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FOREWORD

This is the thirteenth quarterly report on the Advanced Plutonium
Fuels Program at the Los Alamos Scientific Laboratory.

Studies on Fast Reactor Metallic Fuels, formerly reported as Pro-
ject 461 in this series of documents, have been discontinued except for
phase-out effort. Any results from the final work will be described
under Project 467, a new work category covering all irradiation experi-
ments [chiefly those concerned with (U,Pu)C fuels].

Most of the investigations discussed here are of the continuing
type. Results and conclusions described may therefore be changed or
augmented as the work continues. Published reference to results cited
in this report should not be made without obtaining explicit permission

to do so from the person in charge of the work.
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PROJECT 401

EXAMINATION OF FAST REACTOR FUELS

Person in Charge:

Principal Investigators:

R. D. Baker
J. W, Schulte
J. A, Leary
C. F, Metz

I. INTRODUCTION

This project is directed toward the examination and
comparison of the effects of neutron irradiation on
LMFBR Program fuel materials, Unirradiated and ir-
radiated materials will be examined as requested by the
Fuels and Materials Branch of DRDT. Capabilities are
established for providing conventional pre~irradiation
and post-irradiation examinations. Additional capabili-
ties include less conventional properties measurements
which are needed to provide a sound basis for steady-
state operation of fast reactor fuel elements, and for
safety analysis under transient conditions.

Analytical chemistry methods that have been modi-
fied and mechanized for hot cell manipulators will con-
tinue to be applied to the characterization of irradiated
fuels. The shielded electron microprobe and emission
spectrographic facilities will be used in macro and micro
examinations of various fuels and clads. In addition, new
capabilities will be developed with emphagis on gamma
scanning and analyses to assess spatial distribution of
fuel and fission products.

High temperature properties of unirradiated
LMFBR fuel materials are now being determined by Con-
tractor in an associated project (ident. no, 07463).
Equipment designs and interpretive experience gained in
this project are being extended to provide unique capabil-
ities such as differential thermal analysis, melting point
determination, high temperature dilatometry, and high
temperature heat content and heat of fusion for use on ir-
radiated materials.

. EQUIPMENT DEVELOPMENT

A, Inert Atmosphere Systems
(C. E. Frantz, J. M. Ledbetter, R. F.
Velkinburg)

System for Metallography Cells

A recirculating Ar purification system was instal-
led to provide high purity atmosphere for the two alpha
boxes (where metallographic specimens are prepared) and
the hlister (where the metallograph is located). This
work included ingtallation of the plumbing, wiring, abso-~
lute filters, pressure control system, manifold system
for Ar-—H2 regeperant gas, sampling system for moisture
and 02, Special

geals were made around the metallograph in the hlister

and connections for the Ar purge system,

to provide this area with three options: recirculating Ar
when the alpha seal window is in place; single pass Ar
without the alpha seal window; and regular room air with-
out the alpha seal window.

Difficulty with the second set of solenoid control
valves has required that the purification system be shut
down until 2 more reliable type is procured and installed.
During this period a single pass Ar supply is being used.

Initial, short-duration tests with the purifier in-
dicated that it is possible to attain atmospheres with
< 50 ppm 02 and < 20 ppm H20.

System for Digagsembly Box

The absorbent chemicals in the purifier for the
disassembly box were replaced when it was apparent that

they could not be regenerated. It is suspected that the



absorbents were poisoned by oil from the pressure relief
safety device. This device has been replaced to obviate
recurrence of this problem.

Performance tests on this system will be continued
in the near future. It was necessary to use a single pass
Ar atmosphere in the disassembly box to maintain the
schedule set for preparing the tube burst test specimens
for BNWL,

Installation of High Pressure Tank System

A design was started to provide a high pressure Ar
supply by installing a tank-trailer adjacent to the Hot
Cell Facilitv. Argon from this source would be used for
purging, as a back-up for the two recirculating systems,
and as a single pass system when it was suspected that
fumes from chemical etchants or solvents might be dele~

terious to chemical absorbents.

B,* In-Cell Equipment
(J. H. Bender, G. R, Brewer, D. B, Court, E. L.

