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LEGAL NOTICE

This report was prepared s an account of Government sponsored work. Neither the United Stotes,
nor the Commission, nor ony person acting on behalf of the Cammission:

A,  Makes ony warronty or representation, expressed or implied, with respect to the accuracy, com.
pletaness, or usefulness of the information contoined in this report, or thot the vse of any information,
opparatus, methed, or process disclosed in this report mey not infringe privately owned rights; or

B. Assumes ony liobilities with respect to the use of, or for domages resulting from the use of
ony information, opparotus, method, or process disclosad in this report.

As used in the gbove, "person acting on beholf of the Commission” inciudes any employee or
contractor of the Commission, or employee of such contractor, to the extent that such employee or con-
tractor of the Commission, or employee of such controctor prepares, disseminates, or provides access to,
ony information pursuant to his employment or contract with the Coemmission, or his employment with
such contracior.
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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 $30, 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 11 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 1II 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 DO system are
reported in HW-61151.

The PFFPP 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 fntmgs for the nested
tubular U045 PRTR element.

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

1239997 DECLAS SEFM
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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 UOQ, 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 heen gathered to show that the tracks observed in
irradiated thin UO2 films are indeed the consequence of the fission event.

Studies on the sinterability in hydrogen of the system UO -PuO2 show a mini-
mum density in the range from 20 to 40 w/o PuOs for any temperature up to
1600 C, and sintering times up to eight hours.

PuOy (produced by decomvosing the oxalate at 300 C) sinters in hydrogen to
appreciably higher density than ball-milled PWR grade UO 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 18 cycles. Between 18 and 50 cycles different degrees of
bowing, bumping, and distortion occur. One full length element was satis-
factory after 100 cycles. Tests to establish optimurn 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- mch
diameter, 0. 008-inch wall 304-1, stainless steel tubing.

Sixteen Al-Pu capsules, two PuOg-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.

1239993 | BECESSS e




Q viii HW-61374

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 ahove 1019 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 developed to evaluate the guality 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 elemenis are

being investigated.

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, 00 were demonstrated in
a laboratory mixer-settler designed to simulate a proposed Purex plant
extraction column. The proposed column would 'trep'' neptunium from the
3WEB 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.
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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 pilct-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 UQ, 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
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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 UO5-Hp0 mixtures has confirmed
earlier results; namely, k is less than unity for U233 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 meteorclogical 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 compiling all this data on tape.
Alsc, a final tabulation of the HLO-measured fission ¢ross section of Pu

has been prepared and revised values of the resonance parameters have been
obtained. The fission cross section of Pu240 at the 1 ev resonance has been
reconfirmed with a foil containing 99, 75% Pu249,

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 csi37 ¢ rams, the liver,
kidney, and testes were found to receive the highest internal gamma dose
rates.

1236449%b . | nEcng?ih
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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 radioactive 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 therough
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 10 a consiruction 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
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two shift operation as soon as possible. The work stoppage further delayed the
contractor on the High Level Radiochemistry Facility, Project CA-748, 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 184 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 nc. 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 1859 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.
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As of July 31, the staff of Hanford Laboratories totalled 1363 employees,
including 871 exempt and 692 nonexempt. There were 585 exempt employees
possessing technical degrees, including 355 BS, 118 MS and 112 PhD's.

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 1058 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
meoenth.

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

12399499
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REACTCR AND FUELS RESEARCH AND DEVELCPMENT CPERATICH

TECHENKICAL ACTIVITIES

A. FISSIONABLE MATERTIALS - 2000 PRCGRAM

1. METALLURZY PROGRAM

Corrosion Studies

Bvdriding of Zircaloy-2. Previous short term tests of one hour or less
have shown that the presence of water vapor in molecular hydrogern ia-
hibits the hydriding of Zircaloy-2, presumably by forming new ZrOs.
Longer term experiments heve been started to define whether this inhibi-

ion is simply an ircreased induection time followed by hgdriding or
whether the inhibiticn is permianent.

The results to date Indicate that:
(1) At 500 C or avove, water vepor pressure of 23 mm Hg is
not sufficient to prevert hydriding indefinitely.

(2) Inductioz times before nyiridirg are cbserved, and the
variastion is probably related to the type and thickness
of the coxide fiim presenwu.

The regicn telow 500 € is generally sonsidered the stable area for the
ZrOp film. A long term test is in progress to determine whether wvaler
vapor will prevent extensive hydriding at temperetures below 500 C.

Zircaloy-2 Corrosion in Water Vapcor. The corrosion rate of Zircaloy-2
was measured at 4#C0 C in pure water vepor at 23 mm Hg pressure. The
data indirate that the corrosiom rate 1s only slightly less than in
LOo €, 1500 psi steam, and thus show the pressure indepezdence of the
reaction over quite a wide pressture range.

ZIRCALOY-2 WEIGHT CAINS AT 400 C

Time 23 mm Hg Eo0 Vapor 1500 psi Stesm
24 hrs, 9 mg/an® 12 mg/dm?
ll‘a " 12 " 15 "

T " AR 17 "

7 days 20 " 21 "

Nickel Plated Fuel Elepents. Some nickel plated aluminum clad fuel
elements have lost pieces of nickel plate during reactor exposure.
Similar fleking and blistering of nickel plate was produced in the
laboretory by making the nickel plated aluminum the cathode c¢f an
electrolytic cell. An hypothesis that atomic hydrogen diffuses through

1240000 BE&M%:Q&F
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the nickel plate to the sluminum-nickel interface and then coambirnes to
form molecular hydrogen and blisters the plate is consistent with the
data obtained to date. Inm 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
& pletinum enode and a nickel plated aluminum cathode in a glass cell
at 10 volts potential for seven to 24 hours. Results of veriations in
the electrolyte end nickel plate were observed as follows:

1. The Electrolyte

The electrolytes tested were weak sodium acetate-acetic
acid buffers at pH 4 and 7, and a sodium carbonate-
bicaerbonate buffer at pH 10. All tesits were operated
at room temperature.

The blistering of the nickel plates was most severe at
pH 7, the pH of present reactors, and eppeared roughly
proportional to the exposure time. The blistering was
much less et pH 10 and was sbsent a*t pH 4. Exposed
aluminum was corroded at pH 10.

2. The Nickel Plate

a. Etching the nickel plate with 25% HpSO4 before testing
had no effect on the blistering.

b. Heat treatment of the plate by immersion in a lead
bath &t 400 C for 1C minutes reduced the blistering
during the electrolytic test considerably.

c. No difference in blistering wes observed between 0.1
and C.5 mil plates.

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

The effects of electrolyte temperature are currertly being investigated.

Reactor Decontemination Studies. The possible use of Turco 4501, & pro-
prietary decontaminating sgent, in NPR and PRTIR 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, C.003%; fluorine, none detected; nitrogen,
1.46%; and weter, 29.%. A previous compound analysis indicated the
presence of potassium hydroxide, tri-ethanol amine, snd potassium salts

of phencl, & steam volatile acid, and a non-volatile acid.

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

1244001 -
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at cther reaciors. Samples of pigtails from B, 2, DR, ard E =e
have been decontaminated by the Turco 4501 proeess azd 2ye chec
Mary cracx indications cbtained by dye checking were evaluated by metal-
lurgical secztloning, and the resulis to date are summrarized below:

)"x

EXAMINATICN OF REACTOR PICGTAILS

Ho. %3. Showing Cragks No. Evaluatics of Sections
Reactor  Exanired in Dye Check\® Sectioned Twyniscallc! Other\©/
q L6 7 5 4 2
D 15 3 2 1 1
DR 43 3 2 i 1
3 23 1 o - -

() Only those showing the diagenal or circumfereniial crack were
counted., Magy pigtails from Bll reactors showed pits end
lehg‘tu Inal imperfectlions.

(v) A typizal crasx starts cn the ocutside surface ¢f the pigizil,
freguertly at a piz. % proceeds transgrar:larly with branching
to forn a roct-liks patte“n This type of erazk is vsually
associated with stress corrosion inm 304 stainless stesl.

(¢) These sre all other cracks, pits or tears the* arz not 2learly
the typical tyne descrited above.

The sarples of the pighails from H, B, and DR Reaciors are ranion and thus
give an estirate of the extent of :racking at these reactcors. Those takern
from D Reactor vere not chosen t¢ assure a random sampling. Sipee th
samples were taken, most ¢f the rear face pigtails have been replaced al
H Reacior. Because each reactor has differert vitvrationmel protlems, the
level of cracxing that requires replagemeni zay vary from one reasior to
ancther. '

Radiometallurgy Laboratory Studies

A'2r-2 nlad znaturel uranium rod, icmersed ir KsK and irradisted azcirdix
to SEH-3-32 tc 35C0 MW2/T in . stainless steel con taliner, was erxamined.

A longitudiral crack was observed in the Zr-2 claddicg tnat extenled foim
the weld for approximately wwo lnches. Anoiher crack, in ahbout the szme
plane, was cbserved at the other end of the Zr-2 (RM-25C). A seccud Zr-2
clad, neiturel uranium rod cortained in KeK was irradlated In the ETR
according to GEY-3-57 to an exposure of 2100 MWD/T, Single fhrow warp on
the five-inch long, 0.57¢ dimreter capsule was O. 0783 inzk. Metallography
and density work is ooriinuipg (RM-275).

Five 7-rod cluster fuel eiements were sxamined, ard dimensicral and Zerszity

changes following irradistion were determired. Tre results and scuclusions
from this werk will be reported in other s=zticons of this report.

DEELASHIFIED

(240002 | —



A-L HW-61374

Basic Metallurgy Studies

Rediation Effects in Structural Materials. A series of metals represent-
ing the common crystal types was irradiated a% Brookhaven, Hanford, and
the MIR under various exposure corditions. These metels include copper,
nickel, titanium, zirconium, iron, molybdenum, and type 347 stairless
steel. Work performed during the month included the initia‘ion of metal-
lographic studies of irradiated copper, iror, and nickel; the completion
of preliminary x-ray studies of irradiated zirconium and titanium; and
the completion of microhardness measurements ot Iirradisted molybdenum and

. Zirconium. No changes in the microstructures of copper and iron due to
irradiation were observed at magnifications helow 1000 X.

Chenges 1 line broadening and lattice parameters for irradiasted zirconium
were peasured for the (220) and (302) reflections. For exposures of L.7
x 101° and 1.5 x 1020 nvt {fast) the broadexnirg of the (220) 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
varled 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
unirradisted value.

For exposures of 4.5 x 1018 and 1.5 x 1020 nvt, respectively, the zircon-
ium hardened by 28 and 36 DPA rumvers (average) and the molybdenum by 37
and 59 DFH nmumbers. Hardness recovery et room temperature during the
interim period between KAPL and EAPO investigations was not observed;
however, & slight recovery in electrical resistance for zirconium has
teen observed.

A Zircaloy-2 tube which has heen exposed to neutron radiation over s 25-
month period, and a similar unirradiated tube were removed from the KER
facility. These tubes will bte mechanically tested and examined metallo-
grephically to determine the effects of high neutron exposures at ele-
vated temperatures on Zircaloy-2 and to establish testing methods for
monltoring NPR tubing. The ocutside surfaces of sections cut frow the
irradisted tube were photographed iz the Radiometallurgy facility. The
Inside surface of one plece was photogrephed obliquely from cone end. In
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 lrradiated molybdenum is aearing com-
pletion. It is shown that highly ilrmobile clusters of point defects

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

at small substitutional impurity atoms. As irradiation proceeds clusters
formed by the neutrorn bvombardment itself add new aucleation sites for
cluster growth. In this wey, a coasiderasble amocunt of damage can be
built up in s metal. '

1248003 =y
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An analysls has been performed whizh shows that the maximm damage level
sustained by & metal during irrediation is a functicn of the neutron flux
level and thet it is improper to compare the behavior of a strueitural
materisl irradiated under various fluxes only on the basis c¢f total in-
tegrated flux.

A report on the high temperature annealing of radiation demage in mclyw-
denum has been prepared. It is shown that al least two recovery re-
actions proceed simultaneocusly 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 nvt at 22¢ C
was completed during the moanth. The specimen exemined was irradiated in
8 helium filled capsule with other samples representing snaealed, 25 per-
cent C.W., 50 percent C.W., and beta quenched conditions. Befcre irradi-
ation, spezimens were cathodically etched and pre-characterized by
scribing “he surface for location of grairns, 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 cbserved on the irradiated
specimens, dbut this did not interfere with opticel or high resolution
metallography. The optical microscope exemination was mede with replicas
end using the specimen itself. One hundred twenty-two days after dis-
charge the 0.354 x 0.490 x 0.061 inzh specimen had a meassured radio-
activity level of 13.5 RAD/hr including the 1 r/hr &t one inch. Personzel
exposure limits dictate thet replices 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-lrradiaticn replicas.
No observable change was detected in the microstructure by use of opticzal
and high resolution metallographic techniques.

Mechenical and Physical Properties of Materisls. The creep properties of
Zircaloy-2 are considerably improved by small amounts of residusl work.
The extent to which incressing amounts of cold work improve c¢reep prcp-
erties and the effect of recovery occurring in the test temperaiure renge
is not known. These effecis &re being determined in order that Zircaley-2
fabrication procedures can be specified for process tubing. A portion of
the Zirealoy-2 stock was further cold worked to 25 and 45 percent, and
flat specimens of the 25 and 45 percent material are now being tested iz
the vacuum creep units at stress levels of 21,000, 18,000 and 13,000 psi
at 400 € (752 F). Resuits of 2700-hour tests show higher creep rates

for the 45 percent cold worked specimens than for the 25 percent msterial,
with initial elongations being lower for the 45 percent ssmples than for
the 25 percent. Elongations after 2713 hours are: initial 0.00030 in/in,
finel 0.01869 in/in for the 45 percent worked, and initial 0.00221 in/in,
and final 0.01586 in/in for the 25 percent material at 18,00C psi stress.
The rate changes are more pronounced &t 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 stmosphere on the creep properties of
Zircaeloy-2. Similer conditions are being used Urr=the-atmosphere machires

BECLC U e
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to those ip the vacuum units except for the carbon dicxide content of the
atmosphere.

Electron and Optical Mieroscopy. The study of the microstructire of
cladding and fuel materials is & direct way of detecting radistion
darage in these msterials. Thin evaporaited films of uranium dicxide
show straight line tracks after irradiation to an engsure of 2 x 10+
nvt. A similar thin film has been exposed to 2 x 10<¥ vt in a cadmium
capsule and then examizned in the electron mizroscope. The number of
tracks observed were almost nil when compared to the films exposed in an
elusinun capsule. The observed tracks are, therefore, due to thermal
reutrons which cause fission evenis to ozcur in the thic film. Capsules
whichk can be welded in vacuum for subsequert irradiation of similar thin
films sre belng designed.

X-Ray Diffrsction Studies. The texiures of extruded and drawn Zircaleoy-2
tibing are being determined by x-rey diffrection. Preferred orientations
are being correlated with results of {ube burst tests to determine the
relatiorship of texture to rechanical properties.

Coextruded Zirceloy-2 jacket tubing is being irvestigated presently.

FPole figures of (0002) and (10I1) planes for tubing of epproximately

20:1 extrusion ratic have been made. A prominent texture of (10I1)

plares is present perpendicular to the tube radius. Basal planes, (0002},
beve a highly preferred orientation parallel to the tube radius and longi-
tudinal axis. This texture is comsidersbly different than found in ex-
truded tubieg (39:1 extrusior ratio). Burst tests are scheduled for the
coextruded tubing.

Growth index wvalues and inverse pole figure dsts are being obtained for
coextruded uranivm rods and <ubes with various fabrication and heat treat-
ment histories. The raods will be evaluated in-reactor after being char-
acterized by x-ray diffraction.

Texture coefficient 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-extruded and bets heat trested conditions. The
as-extruded, and extruded and swaged rods have a predominamt texture co-
efficient of (020) parallel to the rod exis. This set of planes shows
growth under irradiation. The beta heat treated rods have negetive CI
values in seversl cases, indicating shrinkage longitudinally.

A duplex texture of (020) end (110) hes been noted in as-extruded U -
2% Zr tube elements of 17.5:1 extrusicn ratio. In-reactor tests ere

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

Solid State Reactions. The kiretics of recrystallizatioa and recovery
in zireconium, Zircaloy-2, and Zircaloy-3 are being determined to estab-
1ish the coptimum conditions of hest trestment during favricetion opera-
tions. Percent cold work, temperature, time, and heat treatmert

| 760005 .




atmosphere have been selecizd as veriables. Resistivity speciwmens of
particular interest were selected for a metallograghlc exapination of
surface oxide and for & chemical analysis of the base metal hydrogern,
oxygen, and nitrogen content. A large variatlon in oxygen comternt was
observed in the two as-worked control specimens representing easzh
working level. Values ranged from 90C to 1500 parts per million oxygsen
content, 20 to 4C pom nitrogen, and 20 to 4C ppm hydrcgen content. A
conrarison of gas ccnternt 1rn specimens annealed in vacuum and hellup at
700 € for 1000 minutes hes heen made. Ten percent and 25 percent C.W.
specimens annesled in vacuum contain less of the three gases than spsei-
mens aennealed in helium. Recovery of electrical resistivily was greater
for the vacuum annesled specimens. Tre 50 perceat C.W. specizen anpealed
in vacuurm coniains more nitrogen aznd oxygen ard less hydrogen than the
Yelium ernealed specimer. The recovery of electriecsl resistivity was
still grester for the vacuim annealsd spscimens. BSpezimens arrealsd In
vacuur at LOC  for 1000 minutes iz the tea percent C.W. conditics, stow
less nitrogen and coxygen but more hydrogen iz the vacuwan annealed speci-
men than similar specimerns anrsaled in helium. The recovery cf elsctri-
cal resistivity was still greater for ithe vacuum annealed specimen.
There seems to be no correlatiop between recovery of electrical resis-
tivity and gas concentration of these specimens. The fmpurity atom
distribution within the base metal zay be & conirolling faecior. Mstal-
lography, in progress, may give some explaenetion of resistivity results.

Three specimens have beer prepared within the US13-UAlj3 pseudo-bipary
system. These specimens are being studied metallographizally ard ny
x-ray diffraction. The first specimen was made to & nozinal cerposition
of 25 a/o Usiz, 75 a/o UAl3. This specimen appears to be compesed of two
phases. Ome phase is simple cubic having & lattice paranster of 4.0GS 2.
The second specimer, 50 a/o UAl3, 50 afo UsSi3, has a simple cubiz phase
of lattice parameter 4.175 2. In easch specimeu the seccnd phase wes not
ideptified. The third specimes, 75 a/o USi3-25 a/o UAlz, appears to have
only a simple cubic phase with lettice parameter 4.231 £.

Metallic Fuel Development,

Cluster Fuel Elements. Post-irrediation examination of 7-rod cluster

fuel elements irradiated in KER Locp 2 1z 200 C coolant to an expisize

of 1500 MWD/T was continuved. The center rod of ore fuel elemeni was
approximately 0.030" smaller ir dismeter nesar one end than ihe znominal
0.591" pre-irradiation diameter. The rod was cut longitudinaily thrcugh
this reduced section, and a crack or pipe through the cladding npeer the
cap weld was Pound. Metallogrephical examination revealed no evidenze

of nydriding of the inner surface of Zircaloy-2 cladding as xigbit be
expected if water bad entered the creck and urenium corrosion had oceurred.

Post-irradiation examinstion of 1.6 percent enriched T-rod cluster
elements, some with 0.020" Zirealoy-2 cladding and some with C.03C"
Zircaloy-2 cladding, irradiated in KER Loop 1 to an exposure of 1200
MWD/T was continued. There sppears to be little or no difference in
the behavior of the 0.020" and 0.030" clad elements. The average
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dismeter change was & decrease in each case of less than 2.001". Ko
macro- or miero-cracking of the urenium or the cladding was observed.

Tubular Fuel Elements. An sttempt o oblain & quartitetive correlation
of In-resctor growth of tube-tube elements with urenium textire has been
made. One 36", U-2% Zr, tube-:ibe elexent ir the as-extruded zondition
was exposed to 300 MWD/T in KER Loop 1. A similar 1.82C" 0D tube was
sectioned for inverse pole, x-ray, texture siudies., Three mutually per-
pendicular sections were cut from the unirradlated tube. These demon-
strate & strong duplex (020), (110) fexture in the extrusion direction
and an intense (002) texture in the eircurferential direction (the
direction which indicates chapge in iube dismeter}. Calculated Growth
Index values irdicate thas, Ffor a secticn takez nsar the rear of the as-
extruded tube, the element s-0uld shorien, Aecrzase in wall thickness,
and increass in diameter whern irradiateld +c low purnup at tempereiures .
below 300 C. Transverse sections (perperdisular to the extrusion axis)
cut from the center and front of the ex*rusicn also demozsirate & duplex
(020}, (110}, texture; but Growth Index veluee calculated from datf taken
with these sections indicste tha® slignht longitudinal growth will teke
place in-reactor.

A 20-minute anmeal at 720 € in vacam followsd Sy & furnace cool par-
tially randomized the strucsture. Aunealed sections demoxstirate & less
severe (020}, (110) duplex texture im the extrusion direction ard {002)
texture in the eircumferential diresztion. reowtn Index values for the
rear of the annealsd tube predict slight lcngitudinal growth, diameter
increase comparable with as-extruded tube, and thickness decrease of about
one-third of the magnitude of that predicied for the as-extruded tube.

Grain size in the bets annesled *ube was observed to increase from 0.180
m {mean cube dismeter) mear the rear of the extrusion to sapproximately
ore mmw rnear the frozt with a mixed grain slze near the extrusion cenier.

Dimensional measurements of the irradieted, es-extruded tiube will be
mede in an atiempt to correlate growin with the 2slculated Growth Index
values, and thue provide a method predizting quarxtitaiively the growikh
which will oceur in-reactor.

Three tests of tubular elemerts were discharged from KER and ETR during
July. Exposures varied from 25 to 2000 MWD/T. Maximum coolant tempera-
ture veried from 240 to 275 C, fuel core temperature fram 385 to 700 C.
Three of four elemesnts exarined a4 KE basin appear straigry ard i good

‘conditior. One element frow KER Loop 1 has warp visible to the naked eye.

Elements from KER Loop 1 are crud-Iree, whereas elements from KER Loop 3
are covered with a rrown-black scaly crud. Diameier measurements were
made optically on & tude and rod type elemernt exposed tc 2000 MWD/T inm
KER Loop 3. No changes occurred in the tube outer diameter. The rod
dismeter inecreased approximately three percent. The EIR element operated
for only 12 hours at temperature. Due to loss of water ir the lcop after
shutdown, the elemert was discharged. During operatior, maximum coolart
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tempersture in the fuel annuli were measured. The measured tepperatures
agree closely with those calculated from hydrewlic snd fission heating
deta.

Fuel for Present Reactors. A simple sdaptation cof the Sonic Orientation
test equipment has been found to work well in evaluating the quality of
the welds attaching aluminum self-support ralls to canned siuges. The
slug to be tested is supported at each end between V-blocks or rubber-
tired rolls, and is vibrated et various audio-frequencies. Sound weld-
nuggets transmit certain vibrational frequencies to a probe held agesinst
them with little loss of energy, while closely sdjacent unattached areas
demp the vibrations to suech 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 & sound weld nugget
epproximstely 1/16" diameter and the rest of the weld spot (about 1/4"
diameter) which was unattached. This test system has not yet been tried
on Zircaloy supports, but presumadly the seme 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. PFurther tests show that
the spilders can be cut from 0.200" stock, employing approximately 22 tons
lcad.

An immersion plating technique for the deposition of copper on Zircaloy-2
is being developed as a possible means to prevent seizure of the cladding
material during drawing operstions. A drawing operation is being developed
as an alternate to the swaging operation presently used for sizing co-
extruded stock material. Psast experience has shown that a thin electro-
lytic copper costing was beneficial in preventing seizure of short fuel
rods during hot heading operations. Electrolytlc plating of longer lengths
such &g the 10-15 feet used in the sizing operation 1s mot practiceble with
existing equipment; therefore, alternate means of coating are being inves-
tigated.

Pre-treatment of the Zircaloy-2 consisted of degreasing, vepor blasting
and rineing in deionized water. Vapor blasting wes found superior to
either bright pickling or ammonium fluoride etching. Only & limited
number of immersion plated semples have been drawn to date; however, the
results appear quite promising.

Other coeting techniques under test include a silicate treatment using &
one percent aqueous solution of sodium fluosilicate and a phosphate treat-
ment using one percent ortho-phosphoric acid end 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 molyccte.

A totel of nine coextruded uranium rods, 0.260" initied OD, C.022"
Zircaloy-2 wall, and approximately 20 feet long were used during the
previous quarter for preparing 7-rod cluster elements for KER irradiation.
During the month examination was completed of metallogrsphic sections in
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the final heat treated condition. Average urarium grein sizes were G.180
to 0.210 mm diamefer. X-rey exsminstion of as-extruded, swaged, swaged
and upset, and heat treated rod was completed amnd texture coefficients
and growth indicies calculated, These values indicate that the element
materisl should be stable during irradisticmn.

Bections of NPR size ingot urenium coextruded rod preparsd from the same
billet stock as the KER material have been examined im the extruded and
gwaged condition. This material slso exhibited poor uranium quality with
excessive stringers, voids, and inclusions surrounded by hydride. GSections
have been prepered for heat treating studles apd x-rey examination is belng
run to deterrwine the base texture of the rod before treatment.

Five coextrusion billets have been prepered for extrusion in the 306 Build-
ing facility to produce inget and dingot rod with the same fabrication for
swelling studies. The billets were triple bets heat treated and vacum

. outgessed at 600 C before sesling ir the Zircaloy-2 containers. One blllet
was prepared with Zircaloy-2 end plugs to determire whether Zirealoy-
Zircaloy bonds could be produced at the 13:1 extrusion ratio employed.

Closure and Joining. The application of resistance ring projection
welding to tubes and rods to obtain double closures is being investigated.
Double ring projections cen be used on both rods and tubes to yield high
gquality closures with accurate control of the welding variables. High
quality joints are gbtained consistently. The procedure or rod type fuel
elements has been reduced to & method suiteble for production applications.
On tube closures the process has beez proven feasible; however, further
work 1s required to determins the yield end suitability 1o production
applications.

Allied Fuel Studies. A number of extrusions of aluminum, urazium,
zirconium, megnesium, and some alloys were made on the Dynspak machine
at small reduction ratios (4 to 1). Zircaloy-2 and Zircaloy-2-cled
uranium billets were extruded successfully from a 700 C selt bath without
Jacketing the billets in copper. Az atiempt to coextrude uranium in
Zircaloy-2 with integral end closures was encoursging in the following
respects: (1) welds in the original Zirealoy-2 billet were metello-
graphically indistinguisheble from the remainder of the Zirealoy-2 after
extrusion, snd (2) over half of the extruded rod displayed a good bond
between the core and clad even at the low reduction ratlo.

Ex-reector testing of control specimens for the ir-reactor rupture test-
ing of simulated Zircaloy-2 fuel element jackets experiment has revesaled
unexpectedly high creep streagths in the Zirealoy-2 tubing. For example,
some of the annealed spec¢imens have survived 500 hours at 290 C and a hoop
gtress of 50,000 psi. An upward revision of the in-reactor test pressures
may be necessary im order to assure rupture of a significant fraction of
the specimens durirg the proposed 1000-hour test.

|21‘,00.8q ny
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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
urenium temperetures, cladding thickmess, and exposure is being comducted.
Exsmination of GEH-3-32 and GEH-3-57, the second and third cf five
Zirceloy-2 clad fuel rods irradiated in NaK filled capsules in the MIR
and ETR, has been started. Cladding failure on fuel rods GEH-3-32 has
been found in the form of cladding splits 2-1/2" lopg at one end and one
inch long at the other. The extent of cracking in the uranium is not
yet kmown. A diemeter increase of approximately one percent was found
at the middlie of the rod where it is unaffected by the splitting.
GEH-3-32 operated at LOO C except for the last one-third of the irredia-
tion when the temperature rose to S4O C because of reactor operaiion
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 & meximum diemeter increase
of 1.5 percent, but in this same region it decreased in length spproxi-
mately 0.8 percent. More complete measurements and density detzrmina*ions
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 &s soon as space
is available, will extend the coverage of temperature, exposure, end
cladding restreint parameters.

To attempt & statistical analysis of the effect of temperature, exposure,
and claedding upon fuel rod swelling, a series of NaK capsule experirents
has been designed for irradietion In process tubes of Hanford reactors.
Twenty-eight capsules have been completed. Irradistion should begin in
August.

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

A veta trested, defected, coextruded fuel rod specimen tested in the
"heated-rod” loop at 30 kw/ft was more severely dsmaged end corroded
than a similar non-power generating rod tested in EIMO-4. Clad defor-
mation at the 0.025" diameter defect and the cavity under the defect i
the uranium fuel appeared larger then in the unhested rod.

Metellurgical Development. The change in extrusion coefficients and
extrusion pressures with & variation in billet composition snd grain

size 1s being determined. In each instance, the billets will be extruded
in the as-cast and heat trested form. Verisbles to be consldered are:

(1) a difference in billet cooling rate from the molten stete, (2) & var-
istion in carbon content from 50 ppm to two w/o carbom, and (3) a varia-
tion in zirconium content from 200 ppm to two w/o zirconium. Approximately
cne-third of the castings bave been completed.

[ EARS i —
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Facilities and Equipment. Stainless steel dumnies are currently being
fabricated to test out the principle of dismantling 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 weter. Elemernts are
being constructed for beth the tubular and cluster geometries.

A 4000-watt ultresonic 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
versatllity are approximately 90 percent complete.

