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BUDGETS AND COSTS

May operaiing costs totaled $2, 218. 000; fiscal year-to-date costs are
$23, 407, 000 or 88% of the $26, 664, 000 budget.

Hanford Laboratories research and development costs for May. compared
with last month and the control budget, are as follows:

Cost
‘Dollars in Thousands) Current Last FY %
Month Month To Date Budget Spent

HLO Programs

02 Program $ 65 $ 70 $ 575 $ 661 87%
04 Program 706 917 8 694 9 8335 88
05 Program 60 71 720 806 89
06 Program 231 180 2 105 2 402 88
1062 1238 12 094 13 704 88
IPD Sponsored _ 232 190 2 820 3 170 89
CPD Sponsored 161 180 1 804 1 994 90
$1 455 $1 588 $16 718  $18 868 89%%

RESEARCH AND DEVELOPMENT

1.

Reactor and Fuels

Construction continued on the PRTR complex. The Maintenance and Mockup
Facility is estimated at 92% completed versus 100% scheduled. The Critical
Facility building is estimated at 99. 3% complete versus 100% scheduled as
of April 20, 1861. The PRTR and PFPP paving and landscaping contrac® is
proceeding on schedule, and the gas loop construction is 83% completed l
versus 95% scheduled.

Work has commenced on a reduced capacity water plant to meet the immediate
PRTR secondary coolant water and rupture loop coolant water requirements.
The previcusly designed water plant structure has been revised to include
only two export pumps and correspondingly modified auxiliary equipment.

PRTR startup proceeded into the power tes® phase. At the beginning of
the report period ion exchange resin and other foreign material was found
to be lodged in PRTR fuel bundle crevices and otherwise dispersed through
the primary coolant system. After cleanup, power tests were initiazed.
The reac*or operated at power levels up ‘o 15 MW, accumulating approxi-
martely 33 MWD of core exposure hefore shutdown on May 18, On May 7,
fission product activity was detected in the containment vessel air and in
the primary coolant. It is not yet clear whether this activity came from

1752100 | noe S,
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a fuel rupture or from "‘ramp' uranium contamination. After the shut-
down of May 18, chloride and fluoride contamination of ~he primary coolan-
was discovered. Investigation of the extent of corrosion damage, correcticn
of this damage, and inquiry into {ts origin are in progress.

The mechanical seals and neoprene seals in all three primary pumps were
replaced during the month. All three pumps had overheated during opera-
tion at primary system temperature of 415 F, causing seal damage, It

was concluded that the helium evolved during cooling at the primary seal

and during depressurization at the secondary seal was a larger volume than
that of which the seals could purge themselves. Modifications have been made
to furnish cold D40 injection to each primary pump and to protect the system
in case of future overheating.

During the period of PRTR power cperation it was found that xenon effects
are about as previously calculated, Also, PRTR shielding was found to be
satisfactory except for some neutron streaming through large penetrations
in the bottom shield. Cadmium wrapping has been added to reduce the -
potential for neutron activation of stainless steel components. Fur+her -
measurements are planned at higher power levels to check these early
results,

A calculational study of the reac-.vity effect of loss of PRTR primary coolant
as a function of coolant and moderator purity is being performed. Results o
date indicate that for loss of up to ten percent degraded {with light water) .
coolant, there will be no positive reactivity e“fect for modera‘or degrada‘ions
of ten percent or less, |

An addition of a third channel to the log N flux monitoring system was begun,
Triplication of the log N system should improve reactor time operaring
efficiency by reducing the number of spurious safety circuit ‘rips.

Research on PuQg and on the UQ9-PuQg system indicates the possibility
of two forms of PuypO4, the possibility of eutectoid decomposition of
PuO; g2, and complications in the UO2-~PuQg system.

Two injection cast plutonium-aluminum alloy capsules have successfully
completed irradiation tests in the MTR., '

Arc fused UQg evolved five times as much gas afier swaging as the unswaged
material. Tests are being made toc determine the source of the evolved gas
gince the specimen had been exposed to the air for fwo months,

Ex*ensive sub-grain structure was newly observed on polished and eched
columnar grains of UO2 produced during irradiation of swaged or vibra-
tionally compacted UQO5. vibrationally compacted electrodeposited UO2,
and sintered UOyg pellets, Collections of void along these sub~grain boun-
daries is further evidence of fission product relocarion which continues

i sasisial
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0 be revealed by additional autoradiographs of cus and ground sransverse
faces of irradiated UOg fuel reds.

Special PRTR Mark I swaged UOg fuel elements with thermocouples
embedded along the axes of fuel rods have operated satisfactorily dur:ng
power operation conducied ‘o date.

Irradiation of a three-foot long nested tubular fuel element containing vibra-
tionally compacted high energy impac* formed UOg2 continues without unusual
incident in the ETR 6x8 loop at an estimated maximum surface heat flux cf
300, 000 BTU /hr-£t2. About 330 MWD/T exposure has been accumu.ated,

A tubular Zircaloy-clad vibrationally compacted UQOg test element {HAPQ-4)
recently discharged from KE.i-1 after accurnulating approximarely 150

MWD /T shows no externally visible change,

The first significant irradiation of hot swaged UOg ‘4-rod cluster) is in
progress in the MTR., An UQ2 - 10 w/o ThOg mixture was vibrationally
compacted o 86% TD (90% compaction efficiency) in 1,120" OD x 0, 030*.
wall stainless steel tube, 12" long. The element will be irradiated in the
MTR.

