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LEGAL NOTICE

This report was prepared as an account of Government sponsored work. Nelther the United States,
nor the Commission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, express or implied, with respect to the accuracy, com-
pleteness, or usefulness of the information contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not infringe privately owned rights; or

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

As used in the above, “person acting on behalf of the Commission” includes ony employee or
contractor of the Commission to the extent that such employee or contractor prepares, handles or distrib-
utes, or provides access to, any information pursuant to his employment or contract with the Commission.
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BUDGETS AND COSTS

Costs for May were $1, 843, 000, an increase of $11, 000 from the month of

April. Fiscal year-to-date costs are §17, 845, 000 or 85% of the operating

budget of $20, 959, 000. Hanford Laboratories operating budget for FY 1959
increased $449, 000 during May due to:

Increase in Plutonium Recycle Program resulting
from a transfer of $200, 000 from equipment and

receipt of an additional $200, 000 from AEC $400, 000
Increase in Swelling Studies provided by a transfer

of $25, 000 from IPD's Maritime Gas Loop 25, 000
Increase in CPD sponsored Weapons R and D

Program 14, 000
Decrease in CPD sponsored Separations Development (45, 000)

Increase in two U.S. Air Force sponsored programs
Plutonium Inhalation Studies 24, 700
Atmospheric Diffusion Studies 30, 000

RESEARCH AND DEVELOPMENT

1. Reactor and Fuels

PRTR construction phase completions versus schedules are: Phase I,
98. 5% versus 99. 4%; Phase II, 99% versus 100%; Phase II-A, 84%
versus 100%.

PRTR loss-of-coolant incidents analyses by Battelle are essentially
complete.

Eighty-three Zircaloy-2 PRTR process tubes have been inspected and
accepted at the vendor's plant, and approximately 14 more potentially
good tubes are nearing completion. The first fifty of these tubes are
already at Hanford.

The first BMI temperature-cycling creep test (out-of-reactor) on 15
percent cold worked Zircaloy=2 is reassuring in that the overall creep
was not significantly increased by reoccurrence of primary creep with
each temperature cycle.

Laboratory tests show the hydriding of Zircaloy-2 by molecular hydro-
gen is dependent on both the temperature and the amount of water vapor

1240330 bres ;\
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or oxygen in the hydrogen. At 400 C, 0.1 mm of Hg water vapor pressure
is sufficient to completely inhibit the hydriding reaction in short-term
tests.

Thermal expansion coefficients of reactor graphites may assist in select-
ing graphite types which are more dimensionally stable when irradiated
at high temperature (500 C and above). At least three promising NPR
graphites are undergoing irradiation testing.

Three 7-rod cluster fuel elements were discharged from the ETR 3x3
loop after operating in 280 C coolant to an exposure of 900 MWD/T. Power
generation ranged from 70 to 114 kw/{t.

Six prototype NPR T7-rod cluster elements were built during the month in
three lengths: one, two, and three feet. Assembly was accomplished
within the dimensional tolerance of 0. 010-inch on the outside diameter and
within the rod to rod spacing tolerance of 0. 003-inch, employing proto-
typical end spiders and intermediate spacing devices.

Eight tube-tube Zircaloy coextrusion clad elements were constructed of
NMI stock for irradiation in the KER loops. The first tube-tube element
was charged into KER-1 in May. The element containing U-2% Zircaloy
fuel will be discharged for examination after 250 MWD/T exposure. An
additional tube-tube element has been shipped to the ETR for irradiation
in the 6x9 facility at about 360 kw/ft. Goal exposure is 2000 MWD/T, and
the calculated temperature is 700 C.

Equipment for simultaneously hot bonding both ends of fuel rods 12 inches
long preparatory to end closure has been developed. It will be employed
in producing 7-rod cluster elements for KER testing.

Preparation of approximately 1200 pounds of arc fused UO2 was completed
by the Norton Company as part of the PRP fuel development program.

Radiation damage effects in UO, are being studied by metallographic
examination of polished and etched surfaces and by fractography. Small
voids which have been detected at grain boundaries in UO, irradiated to
0. 015 a/o burnup are presumed to arise from migration of gases trapped
during the fabrication processes, generation and migration of fission
gases, or a combination of both mechanisms. Examination of material
irradiated to 0. 022 a/o burnup is expected to reveal trends in the radia-
tion behavior of UOZ'

Post-irradiation examination of Pu-enriched, UO, fuel clusters has

revealed relatively little of the cracking and fragmentation observed in
irradiated UQO,.

1240331
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A mixture of plutonium carbides has been made by heating plutonium metal
and carbon in vacuo at 10506 C. PuC and PuyCg have been identified.

Experimental roll compacting of metal clad ceramic materials has been
initiated. Forty percent reduction has resulted in 75% of theoretical

ceramic density.

Defected elements of Zircaloy-clad 2S aluminum showed only slight swell-
ing after 30 hours in-300 C pH 9 water.

2. Chemical Research and Development

Laboratory results continued to provide support for Purex plant extraction
of neptunium by simpler and less expensive process methods. In addition,
the use of dibutyl butyl phosphonate (DBBP) looks encouraging as a specific
extractant for recovery of neptunium from Purex aqueous waste (1WW).

Continuing work on the recovery of specific fission products included study
of optimum cerium and promethium sulfate precipitation from a synthetic
Purex waste source (IWW). Preliminary experiments for separation of
rare earths by ion exchange techniques were initiated. In addition to
precipitation processes, tall oil (a high molecular weight fatty acid) and
di-2-ethyl hexyl phosphoric acid show promise of being useful for the
extraction of cerium and strontium from neutralized Purex 1WW waste.

Very effective separation of deuterium from hydrogen-deuterium mixtures
was demonstrated by a hydrogen displacement technique in a column of
"Raney'' palladium dispersed on asbestos. A separation factor of 45 was
calculated with data from the experiment.

Excessive fines were produced when simulated UOy reactor fuel rods were
cut up in a hydraulic shear under water with considerable suspension of the
fines occurring throughout the water system. On the other hand, simulated
NaK bonded fuel was cut (by sawing) under inert gas blanketed water with
satisfactory results. NaK reaction with the water is rapid, but not
hazardous.

Pilot Plant studies of the Niflex (HNOg3 - HF) dissolution process in the
Hastelloy F dissolver were completed and the unit is being converted to
study Sulfex (H3SOy4) dissolution on a large scale. Corrosion of Hastelloy F
equipment by HNO3 - HF mixtures remains a problem which may negate the
use of this reagent except for special purposes. A heat transfer surface

of Hastelloy F exhibited excessive corrosion in Darex (HNOg - HCIl) media
at the liquid-gas interface.

The use of high concentrations of ferric ion in nitric acid dissolver solu-
tions to yield stable feed solutions of U-Mo reactor fuels continues to
look good. Scouting studies of the behavior of these feeds in the Redpx: -

1240332
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process were generally favorable.

Cycling UOg into solution in fused NaCl- KC1 by phosgene or chlorine
oxidation with subsequent reduction to a UO9 precipitate continues to be
an attractive pyrochemical method for ceramic fuels processing. The
study was extended during the month to include the behavior of irradiated
UOq specimens, in particular, the route of fission products during the '
cycle.

Experiments with the radiant heat spray calciner showed neutralized 1WW
Purex waste to be a problem because sodium nitrate in the waste formed
a coating on the radiating walls and required shutdown of the unit. The
addition of sugar to the waste alleviated the problem by reacting with the
nitrate present and producing well behaved product powder which is pre-
dominantly sodium carbonate.

The first experiment with 47 foot long soil columns showed behavior
generally predictable from extrapolation of previous results of shorter
columns. The radiostrontium used eluted in a fashion to show that the
adsorption-desorption front in the column becomes better defined with
increasing column length.

3. Physics and Instrument Research and Development

In the improved production reactor program, a series of exponential pile
measurements using solid natural uranium rods 2.5 inches in diameter,
has been completed. Work is in progress on solid 1. 92~-inch rods and
concentric tube fuel elements.

In the nuclear safety field, experiments continued to obtain critical masses
under various conditions for 3% enriched NPF fuels. Consultation on
problems in this field continued at a numerically high level.

Measurements were completed on the lattice for the Allis Chalmers-
Kaiser Engineers gas-cooled reactor. Preliminary numerical values
were obtained for the lattice parameters. Meanwhile, theoretical and
experimental work was in progress to determine the effectiveness of a
proposed control rod in this same lattice.

Two experimental nuclear-incident alarms successfully passed tests at

Los Alamos where facilities are available for simulating such incidents.
Meanwhile a recently completed study indicated that early warning of a

potential criticality incident may be obtainable in some cases.

Orderly progress was made on the many projects in the instrument field.
Of special interest was the opening of a lead which may substantially
improve the sensitivity of film badge readings. Also, an improved model
of the Vernier Chronotron was successfully tested.
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The mass spectrometer constructed for a Washington Designated Program
was used on a plutonium sample for the first time this month. The results
agreed with analyses done at ORNL on the same sample.

In the basic data field, arrangements were completed to extend our inter-
national comparison programs on graphite cross sections to include
West Germany.

4. Biology

Bean plants grown in nutrient solutions containing' widely differing ratios
of strontium and calcium contained essentially the same ratio of these
two ions im the whole plant as in the nutrient solution.

A second ewe fed 1.5 puuc of Ilslidaily for the past four and one-half
years (after being born to and weaned from a dam on the same radio-
iodine regimen) showed a thyroid tumor at autopsy.

o

Programming

A study of power producing radioactive isotopes showed that U-232 and
its daughter Th-228 have significant potential. These isotopes could be
produced by the irradiation of Th-230 which is available from natural
uranium.

The Monte Carlo and associated portions of the RBU computer code are
now in usable condition. A sample problem directly applicable to the
Plutonium Recycle Program has been run.

Reactor effluent water problems were reviewed and recommendations
made concerning a new course of action with respect to the direct dis-
posal of effluent streams to the river.

TECHNICAL AND OTHER SERVICES

The development work required to utilize generalized classical linear methods
of estimation in connection with the investigation of causal interrelationships
has been completed. Emphasis will now be placed on the utilization of these
techniques to formulate plant models.

A complete progress report on the Z Plant Information Study was presented to
interested managers and a proposed test program agreed upon.

Irradiation Processing Department has requested that work on systems re-
liability previously initiated by CE & UO ‘be continued and extended.

Data from the recent PRTR containment vessel test are being evaluated in

1260334 DL LE S
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order to determine the precision of leakage rate estiimates and obtain a
basis for improved procedures in future tests.

Work on 2 operations research studies and 8 operations analysis programs
continued during the month. Two new operations analysis programs were

defined, one an offshoot of the development work connected with the input-
output simulation study and the other a result of previous statistical work.

In addition, statistical and mathematical analysis on 19 problems was given
within HLO and to other departments and operations.

No new cases of plutonium deposition were confirmed during the month. The
total number of deposition cases which have occurred at Hanford remained at
229. There are 161 employees currently employed who have a measurable
deposition of plutonium.

There were 21 authorized projects at month's end with total authorized funds
of $8,423,000. The total estimated cost of these projects is $8,606,500. No
projects were completed during the month. Two new projects are awaiting
AEC approval. Six project proposals are in preparation and four were com-
pleted and are in process of being submitted to AEC.

Total productive time for the month in Technical Shops was 17,102 hours.

This includes 13, 358 hours performed in the Technical Shops, 852 hours assign-
ed to Minor Construction, 122 hours to other project shops, and 2,770 hours to
off-site vendors. The total shop work backlog is 22,112 hours of which 50% is
required in the current month, with the remainder distributed over a three
month period.

During the month Radiographic Testing Operation moved to laboratory facilities
in White Bluffs. PRTR facilities at this location for pickling and autoclaving
zirconium process tubes are nearing completion. Productive work during the
month was low due to the move. Tests totaled 2, 926.

The Contract for construction of the Critical Mass Laboratory was awarded
to the low bidder, Howard S. Wright Construction Company, at a price of
$442, 025. The fair cost estimate for the work was $408, 000.

Construction of the 306 Building Addition is proceeding on schedule. Design
work is behind schedule due to the addition of design work for the Chemical
Processing Area. The construction contractors schedule will be extended
when the chemical processing area construction work is negotiated, but this
is not expected to extend the total job schedule.

In-reactor equipment for the 6x9 test hole in the ETR at Idaho Falls was

completed. A non-fuel bearing experiment is now being operated; testing at
operating temperature with fuel elements is expected to be accomplished in

e 1240335 Eiﬁﬁq—
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SUPPORTING FUNCTIONS

Reconciliation work in connection with the physical inventory of uninstalled
cataloged equipment in the custody of Chemical Research and Development
is complete. Significant statistics are: counted were 2,468 items valued
at $1, 751, 803; missing were 10 items valued at $2,973.

A final draft of the travel manual has been reviewed and should be ready
for issuance shortly. It should provide assistance to those traveling in
obtaining authorization, funds and accounting for their travel.

Personnel Accounting clerical functions were transferred to Contract and
Accounting Operation effective April 27. Two people remain in the HLO
Financial Operation to handle the necessary field business.

Funds from special budgets for attendance at off-site courses and profes-
sional societies for FY 1959 are almost totally committed at the end of May.

At month's end, the staff of the Hanford Laboratories totalled 1234 employees,
including 580 exempt and 654 nonexempt employees, There were 497 exempt
employees possessing technical degrees, including 286 B.S., 110 M.S. and 101
Ph. D. : '

Tours were provided during May for 95 high school students, 80 college
science and engineering students and 25 presidents and faculty members of
Washington junior colleges. :

Radiation Protection Operation provided display material and guides to Armed
Forces Day Open Houses at Larson Air Force Base and Umatilla Ordnance
Depot.

At the May meeting of the HLO Suggestion Board four awards totalling $120

were granted. Awards for Hanford Laboratories for the calendar year total
$935.

A Laboratories employee on educational leave, Jack L. Poe, was awarded a
General Electric scholarship for the 1959-60 school year.

Laboratories personnel worked a total of 188, 800 man-hours during the month
with no disabling injuries. Since September 1, 1956 a total of 6,275,127 man-
hours have been completed with no disabling injuries.

The medical treatment frequency for May was 1.58 compared with 1.49 last
month.

There were no security violations in the Laboratories in the month of May.
The total for the year remains at 16.

1240330 | D6 Uk
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One Ph. D. candidate, a physiologist, accepted an HLO offer during the month.
For the current year to date, there have been ten Ph.D. acceptances for HAPO.

Thirteen experienced BS/MS acceptances were received during the month.
Seventy-one acceptances for Technical Graduate assignments have been received
and these new employees will be signed on the payroll during June and July.

Three Technical Graduates were added to the Training Program and one per-
manent placement was effected with 28 remaining on the Program at month's
end. The first summer employee, a college junior, was added to the payroll
during the month.

Nineteen requisitions were filled during the month. With receipt of 17 new
requisitions, there are currently 44 nonexempt openings, for which 28 candi-
dates are in process and 4 transfers pending, with 12 candidates yet to be

procured.

Manager,
HANFORD LABORATORIES

HM Parker:bms

. et
1240337 | oo
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REACTOR AND FUELS RESEARCH AND DEVELOPMENT CPERATION

TECHNICAL ACTIVITIES

A. TFISSIONABLE MATERIALS - 2000 PROCRAM

1. METALLURGY PROGRAM

Corrosion Studies

Corrosion Symposium. The 8th Annusl AEC Corrosion Symposium was held at
HAPO on May 12 through Mey 15. Forty papers on various corrosion subjects
were presented by authors from 14 different sites. The program alsoc in-
cluded an evening panel discussion on the "Major Corrosion Problems in
Reactor Development.” The meeting was attended by 63 people from 29 other
sites, as well as by HAPO personnel.

Fuel Element Rupture Kinetics. Rupture rate curves have been measured for
defected fuel element samples autoclaved in 200, 250 and 300 C water and
L75 C steam. The samples were coextruded Zircaloy-2 clad uranium cores
with an assembled diameter of 0.6 inch. They were beta-treated at 730 C
for 10 minutes followed by 10 minutes at 600 C and then air cooled. They
were defected with a 25-mil hole drilled through the cladding into the
core. Rate curves were determined by measuring the rate of hydrogen gen-
eration. The results to date can be described by an induction time fol-
lowed by an initial rate which is maintained during corrosion of the first
20 to 30 grams of core material. This is followed by a higher rate for
the next 30 to 4O grams of core corroded. Typical data are as follows:

Induction Initial Rate, Final Rate,
Temp. Pressure Time Grams U/min. Grams U/min.
200 C 500 psig 17.5 hrs. 0.12 0.4
250 C 1500 " 100 min. 0.38 1.20
300 C 1500 " 50 " 0.18 1.1k
L7s C 1500 " 36 " 0.20 1.38

The data at 300 C are based on five determinations and the other data are
based on one run at each temperature. Duplicate samples will be run at
these temperatures. The induction times decrease markedly with increasing
temperature. The rupture rates inferred from Hp release rates are rela-
tively insensitive to temperature, those at 250, 300, and 475 C being
essentially the same within the experimental limits. The 200 C run will
be repeated at 1500 psig pressure; however, preliminary indications are
that the pressure is not an important parameter.

A sample of U - 2% Zr core material coextrusion-clad with Zircaloy was
predefected and autoclaved at 300 C, as above. The rupture rates were
significantly lower than for the unalloyed uranium cores. The induction
time was seven hours, and the final rate was C.0l2 gram U/minute which
persisted for another seven hours, and the final rate was about 0.1 gram

U/minute.
12403388y [E S
” huatégp

(S



HW-60505

o

wns? | £ SSIFIED -

A sample of uranium core, Zircaloy-2 clad, material was hydrided to
produce a calculated 5000 ppm Ho concentration in the cladding. The
sample, which was not predefected, was autoclaved. After an induction
time of 47 minutes, the sample failed by splitting off the unbonded
end-cap, following which the rate of attack on the core was 0.6 gram
of U/minute.

Radiometallurgy Laboratory Studies

A total of 23 density determinstions that were accurate to 0.1 to 0.2%
were made on irradiated uranium samples from stainless steel-clad and
Zr-2 clad, T-rod cluster fuel elements. Faxfilm replicas were obtained
from the inner component of an irradiated coaxial fuel element and from
a fractured surface of a uranium sample that was annealed at 600 C for
24 hours. More specific results and conclusions from this work will be
reported in connection with the respective development programs of Fuel
Design and Physical Metallurgy Operations.

Basic Metallurgy Studies

Radiation Effects in Fissionable Materijals. A series of flat uranium
tensile specimens have been irradiated for short exposures and at low
temperatures in the snout facility at 105-KW. The purpose of this test
is to find the threshold of detectable neutron damage to uranium. The
exposures range from 1015 to 1018 nvt or from 5 x 10-7 to 5 x 10" total
a/o burnup. Hardness and yield strength were found to be markedly
affected by even the lowest irradiation. Correlation of property changes
with exposure has shown that damage occurs at two distinct rates in the
carly stages. Initially, there is a rapid increase in properties. After
an accumulated irradiation just sufficient to have thermally spiked the
entire volume of the uranium, & second, lower rate of damage accumulation
is observed. The nature of the damage accumulation and annealing effects
indicate that an extended defect is being produced during the second
stage of damage accumulation. The extended defect concept is given
credence by x-ray diffraction evidence of a faulting mechanism in
materials irradiated in the same manner. A topical report, HW-60326,
describing these resuits has been completed.

A turbo-mechanism has been developed that will rotate an irradiation
capsule so that the enclosed specimens will receive a radially uniform
exposure to the neutron flux. Comparative irradiation tests using both
rotating and stationary capsules are being performed. One rotating

and one stationary capsule containing natural uranium were charged in
the MIR during the month. Similar capsules containing enriched uranium
were charged previously and have reached 25 percent of their goal ex-
posure.

Testing of irradiated thorium, an isotopic cubic metal, should yield
data that can be interpreted more simply than that from dimensionally
unstable uranium, although the fission effects in both metals should
be comparable. Fifteen capsules containing thorium specimens which
received & total integrated thermal flux of 3.2 x 10 nvt for a

1240339 -
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0.045 a/o burnup of U-233 were discharged in March. Fifteen capsules

~irradiated to a 0.1 a/o turnup of U-233 were discharged this month.

Fifteen capsules which are to receive 0.07 a/o burnup of U-233 are to
be discharged in November. All discharged capsules have been isolated
for basin storage until Radiometallurgy scheduling permits examination.

Radiation Effects in Structural Materials. Information is currently
needed concerning property changes in high strength materials which may
occur under combined high temperature and high flux environments. Room
temperature tensile properties have been determined for Zircaloy-2 after
irradiation to an estimated integrated fast neutron flux of L x 1090 nvt
at 280 C. The yield strength was raised 4O%; the ultimate strength was
not changed; the total elongation was reduced 32%; and the uniform elong-
ation was decreased by 51%. In the plastic range the tensile data were
analyzed from the standpoint of true stress and true strain as these
properties are more meaningful for large stirain where the sample area is

-@ecreasing. The analysis was limited to the range of uniform elongation

where a region of low work hardening was found to be present after ir-
radiation. This was manifested by a reduction of the hardening exponent
from 0.2 to 0.1. Comparison of these results with room temperature tensile
data for Zircaloy-2 irradiated at 50 C tc an estimated thermal flux of

1.2 x 109! nvt indicates the: the yield strength and ultimate strength

are not increased as much by the high temperature irradiation; however,

the strain hardening exponent and the uniform elongation show decreases
similar to those caused by low temperature irradiation. This latter

fact is important in considering the application of Zircaloy-2 at elevated
temperatures since it indicates that ductility will decrease.

A series of metals representing the common crystal types was irradiated
at Brookhaven, Hanford, and the MIR under various exposure conditions.
These metals include copper, nickel, titanium, zirconium, iron, molyb-
denum, and type 347 stainless steel. Metallographic studies of irradi-
ated zirconium, titanium, and molybdenum were started during the month.
X-ray line broadening studies prior to annealing were started for un-
irradiated copper and nickel, and completed for unirradiated zirconium
and titanium. Qualitative analysis by emission spectroscopy of the
chemical impurities in the unirradiated materials is about 50 percent
completed.

A Zircaloy-2 tube which has been exposed to radiation over a 25-month
period, and a similar unirradiated tube were removed from the KER facility.
These tubes will be mechanically tested and examined metallographically

to determine the effects of high neutron exposures at elevated temperatures
on Zircaloy-2 and to establish testing methods for monitoring NPR tubing.
The sectioning of the tubes into test pieces was started during the month,
and a program document describing the tests to be performed was written.

Sheet tensile specimens of several candidate reactor structural materials
have been irradiated in the 105-KE magazine facility for periods of one,
six, and twelve months. These materials include Zircaloy-2, Zircaloy-3,
the aluminum alloys X-8001 (M-388) and M-257, the magnesium alloys
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HK-31A-H24 and A-3XA-0, and AM-35C stainiess steel. These materials will
be tested to determine the effects of neu%ron radiation on mechanical
properties. The specimens exposed for twelve months were discharged and
transferred to the Laboratories during the month.

The effects of reactcr irradiastior on the microstructure and froperties
of zirconium alloys are being evaluated bty studies of high resolution
metallography, x-ray diffraction, hardness, optical microscopy, and
damage annealing kinetics. A capsule containing cre specimen each of
annealed, 10% CW, 25% CW, 5C% CW, ard a beta quenched specimen was dis-
charged from KER Loop 3 ir March after receiving an approximate expcsure
of 9 x 1019 nvt at 220 C. The capsule was transferred to Radiometallurgy
during the month where the activity measured through two feet of water was
found to be 200 mr. A power hacksaw is being installed in one of the hot
cells for opering this capsuiie.

Mechanical and Physical Trorerties of Materials. Measurement of creep of
Zircaioy-2 is in progress with all five cf the vacuum creep machines in
opera*ion. Specimens of 25 and L5 percent cold worked materials are being
tested with combinations of stresses from 13,200 to 21,100 psi at 40O C
(752 F). The 45 percent cold worked specimens are exhibiting a higher
creep rate, after a lower initial deforma*ion, than the 25 percent cold
worked material. This higher creer rate appears tc be the result of re-
covery of the cold worked specimens. Zircaloy-2 specimens from this same
1ot are being tested in the annealed corndition and in the 15 percent cold
worked condition at Battelle. They observe scme recovery at the same
temperature or the 15 percent cold worked material. Creep machines for
the testirg of specimens ir an atmosghere of helium and carbon dioxide are
now teing placed in operation.

The textures of extruded and drawn Zircaloy-2 tuting are being determined
by x-ray diffraction. The preferred orieatations are being correlated
with results of tube burst tests in order to explain differences in
longitudinal and hoop strengths of Jjacketing materials. Extruded
Zircaloy-2 (39:1 extrusion ratic) shows a highly preferred orientation
of basal planes (0002) which are oriented parallel to the extrusion axis
and the tube radius. This orientation would account for high values of
hoop strengths found by tube burst testing. The structure of Zircaloy-2
tubing anrealed at 70C C for ore hcur introduced some difficulty in
analysis, since it was coarse grained. A less pronounced texture of the
same type was found in the annealed material.

Electron and Optical Microscopy. The study of the microstructure of
cladding and fuel materials is a direct way cf detecting radiation damage
in these materials. Thin films prepared by vacuum evaporation or by
electron chemical thinning of rolled sheet can be irradiated and then
examined directly in the electron microscope for struectural changes.
Analysis of microstructural and electron diffraction changes in irradiated
aluminum and uranium dioxide films 1s continuing. The originally uniform
uranium dioxide film, 13 2 thizk, shows straight line tracks of low
electron scattering power after an-irradiation to only 2 X 1010 nvt. With
increasing expcsures up to 3 x 10L7 nvt, the number of tracks increases.
With higher exposures the film becomes so heterogeneous that the tracks

124034 1 L]




are no longer apparent. The tracks are all approximately 150 R in width

and vary in length from 150 ® to 30,000 2. Calculations on the validity

of interpreting each track as being the path of the fission fragment pene-
trating the 13 R thick film are in progress. Changes in the lattice

parameter associated with the low irradiation exposures is consistent

with previous observations, namely, a contraction of the U0y lattice

occurs. Thin sheets of uranium and Zircaloy-2 are being fabricated as start-
ing stock for the preparation of thin foils for subsequent irradiation studies.

X-Ray Diffraction Studies. The preselecting camera is being used to
assist in identifying various compounds in the AlSi bond layer of pro-
duction fuel elements. A fuel element has been sectioned and polished
tangentially to provide a larger study area for each compound. This
technique assists in eliminating interfering diffraction lines.

At the request of Coolant Systems Development Operation, the crystal form
of magnetite was determined following exposure for up to five weeks in
pH L.50 (H3P0h) high purity water at 300 C and 1400 psi. Although the
material became progressively more discolored with exposure time, the
crystalline form of the body centered cubic Fe30h did not change.

Solid State Reactions. The kinetics of recrystallization and recovery in
zirconium, Zircaloy-2, and Zircaloy-3 are being determined to establish
the optimum conditions of heat treatment during fabrication operations.
Zirconium electrical resistivity data have been evaluated during the month.
It was noted that annealing of ten percent cold work specimens in vacuum,
helium, and air for 1000 minutes at 300 C resulted in varying amounts of
recovery. The largest recovery of resistivity occurred in air, followed
by vacuum and then helium. The same trend is evident after 400 and 500 C
anneals. This would tend to indicate that gas contamination has occurred.
The fzct that more recovery was seen in the air anneal than in the helium
anneal supports the work of Gulbransen and Andrew that a thin oxide film
offers a resistance to hydrogen permeation; also, that the gas in question
is probably hydrogen, and that some contamination occurred in a dynamic
vacuum of 1 x 107" mm of Hg. A comparison of recovery of electrical re-
sistance of specimens annealed in vacuum and helium indicates a contamin-
ant in the helium which probably was not oxygen. Oxygen contamination
would be expected to show the effect of an oxide protective film similar
to that observed after an air anneal. An air anneal of 25 percent cold
work materiasl under the same conditions listed above shows that 25 per-
cent cold work material is more susceptible to contamination than either
10 percent or 50 percent cold work material.

In-Reactor Measurements. A creep capsule has been received from Tech-
nical Industries Corporation that was built for the purpose of providing
continuous creep measurement of a Zircaloy-2 specimen while being ir-
radiated. The production test authorizing the charging of the capsule
has been prepared. The creep capsule is complete with leads, monitoring
equipment, heaters, and pressure control equipment to give continuous
indications of load, temperature, and strain. The operating temperature
can be controlled and maintained up to 400 C, even during reactor shut-
down periods. It contains a bellows system for loading the sample to a
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maximum stress cf 40,000 psi, and a strain transducer to measure the
elongation of the specimer to a total of 0.4 inch with a 2.9 x 1077 inch
least scale sensitivity. Ar extensiorn-transducer monitor system similar
to the one in the capsule is »eing tested in the laboratory to determine
its accuracy and stability. Iio change in sensitivity or celibration as
a function of temperature has teen fcund; however, zero drift occurs.
Tests are being made tc determine whether this drift is temrperature or
time dependent.

In-reactor testing of thermocouple insulation has been completed. As-
bestos and a low boron content, high terperature giass fiber were used
to insulate thermoccuple lead wires placed in a snout facility at KW
Peacter. Beth insulation materials cozerated satlicfectcrily for approxi-
mately one year In-reactor. The only evidence of radiation effects was
observed early in the Irradiation. At this time the between-lead resist-
ange of the asbestos insulatzd wires dropped frox greater than 107 ohms *o
107 ohms. A gradua: recovery of this value to greater than 107 ohms
occurred in the first 200 hours of the Irradiaticn. Decomposition of
crganic material in the ashestos is suspected of causing this effect. A
report covering this work, "Irradiated Testing of Quartez and Asbestos
Thermoccuple Insulation” (EW-6C0G5), has teen written.

Metallic Fuel Develcpment

Cluster Fuel Elem:znts. Three 7-rocd cluster fuel elements were discharged
fror, the ETR 33 locy facility after attaining an exposure of 900 MWD/T.
These elements cperated successfally in 28C O coolart at power levels
ranging from 70 to 1lb kw/ft. The calculated raximum core temperature was
530 C.

Seven T-rod cluaster fuel elements, fabricated frcm 1.6 percent enriched
uranium ccextruded in Zircaloy-2 cladding, were charged into the KER
Lecop 2 facility. Clad thickness on six elezxents was 0.020 inch, the
seventh elemert contained a 0.232 incth cladding. These elements are
being irradiated to compare the performance of rods of various clad

thickness and have a goal exposure of 500C MWD/T,

A total of four 7-rod cluster fuel elements have teen charged into K
Reactor through-hole facilities tc gain expcsure pricor to purposely de-
fecting an element at *emperature in the ETR 3x3 loop facility. Two
elements will reach a goal exposure of 2000 MWD/T, the remaining two will
reach a goal sxposure of 1000 MWD/T before discharge and subsequent shipment
to the ETR.

A varisble spaced cluster element was irradiated to 1250 MWD/T in 270 C
water. Coextruded Zircaloy-2 clad uranium rods were assembled with tri-
angular end rings. The most closely spaced rods showed the largest
diameter increases. Tne largest increase was from C.632 irch diameter

to 0.640 inch di=mmeter. Other rods had no significant diameter increase.
Density measurements do not show a correlation hetween diameter increase
and density decrease. The largest density decrease was Observed in a low
burnup center rod - 0.5%. Evidently the volume changes measured in this
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test are not much larger than the accuracy limit of Radiometallurgy
measurement. No warp occurred. The triangular end rings proved satis-
factory.

Six prototype fuel elements of the 7-rod cluster type were built during
the month. These are built of sub-standard coextruded rod and are in-
tended for charge-discharge and flow tests rather than irradiation. The
elements were built to fit & 2.7-inch diameter NPR process tube. Two
each of one-foot, two-foot, and three-foot long elements were fabricated.
Each element is supported in the process tube by clip type 0.030 inch
thick Zircaloy-2 supports attached by resistance welding near each end
to the outside six rods of the cluster. The two-foot long element has
one intermediate spider support system in the middle of the element,

and the three-foot long element has two intermediate support spiders.

The elements were assembled readily and accurately by use of a precision
holding jig. The self-aligning design of the end spiders slso contributed
to the ease of assembly. Fabrication of these elements demonstrated the
possibility of assembling cluster fuel elements within dimensional toler-
ances of 0.010 inch on the outside diameter and within a rod to red
spacing tolerance of 0.003 inch.

Tubular Fuel Elements. Tubular element components can be successfully
coextrusion clad with zirconium alloy. Nuclear Metals, Inc., has produced
about 300 feet of Zircaloy-2 clad uranium tube suitable for KER testing.
NMI has also produced 30 feet of tubular fuel with diameters as proposed
for the NPR. Eight tube-tube fuel elements of KER size were built during
May. They are each 36 inches long and contain about one pound of uranium
per inch. Four of these elements will be irradiated in high temperature
water at KER. The other four will serve for KER backup and/or ETR high
specific power tests. Four of the eight elements have U-2% Zr alloy
cores. Twec tube and rod elements continue to operate successfully in KER
Loop 4, with a current exposure of 1500 MWD/T, and a planned discharge date
of July 15.

A tube-tube element was charged into KER Loop 1 during May. This element,
containing U-2% zirconium fuel, will be discharged after 250 MWD/T. This
is the first tube-tube element to be tested at Hanford KER. The short
exposure goal will allow examination to check fuel supports, element warp,
and other features of design which could cause trouble early in the test.
The distance between fuel supports of the inner tube is about 30 inches,
the largest unsupported span yet tested at KER.

A tube-tube element was built and shipped to the ETR for testing in the
Hanford 6xS loop. The specific power of this element will be about

360 kw/ft (80 watts/gm) with the ETR at full power. It is 22 inches
long, weighs roughly one pound per inch, and has & U- 2% zirconium core.
This test is scheduled to begin June 6, and run for three ETR cycles
(2000 MWD/T). Maximum core temperature is calculated to be 700 C.

Component Fabrication. Twenty Zircaloy-2, 7-rod cluster spiders of KER
geometry have been fabricated by electrical discharge machining on Cin-
cinnati Milling Machine Company's "Elektrojet". The pieces were cut
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from 0.20C inch thick plate. Cutting time varied from 8.5 to 15 minutes
per pliece depending on operating conditions. A competitive machine re-
quires 35 minutes to perform the same cut. A visual inspection shows

the "Elektrojet" surface to be equal or supericr to that produced by com-
petitive equipment. Dimensional stability is good. The average outside
dimension varies by t 0.002 inch over 20 pieces. Examiretion of the
spark machired edges at 250X shows no perceptible effect on the zone
adjacent to the disintegrated surface. Sixty additional pieces will be
cut and shipped including the data recorded for each cut, completing the
order for eighty spiders.