REACTOR PROGRAM

Coolant Systems Development

Rupture Testing. A single coextruded and predefected uranium and
Zirceloy-2 rod with three 0.025" side pinholes was exposed for one hour
to 300 C water st 1650 psi, 30 kw/ft power rate, and 20 fps velocity.
The rod had been isothermelly beta heat treated. Rupture resuits from
this rod were sllghtly more severe than corresponding reds tested with-
out intermsl heat generation. The maximum diameter of the rod increased
from 0.593" to 0.76". Each of the defected areas swelled to ebout 0.7
diameter and split the Zirceloy-2 cladding. In contrast to the behavior
of unheated ruptures in which the Zirceloy cladding was torn almost com-
pletely around the base, & longitudinal 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 wes determined on
the rupture effects of coextruded uranium and Zircaloy-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
vaeriations in heat treatment was tested: as extruded; bheta heat-treated,
furnace cooled; beta heat-treated, air cooled; beta hest-trested, water
quenched; beta heat-treated, furnace ccoled to 600 C ard held for ten
minutes. Essentislly all rupturing and swelling remained in the inside
surface on all tubes. Roth the as-extruded and beta trested furnace-
cooled pieces ruptured badly, decreasing on the inside diameter frox
1.34" to 0.52", The beta heat-treated, air cooled tube had & small amount
of swelling during the second hour's exposure. The beta heat-treated,
water quenched and bete-600 C hest-treated tubes had not ruptured after
two hours. '

Four coextruded rods bets 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, ore-
half inch dismeter raised and torn mounds being formed at the defects on
each of the rods.
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Decontemination Studies. Teste have been completed in EIMO~10 to deter-
mine whether the APACE decontamination process will stteck the graphitar
bearings in the recirculating pumps. After three complete decontamina-
tions, exsmination of the bearings showed no visible esttack. It was zon-
cluded that the APACE process can be used to decontaminete loop systems
containing pumpes with graphitaer bearings. Tests are scheduled in ithe
shielded prototype in 1706-KE. : §

Work has been completed on the IRP Loop in 242-B azd shake-down runs are
in progress. With the exception that the packing ir the Powell valves’
had to be re-packed, the loop hes run very well. The empty cask for the
irrediated sample was connected to the systiem and operated at temperature
with no lesks, and the caesk is now being loaded with the firsi sample of
irradisted ursrium for & "hot" sheke-dowr run in the loop.

Inhibitor Studies. In a test to determine the effectiveness of sadium
‘dichromate as an inhibitor in high tempersture water, coupons of A-212
carbor steel, sensitized and non-sensitized 304 stainless steel and
Zircaloy-2 were exposed for 196 hours to deicnized water contairing S5O

ppe dichromate at 300 C and pH k.5. The weight gains for the Zr-2 were

too small to evaluate the effect of the dichromate treatmert. The uniform
corrosion of carbon and stainless steel was reduced under these ecnditions
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
gt the edges of the carbon steel coupons where the coupons were held by
the holders. Pitting is a generel problem found with all anodic irhibiteors
when present in insufficient concentration. When crevices cannot e ellm-
inated, the inhibitor concentration should be lncreased to contreol pituing
corrosion.

Aluminum Corrosion Studiles. Loop KER-3 was decontaminsted in May, azd a
new Zr-2 tube was installed in preparation for tests at higher tewpera-
tures and pressures. In all previous in-reactor tests the tctal corrosion
has been so low that no eccurate measurements could be made. COne long-
term test was planned on sluminux at a heat flux and water temperatures
comparable to those expected in advanced reactors. In prepsaravics for
this, two short-term conditioning tests were run to ensure proper water
quality end control. The pieces from the first test were discherged aftler
exposure at surface temperatures up to 265 C for 23 days. The slugs
aeppeared to be in very good conditivn. The second conditioming 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
which 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 from this test
caused the reactor to scram. Upon discharge of the slugs it was found that
two X-8001 clad slugs had ruptured. Exemination revealed that the ruptured
slugs had failed in seversl 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 deformations of the slugs took plece. Ex-
cept at the spot-welded regions, corrosion resistance of the slugs was
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generally good., Serlous 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, it demorsirates 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, an attempt was
made to cherge the long-term test comsisting of 20 Doe slugs clad in
X-8001 and & 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-
aretion for the next test.

In preparation for the long-term aluminum test, new Doe pleces are being
canned in C-810 and X-8001 by the best available method and will be glven
rigorous testing. A new improved thermocouple assembly is being fahricated
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 wes removed from testing. A Caradian rolled nozzle-tube sesal was
removed from the ELMO-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 uswual 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 fram 250-550 F with no leakage and one
with benana ring seals has operated 600 hours et 572 F with no observed
leskage.

Structural Materials Development

Zircaloy Retubing. Febrication of ribbed, Zircaloy-2 BDF process tubes

‘has commenced at each of the four contractors' plarts. Allegheny has

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
ennealing. Superior Tube and Harvey Aluminum are each preparing billets
end conducting final development tests prior to pilot scale production.
Mallory Sharon Metals i1s 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 Bress 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 pesses. 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 7O NPR process tubes. Allegheny-Ludlum Steel Company has
produced nine extrusions. These heve beer sent to Budd Compeny where
they are to be welded to form three tube blanks. From Budd Company
they will go to Tube Reducing Corporation to receive the final reduection
to NFR size. Because of a long delivery on a critical part, the tube
reducing machine will not be ready to receive these tubes urtil October.
Allegheny Ludlum is pow shut down by the steel strike, sc this contract
is temporarily et a standstill.

Harvey Aluminum hes cne ingot in the mill which 1s being prepared o
form two extrusion tillets. Material is now being melted to furnish

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

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

Ncometallic Materials Develcopment

MTR Graphite Irradistions. The GEH-19-2 modified shim rod containing
four samples of GL-10 graphite and four semples of CSF as reference
standards was charged into the MR on June 29. This experiment worked
well throughout the first cycle, but after the shutdown on August 1,
difficulty wes experienced in holding the rod to the magnet. Seven
attempts were made before the rod was necesserily discharged. Examin-
ation of the mechanism revealed that considerable sticking is encountered
at 2/3 throwout. This is approximately what was observed during post-
irrediation exsmination of GEH-1G-1. Selective lubrication failed to
disclose the tinding parts. If possible, the rod will be repaired and
then replaced st an early shutdown since otherwise it is in good cozdition.
Design of the GEH-19 experiments is being modified slightly on the besis
of experience gained on GEH-19-1 and 19-2 and fabricaetion of GEE-19-3 and
19-4 has been started.

Twenty-one caepsules contairning semples of NPR candidate graphites were
also charged into the MIR on June 29, and will receive an exposure
epproximately equivalent to 2000 MWD/AT et Hanford at a calculated vem-
perature of greater than 800 C.

ETR Graphite Irradiations. The first two GEE-13 graphite irradiatiom
experiments in the ETR continue to operate satisfactorily. GSample
temperatures on GEH-13-1 vary from 800 C to 950 C along the capsule
length at full reector power and on GEE-13-2 vary 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 positions H-5 and
E-14, respectively, and will be run under vacuum in the same menner as
GEH-13-1 apd 2. It will not be known until reactor startup whether or
not these instsllations 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 Grest lekes Carbon Corporation (GL~10 and GL~11) end Nationsl Carbon
Company {VC), with CSF as & stendard; the other six sets contaln & series
of sapples to determine the effect of fine particle size on the contraction
rate. The second experiment, H-2, will be located in the E-7 side loop
position of the GETR. Tt contalns eight sets of four samples. Four sets
contain GL-10, GL-11 apd VC and the other four contain grephites from
Gpeer Carbon Company, SP-9, SP-10 end SV. All eight sets have s CSF
sample as & reference standard.

IP-22A Intermediate Temperature Graphite Irradiation. The firs%t test
assembly in 1573-DR which became inoperative soon after installetion on
April 27 was replaced with a second unit on July 3. CSF graphite semples
were sgain used for the test. Temperature control has been within £ 5 C
of the desired settings of 200 C and 300 C.

Graphite Radistion Damage. A favored mechanism for high-temperature,
radiation-1induced contraction of grephite is the relief of stresses
developed upon cooling from graphitization temperatures. Smell angle
boundaries between crystallites Joined at the edges of the basal planes
sppear 10 be one of the sources for these stresses. Theoretically, it

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

0 =2 sint aAa T sin ©
A o 1/(_1 -AAT ) 2_02/7

where AT = Ty - T, Tg = grephitization tempersture, 6, = angle of.mis-
orientetion et Tg, A = coefficient of thermal expansion in the ‘g’
direction for single crystal graphite,

For smell ©,, (£ 0.1 radien), this simplifies to:

A
o = 1_-71'43‘%_ 6, (A A 1) g

The value of ( v A T} is spproximately 0.08, if Tg = 2800 C end T = 500 C.
Thus, the increase in misorientation between crystallites resulting from
cocoling of the graphite from graphitization temperature to 500 C is approx-
imately eight percent of the misorientation originally present , 65, prior
to cooling. This increase in anguler orientation will produce stresses of
various types and megnitudes dependent on the structural detalls of the
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graphite model assumed. However, if the crystallites ere ccnstrained
from deforming freely, as is probable, a stress fieid tending to cause
the graphite to contract would result.

Hot Water Resistance of Elestomers. Additionel work has been undertaken
to determine the resistance of elastamers to long time immersion im bhoil-
ing weter and water at 175 C. Results on immersions for 5000 hours in
boiling water indicate that there are severa] clesses cf materials ithat
will perform setisfactorily. The best of these are the silicone rubber
Silastic 52096 and the nitrile rubber Hycar 1002. Immersions for 2000
hours at 175 C show that the material least affected is Silastic §2096.
Hycar 1002 gained corsiderasble weight and was subsvantially swelled.

Therza) Hydrsullics Studies

Equipment Projects. Acceptance tests were continued on the silicon recti-
fying equipment (Project CG-661) which was installed in 189-D to provide
additional heat generating capacity in the Heat Transfer Laboratory.
Checks on the response of the equipment to & 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 initial power of 2700 KW. Other tests indicated the
equipment had the characteristic of momentarily surging in power level
when the circuit breekers were closed after an emergency shutdown performe
by cpening the maln circuit breakers.

The project (CG-834) to modify the High Pressure Heat Trapsfer Apparatus
for higher flow and heat genersting capacitles and to sllow transient type
experiments continued on schedule. Design efforts were corcentrated on
obtaeining a satisfactory valving arrangement for the transient experiments
to simulate conditions following e rupture of a hydraulic connector to e
process tube. Present plans are to install a storage tank to supply weter
to the electrically heated test section after valving off the mein part 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.

Hydraulle Studles. A preliminary study wes made to determine the amount
of flow increase possible in a BDF type reactor process tube with en-
largement of the rear fittings. The results indicated thst & 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 imzh (the size of the rear hy-
draulic connector). With the imstaellatior of larger hydraulic connectors
and larger sdapters at the nozzle and header, & flow increase of 144
could be possible. It was realized, however, that such flow increases
may not be obtainable without other possibly extemsive modifications to
the reactor and careful consideration of the resulting changes in the heat
trapsfer and hydraulic characteristics of the process.

The gathering of data to indicate the increase in pressure drop for 7-rod
ecluster fuel elements due to the presence of wire wraps was completed for
the 0,704-inch diameter rods im & 2.70-inch process tube. The data show
a slightly higher pressure drop increase due to wire wrapping feor the
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0.704-1inch rods than for the 0.780-inch rod assembly. However, the
value of pressure drop for the non-wrapped 0.7O4-inch rod assembly is
only about one-half that for the ron-wrapped O.780-inch rod assembly,
50 the 0.70k-inch rod assembly still has less pressure drop when wire
vrapped than does the larger sized 0.780-iach rod assembly.

Estimetes were made for tube flow rates which would flush perfs and/or
fuel elements for the old reactor process tubes. It appesred from
lesboratory tests that the charge would begin to move at 20 gpm. This
Information is of vilue during the procedure used for lesk testing.

Miscellanecus. Modificaticn of the Low Pressure Heat Transfer Apparatus
to allow use of short test sections for speciel hest transfer studiles of
present Henford reactor fuel elemerntis was completed. In addition, & bus
intertie to ellow operation of the apperetus with either the motor gen-
erators or the silicon rectifiers as & heat generating source was 5%
completed.

Flans were completed for the installation of & three-foot electrically
heated test section simulating 7-rod cluster fuel element in the hori-
zontal part of the high pressure heat transfer apparatus. Experimenta-
tion will be at flow retes prototypical of NPR conditions but at somewhat
reduced pressures.

An experiment wes run on the high pressure heat transfler apperatus to
investigate surface temperstures when boiling conditions change fram
nucleate to fiim bolling. A horizontal test section was used which cone
sisted of a l.43-1inch solid rod centered in & 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 2l feet by
pessage of direct current from motor-generator sets and was supported in
the pipe at intervals of 1&-1/2 inches by sets of centering pins conslst-
ing of four pins 90° apart.

While the flow was meintasined cormstant at 10 gpm, the heat input to the
test section was incressed by small steps. At a heat flux of approxi-
mately 160,000 Biu/hr-f1=, the thermocouples at the top of the heated
surface indicated & large temperature change &s 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 thermocecouples
on the heated surfece at the bottom of the amnulus and then slow gradusel
increases in temperature of both the top and bottem thermocouples. At a
heat flux of approximstely 400,000 Btu/hr-ftz, the experiment was ter-
minated due to failure of most of the thermocouples. At that point the
surface temperstures were approximately 1200 F and the calculated exit
steam gquality 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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Remctor Technology Development

Neutron end Gamma Attenuation Measurements. The second irradiations to
determine the neutron and gamms attenuation properties of iron-serpentine
concrete and barite conerete as & function of baking temperature were
made in the 105 DR reactor test wells. The folls from the first tests
on these two concretes sre being counted. Iron-serpentine concrete is
expected to have good neutron attenuastion characteristics at elevated
temperatures due to high hydrogen retention. This concrete 1s a candi-
date meterisl for certain porticns of the NPR bilological 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 penetretions onm the shielding properties of bulk material.

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

Shielding Instruments. Another leak has developed in the neutron spec-
trometer chamber. Negotistions are under way with Argonne National
Laboratories for the purchase of ancther chamber of the Perlow type.
Construction of the neutron cecllimator for use with the spectrometer in
bulk shielding measurements is 90% complete.

3. FABRICATION DEVELOPMENT

Special Alumirum-Plutonium Fuel Elements

This special febrication is now complete. A totel of 181 Al - 7.4 w/o Pu
fuel elements, 8001 Al alloy coextrusion claed 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
than 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 redicactive
contemination of the machined surface, indicating that chemical etchirg
along was sufficient to minimize the contamination of the can wall during
billet assembly.

Plutonium-Aluminum Thin Foills

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 ¢.010-inch
and 80-1/2-inch diameter discs punched to fulfill the PCTR requirements.
All of the bar stock {1/% x 1 x 6-1/2-inch) for the Oak Ridge National
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Laboratories morlitoring folls has been rolled to 0.01C imnzk thick. One
of the four bars produced 155 acceptavle discs. These have beer cleaned,
weighed and are awaiting the perfection of the canning oreration.

Several pieces of foll were stack rolled with annealing heat treastxents
between roll passes. These pieces have been rolled to a thickmess of
0.002 inch, Three-eighths inch dises containing 0.C50 gram plutonium
were punched from this thinz foill for a USN Radietior Defense Laboratory
request.

Special Palm Target Elements

Experimentation with extrusion compactiing of mixed Al and oxide cores has
continued. Curreat problems with this type coextrusion include dog-bone
near the front end and fishtailing at the rear emd. Shear type components
are being tried to elimirate fishtails erd rcunded froznt cone to sidewall
angle is being tried to eliminate dog-bore. The optimum stream lire flow
angle for this type extrusion is beirg investigated by sectloning extruded
pieces. The angle sppears to he approximately 65° included angle.

Sufficient Pelm oxide was received frcm Savannah River to make seven Paim
elemenrts, and Hanford supplied encugh for 22 rnormel elements for Campaign V.
The Savanneh River material was fabricaited into seven mccepiable elsments.
8ix elements cortairing the normal quartity of Palm oxide were fabricated
from the Hanford meteriel. The remairing quariity was used to make eight
elements containing double the quantity of Palm oxide. All of the elements
containing the normal quantity of Pelm oxide were acceptable. The elements
made from the Savanrah River materiasl have three to four times as much
gamme radistion as those made from the Hanford materisl. The Saevannah
River elements were =lso much more difficult to decontaminate et the extru-
sion billet stage. They 8lso required caps welded on the rear end of the
elements to cover alpha contaxrination. The conterination and radiation
procblems were not encountered with the Harford material.

Four of the elements made with the double quertity of Palm cxide were
scceptable. Three were lost at extrusion when the can wall ruplured.
Except for the extruded rod and the extrusion dies, k¢ contamination was
spread. The dies were subsequently deconteminated. The remaining ex-
trusion wes badly dog-boned. The radiographs showed no detectable cam
wall at one point although no conteamination was observed on the outside
of the rod. Sinse there was a great desire to salvage as many of the
elements as possible, approximately 25% of the core materiasl was sawed
off from this element to remove the dog-boned aree. An aitempt was made
to weld a 1/8" aluminum cap over the exposed core but was unsuccessful.

WEAPONS - 3000 PROGRAM

Research and developmernt in the field of pluterium metsllurgy continued in
support of the Hanford 234-5 Building COperations and weapons developmenti .
programs of the University of California Radiation Laboratory (Project Wniiney
Details of these activities are repcrted separately via distribution lists
appropriate to weapons develcpmert work.
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¢. REACTOR DEVELOPMENT - LOOO PROGRAM

1.

PLUTONIUM RECYCLE PROGRAM

Plutonlum Fuels Development

Basic Studies. Sinterability studies on the isomorphous system UO2-PuQp
have continued. One-half-inch dismeter x 3/8" long compacts containing
physical mixtures of the two components have been heated in hydrogen.
Sintered density as & function of time and temperature has been determined
for times of one and eight hours up to 1600 C. In general, there seems to
be & minima on isothermal plots of density versus composition in the lnter-
mediate range 20-40 w/o PuOy. At corcentrations greater than 40 w/o Puls,
density increases rapidly with increasing PuOp. In every case pure PuOp
(produced by deczomposing plutonium oxalete at 300 C) sintered to a greater
density than ball milled PWR grede UQ,. The data, for a-one hour soak
time, ard tabulated in percent of the theoretical crystallogrephic density,
can be seen below:

Temp. UOp  Pulg

1100  63.9 79.6
1200 €8.0 82.5
1300 72.5 9.3
1400 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 water immersion. Water immersion den-
sities, however, do not account for the open porosity, and, comsequently,
the values obteined 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 temperasture,
the densification must be largely due to a decrease in the open porosity
during sintering. '

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

& high vapor pressure and an "eruption" of the semple was observed neer
this tempersture.. A silmilar but more severe effect was &lso observed in
vacuo. It 1s planped to commit the hood containing the furnace to plu-
tonium oxide work during the next morth.

Febrication 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 retcheting 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
sbout 4 F per minute and & pressure of 1300 psig. All elemerits have ade-
quate end clearance for thermel expansion., Two eighieen-inch long wire
wrapped elements which contain Al-Pu alloy were successfully thermally
cycled 59 times between 100 and 350 C. These were spere elements from the
fabrication of & 7T-rod cluster for KER irradiation. Even though they had
both been swage sized, the core in one of the elements wes loose at the
start of the test and after 59 cycles this element showed no external signs
of distortion or loosening of the wire. Radiogrsphy indiceted that the
core had shrurk about 0.045 inch. The other element which hsd & tight core
to start with showed no visible signs of distortion up through 19 cycles;
however, the core hed shrunk sbout 0.17C inch. After 39 cycles, this
element was corkscrewed with the wire {&bout 0.100 inech), the surface had
bumps epproximately 0.005 inch high, the wire had loosened, and the core
had shrunk sbout 0.227 imch. 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 febrication of clusters for ETR irradistion were also success-
fully cycled 59 times between 10C and 350 C. Three of these elements were
wire wrapped. At the end of 19 cycles, the wires were beginning to loosen;
howvever, there was very little external evidence of distortion. Radiography
indicated that the cores had shrunk from 0.053 %0 0.230 inch. At the end of
53 cyecles, however, the elements were corkscrewed, there were C0.005 inch
bumps on the surface, the wires were loose, and the cores had shrunk about
0.200 inch on the wire wrapped elements end about 0.3C0 inch on the element
which was not wrepped. The over-all length of the Zircaloy cladding de-
creesed slightly &s a result of these tests., The T7- and 1G5-rod clusters
would probvably be cyeled sbout fifteen times during their residence times

in the ETR. It is felt that the wire lcosening problem zan be solved by
sttachment under less tension.

Ten more three-foot long Zirealoy clad elements conteining Al cores were
fabricated and swege sized to a lesser degree (&bout 0.002 to 0.003 inch
on the diemeter). The cores in these elements were loose before the start
of the test and probebly hed & meximum diametral gap of sbout 0.006 irnch.
At the end of 22 cyecles, five of the elements were straight and appeared
unchanged while the other five were bowed. The core length remained un-
chenged 1n the straight elements and shrunk as much as 0.6 inch in the
bowed ones. Reject tubing was used in this tesi, 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 thet less reducticn
during swaging is desirsble and that the epplicatior of & lubricant 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 siges of distortion.
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Three rods from the Mark I-B 1¢-rod dummy cluster, which had received
1200 hours in hydraulic testing with sbout 100 thermel cycles, have

been bisected and exemined. Two of the rods were Zircaloy-2 clad and
one was type 30L-L stainless steel clad. Both were charged with 1/2-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 cep. Oue
Zirceloy ¢led 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 inch. The other
Zircaloy cled rod was in excellermt shape and showed no external sigus of
the test. All the stainless steel clad reds 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 hed increased in dianeter to an
extent that the now free cladding had to be forceebly peeled from the
core. Measurements were made of core length and inside length between
end caeps as shown in Table I.

More thermsl cycle tests are being run or full length elements fabricated
by various processes. A number of experimental pleces were assembled for
¢ycling In the autoclave. This program outline i1s as follows:

1. Clearances - various clesrsnces between core and cen are
being effected by sweging in one case &nid honing in another.
A minimum cleasrance 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 teirng
tried by heavy swaging. Metellurgical bonding by pressure
casting is being investigated.

. Mechanical relief - various core designs are being tried to
minimize stress on the can walis. These inciude short
sectiones sepsrated by lugs, circumferentiaml grooves, longi-
tudinal grooves, and a "bell and bevel"” deslign. Hollow cores
are also being tried.

5. Alloying - various core alloys are being lovestigated which will
have a coefficient of expansion closer to that of Zircaloy.

6. Cen materiels - study of alternste canning materials 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, sre 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 Al1-7.4 w/o Pu billets, 18 A1-1.8 w/o Pu billets,
concluding the febrication of fuel rods for experimental physiecs, and
seven Al-20 w/o U billets to be used as base material to investigate the
properties of some Al-U-Pu elloys.

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

A coextrusion, nominslly 9/16-inch dismeter of seven w/o Al-Pu clad im
1100 A1, was completed. The reduction in area was 20 to 1. Extrusion.
tempersture was 525 C. Can well verlations 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 cep; 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 fram & 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 into
Zircaloy-2 cans. All of the fuel pieces, with the exception of the separsble
types, haed a flat cap welded into one end and a tepered cap in the other.

The separable types have a 0.005-inch Zircaloy-2 foil electror 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 febrication of LO foils 0,010 inch
thick punched from 1.8 w/o Pu-Al and cled with 0.005 inch of eluminum.
The cores were punched from rolled foil and clad by cold welding the
aluminum foll.

Fuel Evaluation. The two, high-density, UOp-PuOp capsules (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 radicmetallurgical
examination.

Of the sixteen capsules (GEH-14-5 through 12 and GEH-1k-42 through 49)
containing Al-5, 10, 15, and 20 w/o Pu and Al-12 w/o $i-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 et 30 kw/ft{. Individual
specimens will be irradiated from two to six MIR cycles.
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The radiometallurgical exemination of the four, high-burrup, Al-Pu, arnd

Al-51-Pu alloy capsules (GEH-14.23, 24, 25, 26) has been completed with
the exception of the turnup anelysis and evaluatiorn of the frazture-
surface replicas. No significant changes have teen noted to date.

The four-rod, Al-Pu and Al-Si-Pu alloy cluster (IP-186A) irradisted in
KER Loop 3 is currently belng exsmined in the Radicmetaliurgy Laboratory.
The work is nearly complete. Items to be finished are replica exsmina-
tion, burnup analysis, and x-ray exsmination.

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

Two of the six PuOo impregmated graphite capsules sent to the MIR are now
being irradiated in the reector. These capsules were to be placed in a
thermal neutron flux of 7 to 8 x 1013 nv for four and eight MIR cycles
which will be 25 and 50 perc=nt burnmup of the plutonium atoms. At this
flux, then, they will be operating with a maximun core temperature of 1432 F
{780 C) and a surface heat flux of 161,500 Btu/hr-ft<,

The three-foot long, seven-rod Zircaloy-elad Al-Pu cluster (GEH-11-1) is
now being irradisted ir 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 elght days. At the end of this time, it is
plenned to repair the lesk and resume full power cperation. At full power,
the maximum core temperature will be 738 F €39h C) at a surface heat flux
of 230,000 Btu/hr-ft<. The loop pressure will be 2000 psig with an inlet
coolant temperature of L8O F and & coolant surface velocity of 12 ft/sec.
This element was fabriceted by slipping Al-1.3 w/o Pu rods into honed
Zircaloy tubes, thereby maintaining not more than 0.004 inch diametral room
temperature gap.

The nineteen-rod cluster (GEH-11-2) fabricsted by inserting undersized
A1-0.5 w/o Pu rods into as-received Zirecaloy tubing end sizing the sealed
tube anto the core by swaging is scheduled to be charged into the 6x§ ETR
loop facility on August 4,

UQs, Fuel Development

PRTR Fuel Elements. S8ix hundred fifty pounds of sintered UQo for swaging
PRTR fuel rods was prepared this month by ball millipg, cold pressing,
sintering, crushing, screening, and outgessing. Sufficlent dets were
obtained to reach a declsion to eliminate the ocutgassing step. In the
future, U0z will be held under a vacuum until it is used.

The swaged dismeter of PRTR fuel rods was incressed to 0.567 fg:ggé during

the month. The increase of C.Q04" was made to produce a finished rod size
of 0.560", minimum. Diameter reductions were: 1light etch - 0.0005";
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buffing - 0.00L5"; and heavy etch - 0.0020". Most fuel rods ir process
have been through the light etch twice and thrcough buffing orce. Some
of the rods have been buffed twice.

Experiments with the newly installed Mackintosh-Hemphill rotary straightener
demonstrated that the dismeter imncreases during straightening is a function
of pressure applied by the rolls tc the rod. By carefully controlling the
pressure, the increase in diameter cam be limited to less tharn 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 insertionm,
was found to be responsible for a welding problem. The boring procedure
was modified to eliminate the burr. This problem agair emphaslized the
necessity for very close toleranges at this step Iin the process.

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

A small crescent-shaped corrosion defect was observed in the viecinity of

the weld bead on PRIR fuel rods. Examination of this defest by micro-

section, spectrogrephic analysis and purposely defecting sample welds
established this defect as an sluminum inclusicn. The aluminum addition was
attributed to alumin'm chill tlocks. A change was made to use copper chill
blocks during the welding operstion. BSample welds were made showing the

type of defect that mey asppesr in weld areas as a result of alumirur, tungsten,
tllica, and UQp inclusions in the weld metal.

The present FRTR fuel rod end caps are undersize for use with the aew
swaged rod diameter of 0.567 *O.00l. Six end caps were splined to in-
¢rease the dismeter providing'p‘oo2 the necessery press fit into the end
of the fuel rod prior to welding. Welding of the splined cep appeared

to bte very satisfactory, with rediographs showing excellent penetraticn.
Microsection examination is being performed tc 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. Buffipg is still a twc-man
operation, but equipmert modifications will reduce it to & one-man job.

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

fauoication Development. Centrifugally cast, thick-walled (0.5") tubes
of Zirceloy-2 have been fabricated from cleaned Zircaloy-2 scrap materiel
by Oregon Metallurgicel Corporation. Nested tubular PRTR fuel element
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end fittings end sesm weld caps can be machired rapidly from this peterisl,
with little material waste. X-ray inspection of mechired end caps re-
vealed no porosity, cracks, or inclusions.

S8intered and crushed U0s was compacted in C.750" OD Zircaloy 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 about five percsent thar thet produced
by the first and second passes combined. The elongation of cne rod which
had been vibrated prior to swaging was sever percent grester than that of
an identical rod which hsd beer temp-packed prior to swaging.

Densities and cladding thickness sre being determined, end additional ex-
periments are being performed to confirm the above resvlts, which indicate
that vibretion before sweging can reduce the amount of swaging required to
corpact a given powder to its maximum density, and thus permit starting
with smeller diameter tubes.
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intc several pileces, and each plece was filled with UDp, swaged, and
sectioned. Measurements of the defects by microscopy studies bvefore
and after swaging indicete that the defects 4id not increase in depth
during the swaging operation. Exemination of these defects tefore and
after swaging also Indicate that the defects normelly are deformed but
rot lengthened during the swaging opersation. .

In sddition to the swaging tests made on a tube containirg a contlinuous
defect, tests were mede on tubes corntaining pit-type defects. Two tubes
each conteining one pit were filled with UCo, swaged, and semt through
the normal process. When these rods were lcspected by the fluorescent
penetrant method, they were found to contein one pit esch. Macroscople
examination falled to indicate any evidence of defect propagaticc.

Tc determine the statility of 18-imch, T-rod clusters of UOp swaged in
0.030-inch wall Zircaloy-2 “ubes. and assembled with unmbonded wire

wrapped spacing members, irradiastior experiments have been conducted

in KER loops. One assembtly, 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 fretiing corrosion under the wire
wrap. Further examinetions, including disassemtly and sectioning, will

be conducted. A similar 18-inch long, wire wrapped, T7-rcd cluster of UQp
swaged In 0.030-irch wall Zircaloy-2 has just been discharged from a KER
loop, after an irrsdiation of approximately eight moaths. No warping,
corrosion dasmage, or wire vwrap looseness was detected durirg & prelimirary
visuel inspection in the reactor storage dbasizn. Twe four-inch long capsules
of 87 percent dense UOs, hot swaged in 0.030-inch wall Zircaloy-2 cladding
have been prepared for irradiation in the ETR to obiain addificnal data on
the irradiation rehavior of Ttoth the U0z and cladding.

