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LEGAL NOTICE

This report was prepared as an account of Government sponsored work. Neither the Umted States,
nor the Commission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with respectto the acgurgeyy com- |
pleteness, or usefulness of the informotion contained in this report, or that the use of any mformot&n, .
opparatus, method, or process disclosed in this report may not infringe privately owned rights; or

B. Assumes aony liabilities with respect to the use of, or for domages resulting from the use of
any information, apparatus, method, or process disclosed in this report.

As used in the above, "person acting on beholf of the Commission” includes .any employee or -

contractor of the Commission, or employee of such contractor, to the extent that such employee or con-
tractor of the Commission, or employee of such contractor prepares, disseminates, or provides access to,
any information pursuont to his employment or controct with the Commission, or his employmem with
such contractor.
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BUDGETS AND COSTS

Costs for April were $1, 893, 000, a decrease of $179, 000 from March.
Fiscal year to date costs are 76% of the amounts currently authorized

to Hanford Laboratories. The major portion of the decrease in April

occurred in the programs sponsored by IPD and CPD.

Hanford Laboratories research and development programs have the
following cost-budget relationship as of April 30.

(Dollars in Thousands) Cost Budget % Spent
HLO Programs
2000 Program $ 447 $ 615 73% - -
"~ 4000 Program 5 850 8 208 71
5000 Program 475 636 75
6000 Program 1835 2 200 - 83
IPD Sponsored 2 772 3 605 77
CPD Sponsored 1512 1 090 79
FPD Sponsored 10 10 100

RESEARCH AND DEVELOPMENT

1. Reactor and Fuels Research and Development

The Phase III PRTR contractor is estimated to be about 79% com-
pleted versus a scheduled 90%, based on the official AEC schedule.
The bottom PRTR shield has been installed and filled with shot,
the weld repairs on the calandria have been completed, and a fifth
valve has been added to the moderator level control system to
limit reactivity addition at low moderator levels. The PRP
Critical Facility project has been approved by the AEC in the
amount of $360, 000,

The excessive vibration of the PRTR pumps is being corrected by
stiffening the pump supports which had a critical vibrating frequency
close to the pump speed, and by adding heavier flywheels, installing
new bearings, and precision balancing the assembly.

Comments received from the ACRS after their review of the PRTR
Final Safeguards Analysis in January were concerned with void
coefficient effects, pressure tube ruptures, automatic control,
rate of reactivity increase, and certain system interlocks. Ad-
ditional analyses have been made and a supplement to the Final
Safeguards Analysis issued in response.

| 2401bY .
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The PFPP is estimated to be 92% complete. The oxide preparation
line and the zirconium etch facility were accepted from construction
during the month.

Unsatisfactory autoclave films on the Zircaloy cladding of the PRTR
Al-Pu fuel elements are delaying final assembly of the first 30
clusters. Further conditioning of the autoclaves and the availability
of permanent etching facilities are expected to correct the present
difficulties.

A 19-rod Zircaloy-clad half-length PRTR spike element successfully
irradiated to high Pu burnout at full power in the ETR showed partial
bonding of the core and cladding.

As little as one mole per cent PuQOg in ZrOg stabilized the tetragonal
form at room temperature enough to yield dimensionally stable
pellets. However, some monoclinic ZrOg persisted up to 25 mole
per cent of added PuOg.

The compound PuAlOg3 has been produced from stoichiometric
mixtures of Al203 and PuO2 in eight hours at 1500 C in hydrogen.
Some compound has been formed at 1100 C under the same con-
ditions. The melting point of the compound is 1810 C.

Prototypical PRTR tubular UQOy fuel elements have been fabricated
by vibrational compaction. A full size tubular PRTR fuel element
will be fabricated by vibrational compaction, using integrally ribbed
cladding tubes extruded by NMI.

Fuel rods, composed of various UO2 powders contained in various
cladding materials, were successfully hot swaged at cladding
temperatures up to 1000 C. Significant improvements on densities
obtained by room temperature swaging were achieved in some
instances.

Post-irradiation examination of the second purposely defected
Zircaloy-2 clad, swaged UO2 rod revealed long stringers of
zirconium hydride, in excess of the original 50 ppm concentration.
A third defect test, employing Zircaloy-4 cladding has just been
completed in the MTR.

eotes DECWm



viii HW-64898

Experiments performed to investigate the effects of changes in wire
wrap orientation on the coolant temperatures throughout a cross-
section of a 19~rod PRTR fuel element indicate little change in
mixing efficiency.

During April two KER loops operated with enriched tube/tube fuel
elements at NPR conditions of heat flux and internal temperature.
The exposure of the Loop 2 charge is now 2400 MWD/T. Tube/
tube elements under irradiation in KER Loop 4 at similar thermal
conditions were discharged on April 24 at 1200 MWD/T exposure
after indications of rupture.

The ruptured 20-mil Zircaloy-2 clad rod from the KER Loop 1
failure of February 8, 1960, received further examination. A
section cut through the base of the split revealed a five-mil wide
radial crack in the uranium immediately under the split in the clad.
This is the first time a fuel defect has been found to be directly
associated with clad failure in testing of coextruded elements.

In simulated NPR fuel rupture tests of coextruded, unirradiated
samples at 400 and 500 C, induction times were comparable, but
the rate of rupturing was about twice as fast as at 300 C.

In the use of a beryllium-containing braze compound for closure
of coextruded Zircaloy-2 clad uranium fuel elements, the high
brazing temperature of 1050 C has been found to cause undesirable
bond growth and crystallographic transformations. It now appears
that these effects are much less severe using uranium alloyed with
2% Zr as core material.

Sheffield steel performs satisfactorily as the bearing surface on a
fuel element support down to contact areas between the bearing and
autoclaved process tube surfaces of approximately 1/8" diameter.
However, by adding a lubricant such as water soluble oil, the con-
tact area can be reduced to a point contact and cause no scratch
damage to the autoclave film.

Preliminary radiometallurgical examination of the remains of 15%
cold worked Zircaloy-2 cladding capsules previously burst tested

in-reactor resulted in an estimate of two to three per cent of
uniform strain. Control specimens burst ex-reactor showed 17%.

1240 1bb
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Results of corrosion tests on zirconium show that all heat treat-
ments in air, helium, or vacuum at temperatures of 300 to 700 C
for times of 10 to 1000 minutes improved corrosion behavior over
the as-worked states. This contrasts with a deleterious effect

due to heating in air or helium previously observed with Zircaloy-2
and Zircaloy-3.

Hydrogen which diffuses slowly through a good, protective ZrOg
film into the underlying Zircaloy metal tends to diffuse uniformly
through the metal without causing massive local hydriding, as
long as the rate of entry is slow relative to the diffusion rate in
the metal and the solubility limit of hydride is not exceeded.

Neither dry nitrogen added to a dry hydrogen atmosphere nor a
surface plate of chromium successfully prevented hydriding of
Zircaloy by molecular hydrogen. ‘

A mathematical equation was derived to express the outlet water
temperature limits for Hanford reactors as based on thermal
hydraulic considerations. The equation is based on a considerable
amount of experimental data and is expected to save time in
determining limits as compared to the graphical method now in
use,

A full-scale test section for heat transfer experiments has been
designed to simulate the downstream half of a charge of NPR tube
and tube fuel elements.

The final formal report on the shielding properties of ferrophosphorus
concrete as a function of temperature has been written. The total
dose rate (due to both neutrons and gammas) through four feet of

this material in the as-cured condition was found to be due primarily
to gamma leakage. After loss of water through prolonged heating

at 300 C, the principal contribution came from resonance neutrons.

2. Chemical Research and Development

Design was completed for a pilot plant facility at 100-KW to study
reactor effluent decontamination by means of aluminum metal beds.

A promising method was reported for producing stable uranium (IV)
suitable for use as a partitioning reductant in the Purex process.

12601861
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The method involves straight-forward chemical steps and could
prove superior to the Flurex process developed earlier.

Two weeks of continuous operation proved flawless the performance
of the ion exchange equipment in the A cell of the High Level Radio-
chemistry Facility. A synthetic mixture of rare earths typical of
fission product ratios was satisfactorily separated and purified
fractions recovered.

Twenty per cent of the technetium entering the Purex Plant was
found to follow through with the uranium product and occur at 4 ppm
in the uranium oxide shipped offsite.

The addition of ferric oxide to the cesium-zinc ferrocyanide slurry
proved effective in stabilizing following hydrolysis and filtration
steps in the Fission Product Packaging Prototype. These tests
also provided the bases for revised design of leaching and filtering
equipment.

As one of a number of tests in a recirculating dissolver prototype,
several swaged UOg, Zircaloy-2 PRTR fuel rods were de-jacketed
using the conventional Zirflex process. Uranium loss to the
decladding solution was 0. 03 per cent.

The novel incorporation of a hydroclone in a by-pass line to canned
motor pump bearings gave encouraging preliminary results and

may prove to be an innovation which will significantly extend bearing
life.

Lowering the Salt Cycle temperature from 750 to 700 C during
electrodeposition of UO2 appears to improve the oxygen to uranium
ratio. The first batch made at the lower temperature had a ratio of
2.01; the lowest produced to date (electrochemically). LiCl-KCl
eutectic was tested as a lower melting alternate to NaCl-KCl but
some expected difficulty was observed because of the hygroscopic
nature of the lithium salt. Dissolution of U3Og on chlorine addition
to the LiCl-KCl melt at 450 C was as rapid as a similar operation
in NaCl-KCl at 725 C.

Very precise measurements showed UOg2 solubility to be extremely
small in molten NaCl-KCl; less than 16 ppm.

TR
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Engineering scale data from a multi-stage agitated-bed ion exchange
contactor (called MABIE) showed 80 per cent theoretical stage
efficiency with excellent system stability over wide ranges of
aqueous and resin flow rates.

No significant change in cesium absorption was noted for clinoptilolite
irradiated to doses up to 5.5 x 10° r. Laboratory studies are re-
ported wherein aged Redox high level waste tank supernate was
diluted and passed through a clinoptilolite bed with very encouraging
cesium extraction resulting. The question of long term radiation
stability of the bed material must await further tests.

Over 100 basalt flows were revealed from examination of the drill-
ing logs acquired from the Standard Oil Company test well on the
Rattlesnake Hills. Seventy per cent of the 10, 655 foot section is
basalt.

No significant gross beta activity concentration differences were
noted between samples taken at the top and bottom of the ground

water aquifer in 19 wells tested.

3. Physics and Instrument Research and Development

In the NPR program, development and fabrication of the full-scale
mockup of the dual scanning type fuel failure monitor is proceeding
on schedule. Development results to date were reported in an
interim status report, HW-64639. Development of several of the
NPR building radiation monitoring instruments is nearing success-
ful completion. Study of lattice physics parameters continued and
good agreement was obtained between PCTR, exponential piles,
and theoretical calculations for a tube-in-tube type fuel in one
lattice. However, because of the relatively complex geomeiry,

the prediction of neutron capture during the moderating process

is not yet generally satisfactory.

In the automatic control field, analysis of dynamic behavior of
reactor power levels encountered difficulties when analog computer
results failed to confirm analytic work. The source of the difficulty
is being sought further.

In the nuclear safety program, determination of the maximum safe
concentration of plutonium in hydrogenous solvents was the object

12401b9
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of a series of experiments begun in the PCTR. Additional information
was also obtained on the use of boron to prevent criticality in dissolv-
ing enriched uranium.

The last major hindrance to completion of the Critical Mass Labo-
ratory was passed with delivery on April 8 of the control panels
and instrumentation. Installation of these is under way.

In the Plutonium Recycle Program, experiments continued to
determine reactivities of Pu-Al rods in light water with indications
that the minimum critical mass will be near 1.5 kg. Reactor physics
parameters were also obtained for two plutonium fueled graphite
lattices. Development began on instruments to make in-reactor
measurements of PRTR process tube diameters and gas gap spac-
ings between the process and shroud tubes.

Our agreed target date of April 30 for obtaining basic lattice para-
meters of the more highly enriched (2. 6%) Gas Cooled Reactor lattice
was met. Effects of fuel temperatures were obtained with one slug
diameter up to 750 C.

Encouraging results were obtained in two facets of the Nondestructive
Testing research. The two variables, clad thickness and air gap
thickness in unbonded fuel elements, are now being resolved by
improved broadband eddy current methods. Small unbonded areas in
bonded fuel claddings also were successfully detected by infrared
techniques.

Performance of a laboratory model of a personally carried alarm-
ing dosimeter has been satisfactory and design of a packaged proto-
type for field testing was started. Work continued on development

of a number of other radiological instruments. Development of a
transistorized beta-gamma scintillation dose rate meter was com-
pleted. A previadusly developed portable gamma energy analyzer was
modified for use at low (10-150 Kev) energies. The large scintil-
lation crystal for the Biology Total Body Monitor was received and
tested and is now ready for installation.

Instrument development assistance was provided for a variety of
customer problems. One major new problem is the calibration and

evaluation of linear motion transducers for in-reactor creep measure-
ments on metallurgical specimens.

T
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In the basic data field, fission of U236 gang y238 by low energy
neutrons was determined to be much lower than predicted by
current simple theories, in the case of U2,36 by a factor of 100.

4. Biology

Contamination of terrestrial life forms went down during the month,
but it went up in aquatic forms.

It was found that fish gills can excrete strontium against a con-
centration gradient.

With the annual survey of geese nesting on the Columbia River
starting, it appears that this will be a record year for numbers

of nests.

5. Programming

Information was received that a significant amount of high exposure
plutonium may be available from Canada. Following chemical
re-processing, yet to be arranged, this material could be used
advantageously for physics testing in the PCTR.

Status and recent progress in the Plutonium Recycle Program were
reviewed with D. H. Stewart, Assistant Director for Civilian
Reactors, Division of Reactor Development, AEC-Washington,

on April 12, and with C. W. McLaughlin, AEC Division of Reactor
Development, and H. B. Rahner, Savannah River Operations Office,
on April 26 and 27.

A group of senior Hanford Laboratories personnel visited the General
Electric Research Laboratory for a general review of research and
development programs plus detailed discussions on technical topics
of special interest.

TECHNICAL AND OTHER SERVICES

Subject to Commission approval, the use of minimum variance inventory
estimates to compute book-physical inventory differences will be insti-
tuted within CPD beginning July 1, 1960,

Work in the areg of the statistical evaluation for reliability has continued
to expand. The single branch reliability matrix technique previously

WANINNE
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developed has been found to be directly applicable to the simplification
of switching circuits.

A document was issued discussing the statistical analysis of the Phase I
pressure test of the PRTR containment vessel and recommending pro-
cedures to be used in designing the Phase III test.

Work on eight operations analysis programs continued during the month.
In addition, statistical and mathematical assistance on 27 problems was
given within HLO and to other departments and operations.

There were five cases of plutonium deposition confirmed during April.
The total number of deposition cases that have occurred at HAPO is

254 of which 185 are currently employed. Four of the recent deposition
cases appeared to be minor, involving less than 10% of the maximum
permissible body burden (mpbb). The other case involved a contami-
nated injury to an HLO employee. A small sliver of plutonium contain-
ing about 33 uc Pu was removed at the 200-W First Aid Station. A
residual amount of . 04 uc Pu (one mpbb) was subsequently excised

from the wound area. Medical treatment with CaDTPA was administered.
Preliminary bioassay data indicated the body deposition probably is from
one-quarter to one mpbb.

Two reactor area employees were momentarily exposed to high dose
rates to their hands when they touched a solid aluminum slug which
washed out of a process tube on the front face of the 105-H reactor.
The maximum whole body dose as measured by the film badge for the
period covering the incident was 220 mrads including 190 mr. The
localized dose to the hands was estimated to be less than 5 rads.

Topics covering the NPR were incorporated in the Hanford Classifi-
cation Guide. Several other changes were also made in the guide to
bring it up-to-date. A total of seventy pages were revised.

There are 23 currently active HLO projects having combined authorized
funds in the amount of $23, 948, 000. The total estimated cost of these
projects is $29, 063, 000. All but 4 of the authorized projects are on or
ahead of schedule. Of the 4 only Project CGH-834, '"Modifications and
Additions to High Pressure Heat Transfer Apparatus - 189-D Building"
is more than three per cent behind schedule. A revised schedule is
being prepared for this project.

Development work on the pickling of the NPR process tubes has been
initiated using short lengths of tubing so that the existing autoclave

1240112 w
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installation can be used. Preliminary data using liquid ANN solutions
appears to be satisfactory as a stop bath. Prior to this time the solu-
tions were made up using crystal chemicals. Testing has been started
on nine additional Harvey NPR process tubes received this month.

There were 53 existing J. A. Jones Company orders at the beginning

of the month with a total unexpended balance of $262, 004. Fifty-three
new orders, seven supplements and adjustments for underruns amounted
to $74, 196. Expenditures during the month on HLO work were $182, 769.
Total J. A. Jones backlog at month's end was $153,431. Fifty-seven
orders were closed out during the month.

SUPPORTING FUNCTIONS

A new authorization of $350, 000 was received to fabricate elements for
DMA.

Travel by Hanford Laboratories remains at approximately the FY 1959
level. Trips started during the first ten months of FY 1959 were 1, 044.
For the same period FY 1960, the trips started were 1, 048.

Preliminary information indicates that San Francisco Operations Office
is providing $11, 300 for Project Chariot this fiscal year. A further
authorization of $30, 200 will be requested to support the cost of this
work during FY 1961.

As of April 30, 1960, the staff of Hanford Laboratories totalled 1304
employees, including 620 exempt and 684 nonexempt. There were 528
employees possessing technical degrees, including 313 B.S., 114 M.S.
and 101 Ph. D.

The medical treatment frequency for April was 1. 68 as compared to
2.01 last month. There were three security violations during the month,
bringing the total for the year to date to nine.

Three offers were extended to Ph.D. candidates, and one offer was
accepted by a Ph.D. pharmacologist. Seventy-four acceptances have
been received from candidates for assignment to the Technical Graduate
Program. There are currently 39 Technical Graduates, including 10
employees of the Engineering and Science Program assigned to program
rolls. '

120113
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“A. J. Nerad, General Electric Research Laboratory, discussed
"Superpressure Research and Man-Made Diamonds' at a Hanford
Science Colloquium on April 13,

o e
Manager N 440 g«%

Hanford Laboratories

HM Parker:pmg
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REACTOR AND FUELS RESEARCH AND DEVELOPMENT OPERATION

TECHNICAL ACTIVITIES

A. TFISSIONABLE MATERIALS - 2000 PROGRAM

1. METALLURGY PROGRAM

Corrosion Studies

Zircaloy Hydriding Mechanism. When an esutoclaved Zircaloy-2 coupon is
placed in pure dry hydrogen, an induction time is observed before the
hydriding reaction begins. A series of autoclaved coupons were placed
in 400 mm pure dry Ho at 500 C. Samples were then removed during the
induction periods, after the first detectable Hp pickup and during the
period of repid hydriding. Metallography of these samples revealed the
hydrogen initially is dissolved in the metal phase and uniformly dis-
tributed. The level of soluble Hp increased as hydriding progressed.
Then a very local precipitation of pure zirconium hydride occurred
Just under the oxide surface. This massive hydride phase advanced as
& sharp front into the metal with cracking and spelling cf the hydride
phase.

If the autoclaved sample is scratched to break through the oxide film,
no induction *ime occurs, the massive hydride diffusion front forms
immediately and cracking and spalling occur. Very little hydrogen 4if-
fusion decurs in the metal phase ahead of this front, and the balance of
the sample is unaffected. This has been observed both at 400 and 500 C.

These results confirm a proposed hydriding mechanism which states that
if transport of Hp through the oxide is slow, the hydrogen level in the
sample builds up uniformly until the solubility limit is reached, where-
upon precipitation of the second phase material breaks up the oxide and
allows rapid attack. However, if the entry of Hp at the metal surface
is rapid, such as at a scratch, severe local hydriding occurs indepen-
dent of the hydrogen level in the balance of the sample.

Rate of Hydriding Studies. Vapor-blasted Zircaloy-2 surfaces appear
to hydride more readily than etched surfaces, especially when the
partial pressure of HpO oxidant in the hydrogen atmospliere is quite
low, say 0.1 mm. This is interpreted to indicate that either it is
more difficult to form a protective film or the rough vapcr-blasted
surface or that the reactive surface of the vapor-blasted sample is de-
pleting the available water supply, leaving a dry hydrogen atmosphere.
An experiment under flowing conditions to assure constant water content
is planmned to resolve this point.

The addition cf up to 60 mm partial pressure of dry No gas was in-
effective in stopping the hydriding of a vapor-tlasted Zircaloy-2

sample at 400 C and 375 mm hydrogen pressure. Oo the other hand,

anodizing of a vapor-blasted Zircaloy-2 surface appeared o reduce
the hydrogen pick-up rate in preliminary tests at L25 C.

fl 24 OE‘ 15
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A chromium plate on top of an iron flagh coating on Zircaloy-2 failed to
prevent hydriding of the Zircaloy at 500 C.

Fuel Element Rupture Testing. Defected, uranium core, Zircaloy clad,
coextruded rod elements have been ruptured at 500 C and 200, 1000 and
2000 psig; and at 400 C, 2000 psig. These are the initial experiments
in a more complete study of rupture behavior in steam. Induction times
varied from 16 to 63 minutes decreasing with increasing temperature and
pressure. Rupture rates increased with increasing pressure and tempera-
ture during the initial phases of rupture. After extensive reaction
(100 grams of uranium), the rates attained for both 40O and 500 C were
about 19 grams per minute compared to maximum rates of about five to
eight grams per minute at 300 C. The Zircaloy cladding was severely hy-
drided and brittle after every test.

Sample Exchange with Harvey Aluminum. A cooperative test program, to help
resolve differences in the results of corrosion tests of Zircaloy-2 has
been initiated with Harvey Aluminum. A series of 112 samples have been
prepared consisting of 40 samples of sheet stock Zircaloy-2 and 72 samples
cut from nine NPR tubes recently received from Harvey Aluminum. The
samples have been divided into four parts and will be handled as follows:

Part A: Etched and autoclaved at Hanford.

Part B: Etched and autoclaved at Harvey Aluminum.

Part C: Etched at Hanford, autoclaved at Harvey Aluminum.
Part D: Etched at Harvey Aluminum, autoclaved at Hanford.

Weight gain data and visual appearance of these samples are expected to
establish where Hanford and Harvey Aluminum testing methods differ.

Etching of NPR Process Tubes. Smell scale experimental studies have been
continued to evaluate the etching of NPR process tubes by a continuous
method whereby the tube is never out of solution during the etching and
rinsing cycles. Several samples have been successfully etched and auto-
claved. Two more have been recently completed. In both recent tests

the etching acid was diluted to one-half the normal strength. The etch-
ing acid used was 13.6% HNO3 and 0.875F HF. The first sample was rinsed
in 25 C deionized water while the second sample was rinsed in 55 C tap
water. The first sample gave a satisfactory autoclave film, but the
second sample was acid stained on the inside.

Studies were made to determine the temperature rise when a large Zr-2
area to acid volume ratio is used. Seven liters of diluted etching

acid were used to etch 4O grams of Zircaloy-2 in five minutes. The
dilute acid gave a slower etching rate with less rapid gas evolution and
more time to dissipate the heat. The result was a measured temperature
rise of 7 C per mil etched.
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Radiometallurgy Laboratory Studies

Room temperature tensile tests were made on two irradiated uranium samples
that had been cycle annealed for ten cycles between 100 and 625 C. Four
wranium samples from Zr-2 clad cluster rods were dissolved and submitted
to Radiochemistry Operation for U-235 burnup analysis. BSix ruptured
capsules from the test of in-reactor strength of Zr-2 fuel element jackets
have been sectioned and the samples mounted in plastic for subsequent
metallography and replication.

A transverse section was removed from the rupture arsa of the defected rod
from the third ETR rupture test and examined metallographically. Hydriding
of the Zr-2 cladding was found to range from 50 to 100 ppm Hp in the
rupture area. A sample eight inches from the rupture was found to contain
50 ppm Hp in the cladding. The U-Zr-2 bond strength was found to be good
from a test on a sample removed from the non-ruptured portion of the de-
fected rod (RM-S64).

The first defected rod has been sent to Coolant Systems Development as
part of their study to determine the effects of irradiation on the rupture
performance of coextruded uranium - Zr-2 fuel elements. A natural uranium
rod clad in 30~-mil Zr-2 and irradiated to 1250 MMD/T was defected by
drilling a 25-mil hole 40 mils deep near the center of the rod.

Four irradiated thorium tensile specimens annealed at 750 C for one hour
and four specimens annealed at 750 C for 100 hours were tested along with
two control pieces.

A graphite capsule containing various samples of reactor materials exposed
to reactor atmosphere was disassembled, sorted, and delivered to the
Physical Metallurgy Operation for further evaluatiomn.

A T-rod cluster of 1.6% enriched uranium clad in 20-mil Zr-2, which had
failed in KER Loop #l, was received for examination. The failure was a
longitudinal crack about one inch long located four inches from the end
of a peripheral rod. A scratch or an extrusion flaw in the cladding was
found extending one and one-half inches down the rod from one end of the
failure. Examination is continuing to determine the mechanism of failure
of the cladding (RM-562).

Results and conclusions from the above tests will be reported in connection
with the development programs of the Fuel Element Design and FPaysical
Metallurgy Operations.

Basic Metallurgy Studies

Radiation Effects in Fissionable Materials. The design of advanced fuel
elements depends upon some knowledge of the effects of irradiation on the
significant mechanical and physical properties. A program to obtain this
information for uranium irraedisted under PT-3NA was completed during the
month with the tensile testing of two specimens given ten thermal cycles
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between 100 and 625 C after irradiation to 0.075 and to 0.1 a/o burnup.
Both specimens exhibited surface cracking after annealing. The properties
of the 0.075 a/o specimen were as follows: Yield strength - 28,500 psi,
tensile strength - 37,200 psi, and total elongation 1.0 percent. The

same properties for the 0.1 a/o burnup specimen were 73,400, 83,700, and
1.0 percent, respectively. The total elongation of 60% may be compared
with the as-irradiated value of 0.5 percent and similar increases observed
after 600 C anneals of irradiated urenium in earlier experiments. Al-
though both the yield and tensile strengths of the 0.1 a/o burnup specimen
agree with as-irradiated values, the strengths for the 0.075 a/o burnup
specimen are abnormally low. This suggests that in the latter case internal
cracks reduced the effective cross section. Since the more highly exposed
specimen exhibited better integrity, the anisotropy and, hence, the mag-
nitude of thermal stresses caused by cycling might have been reduced by the
higher irradiation.

Mloys of thorium containing one w/o oralloy (93 percent U-235), four w/o
oralloy, and 5.4 w/o oralloy have been obtained for high temperature, high
burnup irradiation tests. These tests are designed to determine the
changes in mechanical properties and the extent of swelling in an iso-
tropic fissionable material. Three capsules with specimens of each alloy
(totaling nine) were sent to the MIR for insertion prior to cycle 138.

It is planned to irradiate the alloys at equal power levels (735 F maxi-
mum core temperature) to total atom burnups of 0.2, 0.5, and 1.0 a/o.

Testing of irradiated thorium, an isotropic cubic metal, would yield data
that car be interpreted more simply than that for dimensionaelly unstable
uranium, although both undergo damage from fast and thermal neutrons.
Eight thorium specimens representing two different ingots and two levels
of exposure were annealed at 750 C and tensile tested during the month.
Unlike uranium which recovers little ductility with post-irradiation
annealing, thorium specimens irradiated to 0.0L a/o burnup underwent
nearly full recovery of total elongation after a 750 C anneal. The in-
crease was from about 10 to 40 percent elongation for the as-irradiated
and as-annealed conditions, respectively. compared to an unirradiated
value of approximately 45 percent.

Recovery in strength at 750 C was independent of time between one and

100 hours after 0.011 a/o burnup, but was more extensive at 100 hours than
at one hour after 0.04 a/o burnup. The stress-strain curves for the two
different grades of thorium fell below the curves for the control specimens
after a combined irradiation to 0.011 a/o burnup and anneal at 750 C. An
important effect of annealing was the recovery of work hardenability which
was lost due to irradiation. The range of easy glide after initiasl plastic
strain was substantially greater for the irradiasted and snnealed specimens
than for the wnirradisted specimens.

Electron and Optical Microscopy. The study of the microstructure of
cladding and fuel materials after irradiation is a direct way of de-
tecting radiation damage in these materials. Thin films and folls suit-
able for electron microscopy offer advantages, since radiocactivity is a
minimum.
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During exposures cof thin films of UOp and ThOp, fissior fragment tracks
are observed in the films; sandwick films of C and ZrOp coated with UOp

or ThOp also show surface fission fragment tracks after removal of the
fissionable layer. If the fission fragment causes deformation or local-
ized migration of the atoms ir its vicinity, deformatiocr of the underlying
matrix, C or ZrOo, may alsc arise. This possibility is being investigated
by examination of the free surface of the substrate. Muitiple layered
specimens of UO2 with Cr, Ge, Pt, and Pd have been irradiated in air
filled capsules to establish whether a relatively good thermal conductor
being bonbarded with fission fragments will disclose fission fragment
tracks similarly tc C and ZrOp. The irradiation of such films has

yielded perplexing results. After exposures as high as 2.7 x 1087 nvt
(thermal), all films irrespective of the exposure, showed that the UOp
film had formed isolated sporgy droplets on the metallic substrate.

During examination in the electron microscope, the droplets oscillated
and after low temperature vaporization occurred, the droplets became
stable shells. This behavicr of U0y was certainly not expected and dif-
fered from the behavior of U0y + C duplex films irradiated simultaneously.
The phenomenon will be investigated in greater detail.

The following papers were presented at the 1lith AEC Metallographic Group
Meeting, held at Nuclear Metels, Inc., April 5 and 6, 2960: (1) An Im-
proved Method of Etching by Ion Bombardment, (2) Novel Uses of Replicas
and Autoradiography, and (3) Swelling in Uranium as a Function of Post-
Irradiation Annealing.

Solid State Reactiong. The effects of irradiation upon zirconium and
Zircaloy-2 are being investigated tc aid in prediction of behavior under
reactor service. Percent ccld vork, irradiation rate ard integrated
exposure have beer. chosen as variables. Six sample assemblies for ir-
radiation in the MIR rabbit facility have been finisked this month.

These contain twelve samples each as follows: twe arnealed Zircalcy-2;
two ten percent ccld worked Zircaloy-2; twc 25 percent ccld worked
Zircaloy-2; two annealed zirconium; two ter percent cold worked zirconium;
two 50 percent ccld worked zirconium. Pre-irradiation determinations of
lattice spacings and structure by x-ray diffractior techniques is complete.
Microhardness has beern measured and typicel microstructures have been
photographed.

Studies of the effects of prior heat treatment on the corrosion of zir-
conium in water at 680 F were completed last month. Results show that
all heat treatmerts in air, helium, or vacuum at *ermperatures of 300 to
700 C for times of 10 to 1000 minutes improved corrosion behavior over
the as-worked states. From a practical standpcint thess heat treatments
produced equivalert corrosion results. There was no deletericus effect
due to heating in air or helium as had been observed with Zircaloy-2 and
Zircaloy-3. A breakaway point occurred after 292 days in test after
which corrosion results (ir. terms of weight gain per unit area) were un-
Predictable due tc flaking and spalling. The average penetration at
breakawey was calculated to be less than 0.1 mii.
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Metallic Fuel Development

Cluster Fuel Elements. Further Radiometallurgy examination was made on
the defected rcd of the third ETR rupture test. The examination showed
that the uranium was badly cracked in the region where the cladding was
swollen and cracked. The Zircaloy-2 basket which enclosed these fuel
elements in the ETR was sectioned at a point opposite the defect and
examined for hydrides. No hydrides were found.

The ruptured 20-mil Zircalay-2 clad rod from the KER Loop 1 failure of
February 8, 1960, received further examination. A section cut through
the base of the split revealed a five-mil wide radial crack in the uranium
immediately under the split in the clad. This is the first time a fuel
defect has beern found to be directly associated with the clad failure.

The cladding is separated from the core for about 90 degrees on either
side of the split. Extensive internal cracking is visible throughout the
uranium in this section. BSections made in the center of the split and
one-half inch below the base of the split do not show cracking of the
uranivm. Two sections were made through a longitudinal defect that was
thought to be a scratch in the cladding. Examination showed the clad

to be reduced by approximately 50 percent in thickness, but no evidence
could be found to indicate this thinning was caused by mechanical damage.
In one of these latter sections, cracks were also observed in the uranium.
It is believed that uranium cracking caused an increase in rod diameter
(between two and four mils in the region of the longitudinal defect)
which possibly caused the Zircaloy-2 cladding to neck down in a localized
section. The average diameter increase for all rods of this cluster was
less than one mil. The average diameter increase for all rods of a 30-
mil clad from the same charge was 2.9 mils.

Tubular Fuel Elements. A KER loop irradiation is being prepared to deter-
mine the effect of heat treating variables orn the behavior of Zircaloy-2
clad tubular fuel. Coextruded material, 1.470 inch OD x 0.400 inch ID,
will be used as a single element irradiation with a stainless steel

sleeve to adjust the water flow. 8Six separate heat treating conditions
have been used with these being characterized for uranium grain size and
structure, crystallographic textures, and clad to uranium bonds. Nine-
inch long elements of the same material will mske up the balance of the
charge. The elements and sleeves have been prepared and autoclaved and
upon completion of measurements, will be ready for charging.

Production Test IP-3C0A consisting of eight 20-inch lorg TIG welded outer
tubes and hot headed and projection welded inrer tubes was charged into
KER Loop % on April 25, 1960. They are fabricated from Zircaloy-2 clad
nat;ral urarium coextruded by both NMI and FPD. Goal exposure is 2500
MWD/T.

Two KER loops operated with tube/tube fuel elements during April. These

elements are KER size, but are enriched sc that they operate close to NPR
conditions of neat flux and internal temperature. The charge in Loop 2
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is made up of four elements, each 18 inches long. Two elements are
Zircaloy-2 clad uranium and two are Zircaloy-2 clad uranium - 2% zir-
conium. The exposure of the Loop 2 charge is now 2400 MWD/T. The
coolant outlet temperature was held at 275 C during equilibrium operation
of the reactor. The meximum fuel temperature in the inner tube is 440 C.

The charge in Loop 4 was made up of three tube/tube KER size elements.
These elements operated with very nearly the same thermal conditions as
those described above for Loop 2. They were discharged on April 2k,
following & burst of delayed neutron activity in the lcop coolant. The
delayed neutron monitor rose to scram level over a period of ten minutes.
Previous failures have given more definite and faster rates of neutron
activity rise. The elements have not been examined in Radiometallurgy.
No obvious signs of failure can be seen on the outer surfaces of the
elements. One element has some surface bumping. The exposure at dis-
charge was 1200 MAD/T.

Scme of the material extruded by FPD at NMI for KER inner tube stock has
s. swn by metallographic examination to contain zirconium hydride near
the copper-zircornium interfaces.

A completed fuel element with autoclave film was made from this type of
meterial and subsequently cut up for hydrogen analyses. Several samples
were taken and various sample preparation techniques were used. Listed
below are the averages of these anralyses:

No. Avg. Metal
Analyses Samples Removed per
Sample Preparation Procedure ppum Taken . Surface Inch
1. Uranium removed by
machining 78 6 -
2. Uranium removed by HC1 250 6 --
3. Uranium removed by ECl
followed by vapor blast 93 2 0.0008
4, Uranium removed by HCL
followed by vapor blast
and bright etching T0 2 : 0.0013

If an acid milling procedure is used for end closure preparation, it is
essential that the acid machining be followed by bright etching and
possibly by vapor blasting and bright etching in order to avoid hydrogen
pickup in the Zircaloy clad.

Fuel for Present Reactors. Two hot pressed I & E fuel elements are being
irradiated in the MIR as tests GEH-4-42 and GEH-4-L47. These elements were
removed from the reactor during a normal shutdown after 2-1/2 cycles of
operation after accumilating approximately 900 MWD/T. Exemination
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revealed no evidence of hot spot operation or of pitting corrosion.

These elements will be reinserted into the MIR on May 30, 1960 (cycle 1L40),
for another cycle of operation. After this cycle the fuel elements will
be discharged and returned to HAPO for detailed examination. The expos-
ure at that time will be approximstely 1350 MWD/T.

Component Fabricatiorn. Tubing has been expanded by drawing a plug through
the tube. In this case the plug ends are simply hydraulic seals as the
expanding is accomplished by high pressure oil that is pumped through the
drawv bar to the center of the plug. Accurate tube sizing may be accom~
plished by confining the 0D expansion to predetermined limits.

NPR elements and other sizes being tested require a multiplicity of
support sizes and contours. To simplify making these supports, a con-
tained neoprene type die bed has been built. This will accept any male
die 1/4" wide and up to four inches long. Since it eliminates the female
die, the cost of changing support geometry is greatly reduced. One lot
of Sheffield stud stock suppcrts and one lot of Zircaloy-2 supports have
been formed to date with excellent results.

Nine 17-inch lengths of KER inner and outer tube stock of enriched (1.6
percent) uranium - 2 w/o Zr alloy were heat treated prior to closure for
irradiation test elements. The heat treatment used was 730 C, seven
minutes in Nusal salt, followed by a water quench. The treatment was
selected to give optimum acid machining rates. Dimensional changes and
warpage were recorded and sections taken for structure examination of
clad and core.

Closure and Joining. Experimental work has continued in the development
of & brazed end closure for coextruded Zircaloy-2 clad uranium fuel
elements. Both KER inner and outer tubular elements have been brazed
using & 5% Be - 95% Zr eutectic alloy. Brazing is accomplished by vacuum
induction melting the braze alloy in contact with the uranium core and the
Zircaloy end cap, and holding for twe minutes at 1050 C. Although a cor-
rosion resistant braze is formed, there are two undesirable gqualities
with this braze alloy. First, the relatively high melting point of 950 C
necessitates a brazing temperature of 1050 C to produce an adeguate braze
to uranium bond. This higher temperature causes a very extensive and
undesirable growth in the coextruded bond as well as causing crystallo-
graphic transformation of both the uranium end Zircaloy. A second un-
desirable feature is the presence of beryllium in the braze, which presents
concern as a possible health hazard. However, when this braze technigue
is applied in the 2% Zr alloyed uranium core, the time at temperature

can be halved and the coextruded bond does not show the dramatic growth.

The use of ternary braze alloy composed of 5% Be - 10% Fe - 85% Zr

reduces the brazing temperature to 950 C, and the holding time to one

minute,,, This alloy, however, does not have the corrosion resistance of

the 95% Zr - 5% Be eutectic alloy. As a result, a combination of the

two alloys presents a temporary solution. The ternary braze alloy is

placed on top of the cap. This conbination reduces the brazing time by
" half and still provides a corrosion resistant brazed closure.
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Several other elloy systems are being investigated as possible braze alloy
cendidates; first, from the braze standpoint, then from the corrosion
standpoint. Several alloys appear promising but will not be considered

as candidates until corrosion data are obtained.

A literature search has shown that only the 95% Zr - 5% Be eutectic alloy
has both corrosion resistance and ease of brazing. Over 150 alloy systems
were rejected on the basis cf corrosion data ard nuclear properties.

The equipment for hot heading Zircaloy-2 clad uranium KER outer tubes has
been set up in a 400-ton vertical hydraulic press, and four ends of 20-inch
long tubes have been successfully hot headed. The heading technique is

the same as used to hot head KER inner tubes. The Zircaloy-2 shoulders on
the headed end appear sufficiently thick and uniform for the projection
welded final closure. However, the narrow shoulders on the hot headed thin
walled KER outer tube may limit the projection welded closure to only two
projection rings on the closure cap, one on the shouider each side of the
heading extrusion. Several ends will be headed for use in projection
welding studies.

An infrared sensing head was used to monitor the temperature of the KER
outer tubes during induction heating to insure proper preheating of the
urenium into the high alpha range. This method of controlling the tube
preheat has the advantage over the timed cycle control method previously
used in the KER inner tube preheat in that it allows the coil to be moved
over the tube to insure uniform heating of the tube end without altering
the desired preheat temperature.

Equipment is now being set up to hot head NFR inrer tubes (1.430 inch OD
by 0.520 inch ID).

Allied Fuel Studies. The Zircaloy-2 capsules from the in-reactor burst
tes5t were given a preliminary examination in the Radiometallurgy cells.

In this in-reactor test, tubing similating fuel element jackets was burst
under controlled conditions of temperature and internal pressure. Es-
timates of the amount of uniform strain in the fractured specimens were
made from photographs of the capsules. If these estimates are correct,
wniform strain in the 15 percent cold worked specimens has drcpped from
17 percent in the ex-reactor control specimens to an average of two or
three percent in the in-reactor specimens. There was only a slight re-
duction in uniform elorgation in the annealed specimens. Accurate measure-
mert of uniform elongation in the capsules as well as reduction in area at
the fracture will be available soon.

Dies for meking plate extrusions at several reduction ratios were installed
in the Dynapak. Zircaloy-2 plates were extruded at three reduction ratios
and two temperatures as a part of a cooperative effort with Physical Metal-
lurgy Operation to study the effect of extrusion on crystallographic
texture. Plates were desired instead of tubes and rounds because mechan-
ical test specimens car be cut from plates at any angle with respect to

the extrusion direction. Mechanical properties of specimens cut from
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these plates will be correlated with the x-ray crystallographic texture
and extrusior. parsmeters. Dynapak extruded rods of a steel alloy (Fe -
7% Al - 5% Cr - 1.7% Nb) could not be further reduced by hot rolling,
but plates extruded on the Dynapak were successfully hot and cold rolled
to a ductile sheet 0.030 inch thick.

Numerous attempts to measure, with a commercial accelerometer, the force
or pressure exerted by the Dynapak were unsuccessful because high fre-
quency high amplitude resonant noise masked the relatively slow deceler-
ation of the Dynapak ram. Direct measurement of the force with resistance
strair gages on the punch was successful. Oscillograms of the extrusion
force as a function of time are now made routinely with each firing of the
Dynapak. The force was measured in numerous shots in which UO2 sealed in
stainless steel capsules was densified with the Dynapak. In some of this
work, conical punches, that amplify the force on the ram, were used. Force
pulses of about five milliseconds duration reached peaks of over 500,000
pounds acting on about ore square inch of capsule.

Two tube charges of dummy fuel elements with two different types of supports
were prepared. These are to be flow tested at 100-D to determine the
relative resistance to coolant flow offered by a suitcase handle self-
support and the flat plate type self-support. Sketches of numerous other
types of support designs and shapes were prepared, and an effort to rank
these types according to their relative resistance to coolant flow is

under way. ‘

Ex-reactor tests show that Zircaloy-2 supports on full size NPR fuel
elemerts severely scratch the autoclaved Zircaloy-2 process tube as the
fuel elements are charged and discharged. These scratches may lead to
localized corrosion or act as regions of stress concentration. Sheffield
steel performs satisfactorily as the bearing surface on a fuel element
support down to contact areas between the bearing and autoclaved surfaces
of approximately 1/8" dismeter. However, by adding a lubricant such as
water soluble oil, the contact area can be reduced to a point contact and
cause no scratch damage to the autoclave film. No scratching of the auto-
claved Zircaloy-2 occurred when ingot iron, a high purity iron, was tested
as a possible bearing surface with a point contact area. No lubricant
except water was used in this test. However, a method of attaching the
ingot iron to the Zircaloy-2 support has yet to be developed.

