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This report was prepared as an account of work sponsored by the United States
Government. Neither the United States nor the Energy Research and Development
Administration/United States Nuclear Regulatory Commission, nor any of their
employees, nor any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or responsibility for
the accuracy, completeness or usefulness of any information, apparatus, product or
process disclosed, or represents that its use would not infringe privately owned rights.
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FOREWORD

Eight tasks under the IWR Fuel Reprocessing and Recycle Program have
been assigned to UCC~ND with major efforts centered at the Oak Ridge
National Laboratory. Because of the close relationship of the reprocessing
activities with the on-going IMFBR I'uel Reprocessing Program at ORNL, those
tagks will be managed within a combined LWR/LMFBR Fuel Reprocessing Program
under the direction of W. D, Burch, Program Director, B, L. Vondra, as
IWR Program Manager, will coordinate all activities reported here., Respon-
5ibility for the coordingtion and collation of reports of all work at
Oak Ridge was assigned to ORNL by SRO/SRIU who ig designated as the lead
organization for the IWR Fuel Recycle Program.

Projects for which budget and work plans have been established are
as follows:

F~-OR-02-001 SRO/LWR: Assistance in Shear Development and Related Problems
F-0OR-02-002 SRO/LWR: Head-End Studies: Voloxldation and Dissolution
F-0R-02~003 SRO/LWR: O0ff-Gases Fluorocarbon Absorption Studies
F-OR~02-004 SRO/IWR: Purex Process Studies (Solvent Extraction)
F=QR~02-005 SRO/LWR: Finishing Processges - MOX Fuel Fabrication
F-OR-02-006 SRO/IWR: Uranium Hexafluoride Conversion

F-0R-02-007 SRO/IWR: Economic Studies

F-OR-02~008 SRO/IWR: Radiological Techniques for Environmental Assess-

ments of the IWR Fuel Cycle



SUMMARY

This is the third quarterly report issued on the IWR Fuel Reprocessing
and Recycle Program at ORNL as part of the natlonal program administered
by Savannah River Operations - Savannah River Laboratory.

Two additional dissolutions were made using irradiated Tuel for the
H. B. Robinson IT reactor, Characterization of the solids has been con-
tinued, and results to date are reported.

An extension of time was given for the preparation of bid proposals
for the design and fabrication of a model 1/2-ton/day voloxidizer., The
extended due date is October 15, 1976,

Preliminary heat transfer tests of a rotary kiln voloxidlzer were
completed, These tests, along with additional planned investigations,
should serve as a basis for evaluating mathematical models for the opera-
tion of the kiln and help establish the relative importance of various
possible heat transfer mechanisms,

Tests of the residence time distribution of material in various
diameter kilns were initiated by measuring residence times in a 6-in,~diam
tube; the results were in agreement with those obtained in a previous test
with a commercial kiln,

The remaining fluorocarbon absorption process pilot-plant tests
scheduled under campaign 3 have been completed, Analysis of the datas
show that greater than 99,99% of the carbon dioxide and xenon impurities
were removed, Process modeling studies are continuing.

Chemical studies of stainless steel corrosion by R-12 solutions in
the presence of iodine and water are continuing, Methyl iodide was found

to be misecible in R-12,



The final report by Kaman Sciences on process reliability has been
issued.,

An ORVL/SRL survey study was made of commercial and potentlal aspent
light-water reactor (ILWR) fuel reprocessors to identify unresolved shear-
ing and related head-end problems, Areas of difficulby were categorized
broadly by four groupings: (A) mechanical technology, (B) safety technology,
(¢) waste disposal, and (D) a pressing need for an IWR fuel Reference
Information Center, Past reprocessing head-end experience in the United
States indicated that a new hot~cell domestic shearing system must be
developed, and thalt remote operability and maintenance must be demonstrated
at high throughputs, As a result of the study, several research and
development program tasks to solve the principal problems will be prepared

for consideration and review early in FY 1977.



1., ASSISTANCE IN SHEAR DEVELOPMENT AND RETATED PROBLEMS

C. D. Watson (Chemical Technology Division, ORNL) and
S, Dyer Harris (Savannah River Laboratory)

1.1 Introduction

An ORNL/SRL study was made to identify problems associated with the
head-end processing of IWR fuels and to provide a basls for the necessary
research and development programs to solve them, The primary method of
inquiry was by direct contact with commercial reprocessors or potential
reprocessors so that their thoughts and experience on head-end problems
could receive appropriate attention in the scoping of future research and
development programs,

In general, experience in the United States with the reprocessing of
spent IWR fuels is limited to that of Nuclear Fuel Services, Inc, (NFS),
West Valley, New York, Contact with reprocessors abroad, notably licensees
of 8t. Gobain Nucleaire, was not successful owing to proprietary restric-
tions and limitations. However, the experience of ORNL with shear develop-
ment,l the current, related efforts at ORNL in fast breeder reactor fuel
(IMFBR) reprocessing, and the willingness of other domestic reprocessing
interests to discuss their problems allow a candid view of the status of
shearing and related head-end technology problems to be established. The
inquiry included all aspects of head-end operations between the introduction
of spent fuel assemblies into the mechanical processing cell and their
delivery as sheared segments to the downstream voloxidation or dissolution

step.



ot

1.2 Summary

The need for new and advanced developmental work in several head-end
areas was recognized by all individuals interviewed, Everyone basically
agreed that a new head-end shear systen should be developed, The paramcunt
thought in all the discussions included the basic theme that the Shear
Development and Related Problems research and development programs shouwld
be structured in such a manner that the resulting technology would provide
the appropriate necesgary proof and support for the ready licensing of
later commercial equipment and abttendant facilities. Differences of
opinion were chiefly concerned with the level of Federal support and
participation in solving problems and demonstrating concepts, For orien-
tation purposes, some common problem areas in the head-end processing of
LWR and IMFBR fuels are summarized in Table 1.

The specific IWR problems areas that were ldentified can be grouped
broadly into four headings: (A) mechanical technology, (B) safety tech-
nology, (C) waste disposal, and (D) information needs, Under each of
these can be listed more specific items, some of which are generic to
head-end processing, and some of which may be peculiar to specific head-

end designs,
1.3 Discussion

A brief discussion of each of the four categories of IWR problem areas
is given below. This information will be expanded upon and included in a
topical report on the shear program which is scheduled for release in the

first half of FY 1977.



Tzole 1, Some commonality problems ip the head-end processing of spent IR ané LMEFBR fuels

Probler area IWR TMEBR

1. Mechanical

5, New snear gystem development and evalusbion v ‘/a

5. Disassembly desired ? v, 2

¢. Cropping of unfueled portions of supassemplies Y v

D, Fuel feeding and withdrawal system needed / /

T, Quantitative transport of sheared product v v
o, Corteinment

A, Sheared fuel particulates, voiatile fission products and gases / /

B, Mechnanical sezl developmernt and control of internal sheal envirorment / 4
3. safety end Hazards

A, Hendling of Zircaloy end Zircaloy fines Y/ X

g, Handling of sodium and aodium corrosion X v/

¢, Decey heat dissipation /o v/

D, Criticality aspects 9C v

£, Fire fighting / v

F, Seismic analysis in relation tO equipment size and welght and Tacility aspects v/ /
L, Waste Disposal

A, Densification of huils and end adaptors, flattening, prigquetting, melting /d /

B, Shipping of densified product J J/
5. Systems analysis and control

A, Computer and Wi croprocessor v v

B, Update ORIGEN® code (heat, curies, radionuclides, nass) v v/

SGaroud is Gifficult to shear anG pProcess.
bpsgumes fuel is not long decayed.
gMinor compared to LMFBR.

Probebly much more difficulit than TMEBR,
egee ref. 2.



A, Mechanical Technology

1. Demonstrate hot-cell shearing device at high throughput

Existing shears in this country are based on ORNL developments that
were essentially discontinued in l96h.l Shears developed sbroad (England,
France), based on the U.8. shear, appear to operate as intended, but the
technology is not available,

In summary, there is no extensive, sustained experience in this
country on which to base an extrapolation of shear operation to demonstrated
commercial rates of up to 10 metric tons of spent fuel per day. One possgible
solution is to operate one or wmore shears of the ORNL type in parallel,

At this bime, no complete characterizations exist of a shear feeder, gag
shape, gag pressures, blade shapes, blade wear, chute and stacking charac-
teristics, powder flow, particle and dust production, or the adaptation

or adjustments required for ductile or brittle fuels., Sheared product,
both ductile and brittle, must be characterized to ensure desired repro-
ducible properties for subsequent voloxidation dissolution stepsg., Shand-in
materials were tested at ORNL to mockup both short- and long-exposure fuels.
It was found that brittle material sheared into suitable swall pieces for
satisfactory processing., Ductile materials tended to deform rather than
shear cleanly, partially closing the ends of the sheared pieces., Partially
closed ends inhibit evolution of tritium and other volatile fission products
and retard dissolution. Development and demonstration of a production-type
shear incorporating improvements suggested above would be the most positive
way of preventing problems with this critical item. Programs at ORNL and
elsewhere to discover alternatives to shear-leach for penetrating or seg~

menting cladding should also be encouraged and pursued intensively.



2, Dry lubrication for in-cell mechanical components

Commercial spent fuel reprocessing experience using organic greases
for lubrication of mechanical in~cell moving parts was poor., In the shear,
ionizing radiation caused early breakdown of the lubricating qualities of
greases, Remote addition of lubrication was time-consuming and difficult,
Excessive greasing of bearing surfaces in the shear head tended to cause
chemical contamination of the subsequent Purex solvent extraction processing
steps. Major advances in dry lubrication have been made in both dry
material lubricants and gas lubrication techniques, Where possible, this
technology should be transferred to head-end machinery to alleviate the
problems listed above,

3. Material balance methods and instrumentation for interrogation

and control
Reliable in-line instrumentation for interrogation and control of
process streams is essential for safe operation, material accountability,
and conformance to regulations, Computer analysis and microprocessors
should be utilized to provide control and real-time analysis of process

variables.

4, Seals for cell wall penetrations and process equipment connections

The penetration of hot-cell walls up to 6 £t thick by rotating or
reciprocating shafts, process liquids and gaseous lines, iInstrumentation
lines, and other transmission devices, etc., present serious confinement
design problems, As the environmental tolerance release level for various
radionuclides to the enviromment is reduced by factor(s) of 10 or more,
the penetration and sealing of shield walls technology must be updated,

evaluabted, and reestablished accordingly.



5. Control of cell abmosphere

As the burnup of IWR fuels increases, the decay heat along with heat
from lights, crane motors, processing vessels, ete,, must be removed ‘Lo
maintain the cell at some predetermined desirable operating level (100 to
120°F),

The hunidity, oxygen content, and volatile fission products will
require close control, removal, and disposal, Fire-fighting meagures
further complicate cell atmosphere control.

B. Safety Technology

As mentioned earlier in the summary, a study group should be estab-
lished to determine the type and extent of contalinment structure required
for the head-end plant as well as the distance it should extend downstream,

1., Fire control methods

The pyrophoricity of Zircaloy and uranium metal fines presents opera-
tional problems in the mechanical head-end and dissclution operations,

Existing and proposed shear-leach processes should be examined very
closely to identify points where pyrophoric hazards exist., Typlcally,
these conditions might consist of friction heating between shear blades,

1

"wiping" of Zircaloy between the blades, accumulations of fines, web-dry
cycling of Tines, or exposure to excess oxygen and decay heating., Results
from experiments that simulate these hazards, along with various fire
control devices, would be generally useful in designing or updating head-

end facilities,

2., Confinement and collection of volatile fission products

Noxious components must be isolated froam the shear cell ventilation

off-gas before 1t is released to the environment, The primary gases of
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concern are I, 3H, 85K, and 1MC. Generally, iodine and particulates are
removed in existing plants by caustic scrub, filtration, or a combination
of these operations,

3. Criticality and radiation hazards

These hazards are normally peculiar to the specific design of a
reprocessing facility, Two areas that may be common to all proposed
facilities and would, therefore, benefit from a basic study are:

(1) criticality of a fuel assembly in the shear, and (2) criticality of
sheared fragments in discharge chutes and dissolver buckets,

4, Decay heat removal from fuel

State-of-the-art information available for heat transfer from ilrradi-
ated IWR rod bundlesg in air or held in clamping devices and other mechanical
processing equipment is incomplete, At ORNL, development was begun,3 but
soon discontinued, of a computer code to calculate heat transfer from the

various spent IWR fuel canfigurations in air,

5. Fault-tree analysis

A fault-tree analysis of a mechanical head-end facility containing a
shear and other cropping/disassembly equipment has not been made in the
past. This type of analysis is essential in the design and operation of
new head-ends in that a series of events, possibly including a fire, could
trigger an unexpected phenomenon that would endanger the operators, facility,
and biological surrocundings,

C. Waste Disposal

A head-end facility in which spent IWR fuel is cropped (or disassembled)

and sheared will generate significant quantities of unfueled metal waste,
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For each metric ton of fuel processed, appraximately O.4 of a metric ton

of metal (Zircaloy, Inconel, stainless steel, ete.), including the cladding
hulls from the dissolver, will have to be processed and stored. Essentlally
no work has been done in this field, and commercial spokesmen recommend

that such a problem be pursued in a separate, aggressive type of research
and development program,

D. Information Needs

It is very difficult to obtain drawings and reliable physical data on
the various sizes, configurations, etc., of PWR and BWR fuels, Our study
was handicapped by the paucity of drawings and the available information.
Tt is apparent now that the IWR shearing development and related head-end
programsg must have a constantly updated information center from which data
generated by both ERDA and commercial sources can be dispensed, Such a
center must be operated so that programmatbic needs can be met without

compromiging provrietary information.
1.4t Recommendations

Based upon the above summary, it was concluded that additional work
is required as outlined below,
A, Mechanical Technology
1. Demonstrate remote operability and maintenance of a new hot-cell
shear system at high throughputs,
2, Evaluate and develop dry lubrication methods for in-cell mechanical
components,

3. Develop material balance and interrogation methods.
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Evaluate alternative means for acceptable cell wall penetrations
for transmitting power (both mechanical and electrical).
Develop and evaluate methods for the control of the shear system

environment and the cell atmosphere,

Safety Technology

l’

2-

50

Study and evaluate in~cell fire control methods.

Evaluate confinement and collection techniques for volatile fission
products, off-gases, and particulates,

Analyze criticality and radiation hazards,

Analyze decay-heat removal from spent fuel under normal and
abortive processing conditions,

Perform a fault-tree analysis of head-~end systems.,

Waste Disposal

1.

2,

Study densification of hulls and end adapters, flattening,
briguetting, and melting.

Evaluate the needs relative to the shipping of densified product.

Information Needs

ln

Collect, at one center, available information on shear systems
technology,

Collect, at one center, physical descriptions of existing and
planned boiling water reactor and pressurized water reactor fuel

assemblies,
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2, HEAD-FND STUDIES: VOICKXIDATION AND DISSOLUTION

2,1 Volaxidation
D, C, Hampson and M, E, Whatley (Chemical Technology Division, ORNL)

The voloxidation process is currently being developed as a head-end
method for removing tritium from the fuel prior to aqueous processing.

Based on experimental work, it appears that this objective can be met by
heating the oxide fuel to about 450°% in flowing oxygen or air. Volabili-
zation of tritium and, to a lesser extent, some of the other fission products
is effected as the UO2 becomes restructured during oxidation to U308’ Early
removal of tritium from the fuel into a relabtively small volume is desirable
to avoid extensive dilution of the tritium with water in the subseguent

fuel dissolution step.

During this report period, the investigation of the applicebility of
rotary kilns for the voloxidation process was continued by initiating tests
that will‘exﬁend residehce time distribution studies to include kiln tubes
of wvarious diametei, and by the performance of preliminary heat transfer

tests using a commereial kiln,

2,1.1 Studies of heat transfer in the rotary kiln

W. 8. Groenier, C, H, Brown, and M, E. Whatley (Chemical Technology Division,
ORNL )

The type of equipment being considered for the volaxidation process
is a rotary kiln to which the sheared fuel is fed continuocusly and oxidized
from.U02 tO‘U3OB" During the oxidation, which is generally accompanied
by pulverizdtion, a large fraction of the tritium should be released to a

filtered off-gas system.
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Although rotary kilns have been used commercially for many years,
the literature contains very little definitive data that can be used for
design purposes, We have initiated a study of heat transfer in rotary
kilns that should describe, through the application of previously developed
heat transfer data correlating methods, the fundamental modes of heat
transfer and the influence of particle residence time distribution, or
dispersion, on these phenomena, Applicatlons of the study results may
strongly influence kiln design in such important areas as lengths and
separation of heating and cooling zones. Initial investigations are
described below, Additional tests are planned for the near future., The
data collected will serve as a basis for evaluating mathematical models
of the operation of the kiln and will help establish the relative impor-
tance of the various heat transfer mechanisms,

Heat transfer in rotary kilns can proceed by several mechanisms,
-the most important of which include conduction between the charge and the
kiln wall, radiation from (or to) the kiln wall, convective or dispersive
movement of the charge, and conduction and convection by the gas phase,
The various mechanisms assume different degrees of impartance, depending
on the local conditions within the kiln., Conduction is important whenever
a significant temperature difference exists between the charge and the
wall. Radiation is important only in areas where temperatures are fairly
high (greater than ~ 480 K),u such as in the heating zone, In cases where
a steep axial temperature gradient is imposed, the analysis of heat trans-
fer data becomes more complicated, It is here that the charge at one

1" n

point in the kiln can "see" a range of kiln wall temperatures and that

convective transport, caused by the dispersion of material resulting from
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the tumbling (rotating) action of the kiln, becomes important., Cohvective
heat transport is manifest in the form of an effective axial thermal
conductivity and may comprise the predominant mode of heat transfer. Heat
transfer via the gas phase is generally thought to be of secondary impor-
tance when net flow rates of gas are small; however, it could also have a
significant effect in a high axial temperature gradient.

