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LEGAL NOTICE

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

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

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

As used in the above, "person acting on behalf of the Commission” includes any employee or
contractor of the Commission, or employee of such contractor, to the extent that such employee or con-
tractor of the Commission, or employee of such contractor prepares, disseminates, or provides access to,
any information pursuant 1o his employment or contract with the Commission, or his employment with
such contractor.
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BUDGETS AND COSTS

Costs for September were $2, 009, 000, an increase of $199, 000 over Auvgust.
Fiscal year-to-date costs are 25% of the amounts currently authorized to
Hanford Laboratories.

Plutonium Recycle Program costs are $1, 438, 000 (28% of annual authorized
funds) for the first fiscal quarter which will require a substantial reduction
in level of effort to stay within the authorized cost ceiling.

Adjustment in the level of effort on IPD New Production Reactor will
also be required as the cost of this program when annualized indicates
a potential overrun of available funds.

RESEARCH AND DEVELOPMENT

1. Reactor and Fuels

Preliminary laboratory studies indicated that an adequate degree of
flow mixing is obtained within NPR type, wire wrapped, seven-rod
cluster fuel elements.

A survey of the shielding properties of high density concretes indicates
that the proper mixture of iron, serpentine, and cement in the density

range of 210 lb/ft3 is a good candidate for biological shield application
where the ambient temperature of the shield may reach 300 C.

Contrary to the behavior of ingot metal, bare dingot uranium does not
appear to corrode in water by a hydride-controlled reaction at 200 C.
This is attributed to the absence of carbide stringers in dingot mater-
ial. However, when confined in a pre-defected jacket, dingot metal
appears to corrode by a hydride-controlled reaction, at this temper-
ature.

Corrosion rates of uranium - 2% Zr metal in water at 200 and 300 C
were found to be approximately one-fifth of those observed for unalloyed
uranium metal.

The effectiveness of bicarbonate-peroxide reagent for removing UO:¢
rupture product from a mixed stainless steel-carbon steel system has
been established by three loop tests.

Effective decontaminating agents for an NPR-type mixed stainless

steel-carbon steel system have been demonstrated in loop tests, except
that the corrosion of the carbon steel surface is approximately one mil
per decontamination, or five times the desired maximum corrosior™

rate. DEE "k E“E’?’
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A section of 18 percent cold worked NPR Zircaloy-2 process tubing
burst at 9000 psig internal pressure when tested at 340 C, indicating
greater than a four-fold safety factor over design operating conditions.

Preliminary data for the high temperature irradiation of needle-type
Continental Coke graphite indicates a contraction of 0. 08 percent
after three MTR cycles at approximately 900 C. This is, tentatively,
less than half of the contraction rate of TSGBF, and slightly less
than the rate of CSF graphite, at this temperature.

Examination of a Zircaloy-2 process tube in KER loop service for
25 months revealed the following: (1) a friable, rust-brown film
was generally visible except in those regions where fuel had scored
the tube, (2) pits approximately 0.005" deep were observed on the
downstream end of the tube, (3) areas of equiaxed grains were
observed which in at least one instance extended through the wall,
and, (4) small unidentified rod shaped inclusions were observed.

Testing continues to reveal marked differences in the creep behavior
of 25% and 45% cold worked Zircaloy-2.

Daily measurements of the strain measuring transducers in the in-
reactor (KW) creep capsul indicate no radiation induced zero shift.
The Zircaloy-2 specimen will be subjected to a creep test when its
exposure reaches 107" nvt.

A KER nine-foot charge of enriched tube-tube elements showed a
measured temperature imbalanceof 27 C from the central hole to
the outer annulus at full power. This imbalance is sufficient to
require a redesign of the fuel.

Two tube-rod elements irradiated to 2000 MWD/T in KER currently
undergoing radiometallurgy examination at BMI show a diametral
increase of about six percent.

Evaluation of ultrasonic welding for attaching self-supports to present
reactor fuels indicates a satisfactory product and that this method may
be more amenable to mass production than spot welding.

Short lengths of coextruded NPR tubular fuel have been successfully
hot headed in a manner analogous to that successfully developed for
rod closures. The jacket thickening appears sufficient to permit
the satisfactory projection weld of a ring cap to the ends of the tubes
for the final closure.

U
—
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The quenching of an irradiated uranium disk specimen at rates com-
parable to those to which fuel is subjected in-reactor, produced macro-
cracks identical in appearance to those observed in some irradiated

rod cluster elements.

A second mockup of the rupture mechanism for ETR "'push-button"
ruptures operated satisfactorily after exposure in ELMO-4 for three
days at 300 C. The special fuel for the rupture tests was discharged
from the Hanford reactors without damage and has been shipped to
Arco.

Laboratory experiments showed that with 50% eccentricity of the
inner tube boiling burnout of the PRTR Mark II fuel element occurs .
at a heat flux about 40% less than for a concentric geometry. How-
ever, this is still twice the PRTR design flux.

Continued difficulty was experienced with the Hofer high pressure
compresser gas discharge check valves and oil compensating pumps.
Redesigned check valves are being tested. Commercially available
injection oil pumps are being sought for use with these compressors.

Cadmium was selected as the most practical material for thermal
neutron shielding for the large penetrations of the PRTR bottom
primary shield.

The PRTR Final Safeguards Report, HW-61236, was issued in rough
draft form for comment.

The over-all PRTR contract is 47% completed versus 42% scheduled
based on the official schedule.

The contract for the PRTR stack and stack sample facilities was
awarded to Custodus Chimney Company on the basis of a low bid of
$40, 625.

PFPP Phase Il is estimated at 93% complete versus 98% scheduled.

A revised PFPP project proposal, which requests additional author-
ization of $230, 000 to cover the value of plant capital equipment
planned to be transferred to the project, is being circulated for ap-
proval.

The linear thermal expansion of PuOg smtered to 90% of theoretical
density has been determined to be 15.2 x 10~8/°C from 122 to 211 C.
In comparison the thermal expansion of UO, is about 10 x 10-6/9°C.

vz002 DeviASSIFED _—
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Corrosion tests of aluminum-base plutonium fuel alloys employing alum-
inum matrix materials of various compositions have disclosed two
compositions having markedly superior resistance to 350 C water. Use
of one of these alloys will minimize the dispersal of fission products in
the event of rupture of an Al-Pu element in PRTR at the cost of a slight
reduction in attainable exposure.

A technique has been developed for casting aluminum base fuel alloys
directly into aluminum cans, thus eliminating all billet machining,
decontamination, welding and outgassing steps in preparing billets
for coextrusion.

Experience gained in the first sustained fabrication of PRTR fuel
cores indicates that three billets of plutonium-aluminum alloy can

be extruded, straightened, cut to length, weighed, gauged and cleaned
to produce six fuel rods per man-day. (Each fuel rod contains 18
grams of plutonium. )

Two high density UOZ-Puoz cores discharged from the MTR last
month showed no dimensional change from irradiation.

A total of 340 fuel rods for PRTR was swaged during the month. The
use of tubing which had successfully passed the fluorescent penetrant
inspection reduced the rejection rate of swaged rods from 50 percent
to seven percent, with most of the rejects being reclaimable.

Swaged UOg capsules have attained an estimated maximum exposure
of 10, 000 MWD/T in the MTR. No failures of these capsules or any
other swaged fuel elements have occurred to date.

Operation of a defected, swaged UO, rod in the MTR resulted in (1)

a much smaller release of fission products than anticipated, with a
decrease in activity of the coolant while the element was being ir-
radiated at constant power; and (2) no disintegration of the Zircaloy-2
jacket due to waterlogging or hydriding.

A non-destructive testing of the PRTR Zircaloy-2 process tubes is
80'percent complete, with only one tube detected with a serious defect.
Some bowing has occurred on autoclaving requiring straightening
operations.

The '"Thermatool' high-frequency welding machine for attaching ex-
ternal ribs to thin-wall Zircaloy jacket tubing has been delivered to
Hanford from the New Rochelle Tool Corp.
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2. Chemical Research and Development

One hundred curies of cerium=-144 were recoverd from Purex IWW in the
multicurie cell by the double sulfate process and successfully isolated
by oxalate precipitation, thus proving that the intense radiation field
does not seriously interfere with the formation or stability of the oxal-
ate precipitate. ‘

A TBP-25 (high aluminum) waste was successfully calcined to a dense
vitreous glass by addition of sodium tetra borate. This result is in
marked contrast to the calcination of the straight TBP-25 waste, which
gives a powdery product of very low bulk density.

Optimum conditions for the peroxy - acetate process (for separation of
trivalent rare earths from cerium) were firmed up in preparation for
amearly Purex plant test. Demonstration of low ruthenium volatiliza-
tion during cerium precipitation and subsequent cake dissolution was
crucial to approval of the test. The amount of ruthenium envolved

in both steps was found, as expected, to be entirely negligible, (below
analytical detection limit).

Five kilograms of UOg have been prepared by the electrolytic re-
duction of UO2Clg in fused NaCl-KCl and turned over to Ceramic Fuels
Development Operation for evaluation as a fuel material.

Three grams of Olive have been acquired for studies of Palmolive
processing concepts. '

Careful tests showed precision manometers capable of measuring solu-
tion volumes in tanks of several thousand gallon capacity with an error
of only 0. 3 percent. Results are important for materials accountability
on power reactor fuels processing.

3. Physics and Instrument Research and Development

Nuclear safety in the dissolving of fuel elements containing 1% U-235
can be achieved by adding small amounts of boron according to experi-
ments which indicate that 3 gm/liter of boric acid would permit a safe
batch size of 100 tons. ’

Processing of solutions of 3% enriched uranium can be carried out with-
out volume limitations when concentrations of less than 600 gms U per
liter of water can be assured according to experiments run in the PCTR.

1242091 DEG LS SiRee
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Meanwhile experiments are in progress to assist in determining safe
sizes of equipment when higher concentrations cannot be excluded,

In other activities in this area, design progressed on the criticality
vessels and associated piping for the first series of experiments to
be run in the Critical Mass Laboratory. A nuclear safety review of
the Fuel Cladding Facilities plans was conducted for FPD and some
improvements recommended; and assistance was given in preparing
nuclear safety specifications for new tasks in 231 and 234-5 Build-
ings.

HAPO readiness to take necessary action following a criticality ac-
cident was improved by calibration work at the Shielded Personnel
Monitoring Station which will facilitate determination of neutron
doses to individuals by measuring the activity induced in them. In
other activities at this facility nearly 100 people were counted during
the month to build up our knowledge of the "'normal background' to be
expected.

Safety of operation of the existing production reactors was materially
aided by the completion of analog computer studies which defined
limiting combinations of power level and reactivity tied up in coolant
for I and E loads. These limits result from the criterion that the fuel
should not melt during an excursion following loss of coolant pressure.

In the NPR program, the reactivity of cluster fuel elements of 1% en-
richment was determined in the PCTR and comparison experiments
with natural uranium were readied. Work progressed on the develop-
~ment of a remote area radiation monitoring system and on the fuel
element rupture detector. Design was aided by computer studies on
the frequency response of the primary coolant loop and on the primary
heat exchanger performance. A study was begun on the required
characteristics of an automatic control system for this reactor.

In the Plutonium Recycle Program, improved circuitry for the PRTR
rupture monitor was recommended and preparations were made to
test the controller by using the Analog Computer as a reactor simulator.

The experimental phase of the AEC-AF program in Atmospheric Physics
was completed by two additional experiments and full attention turned
to the task of data reduction and analysis.
Improved equipment for gamma and beta monitoring ©f remote areas
v omm—
1242095
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successfully passed experimental testing. This equipment covers three
decades of intensity with errors no greater than 20%.

In the basic data field, it was determined that for Pu?4! fission becomes
more probable relative to capture as mo%%rator temperature incrsases.
This behavior is in contrast to that of Pu and to some extent U
where the opposite holds.

The prosecution of research and development work was assisted by
the demonstration of an infrared pyrometer for metallographic work
and a simple optical means for underwater measurement of the in-
side diameter of irradiated fuel elements. Also of note was the
development of a technique for forming large metallic crystals for
use in the neutron spectrometers.

4, Biologz

65

It appears that the dose to gonads in a ram is less from Zn"¥ in the

gonads than from Zn"" in the rest of the body.

9
Phosphate fertilizer added to basic soils (local) can decrease Sr
uptake. In acid soils, this is without effect.

Lambs are being started at 0.5 and 0.15 pc 1131_/day in additional
numbers because of finding tumors in the 1. 5 jc/day level.

The tests to remove contamination from plants exposed to fuel element
burn vapors showed that, of various wash solutions tested, alcohol,
acetone, and Tide were most effective in decontamination.

Five hundred days after a mouse inhaled Pu23902, a bronchiolar
carcinoma was noted. The lung deposition amounted to 0. 08 jc.
This is the first malignant lung tumor we have observed following
inhalation of radioactive particles.

5. Programming

Investigation revealed that Th-228, an intensely active alpha emitter
which can be made from the irradiation of ionium (Th-230) recovered
from ore mill wastes, may have unusual promise as a neutron source
constituent. Milligrams of Th-228 are equivalent to grams of radium,
as used in neutron sources in conjunction with beryllium. Grams of

EEIEOa o Zamu—
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Th~228 used in this manner may be competitive with low flux research

reactors as sources of neutrons.

Following some months of revising and improving IBM-650 computer
codes used for Cycle Analysis study of plutonium fuel, initial large
scale use was made of the new IBM-709 facility. Immediate results
were gratifying and indicate a substantial increase in analytical pro-
ductivity to be associated with use of the new computer.

Examination of alternate methods of irradiation to provide early
delivery of high exposure plutonium for the Plutonium Recycle Program
indicate that preparation at either Hanford or Sevannah River is feasible.

The Hanford Laboratories University Relations Council hosted a visit
by the Hanford Liaison Committee of the University of Washington.
Mutually interesting areas of research and development were dis-
cussed and plans were laid for an exchange of seminar speakers.

TECHNICAL AND OTHER SERVICES

A rough draft report was issued in connection with the problem of reactor
calculations and is being circulated for comment.

Criticisms of the CPD analytical control program were discussed with the
AEC-HOO personnel and agreement was reached on the adequacy of the
program.

An experimental program to investigate the corrosion of various zirconium
alloys as a function of several independent variables was initiated and a
pilot study conducted to evaluate the characteristics of experimental appar-
atus.

Work on 12 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.

Three new plutonium deposition cases were confirmed during the month.
All were less than five per cent of the maximum permissible body burden.
There are 240 cases of plutonium deposition on record. The total num-
ber of deposition cases that have occurred at HAPO is 235 and 169 are
currently employed.

An explosion occurred in the plutonium oxide hood in cell 5, 231 building.
A section of the top of the hood was displaced and rubber hood gloves were

|
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ruptured by the reaction. No injuries occurred to nearby employees. Four
people who were in the room at the time received minor amounts of plutonium
contamination on their clothing and/or person. Decontamination of these em-
ployees was successful. Internal deposition of plutonium in these employees
appeared to be unlikely.

There were 22 authorized projects at month's end with total authorized funds
of $8, 740, 000. The total estimated cost of these projects is $9, 576, 600.
(Note: PRTR and PFPP are considered separately.) One new project was
authorized and two were completed during the month. Two projects were
returned from AEC without action due to lack of funds and one new pro-

ject is awaiting AEC approval. No new projects were submitted to AEC
during the month. Five proposals for new projects are irn preparation.

The steel strike continues to affect work progress on almost all jobs and
will of course cause more serious delays as steel items become harder
to obtain. So far. only two major projects are seriously delayed - Pro-
ject CGH-790, 327 Building Addition, and Project CG-73l, Critical Mass
Laboratory.

Total productive time for Technical Shops for the month was 15, 444 hours.
This includes 12, 802 hours performed in the Technical Shops, 995 assigned
to Minor Construction, 188 hours to other project shops, and 1, 459 hours
to off-site vendors. The total shop backlog is 30, 568 hours of which 50%
is required in the current month, with the remainder distributed over a
three-month period. Overtime worked during the month was 5. 6% (1090
hours) of the total available hours.