Of several types of graphite tested, an electrical brush type designated
as DTS was found to wear the least. With a contact area of 0.06 in® the
decrease in thickness is less than 0.003 inck for 120 feet of wear distance.
For a contact area of 0.03 inz, the decrease in thickness is 0.015 inch
for the same wear distance. However, the graphite would be subject to
additional wear and possible breaking if discontinuities exist along the
charging path of the fuel elements. Corrosion test results have yet to be
obtained on the ingot iron, but at present this is the only material found
that would not require some modifications in the charging procedure, such
as the lubricant addition or change in the process tube connection designs.
Further wear tests will be made using iron electrolytically deposited on
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Zircaloy-2, chromium plated surfaces, and various other oil type lubricants.
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Notch fracture bond tests have been made on wafers from two irradiated co-
extruded fuel rods which failed in-reactor (2250 and 2400 MWD/T). In both
cases, 0.020" and 0.030" clad thickness, the notched wafers fractured
through the uranium and clad without peeling the clad from the fuel. This
behavior indicates that the clad fuel bond has retained its pre-irradiation
strength. The corrosion behavior of the failed rods indicates that bond
strength may have deteriorated since the failure propagated readily in the
region of the bond line. It is believed that irradiation induced property
chenges in the uranium fuel have made the uranium and not the U-Zr bond the
"weak link".

In-reactor swelling experiments of Zircaloy-2 clad uranium fuel rods with
selected uranium temperatures, cladding thicknesses, and exposures are
being conducted. Five swelling capsules, GEH-14-97, 14-98, 1Lk-101, 14-103,
and 14-105 are presently being irradiated in the MIR to extend the coverage
of temperature, exposure, and cladding restraint. BExposures and average
center uranium temperatures of these capsules are, respectively, 3000, 330,
1475, 1700, 1810 MWD/T, and 675, 575, 275, 310, 335 C. GEH-~14-97 will be
discharged at the end cf the present cycle. The goal exposure of the re-
maining capsules has been reduced to the range 2000-2500 NMD/T. Equipnent
for opening the aluminum capsules irradiated in Hanford reactors has been
fabricated and is now being tested. Opening and examination of the capsules
should begin early in May.

Facilities and Equipment. Experimental reactor fuel elements should be .
accurately measured before loading in an irradiation facility. If only

a few measurements are made on the fuel element surface, the complete
geometry cannot be accurately described. Equipment is being fabricated

and methods are being developed to measure inner and outer surfaces of fuel
elements. The measurements are continuous and cover a spiral path along
the surface of the fuel element. Electromagnetic transducers are used as
the sensing element for measuring the outer surface while resistance strain
gages are used as the sensing element for measuring the inner surface. The
fuel element is rotated in a lathe and the longitudinal screw feed is used
to move the sensing element. The measurements are reccrded on a Brush
Strip Recorder. Successful measurements have been made of the outer surface.

The swage feed (our design) fabricated by Willamette Steel & Iron Company
has been set in place at the 8F swage in 314 Bldg. Preliminary tests in-
dicate that the unit performs satisfactorily, particularly from an operator
safety standpoint. Some on-site charges are necessary to improve and in-
crease operating convenierce.

The roll restrainer (our design) has been received from Harms Tool Co.
The unit will attempt to minimize warping in round fuel geometries during
air cooling in beta heat treating. Corrections, adjustments, and service
connect-ons are being made, and the unit will be operatiornal the first
week in May.
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The high temperature, high pressure sutoclave facility installation,
Project CGH-879, was completed and the project closed out. The facility
consists of three autoclaves capable of 3500 psi - 425 C operation.

Their internal dimensions are: 12" ID x 50" deep, 10" ID x 4O" deep, and
6" ID x 20" deep. The two larger vessels are equipped with feed pre-
heaters and may be operated with continucus feed and bleed.

The plastic duct work and fume exhauster, purchased under AR-60-HL5-31,
have been installed. This installation provides e facility that is
capable of handling corrosive hydrochloric acid fumes created in acid
machining of uranium. The facility is located in the electroplating
laboratory of the existing 306 Building.

REACTCR PROGRAM

Coolant Systems Development

Titanium Galvenic Corrosion. A llh-week exposure of titanium-aluminum

couples has been completed in process water at 80 C in the 1706-KE single-
pass mockup tubes. Flow rates were three and six feet per second. This
testing was performed to measure titanium corrosion characteristics under
NPR control rod cooling conditions, since titanium is a candidate material
for NPR control rod thimbles. The maximum titanium corrosion rate was
0.012 mil per year. Aluminum corrosion rates, when in contact with titan-
ium range from O.24 tc 0.48 mil per month, with an average of 0.38 mil per
month. Measured corrosion rates for uncoupled aluminum at comparable test
conditions ere in the range from 0.21 to 0.55 mil per month, with an
average of 0.34 mil per month. No pitting attack occurred on either the
aluminum or titanium.

Heated Slug Rupture Prototype. A second programmed cool-down run was made
during the month employing a Zirceloy coextrusion clad uranium fuel tube
specimen. The outer jacket on the tube was predefected with a 0.025-inch
pinhole. The specimen was exposed in hot water at 300 C, 1650 psi, and
16 fps velocity until the rupture was detected by a resistance-type hydrogen
detector. After the NPR prototypical 105-minute cool-down period to reach
100 C, the resulting rupture on the tube consisted of many small mounds,
sbout 1/L4 inch in diemeter, covering an area about 1-1/2 inches long and
3/4 inch wide and with a maximum height of 0.130 inch. Total weight loss
for the tube was 18 grams. This rupture was somewhat less severe than the
first tube tested which lost 95 grams, had a ruptured area about 1-1/2
inch by two inches, and had raised about 0.022 inch. Both ruptures ex-
hibited a small amount of swelling on the inside surface of the fuel tube.

Rupture Test of an Irradisted Fuel Rod. A rupture test was conducted using
a 30-mil Zircaloy-clad rod from & T-rod cluster which had been irradiated
to an exposure of 1200 MAD/T. The defected rod was exposed in 300 C re-
circulating water irn the IRP (Irradiated Rupture Prototype) for one hour
before any sigrn of activity release was observed, following which it was
exposed for an additional 80 minutes. The rate ofactivity release was some-
what cyclic rather than uniformly increasing, although the rate appeared

to be generally increasing with time.
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Following the rupture test the loop was decontaminated using peroxide-
carbonate, alkaline permenganate and Turco-L4518. Although the loop

itself decontaminated well, the coupons showed gross corntamination with

a strong beta emitter. The stainless steel coupons were well defilmed,
but the carbon steel coupons were covered with a very black adherent

film such as has been experienced previously. It is believed that this

is not the original magnetite film but one that is reformed after the
magnetite is removed. Decontamination factors on the carbon steel coupons
were only about two.

Decontamination Studies. A cyclic single-pass decontamination test was
made in the IRP in 242-B Building, using alkaline-permanganate at 100 C
and Turco-4512 at 90 C. Each solution was used for two minutes. Three
cycles were run with water flushes between. A peroxide-carbonate recir-
culation rinse was made prior to the single pass test to remove UOp from
the irradiated uranium wafers. The results appear guite promising with
decontamination factors of 200 on carbon steel and 60 on stainless steel.
The corrosion rates were sbout 0.06 mil and 0.01 mil, respectively. In
general, the coupons were defilmed including some which had been exposed
in the KER-3 mockup tube. The final activities were lower than usual
except for an occasional coupon that read high. This was believed to be
due to fission product bearing UOp particles lodged under the screw heads
and not completely dissolved by the peroxide-carbonate rinse. The loop
was down for several days to replace tubing, install a flanged carbon
steel pipe section, and for general inspection.

The sixth and seventh decontamination cycles were completed in CEP-1
using a Turco-4518 process. This test series was terminated and the loop
is being modified slightly in preparation for an eight-cycle test using
Turco-4502 and Turco-4518. The total accumulated corrosion calculated in
nmils after seven weekly cycles of alkaline-permanganate and Turco-L518
with high temperature water operation was as follows: type 304 SS (stain-
less steel) sensitized, 0.10 to 0.12 mil; type 304 SS nonsensitized, 0.06
to 0.10 mil; A-212 Grade B CS (carbon steel) 0.57 to 0.T4; A-212 Grade B
CS welded to type 304 SS (1 to 1 ratio), 0.86 to 0.96; Stellite alloy-6,
0.24 to 0.27; Stellite alloy-12, 0.38 to 0.42; mechanically coupled CS
with SS screw, 0.60 to 0.74; Zircaloy, coupled and uncoupled, 2k mg/dm?
(0.0 mil). Stress-crevice coupons discharged after seven cycles in the
alkaline permanganate-oxalic acid decontamination process did not exhibit
any excessive attack due to the stresses or crevices. Last month, after
two cycles, one of the type 304 stainless steel coupons holders had shown
galvanic attack where it was coupled to Zircaloy-2 coupons. There was no
additional attack of this type up to the completion of the test at seven
cycles.

A cyclic Turco-4512 and Turco-4518 run was made in the single pass facility
at eight gpm using a present reactor stainless steel pigtail. The decon-
temination factor was approximately 16 after 24 minutes. A 2.5% sulfamic
acld solution was used on a J-1 H-Reactor pigtail. The decontamination
factor was approximately 22 after 20 minutes. The average general corro-
sion loss on polished carbon steel coupons was 0.12 mil for this process.
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Galvanic Corrosion. Graphite samples which have been mechanically
coupled to Zr-2 coupons were exposed to five cycles of the alkaline
permanganate-oxalic acid decortamination test in CEP-1. Other samples
were exposed four weeks in 290 C, pH 10 recirculating water (ELMO-5 )

as controls. Microscopic examination of both sets of samples did not
reveal any abnormal attack at the contact points. The Zr-2 coupons

were etched prior to exposure and the mechanical couple with the graphite
was made on the etched surfaces. After exposure, the Zr-2 was found to
have formed a tight black oxide film on all surfaces, including the mech-
anical joint. Weight change data on the Zr-2 was not applicable because
of fretting which occurred between the Zr-2 and the stainless steel
coupon holders.

Zirconium Oxide Removel. An attempt to remove ZrOp with molten potassium
acid fluoride from Zircaloy-2 coupons exposed in high temperature water
was successful, but metal weight losses were too high to be of interest
for most practical applications. Weight losses of 500 mg/minute were ob-
tained on a two-square-inch sample of Zr-2 in the molten salt.

Structural Materials Development

NPR Process Tubes. The Hanford position on interpretation of the corrosion

test specification for NPR process tubes has been clarified in a letter to
the vendors. Some confusion and difference of opinion has been apparent

in regard to sample preparation, particularly with respect to the amount

of metal to be removed from the surface. The thin layer of disturbed metal
at the very surface normally does not react favorably in a corrosion test.
For this reason about 0.002 inch of metal is normally removed from the

tube surface before it is placed in service, and corrosion test samples
from the tubes are similarly treated. ‘

Zircaloy Retubing Program. Good progress is being made on the fabrication

of the 200 Zircaloy-2 smooth bore tubes for "C" Reactor scheduled for de-
livery by June 15. Proposals have been received from three vendors for
the trial of new fabrication processes for producing these tubes on subse-
quent large orders. Development cost will be borne by the vendors.

Seventeen Zircaloy-2 BDF internally ribbed tubes meeting all specifications
have been fabricated under a development contract. Due to a change in
plans and designs, all further development and production work on ribbed
replacement tubes has been terminated.

Nonmetallic Materials Development

Hot Test Hole Irradiations. Two CSF graphite "do-nuts" have been ir-
radiated in the 2C test-hole at KE to determine the contraction charac-
teristics of graphite under stress. A graphite plug was inserted into
the hole of one "do-nut" with the preferred orientation of the plug
rotated 90° from that in the surrounding "do-nut". The transverse
thermal expansion is about twice the expansion parallel to the grain at
the irradiation temperature (m#600 C) so that there was a compressive
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force on the plug in the transverse direction during irradiation. A
"do-nut" without a plug inserted was also irradiated for comparison.

After 1674 MWD/AT the unstressed "do-nut" had contracted 0.02 percent

in the parallel direction with no change measured in the transverse
direction. The contractions measured on the stressed "do-nut" were

0.03 percent in both the transverse and parallel directions. The con-
tractions measured for the plug were approximately 0.05 percent in both
the transverse and parallel directions. Because of the combined effects
of thermal expansion, irradiation contraction, and probably initial
irradiation expansion, the stresses are difficult to analyze. However,
it 1s apparent that the contraction rates were altered by the stress-
inducing "do-nut" arrangement. '

Thermal Hydraulic Studies

Heat Transfer Experiments Pertaining to Present Production Reactors.
Hydraulic demsnd data for BDF geometry were presented in report HW-64560
for steady state operation at tube powers of 50, 100, 200, and 300 KW.
The experiments utilized simulated I & E fuel charge heated by d.c. re-
sistance heating and standard BDF process tube and outlet fittings.
These data are of value for determining flow requirements to provide
adequate fuel cooling during steady state reactor operation at shutdown
conditions.

Data have been obtained from the 189-D low pressure heat transfer appar-
atus to study the time and front header pressures required to recover to
single phase flow from & boiling condition caused by a short duration
flow stoppage in a BDF process tube channel. The data, obtained at tube
powers of 15, 25, and %0 KW, will allow determination of the time which
flow can be shut off from a process channel and still prevent boiling

or recover from boiling without application of full riser pressure to the
process chamnel. These data will aid in establishing operational pro-
cedures during charge-discharge operation.

The experiments were performed in the following menner. Tube powers of
15 KW to 4O KW were examined at header pressures from 40" water to 100"
water. The rear header was open to atmosphere. Steady state conditions
were established in the tube prior to the adjustment of valves which shut
off the header supply and opened the tube inlet to atmosphere. The water
vwas reapplied at various times after bolling commenced in the tube. The
tube was considered to have recovered if the heater rod surface tempera-
tures did not exceed 450 C and the initisl flow was re-established within
10 minutes after application of the front header pressure. Pressures in
the tube were measured to determine pressure buildup during boiling.

Analysis of the data has not been completed but some initial conclusions
were apparent. The pressure buildup in the process tube due to the
boiling was very small and would not be sufficient to force expulsion of
fuel elements. The allowable time for which flow could be stopped and
still recover without an increase in front header pressure varied with
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tube power. For example, at a tube power of 25 KW the flow could be
stopped for 30 seconds after boiling first commenced and still have
conditions revert to all-liquid phase after flow blockage was relieved.
For 15 KW this was true for flow stoppage times up to three or four
minutes after initial boiling. However, in none of the cases could
recovery to all-liquid phase be made once the tube had been allowed to
boil dry.

Outlet Water Temperature Limits. Transient experiments were initiated

on the low pressure heat transfer apparatus to check the validity of the
present method of determining BDF outlet water temperature limits for BDF
type reactors for cases of high rear header pressures and low Panellit
pressures. Data were obtained with initial tube powers of T0O, 1250, and
1400 KW for a variety of flow reductions at rear header pressures of 25
and 75 psi and Panellit pressures of 125 psi. Tentative conclusion of
the experiments was that the present method of calculating outlet water
temperature as specified by A-020 (HW-51659) is applicable to very low
Panellit pressures and high rear header pressures.

A mathematical equation was derived to express the outlet water temperature
limits based on thermal hydraulic considerations and specifications of
A-020. The derivation of the equation was based on concepts developed
from laboratory heat transfer data accurmlated over the past several years.
Compared to the present graphical method of calculating temperature limits,
it is expected that the use of the equation will save considerable calcu-
lating time for the large variety of variables that exist in the eight
production reactors.

Hydraulic Studies. Data were obtained in the Hydraulics Laboratory con-
cerning the effect on pressure drop of attaching "bumpers” to fuel elements.
("Bumpers" are a low profile type of self-support rail which is designed
to prevent contact between fuel jacket and process tube due to cocking or
misalignment of the fuel piece in a regular ribbed process tube.) For this
study, bumpers were attached onto the outside of solid fuel elements and a
charge of the solid fuel elements without bumpers was used for data com-
parison. The data show that the bumpers increased the pressure drop by
about 30 percent for this particular size of fuel element-bumper-process
tube combination. The pressure drop increase does not check with that
which would be predicted using conventicnal contraction-expansion loss
coefficients.

The data are intended to aid fuel element design engineers in selecting
proper sizes for bumper fuel elements of I & E type. The data should not
be used to imply that increased pressure drop or reduced flow rates will
result from eventual use of bumper fuel elements in the ribbed process
tubes.

Leboratory Equipment. When operation of the high pressure heat transfer
apparatus was resumed upon completion of Phase I of Project CCH-834,
excessive leakage occurred through the seals of the recirculating pump.
Leek rates of 50 gallons per hour were measured from the inboard seal
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which had ar operating lifetime of only 100 hours. After replacement of
the seals, the leak rate dropped to 0.065 gal/hr. It was concluded that
the short seal life was caused by foreign material introduced into the
recirculating water during Project 834 or by inadequate care of the seals
during the outage.

Engineering discussions on the quick-opening valves to be used for
transient experiments on the high pressure heat transfer apparatus were
held at the vendor's plant. Although the original quotation was based

on the electromagnetic release principle for these quick-acting valves,

the vendor proposed a hydraulic system as an alternate. It was the vendor's
opinion that similtaneous action of the three valves would be less likely
with the electromagnetic method. Other subjects covered included safety,
valve body design, assembly design, testing, and inspection.

Test Section for NPR Heat Transfer Experiments. Design was completed of
a full-scale, electrically~heated test section to simlate the downstream
half of & charge of NPR tube and tube fuel elements. The cosine heat gen-
eration along the length is achieved by charging materials with different
electrical resistivities.

Installation was completed of a short test section in the high pressure
heat transfer apparatus for boiling burnout experiments. The test section
is identical in size to the outer annulus of the NPR tube and tube fuel
element. This test section is one of a series designed to determine boil-
ing burnout conditions for the NPR fuel elements.

Shielding Studies

Attenuation Measurements. A formal document on "Shielding Properties of
Ferrophosphorus Concrete as a Function of Temperature," HW-6L774, has been
written and will be distributed in May. The measured fast neutron removal
cross sections at various temperatures are:

As-cured 0.131 cm i

100 C 0.121 em-*
200 C 0.117 cm-1
320 C 0.114 em-1

By beking the ferrophosphorus concrete at these temperatures, the neutron
flux and gamma dose rate values increased by the following factors (based
on 48" of ferrophosphorus concrete):

Thermal Resonance Fast Gamma
Temp. ~ Neutron Flux Neutron Flux DNeutror Flux Dose Rate
As-cured 1.0 1.0 1.0 1.0
100 ¢ 16.¢ 17.4 3.3
200 C 70.0 207. 6.1
320 ¢ L80. 1960. 8.4 4.0
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The measured increase in neutron flux values can be calculated (within a
factor of two), using a combination of age and removal theory. The dose
rate through 48" of ferrophosphorus concrete in the as-cured condition
was primarily due to gamme leskage. After the concrete was baked at

320 C, the primary dose rate was due to the resonance neutron flux. This
is because of the water loss that occurs at 320 C. While ferrophosphorus
conerete could be used as a biological shield, it should be pointed out
that more efficient and cheaper concretes are available.

An interim report on "Effect of High Temperature on Masonite," HW-64868,
has been written. There was no appreciable damage to the masonite below
160 C. The kindling point in air was found to be 245-250 C.

Shielding Instrumentation. A single channel gamma rey scintillation
spectrometer was completed for foil activation analyses. This will extend
the foil activation technique below the fast neutron energy range into the
resonance energy spectrum in the shielding evaluation program.

An automatic sample changer and gas flow counter have been ordered for
the foil analysis counting room. This equipment is to meet the expected
increase in load from the shielding evaluation program.

The electronics associated with the neutron spectrometer, including the
miltichannel analyzer, are functioning properly, and an initial checkout
of the new Perlow Chamber is under way.

Design and Component Testing

NPR Charging Machine. One magazine gquick disconnect has been developed
and bwilt. Two alternate designs are also being built. A requisition
for a prototype magazine tube has been issued. A work order for fabri-
cation of the charging machine carriage has been issued.

B. WEAPONS - 3000 PROGRAM

Research and development in the field of plutonium metallurgy continued in
support of the Hanford 234-5 Building Operations and weapons development
programs of the University of California Lawrence Radiation Laboratory
(Project Whitney). Details of these activities are reported separately via
distribution lists appropriate to weapons development work.
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c.

REACTOR DEVELOPMENT - LOGCO PROGRAM

1.

PLUTONIUM RECYCLE PROGRAM

Plutonium Fuels Development

PRTR Fuel Fabricetion. The fuel rods for the first 30 Pu-Al elements for
the PRIR are complete with the exception of etching, wrapping, and auto-
claving. Considerable difficulty is still being experienced with the
etching and autoclaving, and the autoclaved rods show signs of staining.
Every effort is being made to determine the source of difficulty, and it
is felt that it is a combination of the etching cycle and the condition
of the autoclaves. The new etching facility and the large capacity de-
ionizer are being put into service in the 308 Building to help remedy any
etching problems which may exist. One of the autoclaves produces satis-
factory results whereas the other does not. This one is now being sand-
blasted again in an effort to remove any contaminants which may be present.

Coincidental with the contamination of the l2-foot autoclaves, the
Zircaloy-2 etching process started tc produce sub-standard surface finishes.
The etching solution removed approximately two mils on the diameter in a
seven-minute cycle, and the resultant surface finish was acid stained and
coated with a dark film. The slow etching rate was first thought to be
due to the presence of "Tygon" tubing used for cooling coils. "Tygon" has
been known to inhibit various aqueous corrosion reactions and orgeanic
synthesis. The removal of the "Tygon" increased the etching rate slightly.
Experiments also indicated that the aluminum core material greatly in-
fluenced the rate of etching. A Zircaloy tube without a core etched twice
as fast as one with an aluminum core. The core reduces the metal surface
temperature during etching. The optirmum etching solution for Pu-Al
containing fuel rods has the following composition:

BF 7 v/io (49% grade)
HNO3 40 v/o  (70% grade)
Deionized HoO 53 v/o (3,000,000 ohms)

An etching time of four minutes in a bulk solution temperature of 32-36 C
removes about four mils on the diameter.

The stop bath must be kept at room temperature in the temporary etch
facility now being used. It was found that at higher temperatures the
fume hood would pull aluminum nitrate vepors into the etch bath. During
Zircaloy etching the aluminum fluoride complex spparently reacts with
nitrous acid to form aluminum nitride which is suspended in the lower
section of the statis etch tank.

1240193 UNCLASSIFIED



UNCLASSIFIED A-20 HW- 64898

Final assembly of the Mark I-G Zircaloy end brackets is under way. The
first set of brackets completed through autoclaving were quite good.

The welding box was not operating satisfactorily, and the welds were
discolored in the heat affected zones. However, after grit blasting,
etching, and autoclaving, the brackets showed no signs of contaminated
metal. While the welding box is being repaired, additional welding
fixtures are being fabricated to aid in assembly and alignment of parts.

Design is progressing on & wire wrapping machine, a dual electronic tube
gaging machine and PRTR fuel elements. The newest model 19-rod cluster
fuel element for the first PRTR power loading will be designated the
Mark I-H. This model is essentially the same as the Mark I-G with the
exception of 0.495 ID, 35-mil wall Zircaloy-4 tubing.

Fabrication Development. Two injection cast irradiation capsules vere
found to have flaws in the cladding which were not detected in pre-
liminary radiographs. Ultrasonic tests revealed cracks greater than
0.010 inch deep in the Zr jackets so these capsules were rejected.
Three more castings were made in better quality tubing, and additional
capsules will be fabricated from this material.

Despite the fact that it is difficult to obtain high density, injection

cast PRTR size fuel rods, fuel elements fabricated by this process will

be tested in the reactor to eveluate the merits of Zircaloy clad, bonded
Pu-Al elements.

Recent development work with a heated reservoir at the top of the bottom-
fed fuel tubes has produced castings in which the size of the shrinkage
cavities was much smaller and tended more toward a uwniformly distributed
Pin-hole porosity rather than the larger, scattered types of voids.

Fuel Eveluatior. An ll-inch long Zircaloy-clad 3-rod cluster containing
1/2-inch diemeter Al-Ni-Si-Pu alloy cores has successfully completed

17.5 full power operating days in the GEH-4 loop in the MIR. This element
was fabricated by extruding the cores and slipping them into swage sized
tubing. There was an average diametral gap between the cores and cladding
on two of the rods of 8.7 mils over their ll-inch length with maximum gaps
as great as nine mils. The core material used in this element is the same
&8s the corrosion resistant alloy that is being used in the PRTR loading
except that it contained 3.2 instead of 1.8 w/o Pu. The Zircaloy cladding
used for these rods has cracks emanating from the inside surface that are
nine mils deep or greater. A maximum power generation of T5 KW/ft of
cluster was calculated for this Pu concentration and flux; however, the
element actually generated a maximum of about 60 KW/ft with a surface

heat flux of 460,000 BTU/hr-ft=.

The maximum calculated core temperature, assuming that good thermal
contact is made between the core and cladding, is 350 C. One can
postulate, however, with average diametral gaps as great as 8.7 mils,
that the Pu-Al core would melt before thermal contact, and hence an
adequate heat transfer path was provided. This element will be irradi-
ated for another MIR cycle before examination at HAPO.
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Examinatior. of thre irradiated 19-rod Zircaloy-clad Pu-Al cluster is
continuing in the Radiometallurgy facility. Metallographic samples
were taken from the center section of the center rod, one from the
6-rod ring and one from the 12-rod ring. Preliminary examination of
the samples show them all to be essentlally alike. There is evidence
of bording between the core and the Zr-2 cladding. The bonding is

not continuous, however, and remains on only about one-third of the
circumference. On the other two-thirds of the circumference, inter-
mittent zones where bonding had occurred are visible, but the bond tore
avay when the element cooled. There is no evidence of an extensive
diffusior. zone between the core and cladding for these times and tem-
peratures. The element was irradiated for 18 days at full power with
a calculated interface temperature of 435 C. Large aluminum grains
have formed near the interface whereas the rest of the Pu-Al cross-
section consists of smaller ones. Alsc, there is evidence of some hy-
driding ir the Zircaloy cladding. The concentration of hydrogen, with
a8 maximum estimated ©o be about 15C ppm, is highest at the Pu-Al
Zircaloy interface with little or none being observed near the outside
surface. A more thorough metallographic examination is being conducted
and hardrness determinations will be made.

Examination of 16 irradiated Al-Pu and Al-12 w/o Si-Pu alloy capsules
(GEH-14-% through 12 and GEH-1%-42 through 49) is presently being per-
formed irn the Radiometallurgy Laboratory. The information on the actual
thermal neufron flux and exposure for these capsules was received from
R. Neidxner.

A brief summary of corrected calculations on the operating conditions
for all of the Al-Pu and Al-12 w/o Si-Pu alloy capsules irradiated in
the MIR and which have been or are being examined, is shown below:

Maximm Core % Increase
Temperatures¥* In Core Volumes Exposures
Yo Alloys (°F) t 0.5 (nvt x 10-20)

4 Al-1.65 Pu 322 - 766 €.10 - 1.7 2.6 - 11.6
2 A -5 Pu 580 - 945 0.13 - 2.0 3.9 - 5.2
2 A1-10 Pu 6hé - 696 0.37 - 0.58 1.1 - 2.2
2 A1-15 Pu €78 - 712 0.25 - 0.88 1.4 - 1.9
2 A1-20 Pu 825 - 97k 0.18 - 1.8 0.8 - 1.2
b Al-12 8i-1.65 Pu 392 - 766 0.68 - 1.2 1.9 - 15.3
2 Al-12 Si~-5 Pu 60l - 866 2.7 - 3.9
2 A2-12 Si-10 Pu 569 - 797 0.9 - 2.k
2 . Al-12 8i-15 Pu o1 -11Lk4 1.1 - 1.7
2 A1-12 Si-20 Pu 706 - 897 0.6 - 1.3

*Calculated values, based orn maximum flux as determined by measurements
on flux-moritoring wires.
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Further examination of the 24 irradiated UOo-PuOp capsules has been
delayed since fission gas release measurements must be made before
the other evaluation work csn proceed. To date, three capsules have
been processed through the fission ges collection step.

UQO2 Fuel Development

PRTR Fuel Elemernts. A swaged UOp 19-rod cluster PRIR fuel element
incorpcrating specisl closures in the mid-sections of three fuel rods
was designed to contain foils for physics measurements in the PRTR.

This element may be disassembled and reassenmbled as often as necessary
to obtain the required measurements. A thermocoupled PRIR fuel assembly
is being designed.

Twenty-two swaged, stainless steel clad UOp fuel rods, and approximately
400 feet of stainless steel clad, UOp pellet fuel rods were fabricated
for chemical processing studies to be carried out by Chemical Develop-
ment Operation.

Fabrication Development. Vibrational compaction studies are continuing.
Prototypical PRIR tubular fuel elements have been fabricated. A full
size tubular PRTR fuel element will be fabricated by vibrational com-
paction, using integrally ribbed cladding tubes extruded by NMI. Addi-
tional elements, using cladding with Thermatoocl-welded ribs may be
fabricated if the welded ribs are satisfactory. A T-rod, three-foot
long, vibrationally compacted fuel assembly for proposed irradiation
in a high temperature loop has been fabricated. Two of the rods have
Zircaloy-4 cladding; the remaining five have Zircaloy-2 cladding. The
two Zircaloy-4 clad rcds and two of the Zircaloy-2 clad rods have in-
tentional defects.

The Magnetic Force Resistance Butt Welder was received and is being
installed for fabrication of fuel element and closures.

Improved equipment is being fabricated for welding spiral ribs on tubing
with the Thermatocl Rib Welder. Roller contacts are being incorporated
as & possible solution to the problem of excessive contamination of the
Zircaloy tubes by the sliding controls heretofore used. More reliable
control of welding pressure also is expected. The new equipment will
permit welding of ribs tc within twc inches of each end of a cladding
tube.

A special inert gas tungsten arc welding torch was built for welding
Zircaloy without requiring the conventionel evacuable, helium atmosphere
chamber. A fine mesh screen is used to provide a uniformly dispersed
inert gas blanket on the hot metal.

The Sutton 30 SI swage is being adapted to hot swaging. The reworked
spindle, hammerblocks, and adjusting wedges were received. All swaging
dies @lso are now on hand. Ascenbly of the swage awalts receipt of
Garlock oll seals.
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Fuel rods, composed of various UOp powders contained in various cladding
materials, were successfully hot swaged at cladding temperatures to

1000 C. Significant improvement in swaged density over that obtained

by room temperature swaging was achieved in some instances. For example,
-100 mesh sintered and crushed UOp, contained in Inconel-X tubes, was
swaged at room temperature to -8l percent T.D., and at 100 C to ~92
percent T.D. Powdered material of the same type end particle sizes
vibrationally compacted to 71l percent T.D. The fuel rods were resistance
heated through silver-graphite contacts contacting the cladding Jjust
prior to entry of the rods into the swage. Local melting of silver from
the contacts caused minor contamination of the fuel rods surfaces at the
highest swaging temperatures and necessitated replacement of the silver-
graphite cantacts with graphite contacts. Tungsten carbide and tungsten-
platinum contacts have been ordered and will be evaluated.

Installation of the 25 KW, 200 KC induction heater is complete and hot
swagling experimentation utilizing this heating equipment is under way.

Stainless steel tubes containing sintered and crushed, depleted UOp
were swaged to 0.906 inch OD. The wall thickness of the swaged clad-
ding was 0.033 inch, and the swaged UOp density was 85 - 85.5 percent
T.D. These large diameter swaged rods will be sssembled Into 7-rod
cluster for irradiation testing.

A radiant energy sensing device was designed and fabricated by personnel
of Chemical Research Operation and Instrument Research and Development
Operation for use in conjunction with a precision temperature controller
to control fuel rod temperatures during hot swaging.

A radiographic method for accurately determining thermocouple locations
in UOp fuel elements was developed by Radiographic Testing Operation.
This development will result in more accurate determination of UOp and
cladding temperatures during hot swaging of UQOp fuel elements.

Corrosion Studies

Fretting Corrosion. A magnadash stirring autoclave has been modified so
that the erosion effect of & loaded Zircaloy-2 rod on a rotating
Zircaloy-2 disc may be guantitatively determined under various conditions
of temperature, atmosphere, and contact pressure. The only atmosphere
investigated to date has been deionized water at 1500 psi, and the rota-
tional speed of the disc has been fixed at 75 rpm. The Zircaloy-2 disc
was run as etched.

Disc penetration and rod wear both decreased markedly as temperature was
reduced from 300 C to 250, 200, and 100 C et constant loading. Increase
of the contact pressure at 300 C also considerably increases disc and
rod wear.

Fretting corrosion of Zircaloy-2 is also being evaluated under flovwing

conditions in CEP-2 at 316 C, pH 10.0 (adjusted with LiOH). The system
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simulates the PRIR process tube and fuel element arrangement on a minia-
ture scale. Velocities of 15 and 30 fps have been studied. After one
week of testing, the specimens were examined. Where the PRTR-type end
support contacted the "process tube,"” fretting had taken place. This
fretting had removed the corrosion product film and some of the metal.
Original clearances between the supports and tube had been about five
mils -~ a value selected as the minimum allowed for the PRTR. The speci-
mens had been etched but not autoclaved prior to exposure. Examination
after two weeks disclosed slightly increased penetration. The total
penetration after two weeks was in the range of one mil.

Varied degrees of clearances will be evaluated with and without auto-
claving. Also, vibration of the specimens at selected frequencies will
be performed to determine the importance of this variable.

Effect of Metal Purity on Al-Fe-Ni Alloys. The base metal purity range
employed in making 1.6% Fe, 1.2% Ni alloy has now been extended to cover
99.99%%, 99.995%, 99.95%, 99.70%, and 99.45%. The first three purities
all produced alloys which corroded the same. The 99.70% aluminum base
alloy exhibited a penetration in 10 days which was 50% higher than pene-
trations measured for the higher purity alloys (0.3 mil as compared with
0.2 mil), while the 10-day penetration of the 99.45% base aluminum alloy
was 0.50 mil. From these data the threshold purity of the aluminum
required for the best corrosion resistance is between approximately

99.95% and 99.70%.

Columbia National Sponge. Two sets of Zircaloy coupons fabricated from
Columbia National Sponge have been received from KAPL and corrosion
tested as part of a "round robin" test. The first set of samples con-
sisted entirely of Zircaloy-2 fabricated from Columbia National Sponge.
The second set of samples consisted of Zircaloy-2 and Zircaloy-4 fabri-
cated from Columbia National Sponge but with added amounts of silicoen.
Both sets of samples contained coupons fabricated from plate and sheet
stock.

Except for the material with added silicon, coupons machined from plate
stock showed unacceptable weight gains after 14 days in 400 C, 1500 psi
steam. All of the Zircaloy-2 and Zircaloy-4 coupons which contained
sdded silicon and most of the coupons fabricated from sheet stock showed
acceptable weight gains. Although the silicon addition appears to have
reduced the corrosion rate, the surfaces of these coupons still exhibit
a gray, mottled appearance, as did the previocus coupons fabricated from
plate stock.

The unacceptably high corrosion rates occur during the first 72 hours
of exposure to 400 C, 1500 psi steam. After this initial exposure, the
corrosion rates assume approximately the same slope as the standard
reference Zircaloy-2 material.
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Structural Materials Development

Metallurgical Properties of Zircaloy-2. PRTR-type process tube sections
of wvarious percent cold work have been burst tested at 300 C, and the
corresponding hoop stresses have been calculated. These data were re-
ported in HW-62172 Rev. Longitudinal tensile specimens were cut from
the same tube samples and tested at 300 C.

The hoop strengths of the annealed tubular specimens were about 25%
greater than the tensile strength of the annealed tensile specimens.
However, the percent increase in strength of the tubular specimens de-
creased to about 10% as the percent cold work increased to 17.8%. Part

of the strength increase in the burst tests may be attributed to the
presence of a biaxial stress condition in the tubes versus a uniaxial
stress condition in the tensile test. The preferred orientation resulting
from the fabrication procedure also contributes to the higher strength in
the transverse direction.

Zircaloy Sheath Tube Evaluation. Two short samples of Zircaloy-2 tubing
obtained from the Heraeus Company of Hanau, Germany, exhibited outstand-
ing capability to withstand a free-sink swage test without wrinkling or
cracking on the inside surface. This behavior was much superior to the
domestic tubing used as a control. Metallographically, the most striking
difference between the Germen tubing and the domestic tubing was the
grain size: Heraeus tubing is about 0.005 mm averaze grain diameter,
while the grain size of the best domestic tubing ranges from 0.019 mm to
0.065 mm average grain diameter.

In an attempt to investigate the metallurgical properties of and methods
for producing fine grained Zircaloy-2, a series of grain refining ex-
periments have been initiated.

Samples of 40% and T0% cold worked Zircaloy-2 have been sealed in evacu-
ated Vycor tubes and annealed at temperatures ranging from 550 to 825 C
for various times. To date, the smallest grains (0.0l4 mm) were produced
by annealing for two hours at 550 C.

Zircaloy-4 PRTR Cladding Order. The vendor's (Wolverine Tube Co.) first
efforts to produce the 0.680-inch ID size tubes on this order resulted

in a severe cracking problem. The first problems occurred when attempts
were made to extrude the tubes at a 27:1 extrusion ratio. The steel
cladding stripped and reduced in thickness permitting the external copper
Jacket to contact the Zirceloy, resulting in locel alloying between the
two. However, subsequent reductions in extrusion ratio coupled with a
heavier steel cladding on the billets resulted in successful extrusions.
It was also reported verbally by the vendor that the Zr-4 apparently does
not "work" like the Zr-2.

The vendor also experienced difficulties with some tubes cracking all
the way through the wall during the second and third pass on the tube
reducer. The cracking, apparently caused by local alloying on the inside
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surface, should be alleviated by the reduced extrusion ratio coupled with
only two passes on the tube reducer. Preliminary results now appear
promising.

The majority of the 0.505-inch size tubing on this order has been changed
from 0.505-inch ID x 0.030-inch wall to 0.495-inch ID x 0.035-inch wall,
and the ID tolerance has been changed from +0.005-inch - O inch to 0.002-
inch - O inch. To date the vendor has not fabricated the smaller diameter
tubing. He has fabricated a few pieces of the 0.505-inch size and reports
destructive tests reveal freedom from cracks and good surface finish.

This tubing will be fabricated from a small extrusion requiring only two
passes on the tube reducer. Changes in tooling design to hold the closer
tolerance on the ID and prevent ringing have been completed. The wvendor's
most recent schedule of delivery of the two sizes on this order is 100
tubes per week for the 0.680 size by 5/9/60, and 100 tubes per week for
the smaller diameter by 5/23/60.

PRTR Process Tube Monitoring. The Mark I prototype manitor will incor-
porate means for visual examination and diameter measurement of PRIR
pressure tubes before startup of the PRTR. This unit is not intended to
be serviceable in a gamms radiation environment.

For visual examination, closed circuit TV is being given primery attention.
Successful application of closed circuit TV techniques would provide
similtaneously direct viewing and a permanent record by means of video
tape recording. To provide an early start in the development of TV in-
spection techniques, a camera has been rented until a suiteble camera can
be purchased. Experience with the rental camera shows that the type and
position of lighting is fully as critical as with an optical borescope.
Experiments with a 12.5 mm focal length wide angle lens indicate a need
for a shorter focal length lens. (Wide angle lenses with a focal length
of 7.5 mm are commercially available.) Right angle viewing also appears
promising and offers a potential advantage of opticael magnification. A
conical mirror arrangement which would permit right angle viewing through
a 360° arc is under consideration.

Purchase specifications for a closed circuit TV camera have been revised
to assure better construction and performance. Bids under this specifi«
cation are due April 29. Orders have been placed for the electric com-

ponents needed for ID measurement by means of differential transformers.

Design of the Mark I drive and positioning mechanism is about 70 percent
complete. The Mark II Monitoring Probe will be designed to operate in

the intense gamma flux to be encountered in the PRTR process tubes. In
addition to a TV camera and dilameter measuring device, sensing probes to
measure the wall thickness, the insulating gas gap, the hydrogen concen-
tration, and the depth of any flaws will be added as they are developed.

KER Loop No. 1 Tube. The KER Loop No. 1 Zircaloy-8:process tube was dis-
charged during the month. This tube contains four defect areas (two pits,
two small protrusions, and two areas of scratches). Examination of these

‘ 2 Q 0 2 G 0 UNCLASSIFIED



UNCLASSIFIED A-27 HW-64898

defects in Radiometallurgy will be started in early May. In addition,
five samples of the tube from the front and rear edge of the moderator,
and the 1/4, 1/2, and 3/L4 positions in the moderator will be subjected
to flattening tests, metallographic examination for grain structure and
hydride needles and burst tests. Additional samples will be available
for tensile tests and other measurements, if desired.

Radiometallurgy Laboratory Studies

Examination of a 3.1 w/o U-235 enriched and swaged UOp fuel element

(24" 1long, 0.568" OD, and clad in Zr-2) with a five-mil defect through
the cladding was started this month. Sectioning through the hole and
metallographic examination revealed that hydriding of the cladding had
occurred to a maximum concentration of 50 ppm Ho. A three-foot long,
1.77 inch OD, Zr-2 ciad, tube and rod UO2 fuel element, that had ruptured
in the ETR as GEH-10-5, was received for examination. The outer cladding
of the tube had parted in a six-inch longitudinal split at six inches up-
stream from the center. The surface of the cladding surrounding the
crack appears to have been overheated. The tube was sectioned through
the rupture area and there was no evidence of washing out of the fuel.

A fission gas sample was removed from a low density UOpo-PuQs capsules,
GEH-14-21, and submitted to Anelytical Operation for mass spectrometer
analysis. A volume of 11.3 cc of gas was removed which is equivalent

to three atmospheres pressure in the capsule.

The results and conclusions from these tests will be reported in connection
with the respective development programs of Ceramic Fuels and Plutonium
Metallurgy Operations.

Thermal Hydraulic Studies

Problems of a Small Leak Downstream of the Orifice in a PRTR Process Tube.
The flow out of a small lezk downstream of the orifice of a PRIR process
tube would come partially from an increase in flow through the supply
piping and partially from a robbing of the flow through the tube. Studies
have revealed that the flow increase through the supply piping is so small
as to make impractical the use of a high flow trip to guard against leaks
which would reduce the flow through the tube to a flow less than that re-~
quired to prevent film boiling. A decision has been made to make use of
the pressurization of spaces outside the tube which small leaks would
cause to guard against such lesks. An alternate method of protection
against such leaks would be to decrease the ring header to ring header
pressure and to provide less pressure drop across the tube orifices. A
study was made of this alternate to provide the necessary information for
its application, should it be deemed necessary. The study resulted in a
relationship between the high flow trip setting necessary to protect
against flows resulting in burnout and the ring header to ring header
pressure drop:
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AP - 18.2,1/2
Fyp = x 100
ut = (Fp—1g T
Fyp = percent of normal flow at which the

high trip has to function

AP

ring header to ring header pressure
drop.