The recent preliminary heat transfer tests were conducted mainly to
study the cooling zone since it may be desirable for the voloxidizer to
feed the fuel charge directly to a dissolver. Temperatures were also
measured in the heating zone, These tests were performed in a 6, 5-in.
(0.17-m)~diem x 7,5-ft (2,29-m)~long rotary kiln manufactured by the
C. ¥, Bartlett and Snow Company. This experimental apparatus has been
described in an earlier report.5

Ixperimental procedure, Steady-state heat transfer rates were

measured in the kiln for several combinations of kiln slope, solids flow
rate, furnace temperature, and cooling water flow rate, No gas wag passed
through the kiln during any of the tests, The following temperature
measurements were made during each test: (1) temperature of the outer
gurface of the kiln at five positions in the furnace zone and three
positions in the cooling zone, (2) temperature of the cooling water in and
out of the water-spray cooler, and (3) average temperature of the solids
bed at several positions along the axis of the kiln from near the feed
entfance to near the product exit point, The solids-bed temperatures

were monitored via a movable cup containing a thermocouple which could

be positioned at any point along the axis of the kiln, The cup was

turned in such a way that a batch of solids was held and the temperature
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was monitored on a recorder, Several batches were caught and dumped until
a steady temperature was observed, The solids Flow rate through the kiln
and the water flow rate to the water-gpray cooler were also measured,
Essentially the same procedure was followed in each run. The tempera-
ture controllers on the kiln furnace were set at the desired levels, and
the kiln tube was allowed to reach a steady temperature, Then the rotational
speed of the kiln and the water flow rate to the gpray cooler were set at
the desired values., Material was fed to the kiln at the desired rate until
a steady flow of material out of the kiln was established and the solids-
bed temperatures had stabilized, At this point, the temperature and flow
rate measurements described above were made and the equipment was shut down,
Fourteen heat transfer runs were made using this technique. The
prototype fuel feed material used in each of the tests was 1/lwin,
(0. 00635~m)~diam, 1-in. (0.025Lk-m)-long porcelain-filled stainless steel
tubing, An analysis of the feed material showed it to consist of 32 wt %
porcelain cylinders, 61 wt % stainless steel tubing, and 7 wt % porcelain
fines, Tests were made at two different kiln slopes, 0.097 in./ft (0.0081 m/m)
and 0,22 in, /ft (0,018 m/m), three rotational speeds from 0,033 to 0,13 rps,
solids flow rates from 1,05 to 2.55 kg/sec, cooling water flow rates from
0.022 to 0.098 kg/sec, and nominal furnace zone temperatures from 798 to
958 X,

Experimental results, A typlcal temperature profile for the kiln is

presented in Filg., 1, where the temperabures of the outer surface of the
kiln are shown as a function of the distance from the feed point. The kiln
surface temperature in the region between the furnace and the cooling zone

was not measured since this zone was not egquipped with thermocouples.
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N

As expected, the surface temperature of the kiln in the furnace zone is
not isothermal because of heat losses from the ends of the furnace., Also
shown are the solids-~bed temperatures as a Tunction of distance from the
feed point. It is interesting to note that the solids-bed temperature
decreased significantly in the zone between the furnace and the waber-
spray cooler where the kiln is cooled by external convection, and possibly
by conduction to the cooling zone, to ambient temperature. A detailed

analysis of these, and other, data will be made as tests continue,

2, 1.2 BStudies of residence time distribution in the rotary kiln

W. S. Groenier, T, D. Welch, and M. E, Whatley (Chemical Technology Division,
ORNL)

The regidence time distribubion (RTD) of process material in the kiln
must be known in order to accurately predict kiln performance for design
purposes, The kiln could be characterized as a plug flow system if all
particles had the same residence time, TIn actual practice, however,
significant deviations from idealized plug flow occur, and there is a
distribution or range of particle residence times., The RTD can be com-
pared to axial dispersion occurring in a tubular gas-liquid or liguid-
liquid reactor. The amount of tritium removed from sheared fuel by the
voloxidation process wlll requlire knowledge of the RTD in the kiln as
well as reaction rate information,

The purposes of current tests are to extend the results of a previous
study, where the RTD was measured for a cowmercial kiln, and to determine

the influence of kiln diameter on the RID using several rotating pipes of



19

different diameter, TInitial work has been carried out in a O-in,
(0, 15~m)~diam tube to verify the previous results, Additicnal RID
tests will include the use of a larger, 18-in. (0O, U6-m)-diam tube.

-The experimental equipment consists of a vibratory feeder which
conbinuously feeds 1-in, ~long sheared prototype fuel into a 6-in,

(0, 15-m)-diam, 7-ft (2.13-m)~long rotating pipe containing six equally
spaced 1-in, (0,025-m)-wide axial flights to 1ift and tumble the sheared
fuel., The pipe rests on a set of rollers that are powered by a 1/U-hp
variable-speed electric mobor., Feed rate, rotational speed, and drum
slope may be varied.

The stimulus-response procedure used has been described previously.
Bagically, the method consists of introducing a step change of tracer in
the feed and measuring the weight fraction of tracer in the product ags a
function of time.

Six tests using this 6-in.-diam pipe were performed, All runs were
made with a slope of 1/U in,/ft (0.021 m/m). Solids feed rates of 100 and
200 g/min (o.'00167 and 0.00333 kg/sec) and pipe rotational speeds of 2, 5,
and 8 rpm (0,033, 0,083, and 0.133 rpé) were used, Table 2 swmarizes
the experimental conditions for these tests.

Since solids are mixed and redistributed several times during their
movement through the vessel, these disturbances can be considered to be
statistical in nature, Thus the mechanism for dispersion in analogous
to molecular diffusion, and similar governing differential equations

can be written, If these equations are put in dimensionless form, the
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Table 2. Experimental conditions for the RID tests
(6~in. -diam pipe)

F'eed rate Drum rotational speed
Run number g/min kg/sec Tom TS
L 100 0. 00167 2 0.033
5 100 0. 00167 8 0.133
6 1.00 0. 00167 5 0.083
7 200 0, 00333 5 0. 083
8 200 0. 00333 8 0.133
9 200 0. 00333 2 0. 033

Drum slope = 0,25 in,/ft.
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dimensionless variable 9 = §~appears, where

8 = reduced effective ;esidence time,

t = time aftexr step change, sec,

t = M/m = mean residence time, sec,

M = total bed mass, kg,

h = solids mass flow rate, kg/sec.

The expected response to a step input in a system with dispersion is
an S~-shaped curve, the exact shape being determined by the system charac-
teristics,

Figure 2 summarizes the data obtained in runs L through 9. The mass
fraction of tracer from the vessel exit is plotted as a function of the
reduced effective time, 9, All the data can be represented by this single
plot since the amount of dispersion did not vary significantly with the
operating variables. In this plot, the massg fraction range at 8 = 1 is
above 0.5. This may be due to enbtrance or exit effects; material is
dispersed inside the kiln bub not in the feed or product, The results
reported here compare favorably with those obtained in earlier work using
a commercial unit, This replication of experiments and results provides
a basis for the design of experiments to follow, namely, experiments with
a larger-diameter unit. Residence time distribution studies will alsc Dbe
designed and carried out to determine the effects of feed size distribution
and lifting flight configuration. This will provide design information as

well as give insight into intermnal flow patterns.
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2,1.3 Component development

D. C. Hampson and M., E, Whatley (Chemical Technology Division, ORNL)

In pursuit of the procurement of a larger-scale rotary kiln voloxi-
dizer for study and testing, a bid package of specifications and criteria
for deslign and fabrication was prepared and issued to candidate supplilers,
This unit will be sized to handle 1/2 metric ton of fuel per day and will
be more flexible, both in heating capability and in instrumentation, than
will be required in a production~type unit, The deadline for bid sub-
mission has been extended from mid-Sepbember to October 12, 1976,

The auxilliaries such as the feeding system and the offwgas treatment
system are not part of the above purchase, but will be developed at ORNI,

Criteria for these systems have been prepared, and design has been started.

2 Hot-Cell Studies

2,
D. 0. Campbell (Chemical Technology Division, ORWL)

An experimental program centered around hot-cell tests of fuel
reprocessing operations was initiated in January 1976, A variety of
IWR fuels will be used; however, most work to dabe has been done with
fully irradiated PWR fuel cooled about 2 years. The work is supported
by "cold" experiments with synthetic solutions similar in chemical compo-
sition to true process solutions.

The ORIGEN calculation was tailored to the Robinson reactor irradige
tion history, using the best dabta we could obtain, with the valuable
asslstance of A, G. Croff, These calculated results are in much better
agreement with experimental data, especially plutonium isotopic content,

than were earlier calculations,
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Two el dissolutions were completed during this quarter (runs 5 and
6); experimental work on the four previous runs was also completed., Each
conplete experiment includes a study of most or all of the following
operations: fuel dissolution; off-gas scrubbing with special attention
to the behavior of 3H, luC, and 129I; clarification of the dissolver soluticn;
rinsing of the dissolver, cladding (if any), and undissolver residues;
solvent extraction of uranium and plutonium; evaporation of the raffinate to
produce a waste concentrate; aging of process solutions to study solution
stability; characterization of any solids formed; and waste partitioning
studies, which are reported elsewhere,

Analytical results are essentially camplete for the first five ruans,
but not the sixth., A major effort is presently directed toward data analysis
and interpretation, In general, the tentative conclusions stated in the
introduction to Sect. 2,2 of the previous quarterly report6 have been
reinforced or confirmed; none has been contradicted., In many cases,
quantitative data are now available from more than a single experiment,

Digsolution of fully irradiated fuel under conditions approximating
projected operations at AGNS is satisfactory except that a somewhat longer
dissolution time will be necessary.

Approximately 0.2 to 0.3 wt 9% of the irradiated fuel is insoluble

during dissoluticn in HNO This residue is extremely radioactive due to

3'
the presence of fission product ruthenium; it may also contain up to a few

tenths percent of the plutonium and the other actinides, Leaching the

residue with nitric acid reduces the actinide content to a few thousandths
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percent, although the bulk of the material remains insoluble, In full-

gscale rveprocessing, this insoluble fraction will requife attention because

of its heabt generalion properties. etsneer-eestoesnes e
The fraction of 1291 remaining in the dissolver solution may be

reduced to less than 1% of the amount present, Nitrogen oxides produced /

during dissolution remove greater than 90% of the iodine, and air sparging /[

either during or following dissolution will transfer additlonal iodine /

i

g, 1
T

to the off-gas.
Incomplete data for luC indicate that most of the carbon reports to
the first caustic scrubber in the off-gas system. There is no evidence for
organic carbon in the off-gas, The total amount of luC found is consistent
with a nitrogen content in the Tuel of about 10 ppm, which is reasonable,
The dissolver solution 1s probably stable to formation of the insoluble
Zr-Mo compound for several days, provided the temperature is not too high
or the acidity too low., Thils compound would carry a significant fraction
of the plutonium if it precipitated prior to extraction.
Solids are more readily produced when the extraction raffinate is

aged, Well-crystallized solids form slowly from 3 to 4 M HNO, raffinate,

3
and x~-ray diffraction shows them to have the same structure as the Zr-Mo
compound prepared previously in cold work, The solids, which are highly
enriched in 125Sb, carry several percent of the plutonium present in the
raffinate,

No significant problem has been encountered with regard to plutonium
extractability. Batch extractions are carried out a few days after disso-

lution without valence adjustment., The distribution coefficient for plutonium

did not decrease during extraction of at least 99.9% of the plutonium,
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Evaporation of the extraction raffinate at 7 to 10 M HNO3 resulted
in the appearance of solids at a waste concentration of about 325 gal per
metric ton of fuel, a significantly lower concentration than has been

achieved with synthetic waste, The sollds are not yet characterized,

The concentrated waste supernate has been stable for more than one month,

2.2.1 Hot~cell dissolution

D, O. Campbell, S, R, Buxton, R. L. Beatty, and W, L. Pattison (Chemical
Technology Division, ORNT,)

Two additional experiments have been completed with fully irradiated
(31, 360 MWA/MTU*) fuel from the Carolina Power and Iight H, B, Robinson IT
reactor, discharged on May 6, 1974, Run 5 was designed to test the effect
of the use of recycle nitric acid for dissolution and of the time interval
between dissolution and extraction on plutonium extractability, Run 6
was made primarily to determine more accurately the relstive distribution
of radioisotopes into cladding hulls.

Tn run 5, 364.9 g of unclad UO, fragments from the full burnup

2
region (24,5 to 121,5 in. ) of Rod 0-1k of Assembly BO5 was dissolved in
HNOB’ much of which was recovered by distillation (waste evaporation) of
the extraction raffinate from run 4, Some new concentrated HNO3 was used
to provide the total acid requirement, Dissolution proceeded normally,

and there were no obviocus effects from the use of recycle acid., The amount
of insoluble residue after dissolution was consistent with previous
experiments (Sect. 2,2.3).

This dissolution was made without an air sparge. A small fraction of

the off-gas was lost when the evolution of nitrogen oxides exceeded the

* MTU = metric tons of uranium,



capacity of the off-gas scrubber for a short time because of a partial
plugging of the first scrubber. Following completion of dissolution, as
indicated by a cessation of bubbling in the dissolver, the dissolver
solution was air sparged for 160 min at 0.4 solution volume of air per
minute, Evolution of 1291 is discussed in Sect. 2.2.2,

A portion of the dissolver solutions was transferred to M, H, Lloyd
for detailed solvent extraction studies as gquickly as possible after
dissolution., Extractions were initiated less than 24 hr after dissolution;
compared with several days in all previous cases, Although the time
between dissolution and extraction is not well-defined for an actual
operation, it would likely vary between 1 and 3 days for AGNS. Results
of the study are described in Sect, 2.2.4,

Most of the dissolver solution was batch extracted to the extent of
about 99,8% of the uranium and plutonium, and the raffinate was evaporated

at an HNO. concentration of 7 to 10 M in the still pot, to the rather high

3
final concentration of about 60 gal/MIU processed. The results are

described in Sect, 2.2.5.

The dissolution in run 6 was made with all the clad fuel of full
burnup that we have obtained to date, We have several clad end-pieces
such as were used in run 3, but the effective burnup for this material

is uncertain. The fuel in run 6 consisted of 14 pieces ranging from

0.3 to 2 in, long, all from the region of burnup greater than 30,000 MWd/MTU
of fuel rods H~10, P-4, and P-8 of Agsembly BOS5,

The dissolution deviated seriously from reference conditions, primarily
because the temperature was much higher and significant boiling occurred.

A much greater volume of condensate was collected, with the result that



28

the dissolver solutlon was concentrated to a value ahove the solubility of
uranyl nitrate at room temperature, Accordingly, large crystals of uranyl
nitrate hexahydrate were recovered along with the dissolver residue during
fuel clarification.

In spite of the departure from reference conditions, no problems were
encountered which could not be dealt with readily in a processing plant,
The dissolution was probably more complete than usual, Dilution of the
dissolver solution to compensate for the loss due to distillation appeared
to yield a normal solution.

Following dissolution, the cladding was removed, rinsed, weighed, and
solution, A small amount

3

of residue which did not dissolve in this sclution was dissolved by Na

all except two pieces were dissolved in an HF-HNO
2CO3
fusion, The quantity of various radioisotopes associated with cladding
is being determined, but these results are not yet available, This is an
important factor relative to hull monitoring for undissolved fuel.

Analysis of the cladding from run 3 did not yileld definitive results
because of uncertainty concerning the actual burnup, which varied along
the length of the fuel by as much as a factor of 4, The data indicated
that the cladding contained about 1 to 2% of the fission products, less
than 0,01% of the transuranium elements, and less than 0,001% of the uranium,
These quantities all produced when the product nuclel recoil following
nuclear reaction, ejecting atoms from the outer fuel reglon into the
cladding, Since fission fragments have a much greater recoll energy than

transuranium elements, more are ejected. The important point is that
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monitoring of a gamme~emitting fission product would indicate a much
higher holdup with the cladding than the actual amount of the elements

of interest, uranium and plutonium,

2.2.2 BRadioactivity in off-gas

D. 0. Campbell, S. R, Buxton, R. L. Beatty, and W, L. Pattison (Chemical
Technology Division, ORNL)

129

Additional data have been received for T distribution during fuel

dissolution (see Table 3). @he results for runs 2, 4, 5, and 6, which

The ORIGEN calculation has been made for the irradiation history of this
reactor, Tt is clear that the overall material balance is reasonably
good in each case except run 3. The calculated 129I values for runs 1

and 3 are less certain,

Table 3. 1291 distribution during fuel dissolution

1291 found Percent of total found in:
% of
Run ORIGEN Scrub Serub

number g/NTU value Dissolver Condensate 1 2

1 118 82 0. 52 0. 14 99. 3 0. 08

2 157 8L 0. 97 1.08 97. 4 0. 57

3 L5 41 0.50 0. 90 98. 3 0. 30

L Not complete

5 169 90 0,22 0.21 99. k4 0.18
(‘E;E 1h1 75 0. 93 1.12 96, L 1.53

129

In all cases, less then 1% of the I found was in the final dissolver

solution, The fraction found in the condensate in this work would probably
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be largely transported to the scrubbers in plant equipment because, in
our eguipment, the off-gas flow bypassed the condensate and thus could
not strip lodine from it.