Radiographic Testing Operation made a total of 3, 407 tests, of which 835
were radiographic (including x-ray and gamma-ray) and 2, 572 were sup-
plementary tests. Out of a total of 1, 885 man-hours, 557 (29. 6%) were
used in connection with radiographic tests, and 1, 328 (70. 4%) were used
on supplementary tests. The supplementary test work included;autoclave,
borescope, dimensional measurements, eddy current, penetrant (O.D.
and I.D.), pickling, surface treatment (alkaline cleaning and vapor blast-
ing), and ultrasonic (flaw detection and thickness measurements).

Three major projects are substantially completed. Remaining work con-

sists largely of minor equipment installation, "start-up' inspection and

clearance of exceptions. These projects are -

CA-749 High Level Radiochemistry Facility § 960, 000
CG-661 Additional Heat Generation Equipment
- 189-D Building 500, 000

DECLASSIFIED —
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CA-681 Hanford Equipment in the ETR $1, 140, 000

Effective October 1, 1959, the responsibility for the assignment and direction
of work to be performed by the CPFF Construction Service Contractor was
assigned to Laboratory Auxiliaries. Procedures have been established and
assignments of personnel made to accomplish this work.

SUPPORTING FUNCTIONS

Funds available to Hanford Laboratories for 2000 Program equipment
have been increased from $1, 555, 000 to $2, 105, 000 for FY 1960. Alloca-
tions have been made to HLO Sections based on priority needs.

Washington State Use Tax which will have to be absorbed by HLO programs
during FY 1960 is estimated to be $100, 000.

Forty-one of 130 eligible employees who were not previously participating
in the Savings and Security Program enrolled in the Program effective
September 15, 19589.

A manual on Travel and Living Expenses is now ready for issuance.
Necessary financial procedures to effect the assignment of certain managé—
ment functions to J. A. Jones Construction Company were instituted
effective September 28.

As of September 30, 1959, the staff of the Hanford Laboratories totalled
1302 employees, including 629 exempt and 673 nonexempt. There were
546 exempt employees possessing technical degrees, including 335 B.S.,
112 M. S., and 99 Ph. D.'s.

The medical treatment frequency for September was 2. 05 as compared with
1. 63 last'month.

There were two security violations during July, bringing the total for the
year to date to 33.

Two Government vehicles assigned to Hanford Laboratories were involved
in incidents causing $82. 00 total damages. No injuries were experienced.

There were two serious accidents during the month, one involving a glove
box explosion and resulting in no injuries. The other incident resulted
in a smashed finger. The seriousness of this injury will not be known

am—
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T xvi HW-62012

immediately. (Note: October report will indicate this is classified as a
disabling injury.)

During the month, two acceptances for the Technical Graduate Program
were received. In addition, eight offers were accepted by experienced
BS/MS candidates. IPD remains active in interviewing experienced engin-
eers in the fields of electronics and mechanical engineering. Other HAPO
Departments are only moderately active.

College recruiting plans for the coming year are being made through a
series of meetings with Engineering, Manufacturing, and Technical
Marketing Services.

Three Technical Graduates were added to Training Program rolls during
September. Total force on the Program is now 83 as a result of three
permanent placements and the termination of all temporary summer em-
ployees.

One Serviceman was removed from HLO payroll due to lack of work. He
was later employed by the City of Richland.

Manager,

Hanford Laboratories

HM Parker:vf

1242100
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REACTOR AND FUELS RESEARCH AND DEVELOPMENT OPERATION

TECHNICAL ACTIVITIES

A. TFISSIONABLE MATERIALS - 2000 PROGRAM

1. METALLURGY PROGRAM

Corrosion Studies

Fuel Element Rupture Studies. Additional tests have confirmed the effect of
annulus size on rupture behavior of pre-defected tubular fuel elements, as
reported last month. If the cladding fractures before the blister contacts
the process tubing, the induction period is less than one hour followed by a
slowly increasing rupture rate (0.1 to 0.5 gram/min after two hours of rup-
turing). However, if the cladding blister encounters the process tubing and
hence is restrained prior to failure of the cladding, then the blister mush-
rooms out along the fuel element and continues to grow during a prolonged
induction time (up to 7.5 hours). Considerable distortion and damage can
occur during this prolonged induction period. By the time the cladding fails
there 1s extensive core damage and the rupture proceeds at a rapidly increas-
ing rate (up to 8 grams/min one hour after the cladding fails). Blisters
formed on samples with an initiel annulus of 1/16 inch or less, invariably
contacted the process tubing, resulting in a long induction time followed by
a rapid rupture rate. With an initial annulus of l/8-inch or larger, some
encountered the process tubing and some did not. The probability of the
blister encountering the process tubing and causing the more damaging rupture
behavior decreases with increasing annular spacing.

A sample was ruptured without a process tube at 1500 psig and 200 C, the
temperature at which hydriding rather than uranium oxidation is the control-
ling reaction. After an induction time of 4.5 hours, it ruptured slowly
(about 0.1 gram/min after two hours). As previously observed for rod elements
ruptured at 200 C, the distortion of the cladding near the defect was more
extensive than at 300 C.

Corrosion of Dingot Uranium Cores. Open-end samples of coextruded rod made
from dingot uranium were corroded at 200 and 300 C. Only uniform penetra-
tion was observed giving lower over-all rates than observed for ingot material,
and no sample distortion. Non-uniform attack of the ingot metal is believed
to be caused by the formation of uranium hydride which is promoted by the
presence of carbide stringers found in ingot uranium and not in dingot

urenium.

A pin-hole defected rod element sample, fabricated from dingot material,

was ruptured at 200 C and 1500 psig. In this case, even with dingot metal,

it is believed that the hydriding reaction may control at 200 C because of

the confinement of the rupture products by the jacket. The experiment appears
to confirm this hypothesis, since the induction time, rupture rate, and degree
of distortion were comparable to those observed previously with ingot material.
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Corrosion of Uranium - 2% Zirconium Cores. Open-end samples of coextruded
U-2% Zr core rod were exposed at 200 and 300 C. Only uniform penetration

was observed. The corrosion rates were about a fifth of that observed for
urenium core material as shown in the following table.

A-2 HW-62012

Uniform Corrosion Rates, Mils/Min

Temperature U Core U-2% Zr Core

300 C 2.1 0.43
200 C 0.11 0.016

Radiometallurgy Laeboratory Studies

The end cap section of the defective center rod of an enriched (1.6 a/o),
Zr-2 jacketed, T-rod cluster fuel element (IP-214A) was sectioned to reveal
a l/8-inch long, elliptically shaped fissure in the Zr-2 jacket. The exam-
ination of a 0.570-inch x S5-inch, ruptured Zr-2 clad, natural uranium rod
(which had been immersed in NaK and irradiated to 3500 MWD/T in & stainless
steel container according to GEH-3-32) showed that swelling of the uranium
had filled the 0.025-inch free spaces originally at each end of the uranium
rod. A sample of Zr-2 clad, 1000 MWD/T uranium was rapidly quenched ten
times from 600 C to room temperature to produce micro cracks in the uranium.

Two samples of thorium oralloy (GEH-3-12) were removed from their Zircaloy-2
jackets and measured. Both samples had decreased in density 4.5 percent,
showing increases in diameter and decreases in length. One thorium tensile
specimen from GQEH-3-27 was cathodically etched and metallography work was
completed. Six other thorium tensile specimens (IP-116-D) were removed from
capsules and the flux monitors were recovered.

Samples of high exposure uranium (2600 and 3500 MWD/T) were annealed for
100 hours at temperatures from 600 to 800 C as part of the uranium swelling
progrem. The higher exposure sample suffered more density decrease as a
result of the thermal treatment. After annealing, the samples were prepared
for electron microscopy studies. Other samples of low irradiation exposure
have been subjected to high temperature anneals and are being studied to
determine the extent of fission gas bubble formation in unrestrained uranium.

Metallography work was initiated on samples of Zircaloy-2 tubing from
sections 4 and 5 of the tube recently removed from KER Loop No. 2.

The results and conclusions from the above work will be reported in connec-
tion with the respective development programs of Fuel Element Design and
Physical Metallurgy Operations.

Baslc Metallurgy Studies

Radiation Effects in Fissionable Materiasls. A turbo-mechanism has been de-
veloped that will rotate an irradiation capsule so that the enclosed specimens
will receive & radially uniform exposure to the neutron flux. Comparative
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irradiation tests using both rotating and stationary capsules are being per-
formed. Capsules 14-2 and 1k-4, both containing normal uranium, were in-
advertently discharged after five of the required twelve cycles. Capigle
1L-2 (rotating) reached an exposure of 3568 MWD/T in a flux of 6 x 102 nvt
and cafsule 14-1 (stationary) reached an exposure of 4189 MWD/T in a flux of
T x 10 3 nvt. Since reinsertion of the capsules was deemed inadvisable, the
capsules will be shipped to Radicmetallurgy in the near future.

A Zircaloy-2 tube which has been exposed to neutron radiation over a 25-month
period, and a similar unirradiated tube were removed from the KER loop facility.
These tubes will be mechanically tested and examined metallographically to
determine the effects of high neutron exposures at elevated temperatures on
Zircaloy-2 and to establish testing methods for monitoring NPR tubing. Two
of the five pieces of the irradiated tube were sectioned and metallographic
investigations started during the month. A frisble, rust-brown film, which
was absent where fuel elements had stored the tube, was observed on the inner
surface of the tube pieces. Pits which appear to be approximately 0.005-inch
in depth were observed in both pieces, but pitting was more prevalent in the
downstream piece. The downstream piece was polished and examined under polar-
ized 1light. Areas of equiaxed grains were observed in several locations,
which in one location extended throughout the tube wall. A moderate concen-
tration of small, rod-shaped inclusions wBs observed at the inside surface.
These gradated inward and were not observed throughout the remainder of the
transverse section. The individual inclusions were too small to identify by
color as hydrides.

The effects of a neutron exposure of 9 x 1019 nvt at 220 C on the micro-
structure and properties of zirconium, Zircaloy-2 and Zircaloy-3 are being
evaluated by metallographic, x-ray diffraction, and microhardness studies.
The materials are in the annealed, cold worked, and beta quenched conditions.
Optical metallographic studies to 250X have been completed for irradiated
Zircaloy-2 in the beta quenched and 25 and 50 percent cold worked conditionms.
No changes in the microstructures due to irradiation were observed. Metallo-
graphic studies are being continued at higher magnifications with electron
microscopy. o o ) B a

Mechanical and Physical Properties of Materials. The creep properties of
Zircaloy-2 are considerably improved by small amounts of residual cold work.
The extent to which increasing amounts of cold work improve creep properties
and the effects of recovery occurring in the test temperature range are not
known. These effects are being determined in, the range 15 to 45 percent cold
work. Flat creep specimen cold worked to 15-25 and 45 percent are being
tested in vacuum creep units back-filled with a static pure helium atmosphere.
Results of 3000-hour tests on the 25 and 45 percent cold worked material at
40O ¢ (752 F) indicate that third stage creep has not yet occurred at the
stress levels of 13,000 and 18,000 psi. One 45 percent specimen at the same
temperature but at 21,000 began third stage creep before the test was dis-

© continued due to a faulty extensometer clamp.

The total elongation was 3.8 percent for this 45 percent cold worked specimen,
which is the same as for a 25 percent cold worked specimen stressed at
21,000 psi. The initial elongation was more for the 25 percent cold worked

- Falker -~ : :
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material, but after 2000 hours the L5 percent cold worked specimen overtook it.
The assembly removed from the unit with the faulty extensometer was used to
calibrate the effective gage length in both the elastic and plastic portions
for the flat specimens. Calibration was made with the aid of a Tuckerman ex-
tensometer and a Templin calibrator.

A sample identical to the in-reactor creep specimen of annealed Zircaloy-2
was then installed in the unit. It will be given the same temperature and
stress program as the in-reactor specimen.

Electron and Optical Microscopy. The study of the microstruecture of cladding
and fuel material is a direct way of detecting radiation damage in these
materials. The preparation, irradiation, and subsequent microscopic examina-
tion of thin films and foil is continuing.

A thin evaporated film of aluminum supported on a copper grid has been irrad-
jated to 5.2 x 1019 nvt and examined in the electron microscope. The (lll),
(200), and (311) diffraction lines for copper were identified. These lines
werg‘found to appear in a previous irradiation to an exposure of only 8.4 x
1010 nvt. An additional unidentified line with spacing of 1.395 ® has also
been reproduced in this second irradiation; however, CuAlo lines were not
observed. Although the temperature during the irradiation is believed to be
less than 60 C for which evaporation of copper onto the aluminum should be
negligible, neutron spikes may cause such an evaporation. Diffusion of copper
on or through the aluminum film may also account for the presence of copper in
the aluminum. Additional irradiations are required to resolve this gquestion.

One micron particles of uranium dioxide dispersed on & thin evaporated film of
aluminum are being irradiated to various exposures. These irradiations are
aimed at determining the extent and nature of fisslon recoil damage to clad-
ding material.

The preparation of thin films and foils of fissionable and non-fissionable
reactor materials by high vacuum evaporation, sputtering, chemical, and elec-
trolytic techniques is in progress. Such thin films or foils are necessary
for direct transmission electron microscopy examinations.

Irradiated boron carbide steel balls from KE Reactor showing extensive spall-
ing are being studied to establish the failure mechanism. Non-irradiated
control balls have been examined optically and in the electron microscope.
Specimen preparation techniques compatible with radiometallurgy facilities
have been established.

An invited paper, "The Application of Electron Microscopy to Reactor Fuels-
Uranium Dioxide," was presented at the 17th Annual Meeting of the Electron
Microscope Society of America.

In-Reactor Measurements. A prototype creep capsule manufactured to Hanford
specifications by Technical Industries Corporation has been charged in the

KW Reactor. This capsule has been designed to make continuous measurements

of the creep deformation of an annealed Zircaloy-2 specimen during irradiation.
The capsule was charged with the specimen located at the edge of the graphite
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reflector. This extreme position was necessitated because of gamma heating
problems anticipated in the active lattice of the_ reactor. At this point the
fast flux is calculated to be of the order of 10}! nvt. Prior to loading the
specimen, operational checks are being made on the temperature control system
and the strain transducers. At the time of loading, it is anticipated the
specimen will have received an exposure of 101° nvt. Measurements of the
temperature monitor and control system indicated the capsule performance is
very near to that calculated prior to insertion in the reactor. Daily mea-
surements of the strain measuring transducers indicate no radiation induced
zero shift within their limits of sensitivity. It has further been estab-
lished that changes in their reading as a function of specimen temperature
are the same as those obtained out of the reactor. A delay in test startup
has been imposed by the fallure of a saturable core reactor component in a
magnetic amplifier of the heater power supply. This unit is being replaced,
after which the test will be initiated by the application of load to the
specimen. _ -

Accurate temperature measurement in-reactor is essential for the eralustion

of the effects of neutron irradiation on materials. Thermocouple instability
induced by reactor enviromment is being investigated to establish the conditions
under which thermocouples may be relied upon for accurate in-reactor temperature
measurement.

The first thermocouple stebility capsule, containing an iron-constantan, a
chromel-alumel, and a copper-constantan thermocouple, has been irradiated

5960 hours. The inclosed thermocouples have been maintained at temperature

of 300 C during irradiation, except during occasional short periods at 335 C.
An atmosphere of approximately 25 percent COp - 75 percent He has been main-
tained in the capsule during the past eleven weeks. During the last month the
resistance between the copper-constantan couple and the aluminum thermocouple
well in the capsule has varied between 30,000 and 50,000 olms. This erratic
behavior is possibly due to reaction of the thermocouple with CO». The copper
constantan couple in an identical ex-reactor control capsule has also developed
erratic contact resistance.

Metallic Fuel Development

Cluster Fuel Elements. Post-irradiation examination of the T-rod cluster fuel L—
element irradiated in KER Loop 2 in 200 C coolant to an exposure of 1500 MWD/T
wvas continued. Further examination of a wafer found to have an area reduced
can wall thickness showed large numbers of inclusions in the area where the

can wall was reduced. The number of inclusions per unit area becomes smaller
toward the center of the rod and then increases again toward the edge of the
rod. Examination of the can wall of the longitudinal section through the cap
Just below the cap-to-can weld showed the presence of inclusions, stringers,
etc., in the Zircaloy-2. The uranium is 10 mils over the nominal diameter in
this region, and this plus a 30-mil reduction in outside diameter have resulted
in a very thin can wall. One might guess that poor quality uranium and poor
quality Zircaloy-2 met at this point in the extrusion and the uranium was re-
duced less than the nominal amount and the Zircaloy-2 more than the nominal
amount. The reduction in the outside diameter might have been caused by accel-
erated corrosion of the poor quality Zircaloy-2.
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The three fuel elements for the rupture test in the 3x3 loop at the ETR have
been fabricated and shipped. One of the elements has an intentional defect
that can be ruptured in the reactor by external signal.