Entering this at a high flow trip at 110% of normel flow reveals that the
ring header to ring header pressure drop must be 28.2 psi. The tube ori-
fices would then have to be resized to provide a 12.1 psi pressure drop
from bottom ring header to tube inlet.

Wire Wrap Orientation. Experiments were performed in the high pressure
heat transfer spparatus to investigate the effects of wire wrap orienta-
tion on the coolant temperatures throughout a cross-section of the 19-rod
PRTR fuel element. The test section was full size in cross-section, but
24 inches long, and had uniform heat generation. Two series of tests were
run at flows of 127 and 86 gpm, inlet water temperatures of 478, 500, 510,
and 250 F, and specific powers of O, 75, 150, and 225 KW/ft.

The first series of tests was run with a wire wrap orientation similar to
that being used on the Pu-Al fuel elements. For the second series of
tests, the wire wraps were shifted to give different orientation of the
wires. :

An initial analysis of the results of the experiments indicates that a
change in orientation of the wraps does not greatly change the mixing
efficiency.

PRTR Project Management and Design

Phase III PRTR Contract. The Phase III contractor is estimated to be
about T9% completed versus a scheduled 90%, based on the official AEC
schedule. Over-all PRTR Project is estimated to be 86% completed versus
a scheduled 88%.

Repairs to the celandria weld seams which showed leaks during the con-
tractor ATP's were completed. The reflector vessel was helium leak tested
with the exception of the vent line and found to be sound. Installation
of the calandria is being delayed by procurement of the spirgl tubes for
the refelctor vent line installation by the contractor. The iron shot was
instelled in the bottom primery shield and the shot £illing holes plugged
and seal welded. Leak testing of these seal welds has been completed.
Satisfactory shot density was achieved in the bottom shield, and deflection
of the shield as a result of placing the shot was negligible. The shot
has been installed in the core region of the top primary shield. The
annular region will not be filled until the shield has been installed.
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Assembly of the fuel handler in the reactor building is about completed.
Rail stops and limit switch brackets are being made for the floor rails.
Tt has been necessary to raise the cask to permit travel across the
reactor hall floor which is out of tolerance in a number of locations.

The ATP on bow measurement, hydrostatic and leak testing of process tubes
continued during the month. Bow measurements and assembly of tubes and
nozzles were completed.

Process Piping. Primary coolant piping flexibility analysis reports
covering inlet and outlet Jumper stresses and the effect of overbalancing
the normal operating weight of the steam generator were received from
Electric Boat Division of General Dynamics Corporation. Thus far, all
piping stresses are shown to be below allowable limits.

Instrumentation and Control. The PRTR moderator level gas balance system
is being modified to reduce the maximum possible rates of reactivity
increase at levels between 3.5 and 7.5 feet while maintaining previously
existing rates in the operating range. This is being accomplished by
adding a fifth valve which bypasses the gas balance compressor in the

same way as the other level control valves. The valve is operated by the
pressure differential between the moderator storage tank and the top of

the calandria. The valve is open at low pressure differentials (moderator
levels) and closes as the pressure differential (moderator level) increases.
The result of this valve action is to lower the rate of moderator level
increase which can be obtained at low moderator levels. The valve is
closed above T.5 feet and therefore does not affect the previously exist-
ing rates in the operating range. The PRTR control system is being studied
to determine whether any changes must be made in it to compensate for the
changes made in the gas balance system.

All submittal data has been received and reviewed on the rupture monitor
electronics system. Delivery was originally scheduled for 4/19/60, but
all submittal data had not been received by that date. A revised de-
livery schedule has not besn received to date.

The Keithley amplifiers for use in the containment system were received
during the month. The safety system bypass panel had previously been
shipped less these amplifiers. Upon inspection, a number of discrepancies
between the amplifiers, the panels, and the specifications were observed
which will make installation of the amplifiers difficult. Also, the
amplifiers as delivered will require the provision of a separate 24k-volt
DC power supply for their operation. A claim for backcharge against the
vendor has been forwarded for processing.

Fuel Element Examination Facility. The joints between the various shield-
ing sections have been seam welded. The vertical shield and the viewer
support plate have been installed in the cell. The ventilation and
services are currently being installed.
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The W. F. and John Barnes Company was unsuccessful in getting a satis-
factory finish on the sluminum castings for the primary menipulator.
An attempt is now being made to obtain a satisfactory finish by metal-
lizing and repolishing.

The air duct with movable outlet (zipper), which is to operate at approx-
imately two psig, failed to pass the initial pressure test due to ex-
cessive spreading of the track on which the carriage travels. The duct
has since been strengthened and is now satisfactory for use at a pressure
of three psig.

The testing of the wide angle viewer has been completed, and the viewer
is ready for installation. The profilometer is still undergoing tests.

Load-Out Cask. A visit was made to the vendor's plant to discuss the
changes which have been requested. The vendor's quotation for additional
charges was subsequently approved.

Helium Gas System. The possible relocation of one or more of the dia-
phragm helium compressors is being studied. The operations group has
requested the change as a means to facilitate maintenance on the unit.

PRP Critical Facility (Project CAH-842). Project funds totaling
$360,000 were approved April 1Lk, 1960. The Design Criteria, HW-62117,
has been published.

Purchase specifications for the fuel transfer lock were prepared and
placed for bid on a design and fabricate basis.

Rough draft specifications for the reactor instrumentation system were
issued for comment.

Development of a drop-type safety rod and a shutter-type control rod has
been initiated by MEDO.

Fuel Element Rupture Test Facility (Project CAH-867). The text of the
design criteria has been completed and is being routed for approval.
A1l scope drawings for the facility are completed and are ready for
approval except water plant, equipment annex, and effluent holdup tank
drawings. It is expected that these drawings will be completed by
April 29, 1960.

High pressure-high temperature bellows, for use as expansion joints in
the Test Section "B" backup tube-pressure tube complex, are being pro-
cured for evaluation. :

Transient studies are being conducted by RIDO personnel. To date, the
thermal shock to equipment after the failure of normal electric power
and after a regenerative heat exchanger bypass valve malfunction has
been computed. The data obtained were used to set design maximum rates
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of temperature change (350 F/hr) and design temperatures for piping and
equipment downstream of the regenerative heat exchanger (250 to 450 F).
Further analyses are being conducted to establish the required test
section outlet temperature control system characteristics (proportional
band, reset frequency, and rate action) and to determine the effective-
ness of convective circulation in cooling the test section after a total
electric power failure.

Design and Component Testing

Design Test PR-1 - Discharge Operatipn Mockup. The PRIR fueling vehicle
was removed from the 314 Building by the Phase III contractor. A report
(EW-64687) has been completed.

Charge-discharge data from a process tube with a maximum bow of 0.12"/
length are summarized below:

The end brackets of the element chattered against the tube wall
during each charge-discharge trial from the tube. The U0
element was charged and discharged from the tube with the dis-
charge hook offset 0.25" east from the centerline of the nozzle
and 0.32" west of the nozzle. It was possible to discharge but
not charge the element with the hook 0.38" west and 0.32" east
of the nozzle. Ten charge-discharge trials were made with the
centerline of the hook positioned on the east-west centerline
of the nozzle and offset 0.06" south. The metal particles
formed by the ebrasion between the element and tube were col-
lected at the bottom of the tube and weighed less than one milli-
gram.

It was possible to charge and discharge the Pu-Al element with
the centerline of the hook offset 0.10" east from the centerline
of the nozzle and 0.24" west from the centerline of the nozzle.
The hook was offset 0.05" west and 0.06" south and the element
charged and discharged ten times. Total weight of the metal
particles collected during the ten trials was 2.97 milligrams.
Measurements cf the fuel element at the completion of the charge-
discharge trials revealed a bow of 0.15" at the center.

PR-10 - Primary Loop Mockup. The second of the three PRIR primary pumps
(#352472), which had 1.4 mils maximum vibration, was disassembled on
March 27, 1960, after 129 hours of operation. The rotating mechanical
seal face was heat checked at the outside diameter of the graphite face.
The raised face on the graphite member (0.093") instead of the standard
(0.063") is thought to have been a contributing factor to the overheat-
ing observed. The wear pattern indicated that the higher raised face
had deformed. This malfunction had been observed on earlier tests which
resulted in the adaption of a lower raised face on all replacement seals.
Retesting of the pump previously run during March 1960 (#352473), re-
vealed the same excess vibration of six mils meximum after careful align-
ment with both the original impeller and a rebalanced impeller returned
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from the factory. Recordings were mzde to show pump speed and magnitude
and direction of vibration.

The third pump (#352471) was installed and operated on April 18, 1960,
with the rebalanced impeller. The vibration level was found to be six
mils on the pump case. The critical resonance frequency of the assenbled
pump and support was found to be 29 CPS. This frequency corresponds
closely to the pump speed. Stiffening the pump supports moved the critical
frequency from 29 to 34 CPS and reduced the pump vibration to 1.4 mils.

A vibration element mounted directly on the coupling hub above the flywheel
shoved a maximum vibration of the rotating assembly of eight mils. The
pump case vibration was reduced to 0.3 mil, and the vibration at the coupling
hub reduced to 2.8 mils, by the addition of 52 oz-in to the flywheel. This
is an alarming amount of inmbalance.

Further corrections are being planned to eliminate excess play found in the
upper radisl bearing. The vibration imparted by the impeller will also be
reduced by increasing the clearance between the pump case and impeller.

The weight addition to the flywheels has been ordered and will be assembled
and balanced as a unit at the factory.

The high pressure seal of the prototype pump continues to operate satis-
factorily after 3685 hours of operation and 64 pump starts. The leak rate
ig still approximately 0.1 gph at equilibrium conditions.

Packing tests were resumed in the small capacity Aldrich pump on April 11,
1960, using R/M Vee-Flex Packing rings, Style #R/M 1204. The packing has
operated approximately 85 hours without measurable leakage.

During the past month the single tube prototype has operated 44T hours

with 15 thermal cycles. The fuel element and the process tube were re-
moved on April 20 for inspection. The process tube No. 6063, has now
operated for 2000 hours et similated reactor conditions. A boroscope in-
spection revealed only small burnished spots where the fuel element contacts
the wall of the tube. It is proposed that this process tube be operated

at least an additional 1000 hours.

The nozzle-to-process tube (NTPT) connection of the single tube prototype
operated without shim 447 hours this past month with an average leakage
rate of 0.2 ml/hr. This particular seal had operated for 632 hours when
it was broken April 20 for tube inspection.

The special nozzle-to-process tube test piece was operated for 500 hours
with 37 temperature cycles to 500 F. The shimmed end of this test piece
has been leaking excessively throughout this period. Leaskage while heat-
ing and when hot has been from five to 20 ml/hr with leakage slightly
higher during the heating portion of the cycle. Leakage at the non-shimmed
end has been consistently low with average collection less than 0.2 ml/hr.
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Cap seal leakage on the single tube prototype has been excessive all
month. The nozzle gasket seat has been lapped twice to remove surface
roughness, and the cap gasket groove has been remachined twice in
efforts to reduce leakage. The lowest sustained leakage rate averaged
about six ml/hr. Impingement of the inner gasket metal ring between
the metal seating surfaces has still been observed.

Similar experience was observed with the cap seal being tested on the
Jumper flexure test loop. This cap has now been modified in an attempt
to prevent impingement of the gasket between the metal gasket retainer
and seat. Preliminary leak data during the first three thermal cycles
has shown leakage to be less than one ml/hr.

Continuous testing and analysis of the nozzle cap seal, which is phys-
ically limited to a very narrow gasket, is being emphasized with new
and modified seal designs being prepared for evaluation.

PR-20 - Calandria Characteristics. The maximum rate of rise attainable
in the 189-D mockup was 0.019 ft/second under test conditions with
3-1/2 feet of water in the storage tank. A theoretical rate of rise of
0.027 §O 0.021 ft/second was reported in HW-61236 (Safeguards Analysis
Report).

PR-40 - Shim Control Mockup. Operation of the prototype corrosion test
mockup was started during the month.

Two motors were received from the vendor for testing. One motor ex-
hibited uneven winding resistance and was returned to the vendor. The
second motor is undergoing electrical and mechanical tests.

PR-T70 - Helium Compressor Test. Three check valves of 17-4 PH stainless
have been fabricated for the Hofer high pressure compressor.

Rebuilding of oil pumps for the high pressure compressors is being con-
tinued. Test evaluation of the oil pumps is also being continued.

PR-80 - Air Cooling Duct Test. The high pressure duct has been modified
to prevent deformation of the carriage rail section. Delivery of the
compressor to the reactor contractor has made it necessary to install a
temporary portable compressor for testing. Final tests of air flow,
leakage, and carriage operability have started.

Special Tools. The horizontel Jjumper wrench for the reactor has been
completed and tested. It is capable of retaining and positioning the
nut for starting. The nut can be run into position and the initial

25 foot-pounds of torque applied. The final 500 foot-pounds is applied
with an extended open end type wrench.

Tongs to remove and retain the shim control electrical connection have
been completed and tested.
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The design of the load-out cask pin and hanger remover has been completed
and is in the shop for fabrication.

Electrical Structural Opening Sealers. Two sealants, epoxy cement and 3M
sealer EC 1291, have proved to be acceptable for sealing the structural
openings and the wire ends. The silicone rubber material which was spec-
ified did not provide an acceptable seal.

The two acceptable sealants were used to fill the top inch of an opening
with sand used as a filler base. A report has been completed.

PRTR Process Instruments. An acceptable bid was received from a vendor
for the fuel element temperature detector probe of Hanford design for the
Fuel Examination Facility. After completing the accumulated dose of 109 R
on the arsenic trisulfide windows, it was discovered that the loss in
transmission efficiency was due to surface etching and not to rediation
darkening. When the surfaces were polished to remove the etching, the
transmission efficiency was found to be identical to that measured before
the windows were irradiated. Silicon and germasnium lens, both coated
with silicon monoxide to favor transmission at the six-micron wavelength,
are on order. '

A radiation exposure test has been authorized for a commercial temperature
detector utilizing small amounts of mineral oxides as a eutectic salt.

The detector is a small (0.088 inch) stainless steel sheathed cable capable
of operating up to 900 F. It is a potential candidate for an in-pile
monitor on the Gas Loop in the PRTR.

Design Analysis

PRTR Safeguards Analyses. Analysis and writing for the PRP Critical
Facility preliminary hazards report were continued.

A summary of hazards and restrictions for the PRTR critical tests was
written, discussed with the Physics Sub-Council of the Startup Council,
and submitted to the Council. The write-up covered special hazards
associated with the tests, procedural restrictions, and special process
specifications.

ACRS Review of PRTR. Comments of the Advisory Committee on Reactor Safe-
guards resulting from their review of the PRTR on January 28, 1960, were
received. Two recommendations of the Division of Licensing and Regulation,
U. S. Atomic Energy Commission are as follows:

1. "The following conditions be positively required by revisions
in the facility, installation of appropriate interlocks, etc:

a. Shim rods and moderator level should not move simultaneously.
b. It should be impossible to increase reactivity through the

increase of mcderator level at the maximum rate except when
the high level flux trip is set at about one-tenth full power.
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c. There should be a warning signal if the voltage across any
jonization chamber deviates appreciably from the specified
value.

d. Startup without a positive signal from startup or period
channel should be prohibited.

Procedures should be adopted to insure that:

a. The rate of reactivity increase will be restricted to levels
substentially below the maximum until after extended oper-
ating experience has been gained.

b. Manusl operation should be employed during initial startup
tests and initial full power tests. Automatic control should
be used only after initial tests."

2. "Prior to startup of the reactor, the following information should be
submitted:

a. Analyses should be made of the consequences of a pressure
tube rupture, including the effects of possible moderator
level changes in the calandria, which might occur under
unfavoraeble operating conditions, e.g., during startup
while reactivity is being added at a maximum rate.

b. Indication of conditions under which positive void co-
efficients might exist in the PRTR and the effect these
coefficients would have on the accidents that have been
analyzed.

c. The actual values of void coefficients are of considerable
importance in the safety evaluation of this reactor. It
is requested therefore that the procedures be described by
which these, and other physics parameters, will be measured
in later critical experiments with the initially loaded
reactor."

A document, HW-61236, SUPL, which provides informetion and describes
actions taken with respect to the sbove items has been issued and trans-
mitted to the AEC in preparation for a further review early in May.

All of the recommendations, with one exception, were adopted by making
revisions in the equipment or establishing procedural practices. This
exception is concerned with interlocking the shim rods and moderator
level to prevent similtaneous movement. Installation of a moderator
level rate control valve will substantially reduce the maximum possible
reactivity changes caused by moderator level changes in the range of
2.5 to 7.5 feet, and it is believed will permit simultaneous movement
of a shim rod and moderator level without compromising reactor safety.
At the minimum critical moderator level of six feet, the maximum rate
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of reactivity addition by simultaneous movement of a shim rod and mod-
erator level could increase reactivity from delayed to prompt critical
in about 21 seconds.

Further analyses of the consequences of process tube failure are pre-
sented. Process tube ruptures when the primary coolant is hot result
in formation of such large moderator voids that there is no net posi-
tive reactivity addition. Only in the case of a process tube leak
occurring when the primary cooclant is cold and pressurized is there a
net positive reactivity effect, and this is very smell, 0.25 nmk.

Analyses of void coefficients for PRTR show that only loss of coolent
will give a positive void coefficient, and this coefficient is low,
resulting in a maximum reactivity increase of about four mk upon total
loss of coclant for anticipated core loadings.

The opportunity afforded by this communication was taken to request
consideration of rew limits for the exhaust air activity trip and a
new limit for reactor thermsl power. The new limits are:

Exhaust air activity: Alarm k.5 x 10'6,uc/cc
Containment trip 4.5 x 10-2 uc/cc

Reactor thermal power: Nominal maximum 70 MW
Actual meximum 75 MW.

Small PRTR Process Tube Leak. The pressurizer liquid volume transient
was calculated following & process tube rupture of 0.286" equivelent
diameter. With the reactor operating at 70 MW the initial leak rate is
50 gpm or 5.95 lb/sec. The leak rate increases in 30 seconds to about
7.0 1bs/sec. Five minutes following the incident the heat exchanger and
primary coolant system are depressurized linearly in 10 minutes. The
leak rate drops sharply to 1.81 1b/sec at five minutes as a result of the
depressurization of the pressurizer, but then the decrease is gradual to
1.67 lb/sec at 15 minutes. The make-up feed pumps supply 23.3 gpm for
the initial minute, and then the flowrate increases to 32.0 gpm or k.45
lb/sec. Therefore, after five minutes the feed rate exceeds the leak
rate; however, not until after 18 minutes does the pressurizer begin to
refill. The lag is due to contraction of the DpO primary coolant from
temperature changes. The maximum DpO volume change was 57.8 ft3 or

432 gal. At no time during the transient do fuel element temperatures
exceed 15 F above normal.

Moderator Level Transients. The moderator level transient following
process tube ruptures during high pressure-high temperature reactor
operation and during high pressure-low temperature reactor operation
were calculated.

In the low temperature study the process tube was assumed to be completely

parted. The resulting flow rate was 190 lb/sec which was assumed constant

for the entire transient. A scram was assumed after 0.1 second. Initially
the moderator was at 6.0 feet.
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The calculation indicated the moderator level increases to a maximum
of about 6.02 feet as the result of such & rupture. The level will
drop, however, to the original 6.0 feet after about 0.22 second.

For the high temperature study, two process tube failures were exam-
ined. First, the rupture which provides 18.75 1b/sec flow rate (the
flow necessary to rupture the shroud tube) and, second, a complete
parting of the process tube which provides a flowrate of 140 1b/sec.
In each case the flowrates were assumed constant during the entire
transient.

In the 18.75 lb/sec case it was assumed that 50 percent of the steam
formed in flashing to atmospheric pressure was condensed, yielding a
quality of 20 percent. The volumetric steam flowraste was thus 89 ft3/
sec. Calculations were made for initial moderator levels of 4, 6.5,
8.0, and 8.83 feet. In each case a scram was assumed at 0.1 second.

With the moderator initially at four feet, the ligquid level continued
to rise during the entire transient. However, it is believed the
assumption of trapping all the steam below the surface of the moderator
is not valid, and thus a liquid level change of about 1.5 feet would be
about the maximum value. The corresponding steam void will occupy about
3.3 feet of the calandria.

In the remaining cases examined the moderator level was calculated to
peak before the calandria becomes filled with 20 percent quality steam.
The maximum liquid level increases were 1.08, 0.453, and 0.40 feet which
corresponded to steam voids of 1.05, 0.776, and 0.658 feet. The initial
moderator levels were 6.5, 8.0, and 8.83 feet, respectively.

In the 140 1b/sec case it was assumed that none of the steam in the
steam~water mixture was condensed. The quality was 4O percent and the
flowrate was 1330 ft3/sec. Because the steam flowrate was high, the
rate of liquid level rise was equal to the rate of steam void formation
until the moderator level reached 9.40 feet. From this time on the
ligquid level remained constant while the steam void increased and filled
the calandria. The time to completely void the calandria was estimated
to be less than 0.2 second.

PRTR Rupture Loop Transient. The effects of completely bypassing the
cold leg flow to the regenerator upon the outlet primary coolant tem-
perature from the cooler was determined. The calculation was made with
an 1800 KW fuel element and assuming the reactor is not scrammed.

The results indicated that the temperature of the primary coolant at the
inlet of the cooler would increase from its normal 180 F to about 445 F,
but the outlet temperesture would increase only from its normal 130 F to
about 220 F. The outlet temperature would remain in excess of 200 F for
about 1.8 minutes.
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PRTR Physics Analyses. Additional calculations have been carried out

to determine moderator and coolant void effects on reactivity for
anticipated operating conditions. It was found that the initial moder-
ator void coefficient utilized for the safeguards analysis 1s conser-
vative for voids larger than 10 percent. This is of importance in com-
pensating the reactivity introduced by a transient increase in moderator
level if caused by a major pressure tube failure.

Loss of primary coolant has a more complex effect and the calculated
separate effects are swumarized in the following table:

SUMMARY, D20 COOLANT LOSS EFFECTS

Uniform

Uop Pu-Al Enrichment
Aan/m 0.000 0.000 -~ 0.000
Ar/r +0.002 +0.002 +0.002
A p/p -0.003 0.000 -0.002
Aa€/e +0.010 0.000 +0.010
Axg kg +0.009 +0.002 +0.010
A kerr/kerr +0.003 -0.00%  +0.00k4

The largest positive contribution to the coolant volid coefficient appears
to be the increase in the fast fission factor, while increased leakage
represents the largest negative effect.

Two dimensional calculations of PRTR flux and power distributions have
been initiated. A test case has been run successfully on the IBM-T709
code, ANGIE, which is being utilized for this study. The problem is
being set up for three neutron groups incorporating a two-region core,
top, bottom and side reflectors, and the dump chamber.

A study of the mean neutron lifetime in the PRIR is currently under way,
and results will be reported in the near future.

PRP Shielding Analysis. Celculations of sky shine from the air in the
fuel element storage pit when the fueling vehicle passes over were made.
Since this will be & transient source, no additional shielding is re-
quired.

A list of potential sources of radiation compiled by the PRTR operating
group is currently being reviewed and a document will be issued in the
near future.

2402112 UNCLASSIFIED



UNCLASSIFIED A-39 HW-648098

Radiation through the hole in the containment vessel for the 14" steam
line could present a hazard to persons outside. Calculations of dose
rates for this situation are under way.

Computer Codes. The North American S-4 One Group Transport Cylindrical
Cell Code has been successfully adapted to the Hanford TO9 Fortran
Monitor System. This code has provision for 200 regions and 400 mesh
points and requires as input the macroscopic totel cross section, the
macroscopic scattering cross section, and the source value of each region.
A document will be published shortly.

The SNG Code is now complete and ready to run. The code is a combination
of the ANL SNG and the North American SNG, with modifications to decrease
running time. A document on this code will be published in the near
future.

PRTR Xenon Tables. The basis for the PRTR Xenon Tables was published
as HW-6L503, "The General Xenon Equation and Their Application to the
PRTR," April 1, 1960, and the tables themselves have been published as
HW-64453, "The PRTR Xenon Tables," April 1, 1960.

Critical Facility Physics Analyses. Calculation of critical loadings

for the PRCT have been completed for the case of operation with heavy
vater as moderator. The general scheme of fuel distribution was restricted
to an eight-inch hexagonal lattice composed of a central test region, a
buffer region composed of MK-I UOp cells, a peripheral driver ring of

MI-I Pu~Al cells, and a heavy water reflector. Critical loadings varied
between combinations of 19 UOp cells with eight Pu-Al cells and 37 UO2
cells with 12 Pu-Al cells. These calculations were made using the FLUX-
WEIGHT Code, a one-dimensional mlti-group diffusion theory model.

Results in addition to an effective muiitiplication for each loading were
also obtained. These include the normalized radial flux distribution,
fission density distribution, and multi-group importance function dis-
tributions. This flux description of the reactor is sufficient to permit
calculation of the relative radial effect of any reactivity perturbation
introduced in the core or reflector.

Plutonium Fabrication Pilot Plant

Construction is estimated to be 92% complete at month end.

The oxide preparation line (Room 131) and the zirconium etch facility
(Room 221 ) were completed and accepted from construction during the
month. The plastering suheontractor completed construction of the second
floor partitions at the end of the month.

Leak tests were made on the ammonia, nitroger, and hydrogen piping at the
sintering furnace installation. A representative of Sargeant and Wilbur
Company assisted in startup and acceptance testing of the ammonia dis-
socliator and nitrogen generator systems.
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Work on the sintering furnaces was completed with the exception of oper-
ational adjustments. A claim for on-site completion of these units is
in process of negotiation at month end. Operational acceptance tests
were started during the last week of the month. Preparations for floor
painting in Room 125 were under way.

A larger water demineralizer unit was purchased and delivered during
the month. It was installed in time for startup of the zirconium etch
facility.

The cryolite reduction furnace hood instellation is scheduled for com-
pletion May 20. The 20-inch rolling mill is scheduled to arrive the first
week in May; construction personnel are organized to complete its instal-
lation soon after receipt.

PRTR Operations Planning

Pre-Startup Activities. Sixteen operating procedures were issued during
the month. Copies of the procedures were distributed to the PRIR Startup
Council for review and approval.

The Electrical Manuel was completed at month end. Copiles of this manual
will be issued early in May.

A report, "PRTR Data Processing Program," HW-64631, was issued. This
document, designed primarily for EDPM Operation use, gives definitions
for data input, calculations required, reports requirements, and an
estimate of data volume.

The "PRIR Valve List," which identifies each valve, including the function
and a print reference for each, was issued to all interested personnel.

A meeting was held with the "Third Party Inspector" to discuss procedures
for assuring that all PRTR vessels and piping meet code requirements
where applicable.

Spare parts were ordered for the injection pumps, primary pumps, process
water pumps, and the de-aerator during the month. A review of spare parts
requirements for bearings, solenocid valves, relays, contactors, and switch-
gear is under wvay.

A list of 35 maintenance procedures which must be prepared prior to
reactor startup has been assembled. FFD Maintenance has been requested
to write these procedures. The first procedure, "Repair of the Primary
Pumps, " is presently being circulated for comment.

The helium compressors must be relocated to allow adequate maintenance
access, as well as eliminate vibration problems in the supporting
structure. A study to determine suitable alternate locations is being
made. Consideration is being given to a relocation as suggested by
PRTR Operation.

240214 | UNCLASSIFIED



UNCLASSIFIED A-h1 HW-64898

Results of a noise-level analysis made by Industrial Medical indicate
ear protection devices are required for personnel working near the
diesels when they are running under load. "Ear muff" type protectors
will be ordered.

Members of Operations Research and Synthesis Operation met with PRTR
Operation personnel to discuss heavy water systems measurements and
accountability problems.

In meetings with Analytical Laboratory Operation personnel, the PRTR
Sampling Program was discussed to determine the effect this program
will have on future work loads of various ALO components.

PRTR Training Program. A tentative schedule for the PRTR Qualification
Test was prepared. The test, to be given to all personnel who will
operate the reactor, will include & general written examination about
the reactor and its systems. In addition, a written examination on the
reactor automatic controller, reactor safety systems, and other opera-
tional features of the reactor, an oral examinetion, and a demonstration
will be included.

Classroom training sessions were conducted to instruct all Engineering
Assistants with the automatic controller theory and operation.

Design Tests. TFinal operational and design review was completed for
18 tests during the month. Design Test No. 39, "Flux Monitoring
System," was reviewed by the PRTR Startup Council. Procurement of
special equipment for performing the design tests continued. Meetings
with REDO personnel were held to discuss detailed scheduling of the
tests.

Power Tests. Detailed scheduling for the proposed power tests were
prepared. The outlines of proposed tests were reviewed by the PRIR
Startup Council. .

Critical Tests. All portions of the PRTR Critical Test document were
presented to the Startup Council. The "Instrumentation! and "Hazards
end Restrictions" summaries are presently being reviewed by the Council.
The document will be issued when this review is complete.

Design and Construction Liaison. Scanning circuit prints from the
vendor of the rupture monitor electronic components were reviewed and
comments were issued.

Information meetings were conducted to acquaint PRTR Operations and FFD
Meintenance persorinel with the objectives and design features of the
PRTR Gas Loop and the Critical Facility.

Extra Activities. A paper entitled "Status of the Plutonium Recycle
Program at Hanford" was presented at the 1960 Nuclear Congress by
R. E. Dunn.
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2. PLUTONIUM CERAMIC RESEARCH

The UOo-L4O w/o PuOo and the pure PuOp compositions of & series of pellets
which appeared to have "flowed" during a hydrogen sintering treatment of
approximately 75 hours between 1300 and 1500 C were examined by X%-ray
diffraction and metallography. The pellets were sectioned so that the
bottom portion which rested on the molybdenum boat and the top portion
which was exposed only to the hydrogen atmosphere were anslyzed independ-
ently. Diffraction patterns of the areas which were in contact with the
Mo presented many lines which were not successfully indexed. This is
presently attributed to a Mo-Pu-U interaction. The upper portion of the
UO2-40 w/o PuOp pellet was of the cubic solid solution structure as ex-
pected. The lattice parameter was 5.439 ¥ 0.003 R as compared to the
theoretical of 5.440 5. There was one plane, however, with a spacing of
2.656 & which was not indexed. This spacing falls near that of the alpha-
Pup03 (411) plane, but intensity considerations seem to rule out this
possibility.

The top of the pure plutonium dioxide sample, unfortunately, was very
small. In addition, the spinner on the diffractometer goniometer-head
was out of order so the intensity of all reflections was rather low.

The (531), (600), and (620) planes could be resolved very well, however,
and the average lattice constant was 5.395 T 0.002 R as compared to
5.3960 R for pure PuOp. Again, no trace of a Pu203 phase was present.

Metallographic examination of the top of the PuOs sample with polarized
light showed a coarse, mottled matrix which had the appearance of a
solidified eutectic alloy. A few small islands were noted which appeared
to be a second phase. These were somewhat segregated and occupied only
a small fraction of the total sample area.

X-ray diffraction studies have been completed on ZrOo-PuO2 mixtures
sintered at 1500 C for eight hours. As little as one mole percent PuO2
in ZrOp stabilized a small amount of ZrOp to the tetragonal phase and
made the pellet stable dimensionally to the thermal stresses encountered
during sintering and cooling. Pure ZrOpo pellets crumbled under the same
conditions. X-ray diffraction shows a two-phase region of monoclinic
plus tetragonal ZrOp-Pulo solid solutions extending from less than one
mole percent PuOp to about 25 mole percent PuOp. Beyond this point a
single tetragonal ZrOp-PuOs solid solution is encountered. The tetra-
gonal 'c' axis approaches the 'a' axis with increasing PuOp content
until at about 50 mole percent PuOp the two axes are equal and the solid
solution becomes face-centered cubic. Several points on the liquidus
curve of the Zr0o-Pulp system have been determined using the tungsten-
ribbon melting-point furnace. Further experimernts are under way to
complete the determination of the liquidus curve.

A pellet containing the stoichiometric ratic of Alp03 and PuOp (66 M/o
PuOo) required to obtain PuAl03 was pressed and sintered at 1500 C for
eight hours in hydrogen. X-ray diffraction showed a single phase,
PuAl03, to be present. Another pellet of the same composition was
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sintered at 1100 C for eight hours in hydrogen; x-ray diffraction showed
Alp03, PuOp, and PuAlO3, indiceting that the reaction starts at a rela-
tively low temperature. The melting point of PuAlO3 was observed in the
tungsten-ribbon furnace at 1810 C.

Al503 pellets containing two and eight w/o PuOp have been sintered at
1500°C for eight hours in hydrogen. X-ray diffraction shows a reaction
taking place which has not yet been identified or indexed.

More heating runs have been made with mixtures of PuOz and graphite. The
percentage of graphite added and the reaction temperature were varied in
an effort to obtain pure PuC. 1In all cases, though, when the temperature
was raised high enough to reduce the oxide, the predominant carbide formed
was PupCs.

When four to six weight percent graphite was added to plutonium hydride,
however, the predominant carbide was PuC. This reaction was carried out
at 1400 C for four hours. The chief difficulty with this method of
making the monocarbide is the fact that liquid Pu is formed. Before the
Pu-C reaction temperature (epproximately 900 C) is reached, the Pu attacks
the crucibles. Tantalum cricibles have proved to be reasonably resistant
to this attack.

The ag of the PuC formed by this technique is 4.968 . This agrees well
with the values Mulford et al report of 4.959 to 4.973 8. These samples
were at the carbon-rich end of this region; however, the monocarbide
appears over a rather wide composition range. More precise lattice
parameter measurements are being made.

Chemical analysis of two "PuC" samples showed 3.2 w/o C. This is lower
than the 4.2 w/o which was added. Duplicate samples will be sent to the
Analytical Laboratory in an attempt to resolve this discrepancy.

The present gamma sbsorptometer is being modified to determine densities
of full length oxide fuel rods. A uranium colliminator has been designed
and built to give a more accurate value for the I/Ig ratio which is pro-
portional to the density. Work is also continuing on the thermal con-
ductivity apparatus.

3. URANIUM DIOXIDE FUELS RESEARCH

Fuel Evaluation

Continued post-irradiation examination of the second, purposely defected
Zircaloy-2 clad, swaged UOp rod revealed long stringers of zirconium
hydride, in excess of the original 50 ppm concentration. A hydride con-
centration gradient across the 0.030-inch thick cladding was observed
opposite the defect. The concentration was greatest at the cooler, out-
side surface of the Zircaloy-2. Quantitative analysis has not been
completed. The examination is continuing. A third defect test, employ-
ing Zircaloy-4 cladding has just been completed in the MIR.
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Irradiation of a vibrationally compacted, Zircaloy-2 clad fuel assenmbly
in an ETR loop started April 28. The assembly contains seven rods,
three feet long.

Swaged UO, capsules attained an estimated exposure greater than 15,000
MVD/T in MIR-ETR. One sintered and two swaged UOs capsules were suc-
cessfully irradiated to 2750 MWD/T at a surface heat flux in excess of
1,250,000 BTU/hr/fte. No failure of swaged UOp fuel elements has yet
occurred during any irradiations.

Besic Studies

Detailed discussions were conducted with personnel of BMI regarding the
proposed continuation of the UQOs thermel conductivity cooperative re-
search program. Goels being considered include: (1) completion of
thermal conductivity measurements to 600 C of the series of irradiated
U0z specimens, (2) evaluation of effects of fabrication methods and com-
ponent grain size and orientation on thermal conductivity (to 600 C),
and (3) neasurement of thermel conductivity of one nonirradiated UQp
specimen (to 2000 C) using equipment to become available at BMI in about
six months.

The two models of electron microscopes meeting CFDO requirements were
examined, operated, and evaluated at BMI and at the United Aircraft
Laboratories. Each has advantages not offered by the other, but both
appear to be capable of meeting basic performance specifications.
Bvaluation of operational design, reputation in technical cirecles, and
demonstrated capabilities of basic instruments and accessories will be
completed prior to final selection.

Micronized UOp was compacted to 10.90 g/cc (99.4 percent T.D.) in the
Dynapak equipment, using & modified, ultra-high pressure die. "PWR-
type" UOo was compacted to 97.5 percent T.D. under similar conditioms.
The stainless steel capsules containing the UOp were heated to 1200 C
before they were transferred into the die. The temperature of the UOp
at the time of compaction was estimated to be 500-800 C.

Another study, using a standard Dynapak die, revealed that the density
of compacted, micronized UOo Iincreased with increasing starting tem-
perature to 1100 C. Further increase in temperature, e.g., to 1200 C,
resulted in a decrease in the density of the compacted UOo.

L. BASIC SWELLING STUDIES

Irradiation Program

Two types of capsules for irradiating unrestrained uranium at a constant
temperature are currently being constructed: a metallographic specimen
swelling capsule for insertion into either the MIR or the ETR and a
general swelling capsule for insertion into HAPO reactors. Four metal-
lographic specimen capsules and five general swelling capsules have now
been fabricated.
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Of the four metallographic specimen swelling capsules thus far assembled,
three contain carefully precharacterized uranium specimens while the
fourth contains a dummy specimen. The fourth capsule has been used to
establish the validity of the heat transfer calculations and to determine
the operational characteristics. These were determined by testing the
capsule to destruction and then applying an appropriate safety factor to
establish the optimum in-reactor operating conditions. The three capsules
containing precharacterized specimens are scheduled for operation at the
ETR: two to be irradiated and the third to be used as a control for the
irradiations in order to evaluate the influence of the environment and
the thermal history on the specimens.

The initial tests on the capsule with the dummy specimen revealed that
large (¥ 50 C) random temperature fluctuations were occurring within the
capsule. Additional tests indicated that these severe thermal fluctua-
tions were the result of the refluxing of the NaK in the highly evacuated
inner chamber. Above about 250 C the vapor pressure of the NaK exceeded
the total pressure of the system sufficiently to create a rapid cycle of
boiling and condensing. The condensate dripping from the cold top of the
chamber causes the temperature to drop suddenly. Thermal cycling was
completely eliminated by removing.the cooling fins from that portion of
the chamber extending above the heaters, and hence, allowing this section
to more nearly attain the same temperature as the bulk of the NakK.

The laboratory tests and calculations have now demonstrated that the
capsule will operate over the range: U50 to 630 C in a neutron flux,

3 to 9 x 1013 n/cmPsec; with gamms heating of 0.5 to 1.0 watt/gram.
Temperature control in the order of ¥ 3 C on the surface of the specimen
can be expected.

General swelling capsule No. 5 containing three uranium spheres of two
enrichments has successfully undergone bench testing and has been shipped
to the reactor site for imsertion in the reactor at the earliest oppor-
tunity. The necessary control and monitoring instrumentation has also
been completely assembled and calibrated and shipped to the reactor site.

Fabrication of components for ten additional general swelling capsules
of the same design as the first five has begun. These capsules will
contain uranium specimens in the form of split, hollow cylinders instead
of spheres. This change in specimen geometry is intended to reduce the
temperature gradient across the samples to values less than 10 C when the
reactor is at full power.

Design effort is also under way to entrain two or more capsules so that
better utilization of the irradiation test facilities may be realized.
This requires shortening the over-all length of the capsules to about
nine inches. '

The general swelling capsule containing four, one centimeter diameter,

uranium spheres that is being irradiated is continuing to perform
according to design expectations. Recalibration of the control

j2u0219 | UNCLASSIFIED



UNCLASSIFIED A-46 HW- 64898

instrumentation has improved the temperature control when the reactor
is at full power from ¥ 5 C to ¥ 2 C. This is well within the accuracy
of the chromel-alumel thermocouples and the precision temperature con-
troller. The total burnup that has thus far been accumilated with the
specimens in this capsule is sbout 0.03 a/o.

Fission Product Mobility

Diffusion of rare gases in uranium is being studied by introducing
xenon and Xrypton into a uranium surface by glow discharge (sputtering)
and ion bombardment and then determining the gas distribution as a
function of temperature, time, and system conditions. A portable, CEC
type 21-620 mass spectrometer has been received to facilitate this in-
vestigation and is currently being incorporated into a glow discharge
system. Work for the next few months will be involved with setting up,
calibrating, and establishing the limitations of the equipment.

5. IN-REACTOR MEASUREMENTS OF MECHANICAL PROPERTIES

This program has been initiated to determine the mechanical properties

of structural materials during irradiation. Currently, the study of in-
reactor creep properties of Zircaloy-2 is in progress. The specimen is
annealed Zircaloy-2, and a duplicate specimen is being tested in the
laboratory to provide a direct comparison with the in-reactor test. The
test temperatures for both specimens have been changed since the last
measured creep rates from 500 F (260 C) to 550 F (287 C) at a stress
level of 30,000 psi. An increase rate in the creep of the ex-reactor
specimen yas observed, the rate increased from 1.5 x 10~ in/in/hr to

1.5 x 107° in/in/hr. However, technical difficulties with the associated
strain measuring system for the in-reactor test precluded the measurement
of the in-reactor rate with any statistical certainty. No rate can be
stated for the in-reactor specimen at this time. The carrier current
generator in the creep monitor for the in-reactor creep sensors slowly
lost its output causing the readings to become erratic. The condition
of the monitor was analyzed and corrected, but insufficient time has
elapsed since the repair to obtain significant creep data.

A progress report from the vendor revealed that the order for four more
second generation capsules is proceeding on schedule, and delivery should
be made by the middle of June. These capsules are expected to be more
reliable than the prototype now being irradiated.

6. GAS-GRAPHITE STUDIES

Gas Capsule Irradiations.

Four COp-filled capsules containing graphite were discharged from the
reactor after ten months of exposure. The irradiation temperature was
approximately 500 C and the COp pressures were 200, 300, 400, and 500
psia at temperature. Five new capsules are ready to charge into the
reactor at 500 C. Four are filled with CO at 85, 185, 270, and 280 psia,
and one is filled with Ho at 14 psia.
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CO, Oxidation. Slabs of CSF graphite (3" long, 3/4" wide, 1/16" thick)
are being oxidized in flowing COo at 650 to 850 C. Preliminary data

show weight loss rates and the activation energy are identical to those
observed in earlier work on solid cylinders, hollow cylinders, and
spheres. Thus, none of the experiments show evidence of diffusion con-
trolled oxidation since no effect of surface to volume ratios is observed.

Oxidation Studies in Co-60 Irradiation Facility

The radiation-induced reactlion of carbon dioxide with graphite in a 106
R/hr gamma flux was measured at temperatures of 520 C, 650 C, and 700 C
with a constant gas flow rate of 20 c¢/min. In the absence of radiation
the thermally-induced reaction of graphite with CO is not observed below

- temperatures of about 600 C. A reaction rate on the order of 10-6 g/g-hr
was measured at 520 C in the cobalt-60 gamma facility. At 650 C and 700 C
the reaction rates were higher but, because of the low weight losses, are
somewhat uncertain. An automatic balance which will re-zero three times
an hour is being installed and should increase the accuracy of the mea-
surements.

