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LEGAL NOTICE
This report was prepared as an account of Government sponsored work. Neither 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 any 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.

AEC.-GE RICHLAND, WASH,
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BUDGETS AND COSTS

Costs for April were $1, 832, 000, a decrease of $54, 000 from the month of
March. Fiscal year-to-date costs are $16, 001, 000 or 78% of the operating
budget of $20, 510, 000. A request is being made to HOO-AEC to provide
the additional funds required for the Plutonium Recycle and Swelling Studies
programs which were forecasted in our Midyear Budget Review.

RESEARCH AND DEVELOPMENT

1.

Reactor and Fuels

Phase I PRTR construction is 93% completed versus 99% scheduled.
Phase II PRTR construction is 90% completed versus 97% scheduled.
Phase II-A PRTR construction is 63% completed versus 88% scheduled.

PFPP Phase Il construction is 97% completed versus 99% scheduled. The
extended contract completion date is May 10. PFPP Phase III construction
is 15% completed versus 13% scheduled.

A scope revision to add a gamma-neutron burst detector system to the
PFPP has been submitted.

A 100-hour hot loop test of the PRTR shaft-seal primary pump has been
completed with performance, including leakage, well within specifications.

Project CAH-822 (gas-cooled loop in the PRTR) design criteria and scope
drawings have been completed. Procurement has started.

Project CGH-834 (high pressure heat transfer apparatus modification) has
been approved, and design and procurement have been started. Beneficial
use on NPR design testing is expected within four months.

Out-of-reactor creep tests of Zircaloy-2 run at 18, 000 psi and 400 C show
the creep rate for 45 percent cold worked specimens to be approximately
30 percent greater than that for 25 percent cold worked material.

Three pilot-order contracts, each for 70 Zircaloy-2 NPR process tubes,
are being awarded to three different vendors on the basis of demonstrated
fabrication competence and bids submitted. Fabrication work on these
orders is expected to be started in May.

The first 20 Zircaloy-2 PRTR process tubes have arrived at Hanford, and
30 mcre have been inspected at the vendor's plant and are ready for ship-
ment. The balance of the 100-tube order is expected by the end of June.

DECLASSTES
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TSGBF graphite irradiated in the MTR at 1050 C exhibited 0 42 percent con-
traction for a Hanford equivalent exposure of approximately 7000 MWD/AT.
This confirms the bulk of the previous data with the exception of one high
value of 1 0 percent. New high temperature graphite irradiation experiments
have been installed in the MTR and the ETR.

The degradation of pre-defected, coextruded uranium-zirconium clad fuel
elements in water at 200 to 300 C has been studied by measuring the volume
of hydrogen gas evolved as a function of exposure time at temperature.
Typical tests at 300 C show a 50-minute induction period with essentially no
hydrogen evolution, followed by hydrogen evolution equivalent to a corrosion
rate of 0.2 g of uranium per minute, increasing tol.1 g per minute after two
hours. Standard ex-reactor rupture tests of pre-defected, coextruded U-Zr
clad fuel elements continue to show a quite tolerable time-deformation
behavior.

Two NPR tubular fuel elements have attained an exposure of 1350 MWD/T in
KER-4.

A tubular element has been shipped to the ETR for irradiation at a specific
power about three times the maximum expected in NPR.

Light swaging reductions of NPR fuel rod induce variable cold work in the
jacket that leads to spotty and excessive grain growth during subsequent
heat treatment. If the reduction of area is greater than about 12 percent,
uniform grain size results in the jacketing.

A simple method for providing intermediate supports on rod cluster elements
has been developed.

Examination of a cored coaxial fuel element has been completed in Radio-
metallurgy. The entire inner tube was found to have operated in the beta

phase and increased in volume about seven percent. However, it did not
crack.

Formal approval has been received from Washington to install the 6x9 loop
in the ETR. The first experiment, scheduled for mid-May, will be a test
with stainless steel elements to determine the gamma heating.

Feasibility of large diameter UO9 elements was indicated by an uneventful
irradiation of 3/4" diameter capsules at heat fluxes of ca. 600, 000
BTU/hr/sq. ft. A central void and radially oriented grains were formed.

The final shipment of enriched UOy rings to Atomics International was made.
These rings will be irradiated ins SRE in two fuel assemblies.
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Slight additions of PuO, to UO, markedly decrease the Sintered density of
the UO,. Additions of mixed crystal oxide to UO, decrease itg sintered
density for small additions, but at 10 w/o PuOg the sintered density is
slightly greater than for U02 alone.

A UO2-PuOsy solid solution obtained by sintering a mechanical mixture of
the oxides was found to dissolve in acidic solution at nearly the same rate

2. Chemical Research and Development

Laboratorwy experiments and Purex '"'Min;" runs were continued to confirm
and extend the useful range of a reducing environment during the removal
of neptunium in the 2A - 2B Purex columns from 3WB backcycled waste.
Increasing the System temperature was investigated as we]] as varying the
concentrations of reductants and nitric acid. Solids in the 3WB stream

residues of Stainless steel] from stainless clad uranium rods. The use of }

I Y

Pr

Purex 1WW waste appear encouraging with residue volumes of less than
two gallons per ton of uranium feed. A Cooperative effort was continued to
determine the behavior of similar synthetic Purex waste during calcination
in a fluid bed facility at the Argonne National Laboratory. Product powder
fusion was observed as low as 600 to 680 C and may establish an upper

Arsenic, gallium, and copper were measured in the parts -per-billion range

in aluminum using neutron activation analysis. nEcmsm
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Laboratory study of volatile fission product evolution from small uranium
cylinders having low irradiation histories have been extended to include the
effects of aluminum jackets in a flowing air atmosphere. Near 1000 C
aluminum oxide particles were dissipated throughout the downstream regions
of the system, a behavior not observed at a system temperature of 1200 C.
For bare uranium heated in a flowing helium atmosphere far less iodine,
tellurium and xenon were evolved than was the case for air whereas more
cesium was released. This behavior in a helium environment followed
expected patterns.

Further work on molten salt cycling of UOy by oxidation-reduction in molten
alkali chloride included an experiment using a 5/1 mole ratio UOg-PuOq
mixed oxide. A uranium-plutonium separation factor of about 60 was
obtained by filtering dissoived UO9Cls from the remaining residue after
phosgene was bubbled through the melt for two hours at 800 C.

The UF6 mass spectrometer was modified to analyze for mercury isotopes.
Five to ten milligram samples of natural mercury gave relative isotope
distributions within * 1 percent of accepted values.

Plans were established for the drilling of ten closely-spaced hydrological
wells north of Gable Mountain to provide a ground water sampling complex
to determine as quantitatively as possible the dispersal of solutes in the
ground water domain.

A laboratory model representing a two~-dimensional slice through a crib
was used to obtain data to test a mathematical representation of the flow
pattern beneath a crib. Moisture content and tension measurements were
made at 32 positions over the face of the model. The data, when applied in
the previously derived unsaturated flow formula, will permit estimates of
the flow pattern beneath the crib.

A field test facility was installed at a site southwest of Gable Mountain. The
site chosen consists of a 15-foot profile of uniform soil above the water
table. Small-scale crib experiments will be performed here to demonstrate
the application of laboratory column data to the prediction of the break-
through curve for a crib.

3. Physics and Instrument Research and Development

The exponential pile program for the NPR has been accelerated so that two
experiments can now be run concurrently. Tubular fuel elements have been
received and the first lattice with a tube-in-tube element was constructed.

In the critical mass field experiments continued on 3% enriched uranium
in both heterogeneous and homogeneous situations. Also, a series of water-
moderated exponential experiments were completed with 1. 25% enriched
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I and E type fuels.

Invitations for bids for construction of Phase I of the Critical Mass Labora-
tory were issued by the AEC. Bid openings are now scheduled for May 20.

The acquisition and assembly of materials and equipment for this summer's
atmospheric dispersion experiments was on or ahead of schedule. The
erection of poles and towers proceeded satisfactorily except for an accident
on April 22 when an 18-foot section of a tower under construction fell and
seriously injured an offsite contractor's employee.

The order for the new analog computer was placed with delivery in October
estimated by the vendor. Meanwhile. the backlog of problems for NPR,
PRTR, and from other sources continues high.

Orderly progress was made on the many projects in the instrument field,
among which the installation of a continuous flow stack gas monitor at
100-D, and the check-~out of the central station equipment for the Radio-
telemetry Network were notable.

In the basic data field, information was obtained on the rate of energy
exchange between thermalized neutrons and graphite at various temperatures,
cross sections for neutron scattering in water were obtained at near-thermal
energies, and final values of the age of 950 kev neutrons in water and kero-
sene were derived from previously obtained data.

4. Biology

I-131 in rodent thyroids dropped to about two per cent of what it was one year
ago.

After 4-1/2 years of receiving 1.5 uc 1-131/day (since in utero), one ewe
seems to be developing a thyroid tumor. Thyroid dose is estimated
between 5, 000 and 10, 000 rads.

Assaulting animals with both plutonium and X-irradiation does not appear
to harm the animals more than the sum of the separate effects caused by
each.

Further work on attempting to remove Pu?3%03 from lungs with NaCl
aerosols did not show as much promise as a therapeutic tool as earlier

work indicated.

3. Programming

A study was completed for the Chemical Processing Department covering
the costs of degradation resulting from the blending of various enrich-
ments of decontaminated uranium derived from NPF, NPR and E metal
fuels.
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Agreement was reached on the plutonium needs of various laboratory com-
ponents in support of the Plutonium Recycle Program.

Instructors were obtained for the University of Washington Graduate Center
at Hanford to teach courses in Solid State Chemistry, Nuclear Chemistry,
Rudiochemistry, Analytical Chemistry and the Nuclear Engineering Series.

TECHNICAL AND OTHER SERVICES

Statistical consultation is being provided in connection with the development of
a mathematical model of a pulse column.

Further development work on the optical comparator method for the non-
destructive measuring of can and spire wall thicknesses has resulted in a mea-
surement technique of acceptable precision and accuracy for use in the Quality
Certification Program.

Work on two operations research studies and seven operations analysis programs
continued during the month, and work on one new operations analysis program
was initiated. In addition, statistical and mathematical assistance on 19 problems
was given within HLO and to other departments and operations.

At the request of the AEC~-HOO a comprehensive study was started to determine
the feasibility of a State Highway Department proposal to construct a public
highway up the Cold Creek Valley from Horn Rapids to the Yakima Barricade.
Analysis of the possibility ot releasing certain lands south and west of this
proposed public highway is also to be included in this study.

One case of minor plutonium deposition was confirined in April. The total num-
ber of deposition cases which have occurred at Hanford is 229. There are 162
employees currently employed who have a measurable deposition of plutonium.
More extensive bioassay analyses of employees involved in the explosion in
Plutonium Metallurgy facilities in the 234-5 Building on March 31 continued to
indicate that plutonium deposition in the employee who was injured is only a
small percentage of the maximum permissible limit.

The Technical Defense Section participated in the over-all Hanford district
Civil Defense participation in Operation Alert 1959 on April 17-18. The test
consisted of state directed operations involving nine near simultaneous
nuclear hits in the State of Washington--none of which would have had serious
effect on Hanford operations.

In response to requests from AEC-HOO considerable assistance was furnished
on a priority basis on details of Hanford's over-all radiation protection effort
and expenditures. These requests stemmed from the joint study being con-
ducted by the Secretary of Health, Education, and Welfare; Chairman of the
AEC; and the Director of the Bureau of the Budget.
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Preliminary routine use of the Shielded Personnel Monitoring Station was
initiated in April. Measurements on a group of about 50 HAPO employees
were started. The objective of this preliminary set of measurements is
to establish useful criteria in establishing backgrounds of different groups
of people at Hanford.

There were 20 authorized projects at month's end with total authorized funds
of $8,398,900. The total estimated cost of these projects is $8, 526, 900.

One project was completed during the month. Three new projects are await-
ing AEC approval. Project Proposals for ten new projects are in preparation.

More normal activity for Radiographic Testing Operation was recorded this
month with termination of the PRTR containment vessel work. A total of
5,257 tests were made, of which 985 were radiographic (including X-ray and
gamma-ray) and 4, 266 were supplementary tests. Of the total man hours,

53. 6% were used in connection with radiographic tests and the remainder were
used on supplementary tests.

The Technical Shops overtime rate continued high due to heavy work load and
emergency requests. Other on-site shops were¢ used to capacity in providing
assistance to the Technical Shops. Off-site sho, 5 are also providing assist-
ance via the purchase requisition procedure.

SUPPORTING FUNCTIONS

A follow-up was made of the Traveling Auditors' 1958 audit recommendations.
Except for the conversion of the Physics and Instruments accelerator refriger-
ation system, which has been delayed for budget reasons, action on all recom-
mendations is essentially complete.

A proposal has been presented to applicable HLO Section Managers setting
forth the tentative approach to be taken in accounting for the various segments
of the Plutonium Recycle Program and for pricing various fuel elements.
Studies have also been started to develop cost data with respect to various

components and processes involved in fabrication of the 19-rod cluster, swaged
UOy element.

A report of results was issued for the physical inventory of uninstalled cata-
loged equipment in the custody of Reactor and Fuels Research and Development
Operation. Significant statistics are: counted were 4, 928 items valued at

$4, 594, 222; missing were 12 items valued at $2, 278.

HAPO General Overhead was reviewed during April to determine amounts

applicable to HLO programs. It was determined that 16. 3% of direct cost will
be sufficient to provide for general overhead. This compares with the 18%

previously estimated as needed for these costs.
DECLASS
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At month's end, the staff of the Hanford Laboratories Operation totalled 1228
employees, including 579 exempt and 649 nonexempt employees. There were
491 exempt employees possessing technical degrees, including 279 B.S.,

110 M. S. and 102 Ph.D.

The first four sessions of the second program of the Information and Orienta -
tion Series were conducted with excellent attendance and interest.

Arrangements have been completed for the Laboratories to supply radiation
protection display material for Armed Forces Day Open House at Larson Air
Force Base and Umatilla Army Ordnance Depot on May 16.

Tours were provided in April for 36 East Wenatchee High School students, 50
Gonzaga University engineering students, 40 Chief Joseph Junior High School
advanced science students and 50 Richland school teachers.

Laboratories personnel worked a total of 205, 500 man-hours during the month
with no disabling injuries. Since September 1, 1956 a total of 6, 084, 236
man-hours have been completed with no disabling injuries.

The medical treatment frequency for April was 1. 50 as compared with 1. 60
during March.

There were two security violations during the month of April, bringing the
total for the year tc 16.

Two Ph.D. candidates accepted HAPO offers during the month. For the
recruiting year to date, there have been nine Ph.D. acceptances, including
two in chemical engineering, two mechanical engineering, two chemistry,
and one in physics. :

We are continuing to encounter difficulty in attracting Ph. D. physicists and
during the month visits were made to California Institute of Technology, UCLA,
Stanford and University of California to meet with candidates in this field.

Four experienced BS/MS candidates accepted offers during the month. Sixty -
three acceptances for technical graduate assignments have been received and
it appears that an additional five to twelve acceptances may be expected.
Distribution by academic field appears to be good with fourteen physicists and
thirteen mechanical engineers having accepted.

Four Technical Graduates were added to the Program and three permanent

placements were effected with 26 remaining on the Program at month's end.
Seventeen of these are presently available for off-program placement with

six having accepted assignments and to be placed by July 1.
I.U!.ﬂm
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Fourteen nonexempt requisitions were fill
of 27 new requisitions,
28 candidates are in pr
to be procured.

ed during the month. With the receipt
there are currently 49 nonexempt openings, for which
ocess and 5 transfers are pending, with 13 candidates yvet

Tl F b

Manager,
HANFORD LABORATORIES

PF Gast:kss
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REACTOR AND FUELS RESEARCH AND DEVELOPMENT OPERATION

TECHNICAL ACTIVITIES

4, TFISSIONABLE MATERIALS - 2000 PROZRAM

1. METALLURGY PROGRAM

Corrosion Studies

fuavccloeve Testing of Aluminum Alloys. After six months testing in 390 C
refreshed water, two alloys obtained from Alcoa are of decided in.erest.
Onz of these ullcys, GMB, (1% Ni, 0.1% Ti) appeared to fail in ten days,
but thereafter the penetration did not significantly increase. The cther
alloy, KAB, {(2.1% %e, 0.6% Ni, 0.1% Ti) shows a very low penetration at
the end of six months. It was reported in March and further confirmed by
inspection of the 300 C loop samples this month, that alloy KAR is also
mere resistant to corrosion at high flow rates.

<et Impingement Studies. Tests are continuing to determine the relztive
susceptivility of severazl aluminum alloys *“o attack by impingement of a
Jet of hot distilled water. Tests are conducted at 100 C with a Jet pro-
duced oy a 0.009-inch orifice. Peuetrations were up to 2C percent higher
on samples of annealed 1245 and X-8001 than on samples in the as-received
condition. However, no consistent correlation hetween hardness measure-
ments and penetration was obtained. Tests in which the period of exposure

was varied showed that penetration was a linear function of time.

Fusl Element Rupture Rates. An autoclaving technique has been developed
for continuously measuring the rate of a rupturing fuel elemeni. Samples
of coextruded Zircaloy-clad uranium core fuel elements, which huve been
defected with a 25-mil hole drilled through the cladding into the core,
heve been exposed at 200 and 300 C in water. The hydrogen, which is gen-
erated as a result of the uranium water reaction, is collected, and its
volume is continuously recorded. Since five grams of uranium react to
form one liter of hLydrogen, the hydrogen generation curve can be inter-
preted as a uranium corrosion curve, or rupture rate curve. It has been
found that all of the uranium oxide corrosion product is easily flushed
from the ruptured fuel element, and consequently the rupture rate curve
can be interpreted directly in terms of the release of core materisl to

a ccolant stream. Most of the data to date has been obtained at 300 C.
In general, it can be described by a curve which has an induction time of
50 minutes, during which there is no release of corrosion product or hy-
drogen. This is followed by an initial rupture rate of 0.18 gram of
uranium per minute. After two hours the rate increases rapidly to 1.1k
grems of uranium per minute. Individual rupture rate curves are not smooth
but consict of periods of high rate and periods of low rate. Rupture rates
as high as 3.5 grams of uranium per minute have been observed for short
periods of time. At 200 C the obrserved* induction time wus 17—1/2 hours,
the initial rate was about 0.12 gram of uranium per minute, and the final
rate about 0.4 grem per minute.
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Radiometallurgy Laboratory Studies

Hardness measurements and a burn-up sample were cbtained from cone rod of

a high-exposure stainless steel jacketed T-rod cluster (282), and metal-
lography was completed on one rod of a Zircaloy-2 clad T-rod cluster (287).
Metallographic examination was completed on three rods from a Zircaloy-2
clad 7-rod cluster, and replicas of as-polished and etched surfaces were
prepared for electron microscopy (277). Metallography, replication, and
density results were obtained from samples of a 4-rod cluster element (25L).

Two samples of irradiated uranium were broken, one at -195 C and the other
at -80 C, and replicas were obtained for fractographic studies (108).
Three irradiated Zircaloy-2 tensile specimens were tested at room tempera-
ture, demonstrating greater yield strength, less elongation, and similar
ultimate strength values compared with unirradiated samples (260). Five
thorium tensile samples were tested at room temperature (213).

The 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 Materiasls. Thorium tensile specimens

irradiated to relatively high burnups were tested during the month. This
work is part of a study to determine the effects of irradiation on a fis-
sionable material with & cubic structure. Specimens irradiated to 0.08,
0.1, and 1.60 a/o burnup exhibited elongations of 32.6, 13.2, and 7.2 per-
cent, respectively. The corresponding yield strengths were 50,000, 50,000,
and 69,000 psi. The average elongation and yield strength for unirradiated
specimens were 42 percent and 15,500 psi. Two other specimens irradiated
to approximately one a/o burnup were also tested, and these specimens
failed outside of the gage marks at less than 0.2 percent elongation. The
fractures occurred at cracks which appeared to be oxidized, indicating
that the cracks were produced during irradiation. A large decrease in
ductility and increase in yield strength occurs for thorium at about 0.1
percent burnup; similar changes have been observed for uranium irradiated
ta only 0.03 percent burnup.

Radiatior Effects in Structural Materials. A series of metals represent-

ing the common metal crystal types was irradiuted at Brookhaven, Hanford,
and the MTR under various exposure conditions. Some of the metauls ex-
hibited second phases indicating impurity contents unacccunted for by the’
chemical compositions reported by KAPL. The "high-purity" nickel contained
a second phase which formed a continuous network at the grain boundaries.
This phase probably accounts for the extreme brittleness of this material
noted by KAPL. Massive hydrides were observed in the zirconium, and small,
dispersed inclusions were observed in the titanium. A program tc chem-
ically analyze these metals has been initiated.

e
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Information is currently needed concerning property changes in high
strength materials which may occur under combined high temperature and
high flux enviromments. Room temperature tensile tests of Zircaloy-2
irradiated at an average temperature of 280 C to an estimated exposure

of 1020 nvt have been completed ty Radiometallurgy Operation. Preliminary
results of these tests are as follows:

1. Unirradiated Zircaloy-2, elongation 30 percent, yield strength
L0,000 psi, ultimate %“ensile strength 55,000-70,000 psi.

2. ZIrradiated Zircaloy-2, elongation 26 percent, yield strength
55,000 psi, ultimate tensile strength 55,000-70,000 psi.

These data show little change in strength and ductility. No definite con-
clusions are possible until examination of actual stress-strain data are
made.

Mechanical and Pnysical Properties cf Materials. Specimens of Zircaloy-2
with 25 percent ard 45 percent cold work are being tested in creep units

at LOO C under an applied stress of 18,000 psi. Both tests have accumu-
lated & total ‘of 680 hours to date. Tnitial elongations of 0.2 percent

and 0.02 percent were observed for the 25 percent and 45 percent cold

worked specimens, respectively. Elongations at the end of 680 hours are

0.9 percent for the 25 percent cold worked material, and 0.8 percent for the
L5 percent cold worked material. The creep rate of the 45 percent cold
worked specimen at the end of 680 hours testing was approximetely 30 percent
greater than that of the 25 percent cold worked specimen.

Electron and Optical Microscopy. Thin films of U0, prepared by vacuum
evaporation of uranium metal and alsco films of evaporated aluminum have
been irradiated to various exposures in the range 1.4 x 1010 t0 2.5 x

1019 nvt. Analysis of the diffraction patterns and transmission properties
of these films are being made. An article, "An Improved Method of Etching
by Jon Bombardment," describing the use of VHF excitation has been written
for publication in a technical journal.

X-Ray Diffraction Studies. A post-irradiation study of preferred orienta-
tion in molybdenum has shown that a disorientation of the crystallites is
occurring during neutron irradiation. This observation, coupled with
previous findings of crystallite fragmentation and a perceptible change in
microstructure, contributes to the determination of the fundamental nature
of radiation damage in this metal. Pole figures for the (110). (100), and
(210) planes of rolled and annealed molybdenum sheet were obtained both
before and after irradiation. The maximum pole densities decreased due

to irradiation, and the symmetry of the figure was disrupted. The ob-
served crystallite fragmentation cannot, then, be attributed only to the
creation of small angle or incoherent boundaries such as would occur with
the introduction of dislocations or agglomeration of defects.

At the request of the Industrial Hygiene Cperation, x-ray diffraction was
used to determine the amount of silica (hexagonal SiOp) present in dust
samplings taken from various working locations in the 300 Area powerhouse.
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Si0y exists in several forms, both crystalline and amorphous, but only
that type with a hexagonal structure is considered to be a health hazard.
Standard chemical analysis does not determine the crystal structure.
Following a special preparation of the samples to eliminate preferred
orientation effects, the diffracted intensities of the peaks from the
hexagonal structure were compared with those obtained from a pure silica
standard. The silica content of the samples as determined by this pro-
cedure ranged from 3.8 percent to 18.6 percent. :

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.
During the month, electrical resistivity messurements were made on zirconium
cold worked to 10, 25, and 50 percent after annealing in air, helium, and
vacuum. Resistivity has been measured for these specimens as a function of
temperature from liquid nitrogen temperature to 100 C. Resistivity co-
efficients are being determined from these data to determine the effect of
annealing atmosphere contamination of zirconium. It is felt that the
temperature coefficlent of resistivity should be quite sensitive to such
contamination and may prove to be a valuable tool in its study.

In-Reactor Measurements. The 300 £ thermocouple stability capsule charged
in KW Reactor has received 2476 hours of exposure in a gettered helium
atmosphere. The chromel-alumel, iron-constantan and copper-constantan
thermocouples under irmadiation are operating satisfactorily, and they have
shown no marked deviation from their out-of-reactor calibration at the
melting point of lead. The gas atmosphere in the thermocouple well has
teen changed from "gettered" helium to a 75 percent helium-25 percent
carbon dioxide mixture. Exposure of the thermocouples to this gas atmos-
phere will continue for a three-month period.

Metallic Fuel Development

Cluster Fuel Elements. Three 7-rocd cluster fuel elements recharged into
the ETR 3x3 loop facility are presently operating at 11k kw/ft. These
elements, fabricated from natural uranium rod coextruded in 0.030" of
Zircaloy-2 have reached an exposure of 900 MWD/T while operating in 280 C
coolant. The calculated core temperature of this material is 530 C.

Seven T7-rod cluster fuel elements fabricated from 1.6 percent enr’'ched
uranium coextruded in Zircaloy-2 cladding were completed during the past
month. Six elements contained fuel rods with C.020" cluzdding, the re-
maining element contalned rods with 0.030" cludding. This irradiaticn
test will be charged into the new KER Loop 2 process tube (2.029" D) to
compare the effect of irradiation exposure on fuel rods with differing
ciad thicknesses. Goal exposure for this test is 5000 MWD/T.

Due to an unexplained rise in pressure differertial across the KER Loorp
facility, seven 7-rod cluster fuel elements were dischurged. Trnis tes
was designed to compare fuel elements with differirg clad thicknesses

contained coextruded 1.6 percent enriched elements with 0.020" and 0.0
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of cladding. The elements had operated setisfactorily in 230 C coolant
with a calculated core temperature of 500 C to an exposure of 1100 MWD/T.
Goul exposure for the test was 4500 MWD/T. Information gained from post-
irraediation examination will be useful in the determination of the possible
reasons for macro-cracking observed in similur fuel material as well as
provide irradiation date on the swelling of restrained uranium operating
under these prescribed irradiation conditions.

A total of four T7-rod cluster fuel elements have been prepared for charg-
ing into a KE through-hole facility to gain exposure prior to purposely
defecting the element at temperature in the ETR 3x3 loop facility. Two
of these elements were charged into the KW Reactor facility on April 22,
1959. These elements will obtain 2000 MWD/T before discharge and subse-
quent shipment to the ETR.

The variable spacing T-rod cluster test was run at KER with water tempera-
ture of 270 C. One of the closely spaced rods had a diameter increase.

The widely spaced rods did not. The end gaps of the closely spaced rod

were more nearly filled with uranium. The volume expansion of the closely
spaced rod (2.3%) is not out of line with that of Zircaloy-2 clad coextruded
rod tested at other sites. However, the widely spaced rods are evidently
much more resistant to swelling (0.1% volume increase after 0.14% burnup
with core temperature of LOO C). Density measurements and examination of
additional rods are under way at Radiometallurgy.

Tubular Fuel Elements. Three natural uranium tubes, 1.780" OD, 1.4LO" ID,

and 19" in length, and associated aluminum end caps were nickel plated

using a modified Thompson plating bath. Vertical rocking and air agitation
were utilized to accomplish an acceptable plate (one mil nominal). The
tubes were plated and are to be canned at BMI using a helium pressure bond-
ing technique. Subsequent irradiation testing is scheduled in the KER loops.

Tubular fuel elements can, according to calculations, be operated at NPR
specific powers without incurring beta phase temperatures in the fuel. Two
tube and rod elements have operated at KER Loop 4 to an exposure of 1350
MWD/T with surface temperatures of 270 C. The elements are scheduled to

be discharged at 2000 MWD/T.

A KER size tube-tube natural uranium element has been shipped to the ETR
for a first fuel irradiation in the 6x9 Hanford loop. This element has
U-2% zirconium cores with 0.020" Zircaloy-2 cladding. In the high thermal
flux of the ETR core these unenriched elements will operate at 69 watts/
gram of uranium as compared to the 20 watts/gram required in the NPR. The
elements will operate at 300 kw/ft with a maximum surface heat flux of
1,250,000 BTU/hr/ft°.

In an additional KER test, one tube-and-tube element and one rod-and-tube

element will be charged in Loop 1 immediately after the long outage. The
anticipated power in this test is 12 watts/gram or roughly one-fifth the

power of the ETR test.
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Fuel for Present Reactors. The first element of *the third MTR irradiation
test of the coaxial fuel element concept has been examined at the Radio-
metallurgy facility. Thermocouple data and hea* transfer calculations
indicate that the inner uranium tube opera*ted ccmpletely within the beta
phase during the last two-thirds cf its irradiation. The inner tute in-
creased in volume about seven percent but did not crack. The clearance
between the inner and outer uranium tubes did not change, but the diameters
did. A coarse-grained structure developed in the inner tube, but it is not
the familiar columnar structure associated with beta phase operation.

One of the Sonobond units formerly used in production has been acquiresdi znd
reconditioned for use in pre-irradiation evaluation of experimental fuel
elements. This unit differs from current production models only in cartain
features that facilitate large scale handling, and when used with a simple
scanring mechanism developed especially for experimental prirposes, makas a
testing system ideally suited for experimental work. Reproduciole results
have been obtained with this instrument, and a study is now in preogress *o
identify each observed instrument 1ndlcation with the type of defect i+t
represents.

Component Fabrication. The first NPR gecmetry 7-rod cluster spiders are
being fabricated by the "Jaypax' spark machining process. The spiders zre
being cut from 0.200" thick Zircalcy-2 plate and will e used on 7-rod
clusters for charge-discharge testing.

An order is now being negotiated with Cincinnati Milling Machine Ccmpany to
fabricate eighty 7-rod cluster spiders for KER geomztry. The spiders will
te cut from 0.200" Zirczloy-2 plate by the "electrojet’ spark machining
process. These pieces will Y= used to prepare a 7-rod 2
KER loops. Purchase of pIE”ES from ”1ncinra ti Mil ing p
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A punch and diz is now %Weirg fenricated tc determine +the fewsivility of
punching the spiders from Zircaloy-2 plate.

The spider outlines that were previously fabricated Ty the "Jaypax" methcd
have been completed. To determine if the 1/16" weks Ponnectirg the rod
bosses had the strength -0 Wwithstand +the s

"Jaypax" pieces wers finish wored. All pieces, 0.100". u.EOO‘ ana 0,375"
thick, exhibited adegua web sirengtn.

Stsequent “urning cperusicn, oLl

Coextruded urznium rods, 0.610" OD wi<h 0.030" Zircaloy-2 wall, were ;cli
swaged to a variety of diameters fo give area reductions ranging frer

three to 12 percent. Sections were studied in Doth the as-swaged ard hezas
treated condition to observe effects in uranium structure, interface 2ol
and Zirceloy-2 structure as & result of the variation in s1:2 1

The neat trestment used was salt ™

Yoo els Bl

O
ry
0
3

neatirg ¥ U
foilowed Ty air cccling. No harxzTil =ffecws of s3weging were oonzarvel 17
either the tend or uranium structure aiver any of the reducticnz. The
sizing of the rods did produce variszble cold work in the Zircul y-2 Jackst,
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however, and during the treatment at 730 C the material was recrystallized.
The variable cold work led: to variations in recrystallized grain size that
was most severe in the light sizing steps (3-6 percent). With reductions
of 12 percent, the working wus more uniform and the resulting Zircaloy
grain size was uniform. It appears that light sizing reductions are un-
desirable because of the spotty and excessive grain growth during beta
heat treatment.

Cluster type fuel elements longer than approximately one foot require some
type of intermediate support system to assure accurate location of the fuel.
A simple method of accomplishing this has been developed. A series of
0.030" thick by 3/16" wide strips are attached to the Zircaloy-2 fuel clad-
ding by resistance welding. Following attachment, the cluster is assembled,
and the strips are fusion welded together to tie the several rods together
and generate a system which results in support for each of the rods in the
cluster.

Closure and Joining. The useful range of electron beam vacuum welding can
be extended when an electron gun is developed with variable focal length
which can project a welding spot a gredter distance from.

the gun body. An accelerating and magnetic focusing device has been
assembled to demonstrate the feasibility of this project. By accelerating
the beam with an accelerating plate through a magnetic coil, it was pos-
sible to obtain a 1/16" diameter welding spot at a distance of two inches
beyond the end of the coil. It is felt that these results can be improved
with a modified design and a new system is now being constructed.

Allied Fuel Studies. Results of ex-reactor studies of thermal contact
conductance of joints between fuel element materials were summarized in
a final report submitted to ASME for publication. Copies are available
from the author.

Coextruded fuel tube sections in various heat treated conditions have been
defect (0.025" hole to uranium on OD) tested in Elmo #4. The manner of
heat treatment effects the corrosion range significantly. In all cases,
however, there was no distortion produced on the tube ID even though the
outside surface (defect side) was grossly damaged.

Knowledge of the dependence of clad ur~nium fuel element swelling upon
cladding and uranium temperatures, cladding thickness, and exposure is

of importance for Hanford's fuel element development. The second of five
experimental assemblies containing Zircaloy-2 clad coextruded uranium

fuel rods, being irradiated in the MIR and ETR to provide initial swell-
ing data, was discharged from the MIR on April 6. Examination of this
fuel rod, exposed to 3500 MWD/T, will begin in May. The remaining three
fuel rods in the ETR are gathering exposure slowly because of frequent
extended reactor shutdowns. To extend the coverage of the temperature,
exposure, -~nd cladding restrain parameters, twelve more assemblies, similar
to those now in the ETR, are now being prepared for irradiation in the MIR.
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A method of cooling rods or discs of irradiated uranium, which duplicates
the thermal conditions encountered by the central core of reactor fuel
elements, is described in HW-59928. The controlled ex-reactor cooling of
irradiated uranium will determine what rates of cooling create micro-
stresses which can cause crack formation. Radiometallurgy personnel have
designed, purchased or constructed, and started assembly on the necessary
test equipment.

Metallurgical Development. An evaluation of coatings to prevent carbon
contamination from graphite crucibles has been completed. Flame sprayed
zirconium oxide coatings provided the least amount of carbon contamination,
even at holding times up to 30 minutes at 1475 C. Average carbon content
in the uranium cast from the flame sprayed crucible was only 49 ppm as
compared to 29 ppm in the melting stock. A butyl-alcohol zirconium oxide
wash provided little improvement over a bare graphite crucible, except at
the longer holding times. Carbon content in these castings ranged from
700 ppm to 1100 ppm. Magnesium zirconate with a thorium oxide overcoat
was fairly successful in reducing carbon pickup but was very sensitive to
the method of application. Uranium melted in a crucible coated by brush-
ing had a carbon content of 610 ppm, but when the method of application
was changed to a spray technique, the carbon content was reduced to 157 ppm.

Facilities and Equipment. Mechanical devices have been designed and tested,
~out-of-reactor, that will permit controlled ruptures of fuel specimens that
"have been irradiated to 2000 MWD/T. The elements are currently being ir-

radiated at Hanford and will be shipped to the ETR for subsequent rupture

tests. These controlled rupture experiments will be conducted in the 3x3
loop to determine the rate of rupture product release and the detailed
gamma spectrum from fission products and coolant activities. The instru-
ments for this program are on order and will be installed at the ETR by
August 1, 1959. Other mechanical revisions to the loop to withstend high
levels of activity will be completed about July 15.

Formal approval has been received from Washington that will permit in-
sertion of the 6x9 tube in the ETR with fissionable specimens. The actual
tube insertion will be started May 1, 1959. The first experiment will be
a test with a stainless steel sample to determine the gamma heating. A
replacement tube for the 3x3 position has been redesigned and is out on bid
for construction.