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

PRTR swaged UO2 fuel rods are normally reduced approximately 42 percent in
cross sectlonal area during swaging. To determine the externt of colé work,
dismond pyrasmid hardness (DPH) measurements were performed with swaged
Zircaloy-2 cladding and the deta compared with those obteired froo
Zircaloy-2 cold rolled sheet. The hardress measurements indicate thai a
L2 percent reduction in cross sectional area of a Zircaloy-2 clad UCp

fuel element by swaging work hardens the Zircaloy cladding to & greater
extent than a corresponding cross sectional ares reduction on & rolled
sheet of Zircaloy. This is not unexpected because a significant amount of
elongation, as well as reduction in tube dismeter, cccurs during the swaging;
this elongation incremses rapidly during swagirg ss the UQp approaches the
maximun 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 sweging the initisl pass essentlally "sinks"
the dismeter of the tube, and the greatest amount of material flow, and
therefore grain deformation, occurs in & direction perpendicular to the
cross section of the tube after this initial reduction. Therefore, a tube
sweged over UOp powder does not have the preferred orientatlor 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-cled UQz fuel elements 1s in any way compromised by the cold
work Introduced into the cladding during swaging.

Equipment is being fabricated to thermally cycle sections of tubing contaim-
ing various types of defects. The tubes will be filled with helium and
cycled & predetermined number of times at a pressure of mbout 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 can be cycled in this
epperatus. It will not be possible to duplicate PRTR cperating conditions,
but test results will give some indications of erack propagation during
reactor c¢ycling.

A steinless steel clad, vibratory compacted U0, fuel element 1.44™ OD,
geve an Indication of radioasctivity during MIR startup. The cause of
this activity has not beén determined.

Swaged capsules contelning natursl and 2.47 w/o U-235 enriched UOo have
attaeined a maximum exposure of approximately 10, 000 MWD/T during irredi-
ation in the MTR and ETR.

Basic Studies. Under a Joint BMI-HAPO progrem, the effects of reaztor
irradiation on the thermal conductivity of uraniwm dioxide aere being de-
termined. Measurements on & UQp specimen (94% T.D.) irradiated to 0.005
a/o burpup have been made. Very preliminary dete indicate that the low
temperature reactor irradlastion 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 1s
being prepared by BMI; the preliminery data are being used at HAPO to re-
calculate PRTR fuel temperstures.

Corrosion Studies

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

3.7% by volume 58% hydrofluorie acid;
L&t by volume H60% nitric acid; and
LS. 7 by volume deicnized water.
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There is no detectable difference ir the surface quality of Zircalcy
components etched in this bath as compared %o the old bath using
C.P. grade chemicals.

The safety hazards associated with the eteb bath makeup have been reduced
with the change-over to technical grade mcids. The hydrofluoric acid is
presently received in ten-pound boitles, and only one bottle is required
for a bath pakeup rather than eight one-pound botiles previously used.
The 60% nitric ecid is piped directly to the etch tamk from a scale tank
and eliminates the hardling of fifteen glass bottles of nitric acid.

The use of & cold-wet sutocleve siertup has elimizated the necessity for
wiping the Zircaloy clad fuel elements end components dry following elch-
ing ard prior to autoclaving. To date, fifty PRIR fuel elemeris have been
processed without drying prior to autoclaving with no detectable differetce
from elements whizb had beenm wiped dry. .

Structural Materials Develooprent

PRTR Zirsaloy-2 Process Tubes and Jacket Tubing. The first lot of six
Zirzaloy-2, PRTR process tubes are ready for autoclaving. These tubes
suscessfully pessed the following non-destructive tesis:

1. Vidigege measurement for minimum wall thickress.

2, Immerscope ultrascnic test for metal discomtinuities.

3. Zyglo fluorescest pemetrant for inside and outside surface
defects.

4. Eddy curreat for sbrupt wall thickness varieticns and contam-
iration of irntermal surface.

5. Radiography of flange axd taper.

The balance of the tubes are progressing through the same serles of tesis.
The test results on each tute are reviewed prior to pickling and auto-
cleving. Sufficient tubes will be processed to maixteir a rate cf 12 to
18 tubes per week through the autoclave.

Of the 591 Zircaloy Jjacket tubes segregeted as exhibiting point type im-
perfections or their external surface when sublected to the Zyglo fluor-
escent penetrant test, 91 were conditiomed by surface grinding. Belwsen
0.0005 apd 0.001 inck was removed from the wall thickness of the tiybes.
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 tubimg. To replace the tubing being rejected by
the Zyglo test, an order was negotiated with Wolverlne Tube Company.
Specifications for the new order include Zyglo testing of imside and out-
side surfaces, swage testing and flare testing to assure improved quality.
e menufacsturers believe this quality can be achieved.

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

from Nuclear Metals, Inc. These semples represent the closesw approach
to meeting the specifications achieved by this fabricetor. Fabrication
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of plain tubing for the nested tubular element hes begun at Wolverine and

Harvey Aluminum Company. Sample tubes, extruded and cold drawn %y Harvey,
succegsfully passed the Zyglo test. The samples are being shipped to BAPO
for evaluation.

Radiometallurgy Laboratory Studies

Examination of & 4-rod, 1.6 a/o enriched U0, Zr-2 clad cluster from KER-3
contlnued by cobtaining samples for burnup analyses and metellography.
Replicas were obtained from the fractured end pclished surfaces of one
sample of UOp that was irradiated to 160 MWD/T. Fission product gas was
collected, and cathodic etching was successfully azcomplished for a swaged
UCp capsule. Diameter measuremerts of a high density () 93% theoretical UOp)
sintered natural UOp capsule showed an increase from 0.Q07" to 0.064" over
the original 1.440" after en irradistion of 450 MWD/T. As e pert of the
swelling program, electron microscope replicas were obtaiped from uranium,
vhich had been irradiated to 2600 MWD/T, after amnealing the sample for 100
hours at 880 €. Other samples of lower exposures were also examined after
various annealing programs. The results and copnclusions from this work will
be reported in other sections of this report.

Thermal Hydreulics Studies

Thermal Hydraulics Studies Associated with the PRTR. Additional experimeats
were performed to define the heat flux at which beiling burrout could be
expected for the Mark II fuel element. In an elecirically heated test
section identicael to that described in the report last mogth, boiling burn-
out was experienced at & heat fiux of 1,150,000 Btu/hr-ft“ with a steam
gquality of 20% by weight. Melting of the test sectizn upon the initiation
of film boiling was prevented by a sharp reduction in heat fiux. However,
on an attempt to determine enother burnout point at different corditions a
copper to Hastelloy weld failed. Two other test sections, one of which
has & built-in eccentricity of 50%, were nearly completed for further ex-
perimentation.

Experiments were run on the full scale electrically heated mockup of the
Mark II fuel element to investigate flow instability and flow shifts
between the three coolant channeis. At tube powers of TO0 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 normsl, and initisl snelysis of the data
indicated no gross effects of flow split or icstebility. The experimenia-
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 1 fuel element was
installed in the high pressure heat transfer apparatus. During imitisl
heating runs a flow leak developed at a weld between one of the Inconel
heater rods and a copper lead-in. The test section was removed fto repair
the leak.

1240031
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Mechanical Equipment Development

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

Design Test PR-10 - Primery Loop Moekup. The primary process pump was
dieassembled for seal inspection after T53 hours operation (654 hours of
PRTR operating corditions). The seal leekage had risen to & high of 10
gallons per hour but had decressed to five gallons per hour bvefore 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 T0 percent balance in an attempt to prevent the extremely low lesk-
gge thought to be resporeible for the over-heatipg. The seal leakage 1s
0.8 gallon per hour afier 250 hours of operation.

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

The eight-inch check valve was opened for investigation of internal noises.
The dise was found to be hitting the gide of the valve ms 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
menth, The prototype pump seal was leaking less thap 0.03 gallor per day
after 1046 hours total operation.

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/hour at 551 hours operation. Inspection of the Chevron type
packing revealed complete failure to be imminent. Wear oo the 4k0-C
plungers was acceptable. Testing with other types of Chevron packing will
be continued.

Design Test PR-2Q - Calandris Cheracteristics. The calandria mockup
level deviation was measured in relation to size of the gasometer com-
nection. A 1-1/U4 inch velve on & top gas line was opened to simulate
various size comnections. The worst conditions were epparent with the
valve wide cpen.

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, larger ges volume required longer compressor operstion to attaln
equivalent pressure belances.

Time to Fill
Volume ¢f 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 heen sent to the AEC for
transmittal to the companies with bid invitatioms. The second prototype
shim control which incorporates the latest revisions is 95 percent complete.
Ball bearings, lead screws, and thermocouples have been ordered for the

2h reactor assemblies.

The plenetary gear assembly coated with molybdenum disulfide failed after

four days operation and a total radistion dosege of 1.25 x 10° R. Some

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

A shim rod made of Incomel "X" has been sent to the Soler Airerafs Corpora-
tion for application of a silicon glass cometing 1o investigate the feas-
ibility of protecting the rod ard adjacent aluminum parts from galvenic
corresion.

Two sets of ball bearings for the shim assewblies were operated without
lubricant at 400 rpm in a 600 F water saturated, nitrogen atmosphere. The
Tirst set operated satisfactorily for ST0 hours with a L-pound losding
during the last 250 hours. The second set failed after 240 hours using &
15~pound axisl losding.

FR-50 - Reactor Pipirg Seal Testing. A new nozzle hold-down device is being
fabricated for testing which uses the original design priceiples but gives
increased strength amd flexibility to adsorb the differential thermal ex-
pansion between the stainless steel nozzle and the chrome-molybdenum steel
hold-down rods.

Leakage collection chambers were ipstelled on the single tube mockup.
Initial leakage values asppear higher than expected.

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

FPR-53 - Process Tube Thermocycling ard Pressure Testing. A manifold
arrangement for monitoring the pressure drop through all sections of the
process tube has been fabriecated and is being imstalled. A high pressure
(2000 psi) mercury mencmeter has been ordered for use wiih the manifold.
The fuel element was removed after two weeks operation, fourd to be in
good condition, and reinstalled in the tube.

Specisl Tools. Designs for toocls listed below are complete and fabri-
cation begun:

1. for removel end replacement of the nozzle jumper piping;

2. Tor 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 RID response time testing on a mockup of
1-1/2 inch outlet piping has been performed on the Single Tube Prototype
Mockup test sectlon.

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

PR-70 - Helium Compressor Test. The Hofer high pressure compressor hes
been cpereted 105 hours with only one mechenical failure which was a
troken compensator pump return spring. Operatlion 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
operation. TFour staeinless 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 (1) 304-L stainless
steel; (2) 416 stainless steel; end (3) spring steel. The vendor, American
Instrument Compsny, has suggested the use of an alloy steel disc.

A Beach Sta-Dri filter has Profen satisfactory for oil removal from the
gas stream even while saturated 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 sir distribulion
around & fuel element,

Inconel "X" Testing. Four sdditional Imconel "X" test sections were
tested at 1100 F and 5500 to 6000 psi. Omne section failed after 540
hours, but the other three failed after less than eight hours each. A1)
failed at the bend in the tubing. Test sections have been installed
successfully by welding to stainless tubing and by use of cuampression
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-or RTDs
are available, The units supplied by the Cherles Engelhard Company sre
the better as a result of tests to date. A connector of better desiagn

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

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

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

80 cycles per minute. The maximum totel error in fiow is within plus or
minus 0.8%. This test has 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
Feeility. '

Preliminary laboratory tests of the calandris dump rete indicator using
light refraction and appropriate electronies toc achieve a signal show
this system to be feasible. The capacitor probe method for detecting
changes in liquid level 1s 8lso being studied.

PRTR Physies Evaluation. A survey of gray shim rod materials which will
provide the required maximum shim system strength of sbout 11C mk has been
compléted. Those which appear promising from the physies standpeoint are
Inconel-W, Inconel-X, Hastelloy~B, Monel, Duranickel, and ¥ickel-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
enrichment ring. Modified one-group, two-group, and P-3 formulations are
being utilized for B more complete analysis snd comparison.

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

%—:—"— =0 Q2 . 0.001

Af AL _

—-E'*- = +0.,002 G = +0.,010
Akyp _ A ket _

1SR = 40,011 K +0.00k

It 1s interesting to note that the largest effect appears to be in the fast
fission factor, emounting to a gain of 10 mk. The change in ko of + 11 mk
is in excellent sgreement with the measured PCTR walue of + 12 mk for the
Mark I UOp fuel assembly. Although an increase in Kegp of about 4 mk was
cbtained, no account was taken of streaming or of the presence of enrichment,
both of which would tend to reduce this gaim. This result is in general
agreement with earlier predictions that D0 coolant loss would result in
only very slightly positive or perhaps negstive net reactivity changes.

1240035
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Tritium build-up resulting from neutron capture in the Dp0 systems of the

PRTR has been recalculated using the most recent design data. 1In general,
only small changes in concentration from previous estimstes were observed.
Results of this study are reported in HW-61151, "Tritium Generation in DoO
Systems of PRTR."

Debugging of the Fortren version of the SNG reactor code 1is still in
progress. Although elimination of input-output SAP subroutines appesars
more complex than at first believed, this epproach iz still being used.

A 704 program deck to manufacture the program tepe for the 8K-6 tepe
version of the two dimensional code, CURE, has been made up. It is plenned
to try to use this program with the T09 compatibility package initlelly.

Calculations indiecate thet several inches of iron shielding should be in-
staelled on one of the concrete walls of the fuel element examination facllity.
This additional shielding is needed to reduce the gamma dose rate at the

wall to about 100 mr per hour.

Safeguards Anslysis. Writing of the Finsl Safeguards Anslysis of the PRIR
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 scheduled for
completion by mid-August. These analyses are:

. Thermal hydraulies studiles.
Reactor kinetic analog studies.
. Loss-of-coolant study.

. Metal-water reactor study.

Flon

Hezards Analysis for Various Mechanical Failures. Calculations were made
for the hazards associated with rupture in the steam drum piping taking
into consideretion the steam volume due to boiling. The results of these
calculations indicate that the primary coolant temperature would not in-
creagse following a rupture in either the 26" vent line, or the 4" drain
line. However, when the 4" drainp line and the 6" feed 1ine were assumed
to rupture simultaneously, the calculations indicated thet 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 is not firm. C=alculstions 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 7O 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 indicsted that bulk boiling

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

Construction Status. The Phase III PRTR contract is sbout lO% completed
versus & similar smount scheduled. Work hes 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 febricated items. It appears that the majority of sub-
mittals have been received at least once.

The prime cost painting is 25% completed in Cells A and B. Surface prep-
eration for painting is approximetely 85% completed. Final coat 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 strue-
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 reector building and lowered
into the A cell. Installation hes 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 operations om July 16, 1959, after a
high water conditlon subsided; however, work was subsequently curtailed
because of a construction labor dispute. The pump base slab was poured,
and the inside forms for the finsl 1ift of the puwmp structure were set.

Scope drewing and specifications for design and construction of a 150-foot
ventilation stack with steck 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 design of the service building
extension for loop mockup space has commenced. Award of a contract to
construct the faclllity 1s scheduled for late 1959.

Design Analysis. Contracts for performing piping stress snalyses for the
PRTR primary cooling system were mailed. Proposals from the three crgan-
izations heing considered for this work are due on August 3.

A rough draft of & 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-709 with flow, pressure, and temperature relation-
ships for calculation of primary coclant transients continued. Analog
computer results were obtained which indicated that the present primary

1240031
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coolant system controls will handle all normal operating transients
adequately. Because coolant boiling could not be taken into account
with the anelog computer, the results obteined for abnormal transients
lack & degree of realism. However, the anaslog did show that the pres-
surizer ges cushion was lost during some power excursions and heat ex-
chenger 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 end sutoclaving ere in progress at Hanford.
Inspection data from ultrasonic, eddy current, dye penetrant, x-ray
and visual examinstion are being evaluated on a continuing besis. In
tubes Inspected to date, imspection has revealed some surface scratches
generally less than ten mils deep. The importance of these isibeing
studied.

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

Core Components. Fabrication of the PRTR calandria and top and bottom
primery shields ceased on July 12. All materials associated with this
order in the Consclidated Western Steel plant were removed t¢ warehouses
in antiecipsticn 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. Minneaspolis-Honeywell hes currently re-
ceived sll components of the FRTR asutomatic contrel 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
edditional 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 $64,000 was agreed upon. The fair cost estimate was $54,000.

Fuel Hapndler. Bridge and carrilage weldments are complete. Some casks
have been radiographed. Final assembly drawings and test procedures
were received for spproval.
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D20 Recovery. C(alculations indicate that the 15 psi sealing pressure on
the thermal barrier inflatable sesl is more than the thermal barrier
structure will support. Means to reduce the necessary sealing pressure
are being considered. :

PRTR High Pressure Steeam 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 circulsted for comment.

Besed on estimates of cuter 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 &s an alternate, contingent on the use of s satisfactory high
temperature can material.

Duplimat masters of the text of a document discussing the conceptual
design of a supercritical pressure power reactor, and coples of the
1llustrations 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
approval.

Critical Reactivity Measuring Facility (CAH-8L2).

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

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

Plutonium Fabricetion Pilot Plant

Phase II Construction. The PFPP (308 Bldg.) has been accepted, with
exceptions, from the Phase II contractor, as of June 30, 1959. Progress
of the Fhase II cecntractor on correcting the exceptions was interrupted
for a good portion of July, due to comstruction crafismen'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 hes 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 om July 13, the day the strike
started, to check out the 30 kw vacuum melticg furnace. He was unsable
tc do so and will be rescheduled &s soon &s possible.

Painters have familiarized themselves with the technique of spplying
Fhencline 300 to the point of obtairing reedily acceptable floors.

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

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

The swage fecility, Room 132, was orally sccepted, with exceptions, from
the Phase III contractor on July &, 1953. A&n attempt was made oo July 2
to accept the room, but electrical corrections delayed the acceptance.
Lack of the Fenwel hood fire slarm sensing elements necessitated the
exceptions, but the elements are now available and should be installed
scon to aliow complete acceptance. Development work by operations per-
sonnel has been carried on since the acceptance, and Zirecaloy clad ele-
ments with stand-in materisl have beer swaged.

The billet lathe in Room 114 was orally accepted on July 10, on the same
basis m8s the swage.

Procurement. The 200-ton campecting press has been received, and in-
stallation is in progress. All oxide lime finishing hoods except one
have been received from the Ven Vetter Company. The workmenship in
these hoods is excellent, and a close inspecticn hes falled to revesl
any defects.

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

A pew room completion schedule has not been established as yet. The
electriciens' strike was of nearly three weeks duration and will postpone
project campletion by sbout the same lenmgth of time.
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PRTR Operetions Planning

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

the concentration of tritium in the moderator and refelctor systems will
be such thaet specisl radiological controls will te necessary to protect
Personnel exposed to D20 from these systems. Since the rate of formetion
of tritium in the primery Dp0 system 1s much lower, specisl protection
for personnel exposed to this heavy water will not be necessary for
approximately eighteen months.

It appears that transfer of Dp0 fram the moderator system to the primary
loop should be avoided to keep the tritium concentratio" in the primary
system %o a minimum.

PRTR Handbook. The rough draft of the PRTR Handbook was reviewed and
revised. The final dreft is being typed at month-end. The Handbock
will be 1ssued in September.

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

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

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

A revised PRTIR drawing list was issued to all Iinterested persons.

Several sections were writien for the PRTR Safeguards Analysis. These
include: opereting progrem, organization for operation, trainirg program,
functional tests, operating procedures, and evaucation procedure.

An evacuation procedure, to include the PRTR, was asgreed upon 1In meetings

+h the Fuels Preperation Department personnel responsible for evecna-
tion plan revisions. The energency communication system will utilize a
new unlisted telephone in the 2300 Area Patrcl headguarters.

The need for nuclesr incldent alarm devices was reviewed with HLO
Radiatiaon Protection Operation. As 8 result of this review, it was
recommended that three such alarms be included 1n the FRTR.

To insure equipment instalied by the FPhase I and II contractors remains
in serviceable cordition, the Phase III contractor must operate the
equirment periodically. Procedures were written to essist the contractor
in properly operating the following equipment: air compressors, water
chillers, hold-up tank pumps, service area hesting and ventilating
system, process ares heating arnd ventilating system, diesel generstor,
deep well pump, battery equipment end process water pumps.
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Design liaison effort during the month inciuded review of the rupture
monitor mechanical and electronic specifications, safety and containment
circuit revisions and experimental cell access port cooling system.

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

PRTR Date Processing. A report, HW-60987, "PRTR Data Listing', was pre-
pared. This report indicates all operating datae which maey be recorded.
It was prepared as a step in the preparation of Data Processing plans
end to aid in development of operating procedures. An estimate of justi-
fication for date 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 lecking. This information
has been requested since & 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 resctor.

PRTR Steffing. Ninety percent of the non-exempt Engineering Assistanis
have been chosen; itwo more remain to be picked. They will report to PRTR
on October 5, 1959, '

2. BABIC 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

capebilities and instrument response characteristilics on the completely

assembled capsule.

Components for seven additionel temperature monitored capsules are on
hend and zssembly of a second capsule is under way. This capsule contains
spheres of three percent enriched uranium. Informetion for the prepara-
tion of the in-reactor production test document is being obtained. Cal-
culations to determine the irradistion effects on this specific capsule
design are In progress.

Mechanisms and Theory

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

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

To determine the effect of cathodic vacuwum etching on pore size in
irrediated ursnium, & semple containing pores was first replicated in
the as-polished condition, etched 20 minutes, again replicated, etched
for an additional 70 minutes, and replicated for a third time. No pores
were 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 wes still masking the smaller ones. It was
not untll after the second etching operation that the worked metal was
eliminated, allowing the smeller pores to also be detected. tatistical
enelysis by operstions research will disclose the effect of etching on
pore size.

The distortion associated with the replicetion of pores is being studied
by means of pseudo specimens. Statistical amalysis of micrographs pre-
pared from O.4 micron polystyrene spheres embedded in en epoxy resin
shows the presence of a higher population of small spheres present than
a random section should contain. This may be due to the extrusion of
the replicating plastic as it 1s pulled from a pore which has its center
below the cut section. This study will contipue, utilizing spheres of
varicus sizes.

A sample of uranium irrsdiated to & burnup of 0.4 afo has been annealed
at 700 C for 100 hours. Replicas of this specimen have heen examined

in the electror 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/ec previously reported. A camparison
of the observed density with density values calculated from void fractions
will be difflcult 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 also observed in the electron microscope. These bands
are believed to be grain boundaries because of the polarization effects
noted on the opticel microscope. Further studies, 1lneluding auto-
radiography of these replicas are in progress.

An impact specimen of urenium irradiated at & temperature of less than
300 C to a burnup of 0.1 8o has been annealed for 24 hours at 600 C.
Replicas of the fractured and polished and etched surface discloses no
change in the 300 & pore size.
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3. GAS COOLED POWER REACTCR PROGRAM

Grazphite Studies

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

Testing of criticel components of the ges loop is under way. Welding
tests are being maede 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, end the second
after 1000 cycles at 500 psig and 1200 F. Two more comnectors of this
type remain to be tested after which eltermate devices will be tried.

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

it appears that the oxidation rate is not uniform throughout the body

even with the emall O.42" diameter cylinders that were used.

Microweves can be used to generate oxygen atoms end ions in COp snd simu-
late the effect of radiation in meking COp, more reactive towards graphite.
In order to determine the oxygen atom concentration in the COp, the gas

is titrated with NOp. The fast reaction of O + NOp — % NO + Op is
succeeded by the slow reasction 0 + NO ——> NO» + hq/, and the intensity
of the emitted light is used tc follow the progress of the reaction. It
is necessary to measure flow rates of the NOo and COz accurately. A
simple device has heen constructed which measures low flow rates by cb-
serving the volumes swept out during measured time intervals in & cali-
brated tube by scap films. This device 1s being used to calibrate rota-
meters for low flows.

Permeability of Graphite. The apparatus for measuring the permesbility
of the median range of "impermesble" graphites was calibrated for volume
and leak tested. The pressure decay curves were semi-exponentisl as pre-
dicted from theory. Helium and COp were utilized, and it was noted that
the helium passed through the graphite several times faster than the CO,.
The leak rete around the graphite sample with heiium is in the range of
10727 cm?/sec (permeability units). Although this is allowable for the
present measurements, it will cause dgifficulties with the more imperme-
sble grephites. The apparatus is being redesigned in an attempt to reach
zero leak. :
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Surface Ares and Pore 8ize Studies. Sixty perceant of the time required
for surface area determinetion is epent in outgassing {about three hours
per sample at 350 C). Up to the present time the outgassing has been
done in the surface ares measurement chamber with the result that only
one sample at & time could be handled. It has heen found thet seversl
samples can be simulteneously outgassed in a separate chamber, ccoled,
and trensferred (ome at a time) in air to the surface area equipment
without affecting the experimentel results. This new procedure is ex-
pected toc at least double the capacity for meking these measurements.

Graphite Outgessing Studies. A study has been mede to determine if sig-
nificant emounts of gas are edsorbed 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 exposure to room cpnditions for twenty-

four hours ylelds about 46 percent of the gas volume desorbed during the
first outgassing. This fact points to the importance of minlmizing contact
between the samples and the air after the initiel outgassing. A CO to Hp
ratio of approximstely one was observed during the second cutgassing. These
gases are probably formed by the resction of adsorbed atmospheric water and
graphite in the resction HxO + C = H + CO.

Gamra Irradiastion Facility. The 15,000 curie cobalt-60 source was re-
ceived and placed in the gemma irradiation facility. The stalnless steel
encased cobalt rods were arranged in an underwater source holder to enclose
a volume five inches in dismeter and eighteen inches high. Irradistion
damagg to plastic samples irredisted in the dry tube 1lndicated a dose rate
of 10° r/hr. The source is being more accurately calibreted with ferrous
sulfate and ceric sulfate chemical dosimeters.

D. CUSTOMER WORK

Radiometallurgical Examinations

Nickel Plated Elements. Three nickel plated, C-64 jacketed, I & B, natural
ursnium, Hanford production fuel elements, lrradiated to approximately

400 MWD/T, were selected from materisl irrediated under PT-IP-207-A by
personnel from Reactor Engineering Operation, IFD. The slugs were trans-
ferred to the Radicmetallurgy Laboratory for detailled examination to evaluate
the nickel plate. The three slugs represent three types of nickel piating --
chemplated 0.0005", electroplated 0.001", and chemplated 0.001". Visual
exsmination 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 exis. Orientation of the "hct spot” was
not possible as rib merks were not visible. Deteiled exemination of can
wall sections showed that & “side hot spot” rupture was probebly averted by
the presence of the nicke) plate. Advanced spheroidization in the A1Si and
extensive Ni-Al diffusion show that the maximum surface temperature wes at
least LOO C in the hot spot. The Ni-Al bond exhibited high integrity over

200045 UNCLASSIFIED
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the slug surface with the exception of the femele end. Several small mounds
in the nickel, approximately the size ¢of a pinhead, were observed near the
female end. The mounds appeared to be associasted with the poor bonding in
that location of the slug.

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

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

- Metsllography Laboratories

One complete set of Syntron vibratory lapping machines has been installed in
each of the two Metsllography Laboretories. All accessory equipment is now on
hend and the units have been fully tested.

Samples Processed During the Month

Totel samples processed: 325

Photographs

Micrographs 189
Macrographs 89
278

Fu MM//

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

MCHTHLY REPCRT

JULY 1959

FISSIONAELE MATERIALS -~ 2000 PROGRAM

REACTCR

STUDIES RELATED TQ PRESENT PRODUCTION REACTORS

Latsice Neutron Temperature Study

Experiments tc determine the feasiblility of using lutecium fcils tc measure
the effective neutron temperature have continued. Folls, 8 mg/cm2 thizk,
were irradiated in & moncenergetic team of neutrons of energy C.lh ev.

The activity produced by the 0.1k ev resonance neutrons had a half life of
7 days. Therefcrs, this experiment corroborated the fact (repcried in BNL-
325) that the ressnance st O 14 ev belongs to the cross section ef Lu 170,

It 8PPRArs, thern,thatthe Lu 175 cross section has resonances which, in &
reazgor Spectrum, would shield the foiis more effectively than these of the
Iz17C crass section. This fact is elso evidenced in cadmium ratics obtained
in the irferpal column of the TTR. Ihebe ratios were 4.68 % 0.05 end
(4.1 + 1.3) x 102 for the IulT5 and Lul76 isotopes, respectively. Cadmium
rasios of other elements were alse obtained., The results of these latter
measaremerts will be repcrted next montk.

The branching ratic for bete decay of lutecium 176 is not known. This quantity
iz nezessary fcr the determination of the activetion cross section. Its de-
termination would make possible the measurement of neutron temperatures with-
zut first running & serdes of calibration experiments in & hested thermal
column. The calibration experiments would be reguired because ¢f the varisus
counticg methodz and counting efficiencies in use.

The Colble-forusing beta-ray spectrometer is ideally sulted for the lnvesti-
gation c¢f the beta decay of lutecium. For this purpcse the spectrocmeter iz
bteing resctivated. The equipment has been assembled, and some of the instru.
ments checked out. A few cf the pleces necessary for the operation cf the
spectrometer could not be located. Plans are being made for the fabrication
of the missing units.

Neutrcn Temperature CQoefflcients

An TEM TO9 program to generate a nuclear data tape has been written ani de-
bugged. Werk has begun on & program to up-date and correct the nuclear data
tape.

Cross section data for approximetely ten elements has been procesaed and is
teing keyvpunched. Subroutines to generate a flle of mlcroscopic 2ross seztlions
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 cheice of & trial function in a variastional 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
abgorbing medium. A plot has been made of the ratic of neutron to moderator
temperature as & funcition 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 program for calculating
the analytical flux spectrum and the normalized 1/v reection rate with net
current flowing acro:s 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 groups, was compiled several times
and several debug runs made. The program was miscompiled (machine error) once.
The other problems have been caused by interval cycling of the IBM-709. Whether
this is due to programming or compilation errors is not known. The program was
modified tc permit mcre complete output of intermediste results, and debug runs
are belng made daily,

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

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

Instrumentation

The stack gas effluent monitor is still in operation at 100-F. In general
operation, the circuitry is adjusted to count the I3} photopeak (36h4 kev).
Four charts have now been run with no readings cbtained over about twice
"normal™ or installed background. The instrument will beleft in service wlth
some coordination necessary with 100-F Area personnel to inform us when a fuel
element rupture has occurred in the F reactor.

