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FOREWORD

Ten tasks under the Alternate Tuel Cycle Technologies/Thorium Fuel Cycle Technology Programs
(AFCT/TFCT) have been assigned to Union Carbide Corporation, Nuclear Division. The major efforts
are centered at the Osk Ridge National Laboratory (ORNL), and the off-gas fluorocarbon process
pilot plant is at the Oak Ridge Gaseous Diffusion Plant. Because of the close relationship of
the reprocessing activities with the ongoing Advanced Fuel Recycle (AFR) Program at ORNL, these
tasks are managed within a combined AFR/AFCT/TFCT Program under the direction of W. D. Burch,
The AFCT/TFCT programs are managed by B. L. Vondra who coordinates all activities reported here.
The responsibility for the coordination and collation of reports of all work at Oak Ridge was
assigned to ORNL by the Savannah River Laboratory (SRL), the office designated as the lead orga-
nization for the Alternate Fuel Cycle Technologies Program and the Thorium Fuel Cycle Technology
Program,

Tasks for the AFCT/TFCT Programs are as follows:

310.3 Assistance in Shear Development and Relabted Activities

320.2 Voloxidation System — Voloxidation and Dissolution Studies

330.2 Thorium Dissolution Studies

340.2 Carbon-1lt Removal from Off-Gas and Fixation

340, 4 Off-Gas Fluorocarbon Absorption Studies

350.3 Separations Processes — Thorium

350, 4 Separations Processes

410.1 Uranium Hexafluoride Conversion

810.2 Radiological Techniques for Environmental Impact Assessments of AFCT/TFCT Fuel Cycles
810.3 Environmental Effects Support — Standard Data Interchange Formats






SUMMARY

This is the tenth quarterly technical progress report initiated under the IWR Fuel Repro-
cessing and Recycle Program, which was later changed to the Alternate Fuel Cycle Technologies
Program {FY 1977), and now, beginning in FY 1978, is designated as the Alternate Fuel Cycle
Technologies/Thorium Fuel Cycle Technology Programs, administered by the Fuel Cycle Program
Office, Department of Energy, Savannah River, The preceding report in this series, Alternate
Fuel Cycle Technologies/Thorium Fuel Cycle Technology Progrems Quarterly Report for Period
January 1 to March 31, 1978, ORNL/TM-6307, was published in May 1978,

310.3 Assistance in Shear Development and Related Activities

Engineering design of the Phase I, IT, and III shesr tooling, compactors, and feed systems
for the 250-ton Birdsboro shear has been completed, Fabrication of the Phase I tooling has been
initiated, TFabrication of two 17 x 17 dummy fuel subassemblies has been completed., A source of
prototypic reject grids has been established, A formal response to SRL's request for information

regarding the nature of the environment of an in-cell shear has been fransmitted.

320.2 Voloxidation System — Voloxidation and Dissolution Studies

Installation of the O.5—t/d rotary-kiln voloxidizer system is essentlially complete, Proce-
dures for system checkout and shakedown are being reviewed,

Rotary-kiln heat~transfer tests are under way using a small rotary kiln along with the
development of a mathematical model to determine kiln-heat-flux profiles necessary to maintain
a desired temperature gradient, The erosion/corrosion test for evaluating materials of con-
struction is operational,

Fuel from a BWR (Big Rock Point) yielded more fine solid residue on dissolution than was
seen in previous tests with PWR fuel, This residue was due to a coating of reactor system
corrosion products on the outside of the Zircaloy cladding which spalled during shearing and
dissolution,

Two additional parametric voloxidation tests with H. B. Robinson fuel compared air vs pure
oxygen atmospheres at 550°C; overall tritium release and subsequent fuel dissolution were

equivalent,

330.2 Thorium Dissolution Studies

The dissolution rate of thoria in fluoride-catalyzed 8 to 14 M HNO3 (100°C) was maximal
between 0,04 to 0,06 M HF; at higher fluoride concentrations, ThFh'5H20 precipitated, The rate
of Zircaloy dissolution continued to increase with increasing fluoride concentration, Optimal
conditions (rapid thorium solubilization and minimal zirconium solubilization) for the dissolu~-

tion of Zircaloy-clad thoria will be attained with low HF concentrations.

xi



Stainless-steel-clad (T]a,U)O2 fuel rods irradiated in the NRX reactor were sheared, voloxi~- .
dized, and dissolved, Ten percent or less of the tritium was released during voloxidation in
air at 600°C,

340,2 Carbon-li Removal from Off-Gas and Fixation

Analytical capability for carbon dioxide was extended to 100 ppb. Carbon dioxide removal
with Linde 13X molecular sieves to less than 100 ppb was experimentally verified from a feed gas
containing 300 ppm 002 in air, Decontamination factors from 3000 to 7500 were obtained for CO

removal in the gas~slurry stirred-tank reactor with Ca(OH)2 or Ba(OH)e'SHEO. With Ba(OH)Q-HQO

2
in a fixed~bed column, decontamination factors of about 30,000 were obtained,

340, 4 Off-Gas Fluorocarbon Absorption Studies

Tests and evaluations of the combination absorber/fractionator/stripper column in the selec-
85 133, 4
Kr and e isotopes

have demonstrated the feasibility of this column concept, Concentrated product, collected at an

tive absorption pilot plant are continuing., Concentration profiles for

intermediate section takeoff point located at a peak in the concentration profile, has been as
high as 42,9 krypton when feeding the system with a stream containing 15 ppm krypton, A mathe-
matical model to describe the fractionator has been developed and is being tested by using data

from previous pilot plant campaigns.

350.3 Separation Processes -~ Thorium

Kinetic studies of the extraction of thorium into 30% TBP-dodecane from fluoride-containing
nitric acid solutions showed that fluoride decreased the extraction rate to about half that for

uranium,

350. 4 Separation Processes

In fast-contactor studies, the kinetic constant for uranium was the same in drop tests and
in a motionless mixers; transfer was not diffusion controlled, Kinetic constants developed in
drop tests may therefore be used in the design of fast contactors,

Fabrication and installation of the equipment in the Solvent Extraction Test Facility (SETF)

continues on schedule for a projected July 1978 completion,

410,11 Uranium Hexafluoride Conversion

Equipment is being installed to study the flow characteristics of product powders,

xii



1, ASSISTANCE IN SHEAR DEVELOPMENT AND RELATED ACTIVITIES

S. A, Meacham (Westinghouse Advanced Reactors Division, on loan to ORNIL)
and B, 8. Weil (Chemical Technology Division, ORNL)

Systems Integration

The program plan for this activity has been approved and implementation has begun. Current
projections indicate that the activity schedules and budgets are in line with the expected

resulbs,

Tooling Design and Fabrication

All design effort has been completed for Phase I, IT, and ITI shear tooling, compactors,
and feed systems, Material verification (alloy composition) by spectrochemical analysis has
been obtained for the A-~6 tool steel purchased for this activity. In addition, heat treatment
procedures that yield the required hardness have been established and verified on A-6 specimens,
Following material verification, the fabrication of Phase I tooling was initiated and completed
during the quarter, Design changes and modifications have been made to the existing shear feed

system to accommodate IWR dummy fuel assemblies.

Dummy Fuel Procurement

Three types of dummy fuel (ceramic-filled) will be used in the experimental program:

-]

. ORNL-type dummies: 17 x 17 pin, 3 £t long, with grids made in-house,
2, Short prototype dummies: 17 x 17 pin, 3 £t long, with two reject prototype reactor grids
and 25 Inconel thimble tubes.
3, Prototype dunmies: 17 x 17 pin, 16 ft long, with eight reject prototype reactor grids,
25 Inconel thimble tubes, and top and bottom toe plates,
All materials needed to fabricate ORNL-type dummies have been received. Tubing for ten
units has been filled and cut into 3-ft lengths; two units have been completely assembled,
Six prototype dummies, purchased in FY 1977, are on hand,
Negotiations for acquiring reject prototype reactor grids have been successful, and deliv-
ery is expected from July through September, Cost estimates and firm delivery schedules are

being developed by the vendor,
Experimentation

All materials and procedures required to conduct experiment 1 have been acquired and pre-
pared, However, calculations made for predetermining the deflection and the resulting stress
that a prototype IWR (ceramic-filled) dummy subassembly might experience when rotated without
a "strong back" from a vertical to a horizontal position indicate that such deflections and
corresponding stresses will be insignificant and therefore of questionable value in determining

the need for a "strong back' when handling irradiated IWR fuel, Since the assumptions used in
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the stress calculations for ceramic-filled assemblies cannot be proven and may not be applicable
to actual IWR assemblies, and since the interaction of the eight grids with the thimble tubes is
unclear, it has been decided to defer experiment 1 and to observe the actual handling behavior
of the dummy IWR subassembly during experiment 2, Recommendations will then be made regarding
the potential value of data obtained from experiment 1,

The subassembly holding fixture for the abrasive-disc cutting test (experiment 2) has been
redesigned and modified., Modifications to the saw housing have also been completed, The system
will be checked out using an ORNL-type dummy subassembly prior to the actual test with an IWR

dummy subassembly.

Modular Shear Concepts

The near-term objective of this activity is to provide a conceptual design to SRL which
would include system design requirements and recommendations., Gulf + Western's conceptual design
of a modular shear has been reviewed, and a system design requirement document has been prepared,
A statement of work for the advanced conceptual design phase has been prepared for internal

review,

Thoria State-of-the-Art Report

A report assessing current technology for shearing thoria-based fuels is being prepared,
Consultation

A formal response to SRL's request for confirmation regarding the nature of the enviromment
of an in-cell shear has been prepared, issued, and transmitted, The information will be used to

assist SRL in a forthcoming lubrication study.



2, HEAD-END STUDIES — VOLOXIDATION AND DISSOLUTTON

2.1 Voloxidation Development

W, 8. Groenier (Chemical Technology Division, ORNL)

The voloxidation process is being developed as a head-end method for removing tritium
from spent uranium reactor fuel prior to aqueous processing. Based on experimental work, it
appears that this objective can be met by reacting the oxide fuel with oxygen or air in a
temperature range of 450 to 650°C, The release of tritium and, to a lesser extent, some of
the other fission products occurs when UO2 is restructured to U308 during oxidation. The
early removal of tritium from the fuel into a relatively small volume is desirable to avoid
mixing the tritium as water with aqueous streams in subsequent process steps,

An investigation of the applicability of rotary kilns to the voloxidation process has
been continued by (1) performing heat~transfer tests using a small rotary kiln, (2) developing
a mathematical model for estimating rotary-kiln heat-flux requirements, and (3) placing an
erosion/corrosion test into operation to evaluate candidate materials of construction. The
status of the installation of a O.B—t/d voloxidizer system for study and testing is also

described,

*
2.1.1 Component development
M. E. Whatley and T. D. Welch (Chemical Technology Division, ORNL)

An experimental voloxidation system scaled to 0.5 t/d is being provided to study (in non-
radioactive experiments) certain important process parameters, to study the applicability of
some full-scale standard commercial equipment components, to extend and verify basic data on
heat and mass transport in the voloxidation system, and to address the problems of process
control, This system, described in some detail in the previous quarterly report,l is being
installed in the open bay area of Building 7603,

The rotary kiln was obtained from C, E. Raymond/Bartlett—Snow Company in January, and
ingtallation of the kiln and auxiliaries is in progress., The participation of the cost-plus-
fixed~-fee contractor is complete,

The system will now undergo checkout and shakedown; each subsystem will be tested to
ascertain its suitability, and adjustments or modifications will be made where necessary.
Procedures for this phase are being reviewed.

Some special problems have been encountered and are being addressed. The feeder system,

as installed, provides for screening material into three fractions: fines to represent the

*Jointly funded by the Alternate Fuel Cycle Technologies Program and the Advanced Fuel Recycle
Progran,
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powder released during shearing, a 0,125 to l-in., cut to represent the sheared tube segments, .
and a greabter than 1l-in, cut to represent the pieces of shroud. Fach cut is independently fed

from a vibrating tray into a weighing tip bucket which controls and records the amount fed.

In checking the performance of the vibrating tray which handles shroud pieces, it was found

that the material prepared for use as simulated shroud pieces tended to interlock under the

vibrating action and fall from the tray in groups rather than singly, as required, Several -
modifications to the vibrating tray were tested in an attempt to provide a simple answer;
however, the characteristic discharge curves of the best modification showed that performance
was not improved enough to allow its use. An 18-in, -diam rotary cylinder, similar to those
used in residence-time-distribution studies was, however, found to do a good job of disentan-
gling the pieces, with only about a 10% probability that more than one piece will be dis-
charged in a shot, and a negligible probability that more than six or seven pieces will emerge
as a group. System modifications assoclated with replacing the existing vibrating tray with
the rotary feeder do not seem difficult, and plans to implement this are under way.

Because of difficulties in the fabrication of the insertable flight cartridge for the
kiln, the vendor has postponed his delivery data. However, the experimental program will not
be delayed since the checking of subsystems will be in progress, Under the terms of the pur-
chase agreement, the vendor, C, E. Raymond/Bartlett—Snow; will provide technical assistance
in the alignment of trunnion rollers, preoperational checkout, and start-up of the kiln,

The Bristol UCS~3000 unit process controller to control the system and perform some data
manipulation has been installed, and the first version of the software is available, Hookup
and debugging of this system will proceed, The CRT display to be used with this unit will not
be available during initial tests and may not be delivered until fall, This will cause some
inconvenience, but will not prevent the necessary tests.

A telemetry system which allows thermocouples mounted on the rotating drum to transmit
signals to the control system has been planned, A system of high reliability and precision
is "pushing" the state of the art., We have been negotiating with several vendors and are in
the process of completing a purchase agreement; however, the telemetry system will probably
not be available before this fall,

A quality assurance project plan is also being prepared, which will include a preopera-
tional checklist establishing limits on process parameters, the preparation of operating
procedures, and a safety program. A safebty summary for the project has been completed and a

preoperational checklist 1s near completion,

2,1.2 Rotary-kiln heagt-transfer studies
B, B. Spencer and M, E. Whatley (Chemical Technology Division, ORNL)

Twenty~-one additional heagt transfer experiments have been made using the experimental
rotary kiln, Temperature measurements of the outside and inside kiln walls and of the solids
bed were obtained using instruments described previously.2 Operating parameters were varied
as follows: kiln slope, 0,0 to O,0L57 ft/ft; solids feed rate, O to 300 g/min; kiln rotational
rate, 1 to 5 rpm; meximum temperature, 40O to 600°C, Sheared prototype fuel and sand have been -
used as feed materials,

The measured temperature profiles show large variations in the axial direction and small

variabions in the radial direction, Effective heat transfer coefficients were calculated using
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the measured temperature dafflerences through the cross section, but the values were scattered
because the temperature dafferences were not significantly larger than the error in the measur-
g instruments,

A mathematical model 1s under development, with which the axzal profile of the wall tem~
perature 1s used to describe the heat flux in a rotary~kiln voloxidizer, TI%t 1s a simple, one=
dimensional model based on farst principles which should allow inferencc of heat transfer
parameters that can be used to design subsecuent test and production unats, The model will
indicate the local heat flux at each point along the length of the kiln, In the model, the
solids bed temperature was assumed tc be the same as the tube wall., Thig assumption 1s reason-
able for a first approach in view of the observed cata., Ilemperature profiles measured with the
thermocouple telemetry device were accepbed as characteristic, since thi~ instrument seems to
be more reliable than the anfrared pyroneter al the present state of the art, In order to facil-
1tate manipulations, the temperature data were fit to a seventh-degree polynomial, except for
the cooling zone which had, withan the accuracy of measurement, a flat temperature profile,
outlined below is the method of calculating the local heat flaxes

1, Thermal radiation — Geometric view factors were developed for one thin ring radiating to
another thin ring on the anternal surflace of a kiln tubc. The presence of mixing flights
and the solids bed were ignored. Radiation heat flux was calculated for all such rings by
the classical method,

2, Tube wall conductivity — The second derivative of the Lemperature profile, together wath
the measured wall thickness and the thermal conductivity of steel, yields the flux.

3. Solads translation — [he first derivative ol the temveralure profile, along with the heat
capacity, flow rate, and density of the solids, yiclds the heal flux,

4, Solads dispersion — Dispersion numbers from the residence-time-disteibution studies, along
with the second deraivative of the temperabture profilc axd appropriate physical constants,
yield the heat {lux.

The gas phase also contributed a significant heat flux. To cuantify 1ts contribution, the
one-dimensional differential equation describirg a Jocal gas phase heat balance was used, Thas,
however, vequired the heat transfer cocificient between the gas ard the tube wall (which in this
model includes thc charge solids) and the gas daspersion coefficienl as parameters, It 1s hoped
that eventually good values for these parameters will be determined [rom an analysis of experi-
mental data; however, the values used in the calculations presented here are only estimates,

It was assumed that the heal transfer coeffacient between lhe pas and the tube wall was

L5 Bbunt £7° vt (8,51 w/m'"2 kL) ann tae drspersion coefficient was 1000 ££2/m (92,9 n/h),
The gas lemperature profile was calculated by integrating the differential equation (in finite
difference form) over the length of the kilr, This invegration was performed repeatedly, i1ter-
ating the assumed gas temperature al the kiln fecd e1d (lenglt 0) urtal the overall gas heat
balance was satisfied, The local gas hecat [lux was gencrated as par of this solution.