Ekberg, F. J. Fitzgibbon, C. E. Frantz, D. D.
Jeffries, M. E, Lazarus, J. M. Ledbetter, C. D.
Montgomery, T. Romanik, T. J. Romero, A, E,
Tafoya, J. R, Trujillo, R. F. Velkinburg,

L. A. Waldschmidt)

The majority of effort during this quarter was
directed toward completing the new metallography facili-
ty. In addition to installing the capability for an inert
atmosphere, many other improvements have been added
which should lead to the preparation and examination of
specimens at an increased rate. Hot operations were
begun on September 25.

Some of the specialized equipment which has been
installed in the new boxes is listed below,

In addition to the transfer
systems employing the 7-in. and 18-in. diam ports,
other systems were devised and installed which also do

Material Transfer Systems:

not violate the "alpha seal’ principle. Improvements
were made in the transfer methods between the metallo~
graphic cells and blister.

Sphincter Pags~Throughs: These pass~throughs per-
mit the transfer of cold material into the box from the

operating area, and the discharge of empty containers
and other materials with low beta~gamma contamination
levels into a plastic bag located in the basement, The

sealing mechanisms rely on 12 tapered neoprene washers

in series and spaced 1/4 in. apart. Plastic containers,
which are 10 in, long and slightly larger in diameter than
the inside diameter of the neoprene washers, are used to
introduce supplies to the box. These containers serve as
not only the carrier but alsc as the seal plug within the
washers. A means has been provided for filling the con~
tainers with Ar prior to being passed into the box, thus
minimizing the introduction of 02 and H20 impurities.

Bag-Out Port:
wasg provided with a conventional bag-out port system and

The blister, housing the metallograph,

removable shield. This device permits the rapid removal
of alpha and beta-gamma autoradiographs, replicas, and
other samples having a low radiation level. The radiation
from the samples is first surveyed through the port hole
before removing the samples.

Intercell Transfer Systemsg: For transfers between the
two metallographic cells and between these cells and the
blister, a ﬁewly designed system was installed. This

system employs large vacuum~tight valves for igolating
the three boxes for inert atmosphere contr61. Motorized
conveyors are used for movement of material between
boxes. The system is also equipped with controls and
safety interlocks.,
Grinding~Polishing Equipment: A modified Unipol

grinder~polisher is the basic component of this system.

Custom designed hold-down clamps, with adjustable load~
ing force, are incorporated along with special fluid de~
livery lines and an effluent collector system (see Figure
401~1). There are three of these units in each of the two
metallographic preparation boxes. Two Syntron vibratory
polishers are installed in the polishing box (see Figure
401-2), This equipment can be removed remotely from
the alpha box for maintenance or modification utilizing
the master-slave manipulators, a small overhead mono~
rail hoist within the alpha box, and the 18~in, transfer
system.

Specimen Loading~Unloading Fixture:; A tool has been
designed, fabricated, tested and is in use for loading and

unloading the metallography specimens from the three
multiple-hole (4, 5 and 6) specimen holders used in grind-
ing and polishing (see Figure 401-3). This fixture is
readily operable using the manipulators and can either be




Fig. 401~1. View of Unipol Machines and Other Equip~-
ment in Metallographic Preparation (Grinding) Box.

Fig. 401-2. View of Unipol and Syntron Units in
Metallographic Preparation (Polishing) Box.

Fig. 401-3., Loading-Unloading
Fixture for Metallographic Specimens.

set aside in the alpha box when not in use or removed
from the box for maintenance using the 18-in. transfer
system. Special components to accommodate the hole
configurations of the holders are filed on wall racks with-
in the box.

Camera System for Macro~Photography: A special

camera system was designed and built incorporating a
through-the-shield-wall camera, Pb shield, viewing port,
reflector, specimen positioner, strobe light and an opti-
cal data block method for identification of negatives,

This system is in use to provide high resolution photo-
graphs of metallographic specimens still in the multiple~
specimen holders.,

Other Equipment: A device has been built to compact
into one~-gallon cans the cell waste materials, such as
grinding~polishing cloths and papers. The purpose of the
compactor system is to decreasge the number of time-con-
suming transfer and bagging operations on waste material
from the metallographic cells.