The irradiation of KSE-3 single tube metallic fuel elements ‘0 exposures of
2000 MWD/T have, in general, been successful. The braze closure has dis-
played no shortcomings.

In the investigation of the metal inert gas welding process for final closure

of NPR fuel elements, the apparatus has been automated., The entire cycle,
exclusive of positioning the fuel. takes slightly more than three seconds -0

complete. High quality welds are being produced.

In the development of a modified NPR closure utilizing copper as a bonding
medium, difficulty was encountered in producing a continuous bond free of
small non-bonded areas. Use of a post=-pressing heating cycle with an

. external retaining ring on the end of the element has now produced bonds
free of any detectable discontinuity.

Detailed studies of NPR inner tube exirusions with and without cladding have
star-ed :0 show a fair correlation between the plane of shift and *he plane of
warp. Wall thickness variations are also being explored to see if they can
be related to warp.

The sixth NPR rupture test was conducted in the ETR using a specimen prev-
iously irradiated to 400 MWD/T in KER. A slight increase in pressure drop’
accompanied by increased loop activity caused *he test *0 be “erminated in
one hour.

An NPR inner tube selfmlsupport made with reverse folds in 30-mil -h:ck
Zircaloy-2 sirip will replace *he arched ‘ype unless flow *ests. discharge

' 1252852 SN
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tests, or irradiation tests reveal unforeseen deficiencies. The new design
will hold 1000 pounds without crushing or causing a shear load on *he spor
welds, whereas the oid design either crushes or breaks the spot welds at
400 pounds load or less.

A computer program was written for the analysis of fluted cylindricai reac-
tor fuel elements. Cladding deformations and stresses can be estimated for
arbitrary shapes and any number of convolutions. A technique for welding
end caps in fluted elements has been developed employing e.ectron beam
welding.

The operating temperature of Zircaloy-2 creep capsule I[I-2 is considerably
higher han originally anticipated. Contamination of the helium atmosphere
within the capsule is suspected io be the cause of a ¢onsiderable reduction
in heat transport within this capsule. A modification has been made in the
design of third generation capsules to reduce heat generation and transport
problems. :

A breakaway type of hydriding in Zircaloy-2 samples has been observed
about the time the hydrogen content in the mertal reaches the hydrogen
solubility limit at the temperature of the corrosion test. The evidence
comes from samples having the same surface area but of different thickness
exposed at 400 C to a mixture of hydrogen and water vapor,

Fifteen Zircaloy-~2 tubes for the overbore test at C Reactor have been pro-
duced by a new fabricating process promising over-all metal yield frem
sponge to finished tube of about 75%. An ultrafine grain strucrture is ‘_
developed, making increased amounts of cold work per tube reduction pass
possible, '

The third thermocouple slug for measuring the temperaiure drop across
crud deposits was successfully charged into KER Loop 1, but ruptured

8ix hours after reactor startup. Visual examination in the basin revealed

a circumferential split in the cladding pear the end cap and also a longitudi-
nal split over the two holes for thermocouples. A more detailed examination
in the Radiometallurgy Laboratory will be made ro determine the cause of
failure,

The addition of smalil amounts of iron oxide during the manufacture of
graphite alters the dimengional changes during irradiation, During 30 C
irradiation the transverse growth of the graphite to which iron oxide had
been added was 43% greater than that for graphites without additive,

Since graphites which grow at a high rate during room-temperature irradi-
ations normally contract at a low rate at high emperatures, these resul‘s
suggest thar the dimensional stability of graphite at high temperarures may
be improved by additives.
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Heat fransfer experiments were completed o allow a prediction of the fue!l
~emperatures during the shutdown ‘ransient feilowing a rupture of the ‘nlet
piping -0 & process tube on a BDF *ype reactor.

The determinations of maximum heat transfer capabilities of the NPR +ube-
in-tube fuel elements were continued., Forty-eight additional boiling burn-
out data points were obtained uging an electricaliy heated test secwion.

A report was issued covering laboratory investigations of the critical dis-
charge of steam-water mixtures from uniform flow passages. In addition,
experimental work was also devoted to a study of the discharge of hot water
‘o the atmosphere through short tubes having sharp entrance edges.

2. Chemical Research and Development

Initiation of large scale, strontium-90 recovery operations at the He: Semi-
works resulted in the accumulation of abeout 150, 000 curies of produc:, ‘The
recovered material met all specifications for radiochemical and iner*
impurities. In addition, 25, 000 curies of strontium=-90, obrained from High
Level Radiochemistry Facility operations, were absorbed onto *he Decalso
bed of the HAPO-1A cask for shipment to ORNL. (The cask left HAPO on
June 1, 1861.)

Studies were continued on the preparation of strontium-90 bearing glasses,
As expected, the solubility of the glasses in boiling water increases with
strontium content while *he higher melting glasses exhibit lower sol:bilities,

A procedure has been developed for the scavenging of radionuclides from
NPR decontamination wastes, The scavenging agent. manganese dioxide
in alkaline solution, was found 0 remove about 89, 95, 90 and 50 percent :
of the cerium, strontium, zinc and cobalt radioisctopes, respectively, As
reported last month, the treated wasie will be disposed to ground in a crib
north of Gable Mountain some five miles from the NPR site,

Several minerals which show promise of utility for the decontam:ination of
reactor effluent waters were evaluated on the basis of P-32 absorp*ion. The
“wo most efficient minerals, sodalite and epidote. were found to remove 60
and 47 percent. respectively, of phosphorus-32 in 1900 bed volumes of
reactor effluent water. N

Samples of water from the Columbia River and 18 major tributaries are
currently being analyzed to determine the source and 2oncentration 2f parent
materials responsible for radioisotope formartion when this water is used

t0 cool *he Hanford reactors,

The use of a radiant heat spray calciner as a liquid waste concentrator was
demonstraied. Low temperature of reactor operation and recycle of hot .
gases permitted high volume reductions without fouling of heat *ransfer sur-

faces.,
1252494 | aren
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Batch pot) calcination of simulated Purex high level waste admixed with
borax and phesphoric acid resuized in severe corrvosion of the s*ain.ess
steel pot, Negligible corrosicon is exper:enced in the absence of borax
and phosphoric ac:d.