Tubular Fuel Elements. Three enriched uranium tubular elements are now being
tested in KER Loop 3. The elements are clad in Zircaloy-2 with a core of

1.47 percent enriched uranium. A thermocouple spacer measures the outlet water
temperatures in the cooling channels of the last elemert. At full power, the
temperatures were 243, 257, and 270 C reading from the center hole to outer
annulus. This degree of temperature imbalance in nine feet of charge calls

for redesign of the element. Power output was 100 kw/ft. Maximum temperature

in the fuel then calculates 325 C for the inner tube and 350 C for the outer tube.

During September an additional charge of 36" tube/tube elements were made for
KER Loop 4. They are identical to those operating in KER Loop 3.

Two tube-rod elements had been irradiated to 2000 MWD/T in Loop 4. The rods
of the elements had diesmeter increases of about six percent. Radiometallurgy
examination of these elements is being done at BMI with the second element
shipped to BMI in September.

Four tube-tube coextruded elements were tested in KER Loop 1 for 150-200 MWD/T.
They were discharged prematurely on a neutron monitor indication of fission
products in the loop. These elements were examined in the KE viewing pit
during September. No sign of failure can be seen under eight feet of water or
by periscope. The two large grained unalloyed uranium tubes have bumped sur-
faces, but no apparent cracks or ruptures. The average diameter of the un-
alloyed tubes has increased 0.005" as a result of irradiation. Two uranium -
two percent Zircaloy tubes have no measurable change. The diameter increase
in one case is probably due to the bumping which the jaws of the electronic
micrometer sense as the effective outer dlameter. The general appearance of
the alloy elements is excellent; clean black surface, supports intact, very
few surface scratches.

A 36" tube and tube natural uranium element of KER size was shipped to the
Engineering Test Reactor for high power testing. The high flux in the ETR
will give core temperatures exceeding those expected in NPR. The outer tube
will have 525 C maximum and the inner tube 650 C maximum uranium temperatures.
Surface temperature of the fuel will be about 325 C maximum.

IPD requested that NPR size tube-tube fuel elements be fabricated for use in
their charge-discharge studies. The lot consists of four, three-foot long;
two, two-foot long; and two, one-foot long elements. They are to meet the
following minimum criteria: (1) water-tight Zircaloy-2 cladding (and end
closure); (2) conformance with current NPR tube-tube dimensions including
supporting diameters; (3) total weight of about 25 1bs/ft; (l4) supports
capable of withstanding normal handling and charging forces. The tubes
(outer from FPD extruded and inner from NMI extruded lots) have been cut to
length, counter-bored on the ends, etched, and are ready for closure and
support attachment. There will be no heat treating of these elements.
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Fuel for Present Reactors. The commonly observed variability in properties cf
the compound layer on adjacent areas of the same canned fuel element (hot dip
process) indicates that uranium surface conditions not associated with visual
appearance may influence the properties of the compound layer. Recent exper-
iments with measuring the ionization potential of small areas (~~ 2 mm2) of a
uranium slug surface, using tap water as an electrolytic, have indicated po-
tentials ranging from -0.20 V to +0.60 V. The positive and negative areas
bear no relation to the visual appearance of the surface but form a separate
pattern of areas up to several square centimeters in extent. A device is being
developed for mapping these anodic and cathodic areas, in order that they may
be compared on the same slug core before pickling, after pickling, and after
canning, to determine whether compound layer quality correlates with these in-
dicated electrical properties.

Irradiation calculations for placing two hot pressed fuel elements in the MIR
have been completed. The specific power of these elements was calculated to
be 92 kw/ft. The jacket temperature, at a flow rate of 17 gpm, would be 57 C,
uranium surface temperature would be 105 C, and the maximum core temperature
would be 457 C. This irradiation will indicate the durability of the hot
pressed elements to an exposure of 1000 MWD/T (4 MTR cycles) and should provide
the necessary information for a run-to-rupture test in the Hanford reactors.
The proposal has been written and is awaiting necessary approval.

As the present hot press process has been developed to its limit using
standard components, the process specification document has been written.
This specification covers all aspects of component design, punch, die and
furnace construction, component preparation and cleaning, nickel plating,
component assembly and pressing, and the inspection. The document will be
issued as a classified report HW-61995.

Component Febrication. Zircaloy-2 tubing has been used to evaluate the adapt-
ability of rod draw sizing methods to tube draw sizing. The tubes were de-
greased, vacuum annealed, and vepor blasted. A copper plate was then chemically
deposited on the surface. The interior of the tubes was rubbed with "Steelskin"
lubricant and plug drawn. The inner surface of the tube improved with each
successive draw, and no galling or die pickup was observed. The final diameter
of the tubes varied up to 0.0005" per tube. The remeining copper plate should
be acceptable for use in the "hot heading" operation. This process appears

very promising for sizing and improving the finish of coextruded tubing.

‘Six extrusions, approximately forty feet of material, are being processed for
Hanford irradiation in & zirconium ribless process tube. The material is
Zircaloy-2 clad I & E geometry coextruded by NMI. The tubes were extruded by
the conventional floating mandrel process at 1155-1160 F at an extrusion ratio
of 14.3:1. Extruded dimensions were 1.471 * 0.004" OD, 0.398 * 0.003" ID with
a nominal 0.021" thick inner and outer Zircaloy-2 cladding. Transverse and
longitudinal sections of the front and rear of each extrusion were examined
for dimensions, uranium quality, and bond quality. The material was found ade-
quate for irradiation with smooth Zircaloy-2 uranium interface and was well
bonded on both the inner and outer clad. A series of heat treatments were
performed on nine-inch lengths to evaluate the resulting texture, grain size,
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and Zircaloy-2 uranium bond. X-ray examination was made of both the as-
extruded and heat treated material. Texture coefficients and growth index
were calculated, and inverse pole figures were plotted for transverse
sections. The material as extruded has a duplex (110)(100) orientation in
the extrusion direction with a growth index of -0.508 calculated by the ten
plane area weight method.
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The vacuum treatment yielded average uranium grain sizes of 0.210 mm average
grain diameter. The Zircaloy-2 uranium bonds were not adversely affected by
any of the heat treatments, and all showed the normal uniform diffusion thick-
.ening.

A limited quantity of KER outer tube (1.825 OD x 1.450 ID) stock, coextruded
with 0.020" inner and outer clad has been used for vertical salt bath heat
treatment of 20" long sections. A jig was fabricated that holds the section
during treatment and quenching and gives close fitting internal support of
four 90° spaced points the full length of the element. Dimensional changes

as & result of several treatments have been measured and the degree of warp or
bowing determined. Shorter sections, 3" in length, have been given a wider
range of heat treatment and are being examined for microstructure and bond
effects and x-ray examination for resulting texture.

Closure and Joining. The ultrasonic welding process for attaching supports
for the self-supported fuel element concept for present reactors is being
evaluated. All ex-reactor tests are completed, and the results are satis-
factory. A production test proposal has been written, and a total of nine
tube charges to determine the in-reactor behavior of this attachment method
have been fabricated.

Short lengths of Zircaloy-2 clad uranium coextruded tubes have been success-
fully hot headed in the existing 400-ton extrusion press container. The tubes
were NPR outer tubes swaged to 2-1/4" OD (1.60" ID) to fit the extrusion con-
tainer. The method used for hot heading coextruded tubes 1s basically the

same used for hot heading coextruded rods. The heading dies were designed to
extrude the uranium core from the end of the tubes at reduction ratio of 6 to 1
while forcing the Zircaloy-2 cladding over the ends of the tube toward the
center of the tube wall. The Zircaloy-2 clad which formed over the end of the
tube appears sufficiently thick to permit projection welding a ring cap to the
ends of the tubes for the final closure.

The tube preparation for hot heading is the same used for rods. This includes
a thin copper electroplate or chemical plate on the tube surface to prevent

the Zircaloy clad from seizing to the tube container and mandrel, thin graphite
lubricant coat, and the 620 C preheat just prior to heading.

Tooling is being fabricated to hot head the inner KER size tubing for a future
production test. The tooling consists of a grip for holding the tube and a
short container which is slipped over the end of the tube while heading. The
end of the tube is induction heated to the desired temperature just prior to
hot heading. This method of hot heading proved to be successful for hot head-
ing rods and has the advantage that any length of coextruded tubing can be hot
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headed with very little tooling change. However, some slight swelling will
occur on the tube end (0.005 to 0.010 inch/inch diemeter) which must be
corrected by a post heading drawing operation.

The ends of thirty-eight, eight-inch, coextruded, Zircaloy-2 clad, I & E fuel
elements (1.470" OD x O.4" ID x 20-mil wall) were acid machined to provide a
recess in which a 100-mil thick Zircaloy-2 washer could be welded to form the
end closure. Uniform etching free of undercutting was achieved by the following
process. The fuel elements were suspended vertically such that the end to be
machined was approximately 1-1/2" below the surface of the etch bath. The
initial etch bath was prepared by dissolving 0.3 pound of uranium scrap per
liter of reagent grade hydrochloric acid (37-3%% HCl). As etching progressed,
fresh acld was added to replenish the bath; however, the dissolved uranium to
acid ratio was maintained at not less than 0.3 pounds/liter. Bath temperature
varied fram room temperature (26 C) to 65 C. The average etch rate per end was
twenty minutes. Total removal ranged from 100 to 105 mils per end. Under-
cutting was observed if the dissolved uranium to acid ratio was below 0.3 pound/
liter and non-uniform etching was observed if the bath temperature exceeded 65 C.
No 111 effects except very slow etch rates were observed with dissolved uranium
to acid ratio as high as 0.9 pound/liter.

Allied Fuel Studies. Reactor swelling experiments of Zircaloy clad uranium
fuel rods with selected uranium temperatures, cladding thickness, and exposure
are being conducted. Radlometallurgy examination of GEH-3-58, one of the above
rods, which operated at an average central uranium temperature of 580 C to an
exposure of 2100 MWD/T, has begun. No externally visible demage can be seen
on this fuel rod which was subjected to severe temperature cycling through the
& - B +transformstion.

To attempt & statistical analysis of the effect of temperature, exposure, and
cladding upon fuel element swelling, 19 aluminum capsules each containing a
Zircaloy-2 clad urenium rod surrounded by NeK, have been charged in D Reactor
process tubes. These capsules permit irradiation of 0.020" and 0.030" clad
uranium rods at selected central uranium end cladding surface temperatures to
an exposure of 1500 MWD/T.

Under cyclic temperature operation, polycrystalline uranium should have micro-
stresses due to the anisotropic thermal expansion of the uranium crystals.
These microstresses should affect the macroscopic creep rates by orders of
magnitude. Equipment for running creep tests of uranium under cyclic tempera-
tures 1s fabricated and being assembled.

An investigation of mecrocracking in irradiated uranium caused by the internal
strains due to the anisotropic thermel expansion of uranium crystals has been
experimentally demonstrated. A uranium disk irradiated to & 1000 MWD/T was
heated to 600 C and quenched at a rate equivalent to that encountered in a
reactor fuel element. No macrocracking was observed after one quenching cycle,
vhile many macrocracks were cbserved after ten quenching cycles. The metal-
lography of the crack specimen looked similar to pictures of cracked irradiated
fuel elements.
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Stress rupture tests on Zircaloy-2 fuel element jackets reveals that, for a
similar time to fracture, and at similar test temperature, the tangentisl
fracture stress of the Jjackets is about 15,000 psi greater than the fracture
stress of rolled sheet Zircaloy-2. Fracture strains as much as 30 percent
are observed. Diffusion of oxygen into the zirconium, bi-axial loading and
the crystallographic texture of the jacket material all appear to contribute
to this increased strength. All of these conditions contributing to high
tangential rupture strength occur in operating fuel element Jackets.

Bare coextruded Jacket, in which the contained uranium was removed chemically,
burst brittlely under fast internal loading with water at 300 C. Simulated
Jackets of tube material the same size but free of the internal striae char-
acteristic of coextruded jackets also burst brittlely under the conditions,
although the extent of crack propagation was less.

The assembly for conducting burst tests on 15 capsules simulating coextruded
Jackets is ready for checkout prior to loading in a KW Reactor test hole.

Two alloy fuel samples of Th-2 w/o fully enriched uranium are being examined
in the Radiometallurgy facility after calculated exposures of 2 and 2-1/2 a/o
burnup in the MTR. Dimensional changes indicate a 2-1/2 v/o increase and
density measurements reveal a four percent decrease in density. The material
fractures during bend testing in a brittle fashion.

A second mockup of the planned seven-rod cluster fuel element failure experi-
ment in the ETR 3x3 fuel testing facility has been operated successfully in
EIMO-4 at 300 C and 1450 psi. The improved hydraulic rupturing mechanism
operated satisfactorily after a three-day exposure in the loop at operating
conditions.

The effect of uranium beta heat treatment on the defect behavior of coextruded
NPR fuel material is continuing. Defect behavior is related to the thickness
and the mechanical properties of the bond. Excessively thick bonds are to be
evoided es bond separation is readily propagated. Embrittled bonds resulting
from rapid quenching above 600 C lack ductility. Hardening in the bond alloys
system caused by incomplete transformation from uranium-Zircaloy solid solution
to uranium-Zircaloy delta (or epsilon) phase at 590-600 C is responsible for
the embrittlement.

Autoclave studies by Coatings & Corrosion Operation indicates that ingot quality
coextruded fuel material corrodes nearly as fast dat 200 C as at 300 C, and that
the associated damage to the fuel shape 1s worse at the lower temperature. The
greater than expected rate and damage at 200 C 1s attributed to the effect of
hydrogen at this temperature on the ingot quality urenium. "Open-end" and bare
rod tests reveal that the corrosion rate of dingot quality uranium and U-2 w/o
Zirceloy alloy is much less sensitive to hydrogen at 200 C, and may offer im-
proved fuel material failure behavior at. the lower temperature.

Rate data and failure behavior of tube and tube geometries as affected by cool-

ant annuli are being collected from autoclave and loop tests. An extreme dif-
ference in behavior is noted between the static autoclave tests and the dynamic
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loop tests with the autoclave producing disastrous fuel shape demage. It does
not appear that the autoclave produces a realistic picture of fuel element
damage at failure and that dynamic loops will have to be relied upon to furnish
this information.

Metallurgical Development. The investigation of controlled additions of zir-
conium and carbon in the as-cast and heat treated conditions is essentially
complete. Preliminary results indicate that the grain size of unalloyed uranium
has 1little effect on the extrusion coefficient of coextruded rods in either the
as-cast or heat treated condition. Both zirconium and carbon additions cause a
definite increase in the extrusion constant. Heat treatment resulted in no
significant reduction in the magnitude of the coefficient. Extrusion coefficients
for zirconium additions varied from 32,800 psi at 200 ppm zirconium to 40,000 psi
at 2 w/o Zr in the as-cast condition. Carbon alloys, at the same conditions,
varied from 30,000 psi at 200 ppm carbon to 36,600 at 1 w/o carbon. A recrystal-
lized alpha uranium structure was observed in the extruded sections of unalloyed
uranium. Carbon addition from 200 ppm to 0.25 w/o also resulted in a recrystal-
lized structure. Carbon alloys in the range of 0.50 w/o to 1 w/o carbon re-
vealed & heavily twinned structure with no recrystallization. Zirconium addi-
tions from 200 ppm to 0.5 w/o in uranium resulted in complete recrystallization.
All of the higher zirconium alloys displayed a two-phase structure which re-
mained essentially constant during extrusion except for excessive twinning. An
excessive variation in wall thickness was found in the unheat treated alloys,

the heat treated 200 ppm to 0.10 w/o zirconium alloys, and the heat treated

200 ppm to 0.5%0 w/o carbon 8lloys. A very uniform Zircaloy-2 wall thickness

was observed with all heat treated zirconium alloys above 0.25 w/o zirconium

and carbon alloys above 0.5 w/o carbon.

