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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 beholf of the Commission:

A. Makes any warranty or representation, expressed 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,
opparatus, 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
ony information, apparatus, method, or process disclosed in this report.

As used in the obove, “"person acting on behalf of the Commission” inciudes any employee or
contractor of the Commission, or employee of such contractor, to the extent thot such employee or con-
tractor of the Commission, or employee of such contractor prepares, disseminates, or provides access to,

any information pursuant to his employment or contract with the Commission, or his employment with
such contractor.
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BUDGETS AND COSTS

Costs for July were $1, 669, 000 or 8% of the annual operating budget of $21, 917, 000.
The only program which appears out of line with budget is IPD-NPR Research and
Development which experienced costs of $90, 000 in July or 14% of the $650, 000
annual budget. The FY 1960 budget prepared last spring has been used as the
control budget with the following changes occurring in July:

IPD Metallurgy I and II Increased $19, 000
IPD Reactor I and II Increased 22,000
CPD Separations Decreased 75, 000
Environmental Sciences Research Decreased 28, 000
Project Whitney Decreased 10, 000
Service Assessments Decreased 40, 000
Special requests (off-site) Reduced to amounts

currently authorized.

RESEARCH AND DEVELOPMENT

1. Reactor and Fuels

PRTR Phase III is about 10% complete versus 10% scheduled. Work was
seriously curtailed during July as a result of a construction labor dispute not
related to this work. PRTR Phase II-A (River Structure) is about 85%
complete versus 100% scheduled. Fabrication of the calandria and the top
and bottom shields was stopped at the vendor's plant as a result of the steel
strike.

Results of calculations of tritium build-up in the PRTR DyO system are
reported in HW-61151.

The PFPP building was accepted, with exceptions, from the Phase II con-
tractor on June 30, 1959, and was partially occupied by Plutonium Metallurgy
Operation in July. Installation of equipment (Phase III) is estimated at 69%
complete versus 81% scheduled. One major equipment item, the swage, was
orally accepted from construction, with exceptions, on July 6, 1959, and
shakedown work has been initiated.

The use of thick-walled centrifugally cast Zircaloy-2 stock has materially
reduced the scrap loss incurred in the fabrication of end fittings for the nested
tubular UO9 PRTR element.

Vibratory compaction of 0. 505-inch tubes, eight feet long, filled with fused
UO, has resulted in a core density of 89 to 90 percent of the theoretical
crystal density.

1239992  DECLASSHF oy
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The Zyglo fluorescent dye penetrant test has been successfully adapted for
the inspection of the internal surface of Zircaloy-2 PRTR fuel tubes with the
aid of a small borescope. Ultrasonic inspection techniques have also been
developed which will detect an internal crack defect 0. 002-inch in depth.

The results of two in-reactor tests of wire-wrapped UO, cluster elements
clad in Zircaloy-2 both show that fretting corrosion does not appear to be a
serious problem with these fuel designs as long as.the wire remains attached
at both ends.

Conclusive evidence has been gathered to show that the tracks observed in
irradiated thin UOZ films are indeed the consequence of the fission event.

Studies on the sinterability in hydrogen of the system UO_-PuQO_ show a mini-
mum density in the range from 20 to 40 w/o PuOy for any température up to
1600 C, and sintering times up to eight hours.

PuO, (produced by decomvposing the oxalate at 300 C) sinters in hydrogen to
appreciably higher density than ball-milled PWR grade UO2 under the same
conditions.

Thermal cycling tests of Zircaloy-clad aluminum and plutonium-aluminum
elements under PRTR conditions have demonstrated generally satisfactory
performance up to 19 cycles. Between 19 and 50 cycles different degrees of
bowing, bumping, and distortion occur. One full length element was satis-
factory after 100 cycles. Tests to establish optimum conditions are
continuing.

Successful weld closures have been made on 0. 5-inch diameter, 0. 005-inch
wall 17-7 precipitation hardened stainless steel jacket tubing, and on 0. 5-inch
diameter, 0.008-inch wall 304-L stainless steel tubing. b

Sixteen Al-Pu capsules, two PuOq-impregnated graphite capsules, and one
3-foot long, 7-rod Al-Pu cluster are now being irradiated in the MTR or ETR.
Four capsules and one 4-rod cluster of Al-Pu are now being evaluated after
irradiation.

Work has been completed on the Irradiated Slug Rupture Prototype Loop to
be used to study NPR decontamination procedures, and shakedown runs are
in progress.

Fabrication of ribbed Zircaloy-2 BDF process tubes has been started at each
of four contractors' plants. Delivery of the first pilot lots should be made
late this year. Fabrication of small lots of ribless, C Reactor size,
Zircaloy-2 process tubes and NPR process tubes has also been started.

1236693
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Four experiments containing NPR candidate graphites are now installed in the
ETR. The first two experimental assemblies for HAPO graphite irradiations
at 800 to 1000 C in the GETR have been completed and are scheduled for
installation the week of August 3.

In studies of molybdenum, it has been shown that highly immobile clusters of
point defects are formed by irradiation above 10-° nvt. A considerable amount
of damage can be built up, since as irradiation proceeds, clusters formed by
the neutron bombardment add nucleation sites for further cluster growth.

Little or no dependence of dimensional stability upon clad thickness (in the
range 0. 020 to 0. 030-inch) was demonstrated on the irradiation of 1. 6 percent
enriched, coextruded uranium fuel to an integrated exposure of 1200 MWD/T
at 200 C.

A simple ultrasonic test has been de\}eloped to evaluate the quality of welds on
self-supported fuel elements.

Copper plating of coextruded fuel rods prior to draw-sizing continues to appear
promising. Alternate application methods employable on tubular elements are

being invesiigated.

A double ring projection weld for closing the tubular NPR element appears
feasible as the result of preliminary tests.

2. Chemical Research and Development

An improved process for cerium recovery was developed which is specific for
recovery of a purer cerium fraction from the Purex waste crude sulfate
product. The cerium peroxy acetate precipitate produced in the new process
was free of trivalent rare earths which are found in the sulfate crude material.

Neptunium concentration ratios between 300 and 1, 000 were demonstrated in
a laboratory mixer-settler designed to simulate a proposed Purex plant
extraction column. The proposed column would 'trep' neptunium from the
3WB backcycle waste stream while the Purex plant operates.

Completion of fundamental studies of uranyl nitrate mass transfer across the
water - TBP interface showed the basic mechanism changes as equilibrium
is approached and the rate-limiting process is clearly a physical phenomenon.

Sufficient testing of the Radiant Heat Spray Calciner was achieved to establish
excellent de-entrainment characteristics of the laboratory pilot scale
equipment. Solids and non-volatiles were removed with less than one part

in one million leaving the unit in the non-condensible off-gas.

123999y DECLASSIH Eoailm
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Pilot scale study of a flooded-tray dissolver concept showed, in initial tests,
that conventional Hanford fuel elements dissolved as rapidly in the new geometry
as they do in a conventional dissolver. Along a competitive conceptual line,
satisfactory initial operation was achieved for a prototype recirculating
dissolver utilizing air-lift pumping. Satisfactory results were also reported on
the operation of a pilot-scale sulfex dissolver system.

No instability was evident in uranium-molybdenum alloy dissolver solutions
which were stored for periods of nine to eighteen weeks to check their longer
term characteristics. Solutions were typical of the Darex process and conven-
tional nitric acid stabilized with ferric ion.

Well defined UO, crystals were smoothly electrodeposited from a solution of
uranyl chloride in fused alkali halide salt. The process was simple and has.
application for chemical processing of ceramic reactor fuels or the preparation
of reactor fuel material.

Laboratory experiments of fission product behavior in irradiated uranium
specimens subjected to heating in a steam atmosphere showed that a consider-
able amount of the radioxenon remained non-volatile in the uranium dioxide
phase formed by steam oxidation of the uranium metal. The test was run for
two and one-half hours at 1100 C.

A method was devised to sample ground water from deep wells at elevations
far below the ground water surface. Samples taken 400 feet below the surface
of the water table one mile south of the 200 East Area showed measurable beta
activity and nitrate ion concentrations up to 13 ppm, a value higher than that
measured at the ground water surface.

3. Physics and Instrument Research and Development

In the Improved Production Reactor Program, exponential pile measurements
began with tube and rod geometry fuels. This rounds out the program of '
measurements on cluster and tube in tube elements which were carried out
previously. Large diameter solid elements are included to achieve improved
knowledge of neutron behavior in such lattices.

PCTR experiments on an enriched uranium cluster type element revealed a
reactivity nearly 2% k lower than predicted for this fuel by IPD computations.
Sources of possible trouble in the computer code used for prediction are being
investigated.

A study of the possible consequences of a nuclear incident in a Redox dissolver
was completed. The maximum credible incident was found to be one in which
a final charge takes the dissolver to a near prompt critical situation. Most

of the fission heat is retained in the fuel elementSﬁnd severe exothermic

1239995 EEi%&é‘i?iLg ,



—_— ' x HW-61374

chemical reactions would likely follow. The available energy release in such
an incident would be sufficient to rupture the dissolver, cause severe damage
to process lines and possibly to the dissolver cell.

A re-evaluation of previous work on k for UOg-H20 mixtures has confirmed
earlier results; namely, k is less than unity for U235 enrichments less than
one percent.

A new concept for a fuel failure detection system for the NPR has been favor-
ably received and is being included in the design criteria by CEO. It involves
rapid scanning in blocks of samples from 100 process tubes followed by a more
leisurely examination at higher sensitivity. Compared to alternate systems
which use individual detectors to monitor samples from each tube, this proposal
offers an opportunity for substantial initial and operating cost savings, improved
reliability and reduced ambiguity of interpretation. A program for development
of demonstration prototypes for this system is being prepared.

The experimental phases of the Gas Cooled Reactor core experiments in the
PCTR have been completed for the first fuel enrichment This includes
measurements of reactivity parameters, control rod strength and fuel temper-
ature coefficient.

Routine full-scale operation of the joint AEC-AF atmospheric dispersion
experiments was achieved when favorable meteorological conditions became
persistent. As of July 31, fifteen experiments had been completed.

Orderly progress was made on the many projects in the radiation monitoring
instrument field, among which was preliminary investigation of a concept
which may improve by a factor of 10 the sensitivity of detection of airborne
plutonium.

In the basic data field, work is under way to fill a long existing need in reactor
calculation of the automatic machine type by compilin g all this data on tape.
Also, a final tabulation of the HLLO-measured fission cross section of Pu

has been prepared and revised values of the resonance parameters have been
obtained. The fission cross section of Pu?40 at the 1 ev resonance has been
reconfirmed with a foil containing 99. 75% Pu240,

4. Biology

Radish and lettuce plants were driven to an Air Force test site in Utah where
they were exposed to fission products released by a fuel element burn. These
plants will be treated with various chemicals and techniques in decontamina-

tion studies.

In gonad studies using chronically administered cs137 to rams, the liver,
kidney, and testes were found to receive the highest internal gamma dose
rates.

123959% - DECLASS ;v



s | xi HW-61374

In a preliminary observation it was noted that DTPA effectiveness for the
removal of plutonium was significantly improved when glutathione was
administered with it.

Something of a break-through occurred in Biological Analyses during the
month. After several months of attempting to develop a satisfactory
electron microscope autoradiography technique, success was achieved. The
method has been applied to identify radicactive particles collected on ‘
millipore filters.

5. Programming

Computer calculations on the irradiation of a mixture of Th-232 and Th-230
showed that a reasonable yield of Pa-231 could be expected in a practical
length of time. This material could then be recovered and further irradiated
for an annual production of kilogram quantities of U-232 for power production
purposes.

Compilation of the cross-section library for use in the full scale application
of the RBU computer code is about 30 percent complete.

Through July, 44 lectures and 21 tours were completed for the participants

in the SINE program. Numerous off-site speakers were brought in to lecture
on special subjects.

TECHNICAL AND OTHER SERVICES

Work in the area of FPD process control and experimentation included a thorough
investigation of the can cleaning process as a means of eliminating ""non-wet"
rejects and an evaluation of the effects of several variables on dimensional
distortion during heat treatment in the co-extrusion process.

Work on 10 operations analysis programs continued during the month. In addition,
statistical and mathematical assistance on 14 problems was given within HLO
and to other departments and operations.

There were 22 authorized projects at month's end with total authorized funds of
$8,530,100. (Note: PRTR and PFPP are considered separately.) The total
estimated cost of these projects is $8, 658, 100. No projects were completed
during the month and no new projects were authorized. Seven new projects are
awaiting AEC approval. Four project proposals are in preparation.

Construction progress was low during the month due to a construction crafts
work stoppage of about three weeks. Project CA-744, Metallurgical Development
Facility - 306 Building is ahead of the official project schedule but the contractor
is substantially behind his scheduled progress. The contractor plans to start a

1239901 | DECLESS ¥} oy



— xii HW-61374

two shift operation as soon as possible. The work stoppage further delayed the
contractor on the High Level Radiochemistry Facility, Project CA-749, and it
is estimated that contract completion will be about September 1, instead of
August 3. Project CGH-790, 327 Building Addition, is now 50% complete com-
pared to 55% scheduled. This project was proceeding on schedule until the work
stoppage.

Activity for the Radiographic Testing Operation leveled out satisfactorily this
month. Operations are becoming smoother and more efficient following the
move of the field facilities from 200-E Area to White Bluffs. Four thousand and
twelve tests were made.

Three new cases of plutonium deposition were confirmed during the month. One
case was the result of a contaminated minor injury and two cases were detected
through the routine sampling program. The total number of deposition cases
which have occurred at Hanford is 232 of which 164 are currently employed.

The contaminated minor injury occurred during a routine maintenance operation
in the Recuplex recycling and blending hoods. Initial contamination levels in the
vicinity of the wound area on the finger were >40, 000 d/m Pu Normal decon-
tamination efforts were relatively unsuccessful. Measurement of the contamina-
tion in or near the wound in the Shielded Personnel Monitoring Station indicated
~0.016 pc Pu in the wound site. Excision of tissue at the wound site reduced the
contamination level to ~0. 001 uc. The initial estimate of the internal deposition
is <10 percent of the maximum permissible limit (0. 04 uc Pu).

SUPPORTING FUNCTIONS

Hanford Laboratories has been allocated $28, 000 for Attendance at Meetings of
Professional Societies and $3, 300 for Attendance at Off-Site Courses during
FY 1960. An allocation of these funds to sections is currently under way. The
FY 1959 allocations to Hanford Laboratories were $28, 300 and $3, 000,
respectively.

Preparations were completed and a procedure distributed for the FY 1960
physical inventory of uninstalled cataloged equipment in the custody of Radiation
Protection Operation. The inventory which began July 20th is scheduled for
completion of all field work by August 12, 1959.

The new Prime Contract which became effective July 14, 1959 had some delaying
effect on Approval and Agreement letters then in process. Most of this delay has
been overcome. Two requests for approval covering Assistance to Hanford work
during FY 1960 have met with considerable delay and do not yet have

Commission approvals. However, informal contacts between Hanford Laboratories
operating managers and the Commission indicate that authorization will be
forthcoming in the near future.

1239898 DECLASSEELE
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As of July 31, the staff of Hanford Laboratories totalled 1363 employees,
including 671 exempt and 692 nonexempt. There were 585 exempt employees
possessing technical degrees, including 355 BS, 118 MS and 112 PhD's.
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HLO's first disabling injury was sustained by an employee. He tore a cartilage
in his knee while stepping onto a stool. This terminated a run of 1059 injury-free
days in the Hanford Laboratories. This covered 6, 641, 000 man-hours.

The medical treatment frequency for July was 1. 86 as compared with 2. 02 last
month.

There were 4 security violations during the month of July, bringing the total for
the year to date to 26.

Acceptances were received from 1 experienced Ph.D. physicist, 8 experienced
BS/MS candidates, and 4 technical graduates. For the recruiting year to date

there have been 79 acceptances from technical graduates, 74 from experienced
BS/MS candidates, and 14 PhD's

At month's end there were 83 technical graduates on the program, and a total of
107 on all training programs, including summer employees.

Twenty-one requisitions were filled during July, with receipt of 26 new requisi-

tions and 3 cancellations. There are currently 35 nonexempt openings for which
16 candidates are in process and 10 transfers pending, leaving 9 candidates to

be procured.

Manager,
Hanford Laboratories

HM Parker:kss
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REACTCR AND FUELS RESEARCH AND DEVELCPMENT OPERATICN

TECIKICAL ACTIVITIES

A. FISSIONAELE MATERTALS - 2000 PROGRAM

1. METALLURGY PROGRAM

Corrosion Studies

Hydriding of Zirceloy-2. Previous short term tests of one hour or less
have shown that the presence of water vapor in molecular hydroger in-
hibits the hydriding of Zircaloy-2, presumably by forming rew ZrOo.
Longer term experiments have teen started to define whether this iInhibi-

ion is simply an ircreased induetior time followed bty hydriding or
whether the inhibiticn is permanent.

The results to date indicate that:

(1) At 500 C or above, water vapor pressure of 23 mm Hg is
not sufficient to prevent hydriding indefinitely.

(2) Induction times before hyiridirg are observed, and the
variastion is probably rela ed to the type and thickness
of the oxide fllm present.

The regicn telow 50C C is generally considered the stable area for the
ZrOp film. A long term test is ir progress to determine whether waler
vapcr will prevent extensive hydriding at temperatures below 500 C.

Zircaloy-2 Corrosion in Water Vepcr. The corrosion rate of Zircaloy-2
vas measured at 4CO C in pure water vapor at 23 mm Hg pressure. The
data indisate that the corrosion rete is only slightly less than in
LOC €, 1500 psi steam, and thus show the pressure indeperdence cf the
reaction over quite a wide pressure range.

ZIRCALOY-2 WEIGHT CAINS AT LOO C

Time 23 mm Hg EoC Vapor 1500 psi Steam
24 hrs. 9 mg/dm 12 mg/dm®
)-J-8 " 12 15 "

7“ " l)‘" " 17 11

T days ¢ 22 "

Nickel Plated Fuel Elements. Some nickel plated eluminum clad fuel
elements have lost pieces of nickel plate during reactor exposure.
Similar flaking and blistering of nickel plate was proguced in the
laboratory by making the nickel plated aluminum the cathode of an
electrolytic cell. An hypothesis that atomic hydrogen diffuses through

1240000 UE&:& Mg
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the nickel plate to the aluminum-nickel interface and then combires to
form molecular hydrogen and blisters the plate is consistent with the
date obtained to date. In order to apply the laboratory procedure as
a test to nickel plated sluminum, it was necessary to examine the vari-
ables in the procedure. The test currently being investigated employs
a platinum anode and a nickel plated aluminum cathode in a glass cell
at 10 volts potential for seven to 24 hours. Results of variations in
the electrolyte and nickel plate were observed as follows:

1. The Electrolyte

The electrolytes tested were weask sodium acetate-acetic
acid buffers at pHi bk and 7, and a sodium carbonate-
bicarbonate buffer at pH 10. All tests were operated
at room temperature.

The blistering of the nickel plates was most severe at
pH 7, the pE of present reactors, and appeared roughly
proportional to the exposure time. The blistering was
much less at pH 10 and was absent at pH 4. Exposed
aluminum was corroded at pH 10.

2. The Nickel Plate

a&. Etching the nickel plate with 25% HoSO4 before testing
had no effect on the blistering.

b. Heat treatment of the plate by lmmersion in a lead
bath at 4LOO C for 10 minutes reduced the blistering
during the electrolytic test considerably.

¢. No difference in blistering was observed between O.1
and 0.5 mil plates.

d. No difference was observed between the products of
two verndors.

The effects of electrolyte temperature are currertly being investigated.

Reactor Decontamination Studies. The possible use of Turco 4501, & pro-
prietary decontaminating sgent, in NPR and PRTR has produced an interest
in the effective ingredients of this mixture. Analyses of this mixture
show the following contents: potassium, 24.2%; sulfur, 0.06%; chlorine,
bromine, and icdine as chloride, 0.003%; fluorine, none detected; nitrogen,
1.46%; and water, 29.%. A previous compound analysis indicated the
presence of potassium hydroxide, tri-ethanol amine, and potassium salts

of phenol, a steam voletile acid, end a non-volatile acid.

Examination of Reactor Pigtails. The failure of several H Reactor rear
face pigtails by cracking late last year created considerable interest
in the cause of the cracking failure as well as the condition of pigtails

124600 | -
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at other reactors. Samples of pigtails from B, 2, DR, ard E =
have been decontaminated by the Turco 4501 process azd 2ye chs
Mary cracx indications obtained by dye checking were evaluated by =metali-’
lurgical sectioning, and the results to date are sumrarized below:

EXAMINATICN OF REACTOR PIGTAILS

Na. Mo, Showing Cracks XNo. Fvaluatics of Sections
Reactor Examined in Dye Cheﬂx\a Sectioned Typiz2a l</ Cther\©/
q L6 7 6 4 2
D 15 3 2 i 1
DR 43 3 2 i 1
3 23 1 ¢ - -
() Only those showing the diagonal or circumferential crack were

courtad. Mapy pigtails from all reacvors showed pits and
lohg‘tui;nal imperfections.

(v) A typizal crack starts co the outside surface ¢f the pigiail,
fregquertly at a pit. t proceeds transgrarclarly with branching
to form a roct-likes pazte‘w, This type of crazk 1s usually
associaved with stress corrosion inm 304% stairless stezi.

(c) These are all other crazXs, pits or tears thet ars not zlearly
the typical tyve descrited above.

The samples of the pigtails frem H, B, and DR Reaciors are raziom and thus
give an estirate of the extent of :racking at these reactors. Those taken
from D Reackor were zot chosen tc assure a rardom sampling. Sirce the
samples were taken, most of the rear face pigtalls have teen replaceld at
H Reactor. Because each reactor has differernt vitrationel protlams, the
level of cracking thai reqairPs replacement zmay vary froem one reazior 10
another.

Radiocmetallurgy Laberatory Siudies

A'Zr-2 cled zaturel uranium rod; irmersed ir KsK and irra iiatei azesrdin
to GEH-3-32 ¢ 35C0 MWD/T in a stainless steesl conitain was exazined.
A longitudinal crack was otserved in the Zr-2 claﬁdlug tnat extenled frcm
the weld for approximately two iuches. Another crack, ia abcut the same
plene, was observed at tns other end of the Zr-2 (RM-25C). A secoud Zr-2
clad, natural uranium rod cortained in KeX was irradiateid in the ETR
according to GEY-3-57 to an exposure of 2100 MWD/T. Sirgle throw warp cn
the five-inch long, 0.57C diameter capsule was O. 0183 inzk. Metallograrhy
and density work is coniinuing (RM-""?S)

Five 7-rod cluster fuel eiements were sxapired, ard dizensicpal and Zersity

changes following irradiation were determined. Tre results and ccauclusions
from this work will be reported ir other seziiczms of this report.

DECLESSHED
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Basic Metallurgy Studies
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Radiation Effects in Structursl Materisls. A series of metals represent-
ing the common crystal types was irradiated at Brookhaven, Hanford, and
the MIR under various exposure conditiorns. These metals include copper,
nickel, titanium, zirconium, iron, molybdenum, and type 347 stainless
steel. Work performed during the momth included the initiation of metal-
lographic studies of irradiated copper, iron, and nickel; the completion
of preliminary x-ray studies of irradiated zirconium and titanium; and
the completion of microhardness measurements ot irradiated molybdenum and
zirconium. No changes in the microstructures of copper and iron due to
irradiation were observed at magnifications below 1000 X.

Chenges in line broadening and lattice parameters for irradiated zirconium
were_pgeasured for the (220) and (302) reflectioms. For exposures of L.7
x 102° and 1.5 x 1020 nvt (fast) the broadening of the (22C) reflection
increased 33 and 160 percent, respectively, compared to increases of only
2.4 and 51 percent for the (302)reflection. The separation of these peaks
varied with exposure indicating the formation of extended defects similar
to stacking faults. The "A" parameter increased with exposure, whereas
the "C" parameter first increased and then decreased with respect to the
unirradiated value.

For exposures of 4.5 x 1018 ang 1.5 x 1020 nvt, respectively, the zircon-
iun herdened by 28 and 36 DPH rumbers (average) and the molybdenunm by 37
and 59 DPH numbers. Hardness recovery at room temperature during the
interim period between KAPL and EAPO investigations was not observed;
however, a slight recovery in electrical resistance for zirconium has
been observed.

A Zirceloy-2 tube which has been exposed to neutron radiation over a 25-
month period, and a similar unirradiated tube were removed from the KER
facility. These tubes will be mechanically tested and examined metallo-
graphically to determine the effects of high neutron exposures at ele-
vated temperatures on Zircaloy-2 and to establisk testing methods for
monitoring NPR tubing. The outside surfaces of sections cut from the
irradiated tube were photographed in the Radiometallurgy facility. The
inside surface of one piece was photographed obliquely from one end. I
general, the outside surfaces appear bright and the wall thickness uni-
form. Although light colored deposits occur on the inside of the tube,
the nature of these deposits is undefined as yet.

A report on radiation effects in irradiated molybdenum is nearing com-
pletion. It is shown that highly immobile clusters of point defects

are formed by irradiations above 1019 nvt. These clusters grow first

at small substitutional impurity atoms. As irradiation proceeds clusters
formed by the neutron bombardment itself add new nucleation sites for
cluster growth. In this way, & considerable amount of damage can be
built up in a metal.

1246003 o
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An analysis has been performed which shows that the maximum damage level
sustained by a metal during irradiation is a functicn of the neutron flux
level and that it is improper to compare the behavior of a structural
material irradiated under various fluxes only on the basis cf total in-
tegrated flux.

A report on the high tempersature annealing of radiation damage iz mclyb-
denum has been prepared. It is shown that at least twc recovery re-
actions proceed simultaneously from 500 to 80C C.

A metallographic study on & 10 percent C.W. Zircaloy-2 specinmen, irrad-
iated to a total integrated thermal neutron flux of 9 x 1019 vt at 22¢ C
was completed during the moath. The specimen examined was irradiated in
& helium filled capsule with other samples representing annealed, 25 per-
cent C.W., 50 percernt C.W., and bete quenched conditions. BEefcre irradi-
ation, specimens were cathodically etched and pre-characterized by
scribing the surface for location of grairs, with optical microscopy,
high resolution metallography, DPH hardness, and precision x-ray diffrac-
tion measurements. Damage annealing kinetic studies will follow the as-
irradiated examination. A gold tint was observed on the irradiated
specimens, but this did not interfere with optical or high resolutiorn
metallography. The optical microscope exemination was made with replicas
and using the specimen itself. One hundred twenty-two days after dis-
charge the 0.354 x 0.490 x 0.061 inch specimen had a measured radic-
activity level of 13.5 RAD/hr including the 1 r/hr at one inch. Personnel
exposure limits dictate that replicas be used for future work unless ex-
posure levels drop to practical limits. The identical area was examined
on the 10 percent C.W. specimen using pre-~ and post-irradiation replicas.
No observable change was detected in the microstructure y use of optical
and high resolution metallographic techniques.

Mechanical and Physical Properties of Materials. The creep properties of
Zircaloy-2 are considerably improved by small smounts of residual work.
The extent to which increasing amounts of cold work improve creep prcp-
erties and the effect of recovery occurring in the test temperavire range
is not known. These effects are being determined in order that Zircalcy-2
fabrication procedures can be specified for process tubing. A portion of
the Zircaloy-2 stock was further cold worked to 25 and 45 percent, and
flat specimens of the 25 and L5 percent material are now being tested in
the vacuum creep units at stress levels of 21,000, 18,000 and 13,000 psi
at 400 C (752 F). Results of 2700-hour tests show higher creep rates

for the 45 percent cold worked specimens than for the 25 percent material,
with initial elongstions beirg lower for the 45 percent samples than for
the 25 percent. Elongetions after 2713 hours are: itial 0.00030 in/in,
final 0.01869 in/in for the 45 percent worked, and initisl 0.00221 in/in,
and finel 0.01586 in/in for the 25 percent material at 18,00C psi stress.
The rate changes are more pronounced at the higher stress levels. In
additior to the creep tests in the vacuum units, advantage is being taker
of the availability of four atmosphere creep units to determine the effect
of COp contamination in the helium atmosphere on the creep properties of
Zircaloy-2. Similar conditions are being used Virethe-atmosphere machines

DECLEC iz e
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to those in the vacuum units except for the carbon dioxide conterxt of the
atmosphere.

Electron and Optical Microscopy. The study of the microstructure of
cladding and fuel materials is a direct way of detecting radiation
darage in these materials. Thin evaporated films of uranium dioxide
show straight line tracks after irradiation to an ex§gsure of 2 x 1016
nvt, A similar thin film has been exposed to 2 x 10+ vt in a cadmium
capsule and then examined in the electron microscope. The rumber of
tracks observed were almost nil when compared to the films exposed in an
elurinun capsule. The observed tracks are, therefore, due to thermal
neutrons which cause fission evenis to ozcur in the thin film. Capsules
which can be welded in vacuum for subsequept irradiation of similar thin
films are belng designed.

X-Ray Diffraction Studies. The itexiures of extruded and drawn Zircaloy-2
tubing are being determined by x-ray diffraction. Preferred orientations
are being correlated with results of tube burst tests to determine the
relatiorship of texiure io rechanical properties.

Coextruded Zirczeloy-2 jacket tubing is being irvestigated presently.

Pole figures of (0002) and (10I1) plenes for tubing of epproximately

20:1 extrusion ratio heve been made. A prominent texture of (10I1)
planes is present perpendicular to the tube radius. Basal planes, (0002},
heve & highly preferred orientation parallel to the tube radius and longi-
tudinal axis. This texture is considerebly different than found in ex-
truded tuding (39:1 extrusion ratio). Burst tests are scheduled for the
coextruded tubing.

Growth index values and inverse pole figure dsta are being obtained for
coextruded uranium rods and tubes with various fabrication and heat treat-
ment histories. The rods will be evaluated in-reactor after being char-
acterized by x-ray diffraction.

Texture ccefficient and growth index values have been calculated by the
methods of Strucken and Morris for the coextruded uranium rods (39:1
extrusion ratio) in as-ex*ruded and beta heat treated comnditions. The
as-extruded, and extruded azd swaged rods have a predominant texture co-
efficient of (020) parallel to the rod exis. This set of planes shows
growth under irradiastion. The beta heat treated rods have negative CI
values in several cases, indicating shrinkage longitudinelly.

A duplex texture of (020) and (110) has been noted in as-extruded U -
2% Zr tube elements of 17.5:1 extrusion ratio. In-reactor tests are

currently being completed to establish associated dimensional changes
due +to irradiation with respect to GI values found.

Solid State Reactions. The kiretics of recrystellization and recovery
in zirconium, Zircaeloy-2, and Zircaloy-3 are being determined to estab-
lish the optimum conditions of heat itreatment during fetrication opera-
tions. Percent cold work, temperature, time, and heat treatment
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atmosphere have been selecisd as variables. Resistivity spscimens of
particular interest were selected for a metellographic examinaticz of
surface oxide and for a chemical analysis of the vase metal hyiroger,
oxygen, and nitrogern content. A large variation ir oxygen content was
observed in the two as-worked control specimens representing each
working level. Values ranged from 900 to 1500 parts per million oxygen
content, 20 to 4C pom nitrogern, and 20 to YUC ppm hydrcgen content. A
comparison of gas ccntent in specimens angpealed in vacuum and heliur at
700 C for 1000 minutes has been made. Teon percent and 25 percent C.W.
specimens annealed in vacuur contain less of the three gases than speci-
mens annesled in helium. Recovery of electrical resistiviiy was greater
for the vacuum annealed specimens. The 50 percent C.W. specizez annealed
in vacuurm contains more nitrogen end oxygen ard less hydrogen than the
telium errealed specimern. The reccvery of electricsl resisctivity was
still grester for trhe vacuum annealed spscimens. Specimens armealsd in
vacuun at 400 C for 1000 minutes ir the tea percean: C.W. conditics, stow
less nitroger and cxygen but more hydrogen in the vacuurn annealed speci-
men than similar specimens anrealed in helium. The recovery cf electri-
cal resistivity was still greater for the vacuum annealed specimern.
There seems to be no correlatiorn between recovery of electrical resis-
tivity and gas concentration of these specimens. The impurity atom
distribution within the hase metal may be a controlling factor. Mstal.-
lography, in progress, may give some explanation of resistivity resulte.

Three specimens have beer prepared within the US13-UAl3 pseudo-binary
system. These specimens are being studied metallographically ard ny
x-ray diffraction. The first specimen was made to a nozinal corposition
of 25 a/o USi3, 75 &/o UAl3. Tais specimen appears to be compe:ed of two
phases. One phase is simple cubic having a lattice parameter of L .ogs 2.
The second specimer, 50 a/o UAl3, 50 ajo USi3, has a simple cubic phase
of lattice parameter L.175 2. 1In each specimen the seccrd phase was nct
idertified. The third specimen, 75 a/o USi3-25 a/o UAlz, appears to have
oniy & simple cubic phase with lattice parameter L.231

Metallic Fuel Development

Cluster Fuel Elements. Post-irradistion examination of T-rod cluster

fuel elements irradiated in KER Loop 2 in 200 C coolant to an expnsuze

of 1500 MWD/T was continuved. The center rod of ore fuel element was
approximately 0.030" smaller ir diasmeter near one end tha: the nominal
0.591" pre-irradiation diameter. The rod was cut lorngitudinaily thrcugh
this reduced section, and a crack or pipe through the cladding peer the
cap weld was fourd. Metallographical examination revealed no evidenze

of hydriding of the inrer surface of Zircaloy-2 cladding as might be
expected if water had entered the crack and urenium corrosion had occurred.

Post-irradiation exemination of 1.6 percent enriched 7-rod cluster
elements, some with 0.020" Zirealoy-2 cledding and some with £.03C"
Zircaloy-2 cladding, irradiated in KER Loop 1 to an exposure of 1200
MWD/T was continued. There appears to be little or ro difference in
the behavior of the 0.020" and 0.030" clad elements. The average
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diameter change was a decrease in each case of less than 0.001". Wo
macro- or micro-cracking of the uranium or the cladding was observed.

Tubular Fuel Elements. An sttempt to obtain & quartitative correlation
of in-reactor growth of tube-tuke elements with urenium texture has been
made. Ope 36", U-2% Zr, tube-:.ube element ir. the as-extruded zordition
was exposed to 300 MWD/T in KER Loop 1. A similar 1.82C" OD tube was
sectioned for inverse pole, xX-ray, texture studies. Three mutually per-
pendicular sections were cut from the unirradiated tube. These demon-
strate & strong duplex (C20), (110) texture in the extrusion direction
and an intense {(002) textuire in the eirzuzferential direction (the
direction which irdicetes change in tube iiameter). Calculated Growth
Index values irdicate that, for a section taken nsar the rear of the as-
extruded tube, the element should shortexn, dezrzase in wall thickness,
and increase in dismeter wher Iirradiated to low burzup at temperatures.
below 300 C. Transverse sectiozs (perperdizular to the exirusion axis)
cut from the center and front of the exirusicn also demozstrate a duplex
(020), (110), texture; but Growth Izndex values caiculated from date taken
with these sections indicate that slignh* longitudinal growth will take
place in-reactor.

A 20-minute anmeal at 720 C in vacua followed Ty e furmace cool par-
tially randomized the strusture. Aupealed secticns demoxstrate a less
severe (020), (110) duplex texture in the sxirusion direction ard (002)
texture in the circumferential direction. JGrowta Index values for the
rear of the annealsd “tube predict slight lcngitudinal growth, diameter
increase comparsble with as-extruded tube, and thickness decrease of about
one-third of the magnitude of that predizted for the as-extruded tube.

Grain size in the beta annealed *ube was observed to inmcrease from 0.180
mn {mean cube diameter) near the rear of the extrusion to approximately
ore mm rear the frort with a mixed grain size near the extrusion cernter.

Dimensional measurements of the irradisted, as-extruded tube wiil e
made in an atiempt to correlate grow:in with the calculated Growth Index
values, and thus provide a method predicting quaxtitaiively the growth
which will occur in-reactor.

Three tests of tubular elemerts were discharged from KER and ETR during
July. Exposures varied from 25 to 2000 MWD/T. Maxirun coclant tempera-
ture varied from 24C to 275 C, frel core temperature from 385 to 700 C.
Three of four elemerts exaxined at KE basin appear straigzt ard in good
‘conditior. One element frow KER Loop 1 has warp visible to the naked eye.

Elements from KER Loop 1 are crud-Iree, waereas elezexnts from KER Loop 3
are covered with a brown-black scaly crud. Diameter measuremenits were
made optically on a tuhe and rod type elemert exposed tc 2000 MWD/T in
KER Loop 3. No changes occurred in the tube outer diameter. The rod
dismeter increased approximately three percent. The EIR element operated
for only 12 hours at temperature. Due to loss of water ir the loop after
shutdown, the elemert was discharged. During operatior, maximum coolart
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temperature in the fuel annuli were measured. The measured temperatures
agree closely with those calculated from hydraulic and fission heating
data.

Fuel for Present Reactors. A simple adeptation of the Sonic Orientation
test equipment has been found to work well in evaluating the quality of
the welds attaching aluminum self-support rails to canned slugs. The
slug to be tested is supported at each end between V-blocks or rubber-
tired rolls, and is vibrated at various audio-frequencies. OSound weld-
nuggets transmit certain vibrational frequencies to & probe held against
them with little loss of energy, while closely adjacent unattached areas
damp the vibrations to such an extent that the oscilloscope image is
scarcely affected when the probe is touched to the overlying surface. In
the experimental work the probe differentiated between a sound weld nugget
approximetely 1/16" diameter and the rest of the weld spot (about 1/L"
diameter) which was unattached. This test system has not yet been tried
on Zircaloy supports, but presumably the same principles would apply in
that case.

Component Fabrication. Design work and drawings are completed for a die
set for punching spiders from Zircaloy-2 plate. Further tests show that
the spiders can be cut from 0.200" stock, employing approximately 22 tons
load.

An immersion plating technique for the deposition of copper on Zircaloy-2
is being developed as & possible means to prevent seizure of the cladding
material during drawing operations. A drawing operation is being developed
as an alternate to the swaging operation presently used for sizing co-
extruded stock material. Past experience has shown that a thin electro-
lytic copper coating was beneficial in preventing seizure of short fuel
rods during hot heading operations. Electrolytic plating of longer lengths
such as the 10-15 feet used in the sizing operation is not practicable with
existing equipment; therefore, alternate means of coating are being inves-
tigated.

Pre-treatment of the Zircaloy-2 consisted of degreasing, vapor blasting
and rinsing in deionized water. Vapor blasting was found superior <o
either bright pickling or ammonium fluoride etching. Only a limited
number of immersion plated samples have been drawn to date; however, the
results appear quite promising.

Other coating techniques under test include & silicate treatment using a
one percent aqueous solution of sodium fluosilicate and a phosphate treat-
ment using one percent ortho-phosphoric acid and 0.25% HF. These coatings
as well as the copper pleting are used as a base for the standard lubri-
cations used in drawing such as powdered graphite and molycote.