Basic feasibility of a spray calciner utilizing an internal flame as ~he heat
source, vice radiant heat from the hot wall, was demonstrated.

Strasigraphic studies have shown that the "blue ~lays' or lower beds of

-he Ringold formaztion between Richland and Columbia River mile 348 «site
of the proposed dam)} are interiaced with extensive gravel trains. Flow
patterns of ground water in such aquifiers are anticipated to be complex and
may have gignificance to the movement of underground wastes,

In addition to extensive and broad studies underway to elucidate the bas:c
chemistry of uranium, plutonium and fission products in molten salt sys-ems,
it has been found that self-supporting, dense UQOg compacts can be grown
electrolytically under a wide range of conditions. : -
Conditions for the phoiochemical reduction of uranium,V?} to uranium:IV)
were adjusted such that the yield in nitric ac:d-hydrazine solurtion was
roughly equivalent to that obtained previously in nitric acid-formaldehyde
solutions. Hydrazine bearing solutions are desired fcr Purex plant applica-
tion .i.e.. to obviate the use of ferrous ion as the plutonium reducrant}.

3. Physics and Instrument Research and Development

Advances were made in the computational programs for reacror physics.
The NPR lattice cell was successfully analyzed with the RBU code giving
good agreement with experiments and other calculations. Improvements %0
*he input subroutine for HFN, the multi-group neutron diffusion theory code,
increase its speed by twenty percent. A new code was develcped for use in
critical mass calculations for homogeneous systems, .

Further HLO-CPD experiments were comp.eted to improve the nuclear safety
limits for one gtep of the 234-5 Building process. The mass limi: for a rood
was increased a factor of three as the resuit ¢f in situ measuremen=s of neui-
tron multiplication. _
More economical and reliable circuits have been developed for the pro-o-

type Fast and Slow Scanning Type Fuel Failure Monitor. The provotype
scanner has now rotated continuously for three months with satnisfacrory opera-
wion of the mechanical system and the elecirica. slip rings.

Improvemen. of reactor nuclear instrumentarion wiil be aided by design of °
a ceramic tube cathode follower circuit which has operated reliably at 300 C,
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Bet’er analyses of production reactor safety are being obtained with a new
nineteen-region reacvor analog simularion being sed to evaluate the effect
of safety rod malfunction on speed of control,

A very small release rate of 10°PC CQ3 gas in%o the air has been detected
by infrared radiometry. Further work is planned to determine if this method
could be used tc help locate costly helium gas leaks at the producticn reactors,

Development of theoretical methods for predicting neutron energy spectra
will be aided by evidence of neutron self-shielding in PuAl alloy fuels found
in a PCTR experiment,

Improved predictions of fuel isotopic changes during irradiation will be
obtained with fuel and moderator neutron temperature data from rthe PRTR
critical testa.

The HLO developed Process/Shroud Tube Annulus Gauge operated satisfac-
torily during the first inspection of PRTR tubes since the reactor has operated.

In the extended lifetime Neutron Flux Monitor program, attention is being
given to the effects of reactor temperature changes on the response of detec-
tors using Pu isotopes,

Mathematical analysis of data obtained with the broadband eddy current non-
destructive testing equipment shows a need for more definite experimental
data. New circuits have been devised for this purpose.

Sensitivity of the developmenta. :hermal nondestructive test is now sufficient
to detect 1/8-inch-diameter defects in coextruded Zircaloy-clad fuel core-
to-jacket bonds.

In the study of graphite damage mechanisms, irradiation and measure-
ment difficulties at liquid nitrogen temperature were overcome. Resistance
changes were measured with good accuracy and reproducibility,

Three different studies were begun at the whole body counter to provide
information on a new scanning technique, the usefulness of a shadow shieid,
and on backgrounds encountered in counting B-32.

Progress was made in the development of miniature thermoliuminescent,
doBimeters: However, further improvements in gamma energy independence
are needed at low gamma energies,

- Activities in Air Force supported programs in Atmospheric Physics increased
during the month with startup of diffusion experiments at Cape Canaveral
Florida, »n May 15, as scheduled. By month end, eleven experiments had
been completed. providing dosage measuremenis to a distance of 1. 5 miles
from a source near ground level. Data collected during these experiments

126900} - ETERy
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will conprise an important addition to the data collected at Hanford for
evaluating topographic and regional influences on atmospheric dispersion
patierns.

4. Biologz

From X-ray sensitivity tests it appears that virulent columnaris strains
are diploid, while the non-virulent are haploid, If this very important find-
ing is confirmed, it may comprise good evidence for the improbability of
Hanford production being associated with increasing the virulent strain.