2. REACTOR PROGRAM

Coolant Systems Development

Pigtail Stress Corrosion Testing. A test is being designed to measure the
effecis of various decontaminating solutions on pigtail stress corrosion crack-
ing. This test will measure the effect of intermittent applications of the
solutions to the outside surfaces of hot vibrating pigtails.

Up to 30 pigtails will be connected to common headers and will be heated with
e low flow of hot process water. Temperature will be in the range 90-110 C,
and will depend on the temperature of available water. Vibration will be pro-
duced by magnetic or mechanical vibrators acting on the spring-mounted outlet
header.

Each pigtail will be coated with a decontaminating solution at intervals of
several days. Process water will drip onto the hot pigtail surfaces at a rate
approximately equal to the rate of evaporation from the hot surfaces. The pig-
tails will be checked frequently with & penetrant dye to detect cracking.

Failed pigtails will be replaced, and significant failures will receive metallo-
graphic examination.
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Long-Term Decontamination Test. Seven decontamination cycles have been com-
pleted in CEP-1. Each cycle consists of one week operation at 300 C with
high purity water at pH 10 and one decontamination using Turco-4501, Turco-
4502, and 25% nitric acid.
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The corrosion on non-sensitized and sensitized stainless steel was very low
( € 0.01 mil per cycle), but the Stellite was attacked excessively and was
badly etched.

Four different grades (Nos. 14, 16, 39 and 85) of Graphitar were exposed in

the loop to the cyclic process for four weeks. Grade 39 Graphitar appeared

to have the least attack from the treatment. Next was the Grade 16 followed
closely by Grade 85. The Graphitar Grade 1k exhibited the most significant

visual attack, showing some surface disintegration and spalling. The other

grades exhibited various degrees of surface pitting.

Decontamination of Carbon Steel Systems. The REP Loop, & carbon steel loop
located in 1706-KE was decontaminated by three different procedures:

(&) Turco 4501, 4502, and 4512, (b) APACE, and (c) the Westinghouse CODS
solution. The APACE and Turco procedures gave results which agreed with those
from previous experiments, the Turco procedure giving slightly higher decon-
temination factors and lower corrosion of carbon steel than was obtained with
the APACE process. For stainless steels, the four-step APACE procedure and
Turco gave similar results. The CODS procedure was unsatisfactory.

The IRP Loop, & stainless steel loop located in 242-B Building, is equipped

to study the distribution and removal of UOp and fission products. Three runs
completed to date employed peroxide-bicarbonate, with success, to remove the
U0y, followed respectively by: (a) APACE, (b) Alkaline permanganate, Wyandotte
1112 (& bisulfate solution), and (c) Alkaline permangante, Turco 55-8A (a bi-
sulfate solution). Both procedures (a) and (b) gave satisfactory decontemin-
ation factors and low corrosion for stainless steel and Inconel, but both
solutions corroded carbon steel excessively. ©Since the 1112 solution was re-
circulated at 90 C, it may be possible to lower the temperature to reduce this
corrosion without adversely affecting the decontemination efficiency. Data
are not yet available for the Turco 55-8e, which was used at 60 C. The APACE
procedure resulted in low carbon steel decontamination factors with deposition
of a film on the carbon steel.

Sodium dichramate, propynol, apd stannous chloride were tested and proved in-
effective in reducing the attack of ammonium citrate on carbon steel. However,
the stannous ion, which is normally a good inhibitor in ecitric acid solutions,
may have been adversely affected by the chloride ion present.

pH Control by Ion Exchange. Further tests were conducted to determine the pH
control characteristics of Amerlite IRC-50 cation exchange resin. This is a
weakly acidic carboxylic type resin that is capable of removing hydrogen ions
from deionized water. The resin has been operating in the lithium cycle --
thus providing & high pH, lithium hydroxide effluent.
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To date this resin has processed approximately 1350 bed volumes of neutral,
deionized water and the effluent pH still has not decreased below 10.30
units. These tests were conducted at high flow rates -- approximeately

28 gallons per minute per cubic foot of wet, regenerated resin. It is
anticipated that even higher pH values will be obtained at lower flow rates.

A column conteining this resin is now being used to control the pH for
the IRP-1 loop at 242-B. This resin has processed an estimated 100 bed
volumes of water and is performing slmost exactly as predicted.

The resin thus appears to have considerable pH control capacity and de-
serves further study concerning the feasibility of using it in large scale,
high pH systems.

Low Temperature Oxygen Scavenging. A series of tests wes run to determine
the feasibility of using hydrazine to scavenge dissolved oxygen from fil-
tered water in a low temperature, dynamic system. Preliminary tests indi-
cated that hydrazine interference 1s a controlling factor in the analytical
procedure for dissolved oxygen. It was therefore necessary to remove the
residual hydrazine on a strongly acidic cation resin prior to collecting
the samples. This procedure reduced the residual hydrazine concentration
to approximately 0.1 part per million. The scavenging tests were conducted
between 35 F and 65 F and hydrazine to oxygen ratios from T7:1 to T2:1.
Reaction times were limited to one minute during one test series and ten
minutes in the other series. The tests were conducted in a steinless steel
system.

In genersl, the amount of oxygen removed increased with increasing tempera-
ture, reaction time or hydrazine to oxygen ratio. The amount of oxygen
scavenged was, however, small in all cases. The maximum amount scavenged
during a one minute reaction was ebout 18% (65 F and NpH),/Op = 72/1). The
maximum amount scavenged during a ten-minute reaction was about 25% (65 F

and NoH /0o = 60/1).

Prototype for Heated Slug Rupture Tests. Two tests were made with a single
coextruded U-Zr-2 rod in the isothermal heat treated condition to compare
with previous results which indicated that heated rods rupture more severely
than unheated rods. The rod was from & different lot than the original but
almost identical results were obtained. After two hours exposure to 300 C
water at 30 kw/ft power rate and 20 fps velocity, all of the three pre-
defected pinholes had ruptured with the swollen areas measuring about one
inch in length and 1/2 inch wide and projecting about 0.15 inch above the
original diameter. All of the ruptures had a single longitudinal tear in
the Zr cladding as opposed to a circular tear experienced in the unheated
rods. About 38 grams of uranium was lost from each defect compared to

14k grams without power generation.

Corrosion of Carbon Steel in Raw Water. Raw water corrosion of A-212
carbon steel has been studied for approximately five exposure weeks at

140 C. A rate of 13.2 mils/year has been experienced after 777 hours, &s
contrasted with the 9.1 mils/year previously found at 100 C. In both cases
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non-uniform corrosion has been noted. Deposition of material from the
water has caused pitting of the metal (1-3 mils). These deposits have
plated out even at 10 to 15 fps. Pitting of 1 to 3 mils has also
occurred in crevices.

Structural Materials Development

NPR Zircaloy Process Tubes. Due to the steel strike, there has been no
change in the status of the order with Allegheny Ludlum Steel Corporation
for 70 NPR process tubes.

Chase Brass on & similar order has produced 25 extrusions. These extru-
sions were straight and the copper Jjackets came through in excellent con-
dition. Surfaces and dimensions will be checked as soon as a new de-
Jacketing facility is in operation. The remaining 65 extrusions to make
the first lot of 30 finished tubes will be extruded about mid-October.
Present schedules on delivery and installastion of a new, large drawbench
indicate drawing will commence about the second week of November.

Harvey Aluminum has cut up one of their first three extrusions for drawing
tests. These tests have gone well except that they could not make the
third draw because of too much work hardening. Hence, it will be necessary
either to employ a larger drawbench or to anneal before the final draw.

The outside surface on the test pieces has been very good, about 20-30
micro-inches, but there is some question whether the entire inner surface
will meet the 63 micro-inch requirement.

Burst Testing of Zircaloy Tubing. A section of 18% cold worked NPR type
process tubing was burst tested at 340 C. The tube failed in & longitudinal
split at 9000 psig internal pressure with 29% elongation of the diameter.
The unit hoop stress was calculated to be 53,000 psi. This compares with a
similar test (reported in June) during which the tube burst at 10,000 psig
internal pressure with 8.8% elongation of the diameter and a hoop stress of
57,300 psi, with a tube wall temperature at failure of about 300 C instead
of 340 C.

Nommetallic Materials Development

MIR Graphite Irradistions. Preliminary results are now available from the
first L-LO experiment, GEH-19-1. Hanford equivalent exposures are not yet
available for this experiment since the MTR-HAPO exposure conversion factor
is now being revised. Samples of CSF and CO (needle-type Continental coke
graphite) were irradiated at about 700 and 900 C. At approximately 900 C
the CO graphite contracted 0.08 percent in three MIR cycles. Based on a
preliminary evaluation, the contraction rate fcr CO graphite at 900 C is
half or less of that for TSGBF at the same temperature. The rough exposure
figures also indicate that CO graphite contracts at a slower rate than the
CSF at this temperature.
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GEH-19-3, the third L-48 experiment, has been constructed and was charged
into the MIR at the beginning of Cycle 128, September 21, at which time
CEH-19-2 was removed after four MIR cycles. GEH-19-3 contalns four samples
of GL-10 graphite and four CSF reference standards. Design improvements
have also been incorporated in an effort to eliminate the periodic mal-
functioning of the electricsl connector which was previously experienced.

GETR Graphite Irradiations. The two graphite irradiation experiments in
the GETR, H-1 and H-2, have been operating successfully since the start

of Cycle 5 on September 5, 1959. These two capsules are replacements for
the two which were damaged at the start of Cycle 4. The temperatures on
H-1, the capsule in the E-5 center loop position, vary from 900 C at the
end samples to 1400 C at the center samples. On H-2, in the E-7 side loop
position, the temperatures vary from 1000 C to 1500 C. ‘These temperatures
are in good agreement with those predicted and are as high or higher than
any previous graphite irradiation experiments made by EAPO personnel. After
two weeks of operation, the thirteen thermocouples which operated initially
continue to function satisfactorily.

Hot Test Capsule Irradiation Experiments. Eighteen capsule experiments were
prepared and shipped to the MIR for irradiation. These capsules contain a
total of 85 samples of types of graphite considered as NPR candidates. In
addition to these samples, one sample of CSF graphite is included in each
capsule as & reference standard. These experiments contain no means for.
instrumentally monitoring the graphite temperature during irradiation but
do include a series of temperature-indicating paints which preliminary tests
showed were stable under irradiation for short periods.

Snout II Flux Measurements. Among the problems associated with the evalu-

ation of radiation demage studies is the lack of accurate knowledge of flux
conditions in the radiation facilities in the Hanford reactors. This is a

problem both in defining the total exposure during Hanford irradiations and
in comparing off-site exposures with Hanford exposures.

Al-Co and Ni foil monitors were included in a series of graphite irradia-
tions in the Snout II facility in KW Reactor. These folls were the standard
variety used at the MTR, and the activities were counted at the MIR after
exposure. Thus, the flux measurements, even if inaccurate on an absolute
vasis, should be useful in comparing MIR exposures with HAPO irradiations.

Four irradiations comprise this series of tests. In the first three only
one set of foils was used, but in the fourth approximately sixty foils were
used to determine the flux variation parallel to the Snmout II axis or per-
pendicular to the process tubes. The radial and azimuthal variation in
flux within the sample carrier was also checked. The results are given
below:
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Total Thermal Flux Cadmium Fast Flux 91 mev¥
Exposure per {MWD/AT) Ratio per (MWD/AT)
5 MWD/AT  1.46 x 1017 nvt 20 3.0 x 10%6 vt
10.5 1.68 x 1017 19 2.8
27.7 1.65 x 107 21 2.7
8L 1.76 x 1017 -- 3.6

*¥This fast flux is computed using the techniques appropriate
to the MIR flux and probebly underestimates the fast flux
in the Hanford reactors.

In the last irradiation periodic variations along the axis of the irradiation
facility were observed with the period of the reactor lattice. For the fast
flux the maximum and minimum values differed by approximately 15 percent
while the thermal flux varied by about five percent. Since the maximum in
the thermal flux coincided with the minimum in the fast flux, the fast flux
to thermal flux ratio varied by 25 percent. This stresses the error in-
herent in assigning exposure (MWD/AT) strictly from the thermal or total
flux. Redial and azimuthal variations were less than five percent generally
and were not significant.

Graphite Irradiation at 80 C. Three CSF and three CO graphite samples were
discharged from the SO degree test hole recently with over 1200 MWD/AT ex-
posure. The test also included & cobelt-aluminum flux monitor which is now
being readied for analysis. As soon as &ll pertinent measurements on the
graphite are completed, the samples are to be returned to the test hole.

Hot Test Hole Irradiations. The first discharge of graphite samples from
the 2C test hole at KE Reactor since the activation as a hot test hole in
April 1959, was completed successfully. The graphite boat was discharged
with an exposure of 885 MWD/AT.

Compression set, placed in graphite samples during mechining, has been sus-
pected of causing the initial expansion observed under high temperature
irrediation. Samples of National Carbon Company, Continental coke graphite
were annealed at 650 C before irradiation at 550 C. Another similar set of
samples was irradliated without prior amnealing. For the annealed samples
the transverse and parallel length changes were +0.008 percent and -0.00k4
percent, respectively. The corresponding values for unannealed samples were
+0.024 percent and +0.001 percent which indicates prior annealing will
appreciably reduce the initial expansion. Samples anrealed to 2600 C will
be discharged soon and should indicate whether the expansion observed in
650 C annesled samples was due to insufficient annealing or growth due to
-~ radiation damage.

Graphite Burnout Monitoring. Recent burnout monitoring data show an ex-
cessive burnout rate of 4.9 percent per 1000 operating days for the central
part of channel 3478-D. This is about 2-1/2 times the sallowable rate but
may have been caused by two tube leaks in the vicinity of this channel. The
nominal gas composition during this period was about 60 percent helium end
LO percent COp.
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Thermal Hydraulics Studies

Effect of Heat Capacity on Damping Reactor Temperature Surges. A study to
investigate the megnitude of the damping effect on reactor temperature
surges due to the heat capacity of the fuel elements was completed. Such
an effect is of considerable importance to the present Hanford reactors
where, in some cases, the reactor power levels are limited by the value of
bulk outlet water temperature expected after an electrical outage on a
reactor power surge. While in both of these cases a reactor scram would
be initiated shortly after the incident, a short period would exist during
which the water temperature would increase until the reactor scram became
effective.

Anelytical calculations of these temperature surges were combined with
laeboratory experiments performed on an electrically heated mockup of a
single tube. The results show that for a ramp change in flow, such as
would occur in the first few seconds after a BPA electrical outage, the
rise in temperature at the outlet of a process tube would be about 55 and
65 percent of the calculated equilibrium values in two and three seconds,
respectively. For the case of a step increase in power level, the temper-
ature rise would be about 85 and 95 percent of the equilibrium value after
two and three seconds, respectively.

A calculation of this sort 1s subject to some errors and, in addition,
several contributing factors were ignored for the sake of simplicity. The
application of these results to the Hanford reactors must also consider
the flow mixing in the rear piping which 1s also difficult to calculate
with great precision. Since the accuracy of the combined calculations
cannot be as sufficient as is desired for reactor application, it was con-
cluded that the reactor test now planned by IPD personnel would be of
significant value.

Equipment Projects. Acceptance tests were concluded 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. A

50 percent overload test was run on the rectifiers during which a total
current of 48,000 amps was produced for a period of one minute. This value
of current is almost 2-1/2 times higher than that which is available from
the existing motor generator sets.

Placement of orders for &ll major equipment items required for the steady-
state phase of Project CGH-834 was completed. This project will modify
the High Pressure Heat Transfer Apparatus for higher flow and heat gener-
ating capacities and will allow transient type experiments to be performed
at high pressures.

Hydraulic Studies. Preliminary laboratory studies were performed to de-
termine the degree of flow mixing within NPR type seven-rod cluster fuel
elements. Since theoretical calculations indicate that some mixing is —
necessary to prevent excessive temperature of the coolant in the center

of the fuel element, there is an incentive to determine the effectiveness
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of different mixing promoters. The test section used in these studies
consisted of & TO-inch section of a prototype seven-rod fuel assembly
(using 0.704 inch rods) in a 2.70 ID coolant tube. Special end fittings
were used to introduce two separate fluid streams at the upstream end of
the fuel element prototype -- one fluid stream between the process tube
and the outside of seven rods and the other fluid stream inside of the
six outer rods of the seven-rod bundle. Likewise, two distinct fluid
streams were withdrawn at the downstream end of the test section. A salt
solution was introduced in the inlet of the inner flow channel and samples
were taken at various locations along the outer channel to determine the
degree of mixing.