A total of nine coextruded uranium rods, 0.260" initial OD, 0.022"
Zircaloy-2 wall, and approximately 20 feet long were used during the
previous quarter for preparing T7-rod cluster elements for KER irradiation.
During the month examination was completed of metallographic sections in
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the final heat treated comdition. Average urarium grain sizes were 0.180
to 0.210 mm dismeter. X-ray examiznation of as-extruded, swaged, swaged
and upset, and heat treated rod was completed and texture coefficients
and growth indicies calculated. These values indicate that the element
material should be steble during irradiastion.

Sections of NPR size ingot uranium coextruded rod preparsd from the same
billet stock as the KER meterial have been examined in the extruded and
swaged condition. This material also exhihited poor uranium quality with
excessive stringers, voids, and inclusions surrounded by hydride. Sections
have been prepared for heat treating studies and x-ray examinatior is being
run to deterrine the base texture cf the rod before trestment.

Five coextrusion billets have beer prepared for extrusior in the 306 Build-
ing facility to producze ingot and dingot rod with the same fabrication for
swelling studies. The billets were triple beta heat treated and vacuum

. outgassed at 600 C before seasling irn the Zircaloy-2 containers. One billet
was prepared with Zircaloy-2 end plugs to determine whether Zircaloy-
Zircaloy bonds could be produced at the 13:1 extrusion ratio employed.

Closure and Joining. The spplication of resistance ring projection
welding to tubes and rods to obtain double closures is being investigated.
Double ring projections can be used on both rods ard tubes to yield high
gquality closures with accurate control of the welding varisbles. High
quality jJoints are obtaired consistently. The procedure or rod type fuel
elements has been reduced to & method suiteble for production applications.

tube closures the process has been proven feasible; however, further
work is required to determine the yield and suitability to producztion
applications.

Allied Fuel Studies. A number of extrusions of &luminum, uranium,
zirconium, maegnesium, and some alloys were made on the Dynapak machire

at small reduction ratios (4 to 1). Zircaley-2 and Zircaloy-2-clad
uranium billets were extruded successfully from a 700 C salt bvath without
Jacketing the billets in copper. An attempt to coextrude uranium in
Zircaloy-2 with integral end closures was encouraging in the followirng
respects: (1) welds in the original Zircaloy-2 billet were metallo-
grephically indistinguisheble from the remainder of the Zircaloy-2 after
extrusion, and (2) over half of the extruded rod displayed a good bond
between the core and clad even at the low reductior ratio.

Ex-reactor testing of control specimens for the in-reactor rupture test-
ing of simulated Zircaloy-2 fuel element jackets experiment has revealed
unexpectedly high creep strengths in the Zircaloy-2 tubing. For example,
some of the annealed specimens have survived 500 hours at 290 C and a hoop
stress of 50,000 psi. An upward revision of the in-reactor test pressures
may be necessary in order to assure rupture of a significant fraction of
the specimens during the proposed 1000-hour test.
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In support of NPR fuel element development & series of experiments to
obtain data on the dependence of uranium swelling upon cladding and
uranium temperatures, cladding thickness, and exposure is being conducted.
Examination of GEH-3-32 and GEH-3-57, the second and third cf five
Zircaloy-2 clad fuel rods irradiated in NaK filled capsules in the MIR
and ETR, has been started. Cladding failure on fuel rods GEE-3-32 has
been found in the form of cladding splits 2-1/2" long at one end and one
inch long at the other. The extent of cracking in the uranium is not
yet known. A diemeter increase of approximately one percent was found
at the middle of the rod where it is unaffected by the splitting.
GEH-3-32 operated at 40O C except for the last one-third of the irradia-
tion when the temperature rose to 540 C because of reactor operation
changes. Exposure of the fuel was 3500 MWD/T. GEH-3-57 which operated
at 550 C to an exposure of 2100 MWD/T shows a maximum dismeter irncrease
of 1.5 percent, but in this same region it decreased in length approxi-
mately 0.8 percent. More complete measurements and density determinations
are being made. No clad failure is evident in this fuel rod. Ten more
assemblies containing fuel rods similar to those now being examined have
been shipped to the MIR. These irradiations, to begin as soon as space
is available, will extend the coverage of temperature, exposure, and
cladding restraint parameters.

To attempt a statistical esnalysis of the effect of temperature, exposure,
and cladding upon fuel rod swelling, & series of NeK capsule experirents
has been designed for irradietion in process tubes of Hanford reactors.
Twenty-eight capsules have been completed. Irradiation should begin ir
August.

Tubular fuel specimens (coextruded, KER size) have been tested im ELMO-k
flow loop with 0.025" diameter defects through the clad to the uranium
on both the inside and outside surfaces. Pieces defected oz the outside
surface in each of five metallurgical conditions (as-extruded, four beta
treatments) deform almost exclusively on the outside surface. Pileces
defected on the inside surface in each of the five conditions appear to
deform during corrosion failure on the inside surface leaving the outside
surface unaffected.

A beta treated, defected, coextruded fuel rod specimen tested in the
"heated-rod" loop at 30 kw/ft was more severely damaged and corroded
than & similar non-power generating rod tested in EIMO-4. Clad defor-
mation at the 0.025" diameter defect and the cavity under the defect ir
the uranium fuel appeared larger than in the unheated rod.

Metallurgical Development. The change in extrusion coefficients and
extrusion pressures with & veriation in billet composition and grain

size is being determined. In each instance, the billets will be extruded
in the as-cast and heat treated form. Variables to be considered are:

(1) a aifference in billet cooling rate from the molten state, (2) & var-
iation in carbon content from 50 ppm to two w/o carbon, and (3) a varia-
tion in zirconium content from 200 ppm to two w/o zirconium. Approximately
one-third of the castings have been completed.
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Facilities and Equipment. Stalnless steel dumnies are currently being
fabricated to test out the principle of dismentling fuel elements and
making the necessary measurements, and then reassembling for further
irradiation. These stainless dummies will simulate the conditions for
remote dismantling operation under fifteen feet of water. Elemerts are
being constructed for both the tubulaer and cluster geometries.

A 4000-watt ultrasonic welding machine was received and installed in 306
Building. The unit is now operating.

Modifications to the seven-ton draw bench to increase its capacity and
versatility are approximately 90 percent complete.

REACTOR PROGRAM

Coolant Systems Development

Rupture Testing. A single coextruded and predefected uranium and
Zircaloy-2 rod with three 0.025" side pinholes was exposed for one hour
to 300 C weter at 1650 psi, 30 kw/ft power rate, and 20 fps velocity.
The rod had been isothermally beta heat treated. Rupture results from
this rod were slightly more severe than corresponding rods tested with-
out internmal heat generation. The maximum diameter of the rod increased
from 0.593" to 0.76". Each of the defected areas swelled to sbout 0.7"
dismeter and split the Zircaloy-2 cladding. In contrast to the behavior
of unheated ruptures in which the Zircaloy cladding was torn almost com-
pletely around the base, a longitudinael split on the swollen mounds was
found in the current tests. Further tests of one and two hours are
planned on these rods.

In another series of tests the effect of heat treatment was determined on
the rupture effects of coextruded uranium and Zircsloy-2 tubes which had
been pre-defected on the inside surfacé with a 0.025" pinhole and exposed
to 300 C water for one and two hours. One rod each with the following
variations in heat treatment was tested: as extruded; beta heat-treated,
furnace cooled; beta heat-treated, sir cooled; beta heat-tresated, water
quenched; beta heat-treated, furmace cooled to 600 C and held for ten
minutes. Essentially all rupturing and swelling remained in the inside
surface on all tubes. Both the as-extruded and beta treated furnace-
cooled pieces ruptured badly, decreasing on the inside diameter from
1.34" to 0.52". The beta heat-treated, air cooled tube had a small amount
of swelling during the second hour's exposure. The beta heat-treated,
water quenched and beta-600 C heat-treated tubes had not ruptured after
two hours. '

Four coextruded rods beta heat-treated for 5, 10, 15 and 20 minutes and
followed by air cooling have been tested for two hours in 300 C water.
Rupture results of the pre-defected rods were consistently the same, oune-
half inch diameter raised and torn mounds being formed at the defects on
each of the rods.
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Decontamination Studies. Tests have been completed in EIMO-10 to deter-
mine whether the APACE decontamination process will attack the graphitar
bearings in the recirculating pumps. After three complete descontarmina-
tions, examination of the bearings showed no visible attack. It was con-
cluded that the APACE process can be used to decontaminate loop systems
containing pumps with graphitar bearings. Tests are scheduled ir the
shielded prototype in 1706-KE. .

Work has been completed on the IRP Loop in 242-B aud shake-dowa runs are
in progress. With the exception that the packing in the Powell valves’
had to be repadcked, the loop has run very well. The empty cask for the
irradiated sample was connected to the system and operated at temgerature
with no lesks, and the cask is now being loaded with the first sample of
irradiated uranium for a "hot" shake-down run in the loop.

Inhibitor Studies. In a test to determine the effectiveness of sodium
‘dichromate as an inhibitor in high temperature water, coupons cof A-212
carbou steel, sensitized and non-sensitized 304 stainless steel axnd
Zircaloy-2 were exposed for 196 hours to deionized water containing 5O

ppm dichromate at 300 C and pH 4.5. The weight gains for the Zr-2 were

too small to evaluate the effect of the dichromate treatment. The upiform
corrosion of carbon and stainless steel was reduced under these ccnditions
to values found in water with no dichromate at pH 10. Pits three to five
mils deep due to reduced inhibitor concentration in the crevices were found
at the edges of the carbon steel coupons where the coupons were held by
the holders. Pitting is a generasl problem found with all anmodic irhibiters
when present in insufficient concentration. When crevices caznnot te elim-
inated, the inhibitor concentration should be increased to control pitiing
corrosion.

Aluninum Corrosion Studies. Loop KER-3 was decontaminated in May, azd a
new Zr-2 tube was installed in preparation for tests at higher tempera-
tures and pressures. In all previous in-reactor tests the tctal corrosioxn
has been so low that no sccurate measurements could be made. One long-
term test was planned on aluminur at a heat flux and water temperatures
comparable to those expected in advanced reactors. In preparaticn for
this, two short-term conditioring tests were run to ensure proper water
quality and control. The pieces from the first test were discharged after
exposure at surface temperatures up to 265 C for 23 days. The slugs
appeared to be in very good conditiocn. The second conditioning test con-
sisting of Doe slugs clad in aluminum (C-810 and X-8001) was mede up of
pieces which had been canned earlier under less favorable conditions, but
vwhizh were considered satisfactory for the short-term test. After 10 days
operation in the region of highest power and highest local water tempera-
ture (surface temperature -~ 275 C) & high neutron activity fror this test
caused the reactor to scram. Upon discharge of the slugs it was found that
two X-8001 clad slugs haed ruptured. Examination revealed that the ruptured
slugs had failed in several spots, and all of these were located a* the
region where spot-welding had occurred. In a few places slight swelling
had occurred, but no serious deformetions of the slugs took place. Ex-
cept at the spot-welded regions, corrosion resistance of the slugs was
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genersally good. Serilous corrosion was found on two adjacent slugs at the
point where the ribs were spot-welded to the jacket. Although the exact
reason for this locelized attack is not known, i1t demonstrates that the
corrosion characteristics of X-8001 can be changed drastically by slight
variations in the canning procedure.

After the second conditioning charge had been removed, en attempt was
made to charge the long-term test comsisting of 20 Doe slugs clad in
X-8001 and a thermocouple assembly. The Doe slugs were charged without
difficulty, but when the thermocouple assembly would not seal properly,
the Doe slugs were discharged and KER-3 was charged with dummies in prep-
araetion for the next test.

In preparation for the long-term aluminum test, new Doe pieces are being
canned in C-810 and X-8001 by the best available method and will be given
rigorous testing. A new improved thermocouple asserbly is being fabricated
and pre-tested.

Component Testing. An NPR cap sealed with a Flexitallic gasket success-
fully completed 1369 thermal cycles between 200 and 550 F with no leakage
and was removed from testing. A Caradian rolled nozzle-tube seal was
removed from the EIMO-7 test loop after completing 4188 thermal cycles
from 300 to 525 F at 1430 psi and 3993 cycles from 300-550 F at 1850 psi
with no leakage. A flared nozzle-tube joint with 800 ft-1b torque instead
of the usual 1200 ft-1b began leaking or the first thermal cycle and was
valved out from further testing. A screwed nozzle-tube joint with bell-
ring seals has TOO thermal cycles from 250-550 F with no leakage and one
with banana ring seals has operated 600 hours &t 572 F with no observed
leskage.

Structural Materials Development

Zircaloy Retubing. Fabrication of ribbed, Zircaloy-2 BDF process tubes
has commenced at each of the four contractors' plarts. Allegheny hes
produced extrusions for processing at Tube Reducing Corporation. After
the first pass in the tube reducing machine, progress will cease because
of the steel strike unless other arrangements can be made for vacuum
annealing. Superior Tube and Harvey Aluminum are each preparing billets
and conducting final development tests prior to pilot scale production.
Mallory Sharon Metals is still developing the proper tool designs for the
Intraform machine. Latest test results are encouraging. Delivery of the
first pilot lots of tubing from each vendor should occur during the last
quarter of CY-59.

Ribless, C-Reactor size, Zircaloy-2 process tubes are being fabricated by
Bridgeport Brass Company and Harvey Aluminum Company. Bridgeport will
extrude and finish with a single tube reducing pass while Harvey plans to
finish by two cold drawing passes. Initial deliveries are scheduled
during late August or September.
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NPR Process Tubes. Three vendors have each started work or the pro-
duction of 70 NPR process tubes. Allegheny-Ludlum Steel Company has
produced nine extrusions. These have beer sent to Budd Company where
they are to be welded to form three tube blanks. From Budd Company
they will go to Tube Reducing Corporation to receive the firal reduction
to NPR size. Because of & long delivery om a critical part, the tube
reducing machine will not be ready to receive these tubes urntil October.
Allegheny Ludlum is now shut down by the steel strike, so this contract
is temporarily at a standstill.

Harvey Aluminum has one ingot in the mill which i1s beirg prepared ic
form two extrusion hillets. Material is now being melted to furnish

a third billet needed to provide an economical run on the 8000-ton
extrusion press. The three full length blanks will te extruded the week
of August 3 as a pilot run. These should be cold plug drawn to finpal
diameter and lexngth by September 15.

Chase Brass & Copper Company has Jjust received the first ingots from the
melter. They expect to have their first extrusions made by the end of
September.

Nonmetallic Materials Development

MIR Graphite Irradiations. The GEH-19-2 modified shim rod containing
four samples of GL-10 graphite and four samples of CSF as reference
standards was charged into the MIR on June 29. This experiment worked
well throughout the first cycle, but after the shutdown on August 1,
difficulty was experienced in holding the rod to the magnet. Seven
attempts were made before the rod was necessarily discharged. Examin-
ation of the mechanism revealed that comsiderable sticking is encountered
at 2/3 throwout. This is approximately what was observed during post-
irradiation examination of GEH-19-1. Selective lubricetion failed to
disclose the tinding parts. If possible, the rod will be repaired aud
then replaced at an early shutdown since otherwise it is in good cozmditionm.
Design of the GEH-19 experiments is being modified slightly on the basis
of experience gained on GEH-19-1 and 19-2 and fabricetion of GEE-19-3 and
19-4 has been started.

Twenty-one capsules containing samples of NPR candidate graphites were
also charged into the MIR on June 29, and will receive an exposure
approximately equivalent to 2000 MWD/AT at Hanford at a calculated tem-
perature of greater than 800 C.

ETR Graphite Irradiations. The first two GEH-13 graphite irradiation
experiments in the ETR continue to operate satisfactorily. Semple
temperatures on GEH-13-1 vary from 800 C to 950 C along the capsule
length at full reactor power and on GEH-13-2 very from 625 C to 800 C
along the capsule. However, the ETR operated very little during the
month. .
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The ETR GEH-13-3 and 4 experiments were instelled in positiomns H-5 and
E-1L, respectively, end will be run under vacuum in the same manner as
GEH-13-1 and 2. It will not be known until reactor startup whether or
not these installetions were completely satisfactory.

GETR Graphite Irradiations. The first two of the HAPO graphite irradi-
ation experiments in the GETR were built during the month.  H-1, the
experiment going into the E-5 center loop position of the GETR contains
twelve sets of four samples. Six of the sets contain needle coke graphites
from Great Lakes Carbon Corporation (GL-10 and GL-11) and National Carbon
Company (VC), with CSF as a standard; the other six sets contain & series
ol samples to determine the effect of fine particle size on the contraction
rate. The second experiment, H-2, will be located in the E-T7 side loop
position of the GETR. It contains eight sets of four samples. Four sets
contain GL-10, GL-11 end VC and the other four contain grephites from
Speer Carbon Company, SP-9, SP-10 and SV. All eight sets have a CSF
sample as a reference standard.

IP-22A Intermediate Temperature Graphite Irradiation. The first test
assembly in 1573-DR which beceame inoperative soon after installation on
April 27 was replaced with & second unit on July 3. CSF graphite samples
were sagain used for the test. Temperature control has been within = 5 C
of the desired settings of 200 C and 300 C.

Graphite Radiation Damage. A favored mechanism for high-temperature,
radiation-induced contraction of grephite is the relief of stresses
developed upon cooling from graphitization temperatures. Small angle
boundaries between crystallites joined at the edges of the basal planes
appear to be one of the sources for these stresses. Theoretically, it

has been found that the angle of misorientation, defined as the angle
between the 'cgy' axes of the two crystallites should increase by an amount:

AO=Esin'l/‘(.d\A T y sin 30__7
1-dAT 2 _/

where AT = Tg -~ T, Tg = grephitization temperature, 6, = angle of.mis-
orientation at Tg, A = coefficient of thermel expansion in the 'cg’
direction for single crystal graphite.

For smell ©,, (0.1 radian), this simplifies to:

A
e = I—-_——déyg— Qoz(dA T) 60

The value of ( A A T) is approximately 0.08, if Tg = 2800 C and T = 500 C.
Thus, the increase in misorientation between crystallites resulting from
cooling of the graphite from graphitization temperature to 500 C is approx-
imately eight percent of the misorientation originally present , 8,5, prior
to cooling. This increase in angular orientation will produce stresses of
various types end magnitudes dependent on the structural details of the
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graphite model assumed. However, if the crystallites are ccnstirained
from deforming freely, as is probable, a stress field tending to cause
the graphite to contract would result.

Hot Water Resistance of Elastomers. Additional work nas been undertaken
to determine the resistance of elastomers to long time immersion in boil-
ing water and water at 175 C. Results on immersions for 5C00 hours in
boiling water indicate that there are several classes cf materiasls that
will perform satisfactorily. The best of these are the silicone rubber
Silastic S2096 and the nitrile rubber Hycar 1002. Immersioms for 2000
hours at 175 C show that the material least affected is Silastic $2096.
Hycar 1002 gained considerable weight and was substantially swelled.

Thermal Hydraulics Studies

Equipment Projects. Acceptance tests were continued on the silicon recti-
fying equiprment (Project CG-661) which was installed im 189-D to previde
additional heat generating capacity in the Heat Transfer Laboratory.

Checks on the response of the equiprent to a step change ia power level
(100% to 0%) indicated that it took 1.2k seconds for the power level to
drop to 22% of the iritial power of 2700 KW. Other tests indicated the
equipment had the characteristic of momentarily surging in power level
vhen the circuit breskers were closed after an emergency shutdown performed
by opening the main circuit bresakers.

The project (CG-83L4) to modify the High Pressure Heat Transfer Apparatus
for higher flow and heat genersting capacities and to allow transient type
experiments continued on schedule. Design efforts were corcentrated on
obtaining a satisfactory valving arrengement for the transient experiments
to simulate conditions following & rupture of a hydraulic conne2icr to a
process tube. Present plans sre to install a storage tank to supply water
to the electrically heated test section after valving off the mein rart of
the apparatus and opening the discharge of the test section to atmosphere.
Procurement of equipment for other parts of the modifications proceeded
with the ordering of two 150 KW electric preheaters.

Hydraulic Studies. A preliminary study was made to determine the amourt
of flow increase possible in a BDF type reactor process tube with en-
largement of the rear fittings. The results indicated that a 5 5% in-
crease in flow would be possible if the header adapter were reamed from
its present size of 0.469 inch to 0.550 inch (the size of the rear hy-
draulic connector). With the installation of larger hydraulic connectors
and larger adapters at the nozzle and header, a flow increase of 149
could be possible. It was realized, however, that such flow increases
may not be obtainable without other possibly extensive modifications to
the reactor and careful consideration of the resulting changes in the heat
transfer and hydraulic characteristics of the process.

The gathering of data to indicate the increase in pressure drop for T7-rod
cluster fuel elements due to the presence of wire wraps was completed for
the 0.70k-inch diameter rods in a 2.70-inch process tube. The data show
a slightly higher pressure drop increase due to wire wrapping for the
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0.704-inch rods than for the 0.780-inch rod assembly. However, the
value of pressure drop for the non-wrapped O.70L-inch rod assembly is
only about one-half that for the ron-wrapped 0.780-inch rod assembly,
so the 0.704-inch rod assembly still has less pressure drop when wire
wrapped than does the larger sized 0.780-inch rod assembly.

Estimates were made for tube flow rates which would flush perfs and/or
fuel elements for the old reactor process tubtes. It appeared from
leboratory tests that the charge would begin to move at 20 gpm. This
informetion is of velue during the procedure used for leask testing.

Miscellaneous. Modification of the Low Pressure Heat Transfer Apparatus
to allow use of short test sections for special heat transfer studies of
present Hanford reactor fuel elemerts was completed. In addition, & bus
intertie to allow operation of the apparatus with either the motor gen-
erators or the silicon rectifiers as a heat generating source was 75%
completed.

Plans were completed for the installation of & three-foot electrically
heated test section simulating T7-rod cluster fuel element in the hori-
zontal part of the high pressure heat transfer apparatus. Experimenta-
tion will be at flow rates prototypical of NPR cornditions but at somewhat
reduced pressures.

An experiment was run on the high pressure heat transfer apparatus to
investigete surface temperatures when boiling conditions change from
nucleate to film boiling. A horizontal test section was used which cone
sisted of a 1.43-inch solid rod centered in a 1.690-inch stainless steel
pipe arranged so that heat passed from the rod surface to water flowing
through the annulus. The rod was heated over a length of 21 feet by
passage of direct current from motor-generator sets and was supported in
the pipe at intervels of 1&-1/2 inches by sets of centering pins consist-
ing of four pins 90° apart.

While the flow was meintained constant at 10 gpm, the heat input to the
test section was increesed by smaell steps. At a heat flux of approxi-
mately 160,000 Btu/hr-ft<, the thermocouples at the top of the heated
surface indicated a large temperature change as might be expected with a
change in boiling conditions from nucleate to film boiling. Further in-
creases in heat flux resulted in a temperature jump by the thermocouples
on the heated surface at the bottom of the annulus and then slow gradual
increases in temperature of both the top and bottom thermocouples. At a
heat flux of approximately 400,000 Btu/hr-ftg, the experiment was ter-
minated due to failure of most of the thermocouples. At that point the
surface temperatures were approximately 1200 F and the calculated exit
steam quality was TO%.

Mechanical Equipment Development

Orgenic Cooling System Components. The MOTS-1 Facility operated for 736
hours during the month with temperature maintained at 300 C and pressure
at 275 psig. The chempump and three mechanical seal assemblies have oper-
ated satisfactorily throughout the month.
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Reactor Technology Development

Neutron and Gamma Attenuation Measurements. The second irradiations to
determine the neutron and gamme attenuation properties of iron-serpentine
concrete and barite concrete as a function of baking temperature were
made in the 105 DR reactor test wells. The folls from the first tests
on these two concretes are being counted. Iron-serpentine concrete is
expected to have good neutron attenuation characteristics at elevated
temperatures due to high hydrogen retention. This concrete is & candi-
date material for certain portions of the NPR biological shield.

Preparations have been made to place the perforated ferrophosphorus con-
crete test slabs in the 105 DR test wells during the next reactor shutdown.
These test specimens will be used to study experimentally the effects of
process tube penetrations on the shielding properties of bulk material.

Preliminary analysis of the foil counting rate data from the first lcading
of the NPR thermal shield test indicates an attenuation factor for thermal
neutrons of sbout 6 x 10-3 through the one-inch boron steel plate. The
second foil loading is being irradiated, and a third loading is ready for
insertion at the next available reactor shutdown.

Shielding Instruments. Another lesk has developed in the neutron spec-
trometer chamber. Negotiations are under wasy with Argonne Natiocnal
Laboratories for the purchase of another chamber of the Perlow type.
Construction of the neutron collimator for use with the spectrometer in
bulk shielding measurements is 90% complete.

3. FABRICATION DEVELOPMENT

Special Alumirum-Plutonium Fuel Elements

This specisl fabrication is now complete. A total of 181 Al - 7.h'w/o Pu
fuel elements, 8001 Al alloy coextrusion cled with integral end caps have
been shipped to SRP for irradiation. In addition, four Al uranium elements
were shipped for ex-reactor evaluation. A total of 265 Pu-bearing rods
were extruded. The yield on the last 50 rods extruded was slightly better
then 80% while the over-all yield was about 65%. The principal reason for
this decreased reject rate was an improved outgassing cycle. In addition,
modification of the rod straightener dropped the inclusion reject rate to
zero. All the transplutonic elements were machined with no radicactive
contamination of the machined surface, indicating that chemical etchirg
along was sufficient to minimize the contemination of the can wall during
billet assembly.

Plutonium-Aluminum Thin Foils

Several different types of thin foils of a plutonium-aluminum alloy were
fabricated. A 1.8 w/o Pu-Al rod was rolled to a thickness of 0.010-inch
and 80-1/2-inch diameter discs punched to fulfill the PCTR requirements.
All of the bar stock (1/4 x 1 x 6-1/2-inch) for the Oask Ridge National
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Laboratories monitoring foils has been rolled to C.010 inch thick. One
of the four bars produced 155 acceptatle discs. These have beer cleaned,
weighed and are awaiting the perfection of the canning oreration.

Several pieces of foil were stack rolled with annealing heat treatments
between roll passes. These pieces have been rolled to a thickness of
0.002 inch. Three-eighths inch discs containing 0.050 gram plutonium
wvere punched from this thin foil for a USN Radiatiorn Defense Laboratory
request.

Special Palm Target Elements

Experimentation with extrusion compacting cf mixed Al and oxide cores has
continued. Current prcblems with this type coextrusiorn include dog-bone
near the front end and fishtailing at the rear end. Shear type components
ere being tried to eliminate fishtails ard rcunded frozt come to sidewall
angle is being tried to eliminate dog-bore. The optimur stream lire flow
angle for this type extrusion is being imvesiigated by sectioning extruded
pleces. The angle sppears to be approximately 65° included angle.

Sufficient Palm oxide was received from Savannah River to make seven Palm
elements, and Hanford supplied enough for 22 rormal elements for Cexpaign V.
The Savannah River material was fabricsted into seven acceptable elements.
Six elements contairing the normal quantity of Pelm oxide were fabricated
from the Hanford meterial. The remairing quariity was used to make eight
elements contairing double the quantity cf Palm oxide. All of the elements
contairning the rormal quantity of Palm oxide were acceptable. The elements
made from the Savanrah River material have three to four times as much
gamma radiation as those made from the Hanford material. The Savannah
River elements were also much more difficult to decontaminate at the extru-
sion billet stage. They also required caps welded on the rear end of the
elements to cover alpha contamination. The contarination and radiation
problems were not encountered with the Haznford material.

Four of the elements made with the double quartity of Palm oxide were
acceptable. Three were lost at extrusion when the can wall ruptured.
Except for the extruded rod and the extrusion dies, ro contamination was
spread. The dies were subsequently decontaminated. The remaining ex-
trusion was badly dog-boned. The radiographs showed no detectable can
wall at one point although no contamination was observed om the outside
of the rod. Since there was a great desire to salvage as many of the
elements as possible, approximately 25% of the core material was sawed
off from this element to remove the dog-boned aree. An attempt was made
to weld a 1/8" aluminum cap over the exposed core but was unsuccessful.

B. WEAPONS - 3000 PROGRAM

Research and development in the field of plutcnium metallurgy continued in
support of the Hanford 234-5 Building Operations and weapons development .
programs of the University of California Radiation Laboratory (Project Wnitney
Details of these activities are repcrted separately via distribution lists
appropriate to weapons develcpment work.
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C. REACTOR DEVELOPMENT - LOOO PROGRAM

1.

PLUTONIUM RECYCLE PROGRAM

Plutonium Fuels Development

Basic Studies. Sinterability studies on the isomorphous system UO2-PuQ2
have continued. One-half-inch diameter x 3/8" long compacts containing
physical mixtures of the two components have been heated in hydrogen.
Sintered density as a function of time and temperature has been determined
for times of one and eight hours up to 1600 C. 1In general, there seems to
be a minima on isothermal plots of density versus composition in the inter-
mediate range 20-4L0 w/o PuOy. At concentrations greater then 40 w/o PuOp,
density increases rapidly with increasing PuOp. In every case pure PuOp
(produced by decomposing plutonium oxalate at 300 C) sintered to a greater
density then ball milled PWR grade UO,. The data, for a.one hour sosk
time, ard tabulated in percent of the theoretical crystallographic demsity,
can be seen below:

Temp. UOg PuOp

1100 63.9 T79.6
1200 68.0 82.5
1300 72.5 89.3
koo 76.6 88.6
1500 82.9 93.6
1600 86.2 96.5

These values were obtained by weights and physical dimensions and are less
sccurate than densities obtained by weter immersion. Water immersion den-
sities, however, do not account for the open porosity, and, comsequently,
the values obtained are somewhat misleading. Densities obtained by water
immersion are nearly constant regardless of thermal treatment and indicate
the void volume due to closed porosity to be on the order of 10%. Since
the density obtained by dimensions does increase with sintering temperature,
the densification must be largely due to a decrease in the open porosity
during sintering. '

The tungsten ribbon furnace for melting point determinations has operated
satisfactorily at temperatures in excess of 2700 C. Radlation absorptior
corrections have been determined for the Pyrex sight glass and the lucite
hood face. Uranium dioxide heated to 2400 C in flowing argon possesses

& high vapor pressure and an "eruption" of the semple was observed near
this temperature.. A similar but more severe effect was &also observed in
vacuo. It 1is planned to commit the hood containing the furnace to plu-
tonium oxide work during the next month.

Fabrication Studies. Thermal cycling of Zircaloy cled Al-Pu and Al cored
elements fabricated by swage sizing is continuing in an effort to further
understand the ratcheting mechanism which is occurring during this treat-
ment. The elements are cycled in an autoclave under conditions which
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approximate those expected in the PRTR, i.e., heating and cooling rates of
about 4 F per minute and a pressure of 1300 psig. All elemerits have ade-
quate end clearance for thermal expansion. Two eighteen-inch long wire
wrapped elements which contain Al-Pu alloy were successfully thermally
cycled 59 times between 100 and 350 C. These were spare elements from the
fabrication of a 7-rod cluster for KER irradistion. Even though they had
both been swage sized, the core in one of the elemenis was loose at the
start of the test and after 59 cycles this element showed no external signs
of distortion or loosening of the wire. Radiography indicated that the
core had shrunk about 0.04S inch. The other element which had a tight core
to start with showed no visible signs of distortion up through 19 cycles;
however, the core had shrunk about 0.170 inch. After 59 cycles, this
element was corkscrewed with the wire (about 0.100 inch), the surface had
bumps epproximately 0.005 inch high, the wire had loosened, and the core
had shrunk sbout 0.227 inch. About 20 cycles would be =xpected in the
aforementioned KER test.

Four three-foot long Al-Pu core swege-~sized elements which were extras

from the fabrication of clusters for ETR irradiatioz were also success-
fully cycled 59 times between 100 and 350 C. Three cf these elements were
wire wrapped. At the end of 19 cycles, the wires were beginning to loosen;
however, there was very little external evidence of distortion. Radiography
indicated that the cores had shrunk from 0.053 to 0.230 inch. At the end of
59 cycles, however, the elements were corkscrewed, there were 0.005 inch
bumps on the surface, the wires were loose, and the cores had shrunk about
0.200 inch on the wire wrapped elements and about 0.3C0 inch on the element
which was not wrapped. The over-all length of the Zircaloy cladding de-
creased slightly as a result of these tests. The T7- and 19-rod clusters
would probably be cycled about fifteen times during their residence times

in the ETR. It is felt that the wire loosening problem can be sclved by
attachment under less tension.

Ten more three-foot long Zircaloy clad elements containing Al cores were
fabricated and swage sized to a lesser degree (about 0.002 to 0.003 inch
on the diameter). The cores in these elements were loose before the start
of the test and probably had a meximum diametral gap of about 0.006 inch.
At the end of 22 cycles, five of the elemerts were straight and appeared
unchanged while the other five were bowed. The core length remained un-
chenged in the straight elements and shrunk as much as 0.6 inch in the
bowed ones. Reject tubing was used in this test, and one of the tubes
showed longitudinal cracks starting from the inside. These are visible
because necking can be seen on the external surface. This element was
sectioned, galled areas were observed which are accompanied by extensive
cracking of the tubing from the inside. It is felt that less reduction
during swaging is desirable and that the applicatiorn of a lubricaat will
help prevent galling between the Al and Zr and the resulting distortion
of the elemert. These elements were further cycled to 34 times with the
subsequent additional shortening of the cores. Those unchanged at the
end of 22 cycles are now beginning to show signs of distortion.
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Three rods from the Mark I-B 19-rod dummy zluster, which had received
1200 hours in hydraulic testing with about 100 thermal cycles, have

been bisected and examined. Two of the rods were Zircaloy-2 clad and

one was type 304-L stainless steel clad. Both were charged with l/2—inch
1100 aluminum rod, resulting in a slip fit between tube and core of six
to seven mils. A 1/2 inch gap was left between core and end cap. Ome
Zircaloy clad rod had lengthened within the cluster and being restrained
by the two end brackets was bowed. After disassembling the cluster, the
rod was found to bow almost two inches in the center. Measuring the rod
for the over-all length proved the rod had increased 1/4 iach. The other
Zircaloy clad rod was in excellent shape and showed no extermal signs of
the test. All the stainless steel clad rods were straight, and only one
showed signs of lengthening. This rod measured 1/16 inch longer than the
original length.

These three rods were bisected by milling two slots through the cladding
the full length of the rods. The cores had increased in diameter to an
extent that the now free cladding had to be forceadbly peeled from the
core. Measurements were made of core length and inside length between
end caps as shown in Table I.

More thermal cycle tests are being run on full length elements fabricated
by various processes. A number of experimental pleces were asserbled for
cycling in the autoclave. This program outline is as follows:

1. Clearances - various clearances between core and can are
being effected by swaging in one case and honing in another.
A minimum clearance will be established above which ratchet-
ing does not occur.

2. Lubrication - the core is being encouraged to slip (rather
than seize) inside the can by the use of alcohol dag, also
by etching and autoclaving the inside of the cans.

3. Bonding - mechanicel bonding of the can to the core is teing
tried by heavy swaging. Metallurgical bonding by pressure
casting is being investigated.

4. Mechanical relief - various core designs are being tried to
minimize stress on the can walls. These include short
sections separated by lugs, circumferential grooves, longi-
tudinal grooves, and a "bell and bevel" design. Hollow cores
are also being tried.

5. Alloying - various core alloys. are being investigated which will
have & coefficient of expansion closer to that of Zirecaloy.

6. Can materisls - study of alternate canning materiels such as
X-8001 €-810 aluminum alloys and thin-walled 304-L stainless
steel, which have been in progress on & small scale for some
time, are being accelerated.
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Sixty-four billets were cast this month as follows: 13 Al-13 w/o Pu
master alloy billets, 26 Al-T.4 w/o Pu billets, 18 A1-1.8 w/o Pu billets,
concluding the fabrication of fuel rods for experimental physics, and
seven Al-20 w/o U billets to be used as base material to investigate %he
properties of some Al-U-Pu alloys.

Analyses of Al-Pu billets produced by four reductions, using Pu oxide,
were, in general, far below the nominal 1.8 w/o for which the charge was
calculated. Analyses of samples of the flux have not been received;
however, rediographs of the billets show no segregation.

A coextrusion, nominally 9/16-inch diesmeter of seven w/o Al-Pu clad in
1100 Al, was completed. The reduction in area was 20 to 1. Extrusion.
temperature was 525 C. Can wall variations along the rod length were
noticed. Additional billets are being fabricated for coextrusions with
integral ends.

Weld closure tests have been run on 0.005-inch 17-7 PH and 0.008-inch

304-L stainless tubing using & 1/2-inch thick end cap; the joint design
being the same as that used to close the Zircaloy tubes for the 19-rod
cluster. Good results were obtained, and the closure is not difficult.

A loading of 234 1.8 w/o Pu-Al rods was fabricated for the Physical

Constants Test Reactor. The Pu used was from & single run, the isotopic
content of which had been previously determined. The cores were extruded

to 0.501-inch diameter, straightened, cut to length and then slipped ixnto
Zircaloy-2 cens. All of the fuel pieces, with the exception of the separable
types, had a flat cap welded into one end and a tapered cap in the other.

The separable types have a 0.005-inch Zircaloy-2 foil electron beam welded
over one end. These pieces are made in two halves; they are assembled by
means of a Zircaloy sleeve with monitoring foils held between the "thin
window" ends of the rods.

Also included in this loading was the fabrication of 4O foils 0.010 inch
thick punched from 1.8 w/o Pu-Al and clad with 0.005 inch of eluminum.
The cores were punched from rolled foil and clad by cold welding the
aluminum foil.

Fuel Evaluation. The two, high-density, UOo-PuOp cepsules (GEH-1L-19, 20),
which were charged in the MIR on June 8, 1959, were discharged at the con-
clusion of MIR Cycle 124 on July 20, 1959. Arrangements are being made to
have the irradiated specimens returned to HAPO for radiometallurgical
examination.

Of the sixteen capsules (GEH-14-5 through 12 and GEH-14-42 through 49)
containing Al-5, 10, 15, and 20 w/o Pu and A1-12 w/o Si-5, 10, 15, and
20 w/o Pu alloy cores, twelve were charged into the MIR at the start of
Cycle 124. The other four were placed in the reactor at the start of
Cycle 125. All of the capsules are to operate at 30 kw/ft. Individual
specimens will be irradiated from two to six MIR cycles.

P2e0024 ’ UNCLASSIFIED



UNCLASSIFIED ' A-26 EW-61374

1240025

The radiometallurgicel exemination of the four, high-burrup, Al-Pu, ard

Al-Si-Pu alloy capsules (GEH-14-23, 24, 25, 26€) has been completed with
the exception of the burnup analysis and evaluatiorn of the fraazture-
surface replicas. No significant changes have teen noted to date.

The four-rod, Al-Pu and Al-Si-Pu alloy cluster (IP-186A) irradiated in
KER Loop 3 is currently being examired in the Radiometallurgy Laboratory.
The work is nearly complete. Items to be finished are replica exsmina-
tion, burnup analysis, ard x-ray examination.

The seven-rod, Al-Pu alloy cluster prepared for irradistion in the current
KER Loop 1 charge (IP-250A) was not charged as scheduled. The cluster
irradiation test was postponed until the next scheduled outage of Loop 3
or Loop 1. The element will be delivered to the reactor before August 1,
1959, as requested. ‘

Two of the six PuOp impregnated graphite capsules sent to the MIR are now
being irradiated in the reactor. These capsules were to be placed in &
thermal neutron flux of 7 to 8 x 1013 nv for four and eight MIR cycles
which will be 25 and 50 percsnt burnup of the plutonium atoms. At this
flux, then, they will be operating with a meximum core temperature of 1432 F
(780 C) and & surface heat flux of 161,500 Btu/hr-ft2.