Request for appropriations to procure and install, in the existing 306
Building, three high pressure-high temperature autoclaves (3500 psi at
425 C) were approved. High temperature autoclaving is necessary in support
of the extensive fuel development program utilizing Zircaloy-2 as the clad-
ding material. The vessels are to be sized to handle assembled fuel ele-
ments up to four feet in length plus required support work on individual
components. Approximate internal dimensions are: 12" ID x 50" deep,

8-9" ID x 40" deep, and 6" ID x 20" deep. Purchase requisitions have heen
sent to prospective vendors.
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REACTOR PROGRAM

Coolant Syttems Development

Evaluation of Nickel-Plated Aluminvn Fuel Elements. In- and out-of-reactor
tests have been started to evaluate nickel-plated fuel elements for present
reactors. Out-of-reactor tests at 60 C and 120 C, after four weeks, have
shown no adverse effects; tests have been started at 160 C. One tube of
electroplated slugs and two tubes of chemplated slugs were discharged from

C Reactor after 200 MWD/T. After cleaning, some flaking of the chemplated
pieces was ncticed. It has not been determined whether the flaking was

due to the in-reactor exposure or to the handling after discharge. Contrary
to the report of somewhat similar testing last month, no fiaking or other
visual imperfections were apparent on the electroplated pieces.

KER Testing. The extended outage at KE Reactor started April 15, and is
scheduled for completion during May. Some changes to improve the KER loop
facilities are scheduled during the outage. The tubes in Loops 2 and 3
were removed and replaced with new, stronger, Zircaloy-2 tubes, which will
permit safe operation at higher temperatures (up to approximately 300 C
outlet water temperatures). Loop 1 was discharged March 29, because an in-
reactor flow blockage had increased the pressure drop and decreased the
coclant flow rate.

The Doe thermocouple slug charged from the front face of Loop 3 was dis-
charged. The three thermocouple leads were found to be broken at the nozzle
cap, apparently caused by the influent water flexing the unprotected and
unsupported wires in the nozzle resulting in eventual fatigue failure. Ade-
quate supporting of the lead-wires will be provided in future tests of this
type charged from the front face.

Two thermocouple trains are being prepared for charging in KER within the
next month. To determine whether water mixing will be & problem in the
new smaller inside diameter KER tubes, a T7-rod cluster mixing test with
thermocouples in various flow channels is scheduled to be charged in KER-2
immediately following the 105-KE extended outage. To determine the clad-
ding temperature increase as scale is built up, an X-8001 aluminum-clad Doe
element with three thermocouples 120° apart in the cladding is scheduled
for charging in KER-3 at the first shutdown after the extended outage.

Decontamination of KER Loops. The out-of-reactor portion of Loop 2 and

both the in-reactor and out-of-reactor portions of Loop 3 have been decon-
taminated with the three-step Turco 4501 process. An average DF of six
was obtained for Loop 3. The process used was: (a) 50% Turco 4501;

(v) Turco 4502 (25 pounds per gallon); (c) 30% HNOs;. The Zircaloy process
tubes of both these loops were removed and guillotined into eight-foot
lengths.

Pilot Plant Decontamination Studies. Another test to evaluate decontam-

ination efficiencies of Turco solutions in carbon steel systems was com-
pleted last month, employing the decontamination prototype located in the

DECLASS i
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north corridor of 1706-KER. The procedure entailed contaminating the loop
by exposure to hot recirculating water in contact with irradiated uranium
and then decontaminating the system with the following solutions:

1. Turco 4501 at 135 C for one hour.
2. Turco 4502 (2 1b/gal) at 105 C for one hour.
3. Turco 4512 at 60 C for one hour.

An over-all decontamination factor of eight was obtained. The DF for the
various portions of the carbon steel section ranged from three to L5, and
for the stainless steel section, from one to 72.

Water Treatment Studies. Tests have vteen initiated to evaluate the effsc-
tiveness of magnetite as a filtration bed to remove crud from water systems
at pH 4.5. Some dissolution of the magnetite has been observed, as deter-
mined from a five-fold higher than normal iron concentration in the Elmc-6
‘autoclave section effluent samples. The cleanup ion-exchange system is
operating satisfactorily by reducing the iron concentration. The particle
size of the magnetite samples is 15% smaller than when the studies began.

It has also been observed that the magnetite is changing from Fe30y to Fego3,
The crud level across the magnetite samples has heen decreased by a factor
of approximately five.

A test was initiated and completed to determine the oxygen scavenging prop-
erties of hydrazine in low temperature systems (120-170 F). No hydrazine
decomposition occurs at these temperatures in neutral or moderately high pH
systems. Some cxygen scavenging occurs; however, the degree of completion
of the reaction is dependent on the system temperature and the initial
hydrazine to oxyger ratio. No pH effect was observed during this study.

Aluminum Corrosion Studies. A test in Elmo-6 at pH 4.5 and 300 C indicates
no effect of replacing samples on X-8001 aluminum corrosion rates. A rate

of 0.7 mil/year was observed for all samples, comparing favorably with

rates obtained in a previous pH 4.5, 300 C test. Since the prior test was
conducted without loop cleanup, the agreement in corrosion rates betweer

the two tests suggests that the reason for low pH systems inhibiting aluminum
corrosion is due to a lower solutility of aluminum oxide in these systems.
Otherwise, the test with cleanup should have produced higher ccrrosion rates
then the test without cleanup.

Structural Materials Development

NPR Zircaloy Process Tubing. A final report is ready for Iissuance covering
the efforts of three contractors in development of a process for producing
NPR process tubes from Zircaloy-2. The three contractors employed three
different processes with varying degrees of success. While none of the
febricators produced a tuve entirely meeting specifications, wuch was
learned atout handling and forming massive ccmponents of Zirculoy. done of
the fabricators feel that the difficulties encountered are insurmcuntatle,
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The above work was followed by a period of intensive development,
primarily at the expense of the vendors. Two new vendors entered the
field during this period. Four proposals were received for the fabri-
cation of 70 NPR type process tubes. A technical evaluation of these
propc.als was prepered, contracts are tentatively being awarded to three
vendors, and fabricction should begin during May.

Nonmetallic Meterials Development

High Temperature Grephite Irradiations. Length changes of the TSGBF

gre: 11te irradieted in the GEH-9-7 experiments in the MIR have teen

mF isured. The results indicate that the contrection rate at 1000 C is
in the range 0.03 percent to 0.07 percent per 1000 MWD/AT. The exper-
ime.tal uncertainty in making the length measurements is estimated as
#0.02%. The apparent slight increase in length of one sample could pos-
sibly be explained eaf a measurement error. However, it is also possible,
sincz the flux intensity was three times greater in the second sample
than in the first, that the radiation damage mechanism causing expansion
predominated in this case for the relatively low integrated exposure re-
ceived by the sample. X-ray diffractiocn studies on these four samples
are in progress.

Installetion of the first high temperature graphite experiment in the
ETR (GEH-13-1) was accomplished during the week of April 27.

Stored Erergy Apparatus. Satisfactory operation of the stored enecrgy

apparatus up to 1000 C with an unirradiated graphite semple was obtained
using a prototype hester as an adiabatic shield. The prototype heater
consisted of a 3/L-inch ID internal winding of nichrome wire to radiantly
hect +ihe hal.-inch diameter platinum reflector tube that separates the
shield heater from the sample. The shield thermocouple was welded to the
outer diameter of the refiecionr tube and located in the radiantly heated
annular space to form one leg of the differential couple between the
shield and sanple. Approximate power requirements observel for a 1.4 g
graphitce sample heated a* about 10 C/min were 10 cal/min at 100 C, 13 cal/
min &t 200 C, and Increasing to 60 cal/min in the 800 C region.

Coefficient of Friction of Irradiated Graphite. A method for partially
eliminating the horizontal distortion of the 105-K reactors by applying
pressure through inflatable bags inserted in the gaps between the side
cast iron and graphite is being considered (HW-58739). The feasibility
of this scheme is being studied by Facilities Engineering Operation, IPD,
on & small graphite stack. In support of the above erlfort, stetic co-
efficient oi fricticn determinations made on unirradiated and irradiated
TSGBF graphite bars indicated that no highly significant change in this
property results from irradiations up to 2000 MWD/AT at 500 C. The
initial coefficients of friction and those after up to fif'ty tests were
slightly higher for the unirradiated bars than ithey were for the irradi-
zted bars. A small amount of oxidation which occurred during the irrad-
iations may have altered the surface characteristics sufficiently to
lower the coefficients for the irradiated samples.
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Irradiation Damage to Plastics and Elastomers. The effect of hot water
(175 C) on silicone rubbers is to cause depolymerization rendering them
soft, spongy, and weak. Radiation, on the other hand, crosslinks the
silicones eventually causing them to become stiff and brittle. Prelim-
inary results on the combined effects of hot water and radiation indicate
that radiation at high dose rates ( 106 r/hr) is the predominant damaging
agent. Properties of silicones irradiated over a range of exposures from

5 x 107 r to 3 x 108 r in water at 175 C changed in essentially the same
way as those irradiated in vacuo or in air at 25 C. Experiments are in
progress to determine the effects of lower dose rates in 175 C water.

Thermal Hydraulics Studies

Reactor Flow Hazard Studies. Design was completed of a short test section
for use with studies of subcooled boiling burnout for Hanford reac*ors.
Initial results will be cobtained for K Reactor geometries at heat generation
rates up to 350 kw/ft.

Equipment Projects. The project to provide additional heat generating
capacity in 189-D through the use of silicon rectifiers (Project CG-661)
was approximately 85 percent complete. All experimental activities with
the 189-D heat transfer facilities were suspended during the month while
modificaticns were made to the bus work and the heat exchanger system.
Acceptance Test Procedures were written to provide a complete verification
of the equipment to meet the specifications concerning steady state, over-
load, and transient operating conditions. The specifications call for
steady state operation at 2700 kw, an overload of 120 V at 32,000 amps for
& thirty minute period, and an overload of 48,000 amps at 50 V for a one
minute period.

The project to modify the high pressure heat transfer apparatus for higher
flow and heat dissipating capacities and to allow transient type experiments
(Project CGH-834) was approved by the Washington, D.C. headgquarters of AEC.
Design and procurement were initiated, and it is estimeted that beneficial
use of the apparatus under flows and heat generation rates typical of an

NPR process tube will be realized within four months.

Hydraulic Studies. Calculations were made to analyze the temperature un-
balance between the inner flow zhannels and the outer flow channels of =z
7-rod cluster fuel assembly irradiated in the KER facility. A temperature
rise ratio of about 3.C was determined when assuming sbsolutely no mixing
between chennels. This value was compared with thermoccuple probe da*te
from KER Loops 1 and 3 which showed temperature rise ratios of 1.2 or less.
Although there were some inconsistencies in the thermocouple readings, it
was concluded that the fuel element end supports providsd significant mix-
ing between the flow channels. The thermocouples, located just downstream
of a triangular end support, indicated that the triangle apexes forced the
- outer channel flow into the inner chanrel, thus causing mixing.




FSECRET A-13 HW-5023

Heat Transfer Characteristics of NPR Type Fuel Elements. The design of the
full scale heated mockup of a T7-rod cluster fuel element was completed, and
materiels for construction were ordered. This test section will simuleate

the downstream half of an NPR fuel charge and will have prototypical heat
generation rates in both an axial and radial direction. Similarly, design
was completed of a 20-foot test section simulating a tube and tube type NPR
fuel element. The axial change in heat generation rates will be accomplished
by various materials with different values of electrical resistivity.

Mechanical Equipment Development

Organic Cooling System Components. The MOTS-1 facility operated for k08
hours during the month, at temperatures between 300 and 350 C, using the
terphenyl--MIPB eutectic mixture as a coolant. Three mechanical seals
with Hycar rubber shaft gaskets operated without signs of difficulty.

Reactor Technology Development

Attenuation Measurements. The final irradiation of ferrophosphorus concrete
baked at 320 C is in progress. The fast neutron relaxation length for this

material after baking at 320 C is 8.2 cm based on the first set of measure-

ments.

The perforated ferrophosphorus concrete slabs have been fabricated and will
be placed in the DR test well during the next shutdown.

The boron-steel thermal shield test assembly was installed in the shield
test facility at 105-C. This assembly simulates the NPR thermal shield
design and is part of design test DT-1037. Water temperatures and flow
rates and shield temperatures at various points in the assembly are being
recorded satisfactorily. Preliminary analysis of the thermal data confirms
the initial design calculations. The first foil loading was removed after
a two-week irradiation period, and a second foil loading was charged.

Shielding Instruments. Additional gamma ion chambers have been fabricated
for the Thermal Shield Testing Facility. Reduced neutron response is the
goal of the new design with the new chambers using aluminum heads to reduce
the response significantly.

WEAPONS - 3000 PROGRAM

Research and development in the field of plutonium metallurgy continued in
support of the Hanford 234-5 Building Operations and weapons development
programs of the University of California 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 - 40OO PROGRAM

1.

PLUTONIUM RECYCLE PROGRAM

Plutonium Fuels Development

Basic Studies. Experiments to determine the effect of increasing Pulp

concentrations on the sintersbility of UO, have continued. Plutonium
dioxide has been added to as-received and to ball-milled PWR grade UOp
powders in concentrations of 1/4, 1/2, 1, 2, 5 and 10 weight percent.

When pellets of these mixtures were sintered in the temperature interval
1000-1600 C for one and eight hours, the densities were found to decrease
markedly with very slight PuO, additions, especially at the lower times and
temperatures. Plots of density versus composition had the same general
form for both as-received and ball-milled UOo; however, the absolute values
for the ball-milled material were slightly higher. On the other hand, when
PuOp was added to UOp in the form of the mixed crystal oxide, isothermal
plots of density versus composition were parabolic, reaching a minimum at
2 w/o PuO, and gradually increasing until at 10 w/o PuOp the sintered
density was slightly above that of UOp. After eight hours at 150C C, for
example, the UOp bearing 10 w/o PuOs in the form of the mixed crystal oxide
and the ball-milled UOp sintered to 98.1 and 95.1 percent of theoretical,
respectively. Tests on Spencer hi-fired and ceramic grade UOp control
powders have shown the latter to sinter to a high density without an acti-
vation treatment. After eight hours at 1300, 1400 and 1500 C, pellets of
the ceramic grade powder sintered to densities of 89.&, 94.3 and 9L .6% of
theoretical.

Chemical dissolution tests performed by FPO Analytical Laboratory have
shown that a UOo-PuOs solid solution obtained by sintering will enter
acidic solution at nearly the same rate as a solid solution obtained by
chemical coprecipitation. Attempts to dissolve a UOp-PuOp physical mixture
of the same composition as the solid solutions were unsuccessful since only
20% of the PuOz went into solution.

Two near 100% burnup, Al-Pu alloy capsules being irracdiuted as part of *he
GEH-1Lk-23, 2L, 25, 26 experiment were discharged from the MI'R. The cap-
sules are scheduled for examination in the Radiometallurgy Lutoratory.

The four-rod, Al-Pu alloy cluster (IP186A) which had an exposure of about

L x 10%Y nvt is currently being examined in the Radiometallurgy Laberatcry.
The alloy rods were easily slipped out of the cladding tubes when the end
caps were remcved. One element which conteined two shert core sections

was found to have diffusion bonded to form « single core rod. Metellographic
examinetion of the bond area has been initiated.

UNCL-35IFIED
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Febrication Studies. Twenty-eight, full length, PRTR fuel rods containing
1.3 w/o Pu huve been hot extruded to 0.5025 % 0.001" dia. Two rods approx-
imutely 100" long sre obuvuined from each cast billet. The extrusion of
relatively straight rods hus been wuccomplished by using & grephite cylinder
with a tapered hole bored into it. The cylinder is inserted in the platen
opening causing the rods to be straightened as they emerge from the ex-
trusion die.

Another group of ten full length elements consisting of aluminum cores clad
in Zircaloy tubing has been fabricated to investigate the assembly, etching,
wrapping and zutoclaving problems. These elements were fabricated by in-
serting undersized rods into as-received Zircaloy tubing which had one end
cap welded in place. The rods can be easily assembled into the tubes with
a diametral clearance of 0.005" to 0.006". A one-inch end clearance is
provided to accommodate differential thermal expansion. The second end cap
was welded, and the elements were run through a swage sizing operation which
reduced the outside diameter of the tubing by 0.003" to 0.00L". The tubes
elongated 0.2" * 0.06". The maximum diametral gep along the length of the
elements was not more than 0.004" in zny location. Radiographic examination
indicated that there was adequate end clearance after swaging and that the
sizing operation did not work the aluminum rods appreciably. The end clear-
ance was randomly distributed at both ends of the element; however, this
apparently did not affect the performance of the element during autcciaving.
These elements were then cleaned, etched, wire wraepped and autoclaved in
that order. An examination of the elements, after autoclaving at LOO C and
1500 psig for T2 hours, showed them to be free of water spots; straight
with no indication of warpage; the wires were tight; and there was no sign
of corroded welds. Some of the elements, however, had a streaked gray
appearance which was attributed to the etching procedure. Three of these
elements, two of which were defected, are being thermally cycled in the
high temperature Elmo loops.

Seven and nineteen-rod Al-Pu clusters of the PRTR design, but approximately
naelf the length, are being fabricated for irradiation in the ETR high
pressure loops. The fuel meterial (A1-1.3 w/o Pu) for the seven-rod cluster
has been extruded, cut to length, and inspected. The inside diameter of

the jacket tubing was honed to size in an effort to obtain & constant
diameter. After the first end closure was made, core and tube pairs were
selected for assembly which gave a maximum diametral clearance of 0.004",
Eight out of ten elements were successfully assembled with some difficulty.
The final end closures were made, and the elements were helium leak checked,
wire etched, wire wrapped, and autoclaved.

Pu alloy rods (A1-0.5 w/o Pu) for the 19-rod clusters have been extruded
and straightened in the rod straightener. These clusters will be assembled
by inserting undersized rods into as-received Zirceloy tubing and con-
trolling the diametral gap between the core and can by swage sizing.

Development of fabrication techniques offering economic advantages for

Pu-Al spike clusters has continued. Evaluation of one of the prototypic
aluminum fuel rods, pressure die cast into Zircaloy tubing during the
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Kux development contract, has revealed extensive bonding between the
aluninum casting and the Zircaloy can. The tubing was easily stripved
from the aluminum core for 20 inches on the extreme end of the casting;
however, the remaining 69 inches of the tube, adjacent tc the injection
orifice, was metallurgically bonded and could not be stripped from the
core.

Fabrication of 220 special fuel rods in suppert of critical mass studies
for the PRP program is under way. All the Pu-Al core material has been
cast, extruded, and cut to length. Cladding components have been machined,
and the first end closure has been made. To date, 23 rods have teen com-
pleted.

UOp Fuel Development

PRTR Fuel Elements. A device employing opposed, skewed, feed rolls has
been developed to feed fuel rods completely through the swaging machine
without interruption. The use of steel rolls in conjunction with a lubri-
cant produces a satisfactory rod surface finish. High speed mction
pictures reveal that the rolls permit the necessary slippage to relieve
torsional forces as the dies grasp the work piece. This device has reduced
the time required for swaging PRTR fuel rods from approximately ten minutes
per swaging pass to less than three minutes per pass. Experiments with
rubber rolls are continuing. Rubtber rolls may eliminate the need for a
lubricant during cold swaging.

Roll bar straightening of Zircaloy clad swaged UOp fuel reds induces dia-
metral growth. Ten PRIR fuel rods ware given one, two, or three passes
through the roll bar straightener with deflections of 0.100, 0.125, and
0.150 inch. One pass with 0.15C inch deflection produced the same amcount
of diametral growth (approximately 1.3 mils) as three passes at 0.100 inch
deflection. The growth produced Yy the first pass with 0.150 inch de-
flection was nearly twice the growth produced by the first pass at ©.100
inch deflection. However, the growth experienced in subsequent passes
appeared to be independent of the applied deflection. On the basis of
these observations, 0.100 inch was selected as the maximum permissible de-
flection during roll bar straightening of PRTR fuel rods.

jao]

igh density UCs powder for swaged PRTR fuel rods is currently %eing muide
by & sintering =nd crushing »rocess., The intrcduction of an abnormally
high concentration (0.7 w/o) of aluminum oxide by off-stundard operu®tion
of the continuous bell mill was found to decrease the sintered density of
the UO» by four percent. Normal aluminum oxide content of bell milled UQp
is 0.1 w/o. A decrease in sintered UOp density occurs at approximately
0.3 w/o A1503. An autometic contrcl was provided to de-energize the bell
mill system In the event of a feed fzilure. A feed failare causes the
vall mill to run dry and introducas éexcessive amounts of aluminum cxiie

bty deterioration of the grinding redis. '
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Fabrication Development. Vibratory packing of fissile ceramic fuel +to
moderate densities in cladding tubes offers possibility of a simple means
of fuel element fabrication. . Further, such a packing method used in
conjunction with & subsequent swaging operation would permit substitution
of & variety of fuel materials into an existing swaging schedule without
the necessity of changing original clad tubing size. Ground fused UOo

and PWR type UO, powders were compacted to 86 and 46.5 percent of the
theoretical density, respectively. by vibratory compaction in LL.75" long
0.57" OD Zircaloy tubes. The test was performed at the vendor's laboratory
on a 500-pound thrust, 5-5000 cps, Genisco-Savage vibrator driven by a one
kw amplifier. The stated densities were achieved in less than one minute
of vivration at 33 g at the resonant frequencies of the tubes, which varied
from an initial 220 cps to 280 cps at maximum compaction. Further compaction
can be ortained by varying the frequency of vibration near the resonant
frequency and at various harmonies of the fundamental frequencies. Pre-
liminary experiments reveal that fused oxide particles are oriented to fill
available void spaces and are further compacted by expansion and contraction
of the tube walls at the resonant frequency by a "self-swaging" action.
Compaction of U0, by ultrasonic vibration was investigated. Fused oxide
was compacted to 85 percent of the theorétical density in 15" long, 0.570"
OD Zirculcy tubes, using an air-jet ultrasonic whistle.

A series of hot swaging experiments were conducted to evalucte heating
techniques. These experiments were conducted in a two-die, No. 4 Tor-
rington rotary swage. Excessive vibrational and torsional forces imparted
to the fuel rod by this machine create a serious handling problem not or-
dinarily observed in use of a stationary spindle swage. Swaging results
were improved by the installation of a four-die spindle in this machine.
Tests reveal that hot swaging of UOp in Zircaloy-2 at 800 C is feasible.
Induction heating was demonstrated to satisfactorily transfer high power
densities to the swaged rod. Tests utilizing direct resi:tance heating of
the cladding tube were successful.

Sample Zircaloy-2 closure welds were made on a Magnetic Force welding
machine at Precision Welder and Flexopress Company in Cincinnati, Ohio.
The short welding time for each closure, 1/60 of a second, eliminates the
necessity for an extremely pure inert gas protective atmosphere. A very
narrow layer of weld metal and a small heat affected zone are produced.
The totel heat introduced into the fuel element is considerably less than
in the present tungsten arc fusion method. The UOo contzined in the fuel
rod receives no heat from the welding process and does not outgas, thus
eliminating the necessity of an outgas hole.

Fuel Evaluation. Post-irradiation examination of a three-rod cluster
containing two rods of 1.0 w/o PuOp enriched UO, has revealed that the
element received an exposure of approximately 370 MWD/T of uranium at an
average surface heat flux of 250,000 BTU/hr/ft<. The fuel was redistributed
to the top of the Zircaloy-2 tubes. A central core,~» 0.19" diumeter, was
observed to extend two-thirds the length of one PuOp-UOp fuel rod and the
entire length of the second PuOp-U0> fuel rod. A 0.31 diameter centreal

core ran the entire length of the 2.4k w/o U-235 enriched UOp. The UOo

UNCLASSIFIED
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was severely fractured. The PuOp enriched UOo was easily removed from
the tube in single pieces. Columnar, radially oriented grains extended
from the central core to the periphery of the fuel.

Post-irradiation examination of a three-rod cluster of swaged UOo (1.6 w/o
U-235) revealed the following facts: The cluster operated at an average
surface heat flux near 300,000 BTU/hr/ft2 to an exposure of approximately
470 MWD/T. Extensive radial crystal growth occurred. A central void
approximately O0.1" in diameter extended the entire length of two rods and
one-half the length of the third. This difference 1s attributed to the
non-uniform thermal neutron flux of the MIR test pcsition. The inside
surface of the void is regular and smooth:. Sausage-shaped voids, As0.0017"
long, were formed in the columnar grains near the central void. Voids such
as these have been shown to result from cross linkirg of dendrites grown by
vapor phase deposition of UOo.

A series of five capsules of swaged UOpo continue to accumulate exposure in

the MIR and ETR. The maximum exposure to date is approximately 7C0O MWD/T.
An additional capsule, 0.569" OD, of natural swaged UOp has been discharged
with an approximate exposure of 3000 MWD/T.

The radiometallurgical examination of an enriched 3/4" OD UOp capsule has
revealed a 0.150" diameter void which extends the entire length of the
3.375" fuel length. Small voids less than 0.0005" diameter were formed

in the large, columnar, radially oriented grains, predominantly at the
grain boundaries. A 0.0005" thick layer of unidentified corrosion product
and a 0.003" thick recrystallized phase were formed at or near the UOp-Zr-2
interface. Approximately 50 percent of the fission gases were releasei.
The capsule was irradiated to an exposure near 3000 MWD/T at a surface heat
flux near 600,000 RTU/hr/ftZ.

A four-rod cluster containing arc-fused, natural UO, powder vibratorily
compacted to 78 percent of the theoretical density has completed one-hal?”
of a two cycle irradiation test in the MIR-GEN-U facility.

The irradiation test of a naturally enriched, sintered UOp fuel element,
1.440" 0D, was interrupted after twenty-five days in the MTR due to a
fission break. The element was operating at ~ 31 kw/ft. The nature of
the failure is as yet undetermined. The tes® was rerformed with purposely
small core-clad clearance.

Two, four-inch long, C.560" diameter capsules of natural U0p, not swaged
in a 0.030" wall Zircaloy-2 cladding, were prepared for irradiation in the
ETR. Exposures ranging from 3000 to 5000 MWD/T have been requested in
order to study possible solid state reactions at the internal surfaces of
hot swaged fuel rods.

The final shipment to Atomics International of eighn percent aarichel T0p
f2el cores was made. These cores were fabricated for two. six-foot tubdar
elements to be irradizted in SRE in a joint HEPC-Atomizs Interrationul tes:
progrem.

UNTSLASSITIED
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Forty-seven swaged UOp rods, 0.563" in diameter and 8" long, were de-
livered to Process Equipment Development Operation for shearing tests
supporting the nonproduction reactor fuel reprocessing studies.

Basic Studies. Three techniques are being used to study radiation damage
in sintered UOp: (1) metallographic examination of pre-characterized
surfaces, (2) metallographic examination of polished and etched surfaces,
and (3) fractographic studies. Examination of sintered UOp irradiated
at approximaetely 100 C to a burnup of 0.015 a/o revealed small voids at
grain boundaries similar to the voids previously observed at grain
boundaries in similar UOp irradiated to 0.005 a/o. These voids were
found at grain boundaries and within grains in a band 300 microns wide
around the periphery of test specimen UOp. Such a distribution of holes
near the surface of the specimen was not observed in the lower burnup
specimens.

Facilities. The pusher-type Ho atmosphere sintering furnace was cooled

to room temperature in order to replace a broken hearth plate in the pre-
heat zone. During the shutdown the pusher mechanism was extended to permit
an unattended, continuous pusher operation of thirty hours. Previous oper-
ation was limited to seven hours before service was required. Additional
viewing ports were added at the entrance and exit ends of furnace.

Etching and Autoclaving Zircaloy Components

Etching Zircaloy-2. The final steps in the preparation of Zircaloy-2 clad
fuels for reactor exposure consists of etching, rinsing, and autoclaving
the fuel. The appearance of white oxide on the autoclaved Zircaloy may be
indicative of poor corrosion resistance. However, the white oxide can be
caused by improper rinsing of the etch solution from the surface. As re-
ported previously, the final rinse can effectively be accomplished by
starting the autoclave full of deionized water, blowing off the water at
elevated temperature and continuing the normal autoclave cycle at 400 C
and 1500 psi. This technique has been further evaluated.

Employment of the water-filled autoclave startup procedure has eliminated
most of the surface spotting caused by tap water and dilute etch solution
but not spots caused by dilute hydrofluoric acid or poorly rinsed crevices.
The temperature at which the water is blown off the autoclave was not
significant in two comparative tests, one blown off at 150 C and the other
at 314 C. The extent of spotting on the two groups of samples was judged
about the same.

Rinsing of PRTR Fuel Rods After Etching. The above method was tested on

14 rods in the 314 Building etching prototype. After five rods were etched,
rinsed, and wiped dry, two rods were removed from a deionized water rinse
and not dried, and two rods were removed from a tap water rinse and not
dried. The other five rods were then etched, rinsed, and dried in the
normal manner. After autoclave testing using the wet startup procedure, all
14 rods exhibited good, black, autoclave films. Although still tentative,
these results indicate that the final deionized water rinse may be satis-
factorily accomplished in the autoclave as part of the autoclave startup
procedure.

UNCLASSIFIED
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Use of Aluminum Nitrate in Rinsing of Zircaloy. To illustrate the use of
aluminum nitrate in preventing acid staining, a careful experiment was
performed. The results show pure deionized water to be a satisfactory
rinsing agent. However, it soon becomes contaminated, presumably w'th HF
carried over from the etching bath. The addition of aluminum nitrate to
the rinse water eliminated acid staining, presumably by complexing the HF
carried over.

Other laboratory tests completed during the month have reconfirmed that

one of the most effective rinsing solutions for Zircaloy following etching
in HNO3-HF is 1 N HNO3-lOO g/1 Al(NO3) *9Ho0 solution. Although deionized
water is an adequate rinse for small Z?rcaloy coupons under aseptic labora-
tory conditions, the advantages of the acidified aluminun nitrate inter-
mediate rinse become most pronounced in processing larger Zircaloy hardware
shapes. The aluminum nitrate complexes the unwanted residual fluoride ion,
and the function of the added HN03 is to hold the hydrous zirconium oxides
in solution. The latter contribute to the formation of water spots if they
are deposited and allowed to dry on the surface of the Zircaloy.

Structural Materials Development

PRTR Process Tubes. The first 20 Zircaloy-2 PRTR process tutes have
arrived at Hanford, and approximately 30 more have been inspected at Tube
Reducing and are ready for shipment. These tubes have been inspected at
the vendor's plant for conformance with the purchase specifications, in-
cluding dimensional measurements, Vidigage measurements of minimum wall
thickness, straightness measurements, visual inspection of surfaces in-
cluding boroscoping of the inside surface, and pressure testing. Corrosion
tests on samples from the first 20 tubes indicate that two of the tubes may
be of questionable corrosion quality. The samples, however, were not
correctly prepared, and the tests are being re-run. Corrosion test results
on the second lot of tubes that have passed all other acceptance tests are
not yet available.

Over-all progress on the 100 PRIR Zircaloy-2 process tube order continues
to be good. Tapering of all tubes is completed. Thirty-two tubes are
being conditioned and inspected at Tube Reducing before shipment to Chase
Brass for flanging. Twenty-three tubes are currently at Chase being
flanged and six tubes are being given their final inspection at Tube Re-
ducing. An estimated delivery at Hanford of 5C tubes in May and 30 tubes
in June wiil complete the 100 PRIR process tube order.

Alcoa successfully developed fabriceting technigues and produced 10 PRTR
process tubes of C-94-T6 aluminum alloy. The tubes have arrived at Hanford.

PRTR Jacket Tubes. Nuclear Metals, Inc., is making good progress in pro-
ducing the second generation of ribbed jacket tubing for the Mark II nected
tubular fuel element. Extrusions were produced April 21 at the Detroit
plant of Revere Copper and Brass Co. These were three of each of the Lurge
and medium diamezer tubes. NMI had previously extruded three of the :mzll
tubes at their own plant. This new group of extrusions will produce tubing
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with a wall thickness of 0.060". All extrusions are slightly oversize so
that they may be finished by drawing down to final size. It appears likely
that at least one set of tubes will be available by June 1.

A tentative contract has been sent to Aerojet General Corporation inviting
them to submit a proposal for conducting a development program. The pro-
gram would investigate the application of explosive forming to the sizing

of Zircaloy components. This method has been suggested as a means of cor-
recting the form and dimensions of tubing. If this application is suc-
cessful, many other uses may develop, such as flaring of heavy walled tubing.

The new contract with New Rochelle Tool Company is now in effect. This
contract provides for conversion of the rib-to-tube welding machine to
allow attachment of a spirel rib to small diameter tubing. The longitud-
inal welding head has been disassembled, and parts are being fabricated
for the spiral configuration. New Rochelle personnel expect to be ready
to apply power to the new machine by the end of May.

Radiometallurgy Laboratory Studies

Metallographic studies of a 2.LL w/o U-235 UOp, Zircaloy-2 clad capsule
were made. Four UOp metallographic samples that were polished and etched
vefore irradiation were replicated; two were not good enough for replica-
tion work {285). Six samples of UOp were shipped to Battelle Memorial
Institute for thermal conductivity measurements, and one sample each of
95% density and 89.2% density were fractured and replicated for electron
microscopic studies (289).

Length, diameter, and warp measurements were obtained on bare rods of
8 w/o Pu-Al alloy and 8 w/o Pu:l2 w/o Si-Al alloy after easy removal from
three of the four Zircaloy-2 clad jackets (270). Wafers from low exposure
(5%) Al-Pu and AlSi-Pu were replicated for electron microscopy (278).

One wafer from test KER-3-2 was prepared for x-ray diffraction studies in
connection with the swelling program (265).

The results and conclusions from the above work will be reported in connec-
tion with the respective development programs of Ceramic Fuels, Plutonium
Metallurgy, and Physical Metallurgy Operations.

Thermal Hydraulics Studies

Air Cooling of PRTR Fuel Elements. Heat transfer experimenis were per-
formed to evaluate the requirements to cool the Mark II PRTR fuel element
by air in the fuel examination facility. Temperature distributions were
obtzined from a full scale electrically heated mockup of the fuel element
under a variety of air velocities and heat generation rates. It was found
that the outside section of the Mark II tubular fuel element could be
cooled sufficiently by blowing air against one side of the element.
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Heat Transfer Characteristics of PRIR Fuel Elements. The fabrication of
the full scale <lectrically heated mockup of the Mark I element was 75
percent complete. A total of L4 thermocouples wers placed for measurement
of surface temperature at various points in the 19 rods. Plars were also
mede to measure water temperatures at sixteen different spots between the
various rods. A 5C-point scanner was fabricated to feed the thermocouple
signals into a single recorder,

Mechanical Equipment Development

Design Test PR-1 - Discnarge Overation Mcckup. The structural drawings for
the installation of the fueling vehicle in the 314 Building were begun.
Scoping of special tools for use during charging and discharging of the
reactor continued.

Design Test PR-10 - Primary Loop Mockup. The first 100-hour hot loop test
of a full size PRIR primary pump was compl2*ed at the Byron Jackson Pump
Company's plant. Delivery of this pump is expected during the first week
of May. The construction of Phase II of the Single Tube Mockup is essen-
tially complete, except for the installation of the full size pump and its
associated piping and wiring.

Desigr Test PR-11 - Air Operated Check Valve. The approval drawings from
Atwood and Morrill Company were corrected and sent back to the vendor with-
out approval due to the many clarifications needed and changes required.

Design Test PR-15 - Injection Pump Test. The second Aldrich Injection
Pumg has comple*ed 518 hours of op?ratlor with accepta®tle perforrmance.,
Type LLC-C stainless sieel tlunger and dycar 1002 radiation resistant
rabber racking are “eing irstalled in the criginal Aldrich pump and this
oump installed for testing.

a characteristics.

ne tne =aff2cv ¢f vidration
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Design Test PR-20 - Jalandri
erator l=2vel tc deoterma
in =arly May.