In run 4 (with U0, fragments) and run 5 (with clad fuel and recycle

2
acid), there was no air sparge during dissolution; however, the solution
was sparged Tor several hours after dissolution., The data for 1291

removal are summarized in Table L, Although significantly more iodine

remained in the dissolver solution after run 5, the air sparge reduced

the iodine to a few tenths of 1% in both runs.

Table 4, Bffect of duration of air sparge on 1291 content
of dissolver solution
Run 4 Run 5
Time (min) % 1298 Time (min) % 1298

0 1.52 £ 0,13 0 5.73 £ 0,13

70 0.h2 + 0,09 85 1.25 &+ 0.5k
140 0.24 + 0.03 160 0.29 + 0,09
200 0,17 &£ 0,02

®Percent of 1291 remaining in dissolver solutions, relative to total
amount calculated by ORIGEN,

T

These experiments show that icdine was effectively stripped from the
dissolver solution, most of it by the nitrogen oxides evolved in the disso-
lution reaction, Sparging with air further reduced the iodine content,
with no indication of any leveling off at 0.2%. The use of recycle acid
that could contain some organic material had no effect on the final iodine

content. Volatile organic iodides would not be trapped by caustic scrubbing
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but would be decomposed by the Cul bed and trapped in the second scrubber.
Since the second scrubber trapped very little iodine, the quantity of
volatile organic iodide present (if any) must be minimal.

Data for th for the first four runs are summarized in Table 5. The

major source of lhc ig the n,p reaction with nitrogen impurity in the fuel.

The tabulation reports the nitrogen content of the fuel, back-calculated

b_ ~
from the amount of l'C found (neglecting the n,@ reaction on l{O).
Table 5, lI’LC distribution during fuel dissolution
14 Nitrogen
C content Percent of total found in:
Run found (ppm, Scrub  Scrub
number (Ci/MTU) cale.) Dissolver Condensate 1 2
1 0.1k 7.7 & & 99.5 0.5
2 0,27 10, 4 a 0. Ll 97.5 2,1
3 0.15 10.3 & 0.65 97.5 1.85
Ly 0. 2k 9,3 a 0. 41 58,7 40.9

aAnalytical results are not canplete,

Information regarding the nitrogen content of the Robinson fuel
(runs 2, 3, and &) was requested from workers at Westinghouse, who reported

that analyses of several different batches of U0, pellets from this fuel

2
gave nitrogen values of less than 10 ppm, the limit of detection. Wewplan
to attempt to measure the nitrogen content presently in the irradiatéi;

fuel used for these experiments in order to define the value more accurately,
Only a very small fraction of the nitrogen was transmuted to other elements;
therefore, values determined in this measurement should correspond closely

to the initial nitrogen content of the Robinson fuel (excluding elemental

nitrogen such as that in air).
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We have obtained conflicting information regarding nitrogen in the
gas that occupies the fuel rod void volume. A verbal report from Westing-
house indicated that the rods contained air before welding, but other infor-
mation suggests they were filled with helium. Postirradiation analysis of
gas removed from other rods of this same assembly showed the rods were pre-
dominantly filled with helium, but some nitrogen was opresent. However, the
zirconium cladding probably would have reacted with both oxygen and nitrogen
during reactor operation, so they might not be found after irradiation.

If the fuel rods were initially filled with air at 1 atm pressure,
nitrogen in this air would contribute about 10 ppm relative to uranium;
and this agrees with the nitrogen content indicated by 1”0 analysis.

Nitrogen impurity in the UOp provides an additional source of 1he.

The conclusion is that the amount of ll¥C found is in reasonable agree-
ment with the calculated value for this fuel; part of it probably results
from nitrogen in alr sealed in the fuel rods, Carbon is effectively
trapped in the caustic scrubbers and is presumably released during disso-
lution as COE' Experimental evidence indicates that CO or organic carbon
compounds are formed in extremely small amounts, if at all,

1&0’ 1291’ and

Work is continuing to develop a method to analyze for
3I—I, which might be mresent in the dissolver solution as nonvolatile (organic)
compounds, lLaboratory tests indicate that wet oxidation with perchloric
acid under reflux, followed by Cu0 oxidation of an air sweep and finally
caustic scrubblng, will recover luC from both aromatic and aliphatic
hydrocarbons and organic compounds such as acetic acid, benzoic acid, and
nitrobenzolc acid, This method will be used with the dissolver solution as

1L ang 129

a final test for C I that may not have been found so far,
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No additional data are availsble for tritium.

2,2.3 Insoluble dissolution resgidue

D. O, Campbell, 8. R, Buxton, R. L, Beatty, and W. L, Pattison (Chemical
Technology Division, ORNL)

The insoluble residue from runs 5 and 6 constituted 0,23 and 0,449,
respectively, of the welght of UOQ. Dissolution conditions in run 6 were
unusually severe, and a smaller fraction of resldue was expected, However,
the larger amount may result from oxide film removed from the cladding.
With reasonably complete dissolution, the residue typlecally comprises
between 0,2 and 0.3% of the weight of UOE‘

The reproducibility of dissolver compositions isg illustrated by the
data of Table 6, which summarizes the total quantities of a number of radio-
isotopes found in the dissolver solutions from rums 2, 4, and 5., All of
these runs were made with fully irradiabted Robinson fuel; however, two
different rods were used. TFor reference, the corresponding quantities
calculated by the ORIGEN code are given,

Agreement with the ORIGEN calculations is rather good in many cases,
However, significant discrepancies occur for the heavier actinides (the
analytical regults for americium are subject to error because of inter-

238

ference from Pu, but the values for the other actinides should be valid),

for ruthenium (much of which does not dissolve), and for those isotopes

13k

resulting from a neutron capture reaction following fission (such as Cs

and 154

Eu), There is also an apparent systematic discrepancy in the experi-
mental results since the values for runs 4 and 5 are aboub 5 and 9% higher,

respectively, than those for run 2,



Table 5, Calculabed and observed radioisotope concentrations in dissoiver solutions (March 16, 1975
Conec, calculated Experimentally determined conc.
by ORIGEN code _(cifymu)
Isotope dis sec T m™HY Ci/MTU Run 2 Run b Run 5

2385, 2.6 x 107 2.11 x 10° .41 x 107 2.80 x 10 2,84 x 10
239, 2hog, 1,04 x 107 8.2 x 10° 8.00 x 10° 9.73 x 10° 8.49 x 10°
2L 6.99 x 10° 5,67 x 10° 341 x 10° 1.54 x 10° 3. 04 x 10°
Q‘MLCm 5.85 x 10 b7l x 103 1.97 x 105 2.09 x 10° 0,20 x 10°
2420m 1,98 x 107 1.60 x 107 2.67 % 103 2.38 x 10° 2,40 x 103
106g,, 1.90 x 107 1.5k x 107 5.57 x 10" 8.20 x 10" 8.1k x 10"
1340 1.40 x 107 1,14 x 107 6.58 x 10" 6.9 x 10" 7.17 x 10"
$37gs 1.23 x 107 9.99 x 10" 8.52 x 10" 9.05 x 10" 9.48 x 10"
hhg, .33 x 10° 1.80 x 10° 175 x 107 1.83 x 107 1.86 x 10°
+2oe 8.0k x 107 6.52 x 105 £3.16 x 107 <5.02 x 10° <3.16 x 103
1k, 1.70 x 10° 138 x 100 <3.62 x 107 N. A, 4ol x 107
Mgy 8.10 x 10° 6.57 x 10" 5.31 x 10" . A, 6.81 % 10"

97 7.1 x 10° 6.01 x 10° 2,05 x 107 . A, Y. A.

3 5.36 x 10° k.35 x 10° 2.57 x 10° 3,08 x 10° . A,

1k oo 6.59 x 103 5,34 x 1071 N A, N, A, N A,
29 4,03 x 10° .27 x 207° 2,3 x 107 5.22 x 1077 498 x 107

aBased on L.k M UOQ(NO?)2 = 333 g of uranium per liter,

bAssuming that the U0, has a nitrogen content of 20 ppm.

N.A, =

not available,

fE
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The distribution of radioisotopes between the dissolver solution and
the solids residue is summarized in Tables 7 and 3 for runs 2 and 4,
respectively. The column headed "Washes" is primarily a measure of the
fraction of the dissolver solution left in the dissolver after transfer
plus the fraction associated with centrifuged solids., The column headed
"Solids leach" gives the fraction of various isotopes that dissolved in

3 M and 6 M HNO, at 90°C for run 2 and in 12 M HCl for run h; HC1 dissolves

3
nearly all the residue., The last column is the fraction remaining in the
solids after leaching,

Of these isotopes, only ruthenium is present at significant levels in
the solids residue; half or more of the ruthenium may remain undissolved
in the HNO3. Ruthenium is a significant heat source; thus the separation
and disposition of this residue must take heat generation into account.

A 5-ton/day plant will produce approximately 10 to 15 kg per day of these
solids, with a heat output of 3 to 5 kW.

° The residue obviously contains other elements besides ruthenium, but
data for the nonradiocactive elements are still being evaluated, Molybdenum
is an important constituent, and technetium, rhodium, and palladium may
alsoc be present, along with tramp material related to dust and glass. The
composition of the residue will not be reported until more dependable
analytical results are derived,

We are using spark-source mass spectrometry (88MS) for the general
analysis of gtable isotopes (as well as radioactive isotopes present in

reasonable amounts). Considerable work is being done to improve the

accuracy of this method, Recently, the sample preparation procedure was



Teble 7. Distribution of radioisotopes during dissolution in run 2 (212 g of uranium)

Quantity Calc. by Percent of total found in fraction
found ORIGEN code Dissolver Solids Leached
Isotope (Ci/MTy) (% of found) solution Washes leach® solids
238, 241 x 105 87 99. 96 0. 02 0,011 0. 000k
239, 2oy, 800 105 99. 96 0. 02 0.010 0. 0003
2 31 166 100 - - -
bk 1.97 x 109 ol 99, 97 0. 02 0. 006 0.0013
22, 2.67 x 10 60 9.9 0.02 0. 009 0. 0017
060 12,2 x 10¢ 107 47.53 0. b1 8.5 43,56
13L0s 6.58 x 10” 173 99. 96 0. 02 0. 007 0,010
35 8.52 x 10" 117 99. 96 0. 02 0. 008 0,011
lhuCe 17.5 x 1oh 108 99, 95 0. 02 0. 026 0. 024

9t

®Solids leached with 3 M and 6 M HNO ..



Table 8. Distribution of radioisotopes during dissolution in run b (314 g of uranium)
Percent of total found in fraction
Found ORIGHN Dissolver Solids Teached
Isotope (ci/MIU) (% of found) solution Washes leach® solids
2385, 8.1 x 10 75 99. 66 0.31 0.015 0.019
239, 2405, 977 86 99. 97 0. 28 0. 009 0.023
2hly 155 365 99. 29 0. 58 0,113 0. 017
b, .10 x 10° 006 99. 60 0. 37 0,008 0. 026
2420m 2,287 % 103 yal 99, 60 0. 38 0. 007 0, 016
106, 13,4 x 10 115 61.17 0.22 37.02 1.59
13”05 6,93 x 1o4 16k 99. 62 0. 3L 0. 066 0. 002
1370 9,08 x 101L 110 99, 63 0.33 0, 0k2 0.003
lthe 8.k x 1oh 103 99, 58 0. 31 0.100 0. 007

®Solids leached with 12 M HCL.

LE



38

modified to incorporate additional standard isotopic spikes, which will be
added in two different groups, In addition, radioisotope analyses are
being made to provide a check on the SSMS method for several elements.

More meaningful comparisons of calculated with experimental data,
relative to material balances, are provided by mass analyses because the
experimental determinations are much less subject to error., Mass analysis
data for uranium, plubtonium, americium, and curium* recovered from run 2
are reported in Table 9. These measured values for uranium and plutonium
are in reasonable agreement with the results of ORIGEN calculations, The
americium values are satisfactory except for a large error in the very low
yield mass 242, Agreement is rather poor for curium, Since the discrepancies
become larger for the heavier actinides, it appears that some refinement may
be necessary for the nuclear data used in the ORIGEN code for actinide

production,

2,2.4 Plutonium extraction into 30% TBP¥*
M. H. Lloyd (Chemical Technology Division, ORNL)

In connection with studies to invegtigate the nature and behavior of
"inextractable" plutonium in high-level fuel reprocessing and waste streams,

plutonium extraction behavior was evaluated with radiocactive feeds prepared

*The isolation of americium and curium was carried out by the staff of the
Transuranium Reprocessing Plant (TRU).

¥*3tudies carried out as part of a program on Waste Stream Processing Studies
funded by the Molecular Sciences Branch of the Division of Physical
Regearch, ERDA,
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Table 9. Mass analysis of actinides from run 2%
H., B. Robingson Fuel
Burnup: 31, 36l MWd/MTU
Reactor shutdown: May 6, 197k
Separation: March 16, 1976
Actinide Found ORIGEN Actinide Found ORIGEN
234 0. 0Lk 0. 013 ALy 62,4 65. 95
235y 0,653 0.615 b2y 0.312 0. 0002
236y 0. 347 0. 352 3 37.29 3k, 02
237y o 38-9
238; 98. 99 99. 02 2h2ay, 3,28 1.00
2u30m, 1.21 0.1k
2385, 1.56 1,32 ke 90. 66 97.57
239y 55. 79 56. 72 N5 o 43 1,14
2hoL, 2k, 91 23.87 2hb0 0.453 0.152
thPu 12,29 12,73 2Lﬁc:m 0. 00k 0. 002
ahep, 5,45 5, 36 248, 0. 001 0. 0002

TAtom % of each as of March 16, 1976,

b

Not detected.
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from highly irradiated UOE' In each experiment, the UO2 dissolver solution,
which had a HNO3 concentration of approximately 3 M, was batch-contacted
with equal volumes of 30% TBP--dodecane, Seven consecutive extraction
stages were used,

In previously reported extraction experiments, the feed solutions
were aged 2 to 3 weeks prior to extraction, and the plutonium valence in
each was found to be quantitatively in the tebtravalent state, In recent
work, a UO2 feed solubion extracted 20 hr after dissolution was found to
contain about 20% Pu(VI).

Except for a somewhat lower distribution coefficient due to the Pu(VI)
content, the plutonium extraction behavior for this material was quite
comparable to that observed in previous runs, in which the feeds contained
only Pu(IV). The extraction data are compared with results from a Pu(IV)
run in Fig, 3, which shows the plutonium concentration (in counts min“l mlﬂl)
remaining in the agueous raffinate after each stage. These data indicate
that, even though Pu(VI) is not extracted as effectively, greater than
99, 99% of the plutonium was extracted in seven stages.

The plutonium concentrations shown for the last two stages of the
Pu(VI) run were subject to a large correction factor due to the growth of
238Pu from gung decay, which occurred after the extractions were made but
before the solutions were analyzed, The actual values could therefore he
somewhat higher or lower than the concentrations shown, LEfforts will be
made to minimize this effect in future experiments,

The plutonium behavior in this experiment suggests that the initial
UO,. dissolver solution contains substantial concentrations of Pu(VI),

2

which subsequently reduces to Pu(IV) in the highly radiocactive feed
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solution. An experiment was therefore performed to determine the approxi~
mate rate at which Pu(VI) is reduced in U0, dissolver solution. More than

95% of the plutonium in a 3 M HNO, feed solution was oxidized to Pu(VI) by

3
heating the solution at the boiling point (~108°C) for several days. The
solution was then cooled to L0°C, and the rate of plutonium reduction was

determined, The percent of tetravalent plutonium after 1, 2, and 3 days

of aging was found to be 42, 90, and 100, respectively,

2.,2,5 Solution stability

D. 0, Campbell, S. R, Buxton, R. L. Beatty, and W. L, Pattison (Chemical
Technology Division, ORNL)

No additional results have been obtained from solution stability
tests, although several aging experiments are still in progress., A
different sort of instability that has been noted in the dissolver solu-
tion 1s receiving increased attention,

We have observed that a small gquantity of black solids, similar in
appearance to the original dissolver residue, appears in the clarified
dissolver solution after a few days., The dissolver solutions from runs 5
and 6 were centrifuged several times at intervals of a few days, and
additional black solids were recovered in every case, The quantity of
this material is small; preliminary measurement indicates it is in the
range of 50 mg per day per kg of fuel (50%).

Samples of these solids have been submitted for scanning electron
microscope (SEM) and microprobe analyses, and the solids have been dissolved
and submitted for radiochemical and SSMS analyses. No results have been

obtained to date,
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Although the quantity of solids is very small, their formation appears
to be real, Initially, they were believed‘to result from incomplete solids
recovery during centrifugation, but the constant production with repeated
centrifugation contradicts that suggestion. 8Since any such solids will
almost certainly collect at the solvent interface and compound the inter-
Tacial crud problem, feed clarification immediately prior to solvent
extraction may be a more important consideration than previously indicated.