The circultry for input logic, magnetic core drives for reading in and read-
ing out of information (including horizontel and vertical 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. Consgiderations are being given to output logic cireults to per-
form the arithmetic operaticns for which this particular application of mag-
netic core storage devices was devised.
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Two ¢f Westinghouse's miniature solid-state neutron detecters (for slow neutron
flux measurements) are being purchased for evaluation purpcses and pcesible
initial application in the PCTR. The expected charscteristics for this detec-
tor are as followss

1. Weter tight

2. Sensitivity: 0.5 x 10™% cps/nv (thermel)

3. Maximm diameter (except st commector end): 80 mils
k. Life: 1013 nvt minimum

5. Operating temperature: 75°C maximm

With thiz Gevice; the filux at a given pcint in the PCTR versus controcl rod poei-
tion ¢vuld be measured.

The experimenteal investigation c¢f optical technigques for measuring in-reactor
graphite tempersturs continues with develcpment ¢f = suitable sensing head

for messuring ccl-or temperature in the range 500 to 1000%C. Study ¢f the char-
acteristics of arsenic trisulphide indicates that it can be used in conjunctisc
with a lead sulphide photoresistcr to obtain a narrow band wavelength filter

in the region between two and three microns. The response of lzad sulphide
cells t0 radiation from a tungsten filament wes studied. The temperature of
the tungesten fllament was measured with a thermocouple. Usable responses were
measured belcw 500°C as well as in the range 500 to 1000°C. A mockup wnit is
nxw being &ssembled to determine the sensitivity t¢ scler temperature variations.
Indications are that the Radiation Reference etandsrd needed for this work will
not be received until the first week in August.

STUDIES RELATED T0 FUTURE PRODUCTION REACTORS

Exponential Pile Messurements of Large Diameter Fuel Elements

The series of material buckling measurements on lattices using 1.92-inch diameter
501id fuel elements has been completed. Final buckling values not previously
reported are given in Table I slong with cther pertinent informstion.

TABIE I
Lattice Buckling Side-Side Volume Ratios
Spacing (20-6 em-2) A_(Inches) Al/U  E0/U C/U
12 3/8 wet + 34 2.11 C.264 0.288 ©51.31
12 3/8 ary + 102 2.25 0.264 - 51.31
10 3/8 wet + 70 1.56 0.264 0.288 35.60
10 3/8 ary ~+127 1.50 : 0.26L -- 35.60

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

The buckiing 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 DS
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TABLE II
Lattice Buckling Side-Side Volume Ratios
Spacing (1076 cn-2) A {Inches) AL/U  EoO/Uu  C/U
14 9/16 wet - 123 2.25 0.487 1.089 68.48
1k 9/16 ary + 55 | 1.79 0. 487 - £8.48

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

A new serles c¢f buckliing measurements using a tube and rod fuel element has been
gtarted., Results of the first measurement are given in Table IIT.

TABLE III
Fael Lattice Buckling Velume Ratios
Elerent Specing (206 cn=2) AL/U  Hs0/U C/U
2.5 x 2.0 14 9/16 ary + Th 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.€6 inches, The final buckling will be reported after
analysis of horizontal traverse data.

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

Further stulles have been mede on the problem of determining extrapolation dis-
tances. The cadmlum ratico has been messured in several horizontel traverses

tc determine the lateral extent of the region of constant cadmium ratic. Gen-
erally oniy the cuter peoints near the last prccsss tube had a different cadmium
ratlo, which would indicate thet these cuter points should not be used in the
Cesine fit to dstermine the extrapolation distance.

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

4 1s definitely a function of the position in the cell where the traverse is

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

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

by A =1.50". This could be & significant factor in evaluating pest buckling meas-
urements, since past traverse locatione were determined more by experimental
cenvenilence than consistency.

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

It appears that workers in Sweden are having the same trcuble with A that we are
experiencing. They use a DpO expcenential tank orly 1 meter in diesmeter and yze
the data with a thecretical A. Their results show the bucklings sbout 30 x 10~
n-2 high compared to critical measurements at Saclay. A difference of

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

for Dy0-U systems is about 0.5", they need a A of 1.6" tc get agreement with

1240054
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¢ritical measurements, and a i of 1.6" would be right in the middie of the range
cf A's we are measuring ir the present series.

PCTR Measurements of Lattice Parameters of Large Diameter Fuel Elemente

a,

ko and f Measursemerts for Selected Cluster Elements.

Preparations for the measurement of ky, and £ for a 7-rod cliuster of 0.926"
naturel uranium rods in a 7" grarhite lattise are almest complete. This will
be a8 negative k,, measuremert 4o test the feasibility ¢f such measurements

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

new location.

The IPD survey ccde predictions were compered with the exponentlsl measure-
ment oL the natursl <cluster and the PCTR measurement cn the enriched cluster,
both at 7" lattize spacing. 'The calculation on vhe exponential meazurement
was 3 mk high arnd would be expected to be 7 mk high fir 2 PCIR measurement
¢r a natural sluster, since k, from expenentials has teex typically L mk
sbove PCTR mescurenments., Tre calculaticn on the PCIR meazurement for the
enriched cluster was 19 mk kigh, sc the residusl 12 mk mus* be & ¢ombination
cf experimental errcr and improper thecretical treatment of the enrichment.
These factors are of major interest since the Suzvey Csde i: used in predic-
tisns invelving enriched cluster fuel for the NPR.

PCTR Measurements on Sc1id and Tube-and-Tube Fusl E.ements

Dezign of the latiice and fuel elements is praceeding for messuremert of
kw, Ty T, 8nd € for a 2.5" dlameter solid element, and a tube-and-tube
element using & 1.56" x 1.1" tube irnside a £.5% x 2.0" tube, btk in a
10 1/2" lattice.

Extrapelation of buckling messurements combined witk thelretical predic-
+icns indicates that the tube-and-tube will have Xk, arcund 0.57 with water
coolant .

Improvemert of Metheds for p and € Measurements

Studies on gbtaining scintillation counters with uniforw efficlenly acrlsg
the central region of the face have been extended %> the 1/2" x 5" crystal
and a 1" x 3" crystal. The response of the 1/2" x 5" crys®al was satis-
factorily flattened, but this required many absorberz. The 1" x 3" was
flattened orly over 1" of the face, requiring & stack ¢f abscrbers about
1" high. As a result of these studies, a 2" x 5" crystal has been crdered
for future use in cowmtirg large foils vhise activity is non-uniform.

An irvegtigaticc of the avallability of additional highly depleted frdl
revealed tha* no more is available, and that praducticn of additicnal materisl
would invelve prohibitive eost. However; Oak Ridge carn reczlaim guantities

of wranium as smell as 1 gram, and thev couid probably reprocess our depleted
foil.
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Puil Scele PCTR

A tenvative physicel laycut of +the Fuli Szale PCIR has beern cempleted,

Critisal mazs calewisticcs are ir progress whichk ircluie tre wrapium in the end
reflecters 635 well a3 the drivers., The resuilte will be normalized upon a om-
pariscr of the experimental srd zalsulsted valu€s fir the present PCIR in order
t. increase the sscuracy of the calowlaticsns,

Effect of Abvzirbirg Uylinder cn Thermal Neutr:in Flux Spectrum

Irves=igatizn ciriinues of the effect - ar absirving rod ¢z the thermal
peutzon Fiux in ar infirits, zirabsorbing mederatcr.  The coefficlents of
the anslytiz s1luviin are bairg svaluartsl usdsr the assagrrise that the

reci Cf e wii bimckrass veries linearly with energy. Thals assumpticon
jane - tee aivraoiive featurss of being reasinably realiztvio physizally
2 e merhemasi antly. The mathemetizal reslt iz & thres-term recur-

ey,

wiinship for tne cteffizisnts. A program for camericsi filutdcr of thls
resursicr firmiia nas beern writter acd cowpilsedl and i row teing detugeed.
Prelimizszy kasd calsiatizo: indicate that converger:e ALffi dities may te
prezent, sed mean: 1f surnosnting ther are being izvestigatid.

Crmpatatiinal Programming Sercrizes

Tee Exprnertisl Data program i@ cperstirg zatisfestoirily.  Input~dutput format
shgrge: irisia*ai last morth sre wirking ard the program i3 in use.  Some modli-
fraaticrs oF tre Gofit program rave beer mads and it 13 ciniitionaliy cperstlonal.
A repirt v thi: prograp hat besr ¥ritten and i being yrepared for puakiizaticn.
The ir-omplete gamme fansticr sdriutine 1z resdy fir use pending s descision
regariing the rarge ¢f argumerts 12 te permitted sach appriximation. The
r-ezibility ¢f a prograr t: sxtend the sffective FORIBAN memcry of the 705 is
zing exylorel.

A Prigram for Aralyzing PCTR Data

The foil dsta processing progrsa is in the debug stage. A compiration of
prograumey snd IBM-709 errors hes ciotributed ti the delay. The prograc shouid
te aveilatlie for producticn use shortliy.

A sLox® program wsi writhtsn =3 an aid to redustiom of date taken In Lemperat.re
ccefficient messurements. Tewperature rsadings from twelve thsrmosuples
stiached tc a Pravn rexorder are sralyzed. Ths present program rsads in
temperature reedings as a funciiir of time &nd irterpolates tc prepars & tatle
of temperatures zs they woull have read had they teen recorded gimltapecsusly
at one mirute irtervals., Data for a test case are belrg keyprunched.

Inproved Metbcds of Reattor Parameter Calzulstions

Numerical compariscr of methcis used in the calowdaeticn of effective valuss of
diffusion ceeffizlert and diffision leng+th fir a simplehsierogensous systen
consisting of a sc:id roi of netural wrsnium in & grapnive modsretor has been
sempleted. Resudlbs will be prezentsd in the Nuslear Physizs Researsh Quarterly
Rep:r+ for April, Msy, and June. A% present, a compariscn betweern the lattiss

parametera as calzuiated by the IFD “"IDIOT" program snd the IFD Survey Tiie is
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being made for cluster, rcd-and-tube, and tube-and-tube elements.

Icstrurentation

A proposed new idee for a pcssible fuel failure detecticn system for the KPR
has beer faverably received ard is being included in the Design Criteria tzing
prerared by CEQ. This eystem has a primary menitor which mechanically scans
the gross gamma activity of 100 samples of coolant with one detector at a rate
sufficientiy rapid t© be the equivalent of continucus monitoring with 100 de-
tectors. Calculations based on experimental data irndicate this system would
have guffizlent sensitivity to detect, within 60 seccnds after failurs,
failures which release &t l=zast 100 milligrams per minute ¢f wenium and
fizsion products. A secondary moniter uses metheds cf gamms-ray energy spec-
troscopy te monitor each sample at least once every forty minutes with higher
senzitivity. This can be uzed to detect and give warning of "slow leaker”

cr "pirchcie" type failures, for corfirmatior of primary wonitsr signais, and
for identifi-ation of wmsual non.fizsisn-product activities in the ceslant.

A prigram fir devslopment of demonstraticn pritotypes of this system is bveing
Prepared. Compared to alternate systems which use individual detectors to
monitir samples from each process tube, this aystem offers opportunity for
very substertial initisl and cperating ccst savirgs, improved reliability, and
reduced amuiguity of interpretation.

A repcrt is in prepsratior on the principles of irstrument relisvility to pro-
vide & betier undersvarding of their applicability at Hanford.

Prg2ible appiizatior of two new types of cortrol systems tc reaczters is
under gtudy. One 1s the sampling &t discrefe intervals rather thar the con-
tinucus measurement of the controlled element. The other is the use of
adaptive controls In which contrel characteristics asutomatically change

ag & funztizn of system response.

STUDIES RELATED TO THE NEW PRODUCTION RREACTOR

Gamm& Pr;d_cticn end Penetraticn in Borated Steel

A slow neubron source was used to measure the resuitant gamma epectrum and
irtensity produced in beam geometry thrcugh samples cf berated steel. Samples
¢f varying thickneas c¢f steel with different types and amounts sof boraticn
were compared with mild steel fir the resultent gamma radiatior. spectrum and
intersity. 1In general; it was fzund that the additicn of 1.5 percent borso
to the steel reduces beth the hard acd goft gamme radiation from the surface
by & fastcr of espproximetely six. In contraest, the additicn of a boron

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

Mechanism of Graphite Damage

Expcsures of Kendall ccke graphite samples to electron beams were extended
te higher values. The first sample, irrediated to. & total cf 5200 micro-
ampere minutes, showed no expansicn within the limits of detectability of the
equipment. A second expisure, ic 15,000 microampere minutes, alsc showed no
detectable expansisn due to radistion damage. Both samples were cocled to
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near ligquid niﬁrogen temperatures during expczure to reduce the effect of anneal-
ing by heatlrg in the beam.

STUDIES RELATED TO SEFPARATIONS FLANTS

Aralysis of a Pcssible Nuclear Incident

A study <f the possible consequences of a maximum sredible irncident in the Red:x
dissclver has heen completed.

Three types of incidents were investigated. The firet type comsisted cf &
single burst occurring in a localized reglon of sbnermal aolution cencentraticr
in the dieazlver. PFollowing the initiel burst the action of radi:lytical gases
woald mix the system thus reducing the abnormel concentration.

This type of incident would be similsr te the Los Alamog incident of Decenber
1958. The burst would invo_ve appreximately 1.6 x 1017 fissicnms and would last
for approximately 0.45 sec.

The seccnd type of incident considered was that resulting from a supercriti-
cal cerdition in the disscolver in which the excess reactivity was very small so
that the pericd or e folding time for power increase was much longer than the e
folding time for heat transfer from the Tuel elements. Under these conditionsz
the rysztem would boil until erough moderator-reflector had been boiled away to
terminate the reaction. Assuming & reduction in moderator height cf 1 cm Ia
terminate the reaction, thie inzident would involve approximately 2.9 x 10
fissicns and would take approximately 37 minutes to heat up and approximately
70 minutes tc holl away the nezessary moderator-reflector. During the boiling
stage the system would operate at a power level of approximately 17 kw.

In the third type of incident the dissolver was loaded with fuel elements.
Additional material was added to make the system prompt critical or near prempt
critical, the important point being that the e folding time for power increase
ie much shorter than the eegclding time for heat transfer from the fuel elements.
A turst of sbout 1019 - 10°Y fissions results, however, almost ail the heat
caused by the incident (89% of the energy release) is retained in the slugs.

As 2 resdlt the slug temperatures rise very rapidly and severe exothermic chemi-
cal reactions between uranium and water and aluminum and water result. The
nuclear reaction would probably end here due to the expulsion ¢f moderator-
reflector from the system as a result of the chemical action; however, the chemi-
cal reactions would prabably continue. Very little experimentel data are avail-
gble concerning these exothermic chemical reactions; however, there is availablz
an energy release of 4 x 107 kw-sec. which would be sufficient to rupture the
dissolver arnd cause severe damage to process lines and poszibly 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 in the
assumptions concerning the burst mechanism these results are only qualitative
and give perhaps ne more than sn order of magnitude for the number of fiszszions
in each case.

. 1240058
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Critical Hazsrd Specifications

Nuclear Safety in 234-5 Buillding Processing

The f:llowing is & tabuwlation ¢f the estimated critical masses for plutonium
metval -plutcnium szlution systems in spherical gecmetry. The regults are based
on & two regicr-one group method previously used. The correspending equiva-
lent cylirder diameters are alac given. The calzulations are based on pluton-
ium wetal surrounded by Yszluticne" of plutonium polymer.

Critical Ma=ss

Sphere Diametzr Cylirder Diameter {Metal + Salutior)
(Inzhes) {Inches) (Kg Pu}
4.09 2.5 5.85
L.83 3.0 4.50
227 3.5 . 3.65
£.29 k.0 3.00
7. 7L 5.0 2.00
g.12 £.0 1.15

The critizal mess of 1.15 ke Pu in & 9.1l2-inch diametsr sphere containg
essentially n: Pu metal. Thiz critical mass is essentially equal to that
derived for pliymer-water systems in wabter-reflecstad spnsres of this size.

Pi,u"'-..;un. Critical Mase Facility

C‘“s*r scticn was halted on the Piutonium Critical Mass Facility (Project
=731} durirg abcut 60 percent of July because ¢f the strike sifuation. Tt

i3 rﬁpur*ed that the normel compiemernt of constructiocn perscmnel returned to

wirk cn July 3. Despite the werk stoppage the contractor is presently on

s hedule,

Tre 234-5 Develcpment Operstion of Rescarch and Ergineering, CPD, has pre-
rared small samples of Pulz in pclyethylene, paraffin, and methyl methacrylate,
prelimivary t: the pctential needs of the Critical Mass Fazility for larger
quartities cf this kind of material for criticel mass experiments. Data for
2ome 2 these samplesz are giver. below:

H{PJ

Pald; -~ Methyl methacrylate - 1185 gn/L 15
Pu0p -parsffin - 1680 agn/L 15
Puds -pclyethylene - 1800 gm/L 15
Pulp -pclyethylere - 2300 gm/L 10
Pu0s -pclyethylene - 3100 gm/L 5

Of particular interezt in the critical mass program is the minimum critical
dimensions for Pu oxide water systems in which the plutonium density in the
zlurry has a maximum cf 2«4 gm/cm5 with H/Pu ratics in the reglon of 190-25,

1240059 ”EcM&SgﬁL
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since the mixture of optimum mcderation for & plutonium precipitate (polymer
formation) is thought to occur in this region. PuOp-CHp mixtures aere being
considered as & possible substitute for the plutonium precipitates in these
experiments.

Criticality Studies in qu@ort of Processing Power Reactor Fuels

Expenential and critical approach messurements 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
exponentisel measurement may 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 (BS). ' The relationship whizL exizts between
the two formulas is as follows:

zoaow)’z_ 1§ | feane\® |, /o |\
Re /(1 R+~ H, +2x

R is the radius of the loading in the exponential pile, ard b,y is the measured
relaxation length. R, and H, are the critical radius and height as determined
from the critical approach.

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

Lattice Relexaticn
{Inches) Yolume {Cm) (Ca)
1.200 ' 3.41 13.10 35.58
1.300 4.18 13.54 35.05
1.420 5.18 14.79 4i.24
1,600 £.84 17.20 37.99

As & safety precaution, prior to conducting the exponential mesgurements &
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 criticsl nunber as
predicted from the inverse multiplication plots. The following critical mass
values were determined for the 32-inch fuel rods.

Lattice Critical

Spacing O/U Neritical Mass T

{Inches) SVbl (Fuel Rods) {1vs.) {Cm)
1.20 3.4l 79.9 495 14.30
1.30 %.18 4.1 459 1k.92
l.42 5.18 75.8 L57 16.27
1.60 6.8L 82.4 510 19.37

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

1240060 |
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With Critical Apprzach With Criticel Approach Data
Latts Data** for 16-inch Fuel Rods for 32-inch Fuel Rods
ttice .
Spacing  2/C x B* p A B
(Inshes)  (Volume) (ce.) (v 2x10%  (em)  (cm2 x 20°6)
#* 1.000 2.06 6.30 1},656 5.96 15,225
* 1.100 2.7 £.50 14,885 6.60 1L,720
1.200 3,41 5.62 15,365 5.E0 15,755
1.300 4,18 6.18 14,057 5.94 14,426
1.4k20 5.18 5.84 13,000 5.9% 12,872
1.600 6.8y 5. Ly 10,590 5.36 10,461

* Messured the previcis month.
#% (Critical approach data for 1l6-inch fuel rcds were cbiained previcasly.

The results fcr \ asd B using the critical approach data for the 32-inzh fuel
rods must be qualified since it was necessary o support the core dirsetly on
gn aluminum plate bacause =f lack of rocm. This interposed gbout 1/2 inch of
aluminugs betwesn the core and the boftcm water reflectcr. In additicn, the
critical dlmensions of the iattizes with thelé-inch fuel rods were more
amenatle to the analys%s resulting in smeller errcre for A. Because of this
the valuss for ) and B° as calculated with the criticslity data for the 1€-
ineh long fuel rods are considered more accurate,

The errcr 1o A appears t¢ result primerily frem the uncertsinties in the ex-
penential measurements rather than in the uncertainties from the critical
approach measurements.

Miscellaneous Experiments for [ucliear Safety Speiifications

A re-evaluation of the ke measurements on U0z-H,0 mixtures of low enrizhment
is nesrly ccmpleted. A tctal of 1b4 ke measurements involving 37 different
reactivity coeffisients in the PCTR are involved in thne re-evaluaticn.

All experiments are being re-examined and ke recalculated in view of the
information obtained from the recent measurements <of the adjoint ratic
ml/nn ir & mixture of 1.006%-enriched UO3 and HC with ar H/U atomic ratic

F 1799,

This experiment showed that the ratic my/mp in the mixture in the PCTR vas
matched to the mﬁim? chara>teristic of the system UQ Hy0 + containers
for the same con ons under which the flux ratios al/¢2 were matched.

This informatlon together with reactivity measurement data with extra pecison
on bokh the central and void celle permits the calculation of a ¢orrscticn
to Ak, due tc the presence of the thick aluminum containers.

It =ppears thet the values cf Ake for these mixtures will not ve signifi-
cantly changed from those previcusly reported. However, interpretaticn of
ths uncertainties in terms of confidence intervals ghould now be pcssible.

A preliminery analysis has been made of the data cbtained in the PCTR during
Jure for determining ke of & homogenecus mixture of 1.006 percent erriched
U0z and HpO with an H/U atomic ratio of 4.99. The value of ks is O. 986 + 0.005.
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This resdlt is significant in that previcus measurements had irdicated a value
of 1.02 £ 0,02 w/e as the measured U-235 enrichment for which homogenecus mix-
tures cf pure U0z and Hy0 would have Xk,  unity, with the highest value of k
cceurring for an E/U atomic ratio of about 5. The latest measwrement is in
agresmert with the previous results and gives further credence to the earliier
analysis.

Critical Mass Thezry

The prograx for integration <f the reactcr kinetics equations with N groups
cf delayed neubtrons and time deperdent resctivity has been mcdified to reducs
slgnificantly the number ¢f time increments needed. The modified progray has
besn compiled and is being debugged.

Mazz Spectrometry

The mass srscirimeter for heavy element anslysis was put ints speraticon for
the first time fillowing the successful assembly of the kevar-ts-glass sesal

cf the icn scurce. A beam ¢ potessium ions Sriginating from impurities in
the semple filament was snelyzed and detected using only a vibrating resd
electrcmeter at the ccllectcr. The variocus faults of the instrument components
are presently being discoversd and repaired and alignment of the spectrometer
is in pregress.

NEUTRON CROSS SECTION PROGRAM

Absclute Fission Crcgs Secticns

A parallel plate BF, chamber was fabricated snd tested., A pulse height dis-
trivution haz been gbserved whick is nct adequate tc allow & precise measure
of ccuntirg efficiency. The cause of the poor pulze spectrum 15 not knmowm
at present,

N: fission follas have been received from off-site for interzemparissn figslon
sounting.

Slcw Neutren Szattering Cross Sections

Early in the mernth a ges leak developed in & thermccouple hole whick iz
partially covered by the three axis crystal spectrometer shielding. The re-
sultant gas activity required the use of fresh air masks for the operation
of the spectrometer and greatly restricted the work on scattering cross sex-
ticns. The gas leak was fixed at the expense of unstacking the spectrz-
meter shielding. BSince sc much time was lost in the resligrment necessary
after wnstacking the shielding it was decided to spend a somewhat lorger
time and re-evaluate the alignment of the whole system. Twc &istwrbirg
features have been umcovered tc date: 1) the first (fixed) axis of the
epectrometer was apparently irnstalled about 1/16 inch off of the beam h:le
center line, and 2} the secend ccllimator holder which was always difficult
to adjust can ro longer be moved and is frozen in & misaligned positizn.
These fawits prohibit the use of the gpectrometer for high resclution work.

1240062
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Ccrsiderablie eviderce now exists that it is passible to cbtaln a practizal
monochromating 2rystal whish will yield up to ten timee the intensity prev-
jously used in reuhbrsn differentisl scattering measuarements. 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 pat irto cpera-
lon for the production of single crystals ¢f lead and aluminur for ipvestiga-
ticn of their reflelting properties.

Slow Neutroa Fission Cross Szactions

A final tabuwlstion of PuE“l fizzion crszs-sestizn data froim C.l ev wc 20 ev
has heern prepsred., A re-analysis of the fissglon cross-secticn surve has led
ts azme revisisns ir the resinance parameters rapcried earlier. The present
test values ¢f ths parame*ers cbteaired for the rascnanies abive 2 ev are
givarn beliw.
L= ] .

P.~*~ Fisaiun Cruss Seciin

Rezinanr-e Parameters

E,{=v) 2g.> (b-ev) Perzent Resolution
L.3 119¢C 3.8
.65 SEO
5.G% 170
£.94 220 4.8
8,2 130 5.k
9.6% 150
15.0% 87 7.1

#* These re:zcnances show evidence of beimg unresclved multiple
leveles. :

is continuing ox the eiudy 2f a gas scintillatlon fission counter for
fisgicn crogs-cestion measwrements,

Subthreshsld Fiasion

The fiszion zoaporent ¢f the 1.056 ev reacrance 1o P:240 has veen rememsured
Wsing & plutenium sample cf 99.75 perzent Pu2il, The statistical precizicn
of the data through the rescpance is about £ 10 perczent, The rescnsance was
stserved with a caloulated resclution width of about 30 mv which 1e¢ only
about 1/3 of the width ussd in previous measuremsnts., The peak value of

the Ffiszsior criss sectizn at ressnapce was sbserved to be 19 barns unzor-
rected for resclution or doppler brosdering. The agreerent with the re-
suits of previcus measuremerts with less pure samples apd peorer resolution
verifies the original assignmert ¢f the resonarce tc Pu®*” and confirms the
pesk crogs-section value te a precisicn of absut 20 percent. The usual dis-
crepancy ozcurred between the mass of the fissicn f2il obtained from the re-
perted aipha Liunt and that deduced from the fiszsiin rate. The effextiv
masses -f tre fcils vers assigned from the measured spontanscis fizsicon
rate. Thie prozedurs avrtcmatically =zorrechs for fissisz tounting efficiency.
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Fast Neutrcn Reactions

A study hes been made c¢f methods of measurement of fast neutron counter efficiency.
The stability cof the plastic scintillator fast neutron detector systems ie teing
studied.

 REACTOR DEVELOPMENT - LO0O FPROGRAM

PLUTONIUM RECYCLE PROGRAM

Lattice Parametsrs for Low Exposure Piutonium

Compcnert fabrication is complete fur the first phase of the 1.8 w/o Pu-Al
experimerts, Plutonium Metallurgy advises that the fuel fabrication is finished
with delivery expe:ted momertarily. Some difficulty bas been enctuntered in
fabricaticr of the meritor foils and these may be delayed a few weeks.

Lattice Parameters for High Exposure Pu-Al Puels

Programming Operaticn kas been asked to make the necessary arrangements with
AEC ard Prillips (Arco) tc extend the irrediaticr of the MTR Pu-Al elements to
provide the requived 35-40% Pu-240 material for the high expoesure plutonium
lattize,

The Reactivity Meazurement Facility (RMF)

A letter formilating the experiments which could be dore in the RMF has been
rrepared and forwarded tc the scope designer. The main purpose of the letter
is to peint out the flexibility required to usze the facility to the best advan-
tage fer the Plutonium Recycle Program. '

Subcritical Experiments witl Plutonium

In reference to critizal mass studies for processing plutonium bearing fuel
(PRTR), *he finsl delivery was made of the specially prepared Al-5 w/s Pu fuel
rods by the Plutonium Metallurgy Operation. The total number of rods whizh have
been received includes 200 Zircelcoy-2 clad rods 2 feet in length and 20 reds

c¢f 1 fcot lergth; the diameter of the clad rods iz 0.576 inch.

Irstrumentation

An analysis of errors due to the effects of non-linearity in the warp and
diameter units of the Prifilometer for the PRTR viewing basin has been comp-
leted. A detailed discussicn of this analysis is being written. The main find-
ings wers: '

1. The accurazy cof the diameter unit is improved by repositioning the
measuring screw.

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

The warp unit appears t5 be linear in response ard sccurate as ds-

12400bY. ~ stgmce.
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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
Tabrizated during August.

Comments were prepared cn the preliminery design criteria for the PRTR Fuel
Rupture Monitor. Plans are being made for evaluating and selecting the phots-
multiplier tubss to be wed with the scintillation detecters for this menitor.

GAS COOLED REACTOR PROGRAM ™~

Iattice Parameter Measurements

The experimental phases of the GCR program heve been completed for the first
enrizhmert fuel. PFinal aralysis of the data from the first measurement

{Kwms Ty L, €} i undsr way. Preliminary snalysis of the data from the sezznd
(eontrsl rod) snd trird {fuel temperature ccefficier®) measurementz 1z also
under way.

variatizn of Doppler Coefficient with S/M Ratio

The Lepel 7 1/2 KW induction hester has srrived and been put ints operation.

A Lepel field engireer cordusted the startup tests and gave instructicn in cpersa-
tict and maintenante. Safe operating procedares and a hazards breakd:wrn ars
teing preparsd.

Thesretical PCTR Studies

The small scurce theory formulation of the critical condition for an infinite
latbice of super-celle has veen exbtended to include two energy groups of neutrons.
The result, in a simplified form, has been applisd t& the GCR lattice and pre-
dicted a change in f of approximately 29% upon inserticn of contrsl rods as
cppezed 1o the 12.5% quoted earlier based on the ore grour calculaticn. The
simplifying asgumption in the present calculation iz that the epithermal bisrke
ness ¢f the fuel rods lg zerc; therefore, the Af qucied Lere should serve as

an upper bound te ths actual charnge.

Evaluation cf the lattize sums encountered in the smsll source theory treat-
mer.t of superlattices in square arrsys has been programmsd for the 709. The
Frogram is niw beirg debugged.

A techrigue has been developed for treating the more general case in whick

the contrel rod is replaced by a reproducing rod (such as enrichment, for
example) which does not increase the ccmplexity of the calcwlation to any great
extent.