Equipment for vacuum mounting of metallographic
specimens was re-installed and found to be operationally
acceptable.

Equipment for the ""demounting" of specimens from
epoxy using the hot oil technique was also provided in the
new boxes.,

A device for the remote encapsulation in an inert

atmosphere of fuel segments (or other material) which are




intended for shipment or long-term storage has been in-
stalled and successfully used. The device, as shown in
Figure 4014, relies on mechanically crimping a pre-
formed and "tinned' stainless steel tube around a "tinned!
oap. A resistance heating element is then used to melt
the Aladdin 450 soft silver solder to effect a vacuum-
tight seal. This equipment has been used in preparing

36 closures thus far.

Fig. 401-4, Remote Encapsulator.

C. Shipping Cask
(C. D. Montgomery, J. W, Schulte, A, E, Tafoya)

The approved cask, designated as DOT SP-5885,
was received on September 12, 1969, Results of an in~
tegrity test, using an 1800 Ci 60Co source, indicated that
no serious voids existed.

The cask has a cavity 6 in. diam by 42 in. long.

It has sufficient shielding (6.5 in. of depleted U) to ac~
commodate 19 fuel elements, each containing 150 g fissile
material (80% U and 20% Pu), which have been irradiated
to 100,000 MWD/T burnup and cooled for 30 days. The
casgk weighs 12,200 1b and is equipped with 2 removable

insert which can be designed to accommodate a variety of
element types. A view of the cask is shown in Figure
401-5,

On September 30, the cask was shipped to BNWL
with the tube burst test specimens and other fuel element
components. Seven other shipments have been scheduled

over the next few months.
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Fig. 401-5. Cask for Shipping Irradiated Fuel Elements.

I, DP WEST FACILITY
(D. B. Court, F. J. Fitzgibbon, C. D. Montgomery,
G. H. Mottaz, M, E, Lazarus, J. R. Phillips,
T. Romanik)

Building modifications and equipment design, fab-
rication and procurement are in progress to provide a
working complex of hot cells which will complement the
Wing 9 cells and permit a higher through-put of fast re=
actor fuel elements. It is expected that the equipment
necessary to attain a rate of 150 fuel elements per year
will be operational on July 1, 1970,

These cells are being equipped to accommodate
various measurements of physical size, weight, temper~

ature, contamination, and gross radiation. In addition,




precision analytical equipment is in design and fabrication
to provide detailed gamma scan, detailed profilometry,
photography, determination of void volume, and removal
of capsule cladding and Na,

Building Modifications

Work scope and criteria drawings have been re-
viewed and submitted to the AEC for approval. This
work includes minimal building changes to provide for
unloading shipping casks (up to 25 tons) and transferring
them into the cell corridor. Holes in the wall, floor, and
ceiling will have to be provided to accommodate gamma
scanning, profilometry, transfers, storage, and peri-
scopes,

Gamma Scanning

A gamma scan shield has been fabricated using
lead of low antimony and low activity content., The vert-
ical transport and handling mechanism to accommodate
fuel elements up to 61 in. long is being designed.

The Ge~Li detector has been delivered and checked
out. Data processing and storage items are on order.,
Epcoder systems will be ordered as soon as the basic
design is approved.

Profilometry System

A Physitech Corporation electro-optical sensor has
been ordered for the new profilometer. The pin trans-
port mechanism is in initial design stages. When design
is completed, an encoder system will be ordered to pro-
vide precise positioning information, This electro-opti-
cal profilometer is expected to provide much greater de-
tailed information of anomalies observed on pins and
capsules.

IV. METHODS OF ANALYSIS

Measurement of U and Pu
(J. W. Dahlby)

Controlled-potential coulometric equipment for ti-
trating U and Pu, as part of the chemical characteriza-
tion of irradiated mixed oxide or carbide fuels, was
modified for remote operation and tested in-cell by re-
peated analyses of known amounts of each metal. The
relative precision (1 o) was 0, 07 to 0.08 for a single de-
termination of U or Pu. In the measurement of U, the

titration current was integrated as U(VI) was coulo-

metrically reduced at a Hg electrode to U(IV) following a
preliminary reduction of more-easily reduced impurities.
The current for the coulometric oxidation of Pu(Il) to
Py(IV) at a Pt electrode was integrated in determining Pu.