A die set is now bheing designed to purch spiders from Zircaloy plate.
Preliminary tests with a segment die (two rod tosses connected by a
narrow wet) show that the segrent can be cut fror 0.125 inch thick stock.
A force cf arproximately 1% tons was required to shear the segment from
0.125 inch thick Zircaloy-2 ingct material.

Drawing dies, for reducing the 0D of Zircaloy-2 tubing, have been made
from a glass cloth laminate with a melarmine resin binder. This meterial
is better than Textolite sinze it shows & good deal less wesr, is dimen-
sionally more statle, and appears tc retain its strength at higher
temperatures. Expanding plugs of the same material are being made, and

t is assumed tha* they will do an egually good job on increasing the OD
of Zircaloy-2 tubing.

Tubing with ar expanded surface has beer made by swaging. The surface
area has been increased 85 percent by producing eight ribs as an integral
part of the tube surface. This technique will be tried on a Zircaloy-2
tube with a uranium core.

Closure and Joining. Hot heading has beern nerformed on 0.780 inch
diameter coex*ruded fuel rods of four-inch lengths with 0.020 inech thick
Zircaloy~2 clad. The hct heading is for the purpose of providing a
thickered Zircaloy-2 surface at the ends of the rod which is required
for one form of welded end closure. The end of the rod is essentially
back extruded with a die shaped to extrude the uranium core from the end
of the rod while thickening the Zircalcy-2 cladding materiasl and forcing
it over the end cf the rod.

The results on the 0.780 inch diameter rods compare favorably with the
end forming obtained orn the smaller 0.630 and 0.593 inch diameter rods
previously hot headed, with the exception that the Zircaloy-2 clad
material did no:t completely flow over the rod end and into the extrusion.
It is expected that longer extrusion punches will correct this situation.

Equipment for hot heading fuel rods in lengths of 12 inches has been
fabricated, and initial testing indicated satisfactory performance.
Prior to the use of this equipment the longest rods hot headed were
four inches long. If further use of this eguipment shows that the fuel
rods can be satisfactorily and consistently hot headed, the equipment
will be used in hot headirg 0.593 inch diameter coextruded Zircaloy-2
clad uranium rods to go inte 12-inch long, 7-rod cluster fuel elements.
These fuel elements will be irradiated in the KER loops.
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In an attempt to prevent seizure of the fuel rod during the hot heading
operation, & thin copper jacket has been utilized with success. Jacket-
ing of the Zircaloy-2 clad fuel rod with 0.0005 inch of copper was ac-
complished by the electroplating technique. The plating bath used was

of the alkaline pyrophosphate type using a current density of 30 asf and
vigorous air agitation. Pretreatment prior to plating was the two-etchant
procedure as »utlined in HW-34Lo6.

Coextruded Zircaloy-2 clad natural uranium fuel rods 0.78 inch diameter
were acid machined to remove 0.125 inch of uranium from each end. Counter
boring of uranium was necessary to facilitete welded end plug closure.
Concentrated hydrochloric acid (37-38% HCl) at room temperature was used,
and removal rates of 10-15 mils per minute were achieved. Undercutting
of the Zr-U bond layer was observed only when the fuel rods were acid
machined in & non-vertical position.

Allied Fuel Studies. Strain measurements have been made on the four
Zircaloy-2 fuel element jacket burst test specimens which were ruptured

at 350 C in the ex-reactor burst testing facility. The measured strains
were 3.9%, 3.9%, 8.5%, and 9.2%. Because the wall thicknesses of the
specimens were not uniform (the thickness varied as much as six to ten
mills in each specimen), the strain was non-uniform and was localized

near the thin wall section where rupture occurred. Specimens with a more
uniform wall thickness would likely strain more uniformly and would prob-
ably show a greater total strain. One specimen was pressurized at a low.
enough pressure so that it failed by creep, whereas the previous specimens
ruptured while pressure was being raised. The previous specimens appeared
to have failed explosively while the creep specimen exhibited a very small
crack at the point of rupture. Tangential (hoop) stress was 37,000 psi
for the specimen which failed by creep as compared with an average of
41,000 for the specimens which failed as pressure was being raised. The
total strain measured on the latter specimen was 3.8% which is slightly
less than the smallest strain measured on the previous four specimens.

Fuel corrosion rates of defected coextruded rod specimens in the cptimum
beta treated condition (10 minutes at 725 C, quench and hold 10 minutes

at 600 C, air cool) do not appear to differ significantly over the tem-
perature range 200-475 C(autoclave data). Rod specimens defected with a
0.025 inch diameter hole in the cladding corrode at a rate of 0.18 g/min
at 300 C in autoclave; both tubular and rod specimens with the same defect
corrode at a rate of 0.22 g/min at 300 C in ELMO #4. Although the uranium
corrosion rates are the same, there appears to be less clad damage during
failure in the dynamic ELMO loop than in the autoclave.

The superior defect behavior of diffusion treated and water gquenched co-
extruded U-2 w/o zirconium fuel rod has previously been demonstrated.

A diffusion treated and water quenched specimen was aged for 235 hours
at 475 C to determine the effect of reactor temperature conditions on
the meta-stable water-quenched bond. The defect behavior of the aged
specimen was as good as that of the unaged specimen, indicating good
stability of the water-quenched condition at the aging temperature.
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Knowledge of the dependence of clad uranium fuel element swelling upon
cledding and uranium temperatures, cladding thickness, and exposure is
of importance for Hanford's fuel element development work. As a cursory
investigation of the effect on swelling of these parameters, an initial
irradiation of five experimental assemblies containing Zircaloy-2 clad
coextruded uranium fuel is being made in the MIR and ETR. GEH-3-32 and
GEH-3-57, the second and third of the above fuel rods to be discharged,
will be returned to Hanford for examination before the end of May. Ex-
posure on these fuel rods is 3500 MWD/T and 1900 MWD/T, respectively.
The remaining two fuel rods in the ETIR have reached an exposure of approx-
imately 1800 MWD/T. '

To extend the coverage of the temperature, exposure, and cladding re-
straint parameters, twelve more assemblies, similar to those now in the
ETR, are being prepared for irradiastion in the MTR. These will be ready
for charging by June 15.

To attempt a statistical analysis of the effect of temperature, exposure,
and cladding upon fuel rod swzlling, a series of NaK capsule experiments
has been designed for irradiation in Hanford reactor process tubes.
Assembly of these capsules has started. It is planned to begin the ir-
radiations in July.

Design Analyses and Computations. The mathematical models for swelling
within irradiated uranium require knowledge of the amount of inert gases
produced by fission. The amount of gaseous production in the final
products depends upon the material fissioned and the neutron flux in-
tensity during irradiation. The inert gaseous fission products vary for
uranium from 5.27 to 6.28 - (cc / cc * % burnup) at STP - and for plu-
tonium from 3.69 to 4.48 - (ec / cc * % burnup) at STP - as the flux varies
from 1013 to 1015 /neutrons/cm? - seg7 Yields and their flux dependence
of the various fission product isotopes which produce krypton and xenon
are reported in HW-60L431.

Facilities and Equipment. The in-reactor section of the 6x9 ETR Loop

vas installed May 15, 1959, and the loop is currently being operated to
measure gamma heating. Fissionable material can be loaded the next oper-
ating cycle of the reactor. This completes the 6x9 facility according

to Project CA-68L. The 3x3 Lcop still must undergo extensive modifications
to permit intentional in-reactor ruptures. Present scheduling should
complete the entire project about October 1, 1959.

A Dynapak machine that extrudes at velocities to 200 fps and at an output
energy of 160,000-foot pounds was installed in the 326 Building as proto-
type equipment. This unit will be used to check the hydrodynamic behavior
of materials when they are worked at high velocities, with high rates of
energy application.
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2. REACTOR PROGRAM

Coolant Systems Development

Corrosion of X-8001. The test to determine the corrosion characteristics
of X-8001 fuel element cans made from cast blanks was completed after
approximately nine weeks exposure in the out-of-reactor mock-up tubes.
Visual inspection showed no adverse corrosion. Corrosion rates will be
determined as soon as weight loss measurements are completed. However,
on another lot of X-8001, severe groove-type pitting has been observed
on the X-8001 aluminum cladding of an I & E fuel element. This piece
was dlscharged from D Reactor at goal exposure. Although there were no
in-reactor rupture indications, several pits on this fuel element jacket
appear to penetrate to the Al1Si bonding layer, and in some places to the
compound layer. The fuel element will be sectioned to determine pit depth
and to look for "stringers" in the cladding.

Tests in KER In-Reactor Facilities. During the KE Reactor extended outage
of April 15 to May 7, extensive maintenance and overhaul work was accom-
plished on the pumps, valves, and instrumentation of all four KER Loops,
including the installation of resistance temperature detectors for more
accurate measurement of inlet and outlet temperatures. Horizontal and
vertical traverses were made of the process tubes of Loops 2 and 3, and a
vertical traverse only was made on Loop 1.

The cause of the recent flow restriction in Loop 1 was found and corrected.
The holes in the diffuser ring of the front nozzle were found to be badly
clogged with crud. The strainer just upstresm of the front face was found
to be damaged to the extent that solid material could pass through.

At the end of the extended outage Loops 1, 2, and 3 were charged with
aluminum dummies for a short shakedown run. Loop 1 was recharged May 19
with two 13-inch, 7-rod clusters {one natural U and one 1.6% enriched),
one 36-inch tube~-and-tube element, and one 33-inch rod-and-tube element,
all Zr-2 jacketed. The two tubular elements contain ratural U with 2 w/o
Zr. Loop 1 continues at pH 10, with & maximum allowable surface tempera-
ture of 2965 C.

Loop 2 was charged May 19 with seven 1.6 % enriched 7-rod clusters, six
with 20-mil and one with 30-mil Zr-2 jackets. All these pieces have
modified end supports. A T-rod thermocouple durmy was included at the
downstream end of the charge to measure water temperatures in different
flow channels and thus determine the degree of mixing of the water. Six
of the seven thermocouples appeared to be functioning properly and showed
water temperatures within a range of 18 C, indicating fairly good mixing.

Loop 3 was charged on May 25 with five Doe metal slugs canned in X-8001
aluminum and 15 Doe metal slugs canned in C-810 alumwinum (1.0 w/o Ni,

0.5 Fe, 0.1 Ti; i.e., essentially X-8001 with Ti added). After the loop
surfaces are conditioned with a phosphate film, this charge will be re~
placed with Doe metal slugs all jacketed with X-8001 for a high temperature
jacket corrosion test.
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Decontamination. A program has teen formulated to develop & suitable
method of decontamination for the NPR, and a summary of the decontam-
ination studies completed during the past year is in preparation. Also,
the state of the technology as it exists today for NPR decontamination
facilities has been summarized to stimulate feed-back between the design
concepts for NPR decontamination fac1lit1es and the supporting ‘Research:
and De\'elcpment program ‘ ol Luon

I LS B

Water Treatment. Preliminary studies were initiated to determine the pH
control characteristics of the high pH, lithium hydroxide resins with
high purity water feed. Results to date indicate tha* the lithium-to-
hydrogen ratio on the resin quickly reaches a critical value and the pH
stabilizes at about 8.2-8.5. A weakly acidic resin (IRC-50) is now on
order. This resin is selective for hydrogen. The two resins will be
used 1n parallel in an effort to control the final water pH at 10.0.

Heated Slug Rupture Tests. The coextruded uranium and Zircaloy-2 rod in
the as-extruded condition, which previously had been tested for 1/2 hour,
was operated for two additional'l/E-hour exposure periods. Test condi-
tions were 300 C water temperature, 1650 psi, power rate 30 kw/ft, and
20 fps water velocity. The Jacket was initially defected with three
0.025 inch pin holes, about 1-1/2 inches apart. After the total 1-1/2
hours exposure, the appearance of the rod was similar to those tested

in EIMO-4 without power generation. Each of the defected spots exhibited
swollen and torn mounds about 1/2 inch in diameter plus a 3/4 inch long
tear along the axis of the rod. The maximum diameter of any of the de-
fected locations was 0.79 inch compared with the original 0.59 inch rod
diameter.

The coextruded rod holders, lead-in bus rod, and the surrounding process
tubing arrangement on this electrically heated rupture prototype have
been redesigned to permit faster assembly and disassembly. The new design
also eliminates the troublesome brazed joint between the Zircaloy-2 and
copper adapter piece.

Corrosion of Zircaloy-2. A test to determine the corrosion resistance of
Zr-2 welds in pH 4.5 300 C water has been completed. Heliarc and electron-
beam welded coupons were subjected to the following various pretreatment
conditions: (a) as-received, (b) as-received plus Turco 4501 decontamin-
ation process, {c) as-received plus APACE decontamination process,

(d) polished, (e) etched, (f) etched plus Turco 4501 decontamination
process, and (g) etched plus APACE decontamination process. On inspection
after exposure in 300 C water the coupons which were etched after welding
exhibited tight black corrosion product films. All non-etched coupons
except those in the as-received condition developed white corrosion
product at the edges of the heat affected zones. Numerous areas of hard
white corrosion product were found scattered over the heat affected zone
on the as-received coupons. These white areas were about one-tenth the
size of a single Zr-2 grain. They were found both in the grains and at
the grain boundaries. One to five of these small areas wsre found on the
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other coupons including the etched coupons. However, they did not grow
in size with increased exposure and did not appear to affect the corro-
sion resistance of the welds.

Several devices are being fabricated for the study of fretting or wear
corrosion of Zr-2. These will attempt to (a) produce such attack, and
(b) establish whether contemplated fuel element designs will be subject
to fretting corrosion under anticipated operating conditions.

Heat Exchenger Tests. Design of a stress-corrosion heat exchanger was
completed, and fabrication will begin as soon as all the parts are avail-
able. This equipment will be employed to study stress corrosion, caustic
embrittlement, and surface boiling on heat exchanger tubes under NPR
conditions.

Corrosion in Organic Coolants. The coupons which were previously exposed
in ORA-1 at 700 F for 23 deys in MIPB containing 20 ppm water, then for
1-1/2 hours with the water content increased to approximately 10,000 ppm
were examined and weighed. The British Magnox underwent a corrosion rate
of about 1.5 mils/month, the 98.8% Mg about 2 mils/month, and the AZ-31
alloy about 3 mils/month. This compares with an expected 1 mil/month for
all three alloys in MIPB at 700 F with only 10 to 20 ppm HoO. The carbon
steel and M-388 aluminum coupons were virtually unaffected.

Four fuel elements, two solid, 25 clad lead-dipped, and two I & E M-388
clad-nickel-bonded, were discharged from ORA-1 after 1265 hours in MIPB
at 700 F. The 25 lead-dipped slugs exhibited a light brown adherent film
while the M-388 clad had no film at all over most of the surface, excert
for black spots covering about 5% of the area. These spots were nct re-
moved by the usual sclvents and brushing.

Aluminum Corrosion. The ELMO-6 Loop was charged with X-8001 coupons,
X-8001 clad Doe slugs, and C-810 clad Doe slugs. The C-810 alloy is
essentially X-8001 (e.g., 1.0 w/o Ni, 0.5 Fe) plus the addition of

0.1 w/o Ti. The coupons and slugs will be exposed to 300 C pH 4.5 water
adjusted with H3PO4. These coupons will then be exposed to 400 C steam
to determine whether the 300 C corrosion film is protective. The slugs
will be defected and exposed to 40O C steam to determine the rupture
severity of Doe metal under KER conditions. Another facet being studied
in this test i1s the changes which occur in the structure of the corrosion
product film when coupons are cycled from static conditions to dynamic
conditions and vice versa.

Nickel-plated X-8001 clad dummy slugs were charged into ELMO-7 to eval-
uate the corrosion resistance and filming characteristics of this material
in 300 C pH 7 water. The material consists of electroplated and chem-
plated dummies processed by two vendors with nickel thickness varying
from 1.0 to 1.3 mils.

Exposure of nickel-plated C-64 clad fuel elements at 300 C, pH 7, showed

a tendency for spalling at the edges of the elements, although the chem-
ically plated material held up better than electroplated material. The
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" electroplated material appeared more ductile and probably would be a
better cladding if properly plated on the base metal.

Structural Materials Development

Zircaloy Pressure Tubing. Zircaloy-2 pressure tubing is being tested to
failure with internal pressure at elevated temperatures. The test tem-
peratures are selected to approximate the meximum tube surface tempera-
tures to be encountered during operation. Three lengths of KER tubing
and one length of NPR tubing were vacuum annealed and tested at 650 F
(343 C). Pressures of 7200 to 8500 psi were required to burst the tubing.

The KER tubes expanded uniformly along the length of the sample to 12.5%
increase in diameter. Local bulging up to 69% increase in diameter pre-
ceded fracture. The fracture progressed axially for about four inches
vefore the ends turned transverse to the axis for one-half to one inch.

Failure of the NPR tube occurred prior to any localized bulging. A small
crack 5/16 inch long appeared on the oustide surface, with the long axis
of the crack oriented at 30 degrees with the axis of the tube. Consid-
erable localized necking was apparent in the vicinity of the crack. Upon
examining the inside surface of the tube, the crack was found to be 9/16
inch long. The inside surface exhibited flow lines that formed parallelo-
grams with 60 degree and 120 degree included angles. Short cracks were
found at intervals along these lines. Although the pattern may have a
mechanical origin, the symetry strongly suggests a relationship to the
hexagonal crystal structure of zirconium. By means of these and related
studies it is also hoped to shed some light on the failure mechanisms of
Zircalcy-2 tubing.

Creep of Zircaloy-2. A contract with Battelle Memorial Institute to
continue creep testing of Zircaloy-2 has been approved. Under this
contract BMI will continue creep testing of annealed and 15 percent cold
worked Zr-2 under constant stress - constant temperature and constant
stress - cyclic temperature conditions. One temperature cycling test has
been completed on 15 percent cold worked Zircaloy-2. The temperature
cycle used was six days at 650 F - one day at room temperature. In the
early part of the test, a small amount of primary creep occurs with each
temperature cycle, but the magnitude decreases with increasing number of
temperature cycles and is indistinguishable beyond about 100 cycles.
Total creep strain is comparable to that observed in a constant stress-
constant temperature test.

Nonmetallic Materials Development

Irradiation of Candidate NPR Graphites. A new experimental facility in

the 2-C test hole at KE Reactor has been completed for graphite irradi-
ations in the temperature range of 500 to 600 C. The initial charge
consists of six graphite spacer boats in the reflector region of the test
hole and eleven sample-carrying boats in the central region. The spacer
boats, fabricated from Texas coke AGOT graphite were measured to provide
data on dimensional changes in the fringe regions. NPR candidate graphites
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were used for the sample-carrying boats, and it is expected that measure-
ments made on these bocts will provide a direct comparison hetween full-bar
and samll-sample results. The candidate NPR graphite semples charged in-
clude three from National Carbon Company (VC, VT, and 00), two from Speer
Carbon Company (SP-9 and SP-10), and two from Great Lakes Carbon Company
(GL-10 and GL-11). CSF, KC, and TSGBF graphite samples were alsc included
as standards for comparison. Samples were annealed at 650 C prior to
charging to reduce the effects of compression set. Goal exposure for the
charge is 1000 MWD/AT with the exception of one boat which will be dis-
charged with approximately 600 MWD/AT. Removal at this lower exposure will
permit & comparison of annealed and unannealed samples at an exposure where
the maximum expansion has been observed for samples irradiated at tempera-
tures above 300 C. From these data it will be possible to determine to
what extent the initial expansion found at low exposures in 400 to 500 C
irradiations is a result of thermal annealing of compression set.

The first irradiation results for NPR candidate graphites have been ob-
tained from samples discharged from the Y test hole at C Reactor with
approximately 700 MWD/AT at 500 C. These samples, extruded in two-inch
rounds or in 10 to 16-inch diameter electrode stock, were the earliest
available for irradiations and do not represent processing entirely typical
of the final NPR graphite. However, in comparing the differences in behavior
of the several candidate coke types, Continental coke graphite samples from
& two-inch round extrusion showed the highest expansion {+0.054 percent) of
samples cut transverse to the extrusion axis and were the only samples to
contract (-0.007 percent) in the direction parallel to the extrusion axis.
The high transverse expansion is indicative of a graphite which exhibits a
relatively low contraction on irradiation at 500 C. Ohio and Socony Mchil
coke graphites in expanding 0.045S percent in the transverse direction and
0.010 percent in the parallel direction behaved very similar to standard
graphite made from Texas coke.

Thermal Expansion of CGraphites. Thermal expansion coefficients of reactor
graphites are of particular interest because of an apparent correlation
with contraction rates when irradiated at high temperatures (e.g., 500 C

and above). KC graphite, which exhibits the lowest contraction rate of any
graphite yet tecsted in irradiations at 500 C, has a high thermal expansion
in the transverse direction and a relatively low thermal expansion parallel
to the extrusion axis. This combination, i.e., a high ratio of transverse-
to-parallel thermal expansion coefficients, is now believed to te character-
istic of graphites with good dimensional stability on irradiation at high
temperature. The high transverse coefficient is in itself not & sufficient
criterion since poorly oriented graphites, which exhibit high contraction
rates on irradiation at high temperature, have high thermal expansion co-
efficients in both the transverse and parallel direction. Thermal expansion
data for typical graphites are listed in the following table.
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*These graphite types are

Relative
Average Thermal Dimensional
Expansion Coefficients Ratio: Stability
Graphite Over Range 25 to 425 C Transverse/ on irradiation
Type* Manufacturer Transverse Parallel Parallel at 500 C
) National 4.7 x10°6 1.2 x 1076 3.6 Good
CSF ) Cardon 3.5 1.5 2.3 Intermediate
TSGBF ) L.4 2.7 1.6 Poor
) 3.5 1.1 3.2 ) Being deter-
GL-10 Great Lakes 3.8 1.2 3.2) mined
GL-11 " " 3.5 1.2 2.9 )
further defined in HW-589u46.

If KC graphite is no longer availsble, the VC, 3L-10 and GL-11 graphites are
considered the three most promising graphites now undergoing evaluation for
NPR use. However, since a considerably larger coke particle size was used

in processing these three new graphites than was used for KC, the National
Carbon Company has agreed to produce samples on a developmental scale using
the same Continental coke as in VC but with an gll-flour mix. It is believed
that this change will increase the transverse/parallel thermal-expansion
ratic still further and may result in a graphite with superior stability to
dimensional changes on high-temperature irradiation.

In-Reactor Compression Test of Graphite. Four graphite compression test
assemblies to determine the effect of loading on the high-temperature radi-
ation-induced contraction of graphite were charged into test hole 2-C at

KE Reactor. For each of the four types cf graphite, CSF, TSGF, KC and VC,
three samples were loaded at 160 psi and four samples at 80 psi. Eight un-
loaded samples were included as contrcls, one at the position cf each lozded
sample. In addition toc the compression-stress loaded samples, some informa-
tion on the influence of flexural stress will be obtained. Six samples,
which are actually part of the experimental mechanical assembly, contain
platinum pins inserted in a rectangular configuration. Any changes in the
interpin spacings will be measur=d to determine the effects of flexural
stress on radiation-induced dimensional changes. Al-Co and Ni foil monitors
have been included to measure the flux distribution in the test hole.

ETR Graphite Irradiastions. The first in the GEH-13 series of graphite ir-
radiation experiments was successfully installed in the N-1b corner filler
position of the Engineering Test Reactcor the week of April 26. Maximum
sample temperatures, which varied from 665 C to 780 C along the capsule
length, were reached during the few hours the reactor has operated at full
power.

Because these temperatures in GEH-13-1 are lower than desired, the samples
for a second capsule to be charged into the ETR E-5 corner filler position
have been modified to attain an estimated sample temperature between 1000
to 1100 C. The new experiment will also contain powder samples of various
graphites, and some small rods of special high density impermeable graphites.
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MIR Graphite Irradiations. Installaetion of the first graphite test in an
instrumented MIR shim rod (L-48) was successfully completed on April 29.

The unit 1s functioning satisfactorily as a reactor control rod, but the
electrical connector to the irradiation experiment requires further devel-
opment to be completely relisble. As of the middle of May, control at near-
goal temperatures of 720 C, 610 C (intermittent), 975 C, and 980 C had been
attained at the four sample positions.

The GEH-9-8 capsule was discharged from the L-42 position after success-

fully completing five MIR operating cycles. This represents the highest

exposure attained to date in these experiments. GEH-9-9 containing four

samples of VC graphite was charged for a one to three cycle exposure. VC
graphite is one of the three prime candidates for construction of the NPR
core.

Thermal Hydraulics Studiles

Equipment Projects. The equipment installation was completed on the project
to provide additional heat generating capacity in the 189-D Heat Transfer
Laboratory through the use of silicon rectifiers (Project CG-661), and the
equipment was operated at low power levels under the direction of the
vendor's representative. Areas were defined which require minor adjustments
before the acceptance tests are performed.

The project to modify the High Pressure Heat Transfer Apparatus for higher
flow and heat generating capecities and to allow transient type experiments
(Project CGH-834) is on schedule. The 250 gpm pump was received after the
successful completion of a 100-hour hot test at the vendor's plant. Shop
fabrication was started on the bus bar additions to handle 32,000 amps and
the bus intertie to connect the apparatus with either the rectifier or gen-
erator heat generating source. In addition, the construction forces com-
menced site preparation for the test section fabrication area.

Hydraulic Studies. A flow restricting device was developed and tested

which will fit into the downstream end of a K Reactor process tube. The
device 1s proposed for use at the K Reactors with the K-III I & E slugs

(a low flow resistance slug) during five-pump operation. Five-pump operation
would be non-standard procedure with K-III slugs, but if one of the six
pumps should fail and be out of service for an extended period, then the

use of this flow restricting device might be economical for such interim
operation with five pumps.

The device, which is to replace the two downstream thin wall perfs, was
sized to provide an additional 55 psi of pressure drop at a specified flow
rate. It was found that critical flow and temperature monitoring character-
istics would not be changed during its use. Results of the development
tests are presented in HW-60375.

Channel flow split ratios were determined for a model of a developmental
tube-and-rod fuel element which is presently being irradiated at NRTS,
Arco. The experimental flow split values checked well with previously
calculated values, but these did not compare well with thermocouple read-~
ings obtained during irradistion. R 1s now suspected that the thermo-
couples may be in error.
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A model of the T-rod cluster fuel assembly for NPR, using 0.70Lk-inch
dismeter rods, has been fabricated and assembled. This asserbly is
approximately six feet long and will be used in hydraulic studies of
QP versus wire wrap pitch. Copper wire has been drawn to the proper
size to use in wire wrapping at various pitches. Initial experiments
wvere performed without any wire wraps.

A special coaxial typs copper conductor wes received to be used in the
measurement of mixing efficiency by conductivity methods in a 7-rod
cluster type fuel element. Although ins*tallation of the cable vroved
satisfactory and did not disturbd flow, initial experience with the elec-
trical circuit indicated unstable and unpredictable resistance values.

Heat Transfer Characteristics of NPR Type Fuel Elements. The calculations
oI the natural mixing efficiency for thz T-rod bundles were extended to
include Tuel rods of diameters 0.625, 0.704, C.740, and C.780 and lengths
of 10, 2C, 3C, and 4§ feet. This work was completed, and a final report
was written (HW-60376).

Mechanical Equirment Development

Crgaric Cooling System Compcorents. The shaft seals using John Crane Sealol
and Durametallic have operated 130k, 1576, and 1LlLk hours, respectively.
Various test pieces were operated for 480 hours during May at 300 C and

30C rsi with a recirculated tertiary organic eutsctic. A total operating
time of 1200 hours has accrued with the above organic.

Reactor Technology Development

At*enuation Measurements. The foils from the final test on ferrophosphorus
concrete baked at 32C C have heen counted and the data sent to IBM. This
will complete the program for testing neutron and gamma attenuation prop-
erties of ferrophcsphorus concrete. A summary repcrt on the ferrophos-
pherus concrete program is in preparation.

Foils from the second test on pure iron have beer counted and the data
sent to IBM. The data from the ordinary concrete program are being
analyzed. The perforated ferrophosphorus concrete test slabs are being
baked at 50 C. Two new sets of concrete test slabs are being fabricated,
(1) using a serpentine mixture and {2) using a barite mixture.

Counting is under way on the first foil loading of the NPR boron-steel
thermal shield test.

3. FABRICATION DEVELOPMENT - SPECIAL ALUMINUM-PLUTONIUM FUEL ELEMENTS

Approximately 200 billets (600# c¢f aluminum-plutonium alloy) have been
cast for the experimental fabrication of fuel elements for SRP
irradiation. "~ The billets were cast to the correct diameter with one
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end configuration in order to eliminate as much machining as possible. With
a nominal Pu concentration of 7.35 percent, the analyses of the cast billets
have been in the range of 7.06 to 7.58 percent Pu, or within four percent of
the nominal composition.

A boron pick-up of 100 ppm was detected spectrographically in some of the
billets. This coincided with the use of cley graphite crucibles for melt-
ing. Analyses of the crucible material have indicated a surface layer
containing 200 ppm boron, but a boron concentration beneath the surface of
only 3 ppm. Also, a cutting lubricant which is carried along with the re-
melt stock, contained 2 ppm boron. However, assuming these samples are
representative, the amounts of boron detected in the crucible and lubricant
are insufficient to explain the amount of contamination in the alloy. Hence,
this boron contamination problem is being investigated further.

To date, seventy-five transplutonium fuel rods have been extruded. The as-
extruded rods are approximately 72 inches long with 57 inches of Al-Pu core
material containing the nominal 7.35 w/o Pu. The extruded diameter is

0.940 inch, and the X-8001 Al cladding thickness is approximately 0.100 inch.
The extrusion temperature is 525 C, and the average extrusion pressure is
6.2 x 10* psi. Two principal causes of rejects in the earlier extrusions
were blisters and "dogboning", or end effects. The blister reject rate was
decreased by modifying the billet design to minimize restriction of the out-
gas hole during welding. The "dogboning'", which was greatest at the lead
end of the core, was decreased to within specifications by machining a taper
on the lead end of the billet core.

To date, a total of 33 acceptable elements have been shipped to Savannah
River for irradiastion to high burnups. An additional special element,
secticned at the center and closed with 0.010 inch aluminum foil, was also
shipped.

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 pro-
grams of the University of California 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 - LOOO PROGRAM

1.

PLUTONIUM RECYCLE PROGR:iM

Plutonium Fuels Development

Basic Studies. Experiments to determine the effect of plutonium dioxide

additions on the sinterability of UOp have continued. PuO, has been added
to ball milled PWR grade UQp as a physical mixture, and in the form of the
mixed crystal oxide. Conclusions which may be drawn to date are:

a. The sinterability of UOpo is markedly reduced by physical additions
of up tc 10 w/o Pu0p. This is evident from data at one, two, four,
and eight hours from 1100 to 1600 C.

b. After eight hours at 1500 and 1600 C, densities of the mixed crystal
(rather than physical mixtures) are equivalent to, or above, that of
U0s. This may possibly be attributed to solid solution formation.

c. PuO, added to U0, in the form of the mixed crystal oxide appears to
slightly increase densification rates.

d. A preliminary value of the activation energy for self-diffusion in
UOo was determined as 75,000 cal/mole.

Turnings of alpha and deﬁta plutonium metal were heated with &% excess
carbon at 1050 C and 10~* mm Hg for 3-1/2 hours. There was a definite
fusion of the two constituents into a porous mass which was very pyrophoric.
X-ray diffraction patterns of the two samples showed the phases PuC, PuxCs,
and some residual carbon. In addition, the mixture containing alpha plu-
tonium gave an unidentified phase.

A high temperature tungsten ribbon furnace has been put into operation for
use in melting point determination of compounds. Uncorrected temperatures
on the order of 2600 C have been attained. At this time the pyrometer
absorption corrections are being determined.

The experimental work on solid solubility in the system UQOp-PuOp, and on

- chemical dissolution of sclid solutions formed during sintering in this

system, has been completed and is reported in HW-60276.

The radiometallurgical exemination of the unbonded 4-rod, Al-Pu alloy
cluster (IP-186A) irradiated in the KER-3 Loop is almost completed. An
eight-inch long, Al - 8 w/o Pu alloy core elongated 0.008 inch, while
two, four-inch long cores shortened in length by about 0.009-0.010 inch.
Two of the four-inch long cores were found to be diffusion bonded to each
other but not to the Zircaloy cladding.
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Fabrication Studies. The Al-Zr metallurgical bond formed by air-pressure
injection casting of aluminum into Zircaloy tubing was completely broken
when two, 32-inch long, simulated fuel rods were autoclaved for 72 hours
at 400 C and 1300 psi. Before autoclaving, Zr end caps were welded into
the counterbored tube ends so that there was no clearance between the
aluminum cores and the end caps. After autoclaving the ID of the tubing
was as much as 0.002 inch greater than the OD of the aluminum cores.
Longitudinal tubing elongations of 0.028 and 0.032 inch were noted after
autoclaving, and the aluminum lengths were as much as 1/8 inch shorter
with consequent increase in density.

A L8-inch long injection cast rod was held at 4OO C in a vacuum furnace
for one hour and then slowly cooled in the furnace. End caps were not
used with this casting, and no dimensionasl changes were found after the
furnace treatment. Metallcgraphic examination at 500X of the Al-Zr bond
before and after heating in the vacuum furnace revealed that the bond did
not separate as in the autoclave and that one phase in the layer had grown
at the expense of another. The Al-Zr compounds in the layer were not
identified.

Stainless steel cans filled with fused alumina powder have been success-
fully reduced up to 40% reduction in area by rolling. This has resulted
in a calculated ceramic density of 75%. The experiment is being repeated
using sized particles which have teen outgassed and then vibration packed.
After a 25% reduction the plates will be annealed, and an additional 25% -
reduction will be taken. Although it is hoped that 90% of theoretical
density can be achieved, it may be necessary to change can design and to
evacuate the cans in order to reach the desired density.

A T-rod, Zircaloy-clad, Al-Pu cluster has been completed and sent to the
ETR for irradiation, and the fabrication and assemtly of a 19-rod cluster
experiment are proceeding on schedule. Nineteen-rod clusters are being
fabricated by using the anticipated PRTR fuel fabrication process, which
is to insert undersized rods into as-received Zircaloy tubing followed by
sizing the sealed tube onto the rod ty swaging.

One of the full length Zircaloy clad and wire wrapped dummy elements that
had been fabricated by swage sizing was cycled 1650 times in the EIMO loop
between 250 and 525 F. The thermal conditions in the loop were quite
severe in that a considerable temperature gradient (150-200 F) existed
along the length of the element during cycling, and the rate of rise and
fell was about 150 to 200 F/min. An examination of the element showed
that it had failed by splitting of the cladding along the full length.
Since the element was not examined intermittently, it is not known how
many thermal cycles were sustained before the rupture occurred. The wire
remained intact, however, and the rupture was not caused by an end closure
failure. Further cycling experiments are planned employing additional
elements with intermittent examinations.