Population studies indicate this has been the most successful Canada goocse
nesting season since comprehensive studies began in 1953,

Ability of yeast to absorb potassium, phosphate, and glucose was found to
decrease in DO,

Roots of plants killed by boiling water or by freezing resulted in greater
uptake of calcium than in unharmed plants. Elucidation of fundamental -
physiological processes in plants may be forthcoming.

Swine being fed $r90 showed more rapid uptake of Fe?? into erythrocytes
from the serum than did control swine. This may be a new. sensitive
indicator of bone damage. '

"Paducah dust" exerts most of its hazard through chemical toxicity--
presumably uranium. In dogs that inhaled the material, kidneys appeared
damaged.

Programming

The recently announced AEC price-reduction for uranium (from $39. 27

to $23,50/kg U for natural-enrichment UFg effective July 1, 1961) will
reduce total fuel costs for many typical power reactors from about

3 mills/KWhe to about 2. 5 mills. The simuitaneous effect of increasing
the uranium use-charge from 4.0 *0 4. 75 percent offsets the above reduc-
tion only very slightly.

The economics of recycling plutonium through a salt-cycle process 1s
influenced substantially by the relative size of plutonium=-enriched zones

in the reactor. This factor affects both the reprocessing plant costs and
the penalty per gram for fabricating plutonium-bearing fuel. However the
burnout costs appear to be relatively insensitive to the sizes of the zones.
for practical cases.

Last month's study of the potential hazards and estimates of acciden® liabil-
ities for shipping Cs-137 is being extended to include shipping Sr-90 in
various forms.

IARIA N
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TECHNICAL AND OTHER SERVICES

In the accelerated nondestructive testing of NPR pressure tubes, 22-1/2 miles of
tubing were tested, counting the multiple inspections of each tube by several test
methods. Many indicated defects have been found to be within five mils of the
surface where they can be readily removed by surface conditioning.

No new cases of plutonium deposition appeared this month. Totals remain at
267, of which 194 are currently employed.

Emissions of strontium from the Hot Semiworks to the atmosphere totaled 100 mec.
No significant personnel expesure occurred. High efficiency stack filters are
presently being installed to reduce emissions.

At a periodic Columbia River Advisory Group (CRAG) meeting a recent environ-
mental exposure evaluation of the Hanford vicinity prepared by the U. 3. Public
Health Service was discussed. Within the framework of their assumptions, the
calculated doses are in approximate agreement with the values derived and
repor:ed locally. However, the conclusions reached implied a more serious
situation than we presently hold. :

There are 20 currently active projects having combined authorized funds in the
amount of $19, 999, 000. The total estimated cost of these projectsis $25, 303, 000,
Total expenditures through April, 1961, were $15, 214, 000, Project proposals
have been submitted to the Commission requesting authorization of $562, G600,

total project funds on four projects.

Use of available computer programming techniques has greatly simplified certain
analyses of rupture data, thus making it possible to develop many models for the
same set of data, where the data are divided into equal power-temperature cells

in different ways.

Optimum sizes of supplemental crews were determined for reactor operation
following conversion to bumper fuel elements.

A new method of estimating aluminum corrosion penetration during the breakaway
stage, which is independent of any assumption about the pre-induction time cor-
rosion mechanism, was used to analyze M-400 and X-8001 alloy corrosion data.
The results of the analysis are in agreement with previously formed notions

about the effect of heat ti-eating variables except for a peculiar dependence on

the method of cooling samples following anneal. Further work is being done on
this remaining question.

Statistical analyses of data from an experiment involving irradiation of a popula-
tion of Mediterranean flour moths was completed and results repor ted <o
Biology. :

The investigation was completed concerning what inferences could be made as

to reactor characteristics and/or exposure levels given a knowledge of Pu iso-
topic concentration,
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SUPPORTING FUNC TIONS

The FY~1962 estimate of Hanford Laboratories requirements under the "Agsis-
tance to Hanford" program was submitted to Contract Accounting in the amount
of $65, 000,

Special request activity during the month was as follows:

1, Authorization was received from HOO-AEC in the amount of $18, 000 to
cover costs and commitments on U, S. Air Force purchase order PR J 572
which was originally established for $55, 000, but subsequently changed due
to termination of the over-all aircraft nuclear propulsion program.

2. Program code was established for the new AEC/AECL Cooperative Program
entitled "Non-Destructive Testing of Thin Wall Zircaloy Fuel Sheathing. "
Expected costs are $8, 000 in FY 1961, $110, 000 in FY 1962 and $32, 000
in FY 1963. '

3. Program code was established for the new AEC/AECL Cooperative Pro-
gram entitled "SAP-SAP Magnetic Force Closure Studies.' Expected costs
in FY 1861 are $24, 000,

Heavy water returned to SRCO for rework during May amounted to 4038 kgs.
Heavy water generated for return to SROO during May amounted to 1604 kgs.
A requistion was placed during the month for 3636 kgs to be delivered in August,

A two-minute news film on the completion of the Critical Mass Laboratory was
prepared.

Discussions with small work groups on changes in benefit plans were completed
with a total of 49 presentations.

Advanced Degree - Eight Ph. D. candidates visited HAPO for professional
employment interviews. Seven offers were extended; three acceptances and
nine rejections were received., Current open offers total il. For the recruit-
ing year, we have achieved 12 Ph.D. acceptances,

BS/MS - Recruiting activity for the Technical Graduate Program included 19
offers, 17 acceptances and 58 rejections. Six offers remain open. For BS/MS
experienced personnel, 17 offers were extended, 5 acceptances and 7 rejec’ions
were received with ten offers remaining apen.,

Technical Graduate Program - Nine Technical Graduates were placed on perma-
nent assignment during the month. Four new members were added to the program
roils and two terminated. Current program members total 41.
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Two disabling injuries occurred. One employee severed a finger tip with
a power shear, Another suffered a broken toe when an empty barrel slipped,
There were 32 medical treatment injuries compared to 42 in April.