The three-foot long, seven-rod Zircaloy-clad Al-Pu cluster (GEH-11-1) is
now being irradiated in the ETR 3x3 loop facility. Because of a water leak
in one of the loop seals, it will be necessary to run the experiment at
reduced power for the first eight days. At the end of this time, it is
planned to repair the leak and resume full power operation. At full power,
the maximum core temgerature will be 738 F (394 C) at a surface heat flux
of 230,000 Btu/hr-ft=. The loop pressure will be 2000 psig with en inlet
coolant temperature of 480 F and a coolant surface velocity of 12 ft/sec.
This element was fabricated by slipping Al-1.3 w/o Pu rods into honed
Zircaloy tubes, thereby maintaining not more than 0.004 inch dismetral room
temperature gap.

The nineteen-rod cluster (GEH-11-2) fabricated by inserting undersized
A1-0.5 w/o Pu rods into as-received Zircaloy tubing and sizing the sealed
tube onto the core by swaging is scheduled to be charged into the 6x9 ETR
loop facility on August 4.

UO» Fuel Development

PRTR Fuel Elements. Six hundred fifty pounds of sintered UOs for swaging
PRTR fuel rods was prepared this month by ball milling, cold pressing,
sintering, crushing, screening, and outgassing. Sufficient data were
obtained to reach a declsion to eliminate the outgessing step. In the
future, UO2 will be held under a vacuum until it 1is used.

The swaged aiameter of PRTR fuel rods was increased to 0.567 tg:ggé during

the month. The increase of 0.004" was made to produce a finished rod size
of 0.560", minimum. Diameter reductions were: 1light etch - 0.0005";
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buffing - 0.0015"; and heavy etch - 0.0020". Most fuel rods ir process
have been through the light etch twice and thrcugh buffing orce. Some
of the rods have beea buffed twice.

Experiments with the newly installed Mackintosh-Hemphill rotary straightener
demonstrated that the diasmeter increases during straightening is a function
of pressure applied by the rolls to the rod. By carefully controlling the
pressure, the increase in diameter can be limited to less thar 0.001", as
opposed to the 0.001" to 0.003" growth previously experienced.

A small burr left by counterboring rod ends, prior to end plug inservion;
was found to be responsible for a welding problem. The boring procedure
was modified to eliminate the burr. This problem again emphasized the
necessity for very close tolerances at this step in the process.

The time spent etching end ~aps and rod ends has been reduced through the
installation of etching facilities in the 325 Building basement. Acid
disposal equipment is yet to be installed.

A smrall crescent-shaped corrosion defect was cobserved in the vieinity of

the weld bead on PRTR fuel rods. Examination of this defect by micro-

section, spectrogrephic analysis and purposely defecting sample welds
established this defect as an aluminum inclusion. The aluminum addition was
attributed to aluminum chill tlocks. A change was made to use ceopper chill
blocks during the welding operation. Sample welds were rade showing the

type of defect that may apprear in weld areas as a result of alumirur; tungsten,
ti1lica, and UOp inclusions in the weld metal.

The present PRTR fuel rod end caps are undersize for use with the new
swaged rod diameter of 0.567 *0.001. Six end caps were splined to in-
crease the diameter providing 2 the necessary press fit into the end
of the fuel rod prior to welding. Welding of the splined cap eppeared

to be very satisfactory, with radiographs showing excellent penetraticn.
Microsection examination is being performed to verify these results. The
technique of splining or knurling the end cap to provide the necessary fit
will be used with future elements.

Installation of & belt sander has simplified the buffing and reduzed the
time required for finishing swaged fuel rods. Buffirg is still a twc-mana
operation, but equipmert modifications will reduce it to & one-mar job.

A weakness in the design and fabrication of end hangar fittings was found
and corrected during the morth. The small tubes which join the fuel rods
to the end fittings were found to be inadequately attached to the large
ring of the top hanger. The attaechment was strengthened by a design
change which involved larger weldments. All previously assexbled fuel
elements were disassembled, and the weak end hangars were replaced.

Fubrication Development. Centrifugelly cast, thick-walled (0.5") tubes
of Zircaloy-2 have been fabricated from cleaned Zircaloy-2 scrap material
by Oregon Metallurgical Corporation. Nested tubular PRTR fuel element
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end fittings and seam weld caps can be machired rapidly from this materlal,
with little material waste. X-ray inspection of machired end caps re-
vealed no porosity, cracks, or inclusions.

Sintered and crushed U0o was compacted in 0.750" OD Zirceloy tubes by vi-
bration and swaged in three passes to 0.563" OD. Elongation of the UOp
column was measured after each pass, and results indicate that the powder
was compacted to its maximum density during the second pass. Elongation
during the third pass was greater by sbout five percent than that produced
by the first and second passes combined. The elongation of one rod which
had been vibrated prior to swaging was sever percent greater than that of
an identical rod vwhich had beer tamp-packed prior to swaging.

Densities and cladding thickness are being determined, end additioral ex-
periments are being performed to confirm the above results, which irdicate
that vibration before swaging can reduce the amount of swaging required to
corpact a given powder to its maximum density, and thus permit starting
with smaller diameter tubes.

In other studies, vibration of a 0.505" ID, eight-foot Zircaloy tubde
filled with fused UOp resulted in a core density 89-90 percent of the
theoretical.

A similar tube filled with sintered and crushed UOp was vibratorily com-
pacted to greater than 85 percent of the theoretical density.

Previous experiments with thir walled (0.020") Inzonel-X and SAP indicated
that from a fabrication standpoint, these materials can be used as cladding
for swaged UOp fuel elemerts. The density of sintered UO2 powder swaged in
these materials was compared with densities previously cbtained with stand-
ard PRTR Zircaloy-2 tubing and also with thin-wall stainless steel. The
results of this study showed all the densities to lie ir the range of 83

to 85 percent of the theoretical.

Fuel Evalustion. Defects or the intermasl surface of Zircaloy-2 tubirng were
successfully detected by using a fluorescent pernetrant. The inspection
method involves the use of a small diameter, ultraviolet light coupled to

& boroscope. Boroscopic equipment for routine inspection of Zircaloy-2
tubing was ordered; the testing will be conducted by the Structural Materials
end Radiographic Testing Operations. Eddy current (Probolog) testing of
Zircaloy-2 tubing has revealed gross intermal surface defects such as tears,
mechanical indentations, large cracks, and inclusions in many of the tubes.

Ultrasonic inspection of short Zircaloy-2 tube sections has been successful
in detecting internal defects 0.002" in depth. Egquipment for routine ultra-
sonic examination of regular length tubes 0.5" to three inches in diameter
is being fabricated.

To evaluate the effect of swaging on the longitudinal and radial propa-

gation of external surface defects in Zircaloy-2 tubing, an as-received
tube containing a line defect extending along its entire length was cut
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into several pieces, end each piece was filled with UOp, swaged, and
sectioned. Measurements of the defects by microscopy studies before
and after swaging indicete thet the defects did not increase in depth
during the swaging operation. Examiration of these defects tefore and
after swaging also indicate that the defects normally are deformed but
not lengthened during the swaging operation. .

In addition to the swaging tests made on a tube containirg a continuous
defect, tests were made on tubes containing pit-type defects. Two tubes
each containing one pit were filled with UOp, swaged, and sent through
the normal process. When these rods were irspected by the fluorescent
penetrant method, they were found to contein one pit each. Macroscopic
examination failed to indicate any evidence of defect propagaticr.

To determine the stability of 18-inch, T7-rod clusters of UOs swaged ia
0.030-inch wall Zircaloy-2 %tubes, and assembled with unbonded wire

wrapped spacing members;, irradiatior experiments have been coaducted

in KER loops. One assemtly, which was discharged from a KER loop in
March 1959, is now being examined. Close visual inspection of this fuel
element has revealed no evidence of fretiirng corrosion under the wire
wrap. Further examinations, including disassemtly and sectioning, will

be conducted. A similar 18-inch long, wire wrapped, T7-rcd cluster of UOp
swaged in 0.030-irch wall Zircaloy-2 has jJust been discharged from a KER
loop, after an irradiation of epproximately eight months. No warping,
corrosion damage, or wire wrap looseness was detected during a prelimirary
visual inspestion irn the reactor storage basin. Two four-inch long capsules
of 87 percent dense UOp, hot swaged in 0.030-inch wall Zircaloy-2 cladding
have been prepared for irradiation in the ETR to obiain additicnal data on
the irradiation tehavior of toth the UOs and cladding.

A full size PRTR, swaged UOp, 19-rod cluster fuel element is being flow -
tested in the out-of-reactor, PRTR mockup loop of the Reactor Engineering
Operation. After it had been tested five days under pressure and tempera-
ture conditions exceeding those of PRTR operation, the fuel elemenl was
removed and examined. There was no evidence of fretting corrosion or
loosening of the spacing wires. The fuel element was reinserted in the
loop for additional testing.

PRTR swaged UO2 fuel rods are normally reduced apprcximately 42 percent in
cross sectional area during swaging. To determine the extent of colé work,
dismond pyremid hardness (DPH) measurements were performed with swaged
Zircaloy-2 cladding and the data compared with those obtaired from
Zircaloy-2 cold rolled sheet. The hardness measurements indicate that a
L2 percent reduction in cross sectional area of a Zircaloy-2 clad UOp

fuel element by swaging work hardens the Zircaloy cladding to & greater
extent than a corresponding cross sectional aree reduction on & rolled
sheet of Zircaloy. This is not urexpected because a significant amount of
elongation, as well as reduction in tube diameter, occurs during the swaging;
this elongation increases rapidly during swagirg as the U0z approaches the
meximum density.
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The grain structure of the Zircaloy-2 cledding after a 42 perzent reduction
in fuel element cross section by swaging is not deformed to the same extent
as 1t is in rolled sheet having the same reduction. This is understandable
if one considers that during swaging the initial pass essentially "sinks"
the dismeter of the tube, and the greatest amount of material flow, and
therefore grain deformation, occurs in a direction perpendicular to the
cross section of the tube after this initial reduction. Therefore, a tube
swaged over UOo powder does not have the preferred orientatior of a solid
specimen reduced by rolling. Thus far, there is no reason to believe from
ex-reactor and in-reactor test results that the usefulness or integrity of
swaged Zircaloy-clad UO2 fuel elements is in any way compromised by the cold
work introduced into the cladding during swaging.

Equipment is being fabricated to thermally cycle sections of tubing contain-
Ing various types of defects. The tubes will be filled with helium and
cycled a predetermined number of times at a pressure of aebout 150 psi. The
upper temperature of the thermal cycle can be any desired value up to 900 C.
Both as-received tubing and sections of swaged rod cen be cycled in this
apparatus. It will not be possible to duplicate PRTR operating conditionms,
but test results will give some indications of crack propagation during
reactor cycling.

A stainless steel clad, vibratory compacted UOp fuel element 1.4L" OD,
gave an indication of radiocactivity during MTR startup. The cause of
this activity has not been determined.

Swaged capsules containing natural and 2.47 w/o U-235 enriched UOo have
attained e maximum exposure of approximately 10,000 MWD/T during irradi-
ation in the MIR and ETR.

Bagic Studies. Under & joint BMI-HAPO program, the effects of reactor
irradiation on the thermel conductivity of uranium dioxide are being de-
termined. Measurements on a UOp specimen (94% T.D.) irradiated to 0.005
a/o burnup have been mede. Very preliminary data indicate that the low
temperature reactor irradiation decreased the thermal conductivity by
nearly fifty percent. Heating to 600 C appears to anneal out more than
fifty percent of the radiation damage. An interim report of this work is
being prepared by BMI; the preliminary deta are being used at HAPO to re-
calculate PRTR fuel temperatures.

Corrosion Studies

Corrosion Testing PRTR Fuel Rods. The use of 48% C.P. hydrofluoric acid
and 70% nitric acid in the Zircaloy etch beth was discontinued. The present
etch bath uses 52% technical grade hydrofluoric acid and 60% nitric acid in
the following proportion:

3.7% by volume 52% hydrofluoric acid;
L&t by volume 60% nitric acid; and
49.7% by volume deionized water.
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There is no detectable difference ir the surface quality of Zircalcy
components etched in this bath as compared tc the old bath usirg
C.P. grade chemicals.

The safety hazards associated with the etch bath makeup have beex reduced
with the change-over to technical grade acids. The hydrofluoric acid is
presently received in ten-pound bcttles, and only one bottle 1s required
for a bath rwakeup rather than eight one-pound botiles previously used.
The 60% nitric acid is piped directly to the etch tamk from a scale tank
and eliminates the hardling of fifteem glass bottles of nitric acid.

The use of a cold-wet autoclave siartup has elimizated the recessity for
wiping the Zirzaloy clad fuel elements and comporernis dry following eich-
ing ard prior to autoclaving. To date, fifty PRIR fuel elemenis have been
processed without drying prior to autoclaving with no detectable differelce
from elements whizh had been wiped dry. :

Structural Materiels Developrernt

PRTR Zircaloy-2 Process Tubes and Jacket Tubing. The first lot of six
Zirzaloy-2, PRIR process tubes are ready for autoclaving. These tubes
successfully passed the following non-destructive tests:

Vidigage measurement for minimum wall thickress.

Immerscope ultrasonic test for metal discontinuities.

Zyglo fluorescent penetrant for inside and outside surface
defects.

Eddy current for asbrupt wall thickness variaticns and contam-
ination of internal surface.

5. Radiography of flange ard taper.

+ wpPprH

The balance of the tubes are progressing through the same seriles of tests.
The test results on each tube are reviewed prior to pickling and auto-
claving. Sufficient tubes will “e processed to maintein & rate cf 12 to
18 tubes per week through the autoclave.

Of the 591 Zircaloy jacket tubes segregated as exhibiting point type im-
perfections or their exterrnal surface wher subjected to the Zyglo fluor-
escent penetrant test, 91 were conditioned by surface grinding. Between
0.0005 and 0.001 inck was removed from the wall thickness of the tibes.
The Zyglo test revealed that 80 of the conditioned tubes were free of
indicaticns. Equipment is being modified to permit rapid processing of
all of the segregated tubing. To replace the tubing being rejected by
the Zyglo test, an order was negotiated with Wolverine Tube Corpany .
Specifications for the new order include Zyglo testing of inside and out-
side surfaces, swage testing and flare testing to assure improved quality.
The manufacturers believe this quality can be achieved.

Additionel rirbed, direct extruded, Zircaloy-2 jacket tubing was received

from Nuclear Metals, Inc. These samples represent the closest aprroach
to meeting the specificetions achieved by this fabricator. Fabricatiorn
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of plain tubing for the nested tubular element has begun a% Wolverine and

Harvey Aluminum Compeny. Sample tubes, extruded and cold drawn by Harvey,
successfully passed the Zyglo test. The samples are teing shipped to RAFO
for evaluation.

Radiometallurgy Laboratory Studies

Exemination of a k-rod, 1.6 &/o enriched U0y, Zr-2 clad cluster from KER-3
continued by obtaining samples for burnup analyses and metallography.
Replicas were obtained from the fractured and polished surfaces of one
semple of UOp that was irradiated to 160 MWD/T. Fission product gas was
collected, and cathodic etching was successfully accomplished for a swaged
UOo capsule. Dismeter measurements of a high dezmsity () 93% theoretical UOp)
sintered natural UOp capsule showed an increase from 0.007" to 0.064" over
the original 1.440" after en irradiation of 450 MWD/T. As & part of the
swelling progrem, electron microscope replicas were obtained from uranium,
which had been irradiated to 2600 MWD/T, after annealing the sample for 100
hours at 880 C. Other samples of lower exposures were also exarined after
various annealing programs. The results and conclusions from this work will
be reported in other sections of this report.

Thermel Hydraulics Studies

Thermal Hydraulics Studies Associated with the PRTR. Additional experiments
were performed to define the heat flux at which bolling burrout could be
expected for the Mark II fuel element. In an electrically heated test
section identicel to that described in the report last month, boiling burzn-
out was experienced at & heat flux of 1,150,000 Btu/hr-ft2 with 2 steam
quality of 20% by weight. Melting of the test secticn upon the initiation
of film boiling was prevented by a sherp reduction in heat flux. However,
on an attempt to determine enother burnout point at different corditions a
copper to Hastelloy weld failed. Two other test sectiomns, one of which
has a built-in eccentricity of 50%, were nearly completed for further ex-
perimentation.

Experiments were run on the full scale electrically heated mockup of the
Merk II fuel element to investigate flow instability and flow shifts
between the three coolant channels. At tube powers of TCO and 950 kw,

the flow to the test section was reduced to where the exit steam qualities
were 15.5% and 18.5%, respectively. During these runs all temperatures,
pressures, and flows remained pormal, and initial snalysis of the data
indicated no gross effects of flow split or instebility. The experimenta-
tion was terminated when a copper weld in the electrical lead failed during
& power increase to 1200 kw.

The full scale electrically heated mockup of the Mark I fuel element was
installed in the high pressure heat trarsfer apparatus. During initial
heating runs a flow leak developed at a weld between one of the Inconel
heeter rods and a copper lead-in. The test section was removed to repair
the leak.

1240031
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Mechanical Equipment Development

Design Test PR-1 - Discharge Operation Mockup. Fabrication of test com-
ponents coatinued during the month. Reporting will be discorntinued until
installation of the fueling vehicle begins.

Design Test PR-10 - Primary Loop Mockup. The primary process pump was
disassembled for seal inspection after 753 hours operation (654 hours of
PRTR operating conditions). The seal leskage had risen to & high of 10
gallons per hour but had decreased to five gallons per hour before the
inspection. Wear on the seal faces was small, but the stellite face was
heat checked. Operation was resumed with a 65 percent seal balance instead
of the 70 percent balaznce in an attempt to prevent the extremely low leak-
age thought to be resporsible for the over-heating. The seal leskage is
0.8 gallon per hour after 250 hours of operation.

Total leakage from the 1lb-inch gate valve is one gallon after 1017 hours
operation and 146 open and close cycles.

The eight-inch check valve was opened for investigation of interaal noises.
The disc was found to be hitting the side of the valve as well as the hinge
bumper. The bumper was built up 1/8 inch with weldment to remedy the
trouble.

The Single Tube Prototype Mockup was operated for 525 hours during the
month. The prototype pump seal was lesking less than 0.03 gallon per day
after 1046 hours total operationm.

Design Test PR-13 - Injection Purp Test. Combined leakage of the three
plungers increased suddenly from 500 ml/hour at 520 hours operation to
over 2000 ml/bour at 551 hours operation. Inspection of the Chevron type
packing revealed complete failure to be imminent. Wear on the 440-C
plungers was acceptable. Testing with other types of Chevron packing will
be continued.

Design Test PR~20 - Calandria Characteristics. The calandrie mockup
level deviation was measured in relation to size of the gasometer con-
nection. A 1-1/4 inch valve on & top gas line was opened to simulate
various size connections. The worst conditions were apparent with the
valve wide open.

The rate of rise of the moderator in the calandria was found to be affected
by the original level in the moderator storage tank. At lower storage
levels, lerger gas volume required longer compressor operation to attain
equivalent pressure balances.

Tine to Fill
Volume of Gas Calandria
12 inches below top of storage tank, plus gas lines 8 min 20 sec
Double original volume (27 inches below) g " 10 "
Triple original volume (42 inches below) 0 " 30 "
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PR-40 - Shim Control Mockup. The shim control drawings have been revised
to incorporate improvements revealed by operation of the mockup. Revised
prints and Specification Addendum No. 1 have been sent to the AEC for
transmittel to the companies with bid invitations. The secord prototype
shim control which incorporates the latest revisions is 95 percent complete.
Ball bearings, lead screws, and thermocouples have been ordered for the

2k reactor assemblies.

The planetary gear assembly coated with molybdenum disulfide failed after
four days operation and a total radiation dosage of 1.25 x 10° R. Some

of the binder used in epplication of the coating came loose and jammed the
smell planetary gears. The gear assembly using radiatior resistant grease
designed for high speeds is still operating satisfactorily.

A shim rod made of Incomel "X" has been sent to the Solar Airecraf+s Corpora-
tion for spplication of a silicon glass coating to investigate the feas-
ibility of protecting the rod ard adjacent aluminum parts from galvanic
corrosion.

Two sets of ball bearings for the shim assemblies were operated without
lubricant at LOO rpm in a 600 F water saturated, nitrogen atmosphere. The
first set operated satisfactorily for 570 hours with a k-pound loading
during the last 250 hours. The secord set failed after 240 hours using a
15-pound axial losading.

PR-50 - Reactor Piping Seal Testing. A new nozzle hold-down device is being
fabricated for testing which uses the origiral design principles but gives
increased strength and flexibility to adsorb the differential thermal ex-
pansion between the steinless steel nozzle and the chrome-molybdenum steel
hold-down rods.

Leakage collection chambers were installed on the single tube mockup.
Initial leakage velues appear higher than expected.

PR-51 - Reactor Piping Structural Integrity. The flexure cycling facility
was again modified so testing at reactor operating conditions can proceed
on the new nozzle hold-down device.

PR-53 - Process Tube Thermocycling and Pressure Testing. A manifold
arrangement for monitoring the pressure drop through all sections of the
process tube has been fabricated and is being installed. A high pressure
(2000 psi) mercury manometer has been ordered for use with the manifold.
The fuel element was removed after two weeks operation, found to be in
good condition, and reinstalled in the tube.

Special Tools. Designs for tools listed below are complete and fabri-
cation begun:

1. for removael and replacement of the nozzle jumper piping;

2. for removal of the inlet flange;

3. for removing weld on the inlet end of the shroud tube for
shroud tube replacement.
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A cut-off saw is being designed, using the principle of a wire blade
hacksaw.

PR-60 - RTD Test. Preliminary RTD response time testing on a mockup of
1-1/2 inch outlet piping has been performed on the Single Tube Prototype
Mockup test sectionm.

PR-64 - Gas Sempling Technique. Prototype components of the gas sampling
system are being fabricated with testing to be concurrent with operation
of the Single Tube Prototype Mockup with helium saturated weter.

PR-70 - Helium Compressor Test. The Hofer high pressure compressor has
been operated 105 hours with only one mechanicel failure which was a
broken compensator pump return spring. Operation has been erratic and
is believed to be caused by condensate injection from the interstage gas
cooler to the compressor’s second stage. A moisture trap on the inter-
stage cooler is expected to improve performance.

The Corblin low pressure compressor was operated & total of 320 hours.
The gas exhaust check valves have been failing after about 100 hours
operstion. Four stainless steel check valve disc fallures so far have
caused four sets of punctured disphrams caused by metal fragments from
the valves getting into the compressor cylinder head.

Replacement check valve discs are being fabricated of (l) 304-L stainless
steel; (2) 416 stainless steel; end (3) spring steel. The vendor, American
Instrument Compeny, has suggested the use of an alloy steel disc.

A Beach Sta-Dri filter has proven satisfactory for oil removal from the
gas stream even while sasturated with water.

PR-80 - Air Cooling Duct Test. The plenum chamber to route the air to

the fuel element has been designed, and fabrication is 90 percent complete.
Testing will be continued to determine pressure drop and air distribution
around a fuel element.

Inconel "X" Testing. Four additional Inconel "X" test sections were
tested at 1100 F and 5500 to 6000 psi. Ome section failed after 540
hours, but the other three failed after less than eight hours each. Al
feiled at the bend in the tubing. Test sections have been installed
successfully by welding to stainless tubing and by use of campression
fittings.

Fifteen specimens of tubing were tested to determine tensile strength,
using different heat treatment methods.

Gas Loop Jumper. The first jumper was destroyed when the electric heaters
in the furnace failed. The second jumper failed after two hours and
through 900 cycles of operation at 1200 F and 480 psig, when the bellows
completely separated.

UNCLASSIFIED
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Reactor Technology Development

PRIR Process Instrumentation. Two satisfactory designs on clemp-on RIDs
are available. The units supplied by the Charles Engelhard Company are
the better as a result of tests to date. A connector of better design

at the RTD is being specified as those under test were not satisfactory.

A flow monitor, prototypical of those to be used on each of the 85 PRTR

process tubes, has received over two million full cycles at rates up to

80 cycles per minute. The meximum total error in flow is within plus or
minus 0.8%. This test hes been conducted by IPD in & joint program.

Equipment is being assembled to evaluate the technique of monitoring the
surface temperature of irradiated fuel elements in the Fuel Examination
Facility. '

Preliminary laboratory tests of the calandris dump rate indicator using
light refraction and appropriate electronics to achieve a signal show
this system to be feasible. The capacitor probe method for detecting
changes in liquid level is also being studied.

PRTR Physics Eveluation. A survey of gray shim rod meterials which will
provide the required maximum shim system strength of about 110 mk has been
compléted. Those which appear promising from the physics standpoint are
Inconel-W, Inconel-X, Hastelloy-B, Monel, Duranickel, and Mjickel-zirconium.
Initial estimates of the shim system strength for the various alloys were
based on one-group theory and neglected the effect of the reflector and
enriclment ring. Modified one-group, two-group, and P-3 formulations are
being utilized for a more complete analysis and comperison.

Further calculations of the effect of DéO coolant loss on the reactivity
of PRTIR have been undertaken. The following results were obtained for
the separate effects (cold, cleean):

- I ar _ _
V‘ =0 D 0.001
Af a¢
-f—- = +0,.002 G = +0.010
Akyp _ A Keff _
+0.011 1 +0.004

It 1s interesting to note that the largest effect appears to be in the fast
fission factor, amounting to a gain of 10 mk. The change in ko of + 11 mk
is in excellent agreement with the measured PCTR value of + 12 mk for the
Mark I UOp fuel assembly. Although an increase in kers Of sbout 4 mk was
obtained, no account was taken of streaming or of the presence of enrichment,
both of which would tend to reduce this gain. This result is in general
agreement with earlier predictions thet D20 coolent loss would result in
only very slightly positive or perhaps negative net reactivity changes.

1240035

UNCLASSIFIED



UNCLASSIFIED A-37 HW-6137h

Tritium build-up resulting from neutron capture in the DpO systems of the

PRTR has been recalculated using the most recent design data. In genersal,
only small changes in concentration from previous estimates were observed.
Results of this study are reported in EW-61151, "Tritium Generation in D20
Systems of PRTR."

Debugging of the Fortran version of the SNG reactor code is still in
progress. Although elimination of input-output SAP subroutines appesars
more complex than at first believed, this approach is still being used.

A 704 program deck to menufacture the program tape for the 8K-6 tape
version of the two dimensional code, CURE, has been made up. It is planned
to try to use this program with the 709 compatibility package initially.

Calculations indicate that seversl inches of iron shielding should be in-
stalled on one of the concrete walls of the fuel element examination facility.
This additional shielding is needed to reduce the gamma dose rate at the

wall to sbout 100 mr per hour.

Safeguards Analysis. Writing of the Finel Safeguards Analysis of the PRTR
has started. First drafts of the description of the reactor, description
of the site, and reactor operation section have been completed. Supporting
analyses for the safety analysis of the reactor are presently stcheduled for
completion by mid-August. These analyses are:

. Thermal hydraulics studies.
Reactor kinetic analog studies.
Loss~-of-coolant study.

. Metal-water reactor study.

Fwmn ke

Hazards Analysis for Various Mechanical Failures. Calculations were made
for the hazards associated with rupture in the steam drum piping taking
into consideration the steam volume due to boiling. The results of these
calculations indicate that the primary coolant temperature would not in-
crease following a rupture in either the 26" vent line, or the 4" drain
line. However, when the 4" drain line and the 6" feed line were assumed
to rupture simultaneously, the calculations indicated that an emergency
water supply must be injected into the steam drum within minutes following
the ruptures. Presently, the manner in which this emergency water will be
injected 1s not firm. Calculations will be made to aid in devising a
working scheme.

Calculations were also performed on the hazards associated with process
valve malfunctions. In the first case it was assumed that initially the
by-pass valve on HX-1 was fully open with the reactor operating at 70 mw.
The consequences of complete closure of the valve were then evaluated.

In the second case the effects of completely closing the 26" vent line
velve of the steam drum during full power (70 mw) operation were deter-
mined. The results of these calculations indicated that bulk boiling

in the primary coolant would not occur as the result of either valve mal-
function.
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Design Development

Construction Status. The Phase III PRTR contract is about 10% completed
versus a similar amount scheduled. Work has been seriously curtailed
since July 13 because of a construction labor dispute at Hanford.

The contractor is continuing to submit detailed approval information on
equipment and fabricated items. It appears that the mejority of sub-
mittals have been received at least once.

The prime coat painting is 25% completed in Cells A and B. Surface prep-
aration for painting is approximately 85% completed. Final cocat painting
has been demonstrated in the -11 foot level of C cell with evidence of an
excessive number of pinholes. A revised surface preparstion in the -21
foot level of C cell showed fewer pinholes.

The heavy water storage vessel has been placed in position and the struc-
tural steel surrounding the tank is installed. Erection of structural
steel in Cell A is sbout 75% completed.

The helium gasholder has been moved .inside the reactor building and lowered
into the A cell. Installation has not been completed because the sockets
for the gasholder hanger rods were not emplaced into the cell ceiling con-
crete. Means to properly support the hanger rods are being provided.

The Phase II-A PRTR contractor is approximately 85% complete versus 100%
scheduled. The contractor resumed operstions on July 16, 1959, after a
high water condition subsided; however, work was subsequently curtailed
because of a construction labor dispute. The pump base slab was poured,
and the inside forms for the final 1ift of the pump structure were set.

Scope drawing and specifications for design and construction of a 150-foot
ventilation stack with stack facilities (HWS-6346) were completed. It is
anticipated that the stack package will be placed for bid during August.

PRTR Service Building Extension. The detail desigh of the service building
extension for loop mockup space has commenced. Award of & contract to
construct the facillty is scheduled for late 1959. '

Design Analysis. Contracts for performing plping stress analyses for the
PRTR primary cooling system were mailed. Proposals from the three organ-
izations being considered for this work are due on August 3.

A rough draft of a report discussing thermal convection cooling of the
PRTR, with particular reference to the effects of helium dissolved in the
primary coolant, was completed. Certain modifications of PRTR equipment
were recommended.

Programming of the IBM-T709 with flow, pressure, and temperature relation-

ships for calculation of primary coolant transients continued. Analog
computer results were obtained which indicated that the present primary
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coolant system controls will handle all normel operating transients
adequately. Because coolant boiling could not be taken into eccount
with the analog computer, the results obtained for sbnormal transients
lack & degree of realism. However, the anaslog did show that the pres-
surizer gas cushion was lost during some power excursions and heat ex-
changer failures resulted within a few seconds, even if boiling were
suppressed.

Reactor and Process Piping. Inspection of process tubes and prelim-
inary runs of pickling and esutoclaving ere in progress at Hanford.
Inspection data from ultresonic, eddy current, dye penetrant, x-ray
and visual examination are being evaluated on a continuing basis. In
tubes inspected to date, inspection has revealed some surface scratches
generally less than ten mils deep. The importance of these is.being
studied.

Alignment difficulties caused by welding procedures have been corrected
in the fabrication of the process tube inlet valves. The valves have
been inspected and shipped.

Core Components. Fabrication of the PRTR calandria and top and bottom
primary shields ceased on July 12. All materials associated with this
order in the Consolidated Western Steel plant were removed to warehouses
in anticipation of & plant shutdown for the steel strike. At this time
no action has been taken to attempt to complete the order in other plants.

Instrumentation and Control. Minneapolis-Honeywell has currently re-
ceived all components of the PRTR automatic control and reactor radia-
tion monitoring system. Assembly of the equipment in panels and wiring
is proceeding. The system is expected to be shipped on August 31.

Purchase specifications for the rupture detection system were drafted
and are currently being reviewed.

Fuel Element Examination Facility. The design of the control console
was completed. The drawings have been issued for comment.

A recheck of shielding calculations has indicated the need for additional
shielding at one corner of the Fuel Element Examination Facility. The
additional shielding will be in the form of steel plate attached to the
outside wall.

The contract for installation of the Fuel Element Examination Facility
was awarded to the PRTR Phase III contractor after a negotiated price
of $6L,000 was agreed upon. The fair cost estimate was $54,000.

Fuel Handler. Bridge and carriage weldments are complete. Some casks
have been radiographed. Final assembly drawings and test procedures
were received for approval.
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D20 Recovery. C(Calculations indicate that the 15 psi sealing pressure on
the thermal barrier inflatable seal is more then the thermel barrier
structure will support. Means to reduce the necessary sealing pressure
are being considered.

PRTR High Pressure Steam Loop (Project CAH-841)

All sections of the design criteria have been reviewed in rough draft or
outline form; five sections (of ten) have been circulated for comment.

Based on estimates of outer can temperatures in the reference fuel element,
it was decided to immerse the fuel element directly in the test section
sleeve cooling water as the first approach, and to consider the "dry well"
arrangements as an alternate, contingent on the use of & satisfactory high
temperature can material.

Duplimat masters of the text of & document discussing the conceptual
design of a supercritical pressure power reactor, and copies of the
illustrations to be used in the document, were sent to Central Printing.
Issuance of the document 1s expected by August 1.

Rupture Loop Facility

The preliminary project proposal for a rupture loop facility has received
all necessary GE approvals. It has been forwarded to the AEC for their
approvel.

Critical Reactivity Measuring Facility (CAH-842).

Scope has begun on a Reactivity Measuring Facility which will be con-
structed south of the PRTR Load-Qut Facility. The completed assembly
will provide for reactivity measurements of irradiated PRTR fuel elements
in either light or heavy water. Initial phases of the scope under con-
sideration are the fuel transfer system, a variable lattice, and the
reactor assembly details.

Scope has begun on the control and instrumentation system. Present intent
is to obtain bids on & package system, containing primarily shelf stocked
component units.

Plutonium Fabrication Pilot Plant

Phase II Construction. The PFPP (308 Bldg.) has been accepted, with
exceptions, from the Phase II1 contractor, as of June 30, 1959. Progress
of the Phase II contractor on correcting the exceptions was interrupted
for a good portion of July, due to construction craftsmen's refusal to
cross picket lines established against the Estep Construction Company.
Settlement of other exceptions is in the process of negotiation by the
contractor and AEC.
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Phase III Construction. Completion of work under the Phase III contract
is estimated at 69%, compared with 81% scheduled. The electricians'
strike against Estep has seriously slowed the Phase III contractor's
work. Most of the July progress has been made by crafts other than
electrical or pipefitters and has not contributed very much toward the
direct completion of rooms. All crafts returned to work July 27.

The Stokes factory representative arrived oa July 13, the day the strike
started, to check out the 30 kw vacuum melting furnace. He was unsble
to do so and will be rescheduled as soon as possible.

Painters have familiarized themselves with the technique of applying
Phenoline 300 to the point of obtairing reddily acceptable floors.

The remainder of the contractor-procured material that has delayed the
completion of hood testing has bteexn received during the -strike period.
Rapid progress should now be made by the contractor toward the completion
of several rooms.

The remainder of the x-ray equipment has been received with the exception
of the tube stand. The vendor claims to have shipped the complete order,
but a thorough search of the records has shown that the tube stard has
not been received on plant. Considerable effort has been expernded in
trying to locate this item with no results as yet. A GE liaison repre-
sentative has been sent to the factory a second time in an effort to
clarify the situation.

The swage facility, Room 132, was orally accepted, with exceptions, from
the Phaese III contractor om July 6, 1959. An attempt was made on July 2
to accept the room, but electrical corrections delayed the acceptance.
Lack of the Fenwel hood fire alarm sensing elements necessitated the
exceptions, but the elements are now available and should be installed
soon to allow complete acceptance. Development work by operations per-
sornel has been carried on since the acceptance, and Zircaloy clad ele-
ments with stand-in material have been swaged.

The billet lathe in Room 11L4 was orally accepted on July 10, on the same
basis as the swage.

Procurement. The 200-ton campacting press has been received, and in-
stallation is in progress. All oxide line finishing hoods except one
have been received from the Van Vetter Company. The workmanship in
these hoods is excellent, end a close inspecticn has falled to reveal
any defects.

Project Schedules. Partial occupancy of the service wing was made during
July. Additional operating personnel will move in as they are required.

A nev room completion schedule has not been established as yet. The
electricians' strike was of nearly three weeks duration and will postpone
project completion by about the same length of time.
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PRTR Operations Planning

Tritium in PRTR Heavy Water. The expected corcentration of tritium in
the heavy water systems was reviewed with Reactor Technology Development
personnel. Calculations indicate that after a few weeks of operation

the concentration of tritium in the moderator and refelctor systems will
be such that speciaml radiologicel zontrols will be necessary to protect
personnel exposed to Dp0 from these systems. Since the rate of formation
of tritium in the primary D20 system is much lower, special protection
for personnel exposed to this heavy water will not be necessary for
approximetely eighteen months.

It appears that transfer of DpoO from the moderator system to the primary
loop should be avoided to keep the tritium concentratio" in the primary
system to a minimum.

PRTR Handbook. The rough draft of the PRTR Handbook was reviewed and
revised. The final draft is being tyved at month-end. The Handbook
will be issued in September.

Pre-Startup Activities. Outlines of system functional tests were written
and are being circulated to interested parties for comments.

Preparation of lecture material and training aids for the PRTR Engineer-
ing Assistant treining program is complete.

The recently devised valve identification system was implemented during
the month to aid ia identifying valves for training purposes and in
operating procedures.

A revised PRTR drawing list was issued to all interested persons.

Several sections were written for the PRTR Safeguards Analysis. These
include: operating program, organization for operation, training program,
functional tests, operating procedures, and evaucation procedure.

An evacustion procedure, to include the PRTR, was agreed upoz in meetings
with the Fuels Preparation Department personnel responsible for evacua-
tion plan revisions. The emergency communication system will utilize a
new unlisted telephone in the 300 Aresa Patrol headquarters.

The need for nuclear incident alarm devices was reviewed with HLO
Radiation Protection Operation. As a result of this review, it was
recommended that three such alarms be included in the FRTR.

To insure equipment installed by the Phase I and II contractors remains
in serviceable condition, the Phase III contractor must operate the
equipment periodically. Procedures were written to assist the contractor
in properly operating the following equipment: air compressors, water
chillers, hold-up tank pumps, service area heating and ventilating
system, process area heating ard ventilating system, diesel genersator,
deep well pump, battery equipment and process water pumps.

12u400b1
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Design liaison effort during the month included review of the rupture
monitor mechanical and electronic specificeations, safety and containment
circult revisions and experimental cell access port cooling system.

Bi-weekly meetings were initiated to plan the physics startup tests for
PRTR. An outline of proposed tests will be completed August 15 for in-
clusion in the final Safeguards Analysis.

PRTR Data Processing. A report, HW-60987, "PRIR Deta Listing', was pre-
pared. This report indicates all operating data which may be recorded.
It was prepared as a step in the preparation of Data Processing plans
and to aid in development of operating procedures. An estimate of justi-
fication for data logging equipment was prepared. Partial justification
can be derived from manpower savings; further intangible benefits were
defined.

Construction and Procurement Liaison. A major portion of the Phase I and
Phase II BPF data has been received and cataloged. A considerable amount
of data concerning mechanical equipment is still lacking. This information
has been requested since a complete blue print file is essential.