Three runs which were made at various total coolant flow rates through a
test section where each rod was wire wrapped on an 18-inch pitch showed

the following results: (1) an inlet stream salt concentration ratio of

900 :1 (inner channel to outer channel) was reduced to a ratio of 1:1 after
flowing through the 70-inch long test section; (2) marked concentration
changes were noted at initial lengths along the rod bundle corresponding
to the wire wrap pitch. The results indicate that wire wrapping is one
method to achieve adequate flow mixing in seven-rod fuel elements.

Twenty-four flow meters were calibrated for IPD to use for flow monitoring
of special production test channels. Data for several standard CG-558
venturis fell very close together while data for several specially reamed
venturis had more scatter. Undoubtedly, this shows the advantages of the
burnishing technique used on standard venturis to achieve a smooth finish
of close tolerances.

A flow test was conducted for IPD to determine the flow characteristics of
a 16-inch long aluminum insert to be placed in the rear nozzle of old re-
actor process tubes. The insert will provide a seal between the process
tube and the rear nozzle in case of a damaged Van Stone flange. The flow
test showed that the insert will have negligible effect on the normal
operating conditions within a process tube.

Flow tests were conducted to determine coolant flow past the fuel elementis
during precharging operations when the front nozzle is removed. It was
found that, for the BDF assembly, the flow resulting from & front header
pressure of 140 inches of water would all go out the front nozzle and none
past the fuel elements when the rear header pressure was zero. It takes a
positive rear header pressure under these conditions to produce any flow
past the fuel elements and & rear header pressure of 20 inches of water
produces & reverse flow of about one gpm.

Mechanical Equipment Development

Organic Cooling System Components. The MOTS-1 Facility operated for 90
hours during the month. Operation has been discontinued indefinitely due
to lack of a supporting program.

1242118 P



- A-19 ' HW-62012

Reactor Technology Development

Neutron and Gemma Attenuastion. The perforated ferrophosphorus concrete
test slabs were successfully placed in the shield facility for the first
irradiation after the slabs had been baked at 50 C. The iron serpentine
(268 1b/ft3) test slabs were removed from the test facility and placed in
the oven for the 100 C bake.

A survey of the data on the shielding properties of high density concretes
tested in the DR shield facility indicates that the proper mixture of iron,
serpentine and cement in the density range of 210 1b/ft3 is & good candi-
date for biological shield application where the smbient temperature of the
shield may reach 300 C. Such a concrete will have about the same shielding
properties at 300 C as magnetite-limonite (210 lb/ft3) has in the "as-cured"
condition and would be superior to magnetite-limonite, iron-limonite

(265 1b/ft3) and ferrophosphorus (300 1b/ft3) concretes operating at three
hundred degrees Centigrade. The reason for this is the ability of the ser-
pentine to retain its water of crystallization at elevated temperatures.
Serpentine is an asbestos mineral with the approximate formula 3 Mg 0.2 SiOp°
2H20. The water of hydration amounts to about 13.5% by weight as measured
by the Johns-Manville Laboratory. At the Johns-Manville Laboratory a

series of high temperature tests were conducted on serpentine for periods
varying from a few hours to over 1000 hours. This work is being carried

on here for periods greater than 1000 hours at 300 C, and data to date
indicate the water loss in ten years (extrapolated) is only ebout 18% of
the water of hydration. Johns-Manville data indicate that at 1000 F the de-
hydration is rather rapid, but up to 800 F a slow rate of dehydration was
observed. Tests are under way now to investigate radiation damage to ser-
pentine when exposed to high neutron and gemme fields. Iron-serpentine

test slabs (210 1b/ft3) have been fabricated for testing as candidate NPR
shielding in a Jjoint effort with IPD personnel.

Three ion chambers for shield studles were obtained and wired. Calibration
checks proved them acceptable.

WEAPONS - 3000 PROGRAM

Research and development in the field of plutonium metellurgy continued in
support of the Hanford 234-5 Building Operations and weapons development
programe of the University of California Readiation baboratory (Project Whitney).
Details of these activities are reported separately via distribution lists
appropriate to weapons development work.
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C. REACTOR DEVELOPMENT - 4000 PROGRAM

1.

PLUTONIUM RECYCLE PROGRAM

Plutonium Fuels Development

Basic Studies. It has been reported previously that a reduction of Pulp
to a suboxide does not occur when a powder sample is heated in hydrogen.
AERE data, however, have shown the existence of approximately 20 percent
of BCC Pu203 when PuOs 1s heated for one hour at 1450 C. To investigate
this anomaly, the present hooded facilities were converted from full eir
flow to an argon atmosphere to prevent oxidation of a possible suboxide.
Five grams of PuOo powder were heated in dry hydrogen to 1500 C for times
of one and eight hours. Immediately after discharge, they were mounted
and transferred to a helium atmosphere diffractometer hood. The resulting
x-ray diffraction pattern consisted only of the single FCC PuO» phase.

To further investigate the possible decomposition of PuOp, & small sample
was held in the molten state in a tungsten wedge for 30 seconds. The
vapors were condensed on a copper disc and x-ray diffraction showed only
a diffuse PuOp (111) reflection in addition to strong copper lines.
Longer holding times and an amorphous condenser will be used in future
experiments. Diffraction of the melted PuO, sample itself showed only a
single FCC phase.

Preliminary data on the thermal expansion of PuOp indicates the co-
efficient to be greater than that reported for the isomorphous UOs. A
sintered semple, 90 percegt of theoretical density, gave an expansion
coefficient of 15.2 x 107° in/in/°C over the temperature interval 125-
911 C.

Cursory corrosion testing of various fuel core alloys has yielded two
markedly superior alloys. These alloys have shown good resistance to
corrosion in stagnant demineralized water at 350 C. The nominal compos-
itions of the two alloys are as follows:

I 1
Pu 2.0 2.0
Ni 1.0 2.0
Fe 0.6 0.5 -
s1i 1.4 0.4
Ti -- 0.1
Others 0.2 0.2
A 94.8 94.8

Corrosion rates are currently being determined for the itwo alloys.

Fabrication Studies. Casting techniques are being developed for casting
fuel-bearing Al alloys directly into Al cladding for the purpose of meking
coextrusion-clad fuel rods; an important step in the process 1s the
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casting of the cap material directly over the solidifying fuel alloy. The
cap material is cast so that it fuses to the cladding, thus completely
sealing the fuel material from the atmosphere and excluding air from the
container. This process eliminates billet decontamination and cleaning,
assembly, welding, and outgassing. With the elimination of most of the
handwork in the preparation of the coextrusion billets, the coextrusion
process would be more economical and more adaptable to remote processing
of highly radicactive fuels.

Five coextrusion billets were cast into the cladding by this technique.

An Al-Ni alloy substituted for the fuel material. Four of five radio-
graphs showed large voids which were attributed to gases arising from
etchants entrapped between the can wall and the base which had been welded
to the cladding. The fifth radiograph showed the coextrusion billet to be
quite sound. This latter billet and three others were extruded into 9/16"
dismeter rod; the reduction ratio was 20:1. The three billets with large
voids exhibited a substantial amount of blisters between the core and
cladding; the sound billet had no blisters over the entire length of the
10-foot extrusion, and sectioning indicated complete bonding between the
core and cladding. Future work on end configuration will be done with
extrusion cans machined from solid stock to eliminate the entrapment of
etchants.

The Al-Pu alloy billets produced this month were as follows: six Al-5 w/o
Pu billets for further critical mess studies; six A1-1.8 w/o Pu for PRP
fuel fabrication; three C-8-10 Al-2 w/o Pu for corrosion studies; and
eight A1-1.8 w/o Pu hollow castings to be used in preparing injection cast
fuel rods.

A nearly homogeneous casting was produced with 25 aluminum injected into
1/2-inch diameter, 89-inch long Zr tubing. The density of the casting
was not improved (94%), but the uniformity of the finely divided shrinkage
cavities and the absence of gas porosity were encouraging. Pre-evacuation
of the Zr tubing to less than 50 microns and a leak tight seal on the dip
tube were responsible for the elimination of gas porosity. Several castings
were made in which the aluminum injection rate was reduced to the minimum
that would permit full length filling to determine if turbulence was
responsible for low density castings. The density of the slowly filled
casting was worse, with pronounced piping indicating that the problem is
primarily non-directional solidification.

Production techniques are being perfected for extrusion and subsequent
core preparation of PRTR fuel elements. Preliminary production rates
appear to be six billets (12 fuel rods) extruded, straightened, cut to
length, weighted, gauged, and cleaned per two man-days. An extension

tube added to the extrusion hood for run out purposes allows uninterrupted
extrusion of a full length billet. This has decreased the diametrical
variation over the extruded rod.
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Al slloys C-8-10, C-8-12, and C-8-23 were extruded into 1/16" diameter
rods and submitted to the Coatings and Corrosion group for corrosion
evaluation as a potential PRP cladding material. The samples were sub-
Jected to approximately the same amount of mechanical work and have
similar surfaces to rods produced by coextrusion cladding.

Thermal cycling experiments on three-foot long elements is continuing in
the four-foot long autoclave. A group of elements was fabricated with
Zircaloy tubing and pure eluminum rods using different techniques in an
attempt to better understand and solve the ratcheting problem. Sme of
the elements were fabricated by applying a graphite lubricent on the
cores followed by swage sizing of the cladding. Part of these were wire
wrapped with different tensions and part were not wrapped. Others were
made using no lubricant on the cores. Some were made using segmented
cores both lubricated and not lubricated. All twenty elements, however,
wvere subjected to a light swage sizing operation. Some of the elements
have withstood as many as 42 thermal cycles between 100 and 350 C at
1300 psi and at heating and cooling rates of the order of 4 C/minute.
The results and general conclusions of the test thus far are as follows:

1. 1In general, on those elements which are affected, thermal cycling
causes the aluminum cores to shorten and Zr cans to increase in
length, whereas on those which are not appreciably affected, both
the cores and cans shorten slightly.

2. Graphite lubricant applied to the cores definitely improves the
thermal cycling behavior of the elements. All of the six which
were lubricated and not wire wrapped remained straight after
42 thermal cycles. The cores shortened up to 0.100 inch and the
cens shortened up to 0.023 inch on a 33-inch over-all length.

It is interesting to note that the cores in all the graphite _
lubricated elements, even the wrapped ones which are badly bowed,
are still loose at room temperature, and there is no evidence of
sticking or galling.

3. Wire wrapping increases the core shortening and accentuates the
varping and surface bumping. Only two of the six wrapped
elements remained unchanged at the end of 42 cycles whereas on
two others, the cores shrunk over 1-1/2 inches and the cans
elongated about 0.075 inch on a 33-inch over-ell length. The
amount of warping or bowing of the wrapped elements 1s consider-
able, and in 8ll cases follows the contour of the wire around
the tube.

L. ©Segmented cores, whether lubricated or not, appear to be worse
than solid one pilece cores.

5. There is an indication that warping may be associated with the
original condition of & given as-received tube. For instance,
two short elements fabricated from the same long tube warp and
distort sbout the same amount on thermal cycling.
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6. There does not seem to be any correlation between warping and the
tension with which the wire was applied in the ranges tested. With
the lower tensions, however, loosening of the wire on cycling is
not & problem.

7. Thermal cycling causes some of the tubes to fail by developing
longitudinal splits. Two of the twenty elements showed splits
at the end of 20 cycles, three more at the end of 36 cycles,
and two more at the end of 4l cycles. These tubes had passed
the external Zyglo inspection; however, they had not veen eddy
current tested. It is felt that the longitudinal splitting is
due to inferior quality tubing.

Eight additional elements were fabricated with eight-mil 304k stainless
steel cladding. These were made by simply slipping aluminum cores into
the tubing with no lubrication, no end clearance, and no sizing operation.
There was no tendency for galling between the core and tubing. They were
cycled under the same conditions as the Zircaloy clad elements. The cores
shortened slightly and the cladding elongated slightly &s they were exam-
ined at the end of six and 12 cycles. At the end of 27 cycles, the clad-
ding was observed to be badly cracked, both in the transverse and longi-
tudinal directions. This cracking could be caused by stress corrosion or
excessive straining. Metallography is being performed in an attempt to
determine the cause. End clearance will be left to accommodate thermal
expansion; however, the tubing must be supported in these areas to prevent
collapsing by the external pressure.

An injection cast fuel rod, with restrictions to longitudinal differential
expansion necked into the tubing at six-inch intervals before casting,
completed 43 thermal cycles. The h2-l/2-inch long element shortened
0.049-inch and decreased in diameter 0.002 inch during the first six
cycles. The last 37 cycles produced no dimensional changes, and there

are indications that the bond is still intact.

Work has commenced on fabricating the first ten fuel element clusters for
the PRTR loading.- The-alloy has been cast and rods have been extruded
and are presently being straightened, cut to length, and inspected. Eddy
current and Zyglo inspected perfect tubes are being cut to length,
counterbored, cleaned, gauged, and the first end caps are being welded in
place. The actual assembly of the elements will be conducted in both the
Pilot Plant and 231-Z Building due to equipment availability. Much of the
equipment in the Pilot Plant required for the fabrication is still not
completed.

Fuel Evaluation. Sixteen Al-Pu and Al1-Si-Pu capsules, six PuOp impreg-
nated graphite capsules and a seven-rod cluster containing Al-Pu cores
are being irradiated in the MIR and a KER loop. Two capsules containing
UOo-PuOp cores discharged last month have been measured and show no
dimensional changes.
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Two experiments are being fabricated for irradiation in the GEH-4 loop
facility in the MTR. They will be eleven-inch long Zircaloy clad
elements containing Al-3 w/o Pu and arranged in a three-rod cluster
array. Each rod will generate 25 kw/ft of length in a thermel flux of
2 x 101% nv which gives a maximum core temperature of 376 C. One cluster
will be fabricated by simply slipping the cores into as-received tubes
and not sizing the cladding onto the fuel. In this case there will be
as much as eight or nine mils diametral clearance between the core and
cladding. The other cluster will be fabricated by swage sizing the can
onto graphite lubricated cores. These clusters will be irradiated a
maximum of two cycles.

UO> Fuel Development

PRTR Fuel Elements. This month a total of 340 fuel rods were swaged;

a total of 620 had been swaged previously. All rods swaged this month
used tubing that had passed the external fluorescent penetrant inspection
and the eddy current test. The use of tubing which has passed the
fluorescent penetrant inspection has reduced the rejection rate of

swaged rods for surface defects from over 50 percent to less than seven
percent. Most of these rejects are reclaimable. Swaging experiments
during the coming month will involve tubes that were originally rejected
by the fluorescent penetrant inspection, then reconditioned, and then
reinspected.

All materials required to fabricate end hangers have been received. Sub-
assemblies for the next ten sets of end hangers have been welded. The
parts for forty sets of end hangers are approximately two-thirds completed
by Technical Shops. '

The established welding technigque for closing PRTR swaged fuel rods
continues to produce very satisfactory results. Radiograph of 127 rods
in the past month (254 welds) has revealed one weld with insufficient
penetration, requiring rewelding.

Fused uranium dixoide grain is the most promising candidate fuel material
for swage compacted or vibratorily compacted PRTR fuel rods. Negotiations
were campleted for procurement of 6000 pounds of fused oxide from the
Spencer Chemical Co. Delivery of the fused oxide will start in four
weeks after receipt of the feed material.

Twelve hundred pounds of U0, for use in fabricating swaged PRIR fuel rods
was prepared-by pressing and sintering "micronized" UOp to an average
density of 96 percent of the theoretical. This material was used as a
"stand-in" until arc-fused UOp of the desired quality could be obtained.

Fabrication Development. Sintered and crushed U0y was compacted in
nine~-foot long, 0.570" OD x 0.030" wall tubes to an average density of

87 percent of the theoretical by vibration at one kilowatt. The particle
size composition was 69 percent (-6 +10), 18% (-35 +65), and 22% (-200)
mesh. After addition of a second one kilowatt amplifier to the vibrational
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compaction system, the rods were again vibrated. Density measurements
with the gamms absorptometer showed that the density had increased to
~- 90 percent of theoretical.