The method was unbiased if the equipment was
calibrated using a chemical standard, but a2 small positive
bias of 0,4 relative percent existed if electrical calibra-
tion was used. This bias increased to 0.3 to 0.4 relative
percent for titrations of U in the presence of Pu using the
titration cells modified for remote operation. Minor vari-
ations in the cell design, changes in titration potentials,
and better control of potential while the sample was loaded
into the titration cell were unsuccessful in reducing the
bias. Changes in electrolyte composition and in the posi-
tion of the electrical connection to the Hg electrode are
being tried.

Shielded Electron Microprobe
(W. V., Cummings, D. B, Court, and C, D.
Montgomery)

Detailed examination of areas as small asg 0.5 ¢
in dfameter to determine the chemical compositions of
various featuresg in irradiated reactor fuels and cladding
is a capability unique to the shielded electron microprobe.
Information from these examinations is essential in de-
termining the chemical behavior of the fuel element com~
ponents. Following the recent installation and testing of
a MAC shielded electron microprobe, a program of ex-
aminations was started to aid in the evaluation of fuels.
Goals of this program include investigations of (a) fission
product distributions and migrations, (b) redistribution
of fuel components, (c) fuel-cladding interactions, (d)
fission product precipitates and inclusiong, (e) reactions
of fission product elements with the fuel and with the
cladding, (f) unusual features found metallographically or
by other techniques, such as gamma scanning, and (g)
variations in burnup relative to position. Selection of
samples to be examined will be based upon metallography,
gamma scanning, or other test results showing features
in the sample that should provide desired information
about fuel element behavior.

Proper functioning of the electron microprobe and

associated equipment was demonstrated in the initial



testing and in the recently completed examinations of
samples from an irradiated EBR-II driver fuel element.
The initial samples selected for the program of examina~-
tions are being prepared for analysis.

Gross Gamma Scanning
(J, Phillips and J. Deal)

An important use of gross gamma scaunning is in
locating anomalies and areas of interest for further analy-
To be of most value,
the results must be obtained quickly to prevent delays in

ses in irradiated fuel elements.

cutting and destructive sampling of the fuel element. A
simple system is advantageous for this purpose because
it generally is fast, reliable, and easily maintained. A
system of this type is being agsembled to complement
the more complex capability for detailed gamma scan-
ning. The scanning mechanism, slit, and lithjum-
drifted germanium-detector of the detailed gamma scan-
ner will be used to obtain accurate resolution of scan
position and reliable results. Other components are an
amplifier, single channel analyzer set to accept all gam~
ma epergies above a preset background or noise level, a
scaler timer, and a printer or an x~y recorder. The
electronic components provide signals to advance the
scanning mechanism a preset distance and stop it for re-
cording of data at each point, Installation of this simple
system is in progress. It is not anticipated that the
gross gamma scanner will interfere significantly with
scheduled work for the complex system for detailed gam~
ma scanning,

V. EXAMINATION OF UNIRRADIATED FUELS
(J. A, Leary, M. W, Shupe, E. A, Hakkila,
R. T. Phelps, G. R. Waterbury, K. A, Johnson)

United Nuclear Corp. Oxides

The following tests and analyses were performed
on pellets from UNC mixed-oxide fuel batches, UN-OX-
14, ~18, and ~19; metallography, alpha-autoradiography,
spectrochemical, U, Pu, and O analyses, electron
microprobe, weights, dimensions, mechanical and im~
mersion densities, and powder x-ray diffraction.

These results have been reported in full.

Battelle Northwest Laboratory

The following tests and analyses were performed
on pellets from BNWL mixed-oxide fuel batches ME-20
10

and ME-21 (representing fuel elements PNL~X~-1, -3, —4);
metallography, alpha-autoradiography, spectrochemical,
U, Pu, and O analyses, electron microprobe, weights,
measurements, mechanical and immersion densities and
powder x-ray diffraction.

The final report on these results is in process.

Westinghouse Advanced Reactor Division

Work is in progress on the metallography and
electron microprobe analyses of mixed carbide samples
S-6 and X-6.