Cost control procedures have been reviewed with FPD Maintenance to insure
no problems would be encountered later in obtaining cost breakdowns be-
tween repairs and new work for the various systems within the reactor.

PRTR Staffing. Ninety percent of the non-exempt Engineering Assistants
have been chosen; two more remain to be picked. They will report to PRIR
on October 5, 1959. ‘

2. BASIC SWELLING STUDIES

Irradiation Program

The first completely assembled temperature monitored capsule containing
natural uranium spheres 1s now being tested in the laboratory prior to
in-reactor tests. The purpose of this test is to determine the heater
capabilities and instrument response characteristics on the completely
assembled capsule.

Components for seven additionsl temperature monitored capsules are on
hand and assembly of a second capsule 1s under way. This capsule contains
spheres of three percent enriched uranium. Information for the prepara-
tion of the in-reactor production test document is being obtained. Cal-
culations to determine the irradiation effects on this specific capsule
design are in progress.

Mechanisms and Theory

A knowledge of the mobilities of rare gas fission products through uranium
is important in understending the mechanisms of pore formetion. 1In
laboratory studies, rare gases are introduced into the uranium surface by
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electrical glow discharge (sputtering). The amount of xenon deposited
in e uranium surface under various experimental conditions is presently
being determined.

Optical and electron microscopy are being used as a direct means for
determining the size and distribution of pores in irradiated uranium.

To determine the effect of cathodic vacuum etching on pore size in
irradiated uranium, & sample containing pores was first replicated in
the as-polished condition, etched 20 minutes, again replicated, etched
for an additional 70 minutes, and replicated for & third time. No pores
wvere found on the polished surface due to the large amount of flowed
metal present. After the short etch, some of the larger pores were
visible, but smeared metal was still mesking the smaller ones. It was
not until after the second etching operation that the worked metal was
eliminated, allowing the smeller pores to also be detected. Statistical
analysis by operations research will disclose the effect of etching on
pore size.

The distortion assoclated with the replication of pores is being studied
by means of pseudo specimens. Statistical analysis of micrographs pre-
pared from O.l4 micron polystyrene spheres embedded in an epoxy resin
shows the presence of a higher population of smell spheres present than
a randam section should contain. This may be due to the extrusion of
the replicating plastic es it is pulled from a pore which has its center
below the cut section. This study will continue, utilizing spheres of
various sizes.

A sample of uranium irradiated to & burnup of 0.4 a/o has been annealed
at 700 C for 100 hours. Replicas of this specimen have been examined
in the electron microscope to determine the extent of porosity. A great
- number of irregular shaped pores were found, thus lending credence to
the low density value of 15.22 g/cc previously reported. A comparison
of the observed density with density velues calculated fram void fractions
will be difficult because of the irregular pore shape, but estimates will
be made. The range of pore size is 0.2 to 10 microns. Wide bands, free
of gas pores, were slso observed in the electron microscope. These bands
are believed to be grain boundaries because of the polarizaetion effects
noted on the optical microscope. Further studies, including auto-
radiography of these replicas are in progress.

An impact specimen of uranium irradisted at e temperature of less than
300 C to a burnup of 0.1 a/o has been snnealed for 24 hours at 600 C.
Replicas of the fractured and polished and etched surface discloses no
chenge in the 300 ' pore size.
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3. GAS COOLED POWER REACTOR PROGRAM

Graphite Studies

PRTR Pressurized Gas-Cooled Loop Facility (CAH-822). An order was placed
with Struthers-Wells Company for design and fabrication of the out-of-
reactor portion of the pressurized gas loop facility to be installed in
the PRTR. Their bid of $385,000 compares favorably with a fair cost
estimate of $420,000.

Testing of critical components of the gas loop is under way. Welding
tests are being mede on several different types of "super-alloy" strips
under consideration for the gas loop. Two flexible connectors have falled
in test; the first due to malfunction of these equipment, and the second
after 1000 cycles at 500 psig and 1200 F. Two more connectors of this
type remain to be tested after which alternate devices will be tried.

Graphite Oxidation Studies. Hollow cylinders of graphite, heving approx-
imately three times the sufface to volume ratio of the previously utilized
solid cylinders, are being used to study the surface to volume ratio
effect on oxidation rates. In flowing COo &t temperatures between 700 C
and 850 C, the hollow cylinders were found to oxidize from three to ten
times faster than the solid cylinders. From these preliminary studies

it appears that the oxidetion rate is not uniform throughout the body
even with the small 0.42" diameter cylinders that were used.

Microwaves can be used to generate oxygen atoms end ions in COp and simu-
late the effect of radiation in msking COp more reactive towards graphite.
In order to determine the oxygen atom concentration in the COp, the gas
1s titrated with NOp. The fast reaction of O + NOp 3  NO + 02 is
succeeded by the slow reaction O + NO _____59 NOo + h4/, and the intensity
of the emitted light is used to follow the progress of the reaction. It
is necessary to measure flow rates of the NOo and COp accurately. A
simple device has been constructed which measures low flow rates by ob-
serving the volumes swept out during measured time intervals in a cali-
brated tube by soap films. This device is being used to calibrate rota-
meters for low flows.

Permeability of Graphite. The apparatus for measuring the permeability
of the median range of "impermeable" graphites was calibrated for volume
and lesk tested. The pressure decay curves were semi-exponential as pre-
dicted from theory. Helium and COp were utilized, end it was noted that
the helium passed through the graphite several times faster than the CO,.
The lesk rate around the graphite sample with helium is in the range of
1072 em2/sec (permeability units). Although this is allowable for the
present measurements, it will cause difficulties with the more imperme-
able graphites. The apparatus is being redesigned in an attempt to reach
zero leak. ‘
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Surface Area and Pore Size Studies. Sixty percent of the time required
for surface area determination is spent in outgassing (about three hours
per semple at 350 C). Up to the present time the outgassing has been
done in the surface area measurement chamber with the result that only
one sample at a time could be handled. It has beea found that several
samples can be simulteneously outgassed in a separate chamber, cooled,
and transferred (one at a time) in air to the surface area equipment
without affecting the experimental results. This new procedure is ex-
pected to at least double the capacity for making these measurements.

Graphite Outgassing Studies. A study has been made to determine if sig-
nificant emounts of gas are adsorbed on graphite at room temperature,

since adsorbed gas can result in uncertainties in the interpretation of

the high temperature irradiations. A second outgassing of graphite at

975 C for eighteen hours after éxposure to room conditions for twenty-

four hours yields about 46 percent of the gas volume desorbed during the
first outgassing. This fact points to the importance of minimizing contact
between the samples and the air after the initial outgassing. A CO to Hp
ratio of approximately one was observed during the second outgassing. These
gases are probably formed by the reaction of adsorbed atmospheric water and
graphite in the reaction Hp0 + C = H + CO.

Gemma Irrsdistion Facility. The 15,000 curie cobalt-60 source was re-
ceived and placed in the gemma irradiation facility. The stainless steel
encased cobalt rods were arranged in an underwater source holder to enclose
a volume five inches in diameter and eighteen inches high. Irrsasdistion
damagg to plastic samples irradiated in the dry tube indiceted a dose rate
of 10° r/hr. The source is being more accurately calibrated with ferrous
sulfate and ceric sulfate chemical dosimeters.

D. CUSTOMER WORK

Radiometallurgical Exeminations

Nickel Plated Elements. Three nickel plated, C-64 jacketed, I & E, natural
uranium, Hanford production fuel elements, irradiated to epproximately

koo MWD/T, were selected from material irradiated under PT-IP-207-A by
personnel from Reactor Engineering Operation, IPD. The slugs were trans-
ferred to the Radiometallurgy Laboratory for detailed examinatiom to evaluate
the nickel plate. The three slugs represent three types of nickel plating --
chemplated 0.0005", electroplated 0.001", and chemplated 0.001". Visual
examination of the 0.0005" plated slug showed the nickel plate to be intact
over the entire surface of the slug with the exception of ome-fourth inch at
the female end. A "hot spot" was seen which was approximately one and one-
fourth inches wide and extended from one-half inch fram the female end to
the midpoint of the longitudinal axis. Orientation of the "hct spot" was
not possible as rib marks were not visible. Detailed examination of can
wall sections showed that a "side hot spot"” rupture was probably averted by
the presence of the nickel plate. Advanced spheroidization in the A1Si and
extensive Ni-Al diffusion show that the maximum surface temperature was at
least 40O C in the hot spot. The Ni-Al bond exhibited high integrity over
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the slug surface with the exception of the femele end. Seversl small mounds
in the nickel, approximately the size of a pinhead, were observed near the
female end. The mounds appeared to be associated with the poor bonding in
that location of the slug.

Examination of Naturel Uranium I & E Fuel Element. The natural uranium I & E
fuel element clad in X-8001 aluminum from tube 2762-D was sectioned in the
badly pitted area agein, and metallographic studies were made. The pits in
the can wall went through the X-8001 aluminum, AlSi, bond area end into the
uranium, although the element had not been discharged as a suspected rupture.

Two pieces of can wall were removed from one trensverse sample of this element
for chemical enalysis. One piece was teken from the corroded side and con-
tained 1.45% nickel and 1.37% iron. A piece from the opposite side contained
1.36% nickel and 0.623% iron.

Metallography Laboratories

One complete set of Syntron vibratory lepping machines has been installed in
each of the two Metallography Leboratories. All accessory equipment is now on
hand and the units have been fully tested.

Samples Processed During the Month
Total samples processed: 325

Photographs

Micrographs 189
Macrographs 89

278

Fo MW//

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

MONTHLY REPORT

JULY 1959

FISSIONARLE MATERIALS - 2000 PROGRAM

REACTOR

STUDIES RELATED TOQ PRESENT PRODUCTION REACTORS

lat~tice Neutron Temperature Study

Experiments tc determine the feasibility of using lutecium fcils. tc measure

the effective neutron temperature have continued. Foils, 8 mg/cm2 thick,

were irradiated in & monoenergetic beam of neutrons of energy C.lk ev.

The activity produced by the 0.1lL ev resonance neutrons had a half life of

7 days. Therefcre, this experiment corroborated the fact (repcrted in BNL-

325) that the resonance st 0.1l ev belongs to the cross section ef L6,

It appears, then,thatthe Lu 175 cross section has resonsances which, in a

reavgcr spectrum, wouwld shield the foiis more effectively than these of the
crass section. This fact is also evidenced in cadmium ratics obtained

in the irfternal column of the TTR. These ratios were L.68 % 0.05 and

(L.1 + 1.3) x 102 for the Lul75 and Lul76 isotopes, respectively. Cadmium

retios of sther elements were also obtained. The results of these latter

measaremerts will be repcrted next montk.

The branching ratio for beta decay of lutecium 176 is not known. This quantity

12z necessary fcr the determination of the activation croes section. Its de-

termination would make poesible the measurement of neutron temperatures with-
zut first running a series cof calibration experiments in a heated thermal

cclumn. The calibratiorn experiments would be reguired because ¢f the varisus
cunting methodes and counting efficiencies in use.

The dodble-focusing beta-ray spectrometer is ideally suited for the investi-
gation c¢f the bveta decay of lutecium. For this purpose the spectrometer is
being reactivated. The equipment has been assenbled, and some of the instru-
nments checked out. A few ¢f the pleces necessary for the operation cf the
spectrometer could not be lccated. Plans are being made for the fabrication
of the missing units.

Neutrcn Temperature Coefficients

An TEM 709 program to generate a nuclear data tape has been written and de-
bugged. Wcrk has begun on a program to up-date and correct the nuclear dats
tape.

Cross section data for approximately ten elements has been processed and is
teing keypunched. Subroutines to generate a file of microscoplc cross seztions
from punched cards, and to print out the contents of the cross section tape have
beer completed and checked out.

1240051 DECLASSIFi g
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The best chcice of & trial function in a variational principle was investigated
under the assumption that the adjoint function can be approximated by a polynomial
cf degree n. It was found that the parameters in the trial function are then
determined by the condition that its first n moments be given correctly. This
result was applied to theestimation of the effective neutron temperature in an
absorbing medium. A plot has been made of the ratio of neutron to moderator
temperature as a function of za/gzs for the moderator.

A thermocouple-recorder system for use in the temperature ccefficient measure-
ments has been calibrated over the range 0°C to 625°C.

Thermal Neutron Flux Spectrum Near a Temperature Disccntinuity

Debugging has been completed on the modified SYZYGY progrem for calculating
the analytical flux spectrum and the normalized 1/v reaction rate with net
current flowing across the plane interface. The results of a few sample cases
chow the expected spatial shift of the transition region in the direction of
the neutron currernt.

The modified Fz, able tc handle two thermal grcups, was compiled several times
and several debug runs made. The program was miscompiled (machine error) once.
The other problems have been caused by intervel cycling of the IBM-T709. Whether
this is due to programming or compilation errors is not known. The program was
modified tc permit mcre complete output of intermediate results, and debug runs
are being made daily.

A sumeary of past work has been submitted to the ANS for inclusion in the
1959 Winter Meeting. A manuscript for publication in Nuclear Science and Engi-
neering is in preparation. :

Work is currently proceeding toward the design of cylindrical graphite, water
and fuel regions in the PCTR core to investigate more complicated geometries,
moderators, and fuel systems.

Instrumentaticn

The stack gas effluent monitor is still in operation at 100-F. In general
operaticn, the circuitry is adjusted to count the I13) photopeak (36h4 kev).
Four charts have now been run with no readings cbtained over about twice
"normal" or instelled background. The instrument will beleft in service with
some coordination neczessary with 100-F Area personnel to inform us when a fuel
element rupture has occurred in the F reactor.

The circuitry for input logic, megnetic core drives for reading in and read-
ing out of information (including horizontal and verticel line drives and
inhibit drives) has been completed in the simple computer. These units are
transistorized with the exception of a sequencing pulse string. The horizon-
tal, vertical, and inhibit lines are driven by transistor switches rather than
transformers. Considerations are being given to output logic circults to per-
form the arithmetic operaticns for which this particular application of mag-
netic core storage devices was devised.
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Two cf Westinghouse's miniature sclid-state neutron detecters (for slow neutron
flux measurements) are being purchased for evaluation purpcses and pcssible
initial application in the PCTR. The expected characteristics for this detec-
tor are as follows:

1. Water tight

2. Sensitivity: 0.5 x 10°% eps/nv (thermal)

3. Maximum diameter (except at comnector end): 80 mils
4. Life: 1013 nvt minimum

5. Operating temperature: 75°C maximm

With this device, the flux at a given pcint in the PCTR versus centrcl rod pesi-
tion c¢udd be measured.

The experimental investigation c¢f optical techniques for measuring ir-reactor
grapnite tempersturs continues with develcpment ¢f s suitable sensing head

for measuring cclor temperature in the range 500 to 100C°C. Study ¢f *he char-
acteristics of arsenic trisuaiphide indicates that it can be used in conjunctisn
with a lead sulphide phctoresistor to obtain a narrow band wavelength filter

in the regior between two and three microns. The response cf lead sulphide
cells to radiation from a tungsten filament was studied. The temperature of
the tungsten filsment was measured with & thermocouple. Usable responses Were
measured belcw 500°C as well as in the range 500 to 1000°C. A mockup unit is
now being assembled to determine the sensitivity tc cclcr temperature variations.
Indicaticns are that the Radistion Reference standard needed for this work will
not be received until the first week in August.

STUDIES RELATED TO FUTURE PRODUCTION REACTORS

Exponerntial Pile Messurements of Large Diameter Fuel Elements

The series of material buckling measurements on lattices using 1.92-inch diameter
30114 fuel elements has been completed. Final buckling values not previously
reported are given in Table I along with cther pertinent information.

TABLE I
Lattice Buckling Side-~Side Vclume Ratios
Spacing (20-6 em-2) A (Inches) Al/U E0/U C/U
12 3/8 wet + 34 2.11 0.264 0.288 51'.,51
12 3/8 ary + 102 2.25 0.26L - 51.31
10 3/8 wet + 70 1.56 0.264 0.288 35.60
10 3/8 ary - +127 1.50 0.264 -- 35.60

»% is the extrapolation length. The same front-to-rear A of 1.03 inches was
used for all lattices.

The buckling measurements cn one lattice using a 2.5" x 2.0" with 1.66" x
1.1" tube and tube fuel element are complete. Final bucklings are listed in

Tz EASS D
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TABLE II

Lattice Buckling Side-Side Velume Ratios

Specing (10-6 cm=2) » (Inches) AL/U  Eo0/U  C/U

14 9/16 wet - 123 2.25 0.487 1.080 68.48

14 9/16 ary + 55 ' 1.79 0.487 -- 68.148

The front-to-rear A used was 1.03 inches.

A nevw series of buckiing measurements using a tube and rod fuel element has been
started. Results of the first measurement are given in Table III.

TABIE III
Puel Lattice Buckling Vclume Ratios
Elerent Spacing (20-6 cm-2) AL/U  HO/U C/U
2.5 x 2.0 14 9/16 ary + 74 0.305 -- 51.25

with 1.17 solid

The buckling value quoted in Table III is tentative based on an estimated side-
extrapclation lengtk of 1.66 inches. The final buckling will be reported after
analysis of horizontal traverse data.

A new CCFIT prcgram to analyze horizontal traverse data has been written and
debugged. The program is now being rcutinely used for analysis c¢f all horizon-
tal traverses.

Further studies have been made on the problem of determining extrapoclation dis-
tances. The cadmium ratio has been measured in several horizontal traverses

tc determine the lateral extent of the region of constant cadmium ratic. Gen-
erally oniy the cuhber points near the last process tube had & different cadmium
ratio, whkich would indicate that these cuter points should not be used in the
Ccsine fit t5 determine the extrapolation distance.

Herizcntal traverses taken at different points in the cell have indicated that

A 1s definitely a function of the position in the cell where the traverse is

taken. 1In one lattice the traverse at the corner of the cell was fitted by

A =1.96", while the traverase taken directly between process tubes was fitted

by A =1.50". This could be a significant factor in evaluating past buckling meas-
urements, since past traverse locations were determined more by experimental
ccnvenience than consistency.

The variation of A with the height of the horizontal traverse has been studied,
but not completely anslyzed.

It appears that workers in Sweden are having the same trcuble with A that we are
experiencing. They use a DoO expcnential tank orly 1 meter in diemeter and ana%yze
the data with a thecretical A. Their results show the bucklings about 30 x 10~
cm=2 high compared to critical measurements at Saclay. A difference of

1.1" in M would account for this discrepancy. Since the theoretical X

for Do0-U systems is about 0.5", they need a A of 1.6" to get agreement with

1240054
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critical measurements, and a A of 1.6" would be right in the middle of the range
cf M's we are measuring in the present series.

PCTR Measurements of La*tice Parameters of Large Diameter Fuel Elemente

a'c

oo and f Measuremerts for Selected Cluster Elements.

Preparations for the measurement of ke and £ for a T-red cluster of 0.920"
naturel uranium rcds in a 7" graphite lattise are almcst complete. This will
be a negative kex measuremert to test the feasibility ¢f such measurements

ir the PCTR. The cluster will be enriched up t¢ ke, = 1 with J metal placed
&t the edge of the cell. The J me%al lcoaticn has besrn changed from the
previcus plan of wrapping it arcund the process tube; since it was found that
changes in p and € due tc the J metal are more easily interpreted in the

ney location.

The IPD =zurvey ccde predistions were compared with the exponential measure-
ment on +the natursl cluster and the PCTR messurement c¢n the enriched cluster,
both at 7" lattize spacing. The calculation on +he exponerntial messurement
was 3 mk higk and wculd be expectel to be 7 mk high fir 2 PCTR messurement
cr a natural cluster, cince ko, from expcnentials has bteex typically L mk
gbove PCTR measuremernts. Tre calculation on the PCTR measurement for the
erriched cluster was 19 mk high, sc the residual 12 mk must be & combination
¢t experimentsl errcr and imprcper thecretical treatment cf the enrichment.
Trese factors are of major interest since the Swvey Code is used in predic-
tiscs invelving ernriched cluster fuel for the NPR.

PCTR Measurements on Sciid and Tube-and-Tube Fuel Elements

Dezign of the lattice and fuel elements is priceeding for measuremert of
kwy, Ty I, and € for a 2.5" diameter solid element; &and a tube-and-tube
element using & 1.66" x 1.1" tube irnside a 2.5" x 2.0" tuve, btk in &
10 1/2" lattice.

Extrapclation of buckling measuremen*s combined witkL the:retical rredic-
+icns indicates that the tube-and-tube will have k, sround 0.67 with water
coolant.

Improvemert of Methcods for p and € Measurements

Studies on cbtaining scirtillation counters with uniform effliclency across
the central region of the face have been extended t3 the 1/2" x 5" crystal
and a 1" x 3" crystal. The response cf the 1/2" x 5" crys*al was satis-
factorily flattened, but thie required many ebscrberz. The 1" x 3" was
fiattened only over 1" of the face, requiring & stack cf abscrbers absut

1" high. As a result of these studiez, a 2" x 5" crystal has been crdered
for future use in counting large folls vhese activity is non-uniform.

F2

An investigaticr of the avallability of additicnal highly depleted foil
revealed that no more is available, and that producticrn <f additicnal material
would icvclve prohibitive cost. However, Oak Ridge cean reclaim quantities

of uranium as smsll as 1 gram, and thev ccuid probably reprocess our depleted
i1,

1240055 | AT —
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Fuil Scels PCTR

A tentative physical lsycut of the Full Stale PCTR has Dbeern ccmpleted.

Critical mass calswlsticcs are ir prigress whick ircluie the urapium irn the end

reflecters 65 well a3 the drivers. The results will bte normalized upon a I>m-

pariscr of the experimental ard caliulsted velugs for trke present PCTR in order
> increase the accuracy of the caloulztizns,

Effect of Ab:orbirg Oviinder crn Thermal Neutrcn Flux Spectrum

Invesigatiin oirtinues of ths effect <f ar abs:rbirg rod cr the thermal
pedtror fiux irn ar infinits, zirabscrbing mederatzr. The cosfficlents of

the analytiz =1luviiz are bairg svaluatel unler the assanption that the

CF e rii Liackrs:is varses liresrly with ensrgy. This assumpticn

tee attraztive featurez of baing reas:inably realistie physizally
-

3

vle mathema
sonskip for thne ciefficisnts. A program for ramericsi siluticr cf tris
rezursicr firmiiz w8z beer writter ard zompiled and iz row teing dsbugeed.
Prelimirsry ka-i calslatizos indicate thav cinverger.e Alffi.uities may te
prezernt, scd means of swmounting ther are teing irvesz+igst=4d.

T3 “3:a2ly. The mathemetizal re:llt i3 & thres-term recur-
—_ - - -
2LCOL rela™

v

Crmputs®iciral Programping Services

Tre Exp:nertisl Data prigram iz cperstirg zatisfactorily. Input-outpulb format
~herge:z iri*iatai last morth are wirking arni ths prograr is in use. Some modi-
fi-aticrs oT the Cofit program have besr mads and it 1z ciniitiomally cperational.
A rep:rt cr. tri: program has besr written and 12 being prepared for publizaticn.
The ir:omplete gamma fanstics sotroutice 1z ready for use pending & descoisicn
regaeriing the range <¢f argumerts t2 be permitted sach approximation. The
preeibility cf = program t: extend the sffestive FORIRAN memcry of the 709 is
eing exploreld.

A Program for Aralyzing PCIR Deta

The foil ds*a provessing priograw is in the debug stage. A cembiratize of
programrer end IBM-709 errcrs hes coctributed t: the delsy. The prigrac shouw:d
te avaiiatle for producticr use shertiy.

A sLort progrem ws: written ss an aid to redustion of data taken in temperat.re
ccefficient messurements. Temperature rsadings from twelve thermoscurles
atteched tc & Broém rexorder are sralyzed. The presert program rsads in
tempersature reasdings as a funciizr of time and interpolates tc prepars & table
o temperetures as they would have read had they teen recorded simltapesusly
at one mirute intervale. +a for a test case are beirg keypunched.

Inproved Msthcds of Rezcttor Parameter Caloulstions

Numerical compariscn of metheisz used in +he calouiaticn of effective valus: of

diffusion cceffisiert snd diffusion length fir a simplehstercgensous system
consisting of a sciid roi ¢f natural ursnium in s graphite mcdsratir has been
ccmpletad. Results will be presented in the Nuclear PLysizs Rezearzh Quarterly
Rep:r+ for April, Msy, and June. At prezent, a compariscrn betweern the lattice
parameters as calzuiated by the IFD "IDIOT" program snd the IFD Survey Jile 1=

1260056 w-—
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belng made for cluster; rcd-and-tube, and tube-and-tube elements.

Irstrumertation

A prcposed new idea for a pessible fuel failure detecticn system for the NPR
has beer favorably received ard is being included in the Design Criteria tezing
prerared by CEO. This system has a primary mcnitor which mechanically scans
the gross gamma activity of 100 samples of coolant with one detector at a rate
sufficiently rapid to be the equivalent of continucus monitoring with 100 de-
tectors. Calculations based on experimental data irdicate this system would
have suffizient sensitivity to detect, within €0 seccnds after failurs,
failures which relesse at lzast 100 milligrams per minute ¢f urenium and
fission products. A secondary moritcr uses methods c¢f gamma-ray energy spec-
trcoscopy te monitor each sample at least once every forty minutes with higher
senzitivity. This can be used to detect and give warning of "slow leaker"

cr "pichcie" type failures, for corfirmatiorn cf primary monitcr signals, and
for identifization of unusual non-flssion-product sctivitiss in the ccalant.

A program fir devslcpment of demonstraticn prototypes of this system is being
prepared. Comparzd t2 slternate systems which use individual detectors tc
menitir samples from each process tube, this system offers oppertunity for
very zubztartial initisl ard opersting ccst savirgs; improved reliability, and
reduced amtiguity of interpretaticn.

A repcrt is in preparatiﬂr on the principles of instrument reliahility to pro-
vide & better understarding of their applicability at Hanford.

s2ibls appliczatior of two new types of ccrtrol systems tc reazters is
under study. One is the sampling &t discrete intervals rather than the con-
tinucus measurement of the cocntrolled element. The other is the use of
adaptive comtrols in which centrol characteristics sutomatically change
ag a funzticn of system response.

STUDIES RELATED TO THE NEW PRODUCTION REACTCR

Gamma Prgd‘cticn and Penetraticn in Borated Steel

A slow neutron source was used to measure the resuitant gamma spectrum and
irtensity produced in beam geometry through samples cf berated steel. Samples
¢f varying thickness ¢f steel with different types and amounts of boraticn
were compared with mild steel f:ir the resultant gamma radia*ior. spectrum and
intensity. 1In genersl, it was found that the additicn of 1.5 percent beron
to the steel reduces both the hard ard soft gamma radiaticn from the surface
by & faster of approximetely six. In ccntrast, the addition of a borcn

fritt layer to mild steel had a relatively small effect. An infcrmal report
or. thiz study iz being prepared.

Mechanism of Graphite Damage

Exposures of Kendall ccke graphite samples to electron beams were extended
tc higher values. The first sample, irradiated to.a total cf 5200 micro-
ampere minutes, showed no expansicn within the limits of detectability of the
equipment. A second expcsure, to 15,000 microampere minutes, alsc showed no
detectable expansion due to radiation damage. Both samples were cocled to
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near liquid nitrogen temperatures during expcsure tc reduce the effect of anneal-
ing by heating in the beam.

STUDIES RELATED TO SEPARATIONS PLANTS

Anslysis of a Pcssible Nuclear Incident

A study cf the possible consequences of a maximum credible incident in the Redix
dissolver has been completed.

Three types of incidents were investigated. The first type consisted cf &
single burst occurring in a localized region of sbmcrmal sslution concentraticrn
in the dissclver. Pollowing the initial burst the action of radizlytical gases
would mix the system thus reducing the abnormel corncentration.

This type of incident would be similasr t¢ the Los Alamog incident of December
1958. The burst would involve approximately 1.6 x 1017 fissicns and would last
for approximately O.4S sec,

The seccnd type of incident considered was that resulting from a supercriti-
cal cerndition in the dissolver in which the excess reactivity was very small so
that the period or e folding time for power increase was much longer than the e
folding time for heat transfer from the fuel elements. Under these conditions
the :yztem would boil until erough moderator-reflector had been bolled away to
terminate the reacticn. Assuming a reduction in moderator height c¢f 1 cm fa
terminste the reaction, this incident would involve approximately 2.9 x 10
fissicns and would take approximately 37 minutes to heat up and approximately
70 minutes tc boll away the necessary moderator-reflector. During the boiling
stage the system would operate at a pcwer level of approximetely 17 kw.

In the third type of incident the dissclver was loaded with fuel elements.
Additional material was added to meke the system prompt critical or near prcmpt
critical, the importent point being that the e folding time for power increase
ie much shorter than the ezgclding time for heat transfer from the fuel elements.
A burst of sbout 1049 - 10V fissions results, however, almest ail the heat
caused by the incident (89% cf the energy release) is retained in the slugs.

As a result the slug temperatures rise very rapidly and severe exothermiz chemi-
cal reactions between urenium and water and aluminum and water result. The
nuclear reaction would probably end here due tc the expulsion cf mocderater-
reflector from the system as a result of the chemical action; however, the chemi-
cal reactions would probably continue. Very little experimental data are avail-
able concerning these exothermic chemical reactions; however, there is availabls
an energy release of L x 107 kw-sec. which would be sufficient to rupture the
dissoclver ard cause severe damage to process lines and possibly the dissclver
cell. ' :

The third type of incident is then considered to be the maximum credible
incident.

Due to the uncertainties which exist in calculations of this kind and ir the
assumptions concerning the burst mechanism these results are only qualitative
and give perhaps no more than an order of magnitude for the number of fissions

in fach caie. ] 2 Q 0 U 5 8
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Critizal Hazsrd Specificaticons

Nuclear Safety in 23L-5 Building Processing

The fzllowing is a tabulation o¢f the estimated critical masses for plutonium
netel -plutcnium sslution systems in spherical gecmetry. The recults are based
on a two regicr-one group methed previously used. The correspending equiva-
lent cylirder diameters are slsc given. The calculations are based cn pluton-
ium metal surrounded by "szluticng" of plutonium polymer.

Critical Mass

Sphere Diametear Cylinder Diameter {Metal + Solutior)
{Inzhes) (Inches) (kg Pu)
.09 2.5 5.85
L.8&3 3.0 4.50
5.57 3.5 3.65
.29 4.0 3.00
7T 5.0 2.00
9.12 £.0 1.15

Tre critizal mass of 1.15 kg Pu in a 9.12-inch diameter srhere contsains
essentially n: Pumetal. This critical mass is essentially egqual tc that
derived f:ir p:lymer»water systems in water-reflectad spaeres of this size.

Plutzrpiun Criftical Mass Facility

Cznstructicn was halted on the Piutonium Critical Mass Facility (Prcject
%-731) durirg abcut 60 percent of July because ¢f the strike situation. It
is repcrted that the nirmal complemernt of construction perseonnel returned to
wirk cn July 3C. Despite the werk stoppage the contractor is presently on
schedule.

The 234=5 Develcpment Operation of Ressarch and Ergineering, CPD, has pre-
rared small samples of Pualz in pclyethylene, paraffin, and methyl methacrylate,
prelimirary t: the pctential needs cf the Critical Mass Pezility for larger
quartities cf this kind of material for critical mass experiments., Data f:ir
some f these samples are giver below:

/P

Pa0z - Methyl methacrylate - 1185 gm/L 15
PuO; -parsffin - 1680 gu/L 15
PuOp -pclyethylene - 1800 gm/L 15
PuOy ~-pclyethylere - 2300 gm/L 10
PuO, -pclyethylene - 3100 gn/L 5

Of particular interest in the critical mass program is the minimum cfiti:'
dimensions for Pu oxide water systems in which the plutonium density in the
siurry has a maximum of 2-4 gm/cm® with H/Pu ratics in the regicn of 10-25,

1240059 DEL‘M%%@ TR
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since the mixture of optimum mcderation fcr a plutonium precipitate (polymer
formation) is thought to occur in this region. PuOp-CHp mixtures are being
considered as a possible substitute for the plutonium precipitates in these
experiments.

Criticality Studies in ngport of Processing Power Reactor Fuels

Exponential and critical approach measurements were continued witk the 0.600-
inch diameter rcds of 3.063 percent enriched uranium in water moderated and re-
flected systems. The expression which gives the critical buckling from the
exponential measurement mey be equated to that which gives the buckling from
the critical approach measurement sg as to yield values of both the extrapola-
ticn length (A) and the buckling (B=). 'The relationship whizk exists between
the two formulas is as follows:

2.1+ou8>2_ 1€ | feaas) |, r \
2 ) 8 Forh) * (e

R is the radius of the lcading in the exponential plle, ard b,y is the measured

relaxation length. R, and H are the critical radius ard height as determined
c

from the critical approach.

The exponential measurements were made witk fuel rods 32 inches in length; these
rcds were encased in 1/32-inch wall lucite tubes. Relaxation lengths and radii
from the exponential measurements are given in the following table:

Lattice Relaxaticn
Spacing B20/U " R Length
{Inches) ’ (Volume) (Cm) (Cm)
1.200 3,41 13.10 35.58
1.300 ‘ 4.18 13.54 35.05
1.520 5.18 14.79 L1.24
1.600 6.84 17.20 37.99

As a safety precaution, prior to conducting the exponential measurements &
critical approach was made for each of the lattices with the 32-inch lcng fuel
rods. The lattices were loaded to within 96 percent of the critical number as
predicted from the inverse multiplication plots. The following critical mass
values were determined for the 32-inch fuel rods.

Lattice Critical

Spacing Bx0/U Neritical Mass K

(Inches) (Volume) (Fuel Rods) (1vs.) (Cm)
1.20 301 79.9 495 1%4.30
1.3%0 4.18 Ts.1l 459 1k.92
l.u2 5.18 73.8 457 16.27
1.60 6.8k 82.4 510 13.37

The extrapolation lengths and bucklings as determined from the exponential and
critical approach measurements are given in the following table:

1250000 |
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With Critical Apprzach With Critical Approach Data
Data*#* for 16-inch Fuel Rods for 32-inch Fuel Rods
Lattice ' 2 2
Spacing H,0/U A B p ) B
- (Inches) (Volume) (cm. ) (Cm™= x 107°) (Cm. ) (cn~2 x 10-6)
* 1,000 2.06 6.30 14,656 5.96 15,225
* 1.100 2.7 6.50 14,885 6.60 14,720
1.200 3,41 5.82 15,365 5.€0 15,755
1.300 4.18 6.18 14,057 5.94 14,426
1.420 5.18 5.84 13,000 5.93 12,872
1.600 6.84 5.hi 10,590 5.36 10,461

¥ Measurel the previcus month.
#% Critical apprcach data for 1l6-inch fuel rcds wsre cbtained previcusly.

The results fcr A azd B2 asing the criticsl approach data for the 32-inch fuel
rods must be qualified since it was necessary %o support the core directly on
an sluminum plate bacause of lack of rocm. This interposed about 1/2 ingh f
aluminum between the core and the bottcom water reflectcr. In additicn, the
critical dimensions of the lattizes with thel€-inch fuel rods were more
amenatle to the analysis resulting in smaller errcrs for L. Because of this
the values for M and E- as calculated with the criticality data fcr the 1€-
inch long fuel rods are considered more accurate.

The errcr in A appears tc result primarily from the uncertainties in the ex-
pornential measurements rather than in the uncertainties from the critical
spproach measurements.

Miscellaneous Experiments for Nucliear Safety Speczifications

A re-evaluation of the ke, measurements on UOz-H,0 mixtures cf low enrichment
is nearly ccmpleted. A tctal of 1L ke measurements involving 37 different
reactivity coefficients in the PCTR are involved in the re-evaluaticn.

All experiments are being re-examined and ke recalculated in view of the
information obtained from the recent measurements ¢f the adjoint ratic
m.l/ﬁ2 ir a mixture of 1.006%-enriched UO3 and HoC with ar H/U atomic ratic
of 4799.

This experiment showed that the ratic ml/m2 in the mixture in the PCTR was
matched to the /m2 characteristic of the system U0z + H,0 + containers

for the same coﬁ%itions under which the flux ratiocs 81/¢2 were matched.

This information together with reactivity measurement data with extra pcison
on bocth the central and void celle permits the calculation of a correcticn
to Ak, due tc the presence of the thick aluminum containers.

It appears that the values cf Hkeo for these mixtures will not be sigrnifi-
cantly changed from those previously reported. However, interpretaticn of
the uncertainties in terms of confidence intervals should now be pcssible.

A preliminary analysis has been made of the data cbtained in the PCIR during
June for determining ke of & homogenecus mixture of 1.006 percent enriched
U05 and HpO with an H/U atomic ratio of 4.99. The value of ke is 0.986 = 0.005.
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This result is significant in that previcus measurements had irdicated a value
of 1.02 £ 0.02 w/c as the measured U-235 enrichment for which homogenecus mix-
tures c¢f pure U03 and Hy0 would have k, ( unity, with the highest value of ko
eccurring for an H/U atomic ratio of about 5. The latest measurement is in
agreemen®t with the previous results and gives further credence to the eariier
analysis.

Critical Mass Thecry

The program for integration cf +the reactor kinetics eguations with N groups
cf delayed neutrons and time deperdent reactivity has been mcdified tc reduce
significantly the number c¢f time increments needed. The modified program hae
been compiled and is being debugged.

il

Maszz Speztrometry

o)

The mass syechirimeter for heavy slement analysis was put ints operaticn feor
the first time fcllowing the successful assenmbly cf the kevar-ts-glass seal

cT the icn source. A beam cf potassium ions originating from impurities in
the sample filament was analyzed and detected using only a vibrating reed
electrcmeter at the ccllector. The varicus faults cf the instrument components
are presently being disccvered and repaired and slignment of the spectrometer
is in precgress.

NEUTRON CROSS SECTION PROGRAM

Absclute Fission Crcss Secticns

A parallel plate BF, chamber was fabricated snd tested. A pulse height dis-
tribution ha:z been gbserved vwhick is nct adequate tc allow a precise measure
of ccuntirg efficiency. The cause of the poor puisze spectruw 1s not kncwn
at present.

N fission foils have been received from off-site for interzcmpariscn fission
counticg.

Slow Neutrcn Szsttering Cross Sections

Early in the mcrth a gas leak developed in a thermccouple hole which is
partially covered by the three axie crystal spectrometer shielding. The re-
sultant gas activity required the use of fresh air masks for the cperation
of the spectrometer and greatly restricted the work on scattering crcss seo-
ticns. The gas leak was fixed at the expense of unstacking the spectrc-
meter shielding. Since sz much time was lost in the realigrment necessary
after unstacking the shielding it was decided tc spend a scmewhat longer
time and re-evaluate the alignment of the whole system. Twc dd sturbing
features have been uncovered tc date: 1) the first (fixed) axis of the
spectrometer was apparently installed about 1/16 inch off of the beam hcle
center line, and 2) the second collimator holder which was always difficult
o adjust can ro longer be moved and is frezen in a misaligned positicn.
These fauwits prohibit the use of the spectrometer for high resclution work.

12400062 |
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Ceorsiderabie eviderce now exists that it is possible to cbtain a practiczal
morozhromating zrystal whizh will yield up t> ten timee the intensity prev-
iously used in reutrsn differentisl scattering measurements. All cf the
present effort is consequently directed tcward finding the proper crystals.