Two similar defected elements which contained 28 Al rods were also exposed

to 300 C, PH-O water, in the loop for a total of 30 hours. A surface flow
velocity of 15 ft/sec was maintained throughout the experiment. One
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element was defected by drilling l/l6-inch diemeter holes through the clad-
ding near one end and at the center. Corrosion products were visible
through the holes; however, the element showed no signs of swelling at the
erd of this time, and the test was discontinued. The other element was de-
fected on one end with a five-inch long longitudinal slit through the clad-
ding. The width of the slit was about 3/6& of one inch. Although a slight
amount of swelling was observed in this element after eight hours exposure,
the swelling was no worse after 30 hours. These elements were cycled a
total of four times between room temperature and 300 C at the rate of about
50 F/min. Some warping of the elements was observed; however, a temperature
gradient existeé along their length. No loosening or fretting of the wires
was observed. The elements are now being secticned to determine the extent
of the eluminum corrosion.

An existing wire wrapping fixture has been modified to handle etched fuel
rods and wire. Nylon or aluminum was substituted for all brass parts of
the fixture to avoid scoring the etched parts and an improved means of
v.lling the wire in tension was added. The latter change includes a force
gage to measure the tension in the wire accurately.

The shop is presently fabricating e banding tool for banding fuel element
clusters and a prototype air operated unit for removing the top bracket of
a Mark I-F fuel element cluster remotely.

Delivery of sixty, 24-inch, critical mass experimental test elements was
made to Critical Mass Physics.

Thirty-three grams of PuOp were classified into five different particle size
ranges by employing a sedimentation technique in an aqueous solution to
which a deflocculent had been added. A good separation was effected by
allowing the particles to settle a known distance for various times.

UCp Fuel Development

PRTR Fuel Elements. Preparation of approximately 1200 pounds of arc fused
JOo at Norton Company was completed. If complete evaluation reveals that
this materiel is of the quality indicated by preliminary analyses
(particularly O:U retio) at Norton, this will be a development of signifi-
cant interest for the preparation of both swaged and vibratorily compacted
fuel elements for PRTR testing. The second 19-rod fuel element was assembled
this month, and more rods are ready for assembly. The wire wrapping machine
was used very satisfactorily for this second fuel element. The total number
cf accesptable rods produced is approximately equal to the total rejectedq,
with cladding defects accounting for most of the rejects. The cladding de-
fects are detected principally by the fluorescent dye penetrant test
(eaternal flaws) or the eddy current test (internal flaws).

Although it has been anticipated that a variety of problems would be en-
countered in experimentally fabricating and assembling the first full length
PRTR rods, a vigorous effort is being made to reduce the reject rate while,
at the same time, increasing the number and severity of nondestructive tests
which will cause rejects.
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A number of rods rejected by the Zyglo (fluorescent dye penetrant) test
were sectioned, and small cracks were detected at positions predicted

by the dye penetrant. Other areas were free of cracks. This established
that the test was adequate and necessary.

Tests of tubing before and after swaging established that many defects
were present in the tubing before swaging. To use the tubing on hand
without wasting time and materials swaging defective tubes, the acceptance
inspection for tubes has been changed from z "dye-check" test to the more
critical "Zyglo ZL-22" penetrant test.

A second category of rejects was due to low density material which involved
about 22 rods. The cause of the low density was traced to powder preparation
problems. Preparation procedures have been changed to increase the density
of the UOp, and more frequent sampling of batches of UOp powder is now re-
quired.

Fabrication Development. Experiments in which large reductions in cross
section were achieved by swaging hollow thin wall tubing sometimes resulted
in serious cracks or other defects in the tube. A series of swaging exper-
iments has demonstrated that reducing the "throw" of the dies on the sta-
tionary spindle swage machine helps to minimize these defects. The sta-
tionary spindle, Sutton swage machine (now on order) has dies having a
"throw" which is adjusteble from O - 0.040". This equipment should meke it
possible to obtain the optimum die "throw" for any particular swaging job.

The effect of CaF, on the densification of sintered U0, is being evaluated.
Sintering tests at 1750 C for 12 hours showed no beneficial effect with

ball milled PWR-type powder. With high percentages (2.5 to 5.0 w/o) of

CaFp, however, the sintered density of untreated PWR grade UOp was in-

creased substantially. Densities 95 percent of the theoretical density of
UOp were obtained with additions of 2.5 w/o CaFp to the UOp which had not been
ball milled.

A heat sensing device providing rapid response is required to adequately
control the heat source for hot swaging of fuel rods. A PN germenium-
Junction photo diode sensing unit is being used to control the heating of
fuel rods prior to hot swaging. The device is designed to control tem-
peratures from 200 C to well over 1100 C. Response time of the sensing

unit is 0.000001 second. Sensitivity of the device was increased by limit-
ing its response to infrared radiation, thus eliminating the need for filters.

Metallographic examination of hot swaged, Zircaloy-2 clad fuel element rods
reveals s microstructure not apparent in cold swaged tubes. The predominant
"basket weave' or Widmanstatten-like microstructure which is observed in

the hot swaged Jacket material is transformed beta phase. As Zircaloy-2

is cooled from the beta phase region (above 900 C) alphe phase platelets
preciplitate along the crystallographic planes within the large beta grains.
The "basket-weave' microstructure results. Corrosion resistance and tensile
properties of this structure appear to be as good as, or better than, those
of annealed material.
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The Zyglo test was employed to check Zircaloy-2 tubes for surface ir-
regularities prior to sweging. Ten of the fifteen tubes tested sBhowed
defects sufficient for rejection. All of these tubes had previously
passed the Dye-check test. Metallographic examination of the defect
areas is in progress. Preliminary data indicate that surface cracks
missed by Dye-check and detected by Zyglo are 0.0C3 to 0.006 inch in
depth. These cracks and defects act as stress localizers during subse-
guaent swaging operations and may contribute to cladding failure.

Ultrasonic inspection of defective tubes has been successful in that the
Zyglo defects have been readily found. Other defects, possibly imper-
fections of the internal surfacze, also were located.

"di-fired" UOp powdsr {Spencer Chemical Co.) was swaged to 89-90 percent
of theoretical dsasity of JO0z. This ccmpares with densities of 90-91
rercent ¢ the theoreticel which have bsen obtained with Norton arc-fused
e

. 2~

Fael Evaluation. A fuel assembly consisting of a nested tube and rcd of
JOp, 36 inches long, was irradiated in the ETR for six days prior to a
fission treak. The elements were discharged after five days of irradiation
and reinstrumented for additional temperature measurements. The element
released fission gases soon after reaching full power after the recharging.
Ccolant temperaturs and flow measurements were obtained prior to failure.

A crcss section of tne irradiated, large diameter (1.4L4 inches), swaged
fuel element containing natural UQp revealed the fcollowing preliminary data:
(1) a thin layer of UOp powder adjacent to the stainless steel cladding,

{2) a thick cylinder of high density, sintered UOp, (3) a cylinder of radial
cclumnar grains, and (4) a core containing UO2 which probasbly was molten
during irradiation. There is a marked similarity between the appearance of
the original, irradiated "ash cans” and this swaged element.

Post-irradiation examination of the Pu-enriched, UCp powder containing fuel
clusters has revealed the following information:

{1) The physical characteristics of the PuOp-UOp fuel after irradiation
were markedly different from those of any previously irradiated UOp,
the former exhibiting relatively little of the cracking and frag-
mentation observed in pure UOp.

{2) The formation of a large central cavity was evident in both the
P and the U-235 enriched U0 rods. In one of the Pu enriched
rods, a solid compact of fuel wes formed at one end. Large,
tubular oriented voids were observed at the center portion of
this compact. Small lateral voids were cbserved near the termin-
ation of the columnar grains. These voids are characteristic of
those formed during UOp dendrite formation by sublimation in ex-
reactor experiments. ’
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(3) Most of the core material after irradiation consisted of large,
radially oriented, columnar grains.

(4) Etch pits were formed in the high density columnaer grains during
polishing and etching.

(5) A second phase of undetermined composition was observed within
the large grains of PuO2-UOs.

A four-rod cluster containing arc fused, natural U0z vibratorily compacted

to 78 percent of the theoretical density has been irradiated to approxi-
mately 800 MWD/T in the GEH-4 facility in the MIR, at a power generation

of epproximately 35 kw/ft and a heat flux of approximately 250,000 BTU/hr/ftZ.

Basic Studies. Radiation damage in UOo is being studied by metallographic
examination of polished and etched surfaces and by fractography. The pres-
ence of smell voids has been detected at grain boundaries in UOp irradiated
to 0.015 a/o burnup. The holes presumebly arise from (1) migration of gases
trapped during the fabrication processes, (2) generation and migraticn of
fission gases, or (3) a combination of (1) and (2). Exemination of material
irradiated to 0.022 a/o burnup is expected to reveal trends in the radiation
behavior of UOs.

Corrosion Studies

Hydriding of Zircaloy-2. Laboratory studies indicated that the extent of
hydriding of Zircaloy-2 when exposed to molecular hydrogen depends on the
temperature, the previous ZrOp film present on the metal, and the concen-
tration of water vapor in the hydrogen.

Zircaloy-2 samples were prepared by pickling 1" x 1/2" coupons in HNO3-HF.
The surface oxide was dissolved into the metal by vacuum annealing the
samples at 700 C. The temperature was then lowered to the test temperature,
water vapor at a fixed vapor pressure was admitted to form a new oxide film,
and then hydrogen gas was admitted. The hydrogen was valved off and the
extent of hydriding measured by the hydrogen pressure drop with time. The
data, summarized in Table I, indicate that at 40O C very small amounts of
water vapor inhibit the hydriding reaction. As the temperature is raised
and the protective ZrOs film begins to dissolve into the metal, more water
vapor is needed to inhibit the hydriding reaction. It appears that as the
ZrOp film grows in thickness it becomes less protective. This is indicated
by the fact that at both 500 C and 700 C water vapor pressures which were
inhibiting at short times were not protective at long times as shown in
Table II. Also, a preformed autoclave film hydrided immediately.
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TABLE I: HYDRIDING OF ZIRCALQY

Short Term Experiments /Min.)
Hp0 Vapor Pressure

Temp . mm Hg Extent of Hydriding Time
400 C 1077 Complete L min.
0.1 Not detectable 38 "
500 C 1077 Complete 15 "
0.1 Complete 26 "
0.6 Partial 50 "
1.6 Not detectable 50 "
600 C 1077 Complete 5 "
0.1 Complete 13 "
0.6 Almost complete 30 "
L.6 Not detectable 30 "
700 C 10°7 Complete Lo
0.1 Complete 5 "
0.6 Complete 30 "
L.6 Partial 3¢ "
23 Not Detectable 30 "

Complete hydriding is defined as saturated with Hp, e.g.,
19,000 to 22,00C ppm.

TABLE IX: HYDRIDING OF ZIRCALOY

Long Term Experiments (Hrs)
Ho0 Vapor Fressure

Témp° mm Hg Extent of Hydriding Time
500 C 23 Complete 16 hrs.
700 C 23 Not detectable ' 2 "
23 Complete 6 "
700 C (3-day
400 C auto-
clave film) 23 Complete 1"

Etching Zircaloy. Installation and startup of the 314 Building horizontal
etching prototype for PRIR experimental fuel components were completed
during the month. The aluminum nitrate bath is circulated by means of a
canned rotor type pump tc help insure a uniform neutralization of hydro-
fluoric acid along the entire surface of the etched element. A similar
circulation system for the etch tank using a Vanton pump is being tested.
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The rinse tank in the new prototype has been equipped with spray heads to
improve the rinse step by spraying the elements as they are being immersed
in the hot water rinse and again as they are removed from the water. The
sprays also keep the rinse bath well agitated, effectively aiding in the
rinse.

Along with the experimental use of the etching prototype, above, several
of the steps in the experimental fabrication of PRTR UOp fuel have been
combined in 314 Building. These include: (1) cleaning, (2) light etch,
(3) Zyglo testing for cracks, (4) heavy etch, and (5) autoclaving.

Structural Materials Development

Zircaloy-2 Process Tubes. Eighty-three Zircaloy-2 PRTR process tubes have
met: all specifications on inspection at the vendor's plant. Fifty tubes

are at Hanford and the other 33 are yet to be shipped. There are an addi-
tional six tubes which have met all dimensional requirements; however,
samples from five of these tubes exhibited slightly high weight gains during
corrosion testing, and one tube has a high nitrogen content. The last nine
tubes are currently undergoing final inspection.

Corrosion testing of samples from the PRTR tubes is being conducted by the
Allegheny Ludlum Steel Corporation. Comparison test results on tube
samples run at Hanford and at ALSC have revealed & bias of about 10 to

20 mg/dm2 more weight gain during testing at ALSC. Since this difference
could possibly result from variations in sample preparation or testing
techniques, samples from the five tubes with high welght gains are to be
retested at both Hanford and Allegheny Ludlum for a final determination of
whether the tubes are acceptable. The specification for the PRTR tubes
requires a weight gain of not more than 30 mg/dme; whereas the five in
question exhibited weight gains of 32, 32, 33, 35, end LO mg/dm® in the
first tests by Allegheny Ludlum.

Coolant Systems Testing

Rupture Tests Out-of-Reactor. Two Zircaloy-2 clad solid aluminum core
PRTR fuel element rods, one with a longitudinal slit defect and the other
with a 1/32" hole defect were run in EIMO-7 Loop at 300 C in 9.0 pH water
to determine whether the aluminum of & ruptured element would react ex-
cessively with the water. After operating periods of 2, 4, 8, and 16
hours, only & minor amount of swelling was noted on the slit-defected
element and none on the hole-defected one. No increase in pressure drop
was noted on either element during the test periods.

Component Testing. A total of 3500 thermal cycles between 230 F and

527 F have been made on a test section incorporating all the final top
and bottom-end PRTR process tube seal designs. Small leaks were noted

on the Flexitallic gasketed nozzle-tube connection during cooling cycles
and continuously on the Flexitallic gasketed cap. All other joints were
lesk free. A Zircaloy-2 clad, solid aluminum core, simulated Pu-Al rod
has been thermally cycled 1300 times between 250 F and 527 F to determine
whether bowing will occur and whether the spiral mixing wires elongate.
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The pressure drop of a 7-rod cluster element, consisting of the center
7-rods of a 19-rod PRTR element planned for KER testing, was measured

at 2.03 psi at 60 gpm and room temperature, which calculated to an ex-
pected drop of 1.4k psi at 280 C bulk water temperature. i

Raldiometallurgy lLaboratory Studies

Fission product gas collections were obtained from an eight-inch long
UOp fuel element and from a Zr-2 clad four-rod cluster fuel element.
Density measurements were made on 8 w/o Pu-Al, 8 w/o Pu-12% Si-Al alloy,
ard on uranium swelling program samples from KER-3-2. Vacuum annealing
of the uranium specimens at 880 C reduced the density from 18.56 to
17.38 g/cc° The results and conclusions from this work will be reported
in connecticon with the respective development programs of Ceramic Fuels,
Platonium Metallurgy and Physical Metallurgy Operations.

Thermal Hydraulics Studies

Air Cooling of PRTR Fuel Elements. Heat transfer experiments to evaluate
the requirements for cccling the PRTIR fuel elements by air in the fuel
examination facility were completed. The data are currently being eval-
uated, and only prelirinary results are available at this time. Two fuel
designs were investigated: (1) Mark I 19-rod bundle, and (2) the outer
ring of the Mark II-b concentrig ring element. In each case a 36-inch
long fuel element section was cocléd Wg@trdnsverse air flow supplied by

a prototypical baffle grrangegent. ng%pemperatuxes,develqgsg}}thhe fuel
secticns were measured by thermoctuplé probes whichféguld”be placed Inside

. LR LA

the tubes.and positioned at‘ény_gzéiredfiocgtiOn;'_ A
o T, e, A AR L P ::3‘ e L

Four *temperature points {90° spacing) were taken at four-inch intervals
along the length of the Mark II-b while varying fuel element power, air
flow rate, and tube rotation. Also, at two locations along the length
of the tube, peripheral temperature transverses were made on a 100 interval.

Because cf symmetry in the 19-rod btundle, only 13 of the 19 tubes were
probed. Again, four temperatures at GO° spacings were taken at four-inch
intervals along the length of each of the 13 tubes investigated. These
temperature data were obtained for one power and flow rate. For three tubes
in the bundle, power and flow rate were varied and the same temperature data
obtained. Two of these tubes were selected because they had the highest
temperatures in the tundle, while the third rod of moderate temperatures was
selected as a low temperature reference. '

Tentative results indicate that the temperature predictions made by Moulton

in HW-57383 are very good. The highest temperature recorded for the Mark II-b
at anticipated powers was 500 F, which is only about 20 F higher than the
maxinum predicted by Moulton. The high temperature location on the Mark II-b
tube was always at the leading edge. Generslly, the lowest temperatures
occurred at the trailing edge. This effect is predicted by theory assuming
that the ribs do nct greatly affect the convection heat transfer. By
changing the tube position, the change in heat transfer around the surface

as a result of the ribs could be observed. This effect was small enough ..
that treating the fuel element as a plaein tube would ve adequate for the K
planned application.
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The maximum temperatures in the 19-rod bundle occurred in the tubes on the
trailing edge of the bundle. For prototypical powers, the meximum tempera-
tures noted were about 375 F. The clearance between the baffles and the
wire wraps on the fuel rod was set at 1/8 inch. Moulton in his calculations
assumed zero clearance between the wire wraps and the baffle and, as a re-
sult, obtained temperatures about 100 F less than determined experimentally.
It was concluded that with these low temperatures little difficulty should
be expected in cooling this fuel element.

The possibility of using e radiation thermocouple at the leading edge of
the fuel element proved to be unsatisfactory with a plain shielded couple
since the thermocouple temperature lagged the surface temperature abcut
300 F.

Heat Transfer Characteristics of PRTR Fuel Elements. Fabrication was com-
pleted of full scale electrically heated mockups of the Mark I and II fuel
elements as well as a test section to explore boiling burnout under FRTR
operating conditions. Installation of the subcooled burnout test section.
in the High Pressure Heat Transfer Apparatus was completed, and experi-
mentation was initiated. Installation of the Mark II test section was
started in another part of the apparatus for experimentation following
work with the subcoocled burnout test section.

Mechanical Equipment Development

Design Test PR-1 - Discharge Operation Mockup. Procedures and drawings of
components required for testing the operational characteristics of the
fueling vehicle were prepared. Two drawings for installation of the vehicle
in the 314 Building were received from CE&UO for comments. Construction
Engineering is preparing an estimate for installing the vehicle in the

314 Building.

Design Test PR-10 - Primary Loop Mockup. Construction of the Single Tube
Prototype Mockup, Phase II, was completed. The PRIR primary process pump
was operated at design conditions of 1050 psig suction pressure and 480 F
on May 25. Heat-up was entirely by the pump and required about two hours
of operation. Initial leakage from the mechanical seal was less than 0.0l
gallon per hour.

Design Test PR-13 - Injection Pump Test. Pump No. 2 completed the test run
of 537 hours operation and has been inspected. The bearing inserts show
acceptable wear. The cylinders are grooved less than cne mil, but perhaps
deep enough to increase the wear on the chevron rubber packing, which was
almost completely worn out. The leakage rate was about 1/2 gph et the end
of the run for the three plungers combined.

Pump No. 1 has been returned to service using LLO-C plungers and Hycar
1002 chevron rubber packing. The initial leak rate is about 100 ml/hr
(1/20 gph). A five psi backpressure is being meintained on the leak col-
lection header to simulate direct return of the water to the suction of
the pump.
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Design Test PR-14 - Gimballed Bellows Joints. One lk-inch and one 8-inch
gimballed tellows Jjoints were ordered on April 29, 1959, from the Parts
Engineering Company for testing before use in the PRTR primary piping. The
8-inch joint was cancelled since the joints are no longer to be used due to
piping redesign. The li-inch joint will be tested for future reactor appli-
cation and for possible use in the PRIR piping should unforeseen piping
stress problems require it later.

Design Test PR-20 - Calandria Characteristics. The Calandria Mockup was
tested at pulsing frequencies of nine cycles per minute with no objection-
able reaction. The pulsing mechanism is being altered to provide fre-
quencies of 30, 60, 90, and 120 cycles per minute. Instrumentation to
record the level variation is being provided.

Design Test PR-4LO - Shim Control Mockup. The ball screw shim control,
Prototype I, was operated for 210 cycles during May at 20 inches per minute
for two rods and 13.4 inches per minute for the slave rod. The assembly is
row being dis-assembled for inspection. Tests were run at rod speeds of 20,
30, 40, and 50 inches per minute with tolerable shaft whip. Prototype II is
now being developed. It will provide main rod speeds of 32.5 or 51 inches
per minute. Induction motors will replace the present hysteresis type to
provide higher starting and stalling torques. The shim control ball bearings
are being tested separately at 500 RPM in a 600 F saturated helium stmosphere.

Design Test PR-50 - Reactor Piping Seal Testing. The fully prototype process
tube Assembly "C" completed 3500 thermocycles of 530 to 300 F at a pressure
of 1350 psi with only negligible leakage on the nozzle cap seal and the
nozzle to process tube seal. The final report on PR-50 is out for comment.

Design Test PR-51 - Reactor Piping Structural Integrity. Flexure cycling
of the shortest outlet jumper was terminated after 53,000 flexure cycles at
simulated reactor conditions of 530 F and 1270 psi. No adverse conditions
developed during this testing period. The mockup is being modified to
utilize a prototype nozzle assembly complete with gas seals. A new nozzle
hold-down device to replace the existing tie-bars has been designed and is
being fabricated. The final report on PR-51 is out for comment.

Zircaloy Tube Bursting. Two BDF Zircaloy process tubes were subjected to
burst testing by localized over-heating. These tests resulted in complete
failure, both longitudinally and circumferentially, under test conditions
of 600 F and pressures of 2600 and 2700 psi.

Design Test PR-G0 - Helium Compressor Test. The Hofer high pressure com-
pressor and freme has been installed in the 314 Building. The Corblin low-
pressure compressor 1s scheduled for delivery to the 314 Building May 28.

Inconel "X". A test piece of 3/8-inch ID, 20-mil wall, Inconel "X" with
welded end connection was stress relieved and partially heat treated. It
has been operated at 5000 psi and 1100 F for 126 hours. Six additional
tubes are fully heat treated and will be tested with the use of compression
fittings.

1240301
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Gas Loop Jumpers. A 2-1/2 inch braided jumper with convoluted core has
been delivered. A furnace is being prepared for testing the above jumper
and the convoluted gimbel joint at 1500 F and 500 psi.

Reactor Technology Develcpment

Reactor Safeguards. The analysis of possible loss-of-coolant incidents

in the PRIR being conducted by Battelle Memorial Institute is essentially
complete. It has been found that loss of coolant through a large rupture
(1k-inch equivalent diasmeter) of the primary coolant system should not
result in fuel element melting if the water injection system functions as
it is designed. Rupture of a process tube jumper, however, can produce a
more serious situation in process tubes other than the failed tube. The
fuel element temperature in an unfailed tube will rise to higher levels
than in the case of a lerge rupture before injection water can adequately
cool the element. Preliminary analysis indicates that injection water can
prevent fuel element melting. The difficulty in cooling the fuel elements
in unfailed tubes after a Jjumper rupture arises from the fact that all of
the coolant flowing over the 84 fuel elements in unfailed tubes must escape
through the rupture in one jumper. '

A study of the PRTR safety circuit led to a recommendation to remove six
trips from the safety circuit and to provide only annunciation for these
abnormal conditions. The trips affected were:

Low level in Secondary Coolant Storage Tank
Failure of River Pumps

Low pressure Steam Generator Feedwater

Low level in Feedwater Deserator

Low flow of Secondary Coolant

High pressure in Containment Building.

o\ Fw o+

It was concluded that removal of these trips from the safety circuit would
decrease the number of spurious scrams and would not compromise the safety
of the reactor.

Process Tube Ruptures. The AECL instaellation &t Chalk River was visited on
May 21 and 22 to discuss test work performed at that site on process tube
ruptures. The tests simulated tube fallure at the expected operating
pressure and temperature of the NPD-2 Reactor by mechanically weakening
mocked-up steel process tubes. The eight successful tests indicated no
damage to adjacent shroud and process tubes if the tube failure was of the
plastic or ductile type as would probably occur by corrosion or wear mech-
anisms. In no case was the shroud tube surrounding the defected process
tube extensively damaged. These results are directly pertinent to the PRIR
since the shroud and process tube dimensions are practically identical for
the two reactors.

Reactor Analogue Study. Suitable values for the UOp Doppler coefficient,
heat capacity, and thermal conductivity (along with appropriate parameters
for the nuclear kinetic equations) were selected and provided to members
of the Instrument Research and Development Operation. These data will be
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used in a study of possible nuclear accidents for inclusion in the final
PRTR safeguards analysis report and for establishment of approprilate
nuclear instrumentation scram trip points. It is expected that this
study will be completed by August 1, 1959.

PRTR Physics Evaluation. Planning has been started for a series of
neutron flux distribution calculations in support of the Plutonium Fuel
Irradietion Test Program. It is planned to use the P-3 subroutine which
has just been coded for the IEM-709. ‘

The symbolic program deck and a writeup of the FORTRAN version of Carlson's
SNG reactor code has been received from Argcnne National Laboratory. Re-
compiling of this program on the IBM-T709 is complicated by the fact that
several input-output subroutines are coded in SAP language. Details of

the progrem are now reing studied to facilitate compiling.

Investigations to determine the self-shielding properties of plutonium

fuels have been initiated. This has included the formulation of the
problem and a suitable model for the basis of calculation. It is expected
that & computer c¢ode will be written to solve general self-shielding prob-
lems employing ronte-carlo methods of solution. Other calculational methods
are being considered, however.

PRTR Instrumentation. Three resistance temperature detectors were received
from Charies Engelhard Inc., as final design prrototypes for PRTR. Cali-
bration checks, bake tests, insulation checks and neutron irradiation tests
have been completed. The resistance *temperature detectors have responded
satisfactorily. One of the three connector and cable assemblies supplied
with the detectors failed at the connector at the end of a 90-hour bake
test at 575 F. Insulation resistance of the cable and connector met spec-
ificaticns only after 9C hours at 575 F. Testing of connectors and cables
is continuing.

Des_gn Development

Phase I PRTIR Construction Status. The Phase I PRTR contractor is 98.5%

completed versus a scheduled 99.4%. The pressure and leak rate testing

of the vessel was satisfactorily completed, and the inside of the vessel
was turned over to the Phase III contractor on May 25, 1959. The major

remaining uncompleted item is the painting, which was delayed due to the
painters’ strike. The contractor is scheduled to complete the remaining
Phase I work on June 9; however, the effect of the painters' strike may

change this date.

Phase II PRTR Construction Status. The Phase II contractor is 99% completed
versus 100% scheduled. Acceptance testing on the water chillers and air
compressors was completed. Acceptance testing and parallel operation test-
ing of the process water pumps was delayed due to a cracked casing on the

#1 process water pump.
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Phase IIA PRTIR Construction Status. The contractor is approximately 84%
completed versus 100% scheduled. The contractor removed the dewatering
pumps and evacuated the excavation on May 27, 1959, whereupon the rising
Columbia River flooded the site. Essentially all concrete work is complete
below elevation 350. The contractor is backfilling the excavation under
water.

Testing of the 2k-inch raw water line was attempted, but the temporary line
supplied by the contractor was inadequate to hold the required test pressure.

Phase III PRTR Construction Status. The contractor is continuing to submit
detailed approval information on equipment and febricated items. The con-
tractor started prepering interior containment vessel surfaces for the prime
coat of chemical resistant paint on May 25, 1959. The walls of the cells
are being prepared by acid etching. The floors at ~32 and 0-0 levels and
the ceiling at -5 level in the process cell are being prepared by sand
blasting. -

Process Piping. The primary coolent piping design was revised to provide
expansion loops and eliminate the gimballed universal joints. The vertical
thermal expansion stresses will be relieved by use of inclined planes to
raise the steam generator as it expands away from the reactor.

Vendor drawings for the shield cooling system heat exchanger, HX-2, were
received and approved with minor changes.

Core Components. The moderator storage tank has been received on site from
the Consolidated Western Steel Division, U. S. Steel Corporation. The
bottom shield gas seal, also furnished by Consolidated Western, is due to
be shipped the early part of June. The first attempt to fabricate the gas
seal was a failure, and the second has been completed except for dye pene-
trant inspection of the welds and dimensional inspection. When the bottom
shield gas seal is received, all General Electric procured items which are
necessary to allow the Phase III PRTR contractor to proceed with the in-
stallation of the reactor side biological shield will be on hand. The inlet
ring header, the other item required, has been received.

Fabrication of the calandria and top and bottom primary shields is pro-
ceeding at a rate which indicates completion by the scheduled date.

Shielding. The side biological shield drawings were revised to include
three eight-inch relief passages through the shield. These passages are
sealed at the outer ends by rupture diaphragms. The purpose of the passages
1s to provide pressure relief from the reactor core should a process tube
rupture. Two similar relief openings are being provided from the inside of
the moderator vessel to allow pressure relief should rupture of a process
tube also rupture the aluminum shroud tube.

A possible revision to allow the Phase III contractor to install & per-
manent steel outer shell on the side biological shield 1s being negotiated.
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Instrumentation and Control. The PRIR fuel element rupture detection
system design criteria was approved. Detailed design of the mechanical
part of the system, including piping, shielding, supports, etc., will
be performed on site. The detailed design and construction of the
instrumentation components is expected to be accomplished off-site on a
fixed price basis.

The Minneapolis-Honeywell strike, which began on March 12, ended on May 19.
The delivery of the PRTR automatic controller and neutron sensing instru-
mentation is expected to be delayed about two months beyond the original
delivery date of June 30, 1959.

Design Analysis. Several firms have expressed interest in performing
piping stress analyses for the PRTR primary cooling system. A formal
request for proposals is leing prepared. A study of helium evolution
during cooling of the PRTR primary coolant has been extended to include
other considerations which could interfere with convection cooling of the
reactor during a total power outage. A letter is belng prepared recommend-
ing revisions and procedures which would minimize the possibility of loss
of convection cooling.

A computing program is being prepared for calculation of flow, temperature,
and pressure transients in the PRTR primary cooling system following failure
of varicus devices and components. The primary goal of this study is to
determine whether or not additional system overpressure protection is de-
sirable and, if so, what the size and response time of the protection
mechanism should be.

Supercritical Pressure Steam Loop. A final draft of a report describing a
supercritical pressure power reactor conceptual design has been completed
and is being prepared for publication. The scope description (HW-60506)
for the supercritical pressure steam loop was revised and completed. This
scope is based on testing fuel elements representative of a power reactor
having three-pass cooling with turbine inlet conditions of about 3250 psi
and 1050 F. Further analysis will determine the adaptability of the loop
for superheated steam at exit conditions of about 2400 psi and 1050 F.
Preliminary sizing of loop equipment has begun.

Information collected on Inconel-X ard possible alternate materials for
fuel element manifolds and connecting piping indicates that difficulty
may be encountered in fabrication of the intricate coolant passages in the
fuel element assembly. Design data are very limited, especially for
appreciable service life. The available information and advice are being
summarized as the basis for a development program in support of the super-
critical pressure steam loop and the high pressure gas loop.

Process Tube Assembly. Minor revisions to the outlet nozzle design were
made to improve seal details and allow for redesign of the hold-downs.
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Fuel Element Examination Facility. The Phase I contractor has completed
replacing the walls of the pit for the purpose of bringing them within
dimensional specifications. The critical dimensions are being checked
to determine that this has been accomplished.

The W. F. & John Barnes Company has approved the contract for the Primary
Manipulator and has started the detailed design.

Tests completed by the Thermal Hydraulics Operation have substantiated
the heat transfer calculations used to determine the fuel element cooling
requirements. However, attempts to measure fuel element temperature with
non-~contact probes were not successful. Further development work on the
problem has been planned. :

The detailed design of the control console for the fuel examination
facility has been started. The two outside sections, which contain the
viewer and services controls, will be procured by GE while the center
section, containing the manipulator controls, will be provided by the
manipulator manufacturer.

Plutonium Fabrication Pilot Plant

Phase II Construction. Completion of work under Phase II is estimated

at 99%. Work was scheduled to be complete May 11, including the extension
of time granted to Hoffmen by HOO-AEC. Items of work remaining to be
completed are mostly electrical and painting.

A design change, substituting vinyl-asbestos tile for chemical resistant
coating in the low level and service corridors, has been submitted in
order to expedite completion of the job and minimize interference with
the Phase III contractor. Acceptance testing of the ventilation control
system and the fire alarm system is in progress.

Phase III Construction. Completion of work under the Phase III contract
is estimated at 36%, as scheduled. The contractor's schedule, which shows
actual completion of most items of equipment late in the schedule, has
been approved by HOO-AEC.

A design change, substituting vinyl time for chemical-resistant coating
in the main floor corridor, has been submitted to expedite the completion
of the Phase III contract.

Procurement. All project procurement is essentially on schedule with the
exception of hoods for the sintering furnaces, design of which is still
incomplete, and the hooded extrusion press, being delayed at the request
of Purchasing until controversy over an earlier extrusion press order is
settled. Present plans are to have the sintering furnace hoods fabri-
cated by Minor Construction.
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PRTR Ozerations

Pre-Startup Activities. These activities during the mcnth have included
preparation of a training program schedule for PRTR engineering assistants,
preparation of detailed outlines for a number of the training lectures,
completion of a process sampling prograr for the reactor operation, and
discussion of reactcr operating data prccessing plans with interested
research and development groups. In addition, a study of each zomponent
of the PRTR is under way to articipate the areas where high level radiation
fields may be enzountered during reactor operation and maintenance activ-
ities. These analyses will provide the bases for special operating and
maintenance procedures and, where appropriate, for additicnal shielding or
other minor equipmert zhangess.

Design infcrma*ion reviewel during the month inciuded the design of the

shim rods, Paneliliit prints fcr the control room ard for C cell instrumenta-
ticn, and desigr da*a for the PRIR actoratic contrcllier. Review of Phase III
ccntractor's procurenent drawings continued.

Cons*ruction and Prozurerant Liaiscn. A report was Issued which describes
the testing of the low and high pressure helium compressors. The low
prassure unit was foond to ke satisfactory; however, the high pressure
unit lacks reserve capacity and will require a change in the drive.

The process water rumps, installed at the -12 fcoot level of the PRTR Service
S1ilding, were tested Yy the manufacturer. The tests, witnessed by PRTRO
Dersonnel, indizate that "hunting” of *the pumps probably will not be a
problexr. Tre tests were discorntinued whern the lower zasing of one pump
cracked but will be resumed after the pump is repaired.

The dissel engires whiczh drive the emergency generatcr and the deep well
pump, respesctively, were prepared for acceptance testing. As a result of
work to date; a modified fuel feed system has been recommended.