Results for a typical run are shown in Fag., 2.1. A positaive value reans that the heat flux
18 toward that point. An examination of Fig. 2.1 reveals tnat the gas temperature profile follows
the wall temperature vrofile, which 1s exovected when aealines vith dispersive heat transfer., The
integral of lhe ncl heat flux along Lhe lengbh of the kiln (curve 9) 13 useful because the dif-
ference between values at two dafferent points is the heat loss (or gain) through the kiln wall
between thoge points., More hecabt is calculated to be lost to the surroundings from the interim

area between lhe furnace and the cooler rather than to the cooler itself, The spike that occurs
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at the beginning of the cooler zone is an artifact of the discontinuity in the derivative of
the temperature curve at that location. Most of the heat absorbed in the cooler, however, is
actually absorbed over only a short length,

A summary of the operating conditions for 21 runs is given in Table 2,1, Runs performed
with no solids feed but with a specified holdup were accomplished by charging the kiln with
solids and then installing a dam to contain the solids, The purpose of this procedure was to
determine the effect of dispersion alone by comparing such data with data obtained when the
kiln contained no solids, The remaining runs were performed in the normal operating mode,
Furnace efficiencies (Table 2,1) were calculated by dividing the calculated heat load on the
kiln (using the integral curve) by the power expended in the electrical resistance heaters,
The efficiencies are generally of the magnitude expected, Tests are planned to quantify the

furnace losses,

Table 21 Summary of run conditions and some calculated results for runs HTS 11 through HTS-30

M
i Calculated Calculated  Calculated
Feed rate Feed Slope Holdu wall maximum furnace ooler
Run «“ rem R P temperature heat flux coore
{g/min)  material (ft/ft) (g) o efficiency  efficiency
(°O) in furnace %) @
- 0 ‘0
Measured  Calculated (Btuh ' ft™?)

HTS 11 0 5 00157 0 422 441 —1893 334 101 2
HTS 12 100 Sand 5 00157 3823 402 403 —2515 350 46 6
HTS 13 100 Hulls 2 00157 9,007 406 416 —2835 185 938
HTS 14 300 Sand S 00157 7,897 407 409 1647 233 445
HTS 15 100 Sand 2 00157 7,870 403 402 1398 326 46 3
HTS 16 100 Hulls 2 00157 8,405 602 626 —4555 507 1114
HTS 17 300 Hulls 5 00157 10,145 602 603 4261 886 655
HTS 18 200 Hulls 5 00157 7,538 601 614 4335 1214 980
HTS 19 100 Sand 2 00157 8,309 602 612 —3773 46 7 552
HTS 20 100 Hulls 2 00157 9,234 603 621 —4428 490 76 5
H1S 21 50 Hulls 1 00157 8721 603 631 4646 48 6 1181
HTS 22 100 Hulis 5 00157 3,791 604 632 -4657 48 5 1176
HTS 23 100 Hulls 5 00157 3,538 404 416 —1698 353 120 4
HTS 24 0 2 00 0 408 432 1846 334 647
HTS 25 0 5 00 0 406 428 —-1801 339 619
HTS 26 0 2 00 0 613 653 —3970 499 1136
HTS 26A 0 2 00 0 610 651 -3953 48 4 1131
HTS 27 0 5 00 0 612 650 3940 516 1200
HTS 28 0 Hulls 2 00 7,000 406 429 1874 368 141 6
HTS 29 0 Hulls S 00 7,000 406 427 1937 407 1812
HTS 30 0 Hulls 2 00 7,000 606 645 5014 473 136 4

The cooler efficiencies (Table 2,1) were calculated in the same manner, where the experi-
mental load was calculated from the water rate through the cooler and the change in temperature,
These cooler efficiencies are a measure of how well the model predicts the heat load in this
region, An efficiency of 100% indicates exact agreement, As shown, the model seems to predict
the heat flux within a factor of 2, which is considered to be adequate considering the assump-
tions that were incorporated into its development,

Additional experiments are being planned to measure the gas dispersion coefficient and the
heat transfer coefficlent between the rotating drum wall and the gas., These values will then

be included in the model to replace previously assumed values,
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2.1.3 Erosion/corrosion test

W. D. Holland and M, E, Whatley (Chemical Technology Division, ORNL)

Assembly of the test stand has been completed and a test program has begun, Two identical
drums (18-in, ~-diam x 20-in,~long) containing specimens of type 316 stainless steel and Incoloy
800H have each been loaded with a charge of 10 kg of ceramic-filled stainiess steel hulls and
are being rotated at 1 rpm in an oven maintained at 650°C. Initisl thickness measurements of
the specimens were made at 42 specified locations using an ultrasonic technigue,

A second series of measurements, made after 22 days of operation, indicates no significant
change in the thickness of any specimens, Testing will continue and measurements will be made

at monthly intervals,

2,2 Experimental Investigations

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

An experimental program based on hot-cell tests of fuel reprocessing operations was initi-
ated in January 1976. Most of the work to date has been done with irradiated pressurized-water
reactor (PWR) fuels cooled from two to four years. One fuel dissolution (run 15) was completed
during the reported period using clad fuel from the second irradiation cycle of the Oconee-l
reactor (Duke Power Company). Additional data have been obtained from previous runs, and data

gnalysis is being emphasized,

2.2,1 Hot-cell dissolution

The second dissolution of fuel from the Oconee-l reactor was carried out (run 15) using
20, 25-in, of fuel from rod 32028 sheared into 2-in, lengths. The rod had been irradiabed in
assembly 1CU6 for two cycles to a calculated burnup of 18,711 MWd/MTU and was discharged after
shutdown in February 1976. The total weight of fuel charged to the dissolver was 421 g, The
dissolution proceeded smoothly and resulted in the recovery of 73 g of cladding, The calculated
amount of uranium dissolved was 297 g; analytical determinations by two different methods indi-
cate recoveries of 103 to 107%.

2,2,2 Radioactivity in off-gas

Mnalyses for 3H, lhc’ and. 1291 for runs 14 (Big Rock Point fuel) and 15 (Oconee-l fuel)

are sumarized in Table 2.2, Because there are minor inconsistencies in the data, each solu-
tion has been resubmitted for analysis. Analytical methods have been modified during the last

few months, and current results are expected to be more accurate than some of the earlier ones.

Table 2.2. Distribution of *H, '*C, and * 2°1 during dissolution in runs 14 and 15

Isot R Amound found Percent of total found in —
sotope un
s per MTU Dissolver Condensate Scrub 1 Scrub 2 Scrub 3

3H 147 189 Ci 98.2 1.1 0.08 0.0003 0.61
15° 179 Ci 96.9 2.1 0.16 0.0003 0.79

tac 144 0.131 Ci 9.9 . 0.02 89.5 0.40 0.24
15% 0.20 Ci 9.4 0.007 89.6 0.68 0.31

1291 147 64 ¢ 8.8 0.54 90.2 0.06 0.44
15P 9% g 0.7 0.8 98.4 0.06 0.06

“Big Rock Point reactor fuel, 20,000 MWd/MTU.
50Oconee-1 second cycle fuel, 18,700 MWd/MTU.
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2.2,3 Dissolver residue

Solids collected from Big Rock Point fuel (run 14) dissolver solution, by both filtration

and centrifugation, totaled sbout 340 mg, equivalent to 0.11% of the weight of U0 Nearly

half the solids were recovered on the 20-y screen, and most of the remainder was iollected on
an 8-y Millipore filter. These two fractions were similar in composition, containing 12 to 16%
iron plus nickel and 12 to 25% of the noble metals typical of dissolver residue, Solids col-
lected by subsequent filtration with smaller-porosity Millipore filters contained only trace
quantities of these metals. The solids from this BWR fuel differ from solids recovered from
PWR dissolver solutions, primarily because of the presence of iron and nickel corrosion products
which presumably result from the brown oxide film on the fuel cladding. Some of the oxide film
3

was loosened from the cladding during fuel shearing and handling. Approximstely 3.7 & 0.2% of
the total 106Ru was associated with the insoluble residue, and 96, 3% was dissolved with the fuel;
thus, with thig fuel, the solubility of ruthenium and noble metals 1s much greater than for fully
irradiated PWR fuels, This result was expected because of the lower burnup of the Big Rock Point
fuel (about 20,000 MWA/MTU),

The dissolver solution from run 15 (Oconee-l, second cycle) was passed through a 20-u screen,
In agreement with previous observations for other PWR fuels, essentially no solids were collected,
Part of the dissolver solution was centrifuged, and the solids collected correspond to 0,17% of

the weight of UO2 dissolved.

2,2, 4 Fuel characterization

Local variations in burnup can occur within a single fuel rod because of a number of factors,
such as the position of the control rods, the flux depression in the vicinity of the grid spacers
in the fuel assembly, and the large drop in flux at the ends, Tests of the effects of heat
treatment on tritium release have produced several different samples of fuel from short sections
of the same rod,h which have been used to measure the reproducibility of analyses,

Data for uranium and plutonium isotopic analyses and the plutonium~to-uranium (Pu:U) ratio
determined by isotopic dilution and mass analysis (IDMA) are presented in Teble 2,3 for four
samples from two different Robinson reactor fuel rods, The isotopic composition is purported
to be the most accurate analysis that will be encountered in this sort of work, The element

determinations by IDMA are believed to be the most reliable concentration measurements, Samples

Table 23 Isotopic composition of uranium and plutomum n small fuel samples

Isotope Sample identification

(atom %) Std A i$2 V2 D2 ORIGEN
Uranium 234 0019 0018 0016 0016 0015
Uranum 235 0661 0657 0 748 0653 0646
Uranwum 236 0352 0353 0343 0355 0360
Uranium 238 98 967 98 966 98 891 98 975 98 98
Plutomum 238 1629 1626 1 496 1578 132
Plutonum 239 55465 55279 57 698 55296 573
Plutonum-240 26 007 26 017 24 634 25960 24 1
Plutonium-241 11234 11341 11216 11397 120
Plutonum 242 5664 5744 4956 5770 529
Element

Pu/U (g/g) 000868 000927 000911 000912 0 00992
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JV=2 and JS~2 represent 2-in,~long sections from one fuel rod, and Std A is loose fuel from

several locations along the same fuel rod section, Sample D-2 is representative of fuel from
an 18~in, solution of a different fuel rod,

The uranium isotopic analysis indicated that JV-2 received a lower burnup, as shown by

235 236

higher U and lower

239

U values., The data for plutonium are generally in agreement, with
Pu higher and other plutonium isotopes lower compared to other samples., Tt is reasonable
that sample JV-2 may have been from the region of a grid spacer, since there was a spacer
somewhere within the section of fuel rod from which these pieces were cut.

The other three samples are closer together in isotopic composition; however, some varia-
tions are not consistent with expectations for a simple burnup situation, TFor example, the

238 240

uranium isotopics for Std A and JS-2 are quite similar, as are Pu and Pu, but the lower

239Pu and higher 2Lu'Pu and 2LQPu all indicate higher burnup for JS-2, There are corresponding
discrepancies in the Pu:U ratio, which should increase with burnup; JV=-2 is not significantly
lower, as might be expected, These element determinations, however, are not as accurate as
the isotopic distributions,

Calculations by the ORIGEN code of the variation of isotopic composition with burnup
oo 23h 235 239 236
indicate that U, U, and U U and all plu~-
tonium isotopes except 239Pu increase, Of more significance, the relative change with burnup

22’LEPu > 2u1Pu ~ 238Pu > 239Pu, while EhoPu changes very slightly, In con-
241
Pu

decrease with increasing burnup, whereas

is on the order of
trast, the data show the least variation for .

Such observed variations in isotopic composition among similar samples, along with devia-
tions from calculated trends for samples with lower-than~reference burnup, may result from
changes in the neutron energy spectrum as well as neutron exposure, The lower burnup regions
result primarily from absorption of thermal neutrons, with perhaps little change in the reso-
nance neutron flux, and the resonance neutrons are particularly important in the chains of
successive neutron captures, In any case, the localized fuel burnup and the buildup of actinide
isotopes may not be related in the simple way usually assumed for computational purposes, which
does not take into account the variations in neutron energy distribution.

The significance of thege observations is that considerable care must be taken in inter-
preting analytical results for single small samples of fuel, The variations among such samples
exceed any reasonable analytical error, and they are almost certainly real when they exceed a
few tenths of 1%. Thus, measurements of burnup, composition, and total inventory should be
based on either rather large samples or a large number of small samples so that localized

variations in the irradiation parameters can be properly averaged,

2,2,5 Iow decontamination-factor coprocessing

Small quantities of highly radioactive mixed oxide were prepared from IWR fuel by means of
a low~-decontamination-factor (DF) coprocessing, batch extraction/stripping procedure followed
by (1) precipitation with emmonia or (2) evaporation with formic acid to reduce volatilization
of Ruou. The coprocessed plutonium was prepared by extracting run 13 dissolver solution (310 g
of uranium per liter) with 7 volumes of 30% TBP to give an orgsnic loading of about 4l g of
uranium per liter, The organic was scrubbed with 1/&5 volume of 2 M HI\TO3 and stripped twice
with 1/9 volume of 1 M HN03—0.2 M HAN-O.1 M hydrazine nitrate, each with 30-min contact time.
The two strips were combined, sampled, and split into two fractions for preparation of the

solids; the products were dried at L50°C,
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Analyses are reported in Table 2,4 for the feed and strip solutions and the two mixed
oxides — each is normalized to the total in the feed, Only about one-third of the plutonium
stripped into the organic because of a high HNO3 concentration resulting from acid that ex-
tracted from the feed and stripped into the product, High acidity interferes with plutonium
reduction by HAN, Although the Pu:U ratio was lower than desired because of the incomplete
stripping of plutonium, the fraction of uranium that stripped was the desired value,

The mixed oxide prepared by ammonia precipitation had a high Pu:U ratio because part of
the uranium did not precipitate; the incomplete precipitation was probably due to the presence
of carbonate in the NHMOH. This product contained sbout 11% of the ruthenium and 6% of the
cesium in the feed, Part of the mixed oxide obtained by evaporation was not recovered from
the flask, but the product had the same Pu:U ratio as the strip product and contained rela-
tively less ruthenium (~5%), which suggests that about half the ruthenium may have volatilized
during evaporation, The measured cesium and ruthenium contents of the two products were used
to calculate radiation fields from large quantities of these oxides, Values are in the vicinity
of 400 to 500 R/h per kg of plutonium,

Although certain problems were encountered in this first experiment, specifically the low
recoveries of plutonium and ruthenium and the incomplete precipitation of uranium, the experi-
ment did demonstrate two essential features of & low-DF coprocessing flowsheet (such as CIVEX),
namely (1) an increase in the plutonium content of the mixed oxide from the value in IWR fuel
to that suitable for plutonium recycle or fast breeder fuel, and (2) coprocessing of gamma-
epitting fission producte from 5 kg of plutonium to the extent required to yield a radiation
field =1000 R/h at 1 £t. The experiment also suggests that solvent stripping is the critical

problem in achieving such a large increase in the Pu:U ratio.

Table 2.4. Composition of low DF mixed oxide”

Strip NH,OH Evaporation
Feed
product product product
U, mg 19,400 490 115 404
Pu, mg 170 52 57 42
Ru,diss ™! g™ 3.9k10 4.3E9 3.9E9 1.6E9
Cs,diss™ g™? 7.0E10 2.7E8 2.5E6 2.5F8
Ce,diss™! g7t 1.4E11 8.3E9 9.0E9 7.2E9
Pu/(U + Pu) 0.0087 0.096 0.33 0.10
R/h pe: kg of plutonum at 1 {t
From cerium 218 236
From tuthenum 327 177
Total 545 413

“For 21 months cooling tume.



2,3 Hot-Cell Process Development .

V. C. A, Vaughen, J., H, Goode, H, C, Savage, R, G, Stacy, E. C., Hendren, J., R. Travie
C. €&, Webster (Chemical Technology Division, ORNL) and
G, K. Ford (Engineering Coordination and Analysis, ORNIL)

2,3,1 Fuel procurement

Four representative rods from the Peach Bottom-2 reactor were ghipped to ORNL from the
Idaho National Engineering Laboratory (INEL). The shipping cask was returned to INEL to pick
up 50 kg of segments of H, B. Robinson-2 fuel rods from Assembly B-05 for use in the ORNL
Solvent Extraction Test Facility (SETF)., The Nuclear Assurance Corporation’s NAC-1 shipping
cask/trailer set was leased by ORNL to move two Dresden-l reactor assemblies from the Morris,
Tllinois, site to INEL for disassembly and segmenting, This fuel is also to be used in SETF
studies, Fuel shipments to Savannah River ILaboratory from ORNL may be temporarily suspended
on July 1, 1978, until ORO-DOE approves the Safety Analyses for Radioactive Packages (SARP)
for the casks. All of the Interim Certificates of Compliance expire on that date,

2.3.2 Shearing studies

Six b, 5-in, -long stainless steel clad (4% U, Th)0, rods (O.31-in.-OD, O.025-in.-wall)
from the NRX reactor were sheared into short lengths to dislodge fuel for tritium removal
tests, The shearing behavior of the rods was variable in that some fractures from a single
rod. appeared brittle while others appeared ductile, Shear forces were T00 & 200 kg per blade
pass. The dislodged fuel was sieved to separate the fines and cladding from the test material;
size distribution is listed in Table 2,5, Voloxidation and dissolution tests with the (U, Th)O2
rods are described in Sect. 3.2.1.