Graphite Burning Experiments

Graphite burning experiments are being conducted to aid in evaluation of
potential hazards to the EGCR. In the preliminary work, 1/2" diameter
graphite samples in & one inch ID quartz tube are being utilized. The
graphite is not heated except by the gas and the combustion.

Graphite was found to ignite at 750 C in an oxygen stream of 2.0 cfh and
burn with a blue flame. Oxygen flow and temperature were varied to de-
termine the effect on the cormbustion. Combustion continued unless the
oxygen flow dropped to 0.2 cfs. The reaction was very flow sensitive
but was insensitive to oxygen temperature variation over the range from
500 to 800 C.

EGCR Lattice Prototype

The full-scale prototype EGCR lattice unit in which the final burning
experiments are to be conducted is nearing completion. Instrumentation
has been installed, and essentially all equipment including the needle-
coke graphite is on site.

Radiation Damage Annealing

Samples which had contracted in the transverse direction during high
temperature (600 to 1200 C)‘irradiation continued to contract during
annealing at temperatures of 1500 to 1800 C. Changes in Co Were small
both during irradiation and annealing; however, the L. crystallite di-
mension decreased significantly during irradiation but recovered during
annealing.
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These property changes are consistent with the observation reported
last month that the contraction in the parallel direction is essen-
tially removed (re-expanded) during annealing. All of the data in-
dicate a removal of high activation energy lattice defects. Parallel
contraction under irradiation is apparently explained by shrinkage of
the crystallites in the Ap direction, whereas transverse contraction
1s counteracted by the accompanying C, expansion and must result from
some other mechanism.

EGCR Graphite Irradiation

Construction of the EGCR graphite irradiation capsule has started.

Mockup tests for the assembly configuration and calculation of pre-
dicted sample temperatures have been completed. These temperatures
are estimated to vary between 300 and 700 C along the length of the
capsule. The temperatures were confirmed within 10 percent by the

mockup tests.

Based on the mockup test, a configuration similar to the GETR H-1
capsule will be used. Four one-guarter cylindrical samples, one inch
in diemeter and 3-7/8 inches long, fit into graphite sample holders
which are screwed tightly into molybdenum centering discs attached to
the aluminum cooling rings. The cooling rings are swaged into the
aluminum can. A cooling tab has been added to the center of each of
the support rods, and flux monitors of nickel, iron, and cobalt-
aluminum are located in holes in the cooling rings.

Gas Loop Project Management and Design (Project CAH-842). Drawings and
specifications for the Phase '"C" portion of the gas loop project (in-
stallation of services) were completed and approved during the month.
Negotiations are under way for the performance of this work by J. A. Jones.

Additional specifications for Phase "D" - installation of the loop
equipment proper -~ are in preparation.

Fabrication of the main loop package by Struthers-Wells is continuing.
Struthers-Wells has indicated they intend to start testing of the
package on or about May 10. The first primary gas blower is still under
test by Bristol-Siddeley Engines, Ltd. Delivery on or shortly after

May 1 is hoped for; the second blower should follow about one week later.
Delivery of the third blower has been deferred; it will be shipped
directly to HAPO during June.

Design of the sample cask is complete, and the drawings have been issued
for comment.

Gas Loop Component Testing

The gimbal bellows type expansion Jjoint was installed and cycled in the
furnace at 1500 F and 500 psi. Failure of the furnace after several
hours of testing has delayed the test.

1240222 UNCLASSIFIED



UNCLASS IFIED A-k9 HW- 64898

An inlet nozzle of Hastelloy "X" has been completed and is being used
to test closures. A platinum gesket sealed at 1500 psi ccld, but leaked
when heated to 1500 F. The platinum gasket welded to the Hastelloy face
even though parting dust was applied. Spiral wound type gaskets of
Hastelloy and asbestos have been ordered. ‘

The dome seal nozzle closure was revised to provide additional clearance
for the stainless steel parts. Initial tests showed a leak tight
assenbly while cold but excessive leakage after heating toc 1500 F. The
assembly was removed and the seal faces were lapped. The assenmbly has
been operating at a temperature of 1500 F for 24 hours. Leakage of
0.075 cubic foot per day has been recorded.

Gas Loop Design Analysis

Transient temperature calculations were made for the gas loop following
a total loss of helium shroud coolant. These calculations assumed
graphite specimens were being tested. In order to achieve the most rapid
cool~-down of the loop with only the COp primary coolant, it was assumed
that the COo flow rate was increased from the nominal 4500 lb/hr flow
rate for non-fission specimen irradiation to the maximm 15,000 1b/hr
flow rate and that the regenerator was fully bypassed. Both the increase
in flow and bypassing of the regenerator were assumed to occur instan-
taneously on loss of helium shroud coolant.

]
Under these conditions the meximum shroud tube temperature was calculated
to be 805 F, about seven minutes following the incident. The shroud tube
temperature would remain in excess of 600 F for about 12 minutes.

An investigation of possible nuclear hazards for the final hazards eval-
unation of the gas loop was completed. Calculations indicate that the
U-238 displaced by the gas loop will not significantly reduce the effec-
tive negative fuel coefficient of the core.

Irradiation Effects on Nickel-base Alloys for Gas Cooled Loop Facility

Nickel-base alloys are being considered for use as in-reactor structural
materials for the gas cooled loop. Samples of the candidate gaseous
materials are being irradiated in contact with a typical reactor environ-
ment. Comparison of mechanical properties of the irradiated specimens
with those of unirradiated control pieces will yield data on the behavior
of these alloys under anticipated loop operating conditions. A graphite
capsule containing thin washer specimens of candidate materisls was

opened at the Radiometallurgy facility during the month. This capsule had
been exposed 30 deys to reactor atmosphere with the specimens reaching
500 C in the high neutron flux. No extreme deterioration of any of the
specimens was observed; consequently, they have been transferred to the
Physical Metallurgy laboratories for weight and gain and hardness measure-
ments. Two graphite capsules containing tensile specimens of inconel,
inconel-702, Hasteloy X, and Hasteloy R-235 have accumulated approximately
one month of their respective three and six-month irrsdiations.
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D. RADIATION EFFECTS OF METALS - 5000 PROGRAM

Radiation damage recovery is being studied for a number of metals; namely,
copper, nickel, titanium, zirconium, iron, molybdenum, and type 347 stainless
steel. Tensile properties, microhardness, electrical resistance, and X-ray
diffraction spectra are being studied to determine the characteristics of
recovery mechanisms.

One hour isochronal annealing treatments at 25 C increments were extended
from 475 to 575 C for molybdenum, zirconium, and high purity nickel; from

150 to 275 C for titanium; and from 150 to 225 C for iron and copper.
Molybdenum specimens irradiated to 4.4 x 1040 and 1.5 x 1020 nvt underwent
linear recovery with temperatures between 350 and 550 C, and exhibited a
sharp decrease in hardness between 450 and 500 C. A corresponding decrease

in hardness of the unirradiated molybdenum specimen suggests overaging and
may be releted to the same process which caused hardening around 250 C in

the same three specimens. The electrical resistance of irradiated zirconium
showed no further decrease above 425 C for the 4.7 x 1018 nvt specimen end
500 C for the 1.5 x 1020 nvt specimen indicating that recovery of electrical
properties is completed at these respective temperatures. Over-all resistance
recovery was greater than 100 percent for both exposures; the lower exposure
specimen exhibiting the, greater departure from pre-irradiation resistance.

The 1.5 x 1020 nvt specimen softened sharply at approximately 525 C, but
nearly linear recovery in hardness with temperature had occurred to this point.
A second recovery region above room temperature for the electrical resistance
of irradiated nickel was observed at approximately 475 C which coincided with
the first region of hardness recovery observed.

The electrical resistance of irradiated titanium underwent continuous re-
covery between 150 and 275 C except for a small plateau near 200 C. The
separation of the two resistance curves for the two exposures was constant
with temperature. A discontinuous softening occurred for the 1.5 x 1020 nvt
specimen at 150 C followed by little additionel change in hardness above

175 C. On the other hand, a slight continuous softening of the 1.1 x 1049 nvt
specimen occurred from 150 to 275 C.

Significant recovery in the properties of irradiated iron below 225 C was

observed only for the 1.3 x 1020 nvt specimen which exhibited a coinciding
decrease in electrical resistance and hardness at approximately 175 C. No
significant changes in either the electrical resistance or hardness of ir-
radiated copper was observed below 225 C.

The iron specimens provided for the program were fabricated from three ingots
which varied over wide limits in carbon, nitrogen, and oxygen contents. Con-
sequently, tensile tests have been initiated to determine the influence of
radiation damage on the plastic yielding characteristics of iron which are
peculiar to these constitutents. As a check on the methods to be employed,
an unirradisted specimen from ingot 3 containing approximately 0.0013 N was
solution treated for 2000 minutes at 200 C, prestrained four percent at room
temperature and aged 24 hours at 600 C. Upon subsequent straining the yield
stress increased 4550 psi, the flow stress at 1.5 percent strain increased
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3000 psi, and & 0.86 percent Luders strain resulted. These results are in
excellent agreement with published results of studies of strain aging in low
carbon steels caused by the diffusion of interstitial nitrogen atoms to free
dislocations. It seems certain that this phenomenon contributed to the
brittleness of ingot 3 specimens after high neutron exposures. In comparison,
ingot 1 and 2 specimens which had extremely low nitrogzen contents were rela-
tively ductile.

E. CUSTOMER WORK

Radiometallurgical Examinations

1.47% Enriched I & E Fuel Elements (RM-404). Two self-supported elements that
vere irradiated under PT-IP-2h7-A for approximately 800 MWD/T were received

for examination. The entire outside surface of both pieces was covered at the
time of discharge with a heavy black scale that is usually found associated

with hot-spot type corrosion. The black scale had been largely removed by a
chemical treatment after discharge which left a rough orange peel surface in

the aluminum can wall. There was no evidence of any accelerated attack on the
aluminum such as was found on the two non-supported elements examined previously.
Iransverse sections have been made through one of the elements to determine the
amount of can wall lost during irradiation.

The bonding layer on both the outside can well and the inner spire have been
found to be cracked and separated in many places. Micro cracks in the uranium
emanating radially from the inner bore were found.

Severely Corroded Process Tube From 105-DR (RM-4Ol). A sample from a 28
aluminum process tube which failed in 1265-B seven months after it had re-
placed an original tube was submitted to Radiometallurgy for examination.
The tube had been attacked on the upper side of the portion containing the
downstream end of the charge.

Visual examination disclosed “groove pitting" attack which penetrated the tube
wall in two locations in the four-inch long sample. The attack included sbout
two inches of the circumference of the tube. The tube had been cleaned after
discharge to remove the scale and some of the metal was removed in the process.
The demage incurred during the cleaning operation made it impossible to make a
metallurgical evaluation of the mechanism of the original attack. No heat
effects were noted, and the metal quality was consistent with commercial grade
25 eluminum.

Examination of Cracked Process Tubes (RM-406). Three process tubes in H
Reactor were discharged because of leaks. Examination showed the failures
appeared as fine cracks running in the transverse direction. Samples of two
of the failed tubes were submitted to the Radiometallurgy Laboratory for ex-
amination to determine, if possible, what caused the failures and the mech-
anism by which they failed.

The internal surface of one of the samples contained six transverse cracks
in a one and three-quarter inch length, and three of these penetrated through
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the tube wall tc the outside surface. There was no corrosion or reduction
of wall thickness at the cracks. The second sample which had not been de-
scaled, contained a single crack that penetrated the tube wall. The samples
were divided at the crack, and the fracture surface was examined visually
witk binocular viewers and photographed. The crack progressed through the
tube wall at an angle of 45°. No reduction in tube wall thickness was ob-
served, and no corrosion was evident.

High Level Examination and Cut-off Cell. Examination work accomplished in
the High Level Examination and Cut-Off Cell during April is listed below:

Samples into Cell 32
Conveyor Transfers 22
Photographs 17
Length Measurements 9
Diameter Measurements 21
Plastic Mountings 0
Samples Ground 1
Samples Sectioned 23
Number of Cuts¥* 39

¥]. Standard Cut = 1 transverse section on a
solid 1-1/2" diameter uranium element.

Metallography Laboratories

Further testing of the lapping surface plate for the Syntron vibratory
polishers which was described in last month's report has shown that it is

not feasible to use with sbrasive particles as large as 600 mesh size
(approximately 25 microns). The particles were discovered to cause split-
ting and chipping of brittle inclusions or phases in the metallographic
specimens and also to become embedded in soft metals, particularly aluminum.
Further work along this line will be dropped since there would be no advantage
in using a finer abrasive than 600 grit as an intermediate step between fine
grinding and polishing of specimens.

A metallographic study is in progress to determine the nature of inclusions
and minute foreign material found at the uranium-Zircaloy interface in co-
extruded fuel specimens. This work is in support of FPD and Fuels Develop-
ment Operation studies to evaluate the effect of these inclusions on the bond
resistance to corrosion and resulting fuel performance. Optical and electron.
microgrephs completed during the month have characterized the size of the
inclusions in a bond rated "No. 2 (Poor-Minus)" to be about five microns in
diameter. This characterization work is continuing.

Samples Processed During the Month. Photographs.
Total Samples 380 Micrographs 290
Carbon Replicas 48 Macrographs 99

Electron Micrographs 216

605
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Special Fabrications

Coextruded fuel rods containing Al-T7.35 w/o Pu alloy cores and clad with
aluminum (X-8001 alloy) are being fabricated for irradiation in the Savannah
River reactors. To date, 144 fuel rods have been shipped to the Savannah
River Laboratory. At the present time there are 443 pieces in the process
stream which are distributed as follows:

159 Cast fuel cores

24 Coextrusion billets

T9 Extruded and straightened rods

15 Machined rods

98 Completed rods - reach for final etching
_68 Rods - ready for shipment

L3 Fuel Elements - Total

Two-hundred and eighty-nine Al-T7.35 w/o Pu billets were cast during the month
for coextrusion cladding into high exposure plutonium fuel elements. Thirty-
nine billets were remelted because of gas pockets. All billets were cast with
both end configurations, thus eliminating machining and scrap generation with
the exception of saw chips generated in cutting-off one end. The cut-off
operation was reduced substantially by closer control of the mold tolerances.
It was necessary to cut off one end of about one-tenth of the billets, the
others were assembled as cast. The end-thickening problem was eliminated by
removing the abrupt change of contour of the billets.

The ultrasonic bond test results for 335 rods indicate that 87 percent of the
pieces were satisfactory. A test rod with non-bond defects which had cross-
sectional areas of 1/40, 1/8, and 1/5 square inches was fabricated and used
to evaluate the sensitivity of the bond tester. All defects were readily
detected. The current process specification allows non-bond areas up to 1/8
square inch.

During final etching operations on finished fuel rods, six pieces were found
to show indications of mercury contemination. Inspection of the processing
areas disclosed that a thermometer had been broken in the room adjacent to

the etching room. It is believed that gloves were brought from the contamin-
ated room into the etching room and came in contact with two of the six rods.

The investigation is continuing.
QU,MW

Manasger, Reactor and Fuels Research
and Development
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PHYSICS AND INSTRUMENT RESEARCH AND DEVELOPMENT OPERATION

MONTHLY REPORT

APRTL 1960

FISSIONABLE MATERIALS - 2000 PROGRAM

STUDIES RELATED TO PRESENT PRODUCTION REACTORS

Neutron Tempersture Studies

The program ACE has been used to generate the total cross sections of Lu-175 and
Iu-176 and the fission cross szction of Pu-239. The resonance parameters for
the twelve rescnances which contribute the most to the thermal cross section were
used in the calculations. The parameters for the Pu-239 cross section were the
same as those used by C. H. Westcott. The cross sections were calculated up to
0.75 ev and agree with “ke available experimental information. The Pu-239 cal-
culation reproduces the curve in BNL-325 and the Lu-176 calculation agrees with
the measurement by V. L. Sailor at BNL.

A Iun-176m source was obtained from an irradiation of LupOz at F reactor. The
momentum distribution of the electrons emitted by the source were measured with
the beta-ray spectrometer. An investigation of the spectrum three days after
the 3.7 hr activity had decayed showed that the cadmium capsule in which the
source was irradiated kad limited the amount of ILu-177 produced to & negligible
amount. The intensity of the Li-177 activity was less than 0.5% of that of the
Iu-176m activity. In addition to an electron distribution of continuocus energies
two lines from electrons with discrzte energies were observed. These lines were
caused by L and M electrons from internal conversion of the 88-kev transition
which occurs in the decay of Iu~176m. The I electrons have been observed by
other experimenters. However;, no evidence for the M electrons has been reported
previously.

An analysis of the continuoue distribution is being conducted using the program
FERMI PLOT. This program was written by K. R. Birney for the IBM 709 and does
many of the tedious and time consuming calculations whichk otherwise wculd be done
by hand.

Mutimexwellian Group Analysis

The computer code FIT-1 has been used to obtain a satisfactory fit of calculated
fluxes to the room temperature flux traverse data fram the rethermslization
experiments. This was done by systematically adjusting the varicus neutron 4if-
fusion parameters until the residual; or the sum of the squares of the differences
between experimental and calculated flux values, was minimized for both the
thermal and epithermal data. With these adjusted values used in the calculations,
the maximum difference between experiment and theory is less than 1.6% in either
energy group. The fast-to-thermal ratio is now being adjusted in an effort to
improve the agreement between measured and calewlated cadmium ratics.

12402428 o
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Slowing Down Spectrum Program

Work has been started on adapting two codes from General Atomics to local use,
Combined, these two programs will campute the infinite medium flux spectrum using
a free gas model. The first code calculates the scattering kernel for ‘he modera-
tor between each pair of energies, assuming isotropic scattering, the kermel
being normalized to the free-atom scattering cross section. Tkese values of the
kernel are input to the second code which computes the infinite medium flux spec-
trum for a medium consisting of this single moderator and up to 20 sbsorbers.

Neutron Rethermalization

The analysis of the rethermalizetion experiments on graphite in cylindrical
gecmetry has contimued througk this month. The primary effort has been spent on
fitting the fast and thermal traverses of the activity of Aw and Cu for the room
temperature experiment (no temperature discontimuity). This work has been done to
provide the best diffusion parameters for use in the analysis of experiments with
temperature discontinuities. This work has been completed satisfactorily and
Preparations are being made to analyze the experiments with temperature discontin-
uities,

The emphasis in the analysis of lutetium data has shifted from the determinstion
of effective neutron temperatures to camparison of camputed and observed traverses
of the activity of Iu-176. The cross section of Iu-176 is non-1/v in the region
of thermal neutron energies. This comparison will be made upon the campletion of
the analysis of tte "1/v" copper traverses.

Instrumentation and Systems Studies

New circuits are being developed and evaluated for the study on scintillation
pulse shape methods of discriminsting fast neutrons from gamms rays.

A new method of reactor in-core neutron detection was suggested. Thie method is
based on the use of microwaves to measure the free electron density in an ionized
gas. DBriefly, a small chamber of neutron sensitive gas is placed at tke end of

a wevegnide, and the resulting jonization is measured with microwaves. Preliminary
calculations indicate this method may be practical for high-flux reactors. More
extensive survey work and more detailed calculstions will be Gone.

An analog camputer study of lithium buildup in the old reactors has been started.
This study will be similar to the previous one but will be covered in more detail.

A recommendation for additionsl instrumentation on the 1706 KER test loops, made
by IPD, was reviewed. The changes and additions to the existing installation are
extensive and are aimed &t providing a "two-out-of-three" logic for all safety
circuit instrumentation. A camment letter was sent to Instrumentation Design,
CEQUO, in which several suggestions for possible improvemerts of the proposed
alterations were macde. It appeared that development wcrk on the following items
would be advisable: (1) An improved trip indicator or scanning system, (2) an
improved boiling pcint suppression instrument, and (3) system relisbility evalua-
tion.

oz, 1240228 ——
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STUDIES RELATED TO FUTURE PRODUCTION REACTORS

g

Exponential Pile Measurements of large Diameter Frel Elements

Final buckling values have been determined for a lattice with tube-and-rod and
I and E fuel elements. The results are shown in Table I.

TABLE I
Fuel Lattice Bucgling A Volume Ratios
Element Specing (in.)  (10°w™®)  (inches) AL/T B0/0 /0
2.5 x 1.6 with 10 3/8 wet + 7 1.7 0.309 0.628 25,03
1.17 solid
2.5x 16 I aE 10 3/8 wet ~34 1.8 0.378 1.286 3hk.4

A 1s the measured side-to-side extrapolation length. A front-to-rear A of 1.03
inches was used. Both measurements were taken in Y-foot exponential piles.

An 8 x 8-foot exponential pile with tube-in-tube fuel elements has been built
and measurements have been started.

Measurements in the 6 x 8-foot pile with the sources clustered close to the axis

as they are in 4k-foot piles have been completed. The results of the side-side.
horizontal traverses are shown in Table II and compared with results previously
reported for the sources placed at (£ a/l, 0) and (0, * b/k); where a is the effec-
tive width and b is the effective depth of the pile,

TABLE IT
Cell Source Number of A
Position Position Points (inches)
Bige Clustered 1k 1.63 £ .2
Bige Clustered 13 1.38 .1
Edge Split 1h= 1.02 £ .1%
Edge Split 13% 1.1 £ 2%

* Previously reported.

It appears that the measured side-side extrapolation length is a function of the
source position. Analysis of the front-rear horizontal traverses taken in the
6 x 8-foot pile is not camplete.

The IBM-T709 buckling program has been corrected for the errors in the calcula~-
tion of the harmonic corrections to the vertical traverses. The difficulty in
obtaining these corrections for the horizontal traverses turned out to be an error
in the data input. There still appears to be a programming error in the special
sub-routine used for cslculating the harmonic corrections for a split source dis-
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tribution. The machine program can be used, however, by by-passing this special
sub-routine, even though the machine time 1s slightly increased.

PCTR Measurements of lattice Parameters of Largg Diameter Fuel Elements

The analysis of the data from the 2.5 x 2.0, 1.66 x 1.12 tube-in-tube experiment
in the 10.5-inch graphite lattice has given the following values for the lattice
parameters.

Wet A Dry
Kq , .982 + .003 1.041 £ ,003
£ 831 £ .003 .23 = ,003
P - .867 & ,006 815 £ 006
€ 1.025 £ ,002 1.036 £ ,002
1 (inferred) 1.330 £ .009 1.335 £ .009

The p and € analysis follows the method outlined by W. E. Niemth and R. Nil-
son.

Final velues have been deduced for the same tube-in-tube element in an 8 3/8"
graphite lattice with water coolant. The results are compared in the table
below with corresponding values calculated with the IDIOT-IBM 709 machine code.

BExperiment ;2;92
1/v-thermal utilization 0.858 £ 0.005 0.856
k., (PCTR) 0.978 £ 0.002 0.999
k; (exponential) 0.979

The result refegred to as k., (exponential) was calculated using a value ,
(-64 £ 6) x 10~°cm~2 for the material buckling as measured in & small exponen-
tial pile and a value of 334 cme for the migration area. obtained from the IDIOT
code. The error in this ko is £ 0.002 if the migration area is assumed to have
.no error. ,

The ko results from PCTR and exponential mesasurements are seen to be in excel-
lent agreement. Also, the utilization calculated from the code agrees well
with the experimental result. (In making the comparison, one should overlock
the experimental error quoted, which is predaminantly due to uncertainty in
the hydrogen absorbtion cross section.)

The 2% discrepancy between experimental and calculated values of ky, is indica-
tive of the difficulty of calculating p for the tube-in-tube geametry.

Iutetium foils were irradiated in the PCTR during the 8 3/8" and 10 1/2" lat-
tice experiments to obtain effective neutron temperatures. A program has been
s, .éf. 'baﬂ’z 40 23 ‘
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written which will process this data.

A program for fitting s polynomial, f£(x), up to ninth order to & sequence of points
has been written. It contains a testing sequence which calculates the function
£(x) at intervals Ax as desired.

Data Correlation and Analysis

The exponential measurements on tube-and-tube elements were analyzed to determine

N by plotting 1n (ke/f) versus the uranium to moderator ratio. The intercept

(1n ne) and the € from the PCTR measurement were combined to find 1 = 1.29. This

is considerably different than the value 1.33 derived from PCTR measurements of

ko, £s D, @nd €. This discrepancy has appeared several times before, indicating
a,fundamental difficulty of one of the methods. The difference is almost entirely
due to the difference in resonance integrals, derived from the slope of the exponen-
tial plot and from the p measurements.

g; calculations for the fluxes are slightly high in the graphite, so the calculated
i

s low by 0.5 to 1.0%. A neutron temperature correction may give better agree-
ment .,

Rod Replacement Analysis

A small source theory procedure has recently been developed for calculating the
effect of rod replacement on the criticality condition in an infinite lattice of
supercells. At the present time this procedure requires a series of digital com-
puter calculations with several intermediate steps being carried out by hand. To
improve the application of this small source theory procedure, & computer code is
being written to eliminate these intermediste steps. To date, a portion of this
code has been campleted and checked out satisfactcrily.

A Program for Analyzing PCTR Data

APDAC-I contimued in limited production use. Fifty or sixty ‘raverses and cadmium
ratios were satisfactorily analyzed. The three errors mentioned last month corres-
pond to three cases which have consistently refused to run. In one of these cases
it was discovered that the input was not in the correct order. Tke causes of the
other errors appsrently lie in the code; they have not yet been lccated.

Instrumentation and Systems Studies

The initial phase of & study of resctor control systems was started with a study
of reactor equations. The functions which relate the kinetic equations of one
region in the reactor to those in ancther region are to be determined in a manner
suitable for control studies. Eventually, it will be necessary to verify the
relationships in terms of actual behavior of the production reactors. Attempts
will be made to develcp suitable methods for this experimental verification.

The analog study of pressure buildup in the NPR confiner following various types
of incidents is 85 percent campleted. The study is being conducted to determine
the number cf rupture vents needed in the reactor building to keep the pressure
below a preset level.
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Considereble hime has been spent this month obtaining computer solutions to the
reactor kinetic equations for sinusoidal variations in resctivity of verious
amplitudes and frequencies. Some @ifficulty was encountered in obtaining results
in the regicn of variables where the results are of particular interest in demon-
strating the validity of the theoretical solutions. This region is for low empli-
tudes, appreximately £ 2 x 10=7 5K, and low frequencles--aroind 0.01/2mw cps. It
appears that in this carbination of variables the amplitude and time scaling of
the program must be such that the effects of noise and accuracy of the potentioc-
meter settings and muxltiplier do not mask the small effects being studied. The
results obtained are currently being evaluated.

Febrication of the detailed fast-slow scan mechanical mockup for the proposed

NFR Fuel Element Rupture Detection System is proceeding rapidly at the Minor
Construction (White Biuffs) shop. After fabrication, the mechenical unit will be
moved to the outdcor experimental platform of the 329 Building for testing. Satis-
factory circuit developwent continues for the fast-scan rortion, directed toward
refinement of the prototype circuits. Additionsl investigative work is being done
concerning possible eutomatic circuitry compensation releted to sample water flow
changes. Other work on this project included the design and start of fabrication
of a slip-ring assembly to be used for the mockup tests. The detector shielding
assembly was designed for the fast-scan portion and is being fabricated. The
shielding was designed for simple adjustment to provide an optimum shielding-
sensitivity ratio. In addition, an indicator lamp circuit was Jevised using
transistor switckes, and initial tests indicated good applicability to the rup-
ture moritor ifentification eireuitry. Work to date was reported in an interim
status report, HW-64€39,

Tests continued on tha protetype NPR Logarithmic (5 mr/hr to 5 r/hr) Scintilla-
tion Remote Area Monitor. In an effort to reduce the cost of the unit, a new

high voltage supply system will be inccrporated. This, if proven satisfactory,
will reduce the cost per unit by $250. In addition, a more stable RCA 6655-4
phototube will be used in place of the original DuMont 6363. The DuMont 6363's

in use are not stable, and the RCA 6655-A tubes have proven to ke much more stable.
The use of the RCA “ube will also lower the instrument cost (tube and mu-mebal
shield) by an additional $100; thus, the total cost reduction will amount to at
least $35C per unit.

The prototype Linear Scintillation Area Monitor for the NPR project is presently
being fabricated. All development work is completed.

Varicus portions of the circuitry are being tested fcr the prototype NFR Beta-
Gamms, Transictorized &ir Monitor. In an effort to insure reliability, the cir-
cuits are designel, and are being tested, to be stable fram +25CF tc +1500F.
Meckining work is being completed on the detector head assembly after a faulty
lead pouring job which left voids in the shielding. The voids are being filled
and finish-up machining done.

Mechanism of Grsphlte Damage

Actual assembly of the beam sweep circuitry for the electron Van de Graaff is
now resdy to start. The high voltage power supply and a few other mincr com-
ponents have not yet been received, but are expected in the very near future,
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The beam current stabilizer for the electron accelerstor was received. It will
be installed at the same time as the beam sweep.

A new calorimeter for measuring energy loss in thin sections of materials was
fabricated. Installation of calibration and control equipment is in progress.

STUDIES RELATED TO SEPARATIONS PLANTS

Plutonium Critical Mass Facility

The current status of the project, as reported by the Construction Engineering
Operation at the end of the month,is as follows: the to+a1 facility is 84 per-
cent complete versus a currently scheduled 82 percent; the work covered by the
fixed price contractor is on schedule, being 98 percent canplete.

The significant development during the month was the delivery, on April 8, of
the instrumentation and control system. Installation has proceeded during the
month, but still remains a major part of the work yet to be done by the contrac-
tor. Other construction and installation work is essentially complete with the
work of placing equipment in service, and performing acceptance tests remaining.

The primary part of the project not covered by the fixed price contractor is
concerned with the in-hood reactor or critical assembly components and their
installation by plant forces. The outside vendor-fabricator of these com-
ponents for the initial experiments has indicated a probable delay of three
weeks in their completion, originally scheduled for June 1. Such a delay will
directly affect the startup date but will have little effect on completion of
the contractor!swork and its acceptance.

During the month, in addition to continued liaison in following the facility's
progress, work was devoted to scoping same aspects of the future Stage IT
design.

The design of the split half mechine for use in the critical mass facility was
continued. A meeting was held with H. Radow and R. C. Ingersoll of Facilities
Engineering on April 1k, 1960, to discuss the control anc safety rod design.
The drawings of the mechanical part of the table are being prepared by draft-

ing.

A safety review was made of the Thymotrol control unit for the DC motor for the
movable table drive. Several other plants use similar control units and drives
for the cperation of split half machines in critical experiments. In the case
of a partial field loss a significant increase in motor speed results.

It was found that a field loss relay could be installed as a safety against
a "run-a-way" because of field loss; also, & tachometer generatorrelay could
be used to shut off the power in case of excessive speed.

The decision was made to use the Thymotrol control unit with the DC motor drive.

The motor will be equipped with a field loss relay. A combination or shunt
motor, whichever is least likely of uncontrolled speed increases, will be used.

1200234 PEe 1 AC
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Measurement of ki in the PCTR for Aqueous Pu Solution

Experiments to determine the limiting concentration for which ke, = 1 for solu-
tions containing Pu-239, U-235 ani U-233 compounds heve been proposed for the
PCTR. The value of % for these materials will also be determined from these
experiments.

The measurements with Pu-239 are presently underway; the vessels were filled
with Pu solution and the experiments were begun in the PCTR during the last
week of April. ‘

‘The vessels consist of & large annular buffer tank, which has an 0,D, of

19 3/8", and an I.D. of 6 7/8", and is 33" in length; the end buffers have

a 6 1/4" Giameter and are 6 1/2" long, and the core tank is 6 1/4" in diameter
end is 20" long. All vessels are constructed out of corrosion tested stainless
steel of at least 1/8" thicknese. All vessels are jacketed in 1/16" thick or
grezcer polyethylene and are completely sealed in this Jacket when filled. For
transportation these vessels are contalned in a second stainless steel vessel
at least 1/8" thick.

The initisl solubion ccncentration was a nominal 6.5 gm Pu/liter in the buffer
tanks; concentrztions of Pu in the core tanks were nominally, 6.5 gm/liter,
7.5 gn/liter and 8.5 gn/liter. From the initial measurements, a prediction of
the concentretion for which kg = 1 will be obtained. The buffer tanks will
then be refilled with this concentration and the experiments repeated to
obtain the final results.

Exponential Experiments with One Percent Enriched Uranium Rods in Boron
Poisoned Moterstor

A zeries of measurements were completed for determining the amounts of neutron
abgorber Lo "safe" a hetercgeneous system of 1.007 percent enriched uranium
rods. This information cen be used for determining the amount of poison needed
in dissolver batches &s & secondary safety control against criticality.

The fuel rods were 0.925 inch in diameter;, and 44 inches in length. They were
encased in aluminum tubes bhaving a wall thickness of 0.032 inch., Eighty-five
of the fuel rods were loaded into a stainless steel tank having a 1/16" wall
thickness. The lattice and meoderator which contained the poison was separated
from the light water reflector by this stainless steel tank. Increments of
boric acid, H5305 vwere sdded to the moderator until the buckling became nega-
tive.

The following tsble lists the results of all measurements made in this series,
because the final analysis of the data has resulted in some changes from the
previously reported values. The values used for the extrapolation length, A,
were taken from BNI-C-T7502 (multiplied by 0.91M to correct for the effect of
tLe stainlesc steel tank on the extrapolation length).
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BUCKLINGS OF 1.007 PERCENT ENRICHED URANTUM WITH POISONED MODERATOR

Quantity of )

Lattice HzBOzin Boron HzBOz (Boric Acid
Spacing Hp0/U MbgeSZtor Modersator A Bucglipg tg gzduce Buck-
(inches) (volume)  (gm/1) (em/L) (cm) (107°em™=)  1ing to zero
1.40 1.37 0 0 6.92 279 4.0+ 0.3 gn/L

1.5% 0.26 1643%

3.0% 0.53 663%

b .5% 0.79 -269%
1.50 1.74 0 0 6.65 3294 3.4 £ 0.5 gn/L

1.5 0.26 1502

3.0 0.53 97

€.0 1.06 ~2303
1.60 2.15 0 0 6.43 3341 3.2 + 0.5 gu/L

1.5 0.26 2061

3.0 0.53 -313

4.5 0.79 -1162

¥ These measurements were made this month.

Data Correletion - Development of Nuclear Codes for Criticality Calculations

A set of 18-group cross sections has been prepared for the Zoom code for the 709
and several trial cases are being readied from P-1l1 data. The cross section set
is also being adapted to SNG and AIM-5 and AIM-6 inputs.

The cross section set is presently for specific use with plutonium-Hy0 systems;
future expansion of the set will make it more appropriate to other systems.

The IDIOT code is now in what may be termed a trial production period. The
code is being used on a variety of different problems.

An apparent limitation in the code has now been overcame. The limitation was
due to the fact that the products of some of the terms in the Pz determinant
exceeded the * 38 exponent limit for the 709. This was bypasseg by changing
the order of magnitude of some of the columns in the determinant.

The Monte Carlo code for the hamogeneocus system has been compiled for debug-
ging purposes. The work on the hundred group cross sections is continuing.

The SNG code obtained from Atomics International Division of NAA has been con-

verted to the Hanford Monitor system and a sample case given in the writeup
has been successfully run.
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Critical Hazards Specifications

Nuclear Safety in HLO

The nuclear safety specifications for Hanford Laboratories, which are being
prepared in accordance with HLO Nuclear Safety Bulletin No. 1, are about 6L
percent complete. A summary of the status is given below:

Approx. No.
of Speci-
Component fications
Suffix Component Required ﬁ Complete
A Reactor Lattice Physics 2 50
B Experimental Reactor Operation 1 100
c Critical Mass Physics 7 60
D Chemical Engineering Development 1 75
E Chemical Research Operation 1 75
F Fuels Design and Fuels Fabrication 1 50
G Ceramic Fuels Development 1 90
H Radiametallurgy Operation 3 50
I Calibration Qperation 1 100
J Plutonium Mesallurgy Operation 6 30
X PRTR Operation 1 20

Comments concerning the effect of a plutonium neutron source on criticality
were submitted to Process Control Development.

Nuclear Safety in CPD

Section 11.0 of HW-62847, concerning the nuclear safety of the proposed mechani-
cal processing cell (CG-830), was reviewed and comments submitted to CPD. Con=-
centration control of U0y fines in the shear basin was emphasized.

The nuclear safety of an aluminum bird cage design, proposed for shipping

4.5 kg units of plutonium metal off-site, was reviewed. This new bird cage
is cubical in shape with dimensions of at least 20 inches on a side. The
plutonium metsal in this bird cage will be enclosed inside of three containers
of which at least two will be water tight. The critical volume for 4.5 kg of
Plutonium at optimum moderation and full reflection is about eight liters (homog-
eneous system). It was pointed out, therefore, that further muclear safety
assurance could be obtained by limiting the volume of plutonium metal and air
space in the central container to six liters or less by the use of non-hydro-
genous inserts such as aluminum. In a six-liter volume, 4.5 kg of plutonium
could not be made critical, even if flooding with water were to occur.

Nuclear Safety Off-Site

At the request of the AEC, a revievw was made of the Bridgeport Brass Company
operating procedures for handling enriched uranium. Comments were given to the
AEC for further transmittal to tkis Company in Adrian, Michigan.
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The reriew was concerned witn the fabriczetion of fuel elements with enrichments
of 0.95%, 1.0%, and 1.6% for experimental use at Hanford.

Safety and Education

A talk was presented to the Plant Facilities Operaticn, FPD, on the subjects
of Criticality Accidentes and Nuclear Safety in FPL; about 35 persons attended.

Annusl Meeting of Nuclear Safety Committee

The annval me eblng of the Nuclear Safety Committee was held at Livermore on
April 12, 13, and 14 with several persconnel from HLO and CPD in attendance.
Those persons from Hanford were: J. E. Faclkner, C. 1. Brown, E. D. Clayton,
and R. L. Stevenson.

Reviews were made of nuclazar safehty work at the various sites and of the pro-
posed experimerts for the coming yeer. The revision of TID-7016, "Muclear
Safety Guide", was reviewed. The preparation of a supplement to TID-7016,
"Critical Data for Nuclear Safety Guidence", was discussed. Members of Nuclear
Physies Resesrch are pdrticipating in both the revision of TID-7016 and the
preparation of the proposed supplement.

Comments were made on the propcged regulations of the AEC applicable to ship-
ment of irradiated fuel elements,

The prcposed shtardard, "Safesy Code for Fissionable Materials", by Subcamittee
No. 8 of the ASA Sectionsl Commituee N6, Reachor Safety Standards, was reviewed.

Maes Spectrometry

The mass spectrameter for tais program has encountersd contimual difficulty
from high voltage breakdown in the source region. A partial redesign of the
electrical lead through system has cnly partially alleviated the problem and
furtker work will be necessary 1o obtain the relisbility of performance which
is expected.

One important advance has been made in the performance cf this single stage;
single filament mass spechrometer. A new sample filament shape was developed
which consistently yields & metal ion to oxide ion rabtic greaster than 100. This
development will permit the analysis of uranium and p;atoniug samples without
the necessity of troublesame and uncertain corrections of 010 in the metallic
oxide ion mass spectra. The new filament shape whick achieves the large vizla
of metal iomns is a short oren ended trough 0.125 inches long, C.020 inches deep
and 0.004 inches wide at the open end. A Cie vwhich presses this shape from
rhenivum metal sirip 0.04 inches wide by 0.001 inches thick was designed and
succeassfully fabricated. Tae trough shaped sample filament yialds a high metal
icn o oxide ion ratio bas:;ally because the sample is concentrated in the trcugh
region vwhere the filameat temperature is uniformly highest.
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Kinetiee with Time Dependent Reactivity

A copy of the reactor kinetics code, AIREK, has recently been obtained from
Atomics International. This code has been assembled on the Hanford monitor
system and run using the same test cases employed in debugging RKE, the reactor
kinetice code which has been under development here for some time. With the
anelytic test case;, the AIREK calculations were found to be accurate to within
the convergence limits chosen. Subsequent runs with more typical test cases
have shown AIRFK to be superior to RKE in calculational speed. In view of these
tests, work on RKE has been suspended in favor of further adapting AIREK to Han-
ford use.

To further this adaptation, two new subroutines for ATREK have been written
and canpiled. One of these subroutines calculates the reactivity under the
condition +that the geometrical buckling changes with time. At present the code
is being tested using this subroutine and input corresponding to the case of a
cylinder containing & plutonium solution, the height of which changes linearly
with time. The second subroutine, which provides an alternative output format,
bas not yet been checked out. In addition, reference material is also being
assembled on transient effects which influence the reactivity, since AIREK has
provision for including a large mumber of such effects as feedback equations.

NEUTRON CROSS SECTION PROGRAM

Slow Neutron Scattering Cross Sections

An attempt was made to grow an aluminum crystal in an aluminmum oxide crucible
at a very high growth rate. The attempt resulted in an aluminum ingot of many
grains, none suitable for neutron diffraction studies. The results of the
studies of single crystal growth in alumimim were compiled for publication in
the Nuclear Physics Research Quarterly Report.

Additional crystal reflectivity measurements were made on one aluminum ingot
which shows some pramise as a neutron monochromator in order to determine the
best way to cut the ingot. Reflectivity measurements were also made on three
lead (220) crystals. One crystal warrants further measurements after it has
been sawed. The results of crystal reflectivity studies obtained to date were
reviewed for publication in the MNuclear Physics Research Quarterly Report.

Subthreshold Fission

Measurements have been mgde on thg fission component of the lowest neutron
energy resonances of 1230 and U238, The observed fission cross section in

the viecinity of the 5.5 ev resonance in is indistinguishable from that
expected from the 3.85 ggrcent U235 impurity. Analysis indicates that the
amount of fission in UR is less than about one-hundredth of that expected
from the simple Hill-Wheeler barrier model. No fission was seen in the vicinity
of the 6.68 ev resonance in U259, The upper limit established for the peak
fission cross section in this resonance was 0.3 barns which is about one-half
of that calculated from simple theory.

© F2wg2a | —



By

B-13 © Ewegladg

Fast Neutron Spectra

The new chamber for the analyzing magnet of the Van de Graaff has been camp-
leted. The chamber and drift tubes have undergone outgassing prior to installa-~
tion at a pressure of 10~7 mm Hg. Design of the associated beam locating slit
assemblies has been completed.

REACTOR DEVELOPMENT - 4000 PROGRAM

PLUTONIUM RECYCLE PROGRAM

Low Exposure Plutonium lattices

Some preliminary values of k, and f for the 8 3/8 and 10 1/2 inch graphite lat-
tices have been computed. The lattices were fueled with 19-rod clusters of

PuAl. The rods were 0.5-inch in diameter and contained 1.8 w/o Pu. Assuming
2200 meter/sec cross sections and l/v fluxes throughout and neglecting the change
in effective fuel cross section upon removing the copper poison.

10 1/2 inch - kg = 1.55, £ = 0.86
8 3/8 inch - ke = 1.62, £ = 0.88

These values will change considerably when the true absorption rates -are fac-
tored into the ki computation. Analysis of the fission foil traverse is contin-
uing to obtain these actual absorption rates.