Design Test PR-24 - Shroud Tube Bellows. The final report, #W-588C1, was
issued,

Design Test PR-40 - Shim Jon<rol Mockup. The initial 4dssign cof the three
rcd PRIR snim control was completed. All procured items for tae prototype
assembly nave been received excert the lead screws This 1tem will arrive
during the first week of May. Fabrication of the prototyre assembly was
approximately 85 percent complete at the month's end.

Y

Design Test PR-50 - Reactor Piping Seal Testing- The fully prototyne

Process Tube Assembly 'T" has undergone approximately 2700 thsrmecveles

from 250 to 5C0 F at a pressure of 1350 rsi without signs of l2axks. Iue
nozzls cap seal ir the full siz2 proiess %ide mo.nted 1n tne Single Tuba
Protctyre Mockup was removed several frimes during the monta witnou®
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experiencing any difficulty. The nozzle-to-process-tube gasket was be-
lieved to be leaking and was replaced. All other water and gas seals
on the full size process tube showed no signs of leaking. The rough
draft of the final report of this design test is 75 percent complete.

Design Test PR-51 - Reactor Piping Structural Integrity. Flexure cycling
of the shortest outlet jumper at a temperature of 500 F is currently in
progress. Approximately 20,000 flexure cycles have been completed to date.
No evidence of excessive stresses or failure of any jumper components have
been noted during the testing period.

Purchase orders for jumpers having « wall thickness of 128 to 13k mils and
for schedule 40 pipe for use as jumper headers have been placed. These
thicker walled jumpers and jumper headers will be evaluated for possible
reactor use.

Design Test PR-52 - Process Tube Thermocycling and Pressure Testing. Test-
ing of the stainless steel simuwluted process tube under PRTR conditions
continued during the month. A total of 750 hours of operation at 500 F
and 1100 psi have been completed to date. No excessive signs of leakage
heve been experienced. A Zircaloy process tube is being secured for in-
stallation in this facility.

Design Test PR-80 - Air Cooling Duct Test. Installation of the blowers for
this test wus epproximately 60 percent complete. The fabrication of the
duct was completed, and installation will begin shortly.

Single Tube Prototype Mockup. The primary seal of the Byron Juckson pump
showed signs of failure on April 16, when the leak rate increuased to a
value of six gallons per hour. The pump was shut down and disassembled.
Examination of the pump and the seals revealed that excessive corrosion
particles in the water had settled in the main seal cooling recirculating
system and in the secondary seal water chamber. These particles caused
the failure of the seals. The totel operating time on the seals was T13
hours.

During the time that the pump seals were being replaced, the loop was flushed
and cleaned with duPont No. 7 Cooling System Cleaner. Sodium nitrite is
being used as a corrosion ilnhibitor during low temperature operation and
shutdown periods. A full flow, 1O-micron filter was installed in the main
seul cooling recirculating system.

Operction was resumed on April 27, but the second failure of the Dynamatic
Drive pilot bearing caused a shutdown. This bearing is being repluced and
the drive repaired.

Inconel "X". A test piece of 3/8 inch ID, 20-mil wall Inconel "X" tubing
foiled after 180 hours of operation at 5000 psi and 1100 F. The cause of
the fuilure is being determined by metallographic examination. Smell tecst
pieceé of the tubing are being subjected to varying degrees of heat treat-
ment to evaluate the strength developed by each method of heat t:eatment.
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Reactor Technology Development

PRTR Physic:: Evaluation. A study of the effects of in-reactor test loops
on PRTR operation and program has been completed. Although results are
based on preliminary information, the following numerical conclusions were
obtained:

1. Insertion of a loop could result in as much as a 5 milli-k
loss in reactivity which must be countered by increased
enrichment.

2. A simplified analysis of the PRTR operating with uniform
enrichment under self-sustaining conditions showed a loss
of 150-250 MWD/T from meximum attainable exposures in the
range of 4000 to 5000 MWD/T due to a single loop.

A complete description of this work is given in HW-59691, now in preparation.

Further calculations of neutron and gamma ray heating in shield plugs below
the shim drive mechanisms were completed in support of the shim system
design. The heat developed in these plugs was found to be of the order of
200 watts.

Report HW-60101, "Shielding of PRTR Gas Loop and Filter," has been completed.
Calculations were made to determine the shielding of the loop piping and
filter necessary to contain the radiation from diffused gaseous fission
products and particulate fuel deposited in the filter.

PRTR Instrumentation. Time of response tests were conducted on the re-
maining two of the three strap-on resistance temperature deteciors origin-
ally supplied by Charles Engeihard Co. Measured response times on these
two were 4.4 seconds and 12.8 seconds as comp: red to 4.8 seconds reported
earlier for the third unit. The slower unit was assembled using somewhet
different construction techniques. Equipment for a test loop for evalu-
ating the response of RID's at high temperatures was ordered.

The needs of several interested groups regarding a data handling system
for PRIR have been solicited. A preliminary project proposal on this in
conjunction with an &5-tube power calculator is being prepared.

Preliminary work for the calandria dump rate tests is progressing. Four
level detector units are being made by the optical shop, and the entry
plate and capacitor plates are being fabricated by the machine shop for
the final test and calibration at 189-D. A prototype optical unit was
assembled, and initial tests were successful.

Containment Stuadv. A final report of a study of possible alternuztes to
containment, based on PRTR design, was completed. It was concluded that
the PRTIR conteinment system is an effective method of preventing fission
product escape to the atmosphere. A possible alternste tc containment
is a gravity powered emergency coolant backup system. To make such a
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system effective, it would be necessary to provide a means of converting
the primary coclant recirculetion loop to a single pass system in the
event of certain failure sequences and to provide a means of removing

the rudiciodine from the steam-air mixture flowing from the reactor in
the event of a single tube meltdown. An appropriate valve in the primery
loop and a filter-silver reactor set could be added to perform these
functions.

PRTR Hazards Analysis. Ccnsideration of possible control, mechanical, and
scram circuit failures led to a listing of multiple failures considered
potentially hazardous. Detailed analyses of these multiple failures are
being performed.

Process Specifications. The selection of parameters to be used in an
analogue study of nuclear accidents is in p. gress. The results of this
study will be used as bases for selecting reactor instrumentation scram
trip points and will be included in the final PRIR safezuerds analysi
report.

Loss-of-Coolant Accident in PRTR. Battelle Meumorial Institute hes completed
the calculation of the adiabatic fuel ter ;erature excursion following the
loss of primary coolant through a piping rupture caused by the complete
verting of the top lid-inch header. Their analysis shows that the average
temperature of the maximum power section in one of the rods of a 19-rod
cluster element first decreases from about 1200 F to 500 F in 16 seconds.
After this initial decrease, the temperature rises as a result of fission
product decay heating, reaching the melting point of zirconium (3362 F) in
about 1000 seconds. BMI expects to complete the remaining analyses of the
loss-of-coolant study in about four weeks, using the IBM-650 program de-
veloped in the study of this first case.

Design Development

Phase I PRTR Construction Status. The Phase I PRTR contractor is approx-
imately 93% complete versus 99% scheduled. The vessel wa., suap tested
during the month. The vessel pressure test and leak rate test are sched-
uled to begin the week of May 11. Concrete placing within the containment
vessel was essentially completed. A contract modification is being made

to allow the Phase I contractor to turn the vessel portion over by May 2k.
The remaining work outside the vessel and in the storege basin and loasd-out
facility areas will be completed by June 9.

Phase II PRTR Construction Status. The Phase II contractor is 90% completed
versus 97% scheduled. Acceptance testing was not conducted during the month
of April as the contractor originally indicated. It is now proposed to
start acceptance testing of the process water pumps the first week of May
ty using temporary powver.

Phese IIA PRTR Construction Status. The contractor is approximately 63%
complete versus 83% scheduled. The contractor has encountered consider-
eble difficulty in dewatering and excavating to the required depth for
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the pump structure. The Commission questioned the soil bearing capacity
under the pump structure. This problem was resolved by driving a test
pile, the results of which indicated that the underlying strata was
satisfactory to the Commission. The contractor has prccured and is driv-
ing sheet piling in order to excavate for the pump structure foundation.

Phase III PRTR Construction Status. The contractor is submitting de-
tailed approval information on equipment and fabricated items.

Process Piping. Negotiations are under way at month's end to speed fabri-
cation and delivery of the steam generator, now delayed by delivery of

tubes being radiographed at the rate of only 200 per week. A sample of

the Yuba tube-to-tube sheet weld performed by use of the Revere Automatic
Welding Gun was received for metallurgical examination. Analysis of the
micro and macro structure is in process. Preliminary inspection shows the
welding to be extremely uniform and without apparent defect. Tube expansion
was within specifications.

An order for two gimballed bellows joints (one 8-inch and one lh-inch) was
placed with Parts Engireering Company. These joints will be tested for use
in primary coolant piping.

Both the blowdown flash tank and the deaerating feedwater heater were re-
ceived on-site.

Core Components. Continuing fabrication difficulties at Consolidated
Western Steel made it necessary to establish a nearly full time resident
engineer at their plant to provide rapid decisions on weld acceptability,
fabrication methods, and day-to-day minor problems which arise. Contin-
uing difficulty has “een experienced in achieving rorosity-free welds. A
visit to the Consolidated plant by a local eneral Electric welding
specialist has benefited the protlem, but weld distortion problems will
continue to be encountered.

A drawing revision is in prccess to add 7 psig rupture disks on twc of the
top gas lines in the lower reactor room. These rupture disks will ternd

to protect the calandria from massive damage should a process tube rupture
and penetrzte a shroud tube, injecting large guantities of steam inside
the calandrria.

Shielding. A drawing revision is in process to adi tonree 8-inch pipe
relief passages from the core of the reactor through the side “iological
shield. These relief passages, blocked by 3-5 psig rupture disks, will
protect the calandria from excessive external pressures should a process
tube leak at rates up to 1000 gpm.

The drawing 1 >visions necessary to coavert the ftop and bottom primary
shields to a recirculicting cooling system are nearly complet:zd, and the
revision package should be issued to the Phase III contractor in the near
future.
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Helium Gas System. The low pressure and high pressure helium compressors
are currently undergoing acceptance tests at the supplier's plants. Only
minor difficulties have developed thus far.

Instrumentation and Control. Design changes are being developed to in-
crease the reliability of the reactor safety and containment systems. The
changes will include the addition of a second set of sensing devices to &
number of process trips, with the sensors being in each case of a direct-
sensing nature, i.e., pressure switches, operated directly by changes in
pressure, level, etc., of the process fluids. In addition, the electrical
components of the -safety circuit will be arranged to provide & fully dual
system. At the same time, the exhaust activity monitor and effluent
activity monitor will be “beefed up" and more sensing channels added for
increased reliability of the containment system.

The PRTR Building Radiation Monitor System has been increased in size from
a 10-channel to a 2C-channel system. The additional channels will provide
monitoring facilities for the loops to be installed in "B" cell and will
provide a small number of spare channels for future use.

Fuel Handler. Willamette Iron and Steel has completed engineering on the
fuel handler except for certain details of the position indicator and addi-
tional guide actuator in lower cask section No. 1. Fabrication of cask
sections has begun.

Process Tube Assembly. A new tie-down design for the outlet nozzles has
been proposed for design and testing by MEDO.

Fuel Element Examination Facility. The as-built measurements on the block-
out for the fuel examination facility shows that the anchor spacing for the
cast iron shielding was out of specification and the two walls out of plumb
in excess of tolerance.

The cast iron shielding drawings were found to require extensive dimensional
changes to procure shielding which would fit the as-built concrete. The
thickness of the shielding afforded by the filler blocks would have been
significantly reduced. To correct these difficulties, the Phase I contractor
will chip out the entire face of the two walls for a depth of about one foot
and replace the walls according to specifications.

An operating mockup of the diameter measuring components of the combined 5x
viewer and profillometer was successfully tested. This completes the testing
of the individual components.

Helium Evolution Study. A study of helium evolution during cooling of the
primary coolant, and the effects of such evolution on convection cooling
in the event of complete loss of electric power, was initiated.

High Pressure Loop (CAH-841). The preliminary project proposal for the
High Pressure Loop has been approved and $50,000 authorized for scoping
and preliminary design of the facility.
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Scoping of the high pressure loop was begun. A scope flow sheet has
been issued and a layout made of a tes*t section for internally cooled
fuel elements. A description of the system presently visualized has
been prepared in rough draft form as a basis for writing the design
criteria, establishing equipment sizes and specifications, and obtain-
ing cost estimates. A conference with U.S. Air Force experts on high
temperature metallurgy indicates that selection of pressure tubing for
the fuel element will te difficult because of the limited number of
meterials suitable for in-reactor use.

B Cell Model. A model of B cell is under construction to utilize in
layout of the gas loop, high pressure loop, and rupture facility.

Critical Reactivity Measuring Facility. The'prelhninary project proposal
on the Critical Reactivity Measuring Facility has beer approved by the AEC.

Plutonium Fabrication Pilot Flant

Phase II Construction. Completion of work under the Phase II contract
is estimated at 9T%, compared tc 99% scheduled. The contractor was
awarded a lb-day extension to his contract, bringing the official com-
pletion date to May 10.

None of the chemical-resistant coeting has yet been accepted as complying
with the specifications. No work on correction of defects has yet been
done. A meeting preliminary to legal action between the painting sub-
contractor and the general contractor was held during the month. The GE-

C position was presented to attorneys for both parties.

Phase III Construction. Completion of work under the Phase III contract
is estimated to be 15% compared to 13% scheduled. Negotiations with the
contractor for an accelerated schedule have not yet been concluded.
Switchgear for the mctor control centers is the main long delivery con-
tractor-procured item at pressant,

Procurement. All phases of procurement are on schedule. The schedule for
submission of the requisition for the extrusion press has been delayed
about 60 days to permit settlement of differences with Lombard Corporation
over purchasing trocedures in cennection with purchase cf an extrusion
press for FPD.

Purchase order for the hydrogen atmosphere sin%tering furnzces was ncw
placed at the month's end. It is planned to commence negotiations with
the successful bidder, as soon as the crder is placed, to accelerate his
fabrication schedule.

Score. Scope revisiorns adding a gemma-neutron hurst detector system and
zirconium etching faciliny were sutmitted during the month.
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PRTR Operations

Technical Manual. The PRTR Technical Manual was issued in rough draft
form on April 30, 1959. Three of the fifty-one chapters were not complete
at the time the manual was assembled. These chapters will be issued when
available. The manual, as jissued, contains some information made obsolete
by design changes. Periodic revisions are planned.

Training Program. The training program for PRTR engineering assistants

has been scoped and is being prepared. The program, to be conducted by
PRTR engineers, is designed to familiarize the engineering assistants with
the objectives of the PRP and the various PRIR sy:stems. In addition, &
number of general subjects will be covered, including radiation hazards,
blueprint reading, and a brief mathematics review. The course is scheduled
to vegin August 1, 1959, and will continue for eleven weeks.

Preliminary Procedure for Test Irradiation in PRTR. Tentative procedures

have been prepared to indicate to prospective test sponsors the requirements
for installetion of testing facilities and test irradiations in the PRTR.
The procedures were designed to cause minimum inconvenience to test sponsors
consictent with safe operating practice. Copies will be sent to Interested
persons after further internal review.

BASIC SWELLING STUDIES PROGRAM

Irradiation Progranm .

Thermocouples, heating elements, and temperature control equipment has been
received for the swelling behavior capsules. Th: sheathed thermocouples
and heating elements are being radiographed for evidence of discontinuities
in sheaths and wires. Laboratory tests are now under way to determine the
life expectancy and behavior of the heating elements. Previous tests on
laboratory built sheathed heating elements indicated that they would not
handle the power requirements of the capsule.

A new capsule design is being evaluated. A rolling cylinder is used to
keep the NaK level above the feeder tube and prevent & gas bubble from
entering the feeder tube when the capsule 1s either cooled down or rotated
in the horizontal position.

During the month three ingots of high purity depleted uranium were received
from Argonne National Laboratory. The total weight of the three ingots is
5860 gms. Sufficient-Oralloy has been ordered to enrich this uranium to
the three percent level for the swelling investigations. A remelt of the
high purity uranium will be necessary for the enriching operation.

Mechanisms and Theory

Diffusion of rare gas fission products through uranium may 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 investi-
gated.
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In the present studies, rare gases are introduced into the uranium
lattice by means of an electrical glow discharge. This method of
introduction was used successfully to study the diffusion of rare

gases through silver. Equipment for the present studies is being

tested by determining the mobility of helium in uranium. Helium is
being utilized in initial tests since it may be conveniently detected
with a portable helium leak detector. A uranium cylinder, having a
0.020" thick wall has been annealed at 725 C for 33 hours. An internal
helium glow discharge was maintained at 25 milliamperes current during
this time. No detectable amount of helium passed through the cylinder.
However, the sensitivity of detection was reduced due to a minute leak
which developed during the anneal. Methods of fabricating leak-free
uranium cylinders with wall thicknesses of 0.005" to 0.010" are being
investigated. During reheating a gas charged cylinder, the rate of
helium evolution from the inner surface of the uranium cylinder increased
markedly at approximately 920 C. Studies are now being made to determine
whether such an effect exists for xencn and krypton. Such an effect
could be extremely relevant to studies of swelling mechanisms.

Optical and electron microscopy is being used as a direct means to
determining the size and distribution of pores in uranium. Theoret-
ically, with a random cut through a sample there should be as many

pores cut above their centers as there are pores cut below their centers.
However, this is not the case. A statistical analysis of the electron
micrographs reveals that as the center of the sample is.approached pores
appear to be cut above thelr centers. This would indicate that: (1) the
assumption that the pores are spherical is incorrect and that in reality
they assume elliptical shapes, (2) the pore shapes are influenced by the
temperature during irradiation, or (3) the original pore shapes are dis-
torted during the course of specimen preparation. These three possibil-
ities for distortion of pore geometries are now being studied.

Metallographic examination has been completed on an annealed uranium rod.
The rod specimen had been annealed for 100 hours after an irradistion at

a core temperature of 450 C and a surface temperature of 340 C to & burnup
of 0.25 a/o. In the as-irradiated state the pore sizes in the center of
the rod are larger than in the periphery where the temperature was lower.
The annealing treatment greatly enlarged the pores in the center of the
rod. Density, hardness, and x-ray diffraction data before and after the
annealing treatment is to be determined. Similar specimens will be
annealed at lower temperatures.

The theories of formation mechanisms of fission gas pores require the
solid surface tension values of uranium in the presence of inert gases

at swelling temperatures. The surface tension values are to be obtained
by experimentally balancing the forces pulling down on a series of fine
urcnium wires with the forces of surface tension pulling upward. The
apparatus for this study has been completed and tested. A tubular furnace
will hold the specimens protected by a double vacuum system. Temperatures
are to be measured with a zirconium-sheathed thermocouple in the inner
vacuum system.
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3. GAS COOLED POWER REACTOR PROGRAM

Craphite Studies

PRTR Pressurized Gas-Cooled Loop Facility (CAH-822). A revision to the Gas
Loop Project Proposal, increasing the maximum temperature from 1100 to

1500 F, and requesting an additional $175,000 required by the temperature
increase, has received all required General Electric Company approvals and
has been forwarded to the AEC for their approval.

The design <riteria and scope drawings for the gas loop have been approved.
A parchase requisition for the gas-lutricated primary blowers to be uzed
in the loop was issued on April 9. The requisition for the design and
fabrication of the bulk of the loop equipment was issued April 22. The
ex-reactor portions of the loop are to be designed and fabricated by an
off-site vendor under a fixed price contract.

Coazted Graphites. Evaluation of the oxidation resistance was hegun on
silicon carbide cozted samples from National Carbon, Minnesota Mining and
Manufacturing, and Carborundum. All of the samples were subjected to air
at 1000 C until the rate of weight loss was established.

Samples whieh showed small weight changes were all crack-free and continuous.
The others exhibited hair-line cracks in the coating. It is likely that
samples with an isotropic base and a thermal expansion coefficient very
close to that of the silicon carbide coating will remain crack free and re-
sistant to oxidation in air.

Air Oxidation of Graphite. An experimental program is being planned which
is expected to give more complete data on the air oxidation of graphite,

the mechanism, and controlling factors of the reaction. The purpose of

this study is to provide data to evaluate the results of air leakage into

a high temperature, gas cooled, graphite moderated reactor during operation.
In the event of rupture of coolant piping, the reactor would scram and air
would be blown over irradiated graphite in a high gamma field at an elevated
temperature. It is necessary to know the ensuing effects if adequate re-
actor safeguards are to be designed and operating procedures written.

The rate of graphite oxidation is believed to be a function of a number

of variables, both extrinsic and intrinsic to the graphite; however, for

a specific reactor only the extrinsic factors which may affect the rate
need be considered. In order to evaluate the influence of the important
factors in the least number of experiments, a factoral experimental design
has been planned to include the following variables: temperature, flow
rate, exposure (MWD/AT), gamme field, and surface to volume ratio.

Graphite Outgassing. Incidental to the testing and preparation of samples
for the evaluation of high temperature radiation effects, some data have
been obtained on the quantity and composition of gases evolved when graphite
is heated. The volume of desorbed gas ranged from 3.2 to 10.6 cc/lOO cc
graphite. Some compression set was put into the samples during machining
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into cylinders 0.42" diameter by 3.48" long. This resulted in an increase
in length of 0.008 to 0.075 percent when the compression set was annealed
at 975 C. Loss in weight of 0.001 to 0.0l percent resulted from the heat
treatment.

Microwave Glow Discharge Studies. The use of a microwave glow discharge
appears to be a convenient way to simulate some of the effects of reactor
radiations on gas-graphite reactions. A Raytheon CMD-4X microwave gener-
ator has been obtained and preliminary familiarization has been completed
using stagnant gas-filled tubes (a mercury vapor germicidal lamp and an
ordinary fluorescent bulb). A glow can be meintained at three to four
inches from a type C dipole radiator with as little as 25 to 30 watts micro-
wave power, if initiated at higher power (100 to 125 watts). It is necessary
to ionize the gas with a Tesla coil to initiate the flow. A quartz system

is being constructed for flowing COp and a tank of NOp, has been obtained

for reacting with oxygen atoms which will be produced in the COo.

Gamma Irradiation Facility. The effect of gamma radiation on the rate of
reaction of various gases with graphite will be investigated in a cobalt-60
irradiation facility now under construction. Excavation work is now com-
pleted and preparations for pouring a 12-inch thick concrete base are under
way. An eight-foot diameter caisson was lowered in 18-inch sections into the
excavation to a depth of 13-1/2 feet. A saven-foot diameter stainless

steel tank will be placed inside the caisson.

Design of the underwater assembly to hold the cobalt-60 in the desired con-
figuration was started. With a source strength of 15,000 curies, calcu-
lations indicate that a 10° r/hr dose rate will be obtained with the cobult
rods positioned at 60 degree intervals on a six-inch diameter circle. The
cobalt rods will be held in a rigid steel frame under 14 feet of water.
This configuration will permit simultaneous irradiations in four 2-inch
diameter tubes located within the six-inch ring of cobalt. The underwater
assembly will be tested prior to receipt of the cotalt-60 which is expected

-

about June 1.

CUSTOMER WORK

Radiometallurgical Examinations

PT TP-134-A Irradiation of Wafered U Fuel Element (RM-245). A 1.3 inch OD, A-2

aluminum alloy Jjacketed, hot press canned, 1.0% enriched, wafered I & E fuel
element was irradiated to low exposure &t high power. Measurements of the cross
sectional dimensions show the area sectioned to be elliptical in shape. The
spire, fuel element wafer, and can are all elliptical. Metallography of the
cathodically etched wafer revealed very good bond integrity between the uranium
element, the nickel couting, and the aluminum can. Microcracks as long as

0.005 inch were otserved in the uranium.

Examination of a Natural Uranium I & E Fuel Element Internal Hole Fuilure From
Tube OL71-KE (RM-274). The male end of & natural uranium I & E fuel element
internal hole failure from Tube OLT71-KE was ground and checked periodically
for water channels and entry points. No water channels were found either on
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the urunium side or on the sluminum side of the transverse section. A trans-
verse section from the female side of the ruptured area was exumined, and
evidence of undercutting of the uranium by water was definitely established.
The cap 2nd of the fuel element was examined as a transverse section with
water channels being found on the uranium side, but no evidence of water was
found in the aluminum cep.

Carbon Analysis of Undissolved Core Samples from Redox Dissolver (RM-268). A
1.5 gm piece of uranium was szmpled from one of the undissolved uranium pieces
removed from a Redox Plant dissolver, and the sample was submitted to Analyti-
czi Operation to determine the carbon content. The request was initiated to
l=termine whetner the undissolved material was ingot or dingot metali. The
request is one phase of a study to determine the effect of large grained
material on the dissolving rates in the large production dissolvers.

Metallography Laboratories

Twe diffusion couples of AlSi and uranium were obtained from the Physical
Metullurgy Operation for etching studies of the products of diffusion between
tnese metals. Previous examination of a duplicate sample by the X-ray Labora-
*cry snowed tnat the major product formed was UAlz. At the time of the
originul examination of these couples, a good etchant to differentiate the
zrzses was not available. The present etching studies hcve shown how the
diffusion products in the laboratory couple compare with those formed in stand-
ard production fuel elements. The predominate phase in the diffusion couple
(UAl;) differs from the corresponding phase in production pieces in only one
characteristic. When both are etched electrolytically in the standard phos-
proric acid bath, the compound produced in production pieces turns dark brown
while that in the diffusion couple remains bright and is sharply outlined.
This difference is attributed to impurities known to be present in the AlSi
baths on the production line. (Impurities such as iron, nickel, lead, and
chromium.) Because of this very strong similarity, it is now assumed that
this compound in the production elements is UA13 with impurities.

£n as-yet-unidentified compound was found to be present in both the laboratory
diffusion couple and prcduction pieces. This compound has identical etching
characteristics in both instances. It 1s brightened or polished by electro-
lytic etching in the phosphoric acid bath and rapidly turns dark dbrown to
black when swabbed with 0.5% HF. This compound is the most brittle of the
compounds appearing in the braze layer of standard fuel elements.

Samples Processed During the Month.

Total semples processed: 278

Photographs
Micrographns 359

Mzcrographs 11
Total 436 .
r

ger, Reactor and Fuels
esearch and Development
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PHYSICS AND INSTRUMENT RESEARCH AND DEVELOPMENT OFPERATION

MONTHLY REPORT

APRIL 1959

FISSIONABLE MATERIALS - 2000 PROGRAM

FUELS

Nuclear Safety in the Fuels Preparation Department

A meeting was held with members of the Fuels Preparation Department to dis-
cuss nuclear safety criteria for the design and operation of a co-extrusion
plant for the manufacture of NPR fuel elements. The Fuels Preparation Depart-
ment are now making a study of these criteria and will submit deteiled process-
ing requirements at a later date so that the nuclear safety of the process can
be analyzed.

Nuclear safety in the co-extrusion of 1.6 percent U-235 enriched uranium was
also discussed. Operating procedures have been submitted and will be analyzed
for nuclear safety. The project involves the manufacture of 3.5-inch diameter
billets at Fernald. These billets are then to be shipped to Hanford for cledding
in Zircaloy-2 and copper tubing. They will then be shipped in wooden boxes to
Nuclear Metals, Inc., where the billets will be coated with a graphite slurry,
heated to 1150-1200°F and then extruded into long tubes of 0.580-inch dismeter.
The rods will then be cut to about 17-foot lengths, put in wooden boxes and
shipped back to Hanford.

REACTOR

STUDIES RELATED TO PRESENT PRODUCTION REACTORS

Lattice Neutron Temperature Study

The first part of this study has been completed and is reported in the January,
February, March Nuclear Physics Research Quarterly Report.

Thermal Neutron Flux Spectrum Near a Temperature Discontinuity

The IBM TO9 FORTRAN program to obtain numericel results for the analytic solu-
tions to the temperature discontinuity problem has been debugged and checked on
two simple cases. This program will perform calculetions in all three of the
infinite geometries for which analytic solutions have been found--plane, slab,
and cylindrical. Although the basic program opersted satisfactorily on the
check cases, the desirability of seversl changes, principally in input and output
features, has been revealed.

Neutron Edergy Spectrum Near a Temperature Discontinuity

The theoretical analysis of the experimental work has been completed on neutron
exchange between equilibrium thermal neutron energy dlstributions near a tem-
perature discontinuity in graphite. The results are at present only in graphic
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Porm and final evaluation of the precision of the results is not available yet.

Instrumentation

The input address loglc and core drive wnits of the simple computer, using mag-
netic cores has been tested and debugged. This unit works satisfactorily and
only few changes and improvements are foreseen. Work is continuing on the
development of core readout register drives and arithmetic units along with
inhibit drives for write-in.

The stack effluent gas monitor for the 100-D stack was installed and was
operated for two weeks. The detector is a Nal crystal and phototube in a
10-inch diameter hollow aluminum sphere. Gas flow through the sphere is two to
three CFM. Several satisfactory spectrum analyses (gomma energy) have been ob-
tained. Viewing only the photopeak portion of 1131, the original count contri-
bution was about 250 c/m. After two weeks of operation, this level is now up
to about 375 c/m indicating slight contamination within the sphere. Wone of the
gamms. energy spectrum analysis data have shown any clearly discernible energy
peaks to date. However, we are waiting for a slug rupture to occur to provide
us with better data. Some 110 VAC line transient and stack house heat problems
have occurred indicating that the counting equipment should be changed to another
building if possible. The air temperature in the 105-D stack house was between
110°F and 120°F on April 22, 1959.

A complete five-probe scintillation monitoring and alarm system was designed
Por the 100 Areas for use on the elevators. The system incorporates five probes
cable-connected to the main indicating and recording instrument. Any range can
be covered, by high-voltage changes, from a first range of 0-10 mr/hr up to
0-10 r/hr. Two-inch by two-inch terphenyl-in-polyvinyltoluene detectors are
used giving an approximately gamme energy independent system above 90 Kev.

Each probe has an indicating meter and alarm light and the central station com-
prises five indicating alarming meter relays and a recorder. The remote probes
are set up to be either bracket-mounted on the elevator or hand-held for close
werk. The incorporated probe meter continuously tells the individual holding
the probe what the dcse rate is. All range switching is done at the control or
central station. ’

STUDIES RELATED TO FUTURE PRODUCTION REACTORS

Lattice Measurements for Large Diameter Fuel Elements

The exponential pile program of measurements on lattices using l.92-inch and
2.5-inch solid fuel elements is now nearing completion.

The material bucklings listed in Table I have been measured this month. Note
should be taken that one lattice has a tube and tube fuel assembly. The pro-
gram now involves the simultaneous measurement of bucklings in two exponential
piles.
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TABLE I
Fuel Lattice Bucgling Volume Ratios
Element Spacing (107 em=2) Wi H,0/U c/0
2.50 inch solid 14 9/16 pry + 92 0.185 - 41.58
1.92 inch solid 12 3/8 pry + 108 0,264 -- 51.31
2.5 x 2.0 with 14 9/16 Dry + 57 0.487 - 68.46

1.66 x 1.1

These buckling values are tentat

tance, A , of 1.66

Analysis of several
fuel elements has b

inches and a

herizontal traverses involwvi,
een completed.

The same front-to-rear A of 1.03 1
values of A tabulated seem to have
although the measurements were made

front-to
inches. Horizontal traverses have been

FINAL BUCKLING VALUES

TABIE II

ive using an estimated side extrapolation dig-
-rear extrapolation distance of 1.03
teken to determine the actual ) .

ng l.92-inch and 2.50-inch
Pinal bucklings are shown in Table II.
nches has been used for each lattice. The
rather large deviations from pile to pile,
with care.

Side to
Fuel  Lattice Bucglins Side A Volume Ratios
Element Spacing (10°° cm=2) (inches) U H,0/0 C/0
1.92 6 3/16 Dry =400 1.20 0.26L .- 11.64
1.92 6 3/16 Wet -186 1.34 0.26k 0,288 11.64
1.92 8 3/8 pry . 67 1.55 0.264 - 22,65
1.92 8 3/8 wet » 65 1.55 0.264 0.288 22,65
2.50 8 3/8 pry =199 1.30 0.185 - 12.67
2.50 8 3/8 wet - 60 1.55 0.185 0.403 12,67
2.50 10 3/8 pry « 88 1.59 0.185 - 20.31
2.50 10 3/8 Wet s 49 1.k 0.185 0.403 20.31
2.50 12 3/8 pry +108 1.68 0.185 - 29.58
2.50 12 3/8 Wet . 28 1.95 0.185 0.403 29,58
2.50 14 9/16 Wet - 29 1.29 0.185 0.403 41,58

Coordinated Theoretical - Experimental Program

The direction of previous effort in correlating theory with exponential pile
data has been toward using various approximations in microscopic lattice theory.
This approach implicitly assumes that the experimental values, as determined by

DECLAS

Ly
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the conventional procedure, are correct. The validity of this assumption for
heterogeneous lattices, particularly in small exponential assemblies, is
being examined.

Experimental work on the effect of void channels on the diffusion area has
recently been sumarized in Power Reactor Techmology 2 1k (1959), with the
conclusion that measurements on graphite assemblies confirm the theory of

D. J. Behrens. For the case of neutron streaming perpendicular to the channels,
an alternative diffusion theory expression obtained prsviously (Monthly Report,
May 1958) has been used to obtain the values of (L/L,)“ diffusion in the
following table. The subscript o refers to the solid graphite; homogeneous
refers to the case of void dimensions small compared to a mean free path in
the graphite, sc that a simple density correction is sufficient. In the ex-
pression due to Behrens, r/A is the ratio of hydraulic diameter of the void

to graphite mean free path, and Q = 1.33 for a circular cross section and

1.49 for a square.

L. Seren
A. P, Schmitt, et al, ANNS Meeting
Second Geneva Conference, Dec. 1958

Experiment A/Conf. 15/P/1191 Paper 3.6
Square, 11.38
Void Cross Section Circular, 7 cm. diameter cm. sides

0 = void volume 0106 .333

graphite volume

2 2
(L/Lo)homogeneous =19 1.223 1.78
(L/L6)5s ppusion = @& * #)(2 + 26) 1.340 2.20%

= 3 T

(L/L O)Behr ens © L+ #Q 5 Q) 1.353 2.33
(L/L Qzexperiment&l 1.393 ¢ .0k5 2.26

* Calculated for a circular cross section; the actual square cross section
should lead to a slightly higher value.

It should be emphasized that the agreement of the diffusion result with ex-
periment is of questionable significance since the derivation does not apply
t2 the case of a vold regloa. However, it suggests that the diffusion express-
ion may be valid over a wider range than its derivation would indicate.

NPR Lattice Measurements

Bids have been received on the graphite to be used in the exponential pile
which will be loaded with NPR fuel elements.

Intercalibration of Graphite Purity

The mcderating effect correction to the PCTR graphlite absorption cross section
measurement is still umecertain. Isotoplc analyses of twc samples of the D0

"SECRET !
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used in determining the correction are now available, but the results of the
analyses are confusing and appear to be in error in some manner. Another Do0
sample will be analyzed to eliminate this difficulty.

A document describing this program in some detall has been prepared for pub-
licatipn in the open literature and will be submitted after all the results
are final.

Mechanism of Graphite Damage

The measurement of the energy loss in thin foils required measuring a small
difference between two large numbers. The stabllity of the system required
for this is being checked again. An attempt is being made to measure the
heat increment of the foil directly so that the difference measurement may be
avoided. The Wheatstone bridge used for temperature measurement was rearranged
to improve the response time at the expense of some loss in sensitivity.