The incidence of security viclations was reduced from eight in April to two
in May. ‘

Tuition refunds for the winter quarter of the University of Washington Graduate
Center are currently being made. As a matter of interest, Hanford Laboratories
has 90 employees, including 6 non-exempt, who are receiving refunds compared
with a HAPO total of 163,

The microfilming of Files document holdings in the Records Center was sub-
stantially completed early in the month, On May 9., work began on the older
documents in the Files vault. The objective of the microfilming program. to
make more filing space available in the vault, is now being attained.

The mechanization of the Files issuance, routing, and mailing activities is
proceeding as scheduled. The IBM Card-a-type equipment arrived on Plant
May 22 and a mockup of the Files installation has been made in the Conference
Room of the 705 Building,

K ST
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REACTOR AND FUELS RESEARCH AND DEVELOPMENT QFERATIQN

TECHNICAL ACTIVITIES

A. FISSIONABLE MATERIALS - 2000 PROGRAM

l’

i

METALLURGY PROGRAM

Corrosicn Studies

KER-1 Zircaloy Process Tube. Previocusly a sample cut from the area of

rapld corrosion in the irradiated KER-1 Zircalcy-2 process tube also
indicated accelerated corrosion during eutoclave exposure to 300 C, pH 10
vater {L10E). A second irradiated sample cut from an area of normal corro-
sion in this process tube is currently being tested under the same condi-
tions. After seven days of exposure to 300 C, pH 10 water, the weight
gain for the irradiated sample cut from the low corrosion zone of the
process tube was 1l.4 mg/dmc, compared to 15.5 mg/dm? for the sample from
the high corrosion zone and 1l1.3 mg/dm2 for unirrediated KER-1 samples.

It is tentatively concluded that the area of high corrosion cccurring
during the service history of the tube is relasted to the local condition
of the metal, since it persists under post-irradiation testing.

The Effect of Hydrogen Content on Hydrogen Pickup. A breakaway type of

hydriding has been observed at about the time the hydrogen content of the
corrosion samples reached the hydrogen sclubility limit at the temperature
of the corrosion test. Samples of the same surface area but different
thicknesges will become saturated with hydrogen at different times while
hydriding at the same initial rate. A series of 5, 10, and 30-mil thick
Zircaleoy-2 samples exposed at 40C C to a mixture of 400 mm Ho and 23 mm
H50. The 5-mil samples showed a sharp increase in hydriding rate between
two and three days; the 10-mil samples between 13 and 20 days. Hydrogen
contents were about at the 400 C solubility limit when the breek occurred
in each case. The 30-mil samples are completed, but no data are available.

Ercsion-Corrosion of Aluminum Alloys. To study the ercsion-corrosion

behavior of aluminum &lloys X-000L and 1245, samples were exposed to

300 Area tap water adjusted to pH 6, 7, and 8, by adding either nitric
acid or sodium hydroxide flowing at a velocity of 88 ft/sec. The water
was heated to 102 C before being passed over the samples for six hours.
Corrosion was uniformiy smooth along the exposed groove except for alloy
X-8001 which showed some jaggedness at pH 8. The corroded grocve in
X-8001 at pE 8 had a cross-sectional area of 153 mils? as compared to

83 mi1s® for 1245. At pH 7, the corroded groove in X-8001 had a cross-
sectional area of 35 mils? and alloy 1245 showed no measurable corrosion.
Both alloys at pH 6 showed no measurable corrosion attack. The above
tests are short-term only, but pH adjustment appears fairly critical and
alloy 1245 shows some superlorlty
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Radiometallurgy Leboratory Studies

Metallographic examination of a longitudinal end cap section from a KER
single tube irradiated to 2000 MWD/T has been completed. The end closure
and the cladding appearsd to be 1n excellent condition. OQOne of the tubes
that appeared to have bumps in the internal bore when viewed in the basin
was sectioned, but no sericus bumping was found (RM-578). Metallographic °
examination of a section from a second Zr-2 clad inner tube with hot head
closures from PT-IP-300QA revmaled fire cracks in the uranium that were filled
with some unimown material. Voids and porosity in the uranium at the clad-
ding interface wers also found. The cracks in the uranium did not extend
into the cladding (RM-706). Two thermocouple capsules were secticned to
remove metallography, density, and burnup analysis specimens. Metallography
revealed that the 1.6% enriched uranium fuel was badly fragmented and the
Zr-2 cladding contained multiple longitudinal brittle fractures (RM-559).
Two fuel elements were received for examination after rupture indications
were noted following discharge from KER. Exsmination showed that the. clad-
ding had parted around the base of cne element at the juncture of the fuel
and end cap. The failure mechanism appeared the same as in the K-3-12
failure (RM-579). Eight Zr-2 clad swelling specimens were removed from
KeK capsules GEH-14-96, 97, 101, and 103. On twec of the specimens an end
cap had broken completsly off during the irrsdiation. Swelling-of the
uraaium core next to the end caps had split the cladding both longitudi-
nally and circumferentially on the ruptured specimens from capsules 96

and §7 (RM-565). Results and interpretaticns of these examinatiocns will

be reported in more detail in connection with the development programs
served.