Table 2.5. Size distribution of dislodged (U, Th)O, fuel

Size fraction

(um)
+18 1000 11.7 8.1
+35 500 334 23.2
+100 149 495 34.5
+200 74 16.9 11.8
+325 44 8.6 6.0
—~325 <44 236 164
Total 143.7 100.0

2,3,3 Voloxidation studies

Parametric voloxidation tests with H, B. Robinson fuel were continued, Three additional
experiments (IWR-6, 7, and 8) were made at different temperatures and oxygen feed rates to
study the possible effects on the rate of evolution and the yield of tritium, A compilation

of the runs made to date in this series appears in Table 2.6, Results from runs IWR-3, 4, and 5
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Il 26 Velowudation tests of unchid U0, from H B Robmson fuel

I ucl worcht Yoloxidition ¢ nditions
Run charged fim lumperatuie A ; Flhwaate Rotation
(g) (h) O tmosphere {un® min) (rpm)
LWR 777 30 480 Au 300 17
[WR 4 99 74 190 0, 200 1
LWR 5 1000 ki 480 O, 100 1”?
LWR 6 1003 70 480 O, 500 12
LWR 7 100 4 08 550 0, 00 I
LWR 8 1004 78 S50 Arr 300 17

b
were presented in part 1n earlic: xeporbb.J’ Evaluabion of the data from runs IWR-6 and 7 1is
almost comrlete with some of the esul s report~d here, Dissolution analy<es on the voloxidized
product fron LWR-8 arc nol yeu arailsble,

Ovggen consumption, lIateraal balances for the tests are presented in Table 2,7, Based on

the weight gain of the voloxidized produrts, the IOa conversion was essentially complete under
the conditions given in the table, 1In most cases, ithe nearly complele conversion was verafied
by experan ybally v asured oxyge on<amplion, Jhe apparent lowsr conversions for runs LWR-3
and 6 a e poc bly e Lc slight hndlirg losses and weighing errors, nowever, greater than
99% of the UjO8 producl from each (xperiment was {ound beneatr the Ui~ m sieve, which also
indicates cornpleteness of conversiin,

The rcate ol oxygen ~ousumption was appreociably faster vhen pure oxygen was the oxadant,
The wbzd 7 t1 v 1 = wa. represented by a s ngle, relasively <) arp-peaked maximum curve and
took aboul 1 5> cacn c~orplebion, Variations in Lauperatare from 480 to 550°C and in feed
flow rale from .20 Lo 500 cmg/ml did not appear to aller ihe ralc at which fuel was oxidized
or the vatc au vaicen britiwn was released, Wher air was the oxidant, the oxygen depletion
curve exhibited a double-~peaked conoumption psttern ard took tvice as long to oomplete.5 In
these cases, measwemelr*s on gas [low inlicaled that, av poirt of maximum consumption, nearly
all dJhe ¢ a r wa Dboeurg uscd in rune wilh pur ovygci as th oxident, the marimum

consumplion ralc generally rang d fron 50 to 9007, aepending on the p.arge flow rate,

Table 2 /7 Matorial balances tor veloxaditron tests of UO,

Run LWR 3 LWR 4 TWk 5 IWR 6 IWR 7 JWR 8

Input weight {g)

Totl! 7770 1) 0 100 > 1003 100 4 1004

UOZI 70 6( 310 ) 70 T4 37 59 97 9
Outpetw aght{ )

Fotul 5 0 1637 13 % (X 104 104 4
Sotul woaght g an (g) 50 340 380 360 380 400
Theoteticd werht gatrn (g} ) 384 3 %4 3¢ 385 385
Lomversion neasmed? 8 Ay 330 13 9% 103 )

Totdmcduleswar bt LO 4 adhtdd it p d b
[’Welg,ht tLO, 077X (tal tuch weigh() atabcut 3 8 m burnup

Biedon 39 wa bt amtor complete nv isiont F 504
IPctermne 1 rom mey ure bw 1 bt s
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Fission gas release, Tritium evolution rate curves (presented as average concentrations

found in the off-gas with time) for voloxidations in oxygen at two temperatures are shown in
Fig. 2.2. The rate of release of tritium from the o, was quite similar for each experiment,
with off-gas concentrations rapidly increasing and reaching a meximum within the first hour at
voloxidation temperature, A difference in feed gas flow rates for the two runs (500 cm3/min
for IWR-6 vs 300 cms/min for IWR-7) had little noticeable effect on release rates and total
amounts of tritium evolved., Profiles for oxygen consumption likewise showed little variation
between the two sets of run conditions, This would indicate that the fuel was oxidized (and
tritium was released) at approximately the seme rate in both cases. The lower purge flow in
IWR-7 apparently slowed the rate at which tritium was swept through the off-gas system to
adsorption traps, particularly during the later half of the run, However, the amount of tri-
tium remaining in the fuel after 1,5 h at the experimental temperature is estimated as being
small (<1%).

Profiles for the release of 3H and 85

Kr and the cumulative consumption of oxygen during

the IWR-6 experiment are presented in Fig., 2,3. The utilization of oxygen commenced as the
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uo, reached 400°C and was completed in about 1 h, Tritium and krypton evolution were delayed
\néil the charge reached the experimcental temperature, bult thereaflter, the gaseous releases
vere quite rapid. After 1.5 h at 480°C, only about 1% of the triiium remained in the fuel,
vhereas as much as 95% of the krypton remained, Small amounts of tritium continued to be
collected until the end of the voloxidation and during a 2-b purge in air,

The gaseous radionuclide inventories of H., B. Robinson fucl expcrimentally determined in
a series of baseline experiments arc listed in Table 2,8, (aseous relesse material balances
for runs IWR-6 and LWR-7 were delermined from the dissolutlon of the voloxidized oxide and from
cumulative samples of collected voloxidizer off-gas, Release totals for the lwo experiments
are shown in Table 2,9, For cach case, the relcase of trillium from the unclad UO2 by voloxi-
dation was essentially quantitative (= 99,987 of the fuel inventory)., Recoveries of 3H, re-
tained on silica gel as 3H20, from the off-gas amountcd to 95 and 85 of these totals, respec-
tively, for rung TWR=-6 and TWR-7, Apparenlly, the differcnce in vg%oxidation temperature for

1
the two experiments had no eTfecl on the lotal amounts of *¥C and ~“Kr evolved,



Table 2.8. Gaseous radionuclide inventories .
of H. B. Robinson UQ,

Contents dis s™ g™* (U +Pu)
SH 14C 35Ky

1.05 X 107 2.05 X 10* 3.56 X 108

Table 2.9. Gaseous release

Voloxidation Released to voloxidizer off-gas
Run temperature (% of UO; fuel inventory)
O 3E¥ 14 ca 85K .8
LWR-6 480 99.99 15.5 5.3
LWR-7 550 99.98 19.1 5.2

?Based on residual levels determined from dissolution of voloxidized oxide.
bDetermined from cumulative samples of voloxidizer off-gas.

Fission product distribution., Experimentally determined inventories of fission products

in H, B. Robinson fuel are listed in Table 2,10, Fission product amounts remaining on voloxi-
dizer walls and on samples located in the off-gas system were determined following voloxidation
at several conditions, Selected recoveries are shown in Table 2,11 as the percentages of in-
ventories listed in Table 2,10, Results for run IWR-3 were reported previously. Gamma., spectro-
metric analyses of off-gas samples from IWR~5 have not been completed; these results will be
reported later,

Generally, less than 0,1% of the total lO6R 25

. &, 13“"1370s, 2y

and Ce left the fuel
and was found in the system after voloxidation in oxygen at either 480 or 550°C, Higher tem-
peratures and purge flow rates tended to increase volatilization, With the exception of 1291
and to some extent o Ru, most of the recovered fission products were deposited on sample sur-
faces within the voloxidizer. Recoveries of volatilized iodine usually ranged from 1 to 2%

of the total fuel inventories, nearly all of which was located on downstream charcoal beds
heated to 125°C,

Under the conditions studied, the ruthenium released from the fuel apparently acted some-
what differently from other fission products, Approximately the same amount of 106Ru was found
on off-gas system samples as was recovered from inside the voloxidizer., Most of the released
ruthenium was retained on tubing specimens, where surface temperatures ranged from above L400°C
down to about 100°C., A comparison of fission product ratios shown in Table 2,12 indicates that

106

Ru is volatilized (as presumably RuO,) to a greater extent than the other semivolatile

)
fission product oxides, One possibility, oxidation to volatile Ruou, would be promoted by
increases in temperature and in the oxygen feed rate, We are continuing to investigate this

phenomenon as an extension of the current parametric series,

2,3,4 Dissolution studies

Dissolution studies were continued using the U 08 products from the voloxidation tests to

3
determine the residual 3H, l”c, and other fission product contents. Material balances (Table 2,13) .

indicate that recoveries were generally within limits of weighing (+ 1%) and analysis (x 3%).
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Table 2.13. Material balances for dissolution experiments

Run
LWR-4 LWR-S LWR-6 LWR-7
Input
U305 (8) 102.0 25.2¢ 25.0° 24.7°
Equivalent UO; (g) 98.2 24.3 24.1 23.7
OCutput
U0, (g) 92.49 22.82 22.57 21.15
Pu0, (g) 0.80 0.18 0.17 0.20
Residue (g) 0.28 0.03 0.10 0.13
Soluble fission products (g) 2.57 0.43 0.41 0.40
Total (g) 96.14 23.46 23.25 21.88
Recovery (%) 97.9 96.7 96.6 93.3

925.2 g from a total of 103.8 g of U;305.
b250 g from a total of 103.9 g of U3 0s.
©24.7 g from a total of 104.2 g of U305.

The dissolution of the voloxidizer products in nitric acid was conducted in the standard manner,

that is. 3 M HNO3, and 7T M HNO3. Table 2,14
indicates that the changes from air to pure oxygen and from 480 to 550°C apparently had little

successive 2-h leaches in 92 to 95°C 7T M HNog

effect on the solubility of uranium and plutonium,

2.3.5 Residue characterigation

The undissolved residue at the end of each dissolution was centrifuged from solution, "
washed, dried, and weighed before analysis, Table 2,15 indicates that the change from air to
oxygen did not increase the amount of residue,
runs 1 to 3 (0.h5-0,72%).

The residues contained an average of 1l mg of uranium and 0.5 mg of plutonium per gram

compared with that produced by voloxidation in

(of residue), along with the noble metal fission products. This represents a loss of about

0,01% uranium and about 0,0L4% plutonium, The ruthenium content of the residues produced by

oxidation in oxygen was about the same as that from air oxidation, that is, about 27 wt %.

Table 2.14. Residue from dissolution

Run
LWR-4 LWR-5 LWR-6 LWR.7
Voloxidation temperature (°C) 480 480 480 550 i
Atmosphere 0. 0, 0, 0,
Residue (g) 0.279 0.0307 0.104 0.129
U0, —Pu0, (g) 93.29 23.00 2274 2135
Residue, % of (U, Pu)0, weight 0.30 0.13¢ 0.46 0.61

9 Apparently low.
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Table 2.15. Solubility of veloxidized U; Oy

Run
LWR-1 3 LWR-4 LWR-5 LWR-6 LWR-7
Voloxidation {emperature °O) 480 480 480 480 550
Voloxidation atmosphere An 0, 0, O, 0,

Quantity dissolved, % of total

U Pu U Pu U Pu U Pu U Pu
Leach 1 99 98 99 97 99.96 99.95 99.99 99.96 99 .81 99.74 99.69 99.69
Leach 2 0.01 0.0] 0.04 0.01 0.18 0.21 0.28 0.37
Leach 3 0.01 0.01 0.01 0.02 0.01 0.03 0.02 0.13
Residue 0.01 .02 0.01 0.02 0.01 0.04 0.01 0.01 0.01 0.04
2,3.6 Component tests
7

Solution clarification, Previously reported results of filtration tests of unvoloxidigzed

H. B. Robinson fuel dissolver solutions indicated that a l-.m pore sgize etched-disk filter
(Vacco Tndustries, South E1 Monte, California) may be suitable for clarification of the dis-
solver feed solutions in the Solvent Extraction Test Facility (SETF). A diatomaceous filter
precoat is required to prevent plugging. The filter ald precoat also improves the efficiency
of the filter in removing solids from the dissolver solutions.

Additional tests were carried out during this report period. All tests except one used
about 90 cm3 of dissolver solutions from the dissolution of unvoloxidized H, B. Robinson fuel,
Tn one test, about 700 cm3 of dissolver solution was used. All solutions contained about
300 g of uranium per liter. The etched-disk filter (surface area: 28,3 Cme) was the same as
that used in all previous tests, In most tests the differential pressure (AP) across the
filter was held constant at 2 in, Hg, One test was made at a constant AP of 23 in, Hg; during
the filtration of about 700 ml of dissolver solution, the pressure was increased,

Tests to measure the filtration rates and efficiency of the clean filter and the effects
of a filter air precoat were repeated, Plugging of the filter occurred, as in the previous
test,7 and a small quantity of solids was removed from the filtrate by centrifugation, The
solids collected on the filter were removed by backflushing, and the filter was precoated
with 10,6 mg/cmg of Celite 535,% with an additional coating of 0.1 g of Celite Standard
Supercel* over the 535, The filtration rate with the precoated filter was similar to that
previously reported (9 cm3/min), and no significant decrease in the filtration rate was ob-
served, No solids were removed from the filtrate on centrifugation immediately after comple-
tion of the test.

A flocculating agent, Primafloc C-3 (Rohm and Haas), was added to the dissolver solution
(2 ml of diluted Primafloc added to 90 ml of dissolver solution) at a concentration of 200 ppm
(wt) for comparison with the previous test in which Primafloc C-3 at a concentration of 980 ppm

(wt) was used, No solids appeared to have settled from the solution after standing cvernight.

*
Trademark, Johns-Manville,
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The filtration rate for the dissolver solution with 200 ppm (wt) of flocculating agent was much
faster than that with 980 ppm (24 vs 1.8 cm3/min). However, filtering efficiency appeared to
be poor based on the relatively large quantity of solids removed from the filtrate by centrifu-
gation,

A wood-cellulose type of filter aid precoat (Solka-Floc BW—MO*) was also tested, The
etched~disk filter was precoated with 0.3 g of Solka~Floc BW-40, The filtration rate of the
dissolver solution was about the same as that obtained with the Celite filter aid (9 cm3/min)
and the rate remained constant, Some solids, however, were observed in the centrifuged fil-
trate, whereas none were seen in the test with the Celite filter aid,

A test was performed to determine the effect of rapidly increasing the AP across the filter,
The dissolver solution, using the etched-disk filter precoated with Celite 535 and Standard
Supercel as before, was filtered with a constant AP of 23 in. Hg., The filtration rate was very
fast (124 cm3/min) and there was no evidence of plugging. However, solids were found in the
filtrate, indicating there was a loss of efficiency at the higher initial pressure drop.

In all of the tests using H. B, Robinson fuel dissolver solutions (a total of ten), back-
flushing after each test with air at about 15 psig pressure has been effective in removing solids
from the filter and in restoring the filtration rate to that of the "as~received" filter,

The final test (scaled to about one-half the volume-to-filter surface area ratio to be used
in the SETF) was made using a dissolver solution obtained by dissolving 275 g of H. B. Robinson
fuel in 740 ml of nitric acid. A batch dissolution procedure developed at the Savannah River
Laboratory was used. The etched-disk filter with a Celite precoat was used. The initial fil-
tration rate was about L, 8 cm3/min at a AP of 2 in, Hg. This rate was lower than in previous
tests (9 cmS/min); therefore, the pressure was increased to obtain a rate of 7.8 cm3/min. A
very slow decrease in the rate (6 cmg/min after filtering 170 ml of solution) was observed.

This slow decrease in rate continued throughout the test; however, the pressure was increased

as required (about every 100 cm3 of volume filtered) to maintain the desired rate. The pressure
was thus increased to 16 in, Hg in filtering the final 150 ml of solution, The average filtra-

tion rate for the test was 6,6 cm3/min. This rate will be increased by a factor of about 6 for

the larger-surface-area filter to be used in the SETF,
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3. THORIUM DISSOLUTION STUDIES

3.1 ILaboratory Experiments
J. C, Mailen (Chemical Technology Division, ORNL)

3. 1.1 Kinetic determinations

0. K, Tallent and L, M. Gray (Chemical Technology Division, ORNL)

The kinetics of the dissolution of both Th02 and Zircaloy are being studied to allow opti-~
mization of the conditions for Zircaloy-clad thoria fuel dissolution., Studies are in progress
to define the effects of HNO3 and HF concentration on Th02 and Zirceloy-l4 dissolution rates at
100°C in HNO3—HF solutions with and without Al(N03)3 present, While there is a large body of
informationl on ThO2 dissolution in HNOS——HF—Al(Nos)3 systems, there is less information on disso-
lution without Al(NO3)3 present2~8 and very little information on Zircaloy-l dissolution.9

The Th02 dissolution tests were conducted by digesting 0.5 g of 99% theoretically dense
ThO2 microspheres in 10 ml of 8,0 to 14,0 M HNog—0.0l to 0.1 M HF solutions for 1 h., 1In cer-
tain tests, the dissolver solutions also contained 0,1 M AL(NO,),. The Thog microspheres, which
had been sintered at 1150°C, had a bulk density of 9,94 g/cm3 and a surface area of 120 cme/g.
The digestions were made in 30-ml polyethylene sample bottles (with attached polyethylene air
condensers) immersed directly in boiling (100°C) water, After 1-h digestions, samples of the
supernates were analyzed, as required, for thorium, total fluoride, and aluminum, The dissolu-
tion tests for Zircaloy-li were conducted similarly, except that pieces of 1/U-in, Zircaloy-k
tubing (~1.0 in., in length and weighing ~3.5 g) were used instead of the microspheres, The
amounts of zirconium dissolved were determined from weight losses of the Zircaloy tubing and
from analyses of the dissclution supernates.