Computational Programs and Services

The Exponential Data program has now been checked out and is operational. The
P-3 subroutine for the IPD lattice parameter celculation program is nearly
complete, the most difficult part having been debugged.

a. Least Squares Program (Linear Regression Only)

The code will handle any regression problem which is reducible to linear
form. For example, y = & s b 18 linear if the variable x° is evaluated
and entered as, say, z. Exponential regression analysis is handled with

a single "statement" of "do take logarithms." In all cases the code will
do a weighted regression analysis using specified weighte only. The out-
put gives constants of the linear expression and their errors. One case
specifies the confidence level of the solution by stating the students

"£" test parameter fh-2,94 -
b. EXPOG Program

This is & speciel code written specifically for evaluation of a thermal
activity function in the graphite core of the PCTR. It does however
have wide application. The general form of the calculated expression is

8x SX Bx2  PFPxeG

y=A e"‘x +Be + C er +De
All constants A, B, . . «,&f ,8, « . ., etc. are to be specified and, of
course, may be zero. The code evaluates the function y for integral

valuee of x. The range of the independent variable x may be specified.

c. NEUTHERM Program

The code was written to solve the matrix of the coefficients of the solu-
tions to a set of four simultaneous plane diffusion equations for a two
region, two thermal group problem. It calculates the thermal activity of
a 1/v detector in both regions, compares the calculated curve with a cor-
responding experimental curve point by point to obtain the residual sum of
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squares of the fit, and repeats the solution a specified number of times.
The repeating of the solution is an iteration process on a coupling co-
efficient between the original differential equations. The interval

of iteration is specified initially and thereafter is reduced by a
factor of 10 as necessary to obtain the minimum residual sum of

squares or until the specified number of iterations has been per-

formed. The output is the input, the final iteration, and the flux
curve or all iterations and flux curves, as specified. This code was
written by R. A. Cahoon of IPD.

d. Multi-Thermal Neutron Group Diffusion Program

Attempts have been made to develop a program capable of dealing wi?h one
fast group and two thermal groups, using a three-group program, F l),

as a basis. The FORTRAN listing for F, is given in (1). Attempts to

run test cases, using a deck as punched from the document listing have been
unsuccessful, so this approach was dropped.

e. A Program for Analyzing PCTR Deta

Descriptions of portions of the proposed program are being circulated to
physicists using the PCTR. Subjects covered include:

1. Foil data analysis

2. Reactivity data analysis

3. Thermal absorption cross sections to be used in calculating ko, and f.
4, Corrections for resonance absorption effects upon thermal traverses.
5. Computation of errors associated with all of the above.

6. Computation of the error in koo due to spectral mismatch.

The above have been written as individual subroutines. The input format
in all cases has been kept as simple as possible. Remaining work in-
volves figuring out a simple way of calculating average fluxes for the
several regions in a cell and specifying the layout of the mein program
which ties all the subroutines together. Virtually no actual program-
ming has been done.

STUDIES RELATED TO SEPARATIONS PLANTS

Critical Hazards Specifications

Nuclear Safety in Hanford Laboratories

A rough draft of general nuclear safety specifications was prepared.

Specifications have been issued for Criticel Mass Physics governing the
storage and handling of U235-Al alloy fuel elements, 1.4l percent and 1.6 per-
cent U235 enriched T. and E. fuel elements, and 3.0 percent U232 enriched fuel
elements.

(1) Keppler, J. G., and Orr, W. L., "Three Group Neutron Diffusion Calcula-
tior (Program F5-IBM 704)," XDC-58-T-18.

SECRET
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At the request of the Plutonium Metallurgy Operation, a study has been made of
the nuclear safety in storage and shipping of T percent Pu (by weight) - Al
alloy fuels. These elements are one-inch diameter rods, five feet-twc inches
long. Each rod contains about 90 grams Pu. These fuel elements are being
sent by air express to Savannah River. It was determined that an array of
boxes containing a totel of 168 of these elements would be safe under the fol-
lowing conditions:

(1) Each box would contain 12 rods spaced on four-inch centers in three rows
of four rods each.

(2) The 12 rods are centered in a box whose cross section is 24 inches by
36 inches.

It is believed that these storage and shipping criteria have a safety factor
of at least twc.

E-Metal Program

Two meetings were held with members of the AEC-HOO to discuss the E-Metal Pro-
gram, particularly the analysis made by PIRDO of the random loading of the
E-Metal dissolver.

AEC-HOO Nuclear Safety Consulting

A meeting wes held with a member of the Separations Branch, AEC, regarding
nuclear safety in the shipment of a proposed weapon model. When a firm pro-
duction schedule is made, a formal request for a nuclear safety shipping specl-
fication will be made.

Plutonium Critical Mass Laboratory

Invitation for bids, No. AT (45-1) - 1446, for construction of the Critical
Mass Leboratory Facilities, 200-East Area, was issued by the AEC on April 8;
bid opening was scheduled for May 6.

At the request of the Commission a concrete block structure was substituted
in lieu of the 40 x 80 ft. metal excess Army mess hall which was to have been
used for the control building. An addendum to invitetion to bid was issued
asking interested hidders to bid on this basis and extending bid cpening date
to May 20.

Radiation Levels for a Potential Criticality Incident at the Hanford Critical
Mass laboratory

A detailed calculation of radiation levels at various points et the proposed
Henford Plutonium Crétical Mass Facllity has been performed based upon a maxi-
mum burst of 3 x 1019 fissions. The purpose of this calculation was to confirm
the prediction contained in HW-5T603, dated September 30, 1958, "Preliminary
Hazards Study of the Hanford Plutonium Critical Mass lLaboratory," that "the
reactor room walls and ceiling are of such thickness that the radiation dose

to personnel in areas outside the reactor room to which gccess is permitted
will be less than 100 mrem for & burst as large as 3x10l fissions."
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ﬂgms;ﬂgi ) B-8 HW-60233

The y-radiation was divided into four energy groups. The direct doses calculated
are tabulated below.

Distance _ . Dose in mr
From Center of Group I Group II Group III Group IV
Location Reactor Room (1 Mev) (2 Mev) (4 Mev) (6 Mev) Total
Mixing Room 33 ft. 0.000073 0.0382 0.866 1.103 2.007
Control Room 66 0.000016 0.00896 0.212 0.270 0.491

The skyshine contributions were also calculated and are tabulated below:

Distance _ ___Dose in mr (v skyshine) .
From Center of Group I Group 11 Group III  Group IV

Location Reactor Room (1 Mev) (2 Mev) (4 Mev) (6 Mev) Total
Mixing Room 33 fit. 0.237 0.255 0.307 0.0L49 0.848
Control Room 66 0.2u48 0.268 0.332 0.051 0.899

Location Total ¥*Dose (mr)

Mixing Room 2.86

Control Room 1.39

The neutror contribution to the total dose 1s less than 0.3 mrem, and hence is
Lot presented with the foregoing. The calculations for both the neutron and
garma attenuation are based upon a multiple scattering calculation, and self-
shielding by the source 1is neglected, thus lending a further degree of conserva-
tism to the results.

Criticality Studies in Support of Processing Power Reactor Fuels

A series of experiments was initiated for the purpose of evaluating the extra-
poliation lengths of the water reflected heterogeneous lattices. These experi-
ments were made with 3.063 percent enriched uranium rods of 0.300-inch dlameter
and 8 inches in length. Four of these elements placed in a lucite tube of
0.028-inch wall thickness constituted a fuel rod (32 inches in length).

Lattices of these rods in water were supported on a 3/hninch thick aluminum
plate. Pour 1/2-gram ReBe sources were placed Jjust below the aluminum plate so
that sufficient flux would be available to irradiate 1l/h-inch diameter, 0.005-
inch thick gold foils. The loadings were taken to about 94 percent of critical.
Horizontal neutron flux traverses were taken with both gold foils and BF3 pro-
portional counters. The flux traverse points were fitted by a least squares
analysis to a J, function of the form Jg (olr), whereois the square root of the
radial buckling and #2s the true radial distance from the central axis of the
lattice where the flux was measured. From this fit the extrapolated radius can
be calculated. The difference between the extrapolated radius and the true
radius is the extrapolation length. The preliminary results of these measure-
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ments are given as follows:

Lattice Ho0/U Extrapolation Length

Spacing Volume Ratio % Measurement Au Foll Measurement
0.700 inch 5.00 6.2 cm. 6.1 cm.

0.800 inch 6.84 6.5 cm. 6.3 cm.

The critical masses for these 32-inch high loadings were also determined
and measured bucklings compared with earlier calculations from 16-inch high
loadings. The results are given as follows:

Measured
Critical Mass Measured Calculated
Lattice Hp0/U (32-inch Buckling Buckling
Spacing  (Volume Ratio) High Cylinder) (32-inch High) (16-inch High)
0.700 inch 5.00 355 1bs. 14, 59910 6em™2 1k, 778x10"Ccm2
0.800 inch  6.84 312 1bs. 13,262x106cm™2  13,383x20 Ccn™2

An extrapolation length of 6.5 cm was used in the buckling calculations.

Experiments were continued to determine reasons for the discrepancy between k.,
measurements involving polyethylene (CHg) and water moderation for 3 percent
U-235 enriched UOz-moderator mixtures having the same effective B/U ratios.

It was suspected that disagreement results either from improper care in the
handling of the water moderated samples before analysis for water content or

a possible difference in the resonance escape probability between the poly-
ethylene and water-moderated systems at the low H/U ratios investigated.

The following experiments were performed to clear up this discrepancy.

a. A measurement of k__ for a polyethyiene pellet (1/8-inch diameter sphere)
moderated system at a nominal H/U = L.

b. A measurement of kco for a polyethylene powder mnderated system at a
nominal H/U = k.

c. A measurement of ko, for a water moderated system at a nominel H/U = L,

d. A measurement of the resonance escape probaebility in the polyethylene
pellet and water moderated systems.

e. A measurement of k,, for a water moderated system at a nominal /U = 6.5.

The first three experiments (a-c) were conducted at an H/U = 4 since a large
discrepancy between ko measurements of polyethylene- and water-moderated
systems were found in earlier experiments. The experiment at an H/U = 6.5

was done to check a ko, measurement near the maximum. The UO3-HyO mixture was
prepared by adding a knownweight of water to the U0z and mixing. Earlier mix-
tures were prepared by adding the HpoO to the oxide gy means of steam. This mix-
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ture is now being analyzed for water content.

Preliminary calculations indicate that the ko, measurements for polyethylene
and water moderated fuels are in agreement. Purther analyses of these data,
as well as the resonance escape probability, are being carried out.

Criticality Calculations for Correlating Theory with Experimental Data

The study of the critical parameters for homogeneous systems of slightly en-
riched uranium fuel and moderator was continued. In the March Monthly Report
theoretical calculations of kgg for slightly enriched U-235 fuels and water
were reported that were in good agreement with experiment. Neutron ages for
these homogeneous mixtures were calculated according to the following equa-
tien:

B

ﬁd ‘__ig_l_ GM ?igr
Fﬁ; || sE

T =

wvhere

To neutron age of the pure moderator

T = neutron age of the system

ey " density of moderator in system

GMO = density of pure moderator.

The superscripts F and M represent fuel and moderator, resbectively, while
ESl and étr represent macroscopic slowing down and transport cross sections,

respectively. The slowing down cross section is the sum of the inelastic
scattering cross section and macroscopic s%owing down power. The neutron
age of pure light water was taken as 27 cm“ as the use of this value for
neutrcn age in a wide range of solution concentrations for highly enriched
U-235 in light water resulted in critical mass calculations that were in
good agreement with experiment.

Calculated critical parameters for homogeneous mixtures of UF) in paraffin

wvere made and compared with experimental results. In these experiments the
U-235 content was two percent of the total uranium. It was assumed that the
reutron age of a pure moderator varied inversely as the product of the slow-
ing down powsr and the transport cross section. Assgming water to have an

age of 27 cm“, paraffin would have an age of 17.6 cm“, Had 32.29 cm? been
assumed as the age of water, the corresponding age for paraffin would be 21.06
cme. This compares with 20.90 cm? using a modified age method and an IBM TO4
mitigroup program. The paraffin reflected extrapolation length was calculated
tc be 6.38 cm (assuming it to be inversely proportiocnal to the transport cross
section and that for a water reflector equal to 8 cm). Critical mass calcula-
tions using this method give results for paraffin reflected cylinders (diameters
of 25-50 inches) that are 88-96 percent of experimental values at an H/U235
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of 195. It is not clear from the report which cylinders were paraffin reflected
and vhich were plexiglass. Critical mass calculations for homogeneous systems
at an H/U235 of 294 in cylinders 25-50 inches in diameter were 106-112 percent
of the experimental values if the experimental cylinders were paraffin reflected.
If the oxperiments were conducted with plexiglass reflectors, the calculated
critical masses are from 90-100 percent of experimental values.

It was not possible to make critical mass caelculations for other H/U ratios for
paraffin moderated systems as the relationship between H/U and uranium density
is not available at this time. However, a study of homogeneous mixtures of UO
and water (two percent U-235 content) was made and critical masses evaluated.
The minimum critical mass for water reflected systems of this material wes cal-
culated to be 5.9 kg U-235. This compares with an estimated experimental mini-
mum critical mass for paraffin moderated and reflected systems of 4.0 kg U-235.
It is reasonable to expect that the paraffin moderated systems will have
smaller minimum critical masses, because the neutron age is so much smaller in
paraffin than in water.

The theory was applied to homogeneous systems of 4.9 percent U-235 enriched
uranium (U30 ) in glycerol tristearate and UOoF, solutions in water. Good agree-
ment between theory and experiment were obtained (within 5-10 percent of experi-
mental values). It is interesting to note that for these systems the uranium con-
centrations were always less than 2.2 gm U/cc. Under these conditions the mini-
mum critical mass was about 2.0 kg U-235 and the minimum critical cylinder dia-
meter about 12 inches. However, the uranium concentration of interest in pro-
cessing U03-water mixtures may be as high as 4.3 gm U/cc. Under these condi-
tions the minimum critical mass is calculated to be 1.6 kg U-235 and the mini-
mum critical cylinder diameter is calculated to be about 10 inches.

Miscellaneous Experiments for Nuclear Safety Specifications

1l. Exponential Measurements with 1.25 Percent Enriched Uranium

The exponential experiments with the 1.25 percent U-235 enriched I. and E.
fuel elements (1.336-inch 0.D., 0.500-inch I.D.) were completed. The fuel
rods consisted of six elements, each 7.5 inches in length, positioned in an
aluminum tube of 1.402-inch 0.D. with a 0.028-inch wall thickness. An elumi-
num tube filled with water was placed in the central hole for the wet core
measurement. These tubes were 0.492-inch 0.D. with a 0.020-inch wall thick-
ness. The followlng buckling was determined this month:

Hp0/U ‘Buckling
Lattice Spacing (By Volume) (Fuel Core Wet)
1.85 inches 1.31 4650 x 1076 em™2

A complete report on the 1.25 percent enriched fuel measurements is being
made in the January, February, and March 1959, Nuclear Physics Research
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Neutron Age Measurements

v

Aralysis of the monoenergetic age measurement is virtually complete. Most of
the effort in the past month has been devoted to estimating the accuracy of
the measured ages.

Two of the numbers reported last month have been changed. The age from a small
source in kerosene contained %n error in the position scale, and should read
1k.15 cm® instead of 13.98 cm®“. The lower limit quoted for the age from a small
scurce in water has been Jjudged to be unrealistic. The current value for this
age is 14.29 s 0.23 cm@.

The matrices used to determine the first-collision-approximetion fits to the
asymptotic flux distributions have been inverted, using an IBM TO9 FORTRAN
program. The inverse matrices have been used to determine the statistical
precision ¢f the asymptotic fits. It appears that the tails contribute about
half of the overall variance in the ages. The balance of the variance comes
principally from uncertainty in extrapolating to a point source. The extrapola-
ticn used is substantially larger than the largest value allowed theoreti-
sally. The final values of the age are 14.0 s 0.2 cm® in water and 1k.1 ¢ 0.2
cwe in kerosene.

*hermal migration areas have been computed as 22.0 g O.L em@ in water and.
2:,1 & O.4 cm@ in kerosene. The former gives a diffusion length L = 2.79 ¢
.07 2m in water. The current "best™ value from ANL-5800 is 2.75 & 0.02 cm,
but the best Russian value is 2.69 g 0.02 cm.

Caleoevlatizn of the source spectrum is still in progress.

Mass Spectrometer for P utonium Analyses

Progress toward putting the mass spectrometer for this program into operation
“as besr confined to altering the electronic instrumentation according to the
firal desien of the componrmts of the other mass spectrometer. Efforts to
fapricate successfully a .uvar-to-glass seal for the source vacuum interlock
are awaiting the firing of the kovar metal according to a special firing sche-
die.

The-retizal Critical Mass Studies

A report, HW-60255, on the leakag: of neutrons from subcritical plutonium solu-
£is nz, has been written and is in the reproduction stage. Some of the results

of this repcrt were described qualitatively in the Monthly Report for February.
Iz the linear time variation of reactivity problem, an analytical approxima-
tion has beer made which negle~*s the prompt neutron lifetime. The solution of
the resulting fi-.: order differential equation indicates that the effect of a
gesmetrical buckling change accompanying the linear change in reactivity is
small for wvalues of parameters of current interést. An analog computer formula-
<ica of this prcblem is also being investigated., The principal defect in an
earlier numerical inte gration by digital computer is now attributed to an im-
prover formulation of the problem. The acquisition of information on computa-
tional methods in critical mass problems continues.
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Criticality Alarms

The two experimental nuclear incident alarm monitors or dose-rate indicating
and alarming monitors have now been tested using the two-transistor amplifier
for about two months continuously with & maximm error due to drift of 2.5%.
All source checks (daily) have shown reading and aelarm errors to be approxi-
mately the same (2.5%). The instrument can be used for metering and alerm
work with steble operation from one mr/hr up to ten r/hr. The instruments are
exceedingly simple and reliable.

A gamma dose-rate analysis of the background in Purex is being made. The back-
grounds are being checked where the nuclear incident alarm systems will be
placed.

NEUTRON CROSS SECTION PROGRAM

Absolute Fission Cross Section of U235

The study of experimentel errors in the U235 absolute fission cross section
measurement has been continued. The diameter of the uranium deposited area of
the U235 fission foil used in the experiment was redetermined using a traveling
microscope. The area of the foil obtained from these measurements was (0.85

+ 0.32) percent larger than the area previously assigned from the reported size
of the mask used in preparing the foll at KAPL.

Slow Neutron Scatteriggicross Sections

The energy spectra of neutrons scattered from water of incident energy 0.184
ev was measured for scattering angles of 5 and 45 degrees. No experimental
data have been obtained since the middle of April because of the extended
reactor outage.

The observed angular distributions of elastically scattered (bound atom)
neutrons for the incident energles investigated of 0.095 ev, 0.1kl ev, and
0.184 ev are apparently the same within experimental uncertainty. This is

a theoretically unanticipated effect and might be a result of the method of
analysis. The effect of the finite energy resolution of the analyzer has not
been taken into account and the method of subtraction of the gas scattering
background has not been carefully investigated.

A FORTRAN program has been initiated to calculate the theoretically expected
hard sphere gas scattering energy spectra. The results of these calculations
are being used to determine to what precisiocn the gas scattering component of
the observed neutron scattering from water can be approximated by this simple
model.

Subthreshold Fission

No data have been taken on this progrem during the month. A sample of

several milligrams of Pa23l was received through the courtesy of the Phillips
Petroleum Company, MTR, Neutron Cross Section group, for subthreshold fission
meagurements. This sample Joins samples already on hand of ve3 , U230, and
ve3 awaiting preparation as deposited folls for fiselon cross-section measure-
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Siow Neutron Fission Cross Section - Pu?ul

The radiation problem which existed at 105-DR and caused the loss of at least
tw2 months operating time of the crystal spectrometer has now been ascribed
tc an improperly shielded test hole on the X-2 level operated by an IFD
engineering group. The additional dose rate caused by the crystal spectro-
meter neutron beam on the X-1 level has been determined to be well below
tolerance except within a few feet of the spectrometer shielding. No further
efforts have been made to cause the spectrometer beam to be turned off with
the exceftion of two days early in the month. Useful data were obtained on
the fission 2ross section about 50 percent of the month. The lost time
was caused by spectrometer instrumentation malfunction and reactor outage.

The fission resonance at about 0.26 ev in Pul4l obtained with this supposedly
high purity sample is observed to differ by as much as twenty percent in shape
in the wings of the resonance from the variation deduced in earlier measure-
menss wWwith a sample of lower isotopic purity. The investigation of this energy
region is not complete and further analysis of the data 1s necessary to deter-
mine if the shape difference is real.

The energy regiorn from 1 to 20 ev has been measured with an energy resolution
about three times better than previously used In the Hanford measurements of
Pue*l fission cross section but still not adequate to perform a shape analysis
of resorances above about 3 ev. Slightly more structure was observed than

is revealed in the latest BNL-325 cross section compilation in the region of
4 to 12 ev. Ir addition, two small apparent resonances were found at about
2.6 ev and 2.4 ev. The resonance at 1.6 ev is rather remarkably small with

5 peak 2rosz section of about 10 barms.

Fast Neutrcn Spectra

The rew model of the vernier chronotron has been tested in the laboratory and
has been installed at the Van de Graaff. The tes:ing of the resolution,
sensitivity, etc. of the complete system for time-of-flight studies is in
progress.

REACTOR DEVELOPMENT - LOOO PROGRAM

PLUTONI(M FECYCLE PROGRAM

Curreiaticn of Data on DoO Moderated Cluster Lattices

This work is now complete. A report is to be issued.

Low Exposure Plutonium Lattices

Fasrisation of the special graphite pleces for the 10 1/2-inch, 8 3/8-inch,
arnd 6 1/2-inch lattices is about 75% complete. It is planned to assemble
wheze lattices in a mockup (without fuel) to guarantee compatibility of com-
ponernts before assembly in the PCTR,

Instrumentation designed to reduce PCTR time required to level fluxes along
+he l nzitudinal axis has been fabricated. This consists of a dual channel BF3
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traversing device; one channel uses an enriched BF, tube cadmium covered, the
second channel uses & natural BF3 tube bare. They are moved simultaneously,

one above the central fuel colum, the other below. Simultaneous measurements
of total and epi-cadmium l/v fluxes at a longitudinal position are made possible.
The tubes are intercalibrated beforehand in the Sigma pile. This system should
make possible optimum flux leveling in a strange lattice with the maximum ex-
penditure of about one shift of PCTR time.

PCTR Experiments

Further work on the problem of highly self-sghielded Pu fuel rods/has con-
sisted of making cell calculations on clusters consisting of 0.0625 inch dia.
and 0.125 inch dia. Pu rods which are 65-90 w/o Pu., These are not yet com-
plete.

Instrumentation

A variable wedge was fabricated for the diameter measurement unit of the pro-
filometer. The unit has been assembled and tested. Preliminary tests indi-
cated excessive spherical aberration, lens effect, and chromatic aberration.
The addition of a film of oil between the spherical surfaces of the variable
wedge to a large extent corrected all defects except chromstic aberration which
has been eliminated by use of a filter. Tests of the unit with these changes
indicated that diameters can be measured with a ¢ .00l-inch accuracy. The
unit was demonstrated. A correction of a smell focusing effect is still re-
Quired and will be made this month. Drawings and a description of the print-
out system are being prepared for distribution to possible vendors for cost
estimation.

Calculation of thermsl conductivity values for samples of graphite and UO2
gave values in agreement with data from National Carbon Company for graphite
but the values for U0z are higher than data reported by BMI. The difference
is due to the variation of thermal conductivity with temperature. A method
of successive approximations which takes this variastion into account is being
used to calculate more correct values of UOp thermal conductivity.

GAS COOLED REACTOR PROGRAM

Lattice Parameter Measurements

Analysis of the data obtained in the PCTR to obtain k,, and f is underway.

The additional fuel needed for a l6-column loeding of the PCTK has been re-
celved and preparations are being made for the control rod experiment.

Variation in Doppler Coefficient with 8/M Ratio

Fabrication of the mockup assembly is nearly complete. Testing will begin
with arrival of the induction heater. Bids have been received on the heater,
ranging from $4400 to $7500. No award has been made as yet.

It was found necessary to coat the stainless steel jackets of the thermo-
couples with molybdenum by flame spraying to prevent their fajlure due to forma-
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tion of an iron-uranium eutectic at elevated temperatures (~T700° C).

A 12-point Brown recorder has been modified to have a full scale linear span
of 5 millivolts and 15 overlapping ranges, to cover the range from O to 60
millivolts (~ 0-1000° C for iron-constantan) with an estimated accuracy of
0.0125 millivolts ( .. 0.2° C).

Theoretical PCTR Studies

The small source theory critical condition for an infinite array consisting of
one control rod for each fuel rod has been found and has been related to the
criticality condition for fuel rods only. The condition has been employed

to predict the thermal utilization for a saemple case. The result is f = 0.38
as compared to £ = 0.92 for the same system with no control. Based on physical
arguments regarding relative absorption rates in a cell, this result appears
reasonsble. The method is now being extended to the GCR lattice which consists
of one control rod for each nine fuel rods.and requires the solution of a

4 x 4 aoterminant. The elements of this determinant are now being evaluated
numerically.

TEST REACTOR OPERATIONS

Operation of the PCTR continued routinely during the month. There was one
unscheduled shutdown due to electronic failure. The initial experiment for
the gss cooled reactor program was completed as was anocther series of runs
to measure ko, of 3 percent enriched U03-H;0 mixtures.

Work orders were written for the fabrication of equipment needed for the

measurements using T element clusters of 1.007 percent enriched uranium.
As built drawings of the traverse device were prepared and a work order issued
for fabrication of a second wnit. This will ellow simultaneous bare and cad-
mium traverses.

The reproducibility of positioning the moving face was checked by making
five successive period measurements. After each one, the rods were dropped
and the face opened one inch. The reproducibility was within the error due
to the rod drop (std. deviation 0.007 cents).

PCTR

The preliminary Project Proposal for the Full Scale PCTR, CGH-832, has been
forwarded to Washington AEC with local Commission approval. Preliminary work
on the Reactor Hazards Study has been initiated.

BIOLOGY AND MEDICINE - 6000 PROGRAM

ENVIRONMENTAL SCIENCES

Atmcspheric Physics

Essentially all of the R and D effort In this Operation was expended in the
preparation and arrangement of physical equipment for the forthcoming dis-
persion experiments. These preparations are on or ahead of schedule.
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The erection of the towers for vertical air sampling was approximately 90
percent complete at month's end. The completion date for this work was sche-
duled for May 8, 1959. A major injury was sustained by a constructiorn worker
on April 22, when an 18-foot section of tower fell over as another six-foot
section was being lifted into place.

The assembly of 487 gasoline-driven vacuum pumps was completed by Transporte-
tion employees, and the testing, adjustment, and installation of this equip-
ment at the field locations were begun. Two of the four automatic pigment
counters were completed and accepted. New sources for the other two are being
fabricated. Delivery of disposable filter hclders and filters was assured
and 14 pulse-type drum samplers were received from the U. S. Army Chemical
Corps on a loan basis.

The visible preparations for these experiments, such as the erection of
tcwers, assembly of pumps, etc., were photographed by the Photography Opera-
tion ae part of an overall doccumentation of the experiments. The Air Force
has dubbed this prcject, "Operation Greenglow," an officlal Air Force nickname.
We have not used this designation.

DOSIMETRY

The basic trouble with the live-timer of the 256-channel analyzer in the
Shielded Personnel Monitoring Station was found and corrected. Minimum main-
tenance was required during the month.

Tests of the resolution obtained for the large Nal crystal with a uniform
array of six 3" photomultiplier tubes or five such tubes in a circle gave
definitely poucrer results than a circular array of six tubes. One more photo-
mltiplier, a 10" EMI tube, remains to be tested.

Teste were made of our 2bility to standardize gamma ray sources by using
theoreticel photocfractions and efficiencies at known distances. Results were
very g0ood. The accuracy was certainly better than 5% and usually better
than 2%. Teste by this method of six sources obtained or the plant uncovered
errore in the values of three of them and cast doubt on a fourth.

It was found that a box made of lead-plywood sheets such as used in X-ray
shielding wes qQulte effective in reducing the background of low energy pulses
on the big Nal crystal. Many of these low energy rays result from the slow-
ing down of higher energy gamma rays ln the iron of the skhield. The shield-
ing was effective even though there was some small radioactivity detectable

in it; the radicactivity could very well have been in the adhesive used to
bond the lead and the plywood. It seems desirable to line the interior of

the iron room with a 1/8 inch thicic sheet of lead that tests show to be low in
radiocactivity. This has been done &t other whole body counters.

The large Nal crystal was calibrated by the one meter arc method for natural
body Cs 37 ena ;go for three subjects. The accuracy was about 20%, which

is sufficient for the present. A calibration for Zn65 was obtalined through
the cooperation of a visitor with a known body burden of the isotope.

A subJect injured in a glove box explosion was studied for plutonium corntami-
nation. Both cuts and burnes were involved. Surgery had been performed prior
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to our examination with the result that two cuts had been combined into a
single wound. There was (1.0 s 0.2) mpc of plutonium in the wound. The .
excised flesh contained (0.39 & 0.06) mpc. An examination of the whole side
of the face and neck with a 4-1/2 inch by 1 mm NaI crystal indicated less than
2 mpc present. A second man involved in the same incident was examined for
plutonium in the lungs; none was detected.

The positive ion accelerator operated satisfactorily during the month. The
use of the new stapled belt has improved the stability of the machine. Spark-
ing has developed near 2 Mev. It may be due to small iron fragments released
ingide the accelerator from wearing of the staples. The X-ray warning device
and interlock system were completed and put into use.

Advantage was taken of the new stabllity of the accelerator to restudy some
characteristics of the Be(d,n) and D(d,n) reactions with the double moderator.
For the latter reaction the results indicated that the angular distribution
was not the same for two different targets and that the deuterium gas is pro-
bably not uniformly distributed in the titanium metal of the target.

The system for counting neutrons from radiocactive sources was automated and
further measurements made on plutonium oxalate, plutonium nitrate, and several
RaBe sources to obtain statistically better data.

An automatic system for gamma ray counting was put into use. Na.2h in samples
of effluent water was counted several times a week to calibrate the system -
and to test its stabllity. Stabllity was good.

In studies of the use of pencil ion chambers for low dose measurements it was
found that electrical discharge of the chambers equivalent to 1 mr dose could
be measured to better than 1% accuracy if the measurement was made immediately
after discharge. If the chamber were exposed to 1 mr of gamme radiation, how=-
ever, only 5% accuracy could be achieved. Only 5% accuracy could be achieved
with the electrical dlscharge method if the chambers were allowed to sit for
the same length of time required for the gamma ray exposure. It 1s suspected
that slow drifts in the charging voltage cause the decrease in accuracy. Use
of a stable 6 volt battery resulted in somewhat better accuracy.

INSTRUMENTATION

The scintillation, transistorized combined alphs-beta-gamma hand and shoe coun-
ter 1s still in satisfactory continuous operation in the 329 Building. The
instrument has been source-checked twice a day for almost two months with no
recalibration or maintenance work found to be necessary. Personnel acceptance
of the instrument has been Eratifying. The instrument indicates about twice
background for a 500 d/m Pu?39 source distributed over a four-inch by elght-
inch area, and it indicates two to three times normal background for a simi-
larly distributed 15 millimicrocurie Ra D-E-F source. The total individual
counting time 1s 15 seconds since the probes simultaneously detect the indi-
cated types cf radiation. The alpha information 1s separated electronically
from the beta-gamma information and the two are then separately indicated.

Twe final model scintillation transistorized slow and fast neutron cout-rate
and dose-rate meters and two final model scintillation transistorized alpha-
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beta-gamma meters have been completed and tested satisfactorily. The neutron
portable meter replaces, in one instrument, both the old BF3 meters and the
"Neuts." The alpha-beta-gamma meters, in one instrument, replaces the old scin-
tillation alpha "poppies" and the standard GM's. In all cases, the performance
cf the new instruments is superior to the old types.

The composite transistor circult board tester for ell of our varlious plug-~in

type, modular construction transistor circuits has been completed and tested
satisfactorily. This testing device will enable any technician to check the
plug-in boards in a go, no-go type test. All of the tramsistor circuits for
portable and fixed instruments which we have developed can be tested. Several

new stable transistor oscillators of various pulse repetition rates were developed
and tested. These will be used to drive the other circults being checked in the
transistor tester. The transistor plug-in circuits that can be tested include
amplifiers, multivibrators, binaries, count-rate meters, and register-driving

types.

The pinhole camera was evaluated this month. The best results were obtained by
using Eastman-type kk X-ray film for the radiation picture and Royal Pan (ASA
200) film for the daylight picture. An exposure of 300 mr from a point source
at the face of the camera was necessary to produce satisfactory results. The
camera was demonstrated by placing a Co 0 bug inside of an aluminum tube and
photographs made. After the film had been processed, the radiation film was
laid on top of the photograph to locate the source. An attempt to improve the
sensitivity by inserting a terphenyl crystal in the film holder and laying Royal
Pan (ASA 800) on the crystal was not successful.

The Rediotelemetry Central Station equipment has now been tested and is ready for
delivery to and installation at the 622 (Meteorology) Building. RCA engineers

are changing receiving and transmitting antenna positions of equipment on
Rattlesnake Mountain to attempt alleviation of interference problems. The Aero-
vane wind direction detector at the Yakima Barricade has ruined its bearings and
will be replaced,; in total, by the manufacturer. Some trouble has been experienced
with the Benton City data station from cattle demaging the wnit. The AEC is en-
gaged in a study of methods to slleviate the condition.

The four zinec sulfide particle counters were assembled and tested this month.

Two of the alpha sources received were not satisfactory because of the high back-
ground. The sources were prepared identically but at different times. The
reason for this backgrcund on two of the sources is unexplainable. The two units
vhich are satisfactory have been delivered to the field.

An instrument for automatcically counting dust particles in ailr has been devel-
oped. The instrument consists of a vacuum source to draw air through a pipe which
is used as an impactor, & lucite disc covered with a triboluminescent pigment
(pigment 3336-U. S. Radium), a photomultiplier tube, amplifier, scaler or count-
rate meter and a high-voltage supply. In operation, dust is impacted onto the
pigment that is attached to the disc. The dust particles striking the pigment
causes it to scintillate. The scintilletions are viewed by the phototube which
changes them into electrical pulses that are amplified and recorded. Size separa-
tion can be accomplished by adjusting the space between the impactor and the de-

posited pigment.
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The investigation of determining the efficiencies of various light pipes contin-
ued.

Censultation was rendered to the Process Control Development Operation concern-
ing the use of terphenyl-in-polyvinyltoluene detectors for Pu=39 alpha detection
in acid-flowing process lines for Purex. The terphenyl type is to be tried as

a replacement for a very thin Teflon-covered zinc-sulfide alpha detector which has
not stood up to use in the acid fluid.

WASHINGTON DESIGNATED PROGRAM

The mass spectrometer for this program is now operated on a part-time basis
(about 30 percent of available time) as an analytical service to the program.
For this service the altermate ion detection system consisting of the electron
mltiplier, vibrating reed electrometer, and Brown recorder is being used.

The remainder of the time is belng used to study experimental effects of im-
portance to the types of samples encountered in this program and toward putting
the ion counting detection system into reliable operation.

CUSTOMER WORK

Analog Computing

The problem load for the Anslog Computer is building up to the point where a
considerable back-log has accumilated. The problems waiting for machine time
are (1) Hazards re-runs for PRTR, (2) Frequency response for FRTR, (3) Primary
loop frequency response for NPR, (4) Pump coast down for NPR, (5) Heat ex-
changer frequency response for NPR, (6) Primary loop plus heat exchanger for
NPR, (7) Boilout curves for existing reactors, (8) Boilout with the effect of
meltdown of lithium poison, (9) Flux distribution with various pile loading
effects, and (10) Log simulator for reactor kinetics (theoretical physics).

The Goodyear Computer has been in operation almost steadily for the last month
with a gradual loss in capacity due to loose connections, bad potentiometers,
etc. It is estimated that the computer will have to go down for an overhaul
before some nf the larger of the above-mentioned problems can go on.