TEST REACTOR OPERATIONS

Operation of the PCTR continued routinely during the month except for e sche-
duled maintenarce outage starting July 20, 1953. There were *ws smszheduled
ghutdswns due to electronic faillure,

The fuel temperature experiment for the gas cccoled resctcr wes completed dur~ « .+

ing the month. 1240065 | nEﬁmggiﬂ”'ﬁ
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During“the maintenance outage, a charging port was put through the moving face.
This will allcow insertion of heated fuel elements into the reactor c¢r the re-
meval of test cells up to 10 1/2 inches sguare without meving 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 B to U235 ratic for the
TTR 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 was used to make preliminary calibrations on
Luz03 foils for the Neutron Temperature Experiment.

Instruments to maintain the oven temperature at preset levels ard to turn
the heating power off if the temperature exceeds & preset value were received
and installed.

Three urscheduled shutdowns occurred duringlthe month; twe caused by noclze
in the charrel 3 circuit, and one by ircorrect bypessing technigue.

BIOLOGY AND MEDICTINE - 600C PROGRAM

ENVIRONMENTAL SCIENCES

Atmospheric Fhysics

Routine full-gcale operation of the Joint AEC-AF dispersicn experiments
was achieved when favoreble meteorological conditions became persistent dur-
ing early July. As of July 31, fifteen experiments had been completed.

Analyses of the data were restricted to semiquantitative surveys of the
trajectcries of the tracer material over the 25-6 km course and the verti-
cal distribution c¢f this material within 3200 meters of the source. ade
data were used to realign the borizontal sampler disiribution near the source.
Vertizal distributions have been clearly defined by the sampler arreys <r

the vertical masta., Barlier 8ifficultles with inadequsate gasoline supply
were overcome.

The most serious difficulty encountered was a frequertly heavy dust lecading

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
rartially completed by month's end; in the meantime some relief was obtained
by restricting traffic on these arcs to an abzolute minimum. This acticn pre-
vented full operation of all samplers, but did materially reduce the dwet prob-
len.

Calibratior of the scurce was successfully accomplished following revisicn
cf the stirring system and the sutomatic counters operated satisfactorily.
All other equipment operated according to design specifications, alsc, except

12400%b
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Irvestigations of concepts related t: slpha sir monitoring contirued with an
evaluaticc of the technique of ccmparing the gamma caused by netural tackground.
with the naturally cczurring alpha. Calculations from measurements indicated
that the sensitivity improvement over the High-Level Alpbs Air Monitor couid be
about & facteor of ten. The High-Level Alpha Air Monitcr alarm scunds befsre a
man inhales an amount of icscluble plutonium to cause a retenticn of abecut
one percent of the lifetime maximmm permissible amount. Hence, & system utiliz-
ing this technique with an improvement faztor of ten alarmz befcre & man inhales
en amount of insoiutle plutorium to cause a retention of about 0.1 perzent
of the lifetime maximum permissible amount as specified in the NES Handbock 52.
Other concepts which were investigated srd utilized include the Instrument with
the alarm cireuits rensitive to rate-cf-change and the Dual Alpha Alr Mornitor.
The system whizh ccmpares the naturally cscurring gamsa to the alpha might be
more useful thar the cther systems because it iz a monitor fer fissicn priduct
sontamiraticr as well as for plutornium contaminaticon. An applizaticn iz fire-
seen in integrated envirirmertsl mornitering systens.

Purther circuitry irvestigation werk was carried out with transiztcrs result-
ing it an excellent "inkibit ga*te" or pulse-cancelling circuit; & rev count-
rate merer circuit with excellent pulse-width pulse-height cortrcl, and a 1.0
Ko, fedback, chipper-amplifier (transistorized) within 2 5% gain limits from
O°C t:z 50%C. The other circuiis mentioned work satisfactorily from -59F to
£.50-F, The chepper-anplifier has = fedback gain cf 1000 with an input signal
winfmur ¢f ebeut one millivait. This is ddctated by chopper nsise. The new
gount-rate circudt drives a C.5 milliamp meter and has the usgual ranges of
1000, 10,000 and 100,000 ¢/m., This can be extended tc 1,000,000 ¢/m if desired.
Linearity is #5% c<ver each range. The duty cycle at full-scale sach range is
about 15%. Two other transistor circuits were alzo develcoped arnd tested, one
for & pulse-level discriminator and one for a pass gate or pulse-passing
enatling circuit. Purther t:sts will be done on these twe to determine circuit
cperaticn limits.

All finel work was ccompleted on the design for the 300 Area criticality or
nurlear irncident alarm instruments. ALl components have been tested for five
continuous months with actual source tests each day. The alarm limites, set

cn 20 mr/hr for testing purpsses, heve varied by 3% maximum in the five
mcnths by asztual scurce test. The +wo units tested were the same onss sent

t2 Les Alamos for testing with the Godiva assembly. The units can be Iperated
in perallel; back-tc-back, multipie detestor heads, and both gamma and nsutron
triggering ae desired by the particular aprlisaticn. The alarm device itsell,
whether siren, bell, or horr; will be dezided upon by the 300 Area Safety
Committee.

Fabrication continues on the experimental , completely transistorized, avrally
indi-ating, alpha-beta-gamms detecting &nd indicating instrument. A ccunt-
rate meter is included for high-level indizations. The aural indicatizn fer
alphs particles is a speaker "pcp" ani the indicaticn for beta-gamma content-
raticn is a speaker “chirp" compriging a 1.0 KU distinct ncte. The CRM inidica-
ticn is for alphe only or alpha-beta-gamma comvined as desired.

The gamma dose-rate analysis of the background in Purex is being continued.
The background iz now being checked in the P and O gallery near the nuclsar
ingident _elarm systems.

1240008
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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 wmas
demenstrated te the personnel in Biology. The tube, which ig filled with
helium and quenched with icdine, was tested in a 12 mr/hr field from a 0;157
source with good results. After relationship between dose rate and counting
rate is establiched; the tube will be used to measure dcse rates in the variocus
organs of an snimal.

Calibration of two of the new Zinc-Sulfide Particle Counters for Atmcspheric
Physice Research 1:s nearly complete.,

The experimental dust detector was tested in & chamber in whizh dust could be
circulated. Presertly, dust is being impacted on a lucite disc over the face

of a phctoruitiplier tube. The pulses from the phototube are used to drive &
count-rate meter and recorder. The minimum particle size to whizh the detector
responds 15 caleulated to be 25 . The efficiency cof thP detecter for particles
of 25 p or larger was cal:ulated to be 0.2%. :

A 200-chanr=l analyzer is being used in a study of background conditions at
various plant lscations. The analyzer is used to collect data for approximately
sne week at eash 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 g22-Sat 200 West.

WASHINGTON DESIGNATED PROGRAM

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

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

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

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

plier is determined from 2 measurement of the output current and ocutput pulze
rate of the miltipliers with ultraviclet light incident on the first dyncde

of the miltiplier structure. The electron galn ¢f the multiplier can be used

to determine the average secondary electron yleld per incident lon. The possible
procedures for chtaining dynode resctivation of multipliers te Iincrease the
multiplier gain are aleo under Investigation.

No 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
analysie problem. A report covering this problem will be 1lssued within the next
sixty days.

A set of solutions to the PRTR Hazards Analysis problem is presently belng
cbtained on the computer. Feulty equipment and drift in the equipment due to
high anmbient temperatures has caused considerable delay in sclving the prcblem.
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A focrmel report, HW-59932, "The Simidation of the Piutzrium Recycle Test
Reactor on an Analog Computer,” by W. D. Cameron, has been issusd.

Preliminary runs on the frequency resporee of the NFR heat exchanger were com-
pleted this moenth. It was discovered that the equaticns used lacked censiz-
tent time-dependent 4erms and the results were in error.

The primary lcop frequency respcnse study for the NPR was completed this
mcanth. Aralog runs were made with an initisl aszumed temperature coefficient
for both full equilibrium powsr level and one-half ejuilitrium power level. A
further zet <f runs was made using & temperature coefficient ¢f crnz-half the
iritial vaiue gt full egquilibrium power level. copilaticn of resuits frimx
the recordings obtained has not been conpleted.

The gralcg rurs for the Separations Waste Tank Heat Transfer study were basel
¢t a cne-dimersiinal aralysisz. These runs have been completel satisfactorily.
A represzertative run was chisen for a Aigital sciutiorn in the IEM-709 corputer.
The &igital program was -dmpleted and iz szheduled %o be put =n the 709 this
week. The remsi furds from this work order wiil be used for writing &
digl+al progrem for a mere extens.ve twoe-dimensional snalysis c¢f the tempera-
ture profile ¢f a representative weste tank, sinze the analog computer facility
iz not large encugk for a twe-dimensicral heat transfer analysis of this magni-
tude. The cne-dimensicral run on the digital computer 12 being made for the
purpose of famiiiarization with the technique ¢f using the Thermal Analyzer
program develeped by the SHARE crganization.

Weather Forecasting ard Metedrology Servize

Tvpe of Poracast Number Made © % Reliabili*y
8-Hour Production 93 87. L
2L.Hour General 62 88.5
Special 1L 8e.¢

Although averﬁge temperatures prevaiied during July, two very cocl perixds hell
the cver-all monthly average to 77.7. This was 1.4 degrees above normel; but
was well belew the record-breaking 81.2 aversge of July 1958,

Instrumentation

The dual beta-gamme probe for the Pissisn Product Chemistry Operation iz
complete and calibrated. The low-level probe has a dose-rate of 50 mr/hr +o
1.9 r/or. The high-level probe has a dcse-rate range of 2.0 r/hr tec 100 r/hr.
The calibrations were made with & 0.75 mev gamma (Ra) sourze, ani the
electron accelerstor whose average gamme energy was C.75 mev.

The class in electronics for irstrument mairtenance personnel is abcut one-kalf
completed and is progressing smocthly.

Patrrication continued in the 32€ Building Electronics Shep or a G-M tube
detector teta-gamma slarming menitor for Redox. A meter relay is inzcrporated
ani all circuitry iz trapsistorized. Approximete slarming levels availatle
will be from C.1 mr/hr tc 5.0 mr/kr. Theze levels correspond, eppriximately,
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to 200 c/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-
portatle monitor for use with either eipha scintiliation 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
Menitoring 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 gamms detector.

Qptical Work

Design and estimate has been completed for mzdifying the Variabie Power Micro-
scope at 105-C for scrateh depth measurement.

Assistance has been given to IPD in devising e suitable cptical scanning
mechanism for & T camere 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
t0 be inserted in a 1O-inch dlameter pipe. This system is to be used for
remote viewing in the cells of the chemical separation buildings.

Optical shop work included:
1, Pabrication of water level indicators for PRTR use.

2. Fabrication of parts for the PRTR Wide Angle Viewer.
%. Servicing T Building periscopes.

4, Pavrication of bioplastic well crystal.
5. Servicing two crane periscope heads for Redox.
€. TFabrication of 12 glass bearings.
Manager
Physics and Instrument Resear:h
. and Development
HANFORD LABCRATORIES OPERATION
PF Gast:mcs

1240071
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Chemical Research & Development

RESEARCH AND ENGINEERING

FISSIONAELE MATERIAL -~ 2000 PROGRAM

IRRADIATTON PROCESSES

Decortamination of Reactor Components

A twoectzp (APACE-type) process involving treatment with alkaline permanganate
followed by treatment with an acidic reducing solution still appears to be the
mcst effective and ecorcmic decontamination precess available. Inorganic acd or-
ganic acld =olutiocs cortalning various corrosion inhibitors were tested as pos-
gitle replscements for the more expersive ammonium citrate-EDTA solution used in
the secopnd etep of the APACE prccese. Corrosion rates of csrbon steel were ex-
cezsively high in all of the formulations tested. More encouraging results were
cttaired with Turcc 3291; s proprietary compound conteining sodium bisulfate.
Furthsr testing of this latter reagent and other proprietary compounds of a
2imilar type is in progress.

The eff=cte on fisslon prcduct decontamination of mixing sclutions from the two
gteps of APACE-type decontamination processes were lavestigated. Mixing could
ceczur bezauze ¢f inadequate rilnsing between decontamination steps. Decontamina-
ticn faztors for stainless and carbon steel were decreased by factors of about

30 and &, respectively, when cne part of alkaline permanganate solutlon was added
e 9 parts by volums of elther ammonium citrate solution er to Turco 4512 solution.
Partial destruction of the corrosion inhibitor in Turcc 4512 solution was observed
als>. Precipitation of MnOo was noted at higher concentrations of the permanganate
gclution.

Autcmetic Ansivzing Monitox

Thue ensrgy distribution of the gamma background was measured in the 107-K .
rztenticn basirs sampling building. This wae done to establish the feasibility
of installing the analyzing monitor at this location. The low energy portion
of the spzeuruws, near 0.1 Mev, showed high intengity even with four inches of
lead shielding. The location was considered undesirable for measuremect of
emitiers such as Kp239,

Uranium COxidation and Fission Product Volatilization Studies

S8ix additionsl fission product release experiments in steam atmosphere were
cempleted for a total of sixteen to date. Complete analytical results became
availatlie for the first eleven runs.

A procedure waz developed for separation of the oxide and residual metal produced
during the uranium-steam experiments. Separste analyses of the oxide and metal
are ncw being made to determine the distribution of fission products. Xencn
measurenents showed that & considerable amount of rare gas remalns in the oxide
produced in a 150 minute run at 1100 C.
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Unirradiated uranium-steam experiments were made 1o characterize the oxide formed.
X-ray diffraction patierns showed UOp to be the only compound formed in the range
930 to 1215 C.

Pigtails from 100-H Area

Spectrographic and chemical snalyses cornfirmed that the off-site pigtail mentioned
in last month's report was fabricated from type 304 stainless steel. Three addi-
tional pigtails obtained frem stores also proved to be 304 stainless steel. Huey
tects on these latter pigtails gave corrosion rates on the order of S0 mils/month,
much higher than would be expscted for the specified heat treatment (cne-half hour
a% 1800 F and quench to less than 800 F in less than thres minutes).

Cne ¢f the latter three plgtails was scluticn annealed at 1975 F and water quenched
t0 elimirate the effects of previous heat treatments. Sectlions of the szpecimen
wereé then subjected 42 various hest trezatmenis arnd corrosion rates determined by
the Huey test. Corrosicn rates spproximately equal to these noted with the as-
received pigtails were chserved for a specimen which was deliberately sensitized
tv heating cone hour at 1250 F and then water guenching. This trestment produces
maximum precipitation of cartides and & minimum resistance to intergranular atiack
by nitrie acid. Corrcsion rates for all other heat treated specimens were in the
range 1-3 mils/month. These observatlions suggest that the off-site pigtail re-
ceived from 100-H Area and those obtalned from stores were improperly heat treated.

Angly*tical Services

A method for the preparation of uniform, adherent foils supperting more than one
milligram of uranium per square centimeter has been ottalned. The foils are
needed for cross-section measurements. A modification of Cohen and Hall's electre-
deposition method permitted depositing 100 per cen+ of 2.5 mg of uwranium on a

1.44 cm2 disc, 98 per cent of 7.5 mg on & 7.1 cm® disc, and 86 per

cent of 10 mg on a 7.1 c¢m? disc. Uranium loss must be minimal because of the

high value of the isctopically pure uranium being used for the cross-sectlon
studies.

The Port Orford, Oregon, "Contaminated Waste" barrel was found to contairn no
alpha, beta, and gamms activities above detectable limite.

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

SEPARATION FROCESSES

Recovery of Neptunlum and Plutonium from Purex 1WW

Analytical work is now complete on the runs that were mede on the enior exchange
reczovery 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

~ Anion BExchange," HW-61145, July 16, 1959, by H. H. Van Tuyl. Simulteneous adsorp-
tion of nep*unium and plutcnium weg demorstrated, and radiaticn induced decomposi-
tion of the resin was found to be negligible.
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Neptunium Recovery from Purex 3WB

The present procedure for recovering neptunium in the Purex plant suffers from
the disadvantage that purification of nepturium for lead-out employs equipment
(24 and 2B columns) routinely used for plutonium processing sc that neptunium
car be processed only at the expense of interrupting normal ursnium and pluton-
ium processing. Processing of neptunium simultaneocusly with plutcaium and
urspium will require installation of additional equipment so an experimental
study bhas been undertaken of a concept which is believed teo represent a minimum
capital cogt approach. This concept weuwld require lustallation of a single columm
of criticelly safe deelgn which would process Purex 3WB {the Purex plant's most
ccncentrated neptunium stream) or an intermittent basis. Neptunium wouid be
accumuiated in the plant 3WB circuit as at present. When a sufficient inverntcry
cf neptunium is accumulated, all or a portion of the 3WB would be diverted tc the
feed pcict of the pew cclumn. The extractior section of this colum weouid be
cperated under conditions such that nepturium, uranium and plutonium would be
extracted quantitatively. The aquecus effluent from this cclumn, 1if chemizally
compatible, would be recycled to the normal 3WE addition point of the BA column;
stherwiss, it would be recycled to the 3WB concentrator and thence tc the HA
column.

The gzrub section of the new 3WE processing column would be opsrated under cordi-
+ions such that uranium and plutonium would be retained in the crgenic phase but
neptunium weuld be forced to transfer nearly quantitatively to the aqueous phacse.
The reptunium wculd then reflux within this column. The uranium and rlutonium
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 & sufficient inventory of neptunium had teen "bottled" within this column,
tle WE flow would bte restored to its normel route and non-radicactive nitric
acid weuld be substituted as feed tc the 3WB proceesing column. Arn cperation
analogous tc the estatlished 2a-2B "spin" flow sheet would thus be appiled in
+this cclumn to effect the fission product decontaminaticn necessary to permit
+he neptunium to be transferred t0 an anion exchange facility {either at Purex
cr ths Hot Semiworks) for final purificaticn.

Minis+ture mixer-settler tests indicste such arn approach to be chemically feasible.
Additisn of about 0.1 molar nitrous acid to synthetic 3WB ccantaining 9 to 10

M HNC,, 0.25 MU, G.15 M 80%, and 0.075 M Fe(III) renders neptunium sufficient

by extractarle. Use of a 0.2 t¢ 0.5 M HNO3 ascrub sclution containing 0.03 to .
0.05 M Fe(III) ylelds efficient selective stripping of meptunium in the scrub’
section. Depending on the flow ratios chosen, neptunium can be forced to reflux
t7 a maximm concentration in the range of 300 tc 1000 times that in either
effivent. On the basis of the runs made to date, it appears that an adeguate

jeb of "bottling" the nertunium could be dene over a range of at least 30 per
cent varlation in flow ratios.

Applisation of & "spin"” decontaminaticn flow sheet has not beer thorcughly tested
but preliminary results indicate no difficulty.
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It 1s estimated that abouts 300 grams of nepiurium could be "bohtled" in the
aqueous phase of & typlcal critizelly-safe aguecus-cortinuous cciumn arnd that
the preduct could be withdrawn at an average concentraticn of betweer ore ard
“we g/, quite appropriste for fegeding to ar anion exchange s%ep.

Chemistry of Actiride Elemen<s

Spectrophetometric studies have proven useful in elucida®ing the nature of complex
ions of plutocium(IV) acd neptusnium{IV) presec in high nitrate solutions. In
these etudies the hexanitrate complexes are isclated by precipitaticn from ajgueous
golutlon gs the ankydrous teiraetlylasmmoriuzn or tetrabutylammerium galts, l.e.,
[{cHishui], w(noy)g or [{Cgﬁg)gg]z M(NC3)g. These salts are soluble i a

veristy of orgaric solvan®s ard exhibit identical ahgcrptivs gpectra ir acetcns,
2zenrclitrils, assiris exhydrile, ard hexcre. Sirce the Lambert-Deer law iz
cheyad and, furtker; the srectrum ir thess sclvents is identizael with that for
e tetravalsot sstinids ir 13 M MIC.. 1% is prazuTred to be tha s2karactzrisiiz
spechram of the hexanitratc comrlex.” On this sssumption the fraciics of the
Plutoniam{IVj presant asz “he hexsritrate complex has beern evalumied and found
Y rangs fromostost four per oczat g% 5 M ONT3, it aboum SC per cent &% 8 M HNO3,
to oessertially 100 par caznt st 12 M and higher cincersrasions.

-—

Formation 2F <he hexaritraic complsx ir mezel nitrate scluticns is lses resdily
arzomplisred. For ewample, crly 26 per cent of “hz Pa{IV) wes prasent the
hexanitrate corplex iv 5.75 M Call€3)p, 0.5 M ENO; ard only 19 per cent
AL(FO3);, 0.25 M HEC3. Ozly 92 per cemt of The plutonium was present as the
hexeniv¥ats coaplex In 9 M CE(NE3)2, C.25 M ANC4 (which represents a mel of
approvimate coxpoaiiisn CafNC3)sT205 Ex0).

Suztrasting the coziributicn of the hexanitrato spacies from the assorption
spactr.m of Pa{IV) iz 9 M HNC3 gave nc evidente for species betweer the monc-
witrats and hexaniiretc complexscs. imilarly, the nitrete icn dependerce for
cooversice of lower spszcles to the hexaritrato ccmplex ailcws ne s*sble
intermediate higher tharn ths diritra*c ccmplax,

Tre absorphicn speviur of & hexcne silu*ion formed by extracting Pu{IV) from
1.5 g.Al(NC3} s> Cod5 M HNO: is dis*tinctly different frem the hexaritrato complex
chtaired by d?ssolving ﬁéhﬂ9)h@]2 Pu(NC3)g in dry hexone, ard is likewise
distinctly different from the sfadirum in ajuesus nisrete solutions. The stabil-
ity of the Lexanitrais spsetrum ir dry hexcrs indiczates ro complexing of Pu(IV)
by hexone. Thus, the Pu(IV) extract frem aqueous sciution i3 presumably the
neutral species Pu(NO5)y{E;0).

2 zolunility of ths compound [IC2E5}hﬁ]2 Np(NC )6 Lag been measured over g
range of nitrate concentrabtiors in nitri:acid an Ca(NOs)g, 0.5 M HNO3. The
so.ubility curves ares very similar tc thase obtained for Pu(I¥). Iz nitri:
acid, *the minimum solueility {with 0.4 M (CpEg)uN NC3) is 0.0045 g Np/1, ard
vecurs at 7.5 M pitrate, about the peint of the maximum in the an’eon exchangs
distribution coefficient. In caelcium nitrate solutions the gclubility is lower
than in pitriz acid soluticrs of the same to4al nitrate concentrasion ard con-
vinues “o decrease ag the nitrate concentratior is increagsed., This iz again
qQuite simiiar tc the behavior ohsarved fo- Pu{IV).
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Spectrophotometric studies of neptunium systems showed Np(IV) to be the stable
oxldaticon state in concentrated nitric acid solutions, and the hexanitratc complex
to be the sole species present at 12 M HNO3 or higher concentratiouns.

Tritium Processes

Continued examination of Linde Molecular Sieve 5-A {30 - 100 mesh) for remeval of
hydrogen from hydrogen-deuterium mixtures in chromatographic separation runs has
disclosed nc 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 ccntent

in any single run.

Tre use of 0.01 per cent palladium with the Molecular Sieve 5-A hag been ineffective
in increasing the separstion by causing equilibration of the hydrogen species. A
run at - T8 C showed almost nc separation.

Arglysis of Plant Streame

Recent decontamination difficulties in the Purex plent prompted examination and
analysis of samples of suspect plant streams, The mpst significant findings were
thet all organic samples tested (100, ZBW, and 1CW) contained suspended, fission
product bearing solid matter, as did the plutonium product (2BP). Purther, the
fission product level in the waste from the 2A column {2AW) was higher than in the
feed to this column, strongly suggesting the existence of a "crud problem” in the
24 and 2B cclumms.

This diagrosis proved correct as lndicated by the fact that & thorough flush of
the 2A end 2B columns and exhaustive flushing of the No. 1 solvent syetem has
restored decontamination performence 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
colump throughout in the Recuplex plant, is beneficisl alsc in removing sclids
frem Purex plant sclvent. A dilute nitrice acid suspension of tale was ineffectual
but a suspensicn in dilute caustic caused the solid to be transferred to the
agqueous phase and removed about two-thirds of the gamma activity from sclids-
bearing solveut recently encountered in the Purex plant. Such a batch treatment
might be profitably considered in the event such sclids-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 c¢oncluded with several experiments at low concentration using U-237 tracer.

A report has been written covering this work. BSome of the conclusions of interest
are:
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1. The transfer rate for both uranyl nitrate and nitric acid from aqueous to
organic is second order with respect to the transferring sclute, first order
with respect to TPB and highly dependent on the stirring rste ln 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 Yo solute,
indeperdent of TBP concentration and independent of aguecus phase stirring.

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

5. Aqueous to orgeanic 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 mechanicem.

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

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

Dissolution of Nickel Ciad Fuel Elements

Several procedures for dissolving the nickel coating, proposed for aluminum clad
production elements to inmcrease corrosion resistance, are beilng tested. Boiling
nitric acid dissclved the coating at penetration rates {assuming a density of
7.9 g/ce 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 1if introduction of small amounts of nickel into the Purex
process 1s net consldered objectionable.

In the disscluticn of nickel cladding in 3 E‘HN03 about 2.4 moles of BN03 are
used per mole of nickel dissclved. Off-gas from dissolution of nickel cladding
in 3 M BENO3 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. Dissolutlion rates of nickel
cladding and ingot uranium in boiling 3 M ENO, are decreased by factors of about
450 and 6, respectively, by the presence “of ai little as 0.0 M NexCrz07.

Analytical Services

1131 andlysis was improved through use of a nine-inch well crystal. Time for
analysis of farm produce samples was reduced six-fold and detection 1imit was

reduced 50-fold to 2 x 10-8B uc/g.

12400719



L c-7 BW-6137k o

The Parr sulfur bomb wes used to cbtain & carben analysis on & uranium carbitel
compound or mixture prepared by Chemical Research. A half gram sample was re-
quired since sugar or other fuel could not be added, as ncrmaily needed for
pulfur determination. (A micro carbon train though more apprcpriate would have
teen much more costly.) :

Pu238 analysis was simplified by eliminating the need fcr chemical separation of
An2*l. The 60 Kev AmPll X-ray was counted directly using & NaI(T1l) crystal. The
methcd required one plate of approximately 1 x 10 d/m for alpha energy ccunting
and a secornd plate of apgﬁoximately 1 x 10% a/m of Ap2+l. Pu238 was determined
by subtraction of the Ame+l d/m from the Pu23@ + An2*l &/m value obtained from
alphe scergy measurement. A unit saving of approximately two hcurs was realized.

The determiration of nitrate by controlled potential coulometry as reported in
June was usged tc determine the per cent nitrate in rlutonium oxide. The finely
grcund powier was cold-lesched with O.1 N perchloric acid prior to titrationm.
Nitrate ccrrentraticrs were comparaible tc the water content ¢f the samples.

Some 0.0006 per cexn* cobalt in aluminum was messured colorimetrically with about
ten per cent errcr. Tetraphenylerscrium cobaltothiceyanate was extracted in
chloroform and transmittance of the complex was observed at 615 mu. Iron inter-
ference was removed by fluoride complexing and copper, by its reduction with
104ide. Nickel did not interfere. Samples wers dissolved in npitric and hydro-
shloriz acids. Published methcds for cobalt in sluminum are not apparent.

X-Ray spectrometry is being used tc measure uranlum at the L to 2 g/l range.
Precieicn 1s about cae-fifth that ¢f refined ceric sulfate titratico.

WASTE TREATMENT

Weste Solidification

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

of berate or of borate plus silicate followed by calcination was reported last
month. Melting points ranged from 800 1o 1200 €. The solubility of these
materials heve now been measured ac a function of molee of additive per equiva-
lert of metallic cation in the waste. Melts obtained by adding beorax or beric
oxide slone melted below 1000 C but disintegrated or dissclved completely in
boiling weter. {(Thie implies that the s0lid would require storage in some

sort of impermea%le ccntalner.) Melts con*aining borax acd sodium silicate ex-
hibited & melting point as low as 850 C and had a minimum solubility of 1.3 per
cent at an equivaience ratic of 2:1. Boric oxide with silica (Sioe) addition
gave the lowest solubility, only 0.06 per cent, at the same ratic but a highgr. ...
melting point of 1200 C. T

The boric oxide-silica type additions were also tried on Purex type wasts but
did not give clear glassy mel%s such as were obtained with the Redox waste.
Apparently the presence of aluminum and chromium in the Redox waste plays an
important role in melt formation with these particular additives. Tre phesphate
and phosphate-borate systems continue to appear more attractive for use with

Purex wastef _
DECiAEShicy

F e
T
IRLIE

1210080

L]

)

8 g ]

il

| A

| ot TP L
gy

i3



ﬂfﬁ”ﬁ‘gmm c-8 HW-£1374

Radisrnt Heat Spray Calciner

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

Chemizal analyses and Millipore filter studles show that de-entrainment of the
spray calciner off-gases from solids and non-volatile is excellent. The de-
entrainment factor across the Micrometallic knock-down filters at the bottom of
tke cclumr was 2 x 10%, and the over all factor from feed to noncondensable
off-gages was in excess of 1.5 x 10%.

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 Jarusry - March) is HW-&60Sak,

Semiworks Waste Calciner Protctype

Qver all job zompletion of the waste calciner prototype is approximately 90 per
cent. Equipment-connecticg piping and service lines installation is 95 per cent .
complete. Eles*rical and instrumernt installations are 80 per cent complete. Equip-
ment insulstion has beer started. Functiconal testing of all equipment is in
Progress.

ANL Fluid Bed Calcinatlcr Studies

Exploratery studies at ANL on fluid-bed calciratior of similated Purex "formaldehyde-
killed" and three-fcld concentrated acid weste have contirued.