The results fromThO2 dissolution tests at given HNO, concentrations show that the amounts

3

of thorium dissolved in 1 h first increase to a maximum and then decrease as the initial HRF
concentrations are increased., The maximum occurs at HF concentrations between 0,04 and 0,06 M,
and the amounts of thorium dissolved at these maximums are almost constant at about 1.0 milli-

mole., Figure 3.1 shows this effect in 12,0 M HNO The apparent decrease in ThO2 dissolved in

3"
1 h at HF concentrations >0,06 M is due to precipitation of ThE), (see Sect, 3,1.3). Evidence

for this precipitation can be seen (Table 3,1) in tests made with 12,0 M HNO3. Without Al(NO3>§

the final HF concentrations were significantly less than the initial HF concentrations in tests
where initial concentrations were 20,04 M, The decreases in HF concentration are accompanied by

decreases in dissolved thorium concentrations, In tests with AL(NO the amounts of thorium

3>?

in solution increase to the same maximum of about 1,0 millimole; however, there is no decrease
in the amounts of thorium or fluoride in solution at initial HF concentrations 0,06 M, Tests at

other HNO. concentrations gave results similar to the results obtained for 12,0 M HNO The

3 3
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Fig. 3.1. Effect of initial fluoride concentration on thoria dissolution rate in 12 M HNO3 -

at 100°C,

Table 3.1. Dissolution® of ThO, microspheres in 12.0 M HNO,
with 0.01 to 0.1 M initial HF concentrations both
with and without 0.01 M AI(NC;);

. Without AI(NO3)s With AI(NO3);

Initial Final P

HF ina . ina .
concentration HE Dlssqived HE Dlssqlved

; thorium . thorium
concentration s concentration s

D (M) (millimoles) ) (millimoles)

0.01 0.011 0.806 0.010 0.715

0.02 0.019 0.780 0.020 1.017

0.04 0.024 0.935 0.039 1.168

0.06 0.010 1.025 0.062 1.030

0.08 0.025 0.814 0.077 1.056 v

0.10 0.022 0.806 0.102 1.008

“Dissolutions at 100°C for 1 h with 0.5 g of ThO, microspheres in 10 ml of dissolvent.

abgence of precipitation in tests with Al(NO3)3 present results from the stability constant for
A1F2+ being six orders of magnitudelo greater than that for ThFh. Similar dissolution rate
maxime have been reported previov.lsfl.y.5 ‘

The dissolution results for Zircaloy-4 were different from those for Th02 in that the rate
continuously increased with initial HF concentration and no zirconium precipitation occurred,

Log~log plots of zirconium dissolution rates at L00°C vs initial HF concentrations in 4.0, 8.0,
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and 12.0 M HNO3 are shown in Fig, 3.2, The lines in the figure can be defined by equations of
the form

log rate = n log [HF].

init © 108 K (3.1)

or

rate = k[HF]?nit , (3.2)

where n, [HF]. and k, respectively, denote order of reaction with respect to HF concentra-

ini®’
tion, initial HF concentration, and dissolution rate constant, The order of reaction with
respect to HF concentration is determined from the slope of the lines in Fig. 3.2 to be 1,0,

and the individual equations for the lines are:

rate = 7.3 x 1070 (HFY gy (O M HNOS) , (3.3)
-2

rate = 1.0 x 107 [HF], .. (8.0M HNO3) , (3.14)

rate = 1.3 x 1077 (), 4, (12.0 M HNO3). (3.5)

ORNL—-DWG 78~-9634
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Fig., 3.2. Dissolution rate of Zircaloy-4 in 4,0, 8.0, and 12,0 M HI\IO3 as a function of HF
concentration at 100°C.

The dissolution rates (millimoles/min-cmg) can additionally be defined in terms of [HFI,

init
and hydrogen ion activity, aH+, by the single eqguation
-3 0.25
R=48=x 10 [HF]init agt . (3.6)

This equation represents the data plotted in Fig., 3.2 with a coefficient of correlation greater
than 0.98. The dissolution rate dependence on HF concentration indicated above does not neces-

sarily mean that associated HF molecular species are involved in the dissolution mechanism, It



3-b

is more likely that free F~ ions are involved and that the concentrations of F~ ions are deter-
mined by the amounts of HF added and the stable metal-fluoride complexes formed. These results
help predict acid concentrations to optimize ThO2 and to minimize Zircaloy dissolution, for
example (Fig. 3.3), the dissolution rate of zircaloy-4 in 12,0 M HNO3 increases much faster with

increasing HF concentration than does the dissolution rate of ThOQ.

ORNL-DWG 78-9632

(x10%) T T T ] T
o ThO MICROPHERES IN 120 M HNO3 a
& ZIRCALOY 4 IN 12.0 M HNO3
< a
o 9| -
>
™~
£ o
L %]
<
£ 7t -
0
@
o
£
= a
13
- 5 -
ul
g
&
z
Q
5 3 e O N
- [o \
8 o_.__—-g O Sy
2
=) ////
1 “ -~
1 L i } {
o} .02 04 06 08 A0

HF CONCENTRATION (M)

Fig, 3.3. Zircaloy-i4 and ThO, dissolution rates as a function of HF concentration in
12.0 M HNO 3 without Al(No3)3.

To obtain the greatest dissolution of ThO2 with a minimum dissolution of Zircaloy, the dis-
solution step should operate with a low HF activity. This low activity could be attained either
by using a low HF concentration or by using complexing reagents such as aluminum, zirconium, or

thorium at higher total HF concentration, Additional studies in this area are in progress.

3.1.2 Process development tests

D. 0. Campbell and 8. R. Buxton (Chemical Technology Division, ORNL)

Effect of dissolved zirconium on dissolution rate of thoria, The effect of dissolved

zirconium on the dissolution rate of thoria pellets has been studied further, and results are
sumnarized in Fig. 3.4, Data were reported previously for pellets as received;ll these results
have been extended and recalculated to account for the decrease in the geometric surface area of
the pellet as it is progressively dissolved. The thoria (curve B, Fig. 3.4) is of somewhat
uncertain history; however, it is believed to be derived from the oxalate precipitation of a
purified nitrate solution, with pellets pressed with a binder and fired at 1600°C in an atompshere
containing hydrogen, The surface area has been determined to be 0,003 mg/g; porosity is nonuni-
formly distributed, with one end being relatively pore~free,

These pellets dissolve more readily after they are fired at 1400°C in air for 5 hy dissolu-~

tion rate data for such air-fired pellets are shown in curve A of Fig. 3.k,
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Fig. 3.4, Dissolution rate of ThOp pellets in 13 M HNOz-0.0k M NaF containing zirconium
added as zirconium oxynitrate; curve B, as received pellets g 75 in, in length and diameter;
curve A, after firing in air at 1400°C for 5 h,

Effect of complexing of fluoride on stainless steel corrosion, The standard procedure

(Thorex process) for dissolving thoria has been to add aluminum to a nitric acid solution con-
taining fluoride; the purpose of the aluminum was to complex the fluoride and reduce the corro-
sive effect on the stainless steel process equipment, Since both thorium and zirconium also
complex fluoride, their effect has been studied briefly,

Figure 3,5 shows the results of short-term corrosion tests with type 30U4T, stainless steel

tubing in 13 M HNO 0,0k M NaF containing various metal ion complexants. The zirconium was

added as zirconiumSOXynitrate solution, At equal concentrations, thorium is much less effective
than aluminum and zirconium is much more effective, in agreement with the known stability con-
stants of the fluoride complexes, For equal protection against corrosion, 0.03 M zirconium is
comparable to the 0,1 M aluminum previously used. Thus, zirconium appears to be a better corro-
sion inhibitor than aluminum, High thorium concentrations can be maintained during fuel dissolu-

tion to minimize attack on the Zircaloy cladding; and this, along with the small amount of
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zirconium that dissolves from the cladding, would be expected to provide adequate protection to
the stainless steel equipment, Thus, the addition of aluminum would not be required when

dissolving Zircaloy-clad thoria fuels if a heel of dissolver solution is present,
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Fig. 3.5. Corrosion of type 30LL stainless steel tubing in boiling 13 M HNO3~O.Oh M NaF
(curve A) plus O.1 M thorium (curve B), plus 0,1 M aluminum (curve C), and 0,015, 0,0k, or
0.1 M zirconium (curves D, E, and F).

3.1.3 Solubility studies
F. J. Smith (Chemistry Division, ORNL) and D. R, McTaggart (Chemical Technology Division, ORNL)

The equilibrium solubilities of thorium, uranium, and zirconium in nitric acid-hydrofluoric
acid solutions are being studied (1) to provide information on solubility limits so that precipi-
tates can be avoided during thoria dissolution and (2) to provide fundamental information on
solution interactions and complexes in order to obtain a greater understanding of the driving
forces governing dissolution. In the initial studies, thorium fluoride solubility is being
meagured as a function of the Th:F ratio in nitric acid solutions at 25°C, A series of experi-
ments has been conducted in which thorium nitrate was added to either 4, 8, or 13 M HNO3 solutions
containing a fluoride concentration between 0,001 and 0.5 M. Small additions of thorium nitrate

produced a precipitate that has been tentatively identified as ThFu-5H20. Targer additions of

thorium nitrate caused dissolution of part or all of the precipitate. ILog=~log plots of the
total fluoride in solution vs the total thorium in solution gives a U-shaped solubllity curve,

hex)

which is indicative of the presence of complexes of the type ThFX+( The curves are being
interpreted in terms of the equilibria involving these complexes and the solubility product for
the solid ThFh. The effect of the varying total nitrate concentration inherent in these experi-

ments is also being evaluated, Further studies will extend to higher temperatures,
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3.2 Hot-Cell Experiments

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

3.2.1 Exploratory tests

A single 1ilemm (U, 5-in, )-long Zircaloy-clad fuel rod that had been irradiated in the Chalk
River, Ontario, NRX reactor to about 20,000 MWd/t in 1960-1961 was sheared into pieces about
13 mm (0.5 in, ) long for dissolubion tests in 13 M HNOS—O.l M Al(NO3>3—O.05 M X¥, The
(Tho.96UO,Oh)02 pellet fragments and the cladding were leached three times for 2 h at about
95°C; the solutions were centrifuged at the conclusion of each leach and then decanted, and
fresh acid was added to the solids.,

The results of the analyses indicated that the three leaches dissolved most of the mixed oxide;
data further indicated that the cladding (when subsequently dissolved in 6 M NH) F=1 M NHMNO3)
contained sbout 1,40% of the uranium and O,04% of the thorium in the rod. The dissolution was
peculiar but typical of thorium in that one segment containing about 1.3 g of fuel survived the
first two leaches without dissolving all of the (Th,U)OQ; then a third leach dissolved that oxide,
The insoluble residue from the dissolution contained less than 0,01% of the thorium or uranium,
From 1 to 3% of the zirconium from the cladding was dissolved by each pass of dissolvent; spark-
source spectrometric analysis of the first two leach solutions indicated concentrations of about
250 pg/ml of "normal” zirconium plus sbout 30 to 70 ug/ml of fission product zirconium,

The Zircaloy cladding of the (Th,U)O, contained about 9% of the tritium in the rod; this
quantity is similar to other water-cooled Zircaloy-clad fuels,

Voloxidation and dissolution of (Th,U)O,. Six 11lhemm (4, 5-in, )-long, stainless-steel-clad

(Th,U)02 rods, also irradiated in the NRX reactor to & nominal peak burnup of 20,000 MWd/t, were
sheared into 3-mm (1/8-in,) lengths to break up and dislodge the (Th,U)O2 fuel, After removing
the cladding, (Th,U)02 was divided into two portions: one portion was heated in air at 600°C
for about 2 h while being rotated at about 12 rpm; the other portion was dissolved without
oxidation, Voloxidation released aboubt 3% of the 85Kr and about 10% of the tritium in the fuel,
The oxidation apparently had 1little effect on the dissolution of the (Th,U)Oe; three 2-h

leaches left less than 0,01% of the thorium and about 0,03% of the uranium undissolved.,
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4,  OFF-GAS CONTAINMENT

This activity is concerned with the development of the noble gas and carbon-14 selective
absorption process on an accelerated basis, Funding is provided for the expansion of pilot
plant development, the formulation of plant engineering design criteria, a system reliability
analysis, a study of the chemical effects of impurities in the fluorocarbon solvent, and an
extended investigation of the distribution coefficients of the noble gases in the fluorocarbon
solvent, Tests of a scolid sorbent system for the retention of tritium from the voloxidizer

off-gas in the presence of other constituents, such as iodine, are also reported,

Lk, 1 Fluorocarbon Absorption Studies

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

The major emphasis during the past quarter has been on an evaluation of the combination
absorber/fractionator/stripper column of the selective absorption pilot plant. Modeling studies
of the fractionator and chemical studies to measure impurity effects and distribubtion coefficients

are also reported,

*
4,1,1 Fluorocarbon absorption process development

M., J. Stephenson and B, E, Kanak (ORGDP)

Pilot plant operation, The combination absorber/fractionator/stripper column has been in

operation for nearly three months. Figure 4,1 is a photograph of the column taken during
installation, The theory of this unusual piece of equipment has been described previously.l’2
An external gamma scanner was added to the column as an essential piece of analytical equipment
to allow direct measurement of the concentration profiles within the different sections of the

85

column., Tests have been conducted using both ~“Kr and 133Xe isotopes, TFigure 4,2 is a typical

85Kr gamma profile of the operating column demonstrating the individual column functions, All
gamma counts are relative to the process feed point (count ratio of 1,0 at 15 £t from the bottom
of the column), The count ratic is therefore equal to the total amount of krypton at each column
position relative to the amount at the feed position. The gamma activity drops sharply in the
absorber section (column positions 15 through 24) as krypton is removed from the upflowing feed
gas by the downflowing solvent, On the other end of the column, the stripper section (column
positions O through 4) is also characterized by a sharp drop in activity as the krypton is
desorbed from the downflowing solvent by the upflowing solvent vapor, The regenerated solvent

leaves the reboiler and is recycled to the absorber section, Very little variation in krypton

*Jointly funded by the Alternate Fuel Cycle Technologies Program and the Advanced Fuel Recycle
Program,

L1
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Fig. 4.2, Typical distribution of “Kr in the combination column,

inventory is found in the condenser section (column positions L through 8), although some
activity buildup caused by cold condensate reflux can be observed in Fig., 4.2 just below the
condenser, The concentrated product is collected at an intermediate section takeoff point
located approximately as shown where the peak krypton concentration occurs, During tests with
a feed gas containing 15 ppm krypton, a product stream containing up to 42, 9% krypton was
obtained, The average product contained approximately 10% krypton, When combined with the
final product purification equipment, products in excess of 90% krypton are attainable,

The flow rate and temperature of the solvent dictate the location of the concentration
peak in the intermediate section of the combination column, Operating conditions must be
adjusted to position this peak at an internal gas withdrawal point, Also, the total column
pressure must be accurately controlled. If not, the concentration peak will tend to smear
across the intermediate zone and prevent the collection of a highly concentrated product,

The rate of product withdrawal also affects the product concentration., If the withdrawal rate
is too large, the product will be dilute,

Operation of the combination column will continue until enough quantitative information

has been obtained to allow comparison with the standard three-column version of the absorption
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process, Other work is currently under way to further evaluate type 13X molecular sieves for
removing solvent vapor from the process off-gas and product streams, particularly with regard
to methods for regeneration,

Process application. The fractionation step is conducted under conditions that result in

a rather sharp temperature gradient within the intermediate packed column, Aun analysis of the
fractionator, therefore, is inherently complex because simultanecus mass and heat transfer must
be accounted for, and these two transport mechanisms exhibit a high degree of interaction., A
dispersed plug=-flow packed-column model has been derived that adequately describes the pilot
plant fractionator. A formal presentation of the model will soon be available.3 Ignoring radial
gradients and changes with time, the axial and interfacial gas phase mass fluxes for a particular

component, Jj, are related by

dez
S e, (h.1)
where
sz = axial mass flux of component j, Ib.mole h-l fthei =
Nji = interfacial mass flux of component j, 1b-moie h ™ ft 7y

a = effective interfacial mass transfer area, £t
z = axial posltion in column, ft.
The total mass transport of component j from the bulk gas to the gas-liquid interface in the
column increment dz is given as
R.=¥..
N, e = BF, e ln ~d=) (k. 2)

R, -,
3G 3 YJ

Rj = ratio of component J mass flux to the total mafi flf;;
F ..=gas phase mass transfer coefficient, lbemole h = ft
yji = interfacial gas phase composition, mole fraction;
yd = bulk gas composition, mole fraction,

The axial mass flux is glven by

M

N,, = -E, = Vi, (4.3)
where
EZ = axial mass dispersion coefficient, fte/h;
M. = molar concentration of component J, lb~mole/ft3;

G = total gas flow rate, lb.mole nwt ey,

The total sensible heat flux from the bulk gas to the interface is

- 5 - L L
%s = ToE T (fg T %) (.5)
In this equation, the term & is defined as
- (Nkick/hG> ) (4. 5)
where
. -1 _, -2
Gpg = sensible heat flux, Btu h & £t 7;
Nki = interfacial mass flux of each component k, lb-mole h-:L ft—e;

-1 cF-l

¢, = heat capacity of each component k, Btu lbemole 3



h-5

hG = gas p?ise ?Zat Eiansfer coefficient in the absence of simultaneous mass transfer,
Btuh T £t T °F 73
tG = bulk gas temperature, °F;

t, = interfacial temperature, °F,

In addition to a convective heat transfer term, the sensible heat flux includes the sensible
heat transferred by the dispersive movement of mass through the bulk gas—interface temperature
difference. The term /(1 - eng) is the Ackermann correction to the heat transfer coefficient
to account for simultaneous mass transfer,

Similar mass and heat transfer equations exist for the liquid phase, Evaluation of the
interfacial conditions depends on the postulate that static equilibrium conditions exist at the
gas-liquid interface. The interfacial temperature is calculated from

a(cy,) at

b = tL+hia§ (Hki‘HG)“EE'“h“iaikak‘a‘%’ (k. 6)
where
tL = bulk liquid temperature, °F; 1
hL = liquid heat transfer coefficlent, Btu h — ft °F
Hki = partial enthalpy of each component k in solution at concentration xki and temperature

ty Btu/lb mole;

HG = enthalpy of each component k in gas phase at temperature tG’ Btu/lb°mole.