The new replacement coefficlent potentiometers have been received and twenty-
four have been installed. The remaining thirty-six will be Iinstalled during
May.

Replacements for the intercept potentiometers on the dicde function generators
have been ordered. May 15 is the tentative delivery date.

Work has been started on the design of a better slope switch-potentiometer com-
bination for the diode function generators and the components have been placed
on order.

The crder for the new computer was placed on April 20, 1959, with Beckman
Instruments, Inc. The delivery date is six months, which would mean October 20
before the new computer arrives.

The new Brush &-Channel Recorder has been received. All necessary wiring has
been comp.zted and the recorder is now in service. The Sanborn recorder is to
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be removed from service and completely overhauled at the earliest opportunity.

A study is being made into the feasibility of either building or purchasing
a Magnetic Tape Type Transport Lag Simulator. Several vendors have been con-
tacted and more will be contacted in the next couple of weeks.

A ohe-hour talk, followed by a demonstration and discussion period, was given
to the Design groups in CEO on May 4. The talk covered the basis of analog
computers and their applications.

The NPR Primary Loop (Four Section Temperature Model) Frequency Response runs
are approximately 90% complete. A few runs are still to be made using a
positive water temperature coefficient.

Pump coastdown curves for the NPR are now being studied on the computer.

Report No. BW-60026, "Multi-Region Simulation of Xenon Poisoning in the PRTR,"
has been issued.

Constants necessary to make a new hazards analysis on the PRTR have been re-
ceived.

A request for Primary Coolant Transient Analysis for the PRTR was received
April 24. Special equipment needed for this study has delayed its solution.
Four transport lag simulators are needed to solve the problem. Arrangements
are being made to obtain three of these from the Los Angeles Computer Center
for a 30-day loan.

Curves deplcting the response of a power rate meter after different power
level ramps were recorded. The kinetics part of the problem included the con-
stants from & natural uranium loading.

Using equations and constants from HW-32346, "Solutions of the Pile Kinetic
Equations When the Reactivity is a Linear Function of Time: I," a solution
was attempted on the analog computer. The computer overloaded before prompt
critical was reached and, since the interest was in the shape of the curve Just
preceding prompt critical, a new approach seemed necessary. The log simulator
which plots the log of the power level versus time has been programmed and is
awaiting computer time. :

Weather Forecasting and Meteorology Service

The first Columbia River crest forecast was issued on April 21, 1959. Ex-
pected crest helights are nearly equivalent to or slightly in excess of those
observed in 1958. The forecasts for the 100 Areas and Richland are as follows
(these forecasts will be amended as later information becomes available):

Peak Stage (Feet above MSL)

100-B 100-D 100-F Richland
1959 Forecast 405.5-408.5 394.0-397.0 381.0-384.0 348.5-352.5
1958 Observed Lo6.2 395.0 381.8 349.2

- s -
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The River is expected to crest in late May or early June, but probably before
the 1938-1952 average crest date of June 7.

Type of Forecast Number Made % Reliability
8-Hour Production 90 88.4
2l-Hour General 60 .o 82.1
Special 136 87.5

April was the windiest month in more than 14 years of record at the Hanford
Meteorology Station. The average speed of 11.1 mph compares with 10.7 mph in
June of 1949, which previously was the windiest month of record.

Instrumentation

A count-rate system is being developed for checking the thickness of the zir-
conium cladding around the urarium fuel element for FPD. The probe is a scinti-
llation type employed terphenyl in polyvinyltoluene for beta-gamma detection.
The crystal, light pipe, and shield are being fabricated for evaluation.

A complete, fair-cost estimate was prepared concerning the alpha-only scintilla-
tion transistorized hand counter. The estimate was necessary because offsite
fabrication blds are being obtained for the fabrication of twelve of the units.
The falr-cost estimate, excluding the profit factor, was found to be $2,300
each in lots of one only. In lots of twelve required, the estimate would be
reduced by about 10% per unit.

Design and fabrication work was started for conversion of the vertical lead

pig beta-gamme shelf counters from mica-window GM tube use to a scintillation
detector using a phototube and terphenyl in polyvinyltoluene. The very fragile
mica-window tubes which cost about $200 for replacement will then be eliminated.

A radiation warning device design was completed for Facilities Engineering Opera-
_tion, HLC. The instrument is to monitor above a water-filled tank containing
15,000 curies of Cobalt 60. The instrument has a minimum alarm sensitivity of
five mr/hr, and the slarm polnt may be varied to 100 mr/hr or greater. The de-
tector 1s a two-inch by one-inch NI(TL) crystal with a 6655A multiplier photo-
tube. The alarm circuit is activated by a meter relay which measures the
mitiplier phototube anode current.

Acceptance tests were continued on eight Victoreen remote area monitoring sys-
tems with a total of 65 channels and a Riggs (one channel) remote area monitor.
Acceptance tests were completed on 47 HAPO GM's.

Qgtical .

Work was completed on the modified Slit Camera for 105-C Fuel Inspection Facil-
ity. The camera has been delivered and the customer is installing and testing
the camera at 105-C. '

Design drawings have been completed for a remotely operated TV scanning system
to be used in the six-inch diameter access holes on the rear shield wall of the
reactors. Fabrication of the unit is about 80% complete.
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The routine Optical Shop Work during this period includes 400 manhours work
of which 35-3/4% was for Spare Parts (Stores), 19-1/2% was for IPD, 15% for
CPD and 29-3/4% for HLO. During the month, O. K. Selle left to work in Tech-
nical Shops. Work performed included:

1. Completion of parts for PRTR profilometer components.

2. Polishing three lead glass bricks.

3. PFabrication of 20 glass bearings.

+ Fabrication of parts for TV scanner.

. BService to 327 Building microscopes.

Pabrication of a second scratch depth microscope.

Evaporation plating of gold on wire loops.

Fabrication of a lamp projection and photocell detector mounting for
R. C. Clark.

+ Fabrication of a pyroceram bearing.

Tad. F Sut—

Manager

Physics and Instrument Research
and Development

HANFORD ORATORIES OPERATION
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Chemical Research & Development

RESEARCH AND ENGINEERING

FISSIONABLE MATERIALS - 2000 PROGRAM

IRRADIATION. PROCESSES

Flow Characteristics of an Aluminum Packed Bed

Studies of flow through a column packed with aluminum turnings were concluded.

In addition to the "standard" packing described in the March report (25 aluminum
turnings 0.005-inch thick by 0.13-inch wide), studies were maede using "es-received"
scrap aluminum turnings (spiral end turnings made from slug jackets, approximately
0.015-inch thick by 0.50-inch wide, and some thin ribbons and small chunks) =and
"sorted" scrap (only well-defined spiral turnings).

The highlights of the studies are discussed below:

l. The packing density increased with flow rate. The scrap turnings re-expanded
to nearly their initial packed density when the flow ceased. The "standard"
turnings remained compressed to 140 per cent of their initial density.

2. The pressure drop across the "sorted" scrap increased approximately as the
2.5 power of the flow rate. The pressure drop across the "unsorted" scrap
and the "standard" turnings increased at & higher rate - presumably, because
of greater packing compression at high flow rates.

3. Any increase in pressure drop,>due to formation of an oxide film on the
packing, wae less than the deviation between runs.

The dats are summarized in the following table:

Packed Density, Pressure Drop,
(1b/cu.ft.) Flow Rate, (1b/sq.in./ft of Bed)
Packing Material Initiel Final (epm/sq.ft.) (1) (2)
"Standard"
Turnings 3.62 5.05 430 1.20
Sorted Scrap(3)
(First Pack) 8.3F R.92 350 0.06 0.12
680 0.45 0.54
860 0.81
Sorted Scrap(3)
(Second Pack) 8.36 8.90 350 0.12 0.15
680 0.58
Unsorted Scrap 5.94 350 0.0k 0.07
680 0.43
860 1.0k4

Notes: (1) With flow increasing
(2) With flow decreasing
(3) The sorted turnings were packed and two runs were made, then the

turnings were removed, separated, and repacked to the same initial
density.
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Decontamination of Reactor Effluent with Aluminum Metal

HW-60233

Examination of the experimantal data avallable on the use of aluminum turnings

to decontaminate reactor effluent indicates that the surface area of the corroded
aluminum is one of the most important measurements to be made for the selection of
s bed packing. Consequently, an experimantal study is being developed in which
various types of aluminum turnings will be immersed in & retention basin and
allowed to corrode. The measured surface area of these specimens, coupled with
the above pressure drop data, will permit optimizing the design of a decontamin-
ation bed.

Decontamination of Reactor Coggonents

Acetanilid and 8-hydroxyquinoline were tested as stabilizers for hydrogen peroxide
in carbonate-bicarbonate solutions at 25 C and in cortact with oxidized mild steel
surfaces. Acetanilid at onme g/l. had little effect on the hydrogen peroxide de-
composition rate. The hydrogen peroxide half-life was increased from about 15
minutes without a stablizer to about two hours when one g/l. of 8-hydroxyquinoline
was present. Lower concentrations of 8-hydroxyquinoline produced the same degree
of stabilization for short periods after which the paroxide decomposition rate
approached that in the absence of a stabilizer. Destruction cf the 8-bydroxy-
quinoline in the system is indicated.

When in contact with carbon or stainless steel, peroxide present in the Westing-
house 0.D.S. decontaminating solution (sulfamic acid, Versene, acetanilid,
hexamethylenetetramine, and hydrogen peroxide) decomposed rapidly at 95 C and

e heavy foam formed. In contact with glass, no gas evolution occurs.

Potassium permanganate-sodium carbonate soclutions will dissclve uranium dioxide
(prepared by exposure of metallic uranium to watsr at 200 C). In four hcurs ex-
posure of excess U0, to a permanganate-carbonate solutican at 95 C, the dissolved
uranium concentration was 4.2 g/l. This compares favorably with results obtained
with peroxide-cerbonate solutions.

Further coupon decontamination tests with combinatiors of the Turco and APACE
processes were made to define effects of sclutica concentraticns, contact time
and temperature, and order of application. The ccrrosion of carbon steel
(A-246) by the APACE step II solution (ammonium citrate-EDTA) is effectively
inhibited by acridine. A large part of the radiocactive content of alkaline
perusnganate solutions, after use as decontaminating agents, is carried on the
small amount of solids present and can be removed by filterirg or settling of
the sollds.

Uraniuvm Oxidation and Fission Preduct Volatilization

Emphasis was placed on measuring the fission product release during thermocycling,
investigating the effect of aluminum jackets on fiasion product release, and
studying the release of fission products in an inert atmosphere. Thermocycling
caused fluctuations in the fission product release rate. In this test, the
furnace was held at constant temperature and the uranium specimen temperature
allowed to fluctuate. Aluminum jackets were pressed over the bare uranium
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specimens in twe tests. At 990 C in air atmosphere the aluminum oxidized

- rapidly and the aluminum oxide particles were depcsited throughout the system,

even penetrating the caustic snd charcosl traps. At 1200 C no aluminum oxide
particles ware cbserved dowzetrzam of the furnace ftute. The reasons for this
difference in particle generaticn have nct been resclved. In helium atmos-
phere the release cf icdine, tellurium end xenon was greatly retarded, while
cesium was more vcelatile thar in air. The release of strontium, ruthenium
and barium was ahout the ceme &g in air.

Equipment assembly and procedures were completed for conducting oxidation
studies of urenium at high temperatures in steam atmosphere. Three experiments
with cold urarzium vzing the modified aparatns were successfully completed.
Oxida*ior rateg of 1/hcinar x 3/L-inck cylindrical zpecimers at 1200 C for twe
runs were 12.9 and 12.9 g per cm® per minute. This compares with a rate of
64.7 mg per cm? per uin for the same conditicns i1n alr atmosphere.

Aralytical Services

tom per cect bturnoup 1 teing meessursl from Ce-l37 fisszion yield and determining
Cs-127 disintegra*icrn rates., Use cf hurr-up stacdarde is no longer needed.
While sceouracy remaire the same, the new method 1e about 20 per cent cheaper

and is the method uzed by meo:zt other leborestories measuring burn-up. The ad-
vance came frcm usirxg a local 7&-137 standard for calibrating a 256-channel
erergy arnelyzer with & 3.inck Nal{Tl) crvstal.

A 0.002 mil coating of g-ld wes removed from a 0.2 mil coating of silver on
brass elentrical correctcrs for Noz-Metellic Materiale Development. There was
some ccncern about fermsatiorn of mercury by bete decay of neutron activated
gold. The gcld wes vreferertially dissolved with cyanids-carborate solution.

Activaticr Analveie. As. Ga, ard Cu in the ppb rezge were measured in 0.1 g
aluminum usgirg stardard radicchemicel techriques after a 16 hour irradiation.
Cs; Ni, Sc, Zn, St, a=d P rcasursments are in procesze.

Analysie of carzcr 1o plent irradisted metal weas performed. The year old metal
wat haniled in medifiszd ccubatior-gasomesry equipment regularly used for inactive
samrples.

SEPARATICON PRCTCESSES

Anior Exchange

In crder to furthzr elucidste tle mechanizm of sbsorpticn cf plutonium(IV) from
nitric avld by anior sxchargers. the solubilities of the tetra ethyl ammonium
salt of the plutonium(IV, anior ccmplex were dctermined as a function of nitrate
conceptratior in btcth nitric acid and caleium nitrate -~ 0.5 M nitric acid. Plots
of -dog (sclubility) versus +4ctal ritrate gave curves which were very nearly
identicel ir shape ard slope to the anicn exchange plots of log Kp versus total
ritrate. The sait is being analyzed.

" - Moo ' TR
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Neptunium Recovery

Recovery of Neptunium from Purex 3WB. In the extraction of neptunium{IV) from
WB in the 2A column using mixed ferrous sulfamate-hydrazine as the reductant

the plutonium may leave in either the aqueous or organic streams or reflux in-
ternally depending on the acidity and concentrations of reductants. This is
because the reductant -reduces plutonium(IV) to plutonium{III) but increazed
nitric acid increases the oxidizing potential and thus increases the plutonium(IV)-
to-plutonium(III) ratio. Plutonium distribution coefficients (E°) were measured
from synthetic 3WB of 5, 7, and 9 molar nitric acid before and a%ter meking the
solutions 0.036 M ferrous sulfamate and 0.54 M hydrazine. The E's were measured
at various time intervals from one to twenty minutes affter reductant addition,
and virtually no effect of time was observed.

Plutonium E°

Equilibrium M HNO3 5 7 9
No Reductant 8.9 16.2 19.3
Ten Minutes after Reductant Added 0.22 0.76 k.5

Thus, it can be seen that at low acid the plutonium wiil remain in *the aquaous
stream, and at high acid (39 molar) the plutonium will extrant into the organic
with the neptunium.

Another experiment demonstrated that it was feasible to reduce with ferrous
sulfamate-hydrazine in 3WB of 10 M HNO3, kill excess reductant by digesting at
elevated temperature, and extract both plutmium and neptunium with 30 per cent
TBP. Three extractions removed 97 per cent of the reptunium and 99.5 per cent
of the plutonium from the aqueous phase.

3WB Neptunium Reccvery Flowsheet. A variaticn of the reducing flcwsheet used
successfully in the Merch Purex plant neptunium recovery run was tested in the
miniature mixer settler equipment. This varizd from the March run in that the
concentration of reductants in the feed was cut ty a factor of ftwo, and the 2A
unit was operated at 52 C instead of 25 C. Increasirg the 2A temperature in-
creased the plutonium reflux only slightly. It was concluded from the results

of this run that the Purex 2A-2B columns may be uzed tc prccess 3WB under total
recycle conditions at 50 to 55 C with one-half the ferrcus sulfamata2 and hy-
drazine used in the March Purex recovery operaticn. The neptunium was stripped
from the organic “n the seven Mini stage 2B sectict with 0.05 M HNO, at an L/V

cf 0.25, giving O.l per cent 2BW loss. The Purex 2B coiumn hes unkiown efficiency
for this cperation, and the L/V may have %o be increased tc achieve good neptunium
stripping.

Solvent Extraction

Purex 2B Column Studiles. Semiworks scale studies have been started to determine
the capacity of the Purex 2B column at elevated temperature {~-50 C) under a

P
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simulated neptunium recovery flowsheet. A 3-inch-diameter glass pulse column
equipped with a 9-foot long "standard" cartridge plate section was used.

Very little capacity improvement resulted from raising the column operating
temperature from 35 C to 50 C. At a column temperature of 35 C and a pulse
frequency of 30 cycles/min., the instability threshold was 900 to 1000 gal/hr/sq.ft.
total flows and complete column flooding occurred at 1200 gal/hr/sq.ft. with a
pulse frequency of 60 cycles/min.

At a column temperature of 50 C and a pulse frequency of 30 cycles/min., the
instability threshold was 1000 to 1100 gal/hr/sq.ft. snd complete column flooding
occurred at 1200 gal/hr/sq.ft. with & pulse frequency of 70 cycles/min.

3WB Solids. A sample of solids was isolated from 3WB by centrifugation followed
by three 6 M HNO3 washes. An aliquot dissolved in HF-HNO; was analyzed by alpha
total and showed 0.025 grams plutonium per liter of centrifuge cake. Other
constituents are alumina, iron, and silicon.

Stability of Neptunium and Plutonium in DIBAN. DIBAN (divesic aluminum nitrate)

may be a potentially useful material for acid neutralization in certain Redox

and Purex streams. Because of this the stability of plutonium(IV) and nept .aium(IV)
with respect to polymer formation and surface deposition was determined. Newtun-
ium(IV) and plutonium(IV) at one to two grams per liter were found to be stable

in 1.8 M DIBAN (ca. 3.2 M acid deficient) for periods of one week. Iron(III)

was alss found to be stable in this solution. Neptunium(IV) and plutonium(IV)

Eg's in 1.8 M DIBAN are low; 0.004 and 0.007, respectively. The Eg's‘increase

with increassing acidity.

Neptunium Chemistry. The formation of neptunium(IV) complexes 1s under study
using the TTA extraction technique. The only neptunium(IV) complex for which
quantitative data have been previously obtained was that with sulfate, which wes
measured by Hindman at the Argonne National Laboratory. To verify the method
and techniques, the formation constants of the sulfate complexes were redeter-
mined. Good agreement was obtained with Hindman's values. Data have also been
obtained on the nitrate, oxalate, and fluoride complexes at 25 C; however, com-
putation of the complexing constents is not yet complete. Qualitatively, the
order of stability is found to be F':>C20u':>sou':7N0§- Although complexing
by nitrate is relatively weak, the average number of nitrates per neptunium ion
was found to increase from 0.5 t6 0.25 M nitrate to 2.9 at 2 N, implying the
existence of even higher order complexing.

WASTF, TREATMENT

Semiworks Waste Calciner Prototype

Final design of the calciner prototype is nearly complete. Over-all fabrication
of equipment is about 60 per cent complete. Fabrication of the reactor fluidi-
zing column chamber, the reactor de-entrainment section, the off-gas scrubber,
and the spray condenser is complete. Installation of equipment has started.




0o

«QECLASSIFIED - -

ANL Fluid Bed Calcination Studies

Exploratory studies at ANJ. on the fluid bed calcinaticn cf Purex acid wastes
has ccntinued. A shut-down of the calciner for repairs revealsed a failed
fluidizing distributor plate. It is believed %hat the failure occurrad hefore
starting the studies with synthetic Purex waste in Febdbruary, and that the de-
fective distributor plate was at least partially responsible for the formation
of relatively large particles reported in March. The equirment has been re-
paired and a four-hour run, with simulated Purex "fcormaldehyde-kill:d" un-
neutralized waste has been completed. Trhe quality of fluidization and appear-
ance of the powdered product was considerably beh*ter than during srny previous
run.

Additional data on prior runs indicate the nitrate rcontert of the product
powder is less than one per cent bty weigh*, and no sulfate is decomposed. Lab-
oratory heating tests indicate significan®t fusion of the pcwder particles starte
at temperaturzs as low as 600 to 680 C. Thus, thess temperatures will be the
approximate maximum for fluid-bed calciners operating with unneutralized Purex
waste.

Fixation of Purex Waste by Batch Calcinaticr

Additicnal preliminary scouting runs utilizing unagitated baich calcirasiorn
techniques have teen made, usirg similated "formeldshyde-killed" three-fold
concertrated Purex 1WW.

A 'method cf repeated filling, evaporating, drrirg, and celzining within the
calcipner vessel was tried along with the twe mecheds reportad in March {IW-S9717 C,
rage 6). R2sults coriinue to te ercsuraging, &3 the “wo best razs {cre of the
mzthods reported last month and the metkod cutlirsd akcve) ontainzd caliined
volumes of avout 1.8 gallons per ton of vreailum fesl.

Chservation Wells

A projsct was irnitlated tc previde & hydrosliogi.al %23t zit2 for perfirming ground
water researzh. The site will be furaished +with a pabtzra of ten clozely-speced
wells, especially designed for optimum rydroslogic measurerents. Initial svoudies
wlll be directed toward the quantitative evaluation of tae rste of solute dis-
persion in the ground water. A lcea*ion rortia ¢ CJevle Mourtain was chbosen for
this facili%ty because of the reletively saellow daztk 42 grousd waler e24 ite
well defired homogeneous aquifar.

Relatively small change was eviden™ in the na*tern of grovud water consarmiraticn
as revsalzd by ground water analyses. Some ‘rdicaticn cf u zlight eastward
shift in the cortaminated ground water beneath the 200 East Arsa carrot e
deemed significart until it is confirmed by further chservationz.

Disposal to Ground

It was suggested that the Chemlcal Prc:cessing Departrent shouii ceonglder the
feazibility and advisaktllity of discharging 300 Ares laporaftcry lovw-salt wasthes
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to the self-concentrating tanke at Purex instead of to the Redox laboratory waste
crib. Such a change would reduce the activity discharged to ground in the 200
Areas and increase the life of the 216-SL-1 and 2 cribs. Also, reductions in
radiation exposure to truck operators and in transportation manpower charges

will be realized from the shorter hauling distance.

A program to study the kinds and concentrations of radioisotopes stored in
200 Area soils above the ground water table was outlined. The proposed study
relates to the effect a higher and fluctuating water table might have on past,
present and future disposal of radiocactive liquid wastes in the 200 Areas.

Laboratery study of anion exchange resins for recovery of plutonium from Recuplex
CAW wagte was centered on establishing elution curves. It was found that increas-
ing the temperature of the eluting solution from 28 to 60 C speeded up plutonium
desorption from all the resins tested but did not alter the relative order of
elution efficiency of the resins. At 60 C, 95 per cent breakthrough was achieved
at two column volumes for Permutit SK and five column volumes for Amberlite IRA
40O and 401 resins. Laboratory data regarding the ion exchange recovery of
plutonium from CAW wacte were reported in HW-59983, "Removal and Recovery of
Piutonium from Recuplex Process Waste by Anion Exchange,”" by A. E. Reisenauer

and J. L. Nelson.

Laboratory studies were initiated to determine the compatibility of 22L-U con-
densate waste and vaste decontamination solutions from the 271-U decontamination
facility for dispcsal to a single crib. The influence of the detergents used
for decontamination on the soil retention of radioisotopes will establish the
feasibility of combining these streams.

TRANSURANIC ELEMENT & FISSION PRODUCT RECOVERY

Multicurie Cell Investigations

The fractionation of the solids in a recently received batch of Purex 1WW into
fast-settling and slow-settling portions was described last month. Analytical
data avallable to date show, surprisingly, that half or more of the plutonium,
cerium, and rare earths (plus yttrium) were in the solids. However, these were
easily leached out with a water wash. Precipitation of these elements may have
been due to slight over concentration in the Purex plant and/or to a higher

than normal salt content (0.62 M-Fe, 1.5 M NaNO3). The phenomena is being in-
vestigated further and may afford a way of obtaining a concentrated crude cerium-
rare earth cut without the necessity of a sulfate precipitation step or of solvent
extraction.

The centrifuged 1WW was butted with nitric acid from the as received 4.1 M to
7.5 M, oxidized with sodium nitrite, and an anion exchange recovery run made

tc demonstrate neptunium and plutonium recovery. Although the feed had heen
centrifuged for 15 minutes at 1200 G, some difficulty was encountered with
plugging of the column by residual solids. However, it appeared that the solids
probably passed through the resin and that the plugging was at the glass frit
resin support. Thus, this experience may not necessar’ly imply similar trouble
in the plant column but does, however, serve to indicace the importance of very
thorough feed clarification.
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Cerium and Prcmethium Recovery

‘A seriee of runs have been made to define conditions for effiziant pracipitation
of cerium acd promethium double sulfates from 1WW of current plant ccmpositicn.
Using samarium as a stand-in for promethium and tracing with promethium-147,
reccveries of 96 to 97 per cent were routinely ob*eined with a procedure which
involved diluting the 1WW two-fold to reduce the iron concentration to 0.25 M,
butting the sulfate to one molar, neutralization to pH 1 with zaustic, and
digesticn at 90 C for at least an hour. The crystalline pracipitate settled
readily and centrifuged to a slurry volume of about one per cernt. Exhaustive
washing with 1 M scdium sulfate (adjusted to pd 1.7) dissolved vary little of
the rare earths—(over-all recovery 91 per cent) and was shcown tc be a practical
procedure for reducing contamination from other fission produc*s. Reducing the
concentration of rare earths in the feed to one~third to one-half current 1WW
levels (corresponding to loss of a substantial fraction to the 1WW sclids or to
processing of low MWD/T uranium) still gavs a satisfactory r2covary ¢f 92 per
cent.

Americium Icn Exchange

Distributior coefficients of americium onto Dowex 1, X-% {50 - 100 mesn) were
measured from zeveral aluminum and calcium nitrete soluticrs arnd from simulated
Redox wastes. Log Kp was found to increase linesrly with nitrate corcentration
from 4.0 to 8.0 M nitrate in ANN and in ANN meds acid deficient wi‘h CaC03 or
NH,OH. Distribution coefficlents were lower in anid defizient soluticns and were
higher at 25 C than at 70 C. Kp reaches 200 at 25 C and 70 at 70C in 7.9 M
nitrate in neutral ANN. Simulated Redcx 1WW in whish the diakh=omate was destroyed
by hydrazine nitrate gave a Kn of 160 at 25 ¢, ard 70 at 70 C. Equilibrium ap-
pearedl o “e reacked reascnably rapldly: Theszse values of +he ¥p icdica®e that
amerizium could be recovered Dirom Redox IWW oy anicr. exchange. It cat be ex-
p2cted that tohal rare earths would load +o about the 3ame dezre=2 az americium
and & rare earth americium concertrate would be cbitairsé. Tha practicality of
such a process depends on aeveral incompletaly explered fastors such as radiation
stabllity of the resir, remcval of zolids from the r2eé, axc.

Figsion Prcduct Isclatiorn and Packagirz Protctvpe

Ins%allation >f the prototype equipment bas coctinued in the 321-A Bujlding.

All ccmponents; except the Hopper-Crystallization ass=moly end the Capper, have
beer installed and have undergore preliminary fastirg +o determinpe oparaticnal
charac*teristics. The t2sts have dictated minor modificati-ns to scme ccmporents.

Ths delivery of the General Mills marnipulatcr has Tean indefinitely delayed
becauze cf a sirike at the fabricator's sits. However, “zis dces nct gsericusly
hamper the initial phases of testing the prototype.

Xenon Isotcpe Separations

A =ccps design of two pilct coaxial thermal diffugisn sclumns for separating
xeron isotcpes has been completed. The zclumn: ard *he auxiliary equipnmert
for ccutrolling them could be installed and opera*sd i- the 221 Bulliding.

=
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ANALYTICAL AND INSTRUMENTAL CHEMISTRY

The UF, mass spectrometer continues to show promise for mercury. After a sample
system was attached, five to ten milogram samples of natural mercury gave values
with = 1 per cent relative error for each isotope. A heated sampling system is
expected to reduce a memory effect. A Rocky Flats plunger sample system is also
being fabricated.

Liquid-Contact Scintillation Alpha Counter

A report, HW-49003, is being issued which describes the development, testing,
and plant operating experience of the Hanford liquid-contact scintillation alpha
counter. This alpha detector employs & ZnS phosphor alpha scintillation screen
which is protected from chemical attack by a bonded Teflon film, 0.00025-inch
thick. The film permits the passage of a sufficlent fraction of the alpha
particles from the solution for effective counting. A multiplier phototube is
used to detect the light pulses produced in the phosphor by the alpha particles.
Concentrations of plutonium ranging from 0.05 to 10.0 grams per liter can be
measured with & precision of about * 20 per cent. The detection limit is about
0.01 gram per liter. The monitor is virtually insemsitive to beta and gamma
radiation. A Cs-137 concentration of ten curies per liter (about 20 times that
expected in most process streams under consideration) is equivalent to only
0.01 gram per liter plutonium when measured in a cell designed to minimize

beta, gamma effects. The protective film over the phosphor is highly resis-
tant to Purex and Redox process organic solutions and nitric acid up to 2.5 M.
It is destroyed by 6.5 M nitric acid and is also easily damaged by abrasive
material in flowing streams. One of the screens has been used continuously for
over a year in the Purex plant (2BP stream) without failure and with very
satisfactory results.

EQUIPMENT AND MATERIALS

Bearing Test Program

Interstitially hardened titanium was found to serve satisfactorily as a bearing
material against boron carbide and Pyroceram*. Commercially pure titanium tends
to gall readily when in sliding contact with many materials. However, heating
the titanium in a flame to interstitially contaminate the surface, and thereby
harden it, has been shown to reduce the tendency to gall. Such treated titanium
test journals have been operated submerged in water against boron carbide at
1800 and 3600 rpm and loads up to 40 psi for over 4O hours with no evidence of
surface damage. In comparison, untreated titanium seized almost immediately

at about 10 psl load. Similar beneficial results were achieved in tests with
Pyroceram when operated with loads up to 20 psi. However, surface damage did
occur with Pyroceram when operated at 33 psi loading and 3600 rpm.

* The Corning Glass Works trademark for a crystalline glass.

PECLA
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Corrcsion of Ti-GAl-4V in Nitric Acid

Further tests on the corrosion of Ti-6Al-4V alloy in nitric acid solutions confirm
the relatively high rates previously reported. Although heat treatment tends to
reduce the attack in nitric acid of intermediate concentrations, the rates are
still as high as those for stainless steels and much higher than those for A-55
titanium. A memorandum recommending that the alloy should ncot be used for

product concentrators has been issued.

Evaluation of Air-Arc Cutting Technique

Corrosion tests were performed to evaluate the effect of air-arc cubtirng {metal
cut with a carbon arc and molten metal blown cut witk an air jet) or subsequent
welding of stainless steels. Concern in the air-arc process is over possible
carbon pick-up at the cut edges. No differsnces in corrosion by boiling 65

per cent HNO:; were observed for 304-L samples cut -y hack saw and ty the air-arc
process and subsequently welded with 308-L welding rod.

Corrosion of 309 SCb Welded with 308-L Rod

t is proposed tc make welding repairs on & failed 309 SCb Redox dissclver with
308-L rather tran 309 SCb rod to reduce pessibility of weld metal cracking ard
preferential weld metal attack. During 20C hours exposure to beiling 65 par cent
HNO3 there are no significant differences ir the ccrrosion of %est samples of
309 SCb welded with 308-L and 309 SCb rcd.

PROCESS CONTROL DEVELOPMENT

UO; Plarnt Automation

The contrcl programmer for the automation ¢f “te zalcirers has been redasigred
ard is corsiderably more flexible than originally conceived. Main features of
the redesigred unit are summarized as fcllows:
1, Steam and main programmer &re in ons unit.
2. One servo is used to drive &all three furnace rhecstats.
3. The startup cycle is divided intc three paris:
a. Continuous agitation with steam purge for whe las% l/E kouxr.
b. A single step corresponding to 10 divisicns or *the heater rhzostata
(100 divisions from shutdown to full load) iz applisd %o the heater
Y
servo follcwed by 15 minutes of a ccontiruously ircreasing input

corresponding to a rate of about 160 divisiors per hour.

cs At 50 divigions the rate of the heater serve changes +o about 5
divisions per hcur.
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L. The heater servo rate in both (b) and (c) above will be continously
adjustable from 1/4 to 4 times the above-mentioned rates. The programmer
is presently under construction and will be completed and tested next
month.

Studies on Uranium Transfer in Stripping Columns

To establish a basis for an analog of a solvent extraction column, studies are
being performed to determine the instantaneous distribution of uranium in
stripping columns. '

A pH flowcell fitted with a glass electrode and a calomel reference electrode
with a methanol-KCl salt bridge was installed in the 1CF (orgm ic feed) line.
Wkile the calibration of pH vs. acid and uranium concentration is not yet
complete, the indicated pH is useful and has been used to control the blending
of two solutions of differing acidlty to give a blended solution with a constant
intermediate acid concentration.

A phase-separating photometer with a quick disconnect fitting will be used to
obtain uranium distribution data throughout the cartridge while the column is
in operation. This will be achieved by moving the photometer sensing unit from
one cclumn outlet fitting to another and drawing a small sample directly from
the column through the sensing unit.

Polyvinyltcluene Scirtillators

Preliminary tests with polyvinyltoluene plastic scintillators for alpha counting
techniques are encouraging. This type scintillator appears to have the follow-
ing adventages: the scintillator can be exposed directly to the process stream,
i.e., no protective coating is required, the material appears to be relatively
stable in organic saturated nitric acid solutions, it is availlable as & shelf
item at relatively low cost and can be easily machined. Additional samples

have been ordered for prototype testing.

Gamma Monitor on Fluidized Ion Exchange Bed

A pulse courting gemma monitor system was installed on the product stream of a
fluidized ion exchange bed in the 321 Building. The monitor will be used to
measure the activity of a cesium-134 tracer in the product stream. It will
detect the break-through of feed into the product stream at different capacities
and degrees of fluidization.

NON-PRODUCTION FUELS REPROCESSING

" Mechanical Head-End Studies

Sodium and Sodium-Potagsium Alloy Reservolr Studies. Studies of mechanical
techniques for safely processing the sodium or sodium-potassium alloy (NaK)
reservoirs present in some non-production fuels have continued. Tests have
included both high-speed friction sawing and hacksaw cutting of NaK-filled

v
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capsules in the presence of water. Friction-saw tests were made with the capsules
at the surface of the water and under an inert-gas blanket. Up to four capsules
(6 gm NaK/capsule) were exposed in a single blade pass without fires or explosions
when the saw hood atmosphere contained less than five per cent oxygen. In the
hacksaw tests, single capsules were opened six inches to two feet below an air-
blanketed water surface. The quantity of burning NaK reaching the surfoce de-
creased with increasing submergence, but the severity of underwater exploslons
increased. Additional sodium and NaK studies are planned in two general areas:
(1) some studies will be required to determine boundary conditions for safe
cutting of sodium or NeX in water under inert gas atmospheres, (2) studies are
required to specify the equipment and/or operating conditlions required to

handle the white fumes generated by the NaK - water reaction.

Friction blade sawing of zirconium tubing. The pyrophoric nature of finely-
divided zirconium suggest a fire hazard. Dry sawing was accompanied by a shower
of white sparks and ejection of glowing metal fragments. Wet sawing (slight
tube submergence accompanied by a blade water spray) was considerably less
spectacular. As was expected, the sawdust was principally zirconium oxide
(about 90 per cent) and contained a significant quantity of particles in the

one to two microm size range.