Longitudinal adjoint traverses were made in the moderator, 3 3/& inches from
the central cell axis, outside of the copper poison position. The ratio
(ml/mz) was constant to within 5% over the test cell region. The ratio had the
same value of 0.91 to within 1% for each lattice. A decrease of about 50% in
the adjoint ratios was observed upon removing the poison from the lattices.

The Critical Facility of the PRP

The content of an experimental program for the Critical Facility was presented
at a Technical Progress meeting. The long range goals of the program were out-
lined. The short range goals which must be attained in order to solve some of
the problems connected with the long-range goals were discussed also.

Same of the initial experiments were outlined at a PRTRO Information Meeting.
This was done in order to indicate to the PRTRO personnel the techniques which
will be used in the Critical Facility.

Experimental Studies on PulMl~Water Systems

Additional critical approach and exponential experiments were conducted with
Pu-Al alloy fuel rods containing 5 wt., % Pu. Measurements were made this month
with hexagonal lattice spacings of 0.85, 1.20 and 1.30 inches. The fuel elements
were 0.506 inch in diameter and 24 inches in length; the clsdding was Zircaloy-2
with a wall thickness of 0.03 inch.
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The 1.2-inch lattice was measured previously,; however, since there was some ques-
tion concerning air bubble formation on the Lucite tubing in the first experi-
ment, & re-measurement was made; the results are in exact agreement with the
previous measurement. In the case of the 0.85-inch lattice, a 7% increase in
the critical mass was observed because of bubble formation over an approximately
20-hour period. Steps were taken to minimize the bubble formation on all other
lattices.

Preliminary values obtained from measurements on these lattices are reported

below:
Estimated
Lattice  H/Pu* VB0  Extrapols- Critical No. of Critical
Spacing (atom tion 2l-inch Rods Mass (Spheri- Buckling

VPu~ - -
(inches) ratio) §51ﬁ§ Length () (Cyl. Geometry) cal Geometry) (10 6mnf3)

0.85 354 .7 1.86 7.92 cm. 230.2(2.54 Kg Pu¥) 2.07 Kg Pu* 10,838
1.20 94k .0 4.95 7.03 cm. 181.1(1.99 Kg Pux) 1.73 Kg Pu¥ 8,840
1.30 '11u9.5 6.03 6.0k cm. 215.5(2.37 Kg Pu¥) 2.12 Kg Pu* 7,681

* Pu=-240 isotopes ~ 5.3 percent.

Measurements have now been made at elght different lattice spacings with H/Pu '
ratios in the range of 218 to 2422. The maximum buckling for these fuel elements
in light water is ~ 11,250 x 10~ cm~2 which occurs at an H/Pu ratio of ~ 430.

The minimum critical mass for spherical geametry is estimated to be 1.5 Kg of

Pu (including Pu-240) which occurs for an H/Pu ratio of . 660.

Instrumentation and Systems Studies

The PRTR Gas Loop analysis program has been started on the EASE computer. At
present the controller settings are being optimized.

In the Neutron Lifetime Study, preliminary tests were made to determine the
frequency spectrum of a Zener diode noise generator; using a newly acquired low
frequency bandpass filter. The tests indicated that special filters may be
required to limit the necessary amplifier dynmemic range on low frequency measure-
ments. Further laboratory tests are planned to compare the bandpass filter
method of anslysis to methods employing autocorrelation techniques. A magnetic
tape system was developed to record data directly from the neutron detectors.
The system has a linearity of + 0,25 percent and frequency response of dc to
3,000 cps. Use of the tape as an information storage medium will allow the
analog computers to be used directly for determining the autocorrelation func-
tions of the measured neutron activity.

Plans are being made to develop part of the instrumentation for a probe for the
in-reactor inspection of PRTR process tubes. A system of linear variable diff-
erential transformers was purchased for inside diameter measurements. E4dy
current methods are being studied for application to the measurement of the

gas- gap spacing between the process tube and shroud tube.
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NONDESTRUCTIVE TESTING RESEARTH

The signal-to-noise ratio in the broadband elzctromagnetic testing system being
developed for measuring jacket thickness and jacket-to-core gap variations in an
unbonded frel element has been improved tc the extent that these two variables
are now being resolved. When displayed on an oscilloscope connected to display
the direct current output of one chammel along the vertical axis and the output
of the other channel along the horizontal axis; air gap variations from 1 to 2
mile generate bzam spot lcci whose direction is approximstely in quadrature with
that due to jacke: thiczkness change over a range of 4 mils. The loci due to

gap variation for different jacket thicknesses are not parallel, but same
control over their direction is obtained by adjustment of the time dmmain samp-
ling times. The oszilloscope display can now be calibrated for jacket thickness
and air gap thickness. Data are being obtained which will be used in designing
read-out circultry to read jacke® thickness only on one meter and gap thilckness
only on a second meter. The present equipment reads jacket thickness in the
range of 27 to 32 mils and gap thickness O to 2 mils. It is desired to extend
the Jjacket thickness range downward to 15 mils, and to determine the amount of
interaction at the output caused by the two variables over this wider range.

Teste were made with & model TD-1 Radiation Electronics Corporation radiation
thermameter, on loan from the manufacturer; to determine how applicable this
type of instrument would be to the thermal bond testing program. This instru-
ment, used in conjunction with an induction heater, was capsble of detecting
3/8~inch-diameter mica-produced voits in the braze layer of aluminum clad
uranium fuel elemens. No difference in heat transfer through l/E-inch-sqpare
aquadag-produced non-wets compared tc that through the surrounding well bonded
cladding could be detested with this eqaipment. Although the tests on the
model TD-1l unit were very promising, this type of instrument would have to be
modified to give optimum psrformance for thermally bond testing fuel elements
by non=steady state hest flow messurements. Tke prasent standard TD-1 is de-
signed to focus on & spot at least 5/16 inch in diameter, and the chopper
operates at 600 epe. Such a low chopping frequency leads to severe interfer-
ence with defection cf small kot spots at the high scanning rates required to
prevent overheating of tes* pieces gt high power inputs.

The spot on the surface of the test piece observed by the detector should have
a diameter less than 1/8 inch to permit resoluticn of hot spots comparaktle to
this size. Noise in the output of the standard TD-1, during wide band opera~
tion to permit good high frequency response, is equivalent to temperature varia-
tions of about 10°C on the surface of the test pieces,

During the tests, aluminum zlad uranium fuel elements containing mrica-produced
voids 1/2, 3/8, 1/4, and 1/8 inch in dismeter in +he braze lsyer were heated

at 1/2 KW in a 1/L-inch-vide circumferential zone of the cladding. The Th=1
unit was placed so that it mezsured the temperature variation within a 5/16:
inch-diameter gpot partially within the heated zone. Hot spots on the sluminum
surface due to differenzes in heat transfer were mapped ty correlating the reczcrd
from a Minneapoliz-Honeywell "Visiccrder®™ with position cn the ftest piece sur-
faces.
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The average surface temperature indicated over l/2-inch-diameter circular

and 0.4 x 0.8-inch-rectangular voids was about 40°C higher than that of the
surrounding well bonded cladding, circular voids 3/8 inch in diameter gave an
increase of about 19°C, and 1/4-inch-diameter voids could not be detected
sbove background noise. Time-temperature transients recorded over a 1/2-inch
circular mica void showed that the equilibrium temperature differences of Lo%¢
was reached in 5/5 second during heating, and that it drops below a detectable
value within about 1/5 second after removal of the heating power. This cool-
ing rate agrees quite well with an earlier estimate.

Surface emissivities of X-8001 aluminum alloy samples, which had been etched
in nitric acid and oxidized by autoclaving 20 hours, were determined with
the model TD-1 radiometer. Values varied between 0.3 and 0.6. Bmissivities
of autoclaved 2-S and C-64 aluminum, and vapor blasted X-8004, 2-S, and C-6k
alunmimm were also within this range.

A comparstor-difference amplifier for a prototype inductive thermometry instru-
ment was returned from fabrication, and evaluation tests indicated that it
will adequately perform its function. The amplifier has a nominal gein of

200 and a linear frequency response fram 500 cps to 15 KC, and will accept a
maximum input variation of 2V p~p. Variation of the reference voltage allows
triggering to be set at any practical value.

GAS COOLED REACTOR PROGRAM

Iattice Parameter Measurements

The PCTR measurement of ke, and f for the EGCR lattice with 2.6 w/o U0y fuel
has been completed. A preliminary rough estimate of kg based upon the experi-
mental data indicates that ke is in the neighborhood of 1.25 for this lattice.

The reactivity effects of substituting graphite spiders and end caps for
those of stainless steel were measured along with the flux peaking in the
graphite spiders. The substitution of the graphite components resulted in a
reactivity increase, as expected.

The r,0 power distribution was measured; but the resulting data have not been
analyzed at the present time. 1In addition, a flux traverse was taken along two
rods in the cluster to determine the flux depression which results from the
presence of stainless steel spacers.

The analysis of the data taken during the EGCR stainless steel loop experiment
is continuing. The corrections for resonance gbsorptions in the copper folls

remein to be derived. The required cadmium ratios are currently being deter-

mined using APDAC-I.

A report has been prepared on the PCTR measurement of the total control rod
worth in the EGCR lattice, and will appear in Nuclear Physics Research Quar-
terly Report-January, February, March, 1960.

The report for Allis-Chalmers on the measurement of kg, P, f, and € for the 1.8
w/o UOs fuel has been distributed to the customer.
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Variation of Coppler Coefficient with S/M Ratio

PCTR experiments on the 1.92-inch-diameter solid natural uranium fuel element in
a dry & 3/8-1n ch graphite lattice were campleted., Data for the computation of
the fuel temperature coefficient, p and €, and revised values of k, and f were
obtained. The foil activation data have been processed using APDAG-I and await
examination., The temperature coefficient data are being anslyzead.

Preparations are continuing for the measurement of Xy f5 ps € and the fuel
tempersture coefficient of an O.926-inch-diameter so0lid natural uranium slug
in a 6-1/2-inch graphite la’tice with air coclant. An attempt will be msde to
handle the temperature coefficient assembly remotely, enabling the insertion of
the heated slug into the reayfor while at power level, and incressing the range
of the messurements to nz900 C.

BIOLOGY AND MEDICINE - 6000 PROGRAM

ENVIRONMENTAL SCIENCES

Atmospheric Physics

Calibration continued on the Tri-Carb equipment for assaying the amount of

zinc sulfide on the membrane filters exposed during the Summer - 1959 diffusion
and transpcrt experiments. The procedure involves preparation of samples con-
taining known masses of zinc sulfide over a concentraticn range of some six
orders of magnitude., The calibration method is designed to provide data from
which a complete anslysis of variance can be made and sources of drift or varia-
tion identified.

One additional early morning field experiment was campleted during the month
over the 3200 meter sampling grid. The vertical density distribution in the
lower atmosphere was nearly neutral with moderate wind speedz. A preliminary
analysis of dosage data indicated that the experiment may have been classical
in the sense that the crosswind distributions were essentially normally distri-
buted and peak concentration decreased with the inverse =1.75 power of the dis-
tance. Final analysis of the data was deferred until after cslibration of the
assaying equipment.

Work continued on data compilations and preparation of individual charters

for the Geophysizal Research papers, acccrding 4o agreement with the Air Force.
Additional stability ratios from the portable mast dats were completed and trans-
-mitted to the Air Force for correlation with the dispersion data. Edited and
cerrected summsries of all of the portable mast data were transmitted to the Air
Force for direct reproduction in the final repcrts. Revision of the format for
presentation of the Pacific Northwest meso-scale analyses and foreczast verifica-
tions for each experiment was started. Rough drafts of other secticns cf the
report were reviewed.

Work progressed in the engineering study of facilities to house the Atmospheric
Physice Operastion. At month end, design criteria were being formulsted for use
in meking cost estimates. Preparation of a new sampling grid to the Northeast
of the Meteorology Tower for use in studying diffusion patterns from elevated
sources continued.
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DOSIMETRY

Several people exposed to radioisotopes were counted in the whole body counter. .
One showed traces of fission products, one showed traces of the isotopes present
in reactor effluent water, one contained plutonium in a wound which required

surgery.

A new, more substantial chair was fabricated for the counter. There was diffi-
culty in finding a padding material which was not radioactive. A removable bed
was made for the iron room and a screw drive was installed on the holder of the
counter. These will permit studies aimed at a scanning method for routine count-
ing.

A third debug run was completed of the IBM system for storing data and calculat-
ing results for the whole body counter. Everything is now judged to be working
properly and ready to accept the counter data on a routine basis.

The cooperative experiment with Dr. C. L. Finch of the University of Washington
continued. Two more people were given intravenous injections of Fe?9 and counted
at the whole body counter.

As a result of the realigmment reported last month the positive ion Van de Graaff
is now operating better than it ever has before. The alignment methods that

were developed permit definition of the direction of the undeflected beam to
within 0.01°, It appears probable that shifts in the foundstion of the build-
ing will prevent keeping the beam aligned within these limits.

Three precision long counters made independently by three different shops are
now availaeble for intercomparison. One dilscrepancy that appeared was traced to
different neutron absorption in geametrically similar metal tubes in the dif-
ferent counters. Presumably the metals differ slightly in composition or con-
tain traces of different neutron-absorbing impurities. The tubes are being re-
placed with some more of a metal having low neutron absorption.

Equirment for developing a helium ion socurce was assembled. A beam of roughly
10 microamp of helium ions was produced.

The first attempts at febricating tissue-equivalent chambers for neutron measure-
ments were made,

The Menager, Raediological Physics spent two weeks at Geneva, Switzerland attend-
ing meetings of the Ad Hoc Committee on Quantities and Units of the International
Conmission on Radiclogical Units and Measurements (ICRU). The cammittee pre-
pared a report containing neW'anﬁ/or improved definitions of the concepts, quan-
tities; and units that are fundamental to radiology, radiobiology, radiation pro-
tection, etc.. The ICRU is now examining the report. They will distribute it
when they have approved it.

A new control system was put on the water bath of the gamma ray calorimeter.

It operates like dzmping in a mechanical system. Without it there was a 0.001°¢
overshoot in the bath; now the temperature cycle has a maximum range of 0.0002°¢.
The effect of this improved control on the calorimeter is being evaluated.
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INSTRUMENTATION

Excellent developmental progress was obtained on the personally-carried selectable-
level alarming dosimeter. A complete bench-model circuit was assembled and satis-
factorily tested during the month. The circuit comprised all necessary parts
including ion chamber, detector, amplifier, and the dose-level alarm circuilt.

In addition, it was determined that the circultry could be simplified from the
bench model. leakage tests were conducted with the 10 c¢ ion chamber both with
and without the triggered illuminating light. The flashing light caused no
increace in leskage. It appears that the final complete unit will not exceed

2 by 1 by 3 inches in size. This develomment work is being accelerated with the
aim of having a final prototype unit in operation within two months.

Develomment continued on & data entry system for the Body Monitor operated by
the Radiological Physics Operation. The camponent parts were received and fabe-
rication begun on the keyboard for manual entry of date into the multichannel

analyzer.

Final adjustment and develommental modification work was done on the alpha air
monitor using completely transistorized circuitry and using coincidence counting
techniques to eliminate radon-thoron background effects. Testing of the portions
of the unit already fabricated continues simultaneously.

Fabrication continues on the experimental beta-gamma scintillation dose-rate
meter using all transistorized circuitry. All development work for this parti-
cular prototype is completed.

One of the previously developed and fabricated scintillation transistorized
portable gamma energy analyzers was experimentally modified using a thin Nal
crystal, and it performed satisfactorily for gamma energy analysis work from
10 Kev to 150 Kev over the full span of the base-line control. The 17 Kev
Pu259'photopeak and the 60 Kev Amell photopeak were easily resolved in a mixed
source. Thus, by using a thin Nal detector, the 10 Kev to 150 Kev range can be
covered; and by using the 2 by 2-inch Nal crystal, the 150 Kev to 2.0 Mev range
can be covered for gamma energy analysis.

Investigative work continued concerning the new tunnel diode circuitry with
several experimentel oscillators; multivibrators, and amplifiers experimentally
febricated and tested. The diodes seem to be a bit unpredictable in operation
to date.

The P-N junction detector work promises a rather fascinating range of applica-
tion possibilities for alpha, beta, and neutron work. A purchasad high-resisti-
vity ingot of silicon is scheduled for delivery in May. With this, a large
number of P-N junctions can be prepared for all types of experimental work. A
visit is being made to ORNL for first-hand observation of the techniques for
preparing P-N junction detectors.

Experiments are continuing into the possibilities of plastic casting of the
probe housings for the developmental non-gamma sensitive slpha scintillation
probes. Initial casting work was successful.

126024 ﬂﬂ'ﬁ_&ggm ro

AL A



; ;';‘?/é‘;n X
b 5"
1]

“&"

o ﬂ\i - s ;w B-20 HW-%B‘Q'S,:Ng
Sadiitl

The experimental prototype transistorized alpha monitor (110 VAC-operated) which
uses either, as desired; an air proportional probe or the new non-gamma sensi-
tive (to 10 r/hr) scintillation probe continues to perform satisfactorily in
demonstration use at the 308 Building.
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The large 5-inch by 9-inch Nal crystal; using four matched phototube detectors,
for the Biology Total Body Monitor was received and tested. One phototube was
bad, and it was replaced by the manufacturer. Using a csldT source, the system
resolution for the 661 Kev photopeak was found to be nine percent. This is
guite acceptable, and the detector head is ready for installation.

After rather extensive multiplier phototube investigations (similar work was

done over the past two years on other tube types) concerning noise level versus
high voltage, signal-to-noise ratios, stability with time of operation, and stabil-
ity versus temperature changes, it is quite apparent that RCA phototubes (6199,
6342, and 6655-A) are quite superior in all measured respects to DuMont tubes

such as 6291, 6292, and 6363. Some selected DuMont tubes perform satisfactorily;
however;, in general and considering lots of 10 tubes or more, the RCA tubes were
found to be superior in all stated measurements. The DuMont tubes sre exceptionally
poor from the time stability (drift) standpoint and from the signal-to-noise ratio
standpoint. For any application requiring long-term stability and a good signale~
to-noise ratio the RCA tubes are preferable.

WASHINGTON DESIGNATED PROGRAM

Isotopic Analysis Research and Development

Five days of mass spectrometer operation were devoted to the accumulation of
data on experimente designed to study possible causes of mass discrimination
induced by the ion source focusing conditions.

Three operating days were lost because of the failure of the diffusion pump water
cooling system. Sand in the 326 Building water supply plugged various instrument
velves and fittings. A filter and trap were installed to help prevent future
clogging of the water lines and valves.

Two days were used to try & trough-shaped filament of the new design used in
the other mass spectrameter. The resulting efficiency of the ion source, which
was designed for triple filament operation, was too low to make practical use
of this filament design in the source assembly of this spectrameter.

The spectrometer operated routinely during the month on the isotopic analysis of
program samples.

TEST REACTOR OPERATIONS

Operation of the PCTR continued routinely during the month on a one- and two-

shift basis. There were three unscheduled shutdowns; two were caused by electronic
failure and one by faulty bypassing technique.

The 1.92-inch 0,D, natursl uranium experiment to determine p, ¢, and %‘%% and the

FEGCR experiment with 2.6 percent enriched fuel for ko and power distribution were

completed.
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The aqueous Pu-k, = 1 experiment was started during the month.

The critical mass experiments utilized the TTR facilities during the month.

One foil calibration irradiation was made for PRTR experiments during off-
shift hours.

CUSTOMER WORK

Weather Forecasting and Meteorology Service

The second in the series of three scheduled reports on prospective 1960 crests
of the Columbia River flow at Hanford Works was issued on April 15, The water
content of snow cover in the Columbia River watershed above Hanford Works
remained subsvantially below normal and the runoff far above normal as antici-
pated. Therefore, the 1950 forecast remains unchanged from that given in the
earlier report dated February 23.

Type of Forecast Number Made % Reliability
8-Hour Production 90 8k.9
2h~Hour Ceneral 60 83.7
Special 135 90.4

Although there was a week-long warm spell early in the month, a series of cold
front passages beginning on the 8th kept most of the remainder of the month
quite normal. Precipitation, most of which occurred in a single storm on the
22nd and 23rd, totaled 0.53 inch. This was about 50% greater than normal.
Although there were a number of windy days, the over-all monthly average speed
(8.8 mph) was exactly equal to the sixteen-year average for April.

Instrumentation

Further field tests were conducted on the Scintillation Detector‘Mask Monitor
designed and fabricated for the Laundry Operation. Satisfactory operation
was achieved in all tests, and the unit is scheduled to be placed in routine
service,

Advice and help was rendered to RMU at Purex concerning adjustment procédure
for the Aural Alpha-Beta-Gamms Monitors. After adjustment, the units performed
satisfactorily.

A second completed Scintillation Transistorized Alpha Hand Counter, built to
our specifications by a Seattle firm, was received; tested satisfactorily, and
placed in service in the 508 Building. Two more units are being fabricated.

Advice and help was rendered to the Drafting Operation concerning the drawings
being made for the Scintillation Transistorized Combined Alpha, Beta, Gamma Hand
and Shoe Counter. The mechanical layout drawings are completed, and the elec-
troniz circuit drawings are partly done. From a received letter, it appears
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that Dr. Wakefield of Radiation Counter Laboratories, Inc.; is quite interested
in this instrument and is contemplating the commercial manufacture and selling
of it. His estimated commercial price was stated to be less than $4,000., He
proposes building and selling the unit based directly on our drawings with no

changes.

A battery-operated alarming scintillation dose~rate meter was designed, fabri-
cated, and delivered to IPD for use as a stand~-in monitor for reactor elevator
use. The unit employs a transistor high-voltage supply, phototube, NE-102
detector, a meter-relay, and alarming circuits. The unit has two ranges of 0-1
r/hr and 0-10 r/hr with selectable, stable alarming at any point from about

50 mr/hr to 10 r/hr considering both ranges. Continuous battery life is 150 hours
and rechargeable-type batteries may be used if desired. The unit is both beta
and gamma sensitive and its response is essentially independent of gamma energies
from 90 Kev to 5 Mev. It has provisions for both an external cable-connected
meter and an external alarm. By high-voltage changes and/or by using a different
phototube, ranges of 0-20 mr/hr up to 0-20 r/hr can be easily incorporated in
other models as desired. The complete unit weighs about 3-1/2 pounds. In lots
of 20, the cost per unit will be less than $250.

An in-cell monitoring system and a special airfilter monitor are being fabri-
cated for the HLO Chemical Research Operation. The cell monitor uses several
beta-gamma probes of different types for dose-rate measurements in hot cells.
The air filter monitor uses a gamma scintillation detector and alarming dose-
rate circuits.

The modified 614 Building Monitors (10) just completed (0-200 mr/hr single

range linear units) were calibrated after employing a long-term aging of the
phototubes in a 100 mr/hr field. It is apparent from the tests that the DuMont
6363 phototubes drift excessively; if they fail, these tubes should be replaced
with proven stability RCA 6655-A tubes. The next lot of 10 such units now being
fabricated will employ the RCA 6655-A tubes.

A Model LE-1 Victoreen Electrometer line-operated instrument was evaluated
at the request of IFD, and it was found to have excessive drift even after a
five-day warmup. The drift exceeded 18 percent per day after the warmup.

Acceptance tests vere completed on nine CP-TP portable dose-rate instruments
built offsite to plant specifications.

Eleven Model I Scintran transistorized scintillation CRM and loudspeaker alpha
monitors were received and passed calibration tests. Several minor electro-
mechanical changes are being incorporated before they are placed in service.
These units (four more to come) were bullt offsite to our specifications.

Equipment costs were compiled for an instrument to measure and indicate the
precise position of PCTR movable face. The compilation was forwarded to
Experimental Reactors Operation (HLO) as Systems Research Memorandum 60-16.

FFD requested a summary of the studies made to date on the Autoclave Temperature
Control problem, for use in conferences with several autoclave vendors. The
work has been summarized in Systems Research Memorandum 60-12, "Temperature
Control Characteristics of Autoclave Vessels". The computer studies planned
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for this problem were delsyed due to higher priority work scheduled for the come
puter. The problem is now programmed into the Goodyesr Anzlog Compubter, how=
ever, and the computer runs should be completed in & few days. FPD has re-
guested assistance in preparing the instrumentation portion of the criteris

for a new autoclave installaticn in the 333 Building, based cn the above studies.
The computer study will be canpleted before these recommendations are made.

Materials Engineering Operation, FPD, requested assistance in measuring the
hydraulic pressure and ram velocity versus ram position on the large extrusion
press in the 33% Building. Systems Research Memorandum 6C-1%, "Extrasion
Press Instrumertation" was prepared describing the problem. It was determined
later that Systems Research could not accept the assignment bscause the work
had to be completed in a skort time and manpower was not avallatle.

The results of the Dynapsk Ex*rusion Press acceleration tests made to date were
summarized in Systems Resesr:h Memcrandum 6C-1%, "Accelerstion Measurements on
the Dynapak Press", and sent to the customer. Further work on this problem is
not expected in the nesr future.

Authorization was received from the HLO Fuels Development Operation to proceed
with calibration and evaluatiocn of a Shsevitz linear motion transducer, indicat-
ing, and recording system intended for ultimate use in in-reactor creep measure-
ments. Preliminary designs of apparatus to be used in testing bave been sketched.
It is believed that the apparatus will permit messurements of displacement accur-
ate to £ 5 micro-inches or less. The apparastus is expzcted to incorporats a
mechanical amplifizetion of moticn of between 20X ani 100X afier which the motion
will be read by use of a traveling microscope ascurate to £ 80 micro-inches.

An alternative method employs an autcccllimator to read the rotation of a mirror.
Eesgs will be performsd at room temperature and s other temperatares up to

oo~¢.

Optics

Radiation Ratio Pyrometer - The pyrameter as first installed demonstrated its
ability to messure Lemperatures in the range 500°C to 1000°¢ on Zirzaloy and
steel specimens. Tre temperaiure of specimens in the kot stage of the metal-
lograph was contrclled to within * 259 by using the signal output of the pyro-
meter as the input to the existing controller.

Drift of the lead sulpaide detector makes it necessary to recalibrate the pyrome-
ter every ten minmutes. The pyrometer is quite sensitive to positioning with
respect to the metallograph. A supplemental work order has been received to
provide for automgtic recalibration or eliminstion of the drift amd for elimins-
tion of the position sensit ivity.

Scratch Depth Microscope, 105-C - The 105-C Fuel Examinetion Faciliby variable
power stereomicroscope was converted for use as & scratch depth microscope.
The conversion consgisted of providing a monceuler filar micrometer eyepiena
which is interchangesble with the stereosczopic eyepiece normally used. The
scratch depth illuminator, designed by the Optical Shop, ig expented to be on
site from the fulricator by the end of April. Installation of this unit will
make possible the measurement of the depths of surface defects in irradisted
fuel elements., Opbtics for this unit have been fakrisateld in tke Optical Shcp.
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PRTR Calandria Displacement Measurement Equipment - Assistance has been given in
completing the design of a camera for use in keeping track of the displacement
of the calandria with respect to the shielding in the PRIR reactor. Another
method of displacement measurement employing a traveling microscope has also
been discussed.

During the four-week period (April 3 to May 1) a total of 480 manhours optics
shop work was done, of which 14.5% was for Stores (Spare Parts), 11% for IFD,
17% for CPD, 50.5% for HLO, and 7% for CEO.

Three borescopes were repaired for Irradiation Testing Operation, IFD.

Two plastic cylinders were machined and polished.

Four pump seal faces were lapped for Mechanical Development Operation, HLO.

Twenty glass bearings were fabricated for CPD and Stores.

The diameter measurement unit was mounted in the upper housing of the
PRTR profilometer.

Five hemispheres of Mylar were formed and coated with alumimm until
light tight for Radiological Instruments.

Twelve alundum "O" rings wereground to size for Wiley Cole of HLO.

Analog Camputer Facility Operations

The major problems on the analog computers this month included studies of the
reactor kinetic equations, the PRTR ges loop, and an autoclave control system.

The EASE was placed in use on April 11, and out of 88 hours of possible use
time, the unscheduled down time was four hours, or about 4.5 percent. Out of
168 hours of possible operating time for the GEDA, there were four hours of
scheduled down time, and 52 hours of unscheduled down time, or 31 percent due
to unscheduled down time.

The EASE acceptance tests were essentially campleted, except for minor tests
which will be completed when the computer is not in use., There is still
trouble with the digital voltmeter, the printer or scanner, the potentiometer
servo-setting mechanism, and four of the time delay units. Resolution of these
difficulties is being discussed with the vendor.

The shielded wire to be used for trunk lines between the two computers has been
received. Making the necessary patchbay connections to the GEDA computer will
require a major shutdown. This has been scheduled for early in May.

Fol F Lust ™
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Chemicai Research & Develcprert

RESEARCH AND ENGINEERING

FISSICNABLE MATERIAL - 2000 PROGRAM

IRFRADIATION PROCESSES

Uranium Oxidation & Fissicn Product Volatilization Studies

RevisZors to the shielded cell for fission product release experiments with highly
irradiated uranium were completed. Six tests with unirradiated uranium at 1215°¢
for 24 minutes ir air gave a mean degree of oxidation of 68.7% t 3.6% standard
devistion. One test with slightly irradiated uranium was made to evaluate the
performance of the equipment. The test facility is considered ready for higher
level expsrizerts.

NPR Effluernts

Laboratcry reseerch corcentrated on a study of the scavenging of cobalt and zinc
frcm reactor decontariratior waste. The presence of certain constituents in the
waste mixture apresrs to prevernt scavenging of cobalt isotopes by the precipi-
tatss from permargarate reduction. Mixtures of sclutions from the use of three-
step decortamination methods give poor cobalt scavenging; such solutions contain
the peroxide-carbecrate-E.D.T.A. mixture used for a preliminary decontamination.

In edditior, bwc-s+zp dscentamivation systems utilizing en ammonium citrate-E.D.T.A.
migture for & second step result in poor cobalt scavenging. The work indicated
thet the E.D.T.A. is partly responsible for this poor scavergirg but both peroxide
ard citrate contritute to it. It is postulated that strong complexing agents and
strerg cxidizing agsrts may prevent cchalt scavenging because of the high stability
cof cobalt {III) ccmplexes. The scavenging of zinc was not affected by the presence
of these agents.

Reactcr Effiuent Treatment

Design cf the test facility for studying reactor effluent decontamination with
aluminum beds was esserntially ccmpleted and estimates were made for its construct-
ion ard ingtallaticn at 100-KW. The facility will corsist of a steel tank some

32' long, 7' deep axd 3' wide. Provision is made for passing up to 2000 gal/min
Lot reacter effluent through the tank ir which aluminum turnings will be supported.

The specificaticr for initial aluminum turning configuration was revised to permit
8 greater surface area per urit volume of bed. This reduces the length of bed
required meterially tut likewiee reduces the bed life to L - 5 years, rather than

the 10 years earlier specified. Estimates received for milling bar stock into
turcings appears tc be faverable for full scale installations.

SEPARATICN PROCESSES

Coservaticn Wells

The questior of adequately moritoring the water In ar agquifer by sampling the
certerte of & perforated well was studied. As menitorirg wells generally are
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perforated throughcut their dep+h belcw the water table they may form low resist-
ance flow psths between aquifers having different piezometric heads. The proba-
bility of such differences occurring ir regions of ground water recharge, such as
the vicinity of swawmps, is quite high. An effort was made to estimate the
conditions limiting the flow into a well from a specific zone having rather
typical Harford aguifer characteristics. These estimates indicate that a pilezo-
metric head difference of only a few thousardths of an irch between aquifers
peretrated by a ccmpletely perforated well will prevent water from the low-head
aquifer from enterirg the well. It is planned to study metheds of identifying
aquifer zones that cannot be monitored by means of well samples because of such
head differences.

There were no significant changes in ground water contamination patterns in the
vicinity cf the 200 Areas over the pest month.

Recert reductions in the volume of waste and quantity of radicactive material
discharged %o the Purex tank-farm cordensate crib are quite evident in wells
monitering this site. Samples from only *wc of the thirteen wells in the vicinity
now contain concentrations of radioisotopes exceeding 10~ ucB/cc. One year ago,
twelve of *the thirteen wells contained concentrations of radloactive material
exceeding 10~%* ucB/cc.

Ten feet of well 299W-22-2 monitoring the asbardoned 216-S-1 and 2 Redox process
condensate cribs was reperfcrated. Samples from this well have contaired a low
but fairly cors%er® ccrcentratiorn cf Sr O for the past three years. Over the
years *wc nearby wells became completely filled and this well partially filled
(in the= grourd water zcne) with eard and silt. Analyses of liquid and mud samples
obtaired prior *tc and follcwing reperforation arnd bailing, alorg with future
ervironmental meritcring sarple results shculd provide a basis for determining if
sr90 is s%ill drairirg frox tke cri® into the ground water. An increase in the
gross beta activity Ly & factor cf twenty following reconditicrning was an indi-
catior that previcus samples from this well may not have been represertative of
the ground water urier this disposal facility.

Processing Nicksl-Co&%sd Aluminun-Clad Fuels

Decladding and core disscluticr studies were made on full size non-irradiated I
and E fuel pileces with ard without nickel ccating or both surfaces of the aluminum
cladding. The nickel-coated fuel had teern heated at 590 C for 45 seconds at one
step during fabricstion. These studies confirmed earlier cbservations on small
sections of fuel pieces. The outer nickel coating dissclved rapidly in 1.5 M UNH
- 1.5 M HNO3. The inner nickel coating was not dissclved during dissolution of
aluminum claid¢ng ir NaCE-NaNO2 sclutions. It was undercut slowly during pro-
longed digesticn ir tre lecladling sclution. During core dissclution, the

nickel coating (aél underlying A1-8i layer) left or the fuel after jacket removal
was not readily dissolved ty hot 13 M ENOqe It did undercut axd flske away.

The resultirg dissclver soiution khad mere sclid residue preser® than do dissclver
soluticns prepared similarly frow norn-nickel-coated fuels.

Purex C-Columrr. Studies

Additicrnal studiss in ths thrse-inch 1C test columr confirmed that Purex Plant
demineralized water used as ICX {0.02 ¥ HNO3 added seriously decreased the
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instability threshold of this cclumn. At the standard test conditions (1270
gal/hr -sq.ft., one inch pulse amplitude, 60 C), the following instability
thresholds were obtained:

Source of Water Instability Frequency

for 1ICX Makeup Cycles/Min.
Distilled water 57 2 4
Effluent water from cation £26

and anion demineralization
immediately after cation
resin regeneraticn

Water from the cation ca. 45
exchanger one day after
regeneration

For comparison, the use of very pure demineralized water from KE Area (lO7 ohm-cm
specific resistance compared to 102 ohm-cm for Purex water) as 1CX gave an
instability threshold frequency of 46 * 5 cycles/min., about the same as with
Purex demineralized water at its best.

Tests were made to determine if Purex cation exchanger water taken right after
resin regeneration could be improved in quality by passing it through a strong-
base resin, Amberlite 1RA-401. The initial water from this bed produced an
instability threshold of 47 % 4 cycles/min.; but after 13 resin-bed throughputs
the instability threshold decreased to ca. 30 cycles/min., about the same as
untreated cation-bed water.

Additional pilot plant tests have indicated that each of the following materials
added ir moderate amounts decreased the instability threshold of distilled water
1CX by 5 to 10 cycles/min.:s

l. Silica added at 5 to 20 ppm as sodium silicate.
2. A dilute suspension (<10 ppm) of finely ground Dowex 50W resin.

3. Purex cation regenerant sulfuric acid, either filtered and added
directly to the 1CX at 0.0l M, or used at 1 M concentration to treat
cation resin which was then eluted with the distilled water used as
1CX.

Disengaging time studies with Purex demineralized water indicated the presence
of an impurity which decreased the disengaging time. In this test, the Purex
water adjusted to 0.0Z M HNO | M HNO; was passed through an agitated vessel containing
60 ml of 30 percent TBP " and %he disengaging time periodically measured. The
disengaging time decreased from 50 seconds initially to 38 secomnds after two
liters of water had passed through the vessel. A control experiment with

distilled water (0.02 M HNO3) gave a consistent disengaging time of 66 ¢ 4
seconds

These.pilct plart ard laboratory studies seem to indicate that there are at

. -legst. th*ge imprrities in Purex demineralized water that affect column performance:
'.’.,(.? L‘.«
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One which should have a terdency to increase the instability threshold (perhaps

an insoluble silicate such ae talc), one which consistently lowers the instabil-

ity threshold by about 10 cycles/min. (perhaps silica), and one which shows up

only after the cation resin bed has been regenerated (perhaps resin fines or

residual impurities from the sulfuric acid) and which reduces the instability

threshold by 30 cycles/min. or more.

Preparation of Urarium{IV) Nitrate

Several schemes for the preparation of uranium(IV) nitrate for use as partition-
“ing agent in ths Purex process were investigated. These involved reduction of
uranium(VI) ir sulfate or nitrate solution with amslgamated aluminum or zinc.
Separation of the urenium{IV) from unwanted cations or anions was by precipita-
tion or solvent extraction. In the currently most promising procedure, uranium(VI)
oxide is dissolved in sulfuric acid. Uranium(VI) is reduced to uranium(IV) with
amalgamated zinc. The solution is made alkaline with sodium hydroxide to pre-
cipitate uranium{IV) hydroxide. Zinc remains in solution. After washing with
dilute sodium hydroxide and water, the uranium(IV) hydroxide 1s dissolved in
nitric acid containing sulfamic acid or hydrazine to prevent reoxidation of
uranium. Product soiutions containirg as high as 275 g/l U{IV) (total uranium
335 g/1) have been prepared and have remsined stable toward oxidation of uranium
for over three weeks. The calculated heat of reaction for reduction of uranium(VI)
to uranium(IV) in sulfuric acid solution is 67.27 Kcal/mcle of uranium reduced
with zinc and 115.5 Kcal/mole with aluminum.

WASTE TREATMEKT

Seniworks Waste Calciner Prototype

Eight runs were completed during the month utilizing a simulated high acid Purex
waste as feed. These studies were directed towards testing of additiornal feed
nozzle desigrns which would hopefully hold nozzle agglomerates to an acceptable
low level while maintalning adequate bed particle size control.

Two commercially availsble nozzles (Spraying Systems Company Set-ups FUB and 30)
both internal-mixing types, were tested and found less sultable than the standard
nozzle. (Previously, orly ex*ernal mixing nozzles had been tested.) Use of the
internal-mixirg rozzles resulted in severe agglomeration at the nczzle and a
rapid build-up in the bed of excessively large particles with a subsequent loss
of fluidization.

The effect of bed temperature on nozzle agglomeration witk simulated high-acid

irex feed was tested at 400 C and S00 C. Little, if any significant difference
was noted. (Similar results were previously reported for formaldehyde-treated,
three-fold corcerntrated feed.)

TRANSURANIC ELEMENT AND FISSION PRODUCT RECOVERY

Promethium Purification

Installatiorn of icn exchange equipment in A-Cell was completed, and a series of
cold runs have beer iritiated prior to intrcduction of radioactive feed. Purpose
of the ccld runs is tc better define flowsheet parameters, test the equipment,
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ard trair cpersicrs (beth with respect to the equipmernt arnd the process). Start-
up was sipgularly uzeventful and free of difficulties with all equipment
furctioning perfectly. The first run was comrpleted at month end after two weeks

of rcund-the-clock cpereticn. A synthetic mixture of rare earths (less promethium)
in the same ratic they occur in fission was used as feed. The columns were filled
with LO-60 mesh Dowex SCW-X8 resin i the mixed copper-hydrogen cycle. The

columne were operatszd at 60 C, and the elutriant socluticn contained 4.5 g/l EDTA
buffered to pH 8.83 with smrcriurw hydroxide. Flow rate was 3.5 ml/mir,cm@.

Numbers are not yet availatle, but purificatiorn achieved appeared visually to be
excellent.

Strontium Recovery

Trere is much current irterest ir the composition ¢f the beiling superrate in the
Purex 103-A waste stcrage tank since the contenis of this tarnk might serve as a
conveniernt scurce ¢f welli-aged cesium-137 and strontium-9C. A cre gallon sample
wvas acceordingly chiained For aralysis anl process studies. Cesium-137 content

in the filtered supernate was found to be 13.3 curies/gal; however, the strontium-
90 content was only 0.0Z curies/gal, too low to be of practical importance from

& recovery standpeiri. Majcr comporents included nitrate (2.6 M), nitrite (4.2 M),
phesphate {0.02 M), ard carbcrate (1.0 M). Failure tc firnd & large fraction of
the strontium ir. the surernete ls accerdingly not surprising.

In other woerk, in support of & recernt plant test, autcclaving ceriur-rare earth
double sulfates precipitates at temperaiures of 100 to 30C C was found to have only
a smail effect on ease of disscluiion in dilute nitric acid, in contradiction to
the results of a prelimirery experiment. Nitrite, a product of radioclysis, was
fcurd to derress pH in the percxv-acetate process (as dc iron, aluminum, chromium,
acd excess stlfate). If ni<trite is the cause of failure to cbtain a cerium
peroxy acetate precipitate ir the plarnt, its effect can prohably be overcome by
use of a nitrite suprressor, such as urea.

Excellent one inch diame<ter, high-dersity strontium titenate pellets were finally
produced, after sclivircg certain temperature measuremert axzd contrcl problems and
autonating the furnace. Attempis are now “eing msde tc produce 2—1/2 inch
pellets. A homogerecus strontium titarate procesg, which elimirates ball milling,
also shows promise. Selutiors of titanous sulfate (commercislly available) and
strontium rnitrate are used as starting msterials. The prcduct exhibits an X-ray
diffraction pstizrn idertical to that of commercial strontium titarnate. A suf-
ficient quantity is being made for pellet pressing tests.

Technetium Reccvery

Work continues ¢rn the develcpment of analytical methods for the determiraticn of
technetium ir Hanford separstions process solutions axzd waste streams. A sample
of Purex K-6 soluticn (firal uraniur stream) was fourd tc contair 2.06 ppm
techretiumr. This is equivalert tc 4 ppm in the uranium shipped and implies that
about 20 percent cf the techrnetium irnitially present is leavizg the piant by
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Purex 2A-3B Column Stucies

Aralytical results are novw complete cn the two 3A column entrainment runs reported
last month. In the first of these rums, at a scrub section volume velocity of

900 gph/sq.ft., the aqueous entrainwent in the product was 0.25 volume percent
and the sodium tracer decontamination factor was 4400. The second run, at a

scrub section velocity of 1850 gal/hr.-sq.ft. resulted in 0.22 percent entrainment
and a sodium D.F. of 2100. Virtually all of the sodium tracer was removed from
the organic phase in & glass wool coalescer-separator.

The 3B cclumns studies which are now underway have indicated the necessity of a
graded cartridge %o chtain a uniform dispersion throughout. The flowsheet for
this coclumn is similar to that of the 1C column except the low agueous flow ratio
limite uraniumr transfer into the aqueous phase to less than 50 percent of the
urenium in the orgatic feed. The ensuing "pinch" effect seems to result in
greatly increassd s*ability in the lower two-thirds of the column. Tentatively,
the use of 23 percent free area rozzle plates (3/16-inch holes) in the top three
to five feet and 10 percent aree nozzle plates (1/8-inch holes) in the remainder,
all on four-irch spacing, appears to give a reasonably uniform dispersion prefile
together with an adequate capacity of 1200 to 1500 gal/hr.sq.ft. The optimum
pulse amplitude and plate spacing must still be established.