Waste concentration, A portion of the extraction raffinate from run 5

was concentrated by distillation in a manner similar to that used in the
two previous waste evaporation experiments, General behavior was similar
to that observed in the earlier tests, with solids first appearing at a
waste concentrabtion of about 300 to 350 gal/MTU and increasing in amount as
evaporation proceeded, The evaporation wasg continued to a final concentra-
tion of about 60 gal/MTU, The total amount of solids recovered was 1.8 g
per kg of uranium processed, and an appreclagble fraction may have been lost,

We are now receiving analytical data relabting to the solids produced
during waste evaporsation; however, it has not yet been correlated. Pre-
liminary observation of the data indicates that substantial amounts of Ba,
Sr, Mo, and Cs are present, along with tramp material such as Ca, Mg, Si,
Al, and Fe,

Efforts have continued to determine the rate of aecid loss in air-sparged
solutions, such as would occur during waste storage., This has proved to be
more difficult than expected because of analytical problems with the
extremely radioactive waste concentrates and experimental difficulties

relative to the small volume of solution and possible evaporation,
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Refinement in the acid titration procedure has resulted in improved
precision, generally +0,1 M, and has eliminated the occasional large
errors observed previously, The titration problems appear to be related
to some aspect of radiation damage,

The extraction raffinate from run 5 (about 800 gal/MTU) was air-
sparged for 10 days with inconclusive results. The acidity appeared to
decrease slightly, but any change was of the same magnitude as the analyt-
ical precision,

The clarified waste from run 4 (97 gal/MTU) was air-sparged at the
rate of about 3 to 5 cc/min for 12 days, and eight samples withdrawn over
this time period indicate an acid loss of about 0,03 mole per liter per day.
This is not a clearly significant change; on the other hand, there may have
been a volume decrease due to evaporation, in which case the acid loss
could have been much greater,

The waste from run 5 (about 60 gal/MIU) was similerly air-sparged
over a lh-day period, and the decrease in acid coucentration appeared to
be appreciably greater (i.e., roughly 0.1 mole per liter per day). In this
experiment, the volume probably decreased more than could be accounted
for by sampling, This could result from evaporation enhanced by a tempera-
ture rise of a few degrees due to the high concentration of radiocactivity.
The change in volume will be calculated when radiolsotope analyses are
obtained, and at that time the acid loss can be determined more accurately.
This experiment with the highest concentration of waste is the only one
that hag resulted unambiguously in an acild loss,

A significant observation is that ruthenium is not volatilized to a

large extent during these waste evaporation experiments., The nitric acid
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concentration is in the vicinity of 9 M throughout the evaporation, and
ruthenium would be expected to volatilize as Ruou to a major extent, 1In
fact, it does volatilize in this manner when synthetic waste solutions
are carried through an identical process, yilelding large deposits of RuO2
in the condenser as well as ruthenium in the condensate. No deposition

of Ru02 has occurred during the evaporation of actual waste solution, and
the condengate typically contains about 0.2% of the total ruthenium present.
This amount of ruthenium, although a factor of 5 to 10 higher than other
fisgion products, is still remarkably low, It appears that a guite stable

complex is formed between ruthenium and some radiolysis product that inhibits

formation of Ruou.

2.2,6 Characterization methods

D. 0. Campbell (Chemical Technology Division, ORNL)

Work continues to improve the methods we have been using throughout,
especially SSMS and x-ray fluorescence, to yield more accurate and meaning-
ful data. The SSMS sample preparation procedure was changed, as described
in Sect. 2.2,3. Equipment was assembled and tested to recover any organic
carbon, hydrogen, or iodine which may be present in solutions such as
dissolver solution (see Sect. 2.2.2).

A different approach is being tested for SEM and x~ray fluorescence
sample preparation in an attempt to avoid the interferences that are
obscuring the desired data, Interferences arise largely from copper and
zinc in the brass sample mount, gold used to coat the sample, and lead
from an undetermined source., Recently, several samples have been mounted
on polished beryllivm metal, and they will be coated with vapor—deposited

carbon; this should give no interferences,
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These specimens will also be examined for x~-ray fluorescence by using
a crystal wavelength dispersion x-ray detector instead of a silicon dispersion
energy detector. This provides the possibility of shielding the detector
from direct radiation from the sample, which cannot be done with the silicon
detector, Such direct radiation has prevented x-ray fluorescence measure-
ments from being made on dbout half the samples analyzed, The disadvantage

of the new technique is that the measurement is much more time-consuming,

2.3 Building L4507 Hot-Cell Operations

J. H, Goode, R, G, Stacy, V. C. A, Vaughen, E. C, Hendren, and G, K. Ford
(Chemical Technology Division, ORNL)

2.3.1 Development of in-cell equipment

Testing of in-~cell eguipment was delayed in Tavor of using all personnel
for decommissioning the Curium Recovery Facility (CRF). All of the equipment,
however, was put in operating condition by the ORNL shops and is ready for

further cold-testing as manpower becomes avallable,

2.3.2 Decommissioning the CRF

Ninety-five individual entries in air-line suits were made into the
curium-contaminated CRE during the past quarter, The 2-tan, 13 x 3 x 9 ft
tall Equipment Maintenance Glove Box, located above Cells 3 and 4 in
Bldg. 4507, was separated from the floor, sealed, crated, and sent to
storage in the ORNL Solid Waste Storage Facility,

Sandblasting was used to remove curium-contaminated paint from cell
access holes and the concrete walls of the hot cells in the CRF. On
completion of the sandblasting, the sand was bagged-out of the cells, and

the surfaces were guccessively cleaned with a vacuum cleaner and washed
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with detergent-water nmixtures. Subsequent Health Physics surveys indicated
a few hot spots that required additional cleaning, but the cells were
generally at sufficiently low-contamination levels to permit preparations
for resurfacing and repainting., These included removal and patching of
unnecessary glove ports and windows from the sheetmetal alpha barrier in
the rear of each cell, cutting and beveling piping for subsequent welding,
masking pipe fittings for protection from paint, ete. Anchor-bolt holes
were filled and the sandblasted concrete walls of Cell 3 plastered with
stuceo., Two coats of white epoxy paint were sprayed onto each cell and
their access ports. After removal of the "vestibule" and "tent" used as
contamination-control zones for persomnnel working in the cells, installa-
tion of fixed equipment in the cells will begin. These include plenums
for cell ventilation exhaust filters, floor pans, work surfaces, ete,

(Sect, 2.3.3).

2,3.3 Miscellaneous

The Gerden Carrier No, 2 (AEC~OR-USA 6088/BLF) cask was returned from
Battelle~Columbus Laboratory with the second shipment of irradiated UO2
from the Carolina Power and Light H, B. Robinson IT reactor. A portion of
this second shipment was repackaged for another group at ORNL (Sect. 2.2),
and a portion of the first shipment was packaged and sent to the Savannah
River Leboratory in the Garden Carrier No., 2 along with an empty cask
(D~38, AEC-OR-USA 5787/BLF) to pick up recycled SRP solvent for laboratory
tests, The Garden Carrier wag then sgent to the Aerojet Nuclear Company,

at Idaho National Engineering Laboratory (INEL), to pick up three complete

rods from the H, B, Robinson reactor assembly BO5.
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Figure L shows the assembled working surface and fuel storage array
ready for installation in Cell 3, Bldg. 4507, where shearing and voloxidation
head-end studies will be performed. The CORNL Criticality Committee has

- _
approved the storage of 1.6 kg of 2j)U + 239 2u1Pu

in the seven 7-1in.-diam
wells and sixteen l-in.-diam wells. Lead-fillled covers provide shadow-
shielding overhead. Figure 5 shows the all-bolted construction of the
support structure, the removable storage wells, and the cell exhaust plenum
and a drop-in HEPA filter.

Figure 6 shows the intercell (Cell 2-3) transfer port with the doors
closed and the sliding tray centered. PFigure ¥ shows one of the folding
doors open and the trays projecting into a "eell."

Fabrication is in progress on floor pans for Cell 4 and a new sample
chute for Cell 3. Design of a replacement Equipment Maintenance Glove Box

and access hole shielding plugs is under way. Modification of a cask

pedestal to place above the Cell 3 sample chute is in progress.



Fig. L,

Work tray and fuel storage wells for voloxidation

cell.,

PHOTO 3872-76
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Fig. 5. Partially assembled work tray and fuel storage wells,
bolted construction and cell exhaust plenum and HEPA filter.,

PHOTO 3871-76

showing
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PHOTO 3873-76

Fig. 6. Intercell transfer port.



Fig. 7.
open position,

PHOTO 3869-76

Intercell

transfer port with manipulator-operated door in
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3. PUREX PROCESS STUDIES (SOLVENT EXTRACTION)
B. L. Vondra (Chemical Technology Division, ORNL)

This program involves the integration of laboratory development studies,
flowsheet tests employing synthetic solutions, and confirmatory investiga-

tions in a hot-cell system using irradiated IWR fuels.

3.1 Laboratory Studies
J. C. Mailen (Chemical Technology Division, ORNL)

3.1.1 Solvent cleanup
0. K. Tallent and Karen Williams (Chemical Technology Division, ORNL)

The solvent from the Purex process is presently treated with Na,ECO3
and NaQH to remove impurities before it is reused. However, the lack of
complete effectiveness of such caustic wash methods, along with attendant
reagent recycle problems, has led us to investigate alternative solvent
cleanup methods,

The objectives of this work are to evaluate, on a laboratory scale,
a number of new (or partially new) methods for purifying recycle Purex
solvents and to test the most promising of these methods on solvents from
irradiated fuel extraction experiments, Ultimately, we expect to develop
improved purification methods that are compatible with IWR and IMFBR fuel
reprocessing flowsheets and meet criteria which results in: (1) production
of a recycle solvent that is at least as effective as new solvent;

(2) process steps that can be incorporated into the Purex flowsheet with
no added foreign substance [NaoH, N32C03: ete. ) recycle problemé;

(3) recovery of plutonium and other alpha-active actinides from the solvent
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in easily accountable and processable form; and (L4) isolation of impurities
and fission products from the solvent in small volumes in easily processable
forms.

Solid adsorbent tests, The use of solid adsorbents for removing impuri-

ties shows new promise of success, based on recent experimental evidence,
Inorganic, organic, inert base, coated base, cation, and anion adsorbents
and combinations thereof are being investigated., New loading and eluting
techniques are being investigated along with new methods for reconstituting
the solid adsorbents.,

Ixperimental data have been obtained from tests using macroreticular
resins as the solid adsorbent and dibutyl phosphate (DBP) and plutonium as
solvent impurities. In each of the adsorption tests, 1,00 x 0.01 g of
moist resin was equilibrated with 10 ml of solvent at 25°C for 1.0 or
2L, 0 hr, The composition of the solvent was 30% TBP--0.00011 M DBP-~
0. 00038 M Pu(IV)--0.03 to 0.73 M HNO3 in dodecane., For the desorption
tests, plutonium was adsorbed on 1 g of resin as described above, after
which the effluent solvent was drained from the resin and the plutonium
was desorbed by equilibrating the resin with ;o nl of 30% TBP-~-~0, 70 M HNO3
in dodecane for 1 hr at 25°C, Solvent samples were analyzed for plutonium
using gross alpha and alpha pulse-height techniques., Effluent samples
were not analyzed directlykfor DBP concentration; however, the plutonium
retention power that can be used in these samples to approximately estimate
DBP concentratim was determined for three of the effluent samples. The
test for plutonium retention consisted of adding 0.0038 millimole of
Pu(IV) to 10 ml of effluent solvent, stripping or washing the solvent with

three 10-ml volumes of 0.0l M HNO_, and determining the plutonium concentration

3)
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retained in the solvent., Three of the adsorbent materisls used in these
tests, MP-1, MP-50, and SM-2, were Bio-Rad resins, The other two, A-15
and A-26, were Rohm and Haas resins. The MP-1, which is a strongly basic
anion resin initially in the C1~ form, was converted Lo the OH” form by
caustic and water washes before it was used in the adsorption tests,

The test results are shown in Table 10, The distribution coefficients
listed in the table were calculated by dividing the concentration of pluto-
nium adsorbed per gram of resin by the effluent plubonium concentration
per milliliter. Plubtonium adsorbed well from solvents with low acid
concentrations on either MP-50 (cation), MP-~1 (strongly basic anion), or
A-26 (weakly basic anion) resin. The respective 1,0~hr distribution

3

coefficients for these three resins were 1,9 x 107, 1,7 x th, and

6.7 x 103, with the concentrations of plubtonium retained in effluents
being on the order of 1 x :LO"7 M. The plutonium concentrstions in these
effluent samples were a factor of 1000 less than the 1 x lomu M plutonium
retained in a sample of solvent feed which was washed three times with

equal volumes of 0.0l M HNO The distribution coefficients (Table 10)

3°
show that the‘plutonium adsorption decreases dramatically as the acid

concentrations in the feed solvents increase, Results from the desorption
tests show that 30, 70, and ~90%, respectively, of the plutonium from the
MP-1, MP~50, and A-26 resing wereeluted in one equal-volume equilibration

with 30% TBP~-0,70 M HNO,-~dodecane for 1 hr,

3
The results from the plutonium retention tesgts indicated that DBP

adsorbed along with plutonium on the MP-1 resin, but not on the MP-50 resin,



Table 10, Effectiveness of macroreticular resins in adsorbing
plutonium from simulated Purex solvent?

£

B cone. in

Equiiibration feed

Regin time solvent Piutonium
Resin Type of resin form (e (M) DeP
MP-50 Strongly acidic cation il 2k 0.C3 1.5 x ILO14
MP-50 Strongly acidic cation H+ 0.03 1.9 x 103
MP-50 Strongly acidic cetion g 1 0.17 b1 x 10°
MP-50 Strongly acidic cation i 1 0.36 1.2 x 10°
MP-50 trongly acidic cation H 1 0.57 28
MP-50 Strongly acidic cation H 1 0. 69 3
A-15 Cation H 1 0.03 28
MP-1 Strongly basic anion OH™ ok 0. 03 2.5 x 1oLL
MP-1 Strongly basic anion e 1 0. 03 L7 x :LoLP
MP-1 Strongly basic anion 0K~ 1 0.7%1 15
MP-1 Strongly basic anion NO;; 1 0, 03 9
A-26 Weakly basic anion OH" 1 0. 03 6.7 x 10°
A-26 Weakly basic anion o~ 1 0.19 Lk
A-26 Weakly basic anion OH~ 1 0.40 28
A-26 Weakly basic anion CH™ 1 0.73 <l
Sm-2 Tnert base resin - 1 0. 03 2,75

%10 ml of 3¢% TBP-~0, 00011 M DBP--Q, 0038 M Pu--0.03 to 0.73 M HNO, in cdodecane equilibrated with 1 g
of resin at 25°C. >

bDC = distribution coefficient.

96
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The effluent from the MP-1 resin had a relatively high plutonium retention

power, whereas the effluent from the MP-50 resgin had a low plutonium

retention power,

The
in Table

(1)

(2)

(3)

(&)

(5)

following conclusions have been tentatively drawn from the data
10 and from other information available at this time:
Pilutonium can be very effectively adsorbed on macroreticular

resins from TBP~-DBP-Pu(IV)~HNO_-dodecane solvent systems,

3
DBP adsorbs on some anion resins but not on the cation resgin

we tested,

The plutoniun adsorption reactioms are reversible - at least
for the MP-50 and the A-26 resins., The plutonium can be eluted
by using eluents with high acid concentrations (0.7 M). More
work is needed to positively demonstrate the elution of the
MP-1 resin,

Strongly basic anion resins would possibly need to be in the
OH form before they could be effectively used to adsorb
impurities from Purex solvents, A low plutonium distribution,
coefficient (DC) was obtained using MP-1 resin in the NO% form
(Table 10),

The kinetics of plutonium adsorption on MP-1l, MP-50, and A-26
resin in the TBP-MBP~-dodecane solvent system needs to be
investigated. Distribution coefficients at 24 hr were signi-
ficantly greater than at 1 hr (Table 10),

An effective solvent cleanup method using two or more resin

columns in series is indicated--a cation column to remove
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plutonium and other metal ions and an anion column and/or an inert
base resin column to remove organic impurities,

(6) A much more extensive investigation of the use of solid adsorbents
for cleanup of recycle Purex solvent is warranted,

Irradiated solvent tests, Preparations are under way to test various

solvent cleanup methods on irradiated Purex solvents. A sample of solvent
with a relatively long irradiation time, about 15 min, has been obtained
from D, 0. Campbell of the Chemical Technology Division, A 50-ml sample

of this solvent which had been used to extract irradiated fuel feed samples
in the hot cells in Bldg, 2026 has a gamma reading of approximately 1 R/hr at
contact, Experimental tests with the solvent will be conducted in an alpha

glove box with localized lead shielding in Room 127, Bldg, L4501,

3.1.2 Plutonlum valence adjustment

M, R. Bennett (Chemistry Division, ORNL)

Final modifications of the apparatus to be employed in evaluating
the effectiveness of nitrogen axide gases (viz., NO, N02> in reducing

Pu(Vi) to Pu(IV) in HNO, solutions are being completed, The calibration

3
by wet-test meter of the flowmeters for nitrogen and nitric oxide gases
proceeded smoothly; however, in the case of nitrogen dioxide (NOE)’ it was
necessary to modify the existing apparatus by substitution of a differential
pressure (DP) cell heated to 135°C in place of the flowmeter to shift the
equilibrium 2NO2 i Ngou to greater than 99% monomer, We have experienced
considersble delays in the modifications due to the shortage of available

labor in all of the crafts required for the installation. In addition, 1t

was necessary to disassemble and move all of the apparatus from one laboratory



to another due to the unavailability of 100-psi instrument air pressure.
Since these problems have now been resolved, we anticipate no further
difficulties in completing the remaining installation and operation pro-

cedures,

3.1.3 Ruthenium chemistry

L. Meya (Chemistry Division, ORNIL)

A high degree of separation of fission products from uranium and
plutonium is required in the processing of irradiabed fuels. This is
usually achieved, except in the case of a few elements, Ruthenium, for
example, is among the elements limiting the decontamination factors (DFs)
that can be obtained. This has prompled an extensive amount of work in
the past, which has resulted in the characterization of the major ruthenium
species involved in the system, These species are complexes that have a
tightly bound nitrosyl group and any of a combination of the following

O

ligands: NO. o2

3}

positions in the primary octahedral coordination sphere around the metal,

OH , 1,0, and TBP occupying the remaining five

The distribution characteristics, as a function of the different parameters
of the system, and the kinetics of ligand exchange reactions for these

species are known, thus allowing the prediction and control of the behavior
of the ruthenium in the Purex process., However, there is a small fraction
(of the order of 1% of the ruthenium) composed of uncharacterized compounds
which are responsible for the contamination of the solvent and product

streams, These compounds apparently originate fram two sources, One is a

small fraction of highly extractable species, originally present in the
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dissolver solution in the form of binuclear or polymeric compounds, while
the other is formed in the solvent by the transformation of ruthenium
species by complexation with solvent degradation products,

The requirements for processing highly irradiated fuels during the
long~term operation of commercial plants necessitate an improvement in the
ruthenium DFg over those which can be achieved with presently available
knowledge, A better understanding of the nature of the highly extractable
species, as well as the development of effective solvent cleanup procedures,
is needed, Fubure experimental work will be directly along these lines,

Preliminary work has been started with the preparation of the pure
compounds RuNOC1

RuNO(OH)_, and RuNo(No3)3(H20)2. The first compound

¥ 3
was prepared as an intermediate and was not isolated. Analysis of the

other two compounds is under way in the Analytical Chemistry Division,

The infrared spectrum of RuNO(NO3)3(H20)2 has been obtained for future
reference, A differential ebullioscopy apparatus is being assembled for

the determination of molecular weights, to be used along with other methods of
analysis in the characterization of purified compounds that might be iso-~
lated in the course of this work.