Cold saw #tudies. Although high-speed friction-blade sawing has been demonstratel
as an acceptable method for the removal of end fittings from non-production fuels,
friction sawing requires cutting at relatively high temperatures and produces
fine particles (1 to 2 micron) which must be safely separated from gas streams
and stored. Conmsequently, "cold" sawing (i.e., low-speed multi-tcoth blades
which provide milling-cutter type operation) is currently being evaluated as

an alternate method for end fitting removal. Initial cold-saw feasibility tests
were conducted during April at the Motch and Merryweather Company in Cleveland,
Ohio. During these tests simulated end fitting geometries (stainless steel
tubing and pipe assemblies) were successfully cut using a li-inch diameter

blade (112 teeth, 0.39-inch tooth pitch) turning at 15 revolutions per minute

(54 surface feet per minute). The "sawdust" produced during the test was
considerably larger than that produced during friction sawirg. Semi-quantitative
analysis indicates that more than 99 per cent of the varticulate produced 1s
greater than 300 microns in diameter. On the basis of these attractlve test
results a "cold" saw is to be obtained to permit sdditional Hanford evaluation.

Feed Preggggtion

Darex Pilot Plant. Additional studies of metalllic uranium dissolution in dilute
aqua regia were made. The dissolution rate is primarily a function of the
nitrate-to-chloride ratio, decreasing gradually as the ratio increases to 4.5,
and decreasing markedly at higher ratics. The rate appesars to be a direct
function of the acidity and stainless steel concentration and an inverse function
of the uranium concentration, although all three ¢of these variables have second-
order effects.

Analyses of off-gas from the downdraft condenser show H,, N0, NO, and NOo
present. The maximum hydrogen gas concentration was 2.5 per cent, with typical
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values less than 2 per cent for an air sparge rate of 1.5 Scfm per square foot
of initial uranium surface area. A typical, representative equation for the
dissolution is:

U + 2.8 HNO3 + 1.1 Op — UOx(NO3)p + 0.1 Hp + 0.5 NOp + 0.15 N20 + 1.3 HpO.

Chloride was volatilized by sparging gaseous NoO) - NOp mixed with an equal
volume of air into a boiling 2.2 M U, 4.0 M H*, 2.8 M Cl” solution. The off-gases
passed through a downdraft condenser and a caustic scrubber for chloride removal.
The condensate was refluxed. An average sparge rate of 0.6 gram mole.NOp per
liter of solution per hour produced O.4 mle of acid and removed 0.25 mile chloride
per moleof NO, added. No appreciable change in chloride removal rate was noted
down to the terminal 6.2 M Cl” concentration attailned.

In another chloride removal study, & solution 2.2.M U, 4.0 M H' and 2.8 M C1-
was concentrated by a factor of three, diluted to The original volume with 60
per cent HNO, and boiled under reflux for 2.5 hours. Excegs ENO was removed
by concentrafion. A chloride decontamination factor of 10" was obtained.

Sulfex Studies

In dissolution of stainless steel cladding from UO, it was found that a more
rapid initial UO, dissolution by sulfuric acid occurred if the U0, was exposed
to the atmosphere. This more rapid UOp dissolution after exposure to the
atmosphere is presumed to be due to surface oxidation of some UOp.

Date obtalned with no significant exposure of the U0, to the atmosphere between
experiments indicate that the rate of UOp dissolution in the presence of stain-
less steel i1s dependent on the rate of stainless steel dissolution. It was shown
with unirradiated U0, that, whereas the simultaneous dissolution of stainless
steel or carbon steel decreased the rate of UOg dissolution, the simultaneous
dissolution of 99.99 per cent iron had no effect on the UO2 dissolution rate.
From this it is concluded that hydrogen evolution is not responsible for the
lower UOp dissolution rate.

It was found that & black solid of unknown composition is present during and
for a while after the dissolution of carbon steel or stainless steel in sul-
furic acid. The inhibition of UQ, dissolution by the presence of the black
solid isolated from these solutions indicates that it is the black solid rather
than the steel itself which results in the lower U0, dissolution rate in the
pregence of dissolving steel. The weight of the black solid isolated by the
dissolution of 304-L in boiling 4 M Hp80), wes ca. 0. 3 per cent of the weight

of the steel dissolved. This black solid is about 90 per cent dissolved in

one hour in boiling 4 M HpSO,. The data cobtained to date indicate that uranium
waste losses of O.1 per cent or less can be maintained in sulfuric acid dis-
solution of stelnless steel cladding from UO,.

Sulfex Pilot Plant. The modifications of Hastelloy-F dissolver to permit the
dissolution of stailnless steel using the Sulfex process have been completed.

An acid addition tank to permit the controlled and measured addition of acid to
the dissolver, and a recorder to permit the continuous monitoring of the hydrogen

concentration in the off-gas stream were installed.
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A proposal for operating the pilot plant Sulfex dissclver involves addition

of 98 weight per cent sulfuric acid to dissolver previously charged with stain-
less steel and water. Annealed 304-L plate, annealed 304 tubing, and sensi-
tized (one hour at 1250 C) 304-L plate were dissolved by this procedure. The
304-L samples started to dissolve at a sulfuric acid concentration of about
ore molar and the 304 tubing at about two molar.

Several other bench scale runs were made of the sulfuric acid dissolution of
stainless steel with similar results. No serious passivation was experienced
when the stainless steel in mild steel wool was placed ia boiling water and
suwlfuric acid was added. The stainless steel began reacting when the solu-

tion became 0.8 M HoSO4. With no mild steel present, the reacticn with staln-
less steel began when the solution became about 5 M HSO). Cooling the solution
caused no noticeable passivation of the stainless steel.

Niflex Pilot Plant. Dissolution of 1/2-inch-diameter stainless-steel-clad
uranium dioxide pellets and 3/hminch-diameter stainless-steel-clad uranium rods
was completed on 100-pound batches. Neither a fluoride-to-stainless steel
mle charge ratio of 7 nor a ratio of 8 gave complete dissolution of the
stainless steel cladding. The stainless steel cladding was 96 to 99 per

cent dissolved after four hours of operation. As expected, the end plugs
were left intact, except for a 10 mil surface remcval. (End plugs were ap-
proximately 23 per cent of the total stainless sieel charged.) Approximately
two weight per cent of the uranium core and three weight per cent of the
uranium dioxide core dissolved in the Niflex solution (2 M HNO,, 1 M NH),HF ,
end 0.4 M stainless steel) during the L-hour decladding period. Uranium con-
centrations at this point in the dissolution steps were 5 to 13 grams per
liter.

The uranium dioxide dissolved at average rates of 30 to 60 mils per hour when
aluminum nitrate was added to complex the fluoride and the sclution was ad-
Justed t0 1.5 == 2 M HRO;. Dissolution of the urenium dioxide cores was T5
to 99 per cent complete §n eight hours, with a 1.5 and a 2 M HNO3 concentra-
tion, respectively. The final solution of uranium dioxldes cornteired approxi-
mately O.k to 0.5 MU, 4.8 M NO3, L MAL, 1 MF", and 0.2 M stainless steel.
In the metallic uranium dissolu%ion, average rates of 15 to 30 mils per hour
were obtained; although the acldity became quite low ard an urstable solution
formed at concentrations of about 0.9% M U, 0.2 M H', 4.7 M O3, 0.16 M stain-
less steel, and 1.3 M Al. This "cut" dissolved 53 per cent of the total
uranium present.

Dissolution of Uranium-Molybdenum Alloy. Further studlies on the preparation
of Redox-type feed solutions from uranium-molytdenum alloys by dissoclution

in nitric acid-ferric nitrate solutions may be summarized as follows:

1. Off-gases from the dissolution of wurarnium - 3 welght per cert molybdenum
alloy in ferric nitrate - nitric acid solutions are primarily oxides of
nitrogen. Only traces (less than 0.2 volume per cert) of hydrogen were
found.

"BECEET)
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2. Sulfate ion at concentrations which might be presert during core dissolution
due to incomplete washing following Sulfex decladding had no significant
effect on urarium-molybdenum allocy dissolution in ferric ritrate-aitric
acid sclutions.

3. A laboratory-scale recirculating dissclver has beer used for dissclution
of uranium-molybdenum alloys. This equipment was operated with storage-
vegsel-to-dissolver-volume ratios from 10 to 20. Solution was maintained
at 85 C in the storage vessel and preheated before it entered the dissolver.
Normsl dissolution rates and solution ‘stabilities (as compared to runs in
pot-type dissolvers) were observed. Extensive (ca. 10 hours) recirculatiorn
of dissolver solution following dissolution to less than 0.2 M free acid
caused precipitation of & brown solid, presumably ferric hydroxide.

4. Stability (toward precipitation) of the dissolver solutions, during long
term storage at 25 axd 50 C, as a function of acildity, ferric nitrate,
and uranyl nitrate coacentration is under study. The minimwm acidity for
stable soclutions is goverrned by the ferric nitrate concentratloz. Lower
tempersture favors stebility of the solutions.

5. Oxidation of plutornium by dichromate or other oxidlzing agents will be
necessery for Redox processing. Minimum acidity to prevent solids forma~-
tion during the oxidation step appears to be about -C.k M for solutions
gbcut one molar in urenium and in ferric nitrate. Suck solutions have a
PE less than zero.

6. Aqueous ferric nitrate for use in this process can be prepared readily
by dissolving mild steel in nitric acid. In dissolution rate studiles
covering ferric nitrate concentrations from zero %o one molar and nitric
acid corncentrations from two to 10 molar, dissolution rates for 1020
carbor steel ranged from two to 12 g/sq.cmphr. Ferric nitrate prepared
in this manner has been used to dissolve uranium-molybdenum alloys and
the dissolver solutions have been used for plutonium oxidation ard batch
contact solvent extraction studles. No observable differences between
these dissolver solutions and those prepared using reagent grade crystal-
line ferric uitrate were found.

T. Exploratory studies attempting to define the mechenlsm by which. ferric
salts prevent precipitation of uranyl molybdate sare in progress. Prelim
inaxry evidence points toward formatior of a soluble irorn-molybdenum
heteropoly acid.

Dissolution of Uranium arxid Uranium Dioxide. Further studies on the dissolution
of ingot uranium and sintered uranium dioxide in nitric acid and nitric acid -
ferric nitrate solutions confirm & previously reported acceleration in dis-
solution rate by ferric nitrate. The instantaneous dissolution rates for a
sample of fused uranium dioxide in 9 M HNO; and in 9 M HNO3 - 0.1 M Fe(NO3)3
were about two-fold lower than those for sintered uranium dioxide in the

DECLASSIRED
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Materials of Construction. Two more heais of modified Fastelloy-F have beer
obtained for testing as possible weldirg material for uss with Hastelloy-F
base metal. Ore of these contains rnine per cent moljybdenum and one per cent
niobiur. The other contains 12 per cert molybdepum and no nicbium. Nominal
compositior of Hastelloy-F includes six per cent molybdenum and two per cent
niobium. Botk heats showed poor corrosion resistance to ritric acid -
hydrofluoric acid and to sulfuric acid - stairless steel sclutions. Both
suffered severe attack by nitric acid - hydrocfluoric acid when used as weld
filler with Hastelloy-F base metal.

Hastelloy-F weldments welded with Ni-o-nel show average corrosicn rates of
0.22 mil/mo. during 50 hours exposure to simuated Zirllex dissolver coaditvions.

Process Con%trol Development

Chromatograph Installation on NPF Cut Off Saw Hocd. A process chromatogreph
was calibrated for gas samples containizg O to 100 per cent air and C to 10
per cent hydrogen. The unit was iastalied su as 4o sample the atmosphere in
the hood surrounding the NPF cut off saw in order to determine the gas compo-
sition before and after a cut was mede on NaK bonded fuel elements. The
chromatographic data indicated rather quickly that the sputierirg and flaming
which had occurred while sawing bonded NaK =2lements was dne to insuffizient
purging of the hood with lnert gas. No evideznce »f reaction was noted with
gas mixtures of 20 per ceni air in helium.

Strain Geuge-Dissclver Welgher. A strain gauge weighing system for a continuous
dissolver is now being reaedied for use on & protcotype dissolver. The system has
an accuracy of * 0.25 per cent for loads from 40 to 200 pounds at temperatures
between 15 F zrnd 115 F. Tare weights (rasket) up to 100 pounds may be suppressed.

Precision Level Measurements. Tank T-4 or the 321 ifank farw is being prepered
for precision level measurement experimeuts. All solutior lines in end out of
the tark are being “larked. An electroric level measwr 2ment system is under
test 1z the laberatory for use as & shandard. Opsrailons Research and Syn-
thesis Qperation has reviewed the plannel leval measurenent atudies and will
analyze the date from the tests. A four liue dip tube svstem will he calibrated
with water and a heavy metal soluticn. A calidvration with water and & conven-
tional dip tube system will alsoc be carried out.

Criticality Studies - Feed Materiels Preraratliorn

A core material for the third PCIR criticality experiment (H/U avomic ratioc
of 8) using three per cent U-235 enriched uranium trioxice was prapared and
Celivered. The shipmer’t congisted of appreximatley 4C pourds of »Clyethylene-
moderated, boron~poisoned uranium trioxide and 50 pounds of hydrated, boron-
poisoned uranium trioxide contalning 16 waight per cent weher.
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SEACTOR DEVELOPMENT - 40CO PROGRAM

PLUTONTUM RECYCLE PROGRAM

Melter Salt Tyeling of UCn~

It has beer discovered that UQ. will react with phosgene, 00312; C¢issolvirng

in a chloride melt as UOEClg, and further, that U02 may be reprecipitated Plaae
The addition cf a mild reductant such as Zn or Mg metel. Or the ouher harxd,

PuCz reacts cnly extremely slowly with COCLy bubbled inic melien alkel: ckloride,
These facts afford & potential separstion process for irreliated Ulp Fusl

neterial.,

A weaniun-pluiorium separation factor of 58 was ottained ir &L experimact
whereir 500 milligrams UGo- Puly mixed oxide with & wraniumeplutoniumg mole
ratio of 5/1 wes added to 1€ grams of molten NaCl - KCL eutectic a% 300 ¢
&nd treated with phosgene for two hours, as determined Dy ararian aud Fluton-
lur agsays of the filsered salt scluticn wzich gave a mcole wmgsic urentium-
plutonium of 29¢/1.

It 1s planrned to study fission product bekavior in $hig fused salt cuile.,

Ncn=Agueous Systems

Cozvicued study of the liquid o0l system hag disclosesd s very siow rate of
reaction of UQy with the substrate. In six experiments runes at 105 €, tae
maximim extent cf resction (61 per cent) was found efter seven days. MAlthougk
smail giass beads were added to preveny packing, tkis s4ill occurred ard is
believed to be the factor controlling the rate of =esctior.

The solubility of U05(NO3)p'2NO, in liguid N0y at 25 C was fetermined s
- % 1C"% meclial. Analysis of uranium, ritrate-znitrogszn, end ¥Co-nitrogern ware
ir accord with the above formuls,.

Tetracthyleammorium nitrate wes found to be scluble in liquis N, but forms a
second. phase &t & (pregeatly) unkrowr compoeiticy. UOQ(NO3)2~2N02 sppears to

e soluble in this second phase.

Merourmr Tectone Separatior

&

simple tecanique for meking elecirodeless mercury emlssion lamps starting
from mercuric ritmte solution hae been estabhlishesd. Perticularly precanticrs
misy bz taken 4o eliminste water vapor and more especielly nitric cxide whick
has & very large fiuorescence quenching cross-gectior. A auccesar-? lamp ke
been constructed conteining Hg-202.

Anglvticel Servises

An-Cm wes sepereted fror aluminum metal and salt semples with rydrexide ard
Dowex-l. Detalls are the same as for the magaesium seraration, meaticned +twc
acrihs ago. (ver 98 per cent Am-Cm recovery was indiecated.
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Dissolver 0ff-Gas Analysis System for PRTR Fuel Processing

The flow diagram for the Redox dissolver off-gas analysis system is complene.
Installaticn of the equipment will begin as scon as instrument ccmponents are

received. Delivery of all components is schedused for completion by June 5, 1959.

Fluidized Bed Ior Exchange Studies

Five preliminary runs were made in a 4.0-inck ID glass column 6-foot long,
using uranyl nitrate (20 g U/1.) in dilute nitric acid (0.5 M) solution as a
tracer. Two down-flow runs at 0.5 and 2.4 gal/min/sq.ft. ana three up-flow
runs &t 1.1, 1.5, and 2.4 gal/min/sq.2t. at bed expansions of 12.4, 20, and
30 per centj, respectively, were made. The holdback* obtained at up-flow
rate of 2.4 gal/min/sq.ft. was 22 per cent higher than at the same down-flow
rate.

Plutonium Oxide Chlorinator

Samples of nickel, chlorimet-2, Ni-o-rel, and Inco 804 corroded a% 2.8, 4.7,
6.3, and 10 mils/mo. during a T6 hour exposure to o phosgen-alr-water nixture
at 600 C. All of these except Inco 804 appear as good az or better than
Hastellcy B or C for this environment and temperature.

Waste Disposal

The broad similarity of the waste treatment and disposal work being sponsored
by 2000 and 4LOOO Programs results in much of the experimental information re-
ported herein on the Fissionable Material Program being applicable to the
Reactor Development Program, but oun a nreader basis of appilcesicr. For
example, most of the informetion reported cu experizeahal caleization *techni-
ques, heet transfer properties of calcized powders, igolation of apscific
fission products, and materials of comsiHruction can be beseficialiy applied
to the Reactor Development Program. The »eader iz vefermed to prior sections
of +this and sarlier reporis for detailed information on these sunjacts.

WASTE FIXATION

Mineral Reacticns

Dezontaminetion factors for Sr90 and cal3T of procaas -2 wWaste soluticas
pessed through columns of clinoptilolite were aout 103 of those of synthetic
D-2 solutions prepared in the laboratory. Investigasicu reveeled the presence
o radioactive insoluble material in the process D-2 samplas whick would not
enter into decontaminating reactions. The amount of redicactive material
sssociated with these suspended aolids ranges up to 90 per cent of the fotal.
The solids were identified as suspended silts introduced with raw water l=sek-
ing from coollng coils in the Redox D-4 tenk. The raw water normelly contalns

¥The noidpack is defined as the area vnder tae breskthrough curve from 0 to 1
columm volume; or, B =\/DZ/7-U where D = diffusivity, Z = bed height, and
U = fluid velocity.
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about 22 ppm suspended solids during this season of the year. Such material
greatly complicates the study of mineral bed decontamination of the D-2
stream. Synthetic waste samples have demonstrated decontamiration factorsz
of about 102 for one pass through a bed of the natural zeolite.

Studies were continued to determine the feasibility of using mineral reactions
to decontaminate condensate streams which may originate from fuels reproces-
sing plants. A review of the laboratory data and available litersture was
essentially completed. Economic studies were initiated to estimate the in-
cremental costs that would be sustained by waste disposal processes if mineral
beds were used for this purpose.

Radiant Heat Spray Calcination

A series of runs were made during the month aimed at improving product quality,
with elimination of dust and improvement in bulk demnsity being particulerly
desired. Using a synthetic Purex feed containing added phosphete and sugar,
best results were obtainel by (1) maintaining the top of the column in the .
region near the nozzle at & relatively low temperature of sbout 325 C,

(2) operating the center section at a high temperature, 840 C, and (3) employ-
ing a somewhat greater residence time (14 seconds) than had previously been
assumed to be required. Shorter residence times have resulted in a high per-
centage of incompletely ignited particles which expanded into large hollow
bubbles. Using the longer residence time, the incompletely ignited fraction
ranged from only four to 24 per cent, and the remaining powder had e tap
density ranging from 1.05 to 1.45 grams/cc.

Gas temperatures within the column were measured by means of a shielded
thermocouple probe. Very little gradient was found to exist across a cross
section of the column. This indicates that interchange of heat between
radial zones of different temperatures is very rapid. Scale-up of this
type of reactor therefore appears even more feasible than anticipated.

BIOLOGY AND MEDICINE - 6000 PROGRAM

Radioisotopes in Reactor Cooling Water

The adsorption of 13 reactor effluent water radioisotopes on aluminum, stainless
steel, and carbon steel wes measured in continuing studies of the effect of this
adsorption on the radiation dose frgm thﬁ reacgﬁr rear fgce piping materials.

Of this incomplete group Lal 0, AsT , 8 6, Cu®", and Zn 5 contributed over

95 per cent of the gamma dose with relative importence in the order given.

Other rare earth radioisotopes probably are important contributors and will

be measured in future studies.

Application of more sensitive analytical methods has made possible studies
of the paper electrophoretic behavior of five different radioisotopes in
reactor effluent water without tkLe necessity of concentrating the sample.
This reduces the possibility of inducing changes 1n the chemical form before
measurement. Under these conditions Cr”°l moved in a single zone rather than
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the thre$6previously observed and is probably present entirely as the chrcmate
ion. As'> migrates as two distinct speciles, cne of which mcves very little.
C.nfirmation of these and other chemical form assignmen®ts will require more
ion mobility data which are being obtained.

Samples of the Kr89 released through reactor effluent water pipirg vents
and at the reactor effluent basins were collected and analyzed for the Sr89
daughter after time was allowed for decay. These measyrements showed that
at least ten per cent and possibly much more of the Sr 9 is released to the
atmosphere through escape of its noble gas parent instead of remainirg in
the reactor effluent water. Only a much smaller fracticn of the 8r90 would
be expected to be lost by the noble gas escape mechanism since the haif-life
of the parent Kr90 is 33 seconds which is only atout ons-sixth that of kr89
and, hence, would not have as lons a time to escape. These results are im-
pertant in studies where Sr 9:8r90 ratios are used *o infer time since fis-
sicn as well as in studies of waste disposal. Significaant loss by this
mechanism of other fission products; such as Csl3 , mlght be expescted also
to cccur because of the long lives of ithelr rcble gas precursors.

Geology and Hydrology

Excavation for the river water intake structure ot the PRTR site disclosed a
Columbia River channel older than the current one, paralleling it;, and simi-
larly incised into the compact silts and sands of the lower Ringcld formation.
The channel is apparently sbout 2000 feet wide at this site. It comstitutes
e part of the extensive network of such river chanrels throughout the pm ject
area that significantly affects the flow of the ground waters. The channel
is separated from the river by a ridge of compact silt of *he lower Ringold
formation and by a narrow ridge of middle Rirgcld conglomerates or compact
gravels that rises locally above the ground water table. These compact
gravels and the silts inhibit the movement of river wa*ter into the ground
water system during high river stages and tke movement of urarium-bearing
ground waters into the river except through gaps in the ridge.

A latoratory model representing a twc-dimsrsioral siice through a cribd was
ugsed to obtain data to test a mathematizal representation of the flow pattern
beresth & crib. Moisture contert and tenaion measurements were made at

32 positions over the face of the model. The data, wher applied in the pre-
viously derived unsaturated flow formula, will permit es*timates of the flow
pattern bereath the crib.

Rzsulte of an eight-hour pumping teet cn well 699-31-53 irdizeted a coefficient
of transmissibility of 1.2 x 10 gpd/f+ ard an average aquifer permeability

of avout 1000 gpd/ftQ. Hydraullc evidenc2 suggests that this well 13 on the
edge of a buried glaciofluviatile channel and that the aquifer is comprised

of a thin layer of permeable glacial deposits and a *thicker sectlon of less
permeable Ringold material. This well and a similer screered well rnearby

were constructed with the libveral use of bar*crits drilling mud whica has an
unkrcwn influence or the measured hydrolegic ccefficiespts. In the fir:zt of

28
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these wells very little development was attsmpted tefore the pumping test was
made, with a resulting well efficiency (effective perforation of casing) of

only 27 per cent. A vigorous developmert cf this second well, including
chemical treatment, surging, and bailing, resulted in a measured well efficiency
of 92 per cent.

Soil Chemistry and Geochemistry

The influence of temperature, flow rate, and pE on the removal of cesium by
the natural zeolite clinoptilolite was studied. In general, the cesium capa-
city of this mineral is less at high temperatures, particularly in the upper
pH range but the temperature effect is siight frcem soluticns having & pH less
than 10. Raising the pH above 10 also has an increasingly detrimentsl effect
on the uptake of cesium by clinoptilolite, probsbly because of some dissolu-
tion of the high-silica mineral. Very littie effect of flow rate was observed
for flows up to 14.2 ml/cm@/min. The rate of the cesium removal reaction by
clinoptilolite compares favorably with the rate of cation exchange of Dowex-50
resin. The cesium capacity of the resir in the ghsence of extraneous icnz is
only about 1.4 of that of the mineral urder +he same conditiozs. In the
presence of significant concentrations of other lons, the selectivity of
clinoptilolite for removing cesium from solution gives it a far greater cesium
capacity than any exchange resin tested for compariscrn.

Mass action calculations of-data on Sr*2 sorption by solls at different
strontium concentrations ard in the preseace of macrc cconcerntratiore of other
ions indicate an increasing retention energy for Srt2 witk decreasing strontium
concentration. The f-value, (relative "ease of release") of strortium ir sol-
utions containing 1000 ppm Mg+2 was determined to be 0.97 at & stronilium corn-
centration of 0.1 ppm (the f-value of cate arbitrarily = 1.C). At a concen~
traetion of 10 ppm the f-value for Sr*2 wae found to increase to 1.25. These
data are in agreement with previocusly observed variations in strontium dbreak-
through curves with solutions havirg various streotium concentraticns.

Equilibrium studies of the soil retention of cerium ior were performed with

a composlited sample of local calcareous scll and solutione of CeCl, ranging
from concentrations of 10" 8 to 10S, where "S8" represects the catlion ex-
change capaclty of the scll used. At a pH less than 5.5 cerium appears to

be ionic and may be removed from solution by an ion exchange mechanism on
soll. As the pH of these solutions is increased to 5.5 with the addition of
NaOH the cerium is precipitated as Ce{OH),. In the pH range from 7.5 to

11.5 the soil-Ce(OH)3 complex tends to pePtize and disperse, providing equili-
brium soll removal data that are difficult to interpret. '

v

Ground Waste Investigations

A Tield test facility was installed at a slite socuthwest of Gable Mountain.
The site chosen consists of a 15-foot profile of uniform socil above the
water table. 8rall-scale crib experiments will be performed here to demon-
strate the spplication of laboratory column date to the prediction of the
breakthrough curve for a crib. The facility consists of a two-foot square

DECLASSTFTED
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crib surrounded by a pattern of dgiven well points for monitoring the ground
water. A solution spiked with Sr 5 will be added to the crib at a constant
rate to permit the determination of the strontium breakthrough curve.

Two L7-foot soil columns which have received a strontium-90 spiked solution
for about six weeks exhibited the first signs of strontium breakthrough. The
columns will continue to receive the solution for about another six weeks to
define the shape of the breakthrough curve more completely. The initial
breakthrough occurred very close to the time for which it was predicted on
the basis of data from shorter columns.

Field Apparatus Development

Parts for the rotatable mirror to be used with the closed circuit TV have
been fabricated by Technical Shops.

Excellent results can be obtained with the refraction seismic method if high
energy input to the ground is maintained. In one test, the depth to the
water table calculated from seismic data was in close agreement to the actual
measured depth of 37 feet.

Eight well points were installed at the Gable Mountain site by crane-operated
pile driver. The wells were developed by water surge and the sand was removed
by flotation.

Particle Studies

Autoradiographic examination of a Millipore filter sample of the 234-5
Buiding stack exhaust indicated that the activities of the particles are
equivalent to spheres of plutonium up to 0.8 micron in diameter. Large
particles, 200 to 300 microns in diameter, were not radiocactive. Alpha
energy analysis of the filters gave a typical curve for plant-produced
plutonium. Fine resolution and an absence of alpha energy smear was ob-
served. This appears to be a possible sampling technique where it is nec-
essary to know the nature of the activity as well as the gross amount. The
delay time required for decay of radon daughters on present filter samples
would be eliminated.

-

Manager,
Chemical Research & Development

LP Bupp:bp

SECHET



o
o

HW-602

C-23

UNCLASSIFIED

umoxg HY
pBo38UCH Jf
ON s0I89d M

TITH d0

38018 ¥

TTTumwed HY
PUBTTOA HH

sagx SIOOW ‘TH

BIITM MY
338Td WY
ATT3Y dA
38018 rH
SICON 'TH
391 ddng 471

OoN aosIspuy LH

PIoJUBH
1% SOTPN}S pUB S8INPID

-oxd TesodsTp 8398M SINOST(

<gurssoooxdex sTong uorgonpoxd

-uou ‘fLrsaooax gjonpoxd

uoT8sTy puw ‘TesodsSTp 938em
‘LrqsTmoyo ssodoxd ssnosIq

°-go1doq PASTTIT® pus
‘1es0dsTp 238BM ‘AI2A0081
qonpoad uoTs8sTJ SSNOSTQ

°gagn puw uoT}TsodmWOO
Aﬂom:v ooan], s8ndst(q

smoge Y0 ‘usoung
°0) Fupquswa)
TTeM TT0 TO3IMQTTTeH \mmaom\: ueqene] °d *d

BUTTOIB) YINOS ‘USNTY

°qeT JISATYH geuUuBABS gsusAyd °pL
IN ‘puersI Suor ‘uogdp I9381S 1
°qeT TBUOTABN uUlaAswgjooxg \mmnbm\: 22131d °D

NI0X MAN ‘YI0X MaN
woypgeorTddy uorystped  /LT-9T/ IdTPUeAD °M °H

*JTTeD ‘saTauy 80T STIIOR °d
°oul ‘sjonpold oSoany, /ut/n uemMaN °M Y

unoxg M oyspl ‘sTTred oyspI
soxead MA pIOJUSBH 3% oy
ON Ped38UCH AP TesodsTp 9358M 91%87189AU]  UOTSTATQ A19F8S %R WITSH \mﬁ\: zreuyog T ‘|
®18Q P930%310) . e 882.1pDY . . .
Po30TI383Y TauuosIsd 2ISTA I0J U0SBAY pus pejussaxday UoTy 81I8TA aws)
0] S8¥00Y ME -gzyuedIQ xo Luedmo) Jo sajeq

TeOoTWSY) 9Y3 03 JUSWSOBTd TOUNOSISd TEUOTSSIJOIJ WOIY PIIISJSUBI] SBA ‘zoaurBug JOoTUNP ‘®WU}SOd ‘M °V

....... ~ SYYOM QUOJNVH OL SIISIA

cuotysIodp LBoTouydal 83uUSNTIIH

suorjeradp AFoTouqo3dy 84USNTIII TBOTWSYD

ayy 03 uotgsradg jusmdoTsAsqg R YOIBOSdY STONY J03083Y WOIJ pAII2JBUWBI] gen ‘T JoauTBug ‘soradrs¥g W °P

*aofyeI2dQ

89TI078I0q%] TBOT3ATBUY o973 03 juamjredaq Burssadord TBOTWSY) WOIF PIIISFSURI] SBA ‘IT 3sTwaqg) ‘3sng ‘d -1

TANNOSHAd ANV NOILLYVZINVDYO

UNCLASSIFIED




™ *gssyN ‘uojsog m
m ON cxadwed pajussaag SuTq9s SOV TBUOTIBN /8-9 \: F
© IN ‘£epqosusyog a
= ON uomoTTOoH HP “ " a KxogsIoqe] yorsasay ‘€/h 3
ON Isputd OM " " u ‘sTTed BI63eIN m
*0) STB}SH SPTqIE) UOTUN /2/x
*TOTJONIFSUOD JIDATOSSTD TONJ J0308BAI
safes % xamod 103 STBTIS}wW JUT oTyQ ‘TaeuUnToulr)
ON aYuyepr 7T -3STX9 JO juswaAoxdW] SSNOSTQ 3uUBTd STEpPUBAH-HD /T/4 sgous °d ¥
adueyoxy JN-SN UO SITeIFY
I9Ju0o f{SIBTJIV OTWaYOOoJNg TeUOT}BUISUI JO UOTSTATQ
sax ———- -0FE0 Uo FuljadW PuILIy uo33utyseM OHV /€-T/4 TITH “d °0
sueIfoxg a9gsauua], ‘9FPTH B0
sag uoxswe) FY Po3vuUITSSq UOFTUTUSBM 98NOSTQ *qe] TeuoTleN 3BpT¥ W80 \mn.m\ﬂ Jonvag d °d
B81eq e e ‘
Po3oTa}sady P33oBIUO) 3TSTA JI0J UOSE3Y SSaIpPPY 831ISTA sureN
& 03 ssasooy Teuuosaad pue Pa3TSTA Ausdmo) Jo s3teq
S S ‘ - _. SNOLIVTIVLSNI ¥AHIO Ol SIISIA
Tspusn dr
suing Ay
TITH 40
PUBTTOA &d
9I00K TY
BuTTTBM IH
: se2y HM g8x9], ‘urasny
89X  U3OJXapuUIT HAD 8U0T3B83 TNSUO) TBOITUYOI gex3], Jo A378I9ATUN \om-hm\: 338M *M °D
*q09load paojusg Jo Lpuys
m puoulsy ur TBo180TOMSTa8 09 Bur}BIaI rol3uryssBM ‘9737898
w_ ON amoxg oM 83897 LreurmiToxd mroJrag — uoaBurysSsM JO L3TSIDATUN \mm \: uaeumaN 4
a e18( Pa3083UOCY) . e e S33JIpPY
m Po10TI)89Y TOUUOSId] 1TSTA JOJ uOsS®BIY pue pajuasaaday uoly S1ISTA ameN
m 03 88900y MH -gzTusdIp 1o Kusdmo) Jo s93®ed
SYMOM YOANVH GL SLISIA




JI0X MSN ‘Apwlosusyog
Sutjasn s, 988Uy

- oN Burlesy puslly £103I0qE] B I93UTBUA  /OE-g2/H m
o JI0X MSN ‘Apevlosusyog >
m ON I8purg HD TUOTIV}TNSUOD TBITUGOIY, KA101810q%T YoI8983Y /L2 [/ ddng °d °TIm
W. °81uapn3 s uoj3urgsey ‘usmTMd m
ON oslsunyg g S3ENPBIZ ) {TEB]} 2ATH 3BSTTO)H 33€38 uol}BurYsep \wm /h acI8agd "M pnm
*KIar0l9X 88F oJsl ‘Sursgssoxd
I03089X STsNJ TB319W PINDIT
A ‘gatpngs Bursseooxday Tond IN ‘nueTsy Suoy ‘aoqdp
ON Z4TMOUBK g UOT}ONPOIJ-UON ‘SITENig 9358M  °QeT TBUOTIYBN USABUNOOIg /€1/4
PUBTBI Spoyy ‘eouspyaoxd
ausw}.redaq SuTITM
OoN juajed ssnosTq °0) STIFO0STH TBI a&usd /oT/4
OTUQ ‘PUBTRA3TI
ON Burles PusIy  °Juo) L£1o3BIoqey 30H UL /6=L/4
‘ oTqQ ‘PUBTIA3TD
ON SOTPN}S BUIMBS TBOTURUOSN  °0) JSYJBOMRAIISH B [O20W /9/% 48078 °f °Y
*389N ‘uosog
~ off zoded psjusssig Bur3osW TUOTIBN SOV /OT-g/4
Q *0dVH 38 Squsm
o =NI3SUT Toxjuoo sssooad ojur
qusmdoaAsp JI0J 9ITQBIINS 3q
£Lem 348U} UOTF0249p 9TIT3.uaed jI0X MaN ‘ALpwyosusyog
oN zod1d MM sydTe Jo spoyjom SsnosIQ KL103BI0q®T YOIBOSIY /L=9/4 sYI9Tq °d °Y
Burssasocoaday sTang saggouua], ‘98pTYH R0
L) ISTMD Td UOTIINPOIJ-UON UO SUOFSSNISIQ *qe7] TeUoT38N S8pTY Y80 /0T-6/4
OTqQ ‘PUBT2AITD
ON Furq9sy puLally g82x3uU0) JIBITONN YIS \wuw\: £at1o0) °Y °*9
uoqButyseM ‘97139838
m 30UaIdIUO) 3seM TBIJI}Snpul
W oN xaded juesaid 983MU3ION OTIToRd U6 /€=2/1 fausH °y "M
12}
M 'eled
Hi De30TI3S3Y  PI3OBIUOD 3TSTA J0J uos®ay 882IppY S1TSTA aureN
W 07 88900y [OUUOSISJ pus paj3TsTA Luedmo) Jo sajeq

SNOIIVTIVISNI ¥&HIO OL SIISIA




HW-60233

c-26

UNCLASSIFIED

ouyepl ‘sTTed oU®pPl

Is8urg d £31TTO8S asnoy3ur}soM
g3y syueqg om TeoT3LTeUs TOAST YBTY SSNOSTd 3 umajox3ad sdTTITTUd /62/4
£LauyTyM pue 338ad *JTTe) ‘SJOWISATT
sax aTe93g AH  23%® uorjexado qBT 30U 8SNMOSIQ THION /e2/t
£ITe0 TedT3ATeus pus Arojeqo *JTTed ‘Jaed sBous)
oN uosuyop Hg -qBT 309 JO UoTyBIado SSNOSIA TBUOT}BUIS}UL SOTWOLY /L2 /4 PTaY T °d
*AJ3STWSYD ‘ussM ‘uemynd :
oN amiusyiny uo JTe)} 3USsdxg *ATU[) 83938 UN3BUTYSEBH /B[ UoSTIM °S °V
*SMOPUTA BUTPTATYS *yseM ‘aT133898
oN PIOFITO P 103 sqeTs 8883 3oadsur  *o0) juamalsul Lgjrequad JOE /4
*xoded quasaad oTHO ‘puBT3AdT)
oN puB 20USIBJUCY PUSI]Y  *Fuo) Aro3sroqeT 30H UL /OT-9/% TrywreH °H )X
NI0X KON ‘NI~X MSN
OoN 20URI2JUOD PUSIIY 2 TBE USITOR UO 30OUSISFUOD \m.ﬁuma\:
*gguN ‘uolsofg . .
ON xoded pajussatg U399 TBUCTIBN SOV \OHnw \: 9ICOW °H .° ¥
SI0X MSN ‘NIoX MaN
oN 90URISIUOD PUSYIY 3TBS USITOW WO dduaxdguod  /ET-E€T/4
XN ‘puersy Buoy ‘wojdn
89§ TTBMSTM HY AI38TWSYO 3768 U9RTOW SSNOSTQ  °QE] TSUOTIBN USABUHCOIH /9T/v  33eWOIIE ‘M °H
9333 TUmMOD
oN Jo sIaquay FuTq99 VSI DPUS3IIY pueTod ‘mesxsM  /22-T2/4
Jx0X MON ‘YI0X MAN
ON queT OH pvoxqe dix3 JoJ Bupjetaq °o088y SpIEpPUR}S UBOTISWY \:\:
pustTod *0°q@ ‘uoj3uryssy
oN .03 dix3-a0F BSTA UTBIQ0 uot3eda] ystrod /91/4
Buy}ss| VBI TUS}3e O} *D°@ ‘uojBurysseM
oN peoxqs diag xoJ Suristag *O08SY SpIBPUBLG UBOTISNY \mﬁ\: UBWTPUaIMAYOE ° D °1
B38(Q j
19107 I389Y Po3OBlIUC] 1I8TA JO0J UOSBIY s59IpPPY 81TSTA susN
07 88200y TIUUOSJI3JG pus pa3IsTA Auedmo) Jo says(q

SNOILVTIVLSNI ¥JHIO OL SLISIA

UNCLASSIFIED




UNCLASSIFIED D=1 HW=-60233

A.