Assistarze was rendered to ZCEAUO during the preparation and performance of
the containment vessel pressure ard leak rate test. Analysis of the data
continues.

BASIC SWELLING STUDZES

Irradiation Program

An evaluation was made of thermocouples and heating elements received for
the swelling behavicr capsule. All of the heating elements and half of

the thermocouples were radiographed for internal defects. Four of the
heating elements displayed marked displacement at the joint of the intermal
lead wire and the heating wire. These heaters will not be used in capsule
construztion. Time, *emperature, and power curves were run on two repre-
sentative heaters. The tests shcw that the heaters are capable of handling
only one-third thz power regiired by the capsule at maximum operating
temperature (800 C). The heaters were also slow in response (the magnesia
insulatior. acts as a thermal barrier for rapid transfer of heat) and fail
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to meet the requirements of the capsule for meintaining & steady temperature
in a rapidly changing flux field such as experienced at reactor shutdown. A
capsule design must be developed to properly utilize the heaters as they are;
new heaters must be designed for the higher temperatures and rapid response
time requirements. The thermocouples showed no obvious defects; however, a
very marked increase in indicated temperature was observed on both couples
at around 303 C (577 F), which is the temperature of the formation of the
volatile oxide of the tantalum tips.

An instrumented capsule has been designed for the irradiation of metallo-
graphic specimens in the ETR. Constant temperature of the specimens will
be maintained by augmenting gemme and fission heating with electrical heat-
ing. Two thermocouples are provided to monitor the temperature of the uran-
ium specimen and the NaK adjacent to the specimen. The capsule design is
such that unrestrained swelling can proceed to a 50 percent increase in
volume.

Two capsules from a total of six, GEH-14, 33 through 38, have been dis-
charged from the MTR. Each capsule contains a uranium pellet, one-half 1nch
in diameter by one-quarter inch high, which has been carefully characterized
as to microstructure, microhardness, x-ray diffraction line breadth, density,
and geometry. The purpose of the irradiation is to determine the effect of
flux intensity, burnup, and temperature of irradiation on the swelling and
associated structural changes in unrestrained uranium. Post-irradiation
examination of the irradiated specimens will begin in July.

Simulated Swelling Experiments. An apparatus designed to cause simulated
swelling by the introduction of inert gas with an electrical glow discharge
is bveing fabricated. The metal system is almost complete and the glass
system for evacuation and gas introduction is being designed. The apparatus
will be used to prepare uranium for studies to determine correlations
between pore sizes and gross dimensional changes, as well as investigations
of the mechanical properties at elevated temperatures of uranium containing
inert gas pores.

Uranium foil was subjected to & glow discharge in xenon at 850 C (1562 F).
No change of the uranium density was detected. However, the efficiency of
gas deposition may have been low due to incorrect experimental conditions.

Mechanisms and Theory.

Diffusion of rare ges fission products through uranium mey be important in
both the rate of formation and the rate of gas pressure increase in pores.
Mobilities of these gases in uranium are, therefore, being investigated.

In the present studies, rare gases are introduced into the uranium surface
by means of electrical glow discharge (sputtering). Introduction of rare
gases into uranium by sputtering may be a highly surface dependent phenomenon.
Therefore, interactions of rare gases and uranium surfaces are now being
studied. The uranium has been sputtered with helium at current densities
of approximately 0.00k amp/cm2 for times of 27 minutes to 64 hours. Upon
heating the uranium in vacuum, large quantities of helium were evolved from
the surface. The amount of helium evolved at a given temperature appeared
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to be dependent on the length of sputtering trestment prior to heating.
A uranium surface was placed in contact with a helium atmosphere for

16 hours without sputtering. No detectable amount of helium was evolved
from the surface during subsequent heating.

Optical and electron microscopy are being used as a direct means for de-
tecting the size and distribution of pores in uranium. The investigation

of the possible distortion of pores arising during the specimen prepara-
tion (polishing, etching, and replication) is continuing. A rod specimen

of uranium, which had been irradiated to a burnup of 0.25 a/o at & maximum
core temperature of 450 ¢ (842 F) hds been annealed for 100 hours at 880 C
(1616 F). After irradiation, the density of the rod specimen clad with
0.030 ineh of Zircaloy-2 had decreased 1.6 percent. Annealing of the
specimen after removing the cladding caused the density to decrease 6.4
percent for a total density change of 7.8 percent. Attempts at correlating
the density changes in the uranium with the density changes calculated from
a statistical analysis of the microscopic pores in the uranium are currently
in progress.

3. GAS COCLED POWER REACTOR PROGRAM

Graphite Studies

PRTR Pressurized Gas-Cooled Loop Facility (CAH-822). Revision 1 of the Gas
Loop Project Proposal has been approved, increasing the estimated cost of
the project to $995,000. The revision increases meximum temperature of the
loop from 1100 F to 1500 F. Bids for the gas-lubricated primary blowers
have been received and are now being evaluated. Apparent low bidder is
Bristol-Siddeley of England, with a bid of about $45,000.

The bid opening date for the main design-and-fabrication contract for gas

locr equipment has been set at June 15. Because of the complexity of the

job and the interest shown by bidders, a pre-bid conference has been scheduled
for June L.

A program is being formulated for investigation of "super-alloy" type metals
to determine the most suitable alloys for use in high temperature portions
of the loop for both in-reactor and ex-reactor portions. Because of a
community of interest, this effort is being undertaken on joint behalf of
the ges loop and the supercriticel pressure loop.

Ir-Reactor Capsule Tests. The first in-reactor test to help establish the
range of varilables for the gas loop tests was charged into KE Reactor. This
consisted of four quartz capsules containing graphite in carbon dioxide at
20C, 300, 400, and 500 psi at 500 C. Prior to insertion the samples were
degassed, weighed, and measurements of surface area and dimensions were de-
termined. Following irradiation at 500 to 600 C for six to eight months,
the gas compositior and changes in properties of the graphite will be de-
termined. These tests will provide information on: (1) the in-reactor
equilibrium gas concentrations of the reaction, COp + C = 2CO, and (2) the
effect of pressure on the reaction rate.
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Coated and Impermeable Graphites. In coating graphites, special base

materials are normally required to attain crack-free surfaces. A high
purity, reactor grade graphite, TSGBF, costed with silicon carbide by

Carborundum Company has recently performed satisfactorily in oxidation
tests, losing no weight in 113 hours at 1000 C in air.

About thirty coated samples, some of which satisfactorily passed pre-
irradiation oxidation tests have been charged into KE Reactor. The
effects of high temperature reactor irradiation will be determined on
permeability, oxidation resistance, and other properties as described
in HW-60397, "Investigation of Carbide Coated Graphites for Reactor
Applications.”

Microwave Glow Discharge Studies. Attempts to establish a glow discharge
in a quartz system for the production of active gas molecules in gas-
graphite studies were unsuccessful until repeated cleaning of the gquartz
surfaces with hydrofluoric acid was carried out. The system was flamed
out during assembly to remove water vapor. In air at about 103 mm Hg

2 glow was initiated with a Tesla coil and meintained by microwave glaw
discharge. The discharge zone narrows with increasing pressure and is
finally extinguished before atmospheric pressure is reached. At low
pressures the discharge can be maintained at a power as low as 50 watts
at 2450 megacycles. Raytheon directors of type A and type C were used
successfully. The type A (round reflector) gives a larger, cooler dis-
charge than type C (corner reflector dipole) but appears quantitatively
to produce about the same number of oxygen atoms. In air, the character-
istic red glow of oxygen is seen in the discharge, the greenish-white
"afterflow" is found downstream, indicating the presence of oxygen atoms
by the reaction NO + Q ————) NOp + h\/". 1In COp, the discharge is
blue-white, and once again the afterglow is greenish-white. For the gas-
graphite studies the number of oxygen atoms formed will be determined
quantitatively by "titration" in the gas phase with NO5.

Gamma Irradiation Facility. Construction of the cobalt-60 irradiation
facility for studies of gamma radiation effects on the rate of reaction

of various gases with graphite is continuing. A 7-foot diameter stainless
steel tank was placed on & 20-inch concrete base located 13 feet below floor
level in the Graphite Laboratories of 3730 Building. After erection of the
restraining wall, the tank will be filled with water in preparation for '
receipt of the cobalt-60. Construction is scheduled for completion by

July 1.

Fabrication of the underwater assembly to hold the cobalt in the desired

configuration was started. Gemma irradiations will be performed in four

2-inch diameter tubes extending from above the water down to the viecinity
of the cobalt rods.

The source will be calibrated by chemical dosimeters using ferrous and
ceric sulfates. An aqueous solutlion of ferrous ions is oxidized to

ferric ions when subjected to ionizing radiation. Ionization chambers

will also be used to measure dose rates at various distances from the
source. After calibration of the facility is completed, graphite oxidation
experiments will begin.
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CUSTOMER WORK

Radiometallurgical Examinations

Hot Pressed Uranium Wafer Element, PT-IP-134-A (RM-245). A 1.8-inch OD, A-2
aluminum alloy jacketed, hot press canned, 1.6% enriched, wafered uranium I & E
fuel element was irradiated to low exposure at high power.

During the month a second cross-sectioned wafer was examined metallographically.
There was no sign of any defect in the nickel coating which would indicate
aluminum-uranium diffusion which might have resulted from the canning technique.
The nickel bonding, or coating layer, exhibited three fairly well defined
"compound zones'. The zones nearest the uranium and the aluminum can wall are
abcut 1/8 the thickness of the total nickel layer. It is not known at this
time whether such "zores'" were present prior to irradiation.

RM-268 - Examination of M-388 Failure 2765B, and BRM-299 - Examination of M-388
Failure 5148 KE. Examination of the ruptured fuel elements from Tube 2765B and
51438 XKE showed that they had failed in the inner spire. The rupture from Tube
2765B was 3/8" from the male end, compared with a position 1-7/8" from the male
end in the 5148 KE fuel element. A technique employing a red penetrating dye
was used to verify the point of water entry. In both cases it was definitely
shownz that the water entered at the male weld through cracks or pin holes
associated with or near the terminal weld crater. A piece of the outer can
wall was removed from the fuel element from 5148 KE to determine whether any
corrosion occurred at a questionable spot on the side of the element. This
portion of the examination has not been completed.

Examiration of X-8001 Clad I & E Fuel Elerent from Tube 2762D (RM-303). An

inspection of discharged fuel elements from Tube 2762D revealed that several
fuel elements had been severely corroded. Omne selected fuel element, clad
with X-8001 aluminum alloy, was received for detailed examination. Erosion-
corrosion effects were observed over 90° of the fuel element circumference
along the topside of the fuel element. Microscopic examination is now in
pProgress on a cross section of the fuel element which showed that corrosion
had penetrated through the can wall through the A1S1 and into, but not through,
the compound layer.

Examination of Warped and Unwarped OIIN Natural Uranium Fuel Elements From
105-H (RM-296). The warped, bumpy fuel element exhibited a maximum warp of

0.625 inch located 3-1/2 inches from the base end. Both fuel elements were
photographed in the as-received condition. A metallography sample taken from
the maximum warped area was polished and electrochemically etched. The photo-
micrographs reveal a larger than normal grain structure.

Metallography Laboratories

An attempt to identify the most brittle of the layers formed between uranium
and AlSi 1s now being made. Selected cuts from two slugs, which proved later
to be almost ideally brittle, were mounted as metallographic samples. These
two samples were polished in a plane tangential to the outside surface of the
uranium. This technique resulted in an exposed layer of the brittle material
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which was mechanically magnified between 20 and 50 times. It was hoped this
would provide a sample or samples which had sufficiently large areas of the
brittle compound exposed for x-ray analysis by back-reflection techniques.
These two samples have been submitted for x-ray study.

A Wilson Tukon Hardness Tester (microhardness tester) has been placed in

service in the 306 Building Laboratory. This unit has been tested and checked
against a similar one in the 326 Building Laboratory. The two units were

found to check closer than the normal scatter of hardness values, and the new
unit is now ready for service. A second bench microscope has also been obtained
and placed in service in the 306 Building Laboratory to relieve a bottleneck in
the microscopic examination of samples.

Samples Processed During the Month

Total samples Processed: 200

Photographs

Micrographs 440
Macrographs L7

Total L87

Fe bl

Manager, Reactor and Fuels Research
and Development

FW Albaugh:kb
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PHYSICS AND INSTRUMENT RESEARCH AND DEVELCPMENT OPERATION

MONTHLY REPORT

MAY 1959

FISSIONABLE MATERIALS - 2000 PROGRAM

FUELS

Nuclear Ssfety ir the Fuels Preparation Department

A study was made on the nuclear safety in the manufacture, stcrage, and shipment
of 1.6 psrzent U-235 erriched fuel elements from billets. The variables in-
vestigated were described in +the April Morthly Report (HW-£0233R). The resuits
cf this study are being transmitted to FFD in dccument HW-60509, "Coextrusion
of Enriched Uranium (Nuclear Safety}" by P. F. Gast.

REACTOR

STUDiES KELATED TO PRESENT PRCDUCTION REACTORS

lattice Neutrcn Temperature Study

A report describing the recently completed study is being prepared for publica-

2
LCllLi.

Thermal Neutron Flux Spectrum Near a Temperature Discontinuity

A. Thnecry

The IBM 709 FORTRAN program tc cbtain numerical results for this problem
has besr Sebugged ard checked on a number of cases. A report to describe
thiz prigrar is novw being written.

An aralytical investigation was begun on the slightiy more general problem
of the periturting effects cn the neutron fiux spectrum due t2 a net neutron
fiow acrsss a plane temperature interface. Results ¢obtained so far show
that analyticsl ard rumerical methods previocusly used in the case of zerc
net current sre applicable in thiz case alisc.

B. Experimer

In crder %o establish the reliability of the results of these analyses,
tests ¢f the applicability of the plane diffusion model used in the analyses
are ccnsidered to te necessary. Two tests are possible. The first has
beer made and has yielded a negative result. The second test is in preo-
gress at present and nc indicatizn of the resuit is available.

S
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Instrunentation

The stack effluent gas moritor, used for investigation of stack gas gamma
energies, was moved froem the 100-D tc the 100-F stack house. Prcblems because

of line voltage transients were thus eliminated and, since the 100-F stack

Louse 1s several times iarger than the 100-D stack house, the temperature prob-
lems should be alleviated. The gamma energy spectrum at 100-F was determined

to be similar tc that at 100-D. None of the spectrum analyses data, to date,
have shown any clearly discernible peaks. At present, the system is set to count
the 364 Kev I3l photopeak. A slug rupture should give some valuable data con-
cerning the magnitude increase of I131 during this cordition.

The twe-color pyrometer crdered from Shaw Instrument Company was received. The
most suitable target available to test it on was a tungsten ribbon filament
lamp. An auxilisry lens was used to magnify the filament sufficiently to fill
the aperture >f the Shawmeter. The Iinstrument performed well. Attempts were
made tc extend the range of the instrument %6 include both lower and higher
temperatures. As received, the Shawmeter ccvers the range 1000°C to 2500°C. The
use of a Corning 3486 filter permits extending the temperature range toc at least
3000€C and prcbably much higher. A%tempts to extend the range to temperatures
beiow 1000°C have thus far been unsuccessful although it seems likely that this
can be accompiished.

The core resdou® register drive and inkibit drives for the simple computer have

been installed on a separate chassis along witk the readout register. This unit
is undergcing tests to determine its effectiveress and work is beginning on out-
put logic and display.

Cornsultaticn was giver t2> the Instrument Design Operaticn concerning a six-point
reccrded six-szintiilatiorn head remcte asres scintillation gamma monitoring system.
It will be used at Arco, Idahe. It is ©o be a linear decaded system useful from
10 mr/kr up tc 100 r/hr. The system is basically that developed and tested by

us and reported in HW-5983L4. ’

STUDIES RELATED TO FUTURE PRCDUCTION REACTORS

Lattice Measurements for Large Diameter Fuel Elements

The series of material buckling measurements on lattices using 2.5-inch sclid
fuel elements has been compieted this mornth. The one lattice whose final
buckliing has not been reported iz given below.

. Side to
Buckling Side Volume Ratios
Lattice Spacing (lO‘6 cm™2) A (Inches) AU H,0/U c/U
1k §/16 ary . 98 1.39 0.185 - 141.58

The extrapolation length is denoted by A . The front-to-rear A used was

1.03 inches. The buckling reported forthis lattice is an average of two in-
dependent measurements. These two measurements were taken to determine the re-
producibility in buckling measurements. The results were:

1 |
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Buckling
(1076 em™?) AB2
100 : 2
96 g1

The ABZ is a standard deviation derived from a "goodness of fit" of the data
and does not include uncertainties in the extrapolation length.

The followirg materisl buckiings for 1.92-inch solid and 2.5-inch tube and
tube fuel elemerts have beern measured this month:

Fuel Lattice Buckling
Element Spacing (10"6 em™2) AL/U BE-~0/U c/u
1.92 12 3/8 wet + 40 0.264 0.288 51.31
1.92 10 3/8 wet r 68 0.264 0.288 35.60
2.5 x 2.0 with 1k 9/16 wet -120 0.487  1.089 68.48
1.66 x 1.1

These buckling values are tentative using an estimated side extrapolaticn length
of 1.66 inches and a front-to-rear extrapclation length of 1.03 inches. Final
bucklings will be reported after completing the analysis of horizontal traverses.

The delay in analyzing the horizontal traverses is due mainly to the large number
of hand calculations required tc prepare the date for the IBM-T09. A complete
horizontal traverse program is now being written. This program, when completed,
should reduce the hand calculations now yequired by at least a factor of two.

A high value of A for the 2.5-inch element in the 12 3/8-inch lattice reported
last month prompted a closer look at the. methods of taking horizontal traverses.
There is a possibility that traverses taken at different points in the cell may
give different measured values of A . Traverses. have sometimes been taken in
tube rows halfway betweean the tubes and sometimes in filler layers halfway be-
tween the tubes or at the corners of each ¢ell. This technique provides only
one point for each process tute, which is not as many data points as might be
desired for a good fit tc the cosine horizontal flux variation. To double the
number of points available, ore of the traverses with 1.92-inch elements was
taken at points displaced to either side of the line connecting fuel elements,

50 that two points per tube couid be measured without fine structure correc-
tions. Then the work of Selerngut on heterogeneous diffusion coefficients indi-
cated that the best place to take the traverse is at the points on the cell edge
where the flux is the same as the flux at the edge of the equivalent cylindrical
cell. This work alsoc indicated the possibility of horizontal streaming in the
filler layers if the lattice spacing is large enough for neutrons to diffuse
out of the pile without interacting with the fuel. These considerations have
led to a study of A taken at several positions in the cell which is now in
progress. Several different traverses will be taken in the same pile to elimi-
nate effects of cther variables.

s 1240308
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PCTR Measurements ¢f ko and £ for Selected Cluster Elements

The experiment with 0.925-inch diameter, 1. 007% enriched uranium rcds was inter-
rupted and postponed bezause of wpld-failures cf many of the aluminum-Jjacketed
rods. The fuel plezes heave beer rejacketed and satisfactorily tested.

Ccerdinated Thecretical -Experimental Program

Exyressions for the thermal diffusion soefficient and macroscopic absorption
crose section which should be used in the homogesrnized equivelent of a heters-
gereous lattice have recently beern cbtsined by Selengut (Nuclear Physics Re-
search Quarterly Repcrt, Jazusry-Merck, 1959; to be issued). The thermal dif-
fusior lergtn predizted ty these egiivalent quantities 1s beirg compared with
the mire customary formidas; using existing exponential data.

NPR Eig: Terpera*ure Mosk-up

zush of tre a:i*it' WES 4uQ1€i o be Hoe high by IFD; sc ne further work
3 pre '

NPR Expornerntial Piles

Grarhite and process tures for two exponential experimerts have beer ordered.
Trhe final NPR Tuel desigr is to be specified in Dec ember, with fuel delivery
to folilovw in 2 or 3 menthe., Ouar experiments wili begin as soon as enough fuel
is oz hand.

Meclkarism =f Graphite Damage
g

A piece of Kerdall coke graprite (0.155 x 0.5 x 6.5 in.) was irradiated parallel
to the extrusion directior. with 50 microamperes of 1.5 Mev electrons. The dcse
rate ir the beam, assuming 0.3 cm beam diameter, was greater than 1 rad/hr.
Durirg ar initial 10 mirute run, the heating of the sample was enough tc melt
styrcfoan support. The melted plastic scaked into the sample so length
chenge messurements weres impossibls., Sample heating will be extremely important
from a terperature anrealing staxdpecint, sc temperature baths will be needed in
future tests. '

Tes*ts of electron Van de Graaff cperation at 100 microamperes, the limit set
by exit window heating, shcwed that operatiorn was stable and that persomnel
~dcse rates were acceptably icow. There was some interference with instrument
decontamination activities in the Calibrations Building.

The stability of the calcrimetric system isetill being checked.

Full Scale PCTR

The preiiminary physizs planning leading to the scope-design for the Full Scale
PCTR i= in progress. A brief study is being made of the possible aprlication
of small source theory tc Full Scale PCTR experiments, particularly in reference
to the determiration of mcderator temperature coefficients.

89
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Intercalibration of Graphite Purity

Approvel has been received from the AEC to carry out an exchange of graphite
samples with Dr. K. H. Beckurts, Kernreaktor, Karlsruhe, Germany.

Computational Programs and Services

Several parallel runs using the T09 Exponential Data program and the 702 Buck-
ling program which it is replacing have been made with good results. A report,
HW-60388, has been issued describing the new program and giving instructions for
its use. The P-3 subroutine for the IPD lattice parameter calculation program
is working. A master program permitting independent use of this P-3 program
has also been written and put in operation. A report on this program is now
belng written. The Cofit program, to be used in conjunction with the Exponen-
tial Data Program, is ir its preliminary stages. Work has also begun on &
program to calculate incomplete gamma functions.

A Program for Anelyzing PCTR Data

After an informal meeting of physicists interested in PCTR experiments, a
decision was made to incorporate the following in the APDAC (a PCTR Data Analysis
Code) specifications:

1. Computation of p, € and the initial conversion ratio from foil activities.

2. Computation of the adjoint function mismatch using measured danger co-
efficients.

3. An analysis cf data taken with several buffer configurations to determine
the effect upon the inferred value of ko, due to flux spectrum mismatch.

Descriptions of the above, together with a simplified flow chart for the code,
are being typed and will be circulated shortly. A proposed method for averag-
ing fluxes will also be circulated in the near future.

A detalled flow chart has been started.

Multi-thermal-neutron-group-diffusion Program

The Fp FORTRAN deck has been requested from ANPD. A copy of the Fy deck was
received and is being compared with the Hanford copy. This comparison should
tell us what has been causing the difficulties encountered in trying to make
the program operative. F3 will not be modified to handle two thermal groups
until the status of Fp, is determined.

A multigroup program written at UCRL, Livermore, holds the promise of being
very useful. ZOOM will handle up to 80 groups, all of which may contain thermal
neutrons. It has been recoded, at UCRL, for the TO9 and a copy of the deck has
been requested. ‘

SR
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STUDIES RELATED TO SEPARATIONS PLANTS

Critical Hazard Specifications

Nuclear Safety in Hanford Laboratories

At the request of the Plutorium Metallurgy Operation the nuclear safety of a
proposed modification to a Pu melting furnace was investigated. The original
Mg0O melting crucible was inserted in a 2 3/8-inch I.D. graphite induction fur-
nace. This graphite is about one-inch thick. The MgO crucibles are to be
replaced by tantalum cracitles slightly less than 2 inches I.D. by 2 3/32 inches
C.D. It is recommended that the 2 3/8-inch I.D. graphite furnace be replaced
ty a smalier one (2 1/8 inches I.D.) that makes a better fit with the tantalum
crucibles. Thkis change will not allow the tantalum crucibles to bulge (during
heating) which would effectively result in a crucible of larger diameter.

If this new graphite furnscs is no greater than one-irck ir thickness, the
Tresent operating 1imit of 6.4 Kg Pu can be retained. ’

Nuclear Safety in 234%-5 Building Processing

At the request cf CPD a study was made of the nuclear safety in the storage of
Pu metal, oxide or flucride powder, slag and crucible material, and solutions
iz & single array. The study was ccmpleted and the criteria for nuclear safety
of suck an array given tc CPD.

Off-site Meetings Pertaining to Nuclear Safety

Twe off-site meetings on the subject of nuclear safety were attended during
Mey; these are descrived as fcllows:

Two days' sessicns were attended of a five-day meeting held at Savannah River
on May 25-26. This meeting was held under the U. S.-United Kingdom exchange

program ard was attended by representatives from Hanford and Savannah River.

The purpose of the meeting was for discussion of nuclear safety, design, and

Tlan® operation in chemical processing.

The second meeting attended was held by the Division of Licensing and Regula-
tions; Washingtor AEC. It was held to discuss nuclear safety problems in the
shipment of irradiated power reactor fuels. In addition to discussing methods
for caiculating criticelity parameters, bases were established for the drawing
up of regulatione for shipping power reactor fuels.

Analysis of a Possible Nuclear Incident in a Dissolver

The Redox Plant is currently processing "E" Metal fuel elements irradiated in
the Hanford Production Reactors. These irradiated fuel elements have an
effective 0.98 wh. % U-235 enrichment. The minimum critical mass for this type
of irradiated fuel element is less than the capacity of the present Redox
dissolvers. Consequently, nuclear safety is dependent on batch processing of
the material.

Since nuclear safety is dependent on operatiocnal procedures, the possibility
of a criticality incident is not inconceivable and must be considered. For

1240391
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these reasons a stuldy has beern initiated and is being carried out for the Chemi-
cal Processing Department to estimate the worst possible consequences of an
incident of the maximim creditle megnitude.

Plutonium Critical Mass Facility

Bids for the construction phase of the Critical Mass Laboratory were opened
May 19. Of eight bids received, the lowest, for a sum of $442,025, was sub-
mitted by the Howard S. Wright Company of Seattle. After review this bid was
accepted and a contract for construction was signed May 25. The contractor
will have 335 days in which to complete construction after notice to proceed
is giver, This notice is expected within a week. In addition, bids are being
received, reviewed, and purchase authorized cn G. E. engineered and supplied
equipment for installatiorn by the contractor.

During the month werk has been done on establishing the configuration and cri-
teria for reactor assemolies, perticularly the control arnd safety rod mechasnisms,
Design has been iritiated or the in-hood equipment.

Criticality Studies in Support of Processing Power Reactor Fuels

Experiments with Heterogeneous Systems

The series of experiments for the evaluation of the extrapolation length for
water reflected heterogereosus systems was continued. These experiments were
made with the 3.063 percent enriched uranium rods, 0.309 inch diameter and
loaded into plastic tubzss to a length of 32 inches. With each lattice spacing,
a full critical apprcach experiment was carried up to 96 percent of the critical
mass at this ia%t+tice height. With the loading reduced to about 94 percent

of the critical mass, horizontal neutron flux traverses were made both with
gold fcoils within the fuel rods and with BF:; proportional counters between the
fuel rods. Cadmium ratios were measured wi%h the gold foils to determine the
regicn where the flux spectrum was umaffected by the reflector. This region
was limited tc approximately 6 inper points of the traverse. A least squares
it of each set of traverse data to the thecretical form (Jb Bessel function)
of the radial fiux distribution for a bare cyiinder was made. The analytical
extrapolation ~f this distribution to zerc gives the extrapolated radius of
the syster. This radius, less the physical radius of the uranium core, then
gives the extrapolation lengtk, ), for the particular configuration.

A further determinatiorn of the extrapclation length may be made by equating
the material buckiings calculated from critical mass measurements and fram ex-
ponential experiments--the extrapclation length considered as an unknown
parameter to be adjusted to bring the two buckling values into agreement.

From the known dimensions (radius R, and height Hc) of a critical system the
buckling is assumed tc¢ be given by

/

2 ' 2

52 2,405 /T

erit kh,,( km/
and from expornential experimerts the buckllng is given by

1240392
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¥ .2
B° = [ 2:405 . where
exp Rexp "4 / 11

by is the relaxation length determined from & vertical (axial) traverse
in an exponential experiment with the radius of the system reduced to some
Re . Such exponential measurements were made for each of the lattice
spggings at the 32-inch height. These, together with the results of the
previous critical mass measurements at the 16-inch height were used to ob-
tain a value for the extrapolation length.

Values of the extrapolation lengths are given in the following table.

The "Type of Data" indicates the detector, number of points used for the
least squares fit, or the critical dimensions-exponential experiment buck-
ling comparison. Unless otherwise noted the flux traverses were made at
the vertical mid plane (16 inches from the ends). Preliminary figures for
the 0.700 and 0.800 inch spacings have been reported (HW-60233B) and are
included for completeness.

EXTRAPOLATION LENGTH FOR 3.063% ENRICHED URANTUM

Lattice
Spacing Ho0/U A
fInches! (Volume) Type Data Cm.
0.6 3.4 Au Foil - 7 pts. 6.41
Au Foil - 6 pts. 6.61
Au Foil - T pts. 6.60
Au Foil - 6 pts. 6.48
BF3 - T pts. 6.91
BF3 - 6 pts. 6.61
BExp = By 6.50
0.7 5,00 Au Foil - 6 pts. 5.99
Au Foil - 5 pts. 5.38
BF3 - 6 pts. 6.70
BF3 - 5 pts. 6.13
Bpxp = Bca 6.07
0.8 6.84 Au Foil - 6 pts. 6.07
Au Foil - 5 pts. 5.71
BF3 - 6 pts. 7.00
BF3 - 5 pts. 6.22
Bexp ™ Bga 6.20
0.9 8.92 Au Foil - 6 pts. 6.08
Au Foil - 5 pts. 6.25
BF3 - 6 pts. 6.7
BF3 - 5 pts. 6.7k
* BF3 - 6 pts. 6.89
* 5 pts. 6.46
X% 6 pts. 6.65
*% 5 pts. 6.30
: Bp = Boa 5.93
1240393 *®
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* o E_inches from hottom of fuel.
#% - 24 inches from bottom of fuel.

The following table lists the critical mass measured for each lattice spacing
by the critical approach experiment for the 32-inch height. In addition,

for comparison, are shown the material bucklings caleculated from these data,
the previous eritical approach measurements at the 16-inch height and from
the exponerntial masurements. All buckling calculsations were made with the
common. 4 shown. These results are as follows:

Measured > 6
Lattice Criticzal Mass ___ Calculated Bucklings (em™= x 1077
Spacirg Hs0/T (32~inck High) A Exponential Critical Approach Deta
(Inches)  (Volume) (1vs.) (tm. ) Data 32 in. High 16 in. High
0.6 3.4 L€Q €.62 14,928 14,889 2k, 956
0.7 * 5,00 335 6.50 14,599 14,658 14,778
0.8 % 6.8L 312 6.50 13,262 13,k22 13,383
0.9 8.92 315 €.50 11.294 11,462 11,490

* Reported previous month.

The exponential measurements have standard errcr from least square fit that
varies from 7 tc 25 micro-bucks. The buckling calculated from critical approach
data has an estimated standard error of about 25 micro-bucks. The extrapolation
calculated by setiting buckling equal would have a standard deviation of abcut

0.1 cm. The errors irn the herizontal flux fitting give an estimated standard
deviation in the extrapolaticn length of about 0.26 cm due to counting statistics.

Experiments with Homogenecus Systems

Analysis of the data from ko, measurements in the PCIR at nominal H/U ratios
of 4 and 6.5 has confirmed the eguivalence of polyethyiene and water as modera-
tors for these k,, measuremente.

Analysis of the data from measurements cf the resonance escape probability,
P, in the PCTR gives PHQO moderateq = 0-82 at H/U = 4.6, A value of PCH2 moderated

= 0.85 at H/U = L.C was obtained but is suspected to be in error because the data
were taken during a period later fournd to be one of seintiliation counter trouble
and aiso because the ko, values for the cases of the two moderators agreed so
well.

Neutron Age Measurements

The energy spectrum and angular distribution of reutrons produced in the Na-Be
sources used in these measurements have been calculated. The angular distribu-
tion was found to0 be very arisotropic, and as a result the theoretical calcula-
tions made elsewhere on the effect of source size on the neutron age are not
reliable, The results of these experiments are being prepared for publication.

RILELT | DECLAS®™:cD
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Critical Mass Theory

Writing Las started on a FORTRAN program tc integrate the N +« 1 coupled first
order differential equations describing reactor kinetics with N groups of
delayed neutrons. Provisions are included to permit either the reactivity
or cne geometriczal dimension to change linearly with time. The attempted
analog computer scluticn 5 this problem was no% successful.

NEUTRON CRCSS SECTICN PROGRAM

P2l Fissicn Cross Sectior

The uniformity of depcsit cf several of the electrodeposited foils used in
these measurements has been studied by fission counting in small areas of the
follse, The nonunifo-u;tieg w&ich were: observed ranged from & 9 percent for

the best f2il T2 ¢ 15 perceat for the worst. This nonuniformity is much more
gevere thexn raq b=eu a“ticlpa ted and will make it impossible to cbtain detailed
infermation or the shape 2f the $.26 ev resonance.

The cverall measureme=ts In the 4 to 23 ev regicn have been completed and
individual resonances are teing rur with higher resclution. A higher resolu-
ticn run of the 4.3 ev rescnance confirmed the presence of a small resonance
at, ).L 7 ev.

Sicw Neutrorn Seavtering Cross Sectiors

The three axis spectrometer has been put back intc operation following the
extended reactor outage. The study cf the energy distribution of 0.18L4 ev
neutrons scattered from room temperature water was completed and measurements
are now being made with an ircident neutron energy of about 0.22 ev.

Fast, Neutrorn Criss Sections:

The new model of the vernier chronotrorn has been performance tested as a

time-of-flight clock. The channel width of the new model is constant with count-

irg rate which eliminates the most grievous problem of the original model. The
gating transient which inactivates the chronotron fcr the first few channels
is shorter and less severe than with the original model. The resolution is

at least egual tc the origirzal model as 0.85 m psec resolution was obtained
for the Co®0 coincident gamma decay with a lesser restriction on biasing than
was previously used.

REACTOR DEVELOPMENT - 4000 PROGRAM

PLUTONIUM RECYCLE PROGRAM

Low Exposure Plutonium Lattizes

Fabrication of graphite is essentially complete. Some metal components have
been delayed by a strike against the off-site contractors.

The 1.8 w/c Pu-Al fuel will no* be delivered on schedule. The best estimate
at present is late in July 1959.
w124 0395
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PCTR Experiments

Some P, calculations have been run on a PRTR cell with the fuel repiaced by
a homogenization cf a cluster of small diameter, highiy self-shielded Pu rois.
These results have not teer analyzed as yet.