Swaging of PRTR fuel rods to the maximum core density and to specified
dimensions requires initial loading of the cladding to a UOp density
which is 68 percent cf the theoretical. Tube loading process which has
been used previously has provided a starting density of only 62 percent
of the theoretical. This resulted in a waell thickness of 0.033"
(0.030" desired) and lessened the probability of reaching maximum UOp
density.

Fuel Eveluation. Refinements have been made on the gamma absorptometer
so that it cen now be used to accurately and reliably determine the
densities of the swaged PRTR rods, on & "go, no-go" basis. A mechanism
to continuously feed rods into the instrument is being .febricated for
use in routinely checking the densities of swaged rods. This will elim-
inate the need for determining densities in the analytical laboratory.

Etching and autoclaving problems were encountered with PRIR fuel rods.
Many of the rods lnspected after autoclaving have had a spotted or milky
oxide film caused by inadequate removal of temporary identification
merkings. Sdéme of the rods have cracks or scratches which penetrate the
oxide film. By removing the oxide film, re-etching and re-autoclaving,
some of these rods have been reclaimed.

A spiral marking was found on approximately forty rods. It was determined
that the marking was caused by small indentations on the feed roll of the
swage feed device. New rolls eliminated the immediate problem and bullet-
nosing both ends of the rods before swaging will prevent a recurrence of
this problem.

The new vacuum pumping system for leak testing PRTR fuel was placed in
service; time spent on leak testing was reduced by a factor of ten. In
addition to the advantage of time saving, it was possible to test the
entire length of the fuel rod rather than only one welded end at a time.
The new system consists of two four-inch diameter tubes and a complete
punping system for evacuating each tube after it has been loaded with
five fuel rods. After the tube has been evacuated, it is connected to
the leak tester to determine whether any fuel rod is leaking helium.

The previous leak testing equipment was connected directly to one end of
a rod at a time. This new leak test procedure gives added assurance that
none of the swaged fuel rods have small holes in the cladding.

Internal surface defects on Zircaloy-2 tubes which had passed the fluor-
escent penetrant test were detected by subjecting these tubes to an
immersion type ultrasonic test. Metallographic investigations are being
made to determine the nature and severity of these internal defects.

UNCLASSIFIED
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Two samples of electrolytic UO, were evaluated for possible swaging
applications. The samples were prepared by the Heavy Element Chemistry
Operation by the electrolysis of fused salts. Swaged densities were
comparable to the sintered and crushed U0, now being used for the PRTR
loading, but the densities obtained with vibrationel compaction were
considerably lower.

Swaged UOo capsules have attained an estimated maximum exposure of
approximately 10,500 MWD/T during irradiation in MIR and ETR. No
failures of these capsules or any other swaged fuel elements have
occurred to date.

A defected, swaged UOp fuel rod was irradiated in the MIR. The 2.42 w/o
U-235 enriched UOp element was irradiated for approximately one hour and
a half in the GEH-4 reflector position of the MIR, at & meximum surface
heat flux of approximately 500,000 BTU/hr/ft2. The coolant temperature
was approximately 100 F, at 90 psia. The 24" long, 0.560" OD swaged rod
had a 0.005" hole drilled in the cladding prior to the irradiation. The
jimmediate results indicate: (a) much smaller release of fission products
than anticipated, with a decrease in activity of the coolant while the
element was being irradiated at a constant power; (b) no disintegration
of the Zircaloy-2 cladding due to weterlogging or hydriding.

The vibrationally compacted UOp fuel element, which was discharged from
the MIR in error, because of reported fission product release in the
coolant, has been returned to the MIR for reinsertion and irradiation.
The element is 1.44" OD and is clad in stainless steel.

A full-size swaged PRTR fuel element has now been under flow test for
nine weeks. The element will be reinspected at the next shutdown.

Facilities. The "High Frequency Resistance Welder" produced by the New
Rochelle Tool Corporation for welding both straight and spiral ribs on
Zircaloy tubes has been received. This machine is to be installed on the
mezzanine in the basement of the 325 Building.

Corrosion Studies

Pickling Zircaloy Tubes. An investigetion was mede as to the probable
causes of grey staining observed on the PRTR process tubes being pickled
and autoclaved at White Bluffs. A number of equipment and procedural
changes were made to bring the pickling process closer to the conditions
being employed successfully in 314 Building for PRTR Zircaloy fuel
sheathing. Following these changes the grey staining was eliminated,
and the pickling and autoclaving of the process tubes is proceeding at
full capacity.

An investigation to determine the advantage of using hot eluminum nitrate
and tap water rinses following Zircaloy pickling was initiated during the
past month. Preliminary results indicate that a hot aluminum nitrate

vath (4O C) is slightly better in reducing the amount of acid staining on
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PRTR fuel rods. No detectable difference in acid staining was noticed
with either a hot or cold tap water rinse following the aluminum nitrate
bath. '

Comparison of Zircaloy-2 and Zircaloy-4 for Resistance to Hydriding by
Molecular Hydrogen. The susceptibility of Zirealoy-4 to hydriding is
being compared with standard Zircaloy-2. 1In the first two rums, the
alloys were compared for resistance to dry hydrogen gas with no oxide film
present. The 1" x 1/2" samples were etched in HNO3-HF, dried and weighed,
then vacuum annealed at 750 C to prepare oxide-free surfaces. The tem-
perature was then lowered to 400 C and 450 mm Hg dry hydrogen added. The
results of two runs were:

Hydriding
Alloy Induction Time Hydriding Results
Zr-h 12 min. Destroyed in 36 min.
ZI"'2 2)4 1 1 i 72 t

This first comparison showed the Zircaloy-4 sample to hydride at a faster
rate than the Zircaloy-2 sample.

In a second comparison two coupons, one of each alloy, were etched to-
gether, vacuum annealed together, and both exposed at 500 C to the same -
mixture of hydrogen at 40O mm pressure with HoO added to a partial
pressure of 0.12 mm. After a three-hour induction time the Zircaloy-i
sample started hydriding first. After the Zircaloy-4 was destroyed,
examination of the Zircaloy-2 revealed some hydriding had also started
but was much less severe.

Thus, in the two comparisons made to date, the Zircaloy-4 material appears
to pick up molecular hydrogen more rapidly than Zircaloy-2. However,

this is not necessarily in conflict with Bettis data, which were all con-
cerned with pick-up of corrosion-produced atomic hydrogen. Furthermore,
only one small sheet of Zircaloy-U4 has been available for testing, and it
mey or mey not be representative of the best Zircaloy-4 available. It
has also been noted that this Zircaloy-4 materiasl pits badly in the
standard etch bath, producing a rougher finish than Zircaloy-2. However,
because of very limited experience with Zircaloy-4, the above conclusions
are tentative and subject to further experimentation.

Corrosion of Magnesium and Aluminum in High Temperature Steam. Several
tests were conducted during the month to determine whether violent metal-
water reactions could be readily produced with magnesium, aluminum or
Zircaloy-2 at high temperature. Some rapid corrosion of magnesium and
hydriding of Zircaloy-2 was observed; however, no violent or self-sustain-
ing reactions were initiated under the laboratory-scale conditions employed.

Defected capsules of magnesium clad in Zircaloy-2 were exposed to water
and steam up to 350 C for several hours. The size of the defect was found
to be an important variable in determining how magnesium corrosion would
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occur. For example, a capsule with a 12-mil hold through the cladding
experienced only a small weight gain in 24 hours at 350 C, while one with
a 1/2" round defect corroded about 0.1" in 20 minutes at 300 C.

Higher temperature experiments were conducted by electrically heating un-
defected capsules of magnesium and aluminum clad in Zircaloy-2. These
capsules were about 0.15-inch diameter by 1.5-inch long, with enlarged
ends for electrical connections. The center portion consisted of a 10-mil
Zircaloy wall over & l/8—inch diameter pin of magnesium or aluminum.

These capsules were exposed to steam in an autoclave at 40O C and 1000 psi.
The capsule was then electrically heated and held at a temperature past
the melting point of the core material for about one minute. Three or
four such heatings were sufficient to corrode through the capsule, exposing
the molten core material to the hot steam. No self-sustaining reactions
were produced. About one-half of the magnesium metal and rearly all the
aluminum metal was left uncorrcded. The Zircaloy-2 jackets were oxidized,
hydrided, and corroded by the molten metzl and steam environment.

An attempt to alloy the Jacket and magnesium core before exposure to the
autoclave by heating in high-vacuum resulted in capsule failure. The
metallography of the failed capsule indicated the magnesium had corroded
through a five to ten-mil Zircaloy-2 jacket in less than ten minutes in
the 650 to 700 C temperature range. The corrosion did not appear to be
intergranular.

Aluminum Alloy Development. Another alloy has been added to the list of
logarithmically corroding aluminum. This alloy has a composition of 1.0%
Ni, 0.5% Fe, and 0.1% Ti, and was cast using high purity base metals at
Argonne National Laboratory. It has a banded distribution of very finely
divided second phase particles. DNeither the distribution nor the size of
these particles appears significently different from many alloys which
corrode parabolicelly in high temperature deionized water.

Although a great number of melts have been made of the X-8001 and X-8001 +
Ti formulation, this is the first melt which has shown corrosion character-
istics better than the commonly seen parabolic rate. As the formulation

and the microscopically visible second phase distribution are not unique,

it would appear that the use of high purity base materials is very important.
The first Hanford alloys of this type are now in test.

Structural Materials Development

PRTR Jacket Tubing. The Thermatool ribe-to-tube welding machine has been
delivered to Hanford from New Rochelle Tool Corporation and their field
engineer will be on-site about mid-October to supervise its installation.

Metallographic and corrosion comparison tests of a new lot of Zircaloy
material based on Columbia National Zirconium sponge, and previously
used lots based on Carborundum sponge, show very little grain structure
differences and very good corrosion test results.
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A new order of 1000 Zircaloy-2 tubes of 3/4-inch diemeter will be ready
for inspection on September 28.

Zircaloy Process Tubes. The ultrasonic, fluorescent dye penetrant, and
radiographic testing and inspection of the PRTR process tubes prior to
pickling and autoclaving is 80 percent complete. Much of the work re-
maining consists of investigating defect indications observed during
fluorescent dye penetrant checking and ultrasonic flaw detection. Only
one tube has thus far been found to contain a serious defect -- a seam
apparently greater than 10 mils deep.

Twenty-nine candidate tubes for reactor use have been pickled and auto-
claved. The staining problem has been largely resolved, with only minor
staining having been observed on about eight of the candidate tubes.

Tube bowing of up to 0.150-inch during autoclaving has been encountered
and is believed to be a result of a sag that has developed in the auto-
clave plus partial stress relief of the tube. The wheels of the tube
carriage rack have been reset to compensate for the autoclave sag and
provide more level support. With this adjustment, the straightness of
the large dlameter portion of the last 18 tubes processed has remained
within specifications. However, eight of the tubes did bow out of spec-
ifications on the small diemeter portion and will require straightening.

Pickling and autoclaving of these tubes is now proceeding at a maximum
rate of one autoclave load of six tubes every other day. The first ten
tubes should be ready for shipment to the PRTR contrector during the
last week of September. Allowing time for maintenance of equipment,
reprocessing of tubes, and post-pickling and autoclaving inspection, it
is estimated that final delivery of tubes will be made during the second
week of November.

Radiometallurgy Leboratory Studies

Fission gas samples were collected from three irradiated UOp samples and
submitted to the analytical laboratory. One metallographic sample removed
fram & rod of sintered UOp (from KER Loop 3) showed that the UOp structure
was unchanged by irradiation. A dye check of a ruptured, 2.33 a/o enriched,
cored, sintered UOp fuel element revealed a crack in the weld at the top
end-cap. Metallography revealed that the weld penetrated only 10 mils of
the 30-mil Jacket.

X-ray diffraction studies of unirradiated 8 a/o Pu-Al alloy showed no
appreciasble strain or damage by the addition of the plutonium atoms. The
irradiated specimens were too radicactive to handle in the Radiometallurgy
X-Ray Cell.

An epoxy resin has been tested for its suitability to impregnation of

ceramic fuels. This resin cures to a tough hard plastic in four hours at
room temperature. It also appears to exhibit very little shrinkage, &
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desirable property for impregnation where small cracks must be filled and
the element must not be deformed by the curing plastic.

The results and conclusions from the above work will be reported in con-
nection with the respective development programs of Ceramic Fuels and

Plutonium Metallurgy Operations.

Thermal Hydraulics Studies

Additional laboratory experiments were performed to determine the boiling
burnout conditions for the PRTR Mark II fuel element. The test section
used in the latest tests was a 0.150-inch cooling annulus between two heated
surfaces where the inner surface had a 50 percent eccentricity with respect
to the outer surface. Boiling burnout points were found at 1100 psias, Q, 5,
and 10 F subcooling, and flow rates of 1,000,000 and 2,100,000 lb/hr £t2.

In general, the burnout heat flux was found to be in the neighborhood of
800,000 B/hr-ft2. This is roughly & 40 percent reduction in heat flux at
the boiling burnout point for this test sectjon having a 50 percent eccen-
tricity as compared to the concentric case. The boiling burnout points for
the eccentric test section were reached under steady state conditions and
at no time were melting temperatures reached. The details of these exper-
iments are to be reported in a separate document.

The full length, full scale electrically heated mockup of the Mark II-b
element was installed in the high pressure heat transfer apparatus for
experimentation at higher power levels. Considerable time was spent in
determining pressure drops of all components of the test section under non-
heated conditions so that a very careful analysis could be made of the hy-
draulic instability characteristics under heated conditions. Towerd the
end of the pressure drop determinations, a weld in the test section failed
and the experiments were terminated for repair work.

Mechanicel Egquipment Development

PR-1 Discharge Operation Mockup. The floor beams for mounting the PRIR
fueling vehicle were installed in the 314 Building.

Major assembly work on the machine has begun at the factory. The bridge
1s assembled and mounted on floor rails. The carriage 1s subassembled to
the bridge, and the tower and tower floorplate are mounted on the carriage.

PR-10 - Primary Loop Mockup. The ll-inch gate valve and the three eight-
inch check valves were delivered to the Phase III contractor on September k4,
1959, after weld-end preperations and cleaning.

The primary process pump operated for 583 hours during the month with
primary seal leakage varying generally between 0.0l and 0.1 gallon per
hour, although for several extended periods the leakage was too low to
measure.
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On August 29, 1959, the prototype process pump was started up following
replacement of approximately 50 feet of the underground eight-inch water
supply line. Cooling water to the pump was interrupted for approximately
10 to 15 minutes due to air trapped in the line. The primary seal faces
were badly damaged, and water in the leak collection tank was heated to
boiling. The pump was operated an additional 30 hours at full temperature
and pressure, with leakage less than 0.1 gallon per hour, until seal fail-
ure when the leakage increased quickly to four gallons per hour. The O-
rings on the pump shaft were not damaged since the cooling ¢il temperature
did not get above 180 F.

The prototype pump operated 509 hours during the month, with leakage
varying bvetween 0.01 and 0.1 gallon per hour, and with the water saturated
with helium at 525 to 530 F.

PR-13 - Injection Pump Test. Testing on Johns Manville packing Style 413
Uneepac rings was discontinued after 415 hours operation when the leakage
started to increase, and investigation showed separation of the lips from
the body of the packing.

Self-adjusting asbestos chevron packing mesnufactured by the Q-P Manufactur-
ing Company has been instaelled, and testing has been resumed.

PR-40 - Shim Control Mockup. Further testing of the second prototype shim
rod mockup was delayed awaiting arrival of coated chain and sprockets.

The motor-planetary gear reducer assembly, undergoing radiation tests using
Standard 0il of California radiation resistant greaste No. 335, failed at
1.8 x 109 R on September 25, 1959. The second bids on the shim control
assemblies were opened September 3, and found non-responsive because none
met the required delivery date. The AEC negotiated with the apparent low
bidder, APED-GE. The cost of the 24 units was set at $84,500, excluding
purchaser furnished components, with 125 days delivery after notice to pro-
ceed is given. The notice to proceed date was estimated to be about
October 1, 1959.

Ball bearings for the assemblies have been received.

PR-50 - Reactor Piping Seal Testing. A new spring arrangement for absorb-
ing the differential thermel expansion between the stainless steel nozzle
and the chrome-moly hold-down bolts has been developed. These springs ere
of the flat leaf type with waves. Good results have been obtained on the
test mockup and with a compression testing machine. Approximately 2000
pounds on each hold-down bolt is required to provide a good gas seal.
Strain gauge evaluation has shown about 4000 pounds meximum pull per hold-
down is devebped by 200 F differential temperature (nozzle to hold-down).

