimental data

The process is based on the differences in solubility of the gases

in the fluorocarbon refrigerant, as shown in Fig. 10. The pilot plant

experiments, with refrigerant-12 as the solvent, have been conducted over

a wide range of processing conditions. For the early testing program,

the system was operated at absorber feed L/G ratios between I.U3 and

if. 17, on a mole-per-mole basis.

For each test, the krypton concentration in the absorber feed was

deliberately forced to a level high enough to yield at least a detectable

quantity (5 to 10 ppm) of krypton in the off-gas. In the testing program,

inlet krypton concentrations ranged from k2 to 8800 ppm, with krypton

removals in the absorber ranging between 71-5 and 99«9$- Correspondingly,

absorber DFs as high as 1000 were achieved in the 9-ft-high column as

shown in Table h. Average absorber stage heights for the key component,

krypton, varied from 10.5 to 6l.8 in. on an HQQ basis, and from 6.9

to 39.8 in. on an HETP basis.
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Fig. 10. Relative solubilities of gases in Refrigerant-12.
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In recent mass transfer runs with the smaller-scale system

(packing height of 8.24 ft), overall system DFs have been obtained

and correlated as a function of the extraction factor L/VK, where

this is taken as the average of values at the top and bottom of the

column. These data are plotted in Fig. 11. The NTUs as a function

of L/VK for the absorber column are shown in Fig. 12, where NTU = 8.24 HTU.

Overall average value of HTU for all runs is 0.33 ft.

Effect of impurities

Since a primary advantage for the fluorocarbon absorption process

for retention of Kr appears to be the ability to handle anticipated

impurities in the off-gas stream, studies have been made of the behavior

of these impurities in the system. Preliminary work has been completed,

and the program is still in progress. Impurities to be investigated include

iodine, oxides of nitrogen, COg, and water. A process solvent purification

system has been provided on the OEGDP Pilot Plant and is designed

primarily to remove FOg, iodine, methyl iodide, and degradation products

of Refrigerant-12.

The process will effectively remove iodine from the feed gas, but

it is not intended to be used as a primary iodine removal system. Since

there is a potential for iodine contamination, understanding the behavior

of iodine is important. The above listed impurities, with the possible

exception of water, have sufficient solubility so that they are readily

trapped and concentrated. Techniques for final removal and isolation

remain to be determined, and the tolerance of the system for these

impurities remains to be quantified.
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ORNL DWG. 75-8943 RI
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L/VK- OVERALL SYSTEM AVERAGE

Fig. 11. System decontamination factor vs system extraction factor.
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RETENTION OF TRITIUM

Potential Methods

Retention and isolation of tritium is one of the more difficult

steps in reprocessing, because tritium is an isotope of hydrogen and

readily mixes with the plant aqueous inventory; it also volatilizes

along with water vapor into plant off-gas streams. Two basic schemes

for isolating tritium have been examined: (l) a high-temperature

volatilization step, termed voloxidation, preceding aqueous dissolution;

and (2) processing of water before discharge to the environment to

produce a tritium-enriched stream which could be packaged and stored

as a low-level radioactive waste. ïïo work has been done at ORNL on

the latter scheme, and. only the status of the development program on

voloxidation will be reported.

The Voloxidation Process

Voloxidation is a high-temperature fuel-oxidation process for

releasing the •% from irradiated fuel. The •% is trapped in a small

volume of water, thus isolating the •% go it can be managed safely as

a waste product; the radiation exposure to the population is thereby

reduced.

Voloxidation was first investigated as a possible method for

removing krypton, xenon, iodine, and •% from irradiated fuel. Volatilization

of -% was generally good. Krypton and iodine volatilization was as

high as 9&fo for some highly irradiated fuels, but was generally about

for release of krypton and 75$ for release of iodine. Consequently,
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the primary objective for voloxidation is to remove •% from the fuel,

even though krypton-xenon and iodine plus several other fission

products will accompany the volatilized ~*H in smaller amounts.

Characteristics of UOQ and PUOQ oxidation

Oxidation of UO2 in air begins to increase as tihe temperature is

raised at 350 to UOO°C, and rates are highest in the range of U8O°C.