The rate of solvent vapor condensation in the fractionator column is determined by the rate
of sensible heat and mass transfer to the interfacial surface, Removal of heat may be so rapid
that mass diffusion cannot keep up, and fog droplets may form in the gas phase, The model of a
direct-contact condenser/absorber that allows for a saturated gas is somewhat more complicated
than for the case where the gas phase remains superheated, since condensation takes place both
at the cold interface and in the main body of the gas-vapor mixture., The fractionator model

incorporates a fog mechanism, and the gas phase temperature gradient is given in this case by

EEQ = L z§g§§ﬁgﬁi In il -—f _nha (t, - t.) (ha7)
dz GCm 1~ RS'YS l-e—g G G i ¢
where
o = fraction of condensate as a mist;
A, = heat of vaporization of solvent, Btu/lb.mole;
RS = ratio of solvent mass flux to the total mass flux; 1w
FGs = solvent gas phase mass transfer coefficient, lbemole h = ft
Vg = solvent mole fraction in bulk gas;
Vo1 = solvent mole fraction at interface; o .
C_ = mean heat capacity of gas phase, Btu lb.mole °F .

m
The model seems to accurately represent the pllot plant fractionator column operation,
A fit of the model to a typical set of pilot plant experimental data is given in Fig., U, 3.
Both the krypton concentration and bulk temperature profiles are shown. For this particular
run, the fractionator was operated at a total pressure of 100 psig, a feed flow rate of
9,26 1b.mole/h, and a temperature of -18.9°F, The reboiler heat input was 26,000 Btu/h at a
temperature of 87,9°F, The model is being tested with about 4O sets of data collected over
the past year.
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The stripper column operates essentially in an isothermal mode and is therefore a much
simpler system to model than the fractionator. The fractionator model, however, can be used

to describe the stripper operation.

4,1.2 Chemical studies of contaminants in AFCT/TFCT off-gas processing
L. M. Toth and D, W, Fuller (Chemistry Division, ORNI)

A study of the behavior of ammonia in liquid dichlorodifluoromethane (R-12 refrigerant) has
been initiated to determine the general physical and chemical properties of the solution and -
the ammonia liguid-vapor distribution coefficients, Ammonia has an absorption spectrum in the
near-infrared range arising from vibrational overtone bands that occur mainly at 1500, 1970,
and 2250 nm, thus permitting analytical determinations of ammonia concentrations in the liquid
and vapor phases, Since these spectral bands are of the same origin as those of carbon dioxide,
we expect that the molar extinction coefficients will be similarly complex; in other words, they

should vary with temperature, mole fraction, and liquid and vapor phase. .
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Prior to a detailed examination of the ammonia distribution coefficients in R=12, we
sought to determine the general physical chemical behavior of ammonia in R=-12 between -40 and
+20°C, Ammonia appears to be totally miscible in R-12 above 0°C, but below this temperature,
a solubility limit is found which results in the formation of two liquid phases. Assuming that
the molar extinction coefficients for ammonia are equivalent to those of the pure liquid phase
and that there is no excess volume of mixing for the two liquids, the solubility of ammonia in
R-12 below 0°C is tentatively given by

logy (XNH3) = 2,276 - 7h3.4(1/T) , (k. 8)

where x is the ammonia mole fraction and T is the Kelvin temperature. Although there is a
solubility limit for ammonia in R-12, the solubility is great enough at its minimum (~12 mole %
at -40°C) to post few if any problems in off-gas treatment schemes. From & chemical viewpoint,
however, ammonia presents compatibility problems with carbon dioxide since the two compounds
react to form a white precipitate. More information on this chemical interaction will be
presented in the future when interactive effects of the off-gas contaminant constituents have
been investigated,

4,1.3 Noble gas solubility studies
J. H., shaffer (Chemical Technology Division, ORNL)

This activity will provide a systematic evaluation of the solubility behavior of noble
gases in R-12 refrigerant over a temperature range of about =30 to +50°C («25 to +122°F),
Current studies have been limited to independent measurements of the distribution of krypton
and xenon between the liquid and gas phases at infinitely dilute solute concentrations, The
second phase of this experimental program will consist of studies on the effects of solute
concentrations on solubility behavior.

As described previously,5 the experimental method is based on the direct measurement of

gamma-ray intensities from 85

Xr {or l33,Xe) which emit from a sealed containment cylinder under
equilibrium conditions, The shielded‘sodium iodide crystal, with a slit for collimation, can
be precisely positioned along the vertical eaxis of the cylinder in its upright position., The
erystal will yield constant count-rate data over a significant volume of either the gas or the
liquid phase in the cylinder, 5

The experimental results reported in the previous progress report” were biased by insuffi-
cient lead shielding arcund the circumference of the sodium iodide crystal. An additional l-in.
thickness of lead was required to correct this condition,

Values for krypton and xenon solubilities obtained thus far in the program are summarized
in Table 4,1, Henry's Law was assumed for these infinitely dilute solute concentrations such
that

P, = HX; = Y,P, (h9)

where
Pi is the solute vapor pressure,
Xi and Yi are the mole fractions of solute in the liquid and gas phases respectively,
Hi is the equilibrium coefficient for solute i in the R-12 solvent,
P is the total pressure in the system,
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Table 4.1. Noble gas solubilities in Refrigerant-12

Solvent density Count-rate Equilibrium
Temperature Pressure X . .
©0) (atm) ratio ratio coefficient
@ (liquid/gas) (liquid/gas) (atm)
Krypton
10 4,178 55.798 0.486 * 0.001 11336 £ 0.24
25 6.431 35.202 0.539 £ 0.001 . 121.94 +0.25
30 7.352 30.378 0.556 + 0.002 124.07 £ 0.48
50 12.034 17.161 0.626 £ 0.003 129.24 +0.57
Xenon
25 6.431 35.202 0.224 £ 0.001 50.65 +0.15
30 7.352 30.378 0.239 £ 0.001 53.33+0.30
40 9.481 22.769 0.269 £ 0.002 58.12 £ 0.35
50 12.034 17.161 0.303 £ 0.001 62.64 £0.23

Under these experimental conditions, the total pressure on the system 1s approximately that of
the saturation vapor pressure of the R-12 solvent. Since the count-rate data are proportional
to molar solute concentrations, the ratio of its mole fraction, Yi/Xi, in the system can be
expressed as

_ + (count rate) gas
Yi/Xi =1 (count rate) liquid ] [pliq/pgas]R-lE ’ (k. 10)

where p is the density of solvent in the designated phase, This expression assumes that the

total molar concentration in either phase is essentially that of the solvent, The equilibrium -
coefficient, H,, was calculated by the substitution of Eq. (4,.10) into Eq. (k. 9). Density values

and saturation vapor pressures for R-12 were obtained from Technical Bulletin T-12, E, I. Dupont

de Nemours Company, 1956, The uncertainties assigned to the equilibrium coefficient values

reflect variations in count-rate ratios from at least four independent solubility measurements

at each temperature,

4,2 Tritium Retention from Voloxidizer Process Off-Gas

W. 8. Groenier (Chemical Technology Division, ORNL) and
W. D. Hollend (Tennessee Technological University)

The purpose of this activity is to determine the effect of iodine on the operation of a
water vapor removal system for the treatment of voloxidizer off-gases. A 2-in,-diam by 30-in.-long
bed of l/lé—in.—diam type 3A molecular sieve pellets is being used to remove water vapor from an
air stream containing lodine, A series of experiments is belng conducted at gas flow rates and
iodine and water vapor concentrations designed to mabtch the expected values of these parameters
in a voloxidizer off-gas drying system. .
The original bed has now been exposed to 40 loading and regeneration cycles, Total bed
exposure time is 888 h, consisting of 240 h during loading runs and 648 h during which the bed
was loaded with iodine and water and awalting regeneration.
No major changes in bed performance have been noted in the more recent runs, although there
seems to be a slight decrease in performance combared with the first few runs. For instance,

water loading at breakthrough has been approximately 140 g in the later runs as opposed to
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approximately 160 g found in earlier runs. Also, outlet dew points in the range of -L0 to
~50°C are currently being measured, 1In earlier runs, dew points were found to be -60°C or
lowver,

In order to verify the observed changes, a new bed, ildentical to the original bed, has
been fabricated and will be installed and tested in the test apparatus., The original bed will
be kept intact should further testing be desired,

A new hydrometer probe of different design from those originally used has been received,
This probe is being used to measure outlet dew points and seems to be less susceptible to

degradation caused by the iodine wvapor,

4,3 Carbon-1l4 Removal and Fixation
A, D. Ryon and G, L. Haag (Chemical Technology Division, ORNL)

Processes for the removal of lMCOE from reprocessing plant off-gas streams and for its
permanent fixation as & carbonate are under investigation and include (1) direct fixation using
a Ca(OH)2 or Ba(OH)2 slurry in an agitated gas-slurry contactor; (2) direct fixation on solid
Ba(OH)e-hydrate; and (3) carbon dioxide removal and enrichment using molecular sieves, with
subsequent fixation. Variables being examined are the effects of gas flow rates, feed gas
compositions, and various gas impurities on the decontamination factors (DFs).

Most of the work during the past quarter has been on the installation and calibration of
a gas analyzer capable of C02 detection to 100 ppb. Following the successful operation of the
instrument, data for detecting COE in the parts per billion range in effluent gases were applied

to three methods now under study for the removal of 002 from off-gas streams.

4,3,1 Analytical instrumentation

One of the likely gas feed streams to the 002 removal and fixation process will consist of
essentially air (which normally contains about 330 ppm COE) with various reprocessing gas impu-
rities, including a small amount of 1 COQ. Experiments with such gas compositions require that
the 002

tation was brought on-line this quarter enabling 002 analysis at a concentration as low as 100 ppb.

be analyzed in the parts per million and parts per billion range. Analytical instrumen-

The Baseline model 1030 gas analyzer utilizes a chromatographic column for component separation,
a nickel catalyst bed for the methanization of Cog, and a flame ionization detector for hydro-
carbon analysis (Fig. L. L). Eventually, it may be possible to extend the lower detection limit
to 50 ppb or less,

A microprocessor can actuate many of the capabilities of the model 1030 gas analyzer at
regular time intervals; thus, gas samples can be taken in-line, thereby minimizing errors., A
ten-stream sampler will allow sampling of multiple streams, including various influent and
effluent process streams and calibration gases. Routine sampling of calibration gases is quite
important since it enables any deviation and the extent of that deviation from the instrument
calibration curve to be immediately noted.

The calibration of the 002 analyzer in the 100- to 4OO-ppb range has been completed with
gases (analyzed to x5 ppb) obtained from the Bureau of Mines Helium Operation in Amarillo, Texas.
The calibration curve has been reproducible, but the instrument response has been nonlinear for

increases in CO2 concentration, Some drift from the calibration curve has been noted during
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operation over extended time periods, However, the original calibration curve can be reestab-
lished by baking the column, The gradual drift may be due to organic compounds accumulating

on the colunmn,

4,3,2 Qas-slurry stirred-tank reactor

Previous work was directed toward determining the CO2 removal efficiency from a 3% CO2 feed
gas, since the analytical capability at that time did not permit determination of very low quan-
tities of 002 in air, The DFs for more dilute feed gases were predicted6 based on equal super-
ficial velocities (total volumetric gas flow divided by the conbactor cross-sectional area),
Recently obtained data (Fig. L,5) with a 0,033% CO, feed gas employing the new analytical capa-
bility gave accurate DFs between 3000 and 7500. A preliminary comparison of this new data
(0.033% feed gas) with the previous data (3% feed gas) indicated that predictions based on super-
ficial velocities were inaccurate and DFs for 0.033% feed gas were higher,

Initial experimental work had indicated that temperature was not a significant variable in
the Ca(OH), slurry system for CO, removal. Recent data obtained at 15 and 60°C for high Co,
removal efficiencies (Fig. 4. 5) showed a slight increase in the DF at the higher temperature
because of a slightly faster rate of 002 reaction with the slurry, However, the change in rate
is relatively small for such a large increase in temperature, which may be rationalized by
examining a rate equation developed by Danckwerts7 for a pseudo-first-order reaction with

negligible gas-side resistance:
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Dk, =[O ] 0.5
R = aHV P KLQ + 1 ’
where
R = rate of reaction, g.mole/s;
a = interfacial area, cmz/cm3;
VD = volume of dispersion, cm3;
PDF = pressure driving fogce, atm;
D = diffusivity of CO, cm /s
kOH— = reaction rate constant in the liguid phase liter s“l g-mole—l;

[0H™] = hydroxyl ion concentration, gemole/liter;

K = liquid-side mass transfer coefficient, cm/s.
The assumption of pseudo~first order which implies that the change in hydroxyl ion concentration
at the interface will be negligible has been experimentally verified in similar systems.7 As

the temperature of the Ca(COH), slurry increases, values for D and k - become larger., However
2 H

OH
this increase is offset by decreases in H and [OH_]. Other values will remain essentially con-
stant, The overall effect of temperature on the reaction rate and on kg™ D, end Tor™] is
partially damped out, since the term



h-i2

DAKOH-[OH ]
5

=2

is of the order of 1.0 and is added to 1.0 in the rate equation before the square root is taken.,
As shown in Fig, 4,5, the overall change is a small increase in the DF which results from a very
small change in the reaction rate, Although data for the Ba(OH)2 slurry system at 60°C is not
yet available, the effect of temperature on the overall reaction rate may be estimated, Changes
in H, D, and k .- with temperature should be similar to the Ca(OH)2 system, However, the [CH ]
value will increase by a factor of 6,6 rather than decrease by 0.66 as in the Ca(OH)2 system,
resulting in an overall change of a factor of 10 between the Ca(OH), and the Ba(OH)2 systems at
60°C, A more dramatic dependence of reaction rate and DF upon temperature in the Ba(OH)E systenm
may be expected. The extent of the rate increase and the possibility of appreciable gas-side

resistance will be determined experimentally.

4,3,3 €0, removal with Ba(0H), hydrates

The use of Ba(OH)2 hydrates in a gas-solid reaction was examined in greater detail with the
improved capability for 002 analysis, Differences in the reactivity of various hydrates were
examined more closely as was the feasibility of using sand as an inert material to maintain
physical properties in the bed throughout a run,

Figure 4,6 shows & direct comparison of DF capability (4. 78% CO, water-saturated feed gas)
and final product conversions for the Ba(OH),'H,0, Ba(OH)E-BHEO, and Ba(OH)2~8H20 systems (vendor
B), Each packed bed contained 0,2 gemole of =5 + 20 mesh reactant. Assuming a void volume of

0.60, the gas residence time in the reactor was approximately 3.6 s. From this and other data,
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it may be concluded that the reactivity of the various hydrates from vendor B tend to decrease
as the degree of hydration increases.8 Additional data are needed for the Ba(OH)Q-SHEO system
from vendor A before a more general statement can be made; however, this trend did not hold for
all hydrates when tested with 88% Co, feed gas. Future work will be directed toward a better
explanation of the large differences in reactivity, with added emphasis on the determination of
surface area and pore size and on the formulation of possible mechanisms.,

A significant problem with the operabion of the Ba(OH)2~hydrate—packed beds has been the
flaking of the product and the subsequent bed shrinkage, which results in an increasing pressure
drop acrosg the bed as the run progresses, Two approaches to alleviate this problem are being
examined, First, pressing the Ba(OH)2~hydrate into small pellets that might retain their struc-
ture upon conversion is being investigated., This approach has had limited success. Smaller
pellets are being examined in an effort to obtain a more rapid rate and higher reactant conver-
sion, The second approach has been the use of an inert medium to mainbtain bed porosity.
Promising results have been obtained in the treatment of low- and high—002 content streams with
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stream, the sand performed a dual purpose, Bed porosity was maintained throughout the run, and

a 1:1 volume ratio of Ba(OH).*H.O and sea sand, For €0, removal from a highly concentrated

the sand acted as a heat transfer and heat absorption medium, thereby avoiding reactant melting.
The resulting product was a free-flowing solid, in contrast to previous Ba(OH)2°H20—88% €O, runs
in which the product was an extremely hard porous solid, Decontamination factors and final

conversion data for a typical run are presented in Fig, 4. 7.
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Data for CO, removal from air using a 1:1 volume ratio of Ba(OH)2°H20 to sand is presented

2

in Fig, L4.8, Assuming a void volume of 0,6, the gas residence time in the bed was approximately

0.7 s, A DF beyond present analytical capabilities was obtained initially and then gradually
decreased with time as the mass transfer zone shortened because of bed depletion, Decontamina-
tion factors less than 7500 may be high because of the extrapolation of the calibration curve
for the gas analyzer,
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Fig., 4.8, Carbon dioxide removal from 0,033% COp—water-saturated feed gas with a Ba(OH)Q‘
Heo—sand—packed bed in a 1:1 volume ratio.