Recernt efforts have been directed toward reducing feed nozzle pluggage {azd
resultant agglomerate formation) by improvements in nozzle 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
northeeast side of Cold Creek Valley about half way to the Yakima Horn. &ilts
and sands of the upper part of the Ringold formation were similarly traced
through & narrower and shorter area through many of the same wells. The high
CaC0O4 content, fine-gralned texture and exchange capacity of the combined strati-
graphic units recommend this area, particularly immediately southeast of 200
West Area, for future waste disposal. This was alsc indicated in HW-60450,

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

—_—
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Qrservetion Wells

While testing two new leep sempling devices it was possible to obiaiz samples of
the ground wa*er LOO feet below the surface of the wahter table in well 699-28.52,
leccated one mile south of the 200 Bast Area in the center <of the Cold Creek
Syncline. This 1z the first time e repressntative watsr sample has bteen collected
from such & depih. Analyticsl results show ccncentraticrs of gross beta activity
in *he bottom of thisz well up %0 4.7 x 10-7 ue/zc and ritrate icn conzeniraticns
up %0 13 rpm. No background data are available for these ionz at this depth but
i+ iz believed the ccucentrations reported are ahove rormal. No detectakble cor-
certrations of beta exitters have ever been reported at the water teble in thiz
well. The nitrate icz concentration at the water tsble iz less than 1 ppm. Many
more data are reeled befcre ary conclusicn car te made as tc the mcde of travel
oFf trie contaminated greund water %o this struzitural low ir the basalt.

Dizpczal o CGround

Rezernt probing of wells near the unused 216-T-27 and 28 cribs revealed zignificart
ccrcerntrationa of radiciscopes frem 30 to 80 feet bereath the zite. Undoubvedly
this contaminaticn resulted from whe spreading of T Plart scevengzd wazte discharged
to the 216=-T-26 crib, tke northernmce® cril ir the series.

Uncertainties relative to the remaining life ¢f thz unused parts of multipls cribs
resulted in a recommerdaticrn ¢ CPD that ths facility be used for the disposal cf
relatively small vclumes of T Plant dezontaming<icn facility waste. 1t was elsc
recemmenizd that UO2 plant procsss ccodeneate be rcuted to a nsw erid instead of
to the 216-T-27 srd 28 site. Neutrailzaticn of this waste shculd not bs pscessary
1f the Sr90 corcentraticn is maintaired belcw 8 x 1079 uc/cc as has been the zase
for tre pas% five months.

Latcratory experiments ware perfcrmed ic study the effect of CaCCl3 neutralizaticn
cf CAW type waste. Measuremer*s of COo gas evcelutlon ard pH were made. Gelaticr
of the bhigh aluminum wasts prevsnted neutralizaticn tc a pH greater thar 3.93.

Oz the basis of thase experimentz it was ccncluded that the CaCOy coutained in
cne cutic foot of goll would gel 5.8 liters of CAW type waste ana suggests the
possgitility of immobilizirg this wastz by maturally cccurring carbena’iss ln the
solli.

Or tke basis of laborstory scil columm experimsnts and well probicgs, reccemmerndstions
were made %0 build a new crib for the UQ3 plant condensate.

TRANSURANIC ELEMENT AND FISSIOK PRODUCT RECOVEEY

Cerium and Promethium Recovery

A peroxide-acetats precipitaticr process is under develcpment for the geparsiicn
of cerium fror the “rivalent rare earths. The prezess is adsptatle tco campaign
opersation in existing Purex plant equipment and hes thes advantage over pravicus
processes tha% rutkeniur velatilization is eliminated and tha% cnly nor-corrosdve
reagents sare ussd. The rere earth double sulfa*e precipitave serves ag stariing

1240082 ﬁfﬁ,ﬁ Sgimen
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material., This 1s dissclved, a hydrogen peroxide-sodium acetate sclution added,
diges<ed at 50 C, and the cerium peroxy acevate precipitate separated by centri-
fugation. This precipitate is readily redissolved in nitric acid. The percxide
serves as oxidant to oxidize the cerium to the (IV) state, and the acetate serves
beoth as precipitant and buffer. Minimum pH is in the range 4.5 to 4.7 for ceriunm
recoveries raanging from 99 *o0 99.9 per cent. BSince the trivalent rare earths
begin to precipitate at a somewhat higher pH (5.4 to 5.6), accursie pH control is
essential. However, achievement of this is greatly facilitated by the buffer
a=tion of the acetate and should not presant a serious plaant cperating problemn.
A reprecipitation may bte required to free the cerium of all traces of trivalent
rarz earths.

Solvent Extractior cof Fissgion Products

The sxtraction of figsion product stroriium and rare earths with tall oll was
further explored ucing purified fractions. These included a fatty acid

(Indusoil L-5) and & rosin acid fraction. Strontium extracticn from a partially
neutralized {pH 8 to 10) IWW slurry was greatest with the fatty acld fracticr.
From sodium nitrate soluticns, rather than synthetic 1WW, there was eseentlally
no extractior of tracer strcntium ( O.% per cent extracted) implying that other
componernts ir the IWW may play a role in the extraction, perhaps through complex
formation, or that the pH may be altered during extraction frem the unbuffered
godium nitrate systen. In other experiments, a naphthenic acid - xylane solution
was fourd to extract cerium, but not strontium, from partially neutralized sodium
nitrate or 1WW solutions. Tke naphthenic acids may prove valuable 1In the recovery
and/or separation of the rare earths.

Fission Product Isolation end Packaging Prototype

The capper, the last zomponent to be fabricated, was completed and installed.
Operational "ccld" testing of the prototype equipment continued. Operaticn of
the hydrolyzer has been complicated by the persistence cof a mastic stage in the
sontinuous conversicn of the ngZnFe(CN)s slurry to the reacted oxides. Varis-
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 sycthetic
crude rare earth sulfate slurry. The cartridge resembled a three-fcot long
bellows *three-inches in dismeter, 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 ome 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
racovered.

* Tredemark of the Micro Metallic Division, Pall Corporation

u—
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Heat Transfer Studies. A small spparatus 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 materimls. Two materials have
teen tested to date, with results summarized helow:

1. Fluid bed calcined Purex 1WW {HCHC killed)
(from Argonne ): K=0.17Tat hob F

2. Sodium Rsre Earth Sulfate: K = 0.107 at 2kit F
K = 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 tc simulate a cake deposit§§ on & filter.

Heat trensfer characteristics of a sodium rare earth sulfate cake deposited on a
bellows-shaped filter element were investigated. No attempt was made to simulate
uniform heat generstion, instead, the "worst case" with all hea% entering aiong
the axis of the cylinder, was tested. Comparative date tabulated below show that
for this configuration, substitutirg & helium atmospbere for air improves the
thermal conductivity by sbout 1.7% as indicated by the relative temperature
differenczes.

Heat Generation Cake Temperature, °F¥
Ra*e, Btu/(nr)(ft3) Atmosphere Tnside  Outside
11,720 Air 654 257
11,720 Helium 50k 278
18,000 Helium 702 367

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

ARALYTICAL AND INSTRUMENTAL CHEMISTRY

X-Ray Analysis

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

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

cent GapOs. o line at a 20 value of 21.60 degrees (with a litkium flucride
enalyzing cryatal)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 ¢rder to obtain uniform mixing and true fluores-
cent intensities from the gallium.

EQUIPMENT 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
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solution of the composition 6.2 M ENO3, O.4 M HpSOy, O.4 M NaNO3, O.h M Fep(SOy)s,
C.01l M H3POy. Corrcsion rates of the Ta and Zr wires were less than O.OL mil/
month. The Ti and stainless steel wires corroded at rates cf ahout C.3 ard 0.1
mil/month, respectively. Extreme care shculd be taken if Zr or Ti is used in

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

A?l»
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23k-5 Fluorinaior 0ff-Gas Filters and Pcwder Transfer

Usiog a bank of thrse porous carbecn fllters, tre equivalent of thirteen filter
cycles was achileved in filtering a dust (cerium fluoride) laden air stream.
Resgicration of the fiiters after each cycle was accomplished by equilizing the
pressure acrose the fil*ers while vibrating the filters and housings at 8650

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

the socumulatsd cake was removed each time. The initial pressure drop inzreazed

Yy a faztor of two (from 8 to 16 inches cf water) after the firet cycle; thereafter,
little ircreases in initial pressure drop were observed.

A three hundred gram batch of 20 mesh cerium flucride powder was pneumatically
trangferred successfully twelve times with a 2-inch dlameter reverse cyclone
devize., Five SCFM of air were required to 1if't and transfer the powder to ard
through a 1/2-inch I.D. targentiel ocutlet contairing a 10-foot run and 3-foot
rige. In compariscn, twenty SCFM, or more, would normally be required tc fluid-
ize the 20 mesh ceriwm flucride powder in an equivalent dlameter pipe. Modifi-
cations are now being made to permit the transfer of up to 4 mesh cerium powder
ueing 5 to 6 SCFM of sir.

PRCCESS CONTROL DEVELOPMENT

UC, Plan® Automation

The three serve systems whish will be used ir the plant test of the Caleciner
Prograxmer waye accepted from Techrical Shops on July 16. The two variable
speed servos wers callbrated tc ascertain the output shaft speed vs. the panel
dial gear ratic. These shaft speeds determine the rate ¢f: 1) the initial
fast furnsce power increase, and 2) the followirg slovw increass cf furnsce
power during start-up. This completes the necessary bvench testing of the
Calciner Programrer ard readies it for plant installation.

All the necessary mecharnical and schemstic drawings fer offsite construction
of the Calcirer Programmer have been completed, checked, and approved.

C Colum Insirumertation Studies

On the completicr of the Purex 2B Column studies a number of changes were made
to the 3-inch glaszs pulse zolum to improve its usefulness as & research tool.

The majcr changes are ag follows:

1240085
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l. 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. In addition, the
column is now in a positicn to run concatenated with an A-type column at
some future date.

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

3., Two of the three 3-foot sections of the column were drilled with eleven
1/8-1inch holes mnd fitted with quick disconnect type sampler comnections.
This permits a 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
ar 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 scen to be made from = specific plate-to-plate section
while the column is in operation.

The uranium photometer for analysis of the aqueous phase of the samples remocved
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 scme-
thing less than 1 per cent, by immobilizing the light source and cperating it at
5.3 volts instead of 6.3 volts, by changing the standardization cutoff filter
from a 3060 to a 3385, and by connecting the phototube directly to & 90 v power
supply (eliminating one set of cable connectors).

A programmer was designed which will sutomatically scan the readings of all
column instrumentation in use at present. A digital volitmeter and printer will
be connected to the programmer switching circuilts ir such a way that each in-
strunent reading will be printed and identified with a code number. Each sample
port on the colum also has & code number. Six readings and standardization will
be made over a pericd of 2 minutes for each sample port after which the other
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 a&ll availadble

" 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 HTU's or mass
transfer coefficients in the column. In most cases heretofore, the eguilibrium
data given for 25 C in KAPL-602 have been used arbitrarily for all temperature
whenever HTU's have been calculated.

DECLAST T
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HON-FPRCDUCTION FUELS REPROCESSING

c-1k HW- 61374

Meckaricael Processes

Shear Studiss. BSheer studies ccntinued with tests of & combiration consisting of
a 17-7 PH stainless steel male Vee moving blade acd a semicirculsar stationary
blade. Prelimirary resulta show thip ccombination cuts with lower forces tran any
other tried to ds*e, and that rcd bundles disintegrsate more thercughiy. Life
tests are required to demcnstrate that wear of the tlade peint will rot markedly
alter cutting characteristics.

Coldsaw Studies. Initiasl operation of & Motch and Merryweathar Model 3 coldsaw,
being tezted for pcwer fuels end-fitting cutoff, showed that the dlades may be
expected tc process at least 50 tone ¢f fuels if proper work clamping can be em-
Floyed. About 1500 gq. ir. of stairless steel have been cut withou®t deltectsabls
dulling cf tkre blaie, Blad= speed, pitch, and feed rate for the test were 17

surf £4./mir., O.%1 ieck, ard 3/k irev/min., respectively. The resultert chips
{axout 3/32 irch x 3/8 incx) have & bulk density ¢f 75 to 100 1b./cu.ft. Detailed
slamping studies will Ye meds affer initial life testing is completed.

Feed Preparstion

Flooded Tray Dissclver. Investigations of the "fleooded" tray dissclver concept
have been iritia%ed by medifyirg the Darex pilct plant dissclver. Modificatiors
include installatior of a glass lined pump tc transport dissclvent from the
bottom of the crigival Darex diesolver {250 liters) intc two Zircaloy-2 “rcughs
(4O li%ters) suspended irside +ke Darex disesolver but aXxve tbe sclubtion level.
The diSno*ven+ floewe lorgitudirally through the trough and cver s weir and
returrs to the scluticz reserveir.

Two runs have “een made i this squipment to dedtermirs the effect of recirculation
rate cn the disacluticn rate of Harford slugs ¢f depleted, metalliic uranium in
bcilirg 13 M HUG:. At rezirculaticn rates of L, and 70 liters per minute, eide
penstraticn of tﬁe slugs averaged 27.3 and 38.k mils per hcur; respectivsly, over
ar. 8-1z hour pericd. These ra%es compars faverably with 27.23 mils pe heur
at-ained in a converticrnal batch diseclver under the same disso;@ticn corditions-

Recireulating Diseclver. Iretallation of an "outrigger™ dissclver barrel cn the
Hastelloy F diesclver has been completed apd studies 1nitisted on the dissciuticn
of Banford sluge ¢f depleted, metallliz uranium. A recirculaticn rete cf 20 gpm
with a four-foct 1ift was easily obttained by sparging 10 scfm of air at & sub-
mergence of eight fest. Equipmert operaticen was satisfactcry srd uraniur
digsclution normai. Quantitative data are not availlable at report time.

Sulfex Pilct Plant. The first series of pilot plant runs irvelving the dissclution
of 304-1, stairlesa stesl by the Sulfex process was completed. Dscladdirg sclution
concentratione were varied from 3.1-5.7 M HoSOu; with dissolutior rates from

12-47 mils/kovr. In & M HoB0)y the average penetration rates varied from 1l%-2
mlﬁafhcu.o Tr2 diseclution rates were markedly uniform throughout the courss of

each run

1260081



- a5 =615+

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 eddition 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 HpS0y-
On the other hand, in the absence of mild steel, even at high acid addition rates
the stainiess steel falled to dissolve in T.2 M Hesou

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

Disgolver Foaming Studies. Experimente have been initiated to determine if the
sparging of alr or the passage of gaseocus reacticn products through Zirflex 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
eilther air or mixtures of alr, hydrogen, and ammonis were sparged through Zirflex
liquer. At room temperaturs, both the Sulfex and Zirflex foams decayed zom-
pletely within one minute after the solutions were removed from direczt cortact
with the ges streams. The Sulfex foam becomes increasingly unsiable as the
solution temperatars is lncreased.

Sodium-Nitric Acid Reactlons. Scouting studies were re-initiated to measure the
pressures developed when metallic godium reacts with nitric acid. The sodium,
encapsulated in copper tubing, was submerged in eight feet of 60 per cent nitric
&cid in an eight-inch pipe, at the ambient tempersture. With 11 arnd 22 grame of
scdium, the peak pressures reccrded with a ballistic transducer and an oscilli-
sccpe; were 375 ard 850 psi, respectively. The reaction with the larger sodium
charge ejected some acid from the open top of the 15-foot dissclver and displaced
the 700~pound unit one foot.

U-Mo Alloy Dissolution. ILaboratory studies of the applicability of the Darex
proceds for dissoilutiorn of U-Mo alloys were completed. Soluticns typlcal of
those resulting from Darex dissolution of U-3 weight per cent Mo alloy arnd sub-
sequent boildown to remove chloride ion are being stored at room temperature to
check lengterm stability. Thus far (9 weeks) no sclids have formed. Redox-type,
batch extractica studies were made with Darex process U-Mo alloy dissolver sclu-
tions contaiping 0.0 to 0.5 M chloride ion. Molybdenum extraction was negligible
in all cases, and no significant effects on uranium extraction were observed.
Chloride distribution coefficients were in tke range 0.0l to 0.015.

Observations of longeterm stability of solutions produced by dissclution of both
U-3 weight per cent and U-10 weight per cent Mo alloys in nitrie 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
thea a8t 50 £. Stability is greater also at higher acidities. Pressot irndica-
tions are that solutions at room temperature are completely stable with respect
to solids formastion after the first week or two of storage. Smell amounts of
s0lids deposited during the initial storage period mey represent finely divided
material produced during dissolution and not removed by centrifugation pricr to

@ QIR
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storage. Experiments were performed also to define satiefactory conditicne for
the dissolution of 10 weight per cent alloy at 0.5 - 0.75 M Fe(NO3)3- Stability
of U=Mo alloy dissolver splutione during tke plutonium oxidation etep was
determined also.

Zirconium Dissolution vs. Electrical Conductivity. Additional Zirflex dissolu-
tion runs have been carried cut to firm up earlier data on icnic conductance as
an index of completeness of zirconium dissoclution. The data summarized hereic
were obtained with an industriel type conductivity bridge whereas the earlier
data were obtained with laboratcry type equipment. In eight dizsolution runs
the electrical resistance increased 15 * 1 ckms from the beginning of disscln-
tion to complete or nearly complete dissolution. In four of the elght runs
dissolution was complete, while two rungs left 0.2 - 0.3 per cent of the zirconium
undizaclved, and two cthers left 2 - 3 per cent of the zirconium undissclved.
The 15 ohm increaze is irdependent of the initiasl resistance and sgrees with the
increase chgerved with the lahcratory type bridge.

Qn the basiz c¢f thess and previous data, the ioric conductance can serve az an
empirical index of the completeness of zirconium dissoluticn in the Zirflex
process.

Waste Treatment Studies

Experiments to determine physical and chemical properties of various neutralized
NFF wastes were initieted. Neutrallzation of synthetic Sulfex process waste with
50 per cert caustic was followed with a pH meter. Appproximately 40 ml of caustic
were required to reutralize 100 mi of waste of the composition 0.54 M stainless
steel, 6.5 M Ht, 3.86 M 804" to pH 10.5. Neutralized waste slurries - contained

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

Recovery from Off-Standard Sulfex Wastes

Techrigues for reccvery of uranium end plutorium from off-standard Sulfex decladding
scluticne are under study. Precipitation of uranjum as tke peroxide and as the
phosphate has been investigated. Uranlum reccoveries by peroxide precipitation
are unsatisfactorily low presumably because of interference from iron(II) and
sulfate ion. Recovery was not improved by changes in temperature (25 to €0 C),
oxidation of iren to iron(III), or by tke presence of peroxide stabilizers,
Adequate uranium recovery is obtained by precipitation as the phosphate, but
the precilpitate is contaminated badliy with iron, chromium and nickel. Separa-
tion and recovery of uranium by precipitation as the diuranate or hydrcxide at
a controllied 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 stalnless steel gquipment
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(80y)3 were
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negligible. Oxidation of a portion of the iron(I1) already present in the waste
with 0.001 M NaCrp07 also served to reduce corrosion rates to acceptable values.
Ir some instances synthetic Sulfex procees 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 ironm(II) to iron(III). An air sparge of the spent decladding
solution may be sufficient to produce a solution which may be stored in 30k-L
stainless steel.

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

from the Haynes Stellite Compeny. 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 {insteed of six and zero weight per ceant, 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-
rosion 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 comstruction of the 321 Building dissolver.

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

Samples of a Cr-Ni-W and a 60 Ni-40 W alloy were exposed to boiling 65 weight per
cent HNO3, 1 M HNO3 - 2 M HF, and 4 M HpSOy solutions. Corrosion rates of the
Ni-W alloy in these solutions 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 callbration 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 estimsting the
zero intercept of the tank calibration curve. The data from all the calibraticns
are now being programmed for statistical analysis on the 709 computer.

OECLASS 15y
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PLUTONIUM RECYCLE PROGRAM

Balt Cycle Procees

The cerversion of uranium oxides to uranyl chloride by the action of chlorire in
fused hallde systems and subsequent recovery as UOp by reduction has been termed
the "Salt Cycle Process.” The process has two primcipal potential applications,
- (1) precessing of reactor fuels, and {2) preparation of reacter fuel material.

Continued studies showed that both U0, and Uz0g chlorinate more readily than
ceramic grade UCp. Chlorination at S00 C reduced the reaction time considerably
ag compared to 800 C and resulted in less residue. Black residues from the
preparation of UOCi, by passage of chlorine through KCl-NaCl melts coniainirg
oxides of wranium were found to resct with HC1l to yield, aspparsntly, UOCl, ss
eviderced by its eclor.

The redustion of UOClpy fror halide melts was accomplished electrolytically, and
by bismuth, lead, ammoria {hydrogen)} and also by electrode grade graphite. The

electrclytic approach seems of greatest potertial for fuel material preparation.
In preliminary experiments UOy with bulk and aggregate deasities as high as 4.8

and 10.5, respectively, have been obtainegd.

Thermodynamics ¢f Halide Systems

Preliminary analyeils of effusion experiments with the KCl-UClg system indicates
a changing composition of both starting material and ccndensate which suggests
an enhanced velatility of uranium due to compound formetion.

High Temperature Spectrophotometry

The previously repcrted difference in the sbsorption spectrum of UCl; obtained
by use of the hydrogen ard tungsten lamps has been resolved as dus to light
scattering rather than molecular effects. Because of the low lntensity of
tucgsten redistion 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 INJ spectrophotometer has been set at
320 ma.

Prccedures have been established for preparing pure, dry samples of AlCly, KCI1,
UCLy,, UCl3, and mixtures of these salts.

Lignid NoQ), System

Kinetic experiments on the reaction of UCp with anydrous nitrogen dioxide at 105 C
have shown that the reaction apparently proceeds through formation c¢f an inter-
mediate, possibly UOp o After 164 hours, 77 per cent of the origimal UOp had
disappeared, 6L per ceng having converted to uranyl nitrate and 16 per cent to
arother urﬁnium oxide phase having a UQ, structure but lattice parameter

A = 5.40

1240091 -—
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Continucus Ion-Exchange Contactor Development

Preliminary studies in the three-inch dlameter by four-foot long Weiss contactor
indicated satisfactory resin flow and retention or each plate with various pul-
ging 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
gpaced 2.5 inches apart. The plates were equipped with one-half inch down-
comers extending ome inch above and two inches below each plate. Shakedown

runs with both water and 7 M HNO3 indicate satlsfactory 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 constant at one inck on
each plate (the distance the downcomers protruded above the plate). A uranium
f=224 will be used in future runs to study the exchanging efficlency of the
contactor. :

Boiling Metal Charasteristics

The equipment for this study was described in last month's repcrt (HW-60846 C,
page 18). This equipment has now been operated with lead-bismuth eutectics cou-
taining 5, 10, and 20 per cent mercury. With the thermosyphon In operation,
boiling occurred in the top one-third of the column. As the power level was
raised, the amalgam flowed faster around the thermosyphon, maintaining the same
teiling region. This region was relatively independent of the metal composition.
Traverses along the column showed that the temperature rose linearly from the
pottom 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 valuesg,
presunably because of hydrostatic effects.

WASTE FIXATION

Mineral Reactlons

Eighty-three hundred column volumes of & synthetic waste simulated to contain
24 uc/liter of Csld7 were decontaminated with a decontamination factor greater
than 500 b¥ paseage through & 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 pE from 12 to 1. Results of equilibrium type experi-
ments indicated that Sr decontaminaetion by clinoptilolite drops sharply as the
PH is reduced below 3. A search is presently being conducted to find selective
lon exchangers sultable for long-term storage of radicactive wastes.

Laboratory experiments are in pfogress to investigate the effect of neutralization
on simulated high-level waste solutlons. Purex and Darex tige wastes are being
studied both chemically in non-radicactive systems and in Sr°5 and Csl3T traced
systems.

f ]
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A request to determine the availability of the CR In-Farm Scavenging Facllity 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
& 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 0.01 uc Sr?%/ce. A hundred-fold increase in the
8r90 concentration in the waste stream should not result in severe limifations
on mireral bed (calcite) dimensions due to temperature considerations. Similar
studies were started to evaluate temperature problems that may be agsociated
with beds of clinoptilolite.

BIOLOGY AND MEDICINE - 6000 PROGRAM

Radicisotopes in Farm Products

A survey of the radioisotopes in farm produce samples from land irrigated with
Columbis River water is in progress. By countlng 500 gram aamplgs of whole pro-
duce in the new large crysital spectrometer, sensitivities of 107 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 radiocisotope is
Zn%2, ir representative amounts tabulated helow:

Activity
Type cf Produce Method of Irrigation d/m/g
Pasture grass Flooding ‘ 80
Wheat (grain) Flooding 12
Mint plant Diteh 6
Beans Sprinkler 3
Carrcts Sprinkler 2
Corn . Ditch 2

In addition to these investigations the large crystal spectrometer is being
used by +he Radiological Chemjcal Analysis Operation for routine crop sampling
measuremente. Sensitivity increases by a factor of three or better are poesible
if desired by increasing the sample size to five gallons or larger.

Radicisotopeé in Reactor Effluent

The concentrations of Bul?2 (13 y.) snd Tb160 (72 4.) in reactor effluent water
were measured in three composite samples and averaged 0.3 and 0.6 &/m/ml, respec-
tively. Although present only in these small concentrations, these isctopes are
strongly adesorbed on reactor piping and are important contributors to the rear

face dose.
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Liquid Scintillaticn Countirg

A ligquid scintilletion counting procedure was developed for determining the PuELl
present in plutonium samples. The plutonium is removed froem the metal disks used
in alpha counting with 1N HC1l and extracted into a mixture of dibutylphosphate and
liquid scintillator. After counting, the plutonium can be easily recovered fcr
further measurements.

Geology and Hydrology

Two separate ercelon surfaces were idexntified on the top of the Ringold formation.
The older, Pleistccene in age, evidently sloped geatly southeastward from 200
West Area toward the Columbhla River; s remnant area 1. - along the northeast

side of Cold Creek Valley, including 200 West Area. 1. ie characterized by a
thick caliche bed and is overlain by Palouse scil. The seccnd and latsr erosicn
surface, about 10,000 years cld, wasg irnnised in%¢ the earlier surface as a netwcrk
of arpastamcsing river channels, immediately preceding the deposition of tkzs recent
fluviatile depceits. Reccgnition of the two erosiern surfaces will permit hetter
differentiation of +the Ringold and fluviatile sediments and hence, bhetier defins
prehliem areas where the fluviatile sediments lie beneath the water tabls. There
thay at leasgt potentially +ransmi* large quantities of ground water at high flow
rates tcward the Columbla River, '

A map was prepared showirg the elevation contours of the ground water as of June
1959. Elevser wells situased between the eagtern and westerz ground water mounds
shewed an average rise in water level during the past six months of almost 0.6
foct. At the present rate of change the water teble will be everywhere above
LOO feet in this regicn by the end of 1959.

A less complicated derivation of the proposed unsaturated flow equation

Q = -ka(Q )%

has bzen develcoped. This new derivation employs & set of substitutions which 1s
much sirpler 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 comstruction of ten hydrological test
walls at the Gable Mourntair test site. This is the first time casing of this
+ype bas been used at Hanford. While attempting to drive this pipe in ths First
of theze ter wells, the contractor ccllapsed the casing which 1ndlicetes that some
otler methcd of installing the preperforated casing may be needed.

Soil Chemistry and Geochemistry

Laboratory experiments were designed to gtudy the replacement of Cs on clinoptile-
lite by other ions. This research studles tle effect of ioniec charge and radii

on the relative ease of replacement. The early results show three distinct re-
placement series, exclusive of tetravalent caticns. Only for sodium, of the ious
studied, was the relative replacement ability significantly affected by temperature.
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Two cf the replacement series are &ssociated with alkall metals and alkaline earth
metals, and the third with trivalent lorns. The alkali metal replacement series is
Cst .~ Rb+ > K+ > Nat > Li* while that for the alkaline earth m=tals is Bat+ >Br*t
> Catt > Mgt. Ammonium ion does not appear to fit properly into either of these
two series, but is intermediate bhetween then.

Labcratory experiments with samples ¢f Ccnrasauga shale from Qak Ridge, Tennessee,
showed that in a 1M sodium system at a pH of 2.8 and af 25 C this material has
abcut cne-tenth of the cesium remcval capecity and about cne-terth the cesium
rapcval efficiercy of ciinoptilolite.

Turbidimetrically enalyzed supernatant solution from centrifuged Ce equilibrium
gystems indicetezd that the pH range of soil cclloid peptization correspounds to
that of apparent low Ce removal. The formation of a peptized cclloidal hydrexide
of Ce, singly or in agacciaticn with a soil ceclloid; is the most apparent
explanation of these resuits. '

Experiments with a pd 10.2 system irdicated that non-centrifugable Ce ie 60 per

cent adscrbed on Dowex 21K arion exchange resin. Negligitle adscrpticn by Dowex-5OW
cation exchange resin wes found. A physical filtration of particulats cerium was
indizated ir a scil zclumn experiment with & cerium infliuent at pH 10.3 acd £ 0.35
mm calcarecus £0il; this resulted in greater than 90 per cent cerium removal.

Ground Waste I-vestigaticns

80il cclumn sxperiments were continued %o study the effec+ of Br concentraticn
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 consistently greater in Mg-8r than
in C&=Sr systems. On the basis of ioniec competition, it is postulated that
Na-Sr systems will yield an even greater slope change.

Laboratory scil column experimente were perfcrmed with soll and influent
representative of that from the model crib experiment in progress near Gable
Mountain. These experiments resulted in & 1 per cent radicstrontium break*hrough
at 0.5 column volume, 5 per ceat breakthrough at 0.8 column velume, SO per cent
btreakthrough at 2.0 column volumes, and ultimate effluent concenirations approach-
ing 90 per cent of the influent. A laboratcry soil column of the same length as
the s0il column bereath the model crib is beirg studied.

Elution of Sr85 from the scil at the test gite was ccnc1uded after leaching with
12,300 gallone of Ca solution and washing with 3500 gallons cf water. After
flushing, the corcerntration of Sr 2 in the ground waier beneath the site ranged
from detectable to 2 per cent of the criginal influent concentration.

On the basie of the experimentally-determined porosity of 31 per cent for the

test site s0il and tke nitrate ion breakthrough velume it was calculeted that
the effective volume of s0il beneath the 2-foot x 2-foot crib is equivalent tc a

column &-foot in dismeter.
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New wells were driven asnd & 6-inch X 6-inch crib installed in prepsraticn fer a
new experiment scon 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 ailrborne total field instrument 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
wag 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 4OO-feet water head. Leakage occurred
8t a rate c¢f 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 st 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 tc be
a great need for experimental work to verify thecries relating to depcsiticon and
retention of particles on surfaces, which is the area of work anticipated.