Bagic Metallurgy Studiles

Electron and Optical Microscopy. Microstructural changes or damage in
metals due to fission fragment and neutron bombardment are being studied
by electron microscope techniques. High purity, aluminum foils, C.003"
thick, in the annealed and cold worked states, have been thinned and
examined after neutron doses of 2 x 1020 nvt (thermal). For a given dose,
the ccld worked aluminum foils contain a greater number of prismastic
dislocation loops than the annealed specimens. Comparison of these folls
with those irradiated to 1 x 1020 nvt (thermal) definitely shows an in-
crease in the number and size of these loops. Since these locps are
interpreted as being formed by the collapse of vacancy clusters, where
the high vacancy concentration results from the neutron bombardment,
migration of vacancies te the collapsed loop and short circuit dilffusion
arcund the periphery of each lcop by the mechanism advenced by Johnson
(Phil. Meg., 5, No. 60, p. 1255, Dec. 1960) may account for the incresse
in loop size with exposure. Dislocation tangles are less prevalent in
highly irradiated specimens, and where these Jogged dislocation tangles
exist, the number of collapsed vacancy loops is much smaller. Apparently
diffusion of vacancies to existing disloceticns can occur, and jogging
results. Aluminum tensile specimens which have been irradiasted will be
tested in the electron microscope to determine how dislocations move and
interact with the prismatic loops. :
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In order to more fully understand the reascns for fission track registra-
tion in metallic and nonmetallic films and foils subjected +o fission
fragment bombardment, the following experiment was performed. Two types
of collectors, a 200 A thick carbon film and a similar cerbon film coated
with 20 A of platinum, were positicned one millimeter from an evaporatad
film of UOp during irradiation. The scurce film was of two types:
(1) & £ilm of UQR only, and (2) a film of UQ; coated with & 200 A thick
layer of evaporated carbon. After an exposure to L x 1018 nvt (thermal)
in an evacuated capsule, the collector films were examined in the electron
microscope. Particles, identified by electron diffraction to be Ulg,
formed on the collectors only in the case of the unccated, UQp sources.
The 200 A thick carbon coating on the UOs source, therefore, prevents UQz
transfer to the collector, such transfer being due to thermal activation
of UQp atoms by fission spikes. Fission damage trecks were readily per-
celved in the platinum coated carbom collectors. Presence of the U0z on
the collector which was cpposite an uncoated source was further substan-
tiated by virtue of the long damage tracks in this collector. Only very
short tracks in the collector opposite the carben coated socurce are de-
tectable. Considerations of the physical geometry of scurce and collector
during irradiation leads to the conclusion that tracks in the collectors
are due to flssion fragments which pass through the collector and come to
rest in the copper supporting grid. Fission product activity, dvue to Zr,
Xb, Ru, Ba, La, Te, Ce, and Mo in the copper grid have been definitely
identified by gamme ray spectrometry. The possibility of studying fission
fragment damage in metals as a function of the energy of the fragments is
heing considered for future work.

A formasl report, HW-68919, "Experimental Evidence of Fis sion Fragment Damage
in Some Metals and Nonmetals," has been submitted to Technical Publications.

Notch Sensitivity of Zircaloy-2. Recent failures of Zircaloy-2 clad test
elements have shown locelized failure with little upiform streining in

the remainder of the clad. Sensitivity of Zircaloy-2 to surface irregu-
larities such &s a notch or deep striation introduced during forming or
handling might be the cause of this unpredicted failure tendency. A series
of tests at 280 C is being conducted to determine the effects of such
variables as notch depth and shaepe, specimen geometry, orientation, and
strain rate. Preliminary results have been obtained on 0.020" thick flat
transverse specimens having 8 v-shaped notch with a 0.005" base radius.

At a notch depth between 0.3 and O.4 of the specimen thickness, consider-
able strain occurs at the notch; however, there is about equal probability
of failure outside the notch area. An increase of the calculated nominal
ultimate strength of the material at the notch occurs as the notch depth
fraction is increamsed. An increasing strain rate also csuses an increase
in strength. The strain at the base of the notch is observed to result
primarily in a reduction of specimen thickness. Strain in the unreduced
section generally does little to specimen thickness but causes = marked
reduction in the width of the specimen. The hardening effect of the notch
may be related to the introduction of & latersl restraint. Strain then
can only cccur in the thickness of the specimen which has considerably
different strength because of the anisotropy of the Zircaloy-2. The
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cbesarvence of a strain rate effect indicated that work hardening rate is
also effective in controlling the failure mode. Work is continuing with
an investigation of the effects of notch shape on this strengthening.

Metallic Fusl Development

Fuel Irrediations. The sixtk rupture test of NPR-type fuels in the
current series was performed at the ETR on April 28, 1961. The defected
 fuel element used for this test bad been previcusly irradiested to LOO MéD/T
in KER Loop 3. The ETR was operated for four hours at full power before
the defect cap was shearsd off. Twelve minutes after the defect cap was

. sheayed off, the first indication of the fallure of the fuel element was
an increase (1/4 psi) in the pressure drop across the loop. After 34
migutes, the loop pressure drop had increased by 3/b psi and four minutes
later the delayed neutron monitor and the geamme scintillator began rising.
The test vas terminated after one hour by shutting down the reactor aver
a four-minute period. Temperature conditions at the defect during the

tast were:
Local bulk water f.em;:erature - 264 C (507 F)
Cladding surface temperature - 290 C (556 F)
Cladding-core interface temperature - 352 C (666 F)
Core center tempersture - 481 ¢ (897 F)

The radiochemical turnup anslyses were completed for two KER tube/tube fuel
elements with an average calculated burnup of 3200 MWD/T. The uranium
tube/tube alament had a radiochemical burnup of O.54 percent (4300 MVD/T)
for the cuter tube and 0.42 percent (3360 MWD/T) for the inner tube. This
inner tube failed by clad splitting. The uranium - 2 w/o zirconium tube/
tube element had a radiochemical burmup of 0.45 percent uranium (3300 MWD/T
fuel) and 0.38 percent uranium (2900 MWD/T fuel). Ths ureaium - 2 w/o
zirconium tube/tube element increased in volume more than the uranium tube/
tube element.