A problem assoclated with the use of sand to maintain bed porosity has been the segregation

of the sand due to differences in physical properties, primarily the density. Porous alumdum
(firebrick) will be examined since it is thermally stable, chemically inert, and relatively

cheap, and the porosity may be easily varied during firing,

h,3,4 Molecular sieve (13X) for CO, removal

Previous experimental data has indicated that the Linde 13X molecular sieve is capable of
providing DFs in excess of 330 (with excellent loading capacity) for CO, removal from air.
These results were obtained during a series of 11 runs under stringent regenerating conditions
of 300°C for 4 to 6 h in a 20-torr vacuum, = The column was repacked and regenerated and a

similar run was made at ambient conditions (20°C) rather than at 7°C, The effluent gas was



analyzed with the Baseline model 1030 analyzer, No response for CO

L-15

was obtained until CO

2 2

breakthrough; and therefore, the effluent concentration was below 50 ppb, giving a correspond-

ing DF in excess of 6000, Breakthrough was quite sharp, with the bed loading greater than 90%

of the equilibrium loading, Gas residence time in the bed was 1. h s,
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5. SEPARATIONS PROCESSES — THORIUM SYSTEMS
5.1 Laboratory Studies

*
5.1.1 BSolvent extraction kinetics
D. E. Horner, S, W, Thiel, and J, C, Mailen (Chemical Technology Division, ORNL)

Kinetic studies with falling- and rising-drop techniques have continued this quarter with
an emphasis on thorium and zirconium, The kinetic constants for the agueous-to-organic transgfer
of thorium are less precise than those reported for uranium, This results mainly from the
inability to use the rising-drop technique (organic drops) for thorium because of third-phase
formation, In the falling-drop technique, the small quantity of thorium transferred yields
relatively large errors in the calculated constants,

In thorium extractions from a simulated adjusted dissolver solution (0.5 M Th—0,03 M U~
0,03 M P—0,065 M Al-2 M HNO3),the overall results point to first-order reaction kinetics in
accordance with the assumed extraction reaction:
hla+

T + uNo3 + 2TBP = Th(NO3)u-2TBP . (5.1)

The presence of fluoride appears to decrease the extraction rates of thorium; increasing the
fluoride concentration over a fluoride-to-thorium mole ratio of 0.25 to 2,0 decreases the rate
constant by about a factor of 2, which is consistent with the very strong thorium fluoride
complex that is known to form.

Approximate values for the forward and reverse extraction constants of thorium are 1.6 x
and 1.0 x 10—3 cm/s respectively. The ratio, k'/k, of these values is 1.6, which is close
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to the equilibrium distribution coefficient of 1,2, Similar approximate values for uranium in

3

the same solution are 3,5 x 10 ° and 8.0 x ZLO_LL cm/s, respectively, with a ratio of 4 L compared
to the equilibrium distribution coefficient of 2,2,

Forward extraction rate constants for thorium at room temperature (about 20°C) and at L0°
and 60°C allowed calculation of the activation energy, ~6,6 kcal/mole, The same calculation
for the reverse extraction gives -8,1 kcal/mole, with the difference being about 1.5 kcal/mole
for the heat of reaction (enthalpy). This value can be compared to & value of 3.7 kcal/mole
previously obtainedl for uranium extraction,

Studies with zirconium are more complicated because of the presence of two or more chemical
species, the relative amounts of each being dependent on the zirconium concentration, the acid
concentration, and the method of preparation. Analyses for zirconium were made with 952r—Nb

tracer which requires that the active and the bulk zirconium be either exchangeable or in

*
This research is supported by Basic Chemical Sciences funding,
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equilibrium., To ensure that these conditions were obtained, we precipitated Zr(OH)h from a
952r—Nb spiked solution of ZrO(NOB)2 in nitric acid by adding NHMOH. This precipitate was
washed and then dissolved in nitric acid and the procedure was repeated a second time, Batch
extractions of this zirconium in 3.5 M of HNO3 solubion determined that about 50% of the
zirconium was extractable into 30% TBP—dodecane, with a distribution coefficient of 0,265,
A kinetic determination with this zirconium resulted in a forward reaction constant, k', of
about 4.6 x lO”h em/s, which gives a value of 9.2 x lO"LL cm/s when corrected for 50% unextract-
able zirconium,

Further kinetics tests are being made with this zirconium to determine the effect of TBP
concentration and to determine the order of the extraction kinetics, Batch extractions, before
and after each kinetic determination, are being made to allow corrections to the kinetic data

for the zirconium species involved in each test,
REFERENCE FOR SECTION 5
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6. SEPARATTION PROCESSES ~ URANTUM AND PLUTONIUM SYSTEMS

6.1 ILeboratory Studies
J. C. Mailen (Chemical Technology Division, ORNL)

6.1.1 Ruthenium chemistry

L. Maya (Chemistry Division, ORNL)

Evidence for the presence of a ruthenium species that is more tributyl phosphate (TBP)-
extractable than tetranitratonitrosylruthenium in equilibrium mixtures of nitrosylruthenium
nitrate complexes has been found via chromatography. The proportion of this species is a
function of the acid concentration and varies between 1 and h% between 5.5 and 15 M HNO3
respectively., This species appears to contain the nitrosylruthenium moiety since it is sus~
ceptible to photolytic oxidation,

Reversed-phase chromatography of nitrosylrutheniummitrato complexes on XAD-2 (Rohm & Haas
nonionic macroreticular resin) coated with TBP yields four different fractions by step elution
using 3 M HNO3, 5M HNO3, oM HNO3

the TBP from the resin, Work has continued in an effort to establish whether these fractions

and hexane respectively, The last treatment also removes

actually correspond to distinct molecular species, The fraction removed by the hexane is of
special interest since it containg highly TBP-extractable species, which Joonl postulated as
being dimeric, These species are the least understood, and it 1s not clear whether this frac-
tion is indeed a distinct species,

The proportions of the different nitrosylrutheniumnitrato complexes in equilibrium mixtures
have been established by a number of x:v'orkersg-LL by means of solvent extraction separations,
paper chromatography, and the use of ion exchange resins, It has been shown that a number of
species having a generalized formula, RuNO(NOS)X(HQO)y3_X, where x + ¥ = 5 and x £ 4, coexist
in nitric acid solutions, At low acid concentrations, s 3 M HNO,, most of the ruthenium is
present in the form of the low nitrato complexes, x £ 2; whereasJat higher acid concentrations,
> 8u HNOS,

plexes into TBP—dodecane increases with the nuwber of nitrato ligands bound to the nitrosyl-

the higher nitrato complexes, x > 3, predominate, The extractability of these com-

ruthenium moiety,

The fact that the nitric acid concentration determines the proportions of nitrosyliruthenium-
nitrato complexes was used to check whether or not our reversed-phase chromatography procedure
separates the mixture into different fractions that correspond to the established proportions
of the different molecular species, It was found that this was the case, The fraction collected
53+, Ruo (10,)

These complexes are collected as a single frac-

by elution with 3 M }}1\103 contains the total of the cationic complexes RLLNO(HQO)

2+ . +
(Heo)h , and cis- and trans—RuNO(NOB)Q(HQO)3 .
tion because of their poor extractability into TBP, Separation of the individual specles is

possible using an ion exchange resin, Table 6,1 shows some representative results.

6-1
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Table 6.1. Percentage of cationic nitrosylrutheninm-nitrato
complexes in various nitric acid solutions

1INO, Present Scargill
concentration . Ry
(M) experiment et al.
3 84 85
3b 38 56
8 42 39
12 21 16

“P. Scargill et al., J. Inorg. Nucl. Chem. 27: 161 (1965).
b Acd containing an additional 2.5 M NO3 ™~ m the form of
U0, (NO3), or LiNO;.

The fractions collected by elubtion with 5 M and 10 M HNO,, respectively, were found to

3)
correspond to the tri-~ and tetranitratonitrosylruthenium complexes, as shown by the results

given in Table 6.2 .

Table 6.2. Percentage of trinitrato- and
tetranitratonitrosylruthenium in nitric acid solutions

HNO; Present experiment Scargill et ai?
concentration B [ —
o0 iri tetra — tri - tetra -
3 13 3 14 1
3b 30 9 34 5
8 41 17 50 12
12 51 26 51 33

“D. Scargill et al., J. Inorg. Nucl. Chem. 27: 161 (1965).
bacid containing an additional 2.5 M NO; ~ in the form of
UO,(NO3), or LiNO;.

The chromatograms obtained using step elution showed a Gaussian peak for the first frac-
tion; however, the peaks for the tri~ and tetranitrato complexes were asymmetric, with very
sharp leading edges and long tails, which is a consequence of the relatively sudden changes in
the concentration of the eluant, The resolution and shapes of the peaks were improved by per-

. The
3

gradient was generated using two pumps. The use of a continuous gradient decreased the amount

forming the elution with a continuous linear gradient that ranged from 3 to 12 M HNO

of tailing, a finding which is of considerable importance in trying to define whether the
ruthenium retained in the column after the bulk of the sample has been eluted is just the tail
of the tetranitrato or a different species with a larger distribution coefficient (ratio of
ruthenium organic/ruthenium agueous ). It was found that apparently there is another species
that is even more extractable than the tetranitrato, which is in agreement with the findings

of Joon.l The proportion of this species was established by performing a material balance on
the ruthenium retained in the column after completing the elution with 12 M HNOS. The ruthenium
content of the last fifteen 1-ml fractions, corresponding to the tail of the tetranitrato peak,
was found to decrease in a linear fashion when plotted as the log of the ruthenium content vs
fraction number., This decrease permitted extrapolation to the amount of ruthenium still in the
column corresponding to the tail of the tetranitrato species, This amount constituted about 3%

of the ruthenium as tetranitrato, The ruthenium retained in the column was eluted with hexahe
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which also removed the TBP, Finally, an acetone wash of the resin displaced the hexane holdup

of the column and released an additional small amount of ruthenium., The amount collected by

this treatment was definitely larger than the estimate of the retained tail of the tetranitrato
peak, indicating the possibility of an additional species, The amounts of the retained ruthenium
in excess of the tetranitrabto tail are given below as a fraction of the total amount of ruthenium
originally present,

Acid content in the a b
equilibrium mixture (M) 3 8 8 12 15

Retained ruthenium
(% of total) 1.0 1.8 1,1 2,6 L1
Scontains 2,5 M LiNO..

uv-irradiated (see explanation below).

It is seen that the amount of retained ruthenium is proportional to the acid concentration

of the original solution, which, in every case, is adjusted to 3 M HNO, immediately prior to

injection into the column, This discounts the possibility that the regention is due to some
impurity in the column, Furthermore, when the amount of extractable ruthenium is reduced by
conversion to Ru(IV) by means of uv irradiation, it is seen that the amount of ruthenium
retained is also reduced, This fact proves that the retention is inherent to the solution
injected into the column and not to the process of separating the mixture, The reduction of
retained ruthenium in a solution containing a fraction of the ruthenium in the inextractable
Ru(IV) form shows that the retained species most probably is a nitrosylruthenium species of
some form, since lrradiation is known to cause photochemical dissociation of the nitrosyl-
ruthenium moiety.

Joonl concluded that the following equilibrium explained the presence of retained ruthenium:

- ‘ -
ERuNO(NO?))LLHEO < [RuNO(NO,, ). H 0], + ano,” .

3’372 3
He arrived at this from a correlation between the log of [tetranitrato]g/[dimer] vs the log of
the activity of the nitrate ion. The correlation appeared as a straight line with a slope of
2. The data collected in our work does not agree with Joon's observations; a similar plot
yvields a slope of less than 1, Some of the discrepancy might stem from the fact that Joon did
not consider the retention of part of the tail of the tetranitrato, Conversely, the fraction
taken by him as tetranitrato might have contained part of the so~called dimer that had "leaked"
by excessive elubion with 10 M HNO.,.

Additional evidence that the ;etained ruthenium might constitute an additional species is
derived from the fact that the ruthenium distribution coefficient of this fraction, as obtained

under comparable conditions (3 M HNO, and 30% TBP in dodecane), is about 3.0, This coefficient

is significantly greater than that og the tetranitrato species, which has a distribution coeffi-
cient of 1.6, The distribution coefficient for the trinitrato species is 0,97, and that for the
cationic mixture is 0,023,

The nature of this retained specles is unknown; as mentioned above, it appears to contain
the nitrosylruthenium moiety, No quantitative correlation could be found with any of the com-
ponents of the mixture, The retained species amounts to about 10% of the tetranitrato species
and is inversely proportional to the water activity, which indicates that this species is
formed by the dehydration of the simpler units, possibly through the formation of aqua or

hydroxo bridges, Preliminary tests were done to examine the feasibility of isolating enough
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of this material for chemical characterization, It was found that the hexane fraction could be .
washed free of acid, with a L0% loss of activity, and then treated with sodium hydroxide to

transfer most of the activity into the aqueous phase which could then be analyzed for ruthenium

and nitrogen, The washing step is required to eliminate the nitric acid present in the system,

Spectroscopic characterization of the species appears to be quite involved and uninformative in

view of the relatively low concentration and the uncertainty as to the stability of the species

once it is isolated, Fubture work will be directcd at cstablishing the stability of extracts

containing this newly isolated species, Attempts will be made to determine the ruthenium to

nitrogen ratio in this species,

6,1,2 TFast-contactor studies

J. C. Mailen, D, E, Horner, J, R. Coggins, and S. W, Thiel (Chemical Technology Division, ORNL)

Kinetic constants for interphase transfer obtalned in drop tests are being used to calculate
the relative transfer of uranium and zirconium as a function of time and interfacial area per
unit volume, The differential equabtions used to describe the transfer are identical to those
developed and used in the drop tests,5 The applicability of the calculation method and the
kinetic constants are being examined in solvent extraction lests usirg on experimental fast
contactor,

Fast~contactor tests, The experimental contactor consists of a Kenics motionless mixer

and a high-speed centrifuge supplied by Metallextraktion AR of Sweden, Figure 6,1 is a photo=
graph of the unit, In operation, the aqueous and organic feeds are delivered from pressurized
tanks through flexible lines A and B to the Kenics mixer, C, An advantage of thig system is
ihe ease of substitution of experimental mixers for the unit shown, After mixing and phase
contact, the streams pass into the centrifugal separator, D, The separator is driven by the
motor, E, and can be controlled at speeds between 5000 and 25,000 rpm. The separated streams
exit the separator, pass through rotameters, and are collected at the exits of lines F and G,
in the tests of this unit the centrifuge speed has been 12,500 rpm, the organic-to-aqueous ratio
has varied from about 1 to 9.5, and the total flow has ranged from 250 to 630 ml/min.

The data used for calculating the transfer of uranium and zirconium are listed below,
Concentrations used in the contactor tests are:

Tnitial uranium concentration (agueous), 0,042 M

Tnitial uranium concentration {organic), O

Initial zirconium concentration (agueous), 0,0099 M

Initial zirconium concentration (organic), O

3

Aqueous~to-organic uvranium rate constant, 7.2 x 10" cm/s
Organic-to-agqueous uranium rabe constant, 2 x lO"h cm/s

Fraction of zirconium transferable, 504

Agueous~-to-organic rate constant, extractable zirconium, 9.2 x ZLO'11L cm/s

3

Organic-to~agueous rate constant, extractable zirconium, 3,47 x 10° em/s

Data from the contactor tests are analyzed as follows: First, computer calculations
generate a 1ist of uranium distributions as a function of time and interfacial area per unit
volume, Then, using the experimentally determined uranium distributions and their respective
known contact times, values of the interfacial area are correlated with the experimental agueous
and organic flow rates, The following equation gives the area created (square centimeters per

minute) vs the agueous (FA) and organic (FO) flow rates in cubic centimeters per minute, ‘
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Fig., 6.1. Mixer and centrifugal separator,

In A= =4, 33+ 1.28 in FA
R2 = 0,993 (for nine runs).

+ 1,36 1n Fo (6.1)

This equation is then used to calculate the interfacial area per unit volume to be used in
calculating the expected zirconium distributions. Additionally, the computer calculations
can be used to examine the predicted uranium and zirconium separations at times up to equilib-
rium to determine the predicted presence or absence of a maximum separation factor.

Figure 6,2 shows the results of calculations of the uranium distribubion and the urenium-
zlrconium separation factor for conditions of one of several experimental runs, This particular
calculation shows a flabt meximum in the separation factor occurring where the uranium distribu-
tion is about 95% of its maximum value; however, the advantage over operating near equilibrium
is not great. According to these calculations, at very short contact times the separation
factor declines markedly., Also note the very small degree of transfer obtained with the present
contactor., A new and, hopefully, more efficient contactor has been designed and constructed;
this unit will be tested in a similar series of experiments,

The zirconium data from the contactor studies are given in Table 6,3, The reasons for the
difference in zirconium distributions determined bv wet chemical methods and x-ray fluorescence

are not known; the x-ray fluorescence data are thought to be more accurate due to the lesser
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Fig, 6,2, Calculated uranium distribution and the uranium-zirconiim separation for a

Kenics mixer,

Table 6.3. Calculated vs experimental zirconium distributions
(D, ) from contactor tests

Run Tot:ilielow Organic-'to-aqueous Dhﬂ D, b Calculated
(ml/mumn} ratio i : Dz
1 267 4.4 0.016 0.025 0.021
2 448 5.2 0.024 0.034 0.024
3 629 5.1 0.034 0.042 0.029
4 461 9.45 0.016 0.013
5 441 1.3 0.032 0.03 0.06

¢ Experimental data, analysis by wet chemistry.
bExperimental data, analysis by x-ray fluorescence.

number of sample manipulations required., The calculated zirconium distributions for the first

four runs are seen to be in reasonsble agreement with experimental data, but about 30% low,

which could be due to many possible sources of error, including both the uranium and zirconium
kinetic constants and the fraction of extractable zirconium. The calculated and experimental

values in the last run are grossly different. Obviously, much more effort is required before

zirconium behavior can be adequately predicted.

One advantage of the Kenics mixer is that correlations exist which allow the calculation

of approximate drop size and area per unit volume for specific flow c
shows the recommended correlation for drop diameter vs Weber number,
used in this plot are defined below.