The issuance of the document HW-61082, "Radicactive Particles in 234-5 Building
Ventilation Exhaust,” concluded the work of characterizing particles in the

234~5 Building stack.
M?:‘

Maneger, : .
Chemical Research & Development

LP Bupp:bp
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BICLOGY OPERATICN
A, CROANIZATION AlND PERSONNEL

Dr. Howard E. Erdman joined the Radicecology Cperation on July 27 and
Dr. Richard A. Hennacy joined the Pharmacology Operation on July 30.

3. TECHWICAL ACTIVITIES

FISSIONARLE MATERIALS -~ 2000 PROGRAM

BIOLOGICAL MONITORING

Radioindine Contamination

Concentrat{ons of T332 in thyroid glands of jack rabbits were approximately
six times less than those observed one year ago. Values follow:

c/p Wet Wt.. Trend
Lecation Average imum Factor
Prosser Barricade L x 1074 7Tx 1Q"h + 2
), Miles SW of Redox 2 x 10 1 x 10-3 -
Wahluke Slope 2 x 107k 7 x 107l -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:

_ pc/g Wet Weight Trend
Sarple Type Average Maximum Factor.
tinnows (entire) 2 x 10°3 3 x 1073 + 2

Of several antibiotics tested, Distrycin appears %o be most favorable for
studying mitation of C. colummaris to drug resistance. Work is continuing
to obtain conditions suitable to evaluate the dose-mutation rate relationship.

Fallout Contamination

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

pc/g Wet Materials Trend
Sample Tvpe Average _ Factor
Done 7x 10‘5 + 2
Feces I x 10-5 -
Muscle 3 x 10-5 ¢3
Liver ' 1 x 10-5 -
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iffect of Heactor Effluent on Aquatic Organisnms

Honitoring of the effluent from the 10C=KZ reactor was continued with young
rainbow trout. After two months there was no appreciable cdifference in the
size of the fish exposed to 1; 2; or 3 per cent strength effluent. There
was, however, a somewhat higher mortality among the fish in the 2 and 3 per
cent effluent., S3Survival in all lots has been affected by bacterial disease
which has accompanied nigh water temperatures.

BICLCCY AID 1ZDICINT -~ 6000 PROGRAM

:ETA3CLISH, TCKXICITY, AMD TRAFSFER CF RAVIOACTIVE HATTRIALS

PhosEhorus

A cursory test on the uptake of p32 by cichlids indicated that arprepriate
body burdens would build up by merely adding the isctope to the water.
Frerarations are being made to use this method on the aguarium fish in a
test to determine radiation damage to sex products.

Strontium

Tearling rainbow trout have regeived intramussular injections cf sr?0-y?0
at levels of 6 x 104, 3 x 1077, or 1.5 x 10°% u¢/gram of fish twice each
week for ten wecks. No effact 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.

vaily forece feeding of gelatin capsules to anesthetized trout had no apparent
effect on the fish and was ciscontinued after ten weeks. WVeekly phlebotomies
were also cdisconiinued after ten weeks since *the erythrocyte count was well-
stabilized and leucocyte count did not increase after the sixth week.

Significant igprovenents were made in the gill perfusion technique and initial
runs with Sr85 ingicate that the method and equipment will furnish satisfactory
data on the transport of radioisctopes across the gill membranss.

Pigs farrowed by one miniature sow fed 5 pc of Sro° for over four months and
90-day-old fetuses from a miniature sow fed 25 pc/cay seemed normal in size
and appearance,

Uptake of 5r°0 from soil contaminated with chermical forms of SroQ of varying
solubility is little changed after three successive crorpingswith beans,

A slightly reduced uptake was obssrved from a2ll treatments on acid soil
indicating some fixation of the SrP0. Uptake of the soluble forms, Srllp
and Sr(NOB)z was slightly lower from basic scils that had been cbserved in
previous Croppings. This suggests a possible move toward an eouilibrium

of the Srf0 in these soils.

JNCLASSIFIED
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Todine

Radish and lettuce plants are being exposed to fission products released by
melting a fuel element. The meli-down is being arranged by the Air Force.
After plants are exposed, they will be decontamirated 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 05137/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 solls were only double

this, but samples from saturated soil and standing water contained 70 times

as ruch 0s137 as those grown in field capacity conditions.

Internal measurements of the éamma dose rate using lonization penclls in two

rams fed 1.25 and 0,50 me Cs33T 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 me (20 days)
Liver 35 mr/hr _ 15 mr/hr
Kidney 1 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 csl37
would penetrate the walls of the ionization pencils,)

A small beta seintillation 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 cbserved
in the cortex. (French workers some time age reported a similar relationship for
radiopotassium in_the kidney.)

Fifteen per cent of the administered dose of Csi3! was excreted in the urine
of a ram fed 0.5 me/day for 20 days, wille 19 per cent of the administered dose
was excreted in the urine of another ram 20 days after receiving a single 2 mc
dose.

UNCLASSTFIED
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Flutonium

Rats injected with 1 pc of plutonium have been irradiated with weekly doses of
100 r to an accumlative total of 2200 r. Four of twelve rats survived this
treatment. Ten of twelve rats subjected to the X-ray treatment cnly have
survived,

The effectiveness of DIPA in preventing plutonium deposition was not improved

by its administration as magnesium or zinc salts. Reduced glutathione administered
immediately following CaNa3DTPA significantly improved the effectiveness cf LTPA
treatment. This effect will. require further study.,

The initizl twc swine for an experimeni designed to study the effects of intra-
dermally deposited plutonium weres injected with a 0.2 N P‘u(NOB)h solution. The
levels injected ranged from 0,0016 to 1.0 suc 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 heurs, 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. STPA, EDTA, and zirconium citrate will be
administered to them to test their effectiveness im removing plutonium.

Twe mature male Pitman<Mcore pigs were administered plutonium in the first phase of
the study designed to establish the comparative toxicity cf Sr?0, Ra226, gng 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, clinicail and X-ray examinations will be followed
in these animals during their lifetime.

Radioactive Particles

Twenty=-four dogs were exposed to plutonium oxide aercsols to complete a study
of the effect of particle size and concentration on deposition, distribution,
and excretion. Two dogs were killed ait about nine months after exposure to see
if excretion and lung burden of plutenium 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 abserption 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 Technicues

A new technique has been developed for the positive identification of radicactive
particles collected on millipore filters. Heretofore absolute distinction between
radicactive and non-radiocactive contaminant dust particles {in the range of Q.8
to 2 p) was impossible and posed a constant and harassing problem in the difficult
but highly important lung inhalatlon studies.

The new method involves the application of a very thin layer of Eastman Kodak NTA
muclear 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 emmlsion, 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 aleng 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 8 2 x 2 inch NaTl-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; uwsing the type of shielding
planned for the new facility,
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D. Lectures
a. Papers presented at Meetings
None

b. Off-Site Seminars

TP Hungate, 7/13/59, "Biological Effects of Radiation on Cells,“ University
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OPERATIONS RESEARCH AND SYNTHESIS OPERATICK
HONTHLY REPORT

July, 1959

ORGAHTIZATION AND PERSONNEL

7. F. Stevenson transferred to ths Cuality Control Qperation, TPD, el -Lf:c
July 1. A Technologist R & D was transferred into uperatlons Reseor h Ln
S:mthesis Lfrom Reactor end Fuels RBesearch and Devecloprent effective July

QPERATIONS RISEARCH ACTIVITIEDS

Input-Cutout 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 particuler.
the desirabilitv of standard billings as opposed to a control based on cash
flow -- available machine time -- output relationships is being examined.

OPRIRATIONS AUNLYSIS STUDITES

Redox Dissolver Study

Principal component analysis of the data was completed and supnlied consider-
cble information as to possible varlanis of the bosic model. Work mn a
cormuier progran for determining the parameters of an empirical relationship
between specific gravity and time was completed.

Zz Ploant Information Study

This study is essentially in a2 standby status while awaiting receipt of
specifications for process equipment modifications. Data describing physical
rlant layout and conduit routings have been sent to the IBM eguipment design
engineer.

FPD Process Control and Experimentation

The cleaning process 1s being thoroughly investigated as z means of eliminating
"non-wet"” rejects. Data from a prelininary experiment, in which cne step at

a time vas eliminzted In the cleaning vrocess were helpful in designing a
subseyuent experiment which will permit estimation of the effects of elimi-
nating any cirbination of steps in the present process. In this same eimeri-
nent, the effect of changing the concentration of one of the agents will also

DEC
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be investigated. Assistance was provided In the d{ezign of ather experinenisi
in which various substituitions end sdditional stejps are =0 be ¢f 1='de“e;-

The protection afforded by the existing senpliing pian for "non-wet” rejects

was evaluated, and suggestions were made for employing a sequentisl plan
iving the same protection.

Data were anslyzed to evaluate the effects of several variables on dimensionzl
distortion during heat treatment in the co-extrusion process. It was poirted
out in discussing the results of the analysis that failure to replicate ma:-
lead to misleading conclusions in evaluating the reduction ratioc effect,

which is of primery interest.

Quality Certificstion Program

In response to a rough draft of proposed product specifications prepared ty

IPD persomnel, data requirements to implement such e product specification

system were listed. T¢ illusirate how these data could be reported and

interprefed, & thorov-h review was made of one messurement, total count. It

was shown thet totsl count data could easily be routinely reported and inter-

preted, and criteria vere drawn up for reporting additional data to IPD vwhen
aut-af-control” situations occur.

Some misunderstanding of the need for transforming rew total count data to
logarithms has existed. Since total count is such a widely used measure-
ment tool, & document (HW-61394) was prepered discussing in detail the
regsons for recuiring this transformstion. Illustrations with actual date
were included.

Process Tube lesks

A report has been issued cutlining 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 enalysis during August.

In comnection with the general problem of external corrosion, assistance ves

given IPD personnel engaged in determining the "seizure' effect of tube

corrosion, where "seizure' on a fuel element due to a tube's collapsing froo

corrosion product build-up may lead to a stuck charge. Available leak data.

lndlcatlng the frequency of pits of a given depth, are being interpreted ulol5
ith 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. DBoth models considered lead to a non-random error distribution.
and are quite comparable when data 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) descrive 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 mep making; and (3) list 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 plammed to document this report because
of the potential usefulness of this type of mathematical model in explaining

the data, and consecuently, in formulating optimum operating procedures.

Radiation Protection Studies

Jork continued on the analysis of data from a Calibratlicn Operation experiment
to test the validity of the inverse scuare law as it applies to radiur gamma
filn bvadge calibration. A pilot study experiment to test the effect of exposure
cnole upon the film badge was analyzed, and the information obtained was used
o design a more complete experiment to further investigate the effect.

At the recuest 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 dipgital computer program has been written which 's capable of handling
logical descriptions of systems of eny degree of complexity. It is felt thst
the use of this progrem to complete detailed studles of the K Plant water systen
must serve as the basis for more general studies.

STATISTICAL AND MATHEMATICAL ACTIVITIES WITHIN HLO

2000 Program - Electron Diffraction

A statistical analysis was initiated of a gold film electron diffraction pattern
for Physical Metallurgy Operstion 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 aberratlon as & blasing factor

in the calibration, on the number of rings that should be used in the valibratliom,
and on the blasing characteristics of individual rings. Any consistent %ins
pattern in the reading of ring dlameters as one progresses outwarc from the
center of the configuration should be dlscernible, as well as the relati~c
tance in measuring ring dismeters of replicat.ng a given orientation and recc
several orilentations.

1260109 TN 5&”“@
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LOOD Program - Swelling Studies

Analysis was completed on a distribution of known diameter balls in a "Scotch”
medium, processed and vhotographed similarly to the uranium samples, in an
effort to determine the nature of the distortion introduced in the processing.
Work continues in this area.

LOOO Program - Fission Gas Release

An unecliassified document cormenting on the fraction of fission gas released
from a spherical source was written and will be issued skorily. The document
considers the numerical evaluation of a familiar but cormputationally 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 specifiec number

of terms, end in addition, approximations to the fraction released for extreme
values of the parareter Dt,'2€ where D is the diffusion coefficvient of the
stherical source, t is the length of the produciion time interval. znd a is
the radius of the spherical source,

LOOQ Program - Waste Disposal

Consultation was held with members of the Chemicel Effluents Technology
Opveration concerning the design of a proposed experiment to measure the effects
of several factors cccurring in a waste disposal study.

£3000 Program - Biology and Medicine

Vork continued on statistical analysis of data from a radiostrontium-calcium
uptake and retention experiment involving escute and chronic administration of
thes= isotopes to groups of mature and growing rats. A modified power function.
derived frowm a mathematicel model of the experimental situation, has been fitted
to the datz from the acute administration experiment. Preliminsry results seem
12 indicate that the modified power law is in excellent zgreement with the data.

Work wes initlated on a statistical analysis of data from a daily SroC 50
inhalation experiment. The same mathematical power law 1s applicable in this
situation, with the necessary modificetion for chronic rather then zcute adminis-
travion.

General
Mathematical assistance is being given in a study of the elastic solutionsz for

the thermal stresses in finite solid cylindrical fuel elements under - aricus
sssunptions on the thermal distributions.

12404110 . __
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Analysis of several tank calibrations asscciated with volime 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 alsoc be run

in which the precision of the heel at zero manometer reading will be evaluated.
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STATISTICAL AND MATHEMATICAL ACTIVITIES FOR OTHER HAPC CONMPONENTS

Irradiation Processiqg_Dgpﬁrtment

A reliability enalysis 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 Depariment

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 t& 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 conseguence, o mothe-
matical program for the IBM 709 ig 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 vresented to responsitle
management during the month. Tt was pointed out that the present systen leads
to @ifficulties in setting realistic and objective estimates. Suggestions for
improving the situation were given and & report is being prepared.

Relations Operation

Deta from the returned cuestionnaires used in the recently completed G Hews
readership survey were analyzed. Comparisons were made between major - on-
ponents and between dilfferenc employee groups with respect to the percentages
of favorable responses to the various guestions. Severzl significant differ-
ences were detected.

At the recuest of the Health Operation a statistical anslysis 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 deta are alsc being statistically snalyzed to determine the functlional
relationship reluting microparticle size to terminal falllng velocity in a

viszous medium.

Carl A. Bennett lenager
' 2 it 0 | | CPERATIONS RESEARCH & SYNTHOSIZ
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PROGRAMMING OFERATION
JULY 1959 '

FISSTONABLE MATERTALS - 2000 FROGRAM

1. Radiolsotopes for Heat Scurces

Study of Th-228 preparation via Th-230 irradisticn and decay of the razulting
U-232 was continued. The Litton somputer was utilized tc provide data on the
progress of irradiation (with 2.16 x 1013 neutren 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 msterisl which may be recovered from the most desir-
gble ore sources) containing one kiiogram of Th-230 would yielid atout 20 grams
of the desired interrediste product, Pa-231, in 100 dasys., Afier aging, about
an equal amcunt cf by-product Y-233 sontzining sbout 0.5 gram of U-232 was
also producsd. Thesze rasults support expeciations for a reascnable yieid of
Pa=-231 whizh could then be rzocvered and further irradisted for en annual
production of kilogram quantities of U-232.

2. Hanford Loops

Jointly with Reector and Fuels Reeesrch end Develcpmernt Operation a comprehen-
sive synopsis of all Baufcrd irn-reactdr and out-of-resctor loop facilities was
prepared for the 2000 Program budget review. Each lcop wae described according
to its purpose, phyeical dimsnsions, meterials, operating conditions, iocatlon,
acd cost. A tctal of 27 out-of-reactor lcops and 13 in-resctor loops were
described and zategorized,

REACTOR DEVELOPMENT - 4000 PROGRAM

1, Plutonlum Reaycle Program

RBU Computer Code

Colleztion of nuzlear constants from the readily avallable literature
for the isotepes in the RBU ercss-gection library proceeded to the point
where about ope-third of the total reguired data are compiled., Testing,
debtugging, end input coding for RBU continued.

Plutonium Value Study

The compilation of iuformation te facilitate reporting a year's study of
the apparent value of plutonium to resctor operators using self-sustaining
plutconium recyzle and & urenium enrichmert cascade is continuing and zome
cases willi be run to fill out the data, The concurrent revision of the
IBM-550 codes used for this work intc an integrated single IBM-70% code
has progreszed to complete debugging of the recycle portion which is now
being eprlied. The portion using uranium crce-through operation mey be
usable within & month.

F2u0112
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PRTR Planning

The effects on supporting facilities of FRTR physics experiments planned
for reactor startup were investigated., Equipment and manpower require-
mente and radiation hazards were analyzed for those experiments studied
to date.

C. BIOLOGY AND MEDICINE -- 6000 PROGRAM

1. BRadiclogical Consultiatican

A request was recsived to assist in certain secticns of the forthcoming
revision of the U. 8. Weather Buresu's pamphlet, 'Meteorology and Atomic
Energy". Comments were forwarded on the ocutline and agreement given to
rrovide essiztance.

A lecture on "Maximum Permissible Radistion Dose" was given to the Radio-
logical Physics Fellows.

2. Programs

A request was prepared for Chemical Effluents Technology to review the fate
of radioactive materisls used in the Rattlesnake Springe projects of Radio-
ecclogy.

Two meetings of the Radiological Evaluation Task Force were held during the

month. The appendices tc the repcrt beirg prepered by the Task Force were
discussed in detail and returnsd to the authors for revision.

D, OTHER ACTIVITIES

With the completion of srrangements for off-site speakers the final schedule
for the 195% - SINE program was lzsusd, Through July, forty-four lecturss
and twenty-ome tours were 2ompleted in acrordance with the schedule, Eleven:
of these lectures were given by off-site personnel including individuals
from Phillips Petroleum fazilitlies at Idaho Falle, and the Oak Ridge &nd
Argorne National Laborateries, Programming Operation personcel completsd
six lecturs assigements and assisted in several tours and also in the
rroeblexr asslgnments,

Assistance was provided in planning and carrylcog out the Hanford Laberatories

portion of the General Adviscry Committee visit. Tours and visits wers
coordinated for several groups ¢f students and teachers during the mcnth,

280113 UNCLASSIFIED
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Participation in the activitles of the Task Force on FPlant Improvereant Analysis
continued, A eystem of categorizing plant improvement programe was developed

by the group.

for Manager, Prcgramming

M Lewis:dl
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RADTATION PROTECTION OPERATION
MONTELY REPORT - JULY 1859

A. ORCANIZATION AND PERSONNEL

I. Holtzman (Specialist, Rediation Monitoring) and Maryann Long (Sezretary)
were added to the rclls of Radiation Protection Operation on July 14 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 a contaminated minor injury and twc cases were detected through
the routine sampling program. The total number of deposition cases which have
occurred st Hanford is 232 of which 164k are currently employed.

The contaminated minor injury occurred during routine maintenance work in the
Recuplex recycling and blending hoods. Initial contamination levels in the
vicinity of the wound area on the finger were > 40,000 4/m Pu. Normal decontemina-
tion efforts were relatively unsuccessful. Measurement of the contamination in

or near the wound in the Shielded Personnel Monltoring Station indicated ~ 0.016 nc
Pu 1in the wound site. Excision of tissue at the wound site reduced the contamina-
tion level to ~ 0,001 pe. The initiml estimate of the internal deposition is < 10
per cent of the meximum permissible limit (Q.OL pc Pu).

An improved method for evaluation of NTA film exposed to fast neutrons was initisted.
This method involves & sequential analysis technique for reading films which have
received 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 festures have been added. The film exit chute wes equipped
with & speclalfilm catching magazine which orderly stacks film removed from the
badges.

A comprehensive study was initieted on the variation of expected neutron and gemma
exposures during separstion snd fabrication of plutonium as a funation of the
concentration of plutonium isctopes 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 adequaczy

of present Celibrations procedures in the light of increased shielding of process-
ing hood enclosures.

Higher than acceptable backgrounds continued to trouble the testing of the reduced
ares plutonium electrodeposition procedure. All new leboratory 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

UNCLASEIFIED
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Analytical Chemistry. Their process involves use of an ion exchange resin on
a 250 nl sample.

Six urine samples were spiked with plutonium-2L0 and 233 and were electroplateﬁ
This work is related to the development of procedures for determination of puc+l
by liquid scintillation counting.

Pressure vessels in the Bioassay laboratory were inspected by a State inspector.

Body dose rates of & rfhr were encountered for a short period during the disposal
of & waste carton containing irradiated zirconium tubing from the 327 Building.
The surface dose rate of the carton was 11C r/hr.

A Kennewick residential survey was performed following the disclosure that a 300
Ares maintenance employee had personal clothing spattered by acidic scluticn,
potentially contaminated with uranium. No contaminatlion 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. Radistion surveys of the drum upon its
arrival at the Richland AEC airport and analytical samples of its content indicated
that no radioactive materials were involved. The drum appeared to contain sea
water and oil.

The scoping snd the coordination phases of establishing criticality alarms in the

30C Ares were completed. Construction work orders were initiated covering the
fabrication of the alarming equipment for all locations at which significant potential
for criticality accidents exists.

Three gerial surveys of the Hanford area were made using the USGS plane and two
surveys were completed from Hanford to the Paclfic Ocean with the AEC plane during
the month. These surveys are in conjunction with refining the use of aerial
surveys for environmental monitoring and correlating our surveys with the USGS
program,

Very vreliminary and sparse data indicate there may be an upward trend in the
radiation background in the Columbie River water above the Hanford plant., Addi-
tional data asre being gathered with particular emphasis on the trend of uranium
concentration. Any increased natural uranium in the Columbia River water cculd
result in increased total radivactive content of the water after exposure in the
Hanferd production reactors.

The concentration of 1131 in vegetation samples was less than 1.5 x 10-6 ue/egm

in &ll of _the 27 zones sampled. Fission products other then I134 were less than
1.0 x 1077 pe/gm at all locations except separations areas, on-projeci, and Wahluke
Slope vegetation saemple groups. These locations averaged 1 - 2 x 1077 pe/gn. In
all vegetation samples Zr?2-Nb93 was consistently found at en average of 4.5 x 10-6

LS/ gm.

The Radiological Chemicel Analysis leboratory began using & nine-inch Nal (T1)
well crystel., The larger cryste)l reduces the detection limit for 1131 in raw
produce samples to about 2 x 10-C pc/gm. Apparently, adequate sensitivity can

(20118 UNCLASSIFIED
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be achieved for other radioisotopes in produce without ashing. This aszumpiion
is being tested. If this is true, the capacity of the laboratory fer prc*essing
produce samples will be substantially incressed.

The usual seasonal dezrease in isctoplc conzentraticns and GI traszt exposure
estimates were observed with the increased flow of the Coclumbia River. The average
river flow for July, 1959, was 349,000 =fs, against 331,000 2fs for June, 1933,

It is interesting %o note, as a compariscn, that during July, 1958, the average
river flow was 194,0C0 cfs.

A spezisl lonizaticn chember suitsble for meesuring the concentraticn of tritium
in sir has been designed. The chawber will be used in conjunctlcon with the pulse
pencil reader to determine tritium concentrations. The Technical Shops have
scheduled delivery of the chazber early in Augus*t. Calzulatizos indicate thet -
this system should be zapable =f detecting tritium zcncentration down to 2 x 1Q°-
uc/s3, which is the cocupationel MPC for tritium in alr.

Preliminary investigations of the new Eastman Type 3 personnel monitoring film
indizated that dzses of a few mr of radium gamma an be detected. The film sensi-
tivity appears tz be about twize that of the Eastman Type 2 film. This is
achieved through a double emulsion of the sensitive film. As presently available,
the Type 3 film packet zomsists of two films: a sensitive film and an insensltive
film. Further investlzation is planned,

The r=:zhanized film badge processing system 2 be used in the darkroirm arrived con
site. lans were made to install this unit in August.

Work zontinued on the design of the automatic densitometer. A fifteen-siled
sele~tcr ring was designel for perforating on the data preocessing cari, the

propcsed payrsll number :oding system. Work on the automatis densitometer zentered
absut studies of & stable light source. The use of g triwkle battery charger

and battery in seriles has resulted in the most stable light source to date. The
total somritments for Request for Appropriaticn 59—3L8-¢Jl, An Autsmatic Film
rosessing System, now stan4 at $35,08%; aztual expenditures tctal $27,535.

Phcsphate glase and cobalt glass for use ees Acsimeters were cbiained for testing.
A Baugzh & Lomb spectroscopiz 20 instrument was salsc obiained 4o evasluste these
dosimeters., The small phosphate glass iosimeters measure 1 mm in dlameter by 6 mm
in Jength and may prove useful for evelusting high gamms doses.

Assistance was provided to the Bislogy Cperaticn in making internal snd external
dose measurements on twc rams that hal been given Cs137. The pulse pencil reader
and specisl ionization chambers were used suzzessfully for these measurements.

C. EMPLOYEE RELATIONS

Several RPQ perscmnel have taken advantage cf the PRTR {tours which are zonducted on
& weekly besis,

Preliminary informsticn was received con the tentative award of the arbitrator in
the Maki Arbitration Case.

UNCLASETIFIED
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There were three medical treatment injuries for an estimated frequency of 1.47.
N2 security vioclations occurred during the month.

N> suggestions were received for evaluation. No suggestion evaluations were made
during the month. One suggestion is pending in RPC for evaluation. No awards
were made.

D. SICNIFICANT REPCRTS

HW-60836 'Waste Disposal Monitoring Activities Summary - June 1959" by K. F.
Baldridge.

BW-60954  "Analysis of Radiological Dats for the Month of June, 1959" by R. L.
Junkins.

HW-61028 "A Review cof the NTA (Fast Neutron) Film Program" by 5. C. Watson.

iW-61023 "Hanford Mid-Year Report to Columbis River Advisory Group Through June,
1959" by R. L. Junkins and M. W. MzConiga.

HW-61254 "Monthly Report - July 1959, Radiation Menitoring Operatien” by A. J.
Stevens.

ZonUndc:. Inventory of Radioactive Wastes to Active Disposal Sites - May, 13959"
by K. F. Baldridge.

Zzcn.Undoc. "Unconfined Undergrcund Radiocactive Waste and Contaminati-n in the
200 Areas" by K. F. Baldridge.
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ENVIRONMENTAL MONITORING - RESULTS

Sample Type end Location

Drinking Water

100-F Area
Separations Areas
Pasco

Kennewlck
Richland

Columbia River Water

Above 100-B Area
100-F Area

Hanford Ferry

Pasco

McNary Dem

Vancouver, Washington

Wepnte Water

Outlying Test Welle

Atmosghere

Gross Dose Rate -

Project

Environs
I-131 BSeparstions Areas
I-131 Separations 3tacks
Active Particles - Project
Active Particles - Environs

Vegetation

Separations

Reeidential

Eastern Washington and
Cregon

Fission Products less
1-131 - Wash. and Ore,

»* m*mgz

Activity

_Lyee

Isotopic
Gross Beta
1sotopic
Isotople
Gross Beta

Gross Bets

Isctoplc
Gr-ss Beta
Isotopic
Groes Beta
Gross Beta

Gross Beta

1-131
1-131

I-131
I-131

I-131
Bata

G-6

Average

8
6
5 x 10-5
I
9

x 10-T.

1.
1.
1.
0.
8.
No Sample

4.5 x 10-6(Max.)

WP O
QR @ao0
x
g
S
—
L

(June 22, 1959 - July 26, 1359)
Monthly

Unite*

mrad/day
nred/day
pe/ee

curies/week

ptle/100 m3
ptle/100 m3

ue/em
/g

ne/egn
ue/gm

Trend#*
Factor

-2

is the percenf of the maximum permissible limit for continuous

occupational exposure to the gastrointestinal tract calculated from drinking

water limite.

where va;ues of n_less than 2 will not be noted.

1260122
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The trend factor shows the n-fold increase (+) or decreamse (-) from last month,
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EXPOSURE EVALUATION AND RECOQRDS

Exposure Incidents Above Permissible Limits

Whole Body Localized

July 0 0
1959 to Date 6 )
Gamma Pencils

Fencils 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 S

Beta-Camma Film Badges
Badges Readings Readings Readings Lost -Average Dose
Prozessed LOO-300 mrads 300-500 mrads Over 500 mrads Readings Per Film Packet
mrad{ow) mr{s)

July 9,869 639 L7 26 23  "5.0B 1T.27
1959 =
Date 75,385 6,064 621 130 315 6.45 17.20

Neutron Film Badges
Film Readings Readings Readings Lost
Processed  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 Lo
Fast Neutrzn

July L1 0 0 0 4
1359 to Date 508 3 13 0 L]
Bioussay July 1959 to Date
Plutonium: Samples Assayed 8 _ sL5 5,248

Results above 2.2 x 107 pc/sample 25 233
Fission Products: Samples Assayed 571 5,128
Results above 3.1 x 10'5 ue FP/sample 5 29

Uranium: Samples Assayed 299 1,959
Confirmed Plutonium Deposition Cases 3 B

*Ihis brings the total number of plutonium deposition cases whizh have occurred
at Eanford to 232.

UNCLASSIFIED
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Uranium Anelyses

G-8

HW-61374

. Fellowing Exposure Following Perisd of No Exposure
Units of 1077 pe U/ec Units of 1072 pe U/ce
Number RNumber

Sample Description Meximum Average Samples

Fuels Preparation 13
Hanford Laboratories 6.0
Chemical Processing 28
Chemizsl Processing* 16k
Special Incidents 22
Random -

4.0
2.0
6.1

31
13

58
20
o4
1c

3

Maximum Average Samples

1k

31

22
8.8
1.7

2.8 59
4.0 17
3.8 56
5.8 6
1.7 1

*Semples taken pricr to and after s specific job during work week.