Argonne National Laboratory (Idaho)

The following tests and analyses were performed
on samples from ANL produced EBR~II driver fuel and
on AGN produced EBR-IU driver fuel; x~ray texture,
spectrochemical, U, Mo and Zr analyses, electron
microprobe, hot hardness, differential thermal analyses,
metallography, hardness, beta-x-radiography, im-~
mersion density, and thermal expansion.

These results were reported in weekly reports to
DRDT.

VI. REQUESTS FROM DRDT

A, Examination of Irradiated Material
(D. M. Holm (K~1), K. A, Johnson, J. W. Schulte,
G. R. Waterbury)

Battelle Northwest Laboratory Ping
From pins PNL~X~1, 3, 4, 6 and 7 and PNL~1~16,

-18, the following types of samples were removed (in an
inert atmosphere) from each pin:
1. Tube Burst Test*

2. Metallography
3. Burnup -
4, Depleted UO2
5. Ni Reflectors -

[ R

6. Miscellaneous Hardware

*These samples were also packaged in an inert
atmosphere in Swagelok fittings provided by
BNWL personnel.

Most of the above items were shipped to BNWL on
September 29,

Metallographic preparation of one sample from
each of the seven pins referenced above was started on
September 25,



Examination of EBR-II Driver Fuel Elements
Containing AGN Fuel

The types of examinations conducted on five fuel
elements (two irradiated apd three unirradiated) received
from ANL are mentioned here. Results of these exami~
nations were provided to DRDT in Weekly Reports.

1. Nondestructive Tests on Fuel Elements:

Element 2249 from batch 100 was radiographed. Other
determinations made were length, diameter, and eddy
current tests for Na level and voids,

2. Chemical Analyses of Fuel Elements: Fuel:
Concentrations of U, Mo, Ru, Rh, Pd, Fe, and Nb in

samples from unirradiated fuel pins 1136 and 3481, and

of U, Mo, Ru, and Pd in irradiated fuel pin 1682 were de~
termined by spectrophotometric methods. Determinations
were made on solutions prepared by dissolving 0.1 to
1.0~g samples taken from thie top, middle, and bottom of
each pin. Emission spectrographic analyses for impuri-
ties were made on samples taken from the top and bottom
halves of the fuel pins, and 02 was determined by an
inert-gas-fusion method in samples from the top and
bottom of pin 3481, Three metallographically polished
sections each from pins 1136 and 1682 were examined
with a shielded and an unshielded electron microprobe.
Sodium:  Concentrations of metallic impurities in Na
taken from the top portion of fuel elements 1136 (unir-
rad.) and 1682 (irrad.) were determined by a semi-
quantitative emission spectrographic method.

3. Atomics International Fuel and Flux Monitor-
ing Wires: Specific examinations were made

on samples selected from 4 flux monitoring wires and

from 120 UC pellets doped with W from EXP-NRX-9-101

Irradiation Experiment. Gamma scans were completed
on the four flux monitor wires, and seven 0.25-in.
sections from each of the two Al-Co wires were analyzed
radiochemically to measure the absolute specific activity
of each section.

Seven of the UC pellets were examined metallo~
graphically, and replicas were prepared for evaluation
by Atomics International. Four of the pellets were ship~-
ped to Idaho Nuclear Corporation for burnup analyses.

All four monitoring wires have been gamma scan-

ned, and the data are being evaluated.

4, Westinghouse Capsules:  All three WARD
capsules (W-1-G, W-2-G, W-3-G) were gamma scanned
and the results are being studied.

5. LASL OWREX Experiment:
al capsule, irradiated in the Omega West Reactor at

An experiment-

LASL, was disassembled in an inert atmosphere for
examination of a suspected weld joint.

VI, PAPERS PRESENTED

1. "X-Ray Fluorescence Spectrometric Determina-
tion of Plutonium and Zirconium in Uranium Base
Alloys," R, G. Hurley, E. A. Hakkila, and
G. R. Waterbury, 13th Conference on Analytical
Chemistry in Nuclear Technology, September 30
to October 2, 1969, Gatlinburg, Tennessee.