BIOLOGY OPERATION

ORGANIZATION AND PERSONNEL

Dr. Rubin Borasky, of the Biological Analyses Operation, resigned to accept a
position outside of the Company.

TECHNICAL ACTIVITIES

FISSIONABLE MATERIALS - 2000 PROGRAM

BIOLOGICAL MONITQRING

Radioiodine Contamination

Concentrations of I131l in thyroid glands of jack rabbits were approximately
60 times less than those of one year ago. Values follow:

auc/g wet thyroid Trend

Location Average Max imum Factor
Wahluke Slope 2 x 1074 6 x 1071 -
L Miles SW of Redox 2 x 107k 6 - 107k -2
Prossur Barricade 8 x 10'5 2 a 10')" -10

Columbla 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 Maoci mam Factor
Minnows (entire) 9 x 10'1‘ 2 x 1073 -

Previous reports have indicated an extremely rapid death of fingerling salmon
following exposure of fish to water contai.nlng C. columnaris., The rapidity of

the death has raised doubts whether this is a normal method of killing, particularly
since injection of the organisms into the fish gave a slower death, These doubts
appear to be clispelled by the observation that six health fish placed in circulating
water contalnmg a dead fingerling killed prev:.ously by C. columnaris were all

dead within six to eight hours.

Fallout Contamination

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

UNCLASSIFIED
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pc/g wet materials Trend
Sample Type Average Factor
Feces 6 x 10-5 -3
Bone L x 1075 -
Liver : T7x 10-6 -
Muscle 5 x 10-6 -

Effect of Reactor Effluent on Aquatic Ogganisms

Routine monitoring of effluent from the 100-KE reactor was terminated at the
time the reactor was shut down for an extended period. No additional
mortality of consequence was experienced in any of the concentrations

during the month. However, an effluent concentration of 2-1/2 per cent

had previously caused a slight increase in mortality.

Population Dynamics

The annual survey of nesting Canada geese was initiated. The first hatched
goslings were observed during the last week of April. Aerial counts indicate
a slight reduction in the population as compared to previous years.

BIOLOGY AND MEDICINE - 6000 PROGRAM

METABOLISM, TOXICITY, AND TRANSFER OF RADIOACTIVE MATZRIALS
Strontium
Tests to demonstrate the effects of Sy’O-Y’0 radiation on rainbow trout were

terminated., Although some samples are still undergoing aging to attain
secular equilibrium, it appears that the new technique of drawing serial blood

samples will demonstrate uptake rates and hematological changes during the course

of the experiments.

A new group of six miniature pigs was started on a daily regimen of 25 pc of Sr

These animals are now being bred and will be sacrificed at 50, 70, and 50 days
gestation in order to determine fetal uptake of Sr90 and to define pathologic
effects, if present.

X-ray plates (5 per animal) were made on all non-pregnant animals on the main
chronic feeding study. (The total x-irradiation dose per animal was less than
0.5 r). These plates will be used as a basis for comparing changes that may
occur in the skeletal system during the course of the study. Animals up to

two years of age were X-rayed;, and in none of them was epiphyseal closure
evident.

The first E?ase of a study to determine the effect of 2x normal dietary calcium
uptake and retention in ewes and their suckling lambs was initated.

on Sr9o-0a

An experiment to study the retention and excretion of sr?0 and Cahs in young

growing rats as influenced by the calcium level of the diet was initiated during

the month.
UNCLASSIFIED
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Ephrata soil was surface contaminated with Sr85 and subsequently surface
treated with solutions of K3PO4 in amounts equivalent to 100 and 5000 pounds
phosphorus per acre. Varigbility was quite large, but there seemed to be a
distinct depression of Sr8> uptake with increasing concentrations of phosggorus
up to amounts which were toxic. The experiment will be repeated using Sr

so that recropping will be possible.

Iodine

One ewe fed 1.5 pc of 1131 for the past four and one-half years after being
born to and weaned from a dam on the same regimen was sacrificed. One thyroid
lobe was nodular in appearance, suggestive of a thyroid tumor. No thyroid
tumors have been observed in this lower feeding level up to this time.

The accumlated thyroid dose is estimated to be between 5,000 and 10,000 rads.

Three sows in various stages of gestation were given tracer doses of I131
at 48 and 2 hours_before sacrifice in order to determine relative thyroid
depositions of 1131, The following results were observed:

I3/ thyroid
Days gestation Dam Fetus
58 1.9 1.2
86 1 O7 1 06
11 0.5 1.5

Cesium

Leaching studies with Cinebar and Ephrata soils show little movement of 03137
when distilled water is used as the leaching agent. Use of 0.1 N KC1 caused
movement of the Cs137 in both soils. The movement was much greater in the
Cinebar soil with 53 per cent of the Csl37 appearing in the effluent after
approximately 4 liters of KC1l solution had gassed through the column. Similaer
treatment of the Ephrata soil showed no Csl37 in the effluent. Since the
Cinebar soil has a much greater exchange capacity, this result is surprising
and, at present, no satisfactory explanation has been thought of.

Plutonium

An experiment was completed in which rats were sacrificed from 1 hour to

20 days following combined treatment with 6 pc plutonium and 500 r X-irradiation.
Hematological and histological data are not yet available. Data on tissue
distribution of plutonium indicates that this was not affected by the X~
radiation. In another experiment, rats are receiving 100 r X-irradiation at
weekly intervals following injection of epproximately 1 pc plutonium. Eight
weekly doses of Z-irradiation have now been delivered, without marked evidence
of effects different from controls receiving the X-ray treatment or plutonium
alone. -
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Radiocactive Particles

Twelve dogs were exposed to Pu23902 aerosol and autopsied for study of
deposition and distribution as a function of concentration and particle
size. Five other dogs, following Pu23902 exposure, were treated with NaCl
aerosol to observe the effect on lung clearance of Pu239, Although, in
earlier studies with mice, the technique showed promise as a therapy regimen
for lung-deposited radicactive particles, the results in these studies were
less positive,

Gastrointestinal Radiation Injury

The nucleolytic enzyme DNase I is produced principally in the pancreas

and secreted into the intestine for digestive purposes. After total body
radiation the concentration of this enzyme in the blood plasma is increased
and it has been suggested that this enzyme may be involved in the sensitivity
of DNA to radiation. In preliminary experiments we have found that irradiation
of the exteriorized intestine does not result in increased plasma DNase I. The
effect of total body radiation in increasing plasma levels of DNase I is therefore
not a simple matter of increasing absorption of the enzyme from the intestinal
tract. Removal of pancreas prior to total body irradiation did not prevent
the increase in plasma DNase I indicating that the pancreas is not the source
of this radiation induced increase. None of these results seem to support

the suggested relationship between DNase I and the early decrease in DNA

seen following irradiation of the intestinal tract.

Gonad Dose Studies

Initial investigations will be in vitro studies, exposing various types of
monitoring devices in solutions of Zn®% and cs137 for calibration purposes prior
to surgical fixation in rams. Instruments to be utilized initially are

Sievert type ionization chambers and film packs. Other instruments undergoing
investigation are miniature G-M tubes, scintillation detectors with light

pipes, and glass dosimeters,

g
BIOLOGY OPERATIO

HA Kornberg:es
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Dl

E.

Lectures -
a. Papers presented at Meetings

M. F. Sullivan, L/15/59, "Effects of X-Irradiation on DNA and DNASE Metabolism
of the Castrointestinal Tract," Federated Societies for Experimental
Biologists Meeting, Atlantic City, N.J.

R. F. Foster, 4/8/59, "The Need for Biological Monitoring of Radiocactive
Waste Streams," Fifth Nuclear Engineering Congress, Cleveland, Ohio.

b. 0ff-Site Seminars

R. F. Palmer, L/2/59, "Strontium-Calcium Interrelationships in the Mature
and Growing Rat," Medical Journal Club, Portland, Oregon.

V. G. Horstman, L/6/59, "Radiobiology at Hanford," FFA, Benton City.

V. G. Horstman, 4/13/59, "Pitman-Moore Swine in Research," Animal Husbandry
graduate class, WSC, Pullman, Washington.

F. P, Hungate, L/15/59, "Radiation and Isotopes in Biology and Agriculture,"
Lecture Series at Colorado State College, Greeley, Colorado (MEND Program).

D. E. Warner, 4/16/59, "Radiation Biology at Hanford," Kiwanis Club,

Dayton, Washington.

J. F. Cline, L4/16/59, "Uses of Radioisotopes in Agriculture," Naches High
School, Naches, Washingtoh,

R.F. Foster, L/22/59, "The Significance of the Uptake of Radioisctopes by
Fresh Water Fishes," Second Seminar on Biological Problems in Water
Pollution, U.S. Public Health Service, Robert A. Taft Sanitary
Engineering Center, Cincinnati, Ohio.

W. J. Clarke, L4/30/59, "Radiotoxicology", Toxicology graduate class, WSC,
Pullman, Washington.

c. Biology Seminars

R. F. Palmer, L/8/59, "Strontium-Calcium Interrelationships in the Mature
and Growing-Rat®.

W. J. Clarke, L/8/59, "Bone Marrow Transplantation as a Therapeutic Agent
Following Total Body Irradiation".

A, I, White, h/1L4/59, "The Importance of Structural Conformation in
Biologically Active.Compounds," (from Washington State College, Pullman.)

L. K. Sustad, L/22/59, "Ionic Movement Across Plasma Membrane as Detected
by Radicactive Isotopes".

Publications ' ’
a. HW Publications (internal distribution)

Foster, R. F. and P. A. Olson, 'Water Temperatures for the Columbia River
Above the Hanford Heactors, Sept. 1946 through Uecember 1958", HW-£0028
(UNCLASSIFIED) (April 15, 1959). -

b. Open Literature-

lione .
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OPERATIONS RESEARCH AND SYNTHESIS OPERATION
MONTHLY REPORT

April, 1959

ORGANIZATTON AND PERSONNEL

Fred W. Plotke reported for work as a Junior Scientist on April 13.

OPERATIONS RESEARCH ACTIVITIES

Input-Output Simulation Model

Work was continued on the preparation of a general computing progrsm for
models of this type, and con the formulation of a highly aggregate model of
HAPO operations. Work was also started on a paper describing the use of
multivariate techniques in the investigation of causal and interdependent
relationships for presentation at a General Electric symposium on model
building to be held June 8-9 in Philadelphia, Pennsylvania.

Difficulty in obtaining data is causing delay in testing the specified models
in cconnection with an operational problem in the Redox plant. :

OPERATIONS ANALYSIS STUDIES

Z Plant Information Study

Negotiations with IBM representatives concerning the use of certain IBM
equipment in connection with the test progrem were completed, and the study
team is now provided with full information as to the capacity and limitations
of the equipment to be used. The entire program and its relationship to
normal operations are to be presented to the functional managers concerned
at a meeting on May 6, 1959.

FPD Procecss Control and Experimentation

A repcrt was iszued in connection with an experiment conducted to determine
the effects on fuel element dimensions of vacuum annealing. The effects of
anneal temperature and time were also investigated, but these effects could
no*t bs clearly separated, since difficulties associated with running the
sxperiment led to the confounding of certain important effects.

As anticipated in last month's report, a recommended pre-heat and submerge
cycle combination was used in a four-day experiment conducted on two of the
producticn canring lines to compare this cycle with the current cycle. Yield
data consisted of reject rates for different kinds of rejects, total bond
count data, and residual can wall and tube wall thicknesses. The independent
variables were cycles, lines, crews, and days. Certain effects were again
confounded with one ancther, largely due to the crew assignments; and in
addition the cycle time was adjusted in the course of the experiment which
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complicated the analysis of the results. Further data from runs at the pilot
plant are currently being analyzed.

A program for investigating the causes of excessive porosity in the tube walls
has been outlined by Process Engineering personnel. One area of investigation
centers about duplex bath variables. In a preliminary investigation of these
varia gles, three are being considered, each at 4 levels. A 1/L replicate of
the 4° experiment was designed in which one of the interaction effects was
also confounded with the differences between the two days needed to run the
experiment.

Further development work on the optical comparator method for non-destruectively
measuring can wall and spire wall thicknesses has resulted in a measurement,
technique of acceptable accuracy and precision for use in the Quality Certifi-
cation Program. Recently collected data were analyzed to obtain regression
lines showing residual can wall and tube wall thicknesses (determined ty
caustic penetration) as a function of comparator measurements.

Fuel Element Failures

A report on the analysis of rupture index data will be issued during May.
Current efforts have been devoted to investigating the dependence of the
rupture index on the corrosion index for the tube.

1958 rupture data for solid fuel elements were combined with 1957 deta in order
tc firm up the rupture rate curve in current use. The agreement between the
two sets cf data was quite good.

Variable discharge plans incorporate metal quality as one of the pertinent
variables which determine optimum discharge exposures for a given tube power.
Over a given period of time, rupture experience may indicate that metal quality
has shifted, resulting in a change in the variable discharge plan. However,
it is reccgnized that some apparent changes in metal quality are only due to
random variation rather than a reel change. An investigation was made of the
general problem cf deciding when to call an observed change real, i.e., when
tc conclude that rupture experience is indicative of a real change in quality.
A report was 1ssued on this to interested personnel in which data reqairements
for determining a fiyrm set of decisicn rules were outlined. .

Producticn Tests

A report was issued in connection with the production test concerned with
the evaluaticn of low hydrogen dingot I and E fuel elements.

Further data were submitted in comnection with the determination cf th: warp
and hot-spo% angles aszcciated with a given fuel element. A special zet of
frel =zlemente were measured in which chisel marks were used asz refesrencs
rcints., This eliminated the uncertainties associated with *he dstarminatinsn
of the rib marks used as refasrence points in practice. Based on this analysis,
further production test data were rsquested, restricting attention to the
central portions of the tubes where they are more meaningful due tc more
clearly defined rit marks.
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Assistance was given in connection with the design of a production test which
111 be run to evaluate nickel plated fuel elements.

Reactor Jalculations

Work is continuing in this area, and several discussions have been held with
personnel familiar with the genersl protlem. Certain sources of error have
been menticned vwhich will be included in the study.

Process Tube Leaks

A request has been received io supply statistical services in connection
with a program designed to investigate all phases of the tube leak problem.
Tnitial efforts are being directed toward a better understanding of the
variables related %o the tube leaks caused by external corrosion at F
reacter. Probclog da%a for tubes probologed during the first part of 1959
have been analyzed. A request has been made for similar data collected
during 1958,

_PD Control

The examiretion of available data to determine the reliability of plutonium
material contrel in the dissolvers of the Product Recovery Operation

was continued. The significant underaccourting previously noted was largely
corrected during the period October-December, 1958, the major improvement
being due to the esztablishment of neutron counting for receipt measurements.
This combined with neutron counter monitors on the dissolved material receiv-
ing tanks, haz permitted a considerable increase in batch size. The problem
of determining recovery of different material types, hovever has beccme even
more complex. Ar atvempt is being made to locate the source(s) of the ex-
cessive variability in recovery from batch to batch.

tcleranie statement required tu demonstrate conformity to specifications
T the final product was calculated for parts shipped during the first quarter
of calendar year 1959. 1In additicn, variance components essential for control
purposes were estimated from the dsta.

Radiation Protection Precision and Accuracy Study

Statiztical analvsis was performed on data from an experiment designed to
determine the 1sC-trspic nature of the radium gamma source that is used to
calibrate gamma dosimetry film. A report is being prepared which describes
the analysis in detail and estimates the effect of the non-iso-tropic naturec
of the scurce On existing calibration techniques. An interim report des-
cribing previous activity with respect to the over-all goals of the study
1s in the final stages of preparation.

Several regreszion analys
tc cbtain a formula for e
of film density.

STATISTICAL AND MATHEMATICAL ACTIVITIES WITHIN HLO
2000 Program - X-ray Diffraction

5 were made on neutron film badge data in order
timating neutron and gamma dosage as a function

e
~
a
2

Work continued on the problem of analyzing X-ray diffraction patterns for
annealed zircaloy-2 samples. A non-parametric technique assuming only a
symmetric peak is being used to resolve mlti-peak diffraction patterns into
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their component parts, particularly to estimate peak height and integrated
breadth. To date no usable technique has been developed for the resclution
of asymmetric pesks. ‘

2000 Program - Separations Develcpment

A discussion was held concerning & study of a pulse solvent extraction
column from which a mathematical model might be derived which would describe
the operation of the column. Statistical consultation is needed in laying
out the design of the development program so that the effect on column
operaticn of all independent variables can be ascertained with a minimum
numter cf experimental runs.

4OCC Pregram - Swelling Studies

Empirical distributions, based on metallographic data, of the relative
position of inert gas bubble centers with respect to the interface of &
croas-szectioned irradiated uranium cylinder are not in agreement with the
assumption of a unifcrm distribtution of centers and spherical bubkles. A
more complex mathematical mcdel alliowing for distortion cf spherizal tubtles
to ellipscidal shapes of varylng eccentricitles is now under consideration
with the hcpe of cbtairning & tool for correcting distortions due tc sample

preparation prior to statistical analysis of bubble radii distributions and
veid fractionse.

LO0C Prograsm - Waste Disposal

Work continued on a problem assocliated with the ground disposal of radioactive
reaztor effluents, with attempts being made tc find an adequate mathematical
f-rm £ the breakthrough ratic prediction curve for a laboratory scil column.

4000 Prcgram - Reactor Sraphite Studiess

An experimental design was develcped for a proposed experiment to investigate

the reactivity of graphite as a function of five independent variables:
temperature, water flcw rate, expcsuve, gamra field, and surface to volume
ratio. Experimental irradiations wilil take place in the Kaiser gas cooled
reactor.

600C Program - Biclogy and Medicine

0

wWork conticaed on rthe conetruction of a2 rodel to explain phercmena aszociated
Hltﬂ razsage of elszment pair: thrcugh focd chains. Current eficrts inclade
the 2erivation of a system of differential equations to descrite in mzthe-
matical terms the uptake and retention of radicactive iscicpes within varicus
compartments of the ticsystem and the discrimination which the system exhibit:
wn faver of one element.

2000 Progrzm - AnmCspneric Difflisicn Studies

Wovk contiried ©noa 1ormal report jointly authored with Atmospheric Fhys:io:
Jparation 2iscuszzing the dsrivation and utilizaticn of statis+tical Te"* LT'Dc
for anaiycing rom the pending Alr Force - AEC diffusion and depcsaitic
study. It iz re protabie that the methed of estimating aiv p:_-1+1"' i
Zegurndert ra d e freorn che zourcs; terhnig @ were Con:ialrsn
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et 40

es+1mat1ng thoes dependence with preliminery experimental runes prior to the
initiation of the diffusion study.

Gereral

Further discussions were held concerning the estimation of the precision of
rediochemi.al analyses baszed on low level counting statistics with appreciable
background., A method has been developed and examples are being checked of
quantitative reszolution of several isotopes with a multichannel analyzer.

Work ccntinued on the protlem of eztimating multichannel analyzer zero shift
and proportional drift from a standard energy spectrum scan.

A mathematicsal model was devieed to attempt to explain the time and spatisl
oxidation of gamma-irradiated polyethylene slabs. Theoretical predictions
based on the madel are now being checked for agreement with experimental
data.

STATISTICAL AND MATHEMATICAL ACTIVIITES FOR OTHER HAPO COMPONENTS

Fuels Preparation Department

A discussion was held with personnel from FPD relative to the interpretation

of winor injury statistics. It was suggested that the injuries be categorized

roughly with respect to general causes (inattention, lack of proper equipment,

lack of safety instruction, etc.; and control charts be maintained to indicate

when the observed injury record is inconsistent with past behavior. Date since
January, 1957, have been collected and forwarded for analyeis.

Further tests were run in the test reactor in an attempt to better define the
re.aticnship betwesn enrichment and reactivity. Results of these latest tests
indicatz that an annxp;a*nat e non-linear relationship exists.

Further theoretical work was carried cut in connection with the progrem of the
study of Lawb wave propagation in composite #0lids.

Irradiati-n Processing Department

Aszsistance was provided in assessing the reliasbility of several types of
warring sy:tems.

Chemical Procegsing Department

A r»eport was prerared ir zonnection with the corrosion of stainless steel as
measured by Huey Test results. This report was a status report summarizing
resulte found thus far and indicating what types of answers would be obtained
by further procezzing the wealth of existing data with the aid of IBM machines.

An analysic 1s currently being made to determine whether the neutron emission
rate of a particular material is related to either the weight or the volume
of the tatch in gquestion.

A nomograrn is teing prepared for use in simplifying calculations associ-
ated with spare partszs inventories,
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wWork was begun on the theoretizal design of a series of cams which are o be
used to guide the controlling mechanism of certain machine tools. These tools
are required to machine pre-determined shapes to 2 high degree of accuracy.

Construction Engineering & Utilities Operatiozn

Work continued on a systems reliability study of the K reacters. Reliabi
in th-3 case is defined ir probability terms and appropriate expressiors
comduting the prcbability are currently being developed.

1.
lit
A
IO‘."

sgiztance iz telng provided in developing a method which will facilitate the
stimation of the variakility asscciated with fair cost estimates.

Contract and Accountirg Operation

The firal dralt waz preparsd ¢f a papsr, "Scme Statistical Aspscts of L-PID'z
and Ending Inwentcriegs, " for presentation at the 1955 AEC Jontrastor: S%
ltatsrials Management Mesting +0 te held in Germantcun, liaryland, May 27-28,

Carl A. Bennett, Manager
OPERATIONS RESEARCH & SYNTHESIS

S e3 4
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A.

B.

PROGRAMMING OPERATION
APRIL 1959

FISSIONABLE MATERIALS - 2000 PROGRAM

A study was completed for the Chemical Processing Department covering the
estimation of tks costs of losses which may result from the blending of
decontaminated uranium of different enrichments recovered in the processing
of the variour NPF, NFR, and E metal fuels. The report provides graphs and
details of t'.e simple calcwations which can be used routinely by plant
supervision to estimate the costs of degradation resulting from blending.

The high value of enriched material justifies careful considerstion of such
losses so that economic decisions can be made for blending or for segregation
of certain batches or classes of recovered materials.

REACTOR DEVELOPMENT - 4000 PROGRAM

1.

Plutonium Recycle Program

Plutonium Requirements

With the completion of the study which established the needs for plutonium
for operation of the Pilutonium Recycle Test Reactor, attention was directed
toward the integration of these requirements with the amounts of plutonium
necessary for ihe conduct of related laboratory programs such as PCTR and
Critical Mass Laboratory tests, Agreement was reached on the needs of

each of the laboratory components involved. These needs were included

‘n the over-=ll necis ol the Plutonium Recycle Program.

Cycle Analysis

The Meleager cycle enalysis code was modified during the month to decrease
mackine running time., Additional optional modifications to still further
reduce running time for survey purposes are now being incorporated.

Orgenization of input lists for the RBU code was revised to facilitat:
data handling procedures. The debugging of the Monte Carlo and Diffusion
portions of the code by the Advanced Technology Laboratories personuel
{forme -1y called American Standard Atomic Energy Division) on the HAPO
IBM-T709' computer progressed well during the month, and these sectionc of
the code may now be considersd essentially ccmpleted.

An attempt is under way to evaluate meaningfully the use of various iron
base alloys in place of aluminum and zirconium jacketing materials in
thermal reactors. Cost analysis type measurements do not show large
incentives one way or the other, if enriched uranium at present pricing
is available. Less specific analysis relating the various reactor

UNCLASSIFIED
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C.

parameter values to achieve a given fuel exposure as a function of fuel
Jacket neutron absorption cross section indicates that iron base alloys
can be applied to a wide range of reactor itypes if enrichment beyond
natural is economically available. The real value of iron base alloys
may well be that these alloys appear to be a reasonably satisfactory
alternative to zirconium for all but natural uranium reactors, but can
even be utilized in these, if the reutron economy is favorable, as in
the HAPO types. :

6000 PROGRAM

Radiological Consultation

Comments were made on papers and documents including the Report of the General
Electric Task Force on Workmen's Compensation, proposed legislation formulated
by the Atomic Energy Commission to permit states participation in control of
atomic energy, and a Summary of the Waste Disposal Hearings prepared by the
Joint Committee. Comments were also prepared on the proposed gas loop for -
the FRTR, drafts of papers by individuals in Biology and Radiation Protection,
and a write-up on a Statistical Evaluation of Meteorological Data by
Operations Research.

Recommendations were made for a survey of the ocean in the vicinity of
Astoria. Comments on a proposed emergency standard for maximum permissible
body burdens of Strontium-90 were given to the Radiation Protection Operation.

A draft of the preliminary report for Subcommittee 1 of the American Standards
Association Sectional Committee N-6 "Reactor Safety Standards" was reviewed
with comments returned tc the Chairman. This report deals with the detailed
calculations required in evaluating a site for reactor placement, A report

of the Small Boiling Water Reactors Subcouncil was prepared and forwarded to
the members for review,

A qualitative lung model for use in calculating the fate of radioactive
materials in the respiratory tract was prepared and forwarded to the
Chairman of the Subcommittee on Inhalation Hazards of the National Academy
of Sciences Committee on-Pathological Effects of Atomic Radiation.

The previous draft of the report of the NCRP Handbock on Safe Handling of
Radioisotopes was further revised during the month.

Information on the Biology and Medicine development programs wzre forwarded
to Radiation Protiection Operation for incorporaticn in a letter to Wacshinghton
describing the programs at Hanf'ord.

The Division of Biology and Medicine has selected Hanford for the next

mesting to be held on Juns 8 and 9. Preliminary efforts in planning the
program and facilities to be used were started,

IINCLASSTEIED
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D.

OTHER ACTIVITIES

Comments relating t» the Hsnford ILsborstories portion of the HAPO Five Year
Program Report were solicited, received, and inzorporated into the final
draft (HW-59633).

Information on HAPO resesrch and development facilities was prepsred for
preparation at the quarterly GE-HOQ, AEC Technical Review.

Potential candidates for instructors at the University of Washington Graduste
Center were proposed. Speczific courses for which instructors were obtained
include: Solid State Chemistry series, Nuclear Chemistry and Rsdiochemistry,
Analytical Methods series, and Nuclear Engineering series.

A breaskdown of plutonium recycle budget information was prepared using a
format requested by the Commiszion. This was transmitted to ‘the Commisszion
through apprcpriste channels,

Arrangements were made for exchanges of technical speakers with Washington
State University and the University of Washington. Professor Harold Dodgen
and Professor E, R. Tinney will visit Hanford and B. Mastel and J. DePangher
will visit Washington State University. Professor J. I. Mueller from

the University of Washington visited HLO. A group of speakers to address

a high school science teacher's institute at Gongaza was arranged for July.

Manager, Prograrming

ILH McEwen:CAR:d1

UNCLASSIFIED
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RADIATION PROTECTION OPERATION
MONTHLY REPORT - APRIL 1959

A. ORGANIZATION AND PERSONNEL

Helen K. Speer transferred into Radiation Protection Operation from Relations
Operation on April 6, 1959. Robert K. Jones of the Bioassay Operation died
in an auto accident on April 26, 1959. The force of the Radiation Protection
Operation remained at a total of 132.

B. ACTIVITIES

One case of minor plutonium deposition was confirmed in April. The total number
of deposition cases which have occurred at Hanford is 229. There are 162 employees
currently employed who have a measurable deposition of plutonium. More extensive
bioassay analyses of employees involved in the explosion in Plutonium Metallurgy
facilities in the 234-5 Building on March 31 continued to indicate that plutonium
deposition in the employee who was injured is only & smsll percentage of the
maximum permissible limit. Substantiael progress was made in decontaminating

rooms and corridors adjoining Room 179-B where the explosion occurred.

Two cases of exposure to the skin in excess of permissible limits occurred.
These involved an employee being sprayed with contaminated water in the dis-
charge area at 100-D Reactor and an emplcyee receiving coverall contamination
in the 327 Building. The maximum dose to a small portion of the skin was 16.5
rads including 0.5 r.

The supplemental crews in IPD discontinued their use of multiple badges in the
100 Areas. This improvement removed a total of 512 badges from service.

Increased visual inspection of hood gloves in the Plutonium Metallurgy Operation,
231 Building, resulted in a sharp decrease in the number of hood glove ruptures
in April--four as compared to 25 in March.

Initial experience with 2000 to 3000 watt minute irradiations of core loadings
of U0, seven rod clusters in the PCTR revealed dose rates of 1.9 r/hr between
the rgactor faces upon entry two and one-half hours after the irradiation.

Work on the reduced electrodeposition area procedure was continued in the Bioassay
laboratory. Some difficulty was encountered in meintaining acceptably low back-
grounds. Comperative samples using the lerge area plating and the new reduced -
area plating are being analyzed to determine if the excessive background is due
to the chemicals being used.

Preliminary routine use of the Shielded Personnel Monitoring Station was initiated
in April. Measurements on a group of about 50 HAPO employees were started. The
objective of this preliminary set of measurements is to establish useful criteria
in establishing backgrounds of different groups of people at Hanford.

UNCLASSIFIED
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At the request of the AEC-HOO, a comprehensive study was started to determine
the feasibility of a State Highway Department proposal to construct a public
highway up the Cold Creek Valley from Horn Rapids to the Yakima Barricade.
Analysis of the possibility of releasing certain lands south and west of this
proposed public highway is also to be included in this study .

A spontaneous fire occurred on April 29 in a section of a process tube at the
100-KW reactor during the removal of the tube which was suspected to contain

a damaged fuel element. Analysis of stack filter samples indicated that about
1.3 curies of combustion debris were released to the atmosphere. For the
1C-second period, during which the damaged tube and fuel element were suspended
in the air on the rear face of the reactor, the dose rate in the lunchroom and
the adjacent corridor floor ranged from 5 to 50 mr/hr. No ground contamination
was detected in the immediate vicinity of the 105-KW stack area.

A Bar-Ray Hills Automatic Film Processing System was ordered at an acquisition
ccat of $25,380. Shipment was ~cheduled for June 30. This system is designed
to perform automatically the chemical processing of personnel meter badge film
while maintaining precise control of solution temperatures and composition.
Fabrication of mechanical components for an automatic densitometer to be used
for reading badge film was initiated.

Assistance was furnished to the Biology Operation in measurement of gonad dose
to animals from irradiation by internally deposited isotopes. It was planned
to use the Sievert chambers for implantation and small size stray radiation
chambers for lower level doses to the male gonads.

Prototype devices capable of measuring radiation dose received by human eyes
and 3till permitting unhampered vision and body motion were designed. An
invention description, "A Dosimeter for Measuring Radiation Doses to the Human
Eye," was filed.

Special analyses of nitrogen in Columbia River water at Hanford and Pas:o were
obtained for the Columbia River Advisory Group. Analysis showed about 0.015 ppm
free N3, 0.056 ppm organically-bound NHz, 0.015 ppm NO» and 0.38 ppm NO,. The
nitrate ion concentration is about six t?mes that observed in earlier anglyses
made in 1955. Additional analyses of nitrate ion were schedule for the next
six months to confirm the higher-than-previous concentration.

In response to requests from AEC-HOQ, considerable assistance was furnished on
a priority basis on details of Hanford's over-all radiation protection effort
and expenditures. These requests stemmed from the joint study being conducted
by the Secretary of Health, Education, and Welfare; the Chairman of the AEC;
and the Director of the Bureau of the Budget.

The Technizal Defense Section participated in the over-all Hanford Distrist
Ccivil Pefense participation in Operation Alert 1959 on April 17-18. The test
conzisted of state-directed operations involving nine near simultaneouz nuczlear
hits in the State of Washington--none of which would have had serious effect

con Hanford operations.

UNCLASSTFTED
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C. EMPLOYEE RELATIONS

There were three medical treatment injuries for a frequency of 1.34. No
security violations occurred during the month.

One suggestion was received for evaluation. Two suggestion evaluations were
completed and none were adopted. One suggestion is pending in RPO for evalua-
tion. No awards were made.

A lecture and demonstration, "Radiation and Radiation Protection" part of a
series on "Introduction to Radiation" was presented to a meeting of Construction
Building Trades Business Agents on April 30, 1959.

D. SIGNIFICART REPCRTS

HW-60225 "Monthly Report - April 1959, Radiation Monitoring Operation" by
A. J. Stevens.

HW-60209 '"Waste Disposal Monitoring Summary, April 1959" by K. F. Baldridge.

Con. Un. "Inventory of Radioactive Liquid Wastes to Active Disposal Sites -
February 1959" by K. F. Baldridge.

Report of Invention - "A Dosimeter for Measuring Radiation Doses to the
Human Eye" by Carl M. Unruh.