- Figsion Product Packaging Prototype

The tests on the ccnversiorn cf CSEZnFe(CN)6 to the mixed oxides in the hydrolyzer
were completed. The results showed that to make the process practical, ferric
oxide needs to be added tc the feed slurry in excess of 0.3 pound FesO3 per
pound CspZnFe(CN)g (a 1:1 mol ratio). Tests with excess FepOs3 (up to %932 pounds
per pound ngZnFe?CN)@) showed no deleterious effects.

The completion of the hydrolysis studies defined the characteristics of the solid
products discharged from tke hydrolyzer for subsequent leaching and filtering
cesium isolation operations. Filtration studies were completed with the conclusion
that Fepz03 added tc ths hydrolyzer feed significantly improved filterability.

These tests indicated that the present leaching and filtering equipment is in-
adequate. From the filtration studies sufficient basic design informaticn was
cbtaired to permit specification of a firm workable leach-filtration system.

ANALYTICAL AND INSTRUMENTAL CHEMISTRY

Determination of Al, B, Ca, Fe, Si, Ti, and V in Reactor Graphite

An emission spectrograp:ic method was established to determine aluminim, boron,
calcium, iron, silicon, titanium, and vansdium in reactor grade graphite. All
except boron were determirned by direct-current arcing a mixture of sample and
copper fluoride. Limits of detection were 1 to 10 ppm except for a 50 ppm calcium
l1imit. A boron limit of 0.02 ppr was needed. It was met by analyzing (as above)
the residue fromr the igrition of 1 gram of sample mixed with copper carbonate.

All measurements were subject to S50 percent error which was permissible.

Cclorimetric Deterrination of Moclybdenum in Urarium Alloy

A dithicl (tcluene-3,4%-dithicl) colorimetric method was placed in regular use for
the determinaticn of molybderum in nitric acid solutiorns of uranium-molybdenum
alloy. The grzsr ditilcl complex was read at 680 mp in 5 cm cells by means of &
Du sﬁeé§géphoﬁ¢meteru Leverfering vitrate was removed by double evaiirition
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with hydrochloric acid. The methced, subject to about 5 percent error, was twice
as fast as the alpha-benzcin oxime gravimetric method which had yielded low
results.

Impreved Mass Spectrometer Molecular Leak

A new rmolecular leak constructed of a brass housing with a demountable gold foil
having a 2 mil orifice was installed in the low mass spectrometer for analysis
of low pressure gas samples such as vacuum fusion gas evolutions. The new leak
was unit-designed ard fabricated here. Repeated plugging of the orifice on the
all-glass molecular leak, installed two years ago, had caused many lost aralyses.

EQUIPMENT AND MATERIALS

Purex Organic Treatment Pump Mixer

HW-64733 entitied "Improved Methcd of Organic-Aqueous Contact During Treatment of
Purex 1CW Streawn,” was issved. This document describes the studies associated
with the modified Purex G-l Tank system in whick organic is introduced (along
with aqueous trestment scluticns) directly into the suction of a deepwell turbine

rump.

Canned Motor Pump Development

On the basic premise that particulate matter in the solution fed to canned-motor
purg bsarings is the major contributcr to their premature failure in our plant
appiications, studies have been made with a hydroclone installed in the bearing
lubricaticr lire cf & canned mctor pump. Clear overflow from the hydroclone is
fed *c the pump beerings while the "muddy" underflow is fed back to the pump
suction.

With ar available 1-1/Z irch dismeter hydroclone coupled with an available
chempump arnd employirg 20 o LO micron diameter glass beads {specific gravity of
2.3) as simulated abrasive dirt 97.5 percent of the beads were carried out in

the hydroclone underficw. Puriher improvemert 1s expected with an optimized
design. The hydroclorne would ne more efficient or larger particulate which would
be more damaging to pump bearings. :

Metering Purp Developmsnt

Assistance has been given the Engineering Operat on of FPD in the development and
selection cf process equipmert for use in an experimental plating teth system. A
metering pump has been designed for delivering small flows (approximately 10 cc/min)
of three different makeup chemicals to the pleating bath. Basicaily, the pump con-
sists of thres Archirsdes screws {bent tubes) which dip into three constant level
reservoirs arnd Qeliver fixed increments of solution with each rotation. The

speed of rotatior of the pump is ccrnirclled by a pH contrel syster installed in

the plating bath.

Corrosion Studies

Comparison cf 309 SCb and 309-L Stairlesss Steels - Corrosion behavior of weld-
ments fabricated from 309 SCb stainless steel welded with 309 SCbh was compared
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with that of weldments fatricated from 309-L stainless steel welded with 309-L.
Sampies of each type of weldment in the as-welded condition and heat treated at
1300, 1500, 1800, 1900, 2000, 2100 ard 2150 F were used. In the standard Huey
test, all samples had corrosicn rates less than one mil/mo; maximum rates were
obtained for both types of weldments when heat treated at 1300 and 1500 F. When
the test time was extended, rates for samples heat treated at these temperatures
approached three mils/mc. In boiling 13 M HNO3-0.25 M HF, corrosicn rates for
all samples were about 100 mils/mo. However, the 309 SCb weld metal was attacked
preferentially at rates as high as 1000 mils/mo° The 309-L samples showed severe
end-grain attack; those heat treated at 1300 and 1500 F showed heat-affected zone
attack and sensitization. Interpretatior of these data should be tempered by the
fact that only one heat of each metal is represented by the samples. Coupons of
309 SCb welded with 309-L will be tested in HNO3-HF solutions.

Corrosion in the Purex E-H4 Back-Cycle Concentrator - Corrosion rates of 30k-L
stainless steel in boiiing synthetic E-HL4 solution were significantly reduced

by keepirg the chromium present in the reduced, or tervalent, oxidation state.
Chromium(VI) initially present was reduced by the addition of sodium nitrite.

To prevent oxidation of chromium during the test, sodium nitrite was added at

a rate of 0.00L moles/hr.-liter. Corrosion rates for 304-L in this solution were
a factor of four lower than in a control solution to which sodium nitrate rather
than sodiur nitrite was added.

Corrosicn of 304-I Stainless Steel by Alkaline Purex IWW - Coupons of 304-L stain-
less steel shcowed nc detectable weight loss or pitting attack during 400 hours
exposure {vapor and 1liquid phases) +o boiling synthetic aikaline (pH 10.5) Purex
IWW. The test is continuing to accumulate longer exposure times.

234-5 Hood Red Seal

A "low-friction" seal has been developed for use with a 234-5 automatic weighing
end recording device. The scale pan is installed in a 234-5 hood and the attached
pan rod extends through the bottom of a hood te the connected weighing mechanism.
A low friction seal was required for the rod to effectively seal the "contaminated"
hood environment from the clean outside area. Wher seals of thin rubber sheeting
were fourd to adversely affect the welghing sensitivity, a special double liquid
seal was developed which had essentialliy no affect on weighing sensitivity even
with expected fluctuaticns ir the hood vacuunm.

PROCESS CONTRCL DEVELOPMENT

C Column Studies and Facility

A scope document describirng the research program to be pursued in developing a model
of the C-column was issued this month, HW-64623.

Operating conditions and procedures for preliminary runs on the C-column have been
established. The Data Reduction code was rewritten in FORTRAN-MONITOR language and
is presently being debugged and refined. It will be usable with the printed output
obtained from either the new or present data scanner.

The 1CX, 1CF, and five mid-column temperature indicating thermohms, the 1CX pH
recorder~controller, the pulser speed recorder-controller, and the cartridge pos-
ition indicator have been calibrated. Data obtained from these instrument calibra-
tions were rzéuzed by least squares techniques for use in the Data Reduction code.
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A 1/2-ip. vall valve was irstslled or the upper secticn ¢f the cclumn. The
valve will be usei %o test the feasihility of this type device for inserting 3/8-1n.
diameter prches intc the column for various mid-column analyses.

Quick disconnect type semple ports were aiso added to the 1CX srd 1CU streams to
perrit calitration cf the mid-coiumn photometer and analysis of the 1CU for
uranium concentraticn.

Polyvinyltoluere Phosphcrs for Counting Plutcnium Alpha Particles in Solution

Recently completed deccrtaminetion tests on a terphenyl-in-polyvinyltoluene phos-
phor indicate that its usefulness for alpha monitcring cof plutonium solutions is
limited %o solutions having a plutonium concentration greater then about 0.1 g/litero
This 1s due primarily to the buildup of plutonium on the phosphor surface. For
example, after exposure to & 0.56 gram/liter plutonium solution the background

cculd not be reduced telcw the equivalent of 0.06 gram/liter.

Ior. Chamber for Purex HSP Jumper Installation

Design and drawirgs have been completed for an ion charxber for installation on the
Purex HSP stream Jjumper.

Tantalum, stainless steel ard fluorothene were evaluated as materials for fabri-
cating the section cf the jumper that the ion chaxber "sees." Test specimens
exposed tc plant HSP sciutions exhibited increasing fission product tuildup from
fluorothene to stainless steel tc tantalum in the ratio 1:3:9. Linear polyethylene
shows similar properties to fliuorcthene in this respect ard is more stable to
radistior. Consideraticr is presently being given tc linirg a secticn of stainless
steel with linear pclyeihylere.

NCN-PRCDUCTION FUELS REPRCCESSING

Mechanical Processing

Skear Studies - Interim Report - An interim report, EW-62842, "Shear Studies for
the Non-prcducticz Fuele Processing Program," has been issued ir. rough draft form
to fill currert deslign reeds. The report is being prepared as & formal document
for off-site disvribution.

Shear Basin Clearup Studies - Fabrication has been completed for a shear bhasin
system desigred tc dermcnstrate the current concept of an effective system for
shear dust contrel in the NFF mechanical cell. The corcept includes a cylindrical
product bucket pcsiticrned Yereath the shear to form a water-tight {or low-leakage)
seal with the shear discharge chute for wet shearing. First tests show that the
bucket~-shear junciure leskage is less thar five gal/min, a leakage considered
acceptable for the sysiem.

Yarkee Atomic Fuel Disasceziply ~ Feasibility studies of methcds cf disassembling
the Yarkee Aftcomic fuel were concluded following tests of alternate methcds of

removirg the hardwere azd cuttirg the bards whick hold the suhassertlies together.

Hardware remcval Ly hacksawirg through the ends of unsupported fuel rods was
demcrstretzi; Lowever, an unpredicia-le prcobarility of damaging the tlade ard/or
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NPF Mecksnical Call NaK Disposel - Tesite ceriirusd on the undsrweter (shallow
Zepth, 1 1C 6 inches of waier) aisposal of NaK with ‘he subtsequent remcval of the
fume (aodium and potassiur cxides) by & Peatody scrubber. NeK charges as large
as £ to 7 grems ware rescted urisr & slightly sn‘*'rgsu lucite hcod which wes
piaceld irn a rpaz of waitzr. Nc damags to the Zucite (*/5 +hick) wag chserved,
althcugh & charge this large reacted viciently with the waler {(vigorous gezsratic
of hydrcgen ard & sharp crack of the hylrcgen shock mave) The fure and hydrogen
trapped under the sutmerged kold was vented thrcugh a one lnch seal of water.
Samples of tha Wa*°“ :n the ran and the scrutier off-gases show that 99.2 percent
of the NaK remaines in ths parn watar anid less thar 0.1 percert peretratzd the
scrubter (i.e., -:ste* than 99.9 percent of the NaK was capture&)o Froz these
tests it ic cornziuled thaet the NaK cax be safely reacted wher the NaK exposure
rate is carsfully coxntrclliel ty the nacksaw blade fesd ratv.

Feed Presparatlicn

g r an attsm;' “c defire the dependence
of Zircaloy-2 iissciuvhbicn rats cr h riration (pH) during declad-
divg by the Zirflex process. 8o factcry methc* of measuring
pH in Zirfiewx declelling sclutliors has teen fcu::..° Reprcducitiiity of zeasurements
male with & giss ctride ard wish & Sungsver cxile elzchrods was pocr., Specisl

rod >

Zirflsx Process = Purtter itecsts wa

T |D

plastic elsctrolas > use in fluorife scluticzs havz bheen crdered tut not
received. Interpret ticzﬁgf Zate sc far obtainsd Irilcatzss the disscluvion rate
to be deperdert cu (H+}o°" ir iritiel Zirfiex aac,«;iing sciutions (5.5 M NH,F-
0.5 M NHuNO3) fer disscliuhicr rates kn+w~°* 20 ard va mlls/hru Furtser irncrease
ir throgen iorn corczntreticn does mo® ircreasze *“e secluticn reate. DBecauses of
the previcusly no%ed difficulzy ir measurlmg PE. i% is oot pogsikle to assign
accura*2ly & pH for ary given dissoluticr rats.

Acid Fiuoride Decladding cf Zirceloy-2 Clad Fuels - Nitrite inhibitors suck as
sulfamic acid anl uresa reiuﬂe he gtwsck cr vrenium dioxide ccres by termina.

acid fliuoride declieddirg sclutions (0.25 M ENC3-2 M HF 0.4 M Zr). BHowever, when
these agen*s are present durirg the Zeciadiing ster, ur rium lcssss sre increased.

The use of ageris ¢ reduce vrexium(VI) to ura“1um(IV) olWCWina deciaiding as a
rears ¢f reducing uraniun loss is under study. Cxide fi.ms on Zircalcy w“*ch had
“eer exposed t¢ high tempersiure weaier were pereirated more slowly T acl

flucride decladlirg scluiicr {(C.25 M ENC3-3 M BF, 23 C) thar ty bn;**ng Z rflex
decladding sciuticz.

Disscliuticn of Urarnium-Mclytderur Alloy - The use of mcric acid as & soluk
nuclear pciccr furirg disscliuticn of urariur-molviderarm f@els in EKC;-Fe\hO:)g
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solutions has Teen suggested. Dissclutior of uranium-melybdenun alloy i
HNO3-Fe{NO3)2-H3BO3 solutions under conditions to precipitate del*berately uranyl
molybdate were mads to determine the path of boron. The *terminal dissolver solu-
tions weuld have beex L MUNH - C.3 M H 380, if no prec ipitation had occurred.

The uranyl molybdate obtaired had a 1*orox:. %o urapium weight ratic cne-third te
cne-fourth that in 1 M UKNE-O.3 §.H3BO3

The molybdic oxide prec;pita ed when urenium-molybdenum alloy is dissclved in
concentrated (>11 M) nitric acid carries some plutonium with it if plutonium(IV)
is present during the disscluticr. About the sare amount of plutonium was carried
on the cxide when plutoriur{IV) was added after dissoluticr was complete. These
results indicate that surface adsorpticn can account for the observed coprecipita-
tion of plutonium.

Sulfex Process - Prelimirary studies indicate that Nicrobraz-10 oz the surface of
stairless steels {types 304L ard 3L7) causes the steels %o be difficult if no%
impossible to passivats to Sulfex reagent. For this effect tc be reproducidle, it
appears that stalrless steel surface must be covered to the extent of about 10
percent with braze metal. Further studies are planned.

Pormaldehyde has been demonstrated to react with nitrate ion at low nitrate and
acid concentrations. A soluticn 1 M HpSOy, 0.5 M HNO3, and O.5 M HCHO began to
evoive NOo after refluxing for 29 minutes. Axnelyses of the final concentrations
have not been received at this time.

Several Sulfex rums in glassware; wizrein the instantansous penetration rates were
determired from gas evoluticn rates, have demonstrated at least a five-fold change
in penetra*tion rate Tetween differert samples of type 347 stainless steel.

A Lucite canister for hydrauiic studlies of air 1lift circulaticn rates in canister
systems 1s being modified to have a tapered bottom plug seating or a shoulder in
crder tc seal coff the anvular space between the canister and the dissolver wall.
Preliminary experiments indicate thst suketantial flows can be induced through
beds of 1/2-icch Berl saddles consained in the canister upor a perforated bottom
Plate. Sparge air is presently introduced about twa feet below the btottom plate.

Recirculating Dissolver Studies - Several PRTR reject rcds consisting of swaged UOs
clad in Zircaloy-2 were declaéd in 5.5 M NHLF-0.5 M NEyNC, Zirflex solution at an
F/Zr mole ratio of seven. The dissolvent was heated to oiling using steam jackets
as heat scurces and an air sparge for liquid mectivation. When the dissclvent
reached bciling, the &ir sparge was replaced by steam at 4 psig (thrcttled down
from 100 psig) and the stzam jackets were shut off. A steam sparge rate of two
lb./minn provided a gas boil-cff rate of 0.182 1b. mcl/hr.-sq.ft. and a Ziquid
recirculaticn rate of 17 gpm at 75 percent submergence. A meximum Zircalcy dis-
solution rate of 43 miis/hr ard an integrated rate of 15 mils/hr were attained.
Uranium losses to the decladiirg solution after centrifugation were 0.07 gm/l. or
approximately 0.03 percent of +he core charged.

Materials of Constructicn

Hastelley F ard 30L-L stairless steel coupcons which were present in the 321
Building dissolver durirg a recent Zirflex feed preparaticr had overall corrosion
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rates of 1.2 ard 1.5 mils/mo., respectively, assuming all corrosion cccurred
during the decladding step. Steanx sparging was used for ammonia removal during
the decladding step. This step was completed in 3.5 hours indicating operation
at relatively low pH.

aEe o

Battelle Memorisl Imstitute personnel have completed casting and rolling of the
second series of twelve experimental alloys tc be tested as materlals of construc-
tior for fuel element dissolvers. Corrosion testing of these alloys will be
started at Battelle in early May and at HLO as soon as samples are received.

"In Tank"” Boron Monitor

Calibration curves for ths neutron absorptiometers for the Redox IBX and Z2DA make-
up tapks were determired this month. Development work is now in progress on the
menitor for the F-% concentrator.

A fissiorn counter is 4o be used on the F-2 concentrator monitor in place of a BF3
tube due to the high gamme field in this vessel. Suitable fission counters have
beer secured and are under tect in the laboratory.

REACTOR DEVELOPMENT - LOOO PROGRAM

PLUTONIUM RECYCLE PROGRAM

Salt Cycle Process

Desigr ard acquisition of equipment to enable testing of the Salt Cycle Process
corcept on fully irradiated oxide fuels in cell C of the High Level Radiochemistry
Faclliity is proceeding. It is expected that cold shake-down runs in the cell will
begin in June.

Electrolytic Preparation of UO,

A pronounced tezlency to form easily-removed dendritic UCc cathode deposits when
the cathode region is kept relatively free of chlorine was confirmed by a series
of runs ir a larger-scale apparatus. The same technique previously employed in

a small apparatus was emrployed, viz., the ancde was enclosed in a shroud tube com-
municaeting with the molten salt solution only through a porous quartz frit at the
bottom and the shroud tube was filled with U0p or U Og powder to react with
chlorine produced at the anode. Under these cornditions the deposits formed at
T50 C were dendritic iy appearance and quite readily removed from the cathode.
However, as in the earlier work, the recovered UOs powder exhibited an undesirable
high O/U ratio of about 2.2 (as deduced from the uranium{VI) content of a dis-
solved sample).

The otservation that thermsal decomposition, with production of powder with an

O/U ratio approaching that cf U308, occurs quite readily in mclten NaCl-KCl
sclutions of UOzCls in vacuc at 800 C prompted & run which gave a very encouraging
result. An electrolysis was corducted at TOO C. The anode was enclcsed in a
shroud tube which was left open &t the bottom to sllow some access of chicrine to
the cathcde compartmernt. The UOp deposit formed was dendritic in appearance and
was quite readily removed from the platinum cathode. PFurther, the recovered
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powder had an acceptatle lcw O/’ ratic of 2.01. This rerreseris the lowest 0/u
ratio yet cbtained for & mecharically tractable deposit, and tals result is con-
sidered quits enccuraging in tka% it was achieved urder cornditions which are nct
at 81l difficult to sstaklish. This observation obviously strengthens a long-
starding interes* in salt systems melting st a lower temperature than the NaCl-KCl
eutectic {mp 670 C). Eowever, it should be reccguized that mest other chloride
salts which migh* be used in a lower melting reaction medium are alsc much more
kygroscopic than either NaCl cr KCl ard may therefore te barred from use. Contemp-
orary thecry regarding plutonium tehavior in the Salt Cycle Prccess is that
scrupulously enkyldrcus ccnditicus are essentlal for separaticn of rlutonium and
uranium.

Ir line with the sforementicred ircen*ive for reducing the temperature at which UOp
is electrodeposited, scme exploratcry work has beer done with the LiCl-KCl eutectic
at 450 C. All electrciytic reductiozs attempted have resulted ir rapid evolution
cf ges &t both the ancie axd cathole. + is presumed that tle gas evolved at the
cathode is rydrcgen srising from ircomplete dryirg of the melt. A firnely divided
brown precipitate cof UQo having an O/U ratio very close to 2.00 is formed under
these conditions, presumably via hydrogen reduction of UOgCl, in scluticn. It is
interesting tc ncte thet the dissolution of U30 with chlorine at 450 C in this
melt was as raprid as at 725 C in the NaCl-KCl1 eutectic and *that ro thermal decom-
position cf the dissclved UOEClQ cccurred.

Determinatior cf C/U Ratic ir "UOZ"

It has beer previcusly thcught thet cccasicnal variations in ur rium(vI)/
uranium(IV) ratic in dissclved "UOQ" snalyzed by the coztrclled poten+ial coulo-
metric me+thcds were due tc partial cxidation cf the solid sample when it was being
grourd or dissolved. However; repetitive analyses c¢f & near-stolchicmetric UOp
powder have shown rc eviderce for such cxidaticn. Further, it has been found that
better reproducitility can te maintsined on samples whick have been sieved, i.e.,
anglyses are mcre reproducile or electrclytic U02 powder ccntaining particles
withir & giver size rarge than on samples presumsbly ccvering the full gamut of
particie size. Ir adiiticr. tc srmrhasizing the care which must be taken in assuring
homcgeneity of powder sarples, this cbservailon permits the interesting speculation
tha* the particie size of siectrolytic UCs powder may e related to its O/U ratio.

Interacticn cf U0, Powder with Dissolved UClL)y and UC=Clo

Additionael experiments have confirmed that the oxyger contert: {measured s

urarium{VI)/urariux{IV) ratio ir a dissolved sample) of ncn-stocichiometric "UOg"

car be reduced by equilivraticr with & sclution of UCly ir mclter NaCl-KCl eutectic.
A three-hcur equilibraticn at 725 C iz which two grame of UGy was exposed tc a

melt contairing 2.7 g UCl), reduced the 0/U ratio ir the "U02" from an initisl value
of 2.24 to 2.0L. A fracticn of the recovered UOp was presert as a very fine suspen-
sion in the mcliten salt ard was recovered by allowing the melt tc freeze, dissclving
it ir water and centrifuging “ke aqueous slurry. Orliy about 50 percert of the
initial UCy was reccvered. A repeti#icv of the experimern* with & lower velocity
helium sparge resulted irn rezcvery cf about 70 percent of the initial U0y, as a
somewhat coarser powder wi*h a measursd O/U ratic of 2.10C.

Aside from the possibility of gairing some insight as to the marner in which excess
oxyger is comnired in rner-stolckh 1cn9tr1c UOp, it shouid be roted that such studies
may lead t¢ ar econcomic metked fer "upgradirg" non-stoichiomstric UCs.
52{}
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Studies of the interacticr of solid electrolytic UOp with molten NaCl-KCl eutectic
at 700 C and 800 C have continued. Four equilibrations of -20 +32 mesh powder
with a melt containing 2.3 w/o UOoCly under an argon atmosphere showed no appreci-
able charge in size or shape of the particles. Some conversion tc plate-like
particles was observed however wher a fifth sample of the same powder was equili-
brated with & melt containing 19.3 w/o of U02C12 under an air atmesphere. About
60 percent of the U0s rowder remained in the -20 +32 mesh range and was visually
unchanged. In the fiper fracticns the relative abundance of plates increased as
the particle size 3ecreased, from about 20 percent as plates in the -32 +48 mesh
size to about 80 percernt as piates in the -100 mesh size. However, a -32 +200 mesh
fraction of the same initial powder showed no apprecisble tendency to convert to
plates despite the fact that its rate of dissolution shculd have been greater.

In no case was recrystellizatior chserved to the same externt as in the experiment
reported last month irp which about half the powder convertsd to plates.

Properties of Electrclytic UOo

Attempts to measure the solubility of electrolytic UOo in molten NaCl-KCl eutectic
have confirmed that the solubility of UOp is indeed very low. In no case has a
salt-soluble uranium{IV) species been found. The apparent solubility observed
appears to arise from partial oxidation of the uranium dioxide to uranium(VI)
species. From the results obtaired tc date it appears that the *rue sclubility
of UOp in molters NaCl-KCl eutectic must be considerably less thar 16 micrograms
uvraxium per gram of eutectic. A highly sensitive spectrophotometric analytical
method has been employed for these measurements. The uranium in an aqueous
sclution of the salt is converted to uranyl with nitric acid and extracted into
T3P. After buffering to pH 7 with arn organic base in alcohol, dibenzcoyl methane
is added to form & colered urarium complex, the concentrsticn of which can be
determired spactrophcotomesrically. Thae method is sersitive to 10-7 molar
uranium(VI) or t¢ 0.1 microgram uranium in a 2 cm cell.

For concentrated sclutiorns of uranyl chloride in NaCl-KCl eutectic, direct
spectrophotometric measurements on an aqueous soluticn of the salt suffice. If

the salt contert is maintained constant, the method is accurate to t 0.0L percent
U0 Cl, for salt systems containing 1 w/o or more of UOxClp. The mclar extinction
ccefficient for urazium(VI) irn the aqueous salt soluticr is crly 8.8 so this method
is applicakle only to salt melts corntainirg substartial amounts of urarium.

X-ray diffraction patterns on 12 samples of electrolytic UOs show several wesak
lines not evident in diffracticr patterns of UOp prepared ir more conventiorsal
ways. Mecst of these lires arpear in only a few samples but *three as yet uniden-
tified lines were present in all 12 samples.

Preparavion of Pilct Quartities of Electrolytic UQO»o

Commercially avellatle uranyl chloride monchydrate may be a suitable starting
material for the prcduction of UOo electrolytically in pilot plart lots. When
added to molter NaCl-KCl eu*ectic at 700 C, the monohydrate dissolved instantan-
eously to about 20 weight percent UCoClp. Although some gas evclution was noted,
the reacticn was violen® only when large lumps were added. Ansalysis of the coclec
solution showed less than five percent of the urarium to be in the water insoluble
UO3 form. Chlorine introduced cver a ten-minute period reacted with this small
amount of UC3 to form U0Clp, pogrc LTIl
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Electrclysis of the soiuticn &t a potential of 1.5 volts prcduced at the cathcde
an easily removeble deposit of granuler U0 with 20 to 4o weight percent of the
product in ths 3C - 107 mesk perticle size range. Product oxygen to uranium
ratios of 2.13 acd 2.29 were obiained with current efficiencies of 95 to 120
percent respectively. Thesze da*a irdicate that appreciable U30q was formed by
thermal decompositicn cf UCzClg. Elec*rolyses performed after the cooled solution
hai teen exposed to the atmosphere for several days resulted i a potential drop
of four tc seven volts acrcss *he cell. Severe corrosicn of both platinum and
graphite catholes by the liquid phase caused complete electrode failure within
half ar hour.

Ccntinuous Ion Exchange Ccrtactor Development

Prelimivary studies of the cperaticral stability and hydraulic characteristics of
the Multi-S+age Agitated-Bed Ior Exchange (MABIE) contactor have been completed.
Very s*tatle cpera*icn Las tsan damonstrated at all aguecus fliow rates up 1o 4E0
gai/nr.sq.ft. and sll resin flow ra*tes up to 180 gal/hr.-sq.ft. The three-stage
contactor reached stabls hydraulic operation approximately five minutes after
startup. Imprcved hydrailic performance resulted from the use cf sieve plates
(0.08-inch hole diarmeter, 20 percent free area) in place of fine wire mesh for
the stage separators. The effect of this modification cr efficiency is predicted
toc be mirnimal.

&
g

In the ore thorium *ransfer run for which analytical resulis are available, stage .
efficiercizs of 80 percert of theoretical (raged on the resir residence time and
ar. assumad diffusicn cosffisient of L.k x 10-8 cm2/sec) were obtained at an aqueous
flow rate ¢f 290 gal/hr.-sq.ft., a temperature of 35 C and an aquecus-to-resin
flow ratic oF 0 liters/kg dry resin. The waste loss from the taree-stage ccn-
tactor was 23 percer®t. The cperatiorn was very stable throughout the run, as
evidenced by the constancy of the raffinate anaiyses. .

RADICACTIVE RESIDUE PRCCESSING DEVELCPMENT

Radiant-Eeat Spray Calciration

As has been peinted cut iv rrevious reports, sulfate decompositicrn is troublescme
in waste calcinaticn. This is true both because of sgevere off-gas handling and
corrosion protlems during calcination and because of subsequent decomposition
during storage, with evclutior of non-condensible gases. The use of calcium
hydroxide, vice caustic, t¢c neutralize high-sulfate Purex wasts pricr tc calcin-
ation was sccordingly tried. The slurry was sprayed and calcined without d4iffi-
culty to a fine orange-redi povwder, density 0.7 g/cc. The weight loss on subsequent
heatirg (from 300 tc 900 C) was orly 2.4 to 6.0 percent as compared to 37.8 percent
with caustic neutrelized waste.

Other studies, wit:h spzcial sarple ccllection and classification techniques,
implied that powier which hes experierced hold-up on the wall of the calciner is
calcined to the same degres as the rest. It had been thought that drcps might
impirge on the colder porticns of the calciner near the nozzle, dry, and then
fall off and plummret through the hottest zore too rapidly for reaction. This is
apparertly nct the case.
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Corrosicr ir the Ralisrt-Hszt Srray Calciner

Seversl potertial matsrisls of conmstructicn were exposed in the hottest (850 C)
region cf the radiart-hea* spray calciner during several hours of operaticn
while prccessing simizated wasies ard the ccrrosion rates measured. Monel and
Carpenter 20 corrcled at a very high rate while Niorel suffered severe pitting
attack. A zicks) sazple was nacht recovered. Stainless steel type LL6 corroded
at & rate of 0.05 mil/hr., Incorel at a rate of C.1 mil/hr., ard stainless

steel type 304%-L &t & re4s cf C.2 mil/hr. However, both the 304-L and Inccnel
formed acherent cxide coatings which might reduce these rates cr longer exposure.
Otker tfest samrpies are scheduled for longer exposure.

Purther detaile of the spray calcirer work mey te found ir the Quarterly Progress
Report - Radiosctive Residus Prccessing Developmernt for Jarusry, February, March,
195C. A trip revort, FW-6486Z, Visit to Brcokhaven Naticrsal Latcratory and Oak
Ridge Naticral Labcratory, Arpril 7-3; 1950, by B.M. Johnscr, azi a thesis,
EW-E4ET5, A Study c¢f the Effects of Somwe Spray Cclumn Varisbles on Radiant-Heat
Transfer in Sprey Calciraticn

Mineral Reac*icns

Equilibrium distributicn ceefficients were measured for cesium in elincptilolite
adsorpticn systsus. Trhe coefficienis were megsured for mineral beds that had been
irradiated tc different dosage levels Ry a ccb0 scurce and at both 25 and 55 C.
Mireral beds irradiated tc O, Z.Z2 x 10 r, 2.4 x 20° r, 5.5 x 10° r, ard 1.9 x 109
r, were exarired. Nc differernces ir equilibrium adsorption wers evident in this
irradia*ior range fronm experizental deta obtained at 25 C. A% 55 C the mineral
samplss thev had received 5.3 x 107 r ard 1.1 x 107 r gave a Ky that was about 18%
lower than those receiving lower dosages. At the higher irradiation level the
rireral gave Ky vaiues &% 55 C abcut the same as those measured at 25 C. These
data may reflecw & real irrediation effect or may be caused by scme unexplained
experimental error. Calcitlaticons of the expected exposure rate for clincoptilolite
loaded with Csl37 irdsicated the+t radis*icrn damsge studies must be ccrduzted to
expcsure levels much higher thar cen reascnably be achleved with the existing Co60
scurce. A radiaiion gource frox 10 tc 10T times as interse as that now available
will te reeded.

Laboretory studiss tc irvestigabs the possibility of dirsct deccrtamination of some
types of high level wastes ccntinued. Aged Redox (high alumirum) salt waste was
diluted 1:20 with distilied water and passz2d through four two-foot ciincptilolite
columns in series at & ficw rate of 50 gal/ft /hr° It was found that 98 percent
loadirg could ke sitained iz thaz first column btefcre €s137 reached 0.2 M.P.C. in
the effluent from the third coclumn. The waste used is the supernatarnt scluticon
from a six yser old Redox tank ard its activity is more thar 99 percent cesium-137.
The breskthrcough curves for strcecntium and rare earths are very similar ard are
flatter than that fcr cesium. The cesium from about 50 voclumes of the undiluted
waste can be leoaded on ore vclume of clincptileolite. After it was loaded with
cesium the minersl cclumn was leached with weter. Only 0.1k percent of the cesium
was removed by 100 column vclumss of wa*er ard the conceantration of Csl37 in the
wash water decreased tc less than 0.G2 perceri of that ir the actusl waste.
Fiushing the colum: with less thar 25 bed volumes of saturateld NaNOz solution
eluted esserntially all cf the radiccesium from the bed. -
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Experiments were initiated to study the use of clinoptilolite for decontaminating
decladding wastes. Initial data indicated a radiocesium decontamination factor
of more thar 107 for a 240 cm column. Again the waste was diluted 1:20 with
distilled water. This dilution appears to improve the capacity of the mineral
for cesium from high-salt wastes.

Several metals were tested in the laboratory to study their ability to decontami-
nate solutions with respect to ruthenium. The experiments were generaily
equilibrium adsorption systems using powdered metal. More then 90 percent of the
ruthenium in a distilled water solution was removed by iron, sluminum, magnesium,
zinc, manganese, and lead a2t pH 5 and 8. Column experiments with granular lead
and magnesium showed lead to be superior for removing Ru from 1.0M NaNO3 sclutions
at pH 12. The mechanism for this removal is not clear but there is evidénce that
the ruthenium is associated with the lead oxide corrosion products; considerabl
corrosion of the lead is evident.

Condensete Streems

Studies on the decontamination of Purex Tank Farm Condensate in the 271-CR Building
Micro Pilot Plan® were continued. During Run 3 the waste was passed down-flow
through a bed of clincptilelite having a particle size of 0.4 4o C.5 mm, & bed
height of 14.2 inches and a bed diemeter of 1 inch. Temperature of the system was
meintained at 25 C and the pH of feed and effluent varied from 8.5 to 9.k, The

TBF concentration in both feed and effluent was about 110 mg/liter. t a flow

rate of avout 2.3 gpm/cu.ft., cesium was removed with a DF of 1100 and strontium
with a DF of 11. Decreasing the flow rate to about 0.5 gpm/cu.f%t. increased the

DF for cesium siigh%ly to 1200 and the strontium DF to 25. v both flow rates
zirconium, riobium, rutkenium and cerium radioisotopes were not appreciably remcved.

Run 4 was initiated with the clinoptilolite particle size increased to about 1.2
mn and with a bed of activated carbon preceding the mineral bed. Preliminary
analytical results indicated that the activated carbon was effective in removing
TBP but that radicisotopes present were not removed with high decontamination
factors by this material.

When preparing clinoptilolite for packed beds the crushed minerel 1s mechanically
separated into a sultebly sized fraction by vibrating screen equiprent and the
adhering fines are washed out by upflowing distilled water through the bed at =z
velocity sufficient tc expand it 25 to 50 percent. A consideratle amount of very
fine material is removed by this technique but the apparent self-attrition during
this trea*ment tends to reduce the average size of the particles to en undesirable
extent.

BIOLOGY AND MEDICINE - 6000 PROGRAM

Geology and Hydrology

Logs made by the Standerd 0il Company of Califcraia of their stratigraphic test
well on the Rattlesnale Hills were obtained for study. This well, driiled adj
to the Hanford Works in 1957 and 1958, was bottomed at 10,655 feet without pen
trating through the Columbia River basalt series. The records disclosed more
100 basalt flows in that well, separated by scoriaceous interflow contact zone
and tuff beds. The vasalt flows comprise more than TO percent of the section.
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Neither the thicknesses of the individual basalt flows or the tuff beds, nor the
ratio of amount of tuff tc basalt appear to vary in a recognized trend between

top and bottom of the penetrated series. The flows appear to vary little other
than in the thickness of the scoria zones and possibly in secondary mineralization.
Tuff beds varied widely as expected.

X-ray diffraction techniques were used to examine geologic samples obtained from
natural outcrops and from well construction operations to assist with the identifi-
cation and correlation of formations. Particular emphasls was placed on samples
from various basalt flows and basalt interbeds. Three ash beds are exposed on

the southwestern side of Gable Mountain. Two of these outcrops were found to be
the same interbed, the ocutcrops being separated by folding and subsequent erosion.
This same folded interbed has now been traced to the vicinity of the 200 East

Area through correlation of X-ray diffraction data obtained from samples of well
cuttings. This work will increase our knowledge of the structure of the basalt
and the extent to which erosion has modified the surface of the bedrock.

A distinct layer of volcanic ash occurs in the post-glacial sediments near the
ground surface at Hanford; it was shown that this bed is correlative with an ash
bed widely distributed throughout the Pacific Northwest. The age of this ash
deposit was reported to be 6700 years on the basis of radiocarbon dating. Thus an
important time reference is obtained in the chronology of geologic history of the
Hanford area.

The application of mathematical models to the solution of field problems at Hanford
is handicapped by inability to measure potential distributions along the lower
boundary of a flow system. The potentials indicated by water levels in wells may
be distorted by vertical variation of piezometric head and by the fact that the
well casings are generally perforated throughout their length beneath the water
table. Thus the potential distribution indicated by water levels may have little
relationship to that along the bottom boundary of the aquifer. A numerical method
of estimating such boundary values by an iteration process was obtained. The
method is based on solving numerically the partial differential equations valid
for the bottom boundary. By using a method of images it was found possible to
estimate boundary values by means of a difference equation and the iteration pro-
cess used to cobtain potential values of interior points. The accuracy with which
this method can be applied in the field will probably be established by how pre-
cisely the position of the lower boundary is known. When tested by a hypothetical
case the technique appearsd to give consistent results.

A chemiluminescent reaction was tested for application in a laboratory model for
studying waste density effects. The reaction produces a blue-white light when
aminophthalhydrazide dye contacts an oxidizing agent in the presence of a catalyst.
By introducing the reagents in the two streams entering the model their juncture

is clearly defined. The light emitted may be bright emough to record photographic-
ally. Initial tests of a radioactive tracer-technique for studying the flow pattern
in this model were also performed. It was determined that the concentration of
gamms. emitting tracer material required to permit the face of the model to be scanned
by a scintillation instrument through & collimating slit would probably dictate
shielding around the model.
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Soil Chemistry and Geochemistry

From the influence of solution pH on the anion replacement reactions calcite to
luorite, calcite to apatite, gypsum to calcite and gypsum to apatite, it was
deduced that the reaction rate is determined by the difference in solubility
between the initial and final product. The pH has the greatest effect of all
the system variables studied on this solubility difference because these systems
have products containing both OH~ and CO3‘2 radicals. Several experiments with
systems containing calcite, PO,~3, S0,-2; F~, and CO3"2 tended to confirm the
belief that the final product is solubility-controlled. When several final products
are possible only the least soluble is stable under the conditions of the experi-
ment. These experiments prcduced only one stable product but another product
might be formed if experimental conditions (such as pH) were altered. The con-
comitant removal of Sr+2 from solution by these reactions is chiefly determined
by the ease with which it fits into the crystal lattice of the product formed.

Laboratory research to characterize the soil chemistry of rare earth elements
is complicated by the fact that some of them are known to exhibit more than
one oxidation state. Cesrium is an example of these, for which oxidation states
of +3 and +4 are known. Data obtained with Ce(III) may be complicated by its
oxidation to Ce(IV) under scme experimental conditions. This behavior would
make cerium & poor representative of rare earth fission products in wastes.
Scme of these experiments were therefore repeated using Pm-147, as promethium
exists only in the +3 oxidation state. Both Pm and Ce are essentially com-
pletely removed from solution (greater than 99 percent) by soils from systems
near the neutral point or slightly acidic. Under slightly basic conditions
both are associated completely with the solid phase which may be peptized to
colloidal form in low salt systems. The apparently identical behavior of
cerium and prcmethium in these experiments tends to indicate that the cerium
remains in the +3 oxidation state. In this event the cerium data may be
applied tc other rare earth species with validity.

Ground Waste Investigations

Tests were made of a commercial soil moisture (neutron) probe and a commercial
soil density (gamme) prcbe in preparation for another survey of the Gable
Mountain experimental crib site. Comparison of the results from these two
probes might disclose tc what extent moisture content differences were caused
by the nonhomogeneity of the soil. It was feared that density differences
resulting from differences in moisture content would prevent identification of
porosityor grain-size variations within the soil. The test results indicated
that the density probe can easily differentiate between porosity and moisture
content variables.

The breakthrough data from five unsaturated flow experiments were plotted on
logarithmic probability paper. Three of these sets of data resulted in

straight lines while the other two were too scattered to permit this construction
with assurance. The breakthrough relationship implied by these results is
similar to that for saturated soil adsorption.

Field Apparatus Development

Results of gross beta measurements of well water samples taken near the bottom
of nineteen wells showed no significant concentration differences between top
and bettom. The newly developed sampler was used to obtain these samples.
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A sensitive thermistor flow detector was ordered for use in instrumentation for
measuring vertical flow patterns in wells. Experiments were performed to measure
head loss through a flow constrictor to be used to amplify the vertical velocity
in a well. Head loss at flows anticipated is negligible and with the thermistor
element inserted at the comstriction, flow rates of the order of 1 to 5 ml/min
in an eight-inch well should be measurable.

C-20 HW-64898

The flow model scanning scintillation probe and shield were tested with satisfac-
tory operation. High backgrounds in the laboratory will require additional
shielding. Other assistance included design of an isotope storage cabinet,
automatic controls for a water still, and & soil model permitting moisture
measurements with screened plugs tested earlier.

Micromeritics

Retention of particles in sampling lires was further demonstrated. In a 1" pipe
72" long, 86 percent of the entering particles were retained on the pipe walls
when 8 and 13 cu.ft./min of air flowed through the pipe. Based on equations
developed from laboratory tests, some 92 percent loss would have been predicted
for the ZnS particles with Mean Mass Diameter of by. Re-entrainment was neg-
ligible when clean air was passed through the duct.

Compton Cancelling Spectrometer

A second Comrton cancelling spectrometer was assembled and tested. This spectro-
meter consists of a 3" x 3" NaI(Tl) detector placed inside a 9-3/8" diameter
NaI(Tl) well crystal as the anticcincidence shield. Although the efficiency
and sensitivity of this arrangement are not as high as those of the spectrometer
using the 5" x 5" NaI{Tl) detector and large plastic shield, this spectrometer
is very practical since the large crystal can also be used slone for large
sample counting., One immediate application of this spectrometer is in the
counting of As in reactor effluent water samples. In standard gamma spectro-
metry of these samples Cu interferes with the AsT6 measurement. With this
spectrometer the interference from Cu is reduced a factor of 15 and AsT6 is
readily measured.