Exponential Experiments with Piutonium-Aluminum Rods

In reference to critical mass studies for processing piutonium bearing fuel
(PRTR) the first delivery of the specially prepared Al-Pu alloy fuel rods was
made by the Plutorium Metallurgy Operation. On May 1, 60 rods, each two
feet ir lengtk and containing a total of 641.3 gm of Pu, were received. The
total nurber of rods o te suppiied includes 200 Zircaloy-2 clad rods two feet
in length and, ir addition, 20 rods one foot ir length. The fuel alloy is
aluminum - 5 w/c Pu: the dlameter of the rods is 0.5 inch; the fuel cladding
is 30-mil thick Zircaloy-2; the maximumr 0.D. of the clad eiements is 0.57€
inck.,

Nuclear Safety Problems

During the preceding menth a nuclear safety study was made for the Plutonium
Metallurgy Operation for the shipment of large quantities of 7 percent (by
weight) Pu-Al allcy fueis. The results of this study were reported in the
April Monthiy Report (HW-60233B). Another study was made of the nuclear safety
in the air shipmen® of these fuels spaced on Y4-inch certers. It was determined
that 36 of these fuel elements at this spacing would be safe provided the only
meterial izside these boxes cther than fuel was the 1/2-inch plywood sections
required t2 maintain the lattice spacing between fuel rods. This array would
be safe 1f water floode3l.

The limits cn the amount of wood inside the boxes is %o preclude a wood-
moderated reactor. If the entire space in these hoxes not occupied by fuel
were filled witk wood; it i1s estimated that as few as 40 of these rods might
be critical.

A meeting wvas held with a member of the PRTR Operation to discuss criticality
in the cass ¢f a PRTR fuel meltdown. This hypothetical case considers the loss
of moderztor ané cooclant with subsequent meltdown of the fuel. For the purpcse
of the discussion all 85 fuel elements were assumed to be Pu-Al elements

(1.8% Pu by weight) esch containing a maximum of 270 grams Pu. Provided there
is no beil off of alumirum from the molter alloy, such a meltdown cannot result
in a critical condition.

Instrumentatiorn

The focusing effect of the profilometer diameter measurement unit was corrected
by regrindihig cne of the surfaces of the variable wedge. Electric motors were
selected for five of the control functions of the profilometer. Manual controls
are being designed for the diameter and warp measuremert functions. Digital
readout counters Lave beern selected tc indicate warp and diameter measurements.
The counters will provide a check on the automatic printout system and could be
used if the printout system were temporarily out of order.

A count-rate system for checking the thickness of the zirconium cladding around
fthe wpaniur fuel element will be evaluated.

© g g g .
1260396 preA—



P

ﬂ j "! ‘-" B-12 HW-60505 -
R ‘iii ol

GAS COOLED REACTOR PROGRAM

Lattice Parameter Measurements

Preliminary analysis of the data obtained from the first experiments in the PCTR
yields the following information:

PCTR Lattice GCR Lattice
fpoisoned 0.699 =
f . 0.807 0.819
Koo 1.155 1.172

The GCR lattice was not easily mocked up exactly in the PCTR. The above numbers
indicate the megnitude of the correction recessary to account for the difference
ic the two lattices. The Getaile of the two lattices will be given when final

nutbers for ko, £, p, ard € are availatle.

The second measurement, that of control rod strength, has been completed this
date. A preiiminsry lcok indicates that the control rcd strength is greater

than 20% in k.,, compared to the criginal value of 14.8% calculated by Allis-
Chalmers. Recently, calculations at Oak Ridge have predicted a value of about

28%.

Variation of Doppler Coefficient with S/M Ratio

The bvid for a 7 1/2 KW induction heating generator has been awarded to Lepel
High Frequency Labs, Inc. at $4694.00 + $160.00 freight. Delivery is scheduled
for June 19, 1959.

The thermocoupies for the mockup, together with the modified recorder, are
being calibrated ir the 300 Area, Instruments Stardards Shop.

Fabrication of the 20-inch length of fuel element for the 1.92-inch diameter
temperature coefficlent is about 75 percent complete.

Theoretical PCTR Studies

A simplified small source theory criticel condition, in the form of 2 & x 4
determinant, was sclved ﬁumerically for the GCR lattice with one control

rod per nice fuel elements. This condition was used tc predict a thermal
utilization of £ = 0.706, based on a measured value of £ = 0.807 for the lat-
tice without control rod. The predicted control rod worth of about 12.5% in
k 1s approximately half the experimental value, which is still tentative but
exceeds 20%. This discrepancy is believed to be due, in large part, to the
inclusion in the criticality formulation of the lattice sum of K, functions
only. As a step in the process of lncluding lattice sums involving K, for

n >0, the formel lattice sur for general n has been found by use of the Polsson
summation formula. This general result is now being checked.

1240397 |
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TEST REACTOR OPERATIONS

Operation of the PCTR continued routinely during the month with one unscheduled
shutdown caused by electronic failure. The control rod effectiveness experiment
for the Gas Cooled Reactor was completed as was the first phase of the 1 percent
enriched T-rod cluster koo determination.

An extended outage for meintenance and reactor improvements is being planned.
The floor under the moving face tracks is to be reinforced; an 1ll-inch square
hole is to be made thr ugh the moving face; and a safety railing installed on
top of the reactor. Estimates have been prepared and the Work Review papers

are being processed.

Designs were completed and work arders written for a core volume Jjig and a

fine control rod drive. The core Jig will allow stacking the entire test
assembly prior to charging into the reactor. Reactor time efficiency can be
improved by ensuring that no rebuilding will be required after loading the
assembly into the reactor. The fine control rod is to be used in following
small changes in reactivity, such as those occurring in fuel temperature reacti-
vity coefficient measurements. ’

Critical mass experiments were conducted in the TIR reactor room during the
entire month.

BIOLOGY AND MEDICINE - 6000 PROGRAM

ENVIRONMENTAL SCIENCES

Atmospheric Physics

Preparations for this summer's field experiments neared completion and the
first partial experiment, designed to test equipment and operating schedules,
was scheduled for the first week in June. All equipment was in hand and
installed on June 4. The major remaining item was calibration of the automatic
pigment counters, a task which requires the samples collected in the partial
experiment mentioned above.

Supporting functions from Texas A and M and the Air Weather Service began
to arrive during the latter part of the month. Full-scale field experiments
were tentatively scheduled to begin on June 15 and no later than June 22.

A further transfer of funds, in the amount of $30,000, was effected between

the Air Porce and HOO-AEC by Cross Servicing and Acceptance Order No. 59-542,
These funds are in support of the data reduction and tabulation associated with
this summer's experiments, as well as further support for field activities.

Dosimetsz

It was decided to complete the assembly of the large scintillation counter

for the Shielded Personnel Monitoring Station. An array of seven 3" photo-
multiplier tubes will be used. The 10" EMI tube has still not been received
for testing. s

L. 1240398 BEEE.BIE
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During a trip tc Los Alamos, the KFO and Cs137 burder of the physicist working
at the station was measured. The agreement with our cwn measurements was
acceptable. During the month, 26 people were counted either for routine
sampling or as a suspected contamination case. Determinations of Csi3 KFO
and Zn65 body burdens were made for the routine cases. Analysis of the data,
is not complete; however, a plot of potassium content versus body weight was
similar to that obtained at Los Alamos. The average Cel37 content was 83
Bpg /g K; according to Los Alamos the national average for 1958 was 67 mpc/gm.
apreared in several Pasco and Kenmewick residents who were measured.

ight cases of suspected contamination were examined. Six showed no contami-
ration. One of these was & second subject i leved én the glove box explosion
refggted last month. One subject showed Sc and ZnP5 and another showed

The positive ion Van de Graaff operated satisfactorily during the month.

Srarking rnear 2 Mev was reduced by opening the tank and cleaning out metal

dust from the stapled belt. Drifts in the magnet current were reduced after

it was found that mercury batteries in an integratirg servo were affected by

temperature changes; the batteries were mounted in a place less subject to

change. Enlargement of the control room and additicn of a light floor over the

pit in tke accelerator laboratcry were begun. A vacuum system for preparing
ccelerator ftargets was assembled.

Measursments and aralysis of data for alpha-radicactive neutron sources con-
tinued. To check the relisbility of the counter system, the double moderator
was used for the measursmert of background. The data appeared tc be statis-
ticslly reliadle. The background rate showed variations of as much as 48%.

The ratic of counts with the two moderators, however, showed only small fluctu-
ations.

The threshold energies for the excitation of the 5.11 and 5.16 Mev levels in

B-" were measured with the double moderator by observing, in the direction of
the beam, the ratio c¢f counts with the two moderators as a function of deuteron
erergy. Preliminary values obtained for the thresholld energies were 0.914 and
0.975 Mev. Bconer and Butler cbtained 0.920 and 0.980 Mev in 1951. The

study was made to show that the improved performance of the igcelerator with
the stapled belt can improve our knowledge of the Be?(d,n) B reaction.

In studies of the use of pencil ion chambers for low dcse measurements, four
6-volt storage batteries were substituted for the chopper-stabilized electronic
power supply for the charging voltage. The batteries vroved to be more stable
than the power supply. It was possible 40 measure I mr doses to accuracies

of about 1.5% with a giver pencil. It was found that different pencils pro-
duce charges per urlit dose that differ by more than this so individual calibra-
tlons are neceesary. Linearity was checked and found to be excellent. A draft
of a Journal article on ithis work was prepared.

With the cooperation ¢f Comporents R & D Operation an optical pyrometer was
tested for use as a sensitive densitometer for differentisl densitometry of
fiim vadges. The results loocked promising for improvement of the sensitivity
of film badges.

‘;‘,‘;:‘i»‘,_,""- oK l 2 u‘ 0 3 q q
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INSTRUMENTATION

The scintillation transistcrized ccmbined alpha-beta-garma hand and shoe coun-
ter is still in completely satisfactory operation irn the 329 Building. The
instrument has operated for almcst three continuous months with no maintenance
work necessary. The instrument has undergone aprroximately (estimated) 10,000
operations in the three months with no known faulty or incorrect operations or
indications.

A radiation picture and a daylight photograph were taken simultaneously with the
experimental pinhole camera cn the rear face of 100-KE during the last shutdown.
The daylight photograph was satisfactory; however, the radiation photograph

was ruined in the developing prozéss. Another set of photographs will be taken
E00n.

Investigetion and develcopment work was done concerning a completely 4ransis-
torized scintillation dose-rate meter. Two methodes of approach ere being in-
vestigated; these are a chopper-input with following a-z amplifier and a much
simpier and cheaper d-: system usirg a differential transistor amplifier for
go0d temperature compensation. Approximate ranges of the experimental instru-
mert with the differentisal transister amplifier are 0-5 mr/hr, 0-50 mr/hr,
0-500 mr/hr and 0-5 r/br. I% is hcped that this can be improved to one mr/hr
full scele first racge. This can be done by raising the high vcltage or using
different transistors.

A compietely transistcrized scintillation alpha-beta-gamma aurally indicating
instrument has beeun developed and the various 2ircuits "breadboard" tested.

The aursl (lsudspeaker) cutput 15 in the form of loud pcps for each alpha-
caused puise and a cne K rote or “chirp" for each beta-gamma-caused pulse.
Thus, ear sgeparaticn cf the two types of contamirnation is easily obtained.

The system will easily destect and indicate pulses from beta energies as low as
75 to 100 Kev; thus, C1% and S35 are easily detected. The aipha background is
less than three counts per mizute with an alpha-detecting geometry of 10 to

15%. A zomplete experimental instrument will te fabricated soon. This transis-
torized system can be used in place of the vacuum tube model designed last year.
Five c¢f the vacuur tube medels were fabricated arnd sll have worked satisfactorily.
The trarsistorized model has the advantages of better statility, lower main-
tepance costs, and lower initial cost.

The gamms dose-rate analysis cof the background in Purex is being continued. The
backgrounds are being checked where the nuclear incident slarm systems will be
placed.

The twoc experimental scintillaticn nuclear-incident alarm instruments were
tested at Los Alames using the "Godiva" test facilities. The tests were com-
pletely satisfactory in all cases with both instruments. In a&ll tests but one,
the alarms energized. In the one test where the alarm did not energize, it was
found that the field strength level for the particular test, at a very remote
location, was nct quite high enough to cause rglay closure with a one r/hr alarm
point. The total "Godiva" cutput is about 10 pvt with a pulse width of about
LO microseconds. The tests were made both with and without the use of the two-
transistor booster amplifier. An inexpensive and very stable terphenyl-in-poly-
vinyltcluene crystal detector is used in the instrument. The variable alarm set
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point can be set for any gamms dose-rate level from sbout three mr/hr up to
ten r/br.

Circuit changes were made it the wind speed integrator and identification units
of the radictelemetering system. Units in the field are being replaced with
these modified units. Circuit modifications were made on the scanning switch
chassis, the wind direction integrator chassis, and the main chassis of the
data stations. These modifications have been made on all data stations.

Two more scources which were received for the Zinc-Sulfide Particle Counter
were aczeptable. Two extra sources willl be tested. All four units are now
ready to be used by the field except for one scaler which has not been delivered.

Some investigation werk has been carried out to determine the efficiencies of
various light pipes. These scintillation-type probes; with an effective
diameter of three mm, were evaluated for alpha and beta detection. For evalua-
tior purposes, peint scurces were used. The alpha detector has a counting
efficiency of 10%. A 4280 4/m cr 1.93 x 10-3 pc Pue39 source was used, ~The
beta detector has a counting efficiency of approximately 0.28% for a C+% source
of 4660 d/m or 2.1 ¥ 10-3 pc and & counting efficiency of about 2% for a Csi37
source ¢f 1.18 x 10° d/m or 0.532 pe.

A Shaw prycmeter was tested for use as a densitometer. This work was done in
assistance to W. C. Rcesch. The commonly used densitometers read density dif-
ferencesz of 0.05 density units. It was found that the Shawmeter used in con-
Juaction with other optical equipment could read differences of 0.005 units

and there is some possibility of reading even small differences since the experi-
mental arrangement for these +tests was rather crude.

WASHINGTON DESIGNATED PROGRAM

Analytical servizes were provided for this program.

A modification is being made to the scalers of the ion counting detection
system. Tests indicate a reliable performance will be cbtained with the modi-
fied scaler. A rew lO-megacycle discriminator is being fabricated to replace
the discriminatsr now in use which has been unsatisfactory.

A porticn of the pulil sample being used for fission cross-section measurements
was analyzed in the triple filament mass spectrometer. The results obtained
for the ratios Pu239/Pulll and Pul40/pulll agree with the previous analysis by
Ozk Ridge to within & 2 percent.

CUSTOMER WORK

Anaiog Computing

Problem sclutions are belng delayed due to equipment limitations. Most of
the NPR work requires function generators and our present ones cannot be used
because cf bad components. Emergency orders were placed for the components
necessary tc repair the function generators. The estimated delivery date for
these components is mid-June.

1260401
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The PRTR work is awaiting the arrival of scme "transport lag" equipment being
borrowed from Berkeley (Div. of Beckman Instruments).

The compuater was dowrn for approximately a week tc replace some burned out
resistcrs in the power supplies and for a complete tube check.

The DDA is out of cperation until a bad rectifier is replaced.

The Primary Coolant Trarsient Analysis for the PRTR has been programmed, but

a shortage of ussble equipment and a lack of special equipment has delayed its
solution. It is expected that the problem will be put on the computer the first
week of June.

The study of he pump coastdown curves for the NPR has been ccmpleted. A re-
pert covering this <+Ldy w11l bpe issued in the near future.

The log similiator was programmed on the computer and worked well for certain
ranges of reactivity as a linear function of time; however, for the range in
which the thecretical physizishs were interested, it was unsatisfactory due

to scalling problems whick ertailed ax unreasonable long running time to arrive
at the sciutlicr.

Weather Forecasting and Metesrology Service

Type of Ferecast Number Made 4 Reliability

8-Hour Production g3 87.6

24-Hour General 62 82.7

Special 135 93.3
A temperature average of 57.5 establiiched the past month as the fourth coldest
May in 48 years of record for the Hanford Area. The coldest May of record
was in 1933 when temperatures averaged 56.6. feature of temperatures for

the past month was a sudden warming frcm a high of 66 cr the 11th to 91 on
the 13th, and then a sudden zooling tz & high cf only 57 on the 15th.

May was the third consecutive windy month. However, the average speed of 9.3
mph was considersbly less tharn the record 11.1 mph average of April.

Instrumentation

The experimental radiation warning device is essentlally completed, in fabri-
cation, for the Pacilities Engineering Operation, Hanford Laboratories Operation.
The scintillation detector instrument, with minimum alarm sensitivity of about
five mr/hr, will be uged as an alarm monitor above a water-filled tank contain-
ing a 15,000 curie Co~~ source. The alarm-point sensitivity is to be settable
from about five mr/hr up to 100 mr/hr.

Fabrication work was completed on the experimental conversion of a vertical

lead pig-type shelf counter from a fragile expensive mica-window GM tube detector
to a scintillation s stem using a photctube and terphenyl-in-polyvinyltoluene
detector. With a G4 (beta = 158 Kev) check source, the signal-to-background
ratio was 25% better using the scintiiiaticr detector in place of the mica window
GM tube with the scurce to detector face distance the same in both cases. Nct all

| |
£ g FHokz ‘?ECUEF

NESTWEES &

h
H



B-18 ﬁﬁ-s'osos -

of the very old and obsolete GM tube systems can be similarly converted since
the clder scalers in use at HAPO have such poorly regulated and noisy high-
voltage supplies. Systems using scalers manufactured in the last four or five
years can probably be simply and easily converted to scintillation counting
for stable reliable operation.

The analytical calculator is approximately 50% finished. The calculator will
be assembled and ready for testing during the first week in June.

A grdss count instrument has beer designed for Coolant System Development of the
Materials Development Operation. The instrument uses a terphenyl-in-polyvinyl-
toluene crystal and multiplier phototube detector with a linear amplifier and
count-rate meter circuit. It wiil give count-rate data on the level of contami-
nation of samples for decontamination studies.

It was requested that we investigate the possible application ¢f scintillation
equipment to replace the mica window tube and equipment presently used to
monitor masks in the laundry. After severel laboratory tests, using masks fur-
nished by the field, a memorandun was prepared describirg a system which will
reduce monitoring time by 80% and maintenance cost to a very low figure.

Evaluation tests were completed on the Riggs Remcte Area Monitor and the
"Scintrar" scintillized, transistcrized, ac-operated poppy-type alpha detector.
Re-evaluation ¢f the German pocket alarm was completed. Evaluation tests were
started on the Spear scintillized, transistorized, battery-operated, portable,
fast and slow neutrcn detector, and the Tracerlab Remote Area Monitor. Field
tests were performed on the redesigned gammae energy analyzer. A library search
cn tritium monitors was started and work was done cn getting data on cold cathode
trigger diodes. These could perhaps be used as voltage sensitive relays and would
find application in pocket dose alarms.

tical e

The routine Optical Shop work during this period included a total of 520 man-
hours of which 31% was for Spare Parts (Stores - ultimate customer is CPD),
L% for FPD, 15% for IPD, 27% for HLO (including 16 manhours sick leave) and
23% fcr CPD. The work included:

1. PFabrication of 29 glass bearings.

2. Polishing one bearing seal face.

3. Polishing three lead glass bricks.

. Servicirg one three-power crane periscope head for Redox.

. Design and fabrication of a test probe for detecting differences in
fuel element surface reflectivity.

Fabrication of 12 photometer windows.

Aluminizing 135 mirrors.

Fabrication of twoc lens holders for 327 Bulilding.

Fabrication of a lamp and photocell assembly for G. R. Klinger of IPD.
Fabrication of parts for a beta-ray can wall thickness detector.

Faut F Last

Manager
| 2 I U ly D 3 Physics and Instrument Research
and Development
PE Gast:mes HANFORD LABORATORIES OPERATION
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Chemical Research & Development

RESEARCH AND ENGINEERING

FISSIONABLE MATERIALS - 2000 PROGRAM

IRRADIATION PROCESSES

Decontamination of Reactor Components

Permanganate-carbcnate sclutions are slightly less effective than permanganate-
caustic solutions for fission product decontamination as the first step in the
APACE prccess. Further experiments with the APACE process indicate little bene-
fit is gaired from the Versene (EDTA) used with ammonium citrate in the second
step of the APACE rrocess. Reducing the temperature from 95 to 60 C during
Step 2 of the APACE prccess reduced decontamination of stainless steel by a
faztor of at least 10 but 4did not reduce decontamination of carbon steel.

Ursrium Cxidation and Fission Prodict Volatilization Studies

A series of experiments to characterize the evolution of fission producte at high
temperatures in steam atmospheres was begun and five runs successfully completed.
Partial analytical results indicated that much smaller percentages of fission
products would be released in a steam atmosphere than in air under otherwise
similar experimental ccnditions.

Preparation of a summary document on the release of fission products in an air
atmosphere was started.

Progress was made in specifying and testing equipment required for the high
exposure uranium meltdown studies. Purchase specifications were prepared for
all mejor equipment with exception of manipulators. Arrangement was made to
test Brockhaven-type maripulators prior to writing purchase specifications.
Courting equipment, flowrator, and temperature recorder were specified.

A scintillation counting procedure was developed for measuring the percentage

of xenon by direct counting of charcoal traps utilized in the experimental equip-
ment of the fiesion product release study. This provides an easier and more
a&ccurate method for rare gas determination than previously available.

Analytizal Services

Water in compressed air was measured with Karl Fisher agent by reversing the
normal titration. The air was passed through a measured amount of KF agent.
The eir titration was followed by metering the air leaving the titration cell.
The standard potentiometric end-pcint was used.

Mornthly Mn56 (tl/2 = 2.6 hrs.) measurements were begun on Pasco raw and Pasce
sanitary water samples. Mn is oxidized to the permanganate in a one liter
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aliquot, reduced to MnOp, filtered and the filter paper placed in a ore dram vial
for gamma counting in the well of a 3-inch X 3-inch Nal (Tl) crystal. A
sensitivity of 2 x 10-7 uc/ml is achieved.

SEPARATION PROCESSES

Recovery of Neptunium in Purex. Additional flow sheet development was regquired
in behalf of the most recent Purex Plant recovery run, completed during the last
week of May. The need for further development stemmed from the desire to accom-
vlish the recovery and concentration of neptunium in the 24 and 2B coclumns alone
(vice 2A, IBX, IBX, and 2B in the April run), to operate the 24 and 2B columns
at elevated temperature, and toadd all the necessary reducing agents via the 2AS
stream (vice addition via both the 2AS and the 2AF in the April run).

Purex 2B Column Studies. Cold semiworks studies confirmed the results reported
iv. April; i.e., that approximately a ten per cent capacity increase is obtained
oy increasing the 2B column temperature from 35 to 50 C at a pulse frequency of-
27 cycles per minute.

Miriature mixer-settler tests indicated that satisfactory neptunium recovery and
neptunium-plutonium partition could be obtained with about half as much ferrous
sulfamate and hydrazine as was used in the April run and that these chemicals
could be safely added in the 2AS stream only (0.15 M ferrous sulfamate, 0.15 M
hydrazine in 2AS). Similarly, Mini tests showed no loss in neptunium-plutonium
"partition when the 2A unit was operated at 50 C.

Experience to date in the plant run has confirmed these observations. However,
scme difficulty was encountered in the early stages of the plant run in estab-
lishing appropriate flow ratios and acidities to enable separation of the neptun-
ium from the abnormally large amount of uranium present in the 3WB (gg. 0.5 MU
in this feed vice 0.2 - 0.3 M in earlier runs). A procedure which appears
attractive for future runs would entail "loosening" the 2D column flow sheet to
ena®le the uranium concentration in 3WB to be reduced immediately prior to shut-
ting down for neptunium recovery. Some loss in fission product decontamination
of uranium would result from such operation but this uranium could be substituted
for the cold uranium which is normally recycled during startup and any excess
over that required for this purpose could presumably be decontaminated by silica
gel treatment.

Recovery of Neptunium by a Specific Extractant

Recovering neptunium by a special solvent extraction cycle could offer increased
flexibility over. intermittent or continuous recovery and purification in the
Purex Plant. For example, solvents other than TBP can be considered and, indeed,
dibutyl butyl phosphonate (Bu(BuO)QPO, the only other organophosphorus solvent
presently available in commercial quantities) appears to offer certain advantages.
For example, batch equilibrations of 30 per cent DBBP with synthetic 1WW solutions
vielded neptunium distribution ratios of 9.9, 1.8, and 3.3 at acidities of 4, 7,
and 2 M HNO3, respectively. By contrast, distributions with 30 per cent TBP were
only 0.2 ané 1.0 at 4 and 7 M HNO3, respectively. S8imilarly, excellent separatiof
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27 repturiwn from betkh urarium and thorium UXl) should e possitle in a "C" cclumn
Jioring DBEP.  With a gstrip sclutiorn corialning 0.35 M HNO3 and 0.03 M Fe™**,

a
woeertunium (V?) distribution was only 0.01, whereas dats published by
Lo . 5132aliv~/ indicste distrituticr ratics of about 20 for urarium ard 5 for
Lo r such a system with 30 per cent DBBP. Thue; = two-cclumn reflux cycle
r cent DBBP shouid enable effective separaticn of neptuniun from
um, thorium, and fissicr products from & fairly low acid 1WW.

Determiratica ¢f Neptunium{IV) Complexirg Constants

The firgt azd sescnd 2implexirng consiants cf rephupium(IV) with ckloride, citrate;
azd fiucride have Yean detarpired i 2 M perch_ori: acid by TTA extracticn using
the mathci of Ledsx. The valuss found %oir ky and kp, respectively, were 0.78 and
C.69 for chinride, 1.7 ani 2.9 for nisrate, and 2+9 x 10% ani 2.3 x 106 for
filucrils, ail at 25 €. The ornly previcusly repert =d rertuni umﬁIV) complex data
vera for the gulfase (ky and k. sgqual 3.2 x 107 ard 1.3 x 102). Trese were cor-
Tirma? in testing +he mewtcd.  Mzazursment of the H"pbat- ard cxalate cOTplexss
iz coimplizared Ty Low silubility. Th:s acetate, sulfamate, arnd semi-carbazide com-
TisxXe: are Cs wisk for msasuremsnt by *his tecknique. Iodide was nct sufficiently
z%e2is, Tre citra®s ard “hiccrane®e corplexes ars under study.

Tritiur Processss

Very satisialtory enrizhmenis ¢f hydrcger-dsutsrsum mixtures were ottaired using
"Ravev" pallsdium dispsrsed on aztestos ard packed irte a 120 cm long by 0.9 cm
ID cclumr witk *le aid of mecharical viwration. Usirg the hydrcgen displacement
“eihnigus, a sample of hydrcger cintairirg 36 per cert deuterium was enriched to
96 pEr cart fuct sontaining 88 par cens <of the degt rium originally in
the fzed ne ssparaticn factor was L5 witkh a calculated HETS for +he
ooluame is believed that ihie very ence *ag‘ng result {which is
TInparat e resuits of Gluskauf axzd Kitt) iz primarily due 7¢ the mode cf
packing r which will e further investigated.

A - PPN -~ - -
Lra VTIzel Services

Relative atundansss of gamra rays of eight szergy levels (0.017 to 1.28 Mev)

wsrs mesagured for esch gezdion ¢f the 2 Piart prciuction line. Measuremerts

wersz mads cn 5i%tz w1uh & sirgle ~hanze) gamms spectrometer witk 2-inch arnd 1 mm
*tick Nel (T, ) erystais. Rediaticn fields up to 40 mr/hr required ccllimation

cf +he scurcsz. Abs crption measur rements for varicus thicknesses of lead glacss

warse &ls7 msie,

Iror was dewerrined in the pressrcs of macre quentitias of plutonium by controiled

rotertisl crulcmetry tifra 0L Pereentag:s of C.04%6 ard 0.086 ware det ermlned in
samples havirg Pu/ e weighn ratios up to 218. Prezizion was cne per cent. Nitrates

lizited the t,‘, arce for piutonium +o appvox-ma* sly 15 times the irce molarity.

(1) S1dd212; T. H., Extraz*ior ¢f Uranium ard Other Actirides frcm Nitrie Acii_

Yy Di-n-tutyl c-tuty.iphosphona*e, DF-Z219, Jure, 1357 (Confidential) «~ime g
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WASTE TREATMENT

Semiwcrks Pluid Bed Calcirer

Over-all fabrication cof the calciner protctype equipment is 95 per cent complete.
Installation of the calciner, surface condenser, scrubber, and spray condenser
is ccmplete. Installation of the electrical equipment has been started.

ANL Fluid Bed Calcination Studies

Exploratory studies at ANL on fluid-bed calcination of Purex acid wastes have
continued. Recent work has bsen performed with simulated "formaldehyde-killed"
ard ccncentrated vwaste at a bed temperature of 500 C and a feed rate of 4.8
l:terc/hou‘. Operatbility and results ccrtinue to impreve. Two l6-hcur runs
{(veluntarily stopped) were recently completed. The powdered prcduct ir these
rurs contained fewer large agglomerates ard hed a higher bulk density (1.4 g/cz)
thar ir any previcus run:z.

The main difficulty, at present, is tke frequent plugging at the feed nczzle.,
Tris plugging has Yeen identified as being a major coniributor to the formation

of ur1551ra“lv large pax “:ic_ec. Future runs will irnclude the use of mcdified
f2ed rozzles in arn attempt to reduce nczzle pluggage and agglomersts formation.
Heat Transfer Properties of Spray-Calcined Waste

S*ulies have been made in the Leinch diameter 2-foc+ long heating unit to
determine the heat transfer properties of the calcined waste produced in the
Chemizal Research spray calcirer. These studies indicated that the thermal
conductivity cf the spray calcined materisl is much lower than that of the
120-mesk alumina powder discussed in February's report. At heat generation
rates of 10,000 ard 8,000 Btu/{(hr)(cu.ft. cf powde*), temperatures of 800 and
700 C, respectively, were ncted at the center of the heater using the spray cal-
ziner powder. Witk 120-mesh alumina at approximately the same heat generation
rate, the temperature at the center of the ucit was spproximately 350 C.

QCbservation Wells

N¢ new trends in the mcvemert or degree of ground water contamination were evident.
The 0060 ccnzentraticn in the ground wa*er beresth the 216-BY cribs continued to
decrease, the maximur corcentration detected being less than the M.P.C. for
drinkirg water. A single sample from a well zouth of 200 East Area was found to
contair significantly more (five times) gross beta emitters than previous samples.
This must be confirmed in additional samples before the finding can be considered
significant.

Six monitoring wells close to the 216-BC cribs were examined with a gamma
scintilliation probe. No measurable downward movement of gamma emitters was
evident in four of the wells, but in the twc scuthern wells additicnal downward
migration of 10-15 feet was evident. A new well about 50 feet south of the
crits shows=d measurarle gamma activity over the entire depth to the water table,

g
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340 feet. Gamma activity cannot be detected all the way to the water table in
the closer wells. These data are interpreted to indicate lateral spreading of
the wastes from the 216-BC cribs in a steeply-dipping southerly direction.

Disposal to Ground

An analysis of the historical data on the Redox 216-S-1 and 2 cribs was completed.
Based on radioanalytical analyses and sediment characteristics of soil samples a
gocd correlation was found between geological structures and directions of waste
movement. It was concluded that similar field studies and analyses have applica-
tion in defining the distribution and concentrations of radionuclides in the
vadose zone beneath the 200 Areas.

Four soil column tests were performed to evaluate the capacity of the 216-5-20
(SL - 1&2) crib. These experiments indicated 13.5, 11.0, 5.6, and 5.7 column
velumes before strontium-90 breakthrough. At the present discharge rate the
average of these data, 8.4 column volumes would indicate an estimated life for
the crib of 7.2 years. The solutions used in these experiments were composited
samples of 300 Area waste and Redox Laboratory waste in ratios of 9:1. Cesium
breakthrough from these columns required nearly ten times the throughput needed
to achieve a strontium breakthrough.

~nalytical Services

Chloride interfered with the determination of nitrate in water when the color-
producing agent, 6 nitro - 1, 2, 4 phenyldisulforic acid, was used. Silver sul-
fate removed the interference. With silver present, however, ammonium hydroxide
was preferred over the alkali bases for color development.

One lot of nine-ounce Jjars used for vegetation sample containers was found to

contain 1073 microcurie of Kﬁo (approximately one gram pof natural potassium) per

jar. The usual value is less than 1077 microcurie of 0. If not accounted for,

the higher background would result in & many-fold increase in the reported K40

content of vegetation. The error will be prevented by regularly determining the
0 background of a jar from each new lot.

TRANSURANIC ELEMENT AND FISSION PRODUCT RECOVERY

Cerium and Promethium Recovery

Additional rare earth double sulfate precipitation experiments were conducted to
determine precipitate volume, decontamination from other fission products, and
effect of pH on cerium and promethium recovery yields. Using conditions described
last month, the centrifuged precipitate volume was one per cent of the 1WW volume.
Decontamination factors from ruthenium, cesium, and zirconium-niobium were 1100,
75, and 150, respectively. The high decontamination factor from ruthenium, if
substantiated by liter scale runs and plant tests, should alleviate the problem

of ruthenium evolution in subsequent cerium-rare earth separation. Varying the
initial pH from a value of 0.12 to 1.0 did not affect recovery, which averaged
about 96 per cent.