As part ¢f this effcrt a new crystal growing furrace has been put irto cpera-
ion for the production cf single crystals <f lead and sluminum for investiga-
ticn ¢f their refieiting properties.

Slow Neutron Fission Cross Szctions

A final tabuwstion of Pu?“l fiszion cross-sesticzr data from C.l ev e 20 ev
has teer prepsrad. A re-aralysis c¢f the fission cross-secticn surve has led
t> aome revisisns ir the rescnance parameters rsporied earlier. The present
tezt values of the paramevers cbtained for the r2:tnances abdve Z ev are
givarn bhellw.

]

Pt Fisasion Cross Sesiisc
Rez2inar e Paramstars

E,{=v) 2p." (b-ev) Perzert Resclution
L.j 119C 3.8
14-06'5 560
5.9% 17C
€.9 226 is.8
8.6 130 5.4
9.6% 159

15.1% 87 7.1

#* These rezcnances shew evidence of being unresclved multiplie
levels. .

-1k 1s continuing cr the etudy of a gas scintillation fission counter for
fissicr cross-section meagioements.

Subthreshsld Fizeion

The fiszion coxpenern™ cf the 1.05€ ev rescrance in P;?“O has been remessured
weirg & plutcnium sample of 99.75 perzent PullC, The statisticel precizicn
of the data through the res:inance is about = 10 percent. The resonance was
otserved with a calculated resclution width of about 30 mv which is only
abtsut 1/3 of the width used in previzus measuremernts. The peak value of

the figszion crass secsticn at resonance was cbserved to bve 19 barns uncor-
rected for resclution or dcppler brosdering. The agreement with the re-
sults of previcus measuremernts with less pure samples apd pcorer resolution
verifies the original assignment cf the rezcnarnce *c Puc*” and confirms the
peak cross-section value to a precisicn of abcut 20 percent. The usual ais-
crepancy ozcurred between the mass of the fissicn fcil obtained from the re-
perted aipha iunt ard that dsduced from the fissicn rate. The effeztive
masses of the fcils vere aszsigned from the measurel spontanecus fission
rate. Thie prozedurs autcmatically zorrects for fissisz zounting efficiency.
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Fast Neutrcn Reactions
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A study has been made cf methods of measurement cf fast neutron counter efficiency.
The stability of the plastic scintillator fast neutron detector systems ie teing
studied.

 REACTOR DEVELOPMENT - 4000 PROGRAM

PLUTONIUM RECYCLE PROGRAM

Lattize Parameters for Low Exposure Plutonium

Compcnernt fabrication is complete for the first phase of the 1.8 w/o Pu-Al
experimerts. Plutonium Metallurgy advises that the fuel fabrication is finished
with Qelivery expe:ted momertarily. Scms difficulty bas beern erccuntered in
fabricaticr of the mizitor fcils and these may be delayed a few weeks.

Lattice Parameters for High Exposure Pu-Al Puels

Programming Operaticn has been asked to make the necessary arrangements with
AEC ard Prillips (Arco) tc extend the irradiaticr of the MTR Pu-Al elements to
previde the required 35-40% Pu-240 material for the high exposure Plutonium
lattlze.

The Reactivity Measurement Facility (RMF)

A letter formulating the experiments which could be dore in the RMF has been
prepared and forwarded tc the scope designer. The main purpose of the letter
is tc pcint cut the flexibility required to use the facility to the best advan-
tage for the Plutorium Recycle Program. '

Sutcritical Experiments withk Plutonium

In reference to0 critical mass studies for processing plutonium bearing fuel
(PRTR), the final delivery was made of the specially prepared Al-S w/c Pu fuel
rods by the Plutonium Metallurgy Operation. The total number cf rods whizk have
been received includes 200 Zircelcy-Z clad rods 2 feet in length and 20 rcds

c¢f 1 fcot lerngth; the diameter of the clad rads is 0.576 inch.

Irstrumentation

An analysis of errors due to the effects of non-linearity in the warp and
dlameter units ¢f the Prcfilometer for the PRTIR viewing basin has been comp-
leted. A detailed discussicn cf this analysis is being written. The main find-
ings wers:

1. The accurazy cf the diameter unit is improved by repositioning the
measuring SCIew.

2. The diameter unit requires compensation for thermal expansion.
Temperature charges of + 10 degrees will affect the measurements.

The warp unit appears t5 be linear in respcnse ard accurate as de-

12500b4- ~ sigaca.
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The sine wave response of several lenses has been determined using patterns and
equipment assembled during the last month. A more compact unit has been designed
for testing wide angle viewer and Profilometer components. This unit will be
fabrizated during August.

Comments were prepared cn the preliminary design criteria for the PRTR Fuel
Rupture Monitor. Plans are being made for evaluating and selecting the photc-
multiplier tubes to be wsed with the scintillaticn detecters for this monitor.

GAS COOLED REACTOR PROGRAM ™

Lattice Parameter Measurements

The experimental phases of the GCR prcgram have beer completed for the first
enrizhmert fuel. Pinel axalysiz of the data from the first measurement

(Kegy T3 T eg ig undsr way. Preliminary analysis of the data from the sezcnd
(vontrsl rad) and trird (fuel temperature ccefficilert) measurementz iz alsc
under way.

varistizz cf Dippler Coefficient with S/M Ratic

The Lepel 7 1/2 KW induction heater has arrived and dbeen put into operation.

A Lepel field engireer cordusted the startup tests and gave instruction in cpera-
ticr and meintenance. Safe operating procedures and a hazards breakdswrn are
being prepared.

The~retical PCTR Studies

Tre small scurce theory formilation cf the critical condition for an infinite
lattice of super-cells has been extended tc include two energy groups ¢f neutrons.
The result, in a simplified form, has been applied t& the GCR lattice and pre-
dicted a change in f of approximately 29% upor inserticn of control rods as
cppesed Tz the 12.5% quoted earlier based on the ore group celculaticn. The
simplifying &ssumption in the present calculation i3 that the epithermal biazk-
ness of the fuel rods 1s zerc; therefore, the Af qucted kere should serve as

an upper tound te tha actual charnge.

Evaluation of the lattice sums encountered in the smsll sourze theory treat-
mer.t of superlattices in square arrays has been programmsd for the 709. The
rrogram is now being debugged.

A techrigue has been developed for treating the more gereral case in which

the contrcl rod is replaced by a reprcducing rod (such as enrichment, fcr
example) which does not increase the ccmplexity of the caleulation to any great
extenrt.

TEST REACTOR OPERATIONS

Operation of the PCTR continued routinely during the month except for & sche-
duled maintenarce cutage s*tarting July 20, 1959. There were *wc unscheduled
shutdowns due to electronic failure.

The fuel temperature experiment for the gas ccoled reactcr was ccmpleted dur- =%

ing the month. 2400 | nfﬁiﬁlggi‘“”ﬁ
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During*the maintenance outage, & charging port was put through the moving face.
This will allcw insertion of heated fuel elements into the reactor cr the re-
meval of test cells up to 10 1/2 inches square without moving ths face. A
safety railing around the tcp of the reactor is being fabricated and will be
installed at a later date.

Experiments to find the optimum arrangement and the H to U235 ratic fer the
TIR fuel disks were ccnducted during the first week cf the month.

Critical mass experiments were ccnducted in the TIR reactcr rcom for 2 1/2
weeks.,

The remairder of the month wes used to make preliminary calibrations on
Lu203 foils for the Neutron Temperature Experiment.

struments to maintain the oven temperature at preset leveles and to turn
the heating power off if the temperature exceeds a preset value were received
and installed.

Three urscheduled shutdowns occurred duringrthe month, twc caused by ncise
in the charrel 3 circuit, and one by incerrect bypassing technique.

BIOLOGY AND MEDICINE - 6000 PROGRAM

ENVIRONMENTAL SCIENCES

Atmospheric Physics

Rcutine full-scale operation of the joint AEC-AF dispersicn experiments
was achieved when favorable meteorological conditions became persistent dur-
ing early July. As of July 31, fifteen experiments had been completed.

Analyses c¢f the data were restricted to semiquantitative surveys cof the
trajectories of the tracer material over the 25-6 km course and the verti-
cal distributicn c¢f this material within 3200 meters of the source. These
data were used to realign the horizontal sampler distribution near the scurce.
Vertizal distributions have been clearly defined by the sampler arrays cr

the vertical mests. Earlier difficulties with inadequate gasoline supply
were overcome.

The mest serious difficulty encountered was a frequerntly heavy dust lcading

of the filters used to collect the tracer on the 12-8 and 25-6 km arcs.

These arcs were originally olled in the vicinity of each sampling station.
However, dust was carried by servicing vehicles from unoiled portions

of the road to the sampling pcints. Steps were taken to have the entire
lengths of these arcs oiled in order to overcome this problem. This work was
partially completed by month's end; in the meartime some relief was obtained
by restricting traffic on these arcs to an absolute minimum. This acticn pre-
vented full operation of all samplers, but did materially reduce the dwet prob-
lem.

Calibratior. of the scurce was successfully accomplished following revision
cf the stirring system and the automatic counters operated satisfactorily.
A1l other equipment operated according to design specificaticns, alsc, except

1 2400bb
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for scme difficulty in getting full utilization of the new telemetering system
fcr ares wind coverage. Operation of this equipment did imprcve materially
during the month, howsver.

DOSIMETRY

Seven subjects were measwred during the month for routire or suspected corntami-
naticn in the special moritoring station. A man was struck by a stream of
water from the KE research lccp when a piece of tygon tubing broke. Part of
the water went in his mouth. A small amount of eor ination emitting gsmma
ray ofa0.85 Mev was present which was probably Mn20. There was toc li*tie

t: lccalize. Hence, cur calibraticn is in docubt btub it was estimated that there
was about 0.010 = C.005 microcuries present. A puncture wound was also ccunted.
There were 0.016 t 9.002 misrscuries of Pu in the wound initially. A piece

¢f tissue was remcved surgically and the subject was found to have 0.0011 =
0.0002 micrscuries c¢f Pu remeining. Tharee ¢f the AEC feliowship stulents were
srunted te cttain zome spestra of offsite pecple.

Except for the need ¢f remcving a small obstructicn in the path of the beam
the circular track £or the instrument servo in the positive ion accelerastor
building is completed. Three items still need to be completed in the 3745-B
Building comstructior przject before it is finished: (1) make electrical
connections tc  refrigerator-typs air cconditicners, (2) to connect sink 1o
vater lines, (3) provide means for heating newly acquired building spece.
Work on the building which was stopped due tc the recent strike is now being
resumed.

Considerable work has been done to optimize the paramesters involved in the
preduction of targets for use with the pocsitive ion acceleratcr. The result
has beer. the condensaticn of 770 micrograms of titanium per square cm, maxi-
mum; on stainless steel discs. The limiting factor on condensing metsel thick-
ness sesne to be heating of the discs. Too much heat causes the titenium t5
peel coff. Using deuterium it was possible tc load .0876 zc of gas intz 559
nicrograms of titarium that was evaporated on a stainless steel disc. This
gives a load ratic of greater than £ gas atoms tc 3 metal atoms.

Several new pencils and holders were fabricated for use with the pencil
reader. A cylindrical aluminum chamber with a cavity volume of 1/2 ¢C was
constructed. With this chamter a discharge corresponding to a dese of
30 mr would reproduce to * 2%. Alsd, a special holder was sonstructed sc thkat
small plestic spherical chambers developed several years agc by H. M. Parker
cculd be tested. The voclume of these plastic chambers is only 1/10 cf a cc.

" On a series of 10 readings the reproducibility of the chambers, when exposed
tc a dose of 2 r, was t 1%.

INSTRUMENTATION

The scintillation transistorized combined alpha-beta-gamma hand and shoe
ccunter has now operated satisfactorily for about five months in general use
ir the 329 Building. Actual required downtime has been one hour total in five
months of operation.

w
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Irvestigations of concepts related to alpha air monitoring contirnued with an
evaluaticr of the technique of ccmparing the gamme caused by natural tackground
with the naturally cczurring eslpha. Calculations from measurements indicated
that the sensitivity improvement over the High-Level Alphs Air Monitor could be
about & factor of ten. The High-Level Alpha Air Monitcr alarm scunds befzire a
man inhales an amount of irscluble plutonium tc cause a retenticn of abcut
one percent of the lifetime maximm permissible amount. Hence, a system utiliz-
ing this technique with an imprcvement faztor of ten alarms befcre & man inhales
an smount of inssluble plutonium to cause a retention of about 0.1 percent
cf the lifetime maximum permissible amcunt as specified in the NBS Handbook 52.
Otper corncepts whick were investigated ard utilized irclude the instrument with
the alarm circuits egensitive to rate-cf-change and the Dual Alpha Air Mcriter.
The system whizh ccmpares the naturslly cccurring gamms to the aipha might be
more useful thar the other systems because it is a monitor fer fissicn product
contamiraticr as well as for plutonium contamiration. An applicaticn iz fire-
seen in integrsted enviriramertal monitcring systens.

] 2
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Further circuitry investigaticn woerk was carried out with trarsistors result-
ing ir an excellert "inhibit gate" or pulse-cancelling circuit, & rew count-
rate meter circuit with excellent pulse-width pulse-height ccrtrel, and s 1.0

) o fedbank, chepper-amplifier (transistorized) within + 5% gain limits from
O°C tc 50°C. The other circuits mentioned work satisfasterily frem -5°F to
4€.50“F. The chcpper-anplifier has = fedback gain cf 1000 with an input signal
rinimmr cf abcut cne millivoit. This ie dictated by chopper nzise. The new
count-rate circuit drives & .5 milliamp meter and has the usual ranges of
1000, 10,000 ani 100,000 c¢/m. This can be extended tc 1,000,000 z/m if desired.
Linearity is #5% cver each range. The duty cycle at fuli scale each range is
about 15%. Two other transistor circuits were alsc develcped and tested, one
for & puise-level discriminator and one for a pass gate or pulse-passing
enatling circuit. Purther tszts will be done on these twe to determine circult
cperaticr limits,

All final work was ccrmpleted on the design for the 300 Area criticality or
nuclear inzident alarm instruments. A1l components have been tested for five
continuous months with actual source tests each day. The alarm limite, set

ez 20 mr/hr for testing purpsses, have varied by +3% maximm in the five
mcnths by actual scurce test. The two units tested were the same onss sent

to Les Alamos for testing with the Godiva assembly. The units can be tperated
in parallel; back-tc-back, multipie detector heads, and both gamma and neutron
triggering as desired by the particular application. The alarm device itself,
whether siren, bell, or horr; will be decided upcn by the 30C Area Safety
Committee.

Fabrication continues on the experimental, completely transistorized, aurally
indi~ating, alpha-beta-gamms detecting snd indicating instrument. A ccunt-
rate meter is included for high-level indi-zations. The auwral indication fer
alpha particles is a speaker "pcp" and the indicaticn for beta-gamma contami-
ration is a speaker "chirp" comprising a 1.0 K@ distinct ncte. The CRM indlra-
ticn is for alphe only or alpha-beta-gamma compined as desired.

The gamma dose-rate analysie of the background in Purex is being continued.
The background is now being checked in the P and O gallery near the nuclear
1rgiuent alarm systems.

2”0008
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A ministure G-M tube of about one millimeter in diameter by one inch long
vhich was obtained from Western Radiation Laboratory on & recent trip was
demcnstrated to the personnel in Biology. The tube, which Is filled with __
helium and quenched with icdine, was tested in a 12 mr/hr field from a cst37
source with good results. After relationship between dose rate and counting
rate is established, the tube will be used to measure dcse rates in the varicus
organs of an animal.

Calibration of two of the new Zinc-Sulfide Particle Cocunters for Atmcspheric
Physics Research is nearly complete.

The sxperimental dust detector was tested in & chamber in which dust could be
circulated. Presertly, dust is being impacted on a lucite disc over the face
of a phctomultiplier tube. The pulses from the phctotube are used to drive s
¢sunt-rate meter and recorder. The minimum particle size to whizh the detector
respoends is calculated to be 25 ¢, The efficiency ¢f the detecter for par*icle:
of 25 ¢ or larger was calzulated tc be 0.2%.

A Z200-chanr=1l analyzer ie being used in a study of background conditions at
various plant locations. The analyzer is used to collect data for approximately
sne week at eack location. One location checked sc far is in the P and O gallery
at Purex in 200 East. Data are being gathered at present in 222-Sat 200 West.

WASHINGTON DESIGNATED PROGRAM

Studies were continued to determine the characteristics of the mass spectro-
meter for this program which affect the accuracy and precision of isotope
analyses.

The cutput pulse height distribution of the electron multipliers originally
purchased for use in this mass spectrometer is being studied. Ultraviclet

light is used for & source in order to obtain single electron events at the

first dynode of the multiplier structure. The electron gain cf the multi-

plier is determined from s measurement of the output current and cutput pulze
rate of the miltipliers with ultraviolet light incident on the first dyncde

of the muiltiplier structure. The electron gain of the mdtiplier can be used

to determine the average secondary electron yield per incident ion. The possible
procedures for cbtaining dynode reactivetion of multipliers to increase the
multiplier gain are also under lnvestigation.

Nc analyses were performed this month. Some instrument modificaticns are
in progress for this spectrometer.

CUSTOMER WORK

Analog Computation

A set of solutions has been obtained for the PRTR primary coolant transient
analysis problem. A report covering this problem will be issued within the next
sixty days. .

A set of solutions to the PRTR Hazards Analysis problem is rresently being
obtained on the computer. Faulty equipment and drift in the equipment due to
high ambient temperatures has caused considerable delay in sclving the prcblem.

1240068 DECLASS ioatee
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A fcrmal report, HW-59932, "The Simulation of the Pilutonium Recycle Test
Reactor on an Analog Ccomputer,"” by W. D. Cameron, has been issued.

Preliminary runs on the frequency respcrse of the NPR heat exchanger were com-
pleted this menth. It was disccvered that the equaticns used lacked censis-
tent time-dependent terms and the results were in error.

The primary lccp frejuency respcnse study for the NPR was completed this
menth. Analog runs were made with an initisl assumed temperature coefficient
for voth full equilibriur pcwsr level and one-half ejuilitrium pover level. A
further set of runs was made uzing a temperature coefficient ¢f cne-half the
iritial value at full equilibriwum power level. Ccmpilaticn of results fronm
the recordings obtained has not been completed.

The analcg rurs for the Separations Waste Tank Heat Transfer study were based
cn a cne-dimersicnal aralysiz. These runs have been completed satisfactorily.
A representative run was chosen for a digital sciution in the IEM-709 computer.
The digital program was completed and iz ssheduled %o be put on the 709 this
wesk. The remaining\funis from this work order wilil be used fer writing &
digital program for a mcre extsnsive two-dimensional snalysis ¢f the tempera-
ture profile ¢f a representative waste tank, sinze the analog computer facility
ig not large encugh for a two-dimersicral heat transfer analysis of this magni-
tude. The cne-dimenslicnal run om the digital computer ie being made for the
purpose of familisrizaticn with the technique ¢f using the Thermal Analyzer
program develceped Ty the SHARE crganization.

Weather Forecasting ard Meteorolcogy Servize

Type of PForacast Number Made © % Reliability
8-Hour Production 93 87.4
2L-Hour General 62 88.5
Special 114 88.¢

Although averége temperatures prevaiied during July, two very coocl peria>ds held
the cver-all monthly average to 77.7. This was 1.4 degrees above ncrmel, but
was well belcw the record-breaking 81.2 average of July 1958.

Instrurentation

The dual beta~gamma probe for the Pissisn Preduct Chemistry Operation is
complete and calibrated. The low-level probe has a dose-rate of 50 mr/hr to
1.9 r/hr. The high-level probe has a dcse-rate range of 2.0 r/hr tc 100 r/hr.
The calibrations were made with a 0.75 mev gamma (Ra) sourze, ani the
electron accelerator whose averags gamma energy was C.75 mev.

The class in electrcnics for irnstrumernt mairtenance personnel is abcuf cre-kalf
ccmpleted and is progressing smoothly.

Farrication continued in the 328 Building Electronics Shcp or a G=-M tube
detector teta-gamma slarming menitor for Redox. A meter relay is inccrporated
and all circudtry iz transistorized. Approximate alarming levels availatle
will be from 0.1 mr/hr tc 5.0 mr/kr. These levels correspond, approximately,
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to 200 ¢/m to 10,000 c/m from the G-M tube detector.

Fabrication continued in the 328 Building Electronics Shop on & completely
transistorized loudspeaker count-rate meter alpha, 110 VAC-operated, semi-
portarle monitor for use with either elpha scintillation probes or alpha air-
proportional probes as desired. The unit is being fabricated for the Calibra-
tions Operation, HLO.

Evaluations were completed on the rebuilt and adjusted Victoreen Remote-Area
Monitcring System and on the scintillation portable battery-operated neutron
detector and dose-rate meter (fast and slow). Two loudspeaker G-M's were
sent out for fleld tests and evaluation continued on the scintillation alpha,
beta, and gamma detector.

Optical Werk

Design and estimate has been completed for mcdifying the Variabie Power Micro-
scope &t 105-C for scratch depth measurement.

Assistance has been given to IPD in devising a suitable optical scanning
mechanism for & TV camera to be used in the access holes of the shield on the
rear face of the reactors.

A scanning mechanism is being designed for use with a zoom lens and TV camera
to be inserted in a 10-inch dilameter pipe. This system is to be used for
remote viewing in the cells of the chemical separation buildings.

Optical shop work included:

1. Fabrication of water level indicators for PRTR use.
. Fabrication of parts for the PRTR Wide Angle Viewer.
» Servicing T Building periscopes.

. PFabrication of vioplastic well crystal.

Servicing two crane periscope heads for Redox.

. Fabrication of 12 glass bearings.

M B\N D

Manager

Physics and Instrument Resear:h
and Development

HANFORD LABORATORIES OPERATION

PF Gast:mcs
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Chemical Research & Development

RESEARCH AND ENGINEERING

FISSIONAELE MATERIAL - 2000 PROGRAM

IRRADIATION PROCESSES

Decorntamination of Reactor Components

A two-gtep (APACE-type) process invelving treatment with alkaline permanganate
followed %y treatment with an acidic reducing solution still appears to be the
mcst effective and ecorncmic decontamination process available. Inorgsnic arcd or-
ganic acid scolutiorns conteining various corrosion inhibitors were tested as pos-
sltle rsplecements for the more expersive ammonium citrate<EDTA solution used in
the secord step of the APACE prccess. Corrosion rates of carbon steel were ex-
cezsively high in all of the formulations tested. More encouraging results were
cttaired with Turcc 3291, s proprietary compcund containing scdium bisulfate.
Furthzr testing of this latter reagent and other proprietary compounds of a
similer type is in progress.

The effecte orn fission prcduct decontamination of mixing sclutions from the two
g%eps of APACE-type decontamination processes were investigated. Mixing could
cczur bezause cf inedequete rinsing between decontamination steps. Deccntamina-
+icn faztcrs for stainless and carbon stieel were decreased by factors of about

30 and 4, respectively, when cne part of alkaline permangsnate solutiorn was added
tc 9 parts ty volume of either ammonium citrate solution or to Turco 4512 solution.
Partial destruction of the corrosion inhibitor in Turco 4512 solution was observed
als>. Precipitaticn of MnOo was noted at higher concentrations of the permanganate
gclution.

Autcmatic Analyzing Monitexr

The ensrgy distribution of the gamma background was measured in the 107-K
rztention basirns sampling building. This was done to establish the feasibility
of installirg the analyzing monitor at this location. The low energy portion
of the specirum; near 0.1 Mev, showed high intensity even with four inches of
lead shielding. The lccation was considered undesirable for measurement of
emitters such as Np239.

Uranium Oxidation and Fission Product Volatilization Studies

Six additiorsl fission product release experiments in steam atmosphere were
completed for a total of sixteen to date. Complete analytical results became
availatle for the first eleven rums.

A procedure was developed for separation of the oxide and residual metal preduced
during the uranium-steam experiments. Separsate analyses of the oxide and metal
are ncw being made to determine the distribution of fission products. ZXencn
measursaments showed that a considerable amount of rare gas remains in the oxide
produced in a 150 minute run at 1100 C.
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Unirradiated uranium-steam experiments were made to characterize the oxide formed.
X-ray diffraction patterns showed UOs to be the only compound formed in the range
990 to 1215 C.

Pigtails from 100-H Area

Spectrographic and chemical analyses corfirmed that the off-site pigtail mentioned
in last month's report was fabricated frem type 304 stainless steel. Three addi-
tional pigtails obtained frem stores also proved to be 304 stainless steel. Huey
tests on these latter pigtails gave corrosion rates on the order of 50 mils/month,
much higher than would be expected for the specified heat treatment (cne-half hour
at 1800 F and quench to less than 800 F ir less than three minutes).

Cne ¢f the latter three pigtails was solutlcon annealed at 1975 F and water quenched
t0 elimirate the effects of previous heat treatments. Sections of the specimen
were then subjected tc various heat treatments ard corrosion rates determined by
the Huey test. Corrosion rates spproximately egual to these noted with the as-
received pigtails were chserved for a specimen which was deliberately sensitized
tv hesating one hour at 1250 F and then water quenching. This treatment produces
maximum precipitation of carbides anld & minimum resistance to intergranular attack
by nitriec acid. Corrosion rates for all cther heat treated specimens were in the
range 1-3 mlls/mon+h These observations suggest that the off-site pigtail re-
ceived from 100-H Area and those obtained from stores were improperly hea+®t treated.

Analy*ical Services

A method for the preparation of uniform, adherent feils supperting more than one
milligream of uranium per square centimeter has been ottained. The folle are
needed for cross-section measurements. A modification of Cohen and Hall's electrc-
deposition methed permitted depositing 100 per ceut of 2.5 mg of uranium on a

1.44 cm? disc, 98 per cent of 7.5 mg on & 7.1 cm® disc, ard 86 per

cent of 10 mg on a 7.1 cm@ disc. Uranium loss must be minimal because of the

high value of the isctopically pure uranium being used fcr the cross-section
studies.

The Port Orford, Oregon, "Contaminated Waste" barrel was found to contair no
alphe, beta, and gamma activities above detectable limits.

Use of Analytical Chemistry's nine-inch well crystal simplified analysis of
gamma emitters in various well and river waters. Eight-liter samples were
concertrated 16-fold and counted. Previcusly, eight-liter samples had teen
takan tc dryness and plated on one-inch steel dishes.

SEPARATION PROCESSES

Recovery of Neptunium and Plutonium from Purex 1WW

Analytical work is now complete on the runs that were made on the anior exchange
racovery of neptunium and plutonium from Purex plant 1WW. The results are sum-
marized in a report, "Recovery of Plutonium and Nepturium from Purex 1WW by

~ Arion Exchange,™ HW-611L5, July 16, 1959, by H. H. Van Tuyl. Simultaneous adsorp-
tion of nep*unium and plutcnium was demorstrated, and radiaticn induced decompesi-
tion of the resin was found to be negligible.

12460015 | -
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Neptunium Recovery from Purex 3WB

The presen*t procedure for recovering neptunium in the Purex plant suffers from
the disadvantage that purification of neptunium for load-cut employs equipment
(24 and 2B columns) routinely used for plutcnium processing sc¢ that neptunium .
can be processed orly at the expense of interrupting normal uranium and pluton-
ium processing. Processing of neptunium simultaneously with plutenium and
uranium will require installation of additional equipment so ar experimental
study has been undertaken of a concept which is believed to represent & minimum
capital cost approach. This concept wculd require installation of a single columm
of critically safe design which would process Purex 3WE {the Purex plant's most
ccncentrated neptunium stream) on an intermittent basis. Neptunium would dbe
accumuiated in the plant 3WB circuit as at present. When a sufficient invertery
cf neptunium is accumulated, all or a portior ¢f the 3WB would be diverted tc the
feed pcict ¢f the new cclumr. The extraction section of this column woull be
cperated under corditicns such that neptunium, uranium and plutonium would be
extracted qusntitatively. The aquecus effluent from this cclumn, if chemically
compatible, would be recycled to the mormal 3WE addition point cof the HA column;
s*herwise, it would te recycled to the 3WB concentrator and thence tc the HA
colum.

The scrub section of the new 3WB precessing column would te operated under cordi-
tions such that urarcium and plutonium would be retained in the crganic phase but
neptunium weuld be forced to transfer nearly quantitatively to the agueous phase.
The reptunium wculd ther reflux within this column. The uranium and plutonium
bearing organic effluent from this column would, if chemically compatible, be
recycled te the HAO addition point on the HA column, otherwise to the 1BXF tank.

When a sufficient inventory of neptunium had teen "bcttled" within this cclumn,
tke 3WB flow would be restored to its normel rcoute and non-radioactive nitric
acid wculd be substituted as feed tc the 3WB proceesing column. Ar operstion
analogous to the estatlished 2A-2B "spin" flow sheet would thus be applied in
this column to effect the fission product decontaminaticn necessary to permit
+he neptunium tc be transferred tc an anion exchanges facility {either at Purex
or ths Hot Semiwcrke) for final purificaticn.

Minis+ture mixer-settler tests indicate such an approach to be chemically feasible.
Additisn of about 0.1 molar nitrous acid to synthetic 3WB ccntaining 9 tc 10

M HNC, 0.25 M U, 0.15 M SOF, and 0.075 M Fe(III) renders neptunium sufficient

by extractabtle. Use of a 0.2 to 0.5 M HNO3 scrub solution containing 0.03 to,
0.05 M Fe(III) yields efficient selective stripping of neptunium irn the scrub
section. Depending on the flow ratios chosen, neptunium can be forced to reflux
t7 a maximum concentration in the range of 300 tc 1000 times that in either
effluent. On the basis of the runs made to date, it appears that an adequate

jcb of "bottling" the neptunium could be dcne over a range of at least 30 per
cent variation in flow ratios.

Application of a "spin" decontaminaticn flow sheet has not beer. thorcughly tested
but preliminary results indicate no difficulty.
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It is estimated that abcut 300 grams of nepturium cculd be "bettled" iz the
aqueous phase of a typical critizally-safz aguecus-cortinuous coiumn ard that
the preduct could be withdrawn at an average concen%raticn of betweer one ard

twe g/1, quite appropriaste for feeding to ar anion exchange step.

Chemistry of Actiride Elemerts

Spectrophetemetric studies have prover useful in elucida*ing the nature of complex
ions of plutocium(IV) axd neptunium{IV) presect in high nitrate solutions. In
these studies the hexanitratc complexes are isclated by precipisaticn frow ajueous
solution as the arhyvdrous teiraetiylammorium or Tetrabutylammcerium salts, 1.e.,
[(CoBs)uN], u(woq)g or [{Cusighai], M(NC3)g. Trese salts are soluble i a

- —vznts ard extibit idexticel ahscrption specira ir aceicns,

> ennydride, and hexcre. Since the Lambert-Beer law is

-

oy - v -
variety cf crgaric
1= 2

X
azitrolitrils, &

chezyed and, further, tre specirum in thass zcivents 1s identiczsel with tha+t for
e tsSravelscv sctinids in 13 M HNC., 1% is prasuzed 4o be the sharactzrigsic
spechirum of tig hexanitratc complex.” On this gesumption the frazticn of the
plutoninum{IV) presezt az She hexsritrato ccwplex has beern evaluated and found
v rangs fromoatest fouwr psr cznt &% 5 M H¥C3, to abcut S0 per cent as 8 M HNO3,
t2 esgertislly OO0 par czzt st 12 M and higher circertrations.

Forma*isz 2f %he hexapitretc complex ir me%sel nitrate scluticns is les
azcompiiszed. For example; crly 26 per cent of +hs Pa{IV) wss present as th
hexanitrate coxplex in 5.75 M CaNG3)o, 0.5 M HVO; ard culy 19 per cent inm 2.6 M
AL(NO3)s, 0.25 M HEC3.  Ozly 3L rer cent of <he plutonium was present as the
hexenivfats zomplex In 9 M Cal(NC3)s, C.25 M 3NC3 (which represents a melt of
arprovimase coxpozitizn Cal{NC3)zt2.5 E50).

| Al
ct

Suztrasting ke coniributicn of the hexaritrato spacies from the assorpticn
spzetram of Pa{IV) iz 9 M HNC3 gave nc evidence for species between the mono-
ritrate and Lexanitraic complexzs. Similarly, the nitrete icn dependence for
conversion ¢f lower spaciles to the hexaritrato ccmplex allcws ne s*tsble
inzermediate higrer thar the diritra*c complax.

Tre absorpticn spesirux of & hexcze stlution formed by extrasticg Pu{IV) from
1.5 g.Al(NC3) 5 Co5 M HNCa is dis*inctly different frcm the hexanitrato complex
chtaired ty 4 ssolvingHI(ShHQ)h:lz PuiNO3)g in dry hexcne, ard is likewise
distinculy different from the sfactrum in aguecus ri<rate solutions. The stabil-
ity of the hexanitratc spectrum in dry hexcre indicates rc compiexing of Pu(IV)
©y hexone. Thus, the Pu(IV) extract from agueous sciuticn is presumatly tke
neutral species Pu(NO3)h(HEO)2.

The sclupility of the compound [KCQHS)uéjz Np(N03)¢ has been measureid over
range of nitrate concentratiors im nitri:‘acid ang Ca(NC3)2, 0.5 M HNO3. The
sciubility curves asre very similar tc thoss obtained for Pu(IV). In nitric
6cid; *he minimum solubility (with 0.L M (C2Hs)LN NC3) is 0.0045 g Np/l, ard
occurs at 7.5 M nitrate, about the pecint of the maximum iz the anion exchangs
distributicn coeffizient. In celcium nitrate solutions the gelunility is lower
thar in ritric acid scluticcs of the same total nitrate cancentration ard con-
Tinues o decrease as the nitrate concentration is ircreased. Tais is again
quite similar tc the behavior obsarved for Pu{IV).
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Spectrophotometric studiés of neptunium systems showed Np(IV) to be the stable
oxidation state in concentrated nitric acid solutions, and the hexanitratc complex
to be the sole species present at 12 M HNO3 or higher concentrations.

Tritium Processes

Continued examination of Linde Molecular Sieve 5-A (30 - 100 mesh) for remcval of
hydrogen from hydrogen-deuterium mixtures in chromatographic separation runs has
disclosed no large dependence of the separation effect on flow velocity and column
length. No more than 20 per cent of a representative hydrogen-deuterium feed
sample has been separated as hydrogen with an acceptably low deuterium content

in any single run.

Tre use of 0.0l per cent palladium with the Molecular Sieve 5-A has been ineffective
in increasging the separstion by causing equilibration of the hydrogen species. A
run at - 78 C showed almost nc separation.

Aralysis of Plant Streams

Recent deccntamination difficulties in the Purex plant prompted examination and
analysis of samples of suspect plant streams. The most significant findings were
that all organic samples tested (100, 2BW, and 1CW) contained suspended, fission
product bearing solid matter, as did the plutonium product (2BP). Further, the
fission product level in the waste from the 2A column (2AW) was higher than in the
feed tc this column, strongly suggesting the existence of a "crud problem" in the
2A and 2B cclums.

This diagrosis proved correct as indicated by the fact that a thorough flush of
the 2A and 2B columns and exhaustive flushing of the No. 1 solvent system has
restored decontamination performance for plutonium in the Purex plant.

Solvent Treatment with "Mistron 28"

Very brief laboratory tests indicated that "Mistron 28" (e commercially available,
finely divided talc), which was recommended and proved beneficial for increasing
column throughout in the Recuplex plant, is beneficial also in removing sclids
frcm Purex plant solvent. A dilute nitric acid suspension of talc was ineffectual
but a suspensicn in dilute caustic caused the solid to be transferred to the
aqueous phase and removed about two-thirds of the gamma activity from sclids-
bearing sclveunt recently encountered in the Purex plant. Such a batch treatment®
might be profitably considered in the event such solids-bearing solvents are
again encountered in the Purex plants.

Interfacial Transfer Studies

The work on the transfer of uranyl nitrate across the water - TBP interface has
been concluded with several experiments at low concentration using U-237 tracer.
A report has been written covering this work. Some of the conclusions of interest

are:
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l. The transfer rate for both uranyl nitrate and nitric acid from aqueous to
organic is second order with respect to the transferring solute, first order
with respect to TPB and highly dependent on the stirring rate in each phase.

2. The transfer rate is much more sensitive to stirring at high solute
concentrations than at low concentrations.

3. Transfer from organic to aguecus is first order with respect to solute,
indeperdent of TBP concentration and independent of aquecus phase stirring.

L. Surfactants (especially hydrophilic types) greatly retard the transfer.

5. Aqueous to organic transfer is characterized by a very marked decrease in
rate after 50 to 7O per cent of equilibrium is reached. This is not due
to surfactants or other impurities or to depletion of the sclvent but
represents a change in mechanism.

6. It is postulated that the initial, very rapid second order transfer reaction
is due tc interfacial turbulence caused bty the transfer reacticn itself and
that the later slow reaction is the "normal" one.

7. Activation energies of ca. 3 kcal fcr either direction suggest that a physical
process rather than a chemical reaction is the rate-limiting step.

Dissolution of Nickel Clad Fuel Elements

Several procedures for dissolving the nickel coating, proposed for aluminum clad
production elements to increase corrosion resistance, are being tested. Boiling
nitric acid dissclved the coating at penetration rates (assuming a density of
7.9 g/cc for the coating) which increased exponentially from ca. 0.05 mil/hour
at 0.05 M HNO3 to ca. 35 mils/hour at 3 M ENO3. Penetration rates in boiling
1.5 M UNE - HﬁO solutions were factors of 10 to 20 higher than in nitric acid
alone. Remcval of nickel cladding with UNH-HNO3 dissolver solutions would be
feasible therefore if introduction of small amounts of nickel into the Purex
process 1s nct considered objectionable.

In the dissoluticn of nickel cladding in 3 M HN03 about 2.4 moles of HNO3 are
used per mole of nickel dissolved. Off-gas from dissolution of nickel cladding
in 3 M HNO3 is principally oxides of nitrogen with only traces (0.1 to 0.3
volume per cent) of hydrogen. Dichromate ion inhibits nitric acid dissolution
of both nickel cladding and ingot uranium metal. Dissolution rates of nickel
cladding and ingot uranium in boiling 3 M HNO; are decreased by factors of about
450 and 6, respectively, by the presence “of a3 little as 0.01 M NaQCr207

Analytical Services

1131 analysis was impréved through use of a nire-inch well crystal. Time for
analysis of farm produce samples was reduced six-fold and detection limit was

reduced 50-fold to 2 x 108 uc/g. .
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The Parr sulfur bomb was used to cbtain a carben analysis on a uranium cartitol
compound or mixture prepared by Chemical Research. A half gram sample was re-
quired since sugar or other fuel could not be added, as ncrmally needed for
sulfur determination. (A micro carben train though mere apprcpriate would have
teen much more costly.) :

Pu238 analysis was simplified by eliminating the need fcr chemical separation of
An2tl. The 60 Kev Am24l X-ray was counted directly ueing a NaI{Tl) crystal. The
methcd required cne plate of approximately 1 x 10 d/m for alrha energy ccunting
and a second plate of apgﬁoximately 1 x 104 @/m of Am?hl. Pu238 was determined
by subtraction of the Am 1 3/m from the Pu23® 4 Am2*l §/m velue cttained from
alpha erergy measurement. A unit saving cf approximately two hcurs was realized.