Reactor Addition Studies

Two parts per million of EDTA were continuously added to the cooling water of a
reactor process tube for three weeks to test the effect of a complexing agent
on the process of formation of radioisotopes in the effluent water. Only minor
fluctuations were cobserved in the concentrations of most radioisotopes except
for Cub* which rose rapidly to a value 15 times normal and then decreased
rapidly to a value only abcut 25 percent lower than normal. No practical bene-
ficial reduction of radioactivity was observed as a result of the addition of

this agent.

Manager ‘ '

Chemical Research & Development
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BIOLOGY OPERATION

A. ORGANIZATION AND PERSONNEL
No significart changes cccurred in organization.
B. TECHNICAL ACTIVITIES

FISSIONABLE MATERTALS - 2000 PROGRAM

BIOLOGICAL MONITORING

Radioiodine Contamination

Concentrations of I'L in the thyroid glands of jack rabbits were about

three times those observed one year ago. Values follow:

pc/g Wet Thyroid Trend

Location Average Maximum Factor
Wahluke Slope L x 107k 5 x 1074 +2
L Mi SW Redox 3 x 1074 6 x 1074 -
Prosser Barricade 3 x 10° 3 x 10~k -

Columbia River Contamination

Concentrations of gross beta emitters in Columbia River organisms
collected at Hanford were about two times those observed one year ago.
Values follow:

nc/g Wet Weight Trend
Location Organism Average Max 1Imum Factor
Hanford Minnows (entire) 2 x 1073 2 x 1070 *2
Hanford Juvenile Cainook 3 x 1073 5 x 1072 +10

Salmon {(entire)

Fallout Contaminationr

Fission products occurred in rabbits from the Hant'ord Reservation in
the following amounts:

Total Beta
pe/g Wet Material Trerd
Sample e Average Factor
Bone 2 x 10"S -5
Feces 1x 10'5 -2
Muscle 6 x 10°6 -5
Liver 6 x 107° -2

UNCLASSIFIED
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Effect of Reactor Effluent on Agquatic Organisms

Routine monitoring of effluent from the 100-KE reactor was carried out with

a new test initiated on April 6. This test involves the exposure of migrant
size chinook salmon fingerlings to concentrations of effluent typical for

the Columbia River at this time of the year, at a slightly higher concentration
predicted as a consequence of future increased reactor capacity, and at a
concentration twice that predicted for the future. This test simulates the
conditions which would be encountered in the Columbia Eiver by young salmon
originating upstream trom the Hanford Operations during their migretion to the
ocean, MNo adverse effect was observed in any of the conditions at the end

of the month.

The susceptibility of various strains of Chinook fingerling salmon to the
columnaris disease was studied by mortality tests run in 68° F water. The
strains tested were Hatchery stock (146 FR 3ldg.), White Salmon Hatchery,

an¢ the local Columbia River strain. DMortality was observed in all strains,
however, the local Columbia River strain appeared to be the most susceptible.

Preliminary studies were made to check for antibody protection and
rhagocytes in fish blood. kesults were negative.

BIOLOGY ArD MEDICINE - 6000 PRCGRAM

METABOLISM, TOXICITY, AND TRANSFER OF RAUICACTIVE MATZRIALS

Phosphorus

The results obtained from exposing cichlids to P32 in water have noi been
tully satisfactory. The average concentration of P32 in the tish was
higher than intended trom the experimental design but in spite of this; no
gross evidence of radiation damage was apparent. The number of egg lots
obtained under the acuarium arrangement used has been disappointingly small.
Consequently, 1t is planned to discontinue tnis test early next month

and to revise the experimenta% design in hopes that more meaningful results
on the effect of cdeposited P> on the viability of sex products can be
obtained.,

Strontium

The first phase of a study on strontium transport across the gills of trout
was completed. The strontium moved from within the gill to the outside
much more readily than in the reverse direction (influx rate 5.2 x 10-8 cm
sec~l vs. outflux rate of 1.6 x 10=° cm sec™l). The ability of tne gill

to excrete strontium against a concentration gradient was confirmed by a
test which started with equal concentrations of strontium on both sides of
the gill merbrane,

After eight weeks' exposure no evidence of radiation damage is evident in
trout force fed Sr90-Y90 five days a week. (The slight indication of the
depression in growth rate reported last month for the fish receiving the
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highest level turned out to be an artifact.) The average size of the fish
in all groups is now approximately 200 g and conseguently, individuals in
the high level group are receiving about 100 pc Sr 0.¥90 each day.

The blood picture of the adult miniature swine fed 1, 5 and 25 pc/day of

5r?0 for over one year and of thelr three-month-old offspring continues to

be indistinguishable from that of the controli animals. Histological
examination of the newborn and six-week-old 25 pc level F, generation swine
revealed no evidence of damage. (The neutrophilic infiltration previously
reported in the fetal livers of the 25}1c group was apparently no significant
or representative of permanent damage. Fetuses to be removed from a dam
recelving 50 pc/day of Sr O may provide clearer evidence on this point.)

Recent XZ-ray plates of representative swine on chronic sr0 feeding showed
no skeletal abnormalities except a general reduction in size of the six-month-
old 25 pc Fy animals.

Tt is estimated that the Fy generation swine on the 25 mc/day level in which
there is some su;gestion of damage, as indicated by weight and general
appearance, received an average total skeletal dose of 80-100 rads during

fetal life and the suckling period. The radiation dosage to tissues other than
that adjacent to bone may be considered negligible (since the concentration

in soft tissue was less than 0.005 of that in bone). Equipment is being
prepared for the direct estimation of radiation dosages to skeletons of the
swine on the toxicity cxperiment.

Preliminary results were obtained from the experiment studying the
erfect of simultaneous variation of phosphorus and calcium levels in the
die% of rats on the distribution and retention of orally administered

cal> ang Sr90, Data thus far obtained indicate a camsiderably more complex
picture taan has been described by others. Any conclusions must await the
completion of additional analyses.

The uptake of Sr85 and Cahs by bean plants was followed during a 24-hour
period from high salt and low salt solutions. High salt solutions consisted
of standard mutrient solution in which one-fourth of the Ca was replaced

by carrier Sr (Ca was a 1.5 mM and Sr was a 0.5 mM ), The low salt solution
was a 10-fold dilution, '

The new growth arising from the nodes accumlated Ca and Sr to a greater
extent than the fully developed tri-foliar leaves. In many cases this
accurulation was greater than in the young terminal growth and consistently
altered the usual distribution pattern.

General uptake of both Ca and Sr was not appreciably different. During
the period of continuous illumination, two rates of uptake were

evident; a rapid initial rate of uptake during the first 8 to 10 hours,
followed by a slower rate. These rate differences were especially evident
in the stems of low-salt treatment.

UNCLASSIFIED
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Todine

The first phase of a series of studies to determine if biological availability
of the T131 of in vitro radioiodine-labelled milk is similar to that of
racioiodine labelled in vivo (by the ewe) was completed in six lambs. The
percentage uptake and time of peak concentration was approximately the_ same

in each group. The next phase involves the reversal of the type of T
labelled milk for each group.

Cesium=-Rubidium

When bean plants were grovn in nutrient cultures having equal but low
concentrations of stable potassium, rubidium, and cesium, the accumulation
of these elements in tissues of the plants were in ratlos of 100, 10, and
1, respectively. Increasing nmutrient potassium as much as SOO-fold did
not significantly affect the percentages of adsorbed Cs137 and RbBS on the
roots.

Plutonium

Complete data are now available on three pigs which were injected with Pu
followed by treatment with a single 9 g dose of UTPA. The treated pigs
rctained less than 0.5 per cent of the administered dose in liver and less
than 6 per cent of the administered dose in bone. This compares with the
retention of 1l per cent in liver and 56 per cent in bone of untreated
control pigs. The treated animals excreted 88 per cent of the administered
dose during a six-day period following treatment, as compared with an
excretion of less than 3 per cent by the control animals during the same
period.

Studies on the lethal effects of combined Pu deposition plus X-irradiation
were continued with groups of rats being administered 32 pc Pu/Kg followed at
intervals of 30 minutes, 1L days, or 28 days, by a 40O r‘&—irradiation.
Preliminary indications of survival following the X-ray dose suggests that
there is little effect attributable to the delay pericd. This is in

contrast to earlier results obtained at lower Pu and X-ray levels,

Comparative Toxicity of Sr9o, Fa226 ang Pu?3?

Varying degrees of bone pathology were revealed in the X-ray plates of the
various aged swine in this study. Generally, there was a slight increase

in cortical bone in all groups. Small areas of apparent resorption were
evident in the animals administered plutonium while a washed-out medullary
cavity was noted in the radium and strontium animals. (411 of the animals
received single I.V. dosages of the respective radionuclides in amounts

that would cause comparable damage within a relatively short period of time,
If the radionuclides were uniformly cistributed, the average dose to the bone
would be about 20 to 30 rads/day. )
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Tissue Transplantation for Radiation Therapy

Six miniature swine exposed to 950 to 1000 r total-body X-irradiation, four
of which received 110-day fetal hematopoietic cells at 72 nours after
exposure, died within two weeks.

One animal that survived for two years after 550 r total-body X-irradiation
followed by a transfusion of adult marrow was sacrificed. Histologic
evidence of damage was restricted to a diffuse fibrosis of the spleen and
lymph nodes. Testicular tissue and bone marrow appeared normal.

Radiocactive Particles

Preliminary studies with non-radioactive aerosols indicate that the amount
deposited in the lungs is proportional to the positive pressure diring

the filling of the lungs. Techniques for heart-lung preparations were
also tested for use in studies of lung clearance.

To date about 30 dogs have dled following a single inhalation exposure to
Pu23902, Over a wide dose range, roughly estimated at 25 to 300 uc
initially deposited, death occurred no earlier than two months after
exposure and within four months. Clinical symptoms leaaing to death are
well defined and include lymphocytopenia, anorexia, emaciation, dehydration,
and slteration of normal breathing. Further evidence of the rapid
accuulation of Pu?3Y in tracheobronchial lymph nodes was obtained.

Gastrointestinal Radiatlon Injury

A number of procedures have been studied in an attempt to influence the
increased PVP excretion following irradiation of the intestine. Shielding
segments of the intestine had no effect on the radiation induced increase.
Administration of drugs known to decrease capillary tragility and permeability
had no effect. Ligation of the bile duct decreased PVP loss following a

1000 r X-ray by a factor of two or more. Further studies of this effect

are in progress.

Urinary excretion of orally administered xylose was shown to be markedly
decreased by intestinal X-irradiation.

Population Dynamics

The annual survey of nesting Canada geese on river islands within the Hanford
reservation was initiated. A record number of nests is indigate

Je. J. Davis:es
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C. Lectures
a. Papers Presented at Meetings

L. K. Bustad, "Hanford Biology%, Meeting of Benton-Franklin Medical
Auxiliary, April 26, 1$60, Richland, Washington.

b. 0ff-5ite Seminars
D. E. wamer, "Hanford Biology," Kiwanis Club, April 13, Manson, Washington.

H. A. Kornberg, "Strontium-Calcium Relationships", Oak Ridge, Tennessee,
April 22 (UT-AEC Agricultural Research Laboratory).

D. E. Wamer, "Hanford Biology," Greater Spokane Science Teachers Assoc.,
April 27, Spokane, Washington.

-

W. C. Hanson, "Narrated color slides of Alaska," Senior High Class,
Kennewick, Wash. - April 1L, 1960.

H. E. Efdman, "Radiation Biology at Hanford with Special Emphasis
on Radioecology,™ Seniors and advanced biology group at
Pasco High School, April 18, 1960.
c. Seminars (Biology)
A. C. Case, "Aspects of Scintillation Counting," April 6, 1960.
Capt. R. L. Persing, uSkin Irradiation", April 6, 1960.
Ur. 5. G. Kenzy, "Viruses in Avian Neoplasia, ¥WSU, Pullman, April 12, 1960,

N, L. Dockum, "Preparation of Decalcified and Undecalcified
Fig Bones," April 27, 1960.

L. K. Bustad, "Radiation and Aging", April 27, 1960.
d. Seminars (local)

W. C. Hanson, "?roject Chariot", IPD's Project Engineering Group,
(Information and Safety Meeting), April 21, 1960.

R. F. Foster, "Significance of Radiological Effluents to Aquatic
Yrganisms," personnel in Redox, April 8,1960.

D. Publications

2. HW Publications

Ballou, J. E., "Metabolism of W85 in the Rat," Document HW-6L112
(UNCLASSIFIED) March 10, 1960.

©. Open Literature
12802171 lione UNCLASSIFIED




m"y ",ﬁ . | E-1 | mW-64898

OPERATIONS RESEARCH AND SYNTHESIS CPERATION
MONTHLY REPORT - APRIL, 1960

ORGANIZATION AND PERSOMNEL

R. L. Richardson transferred to Operations Research & Synthesis from IPD effective
April 18, 1960. D. C. Gray, & Western Region Technical Trainee, started a six-
month assignment with the group effective April 19. C. L. Childress resigned to
accept employment elsewhere effective April 8, 1960.

OPERATIONS ANALYSIS STUDIES

Quality Certification Program

A report was issued on an analysis of dimensional distortion date from the first
24 tubes discharged under the Quality Certification Program. In examining fuel
element positiorn effects on distortion for tubes having widely different flux
patterns, significant differences were noted. This was taken to indicate that
when the use of IBM machines makes possible an analysis on an individual fuel
element basis, it will be possible to express distortion as a function of
reactor variasbles associated with each fuel element. The practical consequences
of this were discussed. A procedure was also set up to utilize control charts
in routinely presenting post-irradiation data from this program.

Fuel Element Failures

Further worlk was done in connection with the use of control charts to monitor
rupture performance. Two presentations were made to the area englneers in order

to acquaint them with the method. Expressions were derived giving the é@istribu-
tion of the time ‘o accumulate R ruptures adjusted for reactor varisbles in the

case when the true average time between ruptures is not constant over time, hut

is a function A(t) of time. I% was shown that if the furnciion is linear, the

use cf the average }\gives equivaient results. Preliminary work was also done

in evaluating wvarious decision rules to use in counnectiorn with the control

charts. A decument is being prepered jointly with Process Technology personnel

in which this method of interpreting rupture data will be discussed and recommended.

Optirmization of Reactor Operations

The work done in conneciion with controi charts for fuel element ruptures has
application in this arsa in that recommendations for changing reacior operating
conditions are made cn the basis cf rupture experience.

Assistarce was provided in presenting to personnel from GEL various aspects of
the optimization model. This 1s in connection with an engineering audit of this
model requested of GZL personnel by Research and Engineering Cperation.

Prccecess Tube Lsak Detection and Replecement

data were made availatle 1o permit an investigation of the process tube leak
prcbiem >n a broader scale. Attention has thus far been directed toward trying

1240218
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1o predict which tubes are potentilsl leskers. This was not too successful.
Attention will be directed in the future towards deriving, if possible, a model
which will indicate the consequences on future leak rates of continulng to
operate with leakers.

Z-Plant Informstion Studies

No major effort was expended Guring April. Bid acceptance closure date for the
computer to be used during the experimental period is May 10, after which date
ectivity in this area wilil be resumed.

Rellsbility Studies

At the request of a member of the Facilities Engineering Operation; work was
begun on a statistical evaluation of a proposed KPR @ tube type fuel rupture
monitor.

A seminar-type discussion was held with personnel of CPD and IPD. The purpose
of the discussion was to acguaint these personnel with the variety of kinds of
reliebility studies being conducted by Operations Research & Synthesis, and with
the powerful techniques being developed to conduct these studies.

The single branch reliability metrix technigue which has been developed in the
course of the reliability studles has been found to be directiy epplicable to
the simplification of, or the removsel of redundancies from, switching circuits.

Inventory Studies

On the tasgis of agreement in a meeting on inventory sampling with representatives
of all departments on April 8, & leiter was forwarded by Inventory Accounting to

obtain Atomic Energy Commission approval fcr a sample inventory. If such appro-

val is forthcoming, the spare parts inventory will te tazen May 27, 1960.

Redox Dissolver Study

The literature study to obiain sufficiert backgrcund *to understand the chemical
kinetic theory of the dissclution process was ccontinued this month. Formulation
of one semi-empirical model is rearing completion. This medel utilizes only
information which is currently aveilable concerning the redox dissolution
process, and uposn corpletion the model will be checked against coperating data.

A second model, which more correctly reflects the disscluticn mechanism, is also
being considered; however, it will not e pogsilble to test the reliability of
this medel et the present time because some critical variables are not monitored.
It is hoped thet the existence of such a model will stimulste measuremernt of tke
criticel varisbles on the part of operating perscnnel.

STATISTICAL AND MATHEMATICAL ACTIVITIES FOR OTEER HAPO COMPONENTS

Fuels Preparation Department

A rough drafi report was issued presenting the results of the experiment designed
tc evaluate the effects on porosity and car wall thickness of canning bath
temperature, vibraticn frequency, and time of vibration. A thorough discussion

240219
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cf the experimental design employed in this experiment was contained in this
repers.

An experiment was designed to evaluate different combinations of core-can annuli,
vwhere the %woe annuli consldered ere the internal and external annuli. Trree
levels of each arnulus are involved, and the design employed was a 32 factorial

ith the corner points replicated cnce, and the center pcint replicated twice to
regult in a total of 15 points.

Some sixty fuel elements were canned five times, being measured for warp after
each canning, siripped, and recanned. The purpose of this was to evaluate the
effects of canning on warp. A linear effect was found once the data were apprc-

priately transformed tc give homogeneous variance.

Two sets of stud pulling data are being evaluated to Getermine if this technique
can effectively bte used az a3 part c¢f the Quelity Certification Program to measure
bond strength.

Data were anslyzed from an experiment designed to evaluate Diversey 600 in the
cleaning of aluminum components. Huge unexplained differences beitween tanks used
in the experiment plus the inabiiity to conduct the experimen* es designed due
to a shortage of materials did nct permit a clear-cut evaluaticn of Diversey 60C.

An experiment hald previously been designed to evaluate the effects on changes in
Clmensicng after heat 4treating co-extruded tubes of varying quench rates, delay
times, and surfaces guenched. This had been designed as four replicates =f a Latir
Sguare, where each replicate represented a delay time. Unfortunately, several
cheervat 1oﬁs were missing woich did not permit & clear-cut estimation of all the
effezts., Towever, since most missing observations were frcm cne level of cne of
*the factors, t was possitle to remove this level from consideration and estimate
the effects of primery interest.

Irradisticr Processing Department

An analysis iz being made of data from two produciion tests, ore concerned witk
the self supported fusl elemen*s in the run %o rupiure test {(IP-247-A), ard the
other with the continuved compariscn tetween chicride and carbonate salt neat
treated fuel elements {IP-6i A).

A final report was issued on the problem concerned with asssssing the accuracy
the reactor power ievel calculations.

A study was initiatei +5 determine the number of ccoclant pressure gauges which

mey be ty-passel and tripped simulteneously witkcut invalidating any mormal

scram signal. Mathematically, the answer to the problem car be okbtained by con-

sidering the solutlons %o a set of simul*aneous Diocphantine equations with com-

pPlex zocefficients. A program has been writien for +the IRM-7C9 computer wo ottain

these solutions under varicus assumptions male cn the electronic devices

£

employed In the safety zircuit,

Chemwital Frocessing Depariment

ity of the gauge used for nmeasurement of internal rafiius and wall
soell was svaluated.

R
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Several multiple regressiocn analyses were made which relate the amount of steam
produced, and the amount consured in a facility to other variables such as
BTU-days and degree-days.

A program of study was begun to investigate the mathematical requirements and
techniques needed for the accurate control of templste, cam, and numerically
controlled metal cutting machines. ical subjects under study are:

a. Methods of contour description,
b. Contour curve fitting techniques,
c. Contour dats transmission, and
d. Error detection routines.

Alternate IBM 709 programs have been wriften to convert comtour descriptions into
Gorton lathe cam specifications to cover the twc major methods of cam manufacture.

Mathematical aid in developing a set of formulas for the fluxes resulting from
several specific but irregularly shaped geometric sources has been requested.
Such formules are important in dosimetry and shielding studies.

Contract and Accounting Operation

Review of 709 main frame production data did not indicate any one significant con-
tributor to the loss time and scheduling problem. The breakdown of losses by
functions involveu indicated that machine fallures and tape fallures cause an
estimated 16% of the loss time. The remaining losses which can be relaied to the
various functions performed by the sub-organizations within Electronic Data
Processing Operation contributed less than 3% for eachk functional class. The
highest loss, that attributeble to the control functicn, was estimeted at 2.4%
and indicates a weakness ir the input-output function. Data are being recorded
tc furtker measure this area.

STATISTICAL AND MATHEMATICAL ACTIVITIES WITHIN ELO

200C Program

Aluminum Alloys Corrcsion Rate

The initial phase cf the statistical analysis of Al-Ni-Fe elloy corrosion data
frem a study currently being conducted by the Ccrrosion ard Coeting Operation
was completed. The effects of heat treating time, heat itreating temperature,
and method of cooling on the corrosion rate of various alumirum alley samples
as a function of time In a steam autoclave environment were determined. The
results of the analysis are being used to a8id Corrosion and Ccating Operation
personnel in designing similar experiments using zircorium allcys.

Pulse Column Test Facility Study

tetistical consultation on a continuing basis haz been requested for the
pulse column test faclility program. QOrientation discussions have been held
to become familiar with the experimental apparatus in gereral, with specilal
emphasis on the numerocus data collection devices. The problem of estimating
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the precision arnd accuracy of a device for electrically sizing the organic
phase without interrupting the column operation was posed and is being
considered.

Separations Development

Datae from an experiment to test the reduction of sensitivity of a bteam balance
when the halance pan is separated from the beam by a liquid seal were analyzed
for Cherical Development Operation. The results of the analysis were compared
with those of an earlier experiment using & rubber seal in place of the liquid
one.

4000 Program

Plutonium Recycle

Purther discussions were held with personnel of Programming Operation %o direct
the use of statistical methods for determining-s maximum of a function defined
cver a multi-dimensional space. The program will be used with HLO's Meleager
Physics ccde 1o optimize plutonium reactor fuel as a function of lnitial
plutonium isctopic composition.

An unclessified docurent was issued to HLO personnel which discusses the
statisti:al analysis of the Phase I pressure test of the PRTR containment
vessel and considers the design of the Phase III test. Recommendations were

made orn “he positioning within the vessel of tempera"ure and pressure monitor-
ing édevizss, and a method was suggested for analyzing the data collected from
these dsvines 1n order to estimate the vsssel leak rate.

Final work is being done on the generalized theoretical model representing the
extruzicn intrcocduced in the sample preparstion of replicates for electron
microszopy. This work was discussed with J. E. Hilliard and J. W. Cahn cf

CERL during a recent visit to the Research Labcratory. It was ascertazned

that the convinaing theoretical gquantitative metallcgraphy effor® teing carried
on jeintly witk Fhyelcal Metallurgy Operation is in nc way superseded by
Hilliard’s and Caknn's trecretical work but is an extension of their work.

600C Program

iciogy ané Medicine

S

2 oun statistical analysis of data from an experiment involving a

e of radistion applied to pre-irradiated, and non-pre-irradiated,
Ity curves for experimental and conirol groups were plotited,; and
az compated for the experimental and contrcl groups.

Werk continue
ckallenge dos
nice. Mortal
the LD5C{1S5) w

General

A mathematical formula wag derived for the volume‘common to two cylinders of
¢if{ferent radil whick intersect at a right angle. f«mnu@a will be used in

e o7

the calikration of hot cell gamme analyzers
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A least squares curve fitting formule was develcped which fits a saw tooth signai
of arbitrary amplitude and frequency to empiricsl date assuming only that eech
individual data point can be identified with & particuler toocth.

An investigation 1is under way to devise mathematical methods of calculating more
reliaebly than has been previously possible the totel integrated concentration
resulting at any particular geogrephicel location due to known contaminant releases
at any other specified point under various assumptions on meteorclogical conditioms.
This program was suggested by the Consulting Radlological Scientist, Programming
Operation.

A system for codifyling technical personnel was developed as requested.

The HLO Computer Study Group met twice during April to scope and formulate object-
ives. Each participant reviewed technical computing requirements of assigned HAPO
organizational components. The Operations Réesearch & Synthesis representative
reviewed these requirements for FPD.

Assistence in the mathematical design of a surface of revolution for a helical
strip welding follower guide was requested. Every solution found was seen to
involve the extraction of roots of some quartic equation. It was finally advised
that a trial-and-error method of design in the machine shop would yield a faster
and more economical solution to the design program than would a mathematical

approech.
Carl A. Bennett; Manager
OPERATIONS RESEARCH & SYNTHESIS

CAB:kss
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PROGRAMMING CPERATZON
AFPRIL 1960

A. FISSIONABLE MATERIALS - 2000 PROGRAM

1. ADVANCED SEFARATIONS STUDIES

A study of pyrockemical separations processes frcm the viewpolnt of waste
disposal problems was begun. This involves the establishment of bases and
flowsheets. Although pyrochemical (in which we also include pyrometallur-
gical) processes have beer studied at many sites for many years, details of
complete processes apparently do not exist. In addition, many of the proc-
esses were considered for application with very special types of reactors.
Some of these reactor programs have been practically abardoned. It appears,
therefore, that there may be only a very few processes weich will justify
study. In additlon, such processes may have applications for only certain
reactors or spezial fuzl cycles and may therefcre not be readily compared.

B. REACTOR DEVELOPMENT - 4000 PRUGRAM

1. PLUTONIUM RECYCLE PROGRAM

Cycle Anslysis

Computer Code Development. Advanced fuel cycle studies have indicated
the need to include examination of large fuel lumps cocled by multiple
internal passages. Accordingly, an IBM-650 code prepared for earlier
work on the basis of an analytical solution is being revised and re-
programmed for the IBM-709. This work is nearing completion.

Except for a few refinements of data print out and opersting options,
the debugging of the Puck Code is complete. While the complstion of
this work will make Puck a fully operable code, updating of the physics
section to incorporate latest cross section irnformation will be done
before 1t receives widespread use.

The new LOLA code has been flow-charted ard programming is now under
way. LOLA utilizes both first-order {Yates) and higher-order (Box-
Wilson) metkods to find desired maxims and minims for fuel cycle char-
acteristics, starting either witkL experimental or calculated data.

Parts 1 and 2 of the RBU input code have been ccompiled; amd the third
and final part is ncw about 50 per cent complete. Assistance was pro-
vided to perscanel of Atomics International in carrying out a study of
the Hallam reactor lattice with the RBU Monte Carlc. Relatively little
progress was made ir debugging due to low availability of maechine time.

Modified versicms of the Meleager code were develonped ¢ meke possible
automstic cphtimization of fuel cycle characterisilos. The new 2ndes
vape: ..

' s \
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(a) Meleager A2, which will adjust the concentration of a given
isotope to provide an assigned initial reasctivity.

(b) Meleager B2, which places on tape incremental changes in con-

: centration of four plutonium isotcpes, which are then avail-
able as input to Meleager A, which determines exposure results.

(¢) Meleager C, which performs a Yates analysls on the results of
Meleager B2. The Yates analysis provides a first-order set of
derivations of attainable exposure with respect to the concen-
tration of four plutonium isotopes.

(d) The GPFR code for steady recycle has been modified to conform to
the physics methods used in the Meleager codes.

Fuel Cycle Studies. Evaluation of results of general plutonium recycle
studies reported last month was started. It appears that, as expected,
the attainable exposure increases with moderator/fuel ratio in most of

the cases, particularly those with highly burned plutonium in reactors

with high neutron leakage (koo = 1.30).

A study is under way to determine the extent to which the utility of
plutonium fuels in thermal reactors can be increased by employing
meltiple reactor systems and other fuel resources such as thorium
and U-233. The more promising combinations selected for initial
study are U-233 enriched U-238 machines combined with plutonium
enriched Th-232 machines, the latter device being considered as a
thermal converter on one hand and a fast corverter on the other.
Initial studies, using crude models, indicate considerable promise
for these systems. These results are now being checked with more
rigorous mass balances based on Meleager and other codes. The data
indicate that as far as plutonium utility is concerned, such reactor
combines may yield maximum productivity. The data have been organ-
ized so as to allow investment of excess neutrons in either breeding
or in leakage and parasitic loss. So far it appears that enough
excess neutrons will be made available by such combined operations
to permit substantial use of stainless steel in the thermal reactors
involved and yet achieve currently acceptable fuel element lifetimes.

PRTR Startup

PRTR startup planning included scheduling of power level steps and
coolant temperature from the period followimg critical tests to full
power operation. Also, review of critical test procedures and

process specifications continued as part of Startup Council activities.

The descripticn of the Critical Tests for FPRTR startup was ccompleted
by members of the Critical Tests committee reporting to the PRTR Start-
up Council. The report will be issued shortly as HW-61900, Part B.

PRTR Plans and Schedules

A modified schedule for PRTR fuel requirements was prepared. This
new schedule takes into account latest data on construction comple-
tion, uranium fuel test scheduling, re-evaluation of inventory needs,

1240285
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and delivery of high exposure plutonium. A late and significant devel-
opment has been the information that a desirable amount of high exposurs
plutonium may be available from Canada. This material appears to be
highly advantagesus for phyeics testing of high exposure material in
PCTR.

Consolidated schedules for the Plubtorium Recycle Program were prepared.
These include (1) a general description of proposed activities for each
of the thirteen plutonium recycle sub-programs and the three related
programs, (2; a listing of TO target items, (3) distribution of PRP
funds ard manpower for the next five years, (%) major capital expend-
itures, {5) msjor equipment needs, and (6) a schedule showing PRTR load-
ings and flow of fissionable materials used in the FRP,

Other Activities

Status and reczent progress in the Plutonium Recycle Program were reviewed
with: D. E. Stewert, Assistant Directer for Civilian Reactors, Division of
Regctor Development, AEC, Washington, on April 12, and with C. W. McLaughlin,
AEC Division of Reactor Development and H. B. Rakner, AEC-Savannah River
Operations Office, on April 26 anmd 27.

2. SPECIFIC FUEL CYCLE ANALYSIS

Programming of computations is continuing. Considerable exploratory inves-
tigations nave been carried on to define a ready means of schieving conver-
gence of the piutcnium value terms. The nature of this study, wkerein the
value of varicus unrslated compositions of plutonium are tc be determined,
intrcduces alternstives which simply cannot all he investigated. Several
methods of achisvirg convergence have been defined; thz best method is yet
to be debermined.

Six repetitive fuel sxposure cycles at three enrickments (2.5%, 3.0%, and
L.0% fissile} were completed. Plutonium from eack dfscharge was combined
with depleted uranium t5 form the fuel charge for the rext cycle. The
reactivity lifetime showed the expected large increase for the first
piutonivm-fueled cycle, folleowed by a gradual decrease attributable to
Pu-242 tuildup. Irn addition, 24 cases for Yetes analysis of the value

of the individusal plaitonium iscotopes have been compl=ted.

Arrangements were male fcr esrly consultation witk APED physicists on the
latest techniques for arplying plutoniam fuel cycle analysis t¢ beiling
water reactors.

C. RIOLOGY AND MEDICINE - €000 PROGRAM

l. RADIOLOZICAL CONSULTATION

Msterial was prepsred for hearings to be held on Radiation Protection
Standards by the Sutcomittee on Radiation of the Join®t Committee on
Atonic Frergy of the U. S. TCongress.
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Consultation was rendered on emergency dose, the Rattlesnske Springs ecology
program, a Radiation Protection Standard on emergencies, and Zn > concentra-
tions in the Columbia River.

A meeting of the Washington State University Sanitary Engineering Advisory
Committee was attended at Pullman. During this meeting, arrangements were
made for visits to Hanford by members of the staff of the Sanitary Engineer-
ing Department.

D. OTHER ACTIVITIES

A. J. Nerad of the General Electric Research Laboratory discussed "Super-
Pressure Research and Man-Made Diamonds" at a Hanford Science Colloquium
on April 13.

A group of senior Hanford Laboratories personnel visited the General
Electric Research Laboratory for a general review of research and devel-
opment programs plus detalled discussions on technical topics of special
interest.

Assistance was rendered in arranging 18 tours (involving 385 people) through
HLO and HAPO facilities.

Manager
PROGRAMMING

LH McEwen:dl
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RADIATION PROTECTION OPERATION
MONTHLY REPORT -~ APRIL 1960

A. ORGANIZATICN AND PERSONNEL

G. E. Backman transferred to the Radiological Evaluation Working Group from
CPD onm April 15, 1960. R. F. Ballard was deactivated for personal illness
effective April 11, 1960. One employee was transferred within the Operation
to provide broadened experience. The force of the Radiation Protection
Operation remained at a total of 133. ,

B. ACTIVITIES

There were five cases of plutonium deposition confirmed during April. The
total number of deposition cases that have occurred at HAPO is 254 of.which
185 are currently employed. Two of the confirmed deposition cases were dis-
covered by the routine sampling program and three following known incidents

of exposure. The mode of exposure for the three incident cases was inhalation
for one and was by contaminated injury for the other two. Four of the depo-
sition cases appeared to be minor involving less than 10 per cent of the max-
imum permissible body burden (mpbb). The other case involved a contaminated
injury to an HLO employee working with plutonium metal in the 231 Building.
The tiny Pu sliver assoclated with the incident contained about 33 pe Pu and
was removed at the area first aid station. Final surface decontamination of
the wound area was accoamplished with Na;EDTA. Subsequent examination of the
wound at the Whole Body Counter revealed about 0.0k pc Pu still remaining in
the wound site. The tissue was excised and the final examination indicated
only ~ 600 d/m Pu remaining at the wound site. The first urine sample collected
about three hours after injury indicated & possible intake of several times
the mpbb. BSubsequent biocassay samples did not appear to confirm this. Super-
ficial use of Na)EDTA may have influenced the excretion rate indicated on the
first bioassay sample. Medical treatment of CeDTPA was administered. Pre-
liminary biocassay data indicated that the body deposition probably is fraom
one-quarter to one mpbb.

Two members of a charging crew at the 105-H reactor handled an irradiated
solid aluminum slug which had washed out of the process tube on the front

face of the 105-H reactor. The maximum whole body dose as measured by the
film badge for the period covering the incident was 220 mrads including 190 mr.
The localired dose to the hands was estimated to be less than 5 rads.

Air contamination up to 2.1 x 1070 pe Ufce and 3.9 x 1079 ue FP/cc resulted
fram a fire involving the rupture of a quartz tube enclosing & uranium slug
at 305-B. No personnel were exposed and facility decontamination was com-
pleted without incident.

Planned deviations from normal loading techniques to accamodate a damaged
sample can at the Radiometallurgy Building resulted in measured dose rates

UNCLASSIFIED
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to 50 r/hr. Inadvertent dropping of several coupon samples also caused
higher than normal dose rates and air contamination. Personnel exposures
in both cases were well controlled; although, particulate contamination was
spread to the change rooum.

On April 12 about 5 to 10 pounds of UO; powder escaped from the loadout room
at 224-U to the loadout pad, the asphalt ramp, and the road along side 224-U.
The fire department hosed down the road and other outside areas successfully.
Inside of 22L4-U it was estimated that up to a ton and one-half of UO, spilled
out of the hose when it broke. The majority of this was salvaged. O per-
sonnel contamination problems of concern were encountered.

An exposure in excess of operational control limits was received by a
laboratory assistant in CPD as a result of a contaminated glove. The maximum
estimated dose to a small skin area of the employee's thumb was 9 rads includ-
ing 0.1 r.

Surveys of five Tri-City residences followed discovery of a pair of highly
contaminated coveralls and a contaminated film badge. No contamination
was detected.

A four-fold increase in the frequency of hand and shoe checks resulted from
recamendations of radiation monitoring to operating supervision following |
a review of hand and shoe check practices in the Plutonium Fabrication Pilot
Plant.

A total of 21 curies of 1131 was released from the separations facilities at
a rate well within control limits. All vegetation samples within and 8utside
of the plant perimeter were less than the detection limit of 1.5 x 107 ue/gm.
Radioisotopes of cerium were present at about the same concentrationsthrough-
out all sampling zones indicating residual material from bomb fallout.

The Columbia River flow rate returned to about normal for this time of the
year after the filling of the Priest Rapids pool. The flow pattern of the
river for this yeer is predicted to be substantially below normal.

Bioassay procedures for personnel associated with Project SQAP have been
expanded to provide specific analyses for palm material.

Examinations made during April in the Whole Body Counter (W3C) included:
115 routine, four pre-employment, seven incident, and two nonemployees.
There have been 406 examinations made in 1960. Improvements made at the
WBC facility include fabrication of a more substantial chair, fabrication
of a removable bed, and installation of a screw drive to permit accurate
scanning of subjects.

Studies of the performance of the 12-inch polyethylene spherical neutron
moderator were completed and the sphere diameter was reduced to 11 inches.
Data obtained using this reduced sphere size showed & decrease in the
slope of & curve relating c/m/mrem/hr and neutron energy. This decrease
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in slope indicates that the reduced neutron dlameter is' approaching a
size giving a less energy sensitive instrument.

The assembly of 20 loniration-type finger ring dosimeters was started for
field testing. With a charging voltage of 35 volts, these rings have a
range of 50 mr to 600 mr and a leakage rate of about seven per cent in

four days. No dose rate dependency up to 30 r/hr has been observed. Energy
dependency of these rings is under further study.

Scope designs for improved personnel dosimeters neared completion. Consider-
ations factored into these designs include such things as reduced site,
capability for duel film loading for monthly and yearly film, additional

and improved absorbers, and accamodation of security badge.

Two plutonium foils and one neptunium foil were irradiated as part of the
calibration program for the Cak Ridge criticality dosimeters. Further exposures
were suspended until it can be determined whether or not the maximum operating
flux of the positive lon asccelerator of 5 x 100 jakes (~ 5 rems/hr) is suffi-
cient to provide adequate calibration of these foils. A neutron moderator

for use with the positive ion accelerator is being designed in conjunction

with Radiological Physics personnel. This moderator will provide & high
thermal neutron flux suitable to a second approach to the calibration of the

Oak Ridge dosimeter foils. The availability of the calibrated thermal neutron
flux will be useful for a variety of studies.

The charcoal iodine alr sampler unit on test at 105-KE continued to operate
satisfactorily. A few sharp peaks in counting rate were observed in purges
or dropping of the vertical safety rods. It is planned to move the equipment
to the 291-4 Building for monitoring of the Purex stack gases. Results
obtained with gamma spectrometers of the charcoal cartridges will be compared
with the routine caustic scrubber samples from Purex.

Formal approval for the use of Na) EDTA for skin decontamination was received
fram the Industrial Medicine Operation. A supply of this chemical and proce-
dures for its use were delivered to Radiation Monitoring groups throughout
the plant.

The distribution of the periodic revision of the Manual of Radiation Protection
Standards was started on April 22.

On April 22, 50 students from the Charles Francis and Coulee Dam High Schoole
visited the exposure records facilities. Bloasssy and Whole Body Counter
facilities were visited by three visiting high school groups totalling about
120 students, faculty members, and school board members from Wenatchee,
Spokane, and Pendleton. A total of 399 special tour film badges were issued
throughout the plant during April.

C. EMPLOYEE RELATIONS

Three suggestions were received for evaluation. One suggestion evaluation
was made during the month. There are four outstanding suggestions at month
end. Four suggestion awards totalling $30.00 were received by Radiation
Proteztion p=rsonnel.
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There were four medical treatment injuries during the month for a frequency
of 1.83. No security violations occurred during April. Revision of all job
harard breakdowns in the Radiation Monitoring Operation was completed.

Radiation protection training included: Four 90-minute lectures to Fire
Protection shift personnel, two one-hour lectures to 90 employees in Technical
Shops and 328 Building, one 2-hour orientation talk to a new member of Plutonium
Metallurgy Operation, and two new-employee orientation meetings. Construction
forces were given two lectures on radiation zone and special work permit pro-
cedures. Three of 13 lectures on the PRTR conducted by the Radlation Monitoring
Operation were attended by exempt employees of the Radiation Protection Opera-
tion. A half-dey lecture and drill was held during a training session of the ~
300 Area Rescue Crew. '

D. SIGNIFICANT REPCRTS

HW-64757 "“Analysis of Radiological Data for the Month of March, 1960" by
R. L. Junkins.

HW-64979 "Monthly Report - April 1960, Radiation Monitoring Operation” by
A, J. Stevens.

"Some Studies of Film Dosimeter Variables" by W. V. Baumgartner has been accepted
for presentation at the Health Physics Society meeting in June, 1960.

"Some Contributions to the Stratigraphy and Indicated Deformation of the Rimgold
Formation" co-authored by R. E. Brown and M., W. McConige was accepted for publi-
cation in the May issue of "Northwest Science".

"Surveillance of & Municipal Water System to Assure Control of Radionuclides -~
A Study of the Hanford Atomic Products Operation” was presented by R. L. Junkins
at the 1960 Nuclear Congress.

1zu02491
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ENVIRONMENTAL MONITORING - RESULTS - (Mid-March 1960 - Mid-April 1960)

Sample Type and Location

Drinking Water

100-F Area
Separations Areas
Pasco

Kennewick
Richland

Columbia River Water

Above 100-B Area
100-F Area

Hanford

Pasco

MeNaxry Dam

Vancouver, Washington

Atmosphere

1131 Separations Areas
1131 Separations Stacks
Active Particles - Project
Active Particles - Environs

Activity
Type

Isotopic
Gross Beta
Isotopic
Isotopic
Gross Beta

Gross Beta
Isotopic
Isotopic
Isotopic
Gross Beta
Isotopic

1131
1131

Monthly
Average

Vegetation (Control limit for vegetation is 1072 pe I131/g)

Separations Areas

Residential

Bastern Washington and
Oregon

Fission Products less
1131 - Wash. and Oreg.

131
I
7131

1131
Gamma,
Bmitters

<L5xw€
< 1.5 x 10-

< 1.5 x 10-6

< 1.0 x 1070

Units

% MPCoy*
pc/ce
% MPCo**
% MPCGI**
ue/ec

uc/ce

% MPCq*

% MPCoT*

% MPCGT¥*
pe/ee

% MPCGT**

pc/cc

Combined curies/day
ptle/100 m3
ptle/100 m3

pe/em
ue/en

ue/em

ue/em

* The % MPCyr is the percent of the maximum permissible limit for occupational
exposure to the gastrointestinal tract calculated from drinking water limits
contained in NBS Handbook 69.

*% The % MPCqr

is the percent of the maximum permissible concentrations for

persons in the neighborhood of controlled areas for continuous exposure to
the gastrointestinal tract calculated from drinking water limits contained

in NBS Handbook 69,

¥¥* This location is now sampled quarterly.