1240412
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Three resin ccolumn runs were made bassd or *he Ames EDTA rare earth separation

rrccess,  The obhject was tc obtain detailed data on resin capacity, flow rates,
etc., for plant dssign pu*ﬂCQes an‘ to atterpt tc increase flow ra*es beyond
those used previcuszsly in crder t< decrease radia~ion damage to the resin. Mix-
tures of equal quantities of the adja'=:t rare earths, prasecdymium and reodymium,

ware used ir the experimrts. The first run used established converticnal con-
diticns. The Pr-Nd mixture was absorbed cn a short Dowex-50 ceclumn and then
distlaced a distance cf iwe bard lengths with dilute EDTA through a similar
columr. in the copper form at a flow ra*s of 0.85 ml/min,cme Excellent separa-
tion was obtained with cver €5 per cert cf each rare earth being reccvered at
puri*iea greater t“&“ 99 per cent. The second rur was made at an elevated
+temperature {80 tz 90 C) and witk a flow rate ¢f 3.5 mi/min,cm®. Gassing was

treubriescns, and the rir. was *termira*ted by pre:ipifeticn ¢f an insoluble rare
cart- fomrlax ir the bed. The third ruz wes: made at rogm Temperature with
zlvata ¢f kigker pE ard with nvi:n2=: isns cc-sdsorted with coppsr cn the
zlution P*’uﬁu_ Thesz - ‘ 3 reduze ths prc,ahlkn,y of nﬂfdvn*um and
rrazecdvmivrn rrecivitatic uticn at selevated temperaturs ¢ flow
rate was L0 mi/min.cx€. sparesicn was noi qylte as gccd as in the
firs+ rur. (due *c tre x tz), the rur waz successful in demcnstra-
targ that the coppsr-hvircgsr be 214 re*ain thz rare earth bard hehind i+% at
the higher pH. C(peraticz a*t a moderately elevated temparature should sharpen
up tre zeparatinz,

rrontiun, cerium{III), and cesium from

¢ a furpcticzn cf pH using twe extractants:

22l ipn ¢klorofcrm and 3 vilume per cer.t di-Z2=-ethylhexyl

Ir ocpho“lf a-id (DZEFPA) i o= ~n. Tne DZEHPA experiments dif-
f=r=4 from those ¢f earliier investigaticns that the neutralized aguecus phase
was a slurry rather +thsr a =0l Apprcximately 50 psr cent of the cerium
presert was extracttel intot the ¢ iz prass at pH 8 in the case of D2EEPA ard
at pE § with ts8ll ¢il. The remsinder was mosily ir the aguecus phase precipi-

L velume per cer® a2

tate, sugg&sfi*g 8 solupnilizgticn of the fissioc p*’duﬁ+= by the orgaric extrac-
tart. Max<imunw cerium extrecticn crsfficisntsz, Ea, bihweer aguecus sugnrnafp ani
crganic ware a“w"t 103 witk both extrz-farts. The maximum strentium extraction
ceeffiziezt was 97 with tall c1l ard 1.8 wi<k D2EHPA. These results suggest®
that groszs cerium (rare earth) and strontiom recovery might te realized ir fair
vield bty sclvent exiracvicn of a pzutralizsd 1WW slurry, preovided contacting

ejuipmer+4 can Lani_. zush svstems.

Figeior Product Isclsaticr and Packaging Profctyps

ents {i.e., the Capper and Hoppser-Crystallizaticn

tvpe are nearirg cocmpleticn in the shops arnd should be

ni gra*ted "eaia" prototype studies on the re-
rrosvanide slurries are sch=duled tc begin

The last equipmen® <Impo
assembly) packagirg pret
Jelivered durirg Juns. Ir
covery of cezium from cesivm-zine
during the ls+tisr part cf June.
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The strike at the Gereral Mills plant has teen settled and work has resumed on
the manipulator to be tested with the fission product prototype. Shipment on
the manipulatcr is not expected before the first week in July.

During the month, the 321-A Building overhead crane system, which suppcorts the
General Mills manipulator ard its carriage, was ccmpleted by Minor Construction.-
Ir. addition tc serving the fissicn product protctype, the crane system will be
useful for the non-production fuel reprocessing studies and other studies
conducted in the 321-A Building.

ANALYTICAL AND INSTRUMENTAL CHEMISTRY

The Determinaticr cf Acid in TBP Scluticns

A dirsct non-agquecus titration methed for determiring the acidity of Purex
crganic samples contalning uranium was developed. The acid sample is titrated
in thres milliliters of pure trivutylphosphate with a standard 0.02 N soclution
of pctassium methoxide in isopropyl alcoheol. A standard glass electrode is
uzed fer "pH" measurements against a modified calomel reference electrode. The
reference electrcde wags modified by providing a salt junction cof a larger area
consisting of a glass frit, and by substituting methyl alcohol saturated with
potassium chleride for the usual aqueous salt bridge. The titrations are most
conveniently rur using a mctor drivern Gilment micro buret and a chart recorder.
Sample sizes down to 50 microliters are used. The breaks at the erd-point are
arout 45 millivelts high, the titraticns are accurate and they can be repeated
with a standard deviation cf at least * 0.0L N or abcut * 1.0 per cent for a
1.0 N sample. The methcd does not distinguish between the common mineral acids.
Dibutyphosphate titrates as a strong acid while acetic acid does not titrate.
Varying the concentration of uranium has no effect. Iron and eluminum would
titrate as acids thrcough hydreclysis, but their sclubility in the Purex solvent
is insignificsnt.

The m=2thod can be applied to the determination of the acidity of aqueous acid
samples containing uranium ueing an alcohol - TBP - benzene solvent, but it
appears tc he no more preciss ncr convenient than the usual oxalate ccemplexing
methcd. In additicn, iron and aluminum interfere.

EQUIPMENT AND MATERIALS

23L-5 Cyclone Powder Trap

Miniature cyclore separators are being investigated as possible replacements for
+he primary off-gas filters used on the 23L4-5 Building calciners, fluorinators
and chlcrinators.

Various modifications of a mini-cyclone (1/2-inch diameter) were tested for
remcvirg entrained powder from air. Separation efficiencies ranging from 20 to

98 per cen% wers obtained for a five micron dispersed silica powder. The cyclones
were cperated at an entrance velocity of arproximately 50 feet per second. Caking
and bridging withir +the cycleones caused the poorer performarce. Currently, methods
to minimize or prevent bridging are being investigated.
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BAPO Canned Motcr Screw Pump

Testing of the HAPO canned motor screw pump was discontinued after 12,360 heurs
successful operation in water. The motor is being dismantled for inspection
ani wear measurements. Tre screw pump is a low head (up to 8 feet of water),
high capacity pump capable of passing some particulate matter. It has been
developed for possible use as a recirculation pump for dissolver sclution.
Since the pump employs process-solution lubricated bearings, special bearing
materials would be required to permit its use in the corrosive media which
might be encountered in the dissclver required for the non-production fuel
reprocessing program.

Centrifugaticn Studies

Within the next year cr *two, several new. centrifuge applications may develop

at Hanfcrd. Special critically safe centrifuges may be needed for the 234-5
prrogram and the non-producticrn fuel reprocessing program, while other centri-
fuge designs may be required to meet the specific needs of the figslon product
reccvery program. Currently, a study is being made to determine the pilot plant
centrifugation studies required and the pilot plant equipment needed to permit
specification of design criteria for the production plant centrifuges.

Titanium Farrication

Technical assistance was given to Technical Shops in the fabrication of a
titarium bottcm subassembly for the Redox L-3 concentrator loop. Some diffi-
culties were encountered in getting good weld penetration, as indicated by
radiographs of the completed welds. Since the difficulties are believed due
to the inexperience of some of the craftsmen involved, a welder qualification
program is being set up for titanium welding.

Hcod Panel Mounting

Samples of new hcod panel mcunting methods have been submitted to 234-5 personnel
for comment. The samples submitted incorporate "quick" panel replacement de-
vices and gasket mounting techniques which eliminate sharp edges and grooves
where plutonium powders can accumulate.

Plutonium Oxide Chlorinator

Screering tests of a large number of materials for possible use under conditions
expected in the plutonium oxide chlorinator indicated promisingly low corrosion
rates for Chlorimet-2, Inco 804, Ni-o-nel, nickel, Hastelloy B and Hastelloy C.
Samples of these materials were exposed simultaneously to phosgene-air-water
mixtures at L0O, 500, and 600 C to compare their behavior under identical expos-
ure conditicns. All showed corrosion rates less than one mil/mo. at 400 and

500 C. Rates at 600 C ranged from 2.3 to 5.9 mils/mo. with nickel and Chlorimet-2
having the lowest rates.
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Purex F-6 De-mister Pad

A sample of 11 mil titanium wire (exact type -- ALO, A55, or ATO -- unknown)

was exposed to the vapor phase over boiling 6 M HNO; to determine its suitability
as de-mister pad packing in the Purex F-6 concentralor. A control sample of 20
mil 304-L stainless steel wire was exposed to the same environment. Both corroded
at a rate of about 0.02 mil/mo. during a 200 hour exposure. The rate is somewhat
higher than expected for titanium and may be due to flaking of an oxide coating
present on the wire. '

Corrosion of Carpenter 20 and Carpenter 20Cb in Nitric Acid

To determine their suitability for use in pump perts, corrosion rates for
Carpenter 20 and Carpenter 20 Cb in boiling 65 per cent HNO; were determined.
Both materials in the annealed condition corroded at about 0.7 mil/mo. during
a 200 hour expcsure. Sensitized Carpenter 20 corroded at about 20 mils/mo. and
Carpenter 20 Cb at about 200 mils/mo. Cold working appears to have & beneficial
effect on the corrosion resistance of Carpenter 20 Cb to nitric acid. Areas
under metal-stamped sample numbers on the sensitized samples were attacked much
less rapidly than the remainder of the samples.

PROCESS CONTROL DEVELOPMENT

U0z Plant Automation

The first phase of the calciner automation program was completed with plant
installation of the steam programmer on K-calciner. This programmer controls
the steaming cycles and the automatic setting of a fixed set-point on the feed-
recorder-controller during start-up. Very satisfactory operation of K-calciner
has resulted since the installation of this unit.

The construction and testing of the prototype control programmer for the complete
autcmation of the calciners were completed this month. A few wiring and design
changes were made to obtain the desired performance. For test purposes mockups
cf the three servo units were used which operate about 50 times faster than the
rate at which the final units will operate. The programmer is presently being
bench tested, with 50 simulated start-up and shutdowns occurring per day.

An "O" ring seal on one of the magnetic flowmeters at the UO3 Plant failed after
725 hours of use on 100 per cent UNH. It 1s suspected that a Buna-N electrode
seal was used in the unit rather than the specified Viton-A.

Polyvinyltoluene Scintillators

Further tests with terphenyl-in-polyvinyltoluene phosphor have been performed.
Exposure to 30 per cent tributylphosphate in spray base reduced the phosphor
thickness from 0.060-inch to 0.043-inch in 24 hours. After this test, the
remaining crystal performed about as well as a new one when exposed to an
alpha source in air. Neither erosion nor dissolution has apparent effect on
the crystal performance. No reduction of phosphor thickness occurred in five
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days expcsure *¢ a sclution of six molar nitric acid saturated with TBP. A
slight surface tackiness exists, probably due tc the BP present. Tests are
ccn*inuing to further evaluate the usefulness of this material fcr alpha
counting.

pH Probe Ins+talled in E-3 Purex

A pH prote desigred as sn irtegral part of a jumper has been installed in the
E-3 tank at Purex. The unit appears ¢ work satisfactorily and is teing cali-
brated ve. latoratcry pE values of samples cf the tark corn*ents.

NON-FRODICTICN FUELS REPRCTESSING

Mecrarical]l H=ad-Ernd Studies

Shearirng Unirradisted Ursrium-Bearirg Fuel Reds. Stairlesz-steel clad svaged
U0 r>3: s2] stainless-snsel ciad urazium-10 w/c molybderum alloy (U-Mc) rods
were chearzd under watsr tc lovestiga*ts the mecharicel apd particulate handling
Ircvlem: asszcciated with +hese two major ccmpcren*s of the power reasicr fuels
reproiesting program. Moderats shear forzes (25,000 and 9,500 1b./sq.in. for
U-Mc aznd UCz, rezpestively) arzd minor erd zicaurss (less <han 10 per cent) were
ohserved in shesritg. As was exgectel, the U-Mo cut clearliy, with minimum fines
gereratirn,; while up tc 30 per cext ¢f the UQp disintegrated 4o form s siudge in
+hs tottom of the calch buckst. A small fracticn of 10 %0 20 micron-sized UCp
particles were feorzed intc susperszicrn 4o cclor the watsr a muddy brewn. On
standing., *trey sewtled in leszs *han 16 hcurs. The studies indicate that the shear
auxiliaries (e.g., product receivers, tath filiters) must be designed tc hardle
the fines ard slurries prcluced.

Scdium Reszrveir Sawirg. Insri-gas blarketed, water-submerged sawing of sodium
pctassium alicy (NaK) £illsd capsules was continued to conzlusively demenstrate
the success cf this techrnique ir eliminating NaK (cr Na) reservoirs from the
active sections of power reactor fuels. Loadings up te 48 grams cf NeK

(12 gm./capsule) were exposed ir & single blade pass (24 gm. maximum icstan-
tanecus exposurs) with twc-inch maximum water submergerce ard a helium-purged
hcod atmesphere containing less thar 5 per cent cxygen. The ususl dense white
cloud of cxide fume formed in the saw hood, but no fires or explosions occurred.
Th= NaK exposure rate encountered in the above test 1s a factcr of two greater
thar the rate contemplated during productior cutting cf the PRDC fuel rods.

Hydrcgen was not detsctable with a chromatograph on the saw heocd after a cut of
over 20 grams of NaK wasz made. The detection limit of the chrcomatograph is
C.2 per cent of HE in He.

Feed Preparation

Darex Laboratcry Studies. Studies on the effect of dissclver sclution composition
or chleoride remcval showed tha* the terminal chloride concentratiorn after prclonged
bciling with ccncentrated HNO3 increase with s*tainless steel concerntration. High
ceczcerntrations of stairles:s sfeel (>1.25 M) must be present %o prevert attaining
terminal chloride concerntrations of 0.1 g/1. cr less. The presence or absence of
uranium had 1i*tle effect on the terminsl chlcride ccorcentration attainable.

l2u0u 1 .
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Darex Pilot Plant. Ten stainless steel clad (10 mil wall thickness) metallic
uranium core (3/4-inch OD) fuel elements were dissolved smoothly and completely
in 1 MHCL, 6 M HN03 in about seven hours.

Chloride was removed from an 0.85 M stainless steel and 0.8 M U solution by
sparging with NOo-No Ou and air. Chloride volatilized at the rate of 0.1 mole
chloride per mole NOp added. Acid was produced at the rate of 0.7 mole H* per
mole NO, added until the solution reached 6.1 M H', after which no additional
increase was obtained. Terminal chloride concentration was 1 M compared with
0.2 M reported last month for solutions containing uranium but no stainless
steel.

A Hastelloy F probe with a heat transfer surface has been installed in the
Darex pilot plant dissolver for seven weeks. After 623 hours at low temperature
and 24L hours at or near boiling the probe showed & sharp corrosion band 1/16-
irch deep over an area 1/16-inch wide corresponding to the vapor-iiquid inter-
face. Generalized pitting to depths l/lé-inch was noted in an area surrounded
by stagnant vapor. Areas exposed to liquid and vapor showed mild corrcsion
similar to that previously reported for the Hastelloy F coupons exposed in
Darex system

A similar probe made of Haynes-25 showed comparatively little corrosion after
six months in the Darex dissolver. Corrosion of Haynes 25 was most noticeable
in areas sensitized by welding. No preferential attack was noted at the
vapor-liquid interface. ‘

Niflex Pilot Plant. Studies to date on the Niflex process have developed the
following information:

1. The reaction with 304 stainless steel involves 0.6 mole of HNO, and three
moles of HF per mole of stainless steel in a downdraft dissolveér system.

2. Charge ratios, i.e., moles of fluoride per mole of stainless steel, above
five are required for complete dissolution.

3. Dissolution of 304 stainless steel averages 10 mils per hour during the
first hour of dissolution.

4. Approximately 0.1 mole of hydrogen was liberated per mole of stainless
steel dissolved. Peak hydrogen evolution rate was 5 x 10”7 1b. mole/(hr)(sq. ft)
of stainless steel.

5. Corrosion of Hastelloy F containment vessel was severe.

Sulfex Process

Studies of the effect of radiolysis on the rate of attack of fuel core materials
by the Sulfex medium (dilute sulfuric acid) were extended to more highly irradi-
ated uranium dioxide. It was found that uranium dioxide irradiated to a (calcu-
lated) exposure of 3000 MWD/T and cooled five months was attacked by boiling
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L M HoS0y at a rate of only 0.02 per cent per hcur. This corrosion rate is
eC:nn+ially identical to that found in earlier work with 500 MWD/T uranium
dioxide cocled nine months, despite the fact that the measured radiation dose
rate with the present material is greater by a factor of 7.5, and within a
factor of probably two to three of that expected in the NPF program.

Sulfex Pilot Plant. Modification of the Niflex dissolver has been completed,
and recalibratiorn of the equipment is essentially complseted. Preparations are
under way to begin pilet runs of the Sulfex prccess.

Dissolution of U-Mc Alloy. Further studies on the disscluticn of U-9 per cent
Mo allcy in HNQ3-Fe(NO )3 solutions were made. The maximum uranium ccrcentration
whizh car e achieved during dissclution without solids formation is dependent
or: the terminal HNO; concertration and irncreases from about 0.5 M at 0.5 M free
acid to sbout 0.7 MTat 2.0 M free acid. The acidity of the solutions &t rcom
Tamperaturs can be reduczd ic atcut -0.% ¢ M free acid with Dibarn without solids
forration.

Prelimirary attempts tc idexntify the iror-meolybdenum complex formed when molybdenum
or U-Mc alloy is dissclved iz HLO3-F=(NC ) involved adsorption of the complex on
anicr exchange rszsin. In the absence of u*anlum. iron and melybdernum were adsorbed
¢n the resin_in a mole ratio of ons to six (Fe/Mﬂ . Salts cerntaining the group
(Fe(MoOu)6)'9 are repcrted in the literaturs. Dsta sc far obtained with uranium
present are confused due *o analytical difficulties,

The dissolution ra*e of U-3 per cent Mc slleoy in aluminum jacket removal sclutions
(10 per cen® NaOE - 20 per cent NaNO3) was found to be very low. During 30 minute
exposures tc the bciling solution, ithe average dissolution rate was about 0.00015

gm/(sq.cm. )(hr.). Thus, NaOE-NaNQ, decladding followed by ccre dissolution in
HNO3-FQ(NO ), appears to be a satiSfactory prccedure for dissolving the aluminum
clad U-Mo al-oy fuel scheduled for reprozessing at HAPO.

Dissclution of Zircaloy-2. The dissolutior. of Zircaloy-2 in HN03-HF-A1(N03)3
golutions was studied. Optimum nitric acid corcentration, from a corrosion as
well as a dissolution rate stardpoint, appears to bﬁ in the range of one to
three melar. Ina 2 M HNO3 - 1 MHF - 1 M AL(NO,) sclution, Zircaloy-2 dis-
sclution rates decreased frcm about 15 to 2.5 mlé ; as dissolved zirconium
councentration increased from zero to 0.25 M.

Sclvent Extraction

Uracium-Mclybdenum Alloy Feeds. PFurther mini-mixer-settler runs witk feeds
prerared by dissolution of U-3 per cent Mo alloy were made to study the effect
of feed acidity and salting strength under simulated Redox solvent extracticn
conditions. As with Niflex and Derex feeds, increasing acidity resulted in
reduced gross beta and gamma decontamination in the first cycle. With feeds

at -0.3 M free acid (0.80 MU, 0.87 M Fe, 0.3 M Al), the gross beta and gamma
deccntamination were lower by factors of about ~15 and 30, respectively, than
obtained in coutrcl runs simulating current Redox feeds. Ruthenium contributed
most of the radiocactivity in the product streams. Chenges in salting strength

e
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had much less effect on over-all decontamination than variations in acidity.
Urenium and plutonium recovery was generally good (< 0.2 per cent loss) indica-
ting successful oxidation of plutonium. Greater than 90 per cent of the neptun-
ium present appeared in the product streams. Molybdenum concentration in the
product streams was less than five ppm. parts uranium. Extraction of dichromate
was not observed in these runs in contrast to observations during runs with high
acid Darex and Niflex feeds. Aqueous raffinates were stable toward precipitation
if feed acidity was -0.3 M or higher.

Alternate Redox Solvents

It has been previously reported that diethers in which the two ether oxygens are
separated by 4 to 6-CHp-groups offer certain attractions over hexone as a Redox
Plant solvent. Specifically, they have significantly higher flash points than
hexone and exhibit considerably better resistance toward nitric acid.

Recent work indicates these compounds may offer some advantage over hexone from
the standpoint of fission product decontamination, as well. Batch contacts were
made comparing uranium, zirconium-niobium, and ruthenium distribution from identi-
cal aquecus solutions into hexone and nine diethers. With a dilute uranium solu-
tion containing 1.5 M aluminum nitrate and adjusted to 0.2 M acid deficient,
uranium distribution ratios ranged from about unity with methoxy—butoxy pentane
to 27 with dimethoxypentane, vice about 4 for hexone. Ruthenium distribution
ratios ranged from 0.0037 with methoxybutoxy pentane to 0.019 with dimethoxy pen-
tane, vice 0.011 with hexone. Zirconium-niobium distribution ratios varied in

a random ﬁashion but were roughly bracketed by the values of L.l x 1077 and

5.8 x 10~* obtained for hexone with two different feed batches. With an acid-
ified dilute uranium feed containing 1.5 M aluminum nitrate, and 0.2 M nitric
acid, uranium distributions ranged from 2 for methoxybutoxy pentane to 48 for
dimethoxy pentane, vice 15 to 19 for hexone. Ruthenium distributions ranged
from 0.12 for methoxybutoxy pentane to 2.4 for dimethoxy hexane, vice 0.6 to 0.7
for hexone. Zirconium-niobium distributions were again scattered, ranging from
0.016 for methoxybutoxy pentane to 0.5 for dimethoxy pentane, vice 0.05 to 0.07
for hexone.

Distribution ratios for plutonium(IV) and plutonium(VI) have not yet been measured.
If these prove operable, it is planned to evaluate via miniature mixer-settler
studies the decontamination potential for such solvents in an acid first cycle
followed by one or more acid-deficient cycles.

Zirflex Waste Mobility. Flow properties of neutralized Zirflex waste were
determined in semi-works scale equipment (5-gallon head tank and 1/2-inch flow
tube). The solids settled rapidly to 20 per cent of the total volume. Medium
agitation was required to keep the solids suspended. The slurry was transported
through the flow tube without difflculty when the flow was turbulent (Reynolds
number greater than 2500).
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Materials of Constructicn

Welding of Bastelloy F. A series of Hastelloy F weldments (welded with Hastelloy
F filler wire) were annealed for oune hour at 2100 F and water quenched. The
weldments were then given an additional one-hour anneal at temperatures ranging
from 1400 to 1900 F. 1In every case, the additional heat treatment reduced cor-
rosion resistance of the weld metal to boiling 1 M HNO3 - 1 M HF. Samples annealed
at 1600 and 1700 F shcwed, also, severe intergranular attack on the base metal.

Hastelloy F weldments prepared by electron beam welding and by metal arc welding
in a gloved box purged with helium showed the same degree of preferential weld

metal attack in HNO3-HF sclutions as those welded by the usual tungsten- inert
gas techniques.

Atiempts to determine composition of the segregated phase in Hastelloy F weld
metal by means of the microarc emission spectrograph were not successful.

Sulfex. Welded ard annealed Haynes 25 tubing corroded at rates about the same
as those previously observed for Hastelloy F in HQSOA ard Hp80,-stainless steel
goluzions. Preferential weld metal atiack occurred in the HySO,-stainless steel
gclutiors.

Darex. Hastellcy F samples were exposed to 2 M HC1-5M HNO3 at boiling and at
25 C with and without an air sparge. Severe interface attack occurred in the
absence of boiling or air sparge. No observable interface attack occurred when
the sclution was teiling ard air sparged.

HNOQ-Fe(NOqu¥§Vthms Both Ni-o-rel and Hastelloy F were corroded intergranularly
in 5 M HNO3 -1M Fe(NO%) Base metal corrosion rates were relatively high (10-
12 ml‘s/mc ) for bcth ailoys in this solution at boiling. The rates were reduced
by decreasing either the ferric nitrate or the nitric acid concentration. These
observations point to the reed for controlled addition of one or beth of these
reagents during the dissclution of U-Mo allcys. Ni-c-nel weld metal showed no
preferential attazk in this system.

Process Control Development

Precision Level Measurements. Preparation of the equipment for precision level
measurements on tank T-4 is complete. The tank interior has been cleaned, flushed,
and drained dry. A sensitive electronic relay connected to a gaging rod will be
used as an accuracy stendard tc determine the height of liquid above the bottom

of the tack. A hand operated lead-screw drive mcves the gaging rod up and down.
Two 150-inch precision manometers are used to read the tank level, and one stand-
ard 50-inch marometer i1s used to read the specific gravity. A stainless steel
L3-gallon heavy water drum with dome ends is used for the solution weigh-in
measurements. Shake-down tests of the level measurement equipment are now under
waYy.

Boron Monitor. Flow tests on the becron monitor are complete. The unit exhitits
pressure drop characteristics equivalent to 20 feet of 2-inch schedule 40 pipe.
The monitor will handle approximately three times its design flow rate of 50 gpm.
Fabrication of the unit is now under way in the technical shops.
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REACTOR DEVELOPMENT - L0OOO PROGRAM

PLUTONIUM RECYCLE PROGRAM

Molten Salt Cycling of UOQ,

Preliminary experiments were performed with aged, slightly irradiated U0s to
learn of fission product behavior in the cycling of UOp through a NaCl-KCl
molten salt phase by dissclution as UOClp with chlorine and reprecipitation
as UCp with zinc. Although activity of the samples was low, Zr-Nb and Cs-Ba
appear to have dissolved and remained in the salt phase throughout the experi-
ment. Ru-Rh and Ce-Pr appeared in the salt phase, but on reduction with zinc
their activities were reduced ten-fold. It is not known whether they precipi-
tated with the oxide or whether they were reduced by the zinc. Fission product
behavior is currently being studied using a 10 to 15 gram sample of slightly
enriched uranium exposed to 900 MWD/T and cooled 150 days.

Further studies have shown that (1) U O reacts almost completely with molten
NaCl-KCl in two hours to yield what ié apparently UOCl,, (2) U0, dissolves
readily in the same salt under the influence of HC1 to yield UOgéle, and

(3) UO2 reacts with chlorine in NaCl-KCl eutectic at 500 C giving the charac-
teristic UOCl, solution; with HCl under the same condition UCly if formed.
Thus, by a suitable choice of halogenating agents it is possible to exercise
some control over the dissolution characteristics of the various uranium
oxides, & fact which may have process significance.

An interesting observation was the very slow rate of attack of Zircaloy-2 by
chlorine in molten NaCl-KCl at 700 C. A freshly pickled piece suffered a
weight loss of only 2.7 per cent in two hours under these conditions.

Application of Molten Salt Cycling of UO, to Thorium Oxide Processing

A separation factor of 500 for uranium from thorium was obtained in the dissolution
of a 5:1 mixture of ThO, and UOp by chlorination in molten NaCl-KCl. The thorium
was only slightly dissolved during the reaction.

A1C1,-KCl System

The results of a very carefully done study of the distribution of uranium
between molten aluminum and A1C1l,-KCl phases in sealed evacuated quartz ampules
agree very well with experiments performed in open tubes. It has been definitely
shown, however, that the aluminum chloride content of the salt phase as determined
by aluminum analysis is two to six per cent high because of the presence of alum-
inum oxide which is soluble in hydrochloric acid, and thus analyzes as AlCla.

The origin of the soluble alumina is the reaction of aluminum metal with sigica
or possibly air oxidation. This bias results in an uncertainty of the curve
formed by plotting actinide distribution as & function of AlCl3/KCl in the
vicinity of & ratic of unity where the distribution maximizes.” At other values
where the function is less sensitive the ratio, the effect is inconsequential.
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The separaticn facters for urarium ani plutcrium as a function of the AlCla/KCl
ratic are, respectively, 29, 38, 47, 58, 75, and 102 at ra%ics of 0.4, 0.5, 0.6,
0.7, 0.8, and 0.9. '

High Temperature Spectrophctometry

The visible and ultraviclet absorption spectrum of UOpCl, in NaCl-KCl eutectic
shows sitrong abscrpticn at all wave lergths except in the vicinity of 650 to
750 mu where strong transmissicn cccurs. With increasing temperature from 650 C
tc 850 C a decrease ir abscrption and shift of the transmission peak tc loager
wave lengths i3 ciserved. What® aprears 4o be fine structure 1s also observed in
the psak regicrn. The avsorpiicn minimum ccincides with that of the spectrum of
aguecus uranyl chlcride scluticus.

Fhthalczyarire Compoxis

Compounds formed by +re aciicn of pkthaioni“rile and powdered metals have remarkable
stability at high tempsratures and in rigorous ervircmments. The copper phthalo-
cyanine, for example, retains its identity in mclter alkali and sublimes under
reduced pressure at 500 C. Because of possible uszeful properties, an attempt was
made tc synthesize the urarnium compound by reacting powdered uranium (prcduced

via the hydride rcutz) with phthalcnitrile at 220 C. A purple compound scluble

in ccrcentrated sulfuric acid, but yielding a blue precipitate or dilution was
obtained. Purther characterization of the product, which ig¢ probably uranium
phthalceyanine, will be maids.

WASTE FIXATION

Radiant Heat Sprav Calciraticn

The first runs with & neutralized 1IWW was“e were carried ocut during the month.
Thz slurries ussd corresponded tc caustic reutralization of a high acid 1WW and
cousisted of about 7 M NaNC., with a suspersion of the hydrous oxides ¢f iroem,
aluminum, chromium, and nicKel. A Sigma finger pump was used to move the slurry,
ard the atomizing nozzle was eqQuipped with a clear-out needle. No difficulty
was encountered in pumping <r stomizing the slurry, but the sodium nitrate coated
tre walls of the calcirsr and eventually terminated the operaticn. The fact that
sodium nitrate melis &% atout 300 C but dces not decompose appreciably at temper-
aturss up to 700 to 800 C als> makes calzination of neu®ralized wastes in paddle
trough calcirers or fluildized Yeds virtually impossible.

Small scale experiments were then carried out to test several ways of destroying
ritrate chemically. Additicn of sugar was found to work bes%t. A mixture of sim-
wWlated neutralized waste and sugar was stable for days at 80 C, but reacted
readily at 220 C. A rur was acceriingly made in the eight-inck unit with a slwrry
feed cor%aining 250 g/l sugar. Operation was very smcoth, and there was little

cr no build-up of dust -n the walls. The product powder (predcminantly Na CO )
hsd a bulk dersity of 0.85 gn/cc and fused at 860 C to a compact glassy melt with
a dersgity of 2.3 gm/cc. Residual nitrate was very low (£0.0015 per cent). Pre-
sence of some ammerniae iz the off-gaz indica®es that cver reducticn cf some cf the
* nitrogen oszcurred, ani tha* 1%t may be possible %o decrease the quantity of sugar.
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Sulfate analyses have been obtained on the products of earlier acid feed ruuns.
In the absence of additives, little or no sulfate was lost and the product was
50 weight per cent sulfate. With phosphate addition, some sulfate was displaced,
yielding 33 weight per cent sulfate. Addition of sugar to the feed decreased
this to 15 per cent, implying chemical reduction of a portion of the sulfate.

Mineral Reactlons

The possibility of demonstrating the decontamination of low-level wastes by a
prototype installation on the D-2 Redox stream was studied further. Experiments
were performed to determine the source of the insoluble materials found in
samples of D-2 waste. Four samples were found to contain 2.4, 4.5, 7.0, and

5.9 ppm acid-insoluble solids. This solld appeared to be an effective scavenger
for radioactive material in the waste. The solids are probably introduced with
raw water used to cool the waste but may, in part, originate in entrained mater-
ial from the evaporator. It was found that an entrainment factor of 107" resulted
in an aluminum hydroxide precipitate in the D-2 waste that scavenged 80 per cent
of the radiocactive material; part of the observed solid material is believed to
originate by this entrainment.

Studies were continued to determine the feasibility of using mineral reactions
to decontaminate condensate streams which may originate from fuels reprocessing
plants and waste concentrating and fixation facilities. Economic studies were
continued to determine the cost added to waste disposal processes using these
reactions. Preliminary scoping of a facility for the scale-up studying of the
mineral reactions was initiated so that the required capital investment can be
estimated.

Fluidized Bed Ion-Exchange Studies

Eighteen breakthrough runs were made in the U4-inch-diameter by 6-foot-long glass
column using Cs-134 as a tracer. Preliminary results indicate a possibility of
satisfactory operation at bed expansions of ten per cent or less, corresponding
to flow rates of 0.6 gal./(min.)(sq.ft.) or less. The values for holdback (a
measure of the deviation from piston flow) obtained at upflow rates 0.6, 1.1,
1.5, 2.4, and 3.6 gal./(min.)(sq.ft.) were, respectively, 0, 10, 40, 40, and
100 per cent higher than at the corresponding downflow rates.

Studies leading to velues of transfer unit heights under the same variations in
flow conditions have been initiated.

Dissolver Off-Gas Anslysis System

A dessicant is needed in the Redox off-gas sampling system to reduce the relative
humidity to 10 per cent without removing any ammonia. Drierite (CaS0y) will be
tested, since indications are that it will remove water without absorbing ammonia.
Quicklime, slakelime, soda lime (mixed Ca0 and NaOH), and sodium or potassium
hydroxide are other candidates, but they cannot be easily reactivated.
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BIOLOGY AND MEDICINE - 6000 PROGRAM

Geology and Hydrology

The general pattern of directions of flow of the Columbia River as it deposited
the near-surface part of the fluviatile sediments has been determined from
examination of the irregular stream bedding in many open pits over a period of
years. This disclosed, in the vicinity of the Separations areas, flow direc-
tions comparable to the flow directions of the river as it incised its channels
into the top of Ringold formation. This implies regional controls to those river
flow directions (Gable Butte and Gable Mountain) and suggests that the inter-
vening sediments, between the top of the Ringold and the base of the pits, were
deposited by streams flowing in similar directions. Inasmuch as the deposits
from flowing streams are usually both anisotropic and heterogeneous in ways
directly related to the directions of the river flow, determination of those
Girectiorns during deposition and later erosion of both the Ringold and Recent
fluviatile sediments is valuable in the interpretation of waste behavior and
ground water flow data. Gross local divergences between the indicated flow pat-
terns in the top of the Ringold formation and in the fluviatile sediments appear
due to local structural differences, such as the greater or lesser ease cf
erodability of certain beds or facies, and the effect of thcse on subsequent
deposition.

An analytical and numerical iteration process were developed to evaluate the
mathematical representaticn of unsaturated flow beneath a crib. These techniques
were tested by comparison with measured data obtained from a laboratory-scale
medel of a crib. The results from the numerical method differed from the
measured flow rates by from 0.4 per cent to 4.0 per cent, and the results from
the analytical method differed from the measured flow rates by from 0.6 per cent
to 63 per cent. It is believed that the results from the analytical method would
compars better with those from a somewhat larger model in which the boundary
conditions chosen for the analytical solution were more applicable.