3,1.4 Chemistry of hydroxylamine and hydrazine in the reductive stripping
of plutonium

A, D. Kelmers and D, Y. Valentine (Chemistry Division, ORNL)

Reaction of hydroxylamine with nitric acid, In the Purex processing

of IWR fuel, the uranium and plutonium are coextracted into a tributyl

phosphate (TBP)-diluent organic phase following HNO3 dissolution and are

then partitioned by reductive stripping. In reductive stripping, the

plutonium~ and uranium-bearing organic phase is conbtacted with dilute HNO

3
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containing a suitable reductant which causes the plutonium to be reduced
from Pu(IV) to Pu(IIT). Plutonium(TII) is not complexed by TBP and thus
transfers to the agueous phase, while the uranium remains in the organic
phase, Hydrazine-stabilized hydroxylamine nitrate is a practical reductive
stripping reagent pair. The hydroxylamine rapidly reduces Pu(IV), although
excess hydroxylamine is required to overcome kinetic problems, The hydra-
zine destroys any nitrous acid present in the nitric acid and/or the TBP-
diluent organic phase and, consequently, prevents the nitrous acid from
catalyzing the reoxidation of Pu(III) to Pu(IV),

The aqueous solution from the stripping contactors contains Pu(III)
and the unreacted excess hydroxylamine, TIn some Purex processing flow-
sheets, these solutions are boiled to concentrate the plutonium and to

recycle the nitriec acld, The reactions of hydroxylamine in such an acid

concentrator are not known., The spontaneous decomposition7 of hydroxylamine
may oceur:
HNH,OH - N,O + PNH., + 3H.0, (1)

which would yield NQO gas and ammonium nitrate in solution, In heated
nitric acid, the oxidation reaction

MNHQOH + 2HNO, ~ 3W,0 + TH,O0 (2)

3
was proposed,8 based on a single experimental gas analysis,

A research effort has been initiated to define the reactions of
hydroxylamine during solution concentration., A glass reaction flash with
a reflux condenser and reagent addition funnel attached was set up so that
it could be heated and the contents stirred and periodically sampled, A
bM HNO3 solution was placed in the flagk and a sufficient volume of 1 M

hydroxylamine nitrate--2 M HNO, solution was added to give final concentra-

3



tions of 0.5 M hydroxylamine nitrate and 3 M HNO, in the resulting solution

3
if no reaction occurred, These approximate the concentrations to be found
in a plutonium concentrator in the Purex process. In some experiments, the
solution was held at a given temperature and the hydroxylamine nitrabte was
slowly added over a period of 15 to 30 min, In other experiments, the
components were mixed cold (10 to 20°C) and then slowly heated for 1 to

2 hr, The contents were periodically sampled and subsequently analyzed

for hydroxylamine and ammonia,

The following results were observed:

(1) At temperatures below 40°C, solutions containing hydroxylamine
nitrate and nitric acid were indefinitely stable (sampled for
periods up to 2 hr) and no reaction occurred.

(2) Hydroxylamine nitrate--nitric acid solutions that were prepared
cold were heated in all-glass apparatus to 90°C and held for
2 hr without any reaction occurring. Again, the solutions
appeared to be indefinitely stable.

(3) When the HNO3 solution in the flask was heated to temperatures
between 40O and 103°C (reflux temperature) and the hydroxylamine
nitrate solution at room temperature was added dropwise to the
flask, an immediate reaction occurred with the evolution of
gases and brown fumes. The reaction was always vigorous and
prompt, The addition of several strips of type 302 stainless
steel and uranyl nitrate at a concentration of 340 g of uranium
per liter did not inhibit the reaction.

(4) In one test with the stainless steel strips and uranyl nitrate

(170 g of uranium per liter) present, the hydroxylamine nitrate
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and nitric acid were mixed cold (10°C) and then slowly heated,
At about 50°C a reaction, as evidenced by the evolution of gas
bubbles and brown fumes, began on the surface of the stainless
steel strips and rapidly accelerated, apparently in an suto-
cabtalytic manner.

(5) The chemical analyses of samples taken were of limited use, If
no reaction occurred, the concentration of hydroxylamine nitrate
was not changed, If g reaction occurred, values of 0,001l to
0,003 M hydroxylamine were obtained, which may be an analytical
blank value, No evidence for ammonium ions, other than a small
value which apparently comes from ammonia in the hydroxylamine
nitrate stock solution, probably via reaction (1) on extended
storage, was detecbed after any of the reactions,

Two attempts were made to determine the composition of the reaction

gases, 1In each case, the vapor space in the reaction flask was swept
with helium, The helium stream was scrubbed by caustic (either 1 M Na0H

or 1.6 M KOH) to remove NO passed through a Drierite bed to remove

2,

moisture, and then sent to a liquid nitrogen trap to freeze oult NO and

NQO. After completion of the reaction of hydroxylamine nitrate and nitric

acid at 100°C, solids of a brilliant blue color (characteristic of NQO

3)

were found in the liquid nitrogen trap., Apparently the caustic scrubber

did not remove all of the NO,; therefore, it combined with NO by the well-

55
known reaction
N, (g) + NO(g) @ N,0.(s), (3)

where (g) and (s) represent the gaseous and solid phases, respectively,
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The solids were allowed to warm and expand into a gas sampling bulb and

were subsequently analyzed by mass spectroscopy. Only NEO was detected;

the NO and NO, that must have been present from the NpO could not be

3

detected by thls technique,

With regard to Purex processing, the following conclusions can be

drawn

(1)

(2)

(3)

Hydroxylamine can be completely decomposed in hot HNOS’ yielding
an undefined nitrogen oxide gas mixture,

The reaction is quite vigorous; thus, large volumes of hydroxyla-
mine nitrate in H’NO3 should not be heated since the reaction
appears to be autocatalytic and the rate of gas evolution camnot
be controlled, Safe operating procedure would dictate the slow
addition of hydroxylamine nitrate solutions to a large volume

of nhot HI\TO3 in an apparatus which is able to handle the volume
of gases formed,

Since no ammonium ion was formed, the destruction of hydroxyla-
mine must proceed via an oxidation reaction such as reaction (2).
In addition to NEO’ the reaction gases contained some NO and

NOQ, either from additional undefined hydroxylamine—HN03

reactions or reactions of N.O0 with hot HNO

2 3*

Research efforts are now being directed toward development of a gas-

chromatographic method for the quantitative analysis of NOQ, No, HQO, and

H2 gas mixtures, This will be of value in a number of areas of Purex

process research and development,

Preparation of hydrazoic acid solutions, During the reductive

stripping of plutonium in Purex processing, hydrazine is added to the



dilute HNO3 strip solution as a holding reductant in order to prevent the
reoxidation of Pu(III) to Pu(IV)., Such reoxidation is deleterious to
processing since Pu(IV) will be reextracted into the TBP~organic phase;
thus plutonium recycle or third-phase formation can occur in the stripping
contactors, Hydrazine is effective as a holding reductant because it
rapidly destroys any nitrous acid present, the agent responsible for the
reoxidation of plutonium, The reaction of nitrous acid with excess
hydrazine, the condition preveiling when hydrazine is used as g holding
reductant, leads almost stoichiometrically to the formation of hydrazoic
acid :9

1 I
HNO, + Ny ~ HN. + 2H,0, (%)

3
Little information is avalleble concerning the chemisgtry of hydragoic acid
in Purex processing. Hydrazoic acid is reportedlo to extract into the
organic phase more strongly than nitric acid and to strip into the sodium
carbonate scrub as sodium azide., Additional resesrch is needed for the
following purposes: to define the hydrazoic acid distribution coefficlents
as a Tunction of temperature and of TBP and nitric acld concentrations;

to study the reaction of hydrazoic acid and nitrous acid in the organic
phase; to investigate the farmation of plutonium eszide complexes; and to
study methods for the destruction of hydraroic acid,

Initially, methods for the preparation and handling of standard
hydrazoic acid solutions must be developed. While dilute hydrazoic acid
solutions are steble, aquecus solubtions with a concentration higher than
20% are unstable and may explode unpredictsbly. Because of the low

boiling point (37°C), a portion of the hydrazoic acid distributes to the



vapor phase; however, it should not be allowed to concentrate since gaseous
HN3 is very explosive, Ion exchange techniques have been reportedll for the
safe preparation of hydrazoic acid from sodium azide (NaNS).

In order to prepare solutions of HN,_,, the following test was carried

37
out, A Pyrex columm 2 cm in diameter and about 30 cm long was plugged
with % cm of glass wool and filled with wet IR-12C Amberlite resin that
haed been previously equilibrated with a 10% HESOM solution rinsed with

distilled H,O., About 70 ml of NalN

5 was passed through the column over

3
about a 5-min period to form hydrazoic acid by the reasction

Nell, + RzS0.H @ RzS0.Na + HN.. (5)
The column was spent when the reddish-brown color of the Fe(IIT) complex
[Fe(ITI) ion is a common impurity in NaNB] was detected on the glass wool
plug, The column was repeatedly regenerated with HQSOH, and further
batches of HN3 were prepared., The Analytical Chemistry Division is
developing an anaelytical method based on the iron azide colored complex,
Analyses of standard solutions will permit an investigation of the stability
of hydrazoic acid solutions with regard to oxidation. Once we are able to
routinely prepare and analyze stable solution, work on the chemistry of

hydrazoic acid in the Purex process can begin,

Reaction of ammonium nitrate and nitric acid., During Purex processing,

9

ammonium nitrate may be formed by the self-oxidation-reduction reaction
3NQH) = N+ LLNHB, (6)

as a by-preduct in the reaction of hydrazine with nitrous acid:l2

TNH), + 12HNO, + H_No3 - 1\]H)+NO3 + HNS + SN, + 61\120 + 181{20 (7)
or with nitrice acid:l3
) _
17N H), + 161—1tNo3 = HINH),NO, + l+1m3 + N0 + 11N, + 32H,0. (8)
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The presence of ammonium lons in reductive stripping solutions containing

hydrazine has been reported.lLL If ammonium nitrate ig formed, it may be
destroyed in nitric acid concentration steps by the reported reactionl5
2
ENHuNo3 + 2N0, ~ 3N,0 + uHQO + % 0, (9)

where the NO2 comes from the decomposition of nitriec acid,
A series of experiments was carried out to investigate the stability

of ammonium nitrate in HNO, solutions as a function of temperature and

3

HNO., concentration. A glass reaction flask was equipped with a glass

3

condenser and was set up so the contents could be stirred and heated.
Strips of 302 stainless steel were included in the flask to simulate
process equipment., Solutions of 0,1 M NHHNO3 were prepared in 1,0 to

15.5 M HNO The solutions were heated from room temperature to reflux

3¢
(98 to 103°C) over & 2-hr period and refluxed for 1/2 to 2 hr, Semples

were periodically taken and subsequently analyzed for ammonium ion,

Contrary to the published15 reaction (9), no decrease in the ammonium
nitrate concentration was obhserved, It may be that the reagent-grade

nitric acid used in these tests was too pure to duplicate the published
results,

In the presence of traces of chloride, a fast reaction is reported15’16
in which nitrosyl chloride acts as a catalytic intermediate, The overall
stoichiometry is reported to be:

NH)_LNO3 - 2H,0 + NéO.

2

In one test with 0,1 M NHNO; in 15.5 M HNOg, 0.05 M HC1 was added and

3’
the solution was heated to reflux., Again, the ammonium ion concentration

did not decrease,



Additional work is needed to explain the apparent stability of

amnonium nitrate in HNO. solutions containing chloride, Of course, in
b

3
the Purex processg, chloride must be excluded to protect the stainless
steel containment, Thus, the present results, if substantliated, suggest

that ammonium nitrate may not be destroyed in acid concentration steps,

2.1.5 Plutonium extraction studies

R, H Rainey, J, H. Pachler, and J. T. Barker (Chemical Technology Division,
ORNL)

S8ix jacketed separatory funnels for studying extraction coefficients
have been made and mounted in a rack. The required motors, stirrers, and
controlled-temperature wabter circuletor have been purchased and connected,
Uranyl nitrate solutions and purified 6% TBP in n-dodecane (NDD) solutions
were prepared; uranium extraction coefficients as a function of uranium

concentration, HNO, concentration, and temperature will be made to check

3
out the eguipment and techniques,
Two glove boxes have been cleaned in preparation for solvent extraction

work using plutonium,

3.2 Purex Studies with Irradiated Fuels
V., C. A. Vaughen (Chemical Technology Division, ORNL)

Current work with lrradiated fuels is described in SBeect, 2,2, based
on batch extraction work, The solvent extraction system for continuous
studies will be installed in TRU, The major accomplishments this quarter
have been in the area of establishing the program goals and staffing
requirements and in initiating the construction of the Purex Flowsheet

Test Facility.
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3.2.1 Purex process studies

H, C. Savage (Chemical Technology Divieicm, ORNIL)

A preliminery eculpment Flowsheet Tor the small-scale, Purex hot-cell
solvent extraction system for installation in Cell 5 at TRU is shown in
Fig, 8, As seen, the system consists of three banks of ORNY mixer-

settlers of the typs previously used in the CRF, This first flowshest
utilizes existing equioment (v‘g., Zircaloy pit tanks of 25-1iter capacity)
and may bhe modified later, The Teed solution and product storage tenks
shown in Fig, & are sized to 2llow up to 24 hr of continuous operation
based on a set of chemical flowsheet parameters determined by the SHPHIS
program and listed in Taeble 11, The meximum operating time shown is

28 hr, which is required to reach 99,9% of steady stabe in the partitioning
column (Table 12), The time required to achieve 99,9% of steady state in
the extraction and stripping columms is 5 hr or less, The 24 hr of contion-
uous operabion was chosen as a basis for the preliminsry flowshest bo
provide flexibility of operation and to permit the use of tank sizes thatb
are not excessively large (~5 to ~100 liters).

Purchase orders have been issued for the fabrication and agsenbly of
three additional 16-stage ORNL mlxclwoctﬁlerm (stage volume, ~60 ml) for
use in the hot cell and three 16~stege SRL minilature mixer-getilers
(sbtaga volume, ~16 ml) for use in the laboratory., Drive motors and speed
controllers required for operation of the mixer-settlers have been
purchased and received, Both types of mixer-sebilers will be sevaluated
in eold vesbs. ORNL units will be used in the hot-cell Tacility because

(1) caleulations indicate that the operating time reguired to rcach steady

state is about one-halfl that required for the SKRL units; (2) all 16 settler
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Table 11, IWR hot-cell Purex solution flows

Basis: Each mixer-settler stage = 60 ml; maximum throughput = 100 ml/min
Max irmum
Temp, Flow flow rate
Stage Designation Phase composgition (°c) ratio  (ml/min)
Chemical Flowsheet

1 1CK Aqueous: 0.3 I 04 43 .5 67.0
15 1BSt  Aqueous: 7.55 g Pu/liter, 1.5 M H 43 0.k b1
28 1BSc Organic: 30% TBP--NDD 25 0.2 2,1
29 148 Aqueous: 3,0 XN H.NO3 25 0.2 L1
35 1AF Aqueous: 300 g U/liter, 3.0 g Pu/liter 25 1.0 10.3
Lo 18X Organic: 30% TBP--NDD 25 3,0 31.0

OQutput Streams _

1 1CW Orgenic: <0.01 g U/Liter, <0,0L g Pu/liter, 0,03 N H L3 3.2 33.0
ik icu Aqueous: U5,L4 g U/liter, <0.001 g Pu/liter, 0.32 N H 30 6.6 68.0
15 18U Organic: 90.5 g U/liter, <0.001 g Pa/liter, 0.1 X1 H+ 25 3e 3 34,0
28 1BP Aqueous: <0,01 g U/liter, 7.4 g Pu/liter, 1,9 N H 25 0.k b2
29 1AP Organic: 96.5 g U/liter, 0.97 g Pu/liter, 0.15 § ¥ 25 3.1 32,0
4o 1AW Aqueous: <0.01l g U/liter, <0,001 g Pu/liter, 2,49 N " 25 1.3 13.3

T
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Table 12, Times required to reach 90 to 99.9% of steady state
in mixer-settlers®

Displacement Time (hr) to reach % of steady state
Contactor Section time® (min) 90% 95% 9% 99, 5% 99, 9

A Scrub 1.7 1.2 1,2 1.6 2,3 5
Extraction 1.4 0.9 1.0 1.2 1.8 3.9

B Scrub 9.5 6.8 7.0 9.2 13.1 28,5
Partition 1.6 0.9 1.2 1.5 2,2 4.8

c Strip 0.6 0.kt 0.4 0.6 0.8 1.8

aBased on 60-ml stage volumes and a maximum total flow of 100 ml/min
(see flow rates in Table 11).
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stages are located on the front side of the mixer-settler, providing direct
visual observation of all settlers and easler access for sampling; and

(3) these units have been proven in extensive hot-cell operations at ORNIL.