Pure UO2 fragments disintegrate completely when oxidized. Mixed

oxides behave somewhat differently. When the fuel mixture is highly

heterogeneous, behavior is similar to that for pure U02, but

homogeneous solid solutions of PuOg in UO2 tend not to pulverize when

oxidized. The PuC>2 content also has an effect, tending to prevent

disintegration of the pellets at higher plutonium concentrations.

Tritium evolution during voloxidation

Numerous hot-cell tests have been made to study the behavior of

tritium during voloxidation of small samples of irradiated fuel. These

tests have also provided some knowledge about the fate of tritium in

the reactor fuel rods during irradiation. Much of the tritium diffuses

from the fuel at high reactor operating temperatures. In the case of

LWR fuel, some of the % diffuses into the Zircaloy cladding, forming

hydride, and thus remains with the fuel. For IMFBR fuels operating

at >10 kW/ft, generally less than 3% of the 3H is retained. LWR fuel

and mixed oxide recycle fuel operate at lower temperatures and will

contain more tritium. Various data have shown a tritium retention that

varied from 10$ to as much as 70$.
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The variations in the measured quantities of % remaining in

LMFBR fuels are so great, depending on conditions, that estimates

of the expected amount to be retained are only qualitative. Our

current best estimate is that less than 6% of the total tritium

generated throughout the core and blanket will be retained, and it

may be considerably less than this.

Studies of the percentage of the residual tritium that is removed

during voloxidation also reveal a wide scattering of data, "but some

definite trends do emerge. Generally, the tritium in fuel containing

a large fraction of the total reactor-generated tritium is more easily

removed than the small quantity remaining after high-temperature

exposure. With UO2 fuels, generally from 99 to 99- 9?o of "the tritium

is evolved. With LMFBR core fuels which have retained less than

of the reactor-produced tritium, quantities evolved during voloxidation

have generally been about 90?o, at a temperature of about 55O°C. To

achieve 99$ removal, temperatures in excess of 65O°C are required.

Effects of voloxidation on other processes

Limited tests have been done to study fission product evolution

during voloxidation and the effect this would have on dissolution.

About jfo of the ruthenium, but very little cesium, was volatilized at

lf80°C. However, at 600°C, gross gamma activity of a fuel speciman was

decreased about 27%, primarily due to volatilization of cesium. It is

believed that much of the ruthenium and cesium would be adsorbed on

the surface of fuel in the colder parts of a voloxidation system, but

this has not been substantiated. In one experiment, submicron-sized

cesium aerosol was generated that passed through a scrubber and absolute

filter.



The effect of voloxidation on the dissolution of IMFBR fuel

has been investigated at temperatures up to 85O°C. At the higher

temperature, some increase in the undissolved plutonium residue was

noted. \t temperatures up to 65O°C, only very slight decreases in

solubility were observed. Some typical results showed an increase

of undissolved plutonium ranging from 0.18 to 0.26$ in one case, and

from 0.17 to 0.25$ in another case. Other information seems to

indicate an increase in solubility as voloxidation temperature is

increased from 500°C to 600°C. Oxidation of cladding will not be

significant at 600°C.

Equipment concepts

Investigations of equipment concepts for voloxidation have suggested

only rotary kilns as practical devices for process equipment. Small

3- and 6-in.-diam laboratory-scale units have been operated with

unirradiated UOg fuel to study the oxidation behavior. These studies

showed that clad-intact UOg pellets are oxidized completely in air

when tumbled for 2.5 hr, as compared to k hr when static. Increasing

the oxygen content to 80$ decreased the clad-pellet oxidation time to

1.3 hr. Pure oxygen was not beneficial. No plant-scale equipment has

been operated as yet.

RETENTION OF C

Within the past year or two, the potential for significant

(10 millirems/year) site boundary doses from C has been recognized,

and studies have been started to identify the problem and determine
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Ik Ik
the fate of C in reprocessing plants. The primary source of C

from oxide fuels conies from residual nitrate contamination and

14
n,p reaction on N. No information is available on the fate of

Ik

C in the reprocessing studies. However, its behavior in the

fluorocarbon absorption system has been examined, and it appears

that retention can be achieved for that portion of the off-gas

treated by that method. This problem will be pursued at ORNL in

the coining year.