Further laboratory experiments were conducted to test the centrifuge technique
for estimating soil draitage. The average of 16 measurements of the moisture
content of 10-gram samples of soil subjected to 500 gravities for one hour was
16.7 per cent by weight. That of 16 measurements of the moisture content of
S5-gram samples of soll subjected to 1000 gravities for 0.25 hour was 16.9 per
cent by weight. This agreement reaffirms the applicability of the gravity-
time-drainage relationship:

2 2

when the bed thickness - gravity relationship is:

N Hy = NH,

Failure to recognize the importance of the bed thickness in earlier experiments
led to the assumption that the centrifuge method did not give consistent results.

s
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Soil Chemistry and Geochemistry

The influence of temperature, flow rate, salt concentration, and pH on the
adsorption of cesium from solution by clinoptilolite was studied for the low

pH range. Under acid conditions the influence of those variables is much less
pronounced than was observed for the high pH range. The Cs* exchange capacity
of clinoptilolite was found to be about 34 me per 100 g from 3 M NaNO3 solution.
It remains essentially unchanged over the temperature range from 25 to 60 C and
with column flow rates from 1700 to 5000 gal/ft2/day. Under these same conditions
clinoptilolite has a Cs* exchange capacity of about 75 from 1 M NaNO3 solutions.
These capacities differed 1ittle over the pH range from 3 to 7. The sensitivity
of the clinoptilolite capacity to conditions of the system at pH greater than

11 is believed to be caused by an alkaline reaction with the silica matrix of
the mineral.

Adsorption of ionic cerium by soil occurs from pH 1.2 to 5.2. Evidence was

found of cerous hydroxide precipitation starting at pH 4.6 and essentially complete
at pH 5.2. This precipitation occurs at concentrations as low as 10-1 M. In
low-salt systems the precipitate peptizes in the pH range from 9. 8 to 12.2;
peptization is prevented by 0.35 M sodium salt.

Ground Waste Investigations

A study was initiasted to investigate problems associated with ground disposal of
wastes from various of the new-type fuel elements being considered. Initial work
was planned to study nickel coated fuels.

Strontium breakthrough tests were completed on two 47-foot soil columns. These
experiments were primarily intended to determine if the observed effect of column
length continued over a wide range of column sizes or if the effect approached a
maximum for some particular column length. It was found that the slope of the
breakthrough curve continued to steepen with increasing column length even in
these very long columns. Since these columns were long in relation to the theo-
rectical plate height or distance required to achieve equilibrium, it can be
assumed that the increase in slope continues in still longer soil columns.

A 2-foot square field experimental crib facility was placed in operation,
receiving a solution of calcium nitrate spiked with strontium-85. Ground water
lies at somewhat less than fifteen feet. The facility is surrounded by seven
shallow wells driven into the ground water and used to monitor the behavior of
the solution in the ground. A breakthrough of nitrate into these wells was de-
tected when between 1300 and 2300 gallons of solution had been discharged. The
first radiostrontium breskthrough was detected after disposal of less than 5000
gallons. After 84OO gallons had been discharged to the site, the radiostrontium
concentration in samples from the wells ranged up to 50 per cent of that in the
influent. This experiment will help define the application of laboratory soil
column experiments to predict the breakthrough of radioisotopes into the ground
water beneath field disposal sites. On the basis of a laboratory column test of
" the same solution and with soil from the same site, the model crib has an effec-
tive soil volume more than ten times that calculated from the area of the crib

or
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and the depth of the soil profile. This factor must not be considered directly

applicable to larger facilities because it includes the effect of some forces,
such as capillery action, which cannot be scaled.
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Field Apparatus Development

Refraction seismic studles gave additional strong support to the usefulness of
this method for determiring depth to basalt. In tests carried out using a geo-
phone and an improved locally assembled interval timer additional accurate
measurements were made. With the more versatile well-developed equipment offered
by geophysical equipment firms, excellent results should be more rapidly obtained.

Additional tests performed with the repaired in-well permeability packer again
suggested that water pumped into the packer cavity was either by-passing the
seal elements or mcving rapidly along the casing, precluding measurement of in-
place permeability. Although remedial measures are available, their complexity
and expense would greatly reduce the value of the method.

Rupture Monitoring and Rupture Debris Characterization

Previous characterization of particle sizes of uranium oxide during the failure
of fuel elements 1n autoclave tests indicated that about 50 per cent of this
material may be expected to be retained in the reactor effluent retention basins.
In contrast, an evaluation of an earlier analysis of effluent retention basin
sludge (amcunt and ccncentration of fission products in 100-D basin) indicated
that about 10 per cent of the more soluble fission products entering the basin
had been retained as sedimented sludge. Although data are meager, it is sug-
gested that the assumption of zero efficiency for permanent retention by the
basins is a satisfactory approximaticn when evaluating the significance of rup-
ture debris in the Coclumbia River. :

Micromeritics

Characterization of particles in the 234-5 Building ventilation exhaust air was
essentially completed. Plutonium or compounds of plutonium were present almost
entirely as discreet particles less than one micron in diameter, if it is assumed
tha* the particles are spherical in this size range. Fifty per cent of the alpha
emlssions originated from particles with diameters greater than 0.57 micron and
less than 0.98 micron. The results were substantiated through nuclear track
stripping film technigues and cascade impactor sample analysis. Of considerable
interest and significance was the observation that virtually no alpha particle
activity associated with the imert dust loading of the exhaust air. The inert
dust was determined to be largely Fe,O with & small amount of iron present. The
data strongly suggest that corrosion og clean metal surfaces is occurring do
stream of the high efficiency filters even after these surfaces have been several
years in contact with significant quantities of particles of plutonium or its

compounds «
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The felt disc filter designed as a final filter for remcving the small particles
rom fuel element cutting operations showed good retentiocn and capacity when
tested in the Radiometallurgy Labcratory. The filter was used downstream from
a pre-filter recommended earlier.

Radioisotopes in Reactor Cooling Water

Eul®? (13 y half life) was identified as the major long lived rare earth radio-
isotope present on the film in a reactor pigtail which was removed after nearly
15 years operation in B reactor. Several days after reactor shutdown it is
gecond only to 2065 in activity and more important than Zn > with respect to
gamma dcse rate.

Comparative electrophcretic mobility studies indicate that the As76 in reactor
effluent waler as arsenate exists as an equilibrium mixture of HpAsO, ard HAsOL™
ions. The ncn mobile fraction of the As' activity is probably uricnized arsen-
ious acid. The relative amounts of As/C as arsenate and arsenite varies from
sample to sample perhaps due tc slow changes occurring prior tc analysis.

Analysis of the regctcr effluent water off-gas released through piping vents
verified that Xel3 was lost from tgﬂ reactor effluent water as would be pre-
digted from the measured lcss cf Kr 9. The ratic of the dsughter prcducts
sr°9/cs137 wae found to be 210 as compared with a calculated value of 203.

A permanent multiplier phototube mounting arrangement for a five-inch diameter

three-inch thick sodium icdide scintillsticn crystal was ccmpleted which gave a
resolution of 8.5 per cent for cs137. This was accomplished by using four two-
icch 6655A RCA photctubes. A single five-inch rhototube gave only 1l per cent

resoluticn. This improved resclution increases the sensitivity of the crystal

and greatly increases its utility for counting radioisotope mixtures.

Apaly+*tical Services

Two-hurdred microgram plutonium sources were prepared for Meteorology by direct
evaporatior onto glowly rotating aluminum cone frusta. Prolonged heating under
infrared lamps and coating with Krylen gave adherent plutonium. '

Manager,
Chemical Research & Development
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A.

B.

BIOLOGY OPERATION
ORGANIZATION AND PERSONNEL

No significant organization changes occurred during the month.
TECHNICAL ACTIVITIES

FISSIONABLE MATERTALS - 2000 PROGRAM

BIOLOGICAL MONITORING

Radioiodine Contamination

Concentrations of I131 in the thyroid glands of jack rabbits were approximately
three times less than those of one year ago. Values follow:

pe/g wet thyroid Trend
Location Average Max imum Factor
i Miles SW of Redox 3 x 1074 6 x 10")" -
Wahluke Slope 3 x 1074 L x 1074 -
Prosser Barricade 3x 107k . ly x 1074 «}

Columbia River Contamination

Concentrations of gross beta emitters in Columbia River organisms collected
at Hanford were about the same as one year ago. Values of indicator organisms
follow:

, - pc/g wet weight Trend
Sample Type Average Maxirmm Factor
Minnows (entire) 9 x 107k 2 x 1073 -

Samples of aquatic organisrﬁs were collected at the mouth of the Columbia
River and along the Oregon and Washington coasts during the later part of April.
Analyses of the radioisotopic content of this material are now in progress.

A linear relationship appears to exist between the time salmon fingerlings are
exposed to a suspension of C. columnaris and time required for death. These
data will be extended to include a relationship of a number of organisms and
time of death so that testing for virulent strains may be more precise.

As a step in obtaining mitation rates in C. columnaris susceptibility of the
organism to antibiotics was tested. Of those tested aureomycin and erythrocin
were most effective; terramycin, distrycin, achromycin, and chloromycetim were
intermediate; and sulfanilamide and streptomycin were lease effective. Mutation
to antibiotic resistance will be evaluated to determine the mutational stability
of the organism after exposure to ionizing radiation.

l 2 u 0 u 3 2 UNCLASSIFIED
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Fallout Contamination

Fission products occurred in rabbits from the Hanford Reservation in the
following amounts:

pc/g wet materials Trend
Sample Type Average Factor
Bone 6 x 10'5 -
Feces 3x 10-5 -2
Liver 8 x 10-6 -
Muscle 5§ x 10-6 -

Effect of Reactor Effluent on Aquatic Organisms

No monitoring of reactor effluent was carried out during the month following
a shut-down of the 100-KE reactor. ZEquipment was in place for a new test
at the end of the month, however, and a supply of fingerling-size trout was
obtained from the University of Washington.

Population Dynamics

The annual nesting survey of Canada geese was completed. Hatching occurred
slightly later than usual, probably because of colder temperatures., Fertility
of adults was again 98 per cent. Nests visited weekly had a greater desertion
and destruction rate than those visited but once.

BIOLOGY AND MEDICINE -~ 6000 PROGRAM

'METABOLISM, TOXICITY, AND TRANSFER OF RADIOACTIVE MATERTALS
Strontium '

Four groups of rainbow trout were acclimatized for a study of radiation damage
from Sr?0.Y90 to be administered via intramscular injection. This experiment
will start the first of next month.

No deviation from the pre-exposure hematological values was noted during the
first three months in miniature swine fed 1, 5 and 25 pc Sr’°0 daily.

Two 75-Kg miniature swine (adults) were prepared as standards for calibrating the
large animal monitor by injecting them with radiostrontium and thgg sacrificing
and embalming them 24 hours later. One animal received 200 pc Sr®” intravenously
and the other 1,000 pc Sr?0Y90 (equilibrium mixture) by the same route. On the
basis of preliminary tests, it appears we will not be able to detect body burdens
below 25 uc of Sr’0 even during reactor shutdown.
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Bean plants grown in mutrient solutions containing widely differing ratios

of strontium and calcium contained essentially the same ratio of these two ions
in the whole plant as in the nutrient solution. There was some evidence of
discrimination within the plant with a differential retention during transport
to leaves. Roots had a higher Sr/Ca ratio than found in leaves with stems
intermediate. At the lowest nutrient ratios of Sr/Ca there was a slight
suggestion of preferential uptake of Sr over Ca.

Todine

A second ewe fed 1.5 pc of 7131 daily for the past four and one half years
(after being born to and weaned from a dam on the same radioiodine regimen)
manifested a thyroid tumor at autopsy. The thyroid tissue of both animals was
hyperplastic and the adenomas arose in multiple sites. The histologic

pattern was suggestive of a response of a gland to external stimulation, with
the hyperplasia in certain areas going to neoplasia. We assume without confirmation
that the external stimulation of the thyroid probably stems from an increase

of thyroid-stimlating hormone (TSH) of the pituitary. (It appears there may be
a tumorigenic optimum daily level of radioiodine which causes a very mild
hypothyroidism leading to increased TSH production. This in turn acts on a
slightly damaged gland which responds with hyperplasia.)

Cesium

Having previously found that increasing the pota.ss:'uim concentration in the
putrient solution 100 fold onli halved uptake of Cs*37, a similar test was

made using Rb86 in 8%ace of Csl37. Increasing potassium 100 fold reduced plant
concentration of RbU® five to tenfold with a concurrent increase of 2 to 3 in
potassium concentration. This suggests that, while uptake of Cs and K are
nearly independent, there is a partial interaction of K on Rb. Neither Rb nor
Cs appear to be ideal tracers for K in that the observed ratio (Rb/K)plant/(Rb/K)
substrate is not constant.

Plutonium

Complete hematological data were obtained in rats at intervals from one hour

to 20 days following injection of 6 pe Pu239, 500 r x-ray, and combined

plutonium and x-ray treatment. Depression of the hemoglobin, hematocrit and
erythrocyte counts was most marked in animals receiving the combined treatment.
The decrease in lymphocyte and total leukocyte counts occurred earlier and

with greater severity following x-irradiation than following plutonium injection.
Recovery, however, was apparent only in those animals receiving x-ray treatment
only. Recovery of the depressed neutrophil count also occurred in the x-ray

only animals, but not in those which received plutonium. Rats which were injected
with 1 pc of plutonium and subsequently subjected to 100 r x-ray per week have now
accumulated a total of 1300 r without obvious differences from animals receiving
the x-radiation only.

Further data were obtained on the efficacy of large oral doses of DTPA in removing
freshly deposited plutonium from rats. DTPA was administered at a 11 mM/kg dose

at pH's varying from 3.4 to 7 and with Ca added as calcium gluconate or incorporated
as the DTPA salt. Skeletal retention was reduced approximately 8 fold amd liver
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retention approximately 20 fold by all treatments. All treatments resulted in
severe diarrhea, but animals were mostly back to normal within 3 days except

for the treatment at pH 3.4 which proved fatal to 6 out of 7 animals. Two out

of 7 animals died as a result of pH 7 treatment with combined DTPA and calcium
gluconate, The least toxic treatment and the only treatment which resulted in

no weight loss over a S-day period was that at pH 5 where the material administered
has the composition CaHl.hNal.éDTPA. '

Radioactive Particles

Additional mice were killed 500 to 0O days after inhalation of Pu2390, and

sr9030, . Gross pathology included several lymphomas, cystic liver, and
hemorragic lymph nodes, but no marked lung pathology.

Five dogs inhaling plutonium oxide are being monitored weekly with the whole-
body dog monitor. From the second to the sixth week after exposure the lung
retention was exponential with a half-life of about six weeks.

Si32c hundred and twenty mice were exposed to different aerosol concentrations of
Pu23? Oy to determine the acute lethal dose for inhaled plutonium.

Gastrointestinal Radiation Injury

A method has been developed to determine absorption from the gastrointestinal
tract in situ under controlled conditions. The apparatus provides a constant
flow of perfusate through a section of the intestine at a constant temperature

and constant intraluminal pressure. While experiments have thus far been
preliminary for the purpose of developing and exploring the potentialities of

the procedure, evidence was obtained for an B0% reduction in glucose absorption

3 days after x-irradiation (1500 r) of the exteriorized intestine. This method
should prove widely applicable in studies of radioisotope absorption as influenced
by a variety of physiological or nmufritional factors.

Microbiological Studies

Fixation of yeast cells in 0s0) produces material which sections well but which
does not allow as good differentiation of cellular structure as does fixation in
KMnQ),. Cells fixed in KMnO), sectioned, and examined under the electron microscope
.show the cell wall as a vesicular structure and a central membrane typical of a
nuclear membrane., OStructures within the nuclear membrane are suggestive of
chromosomes but their positive identification will have to await tests with
tritiated thymidine.

A4ding erioglaucine to yeast cell suspensions during irradiation did not
change the frequency of inviable cells. Erioglaucine was used in concentrations
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similar to those used with cytochrome ¢ which produced a 20 per cent reduction
of killing.

The cytochrome ¢ oxidase was inactive in cytochrome deficient yeast strains

whereas normal strains had a very active oxidase. W

BIOLOGY OPERATION
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D.

E.

Lectures .
a. Papers presented at Meetings

L. A. Temple, 5/18/59, "Tumorigenicity of intratracheally injected radioactive
particles in mice," Radiation Research Society, Pittsburgh, Pa.

V. H. Smith, 5/18/59, "Removal of internally deposited plutonium," Radiation
Research Society, Pittsburgh, Pennsylvania.

b. Off-Site Seminars

W. J. Clarke, 5/7/59, "Radiotoxicology," Class in Veterinary Toxicology,
WSC, Pullman, Washington.

V. G. Horstman, 5/19/59, "Radiobiology at Hanford," Richland Chapter of FFA,
Richland, Washington.

R. F. Foster, 5/12/59, "Aquatic biological problems associated with radiocactive
waste disposal," Washington State College, Pullman, Wash. (exchange seminar)

¢, DBiology Seminars
R. T. O'Brien, "Radiation effects on ion transport in yeast", 5/13/59.
M. F. Sullivan, "Nucleic acid metabolism and radiosensitivity," 5/20/59.

Publications

a. HW Publications (internal distribution)
Nore ’
b. HW Publications (external distribution)

Kornberg, H.A., "0n the Passage of Pairs and Elements Through Food Chains,"
‘Document HW-60127 (UNCLASSIFIED) May 1, 1959 (in press).

Ce Open<Literatufé

None

UNCLASSIFIED

l240L38



V. E-1 HW-60505

OPERATIONS RESEARCH AND SYNTHESIS OPERATION
MONTHLY REPORT

May, 1959

ORGANIZATION AND PERSONNEL

Clee L. Childress was transferred from Electronic Data Processing Operation
of the Contract and Accounting Operation as a Mathematicien, effective
June 1, 1959. ‘

OPERATIONS RESEARCH ACTIVITIES

Input-Output Simulation Model

The general computing progrem for models of this type is virtually complete.
Since this system is a generalization of the classical least squares re-
gression problem, it will be useful in connection with maeny standard statis-
tical curve fitting problems in addition to the specialized use for which
it was formulated.

The present stage of development work required to utilize the generalized
classical linear methods of estimation in connection with the investigation
of causal interrelationships has been completed and emphasis will now be
Flaced on the utilization of these techniques to formulate plant models.

A report summarizing the work to date has been written and will be used as
a basis for the presentation to Operations Research personnel from other
GE components.

OPERATIONS ANALYSIS STUDIES

Redox Dissolver Study

The basic techniques developed in connection with the input-output simu-
lation model are being used to study an cperational problem in the Redox
plant. Although the basic data to which these methods are being epplied
have been obtained, there are still difficulties in this connection which
must be resolved before testing can begin. In the meantime, a large number
of potential models have been formulated through discussion with the CFD
persconnel involved.

Z Plant Information Study

On Wednesday, Masy 6, 1959, a complete progress report was presented by

the study team to interested managers. At this time the team was informed
that progress to this point was acceptable, and that the effort would
continue with full support along the course proposed. On May 26 the
program for the APR was reviewed with the IBM customer-engineer and the
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official release for equipment assembly was given by authorization from
A. E. Smith of the Research and Development Operation, CPD.

Present effort is belng directed toward defining the information output
required of the test svstem so that T09 programming can be accomplished,
the design of production equipment modifications necessary for mechanical
data recording, and the design of a communications system between the
process line and the central recording station.

FPD Process Control and Experimentation

Data resulting from further runs conducted at the pilot plant in connection
with locating the optimum preheat-submerge cycle were analyzed. These
represented partiasl data from a 3~ experiment in which silicon content

in the canning baeth was the third variable. A report was issued discussing
the results of this partial anelysis. The remaining date are now available
for analysis.

Quality Certification Program

An accelerated sampling and measuring program wes undertaken during the
middle of May in order to more guickly provide data necessary in connection
with setting up the quality certification progrem. The data obtained
consisted of total external bond counts, residuel can wall and tube wall
thicknesses; and destructive test results associated with the integrity

of the bonding layer. Repeat bond count measurements were taken in order
to determine the reproducibility of the bond counter. Firm proposals as

to the required sample sizes and methods of deta recording should be ob-
tained from the analysis of these data.

Fuel Element Failures

A report was issued summarizing the results of the analysis of rupture
index data. Of principel interes* was the relationship between the
rupture index and the corrosion index of e given tube. The large varia-
bility associated with the rupture index obscured any relationship that
one might expect to find based on theoretical considerations.

An analysis was made of hot spot and waerp data from seversal production
tests. It had been decided previously to restrict the study to the
central portion of the tubes where rib marks were more readily discernible,
since the location of the warp and hot spots was of interest. The results
make it possible to predict what effect reducing the warp by a given
emount should have on the frequency of hot spots, and hence, presumably,

on the hot spot failure rate.

Reactor Calculsations

In view of the interest being shown in connection with this study con-
cerned with the accuracy of reactor power level determination and

124040 .- -
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recording, a preliminary report will be issued socon covering several
aspects of the work such as possible sources of error, their potential
effects on the calculation of power levels, and how one might obtain
estimates of these errors.

Process Tube Lesaks

Probolog data from F reactor since January, 1958, indicative of the
amount of externel corrosion experienced by a given tube were analyzed.
The purpose of this enalysis was to determine how one can best charac-
terize tubes likely to show severe externel corrosion, &and hence become
good candidetes for a tube leak. Many variables are involved, dbut it
appears that time in the reactor plus generel location of the process
tube may permit more efficient scheduling of the probologging operation.
A report was issued summarizing results thus far obteined, and indicating
areas of future study.

CPD Control

The study underteken to locate sources of varlation affecting material
control in the PRO dissolvers was continued. This problem is important
from a criticality as well as from an accountability viewpoint. Signifi-
cant trends in percent recovery of different batches, undesirably large
between batch variation, end apprecisble heel buildups have been detected.

Radiation Protection Studies

A report describing the type of experimentation and results to be expected
during the course of the study was issued. A second report describing the
results of an experiment conducted to evaluate the isotropic nature of

the radium gemma calibration source will be issued early in June. An
experiment designed to evaluste the effects of exposure time and distance

on the inverse square law was partislly completed during the report period.
The film has been developed and is now waiting to be read on the densitometer.

Discussions were held with Exposure Evaluetion and Records Operation con-
cerning the allocation of the gamme calibration film set to the range O -
1000 mr. so as to meximize the precision of estimating integrated dose in
the £ 3 r per year range.

Systems Relisbility

The Research and Engineering Operation of IPD has requested that work on
a systems reliability study of the K reactors initiated by CE & U be
continued and extended as an operations analysis program. In connection
with previous work, the relisbility formulas which was finally derived
was found to be extremely cumbersome. For purposes of a preliminary

~ crude estimate of 25-year relisbility, the formula was drastically
simplified so that it could reasonably be treated with a desk calculator.

0
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Since the number'obtaihed was not unrealistic, it was decided that the
complete formula should be programmed for digital computation.

STATISTICAL AND MATHEMATICAL ACTIVITIES WITHIN HLO

2000 Program - Metallurgy

Consultation continued with Fuels Design Operation concerning the
statistical analysis of a recent notch bend experiment to investigate
fracture moment and fracture angle of zircaloy-2 as a function of notch
orientation, temperature, percent cold work, and hydrogen content.
Questions about the theoretical implications underlying the use of the
analysis of co-variance to correct to a uniform notch depth were answered,
and a method of analyzing corrected data by means of & non-orthogonal
analysis of variance was devised.

Personnel of Physical Metallurgy Operation have noted that electron
micrographs of irradiated thin uranium plates possess tracks of varying
lengths, the number of tracks per photograph increasing with irradiation
time. One possible explanation is that the tracks were left by high
energy fission fragments; and the observed track length is the projection
normal to the plane of the micrograph of the distance that the fission
fragment traveled in the uranium plate following the fission process. To
test this hypothesis the distribution function of the projected fission
fragment track length was derived. Empirical distributions are being
compared with the theoretical model.

LOOO Program - Swelling Studies

Study continued on the mathematical model for the distribution of inert
gas bubble centers with respect to the interface of a cross-sectioned
irradiated uranium cylinder. More experimental data are being obtained
in an effort to discover the relationship between apparent bubble dis-
tortion and the annealing and etching processes in sample preparation.
Comparison of void fraction estimates calculated from observed bubble
distributions in the pre- and post-annealed states agree to within
experimental error with measured densities which indicates thet dis-
tortion, while existent, is not sufficient to affect seriously the
interpretation of the micrographs.

4000 Progrem - Plutonium Recycle

Ceramic Fuels Development Operation is in the process of calibrating
their gamma ray densitometer for the density measurement of PRTR fuel
rods. Calibration curves and accompanylng precislon statements were
constructed for the estimation of U0, density as & function of gamma
ray densitometer scale reading and fuel rod diameter.

Statistical analysis was initiated of data from the recent PRTR con-

tainment vessel test in order to determine the precision of leakage
rate estimates.

\2\%01';{4‘2 | ol
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60C0 Program - Biology Research

A joint meeting was held with Radioecology Operation and Data Processing
Operation to consider the feesibility of programming an iteration scheme
for the least squares estimation of the parameters occurring in a linear
combination of exponentials. It is proposed to fit this type of model
to data from an experiment in which radioactive cesium was administered
10 an aguatic community.

Work continued on the statistical treatment of mortality data from
miscellaneous fish tests. Best critical regions which are similar, in
the Neyman sense, to the sample space have been derived for tests of a
certain class of statistical hypotheses regarding fish mortality.

6000 Program - A*mospheriz Diffusion Studies

Werk continued on the derivation of statisticel techniques for data
analysis of the pending Air Fcrce-AEC diffusion and deposition study 1o
be conducted on the Hanford reservaticn. Non-parametric techniques for
estimating crossed-wind distributional pareameters; verticel distri-
butional parameters, sand total flux parameters have been developed up
to certain cslibration information which it is hoped will be available
later this month from initial diffusion experiments. Current effort

is directed toward understanding the physics of the alpha energized
zinc-sulphide particie counter whick will be used to measure the particle
concentration on filter samples, so that the precision of individual
sample flux estimates cen be ascertained.

600C Progrem - Biophysics Research

In connection with the calibration of the whole body monitor, the problem
was considered of optimizing sensitivity for a particular isotope as a
function of the portion of the energy peak scanned. The solution was
provided in terms of the position of the peak of the energy spectrum

and the instrument resolution for & specific isotope.

STATISTICAL AND MATHEMATICAL ACTIVITIES FOR OTHER HAPO COMPONENTS

Fuels Preparation Department

Minor inJjury control cherts were prepared for FPD besed on date from the
past two years. Injuries were categorized into four groups, where, within
each group, the general cause of accidents was considered to be common.

Chemical Processing Department

A close watek is being maintained on finmal product purity date to insure
that specifications based cn quarterly tolerance statements will be met.

% o g Lu‘:
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Several nomographs were prepared as aids in the routine application of
methematical formulse which are used in inventory control.

The analysié performed to determine whether the neutron emission rate of
a given material is related to the weight or volume of the batch in
question was completed, and & report was written.

Construction Eng. and Utilities Operation

A method for evalueting the variebility essociated with falr cost esti-
mates was devised for the Estimating Operation. The method is presently
being applied to each fair cost estimate to gain operating experience in
its use.

Contract and Accounting Operation

A peper, "Some Statistical Aspects of B-PID's and Ending Inventories," was
presented at the 1959 AEC-Contractor's SS Materials Management Meeting in
Germantown, Maryland, May 25-28, 1959, by K. B. Stewart.

Assistance was given SS Measurements personnel in reconciling differences
found to exist between IBMzgéstings and ledger records with respect to
the reactor inventory of U .

Relations Operation

A GE News readership survey is to be conducted in the near future. Assist-
ance was provided in the selection of a sample, where primary attention
was given the problem of selecting the sample such that comparisons be-
tween different employee groups could be made.

Consulting services were provided to personnel of Relations Operation in
connection with a contemplated plant-wide depth-interview attitude survey.

Cag & M ‘

Carl A. Bennett, Mansger
OPERATIONS RESEARCH & SYNTHESIS

CAB: Jbk
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PROGRAMMING OPERATION
MAY 1959

A. FISSIONABLE MATERIALS - 2000 PROGRAM

A review of radicactive isotopes which may be best suited for power produc-
tion to replace batteries for the operation of remote and unmanned instru-
mentation has shown uranium-232 and its daughter thorium-228 to have signif-
icant potential. Although U-232 has a long half-life (74 years) its potential
equilibrium energy production on a weight basis amounts to one KW of heat from
210 grams of the isotope. This level cf energy release is caused by the
"growing-in" of the thorium-228 daughter which has a half-life of 1.9 years
with potential energy production of one KW of heat from 6.4 grams. Among
those isotopes that can be obtained pure without isotope separation proc-
esses and with half-lives measured in years, thorium-228 has by far the
greatest potential as a power source. In addition it can probably be pro-
duced in pure form by known chemical means. The weight of some of the pure
isotopes which may yield one kilowatt of heat are compared as follows:

Table I

Isotopes Potentially Useful as Power Sources
Isotope Half-Life, Years Grams /Kilowatt
Th-228 1.9 6.l
Po-210 0.38 T.0
Cm-242 0.45 8.0
Ce-144 0.78 36
U-232 Th 210
Sr-90 28 930
Pm-147 2.5 1760
Pu-238 90 1830

The main disadvantage of U-232 is the time required tc reach the equilib-
rium heat generating value, In three years about 80 per cent of this value
1s attained. However, pure Th-228 could be "milked" from a "stock pile" of
U-232. For each kilogram of U-232 aged for one year slightly more than
seven grams of Th-228 could be routinely obtained. The only practical source
of U-232 would be from the irradiation of Th-230 which is associlated with
all uranium ores, generally at about sixteen grams per ton of uranium.

In U.S. ore mills alone hundreds of kilograms of Th-230 are delivered to
vaste each year. Facllities would have to be provided at uranium ore proc-
essing plants to recover it from these waste streams. There appear to be
feasible techniques for the production and recovery of pure U-232 from
irradiated mixtures of Th-230 and Th-232. This is of interest because
most uranium ores contain Th-232 as well as Th-230., Investigation is con-
tinuing on the feasibility of obtaining kilogram quantities of Th-230 as a
by-product of uranium ore processing.

12u0u4Lb
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B. REACTOR DEVELOPMENT - 40CC PROGRAM

l. Plutonium Recycle Program

RBU Computer Code

The Monte Carlo and asscciated portions of the code are now in usable
condition. One sample problem has been run, which was chosen for its
direct applicability tc the Plutonium Recycle Program. This was a
calculaticn of neutron flux distribution in 48 energy groups and S
radial zones in a 1/4" plutonium metal rod immersed in DoO. This and
similar calculations will bs spplied toc predictions of temperatures

and heat generation rates of self-shielded plutonium fuel elements.
Certain minor changes in the code t» improve its utility amd accuracy
wvere suggested by the cal:zulation, and these are now being incorporated.

The diffusion and burnup portions of the ccde are also essentislly com-
plete, although & realistic sample problem has not as yet been tried.
The input code is progressing satisfastorily. A status report on the
entire project is now being prepared.

Meleager Fuel Cycle Analysis Code

The Meleager codes have been rewritten to allow greater flexibility.
High speed computation 1s now available for survey work where large
scope rather than extreme accuracy is important., More detailed calcula-
tions may also be performed; these may include up to 150 isotopes.
Provision has beer made to calculate physics parameters at a pre-
determined value of the average multiplication constant, as well as

in the conventional flux-time sters.

Higher Isotope Studies

Determination of the higher Americium and Curium isotope content of
recycled plutcnium fuel continued. Although such elements may be of
interest during processing, the amounts are very small and probably
not considered of interest from the standpoint of separate recovery
from the fuel of a single reactor.

C. BIOLOGY AND MEDICINE - 6000 PROGRAM

Radiclogical Consultation

A paper entitled "Biological Implications of Radioactive Wastes" was
reviewed. Comments on present radiological limits amd recently approved
changes in these limits were forwarded to the General Manager, HAFPO.

A review of the problems with reactor effluent water along with recom-
mendations concerning the course of action to be followed was prepared
and transmitted to IFD.

f2u0uul

UNCLASSIFIED



UNCLASSIFIED F-3 HW-60505

A meeting of the Gensral Electric React:r 3sfzguardz Committee wss attended
in New York City on May 7 and &, 1959, The repert of the Small Boiling
Water Reactors Subccuncil was submitted at +his meeting.

Revisions continued on the NCRP Hardbock on Safe Handliing of Radio-
isotopes. At the end of the month tkhis revision wss 90 per cent com-
pleted.

Bio-Medical Prcgram Directors Mestirg

Arrangements for the meeting on June 8 and 9 of the Program Directors for

the Division of Bilology and Medicine were continued. The two day schedule
will include papers cn HLO programs, a Your of HAPC facilities, and oppor-
turity for smell group discussions 2f R & D work, A program document con-
sisting of abstraczts of %hs verious zpesackes from 4he progrem was preparad
for distrirution.

D. OTHER ACTIVITIES

Hanford Latcratories ressurces Ior performing resesrch and development
were described in detail ir a documen® prepsred as backgrournd meterial
for forthcoming Congressicral hesrings on AEC lshorateries.

HLO'es office snd otker work spa:z: neszds through Juze 30, 1959, were
surveyed and ways of mesiting thezes needs wers recommended.

Arrangements were made for a visit on May 21 and 22 by 13 representatives
of the Euratom progrsm. The Piutonium Recyzle Program was reviewed for
the visitors whe in turn reviswed their program pians for HAPO comment.

Arrangements for the nex:t Hanuf:rd Science Collcquium, on July 7, were
completed. Prof. Herman Wz1d, of %thae Universiy of Uppsala, Sweden, will

discuss his work in the field of siatistics.

for Manager, Programming
M Iewis:dl
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RADIATION PROTECTION OPERATION
MONTHLY REPORT - MAY 1959

A. ORGANIZATION AND PERSONNEL

L. B. Priest transferred into the Exposure Evaluation and Records Operation on
May 11, 1959. Harriet M. Baird transferred from Calibrations Operation on May 25,
1959 to the Analytical Laboratories, CR & D. Genevieve D. Vaught transferred
from Exposure Evaluation and Records to Calibrations. The force of the Radiation
Protection Operation remained at a total of 132.

B. ACTIVITIES

No new cases of plutonium deposition were confirmed during the month. The total
number of deposition cases which have occurred at Hanford remained at 229. There
are 161 employees currently employed who have & measurable deposition of plutonium.

One minor case of Ru106 deposition occurred as a result of inadvertently placing
highly contaminated equipment into a beaker of HC1l itéthe 327 Building. The whole-
body counter indicated a depcsition of m 0.07 we Rui® (~ 2% of MPL).

Three cases of localized exposures in excess of current permissible limits occurred.
These involved: protective apparel contamination at the 105-DR reactor rear face
with a resultant estimated skin dose of 4 rads including 1 r, a dose to the skin

of the heel of a process operator in the 10C-H reactor a&s & result of a contaminated
particle lodged in employee’'s shoe, a maintenance employee at the 105-K Area receiving
an estimated dose to the gcnads of 250 mr as a result of sitting on a conteminated

pipe.

Approximately cne million pounds of salvage and scrap material were surveyed and
released from the Hanford 101 storage area.

Additional testing of the reduced area plutonium technique was accomplished in the
bioassay laboratory. Higher than azceptable backgrounds still remain on the test
samples, apparently due to transfer of residue from the electrodeposition plate

to the NTA emulsion slide.