The determination of nitrate by controllsd potential coulometry as reported in
June was ueged to determire the per cent nitrate in plutonium oxide. The finely
grcund powder was cold-leschsd with CO.1 N perchloric acid prior to titration.
Nitrate ccnrentraticrs were comparaible tc the water content cf the samples.

Some 0.0006 per cent cobalt in aluminum was measured colorimetricelly with about
ten per cent errcr. Tetraphenylarsonium cobaltothiccyanate was extracted in
chloroform and transmi*ttence of the complex was observed at €15 mu. Iron inter-
fererce was removed by fluoride complexing and copper, by its reduction with
i0dide. Nickel did rot interfere. Samples were dissolved in nitric and hydro-
zhlcriz acids. Published methcds for cobalt in aluminum are not apparent.

X-Ray épectrometry is being used tc¢ measure uranium at the 1 to 2 g/l ranuge .
Precisicn is about cne=fifth that ¢f refined ceric sulfate titraticn.

WASTE TREATMENT

Waste Solidificatidn

The formaticn of glassy products from Redox first cycle waste by the addition

of berate or of borate plus silicate followed by calcination was reported last
month. Melting pcints ranged from 800 to 1200 C. The solubility of these
materials have now been messured as a function of molee of additive per equiva-
lert of metallic cation in the waste. Melts obtained by adding borax or beric
oxide alone melted below 1000 C but disintegrated or dissclved completely in
boiling water. (This implies that the sclid would require storage in some

scrt of impermeable container.) Melts ccn*aining borax ard sodium eilica*e ex-
hibited a melting point as low as 850 C and had a minimum sclubility of 1.3 per
cent at an equivaience ratio of 2:1. Boric oxide with silica (SiOp) addition
gave the lowest solubility, only 0.06 per cent, at the same ratic but a hig@gg?%g
melting pcint of 1200 C. N

The boric oxide-silica type additicns were alsc tried on Purex type waste but
did not give clear glassy mel%s such as were obtained with the Redox waste.
Apparently the presence of aluminum and chremium in the Redox waste plays an
important role in melt formetion with these particular additives. Tke phosphate
and phosphate~bcrate systems continue to appear more attractive for use with
Purex waste.
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Radiart Heat Spray Calciner

Analytical results have been obtained on the effect of phosphate ard of phosphate
plus sugar addition on loss of sulfate and on product particle size in the cal-
cination of formsldehyde treated Purex waste. No sulfate was lost whern the waste
was calcined without additives, 24 per cent was lost with phosphate alone, and
72 to 89 per cent with phosphate plus sugar. Corresponding average particle
sizes were about 2, 4, and 9 microns, respectively.

Chemical analyses and Millipore filter studies show that de-entrainment of the
spray calciner off-gases from solids and non-volatile is excellent. The de-
entrainment factox» across the Micrometallic knock-down filters at the bottom of
the cclumr wag 2 x 10“, and the over all factor from feed to noncondensable
offegases was in excess of 1.5 x 106.

Further details of this program are included in the first and second Quarterly
Prcgress Reports - Research and Development Activities - Radioactive Waste, edited
by D. W. Pearce. The first (report for Jaruary - March) is HW-60554.

Semiwerks Waste Calciner Protctype

Over all job completion of the waste calcinmer prototype is approximately 90 per
cent. Equipment-connectirg piping and service lines installation is 95 per cent
complete. Elec*rical and instrumen+t installations are 80 per cent complete. Equip-
ment insulaticon has beer started. Functional testing of all equipment is in
Progress.

ANL Fluid Bed Calcinaticr Studies

Exploratcry studies at ANL on fluid-bed calciration of simulated Purex "formaldehyde-
killed" and three-fcld concentrated acid waste have continued.

Recer® efforts have been directed toward reducing feed nozzle pluggage (and
resultant agglomerate formation) by improvements in nczzle design. A conical
nczzle was tested with some improvement. At report time, another feed nozzle
with an extended tip on the liquid nozzle is being tested.

Special Gecloglcel Studies

The caliche zone capping the Ringold formation beneath 200 West Area and the
Palouse s0il overlying it there were traced through all the wells along the
north-east side of Cold Creek Valley about half way to the Yakima Horn. 8Silts
and sands of the upper part of the Ringold formaticn were similarly traced
through & narrower and shorter area through many of the same wells. The high
CaCO3 content, fine-grained texture and exchange capacity of the combined strati-
graephic units recommend this area, particularly immediately southeast of 200
West Area, for future waste disposal. This was also indicated in HW-60450,

"The Rate of Land Usage at Hanford for Waste Disposal - A Guide for Future
Disposal Plans," by R. E. Brown, issued during the month.
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Qrtservaticn Wells

While testing two new deep sampling devices it was possible to ot%aiz szamples of
the ground water 400 feet below the surface of the water table in well 639-28-52,
lccated one mile scuth of the 200 East Area in the certer cf the Cold Creek
Synclirne. This iz the first time a representative water sample has been ccllected
frem such a depth. Apalyticael results show ccrcentrations of gross beta activity
in +the bottom of this well up *o 4.7 x 10-7 uc/2c and ritrate icn concen‘raticns
up *o 13 ppm. No backgrcournd data are availeble for these ions at this depth but
it is believed the ccncentrations reported are above rormal. No detectable cor-
certrations cf beta exitters have ever been reported at the water +able in thiz
well. The nitrate ioz ceoncentration at the water table ie less than 1 ppm. Many
more data are reeded befcre any conclusicn can te made as tc the mcde of travel
of tris contaminated grouni water %o thie strustural low ir the besalt.

Dizpcszal te Ground

Rezert probing of wells near the unused 216-T-27 and 28 eribe revealed zignificant
cerczertratices of radicigciopes frem 30 to 80 feet bereath the =zite. Undcubtedly
this corntaminaticn resulted from +he spreading of T Plart scaveunged waste discharged
ts tha 216-T=-26 crib, the northernmcs* crib ir the series.

Uncertainties relative to the remaining life cf the urused parts of multlpls cribe
resulted in a recommerdsaticr tc CPD that ths facility be used for the dispcsali cf
relatively small vclumes of T Plant dezontaminaticn facllity waste. It was alsc
reccmmenizd that UC2 plant process ccndeneate be rcuted to a nsw exrilb irvstead of
to the 216-T-27 srd 28 site. Neutralizaticr of this gaste should not be necessary
if tue Sr9° corcentraticn is maintaired belcw 8 x 107° uc/cc as has been the case
for tke past five menths.

Larcratory experiments were perfcrmed %c study the effect ¢f CaCO3 neutralizaticn
cf CAW type waste. Measuremer*s of COo gas evclution ard pH were made. Gelaticr
cf the high 2luminum wasts prevented neutralizatica tc a pH greater thar 3.9.

Or. the basis of tkese experimeants it was ccncluded that the CaCO3 couteined in
one cutic fcot of soil would gel 5.8 liters of CAW type waste ang suggests the
possitility cof immobilizirg this wast2 by naturally occurring carbena’ss in the
soile

Or tk= basie of laboratcry scil cclumm experiments anid well probings, recommerndsticzns
were made o build a new crib for the UC3 plant condensate.

TRANSURANIC ELEMEKNT AND FISSIOK PRODUCT RECOVERY

Cerium and Promettium Recovery

A peroxide-scetate precipitaticr process is under develcpmernt for the geparsiicn
of cerium fremr the %rivalent rare earths. The prczsss is adsptatle tc campaign
operation in existing Purex plan* equipmert and has thz advantage cver pravicus
processes tha* rutreniur volatilization is eliminated and +tha® crnly ror-ccrrogive
resgents are used. The rare earth double sulfa*e precipitate serves as starting
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meterial. Thils is dissclved, a hydrogern peroxide-sodium acetate sclution added,
digested at 50 C, and the cerium peroxy acetate precipitate separated by centri-
fugaticn. This precipitate is readily redissolved in nitric acid. Tke peroxide
serves as oxidant to oxidize the cerium to the (IV) state, and the acetate serves
both as precipitent and buffer. Minimum pH is in the range 4.5 to 4.7 for cerium
recoveries ranging from 99 *o 99.9 per cent. Since the trivalent rare earths
begin to precipitate at a somewhat higher pH (5.4 to 5.6), accurate pH control is
essential. However, achievement of this is greatly facilitated by the buffer
action of the acetate and should not pressnt a serious plant cperating problem.
A reprecipitation may te required to free the cerium of all traces of trivalent
rars earths.

Solvert Extraction of Fissgiorn Productis

The extraction of fission prcduct stroctium and rare earths with tall oill was
further explored using purified fractions. These included a fatty acid

(Indusoil L-5) and & rosin acid fraction. Strontium extracticn from a partially
neutralized {pH 8 to 10) 1IWW slurry was greatest with the fatty acid fracticr.
From sodium nitrate soluticns, rather than synthetic 1WW, there was essentially
no extractiorn cof tracer strcotium (<:Chh-per cent extracted) implying that other
components ir the 1WW may play a role in the extraction, perhaps through complex
forma*ion, or that the pH may be altered during extraction frcm the unbuffered
sodium nitrate syster. In other experiments, a naphthenic acid - xylsne solution
was fourd to extract cerium, but not sirontium, from partially neutralized sodium
nitrate or 1WW solutions. Tke naphthenic acids may prove valuable in the recovery
and/or separation of the rare earths.

Fission Product Isolation and Packaging Prototype

The capper, the last component to be fabricated, was completed and installed.
Operational "ccld" testirng of the prototype equipment continued. Operaticn of
the hydrolyzer has been complicated by the persistence cf a mastic stage in the
continuous cornversicn of the ngZnFe(CN)e slurry to the reacted oxides. Varia-
tions in operational procedures and possible equipment modifications are being
considered to alleviate this difficulty.

Purex Crude Rare Earth Recovery

Filtration Studies. An SMX* filter cartridge was tested using a synthetic
crude rare earth sulfate slurry. The cartridge resembled a three-foot long
bellows three-inches in diameter, is made of grade D (65 micron pores) sintered
stainless and contained ten square feet of filtering area. This cartridge was
instailed in a four-inch diameter glass container for tests. A 200 liter batch
of the slurry containing 16 grams/liter of rare earth sulfate was successfully
filtered in a two hour operation (190 liters filtered in one hour) using vacuum
filtratior. The tested batch was one-twelfth of the contemplated Purex batch
(600 gallons) and ccmpletely filled the container (0.19 cubic foot) with rare
earth sulfate. Approximately 99 per cent of the rare earth precipitate was
recovered.

* Trademark of the Micro Metallic Division, Pall Corporation

L
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Heat Transfer Studies. A small apparatus was made for determining thermal
conductivities of granular solids. The device requires only 60 cc of sample and
may be used with moist or electrically conducting materials. Two materials have
been tested to date, with results summarized below:

1. Fluid bed calcined Purex 1WW (HCHO killed)
(from Argoune): K = 0.17 at 424 F

2. Scdium Rare Earth Sulfate: K
K

0.107 at 244 F
0.118 at 435 F

where K is in Btu/(hr)(ft2)(°F)(ft). The scdium rare earth sulfate slurry was
dried in the test apparatus to simulate a cake deposited on & filter.

Heat trensfer characteristics of a sodium rare earth sulfate cake deposited on a
bellows-shaped filter element were investigated. No attempt was rwade to simulate
uniform heat generation, instead, the "worst case" with all heat entering along
the axis of the cylinder, was tested. Comparative data tabulated below show that
for this configuration, substitutirg & helium atmosphere for air improves the
thermal conductivity by about 1.75 as indicated by the relative temperature
differences.

Heat Generation Cake Temperature, °F¥
Rate, Btu/(hr)(ft3) Atmosphere Tnside  Outside
11,720 Air 654 257
11,720 Helium 504 278
18,000 Helium 702 367

* Distance between inside and outside about 1-5/8 inches.

ANALYTICAL AND INSTRUMENTAL CHEMISTRY

X-Ray Analysie

An X-ray spectrographic method was developed for the determination of gallium

in mixtures of gallium oxide and uranium oxide having a sensitivity of 0.05 per

cent Gep03. The Upgo line at e 20 value of 21.60 degrees (with a litkium fluoride
analyzing crystal)geas used as the reference line for the Gag.-line at 38.92 degrees.
Scattered backgrcund was measured at 40.0 degrees. It was necessary to grind the
samples very finely (300 mesh) in order to obtain uniform mixing and true fluores-
cent intensities from the gallium. :

EQIPMENT AND MATERIALS

Purex F-6 De-mister Pad

Samples of 5 mil Ta and Zr wire; 6, 11, and 62 mil Ti wire; and 6 and 11 mil
stainless steel wire were exposed as de-mister pads to the vapor over a boiling

1240084
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solution of the composition 6.2 M HNO3, O.4 M HpSO4, O.4 M NaNO3, O.h M Feg(SOu)3,
0.01 M H3POy. Corrcsion rates of the Ta and Zr wires were less than 0.0l mil/
month. The Ti and stainless steel wires ccrroded at rates of about 0.3 ard 0.1
mil/month, respectively. Extreme care shculd be taken if Zr or Ti 1s used in

the fabricaticn of this pad. Both the 5 mil Zr and the 6 mil Ti wire could be
ignitzd with the flame from a match. The 11 mil Ti wire required the flame from
& laboratory glass working torch for igriticn.

234-5 Flucrinator Off-Gas Filters and Pcwder Transfer

Using a bank of three porous carben filters, tke equivalent of thirteen filter
cycles was ackieved in filtering a dust (cerium fluoride) laden air stream.
Resteration of the filters after each cycle wag accomplished by equilizing the
pressure across tke filters while vibrating the filters arnd housings at 8650

cycles per mirute and an amplitude of 1/32 inch. Greater than 95 per cent of

thz sccumula+sd cake was removed each time. The iritial pressure drop increased

Yy a faztor of two (from 8 to 16 inches of water) after the first cycle; thereafter,
1little increases in irnitial pressure drop were observed.

A three hundred gram batch of 20 mesh cerium flucride powder was pneumatically
transferred successfully twelve times with a 2-inch diameter reverse cyclone
devize. Five SCFM of air were required to 1ift and transfer the powder to ard
through a 1/2-inch I.D. targential outlet contairing a 10-fcot run and 3-foot
rizse. In compariscn, twenty SCFM, or mcre, would normally be required tc fluid-
ize the 20 mesh ceriwm flucride powder in an equivalent diameter pipe. Modifi-
cations are now being made to permit the transfer of up to 4 mesh cerium powder
using 5 to 6 SCFM of air.

PRCCESS CONTROL DEVELOPMENT

U0z Plant Automation

The three sgervo systems whizh will be used in the plant test of the Calcirer
Programner were accepted from Techrnical Shops on July 16. The two variable
speed servos wers callibrated to ascertain the output shaft speed vs. the panel
dial gear ratio. These shaft speeds determine the rate cf: 1) the initisl
fast furnace power ircrease, and 2) the followirg slow increase cf furnace
power during start-up. This completes the necessary beanch testing of the
Calcirer Programmer ard readies it for plant installation.

All the necessary mecharical and schematic drawings for offsite ccomstruction
of thes Calciner Programmer have been completed, checked, and approved.

C Columr Instrumertation Studies

On the compieticr of the Purex 2B Column studies & number of changes were mads
to the 3-inch glass pulse column to improve its usefulness as a research tool.

The majcr chang=s are as follows:

Y
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1. The column was lowered 51 inches. This places the greater portion of the
column in an area more readily accessible for sampling and observation and
makes greater use of the existing fluorescent lighting. 1In addition, the
column is now in a position to run concatenated with an A-type column at
some future date.

2. The feed inlet distributors were redesigned to discharge directly onto the
end plates of the cartridge. This eliminated the "spray colum" effect that
accompanies distributors discharging some distance from the cartridge.

3. Twoc of the three 3-foot sections of the column were drilled with eleven
1/8-inch holes and fitted with quick disconnect type sampler connections.
This permits & single sensing unit to be alternately connected to these
sampling points, which allow incremental observations of uranium concen-
trations to be made throughout the length of the cartridge under operating
conditions.

L. The cartridge tie rod was extended out the top of the column and secured to
an externally mounted bracket. This enables the cartridge to be moved up and
down in relation to each specific sampling connection which in turn permits
a uranium concentration scan to be made from a specific plate-to-plate section
while the column is in operation.

The uranium photometer for analysis of the aqueous phase of the samples removed
through the mid-column sampler connections was calibrated in the laboratory. The
accuracy of the instrument was increased from the standard 3 per cent to some-
thing less than 1 per cent, by immobilizing the light source and operating it at
5.3 volts instead of 6.3 volts, by changing the stendardization cutoff filter
from a 3060 to a 3385, and by connecting the phototube directly to a 90 v power
supply (eliminating one set of cable connectors).

A programmer was designed which will automatically scan the readings of all
colum instrumentation in use at present. A digital voltmeter and printer will
be connected to the programmer switching circuits im such a way that each in-
strument reading will be printed and identified with a code number. Each sample
port on the column also has a code number. Six readings and standardization will
be made over a period of 2 minutes for each sample port after which the cther
instrumentation will be scenned as rapidly as nulls are obtained on the digital
voltmeter. Construction of the programmer unit has begun.

An extensive literature survey has been completed to collect all available
equilibrium distribution data on the uranium~-nitric acid-water, tributyl phosphate-
kerosene system at temperatures from O to 60 C. A composite of this data and any
new data which may be necessary for these studies will be documented for general
use. The data are needed in the present study to determine either HIU's or mass
transfer coefficients in the column. In most cases heretofore, the equilibrium
data given for 25 C in KAPL-602 have been used arbitrarily for all temperature
whenever HTU's have been calculated.

DEC z’
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Mecharical Processes

Shear Studizs. Sheer studies ccntinued with tests of a ccmbircation corsisting of
a 17-7 PH stainless steel male Vee moving blade &rd a semricirculsar stationary
blads. Prelimirary results show this combirnation zuts with lower forces tkan any
other tried to date, and that rcd bundles disintegrate meore thorcughly. Life
tests are required to demcns*trate that wear of the tlade poin*t will rnot markedly
alter cutting characteristics.

Coldssw Studies. Initial operation of a Motch and Merrywesther Model 3 coldsaw,
baing tezted for power fuels end-fitting cutoff, showed that the blades may be
expected t¢ process at least 50 tome c¢f fuels if proper work clamping can he em-
Floyved. About 1500 sq. ir. of stainless steel have been cut withou® detectsbls
dulling cf tke t1a3s. DBlade speed, piltch, and feed rate for the test were L7

sur? £+./mir., O0.4. inch, acd 3/h irch/min., respectively. The resultsrt chbips
(arcut 3/32 irzh x 3/8 iack) have a bulk density of 75 to 100 1b./cu.ft. Detailed
zlampirng studies will e meds after irnitial life testing is ccmpleted.

Feed Preparsaticn

Flooded Tray Dissclver. Investiga+tions of the "flcoded" tray dissclver ccncept
have teen iritiated by modifyirg the Darex pilct plant dissclver. Modificavtiors
include installstior of a glass lined pump tc transport dissclvernt from the
bottom of the crigiral Darex dissclver (250 liters) intc two Zircaloy-2 “rcughs
(4O 1:iters) suspended irside tks Darex dissoclver but aYve the sclution level.
The dissclven* flows lorgitudirally thrcugh the trough anld cver & veilr apd
returrs to the scluticz reserveir.

Two runs have “een made ir this equipment to determirz tkhe effect of recirculation
rate cr the digsclution rate cf Hanford slugs ¢f depleted, meta’llic uranium in
beiling 13 M HHGz. At recirculaticn rates of L, apd 70 liters per minute, cide
pensetraticn of tg slugs aversged 27.3 and 38.4 mils per hcur, regpsctively; over
ar. 8-12 hoar pericd. These raes compare faverably with 27.2 mils pe hkcur
atiained ir a cocverticrnal batch dissolver under the same disscliuticn corditioms.

Recirculating Dissclver. Irpstallation of an “"outrigger" dissclver barrel cn the
Hastelloy F digzclver has been completed and studies initisted on the dissciutico
of Harford slugs cf depleted, metalli: uranium. A recirculaticn rate cf 20 gpm
with a fcur-foct 1ift was easily ottained by sparging 10 scfm of air at & sub-
mergence of eight feset. Equipment operation was satisfactory ard uracium
dissclution normai. Quantitative data are nct available at report time.

Sulfex Pilct Plart. The firet series of pilot plant runs irvelving the dissoluticeo
of 30L4-L s*airless steel by the Sulfex process was completed. Dscladdirng scluticn
concentrations were varied from 3.1-5.7 M HpoSOL; with dissolution rates from

12-47 mils/kour. In k& M HpSO) the average penstration rates varied from 14%-25
mils/kour. The dissclution rates were markedly uniform throughout the courss of

each run.
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The dissolution reaction was initiated by the addition of cold concentrated
sulfuric acid to boiling water in the dissolver vessel containing the stainless
steel. The acid addition rates were varied from 0.008-0.16 gallon/minute per
square foot of stainless steel. Dissolution of the stainless steel (in contact
with mild steel) began when the acid concentration reached 2.5 M - 3.1 M HpSOy.
On the other hand, in the absence of mild steel, even at high acid additicn rates
the stainless steel failled to dissolve in 7.2 M H,S0).

Air bleed rates required to maintain the hydrogen concentration in the off-gas
below twc per cent averaged 2.5 scfm per square foot of stainless steel.

Dissolver Foaming Studies. Experiments have been initiated to determine if the
sparging of air or the passage of gaseous reaction products through Zirfliex or
Sulfex dissolver sclutions would form troublesome stable foams. The passage of
eltker air or mixtures of air and hydrogen through Sulfex dissclver liquers
produced very unstable foams. Similarly, unstable foams alsc resuited when
either air or mixtures of air, hydrogen, and ammonia were sparged through Zirflex
liquor. At room temperaturz, both the Sulfex and Zirflex foams decayed com-
pletely withirn one minute after the solutions were removed from dire:zt contact
with the gas streams. The Sulfex foam becomes increasingly unstable as the
soclution temperature is increased.

Sodium-Nitric Acid Reactions. Scouting studies were re-initiated to measure the
pressures develcped wken metallic sodium reacts with nitric acid. The sodium,
encapsulated in copper tubing, was submerged in eight feet of 60 per cent nitric
&acid in an eight-inch pipe, at the ambient tempersture. With 11 and 22 grams of
scdium, the peak pressures reccrded with a ballistic trarsducer and an oscilli-
sccpe, were 375 ard 850 pei, respectively. The reaction with the larger sodium
charge ejected some acid frcm the open top of the 15-foot dissolver and displaced
the 700-pound unit one foot.

U-Mc Alloy Dissolution. Laboratory studies of the applicability of the Darex
procegs for dissolution of U-Mo alloys were completed. Soluticas typical cf
those resulting from Darex dissolution of U-3 weight per cent Mo alloy and sub-
sequsnt beildown %o remove chloride ioa are being stored at room temperature to
check lengterm stability. Thus far (9 weeks) no solids have formed. Redox-type,
batch extraction studies were made with Darex process U-Mo alloy dissolver solu-
tions containing 0.0 to 0.5 M chloride ion. Molybdenum extraction was negligible
ic all cases, and no significant effects on uranium extraction were observed.
Chloride distribution coefficients were in the range 0.01 to 0.015.

Observations of long-term stability of solutions produced by dissclution of both
U-3 weight per cent and U-10 weight per cent Mo alloys in nitric acid - ferric
nitrate dissolvents were continued. In some cases stability has been checked for
as long as 18 weeks. In all cases solutions are more stable at room temperature
than &t 50 C. Stability is greater also at higher acidities. Present irdica-
tions are that solutions at room temperature are completely stable with respect
to solids formation after the first week or two of storage. Small amounts of
solids deposited during the initial stcrage period may represent finely divided
material produced during dissolution and not removed by centrifugatior pricr to
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storage. Experiments were performed also to define satisfactory conditicne for
the diesolution of 10 weight per cent alloy at 0.5 - 0.T5 M Fe(N03) Stability
of U=-Mo alloy dissolver solutions during the plutonium oxidation etep was
determined also.

Zirconium Dissolution vs. Electrical Conductivity. Additional Zirflex dissolu-
tion runs have Tteen carried cut to firm up earlier data on ionic conductance as
an index of completeness of zirconium dissolution. The data summarized herein
were obtained with an industrial type conductivity bridge whereas the earlier
data were obtained with laboratcry type equipment. In eight dissolution runs
the electrical resistance increased 15 + 1 chms from the beginning of dissolu-
tion to complete or nearly complete dissolution. In four of the eight runs
digsolution was complete, while two runs left 0.2 - 0.3 per cent of the zirconium
undizsclved, and two cthers left 2 - 3 per cent of the zirconium undissclved.
The 15 ohm increaze is irdependent of the initial resistance and agrees with the
increase cbserved with the labecratory type bridge.

On the basis cf these and previous data, the iornic conductance can serve az an
empirical index of the completeness of zirconium dissolution in the Zirflex
process.

Waste Treatment Studies

Experiments to determine physical and chemical properties of various neutralized
NPF wastes were initiated. Neutralization of synthetic Sulfex prccess waste with
50 per cert caustic was followed with a pH meter. Appproximately 4O ml of caustic
were required to rneutralize 100 ml of waste of the composition O. sl M stainless
steel, 6.5 M Ht, 3.86 M SOL™ to pH 10.5. Neutralized waste slurries " contained

54 to 80 volume per cent sclids after long term standing. Oxidaticn of iron(II)
to iron{III) was not observed during the settling period.

Recovery from Off-Standard Sulfex Wastes

Techniques for reccvery of uranium and plutorium from off-standard Sulfex decladding
scluticns are under study. Precipitation of uranium as tke peroxide and as the
phosphate has been investigated. Uranium reccoveries by peroxide precipitation
are unsatisfactorily low presumably because of interference from iron(II) arnd
sulfate ion. Recovery was not improved by changes in temperature (25 to 60 C),
oxidation of ircm to iron(III), or by tke presence of peroxide stabilizers.
Adequate uranium recovery is obtained by precipitation as the phosphate, but
the precipitate is ccntaminated badly with iron, chromium and nickel. Separa-
tion and recovery of uranium by precipitation as the diuranate or hydrcxide at
a controlled pH was studied briefly. Further studies of this latter technique
are in progress.

Materials of Construction

Sulfex process wastes may be contained safely in 304-L stainless steel equipment
provided s small concentration of iron(III) is present. Corrosion rates at 60 C
in the presence of as little as 0.001 to 0.004 M Fe(NO3)3 or Fep(S0y )3 were
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negligible. Oxidation of a portion of the iron(II) already present in the waste
with 0.001 M NaCrp07 also served to reduce corrosion rates to acceptable values.
Ir some instances synthetic Sulfex process wastes containing no added iron(III)
were found to be non-corrosive to 304-L stainless steel. This effect may be due
to air oxidation of iron(II) to iron(III). An air sparge of the spent decladding
solution may be sufficient to produce a solution which may be stored in 304-L
stainless steel.

A small amount of a heat of modified, vacuum melted Hastelloy F was received

from the Haynes Stellite Company. The composition of this alloy corresponds to
that of the standard alloy except that Mo and Cu contents are three and two weight
per cent, respectively (instead of six and zero weight per cent, respectively)

and niobium is not present. Short term corrosion tests indicate corrosion rates
in Zirflex process solution to be comparable to those for standard allcy. Cor-
rogion rates in Sulfex process solutions are comparable to those for Ni-o-nel
alloy. In Niflex process solutions corrosion rates are comparable to those ob-
tained for the Hastelloy F heat used in construction of the 321 Building dissolver.

Weldments of the new materiael were simulated by drawing an arc across coupons to
produce a bead of weld metal. Exposure of these coupons to Zirflex and Niflex
process solutions showed no preferential weld metal attack. A few small ccclusions
were present in both the base and weld metal which were rapidly attacked by the
Niflex process solution (1 M HNO3 - 2 M HF). Appreciable end-grain attack occurred
also in this latter solution. -

Samples of a Cr-Ni-W and a 60 Ni-40O W alloy were exposed to boiling 65 weight per
cent HNO3, 1 M HN03 - 2 M HF, and L M HoSOy solutions. Corrosion rates of the
Ni-W alloy in these solutiomns were 300, 1, and 0.2 -~ 0.3 mil/month, respectively.
The Cr-Ni-W alloy corroded at rates of 50, 2, and 300 mils/month in these
solutions.

Precision Level Measurements

~Two final water calibrations utilizing a standard dip tube system were completed
this month. One calibration was performed weighing water into the vessel, and the
other weighing water back out. This will allow determination of both a filling
and emptying curve. Data were taken to determine the calibration curve from zero
to 2-1/2 inches by adding water in twelve 30 pound increments. The empty vessel
was filled to 0.3 inch ten times to determine the accuracy of estimating the
zero intercept of the tank calibration curve. The data from all the calibrations
are now being programmed for statistical analysis on the 709 computer.

DECLASS 7y
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REACTOR DEVELOPMENT - 4000 PROGRAM

PLUTONIUM RECYCLE PROGRAM

Balt Cycle Process

The ccrversion of uranium oxides to uranyl chloride by the action of chlorice in

fused halide systems and subsequent recovery as U0o by reduction has been termed

the "Salt Cycle Process."” The process has two principal potential applications,
- (1) processing of reactor fuels, and (2) preparation of reactor fuel material.

Continued studies showed that both UO; and U30g chlorinate more readily than
ceramic grade UQp. Chlorination at 980 C reduced the reaction time considerably
as compared to 800 C and resulted in less residue. Black residues from the
preparation of UOLl, by passage of chlorine through KC1-NaCl melts containing
oxides of uranium were found to react with HCl to yield, apparently, UOCl, as .
evidezced by its cclor.

The reduction of UOClp from halide melts was accomplished electrolytically, and
by bismuth, lead, ammoria (hydrogen) and also by electrode grade graphite. The

electrclytic approach seems of greatest potertiel for fuel material preparation.
In preliminary experiments UO, with bulk and aggregate densities as high as 4.8

and 10.5, respectively, have been obtained.

Thermodynamics ¢f Halide Systems

Preliminary analysis of effusicn experiments with the KCl-UCl% system indicates
a changing composition of both starting material and condensate which suggests
an enhanced vclatility of uranium due to compound formation.

High Temperature Spectrophotometry

The previously repcrted difference in the absorption spectrum of UCl; obtained
by use of the hydrogen ard tungsten lamps has been resolved as dues to light
scattering rather than molecular effects. Because of the low intensity of
tungsten radiation in the near ultraviclet scattered light becomes appreciable
resulting in spurious transmission effects. The lower limit of use for the
tungsten lamp with the modified Beckman DU spectrophotometer has been set at
320 mu.

Prccedures have been established for preparing pure, dry samples of AlClj, KCl,
UClLy; UCl3, apd mixtures of these salts.

Liguid NoOy System

Kinetic experiments on the reaction of UOs with anydrous nitrogen dioxide at 105 C
have shown that the reaction apparently proceeds through formaticn cf an inter-
mediate, possibly UOp, 5. After 164 hours, 77 per cent of the original U0, had
disappeared, 61 per cent having converted to uranyl nitrate and 16 per cent to
arother ur§nium cxide phase having a U0, structure but lattice parameter

0

AOSS.)-& .
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Continucus Jon-Exchange Contactor Development

Preliminary studies in the three-inch diameter by four-foot long Weiss contactor
indicated satisfactory resin flow and retention or each plate with various pul-
sing conditions and no fluid flow. The four-plate unit was then replaced by a
three-inch diameter column three-feet long containing 15 resin support plates
spaced 2.5 inches apart. The plates were equipped with one-half inch down-
comers extending one irnch above and two inches below each plate. Shakedown

runs with both water and 7 M HNO3 indicate satisfactory resin retention at

flow rates up to 3.5 gal/min./sq.ft. Although the resin was partially fluidized
at the maximum flow rate, the settled height remained constent at one inck on
each plate (the distance the downcomers protruded above the plate). A uranium
f=ed will e used in future runs to study the exchanging efficiency of the
contactor. :

Boiling Metal Characteristics

The equipment for this study was described in last month's report (HW-60846 C,
page 18). This equipment has now been operated with lead-bismuth eutectics con-
taining 5, 10, and 20 per cent mercury. With the thermosyphon in operationm,
boiling occurred in the top one-third cof the column. As the power level was
raised, the amalgam flowed faster around the thermosyphon, maintaining the same
tciling region. This region was relatively independent of the metal composition.
Traverses along the column showed that the temperature rose linearly from the
bottom of the column to the point at which boiling initiated and then decreased
gradually through the two phase region. The normal boiling points for 5, 10,
and 20 per cent mercury were 530, 480, and 420 C, respectively, with the maximum
temperature in the column being as much as 30 degrees above these values,
presumably because of hydrostatic effects.

WASTE FIXATION

Mineral Reactilons

Eighty-three hundred column volumes of a synthetic waste simulated to contain
24 uc/liter of Cs137 were decontaminated with a decontamination factor greater
than 500 b£ passage through a 50 g column of clinoptilelite at a flow rate of
2.8 gal/f+°/min. The adsorption of Cs by clinoptilolite is not significantly
reduced by decreasing the pH from 12 to 1. Results of equilibrium type experi-
ments indicated that Sr decontamination by climoptilolite drops sharply as the
pH is reduced below 3. A search is presently being conducted to find selective
ion exchangers sultable for long-term storage of radicactive wastes.

Laboratory experiments are in progress to investigate the effect of neutralization
on simulated high-level waste solutions. Purex and Darex tzge wastes are being
studied both chemically in non-radioactive systems and in Sro> and Csl3T traced
systems.

| \
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A request to determine the availability of the CR In-Farm Scavenging Facility in
200 East Area studying mineral reactions on a pilot-plant scale was transmitted
to CPD.

Calculations were made to estimate the temperatures that might be experienced in
a dry limestone bed exhausted through utilization of the calcite-phosphate re-
action. Temperatures only several degrees higher than that of the surrounding
earth would be reached in a twenty-foot diameter column of apatite if the in-
fluent waste stream contained 0.0l uc,Sr9O/cc. A hundred-fold increase in the
8r90 concentration in the waste stream should not result in severe limitations
on mineral bed (calcite) dimensions due to temperature considerations. Similar
studies were started to evaluate temperature problems that may be associated
with beds of clinoptilolite.

BIOLOZY AND MEDICINE - 6000 PROGRAM

Radicisotopes in Farm Products

A survey of the radioisotopes in farm produce samples from lend irrigated with
Columbia River water is in progress. By counting 500 gram samplgs of whole pro-
duce in the new large crystal spectrometer, semsitivities of 10-® to 10-7 uc/g
are obtained for most gamma emitters without any chemical separation or sample
preparation other than packing into a plastic bottle. The major radioisotope is.
Znb2, ir representative amounts tabulated below:

‘ Activity
Type cf Produce Method of Irrigation d/m/g
Pasture grass Flooding : 80
Wheat (grain) Flooding 12
Mint plant Ditch 6
Beans Sprinkler 3
Carrcts Sprinkler 2
Coxrn , Ditch 2

In addition to these investigations the large crystal spectrometer is being
used by the Radiological Chemical Analysis Operation for routine crop sampling
measurements. Sensitivity increases by a factor of three or better are possible
if desired by increasing the sample size to five gallons or larger.

Radicisotopes in Reactor Effluent

The concentrations of Eul®2 (13 y.) and 160 (72 a.) in reactor effluent water
were measured in three composite samples and averaged 0.3 and 0.6 d/m/ml, respec-
tively. Although present only in these small concentrations, these isctopes are
strongly adsorbed on reactor piping and are important contributors to the rear

face dose.
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Liquid Scintillation Countirg

A liquid scintillation counting procedure was developed for determining the Pung
present in plutonium samwples. The plutonium is removed from the metal disks used
in alpha counting with 1N HC1l and extracted into a mixture of dibutylphosphate and
1iquid scintillator. After counting, the plutonium can be easily recovered fcr
further measurements.

Geology and Hydrolcgy

Two separate erosion surfaces were identified on the top of the Ringold formation.
The older, Pleistcocene in age, evidently sloped gently southeastward from 200
West Area toward the Columbhia River; & remnasnt area 1: - along the ncrtheas<

side of Cold Creek Valley, including 200 West Area. L. ie characterized by a
thick caliche bed and is overlain by Palouse scil. The seccnd ard later erosion
surface, about 10,000 years old, was incised in%c the earlier surface as a netwcrk
of acastamcesing river charnels, immediately preceding the deposition of *kz recent
fluviatile depceits. Reccgnition of the two ercsior surfaces will permit heiter
differentiation of +he Ringold and fluviatile sediments and hence, better defins
prchlem areas where the fluviatile sediments lie beneath the water table. There
the2y at least pctentially +ransmit large quantities of ground water at high flow
rates tcward the Columbia River,

A map was prepared showirg the elevation contours of the ground water as of June
1959. Elever wells situs<ed between the eastern and western ground water mounds
shcwed an average rise in water level durirg the past six months of almost 0.6
foct. At the present rate of change the water table will be everywhere above
LOO feet ir this regicn by the end of 1959.

A less complicated derivation of the proposed unsaturated flow equation

Q= -Ka(Q ')%y

has bsen developed. This new derivation employs & set of substitutions which is
much simpler tc follow. It also gives a much stronger argument for its validity.
The equaticr will te used in evaluating presert and future disposal sites.

Preperforated pipe is being used in the construction of ten hydrological test
wells at the ‘Gable Mountair test site. This is the first time casing of this
type has been used at Hanford. While attempting to drive this pipe in the first
of these ter welle, the contractor collapsed the casing which indicates that some
other methcd of installing the preperforated casing may be needed.

Soil Chemistry and Geochemistry

Laboratory experiments were designed to study the replacement of Cs on clinoptilc-
lite by cther ions. This research studies tke effect of ionic charge and radii

on the relative ease of replacement. The early results show three distinct re-
placement series, exclusive of tetravalent cations. Only for sodium, of the ious
studied, was the relative replacement ability significently affected by temperature.
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Two cf the replacement series are associated with alkali metals and alkaline earth
metals, and the third with trivalent iors. The alksli metal replacement series is
Cs* .~ Rb+ > K+ > Nat > Lit while that for the alkaline earth mstals is Batt>Srt+t
ZCatt > Mg*. Ammonium ion does not appear to fit properly into either of these
two series, but is intermediate between them.

Labcratory experiments with samples c¢f Conasauge shale from Oak Ridge, Tennessee,
shcwed that in a 1M sodium system at a pH of 2.8 and at 25 C this material has
about cne-tenth of the cesium remcval capacity and about one-tenth the cesium
removal efficiercy of clinoptilolite.

Turbidimetricalliy azalyzed supernatant soluticr from centrifuged Ce equilibrium
systems indica*ed that the pH range of scil colloid peptization corresponds to
that of apparent low Ce removal. The formation of a peptized cclloidal hydreoxide
of Ce, singly or in asscciaticn with a soil cclloid, is the most apparent
explanation of these results. '

Experiments with a pHd 10.3 system irdicated that non=-centrifugable Ce ie 60 per

cent adscrbed on Dowex 2iK arion exchange resirn. Negligitle adscrpticn by Dowex-50W
cation exchange resin was found. A physical filtration of particulate cerium was
ipdizated ir & scil cclumn experiment with & cerium influent at pH 10.3 ard £ 0.35
mm calcareous s0il; this resulted in greater than 90 per cent cerium removal.