An obsolete NPR inner tube XSN-1 with end caps fitted flush to the uranium
fuel falled in a loop after 1700 MWD/T. The thermal incompatibility
between the end cap and ursnium fusl induced a shear failure of the
Zircaloy-2 clad near the end cep. Although water entry vas evident in both
ends of the failed element, the above failure mechanism is based upon the
observed incipiemt shear failure of the clad in an unfailed element irradi-
ated in the same charge. The density of the failed element decreased
2.1 percent at the mid-length of the element while the over-all volume
increase calculation based on diameter measurements was 3.1 percent.

As a sequel to the MR test GEH-4-57, 58, another test, GEH-4-63, 6L, has
been prepared to further test the brazed closure concept. This experiment
will use production brazed fuel elements, brazed with the 5% Be - 95% Zry-2
alloy. As previously reported, CGEH-4-57, 58 falled at the base of the heat
affected zome through a possible extrusion defect. GEH-4-57, 58 was brazed
at a terperature of 950 C and these elements were brazed at 1050 C. If
brazing temperature 1s a critical varieble in fuel life, this test should
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provide a reasonable indication of its severity. GEH-4-63, 64 will
operate at essentially the same power and temperature as GEH-4-57, 58.

Radiometallurgical examination of KSE-3 single tube fuel elements
exposed to 1200 MWD/T is nearing completion. The Be-Zr eutectic

braze closures retained their pre-irradiation integrity. At this
exposure no shortcomings were evident.

Examination of KSE-3 elements exposed to 2000 MWD/T is progressing.
Slight surface distortion of the ilnner bore in the braze heat-affected
zaone was negligible. A limited crack in the fuel at the cap-clad-fuel
Juncture was observed, but it may have been produced during the post-
irradietion examination.

Additional KSE-3 tubes were successfully irradiated to 3500 MWD/T.
These elements are scheduled for June 6 discharge.

Fuel Component Development. A new type of NFR lnner tube self-support
was made. The support was intended to replace one that decreases its
height when the fuel element is heated with one that 1s stable or
increases in height. Not cnly does this new support correct the nega-
tive temperature coefficient of support circle diameter, but it also
has superior deflection charscteristics. A load of 340 1lbs on the
currently specified imner support will reduce its height over 1/3,
while cver 1000 pounds of load are required to reduce the height of the
new support by this amount. The new support has an elastic range of

25 to 30 mils at a spring constant of 0.6-mil deflection per pound of
load. The support becomes very stiff after the initial soft elastic
deflection. By making the support height 15 mils greater than nominal
width of the annulus, elastic flexure will ccmpensate for size variation
in the fuel elements. The new type support was installed on & number
of two-foot long NPR elements for discharge testing. Report HEW-69745
contains the details of the initial compariscn of the standard and the
new folded ribbon fuel element support.

One out of eight irrsdisted 5/8" 0D x 0.020" wall thickness Zircaloy-2
burst capsules fractured as a pin-hole failure whereas the other seven
burst suddenly into a one-inch long fracture. These capsules were

burst in the Rediometallurgy cell with nitrogen pressure at 337 C.

All capsules were exposed to about 2 x 1019 nvt fast neutrons. Examin-
ation of a metallographic cross section through the pin-hole failure
revealed necking and strain produced voids in the necked area. From
this cross section, small longitudinal cracks were apparent on the inside
of the tube. These cracks were probably produced during fabrication of
the burst capsules. The average circumferential fracture strain in the
seven tubes that burst normally was ten percent, and the average circum-
ferential strain in the capsule with a pin-hole fracture was 1.7 percent.
The burst strengths of all the capsules were comparable. '
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ort Attachment. A high quality reproducible weld is required to
attach supports to NFR fuel elements. In order to test the reproduc-
ibility of these welds a rup of 1000 welds was made cm O.04O" clad
paterial. The rmun wes interrupted twice for cther Jobs. The machine
was reset to the origiral conditions each time and the run coatinued
without any further machine adjustment. Thirty-cpe welds were picked
at random for metallographic examination. All others wers shear tested.
The results are shown in Table I.

PARLE I
Shear Streﬁh
Between 700 - 800 1lbs 0.5%
800 - 500 2.0%
900 - 1000 9.3%
1000 - 1100 21.24
1100 - 1200 31.7%
1200 - 1300 33.3%
Above 1300 2.0%

The welds were made an a 100 KVA resistance welder operating single phase
with the following settings. Phase shift 34%, 1 cycle, 1 impulse; weld
foree 100 1bs (low inertia holder); class 1 electrode with L” radius tip.
The secondary voltage was 8.8 volts.