1240292
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EXPOSURE EVALUATTON AND RECCORDS

Exposure Incidents above Permissible Limits

Whole Body Localized

April 1 1
1960 to Datew* 1 3
Gamma Pencils

Pencils Paired Readings Paired Readings Lost

Processed 100-280 mr Over 280 mr Readings
April 16,94 273 L 0
1960 to Date 7Th4,0k0 968 16 7

Beta-Gamma Film Badges
Badges Readings Readings Readings Lost Average Dose
Processed 100-300 mrads 300-500 mrads Over 500 mrads Readings Per Film Packet
' mrad(ow) mr(s

April 14,962 91k 271 6l 35 12.96 19.6¢
1960 to
Date L7,527 3,855 829 101 130 11.35 20.0z

Neutron Film Badges

Film Readings Readings Readings Losw
Processed 50-100 mrem 100-300 mrem Over 300 mrem Reading:s

Slow Neutron

April 704 0 0 0 3
1960 to Date L,a7h 1 0 - 0 16
Fast Neutron
April 85 4 2 0 1
1960 to Date 841 5T 25 0 11
Bioassay April 1960 to Date
Plutonium: Samples Assayed 8 688 2,878
Results above 2.2 x 10 uc/sample 48 177
Fission Products: Samples Assayed 638 2,776
Results above 3.1 x 10~2 pc FP/sample 2 3
Uranium: Samples Assayed 315 1,225
Confirmed Plutonium Deposition Cases 5 10*

*This brings the total number of plutonium deposition cases which have occurred
at Hanford to 25h.

¥¥Reclassified to conform with new standards.
2402493 UNCLASSIFIED
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Uranium Analyses

Following Exposure Following Period gf No Exposure

Units of 1072 pc U/ce Units of 10°7 pc U/ce

Number Number

Sample Description Maximum Average Samples Maximum Average Samples
Fuels Preparation 26 6.2 6k 18 3.4 66
Hanford Laboratories 18 5.1 32 12 3.4 30
Chemical Processing 28 5.7 62 18 3.2 57
Chemical Processing* 1k 1k 1 7.1 7.1 1
Special Incidents - 0] 0 0 - - -
Randam 1.7 1.2 2 - - -

* Samples taken prior to and after a specific job during work week.

Thyroid Checks April 1960 to Date
Checks Taken 0 0]
Checks Above Detection Limit 0 0
Hand Checks
Checks Taken - Alpha 35,274 128,346
- Beta-gamma 50,226 182,818
Skin Contamination
Plutonium 21 90
Fission Products 51 166
Uranium 1 20
CALIBRATIONS
Number of Units Calibrated
April 1960 to Date

Portable Instruments
CP Meter 939 3,609
Juno 331 1,192
GM 82l 3,103
Cther 197 737

Total 2,288 QTB%I
Personnel Meters
Badge Film 1,374 5,350
Pencils - 1,912
Other 328 1,601

Total 1,702 8,863
Miscellaneous Special Services 182 1,670
Total Number of Calibrations 4,172 19,17k

na&gébr“g/

Radiation Protection

AR Keene:tk= UNCLASSIFIED
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LABORATORY AUXILIARIES OPERATION
MONTHLY REPORT - APRIL, 1960

GENERAL

Security performance for the Operation was unsatisfactory with one violation
during the month. Year-to-date performance is now the same as last year with
a total of one violation.

Safety performance of the Operation was considered satisfactory. There were
no major injuries; the minor injury frequency rate was 3.94 which is considered
about average experience.

TECHNICAL SHOPS OPERATION

Total productive time for the month was 16,552 hours. This includes 13,586
hours performed in the Technical Shops, 2,419 hours assigned to Minor Con-
structidn, 225 hours assigned to other project shops, and 322 hours assigned
to off-site vendors. Total shop backlog is 22,266 hours of which 60% is re-
quired in the current month with the remainder distributed over a 3-month
period. Overtime hours worked during the month was 5.2% (1,196.8 hours) of
the total available hours.

Distribution of time was as follows:
Man-Hours % of Total

Fuels Preparation Department 1,579 9.5
Irradiation Processing Department 973 5.9
Chemical Processing Department 1,139 6.9
Hanford Laboratories Operation 12,728 76.9
Construction Engineering & Utilities Le 3
Miscellaneous 87 .5

Requests for emergency service remained at a higher than average level requiring
an overtime rate of 5.2%. Total backlog decreased approximately 20% but the
short range nature of the requests will require an increase in the level of the
work assigned to subcontractors.

One machinist was added to the shop force and a requisition filed for one
additional ‘machinist. Requisitions were also filed for the replacement of
a welder who resigned and for a stock and tool attendant who was promoted to
an engineering assistant job.

Quotations offered in response to a request for bids on several major pieces

of shop equipment were evaluated and recommendations furnished to the
Purchasing Operation.

UNCLASSIFIED
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RADIOCGRAPHIC TESTING OPERATION

A total of 3,293 tests were made of which 1,082 were radiographic (including
x-ray and gamma-ray) and 2,211 were supplementary tests. Out of a total of 2,321
man-hours, 812 (35%) were in connection with radiographic tests, and 1,508 (65%)
were used on supplementary tests. The supplementary test work included;
autoclave, borescope, eddy current, penetrant (fluorescent 0.D. and I.D.),
surface treatment (alkaline cleaning, pickling, and vapor blasting), and
ultrasonic (flaw detection, core integrity, bond testing, and thickness measure-
ment. '

The number of pieces handled this month totaled 3,242 items. The feet of
material represented by these items amounted to 40,981 feet. Work on tubular
components continues to account for a large percentage of the footage of
material tested.

Work was done for 17 different organizational components representing most

of the operating departments and service organizations. A total of 37 reporis
were issued detailing test findings with conclusions and recommended action.
Radiographic Testing Operation was consulted on 28 different occasions for
adviece and information on general testing theory and applications for other than
the jobs tabulated in Part II - Testing Statistics.

Development work on the pickling of the NPR process tubes has been initiated
using short lengths of tubing so that the existing autcclave installation can

be used. Preliminary data using liquid ANN solutions appears to be satisfactory
as a stop bath. Prior to this time the solutions were made up using erystal
chemicals. Testing has been started on nine additicnal Harvey NPR process

tubes received this month.

Field work is proceeding routinely with major effort involving pressure vessel
survey work, process vessel fabrication, and PRTR site liaison. An order has
been placed for the mobile laboratory truck chassis. Outfitting the laboratory
will be completed by project forces. :

Testing of fuel element sheath tubes is being extended to the examination of
another zirconium alloy, Zr-4. The first lots of a 7,000 tube order have been
received and testing has been started.

Testing Statistics

No.of Ft.of Weld No.of

Component Tests or Material Pieces Description
CE&U 482 2kl 482 Film interpretation of radio-

graphs taken by weld-X-Corp of
California at PRTR.

CPD Le 63 1 Radiograph welds on H-U4 vessel.

FPD 16 28 10 NPR Fuel Elements.

UNCLASSTFIED
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Testing Statistics (Cont'd.)

No.of Ft.of Weld No.of

Component Tests or Material Pieces Description
HLO 2,015 36,479 2,588 U0p Pb pellet fuel element; Zr-2

clad U0p rods with T.C; s.s. clad
UWgs rods with T.C; Thermocouples;
Zr-2 clad I and E fuel element;
0.680" I.D.; Zr-2 tube; 0.072"
0.D.; Zr-2 wire; TPU unmachined
rods; Radiograph development fuel
rods; Plan fabrication and develop-
ment program; Radiograph thermo-
couple leads for location in iron
oxide; Rudiograph welds on "Y"
header; 0.033" wall x .505" I.D.,
s.s. tubes; 0.680" I.D., Zr-L tubes;
1-1/4" 0.D., s.s. tubes ERTR tubes;
0.505" I.D., Zr-2 burst samples;
TPU fuel rods.

IrD 734 4,169 161 Radiograph welds on test bench pressure
vessel; Radiograph flange welds for
KAPL 12-Loop - 105-H Bldg.; NPR Zr
tubes; NPR development; Ultrasonic
thickness measurement; pressure vessel
survey 100-F Area.

Total 3,293 40,981 3,242

CONSTRUCTION OPERATION

There were 53 existing J. A. Jones Company orders at the beginning of the month
with a total unexpended balance of $262,004. Fifty-three new orders, 7 supple-
ments and adjustments for underruns amounted to $7L4,196. Expenditures during
The month on HLO work were $182,769. Total J. A. Jones backlog at month's end
was $153,431. Fifty-seven orders were closed out during the month.

Sunmary
HL CE&U
Unexpended Unexpended
No. Balance No., Balance
Orders outstanding beginning of month L7 $ 212,998 6 $ 49,006
Issued during the month(Inc.Sup.& Adj.) 53 49,196 0 25,000
J.A. Jones Expenditures during month
(Inc. C.0. Costs) 120,917 61,852
Balance at month's end Ls 141,277 i 12,154
Orders closed during month 55 pl, 591% 2 51,071

* Face Value of Orders Closed
260297 : UNCLASSIFIED
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All but one of the 17 major pieces of equipment are now in the 306 Building
Addition (Broject CA-7Lh). Ten of these are ready for acceptance tests
and/or vendor installation engineers. The electrical buses were energized
on 4/11/60 and everything was ready for the installation engineer from the
Bliss Company for the 700 ton press on May 3. J. A. Jones work is now at
56.60% complete on this proJject.

The lump sum sub-contractor to J. A. Jones has completed the plastering on
the 2nd floor and the two concrete block walls on the 1lst floor of the 308
Building (Project CA-747). The oxide hoods were set in rooms 208 and 210
by Jones forces and conmection to the hood exhaust system is in progress.
All motor control centers have been set and bus duct installation iz 50%
complete. Cryolite hood piping is complete and electrical about 85%
complete.

FACILITIES ENGINEERING GPERATION

Projects

There were 17 authorized projects at month's end with total authorized funds
of $6,358,765. The total estimated cost of these projects is $8,227,765.
Two projecta were completed and one new project was authorized during the
month. One project proposal was submitded to the Commission.

The following summarizes the status of HLO project activity:
Number of authorized projects at month's end: 17

Number of new projects authorized during the month: 1
CAH-888, Biology Laboratory Improvements

Projects completed during the month: 2
CAH-848, Geological & Hydrological Wells, FY-1959
CGH-801, X-Ray Diffraction Cell, 327 Building (cancelled)

New project proposals submitted to AEC during month: A 1
CGH-896, Stress-Rupture Testing Facility

New projects awaiting AEC approval: 2
CGH-832, Full Scale Physical Constants Testing Reactor
CGH-87k4, Consolidation of Plutonium Metallurgy Facilities

The attached project report details the status of indiwidual projects.

UNCLASSIFIED
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Engineering work performed during the month included the following listed

major items as well as scope engineering for project proposals.

The proposal

work included the Field Servicing Center for Atmospheric Physics.

Title

329 Building Cooling Problem
Electric Hoist - Graphite Shop -
3730-C Building :

Refrigerated Air Conditioning
Room 130 - 146-FR Building

Pressure Vessel Study

Coaxial Cable Between 325 and 329
Buildings

Additional Improvements to Air
Supply - Rooms 204 and 206 -
3706 Building

Laboratory Furnace Installation
Room 39-B, 326 Building

Alterations to Negative Ion
Accelerator - 37L45-A Building

Glove Boxes - 325 Building

Equipment for Critical Mass Studies

Revision to Drain System - Truck
Access - 325 Buillding

Study Potable and Process Water
System - 325 and 329 Buildings

1260299

Status

Part of the materials are available and
field work was started.

Procurement was initiated for crane,
hoist and rails.

Procurement was initiated. Unit is
scheduled for installation during May.

This is a continuing work program in-
volving vessels and systems and safety
devices.

Field work has started.

Filters are being procured.

Engineering complete.

Work review approval has been received.
Design details have been submitted for
estimate.

Engineering design is progressing.
Procurement specification in preparation
for proposed thermatrol drive. De-
tail design is about 25% complete.

Design and cost estimate completed.

Work in progress.

UNCLASSIFIED
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Title Status
Hot Water Tank - 108-F Building The existing tank is being repaired

for operation.
Fire Detection System - 31b4 Building Field work to start during May.
Criticality Alarm - 300 Ares Field work to start during May.

Drafting and Design Services

Work load is constant with heavy backlog. Branch offices in 306 and 308
Buildings are busy with steady work loads. The central drafting room has
been performing an increasing amount of work for the recycle program.

Major design and drafting work in progress includes the following:

PRIR Gas Loop - In-Reactor (17 drawings - 100% complete).

Breek awsy Corrosion Loop (6 drawings - 50% complete).

Special Tools - Scope - High Level Utility Cell - 327 Building.
PRIR Fuel Element Rupture Facility - Scope.

PRP Critical Facility - Service piping, weir, shielding block, and
safety rods. Work complete.

Loading Dock Enclosure - 321 Building (approximately 90% complete).
A, B, and G Hand and Shoe Counter - (approximately 16 drawings - 13
drawings completed).

Ultrasonic Test Tank - (8 drawings required - 30% complete).
Physical and Mechanical Properties Test Cell - 327 Building - Equip-
ment Scope (6 work sheets completed).

Extrusion Tools for 700 Ton Press (8 drawings required - 6 drawings
completed).

11. Hood design for pyro-chemical work (50% complete)

12 "In-Pile" Test Loop - "C" or "K" Reactor (12 drawings required -
65% complete).

\O @ ?10\ NSRS VO RV o
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In addition to the above work, miscellaneous small design-drafting jobs are in
progress including Project CG-681 "As-Built" work.

Approximately 165 drawings including sketches, work sheets, and formal drawings
were completed during the month of April.

Maintenance and Building Engineering - Landlord Functions

Costs: February - $ 152,204
March - $ 131,L0L
Total through March - $1,212,973

Analysis of Costs

At the beginning of this month, some of the funds were restored to the budget.
This increased the total from $1,457,700 to $1,525,700. Using the new budget
and the corresponding forecast, the expenditures to date are 79.5% of the
budget, und 100.5% of the forecast to date.
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Improvement Maintenaznce

Item March PY to March
Heating & Ventilation Correction $ 4,038 $ 66,411
Relocation & Alteration 2,037 34,381
Paint 0 11,736
Electrical Improvements - 698 1,342
Lighting 0 k13
Crane Installation 0 24,910
Miscellaneous , 397 2,174

Total $ 5,77k $ 141,367

Miscellaneous

Approximately 20,500 square feet of prints were reproduced during the month.

The total estimated value of the 12 requisitions issued during the month was
$5,000.

TECHNICAL INFORMATION OPERATION

Late last year HOO Security asked HAPO to institute new controls on the off-site
distribution of classified, non-categorized, informal reports prepared primarily
for internal HAPO use, but which receive some limited off-site distribution.

These controls required that every non-categorized classified document intended
for off-site distribution be cleared through the AEC and a special meiling address
be used. A suggestion has been forwarded to the HAPO Specialist, Security
Practices and Procedures, that the whole problem be again reviewed with HOO
Security in an attempt to abolish the new procedure which appears in some
instances to provide less security control than the procedure used by HAPO

for many years and certainly introduces delays in the release of information.

Revisions to the "Proposed Guide to Atomic Weapon Data at Hanford", HEW~63726,
were recommended by HOO. The recommended revisions were reviewed and the HAPO
views were forwarded to HOO. At month's end a meeting of HAPO and HOO personnel
was scheduled for the purpose of reconciling differences of interpretation of
certain of the topics proposed in HW-63726.

All currently available NPR classification guidance was compiled into a
single document, HW-64809, and distributed to the field.

Authorization was obtained to proceed with the design and installation of the
PRP Critical Facility on an unclassified basis. However, a decision on classi-
fication of "operation" of the facility was withheld pending the outcome of
current AEC studies of plutonium classification.

UNCLASSIFIED
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Topics covering the NPR were incorporated in the Hanford Classification Guide.
Several other changes were also made in the guide to bring it up-to-date. A
total of seventy pages were revised.

Three Classification Information bulletins were distributed to HAPO personnel.
The bulletins are entitled:

"NPR Fuel Elements"
“Tritium”
"Material for Unclassified ProJjects”

A memo was received from the AEC setting forth new criteria for the classi-
fication of plutonium. The intent epparently is to safeguard information on
the isotopic content of production grade plutonium, but it is difficult to

see how the instructions provided will do this. A memo covering the status

of plutonium classification (HW-64799) was distributed to HAPO personnel having
a direct interest in the problem. Unfortunately, it has not been possible yet
to clarify the effect of the new criteria on certain unclassified programs

at HAPO, e.g. PRIR,

In February Files announced that it would no longer send clerks to individual
offices to clear and re-route the document holdings of employees who are
terminating or transferring to a new assignment. As a result of some inquiries,
we have agreed to provide assistance in terminations and transfer situations that
cannot be handled in any other way.

Considerable time was spent during the month studying the possibility of auto-
mating the issuance and distribution of documents from Files. It appears that
machine equipment is available which will permit simultsneous generation of
File Record Cards, off-site receipts, the on-site routings, the index cards
for use in the catalog, and copy for the Weekly List of Additions to The
Files, and a number of other records.

Work Volume Statistics

March April
Document Distribution and Files
Documents routed and discharged (copies) ' 14,969 18,297
Documents issued (copies) 12,127 10,054
Documents sent off-site (copies) 6,047 3,821
Document reserves filled (copies) 810 8L4
Documents picked up and delivered 19,775 19,470
Document Accountability
Holders of classified documents whose files
were inventoried Log 609
Documents inventoried in Files (copies) 19,500 11,777
Documents destroyed or retired (copies) 4,361 2,973
Documents revised (copies) 585 1,350
Documents pulled and documents filed (copies) 11,486 13,274
Documents reclassified 274 LE0
Accountable copies of SECRET and DOCUMENTED
1240 302 CONFIDENTIAIL. documents on-site 205,935 207,673
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March April
Reference and Publication
Books cataloged (new titles) 276 1Lo
Books added to the collection (volumes) 276 259
Ready reference questions answered by
professional staff 120 125
Literature searches by professional staff 76 95
Reports abstracted (titles) 327 302
Formal reports prepared (titles) 7 8
Off-site requests for HAPO reports (copies) 62k 325
Reports released to CAP (titles) 27 3l
 Library Acquisitions and Circulation
Books ordered (volumes) 371 292
Periodicals ordered 149 59
Books circulated (volumes) 2,038 2,082
Periodicals circulated (issues) 3,611 3,208
Inter-Library loans 69 82
Films borrowed or rented 39 32
Industriel film showings 89 93
Bound periodicals added to the collection 199 81
(Feb. & Mar.)
Library Collection:
Main Library W-10 Library 108-F Library Ind. Med. Total
No. of books 29,223 8,381 1,591 2,012 41,207
No. of bound
periodicals 13,489 1 1,431 96 15,017
42,712 8,382 3,022 2,108 56,22k
Classification and Declassification
Documents, including drawings and photographs
reviewed for downgrading or declassification L5 L
Documents and papers (intended for oral
presentation or publication) reviewed for
appropriate classification 1 LE
Documents submitted to Declassification
Branch, Oak Ridge 13 6
Manager

1240303
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UNCLAS. {ED

time but has not been received. The parking lot work is nearly complete.
fencing removed by construction forces will be installed at.new locations for complete area enclosure.
.nder the direction of Facilities Engineering Operation. ’

_ H-11 :
BUDGET CLASSIFICATION Tmprovements to Production’ MONTHLY PROJECT REPORT nw - ~L898
| and Supporting Facllities - 58-b-k HANFORD LABORATORIES OPERATION MONTH >.oH.HH.n.womo
AUTHORIZAT] PROJECT PROGRESS | STARTING [DIRECTIVE ESTH
PROJECT EST. TOTAL | | porMATION —Fr u..-“wq..- ER no-”.u-“_..m — DATE COMP.DATE nw.ﬁ-%.m %M
NUMBER TITLE PROJECT AMOUNT SCHED. | SCHED. DESIGN DESIGN DESIGN
cos¥ DATE ACTUAL. | AcTUAL CONST. CONST. CONST.
$ - 345,000 100 98 6-23-58 | --- 12-31-58
CGH-T790 |High Level Radioactive Receiving and $ 349,000 4-23-59 100 97 10-9-58 | 6-1-60 6-1-60
Storage Addition - 327 Building USING COMPONENT FEO ENGINEER
Reactor and Fuels, R & D J. J. Peterson
REMARKSs ] y
Ran Acceptance Test Procedures on decontamination chamber and heating and ventilation equipment. Solenoid
valves do not function on decontamination chamber. Heating and ventilation unit does not give the cooling efficiency
expected across the cooling pads. CFPFF forces palnting new basin.
Ceneral Plant Projects - FY 1959
$ 80,000 100 100 3-30-59 | - - - 6-5-59
cAH-837 |Animal Pens, Isolation and $ mOmemxv 3-17-59 100 98 7-10-59 | k-1-6 5-15-60
. USING M NENT FEO ENGINEER
Examination Facilities
Biology ] J. T. Lloyd
WEMARKST o work authorized to Minor Construction by A.E.C. is about 85% complete. The mixing valve for steam injection
haes been on order for some

The Animal Farm
This work will be

| . i $ 56,600 100 100 52150 | - - - 7659
CAH-848 | Geological & Hydrological Wells - $ 56,600 6-18-59 100 100 7-16-59 | 5-31-60 L-5-60
FY-1959 : . USING COMPONENT . FEO ENGINEER
Chemical, R & D H. E. Ralph
REMARKS? Construction vork was completed and accepted by the using agency April 8, 1960.
L
{own)
g
o
=r
: o~
AM=—7300=-019 ( 5-58)
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H-13

BUDGEY CLASSIFICATION

MONTHLY PROJECT REPORT

MW - £4808
General Plant Projects - FY 1960 HANFORD LABORATORIES OPERATION montn  April, 1960
AUTHORIZATION] PROJECT PROGRESS | STARTING |DIRECTIVE MAEEL
PROJECT EST, TOTAL | |nFORMATION umw.._”mh.mu ..uumo-“..md.. DATE COMP.DATE AM%-.W? DATE
NUMBER TITLE PROJECT AMOUNT SCHED. | SCHED. DESIGN DESIGN DESIGN
cosT DATE ACTUAL | AcTuaL CONST. CONST. CONST.
~_None 0 0 1* - - = 5%
CAH-874 | Consolidation of Plutonium Metallurgy $ 285,000 None 0 0 % 11%
Facilities USING COMFONENT FEO ENGINEER
Reactor & Fuels, R & D J. T. Lloyd
REMARKSs ,
The proposal has been held by A.E.C. since October 8, 1959.
* Months after authorization.
$ 70,000 100 25 12-8-59 | - - - 4-17-60
CGH-877 | Pyrochemical Test Facility - $ 70,000 11-17-59 100 30 2-17-60 | 9-30-60 9-30-60
321-A Building USING COMPONENT FEO ENGINEER
Chemical, R & D- R. C. Ingersoll
REMARKS?

Approved hood drawings were returned to S. Blickman Company 4-18-60.
after receipt of approved drawings.

heating equipment has been received.

All induction

Hood delivery has been promised 6 weeks
A construction schedule was submitted to the Commission 4-7-60.

CAH-878 | Additional Facilities for Isotope Study |¢ 66,000 % %m%mw wﬂow. zum ; me..w..m% 81260 m”mm%o
on Animals - 141-C Building Addition IBING COMPONENT FEO ENGINEER -
Biology , J. T. Lloyd
REMARKS? )
This was combined with CAH-864. The A.E.C. mailed the Notice of Award and Notice to Proceed to —
George A. Grant on April 20, 1960. -
M
Lo
o~

( 5~-38)

AM~-7300~019
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BUDGET OF)MM—W-O).—._OZ

MONTHLY PROJECT REPORT

H-1L

J:ilm

L8398

_,Ombmﬂm.H Plant Projects - F{ 1960 HANFORD LABORATORIES OPERATION monNTH April, 1960

b UTHORIZATION PROJECT PROGRESS | STARTING DIRECTIVE TIMATE

p. PROJECT EST. TOTAL ﬁ.z-.o_a MATION umu_.zmhmx nn..wuﬂ._.m.q. DATE COMP.DATE Mﬂﬁah?»ﬁu
w NUMBER TITLE PROJECT AMOUNT SCHED. | SCHED. DESIGN DESIGN BESIGN

i cosY DATE ACTUAL | ACTUAL CONST. CONST, CONST.

_ $ 69,000 100 0 2.15-60 | - - - L-1-60
¢o>mummm Geological & Hydrological Wells - 84,000 2-5-60 100 | 0 6-1-60 | 11-15-60 2-15-61

_ #{ 1960 JSING COMPONENT FEO ENGINEER

# e | Chemical, R & D f H. E. Ralph

+ L ]

_ pids for construction

One bid was received for

. with a bid opening

Project Proposal revis

Directive completion date to 2~
pid opening.

Stress - Rupture Te

$130,945
set for May 3,

sting Facility

work
which was T9% above
1960.

ion has been wwmwwwmm reque
15-61. These changes were

the fair

REMARKSS

The Project

Proposal was submitted to AE

' *¥Includes Transferred OmwwﬁmHAmaowmﬂdﬁ valued at $500.00

. ¥%¥ Based on AEC authorization by Mey 15,

1960.

tion and

Improvements to Produc
- 60-a-1

supporting Facilities

sting an increase ir funds to
necessitated by the wun

were opened 4-12-60 for Project CAH-885 and parts of

cost estimate of $73,000.

$84,000 and an
rgvorable bid on the

Projects CGI-T90 and CIC-843.
Contract will be readvertised

extension of
April 12, 1960

1

, CGH-866
325 Building

Shielded Analytical laboratory -

$ None -0 0 5-30-60%% | - - - Z1-60%%
80,000% None 0 0 11-1-60%% | - - - 5.1-61%%
USING 002-102”24 FEO ENGINEER
Reactor & Fuels, R & D R. K. Waldman
¢ - HOO April 25, 1960
. 10,000 0 0 9-5-59 | - - - 12-1-60
$ 750,000 g y5 0 0 h-1-61 | - - - 12-2-61

Chemical R

| mEMARKSS aonnoyal has not been

received from Washington, D.C.

USING COMPONENT

& D

FEO ENGINEER
R. W. Dascenzo

AEC for design funds for

this project. An informatic

request was received April 29, 1960, from Washington AEC concerning the building size and other possible laboratory o
sites in the 325 Building. mw
\ oo ]
=

o

, : -
AM~—7300—019 ( $=358) UN OgmmHm.H“m..U
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UNCLASE" TED . : H-17
“SUDGET L SSIFICATION Fquipment Not Included "MOre FHLY PROJECT ngﬂﬂ\\ﬂﬂawm N — ]
in Comstruction Projects - Program Class 2900 HANFORD LABORATORIES OPERATION moNTH April, 1960
UTHORIZATIO _-wo._mo.-dmuaoonﬂa_.num STARTING DIRECTIVE ESTIMATED
PROJECT . EST. TOTAL | | NrORMATION unu__mz <ONBT. DATE COMP.DATE OB A TATE
NUMBER TITLE PROJECT AMOUNT SCHED, | BCHED. DESIGN DESIGN DESIGN |
4 cosT DATE ACTUAL | ACTUAL CONST. CONST. CONST,
Modifications and Additions to the . 00,000 100 g3% | b-20-959 } = =-— 5-15-60
CGH-834 High Pressure Heat qransfer Apparatus $ 700,000 4-8-59 | 99 13* _20-59 | 10-15-60 10-15-60
189-D Building USING COMPONENT ¥EO ENGINEER
Reactor & Fuels R&D m.‘wmmo<

REMARKSS  mhe steady gtate phase has peen accepted with exceptions. concrete for the outside cells has been poured and
work on the transient piping is progressing. Other field activity 1s progressing at a reduced rate until receipt of the

off-site fabricated vessels and other components .

#The revised Construction Progress Schedule, which reflects the weighted portion of the long delivery quick-acting valve
phases of the job, has been submitted to the

order as well as increased Ems\om< forecasts to complete the remaining

Commission.
5,000 s | O 10.20-59] = = = . t4=1-61
1= * - - -1-
~GE-857 | Physical & Mechanical Properties 2 _mw mww ..ozn.:po 1-59 5 0 NS, o.z.rd\ 1-1-62
Testing Cell - 327 Building Reactor & Fuels R&D R. W. Dascenzo
EMARKS . B
mEM ! (nhe General Manager has not approved the project proposal changing the scope of work on this project as yet, as

he is awaiting AEC's reviev of the progran for this building.
Vendors from Arcweld Manufacturing Company, manufacturers of the creep furpaces and Richle Testing Equipment Company, _

b@uawowwmﬁma in conferences this month concerning the design of their equipment.
Other vendors were contacted by Purchasing with replies requested DY the end of the month.

cell design not started.

¥Equipment scope design,
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nH-856 | High Level Utility Cell - 327 Building § 500, O rarEnT 29 \\\L\\qnoz?a_znn.. 2
fIWmmoﬁOH & Fuels R & D ‘ R. W. Dascenzo
REMARKSS Bruce Dixon, engineering designer, attended the Tool Deslgn Shovw in Detroit this month; following up on
design gsuggestlons on the milling machine and lathe. Detail design is continuing on the milling machine. -
The lathe 18 still undergoing preliminary engineering. -—_
. m
e
*Equipment design, cell design not started. MH
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PROFESSITONAL PLACEMENT AND
RELATIONS PRACTICES OPERATION

MONTHLY REPORT

GENERAL

As of April 30, 1960, the staff of Hanford Laboratories totalled 1304 employees,
including 620 exempt and 684 nonexempt. There were 528 employees possessing
technical degrees, including 313 B.S., 114 M.S. and 101 Ph.D.

HEALTH, SAFETY AND SECURITY

The medical treatment frequency for April was 1.68 as compared to 2.01 last
month. There were 3 security violations during the month, bringing the total
for the year to date to 9.

An employee of Plutonium Metallurgy Operation sustained a puncture wound from
a Plutonium sliver. The contaminating source was removed and he was held for
8 24-hour observation at Kadlec Hospital.

The revised 300 Area Emergency Plan was issued to all exempt personnel and
a phamphlet concerning the plen was issued to every employee in the 300 Area.

PROFESSIONAL PLACEMENT

Three offers were extended to Ph.D. candidates, and 1 offer was accepted by

a Ph.D. pharmacologist. At month's end there were 4 open offers, including

2 to ceramic engineers, 1 to a statistician, and 1 to a metallurgist. Recruit-
ing at the American Physical Society Meeting has developed several Ph.D.
Physics candidates who will be invited to visit Richland for interviews.

Recruiting for the Technical Graduate Program will be completed during early
May. There are currently 74 acceptances for program assignments, including
16 electrical engineers, 25 mechanical engineers, and 10 physicists.

Four Technical Graduates were added to the program, and 12 accepted permanent
assignments during April. At month's end there were 30 Technical Graduates,
including 10 employees of the Engineering and Science Program assigned to
program rolls.

TRAINING

" ™yo courses in Applied Creativity were continued during April, and 1 class was
initiated in "Business Operations in our Changing Environment."

COMMUNICATIONS

Filming of the HLO portion of the television show on Jobs at Hanford was commenced
late in the month. The show is scheduled for May 19 on KEFR TV.

‘ ] 4 Q 3\ 7 UNCLASSIFIED
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COMPENSATION

The New Nonexempt Salary Plan was implemented during the month.

.

Manager
Professional Placement
and Relations Practices

TG Marshall:lmh

1240313
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TABLE II NONEXEMPT EMPLOYMENT

Nonexempt Employment Stetus Mr. April " Nomexempt Transfer Requests Mer. April
Requisitions Transfers
At end of month 11 28 Active cases at end of mo. 68 74
Cancelled 2 1 Cancelled 4 1
Received 18 25 New 4 8
Filled : 10 7 Effected .6 1
1260314
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TABLE III. PRO. J3IONAL PERSONNEL PLACEMENT

Ph.D.

Exp. BS/MS
Prog. BS/MS

=)
A. Technical Recruiting Activity - HAPO - September 1, 1959 to Date m
_ A
Visits to Richland Offers¥* m
Cases On the =
Consldered Invited Visited To Visit Extended Accepted Open  Roll¥¥
610 k1 40 2l 20 T 4 by
380 90 59 8 77 Lk 7 35
458 - - - 191 T4 56 11
*0ffer totals include offers open on 9/1/59
Ph.D. 3
Exp.BS/MS 6

*%0n the Roll totals inelude H@mw\mw Carryover acceptances
_.and one 1957/58 Ph.D. Carryover.

B. Technlcal Recrulting Activity - HLO - September 1, 1959 to Date

Ph.D.
Exp. BS/MS

Visits to Richland Offers¥*

Cases On the

Considered Invited Visited To Visit Extended Accepted Open  Roll¥*

610 L 4o 2k 17 6 L 3
249 35 20 2 15 9 - 8
*#0ffer totals include offers opemn on 9/1/59

Ph.D. 3

#0n the Roll totals include 1958/59 Carryover acceptances
and one 1957/58 Ph.D. Carryover.

In addition to the above activity, 15 exempt employees have transferred int
. HLO from other HAPO departments and 15 technical graduates have accepted
off-Program placement in HLO to date.

1240315
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C -~ Technical Graduate and Technlician Training Program

Month ending April 30, 1960

IG_Program
Number of Personnel on Assignment 39
(HAPO Tech Grad Progrem......... 29
(Western District E. P. ........ 10

Distribution of Assignments by Departments

HLO 17
CE&UO 2
FPD 1
IPD 15
CPD 3
C&AO 1

Distribution of Assignments by Function

12403 1b

R&D or Engineering 30
Other 9

HW-64898

TT Program
>
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FINANCIAL OPERATION MONTHLY REPORT
APRIL 1960

Personnel
Mr. A. J. Scott was transferred from Chemical Research and Development Operation
to fill the position of Specialist - Measurements.
Activities

GENERAL ACCOUNTING

Statistics on the number of trips started in FY 1960 as compared with FY 1959,
are shown below. The number started in the first six months of FY 1960 exceeded
the year eerlier period by 13%, however, during the last four months (January
through April 1960) the number started has declined from the year earlier level.
Totals for the first ten months of the two years are almost identical (1,04k4 to
1,048). Activity during May and June 1960, is expected to increase, but the
total number of trips in FY 1960 will probably not vary significantly from

FY 1959 experience.

Number of Trips Started

FY 1959 FY 1960
July - December 527 605
January 1oL 95
February 96 100
March . 153 88
April 164 160
1 ok% 1 Oh8
May 123
June 218
Total 1 385

Expenditures for equipment in April were low since no large items were recelved
during the month. Several larger items are scheduled for May'delivery. This
coupled with planned accruals at the end of May will reflect a substantial expen-
diture for the month. Expenditures and commitments at April 29, 1960 are shown
below by Program. i

Program Commitments Expenditures
2000 $830 810 $ '9h1 930

3000 : 18 323 30 586

4o00 T9 036 203 816

5000 24 240 12 658

6000 26 518 61 okt
Totals $978 927 $1 250 939

Total expenditures for FY 1960 are expected to exceed our present allocation by
approximately $70,000. We have been assured by Contract and Accounting that
funds will be available to cover the overrun.

240311 UNCLASSIFIED
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Effective with April business, Property Accounting assumed the responsibility of
determining taxability of purchase requisitions covering material being charged
directly to Cost. Taxability will be indicated on the purchase requisition.

A recent memorandum issued by the AEC reclassified reactor grade graphite and
niobium from special reactor materials to stores. The Property Management Manual
will be revised to reflect this change in classification in the near future.

85 Material custodians were requested to submit their material forecasts for
Diversions Inside Production Channels for the first and second quarters of FY 1961.
In general, thils means material in activities remaining within production channels
but diverted from the normal flow or process streams either for development or

for direct production use.

{
Reconciliation of the physical inventory of movable cataloged equipment in custody
of Reactor and Fuels R&D continues. A listing showing unlocated items was submit-
ted to the Manager, Reactor and Fuels with a request that the items be physically
located or that a Missing Property Report be prepared. Included in the listing
were items valued at $2,462 procured with Project Whitney funds.

The physical inventory count of movable cataloged equipment in the custody of
Chemical R&D Operation is complete and the reconcilistion is in progress.

Forty-two items valued at $16,291, were received at the Laboratory Equipment Pool
during April. Three items valued at $448 were loaned in lieu of placement of
requisitions and one item was withdrawn by the custodian. There are 233 items,
velued at $108,000, currently located in the storage area.

Quarterly inventory reports for the quarter ending March 31, 1960 were received
from all HLO custodians of "Other Special Materials". Reconciliation of the in-
ventory reports with Financial records is in progress and upon completion a report
of results will be issued.

Relocation of the badge house and fence gt 100-F Area placed certain property which
was formerly the responsibility of IPD outside the 100-F perimeter. Property
valued at $31 996, identifiable with HLO, was transferred from IPD during the month.
The transfer which consisted of paved areas, fences, underground sprinkler system,
sewer lines and general land grading required establishing five new plant accounts
within HLO to record the transfer.

COST ACCOUNTING

The Hanford Laboratories operating cost control budget for Aprll reporting was
adjusted as follows:

(Amounts in Thousands) Adjustment New Total
4000 Program
Plutonium Recycle Program $109 $ 5 579
GCR - Reactor Graphite
(GETR irradiations) (92) 328
Specific Fuel Cycle Analysis (17) 78

1240318
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(Amounts in Thousands) Adjustment New Total
5000 Program
Isotopic Analysis $ 15 $ 636
(Equipment Reduced $15,000)
6000 Program
Biological Research 29 1115
Biophysics Research (12) LeL
Instrumentation (3) 129
Environmental Sciences : (12). 283
- {Equipment Reduced $2,000)
Charges to Other Departments 95 1 886
Transplutonic Elements (Fab. & R&D) (226) 175
DMA - Pu 240 Elements 350 350
Special Materials Inventory L6 10k
Total Hanford Laboratories $282 $24 875

Information was received from HOO-AEC that a procurement directive in the amount
of $11,300 is being issued by the San Francisco Operations Office to support the
Fiscal Year 1960 portion of Hanford Leboratories' participation in this summer's
Project Chariot. The procurement directive is expected locally within the next
two weeks; personnel will depart for Alaska about May 20, 1960. A further euthor-
ization of $30,200 will be requested to support the costs of this work during the
early months of Fiscal Year 1961. Total authorization will be $hl,500 in support
of incremental costs; full costs of participation are estimated at $100,000.

A new program code was established during the month for:
.25 DMA Elements Febrication - 2000 Program Production

The quarterly report listing Hanford Laboratories planned expenditures of $5,000
or more for each item of material, off-site contract and prototype procured for
Research and Development programs during the balance of Fiscal Year 1960 was pre-
pared and transmitted to Contract and Accounting Operation. The totals reported
for the 2000, 4000, and 6000 Programs were $138,000, $372,000, and $7,000,
respectively.

At the request of the Manager - Radiation Protection, Fiscal Year 1959 operating
costs at HAPO generated by radiation and safety activities were compiled for in-
clusion in the pre-print material for the Division of Production's submission
during the forthcoming Joint Committee on Atomic Energy Hearings on Radiation
Protection Standards.

New Time Distribution Repcrt forms were designed for exempt and salaried employees
of the work order servicing organizations, in order to provide cost-to-date inform-

ation on Monday following the preceding work week which is several days earlier
than under the preceding system. Reporting period is now Friday through Thursday

and the new procedure eliminates using the back of the weekly time card for time
distributicn. Meetings were arranged with representatives of the participating
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organizations to explain the details associated with this procedure. Effective
date for the change-over was April 11, 1960.

Action as indicated occurred on the following projects during the month:

New Funds Authorized Hanford laborstories

CAH-842 Critical Facility $192 000
CAH-878 Additional Facilities for Isotope Study

On Animals, 141-C Building Addition (800)
CGH-888 Biology Laboratory Improvements 30 000

Physical Completion Notices Issued
CGH-801 X-Rey Diffraction Cell
CAH-827 Automatic Columbia River Monitoring Station

Construction Completion and Cost Closing Statements Issued
CAH-828 Central Storage Facility, 300 Ares (AEM Services Only)
CGH-829 Building 325 Basement Improvements

Miscellaneous capital work order fund allocation was increased $3,000 for a new
total of $138,000, by Contract Accounting during the month. Expenditure of all
avellable funds has been authorized. Close liaison is being meintained with
Facilities Engineering to assure maximum expenditures without exceeding the

allocation.
Payroll Statistics
Number of HLO Employees Non-
Changes During Month Total Exempt Exenpt
Employees on Payroll at Beginning of Month 1 300 618 682
Additions and Transfers in 18 10 8
Removals and Transfers out 14 _8 6
Employees on Payroll at End of Month 1 304 620 684
Overtime Payments During Month April March
Exempt $ L 205 $ 4 201
Nonexempt 10 508 13 290
Totel $L4 713 $17 581
Gross Payroll Paid During Month
Exempt $525 934 $530 566
Nonexempt 326 254 399 438
Total $852 188 $930_ ook

1240320

UNCIASSIFIED




UNCLASSIFIED

Participation in Employee Benefit

Plans at Month End

Pension Plan

TIhsurance Plan

. Personal Coverage
Dependent Coverage

U.S. Savings Bonds
Stock Bonus Plan
Savings Plan
Sevings & Security Plan

Insurance Claims

Employee Benefits

Life Insurance

Weekly Sickness & Accident
Comprehensive Medical
Dependent Benefits
Comprehensive Medical

Total

Good Neighbor Fund

Number Participating
Percent Participating

W Sale:bk

1240321
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April March
Number Percent Number Percent
1155 99.5 1136 99.5
1 300 99.8 1 292 go.8
926 926
79 39.9 78 39.1
91 7.0 89 £.8
1 021 88.0 1 025 88.7
April March
Number Amount Tumber Amount
0 $ 0 0 $ 0
30 2 100 29 1 539
125 12 863 62 4 238
188 10 443 145 9 950
33 $25 o6 236 $15 127
April March
915
70.2 70.5

Managef - Finance



UNCLASSIFIED K-1 HW-64398

INVENTIONS OR DISCOVERIES

All persons engaged in work that might reasonably be expected to
results in inventions or discoveries advise that, to the best of their knowledge
and belief, no inventions or discoveries were made in the course of their
work during the period covered by this report except as listed below. Such
persons further advise that, for the period therein covered by this report,
notebook records, if any, kept in the course of their work have been

examined for possible inventions or discoveries,

INVENTOR TITLE OF INVENTION OR DISCOVERY
J. J, Hauth, R. J. Anicetti, High Density Ceramic Fuel Elements.
W. E. Roake and D, W, Brite
W. I. Steinkamp - Field of Resistance Projection Welding.
R. J. Sloat and J. Dunn A Means for Reducing Bearing Wear

in Canned Motor Pumps.
G. A, Nicholson, A. M, Platt A Continuous Countercurrent Liquid-
and W, J, Carlson Solids Contactor,

R. W. Stromatt and W. L, Lyon A Means for Reducing the Oxygen
Content of Non-Stoichiometric '"Uranium
Dioxide". :

G. E. Benedict and W, L, Lyon Methods for Separating Uranium and

Plutonium and for Incorporating
Plutonium in Uranium Dioxide.

R, T. Allemann Process Technology: Elimination of
Cracks and Preferential Fracture in
Compressed Powder Pellets by
Vibration (HW-64861).

é; fLAQNEaQEM/’ >
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