3,2.2 BSolvent extraction flowsheel development

R. H. Rainey (Chemical Technology Division, ORNL)

A new flowsheet based on SEPHIS calculations was developed for use
in cold studies. The flow ratiocs and concentrations calculated by SEPHIS
are shown in Table 13, Coextraction and costripping satisfy the needs of
the two mixer-settler banks since no plutonium is presently being used,
The main purpose of the current series of test runs is to determine the
operating characteristics of the mixer~settler units under various condi-
tions of flow rates, flow ratios, and impeller speeds. The run conditims
and results obtained thus far are detailed in Sect. 3. 3. An interesting

facet of this work is that when 0,3 M HNO, was used as the strip solution

3
(to prevent plutonium polymerization in an actual hot run) the flow ratio
of strip to organic (over the ratio for a flowsheet using 0,1 M HNO3 as

strip) had to be increased by nearly a factor of 2 in order to attain

calculated losses less than 0.01%.

Teble 13, Flow ratios and concentrations calculated by SEPHIS

Calculated concentration

Stream Code Flow ratio U (g/liter) HNO3 (M)
Pregnant organic 1AP 3. 64 82.5 0. 24
Strip 1K 8. 00 0 0. 30
Used solvent 1CW 3. 50 <0, O1 0.03

Uranium product 1CP 8.11 36.9 0. 39
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In other work, comparisons between the experimental and calculated
concentrations of uranium and acid in countercurrent batch extraction
experiments (see Sect. 3.3) were made to determine where there were
probable analytical errors, These are being rechecked, One may use the
calculations to estimate the exftent of steady state attained in the babceh

experiments,

3.3 Cold Studies
W, D, Bond, F. A, Kappelmann, and F, M. Scheitlin

(Chemical Technology Division, ORNL)
Work performed this gquarter consilsted of mixer-settler extraction
studies and measurements of the equilibrium distribution of uranium,

HNO_, and key fission products,

3)

3.3,1 Mixer-settler extraction studieg

A 12-hr run with a feed solution 2.5 M in HNO, and containing 306 g of

3
uranyl nitrate was made using two 16-stage mixer-settler banks, The purpose
of the run was to evaluate the effectiveness of the mixer-settler units in
extracting and stripping the uranium., A temperature of 42 to L43°C was

used in both the extraction and stripping banks, The flowsheel employed
was vased on SEPHIS calculations and was provided by R, [, Rainey., Flow-

sheet conditions were as follows:

Extraction Bank - Feed: 306 g of uranium per liter in 2.5 M HNO3 at
0.5 liter/hr,

Solvent: 30% TBP--dodecane at 1.75 liters/hr.
Scrub (8 stages): 3 M HNO3 at 0.2 liter/hr,
The organic phase from the extraction bank was stripped with 0,3 M HNO

3
flowing at L,0 liters/hr,
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To avoid phase disengagement difficulties with the stripping bank, it
was necegsary to use a split flow of the stripping solution. The stripping
solution was metered to stage 1 at 0,5 liter/hr and to stage 5 at 3.5 liters/hr.
The uranium-laden solvent from the extraction bank entered stage 16 of the
stripping bank,

Operations with both mixer-settler banks were generally satisfactory.
Samples of the agueous and organic streams exiting the extraction and strip-

ping banks were taken for uranium and HNO, analyses at 1l-hr intervals during

3
the run, Agqueous and organic samples were taken from each stage on comple-
tion of the run., Equilibration shakeout tests were also performed for each
stage at the end of the run. Recovery data based on the stripped product
solution were as follows:

Extraction raffinate: 0.00035 g U/liter x 10.8 liters = 0.0038 g of uranium

Stripped organic: 0.0055 g U/liter x 21.5 liters = 0,118 g of uranium

Aqueous product: 37.5 g U/liter x 50.8 liters = 1905 g of uranium

Percent loss: 0, 0066

Percent recovery: 99.993

Analyses pertaining to approach of the banks to steady-state conditions

and to the stage efficiency of the banks are incomplete at this time,

3.3.2 Batch countercurrent extraction studies

Extraction experiments are being carried out to generate equilibrium
distribution coefficient data for the extraction of uranium, plutonium, and
key fission products into TBP, These data will increase our confidence in
calculations made using the SEPHIS code., Work to date has consisted of

experimental studies on the extraction of uranium, zirconium, ruthenium,
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and molybdenum from both HNO3 and simulated IWR dissolver solutions, In-
stallation of equipment in a glove box for plutonium extraction studies is
nearly complete,

Four extraction stages and three scrubbing stages were employed in
countercurrent extraction experiments; seven stripping stages were used in
stripping experiments, Five extraction experiments and two stripping
experiments have been carried out to determine the distribution of uranium
and HNO3 between the aqueous and organic phases, The experimental results

obtained do not agree with SEPHIS calculations, and the discrepancy has been

traced to faulty analysis of HNO The experimental results shown for one

3.
of the stripping experiments (Table 1h) are typical of those obtained thus

far., Work on obtaining relisble analyses of HNO, is currently in progress,

3

Several experiments have been conducted to determine the distribution
of zirconium, ruthenium, and molybdenum in the extraction and scrubbing
stages, In the early runs we used the SSMS method to detect the elemental
distribution, However, this approach was unsuccessful because of the low
elemental concentration in the organic phase, particularly in the scrubbing
stages,

Radioactive tracers are currently being used to determine the distri-~
bution of the fission products., Two zirconium extraction runs have been
made in which fission products were present in concentrations expected in
the high~activity solvent extraction feed. Results are shown in Table 15,
The extraction behavior generally agreed with that expected from literature

data.l7



Table 1k, Comparison of experimental distribution of uranium and HNO3

Aquecus strip:

0.126 M HNO3; volume entering stage 7 = 33 ml
Organic feed: 28.8% TBP, 87.8 g U/liter--0,066 M HNOS; volume entering stage 1 = 30 ml

with values calculated by the SEPHIS Code

Organic phase

Aguecus phase

Stage o, (M) Uranium (g/liter) HNO, (M) Uranium (g/liter)
number Txptl. SEPHIS Fxptl. SEPHIS Exptl. SEPHIS Fxptl, SEPHIS
1 0. 14 0. 001 7h. 8 72.8 0. 4o 0.127 66.9 72,4
2 0.156 0. 009 67.0 60.8 0. 50 0.126 58, 1t 58,7
3 0,17 0.01 59.5 50.7 0.32 0. 126 ko, 2 48,0
b 0. 19 0.01 49,8 Lo, 9 0.26 0. 125 39.8 3%.0
5 0,21 0. 016 38.3 30.5 0.24 0. 12k 3L.6 30, b
6 0.1k 0. 016 28.3 18.6 0.22 0,126 23. b 21,1
7 0. 02 0. 009 13.8 6.6 0.19 0. 17k 13.5 10.5

L
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Table 15. Countercurrent extraction of zirconium from simulated
Fission products

Aqueous feed: BSimulated fission products in 2 M HNO
volume entering stage 4 = 15 ml

Organic: 30% TBP; volume entering stage 1 = 30 ml

Scrub: 2 M HN03; volume entering stage 7 = 15 ml

33

Stage Distribution coefficient
number 2~-min contact 10~min contact
1 0. 030 0.039
2 0. 040 0. 0h6
3 0. 040 0.045
L 0.035 0. 03k
5 0.083 0. 076
6 0.073 0. 054

7 0.1k 0. 093
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Lk, OFF-GASES -~ FLUOROCARBON ABSORPTION STUDIES*

W. 5. Groenier
(Chemical Technology Division, ORNL)

This program is concerned with the development of the Krypton Absorp-
tion process on an accelerated basis., Funding is provided for expansion of
the pilot-plant development, initiation of plant engineering design criteria,
performance of a proposed system reliability analysis, and a study of the
chemical effects of impurities in the fluorocarbon solvent on the process

and equipment.

4,1 Fluorocarbon Absorption Process Development
M, J. Stephenson (ORGDP)

4,1,1 Pilot-plant operation
M. J. Stephenson, R. 8. Eby, V. C. Huffstetler, and B. E. Kanak (ORGDP)

The remaining pilot-plant tests scheduled under campalgn 3 have been
completed. This work was directed toward further defining the general
process disposition of the various feed gas components, including carbon
dioxide, nitrogen dioxide, iodine, methyl iodide, water, and xenon, and
the effects of these components on the operability and overall performance
of the process, Test results with nitrogen dioxide, iodine, and methyl
iodide were reported previously.6 Work with carbon dioxide and xenon is
reported here. Pilot-plant tests with water have been rescheduled for
the next experimental campaign because the necessary analytical equipment

was not available during this operating period.

*Jointly funded by IWR Recycle and IMFBR Reprocessing programs,
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The results of the carbon dioxide and xenon removal tests are summarized
in Fig, 9; krypton data are included for comparison. The absorption step
was conducted at a pressure of 300 psig and a temperature between -25 and
O0°F in these runs. An infrared gas analyzer was used to establish carbon
dioxlde removals while gamma scintillation equipment gave the corresponding
xenon concentrations, Only tracer levels of activity (e.g., 1 to 3 Ci of
133Xe) were used during the xenon tests, Xenon and carbon dioxide absorber
removals in excess of 99,99% were measured in pilot-plant tests that were
conducted at the same absorber conditions of pressure, L/G ratio, and
temperature that yielded about 99% krypton removal., Carbon dioxide
removals were slightly higher than those measured for xenon, consistent
with the component solubilitiles, Based on pilot-plant data, HOG values
for Xe and CO2 were 6 to 10 in, The final stripper column was operated at
15 psig with varying l/G-ratios. Measurable amounts of carbon dioxide and
xenon were found in the recycle solvent for those tests in which stripper
L/G ratios were greater than 2,0; however, the absorber performence was
only slightly affected by this recycle in those cases where the process
removals exceeded 99, 9%%. t lower stripper boilup rates (e.g., even when
the resulting I/G ratio was as high as 3,0), krypton was not detected in
the recycle solvent., This observation 1s also consistent with component
solubilities.

Based on the results of the third pilot-plant operating campaign and
other considerations, several pilot-plant modifications were identified as
being desirable to improve the efficlency and effectiveness of the process,
Most of the flowsheet changes were made this quarter., Specifically, the

packed height of the absorber column was increased from 9 ft to 15 ft, an
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Fig., 9. Summary of recent pilot-plant tests with krypton, xenon, and
carbon dioxide (9.0-foot absorber column, 300 psig, and 0°F).
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absorber feed gas cooler/desublimer was bullt and installed in the

absorber feed gas line, and solid-state reboiler heater cotrollers were
installed on the fractionator, stripper, and solvent still rcboilers,

More contacting stages in the absorber will allow the use of lower solvent-
to-gas flow ratios, which will improve the overall efficiency of the process.
The feed gas cooler/desublimer will permit evaluation of the effectiveness
of cold trapping feed gas components such as nitrogen dioxide, water, and
iodine, The heat exchanger is fitted with an external gamma scenner for
determining iodine loading profiles and has provisions for washout and
regeneration, The solid-stage reboiler controllers give automatic heater
control capability; manual controls were previously used, The boilup rate
of the fractionator is controlled by a selected temperature point on the
packed column, the stripper by the column AP, and the solvent still by the
reboiler liquid level, ‘The automatic heater controls will allow for better
compensation of process transients, Digital output wattmeters capable

of l/h% power measurements have been installed on all three reboilers to
give a better account of system energy requirements., Repiping of the sol-
vent still to permit better reflux control is the only pilot-plant modifica-
tion identified through the experimental program that remains to be accomplished.

This work is in progress.

4,1.2 Process application

Process modeling studies are continuing. At present, individual process
components are being examined in the light of present theory and available
data., Heat exchanger calculations, summarized in Fig., 10, show that the

feed gas cooler/desublimer will remove high concentrations of water and
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L FEED GAS COMPOSITION
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Fig., 10, Calculated cold trap removals of various feed gas components
a3 a Tunction of trap temperature,
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lodine. In this case, the cold trap pressure was taken as 200 psig and

the effect of various operating temperatures investigated. At the nominal
operating temperature of the absorber (i.e., -25 to 0°F), water and iodine
removals are predicted to be beltween 99 and 99.9%. The inlet water and
iodine concentrations were assumed to be 1.4 mole % and 69 ppm respectively.
With 2 nitrogen dioxide inlet concentration of 0.69 mole %, only a small
quantity of this component would be condensed., Higher operating pressures
will decrease the equilibrium partial pressures of the individual feed gas
components and hence increase thelr removal,

Tn view of the relatively low water solubility limit of the solvent
at the temperature of the process and the possible corrosion problems that
could develop if large amounts of free water are present,6 the function of
the feed gas cooler/desublimer might prove necessary to ensure the overall
plant operation and integrity by greatly reducing the amount of water that
might otherwise contact the solvent. Also, the bulk amount of the iodine
fed to the process would end up in the heat exchanger and thereby minimize
the amount of iodine in the liquid circuit.

In moving toward the objectives of identifying preferred process equip-
ment for the demonstration plant, available gear- and turbine-type solvent
pumps are being reviewed, Use of this type of pump would eliminate inherent
hydranlic problems associated with the popular ligquid-end diaphragm mebering
chemical pump now used in the pilot plant and significantly reduce process
maintenance requirements. Because of head limitations, two or more of the
gear or turbine pumps will be needed in series to achieve the absorption
pressures required by the process, After the alternate pump has been

selected, it will be installed in the pilot plant for evaluation. Also,
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since this type of pump has no bullt~in metering capability similar to that
of the dlaphragm unit, development of a sultable means of flow control will

be required,

4.2 Chemical Studies of Contaminants in IWR Off-Gas Processing
L. M. Toth, D, W. Fuller, and J. T. Bell (Chemistry Division, ORNL)

The chemical research on IWR off-gas components in R-12 refrigerant
has been concerned with two major topics during this quarter: (1) the
corrosion of the 304 stainless steel vessel by R-12 solutions containing
iodine and water, and (2) the general physical and chemical behavior of
methyl iodide in the R-12 system,

The corrosion experiments were initiated during the last reporting
period, A firgt-order rate of 1, loss at 0°C was obsgerved when 50 to

100 ppm of water was added to the R-12 solution, and the rate expression6

d(IE)
gt = - Kt ()

wag proposed because of the limited solubility of water in R-12, At that
time, we suggested that it might therefore be possible to obtain useful
fundamental data on 304 stainless steel corrosion in the small-scale
spectrophotometric system. We attempted to demonstrate that the rate of
12 logs was independent of the amount of added water as long as the R-12
solution remained saturated with water, but found that inadequate mixing
in our system produced a reaction méchanism which was apparently diffusion
controlled. The work was temporarily postponed until a more sophisticated
mechanism was constructed. This system has recently been coupleted, and

corrogion measurements will be resumed during the forthcoming months.



Attention was directed ab the general physical and chemical behavior
of CHBI in R~12. Methyl iodide was found to be miscible in R-12 up to a
concentration of 2.3 moles/liter. It forms stable solutions in R-12 and
does not attack the 304 stainless steel container, By monitoring the

electronic absorption band of CH.I at 256 mm and 257 nm,(molaI extinction

3
coefficient = 230 £ 50 liter mole“l cmul) in the liquid and vapor phases,
respectively, a mole fraction distribution coefficient, D = XE/XV’ for
the -40 to +300°C range was measured and was Tit by least squares to the
expression

loglO(D) = =1.1 + L76/T, (2)
where T is temperature in K, These data are preliminary and are thus
subject to revision after our final measurements are complete, Because
CHSI shows no solubility limits, no saturation data (as was given for Ig)
are available,

Design and construction have begun on a simple exhaust system which
will satisfy safety requirements for handling nitrogen dioxide in our
spectrophotometric system., Ixperiments incorporating nitrogen dioxide in

the R-12 system are expected to begin during the Tall gquarter upon completion

of the installation of safety equipment.