2, "X-Ray Spectrometric Determination of Rhodium
and Palladium in Uranium Base 'Fissium' Alloys,"
E. A. Hakkila, R. G. Hurley, and G. R. Waterbury,
13th Conference on Analytical Chemistry in Nu-
clear Technology, September 30 to October 2,
1969, Gatlinburg, Tennessee.
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PROJECT 462

SODIUM TECHNOLOGY

Person in Charge:

Principal Investigator:

D, B, Hall
J. C. Biery

I. INTRODUCTION

For the successful operation of high tempera-
ture sodium systems contemplated for use in fast,
central station reactor concepts, impurities in the
sodium must be monitored and controlled. Nonradio-
active impurities such as oxygen must be maintained
at low concentration levels to limit corrosion pro-
cesses. To control the levels of these impurities,
a knowledge of their behavior and interactions in
sodium must be developed.

The sodium technology program at LASL has
projects directed toward acquiring information about
and designing cquipment for the control and moni-
toring of impurities with precipitation processes.
Also, equipment is being designed to sample sodium
cover gas at operating temperatures with a quadru-
pole mass spectrometer. The current LASL projects

are summarized below.

A. Study and Design of Precipitation Devices
1. Analysis of Dynamic Cold Trap Performance
2. Study of Plugging Meter Kinetics

B. Sampling and Analysis

1. Development of a High Temperature Quadru-
pole Mass Spectrometer for Cover Gas
Analysis

2. Total Carbon Analysis Development

The following projects are being phased out because
of funding reduction and will be reported here as

the final data are generated and analyzed.

C. Phaseout Programs

1. Study of Carbon Transport in Thermal Con-
vection Loop

2. Study of Gas Diffusion Through Metals
3. Study of Soluble Getters in Sodium

12

4. Study of Sodium Leaks

Development of Remotely Operated Distilla-
tion Sampler for EBR-II

II. STUDY AND DESIGN OF PRECIPITATION DEVICES

A. Analysis of Dynamic Cold Trap Performance
(C. C. McPheeters, J. C. Biery, W. W. Schertz,
D. N. Rodgers, R. Martinez)

1. _General

In sodium coolant systems for future LMFBR's
it will be necessary to use cold traps for removal
These
cold traps should be designed to handle adequately

and control of oxygen and other contaminants.

the impurity loads and to maintain the impurity con-
centration level below some specified upper limit.
For economic reasons, cold traps must be the
smallest and simplest designs which can meet the
above requirements.

Knowledge of the mechanism of impurity deposi-
tion in cold traps is necessary to reach the opti-
mum design for a given sodium coolant system. The
rate of mass transfer of impurity species to cold
trap surfaces must be measured and the effect of
various flow patterns, surface conditions, and tem-
perature on the mass transfer rates must be deter-
mined. The purpose of this study is to determine
the effect of the above variables on the mass trans-
fer coefficient for removal of oxygen from sodium
systems. Knowledge of the mechanisms involved and
the mass transfer coefficients will allow calcula-
tion of the rate of oxygen removal and the location
of deposited oxides in the cold trap for any given
system size and cold trap geometry. Proposed cold
trap designs could be evaluated in terms of total

oxide capacity and expected system cleanup rates.




Cold trap tests are being conducted with a 60-
gal sodium system which has analytical capabilities
including a vacuum distillation sampler, a plugging
The cold

trap tests consist of measurement of the rates of

indicator, and two UNC oxygen meters.

change of oxygen concentration in the system. Var-
ious cold trapping conditions of temperature and
flow rates are tested to determine the effect of
When
the rate of change of oxygen concentration, the

these variables on the oxygen removal rates.

cold trap temperatures and the deposition surface
area is known an overall mass transfer coefficient
can be calculated.

2. Current Results

a. Operations of Cold Trap Loop with a Packed Trap

Due to the presence of impurities other than
oxygen in the cold trap test loop, an auxiliary
cold trap was installed to clean up the system.

The auxiliary cold trap was operated for five days
After the five
days of operation, no plug could be formed on the
plugging indicator even when it was held at 105°C

for extended periods of time.

at a minimum temperature of ~115°C.

Oxygen was added to the system in the form of
pure gas at the distillation sampling port. A
total amount, equivalent to 45.3 ppm in the total
sodium volume, was added; however, only enough oxy-
gen was found in solution to maintain the saturation
temperature at 235°C (24 ppm). The missing 20 ppm
were probably gettered by the stainless steel walls.
The operating temperature of the system was 310°C.