Thyroid Thecsks

<he ks Taken
Chexks Above Detection Limit

Zand Checks

Chetks Taken - Alpha
- Beta-gamme

Skin Contamination

Plutzcnium
Fissicn Procdusts
Uranium

ZALIBRATIONS

Portgble Instruments
CP Meter
JUne
M
Other
Total

Personnel Meters
Badge Film
Pen:ils
Cther

Total

Miszellaneous Specisl Services
Total Number of Calibrations

AR Keene:k: fzug])24

July

July

e
0

35,246
26,051

43
26
13

1959 to Date

0
C

2hg, 886
169,964

161 -
293
77

Number of Units Calibrated

969
313
1,431
186
2,899

1959. to Date

6,729
2,008
3,621

54

38,739

=

/ Manager

Radiatlon Protection
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LABORATORY AUXILIARIES OFERATION
MONTHLY REFORT - JULY 1959

GENERAL

Safety performance of the operation was considered gatisfactory. There were no
me jor 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 ipncludes 13,969 hours
rerformed in the Techmicsl Shops, 1,702 hours assigned to Minor Construction,

52 hours to other project shopse, and 4,577 to off-site vendors. ~The totsl shop
backlog is 30,439 hours of which 50% is required in the current month, with the
remeinder distributed over & three-month pericd. QOvertime for this period

totaled 7.0% of the total available hours. This high ratio was necessary to

meet customer requests for emergency service. Aggravating the situstion was the
construction work stoppage which closed down the Construction Operation Machine
Shop. During the previous month 3,235 men-hours were assigned to the Construction
Shop versus 1,702 man-hours in the current month.

Distribution of time wes as follows:

Man-hours %.of Total

Fuels Preparation Department 6246 30.8
Irradiation Processing Depariment 886 L.b
Chemical Processing Department Lls 2.2
Hanford Laboratories Operation 11478 56.5
Construction Engineering & Utilities 1165 | 5.7
Miscellaneous 80 b

Two mechinists and one sheet metal 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 heve been on loan from the 2101 Building.

Security performence was considered satisfactory with no violetions. Safety per-
formance was considered satisfactory with no mejor injuries; however, the number
of medical trestment injuries (16) was higher than normsl. Statistics ere being
studied to determine if any correlation exists between the season of the year and
minor injury rate. All personnel ere being urged to give specilal attention to
safety on the Jjob now when the mind is apt to be distracted by outside activities
of the summer season.

UNCLASSIFIED
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RADIOGRAPHIC TESTING OFPERATION

Activity for the Radlographic Testing Operation leveled out satisfactorily this
month. Operstions are becoming smoother and more efficient following the two
month mcve of the field facilities from 200-E Area to White Bluffs. A totsl 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 (Lb.T%) were used in connection with Radiographic tests, and 567 {55.3%)
vere used on supplementary tests. The supplementary work included: autoclave;
borescope; eddy current; penetrant (0.D. and I.D.); pickling; stress anelysis
and ultrasonic (flew 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 end are indicative of the increassed automa-
tion and supplementary testing being done in the Radiographic Testing Operaticn.
Work was done for 15 different crgenizational components representing most of the
operating departments and service organizations. & 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
informetion relating to general testing theory for other than the jobs tabulated
in part II - Testing Statistics.

In an effort to reduce the activity of the Radiographic Testing Opereticn to an
easily understocd figure for compariscn purposes a new concept has been developed
called a "Prcoductivity Factor". This factor combines all of the foregoing
statistics in the following menner:
‘Ne.of Tests x Ft of Mat'l x No.of Pieces
Maphours x 10°

= PF

It is believed that this factor can conveniently represent month to month con-
ditions and will reflect e&dvances in productivity &s they are made. The factor
for this month is 224 as compared to a factor of 213 for the past year and & half.
The principle reessons for the incremse in the factor, and hence productivity, has
been the successful autometion of a number of tests and the increased use made of
less time consuming supplementary tests.

Scheduled testing and treating of FRTR process tubes has been seriocusly delayed
a8 & result of the current work stdppage by contractor personnel. Desplte these set~
backs, trlal pickling and autoclave tests have been made indicating that the
installed facilities will operate as designed. Pickling and autoclave procedures
are still under development and R.T.C. 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 exasmination of the process tube inside surfaces. Directions as to allowable
conditioning have not been forwarded, though & number of candidates are avallable
for pickling and autoclaving. A general picture of tube quality to date indicates
that the tubes appear to be of good integrity.
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Centinuation and follow-up of the zirconium sheath program indicates that s large
number of the c¢ladding tubes held in the "pit" category as established by fluores-
cent penetrant testing can be salvaged. Surface 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 gtarted on these tubes to evaluate the internal surfaces using the flurces-
cent penetrant tests.

An extensive stress analysis (using brittle lacquers and electriz resistance
strain gages) was successfully made on the K-West reactor front faze during a
rezent outage. Measurements were made on a series of connecticns between the
creces-headers and the risers.

The indicated stresses generally confirmed the stress patterns thcught ic exist.
It was found that the twisting moments in the piping were greater than those
caused by bending. At no locations tested were stresses fcund to be of a
serious magnitude,

Testing Statistics

fic.of Ft.of Weld No.of
Component Tests or Material Pieces Degcripticn

CPD 122 110 26 Purex fac. - H.S. ol TH-3; Nizhol
baze allcy weld coupons; Purex fze,
concentrator; titanium tube assembly.

CEC 20 18 20 Al - 5.5. Inconel - titanium.

KO 3772 2863k4-1/2 3235 L, 11", 8' long x 9/i6" C.D., zr-2
clad UC, fuel rods; cast zr-2 sean
well closures, 2" 0.D. x 36-1/2" lcng
al tube; .3505" and .A80" I.D. x 10
and 7' long zr-2 tiubes; external
ribbed zr-2 tube for nested tukular
Tuel elements; PRIR - zr-2 process
tube; transplutonic fuel elemen=
Prog; 3rd Palm Fab Program; Pua-AL
Billets, zirc clad fuel elements;
Titanium tube assembly: $.5. clad
fuel element welds; Penetrant tests
of pightails.

IPD 8L 137-1/2 Expansion joint 5.5.; Welds cn tube
positloner; gas storage vessel;
stress analysis strain gage meac.

- on front face. :
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No.of Ft. cf Weld
Compchent Tests cr Material
RUC 24 507
GRAND TCIALS L4012 29407

FACILITIES ENGINEERING OFPERATION

H-4 HEW-61374
No. of
Pieces Description
34 Longitudinal welds on S.S. pipe.
3347

There were 22 authorized preojects at month's end with totsl authorized funds of

$8,529,700.

Four new project proposals are being prepared.

The total estimated cost of these projects is $8,658,100.

Five new project proposals; Physical

and Mechanical Properties Testing Cell, High Level Utillity Cell, 327 Building Modi-
fications, Access for FRIR Fuel Elements, 327 Bullding and Shielded Analytical
Laboratery, 325 Bullding were submitted to AEC for approval.

The attached prcjects repcrt details the status of individusl projectis.

Engineering Services

Title

14

Clean Air Ducts - 326 Building

Design and Instell Fire Alarm System
314 Building

Air Balance - 108-F Building

Gamma Irradistion Facility
3730 Building '

Isclate Crarne Conductors,
314 Building

326 Puilding Retention Waste Sump
Mcdifl-eticnos

Tempereture Control for Fish Troughs
Biglongy Operaticn

Graphite Storage Building

H1LO Plan

1240128

Status
Work completed by Lump Sum Contract.

Construction cost estimate is beilng prepared.

Field work is essentislly complete.

Work is essentially complete.

Field wecrk is dependent upon availability
of electricians.

Engineering work in progress.

Field work will be performed by plant forces.
Work order is being issued.

Field work is 75% complete. Beneficial use
has been delayed because of lack of
ccustruction crafte because of picket lines.

Preliminary work is progressing on develop-
ment of plant layout of HIO structures,
utilities and grounds 1lncluding future plarzt
additions. Review of preliminary work will
be made during week of August 3.

UNCLASSIF IED




UNCLASSIFIED

Title

Improve Process Ventilation,
Laboratories 204 & 206 - 3706 Bldg.

Hood Ventilation in 183-KE Bullding

Sound Proof Encleosure for Sonic &
Vibratory Compacting Equipment 325
Building Basement

Grephite Storage Racks - 326 Building

Accelerator Target Area Temperature

Control 3745-A Building

Increaged 440 Volt Electrical
Service - 325 Building Basement

Heating and Alr Conditicning
341-M Building

326 Building Retention Waste Sump
Modificeticns in Basement

Supplemental Cooling Unit Rooms
L-A and 17-B - 326 Building

Glycol Heat Exchanger Study
325 Bullding Mein Alr Supply Units

Sound Enclosure for Kux Press Pump
Unit - 325 Building Basement

12401249

H-5 EW-613T4

Status

The work invclves additiopal air flow and
equipment to provide a high degree of clean
air to the laboratories. Engineering study
and cost estimate is complete.

Procurement schedule indicetes system will
be ready for use the latter part of
September.

Preliminary design work has been prepared.
Details are being developed for fabrication
and installation.
Design work complete., Fabrication work pro-
ceedirg.

Freliminery design with suggested solution
to problem has been presented 1o customer;
awaiting espproval tec proceed with formal
drawings.

Construction Operation is proceeding with
procurement and instellatlon.

Desigr work on the heating system has been
started for this building. It 1s plarped
to replace the exlstipg stesm heating system
with electric heaters.

Work 1s underway to replace existing sump
pump because cf unreliability with ncre
positive sump pump. Flooding conditions
in hasement will be minimized.

Refrigerant type cooling equipment is being
installed to supplement building system in
order to creete proper conditions fer
function of R&D equipment located ip these
TOOIS .

Repair work in accordance with ASME Code
wag planned for ome upit that was cut of
service. The 3rd party Code Inspecter would
not approve an expansion joint designed by
Ross Heat Exchanger Compeny the vepndor of
original equipment. Present plans are to
replace the heat exchangers with Code
approved end more reliable units.
Freliminary desigr complete. Customer
is reviewing proposal.

UNCLASSIFIED
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Title

Drain System - 327 Building Basement

Air Ccnditioning Problem - T47-A
Euilding

Ccoling Probler - Positive Ion
Azzelerator « 3745-B Building

cocling pretler - Counting Reoom
2% Bullding

32% Building Ccoling Problem

Alteraticns to Door Mechanism
Shielded Perscnnel Mcnitoring Cell
T4T-A Building

Compressed Alr System 231-Z

Building

S+tudy of HLO Waste System

1240130

H.é HW-612374

T

Status

Preliminary work Iz in progress to prcvide
Tasement drainage system.

Thiz building was designed by an off-zite
A-E. Shortly after cccoupancy, defizienciecs
were noted in the <coling capaczi*v cf this
gtruzture and the electrenic equipment could
not functieon properly. This problem is teing
solved by the additicn cf an adeguately
gized refrigeraticn type alr tenaitizner.

Refrigerant *type cociing units are being
prozured feor installaticn in thie building.

The inztallation of additicnal ele:s*roniz
equipment in this »comr reguires the additicn
of supzlemental refrigeran®t +type air ccn-
dlticning equipment.

Thisz building has had in-reasing diffizulty
in maintaining comfort conditicns during
summer menths. The arparent problem area
is within the "<0ld" sezticn of the building;
i.e.; cther than labora*cry prcisss area.
A plan ie being developed whish by utili-
zaticn of the majerity of existing duct
vork and using supplemental equipment pre-
sently on hand and +he installation of
corrider deoore for isclation purpcees,
sufficient surrlerental ccoling ~apacity
2an be added at mincr ost to prcvide satis-
factory working coniiticns.

The dezign prcduzed by an cf€is
proved to be curberscme and p
An engineering ztudy is bei“g
towards remedial work and pesitive cr
and elimination ¢f safe*y hezards.

Work iz pregressing on the comprecsed air
system in 231-Z Bullding. The work inciudes
relocation of the existing zompresscr and
the addition of a new zcmpresscry of saze
gize and manufacturer.

Work has been initiated *o reviaw HI{ waste

handling procedures, requirements. and {uizure
planned expansicres.
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Tift_.e Status
Unfired Prezsure Vessel Survey and Recerds on vessel inspectlon in 200 Ares
Inspection are up 0 date. Engineering da*ts :ompilation

and evaluaticn cntinuves. Zrnsidsrabie
aonsultation work with users regarding

Code complian-~e, material spesifizaticnz,
and cafe praztices is o continuing work load,

Drafting & Design Services

A branch cffize ¢f the Drafting unit was established in the 306 Building. This
tranzh zonsists of 4 employees in2luding a design leader.

Design and drafting work In progress inciudes the fcllowing:

PRIR protciype Iccp - "Ae-Built" - 31k Building.

Mezhanizm fcr moving samples through Zamma re:ording instrumentaticn.

F1=l element X-ray phoionmeter.

Test set-up design -~ fuel; fuel and foil holders, and graphite - 305-B Building

Ivbe filling machine - machine delivers specified amount of cxide *to eazh tube
during ccwpaziing process.

Ceramic Fuels development werk - miscellanecus designs as regaired.

Ultrasonic test device - for use in determinéng density of ceramic filled fuel
aggerb.ies.

Manipuiator Mcdel II "As-Builts”.

Inert atmcephere welding box.

Mcbile casX for handling 250 gallons of radioactive sclutions - 2rmplete wi+h
refrigerant type cocling system, agitator; pump wnit and aczesseriss for
vehizular transport. S

Sreczial nmcunting of TV camera fcr visual investigation of radicactive material.

Modify existing PRTR shim ccntrol drawings.

"As-Built" - Metallcgraph Ascembly and Details - 327 Building.

Mcdifiraticne to vacsuum welding bcx - 325 Building Basement.

Calciner Contrcl Programmer - 22L.U Building.

Alzo, work is teing performed for laycut and details on projecte CGH-83L, Moi:fi-
taticng and Additions to High Pressure Loocp, 189-D Building and ZGH-838. Fies-or
Produzt Velatilization Studies Test Fazility - 292-T Building.

Maintenance & Building Engineering - Landlerd Fun:tions.

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.

JNC_ASTIPIED
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Analyzis cf Costs - At year end, the liquidations were adjusted downward <o
balance the costs, otherwise we would have overliquidated $10,160. Relative
to the forecast maintenanze was $12,200 below, utilities were $25,600 above,
Janitors $9,900 below, power operatcrs $13,A00 below, engineering.services
$3,300 above, general $3,300 below and administrative shcwed nc variancs.

Summary ¢f FY-1959 Unusual Maintenance Items and Costs:

Paint $ 37,593
Relcration & Alteration (mcves & space) 27,996
Electrical changes & replamping 4,302
Fiping 10,296
Heat and ventilation corrections 21,715
Filters CWS fireprcof type 2,592
Hoize Redustion a7
Rercofing 11,095
Floors 5,563
Shade Screens & storm windows 12,776
Misceilaneous 1,428

$ 136,334

Migcellanecus -

Approxirately 130 drawings inzluding sketches, work sheets, and formal drawinge
were completed by the Drafting Ccomponent during the month.

Approximately 11,600 square feet of prints were reproduced during the menth.
The total estimated value of the 18 fequisitions issued during the mcnth was

$.0C,000. Material procurement and control is being performed for HLD projects
and plant operation.

TECHNICAL INFORMATION OPERATICN

Procedures for the clearance of papers and sgpeeches prior tc puvblizaticn was re-
viewed and revised by Technical Information. The OPG divides information re-
leaged to the public into two general categories.

A. That originated by the Education, Communication and Community Relaticns
Operaticn for release to the press, mass cirsulstion pericdicals, radic and
televislion,

B. That originated by individual employees writing about HAPO activities for
publication or oral presentation to public groupe. '

Release of information in categery A is the responsibility of the Manager,
Relations Operation. Clearance of materislunder category B i¢ the reepcasibility
of the Manager, HLO with the Manager, Educaticn, Communication and Communilty
Relaticons Operation approving i* from the Public Relationg viewpcint.

UNCLASSIFIED
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The Hanford Cperaticns Office has asked to review all classified formal Rerezrsh
and Development reportes pricr to distribution from Hanford. The purpcse. of the
review is to maske certain that production data, or informatior from whizh prc-
duction data can be deduced, iz not being distributed offsite in other than tha
rroduction categeries C-66, C-67, and C-68, We have agreed to 20mly with this
request. In a further effort tc control preduction data, a memoranduin was sent
tc all Departments reminding them tha*t the possibility of inadvertent release cf
production information to unauthorized recipients also existe in te:shnical reports
prepared primarily for irternal use, since many of these rezeilve quite extensive
offsite distributicn. The memorandum a2lso included Commissicn views cn the in-
terpretaticn of the term "production data” for the guidanze cf tezhnizal personnel
writing reporte.
The Hanfcrd Operations Officze has prepcsed a major revision ¢f the prozedtires for
*he “ozal ccntrcl cof aczzess to dotumente in the Classified Filez. Under *he HOQ
prepesal; all doxuments in the 300 Area Files would be marked with an sppropriste
categrry dezignation. Personnel on the Filant weuld be autherized for gpezifis
2ategeries of information and File Clerks would determine from an individuali's
rass and the categery markings on the documents whether or not the Individual
haz a "need to know" for the report. Several alternative systeme are possitle,
zach invclving 2ongiderable interaction tetween all HAPO Dapartment=, Technical
wnformation pergennel, and Securlty perscennel. The Commissicn hag neen requested
to allow time for a detailed study of these slternatives by a Task Farie *o be
compcsed of Department representatives, and a representative from the losal AEC.

A letter frcm the AEC Patent Branch, Washington, complsinei that the release of
HW~58000, an unzlassified Research and Development report entitied "Annual Rencrt -
Plutenium Recycle Program - FY 1958 prevented the Commissicn frem filing a patert
arplication on iscstatically formed UCp fuel elements in zertain foreign ~cuntries.
A summary of the case was prepared for Plant Ccunsel.

The memorandum, HW-60872 entitled "Classification Policzy: Prcduction Reartor
Terhnology and Photographs” was distributed to the field during +he menth.

The proposed revisions for the Hanfcrd Classificaticn Guide reflecting the rezent
dowrigracing ¢f Hanford production data were submitted to the HAPC mexbers of the
HOT Clessiflication Commitiee for comment. After thelr approval is received tie
revizicns will be submitted to the AEC for the apprcpriate apprevale prior *o
inserting the torics in the Guide.

Work continued on expanding the NPR classification instruztions received from the
Cormmissicn into topiecs whizh will be useful tc HAPO classifying authorities. Many
¢f the problems encountered with the initial use c¢f the Hanfcrd Ciassiflzation
Faide are prominent in the NPR Zalde which was recelved fron the Commissicn. Design
zonstirasticn and procurement, the critizal phases of the NPR at this time, are nect
adeqaately covered. The spproach uged in the Proposed Hanford Guide (HW-SEJ00)
appears tc offer the best sciution. Toples will be drafted along these lines and
gen’, to the personnel werking on NPR for their comments. Unfortunately, zomplete
drafting of all topics, arranging the necessary HAPC reviews, and cobtalning AEZ
gpprcvals can not be accemplished in time to provide the azsistanze on design and
rrocarenent which is needed now.
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The progrem tc reduce paperwerk in the Library's procurement activity continued
On June 1, the preparation of receiving reports for periodical subscriptions was
discontinued, with Adzounts Pazyable accepting the Library’s receiving reccrds
instead. Representatives of Technical Information also med with the management
cf the Purchasing Cperation to study the possibility of using the IBM printed euvb-
seription renewal form (when this is available early in August) in 19sm A +h-
nrecent mrrwehoasa —e oo
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Librory Collection:

Mzin Library W-1Q Library 108-F Library 1Ind. Med. Total
No. of books 26,813 8,212 1,hks52 1,954 38,433
Fo. of tound
pericdieals 12,359 1 1,431 94 13,837
39,172 8,213 2,883 2,052 52,320
Clossification and Declassification
June July
Deouments, including drawings and photographs
reviewed for downgrading or declassification 93 12
Documents and papers (intended for oral
presentation or publication) reviewed
for zppropriate classification 23 2t

‘Do .ents submitted to Declzssification
Branch, Oczk Ridge : g A

g

LABORATORY AUXILIARTES

JL Boyd: jew
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UNGLASSIFIED I-1 HW-6137)

PROFESSTIOKAL PLACEMENT AND RELATIONS FRACTICES OFEFATICN
MCHNTHELY REPORT

GENERAL

As of July 31lst, the steff of Hanford Laboratories totalled 13€3 emplcoyses, ir
cluding 671 exempt ard £92 nonexempt. There were 585 employees possessing tech-
nicel degrees, inecluding 355 ES, 118 MS, and 112 FhD.

COMMUNICATICNS

Thirty high school teachers studying at Gonzaga University under Netlional Science
Foundation grants toured Hanford Labora*ories during the month.

HEALTT & SAFETY

Banford latoratoriss' first disabpling isjury was sustained -y an employee while
stepping onto a stool, resulting in a tora cartilage in his knee. This injury
terminated & period of 1099 injury-free days. The medical treatment frequency
for July wes 1.86 as comparsd with 2.02 last month. '

There were 4 security vicla*ions during the month of July, btringing the total
for the vesr to date to 26.

FTROFESSIONAL FLACEMENT

Three PhD candidates visited HAPO during the mortk. BSix offers were extended and
ong accephtance was rzceéived from an experisnced PiD physicist. Five Phl's re-
ported on roll during Suly, including an experienced metallurgist, 1 experienced
physiclogizt, and 3 rew graduates.

Eight accepiances were received from experienced BS/MS candidates and UL accept-
ances from new technical graduates. For the rscruiting ysar to date there have
been 79 new techrical graduates, Ts experlenced ES/MS and 1b PhD's empioyed.

Tnere were 1k additions to the Trailnirg Program rolls during July, including 12
Technicel Craduastes, L member of the Western Circuit - Engineering Training Pro-
gram, gnd 1 College JSunior. Tre total forcs on the Tralning Programs, iccluding
summer employees, is now 107,

EMPLOYEE COMPENSATION

The HLO organization direciory, functional organization charts, and position re-
lationskip charts were revised, effective July ist.

The 1959 Suggestion Fund alloca%ion for HLD has teen increased from $3300 to
$5,000. There is currsntly a balance of $3590 in this fund.

EMPLOYMENT
Twenty-one reguisitions were filled during July. With receipt of 26 new regquisi-

tions and 3 caneellations, there are curreatly 35 ncnexempt openings, for which
1€ candidstes are in process and 10 transfers are peznding, leaving 9 candidates
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C - Technical Graduate and Technician Training Program
Month ending July 31, 1959

IG Program . TT Program

Number Personnel on assignment 83 9

(EAPO Tech Gred Program........58

(West. District EuPevavsseosssalb

Summer Junlors 10

High School Teachers : 2

98 g

Distribution of assignments by Depts.

HLO 39 k

CE&UO 2 0

FFD iz 0

IPD 33 2

CPD 12 0
Distribution of assignments by function

R&D or Engineering 68 9

Other 30 0

1240150 NCLASSTFTED
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TABLE IT NONEXEMPT EMPLOYMENT

Nonexempt Employmert Status = June July Nenexempt Transfer Request Jume July
Requistions Transfer Request _
At end of month 33 35 Actlve cases st end of Mo. 77 87
Cancelled 5 1 Cancellad 5 2
Received during month 33 26 Nev 2 12
Filled during month 39 21 Transfers effected 1 0

Candidetes Considered

Apnlications 73 65
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FINANCIAL OPERATION MONTHLY REPOURT
JULY 16°9

Personnel

The Specialigt - Procedures was transferred to Construction Engi:eering'and
Utilities Operation on & promctionsl basis.

Activities

GENERAL ACCOUNTING COPERATION

Hanferd Laboratories has teen allocated $25,00C for Attendance at Meetings of
Professionsl Societies and $3,300 for Attsndance at Off-Site Courses during
FY 1960. An sllcocation of +this mozney %c HLO Sections is currently under s+udy.

Tha rnew Prime Contract which bscame effzctive July 1, 1959 had scome delaying
effzct on Approval and Agresment letters ther in process. Most of this delay
has been overcome. Two requests for approval covering Assistance t¢o Hanford
work during FY 1960 nave met with considersble delay and do not yet have
Commission approvals. However, informal contacts between Hanford Laboratories
operating managers and the Commissicn indicate that autherization will be
forthcoming in the near future.

A draft of a manual or travel for HLO has been reviewed with Finanrcial person-
nel of other HAPO compcnen*s. We expect tc issue the manual in final form
shortly after Ssptember 1. '

A new procedure was pleced 1n effect as of August 1 for reporting pendin
travel of HLO personmel and showing expected wislitations to Hanferd Labora-
torise., It is hoped that the rew progedurs will have some benefits in
inzreasing the utilizatisn of the servicss of personnel traveling on Company
tuginess, '

A nevw procedure was inaugurated In the dlspensing of cash advances *to Ranford
Laboratories perscmnel. Third partiss accepting cash for the acccunt of cthers
ars required 45 szcure the signature of the person 1t¢ whose acccunt <he cash
advance will be charged and 4o deilivser the signed receipt tc¢ Gerneral Acczounting.
This procedure was adopted by th= Manager - Fizance 1o overcome a knoswn weak-
ness In our cash control procedurses.

Quarterly inventory reports for the quarisr ending Junes 30, 1959 were recelved
frem all HLO custodlans of special materials and recorciled with Property
Accounting stock control recorda. All reports were found in agreement with
Property Accourting records. A comparison of the June 30, 1959 talarnc
{$196,072) with that of March 31, 1959 ($189,618) showes an increass of $6 ash
principally due tc the purchase of pletinum end gold,

Preparations were completed and a procedure distributed for the FY 1960
vhysical Inventory of uninstalled cataloged equipment ir the custody of
Radiation Protection Operaticn. The inventory which began July 20th has an
articipated completion date of Augus+ 12, 1659 for all field work. A 100
percent verification of equipment ies teing made by Property Accourting with
the excepticn of portable railetion monitoring insiruments. The inventory

l 2 u 8 l 5 2 UNCLASSIFIED
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of these instruments will be accomplished by Calibrations Cperation furnishing
us with a detalled IBM listing certified by the custodian that all instruments
listed were inventoried. This listing will be spot-checked by Financlal
personnel.

A physiceal inventory of shop stock materiel 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
belng extended for inventory value and upon completion of the reconciliation
& report of results will be prepared.

In response to a request of 55 Accountabllity, materlal custodiens were re-
quested to submit forecasts for inside diversiocns of 5S Materlals covering the
second and third quarters of FY 1960. Upon receipt the information will be
conscolidated and forwerded to 88 Accountability.

Chapter 16 of the Property Management Manual was prepared and distributed to
holders cof 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 updating and/or to add new items
to HLO uninstalled catalcoged equipment records. This required approximately
52,000 key punch cards to be prepared and verlfied by Data Processing in order
to process the data on the TOZ machine.

A notice to proceed was furnished the contractor, dated July 15, 1959 on the
Central Storage Facility 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,L00 to $40,000.

An equipment expenditure forecast was prepared based on equipment requirements
as submitited by the fleld end engineering estimates for equirment projects.
A summery of this forecast 1s shown dbelow:

6-30-59 Estimated Estimated
{amounts in thousands) Outstanding FY 1960 Cormi tments
Commi tments Expenditures 6-30-60
2000 Program
Projects $ 056 $ ok3 $1 866
Equipment 366 1477 400
Total _ 1l 322 2 420 2 266
3000 Program
Equipment 3 85 -
Lo0O0 Program
Projects 869 885 154
Equipment 61 514 100
Total 930 1 399 2558
6000 Program
Equipment 11 150 25
Total All Programs $2 266 $4 05 $2_545

240133 UNCLASSIFIED
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COST ACCOUNTING OPERATION

The Hanford Laboratories FY 1960 Revised Budget as submitted last Spring was
used as the control budget during July except for the changes shown below.
Inasmuch as program amounts for research and development agreed with the
HOO-AEC submission to Weshington-ABC, with & minor excepticn in the 6000
Program, this approach sppears realistic.

Sponzcred Programs

IFD Metallurgy I increased $13,000
IFD Metallurgy II increased 6,000
IFD Reactor I _ increased 7,000
IFD Reactor IZ increasad 15,000
CFD Separations decreased 75,000

Harfcrd 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 annual 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 Leboratories
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 zosts due to a change in procurement of special equipmen:, i.e.,
HAPC predetermined deslgn versus flexibility in vendor design to meet
HAPO specifications. '
L, Reduction of building maintenance costs thr i : X -
e uoagon of g. ai 5t8 ough improved equipmernt and
An audit of store order withdrawals for the month of May 1959 was conducted during
the month by Cost Accounting t6 determine the validity of approval signaturaes.

Analysis of the results of this ‘audit- indleates 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 Alamecs Annual Survey of Professional Scientific
Salaries. The following summary data were contained in the repert whizh was
forwarded on July 20, 1999:

124015y
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Number of Employees
Non-Supervisory Supervisory Tgtal

Bachelors end Masters Degrees Lol 34 h35
Doctors Degress H%% L& 105
g 550

Engineers . oS00
Chemiste 1kg
Physicists 72
Metallurgists NS
Mathematicians 16
Geologists Ji
Biologists hh
Other : c
P

Recent Bureau of Lebor figures indicating & further rise in the cost of living
resulted ir a .59% wage increassz for HLO salaried employees, effective July
27, 1959. This increase was raflected in salary chacks for week ending
Augnust 2, delivered to employees on August 7. As a result of this increasze
jeolacion pay was increased frem $2.09 dsily and $10.h3 weekly to $2.10

deily end $10.40 weekly. Avea dlfferentiel will be increased from 45,00

per mornth to $h5.22, effective August 1, 1959. This increase will ke
reflected 12 +the August salary paymentis.

Ar, artisle was ‘ssued in the Management News Bulletin requesting a speed-up
of the completicn and availebility for pick up of weskly time cards. This
articie also irvdicated that time cerd pick up schedules wozld be distributed
tc supervisors om August T, 1955.

JENERAL

Irstruartions concerning the revised system for Hanford Laboratories OPGs have

been issusd along wlitk three plent-wide OPGs medified for HRanford Laboratories’
use,

P e
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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

R. W. McKee
L. C. Schmid

g
w

dw o o«
20wy

P U UY E90
BU RHE WE Cpo

. Stinson

Wood
Sloat

. McKee

@uinlan

Allison

Ard
Wyman
Jackson
Rasmussgen

Jackson
RBRasmussen
Winegardner

Waters
Zaloudek

1240150

TITLE OF INVENTION OR DISCOVERY -

Trough-tray Dissolver {6-26-59)
Neutron Thermometer

Mercury Switch

A critically safe dissolver for processing
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

The Art of Forming Externally Ribbed Rods
and Tubes.

A Process for Nuclear Fuel Element End
Closures

Dome Seal

Banana Seal

A Device for Determining the Vapor
Quality in Flowing Stream

A oAl
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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 Neutiron 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. 8. 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

koAl
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