Spring materials have been received and test springs are currently being
fabricated. Tool steel has been used for test springs to date.
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PR-51 - Reactor Piping Structural Integrity. Evaluation of the hold-down
bolts has been conducted on the Jumper heating loop. An addition of a
pressure bleed system was incorporated on the loop.

A heavier wall jumper arrangement is being prepered for installation and
evaluation.

PR-53 - Process Tube Thermal Cycling and Pressure Testing. Operation of
the process tube has been curtailed due to maintenance work on the loop
equipment end installing new test components. Only 243 hours of operation
were achieved this month.

. Special Tools:

1. A new geared nozzle-to-outlet jumper geared wrench has been designed.

2. Fabrication of one of the shroud tube removal tools is virtually
complete. .

3. A nozzle cap removing tool has been developed and evaluated.

4. A means of adding a gear to the existing nozzle-to-outlet jumper nut
is being investigated.

5. A core saw design has been completed and has been assigned for fabri-

cation.
6. The cut-off saw is being rebuilt to utilize a bandsaw operating
around three points.

PR-64 - Gas Sampling Technigue. The mockup for tesﬁing the gas sampling
system has been completed and initial testing begun. The program has been
delayed due to inJection pump difficulties.

PR-70 - Hleium Compressor Test. The Hofer high pressure compressor has
been operated 350 hours during the past month. Continued difficulty was
experienced with the gas discharge check valves and the oil compensating
pumps.

Four first stage gas discharge valves failed causing punctures of the
second stage diaphragms. One valve has been rebuilt using Inconel for
the flapper and hold-down plate. Another valve will be tested with the
chrome plated parts. The pins used for assembly of these valves have
been removed, end a welded assembly is now used. Testing of these valve
designs and materiel modifications has begun.

Steps have been initieted in the procurement of & compressor gas check
valve of the type cammon to U. S. manufactured compressors operating in
& similaer service.

The second stage oil compensating pump repaired by Technical Shops per-
formed adequately for nearly 300 hours. At this time oil pressure could
no longer be maintained on the second stage. The pump stroke was in-
creased by 50 percent, making possible another 25 hours of compressor
operation; however, the pump piston cylinder leakage increased to the
point where rebuilding was necessary. The oil pump from the second Hofer
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compressor was installed, but it also had excessive pump cylinder leakage.
Autoclave Engineers was contacted by letter September 3, 1959, regarding
the inadequacies of the Hofer gas check valves and oil compensating pumps.
Except for acknowledging by phone the recelpt of the letter, Autoclave has
not as yet offered any solution to these problems.

Commercially available injection oil pumps are being investigated in an
attempt to find a relieble pump for use on these Hofer compressors. When
a potentially suitable pump is located it will be procured for test eval-
uations, provided Autoclave Engineers and Andreas Hofer have not supplied
us with adequate pumps in the interim.

A third Hofer compressor is being considered as a spare unit and for test-
ing purposes.

The emergency order for Hofer compressor parts issued July 21, 1959, has
not yet been received.

During the past month an additional 500 hours of operation of the Corblin
low pressure compressor has resulted in one check valve failure and two
diaphragm failures. The failed check valve had a carbon steel disc which
broke after 800 hours operation. A 416 stainless steel disc has now oper-
ated nearly 700 hours without failure.

One of the diaphragm failures was caused by metal particles from the
broken check valve. The other failure was an apparent fatigue crack of a
Corblin supplied stainless steel diaphragm which has operated 670 hours.
One set of stainless steel diaphragms now operating has run for 775 hours
without failure.

Further contacts have been made with Mine Safety Appliance Company (MSA)
regarding the use of their infrared analyzer for detection of oil in the
helium gas streams. It is expected that a definite proposal will be re-
ceived from MSA within the next two weeks.

PR-80 - Air Cooling Duct Test. The air distribution around the dummy fuel
element now appears to be satisfactory after extensive modifications of
the internal vanes and addition of a supply pipe from the small capacity,
high pressure blower.

In-Reactor Gas loop. Design of the in-reactor section of the gas loop is
continuing. Procurement of the Hastelloy "X", Inconel and Inconel T02
material is under way. The program for welding these materials has been
started, and welding procedures are being prepared. Two braid covered
bellows connectors were tested. One developed leaks after being heated
to 1000 F and the other ruptured when the braid became unfastened at one
end.

Inconel "X". The Inconel "X" straight section of 0.019-inch wall tubing
failed after 1440 hours operation at 1150 F and 5500 to 6000 psi. The
break was radial with no indication of splitting.
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Leak Detection. The water vapor leak detection calibration was continued
during the month.

"High Pressure Seal Testing. An interim report was issued on the seal
testing program. Essentially all the commercially available seals tested
were inadequate in that their operating limit was approximetely 750 psi.

Boiler Tube Sheet Mockup. Installation proof-testing and instrument cali-
bration of the two test boilers were completed.

Reactor Technology Development

PRTR Physics Evaluation. The reactivity effect of substituting X-8001
aluninum alloy for pure aluminum in the Mark I Pu-Al spike fuel elements
has been investigated. Values obtained for N f, the number of fast neutrons
released per thermal neutron absorbed, in & PRTR cell are as follows:

Fuel nf

Mk I, 1.8 w/o Pu-Al core, Zr clad 1.703

Mk I, 1.8 w/o Pu-X8001 core, Zr clad  1.687

Mk I, 1.8 w/o Pu-X8001 core and clad  1.670

Translating these values to the initial PRTR fuel charge results in a
reactivity decrease of about six mk for the X-8001 core materisl. A
further decrease of two mk would occur if this alloy were also substituted
for the Zr cladding in the spike fuel. A reactivity penalty of this order
would require the addition of roughly two spike columns at the present
enrichment level. A further consequence would be & reduction in attainable
exposure under steady-state plutonium recycle conditions of the order of
40O MWD/T.

Additional neutron flux distributions and heat generation rates have been
calculated for seven-rod cluster test elements to be irradiated in the ETR.

A cylindrical version of the Fortran SNG reactor code for the IBM-T09 has
been compiled and appears to be operable. All of the SAP subroutines in
the original code have been removed, resulting in temporary removal of the
"Restart”, "Simulated Convergence", and on-line print output features of
the code. The slab and spherical version of the code is now being prepared
for compilation.

Calculations have been carried out to determine the negative reactivity
effect of the PRTR shim rods, taking account of the effect of the radial
reflector. A two-group model was utilized. Results were obtained as a
function of extrapolation distance from 1.0 to 10 cm. Inconel was found
to have an extrapolation distance of 6.0 cm. Analysis of the weighting
functions to obtain rod worth as a function of insertion configuration is
essentially complete. An IBM-709 Fortran program has been written to
compute the weighting for all possible configurations.
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Calculations of gamma heating in a shim rod indicate a capture gamma
source of close to 0.3 watt/gm will exist in the Inconel. This may
result in objectionably high temperatures in the ealuminum lead screw
if the rod is allowed to rise above the moderator during full power
operation. Further calculations of the heating are being carried out
to assess the seriousness of thls problem.

PRTR Shielding. Cadmium was selected as the most practical material for
thermal neutron shielding for the large penetrations of the PRTR bottom
primary shield. Cadmium was selected because of its lower maximum tem-
perature during reactor operation and because of fewer mechanical problems
in holding it in place.

It was calculated that a cadmium thickness of 1/8" would be required to
obtain a useful life of more than 10 years before complete burnup. The
maximum temperature attained during operation was estimated to be about
L60O F (Cd M.P. = 610 F).

Shop tests are currently under way to select the best method of attachment
of cadmium to aluminum.

PRTR Process Instrumentation. A finel design of a capacitance probe for
calandria dump rate tests has been assembled. Final calibration has begun.

Procurement specifications for resistance temperature detectors based
largely on test results were provided the Design operation at their re-
quest. A review of the instrumentation on the high pressure steam loop
vas completed.

Preliminary investigations on the data handling system for the PRTR were
completed. )

Preliminary investigation using the evacusted sleeve-thermistor tempera-
ture probe combination has shown that this first prototype has too much
mess and is not sufficiently insulated for practical use. A second
prototype to eliminate these difficulties has been designed and is being
built by the optical shop. This instrument is to be used for fuel element
temperature measurements in the Fuel Examination Facility.

Safeguards Analysis. The PRTR Final Safeguards Report, HW-61236, was
issued in rough draft form for comment. Analyses of credible accidents
revealed that none of the credible accidents should result in release of
fission products to the environs in quantities great enough to give more
than & minimal radiation dosage to off-site inhabitants. The rough draft
is scheduled for review by the PRTR Startup Council and by the PRTR sub-
council of the G. E. Reactor Safeguards Council late in September.

Several hazards analyses for the PRTR High Pressure Loop are under way.
Writing of & preliminary safeguards report for this loop has been started,
with completion scheduled for October.
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Design Development

Over-all PRTR Contract. The over-all PRTR contract is 47% completed versus
42% scheduled, based on the official PRTR schedule.

Phase III PRTR Contract. The Phase III PRTR contract is approximately 28%
completed versus a scheduled 53%. Contract progress is based on & comple-
tion date of March 3, 1960, and does not take into account a 35-day ex-

tension of contract time granted the contractor by the Commission because
of the 21-day HAPO labor disturbance and for 14 days due to change orders.

The contractor continues erection of the inside and outside biological
shield liners and forms for the fuel examination facility concrete shield-
ing wall. Placement of the shielding concrete is scheduled to be placed
during October; however, it appears that this operation will extend to at
least mid-November.

Heat exchanger number 5, the primary pump support structure, and the pres-
surizer support structure have been installed. Modification to the pres-
surizer and structural supports was necessary to eliminate interferences
with the primary piping system.

Erection of pipe cleaning facilities is essentially completed. Considerable
difficulty has been encountered in getting the contractor to provide satis-
factory identification of pipe weld radiographs. Review of the first radio-
graphs indicate that considerable weld cutout and repair will be necessary.

The Phase III electrical contractor has pulled power cables from the 480-
volt switchgear to the motor control centers in the reactor building.

Phase II-A. The Phase II-A PRTR contract is 94% completed versus a sched-
uled 105%. The contractor completed driving sheet pilings and has placed
the rip-rap directly in front of the structure. He is currently working
on river side excavation for the intake channel. Difficulty is being en-
countered in de-watering the area between the structure and the dike, since
the contractor has encountered heavy flow of ground water as well as river
water leakage through the dike.

PRTR Stack Addition. The contract for the PRIR stack and stack sample
facilities was awarded to Custodus Chimney Company of Chicago on the
bvasis of low bid of $40,625. The fair cost estimate for the work was
$45,000. Contract construction time is 90 calendar days.

Service Building Extension. Design of the service building extension is 60%
completed versus 0% scheduled. The drawing schedule indicates that all
drawings will be approved by October 15. Receipt of comment prints has been
slow and indicates that considerable difficulty will be encountered in
meeting the October 15 deadline.

1242130
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Design Analysis. The IBM program for computing PRTR primary coolant transients
is nearly completed. The first computer runs will be made early in Octooer
It is anticipated that results wiil be available by November.

Instrumentation and Control. The drawing revisions incorporating changes to
the PRTR safety and containment systems were issued for comment during the
month. Approval issues of the revised drawings are expected in early
October. Design was started on a "standpipe" to be attached to the pressur-
izer to accommodate level-sensing instrument taps. The addition was neces-
sary to permit lowering of the pressurizer level as required for proteztion
against loop overpressure.

A contract is being negotiated with GE-ANPD for an englneering review of
the PRTR automatic controller design.

Inspection and acceptance testing of the automatic contrecller and reactor
rediation monitoring equipment is scheduled for the first week of October.

Both the electronic and mechanical portions of the fuel element rupture
monitor have been placed for bids. The bids for the mechanical portion
are due by the end of September; those for the electronic portion during
the first part of October.

Reactor and Process Piping. A number of the primary system outlet nozzles
showed excessive shrinkage of the lower flange-nozzle body weld. These are
being remade to meet specifications. No delay in delivery is anticipated.

The facilities of Yuba Heat Transfer Division were visited for the purpose
of making a final inspection on the steam generator and working out details
of preparation for shipment. Several leasks at tube-tubesheet welds were
disclosed during the halide leak test. These were subseguently repaired
and the unit was cleaned and shipped on September 18, and delivered on
Septemter 28.

Personnel of the Atwood and Morrill Company were engaged in discussions
relative to expediting the fabrication and shipment of the eight-inch
special by-pass check valve for the primary pumps. Mid-October shipment
is expected.

Preliminary discussions relative to the PRTR primary coolant piping stress
analysis (proposed Design, Development and Research Contract DDR-79) were
held with personnel of the Electric Boat Division of General Dynamics
Corporation in Groton, Comnecticut. The scope of work and procedures for
reporting progress were worked out in some detail.

The activity monitor heat exchanger, HX-5, was received and mounted in the
containment vessel during the month.

Several instances of piping interference with support structures and/or
adjacent pilping and electrical conduit were resolved. The most prominent
cof these involved the eight-inch primary coolant by-pass »iping around the
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steam generator and control velve linkage interference on the preheater-
deaerator.

Modifications were made to the pressurizer support structure and grating
supports in the neighborhood of the pressurizer to provide clearance for
the by-pass piping. Deaerator linkage interferences resulted from failure
of American Water Softener Company to fully assemble the unit for fittings
prior to shipment. Interferences were inspected by a representative of
the vendor who has agreed to make the necessary corrections.

A purchase specification was written for procurement of two special safetly
valves for the pressurizer and two liquid relief valves for primary coolant.
The purpose of these additions is to provide transient surge volume in the
pressurizer and liquid relief for overpressure in the core section in the
event of isolation of the core from the heat-exchange equipment during
shutdown.

Fuel Handler. The fuel handler is currently being assembled. Cask sections
have been mounted to the bridge and carriage assembly. Electrical wiring,
controls, and position indicator mechanism are being installed.

An 18-day extension of the contract was granted because of an accident in
transport of gamma probe equipment for cask inspection. Completion date
is now scheduled for October 10.

Fuel Element Examination Facility. -Mesler -Safe Company resubmitted revised
drawings of the cast iron wall blocks for epproval. The drawings were
approved for comstruction. ’

Mechanical .assembly drawings and electrical drawjings.far the. primery manip-
ulator were. sutmitted for approval by the W. F. & John Barnes Company.
The drawings were reviewed and approved.

Shop drawings of the light fixtures were submitted for approval by Pacific
Steel Products Company. Minor exceptions were noted and the drawings
returned approved as noted.

The Phase III contractor submittals for the jet eductor (EP PR-630) and
pressure switches PS-1 and PS-2 were approved.

Load Out Cask. The bid opening date for the Load Out Cask was extended to
September 28 to permit additional interested vendors to bid.

High Pressure Loop (Project CAH-841). The design criteria has been revised
following the preliminary comment issue of several sections and has been
issued for final comments. Cost of the project is estimated at $1,100,000,
including the $50,000 previously asuthorized for scoping and preliminary
design.

e
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Critical Facility (Project CAH-842). The scope description of the PRP

Critical Facility was completed during September.

Writing of the design criteria for the same project has commenced.
Rough draft copies of the building and services criteria and the des-
cription and fuel element handling sections of the equipment criteria
have been written. It is anticipated that this document will be com-
pleted and published during November.

Plutonium Febrication Pilot Plant

Phase III Construction. Completion of equipment installation under the
Phase II1 contract is estimated at 93%, compared with 98% scheduled.

All exceptions have been cleaned up in the swage room, billet lathe room,
30 kw vacuum melting furnace room, welding room and radiography room.

In addition, the autoclave room has been accepted without exceptions.
The maintenance shop has been accepted with the exception of some door
hardware requiring special keying, which has not been received.

Work on the oxide line installation proceeded normally during the month;
hovwever, the delay in shipment of the sintering furnaces was being
seriocusly felt at the month's end. Work on the drawbench installation
progressed normelly. Work on the degrease-decontamination system was
hampered by slow delivery of a replacement expansion bellows, & pressure
transducer, and a pressure gauge with overpressure alarm switch. These
small items, all contractor responsibility, are preventing testing of
all major equipment pieces and all hoods of the system.