A series of cold trapping runs was started in
which the minimum cold trap temperatures were 200°C
in the precipitation runs and 230°C in the dissolu-
Flow rates of 1.0, 0.75, 0.5, 0.25 and

0.1 gpm were selected for this series.

tion runs.
These runs
were made with Cold Trap No. 3 which is a packed
cold trap. The packing was 0.004-in. diam wire
mesh which was wound around the NaK-cooled insert
All of the runs

except those at 0.1 gpm have been completed. How-

in the annular sodium flow channel.

ever, the mass transfer coefficient calculations
have not been made as yet.

For the data analysis the cold trap simulation
computer code will have to be modified to accommo-
date the packed trap condition. Not only must the
cold trap area be modified, but a mechanism must be

provided in the code to allow the amount of surface

area to increase as the amount of oxide precipitated
on the mesh increases. As thc oxide precipitates
on the wire mesh, the effective wire diameter in-
creases which in turn increases the precipitation
surface area.

b. Design and Fabrication of the High Reynold's
Number Cold Trap Loop

All work on designing a High Reynold's Number
Cold Trap Loop has been terminated due to loss of
funds. Parts that were fabricated but were not
suitable for other uses have been salvaged.

c. Acquisition of Cold Trap Data from the Liquid
Metals Engineering Center

LASL personnel visited Liquid Metals Engineer-
ing Center (LMEC) and Atomics International on
July 23 § 24, 1969, to obtain detailed information
on the design and performance of Sodium Reactor
Experiment (SRE) and Hallam Nuclear Power Facility
(HNPF) cold traps.

obtained from Mr. Robert Hinze.

Data on the SRE cold traps were
These data pertain
to Atomics International Report No. NAA-SR-3638 and
Addi -

tional data were obtained from J. Nicholson on a

serve as a detailed backup to that report.
modified SRE cold trap design. These data were
taken over a period of three months in 1966 and in-
clude cold trap temperature, flow rate, inlet plug-
ging temperature, bulk sodium temperature and some
indication of oxide distribution in the cold trap.
Atomics International Report No. NAA-SR-5348 (Rev.)
contains a description of the system and cold traps.
Mr. Roman Cygan provided detailed information
relating to evaluation of HNPF cold traps done by
MSA Research.
of the daily log and data sheets recorded by MSA

The information consisted of copies

Research in conjunction with the HNPF cold trap
evaluation study. The semimonthly progress reports
written by MSA Research covering this work located
in the Liquid Metals Information Center. Pertinent
parts of these reports were copied in order to help
locate useful data in the daily log.

d. Analysis of Data from EBR-II and LMEC

In order to reduce the data on EBR-II, SRE,

and Hallam cold traps so that the performance of

the different traps could be compared, mass trans-
fer coefficients were calculated for the cold traps
based on the isothermal cold trap model. Unfortu-
nately, the mass transfer coefficients calculated

thus far from the EBR-II, SRE, and Hallam data with
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this approach do not give a good indication of a
particular cold trap's performance.
B. Study of Plugging Indicator Kinetics

(J. C. Biery, D. N. Rodgers, W. W. Schertz,
J. L. Bacastow)

1 General

Plugging meters have been used on sodium sys-
tems for many years. They are relatively simple to
design, install, and operate; however, the meaning
of the data obtained from these instruments has not
always been clear, and, as a result, the value of
the instrument has sometimes been questioned in the
past. Previously reported LASL work! indicates,
however, that the plugging meter is a valuable
instrument and that it can be used with confidence.
The three areas of investigation indicated below
are continuing in order to better understand and
use the meter.

(a) Characterization of the plugging indica-
tor's dynamic behavior with type of
impurity.

(b) Studies of orifice configurations and
materials to improve nucleation and
dynamic characteristics at low concentra-
tions (~1 ppm or lass range).

(c) Development of a prototype plugging indi-
cator system incorporating the research
results of (a) and (b).

2. Current Results

The Plugging Indicator Loop (PIL-1), formerly
called Analytical Loop No. 2, was started up during
the report period. The loop has the following phys-
ical characteristics.