Ground Waste Irvestigaticus

Scil cclumn experiments were continued to study the effect of Sr coucentraticn
or Sr treakthrough. In the presence of 1,000 ppm Mg ion, Sr concentraticns of
0.1 ppm and lower had nc effect on Sr breakthrough. The change in slope of the
Sr breakthrough curves with column length is consistertly greater in Mg-Sr than
in C&~Sr systems. On the basls of ionic competition, it is postulated that
Na-Sr systems will yield an even greater slope change.

Laboratory scil column experimente were perfcrmed with soil and influent
representative of that from the model crib experiment in progress near Gable
Mountain. These experiments resulted in a 1 per cent radicstrcntium break*hrough
at 0.5 column volume, 5 per cent breakthrough at 0.8 column vclume, 50 per cent
breakthrough at 2.0 column volumes, and ultimate effluent concen*rations approach-
ing 90 per cent of the influent. A laboratcry soil cclumn of the same length as
the soil column bereath the medel crib is beirg studied.

Elution of Sr85 from the scil at the test site was ccncluded after leaching with
12,300 gallons of Ca sclution and washing witkh 3900 gallons cf water. After
flushing, the corcertration of Sr85 in the ground water beneath the site ranged
from detectable to 2 per cent of the criginal irnfluent concentration.

On the basis of the experimentally-determined porosity of 31 per cent for the

test site soil and tke nitrate ion breakthrough velume it was calculated that
the effective volume of soil beneath the 2-foot x 2~foot crib is equivalen* tc a

column 8-foot in diameter.
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New wells were driven and a 6-inch x 6-inch erib installed in preparaticn fcr a
new experiment soon to be initiated.

Field Apparatus Development

An airborne magnetometer used by the U.S. Geological Survey in local flights

was studied in a survey flight over the Hanford Project. The objective was to
determine whether magnetic response of the airborne total field imstrument would
correlate with ground instrument surveys made last summer with a vertical field
instrument. From the few lines surveyed it appeared that good correlation will
be obtained; strong response was recorded over known basalt features. Permission
was requested to acquire and study all the magnetic data collected by the USGS.

Methods and equipment for sampling at depth in wells were reviewed. A solenoid
valve sampler was assembled and tested under 400-feet water head. Leakage occurred
at a rate cf 10 cc per hour which is minor unless the sampler must remain at these
depths for long periods before admitting the sample. Leakage can be eliminated
through proper valve selection. The valves available were not rated for the
pressure at 400-feet. Other sampling concepts were develcped for trial.

Micromeritics

The literature relating to particle interaction with surfaces was reviewed in
detail to establish a base for extending the research study. There appears to be
a great need for experimental work to verify theories relating to deposition and
retention of particles on surfaces, which is the area of work anticipated.

The issuance of the document HW-61082, "Radioactive Particles in 234-5 Building
Ven*ilation Exhaust," concluded the work of characterizing particles in the

234=5 Building stack.

Manager, -
Chemical Research & Development
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A.

BICLOGY OPERATICN
ORGANIZATION AND PERSONNEL

Dr. Howard E. Erdman joined the Radioecology Operation on July 27 and
Dr. Richard A. Hennacy joined the Pharmacology Operation on July 30.

TECHNICAL ACTIVITIES

FISSTONASLE MATERIALS - 2000 PROGRAM

BIOLOGICAL MONITORING

Radioiodine Contamination

Concentrations of I¥31 in thyroid glands of jack rabbits were approximately
six times less than those observed one year ago. Values follow:

pe/g Wet Wt. Trend
Location Average = Maximum Factor
Prosser Barricade L x 107k 7 x lo'h + 2
I Miles SW of Redox 2 x 1074 1 x 10-3 -
Wahluke Slope 2 x 10-k 7 x 107} -2

Columbia River Contamination

Concentrations of gross beta emitters in Columbia River organisms collected at
Hanford were approximately five times less than those observed one year ago.
Values of indicator organisms follow:

_ uc/g Wet Weight Trend
Sample Type Average Maximm Factor.
Ninnows (entire) 2 x 1073 3 x 1070 + 2

Of several antibiotics tested, Distrycin appears to be most favorable for
studying mutation of C. columnaris to drug resistance. Work is contimuing
to obtain conditions suitable to evaluate the dose-mutation rate relationship.

Fallout Contamination

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

nc/g Wet Materials Trend
Sample Type Average _ Factor
Sone Tx 10"S + 2
Feces L x 10—5 -
Muscle 3 x 10-5 .3
Liver 1l x10- -

UNCLASSIFIED
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Effect of Reactor Effluent on Aquatic Organisms

Honitoring of the effluent from the 100-KZ reactor was continued with young
rainbow trout. After two months there was no appreciable dif ference in the
size of the fish expcsed to 1; 2, or 3 per cent strength effluent. There
was, however, a somewhat higher morteality among the fish in the 2 and 3 per
cent effluent. Survival in all lots has veen affected by bacterial disease
which has accompanied nigh water temperatures,

BICLOCY AID IIZDICINET - 6000 FROGRAM
IETASCLISK, TOLICITY, AND IRANSFER CF rALICACTIVE IHATZRIALS

Phosghorus

A curscry test on the uptake of p3? by cichlias indicated that arprcpriate
body burdens would build up by merely adcding the isctope to the water.
Prerarations are being mace to use this method on the aquarium fish in a
test to determine radiation damage to sex products.

Strontium

Iearling rainbow tro&t have regeived intramusgular injections of 5r79-Y70
at levels of 6 x 10-4, 3 x 1077, or 1.5 x 10°>-pc/gram of fish twice each
week for ten wecks. No effect on growth or mortality is yet evident but
the variation in size of the fish within the median and high level groups
has become appreciably greater than that in the control group.

Daily force feeding of gelatin capsules to anesthetized trout had no apparent
effect on the fish and was discontinued after ten weeks. Weekly phlebotomies
were also ciscontinued after ten weeks since the erythrocyte count was well-
stabilized ana leucocyte count did not increase after the sixth week.

Significant improvements were made in the gill perfusion technique and initial
runs with Sr®” indicate that the method and ecuipment will furnish satisfactory
data on the transport of radioisotopes across the gill membranes.

Pigs farrowed by one miniature sow fed 5 pc of 5r70 for over fcur months and
90-day-0ld fetuses from a miniature sow fed 25 pc/day seemed normal in size
and appearance,

Uptake of Sr90 from soil contaminated with chemical forms of Sr 0 of varying
solubility is little changed after three successive crorpingswith beans.

A slightly reduced uptake was observed from all treatments on acid soil
indicating some fixation of the Srf0, Uptake of the soluble forms, SrCls
and Sr(N03)2 was slightly lower from basic scils that had been cbserved in
previous croppings. This suggests a possible move toward an ecuilibrium

of the Sr¥0 in these soils.

UNCLASSIFIED
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JTodine

Radish and lettuce plants are being exposed to fission products released by
melting a fuel element. The melt-down is being arranged by the Air Force.
After plants are exposed, they will be decontaminated with a variety of
reagents to evaluate the feasibility of decontaminating plant foods for
human consumption.

Cesium

Plants were grown in soils containing the same amount of C5137/g under three
water conditions: soil at field capacity, saturated soil, and saturated soil with
2 1/2" of standing water. Flants from soils moistened to field capacity had

no increase over background, and those from saturated soils were only double

this, but samples from saturated soll and standing water contained 70 times

as ruch Cs137 as those grown in field capacity conditions.

Internal measurements of the gamma dose rate using ionization pencils in two

rams fed 1.25 and 0.50 me Cs137 daily for five and twenty days, respectively,
are shown in the following table:

Amount of Csi37 fed daily

Location 1.25 mc (5 davs) 0.5 mc_ (20 days)
Liver 35 mr/hr _ 15 mr/hr
Kidney 31 23
Muscle 23 16
Brain 19 16
Testes 26 11
(Testes removed

from body) . 15 5
(Serotum with
. testes removed) 8 7

(Earlier measurements indicated that no aprreciable beta irradiation from cs137
would penetrate the walls of the ionization pencils.)

A small beta scintillation grobe was utilized for scanning one testicle and
one kidney of a ram fed Csl37 for five days. It was found that the Csl37
concentration in the medulla of the kidney was about 80 per cent of that observed
in the cortex. (French workers some time ago reported a similar relationship for
radiopotassium in_the kidney.)

Fifteen per cent of the administered dose of Cst37 was excreted in the urine

of a ram fed 0.5 mc/day for 20 days, wiile 19 per cent of the administered dose
was excreted in the urine of another ram 20 days after receiving a single 2 mc
dose.

UNCLASSIFIED
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Plutonium

Rats injected with 1 pc of plutonium have been irradiated with weekly doses of
100 r to an accurulative totali of 2200 r. Four of twelve rats survived this
treatment. Ten of twelve rats subjected to the X-ray treatment only have
survived.

The effectiveness cf DIPA in preventing plutonium deposition was not improved

by its administration as magnesium or zinc salts. Reduced glutathione administered
immediately following CaNaBDTPA significantly imprcved the effectiveness cf DTPA
treatment. This effect will require further study,

The initial twoc swine for an experiment designed to study the effects of intra-
dermally deposited plutonium were injected with a 0.2 N Pu(NOB)au solution. The
levels injected ranged from 0.0016 to 1.0 juc and were duplicated on both sides
of the animal. The rate and extent of plutonium disappearance from the site
of injection are. being followed by a scintillaticn probe.

Three pigs were injected with Pu23? citrate suspension, pH 5.5. At intervals
ranging from minutes to hours, over a five-day pericd. blood samples were taken
for radioanalysis. On the sixth day the animals were sacrificed for tissue radio-
analysis, Similar groups of animals will be similarly dosed when they reach the
age of these animals. However. DTPA, EDTA, and zirconium citrate will be
administered to them to test their effectiveness in removing plutonium.

Twe mature male Pitman-Moore pigs were administered plutonium in the first phase of
the study designed to establish the comparative toxicity cf Sr70, Ra226, ang Pu239
following single intravenous administration. Pu23? citrate suspension, pH 5,

was injected in an amount calculated to give a body burden of 1 pckg body

weight. Routine blood sampling, clinical and X-ray examinations will be followed
in these animals during their lifetime.

Radioactive Particles

Twenty=four dogs were exposed to plutonium oxide aerosols to complete a study
of the effect of particle size and concentration on deposition, distribution;
and excretion., Two dogs were killed a®t about nine months after exposure to see
if excretion and. lung burden of plutonium could be correlated.

Gastrointestinal Radiation Injury

Studies are continuing on the effect of intestinal tract irradiation on glucose
absorption. A sublethal exposure of the tract to 900 r appears to have as
large an effect on glucose absorption as 1500 r. The correlation of blood sugar
levels with the inhibition of absorption is being investigated as a possible
method of estimating radiation dose to the intestinal tract.

UNCLASSIFIED
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Experimental Techniques

A new technique has been developed for the positive identification of radiocactive
particles collected on millipore filters. Heretofore absolute distinction between
radioactive and non-radioactive contaminant dust particles (in the range of 0.8
to 2 p) was impossible and posed a constant and harassing problem in the difficult
but highly important lung inhalation studies.

The new method involves the application of a very thin layer of Eastman Kodak NTA
nuclear emulsion on an electron microscope grid upon which a sample of millipore
filter has previously been dissolved. After several days the exposed grid,
covered by the thin lgyer of emlsion; is developed in a routine manner and
subsequently. examined and photographed in the electron microscope.

A new approach to the indwelling catheterization of the femoral vein in

swine was established. The catheter is introduced into the recurrent tarsal
vein and passed along this vessel into the femoral vein., This method provides
a quick and relatively simple procedure by which frequent blood sampling may be
accomplished,

Whole-Body Monitor

Direct background measurements were made with a 128-Channel Analyzer equipped
with a 2 x 2 inch Nal-crystal detector in the site chosen for the subject
facility. Readings made both above and below ground indicated that there may

be an advantage to utilizing an earthen barrier. This is, however, being
further investigated. Additional measurements will be made in one month, when
the reactor is shut down and when it is in operation, using the type of shielding
planned for the new facility.

BIOZGY OPER.ATI

HAK:es
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D.

Lectures

a. Papers presented at Meetings
None

b. Off-Site Seminars

FP Hungate, 7/13/59, "Biological Effects of Radiation on Cells," University
of Washington Summer Institute; Seattle, Washington.

FP Hungate; 7/15/59, "Radiation Biology at Hanford,' Gonzszga University
Summer Institute, Spokane, Washington.

VH Smith,. 7/23/59, "Chemical Protective Agents," Unlver51ty of Washlngton
Summer Institute, Seattle. Washlngtonc

WJ Clarke, 7/23/59, "Use of Bone Marrow Transplan ation as a Therapeutic
Agent Following Total Body Irradiation," University of Washington
Summer Institute, Seattle. Washington.

IX Bustad, 7/27/59, "Raciation Tumorigenesis” to Physics Fellows - 300 Area.

D.E. Warner, 7/29-30, "Radiobiology at Hanford," to faculty and student
body at Eastern Oregon College. La Grande; Oregonn

R.C. Pendleton, 7/30/59, "Ecological Aspects of Radioactive Waste Disposal®,
Biological Station at Flathead Lake, Montana, (U. of Montana).

c. Biology Seminars
None

Publications

a., HW Publications (external distfibution)
None

b. HW Publications (intemmal distribution)
None

c. Open Literature

R. T. O'Brien and L. A. George, "Preparation of autoradiograms for Electron
Microscope," Nature 183; lh61=1h62 (1999).
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OPERATIONS RESEARCH AND SYNTHESIS OPERATION
HONTHLY REPORT

July, 1959

ORGANIZATION AND PERSONNEL

L~

W. T, Stevenson transferred to the Cuality Control Operation, FPD. eflccuiie
July 1. A Technologist R & D was transferred into vperations Resear h and
Symthesis from Reactor and Fuels Research and Development effective Jul:y 13

OPERATIONS RESEARCH ACTIVITIES

Input-Output Simulation Model

Work on the computer program continued.
Other

In connection with the study of business systems, work is being done with
personnel of the conputing operatior. to examine the basic ~haracteristics

of that operation from the point of view of effective control. In particular.
the desirability of standard billings as opposed to a control based on cash
flow -- available machine time ~-- output rclationships is being examined.

OPERATIONS AIIALYSIS STUDILS

Redox Dissolver Study

Principal component anglysis of the data was completed and supplied consider-
cble information as to possible variants of the basic medel. VWork on a
cormuter prograrr for determining the parameters of an empirical relationship
between specific gravity and time was completed.

Z Plant Information Study

This study is essentially in a standby status while awaiting receipt of
specifications for process equipment modifications. Data describing physical
plant layout and conduit routingsc have been sent to the IBM eguipment design
engineer.

FPD Process Control and Experimentation

The cleaning process is being thoroughly investigated as a means of eliminating
"non-wet" rejects. Data from a preliminary experiment, in which ocne step at

a time was eliminated in the cleaning process were helpful in designing a
subseyuent experiment which will permit estimation of the effects of elimi-
nating any combination of steps in the present process. In this same eiperi-
ment, the effect of changing the concentration of one of {he agents will also

1260107 DEC[AWFEE
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be investigated. Assistance was provided In the dezign of other experinent
in which various substitutions and additional stewns are <o te considered.
The protection afforded by the existing sempling plan for "non-wet” rejects
was evaluated, and suggestions were made for employing a sequential plan
giving the same protection.

I

Data were analyzed to evaluate the effects of several variables on dimensional
distortion during heat treatment in the co-extrusion process. It was poirted
out in discussing the results of the analysis that failure to replicate mz:-
lead to misleading conclusions in evaluating the reduction ratio effect,

which is of primary interest.

Quality Certification Program

In response to a rough draft of proposed product specifications prepared ty

IPD personnel, data requirements to implement such e product specification

system were listed. To illustrate how these data could be reported and

interpreted, a thoro:-h review was made of one measurement, total count. It

was shown that total count data could easily be routinely reported and inter-

preted, arnd criteria were drawn up for reporting additional data to IPD vhen
out->f-contrel” situations occur.

Some misunderstanding of the need for transforming rew total count data to
logarithms has existed. Since total count is such & widely used measure-
ment tool, a document (HW-61394) was prepared discussing in detail the
reasons for rejuiring this transformation. Illustrations with actual data
were included.

Process Tube Leaks

A report has been issued outlining in some detail the next step to fcllow in
an effort to better predict which tubes are likely to leak because of external
corrosion. Work will begin on the analysis during August.

In connection with the general problem of external corrosion, assistance ves
given IPD personnel engaged in determining the "seizure" effect of tube
corrosion, where "ceizure' on a fuel element due to a tube's collapsing from
corrosion product build-up may lead to a stuck charge. Available leak data.
indicating the freguency of pits of a given depth, are being interpreted along
with visual pit distribution data to calculate the probability of "seizure.”

Aluminum Corrosion

Discussions were held with IPD and HLO personnel relative to the comparison of
two aluminum corrosion models as regards their effectiveness in describing
reactor data. Both models considered lead to a non-random error distribution.
and are quite comparable when date of less practical importance are deleted.
Calculations have been made for two additional models utilizing these same
data, but comparisons with the other models have not as yet been made.

1240108 | -
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Reactor Calculations

A preliminary document is being prepared in connection with this study which
will: (1) describe aspects of the problem in mathematical language; (2) pre-
sent the results of analyses pertaining to the handling of reactor power data
and the frequency of temperature map making; and (3) 1list the information
necessary to have before the accuracy of reactor power level calculations can
be assessed in the light of accountability needs.

CPD Control

- A rough draft report was issued in connection with the study of material con-
trol in the Recuplex dissolvers. It is planned to document this report because
of the potential usefulness of this type of mathematical model in explaining

the data, and conseguently, in formulating optimum operating procedures.

Radiation Protection Studies

“Jork continued on the analysis of data from a Calibration Operation experiment
to test the validity of the inverse scuare law as it applies to radium gamma
film badge calibration. A pilot study experiment to test the effect of exposure
cnzle upon the film badge was analyzed, and the information obtained wes used

to design a more complete experiment to further investigete the effect.

At the request of Radiation Protection Operation personnel, preliminary pre-
cision estimates for the annual 3r. dose limit were provided. Improved
estimates must await the completion of all experiments in progress and a study
of the manner in which the various sources of error interact to provide the
total error in dose estimation.

Systews Reliability

A general digital computer program has been written which is capable of handling
logical descriptions of systems of eny degree of complexity. It is felt that
the use of this program to complete detailed studies of the K Plant water systen
must serve as the basis for more general studies.

STATISTICAL AND MATHEMATICAL ACTIVITIES WITHIN HIO

2000 Program - Electron Diffraction

A statistical analysis was initiated of a gold film electron diffraction pattern
for Physical Metallurgy Operation to determine the precision and accuracy of
their current calibration formula for powder patterns. The analysis should pro-
vide information on the importance of spherical asberration as a biasing factor

in the calibration, on the number of rings that should be used in the calibration,
and on the biasing characteristics of individual rings. Any consistent hias
pattern in the reading of ring diameters as one progresses outward from the

tance in measuring ring diameters of replicat.ng a given orientation and rec
several orientations.
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LOOO Program - Swelling Studies

Analysis was completed on a distribution of known diameter balls in a "Scotch”
medium, processed and photographed similarly to the uranium samples, in an
effort to determine the nature of the distortion introduced in the processing.
Work continues in this area.

4000 Program - Fission Gas Release

An unclassified document commenting on the fraction of fission gas released
from a spherical source was written and will be issued shortly. The document
considers the numerical evaluation of a familiar but computationally complex
infinite series expansion expressing the fraction of fission gas released
from a spacially homogeneous spherical source in uniform continuous production.
Included is a general discussion of the calculation of the infinite series.
with a bound for the error arising from truncation after a specified number

of terms, and in addition, approximations to the fraction released for extreme
values of the parameter Dt,2¢ where D is the diffusion coefficient of the
spherical source, t is the length of the produciion time interval. and a is
the radius of the spherical source.

LOOO Program - Waste Disposal

Consultation was held with members of the Chemical Lffluents Technology
Operation concerning the design of a proposed experiment to measure the effects
of several factors cccurring in a waste disposal study.

£000 Program - Biology and lMedicine

Work continued on statistical analysis of data from a radiostrontiwm-calcium
uptake and retention experiment involving acute and chronic aedministration of
thes= isotopes to groups of mature and growing rats. A modified power function,
derived from a mathematicel model of the experimental situation, has been fitted
to the data from the acute administration experiment. Preliminary results seem
to indicate that the modified power law is in excellent agreement with the data.

Work was initlated on a statistical analysis of data from a daily 579C 80y,
inhalation experiment. The same mathematical power law 1s applicable in this

situation, with the necessary modification for chronic rather than acute adminis-
tration.

General
Mathematical assistance is being given in a study of the elastic solutions for

the thermal stresses in finite s0lid cylindrical fucl elements under - arious
assumptions on the thermel distributions.

1240110 |
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Analysis of several tank calibrations associated with volume measurements of
non~-production fuel element solutions was completed. Two more calibrations
with water are being run, in one of which the calibration is being performed
by emptying rather than filling the tank. Two experiments will also be run

in which the precision of the heel at zero manometer reading will be evaluated.

STATISTICAL AND MATHEMATICAL ACTIVITIES FOR OTHER HAPO COMPONENTS

Irradiation Processigg}Dgpértment

A reliability analysis was made of a proposed scram system which is designed
to distinguish between spurious and real scram situations. Conservative
estimates of individual component reliabilities were used in this analysis.
Also, a sampling plan proposed to use in connection with the acceptance of
parts for this system was evaluated.

Chemical Processing Department

A series of meetingswere held to discuss the applicability of the Gorton lathe
to the precision machining of free form weapons components. The serious
restrictions to machining due to this lathe's peculiar coordinate system were
demonstrated and thoroughly discussed. It was agreed upon that for certain
uncomplicated shapes, the Gorton should be tested. As a consecuence, a nmathe-
metical program for the IBM 709 is nearing completion which will convert device
specifications into the appropriate cam specifications.

Construction Eng. and Utilities Operation

The results of a review of the present measuring system used to evaluate fair
cost estimates made by Estimating Operation were presented to responsible
management during the month. Tt was pointed out that the present systen leads
to difficulties in setting realistic and objective estimates. Suggestions for
improving the situation were given and a report is being prepared.

Relations Operation

Data from the returned questionnaires used in the recently completed GI News
readership survey were analyzed. Comparisons were made between fmajor ~on-
ponents and between differenc employee groups with respect to the percentages
of favorable responses to the various guestions. Several significant differ-
ences were detected.

At the recuest of the Health Operation a statistical analysis is being performed
on data from several human cases of accidental Pu deposition to determine the
effectiveness of different dosage schedules of a DTPA treatment.

Empirical data are also being statistically analyzed to determine the functional
relationship reluting microparticle size to terminal falling velocity in a

viscous medium.
Cote s B S

Carl A. Bennett laneger
24011 OPERATIONS RESEARCH & SYNTISIS
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A.

PROCRAMMING OPERATION
JULY 1 '

FISSIONABLE MATERIALS - 2000 PROCRAM

1. Radiolsotopes for Heat Scurces

Study of Th-228 preparation via Th-230 irradiation ard decay of the rezsulting
U-232 was continued. The Litton computer was utilized to provide data on the
progress of irradistion (with 2.16 x 1013 meutren flux) of a mixture of Th-232
and Th-230 (11 per cent Th-230). The resulting curves showed that such a
mixture (representative of masterial which may te reccvered from the most desir-
&ble ore sources) containing ozme kilogram cf Th-230 would yield atout 20 grams
of the desired intermediate proiuct, Pa-231, in 100 days. After aging, about
an equal amcunt cf by-product U-233 zontzining sbout 0.5 gram of U-232 was
also prcduced. These rasults support expectations for a reascnable yield of
Pa-231 whizh could ther be rzccvered and further irrediated for an annual
production of kilogram quantitiez of U-232.

2. Hanford Loops

Jointly with Reactor and Fuelz Research and Develcpmert Operation a comprehen-
sive synopsis of all Haufcrd irn-reactor and out-of-reactor loop facilities was
prepared for +he 2000 Program budget review. Eazh lccp wae described according
to its purrose, physical dimensicns, meterials, operating conditions, locatlon,
and cost. A tctal of 27 out-of-reactor loops ard 13 in-reacteor loops were
described and zategorized.

REACTOR DEVELOPMENT - 4000 PROGRAM

1. Plutonium Reayc.e Program

RBU Computer Code

Collection of nuzlear constants from the readily avallable literature
for the isotcpes in the RBU crcss-section library proceeded to the point
vhere about one-third of the total required data are compiled. Testing,
debugging, and input coding for RBU continued.

Plutonium Value Study

The compilation of information tc facilitate reporting a year's study of
the apparent value of plutonium to reector operators using self-sustaining
plutonium recycle and & uranium enrichmernt cascade is continuing and zome
cases willi be run to fill out the data. The concurrent revision of the
IBM-650 codes used for this work ictc an integrated single IBM-T70G code
has progreszed to complete debugging of the recycle portion which is now
being aprlied. The portion using uranium cnce-through operation mey be
usable within a month,

1240112
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PRTR Planning

The effects on supporting facilities of PRTR physics experiments plauned
for reactor startup were investigated. Equipment and manpower regquire-

ments and radiation hazards were analyzed for theose experiments studied

to date.

C. BIOLOGY AND MEDICINE - 6000 PROGRAM

1. Radiological Consultaticn

A request was received to assist in certain sections of the forthcoming
revision of the U. S. Weather Buresu's pamphlet, "Meteorology and Atomic
Energy". Commants were forwarded on the outline and agreement given to
Trovide assistancze.

A lecture on "Maximum Permissible Radiation Dose" was given to the Radio-
logical Physica Fellows.

2. Programs

A request was prepared for Chemical Effluents Technology to review‘the fate
of radioactive materials used in the Rattlesnake Springs projects of Radio-
ecology.

Two meetings of the Radiological Evaluation Task Force were held during the

month. The appendices tc the repcrt being prepared by the Task Force were
discussed in detail and returned to the authors for revisicrn.

D. OTHER ACTIVITIES

With the completion of arrangements for off-site speakers the final schedule
for the 1959 - SINE program was issusd, Through July, forty-four lectures
and twenty-one tours wers completed in accordance with the schedule. Eleven:
of these lectures were given by off-site personnel including individuals
from Phillips Petroleum facilitles at Idaho Falls, and the Oak Ridge and
Argorne National Laboratcries., Programming Operation personrel completed
six lecture assigrments and asgisted in several tours and also in the
prcblexr assignmernts.

Assistance was provided in planning and carryizng out the Hanford Laberatories

portion cf the General Adviscry Committee visit. Tours and visits were
coordinated for several groups cf students and teachers during the menth,

f240113 UNCLASSIFIED
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Participation in the activities of the Task Force on Plant Imprcverent Analiysis
continued. A system of categorizing plant improvement programe was developed

by the group.

for Manager, Prcgramming

M Lewis:dl

12401 1Y UNCLASSIFIED



HW-6137=

=t

UNCLASSIFIED

+Butuweld
aInyng pus STSATEUB
oT2ko TanJ nd OTH

*n°q ‘ao3darysem

juemdo (3450 J03983Y

3o UOTSTAIQ ‘0AV  66/L2/L

UNCLASSIFIED

a0uBTBA UYOL

get - 00t oy USHQUOSE °V "§  JO 8n3\yS SSNOSTP O
NN\N uosuaAdT ‘W
/L 1spad "W H
12/L aTssdy 34990y
__ " " " " “ "T1I ‘yuomweT “INV 12/L Isyostd "1 L
oyepI g2/l susaays ‘I °r
‘RITed OUBPI 02/L xeTdoT °1 4
-sgued Toraaed ¢:0p WNITCIIad LT-91/L T9zI8M "W “d
" u " " wegoId BuTesa00Id edITITUd ‘ddOI 9t/L spuod T ‘X
Teviwey) - A3csuy
I3TONN JO 9In313sul 2a3s32aUnI :H\P JaTand L
62t - 00E oN  uuwWIyoy °y°D Joummg 03 SHIE} 3ATD $28pTH ¥E0 ‘TINHO 71/ L sgnox) L °d
*g4UspI0B
uoyT3eTpBI JO s3oadse oTyo °‘TIEULTIVLD
TIPS U0 yooqpusy 1e31dsog
JToU3 YITA Pelddu  TBILUln 13eUuUTdULH
g2t - 00€ oN LTeog "M°L ~uoT sWeTqoxd MOTARY ¢pysuuiouid Jo ‘N 66/T2/L AR ‘zoBueeg *1°H
PATRTA vjeq PI35BIN0D FI5L) J0F UOEBY 459ICPY PUe 3TSTA suraN
*gBpTd DPWIVTIFESY  TBUUOSIS] pojuasaxdey uoilez Jo s9y8(d
B 9uIY 0} 88300V OdVH -Tueday Jo Luedwo)

!QYOJINVH OL SLISIA

t2u011S



EW-6137k

F-5

UNCLASSIFIED

831 aagoe) *qd°y

sag IPTWYOS LR

ON UOSTIM °A

IPTIqOS °H
ON UOSTBYITW °1I°r

*TTOUNO) SpIBNSdIvg
1090834 ID JO FUIFOIY
*TTounc) spIendajeg
J0308ay gH JO TTOUNOd
-qng SUTIBY JO BUTIIN

*qgonbax D

18 YIOA WmnodBA YIIY
8,408BqUIsy SSNOST(
*FuiT000 Lanoasum

PUB 830TASD UOTSJISAUOD
OTUOTULISY} SBNOYTP OF
* L3ToTI3001H

0% 983H JO UOTSIDAUO)
J08I1(q, §61°2 wsIdoag

UNCLASSIFIED

"JTT8) ‘odsyousay ueg ‘@p  #2-€2/L
"A°N ‘Apegosusydg ‘gp 9T-ST/L £1eog "M °r
*X'N ‘Aperosusyog
THID 12/L -0
' | —
"X°N ‘Apezosusyog m
¥ T12-02/L -
o~

*gsey ‘oBpraqume)

oN upgeny "p  T8T0adg LIN PUS338 Of  UDSL JO 93TGTISUI " esey L1-9/L  uyoequosy ‘y—g
380  pPojoeluU0Y ITSTA I0J UosBay SS9IPPY % DPO3TSTA Ausdmog 3TSTA surey
Po30TI389) TauuOsSIag Jo sa38q
07 88300y

'SNOLLVITVLSNI HaALO OL SLISIA



UNCLASSIFIED G-1 HW-6137h

RADIATION PROTECTION OPERATION
MONTHLY REPORT - JULY 1959

A. ORGANIZATION AND PERSONNEL

I. Holtzman (Specialist, Radiation Monitoring) and Maryann Long (Seczretary)
were added to the rclls of Radiation Protection Operation on July 1k and July 27,
respectively. The force of the Radiation Protection Operation now totals 135.

B. ACTIVITIES

Three new cases of plutonium deposition were confirmed during the month. One case
was the result of & contaminated minor injury and twe cases were detected through
the routine sampling program. The total number of deposition cases which have
occurred at Hanford is 232 of which 164 are currently employed.

The contaminated minor injury occurred during routine maintenance wcrk in the
Recuplex recycling and blending hoods. Initial contamination levels in the
vicinity of the wound area on the finger were > 40,000 d/m Pu. Normal decontamina-
tion efforts were relatively unsuccessful. Measurement of the contamination in

or near the wound in the Shielded Personnel Monitoring Station indicated ~ 0.016 uc
Pu in the wound site. Excision of tissue at the wound site reduced the contamina-
tion level to ~0.001 pe. The initial estimate of the internal deposition is < 10
per cent of the maximum permissible limit (C.O4 pc Pu).

An improved method for evaluation of NTA film exposed to fast neutrons was initiated.
This method involves a sequential analysis technique for reading films which have
recelved a significant gamms exposure as measured by the gamma film in the neutron
badge. This procedure will result in reading fewer negative films. Those films
which are read will have an improved sensitivity.

The film badge processing machine is being utilized routinely for processing of
badges. Several safety features have been added. The film exit chute was equipped
with & specialfilm catching magazine which orderly stacks film removed from the
badges.

A comprehensive study was initimted on the variation of expected neutron and gemma
exposures during separation and fabricaticon of plutonium as a function of the
concentration of plutonium isotopes 240 and 241. This study will be helpful in
forecasting expected exposure resulting from longer reactor exposure of uranium
metal.

A study of finger ring dosimeter results obtained from working with plutonium

was initiated during the month. The study is aimed at confirming the adequacy

of present Calibrations procedures in the light of increased shielding of process-
ing hood enclosures.

Higher than acceptable backgrounds continued to trouble the testing of the reduced
erea plutonium electrodeposition procedure. All new laboratory equipment was
tried in an attempt to determine the source of these high backgrounds. Informa-
tion on the process used at the Savannah River Plant is being secured by

UNCLASSIFIED
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Analytical Chemistry. Their process involves use of an ion exchange resin on
a 250 ml sample.

Six urine samples were spiked with plutonium-24L0 and 239 and were electroplatg&i
This work is related to the development of procedures for determination of Pu©
by liquid scintillation counting.

Pressure vessels in the Bioassay laboratory were inspected by a State inspector.

Body dose rates of 6 r/hr were encountered for a short period during the disposal
of a waste carton containing irradiated zirconium tubing from the 327 Building.
The surface dose rate of the carton was 110 r/hr.

A Kennewiczk residential survey was performed following the disclosure that a 300
Area maintenance employee had personal clothing spattered by acldic soluticn,
potentially contaminated with uranium. No contamination was found.

Monitoring service was furnished at the request of AEC-HOO Licensee Inspection

ivision in connection with an allegedly dangerous and highly publicized "waste
drum" washing ashore on an Oregon beach. Radiation surveys of the drum upon its
arrival at the Richland AEC airport and analytical samples of its content indicated
that no radiocactive materials were involved. The drum appeared to contain sea
water and oil.

The scoping and the coordination phases of establishing criticality alarms in the

30C Area were completed. Construction work orders were initiated covering the
fabrication of the alarming equipment for all locations at which significant pctential
for criticality accidents exists.

Three aeriasl surveys of the Hanford area were made using the USGS plane and two
surveys were completed from Hanford to the Pacific Ocean with the AEC plane during
the month. These surveys are in conjunction with refining the use of serial
surveys for envirommental monitoring and correlating our surveys with the USGS
program.

Very preliminary and sparse data indicate there may be an upward trend in the
radiation vackground in the Columbia River water above the Hanford plant. Addi-
ticnal data are being gathered with particular emphasis on the trend of uranium
concentration. Any increased natural uranium in the Columbia River water could
result in increased total radiocactive content of the water after exposure in the
Hanford production reactors.

The concentration of 1131 in vegetation samples was less than 1.5 x lO'6 uc/gm

in all of _the 27 zones sampled. Fission products other than I131l were less than
1.0 x 1072 pc/gm at all locations except separations areas, on-project, and Wahluke
Slope vegetation sample groups. These locations averaged 1 - 2 x 1077 uc/gm. In
all vegetation samples zr32-Nb95 was consistently found at an average of 4.5 x lO'6

ke/gme

The Radiological Chemical Analysis laboratory began using a nine-inch Nal (11)
well crystal. The larger crystal reduces the detection limit for 1131 in raw
produce samples to about 2 x 10-° pc/gm. Apparently, adequate sensitivity can

‘ 2 u O'l ‘ 8 UNCLASSIFIED
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be achieved for other radioisctopes in produce without ashing. This assumption
is belng tested. If this is true, the capacity of the labsratory for prc-essing
produce samples will be substantially increased.

The usual seasonsl decrease in isctopic ccnzentraticns and GI traczt expcosure
estimates were observed with the increased flow of the Coclumbia River. The average
river flow for July, 1959, was 349,000 zfs, against 331,C0C <fs for June, 1953.

It is interesting to note, as a compariscn, that during July, 1958, the average
river flow was 194,0C0 cfs.

A speczial ionizaticn chember suitable for meesuring the concentraticon of tritium
in air has been designed. The chamber will be used in conjunctlon with the pulse
pencil reader to determine tritium concentrations. The Technical Shops have
scheduled delivery cf the chamber early in August. Calzulatizns indicate thst .
this system should be zapable of detecting tritium zcncentration down 1o 2 x 1077
pc/s2, which is the cccupationel MPC for tritium in air.

Preliminary investigations of the new Eastman Type 3 personnel monitcoring film
indi:atel that dcses of a few mr of radium gamma zan be detected. The film sensi-
tivity appears tz be about twize that ¢f the Easiman Type 2 film. This is
ackieved through a double emulsisn of the sensitive film. As p*esently avsilable,
the Type 3 film packet consists of two films: & sensitive film and an insensitive
film. Further investizaticn is planned. ‘

The rsshanized film badge processing system ts be used in the darkroorm arrived cn
site. Plans were made to install this uni®t in August.

Work continued on the design =f the automatic densitcmeter. A fifteen-sileld
sele~~or ring was designed for perforating on the data prccessing cari, the
propcsed payrsll number coding system. Work on the automatic densitometer centered
sbout studies f a stable light scurce. The use of a trickle battery charger

and battery in series has resulted in the mcst stable light sour:ze tc date. The
total commitments for Request for Appropriaticn 59-ZL8-101, An Automati: Filx
Processing System, now stand at $35,08%; aztusl expenditures tctal $27,535.

Phcsphate glase and ccbelt glass for use as dosimeters were cbtained fcr testing.
A Bauszh & Lomb spectroscopis 20 instrument was elsc obtairned to evaluste these
dosimeters. Tke small phosphate glass dosimeters measure 1 mm in dismeter by 6 mm
in length and may prove useful for evaluating high gamms doses.

Assistance was provided tc the Bislogy Operaticn in making internal and external
dose measurements on two rams that hal been given cs137. The pulse penzil reader
and special ionization chambers were used succzessfully for these measurements.

C. EMPLOYEE RELATIONS

Several RPQ perscunnel have taken advantsge of the PRIR tours which are conducted con
& weekly basis,

Preliminary informaticn was received cn the tentative award of the srbitrator inm
the Maki Arbitration Case.

UNCIASSTFIED
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There were three medical treatment injuries for an estimated frequency cf 1.47.
N> security vioclations occurred during the month.

N> suggestions were received for evaluation. NoO suggestion evaluations were made
during the month. One suggestion is pending in RPO for evaluation. No awards
were made.

D. SIGNIFICANT REPORTS

HW-60896 '"Waste Disposal Monitoring Activities Summary - June 1959" by K. F.
Baldridge. .

EW-6095L "Analysis of Radiological Data for the Month of June, 1959" by R. L.
Junkins.

HW-610C8 "A Review of the NTA (Fast Neutron) Film Program" by I. C. Watson.

IW-61029 "Hanford Mid-Year Report to Columbia River Advisory Group Through June,
1959" by R. L. Junkins and M. W. MzConiga.

HW-61354 "Monthly Report - July 1959, Radiation Monitoring Operaticen" by A. J.
Stevens.

Con.Undc:. "Inventory of Radiocactive Wastes to Active Disposal Sites - May, 1359
by K. F. Baldridge.