Procurement. Shipment of the sintering furnaces was delayed by the

vendor's failure to obtain satisfactory inflateble gaskets to make the
seal between the main furnace shell and the arch shell. Performance

of a test of this seal at the vendor's plant was waived so that trials
of other gasket configurations can be made on site during installation
of the furnaces. The first furnace is now scheduled for shipment
October 5, and the second October 12. Shipment will be by through-truck,
80 receipt of the first furnace about October 12 is expected.

Coampletion of the Phase III contract by November 1, following such late
receipt of the sintering furnsces, will not be possible.

Procurement of the 20-inch rolling mill is about one momth behind
schedule. Information required for installation drawings, due about
September 1, has not yet been received.

Transferred Capital Equipment. A revised project proposal is being
prepared which requests additional authorization to cover the value of
plant capital equipment planned for transfer to the project. Scheduling
of design drawings and installation work related to this equipment is

in progress. :
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PRTR Operations

Major effort was devoted to writing design tests to be performed before
startup of PRTR. At month end, the rough drafts of 42 of a total of
L4 tests had been completed. After review by interested groups, the
tests will be compiled and issued as HW-61900-RD, "PRTR Dcsign Tests'.
This document will be issued in October.

The accelerated training course for PRTR Technicians continued through
the month. This training program will be completed on October 2. As

& result of experience geined during this program, the Engineering
Assistant training course, to begin October 5, has been modified slightly
to insure balanced coverage of all topics. The Engineering Assistants
will attend classes in groups of 10 to 15 in the PRTR Building. The
Shift Engineers and Technicians will be housed in TC-2 at the construction
site.

The PRTR Handbook of Operating and Construction Data was completed and
issued during the month.

Design liaison continued with review of the safety and containment system
and review of the vendor's drawings of the Fuel Element Examination
Facility primary menipulator and shielding. The final rough draft of the
High Pressure Loop Design Criteria was also reviewed and comments were
issued. Portions of the PRTR Critical Facility Design Criteria were also
reviewved.

Rough drafts of PRTR data sheets have been prepared. These will be issued
for comment in October. Detailed discussions were initiated with Tech-
nical Data Processing Operation personnel for the purpose of machine pro-
gramming PRTR operating data for routine storage and reporting.

2. BASIC SWELLING STUDIES

Irradiation Program

Four wninstrumented capsules containing precharacterized uranium pellets
immersed in NaK have been received and have been assigned for post-
irradiation examinations. These capsules were irradiated to gain insight
into the effect of irradiation temperature and exposure on the basic
swelling characteristics of unrestrained uranium.

Final assembly is now in progress on the slightly modified temperature
monitored swelling capsule. This capsule contains four, one cm diameter
netural uranium spheres. Heat transfer calculations have indicated that
thinner and more numerous heat transfer fins were necessary to provide
the desired internal capsule temperatures. These fins and attendant
parts have been machined and instelled in the capsule. Laboratory bench
tests on the modified capsule will begin in the coming month.
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Mechanisms and Theory

Uranium tensile specimens irradiated to high burnups and tested under
PT-3NA (a HAPO program to study irradiation effects on uranium properties)
were selected for density measurements. These specimens had been annealed
between 400 and 800 C for times from 10 to 100 hours. Density measurements
wvere completed during the month revealing no significant changes which
could be attridbuted to swelling. It would appear, therefore, that for
burnups up to 0.1 a/o, appreciable swelling does not occur from post-
irraediation annealing at temperatures below 800 C. No further work is
presently being contempleted with these specimens.

There is information on the escape of xenon and krypton from irradiated
uranium but no direct informstion on the rate of diffusion. Calculations
of diffusion coefficients varied from 10715 to 10-1lem® per sec at 500 C.
This can possibly be explained on the basis that surfuce kinetics are the
rate controlling factors in these gas release experiments. If the dif-
fusivity of inert gases is as low as these data would indicate, the mode
of pore formation mey be radically different from the classical concept
of nucleation and growth of inert ges bubbles. One suggested mechanism
requires no diffusion of inert gas. A considerable fraction of the xenon
and krypton produced in urenium during irradiation results from the decay
of other redioactive fission products such as Br, Te, I, etc., several of
which have half lives in the order of several hours. As these elements
are essentially insoluble in uranium, thermodynamics considerations favor
separation of a second phase, which could either be a compound or the
element itself. As this second phase decays into xenon or krypton, the
gas pore is formed "in situ' obviating the diffusion of inert gas atoms
through the uranium lattice. The literature is currently being searched
for data pertinent to this concept.

Examination of decay schemes revealed that eight-day I-131 decays to stable
Xe-131. This suggests studying inert gas diffusion by alloying uranium
with radiociodine and allowing it to decay to xenon.

The amount of xenon deposited in & uranium surface under various condi-
tions of electrical glow discharge is presently being determined. It is
also being determined whether or not xenon deposited in & uranium surface
in this menner will diffuse into the volume of the material and cause
swelling. A uranium disk at 620 C was subjected to an electrical glow
discherge (sputtering) of about 16 ma/cm in xenon at a pressure of
approximately 2 mm of Hg for four days. X-ray diffraction studies of the
surface after sputtering revealed the presence of UOp, uranium, and a
substance which could not be identified as any of the better known uranium
compounds. Further x-ray studies of the surface are being made in an
attempt to identify this compound. Upon completion of the x-ray study,
the disk will be examined by electron and optical microscopy and, finally,
analyzed for gas content by vecuum fusion.
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Optical and electron microscopy are being used as a direct means for
determining the size and distridbution of pores in irradisted uranium.
Specimens irradiated to 0.4 and 0.2 a/o burnup are being used for post-
irradiation annealing studies and for establishing a quantitative metal-
lography technique.

Post-irradiation anneals at 600 C for 100 hours have been completed for
a specimen in each burnup level and densities for two specimens have
been determined. For a burnup of 0.4 a/o, the density has decreased
from a pre-anneal value of 18.70 to 14.97, a decrease of 20 percent;

for the specimen with & burnup of 0.2 a/o, the density has decreased
from a pre-anneal velue of 18.56 to 17.26, a decrease of seven percent.
These specimens will be prepared for metallogrephic studies. Similar
specimens, annealed at 650 C for 100 hours, revealed densities of

14.95 and 18.14, respectively; the changes in density are: 20 percent
and 2.3 percent. Optical and electron microscope examination of the
microstructure in these specimens is proceeding. After the 650 C anneal
the 0.4 percent burnup specimen shows banded regions which are similar
to regions present after a 700 C anneal. Grain structure near the
banded regions is exceedingly small, 10 microns or less, and has a shape
characteristic of recrystallized uranium. Neither the 700 C nor 650 C
annealed specimen with 0.2 a/o burnup shows this banding; after an 880 C
anneal, however, the specimen showed the banding. The bubbles in and
near the bands have diameters at least ten times greater than those of
bubbles located away from the bands. On the other hand, after a 650 or
700 C anneal, the smallest bubbles surround impurity inclusions in the
uranium with a burnup of 0.4 a/o. This phenomenon will be further in-
vestigated to ascertain if a greater number of nucleation sites are
located in the vicinity of the dispersed impurity phases. A 880 C anneal
for 100 hours is currently being glven to a specimen with a burnup of
0.4 a/o. A specimen annealed at 880 C for 100 hours with a burnup of
0.2 a/o is being prepared for a statistical analysis of (1) effect of
etching on apparent bubble size; (2) heterogeneity in bubble size;

(3) reproducibility of replications.

3. GAS COOLED POWER REACTOR PROGRAM

Graphite Studies

PRTR Pressurized Gas-Cooled Loop Facility (CAH-822). Design of gas loop
components is progressing according to schedule. Struthers-Wells has
submitted preliminary equipment specifications during the month on loop
electrical equipment, instrumentation, and on safety heads proposed by
them as backup for loop safety valves, to minimize gas leakage from the
loop. Comments on the above were returned.

Approval drawings for the primary gas blowers, due August 8 from
Bristol-Siddeley Engines, Ltd., were received, in part, on August 23;
the remainder arrived September 1h4. Lack of data on the blower charac-
teristics has seriously hampered Struthers-Wells in their design effort.

12462142
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Bristol-Siddeley has stated that a full set of data on the characteristics
will be forthcoming immediately. Design of the in-reactor test sections
by MEDO 1is proceeding on schedule. Comment issues of the design drawings
are expected to be issued in early October.

An engineering study was made of the feasibility and cost of converting
the gas loop coolant from carbon dioxide to helium with retention of the
meximum operating temperature and pressure, and for converting to helium
with a minimum change in equipment but with the operating conditions
relaxed. Such a change is feasible, and depending on timing and scope of
the change, helium can be utilized in the loop at a cost of about $50,000
to about $150,000.

Graphite-Air Oxidation Studies. An experimental program has been initiated
to evaluate the hazard of air leakage into a gas cooled reactor. A series
of tests has been completed on eir oxidation of virgin reactor graphite,
with results as follows:

Oxidation

T (°C) Rate g/g hr Percent/100 days
350 1.68 x 1072 1.85
400 2.23 x 1077 28.6
450 1.19 x 10~ 7.3
500 1.23 x 1073 295
550 6.28 x 1073 1.51 x 103

Conditions, Graphite-CO-(AGOT processed)
(Trensverse semples with respect to extrusion axis)
Flow - 2 CFH Dry Air.

When the above rates are plotted ageinst 1/T K a linear Arrhenius plot is
obtained, which indicates that there is no change in the reaction mech-
anism within this temperature range. The apparent activation energy is
29.8 K Cal/mole.

Graphite Weight Loss Studies. A series of five 0.628" diemeter spheres,
machined from CSF graphite, have been oxidized in flowing COp at tempera-
tures of 650, 700, 750, 800 and 850 C. The results expressed in gE/gm hr
weight loss were 2.32 x 1079, 5.68 x 10-5, 8.4k x 1075, 3.38 x 10™* and
2.30 x 10'3, respectively. Above 750 C these rates are of the same order
of magnitude as those for hollow cylinders of comparable volume but greater
geometric surface. This would appear to indicate a homogeneous reaction
with no gradient of COo, concentration within the sample. However, this
result is in direct contradiction to our comparison of oxidation rates of
solid and hollow cylinders. This problem is being pursued further. Below
750 C, non-linearity in the Arrhenius plot indicates a probable change in
the mechanism of reaction. An activation energy of about 43 K Cal/mole
has been observed for the 750 to 850 C temperature range for the COg-
graphite reaction, irrespective of surface or volume relationships of

the graphite samples.
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Microwave Studies. The equipment has been modiried to allow insertion of
chromel-alumel thermocouples in graphite samples being oxidized in flowing
CO2. A microwave glow discharge was established upstream from the samples.

Experiments showed that the temperature of graphite samples placed three
inches downstream from the flow increased from room temperature (24 C) to
about 70 C, presumably due to reaction. A deposit of soot was formed on
such samples and on samples whose temperature was raised by a furnace to
various temperatures up to about 490 C. If the temperature was raised
above this value, no soot was deposited, and any soot already present was
oxidized. All samples show relatively large welght loss rates compared to
thermal studies, irrespective of soot deposition. Samples placed within
flow discharges reached temperatures of about 330 C with no external heat
applied. A deposit of carbon suboxide was formed on the reaction tube both
upstream and downstream from the sample at low flow rates. All these effects
are probably related to an unbalance of the equilibrium of the C-CO-CO,
system at these temperatures and pressures.

Oxidation Profile Studies. For the purpose of evaluating kinetic data on
oxidation it is essential that the extent of oxidation throughout the
sample be known. A series of CSF graphite samples has been prepared to
check the feasibility of using x-ray data to study oxidation profiles
within oxidized graphite. It was found earlier that the C, spacing and
crystallite size, as determined by x-ray techniques, exhibited changes
during oxidation. However, these values also are changed when such samples
are annealed. To study the effects separately, the samples will be out-
gassed, annealed and oxidized, and x-ray measurements will be made after
annealing and after oxidation. If corrections can be made for effects of
annealing, it may be possible to relate the x-ray data to oxidation. This
would provide a useful means of obtaining oxidation profiles without the
difficulties involved in the differential density method.

D. RADIATION EFFECTS ON METALS - 5000 PROGRAM

Radiation demage recovery is being studied for a number -of structural metals;
these include copper, nickel, titanium, zirconium, iron, molybdenum, and type
347 stainless steel. Tensile properties, resistivity, and x-ray diffraction
spectra are being measured to determine the effects of various annealing treat-
ments.

Work performed during the month included the completion of metallographic
studies and initiation of x-ray diffractjon studies 8f copper, ironi and

high purity nickel irradiated to 9 x 10t , 4.6 x lOl , and 1.0 x 10 9 nvt
(fast), respectively. The irradiated and control specimens of molybdenum and
zirconium were given their first, one-hour isochronal anneal at 125 and 150 C,
respectively. These anneals will be repeated at 25 C increments followed by
microhardness and electrical resistance measurements to study the course of
radiation damage recovegg. Specimens of copper, iron, and "A" nickel irradiated
to 1.5 x 1020, 1.3 x 1020, and 3.6 x 1010 nvt (fast) were mounted in lead im-
pregnated boat resin for metallographic studies. These specimens have the
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highest levels of radioactivity among the series and require special handling
techniques. Only subtle differences in the microstructural appearance of the
irradiated versus unirradiated specimens of copper, iron, and high purity
nickel were observed. These differences cannot yet be positively attributed
to irradlation effects. An irradiation of 9 x 1018 nvt (fast) caused 26.7 per-
cent broadening in the (222) reflection for copper. A corresponding decrease
of 0.052 percent in the lattice parameter was also measured. Although a de-
crease 1n lattice parameter is unusual, such an occurrence has been reported
for molybdenum irradiated to higher exposures. Verifications of this measure-
ment are in progress.

E. CUSTOMER WORK

Radiometallurgy Examinations

Nickel Plated Elements from PT-IP-207-A (RM-306). Four nickel plated and two
non-plated standard, natural uranium, internally and externelly cooled, Hanford
production fuel elements, which were irradiated to approximately 400 MWD/T as
part of IP-PT-207-A, were shipped to the Radiometallurgy Laboratory this month.

The slugs were selected by Fuels Preparation Department personnel to determine
whether hydrogen gas was being trapped in the voids between the nickel plate
and aluminum can wall. Two non-plated slugs, which were control pileces for the
production test, are also the control samples in the "hydrogen test'. Four
nickel plated slugs, previously described, are to be initially tested. The
control tests have been made, and the gas samples have been submitted to
Analytical Operation for analysis.

RM-318 - Direct Cast Core Fuel Elements. Examination of three sections from
one element revealed the male end of the piece to be badly distorted while the
female end appeared to be almost normal. No reason has been found that could
explain the large difference in preferred growth in the uranium from one end
to the other.

RM-400 - Self-Supported Fuel Elements. One element has been sectioned trans-
versely and longitudinally through the supports at each end. Examination of
the can wall profiles under the supporting ribs has not revealed any erosion
or reduction of the can wall thickness at these points.

Examination of a Side Hot Spot Ruptured Natural Uranium I & E Fuel Element From
Tube 1165-C (RM-309). Examination work was started on a hot spot ruptured
natural uranium I & E fuel element with a 570 MHD/T exposure. The fuel element
was visually examined and photographed in the as-received condition. Two
samples were sectioned from this element for metallographic studies, and both
samples have been ground and polished.

High Level Examination & Cut-Off Cell (Project CG-682). Modification of the
photography stage for viewing and photographing fuel elements two feet to
four feet 1n length was completed. Installation was completed except for
electrical wiring. Tests of the lighting system, which coneists of two
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48-inch long "Power Groove" fluorescent tubes, indicated that uniform illum-
ination was obtained over a UYl-inch length. Some loss in fuel element end
detail may occur in side view photogrephs of four-foot long elements. However,
this may be overcome by shifting the fuel element laterally. An 80-pound
simulated fuel element, four feet long, was easily handled and placed on the
photography stage with two Hanford Master Slave manipulators (Mod. III).

Metallography Laboratories

A series of photomicrographs of Zircaloy-2 strip with fram O to 50 percent
cold work has been prepared in chart form. Comparison with this chart should
permit close epproximation of the amount of cold work present in unknown
Zircaloy samples.

Samples Processed During the Month. Total samples processed: b1s.

Photographs: Micrographs 299
Macrographs 106
505

’}NMM[

Manager, Reactor and Fuels Research
and Development
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