Weber number: We = Sl s

Ts

where

p = density of the continuous phase (in these tests this was the organic phase), 0,81k g/cmS;

V = average axlal velocity in the mixer;

D = inside tube diameter, 0,0984 cm (0.25 in,);

Figure 6,3

The various guantities

onditions,



ORNL DWG 78-9611

3
- O
“os
- oy
l - \\ 02
— - 00
-~ L KENICS SR
S L CORRELATION ~x
oy
- S
Ol | \ { Lot { L | A O
| {0 i00
Dv2p
We = —5—

Fig, 6.3, Sauter mean drop size vs Weber number,

o = interfacial tension, 14,5 dynes/cm;

Sauter mean drop diameter, D= , where ¢ = volume fraction of dispersed phase and

&y = area per unit volume, R
The dashed line is the correlation given by Kenics Corporation, An alternative way to examine
the data is shown in Fig. 6,4. Here, the area~to-volume ratio determined from the uranium
transfer data is plotted vs the area-to-volume ratio given by the Kenics Corporation correla-
tions, The agreement is seen to be good,

Several important conclusions can now be drawn:

1. The kinetic constants for uranium transfer determined in the drop tests can be used to
calculate uranium transfer in a contactor of the Kenics type.

2, Since item 1 is true, 1t is concluded that the mechanism for uranium transfer is such that
transfer rates are not affected to any large extent by the additional mixing encountered
in the Kenics mixer,

3., This conclusion (item 2) raises significant doubt about diffusion as the controlling mech-
anism in uranium transport; thus we believe that bulk-phase diffusion is not the controlling
mechanismn,

New mixer design. A new two-phase mixer has been designed for use in these studies which,

it is hoped, will allow attainment of a large fraction of the equilibrium distributions. The
mixer was designed with input from G, J. Bernstein of Argonne National Lsboratory and W. F., Johnson

and T, F. Sliski of ORNL. This mixer consists of a power-driven spindle which rotates, creating
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correlations,

shear between it and a stationary plate, The phases to be mixed flow to the center of the sta-
tionary plate, are mixed, and are collected at a ring at the edge of the mixing zone, 1If the
mixer should be overloaded with solution, the excess overflows through another collecting ring

at a higher level,

6,1.3 Plutonium-uranium disbribution coefficient studies

J. H. Paehler, J, B. Knauer, and M, H, Lloyd (Chemical Technology Division, ORNL)

Experiments are being carried out to obtain plutonium and uranium distribution coefficients
for the 30 vol % TRP-normal dodecane (NDD) system as a function of the nitric acid and uranium
concentrations at different plutonilum concentrations: 2 g/liter, 10 g/liter, and tracer level,
The acid and uwranium concentrations were varied from O,1 to 45 M and from O to 350 g/liter
respectively,

The organic phase used in all experiments was 30 vol % TBP-WDD. Bach aliquot of 30% TBR-

NDD was preequilibrated with an equal volume of the HNO, concentration with which it was to be

used, The aqueous feed solubtions were prepared by combgning the proper volumes of uranium,
plutonium, and nitric acld stock solutions to obtain the desired concentrations, followed by
dilution of 10 ml with water, The plutonium stock solutions contained 8,4 mg/ml of plutonium;
mass analysis showed these solutions to contain 98, 5% 239
activity of 7.28 x lO7

Stock solutions of 8 and 10 M HNO3 were also prepared and standardized.

Pu and to have a calculated specific

cpm/mg., The uranium stock solution contained 495 g/liter of 238U.

The extraction technique congisted of batch contacting 5 ml of each aqueocus feed with an

equal volume of the proper, preequilibrated organic phase, Phases were contacted at about
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25°C for 5 min using a vortex mixer, Following the extractions and phase separation, both the
organic and aqueous phases were sampled and then submitted to the analytical laboratory for
gross alpha, Davies-Gray uranium, and acid analysis.

During this report period two series of experiments at 2 and 10 g/liter of plutonium have
been completed at the acid and uranium concentrations described., At 2 g/liter of plutonium,
the distribution coefficients for plutonium increase regularly with increasing nitriec acid

from a value of 0,03 at 0,1 M HNO. to a value of 30 at 4.5 M HNO3, with no uranium present,

3

As would be expected, increasing the uranium concentration depressed the Pu(IV) distribution

coefficients significantly to a value of 0.5 at L,5 M HNO,, with 350 g/liter of uranium present

s
in the aqueous feed solution, ’

Uranium distribution coefficients at 2 g/liter of plutonium over this acid concentration
range also decrease with increasing wranium concentration, Distribution coefficient values
for uranium increased regularly from 0,3 to 48 with increasing nitric acid at 5 g/liter of
uranium, Increasing the uranium concentration in the aqueous feed solutions to 350 g/liter
decreased the uranium distribution coefficient to a value of 0,55, which remained counstant
over the entire acid range.

Very similar Pu(IV) distribution behavior was observed in the comparable series of experi-
ments with 10 g/liter of plutonium, Increasing the plutonium concentration, however, did
slightly depress the values of the Pu(IV) distribution coefficients obtained., For example,
with no uranium present the plutonium distribution coefficients increased regularly with in-

3 to 25 at b5 M HNO.

distribution coefficients wag again noted with increasing uranium concentrations. The uranium

creasing nitric acid from 0.12 at 0.1 M HNO A decrease in plutonium

distribution coefficients remained virtually unchanged at the higher plutonium concentration,
In the next report period an additional series of experiments will be made over the same

uraniuvm and acid concentrations at tracer-level plutonium,
6.2 Cold Process Development

6.2.1 Development of the mixer-settler system

W. D. Bond, V., C. A, Vaughen, H., C, Savage, and F, A, Kappelmann (Chemical Technology Division,
ORNL)
Two experimental solvent extraction runs, each using two 1l6-stage mixer-settlers, were made

during this report period, In the first run, PS-2, the flowsheet was modified from previous

7

runs' by eliminating the scrub section in the A bank and using all 16 stages for uranium extrac-
tion, The feed stream acidity was reduced to make the extraction less efficient, which should
have produced more uniform uranium concentration profiles in all extraction and stripping stages
and also increased the uranium concentratiéns in the aqueous raffinate and organic waste streams
so that those concentrations remained above the limits of analytical detection, » 1 x ZLO-LL g/liter.
One should then be agble to obtain many stages of extraction data to allow good comparison to be
made between the experimental results (concentrations of uranium and acid in all stages) and the
SEPHIS predictions. The main flowsheet parameters are given in Table 6.k,

The uranium feed simulated a combined scrub and feed at low acidity (249 g of uranium per
liter &t 0,27 M HNO3

instead of the 300 g/liter at 2.50 M HI\IO3 used in previous runs), The feed
stream flow rate was increased from 8.4 to 11.h cms/min to maintain the same aqueous-to-organic

flow ratios used in previous runs, The scrub section was eliminated by adding the feed in stage
17 rather than in stage 25. This provided 16 extraction stages, The composition and flow rates

of the other streams were the same as those in previous runs,
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Table 6.4, Feed stream flow rates and compositions
during solvent extraction run PS-2¢

" Flow rate b
Feed stream Composition (cm? fmin) Stage
Feed (AF) 249 g Ufliter 12.0 17
Solvent (AX) 30% TBP~NPH® 294 32
Strip (CX) 0.10 M HNO, 336 !

4 Agitator speeds: 1100 rpm with split-bladed agitators in the

extraction bank; 1000 rpm with solid-bladed agitators in the strip bank.
bStrip bank: stages 1 to 16; extraction bank: stages 17 to 32.
“Normal paraffin hydrocarbon.

Run PS~2 was operated for 12 h, For the first 1.5 h, the feed stream (AF) contained only

0.27 M HNO3 (no uranium) to allow equilibration of the acid in the system. After 5,5 h operation

with the uranium feed, the agitators and feed streams were stopped and samples were taken of the
aqueous and organic phases in each of the 32 stages., The feed tanks were refilled, The run was
restarted and continued for an additional 5.0 h before it was terminated and a second set of
samples was taken, Flowing stream samples of the uranium product, the aqueous raffinate, and
the organic waste were taken at regular intervals (usually every 0.5 to 1 h), All samples were
analyzed for uranium and nitric acid. The results of this run and a comparison with SEPHIS
predictions are given in Sect, 6.2,2,

The second run, PS-3, was completed, but analytical results are incomplete, The purpose
of run PS-3 was to duplicate the equipment and procedures to be used in the Solvent Extraction
Test Facility (see Sect. 6.3). These included the use of solid-bladed agitators in both the
extraction and strip banké, the use of recycled solvent, refilling the feed tanks during opera-
tion without shutdown, and control of the uranium feed stream (AF) by controlling the feed tank
pressure (instead of using an in-line control valve), The uranium product sbream (CU) was con-
tinuously monitored with a Mettler flow-through density meter, Feed-stream flow rates and com-
positions were identical to those uged in previous runs.8 Run PS-3 was operated for 14,5 h
without incident except for a temporary decrease (~15%) in the uranium feed-stream flow rate

during the on-line refilling operation, The flow rate was restored without difficulty,

Flow control systems, The flow rates of all feed streams are controlled by differential

pressure transmitters and recorder/controllers. In run PS-1, all the flow control systems were
pneumatic., As previously reported, = the flow control systems on the solvent (30% TBP-VPH),

strip (0.1 M’HNOSL
was poor control of the uranium feed stream (300 g of uranium per liter at 2,5 M HNO3) flow

and scrub (3.0 M HNO3) streams performed well during the run, but there

rate, An electronic differentisl pressure transmitter and controller (Foxboro) was installed
in the uranium feed stream for run PS-2, An electronic-to-pneumatic converter (Leeds and
Northrup) was used to convert the electronic signal to pneumatic output for operation of the
in~line control valve,

During run PS~-2, the control of the flow rates for all input streams was excellent for
the first 8.5 h of operation. At this time, a decrease in the feed streem flow rate (from
about 12 to 1l.h4 cmS/min) was observed for about 1 h, An adjustment in the controller setting
was required during the last 3.5 h of operation (1.5 h after recharging the feed tanks) to
maintain the feed stream at the desired flow rate, During this latter period, flow rate devia-
tions in the uranium feed stream up to a maximum of about % 6% occurred, Flow rate deviations
were less than + 2% during the first 8,5 h of operation, The flow rates before and after the

mid-run shutdown are summarized in Table 6,5,
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Table 6 5 Summary of flow rates of the feed streams during
solvent extraction run PS 2

Flow rate, liter/h

Feed stream

Minimum Maximum Mean Standard deviation
Feed (AF) a 0692 0722 0707 + 0008
b 0682 0759 0715 +0 020
Solvent (AX) a 173 181 177 + 0023
b 175 185 180 +0036
Strip (CX) a 198 209 202 0026
b 196 207 201 +0026

?First 5.5 h of operation with uranium feed
byast Shof operation after shutdown to refill feed tanks and sample all stages

The feed flow rate problem in run PS-2 is believed to have been caused by a malfunctioning
pneumatic flow control valve, For run PS-3, the feed control system was revised to duplicate
the system to be used in the SETF; in this system the flow control valve was replaced with a
Lee Visco Jet (The Lee Company, Westbrook, Connecticut) orifice restrictor, and the flow rate
was controlled by varying the feed tank pressure,

While flow control was generally very good during run PS-3, a flow rate decrease of about
15% in the uranium feed stream occurred during the on-line feed tank refilling operation (after
8.0 h of operation). The solvent, scrub, and strip flow rates were not affected. Tentatively,
1t has been determined that the decrease in the feed stream flow rate was caused by improper
settings in the electronic controller; therefore, there was an inadequate controller response
to the momentary upset of the feed tank pressure during the refilling procedures, The system

will undergo further testing in future runs.

6.2,2 Application of the SEPHIS program to flowsheet evaluation

V. C. A, Vaughen, A, D, Mitchell, and H, C., Savage (Chemical Technology Division, ORNL)

The SEPHIS compuber model of the solvent extraction operations of the Purex process is
designed to be used in flowsheet development and to predict the effects of variations in operat-
ing conditions. In developing the model, several approximations and assumptions which deal
primerily with the ideality of the fluld flow and mass transfer in the process were made to
simplify the system, These approximations lead to differences between predicted and experimen-
tal results, It is important for the user of the program to understand where these differences
will occur, and what conditions in the contractor or the program cause the differences, In
comparison with recent experimental runs, several generalizations are made concerning the accu-
racy of the predictions made by the program. Recent changes which have been made in the SEPHIS
program have improved both the transient and the steady-state predictions,

In experimental run PS-l, which was reported last quarter,9 the transient response of the
uranium and the nitric acid in the product stream was repeatedly sampled, The SEPHIS program
was able to predict the time delays and the curve forms found in the experimental uranium
response curve.9 The predicted nitric acid response curve and the experimental data are shown
in Pig, 6.5. The SEPHIS prediction follows the experimental data quite well up to the 5 h
mark, Beyond that time, however, the experimental daba show an abrupt but modest change that
was not predicted, This difference could be due to an unmonitored upset caused by the contac-
tor shutdown at 4 h., The concentration of the product stream is highly dependent upon the
relative flow rates; therefore, the accuracy of the transient curves is gratifying, particularly
since the most closely monitored flow rate was measured only once an hour while others were

measured less frequently.
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Fig. 6.5. Comparison of the product stream nitric acid concentration response data (run
PS-1) with the SEPHIS prediction using the measured flow rates,

In run PS-1, sets of profile samples were taken at 10 and 12 h after the start of the
uranium feed., Figure 6,6 shows the experimental and the calculated profile for the agueous
uranium after 10 h, There is good agreement between the experimental and predicted values in
the scrub section (stages 17 to 24) and in most of the strip section (stages 1 to 16). The
feed stage (stage 25) has an experimental concentration much larger than the predicted value,
which was probably due to incomplete mixing of the feed stream with the contents of the mixer,
The extraction section (stages 25 to 32) was poorly predicted. Stages 25 to 27 follow the
SEPHIS slope, but the final stages show no regular pattern., Figure 6.7 shows the experimental
profile and the calculated profile for organic uranium after 10 h, Again, there is good agree-
ment in areas of high concentration; however, the agreement is poor at lower concentrations,

The next mixer-settler run (PS-2) was made to investigate the efficiencies of the mixers,
Conditions were selected which gave relatively poor extraction so that the uranium concentra-
tion could be analytically detected in each of the sixteen extraction stages, Profile samples
for run PS-2 were taken at 5.5 and 10.5 h, Figures 6,8 and 6.9 show the agueous and organic
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uranium profiles after 10,5 h of uranium operation, Predictions with the present and modified
SEPHIS programs are shown — in this case, they differ considerably. This emphasizes the impor-
tance of the changes made in SEPHIS for the modified version., The experimental data points in
the extraction section (stages 17 to 32) show the same type of straight line as seen in the
predictions; however, the slope is quite different, The strip section (stages 1 to 16) was
predicted fairly well in regions of high concentration,

It is important to determine what causes discrepancies between the experimental and SEPHIS

calculated values, Sources of inconsistencies which have been identified in these tests include:

1. Stage efficiency — The SEPHIS program assumes 100% stage efficiency and thus camnot accom-
modate the lower efficiencies encountered in various types of contactors, In both runs, a
significant amount of entrainment in both the organic and agueous phases was observed in
the contactors in the regions of low uranium concentration, Thus the substantial deviations
between predicted and experimental values at low uranium concentrations resulted, at least
in part, from the back-mixing (stage inefficiency) caused by entrainment,

2, Errors in chemical analysis of samples — In run PS-2, the analysis of feed stream acidity
makes actual run conditions highly uncertain, The feed stream analysis showed 0.27 M nitric
acid, whereas the profile samples suggested that the feed contained only 0,21 M nitric acid,
A SEPHIS prediction with the lower acidity would produce predictions much closer to the
experimental results,

3. Unceritainty in the calculated distribution coefficients — The SEPHIS program usually predicts
exceptionally low waste stream concentrations; however, the accuracy of the distribution
coefficients calculated by SEPHIS for very low concentrations is not known. Such low
concentrations result from a mathematical calculation to values much less than those used
in the data base for SEPHIS,

L, Experimental upsets — Both transient and steady-state data indicate that the strip section
was disturbed by the experimental procedure. These disturbances resulted in an increase
in the uranium concentration in stages 1 to 5 by as much as a factor of 100, Run PS-2
demonstrated that the stripping bank is very slow to recover from such disturbances. Any
flow disturbance will distort the profile values, and sections with low flow rates, such
as the stripping bank, will be particularly slow to return to steady-state conditions.

Any one of these causes could produce the observed differences between the experimental and
calculated concentrations for runs PS-1 and PS-2.
The SEPHIS program can be used to predict both transient and steady-state concentrations

in solvent extraction contactors; however, due to both Iimitations in the mathematical model

and events that occur in actual equipment, differences will always exist between the predicted
and actual results, Experimental transient results have demonstrated the ability of the program
to predict the timing of waves of solute passing through the contactor, Steady-state results
have indicated which sections of the contactor were satisfactorily simulated by the program and

showed regions which were poorly predicted,

6.3 Solvent Extraction Flowsheet Test Facility
L. J. King and Staff of the Transuranium Processing Plant (Chemical Technology Division, ORNL)

The Solvent Extraction Test Facility (SETF) being designed and fabricated for installation
in cell 5 of the Transuranium Processing Plant (TRU) will be used to evaluate and demonstrate
solvent extraction flowsheets (e.g,, Purex, coprocessing, spiked) and flowsheet improvements

that are either developed in laboratory studies or identified as potential improvements.
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6.3.1 Status

About 100 of the estimated 150 drawings required for the SETF have been approved, The
remaining drewings are undergoing final review,

The TRU equipment rack that was located in cubicle 5 has been moved to cubicle 4; all
other TRU equipment that was in cubilcle 5 has been moved, The cubicle has been decontaminated
extengively to permit the removal of the shielding block so that service lines and penetrations
in the top of the cubicle can be modified,

The oil-filled bulk shielding window was disassembled, internal surfaces were cleaned, and
the window was refilled with fresh mineral oil and reinstalled., The jumper lines for inter-
connecting equipment in the cubicle have been fabricated and fitted on the mock-up jig.