4,3 Reliability Studies

W. E. Unger (Chemical Technology Division, ORNL) and
D, E., Wood* (Kaman Sciences Corporation)

Kaman Sciences Corporation has completed the subcontract (P.0. ORNL

11 X 81721, Reg. UCN-1127) with the issuance of their final report,

*Senior Research Scientist, Nuclear Services Program, Keman Sciences Corp.
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"Availability Analysis of the Selective Absorption Pilot Plant," KSC-6212-1,
A summary of this report is provided below,

"Retention of krypton from nuclear fuel reprocessing
plants is expected to be required by the early 1980's. A
pilot plant, based on absorption in a fluorocarbon, hag
been constructed at Oak Ridge to develop and test methods
for separation of krypton from the off-gas of fuel repro-
cessing plants. The current study is an analysis of the
reliability of the pilot plant, including modifications
proposed for use in a Tubture demonstration plant.

Availability was chosen as the measure of sfuccess,
since the plant can remove most of the krypton even with
occasional outages, as long as the outage time is short.
This led to the extensgive use of standby equipment and
bypasses instead of full on-line redundancy.

The GO methodology, developed at Kaman Sciences Cor-
poration, was used for modelling and analysis. In this
technique the system diagram is converted to a GO chart by
representing each component by an equivalent GO symbol,
Connections are represented by logic event numbers and the
probabilities are computed from the probablilities of previous
eventg, The computation starts with gas at the input and
proceeds through the system to compube success probabilities
of intermediate and final events, Sensitivities and system
impacts are computed for component kinds to provide a
ranking of important components, which might need more
accurate dats, better components, or redesign with redundancy
or bypass. Operabor effects can be included,

The calculations were made for six variations of the
system model with increasing levels of redundancy and bypass,
The total system unavailability, expressed as expected
average oubage time per year, was reduced from 139 hours in
the initial model to 15 hours in the final model.

The bypass model included the effect of an operator
performing the bypass and starting the standby unit. The
bypass has the effect of reducing the repair time of the
system to the relatively short time required to bypass a
component or startup a standby unit.

Several conclusions can be drawn from the overall
results.

1. The expected outage time of 15 hours will exceed
the krypton removal regquirement (90%) by a large
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enough factor so thaf more accurate failure data
and/or additional redundancy should not be necessary.
Occasional failures can be tolerated since short
repair time is just as important as low failure rate
in minimizing total outage time. Thus standby
redundancy (with a short outage for standby
startup) is adequate instead of on-line redundancy
or automatic switching to eliminate the system
failure,

Availability of standby units nearby for quick
replacement or in-place (ready to start) is
important to reduce outage time,

Standby units need not be as reliable as the primary
unit since the reliability of the standby system
depends on correct operator action.,

The availability of a component and its bypass

will be one or two orders or magnitude better

than the component alone for the normal range of
operator reliability of 0.9 to 0.99., Higher
availability could be achieved with automatic
switching or on~line redundancy, but this was not
necessary in the current study.

Long outages, even though rare, should be avoided
since the krypton retention limit could be exceeded
during the particular year when the outage occurs.
Thus complex equlpment I1ike the columns should

have enough parts available for fabrication and
installation in a few days, although a complete
spare would not be necessary.

Access for repair is important to minimize outage
time,

Items beyond the still output may need provision
for purging and recycling the gas, isolation of
sections to reduce the amount to be recycled,

and access for contact maintenance, if possible.
Product storage should be in units small enough

so that a failure would release substantially

less than 10% of the year's production,”

L4, 4 Engineering Design Criteria Studies

(No report this gquarter,)
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5. FINISHING PROCESSES - MOX FUEL FABRICATTON
R, B, Fitts, A. R. Olsen, and J. D. Sease

(Metals and Ceramics Division, ORNL)

The objective of this program is to provide technical assistance to
SRL in the development of an overall plan in support of IWR-MOX fuel
fabrication processes and facilities,

During the quarter, two review meetings were held at ORNL for SRL
menagement, On July 28, R, T. Huntoon and J. T. Buckner, Jr,, reviewed
the current status of the program and suggested modifications to the
program. On September 17, the stétus of the modified program was reviewed
with R, T. Huntoon.

At the request of the Rocky Flats Plant, we provided preliminary
review of a draft of their proposed program on conversion processes,
While endorsing the method proposed for process evaluation and comparison,

we did offer some suggestions on certain features.

5.1 MOX Fabrication Processes

A, R. Olsen (Metals and Ceramics Division, ORNL)

A draft copy of a report surveying the present status of MOX fabrication
processes and ldentifying areas in which research and engineering development
efforts are needed was transmitted informally to SRL. At their request, no

additional effort will be expended on this general survey at this time,
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5.2 MOX Fabrication Facilities

5.2,1 Effects of vplutonium radiation characteristics on containment criteria

K. A, Williamson and J, E, Rushton (Metals and Ceramics Division, ORNIL)

An essential feature of the design criteria for the MOX Commercial
Demonstration Fabrication Facility (CDFF) is establishing the requirements
for protecting operational personnel from penetrating radiation, A draft
of a preliminary assessment indicating that significant shielding would be
required for all fabrication processes involving plutonium with isotopic
distributions typical of high-burnup LWR fuels was given to the SRL repre-
sentatives., A more comprehensive literature search for operating experience
is in progress. An annotated bibliography is in preparation and a prelimi-

nary report will be published next quarter.

5.2.2 Remote manipulator and viewing development

W. R. Hemel and R, C. Muller (Metals and Ceramics Division, ORNI)
Although a detailed study of the MOX-CDFF requirements for remote
manipulaticon and viewing cannot be undertaken until process and equipment
flowsheets are defined, there will be a need to develop improved general
manipulation for some process functions and for maintenance activities,
Toward this end, design has been started on instrumentation required to
provide position control to replace the existing rate control on a
commercial electromechanical manipulator, This design will be tested on
an available manipulator located in the existing Thorium Uranium Recycle

Facility hot cells.
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5.2.,3 Development of the powder conveyving system

J. E. Mack (Metals and Ceramics Division, ORNL)

Both the quantity and nature of the oxide powders involved in commer-
cial reprocessing and refabrication of IWR recycle fuels require establish-
ment of an efficient and reliable method of handling. At the suggestion of
the SRL reviewers, a draft of a program proposal to develop such a powder
handling process was prepared., This development will take advantage of
the experience accumulated and equipment developed in the HIGR Recycle
Program (which has been under way for several yvears), and will include all
adjunct features of the conveying system. Pending approval, the detailed

experimental program will be defined next quarter,
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6. URANTUM HEXAFLUORIDE CONVERSION
J. H. Pashley (ORGDP)

The collection of information relating the various conversion

processes was continued throughout the quarter,
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7. ECONOMIC STUDIES

7.1 TIWR Recycle Data
E. H. Gift (ORGDP)

Calculations have been made to provide mass balance data for a four-
region BWR through successive recycle of self-generated plutonium, The
BWR model selected was based on the General Electric-designed Brown's Ferry
Plant. Calculations were made using the LEOPARD code,18 a spectrum-
dependent, nonspatial depletion code,

Four refueling regions were assumed to be all initially loaded at
2,19 wt % 2320 and were estimated to yield respective burnups of 13,520,
17,570, 21,830, and 27,040 MWd/metric ton. All successive reloads were
required to match the 27, 0LO-MWA/MT burnup and were loaded to 2,6 wt %
235U. Plutonium from each of the four initial regions was then assumed to
be recycled through four refueling cycles, At the end of each cycle,
plutonium from the mixed oxide portion of the reioad batch was recovered
and mixed with the plutonium from the 2.6 wt % slightly enriched 235U
portion of the reload batch, This plutonium (after losses in reprocessing
and refabrication and decay of 2LELPu) was then mixed with natural uranium
to provide the mixed oxide fuel for the succeeding ;eload batch., The
results of these calculations for the initial loading and the first and
fourth recycle of plutonium are shown in Tables 16-19 for each of the four

reload regions, The required fissile enrichment (235U‘+ 239 EhlPu)

Pu + of
the mixed oxide increased from 2,6 wt % for the first recycle of plutonium

to about 2.75 wt % for the fourth recycle., This increase is primarily a



Table 16.

of a

[kg/1000 kg (U + Pu) charged]

BWR fuel needs for self-generated plutonium recycle
reload region initially discharged at 13,519 MWd/MT

1st Recycle of Pilutonium

Charged Discharged
Initial Loading 2.6 wt % 2.6 wt %
1st Cycle Mixed Slightly Mixed Slightly
Isotope Charge Discharge Oxide Enriched Oxide Enriched Total
U-235 21.90 10.1939 1.4431 20.59924 0.59816 4,91902 5.51718
U-236 0 1.9709 8] 0 0.15064 2.55327 2.70991
U-238 978.10 968, 2694 201.24C3 771.67906 197.58238 756.24511 953.82750
Pu~239 0 3.5880 3.5521 0 1.56702 3.33731 4,90433
Pu~-240 0 1.0010 0.9910 0] 0.95378 1.38863 2.34241
Pu-241 0 0.4522 0.4076 0 0.66888 0.78531 1.45419
Pu~-242 0 0.09052 0.08%6 0 0.38976 0.33923 0.729096
Burnup, MWG/MT Q 13,519 0 0 27,037 27,037 27,037
Total Uranium 1000 980.4342 202.6814 792.2783 198.33118 763.71740 962.05459
U-235, Wt. Frac. 0.0219 0.010397 0.00711 0.026 0.0030160 0.0064409 0.005735
Total Plutonium 0 5.1317 5.0403 0] 3.57944 5.85058 9.43002
rac. Fiss. Pu 0 0.787302 ¢.785608 0 0.62465 0.70465 0.674284
Fraction Fissile 0.0219 0.014443 £0.026000 0.026 0.014036 0.011749 0.0122243
U-236, Wt. Frac. G $.0201023 0 0 0.00075954 0.0033432 0.0028168

#6



Table 16

{continued)

4th Recycle of Plutonium

Charged Discharged

2.6 wt % 2.6 wt 8

Mixed Slightly Mixed Slightly

Isotope Oxide Enriched Oxide Enriched Total

U-235 2.50305 16.51831 1.15958 3.94451 5.10409
U-236 0 0 0.25839 2.04744 2.30583
U=-238 349.54325 618.80112 343,35959 606.42504 949,78463
Pu-239 5.48413 0 3.01179 2.67616 5.68795
Pu-240 3.03194 0 2.05031 1.11352 3.16383
Pu-241 1.92758 6] 1.62894 0.62973 2.25867
Pu-242 2.19062 0 2.5549% 0.27211 2.82710
Burnup, MWd/MT 0 0 27,037 27,037 27,037
Total Uranium 352.04630 635.31943 344.77756 612.41699 357.19455
U-235, Wt. Frac. 0.00711 0.026 0.0033633 0.0064409 0.0053323
Total Plutonium 12.63427 0 9.24603 4,69152 13.93755
Frac. Fiss. Pu 0.586635 0 0.50192 0.70465 0.570159
Fraction Fissile 0.0271875 0.026 0.016384 0.011749 0.0134387
U-236, Wt, Frac. 0 0 0.00074944 0.0033432 0.0024089

a6



Table 17. BWR fuel needs for self-generated plutonium recycle
of a reload region initially discharged at 17,574 MwWd/MT.

[kg/1000 kg (U + Pu) charged]

1st Recycle of Plutonium

Charged Discharged
Initial Loading 2.6 Wt % 2.6 wt %
1st Cycle Mixed Slightly Mixed Slightly
Isotope Charge Discharge Oxide Enriched Oxide Enriched Total
U-235 21.90 7.9297 1.6017 19.98957 0.66859 4,77343 5.44202
U-236 0 2.3169 0 0 0.1737C 2.47771 2.65141
U-238 978.10 865.1224 223.6771 748.83993 215.61749 733.86306 953.48055
Pu-239 0] 3.8560 3.8174 0 1.73553 3.23854 4.97407
Pu-240 0 1.3136 1.3005 0 1.19817 1.34753 2.545671
Pu-241 0 0.6559 0.5913 0 0.76329 0.76206 1.52535
Pu~242 0 0.1843 0.1825 0] 0.51911 0.32929 0.84840
Burnup, MWd/MT 0 17,574 o] 0] 27,037 27,037 27,037
Total Uranium 1000 975.3690 225.2788 768.8295 221.45978 741.11420 961.57398
U-235, Wt. Frac. 0.0219 0.0081299 0.00711 0.026 0.0030327 0.0064409 0.0056595
Total Plutonium 0 6.0098 5.89170 0 4,21610 5.67742 9.89453
Frac. Fiss. Pu 0 0.750757 0.748290 0 0.59269 0.70465 0.65687
Fraction Fissile 0.0219 0.0126777 0.026000 0.026 0.014098 $.011749 0.012292
U-236, Wt. Frac. 0 0.0023754 0 0 0.00078792 0.0033432 0.0027574

96



Table 17

(continued)

4th Recycle of Plutonium

Charged Discharged
2.6 wt % 2.6 wt %
Mixed Slightly Mixed Siightly
Isotope Oxide Enriched Oxide Enriched Total
U~235 2.49966 16.52639 1.15935 3.94644 5.10579
U~236 0 0 0.25803 2.04845 2.30648
U~-238 349.07004 619.10414 342,.88484 606.72199 949, 60683
Pu-239 5.50115 0 3.02098 2.67747 5.69845
Pu-240 3.03306 0 2.00099 1.11407 3.11506
Pu-241 1.94545 0 1.63462 0.63004 2.26466
Pu-242 2.32011 0 2.66456 0.27224 2.93680
Burnup, MWd/MT 0 0 27,037 27,037 27,037
Total Uranium 351.56970 635.63053 344.30222 612.71680 957.01910
y-235, Wt. Frac. 0.00711 0.026 0.0033672 0.0064409 0.0053351
Total Plutonium 12.79977 0 9.32115 4.69382 14.01497
Frac. Fiss. Pu 0.581776 0 0.49947 0.70465 0.568186
Fraction Fissile 0.02729696 0.026 0.0164439 0.011749 0.0134587
E 0 0.00074943 0.0033432 0.00241007

U-236, Wt. Frac. 0

L6



Table 18. BWR fuel needs for self-generated plutonium recycle
of a reload region initially discharged at 21,832 MWd/MT

{kg/1000 kg (U + Pu) charged]

1st Recycle of Piutonium

Charged Discharged
Initial Loading 2.6 wt % 2.6 wt %
1st Cycle Mixed Slightly Mixed Slightly
Isotope Charge Discharge Oxide Enriched Oxide Enriched Total
U-235 21.90 5.9901 1.7082 19.58180 0.73203 4.57617 5.40820
U=-236 0 2.5911 0 0 0.18327 2.42722 2.61050
U-238 278.10 961.5779 238.5448 733.56440 232,22718 718.91022 951.1374
Pu~-239 6] 3.9902 3.9503 0 1.901%4 3.17255 5.07449%
Pu-240 0 1.5912 1.5753 0 1.22912 1.32007 2.54919
Pu-241 0 0.8427 0.7597 0 0.90156 0.745654 1.64811
Pu-242 G 0.3187 0.3155 Q $.63801 0D.32258 1.01059
Burnup, MW3E/MT 0 21,832 0 0] 27,037 27,037 27,037
Total Uranium 1000 970.15910 240.2530 753.1462 233.87451 726.01361 959.15610
U-235, Wt. Frac. 0.0219 0.0061743 0.00711 0.026 0.00313001 £.0064408 0.0056386
Total Plutonium 0 6.7428 6.60080 0 4.72063 5.56174 10.28224
Frac. Fiss. Pu 0 0.71675 0.71355 o) $.59388 0.70465 0.653807
Fraction Fissile 0.0219 0.0110789 0.026 £.026 £.014818 0.01174¢ 0.012513
U-236, Wt. Frac. 0] 0.00267080 0 0 0.00078363 0.0033432 0.0027217

96



Table 18 (continued)

4th Recycle of Plutonium

Charged Discharged
2.6 wt % 2.6 wt %
Mixed Slightly Mixed Slightly
Isotope Oxide Enriched Oxide Enriched Total
U-235 2.50235 16.51480 1.15929 3.94367 5.1096
U-236 0 0 0.25841 2.04701 2.30542
U-238 349.44599 618.66996 343.25414 606.29650 949.55064
Pu-239 5.50216 o 3.01986 2.67559 5.69545
Pu-240 2.98326 4] 2.03776 1.11329 3.15105
Pu-241 1.94151 0 1.62326 0.62959 2.25286
Pu-242 2.41996 0] 2.74366 0.27205 3.01571
Burnup, MWd/MT 0 0 27,037 27,037 27,037
Total Uranium 351.94834 635.18477 344.67184 612.28718 956.95902
U-235, Wt. Frac. 0.00711 0.026 0.0033635 0.0064408 0.00533247
Total Plutonium 12.866892 0 9.42454 4.69052 14.11507
Frac. Fiss. Pu 0.5800679 0 0.49266 0.70465 0.5631081
Fraction Fissile 0.02731761 0.026 0.0616387 0.011749 0.01344004
U-236, Wt. Frac. 0 0.000749728 0.0033432 $.00240911
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Table 19.