About 26 people were examined in the Shielded Personnel Monitoring Station. Eight
of the 26 were associated with mincr plant incidents in which internal deposition
was possible. 8 6of tg elght ngloyees showed no measurable deposition. Posi-
tive traces of Sc™V, Zn 1 sr Ru were found in the other two employees. Back-
ground measurements of Cs 3 y Kho, and Zn® were made for the 18 routine studies.

A team was dispatched to investigate & leaking container after notification of
the situation from the Railway Express Office at Portland, Oregon. The leakage
was from a container of UNH shipped from HAPO. Minor floor contamination was
removed. The defective container was returned to HAPO.

Unexplained contaminatio& in 234-5 waste water discharged to the new ditch
increased sharply to 107 uc Pu/cc, Although subsequent samples decreased to
10'6 pc/cc, investigation is containuing tc determine the source of this contam-
inant. v

UNCLASSIFIED
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The search for improved methods for 1131 detection and measurement in milk and
produce samples continues. The produce sampling program was curtailed so that
increased effort could be diverted to study of precision and accuracy of the
50 analytical method.

The usual seasonal decrease in isotopic concentrations and GI tract exposure
estimates were observed with the increased flow of the Columbia River. The
average river flow for May, 1959, was 208,000 cfs, against 108,000 cfs for

April, 1959.

C. EMPLOYEE RELATIONS

There were two medical treatment injuries for a frequence of 0.98. No security
violations occurred during the month.

No suggestions were received for evaluation. One suggestion in pending in RPO
for evaluaticn. No awards were made.

A substantial amount of testimcny was prepared and presented at the Wonacott
arbitration case held early in May .

An orientation and training sessicn was conducted fer the Construction Building
Trades Business Agents. The interest and appreciation were noteworthy.

A lecture and demonstraticn on radiation detection was presented to about 200
grade schocl students and faculty at the Mark Twain Schocl in Pasco. This
activity was scheduled through the HAPO Speskers Bureau.

Radiation protecticn displays were presented on Armed Forces Day at the Larson
Air Force Base and at the Umatilla Ordnance Depot. An estimated 2,000 persons
visited the displays.

D. SIGNIFICANT REPORTS

HW-56827 Rev. - "A Personnel Film Badge Neutron Dosimeter"” by Frank Swanberg, Jr.

HW-60413 - "Analysis of Radiological Dats for the Month of April 1959" by R. L.
Junkins.

HW-60530 - "Waste Disposal Monitoring Activities Summary - May 1959" by K. F.
Baldridge.

HW-60548 - "Monthly Report - May 1959, Radiation Monitoring Operation" by A. J.
Stevens.

Con. Undoc. - “"Inventory of Radioactive liquid Wastes to Active Disposal Sites -
March 1959" by K. F. Baldridge.

Repert of Invention - "A Field Air Sampler for Radiological Defense Use, for
Monitoring the Spread of Air-borne Contaminants from Atomic
Weapons" by Leo F. Kocher and Frank Swanberg, Jr.

UNCLASSIFIED
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ENVIRONMENTAL MONITORING - RESULTS (April 26, 1959 - May 2k, 1959)

' Activity Monthly Trend#*
Sample Type and Location Typerex Average Units* Factor

Drinking Water
100-F Area Isotopic 0.6 % MPCg --
Separations Areas Gross Beta 1.0 x 10-® ue/ce -
Pasco : Isotopic 0.3 MPCg1 --
Kennewick Isotopic 0.1 % MPCqp -2
Richland Gross Beta 3.8 x 10-8 uc/ce --
Columbia River Water
Above 100-B Area Gross Beta 6.0 x 10-9 pe/ec +2
100-F Area Isotopic 3.8 % MPCg1 -2
Hanford Ferry Gross Beta 3.6 x 10-5 uc/ece -2
Pasco Isotopic 0.8 % MPCq1 -
McNary Dem Gross Beta 1.8 x 1076 pe/ce --
Vancouver, Washington Cross Beta 6.0 x 10-7 ue/ce --
Waste Water
Outlying Test Wells Gross Beta 3.0 x lO'G(Max) ue/ce --
Reactor Effluent Retention

Basins to River Gross Beta 26,000 curies/day  -.
Atmosphere
Gross Dose Rate -

Project Gamma 0.8 mrad/day --

Environs Gamma 0.5 nrad/day “-
1-131 Separations Areas I-131 2.5 x 10-13 ue/ee --
I-131 Beparations Stacks I-131 8.7 curies/week .-
Active Particles - Project - 17 ptle/100 m3 .-
Active Particles - Environs  ~- 26 ptle/100 m3 _.
Vegetation
Separations I-131 <1.5 x 10-6 pc/gm --
Residential I-131 < 1.5 x 10-6 ue/gn --

. Bastern Washington and :

Oregon I-131 < 1.5 x 1076 ue/gn --
Fiseion Products less

I-131 - Wash. and Ore. Beta 6.2 x 10-5 ue/gm -5

* The % MPCgr 18 the percenﬁ of the maximum permissible limit for continucus ‘
occupaticnal exposure to the gastrointestinal tract calculated from drinking
water limits,

## The trend factor shows the n-fold incresse (+) or decrease (-) from last month,
where values of n less than 2 will not be noted,

¥¥%  Total Beta, as reported in previous reports, was changed toc Gross Beta toc conform
with the Waste Disposal Hearings Glossary.
UNCLASSIFIED
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EXPOSURE EVALUATION AND RECORDS

Exposure Incidents Above Permissible Limits

Whole Body Localized

May 2 1
1959 to Date 6 6
Gamma, Penclls

Pencils Paired Readings Paired Readings Lost

Processed 100-280 mr Over 280 mr Readings
May 21,540 243 8 2
1959 to Date 150,112 440 16 6

Bets-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)

May 9,402 970 93 15 Ly T.66 19.10
1959 to
Date 52,040 4,368 k51 70 248 5.24 18.37

Neutron Film Badges
Film Readings Readings Readings Lost
Processed 50-100" mrem 100-300 mrem Over 300 mrem Reading.

Slow Neutron

May 1,k27 1 1 0 10
1959 to Date 6,253 19 2 0 A

Fast Neutron

May 87 1 9 0] 10
1959 to Date 391 3 13 o) 26
Bioassay May 1959 to Date
Plutonium: Samples Assayed 8 875 3,968
Results above 2.2 x 107" uc/sample 61 1180
Fission Products: Samples Assayed -5 845 3,813
Résults above 3.1 x 10 ° uc FP/sample L 17
Uranium: Samples Assayed 243 1,401
Confirmed Plutonium Deposition Cases 0 o¥*

* This brings the total number of plutonium deposition cases which have
occurred at Hanford to 229.

UNCLASSIFIED
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Uranium Analyses

Fo. _owing Exposure
Units of 10 7 uz U/ee
Number

Sample Description

Meximum Average Samples

Fuels Preparation 22
Hanford Laboratories 9.8
Chemical Processing 30
Chemizal Processing¥* 63
Special Incildents 0
Random C

2

OOk FWwWW

-3
-3
-7

L6
16
43
>
0
c

HW -60505

Following Period of No Exposure

Units of 1079 uc Ules
Number
Maximum Average Samples
11 2.3 b1
7.9 2.2 22
32 5.8 59
16 7.6 p
0 0 0
0 0.7 in

¥Semples taken pricr to and after a specific job during work week.

Thyroid Checks

Checks Taken
Chezks above Detection Limit

Hand Checks

Checks Taken - Alpha
- Beta-gamma

Skin Contamination

Plutznium
Fission Products
Uraniunm

CALIBRATICNS

Pcrtable Instruments

CP Meter
Juno
GM
Other
Total

Perscnnel Meters

Badge Film
Pencils
Other
Total
Miscellanecus Special Services

Teotal Number of Calibrations

1Z40435b

AR Keene :kc

May 1959 to Date
¢ C
0 v 0
28,582 177,391
17,873 117,566
19 89
76 222
8 57

Number of Units Calibrated

Ma, 1959 to Date
938 4,788
278 1,472

1,331 6,777
198 1,016

2,755 15,053
916 4,615

- 5,248
382 2,160
1,298 12,023
459 1,613
L, 502 27,689
/éhé1/5214nng_,
Manager

Radiation Protection
UNCLASSIFIED
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LABORATORY AUXILIARTIES OPERATION
MONTHLY REPORT - MAY 1959

GENERAL

Safety performance of the operation was considered satisfactory. There were
no major injuries; the minor injury frequency rate was 2.22, which is con-
sidered below average experience.

There were no security violations charged to the Operation.

TECHNICAL SHOPS OPERATION

Total productive time for the month was 17,102 hours. This includes 13,358
hours performed in the Technical Shops, 852 hours assigned to Minor Con-
struction, 122 hours to other project shops, and 2,770 hours to off-site
vendors. The total shop work backlog is 22,112 hours of which 50% is re-
quired in the current month, with the remainder distributed over = three month
period. Overtime worked during the month was 6.5% (1040 hours) of the total
available hours.

Distribution of time was as follows:
Man-Hours % of Total

Fuels Preparation Department 2738 16.0
Irradiation Processing Department 738 4.3
Chemical Processing Department 880 5.2
Hanford Laboratories Operation 12381 72.4
Construction Engineering & Utilities 104 .6
Miscellaneous 261 1.5,

The number of requests from customers for emergency service remained at a
high level necessitating an overtime ratio of 6.5%. Other project shops were
utilized to capacity in providing assistance to the Technical Shops.

Two machinists were added to the Technical Shops roll during the month with
two more scheduled to report on June 15. Promotional opportunities were pro-
vided and accepted by one journeyman welder who was promoted to Specialist -
Welding Practices, CE&U, and one secretary who was promoted to a higher
grade position in a technical component of Hanford Laboratories.

New equipment received included a vertical boring mill, 'a 14" heavy-duty
lathe, and a No. 3 vertical milling machine.

Security performance was considered satisfactory with no violations. Safety
performance was considered satisfactory with 4 medical treatment injuries
and no major injuries. Absenteeism was considered higher than normal for
this period caused mainly by a form of influenza.

126005 ] | UNCLASSIFIED
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RADIOGRAPHIC TESTING OPERATION

The activity for the Radiographic Testing Operation was below normal this
month because of two situations. PForemost in reducing output was the move of
the field facilitlies from 200-E Area to White Bluffs. Also, the monthly cut-
off date for the operation was moved up to the 20th of each month to advance
the reporting date for the monthly report. Accordingly, the following figures
are based on a three week period. A total of 2,926 tests were made, of which
640 were radiographic (including x-ray and gamma-ray) and 2,286 were supple-
mentary tests. Out of a total of 2,382 man-hours, 889 (6k4.3%) were used in
connection with radiographic tests, and 493 (35.7%) were used on supplementary
tests. The supplementary test work included: dimensional measurements
(micrometric and plug gage), eddy current, penetrant, ultrasonic (flaw
detection and thickness measurements) and stress measurement (stress coat

and strain gages).

The number of pieces handled this month was about normal totaling some 1,795
items. On the same basis, the feet of material represented by the foregoing

was about normal amounting to 11,498 feet. Work was done for 17 different or-
ganizational components representing most of the operating departments and
service organizations. A total of 21 reports were issued detailing test
findings with conclusions and recommended action. Radlographic Testing
Operation was consulted on 9 different occasions for advice and information
relating to general testing theory for other than the Jobs tabulated in Part II -
Testing Statistics.

The single largest activity this month has been the move of the field facilities,
and establishment of the tube testing and treating facilities at White Bluffs.

The field facility equipment and personnel move was completed on 5-25-59. BSome
minor restoration work remains to be done on the Chemical Processing Department
facilities in 200-E Area.

Avout one week delay over the established tube treatment schedule has been en-
countered in the tube facility. Construction schedules have not been able to
be maintained on the pickling tanks and the autoclave. Installation of the
acid tank plastic liner is 80% complete. Acid recirculation piping and pump
installation is also about 80% complete. It is expected that both of these
items will be completed 6-3-59.

The only major item remaining on the autoclave is the insulation which is ex-
‘pected to be completed also at 6-3-59. The water injection pump and control
instrumentation installation are essentially complete.

If work continues at the above rate it is anticipated that preliminary
pickling can be aone on 6-5-59.

UNCLASSIFIED
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Testing Statistics

No.of Pt.of Weld No.of

Component Tests or Material ©Pileces Description

CPD 68 70.0 45 Purex concentrator redox’ dissolver, H.S.
column T-H3 Purex facility.

CEO 0 0.0 0 Final report on PRTR containment
vessel welds.

FPD 9 "~ 1.5 2  1/4" wall x 2" 0.D. x 30" long W,
fuel rod.

HIO 2742 10990.0 1723 316" SS electrical conduit couplers

9/16" 0.D. x B' long zr-clad U0z fuel

rods; Al1-SS piping; .505" x .035" wall

x 10' long zr-2 tubing; .680"x .030"

wall x 7' long zr-2 tubing; PRTR zr-2

process tubes; Trans-Pu and Palm fab

programs; 16" 0.D. x 1/2" SS pipe;

Ti plates and tube bundle; 1.8% and

5% Pu-Al fuel elements; Thermocouples;
B-F3 tubes; 33" long x 9/16" 0.D. 1.5%

Pu-Al fuel rod.

IPD 107 437.0 25 In-pile tube AEC 160 loop project; 190
B annex piping; intake and discharge
headers 190-KE.

TOTALS 2926 11408.5 1795

FACILITIES ENGINEERING OPERATION

Projects

There wepe 21 authorized projects at month's end with total authorized funds
of $8,423,000. Total estimated cost of these projects is $8,606,500.

Project proposals and project planning for Radiometallurgy Building 327 were
completed during the month with the transmittal of four project proposals to
the General Manager.

8ix new projects are in the proposal preparation stage.

The attached projects report details the status of individual projects.

UNCLASSIFIED
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Engineering Service

Title

Removeble Target Pit Grating 3745-B

Building

Clean Air Ducts - 326 Building

Renovate Room 30-C - 326 Building

Improve Lighting - Rooms 11-1A & B
325 Building

Design & Install Pire Alarm System
314 Building

Air Balance - 108-F Building

Gamma Irradiation Facility -

3730 Building

Kitchenette Facility in 326 Bldg.

Erection of Towvers for Atmospheric
Physics

Study - Layout of Biclogy Facilities

Isolate Erane conductors - 314
Building

Dog Isolation Facility - 141-FS
Building

326 Building Retention Waste Sump
Modifications

Temperature Control for Fish
Troughs -~ Biology Operation

Air Balance & Control 328 Building

1240ub0

HW-60505

Status

Installation scheduled for completion

6/3/59.

R. A. Pringle and Son was low bid. Work

to start during June.
New equipment was received for installation.
Fixtures on hand for installation.
Design work completed. Construction
Operation is preparing installation
estimate.

Field work is in progress.

Tank and caisson in place. Roof hatch
and hoist supports are being installed.

Radiation warning system is nearly complete.

Work in progress.

Work complete.

Study complete.

Work in progress to isolate crane con-
ductors. This will decrease hazardous
condition in building.

Work 90% complete.
Engineering work in progress.

The requisitions for the required equip-
ment are out for bids.

Preliminary volume checks are being made
prior to adjustments. A temporary second
floor temperature control point is in ser-
vice and has resulted in more constant
temperatures.

UNCLASSIFIED
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Title Status
Graphite Storage Building ; The work to be performed consists of

a footing and starter wall; a four inch
floor slab and moving and installing a
Lo' x 80' Army building on the block
wall.

HLO Plan A study has been initiated to develop
a plant layout of HLO structures,
utilities and grounds including future
plant additions.

Drafting & Design Service

Design and drafting work in progress inciudes the following:

In-Reactor Creep Measurement capsule.

Mechanism for removal and containment of ruptured
irradiated fuel - 3x3 loop ETR.

Equipment for examining discharged fuel elements - ETR.

Modifications to 1k ton shipping cask.

Equipment for High Level Radiochemistry Facility - 325-A Building
a. Manipulator dolly
b. Mock-up wall
c. Miscellaneous items, tongs, brush, plugs
d. Three ton liquid sample cask

Monorail feed mechanism for swage - 325 Building basement.

PRTIR prototype loop - As-Built - 314 Building.

Mechanism for moving samples through Gamma recording
instrumentation.

Cobalt-A0 source holder and tong mechanism.

Hand feed for swage - 325 Building basement.

Fuel element X-Ray photometer.

Test set up design - fuel, fuel and foil holders, and
graphite - 305-B Building.

Transistorized circuits for counters.

Traverse counter drive - 305 Building.

Uranium burning facility.

Modify existing PRIR shim control drawings.

Also, work is being performed for layout and details on projects CGH-33k,
Modifications and Additions to High Pressure Loop - 189-D Building, AEC-147,
Job 008k, Pickling & Autoclaving Facility for Zirconium Material, and CGH-838,
Fission Product Volatilization Studies Test Fdacility - 292-T Building.

Mzintenance and Building Engineering - Landlord Functions

Costs - April -  $108,L46
March - $116,249

Fiscal year to date expenditures are $1,017,248, which is 82% of budget.
Expenditure forecast was $1,045,300 or 84%.

24045 | )
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Analysis for Month of April: Costs were within $300 of those predicted for
this month. The year-to-date costs were 1.3% below the liquidation. It is
anticipated that the $17,538 over-liquidation will be reduced in May by
about $2,000.

A fixed price work order has been issued for the rest room and office
addition to 3702 Building.

A work order has been issued for construction of a parking lot and retaining
wall west of 328 Building.

Partition changes were made in the north end of 3702 Building to accommodate
the recruiting staff. The Employee Relations offices were reassigned, in
keeping with the recent organization.

A fixed price work order was issued for the contingency maintenance of the
325 Building supply and exhaust fans.

Miscellaneous

Approximately 150 drawings including sketches, work sheets, and formal drawings
were completed by the Drafting Component during the month.

Approximately 14,000 square feet of prints were reproduced during the month.
The total estimated value of the 22 requisitions issued during the month was
$52,000. Material procurement and control is being performed for a greater

number of HLO projects.

The next Third Party Inspection of HLO pressure vessels is scheduled for June.

TECHNICAL INFORMATION OPERATION

Arrangements are being concluded to transfer to Technical Information the
responsibility for handling the clearance of technical papers and speeches
for HAPO. Technical Information will also be responsible for the clearance
of non-technical articles originating within HAPO. The present date for the
transfer is June 30. J. E. Brown, Relations Operations, will transfer to
Technical Information Operation at the time that the function is reassigned.

The Technical Information budget for FY-1960, approved some time ago, has been sub-
divided into Unit budgets. Some individual items, notably the allotments

for book and periodical purchases, and for Data Processing charges, are cause

for concern but may work out satisfactorily. The budget totals appear to be

in line with present operating experience.

A memordum was sent to all Department Managers concerning compliance with
HAPO OPG 1.5 on the release of official correspondence and documents. The
memorandum pointed out the precautions to be observed before sending un
classified reports.offsite. The response from the Departments has been
excellent and modifications of existing OPG's are planned.

2404b2
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The Commission has asked Technical Information to send directly to Kaiser
Engineers such technical reports as they will need in connection with the
construction of the NPR. Kaiser Engineershave been designated an authorized
AEC Accountability Station so that permanent transfers of accountability
can be made. All reports going to them from Technical Information will be
approved by the Manager, Process Design Operation, NPR ProJject Section.

Details are being worked out to transfer to the City of Richland a number
of books presently charged from the Plant Library to personnel in the Police
Operation, the Fire Operation, and the Public Works and Recreation Operation
of Community Operation. Present plans are to transfer these books to the
Richland Public Library who will then re-charge them to the city employees
involved. Books charged to personnel in General Electric's Public Health
group will be transferred to the Benton Franklin Public Health District.

The three fuel element projects which were submitted for classification re-
view last month have been declassified. They are:

(1) Assistance to Hanford Project No. ATH-HLO-5-59 "Friction Welding
of Fuel Rod Sections". .

(2) Design, Development and Research Contract DDR-57 "Welding Closure -
Ends of Rods znd Tubes".,

(3) Nickel plating of standard canned I & E fuel elements by several
firms who specialize in plating work.

The questions raised last month by TISE and HOO regarding the proper
categorization of the Fuels Development Operation Quarterly Report (HW-58205)
have been resolved. All copies of the report are being recalled for minor
revisions and will be redistributed in accordance with the original dis-
tribution list. Some ground rules to avoid recurrence of this problem will
be forthcoming from HOO.

Work Volume Statistics

April May

Document Distribution and Files

Documents routed and discharged (copies) 16,970 1h,437

Documents issued (copies) 13,435 10,570

Documents sent offsite (copies) 1,305 6, kbl

Document reserves filled (copies) gkl 931

Documents picked up and delivered 18,684 19,573
Document Accountability

Holders of classified documents whose files _

.were inventoried 570 3zk
Documents inventoried in Files (copies) 6,347 25,210
Documents destroyed or retired (copies) 4,003 4,842
Documents revised (copies) 1,636 1,723
Documents pulled and documents filed (copies) 10,902 10,421
Documents reclassified 232 189
Accountable copies of SECRET and DOCUMENTED

CONFIDENTIAL documents onsite 20k, 462 205, 508

1240Ub3
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Reference and Publication
Books cataloged (new titles)
Books added to the collection (volumes)
Ready reference questions answered by

professional staff

Literature searches by professional staff
Reports abstracted (titles)
Formal reports prepared (titles)
Offsite requests for HAPO reports (copies)
Reports released to CAP (titles)

Library Acquisitions and Circulation
Books ordered (volumes)
Periodicals ordered
Books circulated (volumes)
Periodicals circulated (issues)
Inter-Library loans
Films borrowed or rented
Industrial film showings
Bound periodicals added to the collection

Library Collection:

Main Library W-10 Library 108-F Library

April
96
316
1Lz

116
238
15
312
76

500
81
2,046
2,911
119
19

93
202

HW-60505

Ma
ﬁS
219
119

116
2k9
7

235
28

Lo1
117
1,760
2,573
62

9

92
194

Ind. Med. Totals

No. of books 26,357 8,197 1,424

No. of bound

periodicals 11,984 1 1,431
38,341 8,198 2,855

Classification and Declassification

Documents, including drawings and photographs
reviewed for downgrading or declassification

Documents and papers (intended for oral pre-
sentation or publication) reviewed for appropriate
classification

Documentes submitted to Declassification
Branch, Oak Ridge

1,943

Ll

12

37,921

31

16

L0

Manager

LABORATORY AUXILIARTIES

JL Boyd: Jjew

1240UbY
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UNCLASSIFIED HW-60505

FROFESSIONAL PLACEMENT AND RELATIONS PRACTICES OPERATION
MONTHLY REPORT

GENERAL

At month's end, the staff of the Hanford Latoratories totalled 1234 employees,
ircluding 580 exempt and 654 nonexempt employees. There were L7 exempt employees
possessing technical degrees, including 286 E.S., 110 M.S. and 101 Ph.D.

TRAINING

The Third Program of the Informstion and Orientation Series was completed wit
sprroximately 80% of the nonexempt Latoratories people attending. .

Thirty-nire Laboratories exempt people completed PEM-1.

COMMUNICATIONS

Tours were provided durirg May for 95 kigh school students, 80 college science
ard engineering students and 25 presidents ard faculty members of Washington junior
colleges,

Radiation Protection Operation provided displsy material and guides for the Armed
Forces Day Open Houses at larson Air Force Base and Umatilla Ordnance Depot.

EMFLOYEE COMPENSATION

A nonexempt classification - PRIR Technician Grade 24 - was established effective
Mey 1. ' .

At tre May meeting of the HLO Suggestiorn Eoard four suggestions were approved for
awards totalling $120. FIO suggestior awards for the year to date total $935.

A latoratories employee on educationzl leave, Jack L. Poe, was awarded a General
Electric scholarship for the 1959-60 school year.

HEATTH & SAFETY

latoratories personnel worked e total of 188,800 man-hours during the month with
ro dissbling injuries. Since September 1, 1956 & total of 6,275,127 man-hours
heve beern completed with no disabling injuries.

The medical treatment frequency for May was 1.58 compared with 1.49 last month.

There were no security violatiors in the Laboratories in the month of May. The
totel for the year remains at 16.

PROFESSIONAL PLACEMENT S e

During May, three Ph.D. offers were extended and six HAPO offers were rejected.
Ore offer by HLO was accepted by & Ph.D. physiologist. To date, there have been
ten Pk.D. acceptances and there are currently seven Ph.D. offers open. .

The recruiting of BS/MS graduates from the campus is essentially completed for
the current recruiting seasor. The bulk of the new graduates will report on the

1240471
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payroll durirng June and July. To date, a total of 71l acceptances have been re-
ceived for the Techrnical Graduate Program.

Eleven experienced BS/MS cardidates visited during the month. Eleven offere were
extended arnd 13 acceptances were received. TFour graduates of the Advanced Engineer-
ing Training Program visited Hanford to discuss employmert opportunities. All were
impressed with the technical opportunities &t Hanford but each has a strong geographic
preference for the East.,

Three Technicel Graduates were added to the Treining Program and one permanent
placement was effected with 28 remasining on the Program at month's end. One sum-
mer Jjunior was also added to the payroll.

Nireteen requisitiors were filled during the month. With the receipt of 1T new

reguisitions, there are currently 44 ronexempt opsnings for which 28 candidates
&re in process ard 4 trarsfers are pernding, with 12 candidates yet to be procured.

Menager,
Professional Placement
and Relations Practices

TE Marshall:tr
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TABLE I NONEXEMPT EMPLOYMENT

Nonexempt Employment Status April Mey

Requisitions
At end of month 49
Cancelled 4
Received during month 27
Filled during month 1
On hold Status 0

Candidates Considered
Total Applications 75

1240480

/A
1
17

19
2

Nonexempt Transfer Reguests

Transfer Requests
Active cases at end of mo.
Cancelled
New
Transfers effected

EW-60505

April May
69 77
4 1
3 1
3 1
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I-6

C - Technical Graduate and Technician Training Program

Month ending May 31, 1959

1G_Program

Number Personnel on assigrment 28

(HAPO Tech Grad ProgramSceeccss..2l
(west‘ District E.P........o“ﬁ' )+

Summer Juniors 1l
High School Teachers 0
T
29
Distribution of assignments by Depts.
HLO 1l
CE&UO 0
FPFD 3
IPD 14
CPD - 1
Distributicn of assignments by function
R&D or Engineering 25
Other 4

1240482
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FINANCIAL OPERATION MONTHLY REPCRT
MAY 1959

Personnel

There were no changes dﬁring the menth.
Activities

GENERAL ACCOUNTING OPERATION

Reconciliation work in comnection with the physical inventory of uninstalled
cataloged equirment in the custody of Chemical Research and Development Opera-
tion is complete. Issuance of a formal report is pending the receipt of a
signed missing equipment report for ten items. Two thousand, four hundred and
sixty-eight items were physically counted valued at $1,751,803. Ten missing
items ($2,973) were not located during the inventory compared to 48 missing items
($22,950) in the FY 1957 inventory. The percentage of missing equipment to total
doller velue was 0.17% compared to 1.24% in FY 1957. Eight items valued at
$1,636 were added to record as compared to 298 items valued at $109,018 in the
FY 1957 inventory.

The physical inventory of shop stock material in the custody of Technical Shop
Operatior has been rescheduled from June 6, 1959 to July 11, 1959.

The physical inventory of Hot Semiworks uninstalled cataloged equipment was con-
ducted during the month. This equipment is recorded in General lLedger Account
1720 - Plant and Equipment Held for Future Use. A report of results will be
issued in June upon completion of the reconciliation.

Work in connection with our program of updatirg fixed asset records is approxi-
mately 85% complete. All 300 Area bulldings, installed equipment, other struc-
tures and research waste handling facilities have been inventoried and converted
to new records. A property disposal request and missing plant and equipment
report were prepared and approved for the removal of 48 items valued at $L43,22k,
A comparison of the total recorded 300 Area fixed asset cost to the value of
missing items is very favorable (.003%) considering this is the first inventory
sinrce the plant appraisal ir 1949, HLO test wells (225) were verified with
racords and a property disposal request will be prepared for 2 wells valued at
$4,941. These two wells were covered over during construction and abandoned.
Atmospheric Physics buildings and other structures, Radiation Monitoring stations
in all areas were inventoried and new reccrds prepared. The last area, 10C-F, is
currently being inventoried.

Projects CG=758, Ceramic Fuels Development Press and Furnace Additions, 325 Build-
irg, and CGH-804 - Ceramic Fuels Press Enclosure, 325 Building, were physically
inventoried, unitized, and reports issued.

SS Meterial inventory dollar balance ($12,564,115) was transferred to Contract

and Accounting Operation for accumulation and reporting, effective May 1, 1959.

HLO General Accounting will continue to (1) consolidate and issue forecasts for
outside and inside diversion of SS Material, (2) assist SS Accountability Opera-
tion in preparatory work for witnessed physical inventories of SS Material and

(3) provide liaison work between Laboratories personnel and Contract and Accounting

1240483
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personnel. Output from Contract and Accounting to HLO General Accounting will
consist of three copies of the reconciliation of SS Material General Ledger
accounts, the dollar value of material by type and HLO Sections, and any inform-
ation concerning unusual or large changes in the account balances and current
month activity.

Ir. connection with the invitation extended to Biology to participate in Operation
Plow Share - Alaska, performing radicecology studies of the environs before and
after harbor blasting, an estimated $6,000 of equipment is needed. Approximately
$3,500 is required for supporting equipment this fiscal year in order that bulky
‘equipment may be shipped by boat to arrive in Alaska during August the only month
the sea 1s not frozen. It has been determined that this amount can be made
available from FY 1959 funds.

Appropriation requests totaling $150,000 received final approval in May.
HLO completed the transfer of Gereral Books to C&AO during May. Effective with
May C&AO will prepare the monthly trial balance and detail tabulations of account

activities.

COST ACCOUNTING OFPERATION

The following changes were made in May in the Hanford Laboratories control budget
for FY 1959 and will be reflected on May financial statements:

Increase
(Decrease)
Increase in Plutonium Recycle Program R&D as a result of $400,000
receiving $200,000 additional funds from AEC and a trans-
fer of $200,000 from the equipment authorization.
Increase in Swelling Studles provided by expected under- 25,000
runs in +the IPD Maritime Gas Loop.
Increase ir the CPFD sponsored Weapous R&D Program. 1k,000
Decrease in the CPD sponsored Separations Development (45,000)
Progream.
Ircrease in two US Air Force sponsored programs
Plutonium Iznhalation Studies 24,700
Atmoepheric Diffusion Studies 30,000

As a result of the transfer of the Persomnel Accounting clerical functions to
Contract and Accounting Operation, effective May 1, 1959, the costs associated
with the Personnel Accounting functions now performed by Hanford Laboratories
will be incliuded in the Financial Operation - Ceneral Account (7100)° The
present Personnel Accounting code, T13C, has been cancelled.

Effort was devoted during the month to obtain a realistic cost closing schedule
for June, 1959, which required coordination and integratiorn with the other
financial components. As a result, several changes in the original proposal
were made which met with the approval of all concerned.

12L0L8Y
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PERSONNEL ACCOUNTING OPERATION

History of overtime, January 1957 through March 1959, by Section for each of
the nine calendar quarters was prepared and reviewed fcr the purpose of control.
New control levels were established, effective with the second calendar quarter
for 1559 by the Manager - Hanfcrd Labecratories.

Effective April 29, 1959 a representative in each of the HLQ buildings in the
300 Area was assigned the responsibility of obtaining from Persomnel Accounting,
Room #16, 3702 Building, both exempt and non-exempt salary checks. The repre-
sentatives will distribute pay checks to employees authorized to recelve pay
checks as' indicated on each of the separate bundles of checks.

AUDITING

Field work is nsarly complete on the audit of Gereral Accounts and Cash Controls.
The audlt of Inventory Controls is *o start shortly.

PROCEDURES

The wcrk of preparing a functional index cf forms is nearly complete. As a
result of the work finished to-date, seventy forms have been cancelled as
obsolete.

A study of the procedure and reccrds employed by the Plant Library for recelving
subscriptions is nearing completicn. The prime purpose of this study is to stream-
line +he records and procedures and to eliminate the transmission of written proof
of receipt to Accounts Payable and Expediting Operations by establishing auditable
recoxds within the Flant Library.

Payroll Statistizs

Numbher of HLC Employse Changes
During Month

Total Exempt Non-Exempt
Employees on Payroll at Beginning cf Mornth 1232 379 653
Additions and Transfers In 32 11 21
Removals and Transfers Out 30 _10 20
Employees on Payrcll at End of Month 1 22& 580 gsh
Overtime Paymerts During Montk A May April
Exempt $ 4 251 $ L 428
Non-Exempt 12 281 11 583
Total $16 532 $16 011
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Gross Payroll Paid During Month

May April
Exempt $472 058 | $469 294
Non-Exempt 297 ko1 290 911
Total $Z62 ghg $l6o 205
Participation in Employee
Berefit Plans at Month End :
May April
Number Percent Number Percent
Pensior Plan 1 165 99.0 1177 99.0
Insurance Plan ;
Personal Coverage 1 230 99.8 1229 99.8
Dependezt Coverage 846 845
U.S., Savings Bonds
Stock Bonus Plan 78 39.3 T7 39.3
Savings Plan 92 7.4 90 7.3
Savings and Security Plen 1 036 gh.l 1 026 9k,0
May April
Insursnce Clalms Nunber Amount Number Amount
Employee Benefits
Life Insurance 1 $12 963 0 $ -0-
Weekly Sickness and Accident 8 178 8 745
Comprehensive Medical 25 2 903 73 8 291
Dependent Benefits
Comprehensive Medical 45 7_605 2 11 o072
Total 19 $2§ 6h_g_ 223 $20 108
Good Neighbor Fund May April
Number Participating 827 842
Percent Participating 67.2 68.3
Manager ~ Finance
W Sale/vk
125048

UNCLASSZIFIED




UNCLASSIFIED K-1 | HW-60505

INVENTIONS OR DISCOVERIES

All persons engaged in work that might reasonably be expected to
result 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
L. F. Kocher A Field Air Sampler for Radiological
F. Swanberg, Jr. Defense Use, for Monitoring the Spread of
Air-borne Contaminants from Atomic
Weapons
W. E. Cawley A Position Read Out System for a Reversible
Rotating Shaft
R. G. Wheeler Use of Unrectified Alternating Current for
Electron Beam Melting of Refractory Metals
D. C. Kaulitz In-Reactor Rupture Mechanism for Irradiated
Fuels
J. D. McCormack A Method for Preparing Deuterium or
_ 4 Tritium Accelerator Targets
‘ R. T. Alleman Conversion of Sodium Nitrate to Sodium
B. M. Johnson Carbonate by Calcination with Sugar
. W. L. Lyon A Pyrochemical Separations Process

Applicable to Thorium Oxide Reactor Fuels
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