Expansion Tank:

2-ft diam; 3 ft high; 45 gal of sodium; helium
cover gas.

Mixing Side Loop:

5.8 gpm maximum flow; the return flow is
forced upward from the bottom into a core piece
designed for mixing.

Cold Trap - Distillation Sampler Side Loop:

Maximum flow rate - 1.4 gpm. The valving
allows the sampler to remove samples from the
inlet or outlet of the cold trap. Cold trap
volume - 1 gal.

Plugging Indicator Side Loop:

At present the standard LASL regenerative plug-
ging indicator is installed in a side loop of
PIL-1. Throttle valves and a bypass are avail-
able. Maximum flow rate - 1.4 gpm.

Oxygen Meter Side Loop:

Provision was made for the installation of two
UNC oxygen meters. These are as yet not in-
stalled. Maximum flow rate will be 1.4 gpm.
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Removable Orifice Plugging Indicator Side Loop:

The removable orifice meter is not as yet in-
stalled. Maximum flow rate will be 1.4 gpm.

Special Bquipment:

A solids charging mechanism is fitted to PIL-1.
a. Impurities in PIL-1 After Startup

Since startup, the loop has been operated iso-
thermally. The temperature has been raised in 25°C
increments to its present level of 350°C from 225°C.
At each temperaturé of operation, samples have been
taken to determine if the change in temperature has
Also,
a series of plugging meter runs were made after each
The results of the distilla-

tion samples are recorded in Table 462-I. As the

any effect on impurity levels in a new loop.
change in temperature.

operating temperature was increased, a decrease was
noted in the "ppm oxygen' which may possibly be due
to the slow in-loop decomposition of impurities
other than Na,0.

The oscillating plugging indicator gave satura-
tion temperatures of 190°C * 2°C during the total
temperature escalation. The semi-log linear
Rutkauskas solubility curvel! indicates a saturation
of 4.9 ppm of oxygen at 190°C. As indicated in
Table 462-1, the average distillation results de-
creased from 10.2 ppm oxygen at 225°C to 9.1 ppm
oxygen at 250°C then to 4.8 ppm at 300°C and 6.0,
6.8, 6.0 ppm oxygen for sample averages at 350°C.
Thus, the second impurity appears to have nearly
disappeared at the 300°C and 350°C. The extra 4.2
ppm "oxygen' is equivalent to 0.53 ppm H as NaH.

b. Stability of Electromagnetic Flowmeters on
PIL-1 :

Since installation of the flowmeters in the

plugging meter side loop of PIL, the outputs of the
meters have exhibited much noise and drift. It was
suggested that the noise might be due to the thermo-
couple effect where the Type 304 stainless steel
leads are silver soldered into the copper cable.’
Since one junction projected into the airspace

above the magnet of the flowmeter and the other was
protected from the air currents, the exposed junc-
tion could vary in temperature with air movements

in the room while the other junction remained at a
constant temperature. When a wet tissue was used
to cool the upper lead, an immediate change of ~50%

was noticed in the flowmeter output.



Table 462-1

Impurity Levels in PIL-1 Since Startup

Average

Sample Loop Temp. ppm ppm
Date No. °C Oxygen™ Oxygen
7/3 1 225 11.4
7/9 2 225 11.0 10.2
7/10 3 225 8.5
7/11 4 225 10.0
7/17 ) 250 11.7
7/18 6 250 9.5 9.1
7/22 7 250 9.2
7/24 8 250 6.2
7/30 9 300 6.6
7/31 10 300 4.8
8/1 11 300 5.2 4.8
8/5 12 300 4.1
8/6 13 300 3.5
8/7 14 300 4.1
8/8 15 300 6.5 6.0
8/12 16 350 7.1
8/13 17 350 6.5
8/14 18 350 7.5
8/18 19 350 8.8 6.8
8/20 20 350 7.6
8/22 21 350 3.3
9/3 22 350 4.8
9/10 23 350 6.7 6.0
9/17 24 350 6.0
9/24 25 350 6.5

*As determined from residual Na in distillation
residues.

An attempt to solve the noise problem by ther-
mally insulating the flowmeter and junctions fai