UNCLASSIFIED
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EIIVIRQILENTAL MONITORING - RESULTS

Sample Type and Location

Drinking Water

100-F Area
Separations Areas
Pasco

Kennewick
Richland

Columbia River Water

Above 100-B Area
100-F Area

Henford Ferry

Pasco

McNary Dem

Vancouver, Washington

Waste Water

Outlying Test Wells
Reactor Effluent Retention
Basins to River

Atmosghere

Gross Dose Rate -

Project

Envircens
I-131 Separations Areas
I-13]1 Separations Stacks
Active Particles - Projesct
Active Particles - Environs

Vegetatibn

Separations

Residential

Bastern Washington end
Oregon

Fission Products lees
I-131 - Wash. and Ore.

* The%MI’CGI

Activity

~Lype

Isotopic
Total Beta
Isotopic
Isotopic
Total Beta

Tctal Beta
Isotopic
Tctal Beta
Isctorpic
Tctel Beta
Total Betsa

Total Beta

Total Betea

Gauinna

Ganuma,
I-131
I-131

I-131
I-131

I-131

Beta

Q
1
N

Monthly
Average

g
x 10-¢

W OoOGCHR
O N~

X 10'8

X 10'(j

x 1077

o b =3 OV
CNN O W

bid 10’6
o7

[ V7

=

3.7 x 10-6(Max)

30,000

HW - 60233

(March 23, 1959 - April 26, 195))

Units*

ue/cc

ue/ce
curies/day

mrad/day
rrad/day
ue/ce
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Trend**
Factor

ie the percent of the maximum permissible limit for continuous

occupational exposure to the gastrointestinal tract calculated from drinking

water linmits,

where values of n less than 2 will not be noted.

The trend factor snows the n-fold increase (+) or decrease (-) from last month,
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EXPOSURE EVALUATION AND RECORDS
Expozure Incidents Above Permissible Limits
Whole Body Localized
April 0 2
1959 to Date L 5
Gamma Pencils
Pencils Paired Readings Paired Readings Lost
Processed 100-280 mr Over 280 mr Readings
April 31,866 L7 1 1
1959 to Date 128,572 197 8 b
Beta-Gamma Film Badges
Badges Readings Readings Readings Lost Average Dose
Processed 1C0-300 mrads 300-500 mrads Over 500 mrads Readings Per Film Packet
mrad{ow, mr(s)
April 11,816 T4 56 1k 23 6.8 15.46
1559 to
Date L2,638 3,398 358 55 20k 4.69 18.20

Neutron Film Badges
Film Readings Readings
Processed 50-100 mrem 100-300 mrem

Readings Lost
Over 300 mrem Readings

Slow Neutron
April 1,317 1 ¢
1959 tec Date 4,826 18 1

~

rast Neutron
April
1959 +p Date

+ o

Lﬁ\)
']
=3
n n

3iocaszay

Plutonium: Samples Assayed

~

Pesults above 2 2 x 10798 u-/sample

Fizsion Produzte: Camples Assayed
Results above 3.1 x 1272 pc FP/sample

Uranium: Samples Assayed

Confirmed Plutonium Deposition Cases

C 7
O i7
0 5
0 16
April 1959 to Date
e 3,093
34 1l
697 2,968
1 ‘ 13
281 1,158
1 5+

* Tnis brings the total number of plutonium deposition cazes which have

ocrurred at Hanford to 229.
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Uranium Analyses

Following Exposure Following Period of No Exposure

Units of 1079 uc U/cc Units of 1079 uc U/cc
. Number Number
Sample Description Meximum Average Samples Maximum Average Samples
Tuels Preparation 2L 3.6 56 7.3 1.9 38
Hanford laboratories 14 3.2 20 5.6 1.9 22
Chemizal Processing 95 8.2 66 19 3.6 55
Chemizal Processing#* 29 11 11 6.3 3.0 5
Zpe:ial Inczidents e 0 0 0 ¢ 0
Fandom 1.5 Cc.9 5 o 0 0

¥Samples taken prior to and after a specific job during work week.

Thyroid Checks April 1959 to Date
Thesks Taken C 0
“hezks Above Detection Limit 0 Q

HanZ The:zks

Jhe ke Taken - Alpha 6k, 261 148,809
- Beta-Gamma 43,573 99,693

Skin Contamination

Plutonium 16 70
Fission Products 30 146
Uranium 14 [I¥e]
CATLTIBRATIONS
Number of Units Calibrated

Portable Inzstruments April 1959 to Date
IF Meter 1,061 3,850
Juno 315 1,194
GM 1,463 5,446
Other 204 818

Total 3,043 11,308
Personnel Meters
Badge Film 935 3,699
Pencils 1,703 5,248
Other 520 1,778

Total 3,158 10,725
Miszellaneous Special Services 121 1,154
Total Number of Calibrations 6,322 23,187

Radiation Protection

AR Keene:kc UNCLASSIFIED
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LABORATORY AUXTILIARTES OPERATION
MONTHLY REPORT - APRIL 1959

GENERAJ.

Safety performance of the operation was considered satisfactory. There were

no major injuries; the minor injury frequency rate was 2.27, which is considered
below average experience.

The absenteeism rate was 4.08 per cent, which is about average experience.

There were no security violations charged to the Operation.

TECHNICAL SHOPS OPERATION

Total time for the month was 23,636 hours. This includes 1lh,791l hours performed
in the Technical Shops, 5,615 hours assigned to Minor Construction, 175 hours to
cther project shops, and 3,055 hours to off-site vendors. The total shop work
backlog is 22,860 hours of which 50% is required in the current month, with the
remainder distributed over a three month period. Overtime worked during the
month was 6.4% (1155 hours) of the total available hours.

Distribution of time was as follows: Man Hours % of Total
Fuels Preparation Department 2075 8.8
Irradia’ion Processing Department 2691 11.4
Chemical Processing Department 1092 4.6
Hanford Laboratories Operation 16987 T1.9
Construction Engineering Operation 511 2.1
Miscellaneous 280 1.2

The number of requests from customers for emergency service remained at a high
level, necessitating an overtime ratio of 6.4%. Other project shops were utilized
to capacity in providing assistance to the Technical Shops. Off-site shops are
also providing assistance via the purchase requisition procedure. In conjunction
with the Purchasing Operation, procedures have been set up which permit the ex-
peditious handling of this off-site work.

Five machinists and one welder were added to the Technical Shops roll during the
month. Four machinists are in the process of obtaining security clearance and
will be called in as soon as possible.

The Endothermic Ges Preparation Unit used in conjunction with the heat treating
furnaces was received and installed. This unit permits the heat treating of high
alloy steels by providing a neutral atmosphere in the furnace chauber.

Security performance was considered satisfactory with no violations. Safety

performance wae considered satisfactory with 8 medical treatment injuries and
no major injuries. Absenteeism was considered normal for this period.
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RADIOGRAPHIC TESTING OPERATION

Mcre ncrmal activity for Radicgraphic Testing COperation was re:ccrded this menth
with termination of the PRTR containmen* vessel work. A *otal of 5,257 tectsz
vere made . of which 985 were radiographic (including X-ray and gamma ravy) and
L,266 were supplementary tests. Out of a total of 1027 man hours, 551 !53.6%)
were uzed in connection with radiographi: tests and 476 (46.L%) were used on
cupplementary teste. The supplementary test work included dimensional measure-
ments (micrometric and plug gage), eddy current, leak detection. penet ran“
ultrasonic (flaw detec*ion and thickness measurements), visual (bcres:cpe). and
strecs measurement (stress coat).

The number of pieces handled this month was about normal, totalling some 2,LQ3
i*emsz. The feet of material represented by the foregoing remained at a <ab-
g-untial level amounting to 18,673 feet. It is anticipated that this index
will remain a+ this level fer the duration of the tubular production test work.
Work was dcne for 19 different organizational components, representing all of
the opera*“ing departments and service organizations. A tctal cof 36 reporte
were iscued, detailing test findings with conclusions and recommended action.
Radiographiz Testing Operation was consulted on 17 different octasions for
advi<e and information regarding general testing theory for other than *the

Jobe *tabulated in Part II - Testing Statistics.

The ~onetruction schedule established for the White Bluffs tube testing facility
is being fairly well maintained. It is still contemplated that pickling and
autc 2laving will be done the week of May 25th. Equipment relocation from the
EﬁOVEcst Area is essentially completed. Tweaty PRTR prozess tubes have been
zceived and are in place at White Eluffs. Immersed ultrasgonic testing and
q etrant rtesting of these tubes has been started I% ig anticipated that

ezt work will be completed in time for pi<kling and autoclaving at the
nd of May.

Tl o
= @ q

aL
e

Conztrus-ion tesgting onn the PRIR containmen® vescsel has been -ompieted. All
repair welds have teen tested and aprroved. Final leak Testing around pene-
Trorvions wag also completed. It is understcod that the pressure tes*t cf the
vessel was zuccessful, indicating satisfarctory work.

irrent with the three-week :zhmtdowm cf the KE reactor., Radiograrhic

ag Cperaticn extended previous work done on stress evaluation. Frimarv
rn oontinues to be *the process water piping between the 190 Building d
0% Bu:ilding. It ic desired to determine the loeation of *the high s4vess

g

pc:nu: and *he magnitude of such stress. To locate the high s*res:s points .

1 "strees coat" syztem was employed, using brittle ~oat la:iquers. Use of this

vzrem permitted large areas of the piping system to be covered and evaluated.

n addition, electric wire resistance c¢train gages were used in a number of
Primarv indications are that fhe stress levels are of verv small

L LE .

by
t prD p—'-_
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No.of Ft. of Weld No.of
Component Tests or Material ©Pileces Description

CPD 1h 15 1k 1/2" and 3/8" SS plate, Redox dissolver.
2" Sch. 80 SS pipe. 316 SS flanges, 10"
sch. 10 SS pipe.

CEO 620 823 L8  X-ray interpretation on PRTR containment
vessel; halogen snifter test of PRTR
containment vessel welds.

Lo 472 1388 302 Pig X-ray, sheated TC, high pressure
autoclave, Zr-2 clad U0, fuel rods,
samples; Na K samples, SS piping, Pu Al
billets, rods; co-extruded Pu Al ex-
trusion die; Al welds.

3495 15913 2ok .680" and 505" I.D. Zr.-2 tubes; Zr.-2
clad JOo fuel rods; 3" 0.D. x .270"
wall Zr. tube.

IPD 630 508 81 10" sch. 10 SS pipe weld, 100K-190 water
lines; 12" and 18" sch. 80 steel pipe;
2.4" 0.D. Zr.-2, KER, ribless process
tube.

R&UO 26 26 2 Hydraulic 20' boom.

TOTALS 5257 18673 2493

FACILITIES ENGINEERING OPERATION

Projects

There were 20 authorized projects at month's end with total authorized funds of
$8,398,000. The total estimated cost of these projects is $8,526,900.

The project for modification of 303-J Building for use as a fuel element test
facility (IR-242) was completed during the month.

Four Project Proposals were submitted to HOO-AEC during the month. These are:

(1) CGH-840 Sheet Metal Shop $ 36,500
(2) cAH-848 Geological and Hydrological Wells 56,600
(3) IR-246 Additions to 37L45-B Building - 19,000
(4) IR-247 Normal Electrical Service - 100-F 12,500

Ten Project Proposals are being prepared. Four of these are for Radiometallurgy
facilities and are essentially completed.

The attached project report details the status of individual projects.
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Engineering Service

Title
Removable Grating - 3745-B Bldg.

Clean Air Ducts - 326 Building
Renovate Rm.30-C 326 Building
Improve Lighting - Rooms 11-1A

& B - 325 Building

Design and Install Fire Alarm
System - 314 Building

Air Balance - 108-F Building

Lighting Study, Bindery Room,
3760 Building

Gamma Irradiation Facility
3730 Building

Kitchenette Facility in 326 Bldg.

Locker Room Modifications 321 Bldg.

Erection of Towers for Atmospheric
Physics

Study - Layout of Biology

Isolute crane conductors 314 Bldg.

Dog Isclation Facility 1L1-F3
Building:

326 Buiiding Retention Waste
Sump Modifications

H-4 HW-60233

Status
Installation to start 5-15-59.

Bids to be received and work initiated
during May.

New equipment is being received for
installation.

Fixtures on hand for installation.
Design work conuleted.

Engineering work in progress.

Work complete.

Excavaticn complete. Tank and caisson
in place.

Work in progress.
Work complete.

Five each of 100 foot poles, 14l foot
triangular and 204 foot rectangular towers
have been erected. High winds have slowed
progress. The base of one tower fell
during erection and a constr-ction work-
man was inJjured.

A study and report is being prepared

to’ show proposed facilities. Statistical
information will compare costs, space,
and occupancy.

Work in progress to isolate crane con-
ductors. This will lessen hazardous
condition in building.

A concrete slab for a temporary building
is being constructed. Trenches and gewer

connection will be made.

Engineering work in progress.

UNCLASSIFIED
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Design and Drafting Service

Title Status

Creep Capsule In-reactor creep measurement of zirconium.
A capsule to monitor stress, elongation, and

temperature while being irradiated. 20%
complete.

Design ani drafting work in progress includes the following:

Automation of feed mechanism of Kux Hydraulic Press - 325 Building.
In-Reactor mechanism for rupture of irradiated fuel - 3x3 loop ETR.
Redesign of portion of in-reactor loop - 3x3 loop ETR.
Tools for handling discharged fuel elements - ETR.
Modifications to 14 ton shipping cask.
Modifications to vacuum welding box - 306 Building.
Equipment for High Level Radiochemical Facility - 325-A Building.
a. Manipulator dolly
b. Underwater manipulator
¢. Underwater vacuum cleaner
d. Transfer mechanism
e. Mock-up wall
f. Miecellaneous items, tongs, brush, plugs
Hand feed for swage - 325 Building basement.
Fuel element X-ray photometer.
Assembly Jjig for fuel rods. *
Test Set up design ~ fuel, fuel and fall holders, and
graphite - 305-B Building.
T-ansistorized circuits for counters.
“ael element leak detector.
ocope drawing for thermal diffusion column.
Traverse counter drive - 305 Bullding.

Also work is being performed for layout and details on projects CGH-83lL,
Modifications and Additions to High Pressure Loop - 189-D Building, and Job
008k, Pickling and Autoclaving Facility for Zirconium Materisl.

Maintenance and Building_ En@eering - Landlord Functions

Costs = March - $1.13,816
February - 116,249

Fiscal year to date total expenditures are - $308,802, which is 73% of budget.
Our exo~nditure forecast is - $936,600, which is 75.2% of budget.

Analysis for Month of March: Maintenance costs in all categories remained low.
This is the result of maintenance backlogs, delays in releasing work, and a
credit of $1600 for costs assumed by a project. Steam costs did not decline

as sharply as predicted and were $5,000 above the forecast. Year to date steam
costs are $13,000 more than anticipated.
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The lunch room relocation for 3760 Building is estimated 90% complete.

The proposed restroom and office addition to 3745 Building has been rescoped
and is being considered for performance.

Steps are being taken to define tlhe property lines around 747 Building,
Bioassy Laboratory. ~

The AEC has approved our request for contingency maintenance to the 325
Building ventilating and exhaust fans. This work can provide the necessary
air for the High Level Radiochemistry Facility and for the basement improve-
ments of the heavy equipment laboratories, as well as for other required hood
and cave additions.

Miscellaneous

Approximately 180 drawings including sketches, work sheets, and formal
drawings were completed by the Drafting Component during the month.

Approximately 14,300 square feet of prints were reproduced during the month.
The total estimated cost of the 14 requisitions issued during the month plus
associated bid reviews, BPF's, and alterations. Total estimated value of

requisitions issued was $2,500.

The next Third Party Inspection of HLO Pressure Vessels is scheduled for May.

TECHNICAL INFORMATION OPERATION

The following memoranda containing classification information were issued during
the month:

HW-5987L "Classification: Production Data" dated April 2, 1959.

HW-5938L4 SUP1 "Classification: Depleted Uranium" dated April 7, 1959.

Classification Information Bulletin: "Production Reactor Fuel Element
Work" dated April 24, 1959.

Classification Information Bulletin: '"Water Mixer Fuel Element" dated
April 24, 1959,

Seven pages of the Hanford Classification Guide were revised to incorporate new
classification instructions and to change existing topics in the Guide.

As reported last month, a request was sent to HOO for review and declassification
of development work on externally modified fuel elements for existing production
reactors. As a result, Design, Development and Research Contract 54 between
Generul Electric Company and Aeroprojects, Inc., has been declassified. Contract
DDR-54 is for the development of ultrasonic welding procedures for attaching
supports to zluminum and Zircaloy-2 clad fuel moteriuals.

UNCLASSIFIED
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Although the request tc HOO was aimed at obtaining relief in the general area of
externally modified fuel elements, the reply was limited to the work on pro-
jection fuel elements as covered by Contract DDR-54. This action did, however,
declassify the concept of the projection fuel element. BSubsequently, the water
mixer fuel element design was declassified. Concurrent with the above actions
HOO reaffirmed that present regulations require that research and development
work carried out for production reactor fuel elements must be born classified.

Three more projects related to fuel element development were submitted for class-
ification review during the month. 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 and Tubes" and

(3) Nickel plating of standard canned I & E fuel elements by several firms
who specialize in plating work.

The Atomic Energy Commission requested a crash review of all information created
since 1947 relating to radiocactive fallout and environmental contamination. A
list of 87 pertinent Hanford originated documents was transmitted to the AEC
through the Hanford Operations Office. This listing included 15 documents

related to Washington designated sensitive programs. All but two of the Research
and Development memos had previously been transmitted to the Technical Information
Service Extension, Oak Ridge.

HAPO's Justification for continuing to receive reports in category C-86,
"Nuclear Rockets and Ramjet Engines" of M=-3679 was submitted through the Hanford
Operations Office to the AEC, Washington. After careful review of our "need to
know," HOO submitted to Washington a supporting memorandum.

During the past three months several questlions have been raised by TISE and HOO
regarding the proper categorization of classified HAPO Research and Development
reports. The cetegorization of the Fuels Development Operation Quarterly
(AW-58205) is currently being questioned. A letter was sent to HOO pointing
out why we belleve thet the report does not disclose production information.
HOO was not in agreement and the matter was discussed further at a meeting
attended by representatives of HOO, Technical Information, Fuels Development
Operation, and Nuclear Physics Research Operation. Additional information was
supplied to the AEC for review and consideration.

A meeting was held with personnel from the Electronic Data Processing Operation,
R&U, Operations Research and Synthesis, HLO, and Technical Information to explore
" the possibilities of utilizing machines for the storage and retrieval of in-
formation at Hanford. A limited project may be attempted, primarily to acquire
know how in’'this rapidiyogrowing Tield. )

An IBM system for handling periodical ordering and receiving has been devised
and the first steps taken in setting it up. ObJective of the program is to
simplify the record handling associated with this operation. All necessary
reneval forms will be automatically printed by the machine as they become due;
summary listings of all subscriptions can be prepared as needed; periodic re-
ports to the Departments on the cost of assigned subscriptions can be made; and

UNCLASS IF IED
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the subscription information can be broken down into whatever categories are
desired e.g. copies assigned to individuals, reference vs circulating copies;

costs of assigned vs library copies, etc.

Work Volume Statistics

Document Distribution and Files
Documents routed and discharged (copies)
Documents issued (copies)
Documents sent offsite (copies)
Document reserves filled (copies)
Documents picked up and delivered

Document Accountability
Holders of classified documents whose
files were inventoried
Documents inventoried in Files (copies)
Documents destroyed or retired (copies)
Documents revised (copies)

Documente pulled and documents filed (copies)

Documents reclassified
Accountable copies of SECRET and DOCUMENTED
CONFIDENTIAL documents onsite

Reference and Publication
Books cataloged (new titles)
Books added to the collection (volumes)
Ready reference questions answered by pro-

fessional 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
Bookes cireculated (volumes)
Periodicals circulated (issues)
In*ter-Library loans
Films borrowed or rented
Indus+rial film showings
Bound periodicals added to the collection

March

15,913
9,197
3,90k

820

23,015

47
9,220
3,891
1,735

17,173

328

202,995

191
512

186
123
20k
>
217
56

333
225
1,835
3,225
61

2L

72

29

April

16,970
13,435
1,305

18,684

570
6,347
4,003
1,636

10,902
23z

20k, 462

96
316

b2
116
238

312
76

500
2.0L6
£,911

119

19

202
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PROFESSIONAL PLACEMENT AND RELATIONS PRACTICES OPERATION
MONTHLY REPORT

GENEFRAL
At mortkr's end, the staff of the Hanford Latoratories Operatior totslled 1228 employess

ircluding 579 exempt and 649 nonexempt employees. There were 49l exempt employees
possessing technical degrees, including 279 B.S5., 110 M.S. and 102 Ph.D.

Four gegzione of the second program of the Informetion and Orienteation Series were
przsented with excellent attendance and interest on the part of HIOD nonexempt employees.

COMMUNZCATIONS

Arrangements heve been completed for the Labtoratories to supply radiation protection
displsy materisl for the Armed Forces Day Open Houses &t lLarsor Alr Force Rase,
Spokene, and the Umatilla Army Ordnance Depot on May 16.

Tours were provided in April for 36 East Wenatchee High School students, 50 Gonzaga
University engipeering students; LO Chief Joseph Junior High School advanced scisnce
studentes ard 50 Richlard School teachers.

HAFD secretaries were honored at an Open House held by the Manager, Hanford Laborsa-
tories in the 3760 Building Conference Room during National Secretaries Week.

EMPLOYEE COMPENSATION

Robert Keith Jones, a PBiloassay Aunalyst with the Exposure Evaluation and Records
Opsration, died April 26th from injuries received in an off-the-job automobile
accident.

Ore norexempt job packsge was approved for assignment to the recently authorized
Technicisn Grade 24 claegsification.

HEALTH AND SAFETY

aooratories persoonel worked a totel of 205,500 man-hours during the month with
no dizabling injuries. Since September 1, 1956 a total of 6,084,236 man-hours
bave been completed with mo disabling irjuries.

The medical treatment frequency for April was 1.50 as compared with 1.60 during
Marck:.

Tkere were two security violations during the month of April and one during March
which wes reported lete, bringing the total to 16 for the year to date.

In addition to damages of $200 reported during March as a result of a glove ox

explosior ir Plutornium Metsllurgy, a prototype monitoring instrument was contami-
rs*ed beyord recovery, resulting in & replacement cost of $1L49.

UNCLASSTIFIED
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PROFESSIONAL PLACEMENT

Two Ph.D. candidates accepted HAPO offers during the month. For the recrulting
year to date, there have been nine Ph.D. acceptances, including two in chemical
engineering, two in mechanical engineering, two in chemistry, and one in physics.

During April, HLO physics managers participated in Ph.D. recruiting at Cal Tech,
U.C.L.A., Stanford and the University of California, and HAPO was represented at
the American Physical Society Meeting in Washington, D.C. for physics recruiting.

Physics and metallurgy continue to be the critical disciplines in Ph.D. recruiting
at HAPO and elsewhere in the Company.

Four experienced BS/MS candidates accepted offers during the month. Sixty-three
acceptances for Technical Graduate assignments have been received and it appears
that an additional five to twelve acceptances may be expected. Distribution by
academic disciplines appears to be good with 14 physicists and 13 mechanical en-
gineers having accepted.

Four Technical Graduates were added to the training program and three permanent
placements were effected, with 26 remaining on the program at month's end. Seven-
teen of these are presently available for off-program placement with six having
accepted assignments to be effective by July 1l.

EMPLOYMENT

Fourteen nonexempt requisitions were filled during the month. With the receipt
of 27 new requisitions, there are currently 49 nonexempt openings for which 28
candidatss are in process and five transfers are pending with 13 candidates yet

to te procured.

Manager,
Professional Placement
and Relations Practices

T3 Marshall:tr

UNCLASSIFIED
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TABLE II. NONEXEMPT EMPLOYMENT

Nonexempt Employment Status

Requisitions
At end of month
Capcelled
Received during month
Filled during month

Candidates Considered

Total Appiications

Mar.

40

4
19
25

35

I-h HW-60237
Apr, Nonexempt Transfer Request Mar. Apr.

Transfer Request

49 Active cases at end of month 73 69

4 Cancelled 3 4
27 New 5 3
14 Transfers effected 3 3
75

UNITASSITIET
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C - Technical Graduate and Technician Training Program
Month ending April 30, 1959

TG Program IT Program
Number Personnel on assignment 26 10
(HAPO Tech Grad Programesssss. 24 '
(West. District EePevececescscs 2
Distribution of assignments by Depts.
HLO 9 N
CEO 0 0
R&UO 0 0
FPD 3 0
IPD 12 6
CPD 2 0
Distribution of assignments by functions
R&D or Engineering 23 10
Other 3 0

UNCLASSIFIED
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FINANCIAL OPERATION MONTHLY REPORT
APRIL 1959

Personnel
One exempt employee in the Cost Accounting Operation resigned to take work
with another company. Seven employees in Personnel Accounting were transfer-
red {0 Contract and Accounting Operation as a part of the implementation of
the decision to consollidate financial clerical functions.

Activities

GENERAL ACCOUNTING OPERATION

Current plans are to transfer all General Ledger functions to Contract and
Accounting by May 18, 1959. In connection with the consolidation of General
Ledger, second class invoice billings to other departments and all current
accounts are being eliminated. All future billings affecting general ledger
accounts will be made by journal entries only. This will place a temporary
burden on all financial clerks to determine what general ledger accounts are
affected by each entry. Originators of Jjournal entries will have the option

of distributing journal entry copies to all recipients or forwarding all copies
to general ledger for distribution. To the extent that entries are distributed
by the originator, possible bottlenecks in paper flow through general ledger
will be minimized.

Output from General Ledger to each departiment's Marager - General Accounting
will consist of two copies of the HAPO trial halance which will indicete
appropriate department balances where desired and a detail listing of the
department's account balances and current month activity.

The budget for attendance at professional and trede society meetings was in-

creased from $27,000 to $28,000. Internal shifts of budgets by Sections were
also made during April. Of allocated meeting funds 34%, amounting to $8 321,

was neither expended nor committed as of April.2k, 1959,

A report of results was issued for the physical inventory of uninstalled
cataloged equipment in the custody of Reactor and Fuels Research and Develop-
ment Operation. Two thousand, nine hundred and twenty-eight items were
physically counted valued at $4,594,222. Twelve missing items ($2,278) were
not located during the inventory compared to 32 missing items ($20,709) in

the FY 1957 inventory. The percentage of missing equipment to total dollar
value was 0.05% compared to 0.63% in FY 1957. Seven items valued at $1,423
were added to record as compared to 403 items valued at $228,117 in the FY 1957
inventory. Inventory results in general indicated good control over equipment
and the use of proper procedures in transferring or retirement of equipment.

All field work in connection with the physical inventory of uninstalled cata-
loged equipment in the custody of Chemical Research and Development Operation
is complete and the reconciliation is in progress. A listing of 23 unlocated
items was forwerded to custodial personnel requesting that they either locate
the items or prepare a missing property report.

UNCLASSIFIED
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The updating of our property unit records with IBM is complete. Ten-thousand
two hundred and sixty-six input data sheets were prepared and submitted to

Data Processing which included additional description, purchase order reference,
rate of depreciation and reconciliation of all other information. The updating
and reconciliation of our records with IBM was in connection with our mechaniz-
ation program of property records. Effective with April business, we discontinued
tr - practice of establishing manual property record files. Listings in HEW
sequences provided by Data Processing will replace HLO manual records. The
next step in our mechanization program is to add to record equipment received
but not billed (charges not transferred from Equipment Work in Progress).

This will provide the custodial personnel with a record as soon as a receiv-

ing report is received in Property Acccunting and reduce our physical inventory
reconciliation time. With the inclusion of depreclation rates in the Data
Processing system composite depreciation rates can be computed automatically

on the machine, thus eliminating the manual efforts previously necessary in
this area.

Arrangements were completed and a procedure issued for the physical inventory
of shop stock material in the custody of Technical Shop Operation. The in-
ventory count will be taken June 6, 1959 and the physical count will be
adjusted to reflect quantitles on hand as of that date.

Work 1s continuing in connection with our program of updating fixed asset records
to accurately reflect actual property holdings. All 300 Area buildings, in-
stalled equipment and other structures have been physically inventoried and the
reconciliation is approximately three-fourths complete.

Projects CA-765, Additions to the 314 Building, and CA-T78, Expansion of the
305-B Building, were physically inventoried, unitized, and reports issued.

A report of results of the quarterly inventory of Other Special Materials for
quarter ending March 31, 1959 was issued. All reports were in agreement with
Property Accounting records.

In response to a request of SS Accountability, material custodians were reques-
ted to submit forecasts for inside diversions of SS Materials covering the
first and second quarters of FY 1960. Upon receipt, the information will be
consolidated and forwarded to SS Accountability.

During the month of April $15h,OOO of zlrconium was transferred from the inven-
tory; $122,000 to HLO Cost; $32,000 to other HAPO components. Material trans-
ferred to HLO Cost, for the most part, consisted of tubes, rods and wire ordered
on production orders for fuel element Jjacketing. As these orders were not
complete, billings were made on an estimated cost per tube or rod basis, with
any variance to be transferred to cost upon completion of the order. Effective
May 1, 1959, all production orders will be billed on an estimated basis to

HLO cost in the month in which the material i1s consumed. Any variance between
the actual and the estimated cost will be charged to HLO Cost upon completion

of the order.

Section Managers were requested to submit estimates of their requirements for
Assistance to Hanford work during FY 1960. These estimates will be used as a
basis for requesting Commission approval for those jobs estimated to cost less
than $5,000 during the coming fiscal year.

UNCLASSIFIED
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COST ACCOUNTING OPERATION

Preparation and printing of the TY 1961 budget presentation to HLO management
is complete. Assembly and distribution will be completed in a few days. The
nresentation covers all facets of Hanford Laboratories fiscal year budgeting
for FY 1960 and FY 1961. Visual aids have been employed to highlight the
growth and significant trends of Hanford Laboratories activities and investment
in capital facilities over a five-year period, FY 1957 through FY 1961.

HAPO General Overhead was reviewed during April to determine amounts applicable
to HLO programs so that funds previously reserved for genersal overhead could

be relecased to Operating Components for direct costs. It was determined that
1€.3% of direct costs will be sufficient to provide for general overhead costs.
This compares to the 18% previously withheld from program budgets for general
overhead. The reduction of 1.7% will provide an additional $94,000 for use

by the Research components. This adjustment will be reflected on April cost
reports.

A proposal has been presented to applicable HLO Section Managers setting

forth the tentative approach to be taken 1in accounting for the various seg-
ments of the Plutonium Recycle Program and for pricing various fuel elements.
Studies have also been started to develop cost data with respect to various
components and processes involved in fabrication of the 19-rod cluster, swaged
UDo element.

New organizational cost codes were established during the month for the Profes-
sional Placement and Relations Practices Operation established April 1, 1959.
The organizational codes for the previous Employee Relations Operation were
cancelled. The new codes established are as follows:

Code Title
7200 Professional Placement and Relations Practices - General

(Includes functions pertaining to Employee Compensation,
Employee Relations, Communications and Health and Safety)

7210 Professional Recruitment
7220 Advanced Degree Personnel
7230 Placement Programs

7231 Technical Graduates

7232 Techniclian Trainees

Cost code 7332 was established to identify the cost of off-site fabrication
Jjobs contracted by purchase order by the Technical Shops Operation.

Two work identificatlon codes were established to identify costs associated with
the Trans-Plutonic Element work which will be funded from the HAPO 2000 Program.

.13  Trans-Plutonic Elements - Development

(2000 Program - Research and Development)
.14 Trans-Plutonic Elements - Fabrication

(2000 Progream - Production)

PERSONNEL ACCOUNTING OPERATION

State Unemployment Taxes were paid to Washington and Idaho in the amount of
$59,772.90 and $74.83, respectively.
UNCLASSIFIED
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State income taxes withheld from employees pay were transmitted to Oregon
and Idaho in the amount of $71.50 and $46.55, respectively.

Quarterly Employees' Tax Returns and Summary of Tax Deposited for the first
quarter of 1959 plus the 941-A Continuation Sheets were completed and mailed
on April 13, 1959. Federal Income Tax withheld from employees' pay amounted
to $330,769. FICA taxes in the amount of $56,680 was withheld from employees'
pay and the same amount was paid as the employer's portion of this tax law.

Gross payroll for the first quarter amounted to $2,308,654 of which $917,840
was received by salaried employees and $1,390,81l4 by exempt employees.

A1l other quarterly reports such as Employees & Payroll, Suggestion Awards,
Annual Fringe Benefit Survey Reports, Geographical Location, etc. were
completed and transmitted within due date.

PROCEDURES

Initial work has been started toward establishing a functional index for
Hanford lLaboratories forms.

As a result of the recommendation contained in the audit report on work orders
the format of the work order form used by Hanford lLaboratories will be altered
by overprinting. Distribution will be about May 1, as unused forms are
recalled.

MEASUREMENTS

The comparison of Technical Shops charges with those or FFD maintenance and
shop organizations was completed. A summary of the information from the
meeting at Schenectady in March was forwarded to interested mansgement. The
Specialist - Measurements was a visitor during the month to each of the current
PBM classes.

AUDITING

The Work Order audit report was issued as of March 3lst. Field work continues
on the audit of General Accounts and Cash Controls.

A review was made of the Deductions from Employees' Pay Account balances at -
March 31, 1959 and the entries made to the account during the preceding months.
No significant exceptions were found.

The final follow~-up was made of the Traveling Auditors' 1958 audit recommenda-
tions. Except for the conversion of the Physics and Instruments accelerator
refrigeration system, which has been delayed for budget reasons, action on
all recommendations is essentially complete.

UNCLASSIFIED
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Number of HLO Employee

J-5

Payroll Statistics

Changes During Month Total
Employees on Payroll at Beginning of Month 1 223
Additions and Transfers In %8
Removals and Transfers Out 59)

Employees on Payroll at End of Month 1l 232
Overtime Payments During Month April
Exempt 4 428
Non-Exempt 7 471

Total $11 899
Gross Payroll Paid During Month
Exempt $469 29k
Non-Exempt 261 077

Total $730_371
Participation in Employee April Participation

Benefit Plans at Month End Number Percent
Pension Plan 1177 99.0
Insurance Plan

Personal Coverage 1 229 99,8

Dependent Coverage 845 -
U.S. Savings Bond

Stock Bonus Plan T7 39.3

Savings Plan 90 7.3

Savings and Security Plan 1 026 94,0
Good Neighbor Fund 8k2 68.3

April
Insurance Claims Number Amount
Employee Benefits

Life Insurance 0 $ 0

Weekly Sickness and Accident 8 745

Comprehensive Medical 73 8 291
Dependent Benefits

Comprehensive Medical 142 11 072

Total 22 $20 108
W. Sale

5-13-59

HW-G0233-

Non-
Exemgt ExemEt
576 o7
7 11
_(4) _(5)
219 653
March
L 088
13 288
$17 376
$L68 436
289 814
$758 250
March Participation
Number Percent
1 165 99.0
1 245 99.8
83k -
T5 37.3
28 7.4
1 024 93.7
841 68.6
March
Number Amount
0 $ 0
12 1 163
6L 5 057
174 14 580
250 $20 800
UNCLASSIFIED
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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
J. J. Hauth Laboratory Compaction of UO2
C. M. Unruh A Dosimeter for Measuring Radiation

Doses to the Human Eye.

W. L. Lyon ' A Pyrochemical Separations Process
Applicable to Uranium Dioxide Reactor
Fuels. (HW-60029)

W. B. Silker The Use of Adsorbing Materials, in
Particular the Water Corrosion Film
Formed on Aluminum, for the Removal
or Depletion of Radioisotopes from
Aqueous Solutions, Such as, Reactor
Effluent Water. (HW-59982 - Confidential)

E. M. Duke Use of Ferric Nitrate to Prevent
Precipitation of Molybdenum from
Uranium-Molybdenum Solutions.

R. F. Maness Use of Ferric Nitrate to Accelerate
Dissolution of Uranium, Uranium Alloys,
and Uranium Dioxide.

R. W. Wirta The Use of Interstitially Hardened Titanium
. for Sliding Contact Service.
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