About 90 TRU jumper lines were removed and discarded in the cell 5 tank pit. The Lline
bundle connecting the cubicle and pit and one of the two existing tank-support bars in the pit
were removed and discarded. One TRU tank each from pits 2 and 6 were interchanged with a tank

in the cell 5 pit, New support bars were installed on the west side of pit 53 several of the

tanks in the pit were fitted with tank support extensions, and the five tanks in pit 5 were
positioned on the support bars., Two new service plugs were installed in the south wall of
the pit to provide additional service lines that will be required when the two additional
tanks are installed, The two new tanks, which are annular for criticality-control purposes,
have been fabricated and calibrated and are being stored at TRU awaiting installation, The
two new line bundles that contain process lines for connecting the equipment in the cubicle
to the tanks in the pit have been installed, All of the in-cell jumper lineg that connect
the tanks on the east side of the pit to the east-side line bundle, as well as the service-
entry plugs in the south wall of the pit, have been installed, All of the tank service lines
(solution addition, instrumentation, and jacket steam and water services) have been connected
from the sources of service to the service-line entry plugs located in the south wall of the
pit.

Nineteen new instrument transmitters have been installed on the transmitter rack located
in the cold-solution makeup area, The TRU recorders, indicators, and controllers in the main
control panel have been relocated to make room for SETF instrumentation. Three new sections
of panel have been installed, several panel sections have been rebullt, and installation of
the SETF instruments in the control panel is in progress, All of the bundles of pneumatic
tubing and electrical wiring to the control panel, the transmitter rack, the makeup-area tank
islands, the cubicle-service-entry plug, and the pit-service-entry plugs have been ingtalled,
and connections to individual instruments and junction boxes are being made,

The glass-pipe cold-solution makeup tanks and feed burettes have been installed in the
makeup-aresa tank islands, and process and instrument connections are being installed., New
piping and valve manifolds have been installed for the spargers and the jacket water services
to the SETF pit tanks,

Of the three racks of equipment that are to be installed in the cell 5 cubicle, the rack
containing the ion exchange system and the samplers for the pit tanks has been fabricated,
checked out at TRU, returned to the shop for modifications, and is now stored at TRU pending
placement in the cubicle, The dissolver-feed adjustment rack 1s in the final stages of assem=
bly in the fabrication shop. The mixer-settler rack frame has been fabricated, and the mixer-

settlers have been modified by the addition of sampler-access pots and radiation-monitor flow

elements. A jig has been fabricated to ensure that the existing mixer-settlers and any replace-

ments are interchangeable., Interconnecting piping is being installed on the rack.,
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6.4 Analytical Chemistry Development
D. L. Menning (Analytical Chemistry Division, ORNL)

Using Dexil~300 as a stationary phase, a study was made on the gas chromatographic separa-

tion of several classes of high-boiling organcphosphorus compounds of interest in nuclear fuel

cyele technology, Dexil-300 (carborane-methyl silicone) can be used to LOO+°C and is reported

10-11

to be the most thermally stable stationary phase ever developed for gas chromatography.

A manuscript describing this work has been prepared and 1s belng reviewed for publication

as an ORNL/TM report. The abstract follows:

10.
11,

Several types of selected organophosphorus compounds of interest in nuclear
fuel cycle technology were investigated by gas chromatography using Dexil-300 as
a stationary phase and a hydrogen flame ionization detector, Dexil-300 is noted
for its thermal stability at high temperatures and appears well-suited as a sta-
tionary phase for the separation of a wide variety of high-boiling organophosphorus
compounds, The substances studied are representative of the trialkyl phosphate,
the dialkylalkyl phosphonate, organophosphorus acid, and the trialkylphosphine
oxide class of compounds.
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7. URANIUM HEXAFLUORIDE CONVERSION
C. P. McGinnis (ORGDP)

The Engineering Department of DuPont has completed the preliminary design of the uranyl
nitrate conversion plant, and an ORGDP review team has completed a study of the design drawings,
A meeting was held at Savannah River Laboratory April 11 to review and discuss comments result-
ing from the study.

The fabrication of a system to conduct trapping studies on the removal of impurities from
uranium hexafluoride is 80% complete. Shakedowm work will be performed during the next quarter,
Supports for the absorbent beds have been obtained for testing.

A flow factor analytical tool is being installed to determine the flow properties of solids,
This data will be useful in designing mass flow hoppers for the conversion plant, Uranium tri-

oxide, procured from the Paducah Gaseous Diffusion Plant, will be tested initially,



8. RADIOLOGICAL TECHNIQUES FOR ENVIRONMENTAL IMPACT
ASSESSMENTS OF ALTERNATE FUEL CYCLE TECHNOLOGIES

D. C, Kocher (Health and Safety Research Division, ORNL)
8,1 Building Shielding Effects

As discussed in a previous report,l it is difficult to accurately calculate buildup factors
for photon energies below 0,5 MeV in materials such as wood and aluminum for which published
factors are not available, The building shielding effects computer code previously calculated
buildup factors for energies below 0.5 MeV in air, water, and aluminum, using the so-called
linear form., It has been shown, however, that the linear form can overestimate buildup factors
by as much as a factor of 5 when compared with published values and other more accurate analyt-
ical f‘orms.2 For photons in air, published buildup factors in the energy range 15 keV to
10 MeV3’u have now been incorporated into the code, so that uncertain extrapolation procedures
are no longer required at low energies, For wood and aluminum, buildup factors below 0.5 MeV
are assumed to be the same as the values for water5 and concrete, respectively, because of the
similarity in average atomic number and atomic weight between the corresponding pairs of mate-
rials., This approximation should provide more accurate buildup factors than the linear approxi-
mation.

Recommended values of internal and external dose reduction factors for a source term for a
hypothetical fuel reprocessing plant,7 which are applicable to population dose assessments for
each of the four regional U.S. sites, were calculated and transmitted to Savannah River ILaboratory.
The recommended internal dose reduction factor for inhalation exposure to radionuclides occurring
in particulate form is 0.7. For 3H, luC, and 85Kr, the recommended value is 1,0, As a result,
no reduction exists in inhalation dose from residence inside buildings during a2 chronic release
of these nuclides.8 For external photon exposure, the recommended dose reduction factor is
0.6-0.9, depending on the prevalent construction material for single-family dwellings in the
particular region., The 0.6 value applies to regions such as the southwest where brick and stone
construction predominates. The 0.9 value applies to regions such as the upper midwest where
wood is used extensively. For the southeast, where both types of houses are found, an average
of the two values is appropriate,

The recommended dose reduction factors for the regional assessments are probably conserva-~
tive, that is, they underestimate the shielding effects of buildings on the population exposures.
The reference structure for the calculation is a one-story single-family dwelling, Thus, we
have ignored man's residence inside buildings that provide greater protection against radiation,
such as schools and office buildings., Possible protection from the mutual shielding of buildings
in urban environments has also been ignored,

A draft manuscript describing the bullding shielding effects models and the computer code

used to perform the calculations is being prepared.
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8.2 Resuspension

Resuspension is the entrainment into the atmosphere of those radionuclides that were
originally airborne but deposited on the ground surface, This process can be described by

the resuspension factor K, defined as

K =

resuspended air activity (Ci/m3) (8.1)
deposited ground activity (Ci/mg) ) o
Thus K has units of mnl.

In radiological assessments during periods of chronic release of radionuclides to the
atmosphere, 1t is usually assumed that resuspension makes a negligible contribution tc the
total air concentration, The validity of this assumption has been investigated for various
models that have been proposed for the resuspension factor., Particular emphasis has been
placed on potential resuspended air concentrations during the operating lifetime of a fuel
reprocessing facility located at Savannah River ILaboratory.

In this analysis, 1t is assumed that the chronic release results in a steady-state air
concentration prior to deposition, given by QA in Ci/ms. The value of QA is unimportant
since the desired ratio of the resuspended alr concentration to the air concentration from
the release is independent of Q,A and depends only on the assumed deposition velocity and
resuspension factor,

The resuspension factor is often expressed as a time-dependent quantity, K(t), in order
to account for the effects of downward migration of the deposited activity into the soil and
other weathering effects. If at time tl’ a quantity of activity Qs(tl) in curies per square
meter is deposited on the ground, the resuspended air concentration, R, from the activity at

some later time, t,, is given by

R(t,) = 0 (b) K(b, = t))e My = ty) (8.2)

where ) is the radioactive decay constant., Therefore, for a continuous release beginning at

time O, the resuspended air concentration at time t is given by
t ’
-a(t -t
R(t) =f o (") K(t - t7)e M Jay (8.3)
0

It is understood that time t is within the operating 1ifetime of the facility., With our
assumption of a steady-state air concentration prior to deposition, the deposited activity

per unit of time is a constant given by

7y =
Q(t') = a,= Qv >
where Va is the deposition velocity, Therefore, we obtain
® -t - t")
R(t) = Q,v K(t - % )e as’ . (8.4)
Ad o

The consequences of this result were investigated using different assumptions for the resus-

pension factor,
In the Reactor Safety Study,9 the resuspension factor is assumed to be

K(t) = Ke + K s (8.5)

K =107 o, x =107 0, xk:o.677year“l
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5 -t

That is, the resuspension factor is assumed to be 10°
9 =1
m

immediately following deposition and
to decay by a simple exponential to a value 10° after 17 years, after which time it remains
constant, With this assumption for K(t), it is easy to show that the resuspended air concentra~-
tion is a monotonically increasing function of time and thus, has its maximum value atbt the time
of facility shubtdown. If it is assumed that the radiocactive half-life is long compared with the

lifetime of the facility, which tends to increase R(%t), we obtain

Ko -At
R(t):QAvd E(l—e k)+Ke‘c:l .

Assuming a LO-year operating lifetime and a deposition velocity of 1 cm/s, the maximum resus-
pended air concentration becomes
R(L40 years) = L. 7 G -

Thus, in this model, after L0 years of continuous release and deposition, the resuspended air

concentration is larger than the steady-state air concentration itself,

Another published parameterization of the resuspension faetorlo is
2
K(t) = K e + K > (8.6)
[ T, - - -
KO =10 m = R K3 = 10 9 mAl , lk = 0,15 day 1/e .

The substitution of Eq, (8.6) into Eq. (8.4) and the neglect of radiocactive decay yields a

maximum resuspended air concentration of
R(4O years) = 7.7 Q

which is again much larger than QA itself,

If we assume that the deposition velocity of 1 cm/s is reasonable, then it is clear that
the large values of resuspended air concentrations obtained from Eags, (8.5) and (8.6) result
mainly from the assumed values of the initial resuspension factor KO and the time constant Xk‘
The values used in the models are certainly open to gquestion., The values of KO are based on
measurements at the Nevada Test Site under desert conditions which are not encountered in other
regions of the United States, particularly the southeast. The rate at which the resuspension
factor decreases to its equilibrium value of 10_9 m_l is also quite uncertain,

Bennettll has suggested that measured air concentrations and surface deposits of plutonium
fallout during periods of atmospheric weapons testing place an upper limit of 5 x ZI.O"6 m_l on
the initial resuspension factor, although, according to Bennett, "only a value several orders
of magnitude less begins to look realistic."” Since the fallout data were measured in New York
State, it should be applicable to the southeast. Use of the value KO = 5x 10_6 m_l in Egs. (8.5)
and (8.6) gives R(L4O years) = 2.4 Q, and R(40 years) = 0.4 Q, respectively. Thus, unless K_
is less than the maximum value suggested by Bennett, resuspension may still be significant
toward the end of the operating lifetime of the facllity.

An alternative approach to resuspensionll is to define the resuspension factor as the ratio
of resuspended alr concentration to deposited activity in the surface soil region, which is
taken to be the top 1 cm of soil., With this definition, the resuspension factor is constant
with time, but the resuspended alr concentration decreases with time as the deposited activity
migrates below the top 1 cm of soil. The application of this idea to observed 238U concentra-

-9 =1
tions in air and in the top 1 cm of soil suggests a resuspension factor of about 5 x 10 9 n
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(Ref, 11), a value consistent with that obtained with the so-called mass~loading approach,

assuming a mass loading of soil in the atmosphere of 100 pg/m3. Since some of the material

9 =i
m

in the atmosphere is of an industrial origin, it is likely that the value 5 x 10~ is

too large,

Assuming the value K = 5 x 1079 ™t for the total activity deposited, and assuming that
there is no migration below the soll surface layer, the maximum resuspended air concentration
is

R(40 years) = Qv Kt = 0.063 Q -
Thus, the resuspended air concentration is never more than a few percent, Furthermore, if we
allow downward migration from the top 1 cm of soil at a rate of 10% per year, a value typical

of plutonium in soil,12 the resuspended alr concentration becomes
t ’
R(t) = Q.v K/ e O g ,
ATd o

from which we obtain
R(LO years) = 0.015 Qe

Thus, 1f Bennett's model for the resuspension factor is correct, the resuspended air concentra=~
tion appears to be negligible during the operating lifetime of the facility.

One uncertainty about Bennett's analysis of resuspension is the possibility of resuspension
factors considerably larger than 5 x ZLO_9 m_l for deposited activity retained on the surfaces of
vegetation, Fortunately, however, the retention time for particulates deposited on vegetation
is short, typically abeout 1k d.9 By assuming Bennett's maximum initial resuspension factor of
KO = 5x 10 mfl and a decay half-life of 1t 4 in Eq. (8.5), one obtains a maximum resuspended
air concentration of only about 10%.

In conclusion, this analysis has shown that the application of time-dependent resuspension
factor models with large initial values to the case of long-term continuous releases can result
in resuspended air concentrations that are much larger than the original air concentration prior
to deposition, There are experimental data to suggest that the calculated values of resuspended
air concentrations are unreasonably large, but significant contributions cannot be ruled out.
Negligible resuspended air concentrations are obtained by using a time-independent resuspension
factor applied to the total amount of activity deposited., In order to resolve the discrepancies
between the two types of models, careful measurements of initial resuspension factors and the
time-dependence of the resuspended air concentration for different climate, ground vegetation,

and soil conditions would seem desirable,
8.3 Long-Term Dose Commitments

A process of potential importance for man's long-term exposure to long-lived radionuclidesg
deposited on the ground surface is the erosion of particulates from the soil into surface
wabers, This process would tend to decrease the amount of activity available for resuspension,
external exposure, and ingestion of terrestrial foodstuffs, A literature review pertinent to
the probability that deposited radionuclides will be transporited into surface waters and oceans
is in progress, 13

One very useful result has been obtained, A study has suggested that a global-scale

relationsghip can be established bebween annual precipitation and sediment yileld in rivers and
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reservoirs which accounts for the opposing influences of the amount of rainfall and vegetation

cover, Such a relationship is of obvious importance for a regional study of radionuclide trans-
port. For the southeast, the study suggests a sediment yileld in rivers of about 100 tonnes km"2
year—l, which corresponds to 0,0l g cm-2 year*l. Assuming an average soll density of 1.4 g/cmB,

3

the erosion rate is thus 7 x 10 cm/yea.r. 1f, for example, we assumed that deposited activity
was uniformly spread throughout the root zone to a depth 20 cm, the probability per year that
activity would be removed from the root zone by erosion is thus about 4 x 107 . This number can

then be interpreted as the time constant for the removal of activity from the root zone by erosion.
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9. ENVIRONMENTAL EFFECTS SUPPORT — STANDARD DATA INTERCHANGE FORMATS

F. D. Hammerling (Computer Sciences Division, ORNL)

This project, which is concerned with planning, developing, and implementing software, is
a joint effort shared by the Osk Ridge National Laboratory (ORNIL), Battelle Northwest Laboratory
(BNWL), Los Alamos Scilentific Laboratory (LASL), Lewrence Livermore Laboratory (LLL), and the
Pacific Northwest Leboratory (PNL).

Although there have been labeling and compatibility problems with some systems, all sites
have a fairly complete working version of level-one software, 0Oak Ridge, coordinator of the
project, is developing the IBM PL/I version and BNL and LASL are both developing the CDC version,
However, to accommodate its system, the Lawrence Laboratory had to rewrite portions of the CDC
version,

Pacific Northwest Laboratory has developed and distributed a levelw-one PDP-ll version of
the software written in standard FORTRAN IV, However, since the PDP-11l is a small computer,
this software has some restrictions (e,g., logical record size). Documentation of this version
is under way.,

While the CDC sites are waiting on level-two implementation (which is to be supplied by
BNL and LASL), funds are being spent to interface the level-one software to user data files that
are to be exchanged, Several data exchanges using the different versions of software have been
made this quarter, A meeting was held at BNL May 31-June 2, 1978, to discuss past problems with
data exchanges as well as fubture plans for level-two implementations,

A PL/I implementation of the Americen National Standard Institute (ANSI) format-scanning
algorithm and a FORTRAN implementation of the ANSI hierarchy to Corresponding Binary Tree repre-
sentation algorithms have been incorporated into the PL/I software to form the core of the level-
two routines. The completed version of the EL/I level-one implementation and the final draft
documentation have been distributed to all sites., The PL/I version has also been installed at
the DOE headquarters.

Level~two calling sequences have been defined for both the CDC and IBM versions of the

software, and development is under way.,
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