Con.Undoc. '"Uneconfined Underground Radiocactive Waste and Contamination in the
20C Areas' by K. F. Baldridge.
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ENVIRONMENTAL MONITORING - RESULTS

Sample Type and Location

Drinking Water

100-F Area
Separations Areas
Pasco

Kennewick
Richland

Columbis River Water

Above 100-B Area
100-F Area

Hanford Ferry

Pasco

McNary Dem

Vancouver, Washington

Weste Water

Outlying Test Wells

Atmosghere

Gross Dose Rate -

Project

Environs
I-131 Separations Areas
I-131 Separations Stacks
Active Particles - Project
Active Particles - Environs

Vegetation

Separations

Residential

Eastern Washington and
Oregon

Fission Products less
I-131 - Wash. and Ore,

* The%MPCGI

Activity
Iype

Isotopic
Gross Beta
Isotopic
Isotopic
GCross Beta

Gross Beta
Isotopic
G--ss Beta
Isotopic
Gross Beta
Gross Beta

Gross Beta

I-131
I-131

I-131
Beta

G-6

Monthly

Average

1.8 x 10-8
1.6

1.5 x 10-5
0.4

8.9 x 107
Nc Sample

4.5 x 10-6(Max.)

x 10-13

WwEHRFOK
~ - ®I0

B -€137h

(June 22, 1959 - July 26, 1959)

Units*

mrad/day
mred/day
ue/ee

curies/week

ptle/100 m3
ptle/100 m3

uc/en
uc/em

pue/em
ue/em

Trend*+*
Factor

is the percenﬁ of the maximum permissible limit for continuous

occupational exposure to the gastrointestinal tract calcwlated from drinking

water limits.

where va;ues of n less than 2 will not be noted.

1200122
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EXPOSURE EVALUATION AND RECQRDS

Exposure Incidents Above Permissible Limits

Whole Body Localized
July 0 0
1959 to Date 6 é
Carma Pencils
Pencils Paired Readings Paired Readings Lost
Processed 100-280 mr Over 280 mr Readings
July 17,980 86 7 1
1959 to Date 192,232 676 30 9
Bets-Gamma Film Badges
Badges Readings Readings Readings Lost Average Dose
Prozessed 100-300 mrads 3C0-500 mrads Over 500 mrads Readings Per Film Packet
mrad{ow) mr(s)
July 9,869 639 el 26 23 9.08 11.27
1959 t=
Date 75,385 6,064 621 130 315 6.45 17.20
Neutron Film Badges
Film Readings Readings Readings Lost
Prozessed 50-100 mrem  100-300 mrem Over 300 mrem Readings

Slow Neutron

July 676 0 0 0 L
1959 to Date 8,171 19 2 0 4o
Fast Neutrcon
July 41 0 0 0 4
1359 to Date 508 3 13 0 L
Biosssay July 1959 to Date
Plutonium: Samples Assayed 8 545 5,248
Results above 2.2 x 107 uc/sample 25 233
Fission Products: Samples Assayed 571 5,128
Results above 3.1 x 107 uc FP/sample 5 29
Uranium: Samplés Assayed ‘ 299 1,959
Confirmed Plutonium Deposition Cases 3 g¥

*This brings the total number of plutonium deposition cases which have occurred

at Banford tc 232.

UNCLASSIFIED
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Uranium Anelyses

. Following Exposure Following Period of No Exposure

Units of 1077 ue U/ce Units of 1072 pe U/ce

Number Number

Sample Description Maximum Average Samples Meximum Average Samples
Fuels Preparation 15 4.0 58 14 2.8 59
Hanford Laboratories 6.0 2.0 20 31 L.o 17
Chemical Processing 28 6.1 64 22 3.8 56
Chemizal Proczessing*® 164 31 10 8.8 5.8 6
1.7 1

Special Incidents 22 13 3 1.7
Pandom - - - -

#Samples taken pricr to and after a specific job during work week.

Tryroid Checks July 1959 to Date
Che-ks Taken ' c 0
Chexks Above Detection Limit 0 C

£and Zhezks

Che-ks Taken - Alpha 35,246 249, 886
- Beta-gamms 26,051 169,964

Skin Contamination

Plutcnium 43 161
Fission Prcdusts 26 293
Uranium 13 77
ZALIBRATIONS
Number of Units Calibrated
July 1959.to Date
Pcorisble Instruments
CP Meter 969 6,729
Junc 313 2,098
GM 1,431 9,621
Other 186 1,393
Total 2,899 19,841
Personnel Meters
Badge Film 612 5,911
Pen:ils 1,657 6,905
Other 364 3,016
Total 2,633 15,832
Miscellaneous Specisl Services 379 3,066
Total Number of Calibrations 5,911 8,739

POllians_

Manager
Radiation Protection

AR KXeene:k: i
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LABORATORY AUXILIARIES OPERATION
MONTHLY REPORT - JULY 1959

GENERAL

Safety performance of the operation was considered satisfactory. There were no
major injuries; the minor injury frequency rate was 4,78 which is considered
above average experience.

One security violation was charged to the operation.

TECHNICAL SHOPS OPERATION

Total productive time for the month was 20,300 hours. This includes 13,969 hours
performed in the Technical Shops, 1,702 hours assigned to Minor Construction,

52 hours to other project shops, and 4,577 to off-site vendors. ~The total shop
backlog is 30,439 hours of which 50% is required in the current month, with the
remainder distributed over a three-month period. Overtime for this period

totaled T7.0% of the total available hours. This high ratio was necessary to

meet customer requests for emergency service. Aggravating the situation was the
construction work stoppage which closed down the Construction Operation Machine
Shop. During the previous month 3,235 man-hours were assigned to the Construction
Shop versus 1,702 man-hours in the current month.

Distribution of time was as follows:

Man-hours % of Total

Fuels Preparation Department 6246 30.8
Irradiastion Processing Department 886 L. b
Chemical Processing Department H 2.2
Hanford Laboratories Operation 11478 56.5
Construction Engineering & Utilities 1165 5.7
Miscellaneous 80 b

Two machinists and one sheet metsl man were added to the Technical Shops' roll
during the month with one more machinist scheduled to report on August 3. These
additions will bring the shop complement to full authorized strength.

New equipment received included two Hendey tool room lathes. This equipment will
replace two lathes which have been on loan from the 2101 Building.

Security performance was considered satisfactory with no violations. Safety per-
formance was considered satisfactory with no mejor injuries; however, the number
of medical treatment injuries (16) was higher than normal. Statistics are being
studied to determine if any correlation exists between the seascn of the year and
minor injury rate. All personnel are being urged to give special attention to
safety on the Jjob now when the mind is ept to be distracted by outside activities
of the summer season.

UNCLASSIFIED
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RADIOGRAPHIC TESTING OFERATION

Activity for the Radiographic Testing Operation leveled out satisfactorily this
month. Operations are becoming smoother and more efficient following the two
month move of the field facilities from 200-E Area to White Bluffs. A total of
4,012 tests were made, of which 601 were radiographic (including x-ray and
gamma-ray) and 3,411 were supplementary tests. Out of a total of 1,750 manhours,
783 (L4L4.T7%) were used in connection with Radiographic tests, and 567 (55.3%)
were used on supplementary tests. The supplementary work included: autoclave;
borescope; eddy current; penetrant (0.D. and I.D.); pickling; stress analysis
and ultrasonic (flaw detection and thickness measurements).

The number of pleces handled this month totaled some 3,347 items. The feet of
material represented by the foregoing amounted to 29,407 feet. Both of these
figures represent considerable gains and are indicative of the increased automa-
tion and supplementary testing being done in the Radiographic Testing Operation.
Work was done for 15 different organizational components representing most of the
operating departments and service organizations. A total of 49 reports were
issued detailing test findings with conclusions and recommended action. Radio-
graphic Testing Operation was consulted on 19 different occasions for advice and
information relating to general testing theory for other than the jobs tabulated
in part II - Testing Statisties.

In an effort to reduce the activity of the Radiographic Testing Operation to an
easily understocd figure for comparison purposes & new concept has been developed
called a "Prcductivity Factor". This factor combines all of the foregoing
statistics in the following manner:
Nc.of Tests x Ft of Mat'l x No.of Pieces
Maphours x 1009

= PF

It is believed that this factor can conveniently represent month to month con-
ditions and will reflect advances in productivity as they are made. The factor
for this month is 224 as compared to a factor of 213 for the past year and a half.
The principle reasons for the increase in the factor, and hence productivity, has
teen the successful autometion of a number of tests and the increased use made of
less time consuming supplementary tests.

Scheduled testing and treating of PRTR process tubes has been seriously delayed
as a result of the current work stdppage by contractor personnel. Despite these set-
backs, trial pickling and sutoclave tests have been made indicating that the
installed facilities will operate as designed. Pickling and autoclave procedures
are still under development and R.T.0. has not yet been given the process to be
used. Testing of the tubes has been continuing. The most recent successful test
application has been the use of a black light borescope for the fluorescent pene-
trant examination of the process tube inside surfaces. Directions as to allowable
conditioning have not been forwarded, though a number of candidates are availlable
for pickling and autoclaving. A general picture of tube quality to date indicates
that the tubes appear to be of good integrity.

UNCLASSIFIED
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Ccntinuation and follow-up of the zirconium sheath program indicates that a large
number of the cladding tubes held in the "pit" category as established by fluores-
cent penetrant testing can be salvaged. OSurface conditioning of these t.bes by
abrasive belt grinding and retesting has shown that in the majority of casss

the objectionable pits can be removed. At month end another expedited prcgram
was started on these tubes to evaluate the internal surfaces using the fluroces-
cent penetrant tests.

An extensive stress analysis (using brittle lacquers and electri:z resistance
strain gages) was successfully made on the K-West reactor front faze during a
recent outage. Measurements were made on a series of connecticns between the
crcegs-headers and the risers.

The indicated siresses generally confirmed the stress patterns thcught to exist.
It was found that the twisting moments in the piping were greater than those
caused by bending. At no lccations tested were stresses fcund to be of a
cserious magnitude.

Testing Statistics

Nc.of Ft.of Weld No.of
Compeonent Tests or Material Pieces Descripticn

CPD 12 110 26 Purex fac. - H.S. Col TH-3; Nizhol
base allcy weld coupons; Purex fae.
conzentrator; titanium tube assemtly.

CEC 20 18 20 Al - S.S. Inconel - titanium.

HO 3772 2863&-1/2 3235 b/ 11", 8' long x 9/16" C.D., zr-2
clad U02 fuel rods; zast zr-2 seam
well closures, 2" 0.D. x 36-1/2" lcng
al tube; .505" and .680" I.D. x 10
and 7' long zr-2 tubes; external
ribbed zr-2 tube for nested tubular
fuel elements; PRTR - zr-2 process
tube; transplutonic fuel elemen+
prog; 3rd Palm Fab Prcgram; Pu-AL
Billets, zirc clad fuel elements;
Titanium tube assembly: S.S. clad
fuel element welds; Penetrant tests
of pigrtails.

IPD 8L 137-1/2 Expansion joint S.S.; Welds cn tube
positioner; gas storage vessel;
stress analysis strain gage meas.
on front face. :

UNCLASSIFIED
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No.of Ft. of Weld No. of
Component Tests cr Material Pieces Description
RUC 24 507 34 Longitudinal welds on S.S. pipe.
GRAND TCTALS L4012 29ko7 3347

FACILITIES ENGINEERING OPERATION

Theré were 22 suthorized projects at month's end with total authorized funds cf
$8,529,700. The total estimated cost of these projects is $8,658,100.

Fouir new project proposals are being prepared. Five new project proposals; Physical
and Mechanical Properties Testing Cell, High Level Utility Cell, 327 Building Modi-
fications, Access for PRIR Fuel Elements, 327 Bullding and Shielded Analyticel
Labeoratery, 325 Building were submitted to AEC for approval.

The attached preojects repert details the status of individual projects.

Engineering Services

Title Status
Clean Air Ducts - 326 Building Work completed by Limp Sum Contract.

Design and Install Fire Alarm System Construction cost estimate is being prepared.
314 Building

Air Balance - 108-F Building Field work is essentially complete.

Gamma Irrsdiation Facility Work is essentially complete.
3730 Building

Isclate Crane Conductors, Field wcrk is dependent upon availability
31k Building of electricians.

326 BPuilding Retention Waste Sump Engineering work in progress.
Mcdificaticns .

Temperature Control for Fish Troughs Field work will be performed by plant forces.
Biclogy Operaticn Work order is being issued.

Graphite Sterage Building Field work is 75% complete. Beneficial use
has been delayed because of lack of
ccnstruction crafts because of picket lines.

HLO Plan Preliminary work is progressing on develop-
ment of plant layout of HLO structures,
utilities and grounds including future plart
additions. Review of preliminary work will
be made during week of August 3.

UNCLASSTF IED
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Title

Improve Process Ventilation,
Laboratories 204 & 206 - 3706 Bldg.

Hood Ventilation in 183-KE Buillding

Sound Proof Enclosure for Sonic &
Vibratory Compacting Equipment 325
Building Basement

Graphite Storage Racks - 326 Building

Accelerastor Target Area Temperature

Control 3745-A Building

Increased 440 Volt Electrical
Service - 325 Building Basement

Heating and Air Conditioning
141-M Building

326 Building Retention Waste Sump
Modifications in Basement

Supplemental Cooling Unit Rooms
L-A and 17-B - 326 Building

Glycol Heat Exchanger Study
325 Building Main Air Supply Units

Sound Enclosure for Kux Press Pump
Urit -~ 325 Building Basement

1240129
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Status

The work invclves additional air flow and
equipment to provide a high degree of clean
air to the laboratories. Engineering study
and cost estimate is complete.

Procurement schedule indicates system will
be ready for use the latter part of
September.

Preliminary design work hes been przpared.
Details are being developed for fabrication
and installation.
Design work complete. Fabrication work pro-
ceedirg.

Preliminary design with suggested sclution
to problem has been presented to customer;
awaiting approval to proceed with formal
dravings.

Construction Operation is proceeding with
procurement and installation.

Design work on the heating system has been
started for this building. It is planned

to replace the exlisting steam heating system
with electric heaters.

Work is underway to replace existing sump
pump because c¢f unreliability with mcre
positive sump pump. Floodirg conditions
in basement will be minimized.

Refrigerapt type cooling equipment is being
installed to supplement building system in
order to create proper conditioms fer
function of R&D equipment loceted in these
rooms.

Repair work in accordance with ASME Code
ves planned for one upnit that was ocut of
service. The 3rd party Code Imspectcr would
not approve an expansion joint desigred by
Ross Heaet Exchanger Compeny the vendor of
original equipment. Present plans are to
replace the heat exchangers with Code
approved and more reliable units.
Preliminary desigr complete. Customer
is reviewing proposal.

UNCLASSIFIED
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Titlie

Drain System - 327 Building Basement

Air Ccnditioning Problem - TL47-A
EFuilding

Ccoling Probler - Positive Ion
czelerator - 3745-B Building

Tocling prctler - Counting Reom
32% Buiiding

328 Puilding Ccoling Problem

Alteraticns to Door Mechanism
Shielded Perscnnel Mcnitoring Cell
TL7-A Building

Compressed Alr System 231-Z
Building

Study ¢f HLO Waste System

1240130
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Status

Freliminary work Iz in progress to prcvide
btasement drainage system.

This building was designed by an off-czite
A-E. Shortly af4er occupancy, deflzlencies
were noted in the zcoling zaraci*v c¢f this
struzture and the electrcnic equirment zould
nct function properly. This problem is teing
solved by the additicn cf an adegua‘tely
sized refrigeraticn type air zcndi+icrer.

Refrigerant *yre cocliing units are being
prozured fer installaticn in thies ku2ilding.

The insztailaticn cof additicnal ele:*roni:z
equipment in this rcor rzguiresz the addition
of supplemental refrigeran* *ype air c<cn-
diticning equipment.

This building has had in:reasing difficulty
in maintaining comfcrt conditicns during
summer menths. The srparent problem area
ie within the "z0ld" se~zticn of the buiiding;
i.e.. cther than labora*cry prc:zess area.
A plan ic being develored whi:h by utili-
zation of the majcrity of existing duct
vork and using supplemental egquipment rre-
sently on hand and the ins%al’lation of
corridcr deors for isclatien purpcses,
suffizient suprlexental eccoling zapacity
can be added at mincr 2ost to rrcvide saties-
factory working conditicns.
The design prcduzed by an ¢fizlte A-E has
proved tc be curberscme and p szblv uzsafe.
An engineering s%udy is being initiated
towards remedial work and peceitive cperaticn
and elimination cf safe*y hazards.

-
-~
~

24
-
g
2
1

Work is prcgressing on the comprescsed air
system in 231-Z Building. The wecrk inziude
relocaticn of the existing compresszcr arnd
the addition of a new ~cmpresscr of saze
gize and manufacturer.

Work has been initiated *o revizw H.0 waste

handling procedures, requirements. and fiture
planned expansicns.

CHCLASSIFIED
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Title Status
Unfired Pressure Vessel Survey and Reccrds on vessel inspection in 200 Area
Inspection are up to date. Engineering data :Zcmpilation

and evaluaticn zcntinves. Jcneidzsrable
ccnsultation werk with users regarding

Code complian~e, material specifiza%icns,

and cafe practices is a centinuing werk lcad.

Drafting & Design Services

A branch cffize ¢f the Drafting unit was established in the 306 Eiilding. This
tranzh zonsists of U emplcyees in21uding a design leader.

Design and drafting work in progress includes the fcllowing:

PRIR protctype iccp - "As-Built" - 31k Building.

Mezhanism fcr moving samples through Zamma re:crding instrumentaticn.

Fiel element X-ray phcitometer.

Test set~up design - fuel, fuel and foil holders, and graphite - 305-E Building

Iube fiiling mathine - machine delivers specified amount* of cxide to eazh tube
during ccmpacsting precess.

Ceramic Fuels development wcrk - micscellaneous designe as regaired.

Ultrasonic test device - for use in determining density of ceramic filled fuel
asserbiies.

Manipilator Mccel II "As-Builts'.

Inert atmcsphere welding box.

Mcbile cask for handling 250 gallons of radiocactive sclutions - ocmplete with
refrigerant tyre zocling system, agitator; pump unit and aczesscrices fer
vehicular transport. o’

Spe:ial mcunting of TV camera fcr visual investigation of radicactive material.

Modify existing PRIR shim ccontrol drawings.

"As-Built' - Metallcgraph Ascembly and Details - 327 Builiing°

Mcdifizaticns to vacuuam weiding bex - 325 Bullding Basement

Celciner Centrcl Programrer - 22L-U Building.

Al:z0, work is teing performed for laycut and details on proiezte CGH-
caticne and Additions to High Pressure Loop, 189-D Building and ZGH-8
Produzt Velatilization Studies Test Faczility - 292-T Building.

Maintenance & Building Engineering - Landlord Pun:tlons

Costs - June - $ 105,381
May - $ 112,211

Fiscal year 1959 expenditures totaled $ 1,234,840 whizh was 99% of budget. Ex-
penditure forecast was $ 1,245,000 or 103% of budget.

JNCLASSIFIED
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Analysis of Costs - At year end, the liquidations were adjusted downward toc
baiance the costs, otherwise we would have overliquidated $10,160. Relative
to the forecast maintenanze was $12,200 below, utilities were $25,600 above,
Janitcrs $9,900 below, power operators $13,600 below, engineering.services
$3,300 above, general $3,300 below and administrative shcwed nc variance.

Sumnary cf FY-1959 Unusual Maintenance Items and Costs:

Paint $ 37,593
Relczation & Alteration (mcves & space) 27,996
Electrical changes & replamping 4,302
Fiping 10,296
Heat and ventilation correctione 21,715
Filters CWS fireproof type 2,592
Noise Reduetion 978
Rercofing 11,095
Floors 5.563
Shade Screens & storm windows 12,776
Miscellaneous 1,428

$ 136,334

Miscellanecus -

Approximately 130 drawings inzluding sketches, work sheets, and formal Jdrawirge
were completed by the Drafting Component during the month.

Approximately 11,600 square feet of prints were reproduczed during the menth.
The total estimated value of the 18 requisitions issued during the mcnth wasg

$.00,000. Material procurement and control 1s being performed focr HIOD projezts
and plant oreraticn.

TECHNICAT INFORMATION OPERATICN

Procedures for the clearance of papers and speeches prior tc publizaticn was re-
viewed and revised by Technical Information. The OPG divides infcrmation re-
leazzad to the public into two general categories.

A. That originated by the Education, Communication and Community Relaticns
Operaticn for release to the press, mass circulation pericdicais, radic and
television.

B. That originated by individual employees writing about HAPO activities for
publicaticn or oral presentation to public groups. ‘

Release of information in category A is the responsibility of the Manager,
Relations Operation. Clearance of materialunder category B is¢ the respcnsibility
of the Manager, HLO with the Manager, Educaticn, Communication and Community
Relations Operation approving i+ from the Public Relations viewpcint.

UNCLASSIFIED
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The Hanford Cperaticns Office has asked to review all clazsified fcrmal Rezear:h
and Development reportes prior to distribution from Hanford. The purpcse. of the
review is to meke certain that production data, or informatior from whizh prc-
duction da*ta can be deduced, is not being distributed offsite in other than ths
rroduction categories C-66, C-65T7, and C-68. We have agreed to somply with this
request. In a further effort tc control precduction data, a memcrandum was sent

to all Departments reminding them that the possibility of inadvertent release cf
production information to unauthorized recipients also existe in te:hnical reports
prepared primarily for internal uece, since many of these rezeive quite extensive
offsite distributicn. The memorsndur also included Commissicn views con the in-
terpretaticn of the term "production data" fcr the guidanze cf tezhnizal perscnnel
writing reportie.

Tre Hanfcrd Operations Office has prcpesed a mafor reviszion cf the prozedires for
*he Zozal 2cntrcl of aczcess to decuments in the Classified Filez. Under the HOO
prepesal, all dozuments in the 300 Area Files would be marked with an apprcpriaste
category designation. Personnel on the Filant wculd be authcrized for spezific
categeries of information and File Clerks would determine from an individuai'sz
pass and the categery markings cn the decuments whether or not the individual
has a "need to know" for the report. Several alternative systeme are possitle,
sach invelving zonsiderable interaction tetween all HAPO D2partments, Technical
irformation perscnnel, and Securlty perscnnel. The Commisesicn has heen requested
to aliow time for a detailed study of these alternatives by a Taszk Forze *o be
compcsed of Department representatives, and a representative from the local AEC.

A letter frcm the AEC Patent Branch, Washington, complainei that the release of
HW~58000, an un:lassified Research and Development report entitied "Annual Repcrt -
Plutenium Recycle Program - FY 1958" prevented the Commissicn frem filing a patert
arplication on iscstatically formed U0p fuel elements in ertain foreign ~cuntries.
A summary of the case was prepared for Plant Counsel.

The memorandum, HW-60872 entitled "Classification Pollzy: Prcduction Reator
Technology and Photographs' was distributed to the field during +he menth.

The proposed revisions for the Hanfcrd Classificaticn Guide reflecting the rezent
downgracding of Hanford production data were submitted to the HAPC mezbers of the
HOT Clessification Committee for comment. After their approval is receiveld tie
revisicns will be submitted to the AEC for the apprcpriate apprcvals rricr *¢
inserting the topics in the Guide.

Work centinued on expanding the NPR classification instructions received fromx the
Corzissicn into topies whizch will be useful tc HAPO classifying authcrities. Many
of the problems encountered with the initial use cf the Hanfcrd Ciassifizatizsn
$uide are rrominent in the NPR Zulde which was received from the Commissicn. Deeign
zenstructicn and procurement, the critizal phases of the NPR at this time, are nct
adequately covered. The approach used in the Proposed Hanfcrd Guide (HW-55000
appears *tc offer the best sciution. Topiscs will be drafted along these lines and
sent to the personnel weorking on NPR for their comments. Unfortunately, complete
drafting cf all topics, arranging the necessary HAPQC reviews, and cbtaining AEC
apprcvals can not be acecmplished in time tc provide the assistanze on design and
rrocurement which is needed now.

UNCZASSIFIED
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The program tc reduce paperwork in the Library's procurement activity continued.
On June 1, the preparation of receiving reports for periodical subscriptions was
discontinued, with Adzounts Payable accepting the Library’'s receiving reccrds
instead. Representatives of Technical Information also met with the management
cf the Purchasing Cperation to study the poseibility of using the IBM printed sub-
sceription renewal form (when this is available early in August) in liew of the
present purchase requisition. Purchasing has agreed that the idea has promige,
and Zt will be further studied. Another step being considered is the elimination
of the check now made by Department cost groups of the purchase requisitions
prepared by the Library. These are checked for correct cost codes and a four

to five day delay results. It appears quite likely that this check can be
eliminated.

Work Yolume Statistics

June July

e——-
Doszument Distribution and Files :
Dccuments routed and discharged (copies) 18,720 7,086
Documents issued (zopies) 10,012 7,683
Documents sent offsite (cepies) 5,207 2,233
Dozument reserves filled (ccpies) 903 512
Dozuments pizked up and delivered 20,328 18,h62
Document Accountability
Holders ¢f classified documents whose files were
inventoried 499 579
Documents inventoried in Files (copies) 18,49k 8,497
Dccuments destrcyed or retired (copies) 4,961 773
Dccuments revised (copies) 57h 7.9
Documente pulled and documents filed (copies) 9,781 10,776
Dozuments reclassified : 230 219
Azzcuntable copies of SECRET and DOCUMENTED
TONFIDENTIAL documents cnsite 204 ,L4L3 206, 00%
Referenze and Paiblication A
Books catalcged (new titles) 185 50
Books added to the collection (volumes) 348 164
Ready reference questions answered by professional staff 130 149
Iifterature gearches by professional staff T4 78
Reports abstrazted (titles) 166 207
Formal reports prepared (titles) 12 g
Offsite requests for HAPC repcrts (copies) 245 226
Reporte released to CAP (titles) , 30 i2
Library Acgaisitiones and Circulation
Books ordered (volumes) 398 297
Pericdizalis ordered 269 12
Books circulated (wclumes) 1,711 1,887
Pericdizals circulated (issues) 2,765 3,218
Inter~-Library loans 79 77
Films berrcwed or rented 4 5
Industrial filmw showings L6 67
Bound pericdizals added to the collection 13k 2ux
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Library Collection:

HW-%1374

M2in Library W-10 Library 108-F Library Ind. Med. Total
No. of books 26,813 8,212 1,452 1,954 38,5433
No. of tound
periodicals 12,359 1 1,431 94 13,887
39,172 8,213 2,883 2,052 52,320
Clzssification and Declassification
June July
Dccuments, including drawings and photographs
reviewed for downgrading or declassification 98 12
Documents and papers (intended for oral
presentation or publication) reviewed
for eppropriate classification 33 2
‘Do: .ents submitted to Declassification
Branch, Ozk Ridge 9 A

JL Beyd: jew
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UNCLASSTFIED I-1 HW-6137k

PROFESSIONAL PLACEMENT AND RELATIONS PRACTICES OFERATION
MONTHLY REPORT

GENERAL

As of July 31st, the steff of Hanford Laboratories totalled 13€3 employees, ir
cluding 671 exempt ard 692 norexempt. There were 585 employees possessing tech-
nical degrees, including 355 ES, 118 MS, and 112 FhD.

COMMUNZCATIONS

Thirty kigh school teachers studying at Gonzaga University under Netional Science
Foundation grants toured Hanford Latoratories during the month.

FEALTH & SATFETY

Hanford Ls:oratoriss' first disabling ingjury was sustained »y ar employee while
stepping onto a stool, resulting in a toran cartilage in his knee. This injury
terminated a period of 1059 injury-free days. The medical treatment frequency
for July was 1.86 as comparsd with 2.02 last month.

There were L security vicla*ions during the morth of July, bringing the total
for the ysar to date to 26.

TROFESSIONAT FIACEMENT

Three PhD candidates visited HAPD during the mortk. Six offers were extended and
one acceptance was rzceived from an experisrced PhD physicist. Five PhD's re-
ported on roll during July, including an experienced metallurgist, 1 experienced
physiologizt, and 2 rew graduates.

Eight acceptances were recsived from experienced BS/MS candidates and U4 accept-
ances from new technical graduates. For the rscruiting year to date there have
been 79 new techricasl graduates, T4 experienced ES/MS and 1L PhD's employed.

There were 1L additions to the Trainirg Program rolls during July, including 12
Technical Creduates, X memter of the Western Circult - Engineering Training Pro-
gram, and 1 College cunior. Tre total forcs on the Tralning Programs, ircluding
summer employzes, is now 1C7.

EMPLOYEE COMPENSATIZION

The HLO organization directory, functional organization charts, and position re-
lationskip charts were revised, effective July ist.

The 1959 Suggestion Fund allocation for HLOD has teen increased from $3300 to
$5,000. There is currsntly a balance of $3590 in *his fund.

EMPLOYMENT
Twenty-one requisitions were filled during July. With receipt of 26 new reguisi-

tions and 3 cancellastions, there are curreatly 35 nonexempt openings, for which
16 candidates are in process and 10 transfers are perding, leaving 9 candidates
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C - Technical Graduate and Technician Training Program
Month ending July 31, 1959

IG_Program IT Program

Number Personnel on assignment 83 9

(HAPO Tech Grad Program........68

(West. District EuPesevcssnsesel5

Summer Juniors 10

High School Teacbers 2

98 9

Distribution of assignments by Depts.

HLO 39 L

CE&UO 2 0

FPD 12 0

IPD 33 p)

CPD 12 0
Distribution of assignments by function

R&D or Engineering 68 9

Other 30 0

1240150 NCLASSIFIED
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TABLE IT NONEXEMPT EMPLOYMENT

Nonexempt Employment Status . June July Nonexempt Transfer Request Jume July
Requistions Transfer Request
&t end of month 33 35 Active cases at end of Mo. 77 &7
Cancelled 5 1 Cancelled 5 2
Received during month 33 26 New 9 12
Filled during month 39 21 Trensfers effected 1 0

Candidates Considered

Aprlications 73 65

240151 | UNCLASSIFIED
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FINANCIAL OFERATION MONTHLY REPORT
JULY 1959

Personnel

The Specialist - Procedures was transferred to Construction Engineering and
Utilitles Operation on a promctlonal basis.

Activities

GENERAL ACCOUNTING OFERATION

Hanford laboratories has teen allocated $25,000 for Attendance at Meetings of
Prcfessional Societies and $3,300 for Atitendance at Off-Site Courses during
FY 1960. An sllocation of +his money *c HLC Sections is currently under s+udy.

The new Prime Contract which kscame effzsctive July 1k, 1959 had some delaying
effzct on Approval and Agresment letters ther in process. Most of this delay
nas been overcome. Two requests for approval covering Assistance tc Hanford
work during FY 1960 nave met with considerable delay and do not yet have
Commissiorn approvals. However, informsl contacts betwesn Hanford Laboratories
operating managers ard the Commissicn indicate tha* actherization will te
forthcoming in the near future.

A draft of a manual on travel for HLO has been reviewed with Financial person-
nel of other HAPO compcnents. We expect tc issue the manual in final form
shor+ly after Ssptember 1.

A new procedure was placed 1z effect as of August 1 for reporting pendin
travel of HLO personnel axd showing expected visitatiozns to Henford Labera-
tories. It 1s hoped that the new procedure will have some benefits in
inzcreasing the utilizatiorn of the servicss of personnel traveling on Company
tuziness, '

A nesvw procedure was inaugurated Iz the dispensing of cash advances *2 Hanford
Lebrratories persomnel. Third partiszs acceptiag cash for the acccunt of cthers
ars required 4o sscure the signature of the person ¢ whose acccunt +the cash
advance will be charged and to deliver the slgned receipt tc Gereral Acczounting.
This procedure was adopted by the Managesr - Firance to overcome a known weak-
ness in our cash control procedures.

Quarterly inventory reports for the quarisr ending Jure 3¢, 1959 were raceived
frem all HLO custodians of special materials and reccorciled with Froperty
Accounting stock control recorda. All reports were found 1ln agreemen® with
Property Accourting records. A comparisoxz of the June 30, 1959 talance
{$196,072) with that of March 31, 1959 ($189,618) shows aun increass of $6,u454
prircipally due tc the purchase of pletinum and gold. .

Preparations were completed asnd a procedure distributed for the FY 196C
vhysical inventory of uninstalled cataloged equipment irn the custody of
Radiation Protection Operaticn. The inventory which began July 20th has an
articipated completion date of Augus+ 12, 1959 for all field work. A 100
percernt verification of equipment is teing mede by Property Accourting with
the exception of portable raiiation monitoring instruments. The inventory

' 2 u 0 l 5 2 UNCLASSIFIED
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of these instruments will be accomplished by Calibrations Operation furnishing
us with a detailed IBM listing certified by the custodian that all instruments
listed were inventoried. This listing will be spot-checked by Financial
perscnnel.

A physical inventory of shop stock material in the custody of Technical Shop
Operation was taken July 11, 1959. The count was taken and recorded on IBM-
type physical inventory tags pre-written by custodial personnel and witnessed
by Property Accounting personnel. The physical inventory tags are currently
' being extended for inventory value and upon completion of the reconciliation
a report of results will be prepared.

In response to a request of S8 Accountabllity, material custodians were re-
quested to submit forecasts for inside diversions of SS Materials covering the
second and third quarters of FY 1960. Upon receipt the information will be
consolidated and forwarded to SS Accountability.

Chapter 16 of the Property Management Manual was prepared and distributed to
holders of the manual. This chapter was prepared to set forth procedures and
controls required for the control of source and special nuclear materials
needed for the operation of Laboratories. ‘

During the fiscal year 1959, over 17,000 separate IBM input data sheets were
prepared and submitted to Data Processing for updeting and/or to0 add new items
4o HLO uninstalled cataloged equipment records. This required approximately
52,000 key punch cards to be prepared and verified by Data Processing in order
to process the data on the 702 machine.

A notice to proceed was furnished the contractor, dated July 15, 1959 on the
Central Storage Faclility with a completion date of October 1959. Revision

No. 1 requesting additional funds, to establish a contingency for construction
was approved by the AEC. The total authorized fund has been increased from
$37,400 to $40,000.

An equipment expenditure forecast was prepared based on equipment requirements
as submitted by the fleld and engineering estimates for equipment projects.
A summary of this forecast is shown below:

6-30-59 Estimated Estimated
(amounts in thousands) Outstanding FY 1960 Cormitments
Commi tments Expenditures 6-30-60
2000 Program
Projects $ 922 $ 19;h3 $1 266
Equipment 3 1 477 00
Total 1l 322 2 420 2 266
3000 Progream
Equipment 3 85 -
LO0O0 Program
Projects 829 882 154
Equipment 1 - 51 100
Total 930 1 399 25L
6000 Program
Equipment 11 150 25
Total All Programs $2 266 $L 05 $2 545

1240153 UNCLASSIFIED




UNCLASSTFIED J-3 | HW-61 37k - -

COST ACCOUNTING OPERATION

The Hanford Laboratories FY 1960 Revised Budget as submitted last Spring was
used as the control tudget during July except for the changes shown below.
Inesmuch as program amounts for research and development agreed with the
HOO-AEC submission to Washington-AEC, with a minor excepticn in the 6000
Program, this approach appears realistic.

Sponscred Programs

IFD Metallurgy I increased $13,0C0
IFD Metallurgy II increased 6,000
IFD Reactor I increased 7,000
IPD Reactor II increased 15,000
CPD Serarations decreased 75,000

Harford Laboratories Programs

Environmental Science Research decreased $28,000
Project Whitney decreased 10,000
Service Assessments decreased 40,000
Special Requests (off-site) reduced to amounts

currently authorized.
Data for preparing the annuel report of representative economy measures have
been received from HLO components and compiled for submission to Contract and
Accounting Operation. Four items will be submitted by Hanford Laboratories
as follows:

1. Reduction of radiation monitors through improved procedures and equipment.

2. Reduction of Plart Library and Classified Files cost through improved
procedures.

3. Lower costs due to a change in procurement of special equipment, i.e.,
HAPC predetermined design versus flexibility in vendor design to meet
HAPO specifications. '

k. Reduction of building maintenance costs through improved equirmernt and
inrovations: T e .

An audit of store'orderfwithdrawals for ﬁpg ménthJCf May'l959 was conducted during
the month by Cost Accounting t0 determine the validity of approval signatures.
Analysis of the results of this ‘audit indicates: about.the same general magnitude
of findings as in the two preceeding audits.

PERSONNEL ACCOUNTING

Ccllege graduates engaged in research and development activities were cate-
gorized according to instructions received from Employee Compensation Services
in connection with the Los Alamos Annual Survey of Professional Scientific
Salaries. The following summary data were contained in the repcrt which was
forwarded on July 20, 1959:

(240154
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Number of Employees
Nor-Supervisory Supervisory Total

Bachelors and Masters Degrees Lo1 34 L35
Doctors Degrees 59 L6 105
1% B 55

Erngineers . 20C
Chemists 149
Physicists 15
Metallurgists 46
Mathematicians 16
Geolegists 7
Biologists hh
Other : 3
s

Recent Bureau of Labor figures indicating a further rise in the cost of living
resulied ir a .59% wage incresass for HLO salarled employees, effective July
27, 1959. This increase was reflected in salary checks for week ending
August 2, delivered to employees on August 7. As a result of this increase
icola*ion pay was increased from $2.C9 daily and $10.43 weekly to $2.10

daily end $10.49 weekly. Area differential will be increased from $45.00

per mer.th to $L5.22, effective August 1, 1959. This Increase will te
reflected ia the August salary payments.

An artisle wae issued ir the Management News Bulletin requesting s speed-up
of the completicn and availsbili<y for pick up of weekly time cards. This
articie also irdicated that time card pick up schedules would be distributed
tc supervisors on August 7, 1959.

ZENERAL

Irstruat’ions concerning the revised system for Hanford Laboratories OPGs have
been issued along with three plant-wide OPGs mcdified for Hanford Latoratories’

use.
fx@ag )
Zﬁ:—Manager - ¥ inance

W. Sale:bk
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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 -

R. W. McKee Trough-tray Dissolver (6-26-59)

L. C. Schmid Neutron Thermometer

W. P. Stinson

D. E. Wood Mercury Switch

R. J. Sloat A critically safe dissolver for processing
R. W. McKee power reactor fuels that have been enriched

with fissionable material (U-233, U-235,
Pu-239, or Pu-241) above the enrichment
level of natural uranium

F. B. Quinlan The Art of Forming Externally Ribbed Rods
and Tubes.

G. S. Allison A Process for Nuclear Fuel Element End

P. A, Ard Closures

W. L. Wyman

P. M. Jackson Dome Seal

D. E. Rasmussen

P. M. Jackson Banana Seal

D. E. Rasmussen

W. K. Winegardner

E. D. Waters A Device for Determining the Vapor

F. R. Zaloudek Quality in Flowing Stream

A oA
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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 -

R. W. McKee Trough-tray Dissolver (6-26-59)

L. C. Schmid Neutron Thermometer

W. P. Stinson

D. E. Wood Mercury Switch

R. J. Sloat A critically safe dissolver for processing
R. W. McKee power reactor fuels that have been enriched

with fissionable material (U-233, U-235,
Pu-239, or Pu-241) above the enrichment
level of natural uranium

F. B. Quinlan The Art of Forming Externally Ribbed Rods
and Tubes.

G. S. Allison A Process for Nuclear Fuel Element End

P, A, Ard Closures

W. L. Wyman

P. M. Jackson Dome Seal
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