BWR fuel needs for self-generated plutonium recycle
of a reload region initially discharged at 27,037 MW3,/MT

{kg/1000 kg (U + Pu) charged]

lsE>Recycle of Pilutonium

Charged Discharged
Initial Loading 2.6 wt % 2.6 wt %
1st Cycle Mixed Slightly Mixed Slightly
Isotope Charge Discharge Oxide Enriched Oxide Enriched Total
G-235 26.00 6.2087 1.8352 19.10106 0.76752 4.60610 5.37362
U~-236 0 3.2227 0 0 0.19124 2.39085 2.58209
U-238 974.00 954.5199 256.2857 715.55514 244.79897 708.13836 952,93733
Pu~-239 0 4,2123 4.1702 0 1.98543 3.12502 5.11045
Pu-240 0 1.7527 1.7352 G 1.29005 1.30029 2.59034
Pu-241 0 0.9912 0.8935 s} 0.95596 0.73535 1.69131
Pu-242 o 0.4283 0.4249 ¢ 0.79696 0.31775 1.11471
Burnup, MwWd/MT 0 27,037 0 G 27,037 27,037 27,037
Total Uranium 1000 963.9513 258.1209 734.6562 245.75773 715.13531 960.89304
U-235, Wt. Frac. 0.026 0.0064409 0.007:1 0.026 0.00312308 0.0054408 0.0055923
Total Plutonium 0 7.3845 7.2229 0 5.02840 5.47841 10.50681
Frac. Fiss. Pu 0] 0.704652 0.70106 0 0.58496 0.70465 0.647367
Fraction Fissile 0.026 0.11749 0.026 0.026 0.014789 0.011749 0.0125338
U-236, Wt. Frac. 0 0.00334322 0 0 0.00077816 0.0033432 0.00268718

00T



Table 19 {(continued)

4th Recycle of Plutonium

Charged Discharged
2.6 wt % 2.6 wt %
Mixed Slightly Mixed Slightly
Isotope Oxide Enriched Oxide Enriched Total
U-235 2.50381 16.50363 1.16887 3.94100 5.10987
U-236 0 0 0.25757 2.04562 2.30319
U-238 349.64924 618.25126 343.46758 605.88617 949.35375
Pu-239 5.55159 0 3.05765 2.67378 5.73143
Pu-240 3.06842 ¢} 2.07670 1.11253 3.18923
Pu-241 1.97705 G 1.65863 0.62917 2.28780
Pu-242 2.49501 0 2.81517 0.27187 3.08704
Burnup, MwWd/MT 0 0 27,037 27,037 27,037
Total Uranium 352.15305 634.,75488 344,89402 611.87279 956.76681
U-235, Wt. Frac. 0.00711 0.026 0.00338907 0.0064408 0.0053408
Total Plutonium 13.09207 0 2.60815 4.98735 14.29550
Frac. Fiss. 0.5750538 0 0.49086 0.70465 0.560961
Fraction Fissile 0.0274673 0.026 0.016601 0.011749 0.0135203
U-236, Wt. 0 0 0.00074681 0.0033432 0.00240726

TOT
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regsult of the bulldup of higher, nonfissile plutonium isotopes. Mixed
oxide is secen to provide about 35% of the fissile requirements of the

reload batch,

7.2 Financial Study
S. G. Ledford and J. D, McGaugh (ORGDP)

As input to the IWR Recycle Project-~in particular, the LWR fuel
cycle economics studies--some financial considerations were examined,
One task involves examination of the capital structure of several large
companies in various iandustries, Two of these, the petroleum and nuclear
suppliers industries with thelr respective companies, are shown in
Tables 20 and 21, Assets and stockholders' equity, as well as debt/equity
ratios, are shown for each company included, Table 22 summarizes (by
industry) long-term debt and equity in order to show general trends in

the private sector. Information was obtained from Moody's Handbook of

Common Stocks, 1976. This work is continuing, Tarly results were

presented ‘at a program status meeting at Savannah River Laboratory (SRL) on

August 18,

7.3 Program Review
J. M, Morrison (ORGDP)

J. T. Bradbury, J. D. McGaugh, and J. M, Morrison participated in a
meeting at SRL on August 18 to review the overall program of work on the
IWR Beonomic Studies, Results to date, as well as the schedule of planned
UCC~ND study topics, were presented, Similar presentations were made by

personnel from SRL, SRP, HEDL, and PNIL.
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Table 20. Capitalization by companies

(Petroleum industry)

Stockheolder's

hssets Equity

Company (Billions) (Billions) ‘ D/E

Atlantic Richfield 7.4 3.7 0.44
Continental 0il 5.2 2.1 0.42
Exxon 22.8 17.0 0.19
Gulf Oil 12.4 6.4 0.20
Mobil 0il 15.0 6.8 0.27
Phillips Petroleum 4.5 2.4 | 0.37
Shell 7.0 3.9 0.31
Standard 0il (California) 12.9 6.5 0.21
(Indiana) 2.8 5.6 0.31

(Ohio) 4,2 1.5 1.35

TexXxaco 17.3 8.7 0.26

Union 0il (California) 3.8 1.9 0.40




Table 21.
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Capitalization by companies

(Nuclear reactor suppliers)

Stockholder's

Assets Equity

Company (Billions) (Billions) D/E
Babcock & Wilcox 1.1 0.37 0.46
Combustion Engineering 1.0 0.36 0.27
General Electric 9.8 4.1 0.25
Westinghouse 4.9 2.0 0.32

Table 22. Capitalization by industry

VVVVVV Long-Term ' Equity
Industry Debt (%) (%) D/E
Petroleum 26.1 73.9 0.35
Chemicals 27.9 72.1 0.39
Metals and Mining 30.9 69.1 0.45
Auto/Defeanse 30.9 69.1 0.45
Nuclear Reactor Suppliers 24.2 75.8 0.32
Utilities 55.6 44 .4 1.55
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8, RADIOIOGICAL TECHNIQUES FOR ENVIRONMENTAL IMPACT ASSESSMENTS
OF THE IWR TUREL CYCLE

D. C. Xocher and R, E. Moore (Environmental Sciences Division, ORNL)
8.1 Introduction

Tn estimating radiation doses to the population resulting from the
release of radioactive materials to the atmosphere, 1t is usually assumed
that man spends 100% of his time located 1 m above a smooth, infinite plane
so that the only protection against airborne and ground-deposited radio-
nuclides is provided by absorption of the radiations by air.

The assumption of continuous out-of-doors residence by man is clearly
unrealistic., One study has concluded that the population spends at least

19

70% of the time in an indoor environment, The largely indoor environment
for the population may result in substantial reductions in radiabion doses.
The purpose of this project is to develop a methodology to estimate the
radiological protection afforded by building structures inside which the
population spends most of its time. The methodology is to be applied to

radionuclides routinely released during the ILWR fuel cycle,
8,2 Effect of Building Structures on Radiation Exposure Pathways

In general, we consider the radiation dose to man to be divided as
follows:
1. Internal dose from inhaled radionuclides
2. Ixternal dose
(1) Airborne radionuclides

(2) Surface-deposited radionuclides
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We do not consider other pathways, such as ingestion and exposure %o
contaminated water, for which the dose to man is not affected by building
structures,

The internal dose from inhaled radionuclides is proportionsl to the
airborne density of the radionuclides., Therefore, the effect of building
structures on internal dose reduces simply to consideration of the effect
of building structures on the concentration of airborne radionuclides,

For the case of external dose from airborne radionuclides, a bullding
structure provides two kinds of protection, One is a reduction in dose
resulting from a reduction in the airborne density of radionuclides inside
the structure, The other is a reduction in dose resulting from the atten-
vation of gamma rays originating from radionuclides outside the structure,
These two types of protection also apply to the case of external dose from
surface-deposited radionuclides, where we consider the dose from radio-
nuclides deposited on inside surfaces of the structure and the attenuation
of gamma rays originating from radionuclides deposited on surfaces outside
the structure,

For each of the three pathways considered, the effect of building
structures on the radiation dose is described quantitatively by a so-called
dose~rate protection factor, which is the ratio of the dose rate inside a

structure to the corresponding dose rate with no structure present,

8.3 Model for Internal Dose Protection Factor

We assume a steady-state condition in which the airborne density for

a given radionuclide 1s constant with time, The dose-rate protection factor
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for internal dose is given by the ratio of indoor~to-outdoor alr concentra~
tion, Using methods similar to the derivation of Eq. (7.84) of ref, 20,

we have derived the following equation for the protection factor:
-A_t

hv(l -e )
F nternal” ka ? (1)
vhere
A= air ventilation rate,
t = time,
ka - >¥v " (Vdfsf * desw+ Vdcsc>/vh A
) = radioactive decay congtant,
v v V. = deposition velocities of radioactlve material on

floor, walls, and ceiling,
S = surface areas of floor, walls, and ceiling,

V. = volume of structure,

From a survey of avallable data,gl recommended air ventilation rates
are in the range xv = 0.5 to 1.5 hr-l. Very little appears to be known
about deposition velocities of particulates on inside surfaces of bulldings.
A general theoretical treatment of dry deposition processes combined with
. , . 22,23 . . 2L . .
wind-tunnel experiments and experiments for certain vapors indicate
deposition velocitles inside a building as large as 0.1 to 0,25 cm-secnl,

which is about a factor of 3 to 10 less than typlcal values for outdoor

ground deposition veloclties,
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8.4 Model for External Dose Protection Factor

We consider the external dose rate from photons only., External dose
rates with and without a building structure present are calculated using
the so-~called point-kernel integration method. We assume uniformly distri-
buted radionuclides in the atmosphere and on the ground. Using Eq. (1)
of ref, 25, we calculate the absorbed dose rate in air at any point from

a specified volume (v) of airborne radionuclides as:

v . 1
D = k8 z G B (uwr) e ™" av, (2)
v v 171 &nrg en" 1
i ’ A
where
D, = absorbed dose rate, rad/sec,
p -8 -1
k= 1,60 x 10 = g~-rad-MeV 7,
T linear energy-absorpbion coefficient for ith photon in air,
2
-1
cm T,
= dengsit £ f 3
p = density of air, g/em”,
fi = intensity of ith photon, number per disintegration,
Sv = source strength, dis cm~3 secnl,

E. = energy of ith photon, MeV,

r = distance, cm,

-1

p. = linear attenuvation coefficient for ith photon in air, cm 7,

Ben = energy-absorption bulldup factor,

The integral extends over the volume of interest. The summation is over

the photons emitted by the radionuclide,
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If we assume n constant rate of deposition of radionuclides on surfaces,
we calculate the absorbed dose rate in air abt any point from a specified

surface (s) of deposited radionuclides as:

sz -At Pen, 1 L - r
Ds(t) = —= (1L - e ) z —=| ;85 — Ben(pir) e i as, (3)

where

t = time, sec,
F_ = source strength deposition rate, (dis secnl)—cm—gnsec_l

)\ = radioactive decay constant, sec T,

The other quantities are the same as in Bg. (2). The integral extends
over the surface of interest.

External dose-rate protection factors for photon radiabion from
airborne and surface-deposited radionuclides are obtained by evaluating

Egs. (2) and (3) with and without a building structure present and taking

the ratios of the resulting dose rates.
8.5 TImplementation of the Models for Dose-Rate Protection Factors

In this section, we discuss the approximations and assumptions used
in applying Egs. (1)-(3) to specific dose-rate protection factor calcula-

tions,

8.5.1 1Internal dose

The internal dose-rate protection factor [Eq. (1)] is explicitly time

dependent, We choose to calculate a conservative estimate for the protection
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-A t)

factor by setting (1 - e "a

i

1, which is a good approximation for
most radionuclide half-lives of interest, Therefore, the protection

factor becomes

PFinternal:: >‘V/)‘a ’ (M)

a quantity depending only on the air ventilation rate, radioactive decay
constant, building geometry, and deposition velocities on inside surfaces

of the building structure.

8.5.2 I¥xternal dose from airborne radionuclides

With no building structure preseant, we evaluate Eq. (2) for a uniform
distribution of radionuclides over a hemispherical volume of infinite

radius, The wnprotected dose rate becomes;

kSV -~ “HyT
Dv,o - EE“' }:,uen,ifiEi B (uir) © * (5)
i o]

In order to evaluate the integral, we use the approximate Berger form of
the buildup factor,26 which 1s given by
D.p.r
Ben(uir) =1+ 0 re o (6)
The values of the coefficients Ci and Di’ which are dependent on the
photon energy'Ei, were obtained by performing a linear least-squares fit
to the energy-absorption buildup factors for air given in ref, 27, With
this approximation, the unprotected dose-rate in air becomes:
kS 1 Ci

D = = 5} . TL.E, . — |1+ 5 | - (7)

H -
1 1 (Di 1)
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The values of the atbtenuation and absorption coefficients are obtained by
interpolation of values gilven in refs, 28 and 29.

With a building structure present, we assume for simplicity that the
structure is a hemispherical shell of radius a and thickness 7, The
contribution to the protected dose rate from the volume inside the structure
is obtained from Fgs. (4)-(6) by replacing the outside source strength g,
by the inside source strength Sv (kv/ha) and changing the upper limit of
the integral to the building radius a., Similarly, the contribution to the
protected dose rate from the volume outside the structure is obtained from
Eg. (5) by changing the lower limit of the integral to a, In addition, we
approximate the buildup factor for “he case of a two-layer medium (air and

2
wall material) by the Bowman-Trubey formJO given by:

(v, 7, u, T)= B (1, .r) B (i

. .T) e
i,w en,a "1, a en, w i, w

- T

Hi W
T - )
en,w(“i,ar * “i,w ) (l € ) 4 (8)

where the subscripts a and w refer to air and wall mabterial, respectively.
By using Eq. (6) for both air and wall material, Bq. (5) can then be

31 27

evaluated. We are using buildup factors for concrete, wood, and
water32 to approximate wall materials.

The evaluation of the two terms for the protected dose rate as des-
cribed above is straightforward but somewhat lengthy. The results are not

given here but will be documented in a future publication.

8.5.3 Bxternal dose from surface-deposited radionuclides

With no building structure present, we evaluate Eq. (3) for a uniform

distribution of radionuclides over an infinite, smooth plane. I z is the



112

height of the reference position above the plane (usually 1 m for the
standard man oub-of-doovrs calculation), we obtain the following result
from Egs. (3) and (6):
KF -
s -AT :E: ~
Iz e bl f_ » E .
() - =2 - ™) Loy mym | Buly)

8,0

C. (D, -1)uz
~ 5T © * * . (9)

The quantity'ﬁl(uiz) is the well-known first-order exponential integral

«©

-
~ 1 i
El(uiz) = — e dr , (10)

z
for which accurate polynominal and rational approximationg are known.33

With a building structure present, we consider protected dose-rate
contributions from the following sources: (1) radionuclides deposited on
the inside walls and ceiling of the structure, (2) radionuclides deposited
on the floor, (3) radicnuclides deposited on the ground outside the
structure, and (4) radionuclides deposited on the roof of the structure,
In evaluating terms (1) and (2), we assume that the structure is a hemi-
spherical shell; to evaluate terms (3) and (L), we assume a right circular
cylindrical shell for the structure. We ignore possible deposition of
radionuclides on the outside vertical walls of the structure,

The four terms contributing to the protected dose rate can then be
evaluated in a tedious but straightforward manner using Eqs. (3), (6), and
(8). The simplifying choice of hemispherical or cylindrical building

geometries permits all integrals to be evaluated in closed form except for

first-order exponential integrals. For term (1) above, we replace Fg in
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Eq. (3) by S (Kv/Ka), where the deposition velocity is assumed to be

Vy = (v

aw " Vdc)/2 as defined in Eq. (1), In term (2), F_ is replaced by

vadf (KV/Ka). The deposition rate for the roof is assumed to be the same
as for the ground, For terms (1) and (2), the explicit time dependence
is retained as a free parameter to describe the frequency with which inside
building surfaces are cleaned. For deposition outside the buillding, we
normally assume t = 50 years. Again, the formulas for the various terms

will be documented in a later publication.
8.6 ILimitations of the Model

The calculated dose rabes described in the previous section are
based on numerous approximations and simplifying assumptions. Among the
most important are: (1) assuming infinite, uniformly distributed radio-
nuclides in the atmosphere and on the ground; (2) assuming simple building
structure geometrics with uniform wall thickness; (3) applying buildup
factors calculated for infinite homogeneous media to finite, nonhomogeneous
media; and (4) the use of the Berger and Bowman~Trubey approximations for
buildup factors. Therefore, we recognize that the calculations of absolute
dose rates are inherently limited in thelr accuracy., However, the essence
of this project is to calculate ratios of dose rates with and without a
building structure present., In calculating such ratios, many of the errors

3h

in the individual dose rates will tend to cancel. Therefore, we helieve
that the calculated dose-rate protection factors are considerably more

accurate then the individual dose rates, and that the accuracy of our cal-
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culations will be limited as much by uncertainties in input parameters
such as surface deposition velocities and deposition rates as they are
by the use of many approximations.

One important type of protection from external radiation is not
included in our model, It is well known that natural ground roughness
and terrain irregularities provide considerable protection from radio-
nuclides deposited on the ground compared with the standard smooth surface,
Values for the natural protection factor due to ground roughness found in
the literatu:c‘eslL range from 0.5 to O.1; thus the effect is sizable, These
effects can be included after protection factors due to huilding structures

have been calculated,
8.7 Progress to Date and Fubure Plans

During the present quarter, we have developed the models for calculating
dose-rate protection factors, derived the equations to obtain the dose rates
for the various pathways considered, and written a computer code to perform
the calculations., The computer code will be used to perform an analysis of
the sensitivity of the calculated protection factors to the variation of
the many input paramecters involved, Only a few preliminary calculations
have been performed while the computer code is being tested and finalized.
One important result evident thus far is that the overall protection factor
for external dose from alrborne plus ground-deposited radionuclides is very
sensitive to the ratio of the airborne source strength Sv to the ground

deposition rate Fs‘
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