Metallographic examination showed nc disturbance of the uranium or of the
bond layer. The heat affected zone in the Zircaloy clad was approximately
2/3 the clad thickness.

Closure Dawlmt. Destructive and non-destructive analyses of the
closures formed by the "self-brazing” process indicate that entirely
sound bonds are formed between the jacket wall and the cap in something
less then 50% of the cutput when processed by the simple hot pressing
technique (730 C y ==T0 tsi). The incompletely bonded closures typically
exhibit spots of sound bonding interspersed with small zcones where the
Jjacket has not beer metallurgically attached to the cap, although the
primary closure (the weld) is invariably sound.

To overcome this deficiency, a simple additional step has been put in the
process. This consists of placing a snugly fitting Zircaloy ring around
the fuel element at the closure end and heating the end face by means of
the electron beam welder to about 550 C as rapidly as possible, then
allowing it to cool in vacuo. Under these conditions, the cap, expanded
by the heat, is pressed tightly against the surrounding Zircalcy restrainer
ring which expands less because it is much cocler. The Cu-Zr eutectic
alloy which forme by interascticn betwsen the copper plating and the
Zircaloy components, at the attained temperatures, flows by capillarity
into the tiny interstices remaining hetween jacket and cap, bonding these
members together. When the assembly ccols, it shrinks awey from the
restrainer ring which may be easily lifted off by hand. The bond formed
in this way is sound, even though it may have been quite spotty after
initial pressing.
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Matallographic examination of the variable beryllium in Zirealoy-2 coupons
with known uranjum additions has been completed. This exanination re-
vealed that uranium is not visible in the Zircaloy structure below 3%
uranium content. Furthermore, uranium up to 1/4% was not visible in +the
5% Be + 95% Zry-2 alloy. However, uranium additions of as low as 180 ppm
to Zircaloy &nd to the BeZirc braze alloy were readily detected by mea-
suring the reflected light from the etched surface. With regard to
corrosion performance, in 300 C water after 20 hours the 1/4% uranium + 5%
Be + Zry-2 alloy developed a heavy, locsely adhering autoclave film, while
all other lower alloy compositions developed only a tarnished surface.

Welding of end caps into both ernds of three tubular elements with “"fluted”
external surfaces was accomplished. The welding procedure required two

men working cn the present equipment, cne adjusting the high voltage control
and the other manipulating the electron gun and the turntable speed. Some
welding difficulty was experienced because of loose end caps. Ancther
difficulty, which was to be expected, occurred when the electron beam spot
approached the points of the fluted clad. Since a greater amount of heat

is concentrated at these points than on the larger radius of the concave parts
of the clad surface, these points tended to melt considerably fester and at
times, nearly burned out. GCood welds at these points were made when *the
high voltage wus lowered as the welding beam approached and went around

the tip. Welding of this shape element in the electron beam welder could
be programmed to be done automatically with little trouble.

A method of attaching & 1/4" diameter Zircaloy-2 stud, with a 1/8" diameter
welding area, to the cladding of an I&E or NPR inner fuel element was
desired to test the Zire-2 cladding - uranium bond strength. After the
stud had been attached, the Zirc cladding immediately around the stud was
to be cut leaving only the Zirc-uranium bond holding the stud and the cut
cladding to the uranium. The requirements of the attaching method were
that it did not affect the Zirc-uranium bond and that it would hold =zs this
tond was pulled apart. The attachment was achieved through the use of a
Graham Stud Welder, a percussion welding machine. The weld produces a
bond which, when pulled in a tensile testing device, is stronger than the
Zirc-urenium bond.

The welding apparatus for investigating the Metal Inert Gas welding process
as & method for making the final closure on the NPR fuel elements was auto-
mated to the point where the entire welding cycle, exclusive ¢f positioning
the fuel element and adjusting the turn-table spzed, is done by activating
a single control. This permits automatically starting the weld, timing the
weld, manuslly controlling the crater £ill and ending the weld. The weld,
on the cutside diameter of the NPR inner element, from the time of striking
of the arc, takes slightly less than three secconds to complete.

Compcnent Fabrication. Four Zircaloy-2 blanks were successfully cupped
into 4-inch D vy 3- 17/32-1nch ID sleeves using the existing 700-tcn press,
k-inch extrusion equipment. Sleeves fabricated by this process will be
used for special coextrusion billet components in coextrusion studies.

[
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The cupping punch which 1s normally difficult to lubricate in this type
of operation was successfully lubricated throughcut the entire stroke by
inserting a 9/16" diameter copper rod inm a hole drilled nearly through
the centar of the blank. A 0.0Ll5-inch thick copper disk was placed over
the face of the Zircaloy-2 blank which initially contacts the steel
cupping punch to prevent the Zircaloy-2 from seizing to the punch before
protection is possible from the copper rod. The Zircaloy-2 blank was
first copper immersion plated to prevent excessive oxidaticn of the blank
during the 750 C preheat in air. The plate was sufficient to prevent the
sleeve from seizing to the extrusion container bore during the cupping
operation.

A 120° angle pointed punch and a flat punch were both tried with the cone
punch producing & slightly more concentric sleeve. However, the cone
punch cracked with the first sleeve.

Ten 0.600" diamster Zircaloy-2 clad extrusiocns have been fabricated for .
cladding thicimess uniformity studles to be conducted by the Fuels Design
Operstion. Two extrusions were made from vacuum induction melted and
heat treated billets cf U - 2 w/o Zr, the uranium being enriched to 1.4T%.
Bight unalloyed 1.47% enriched rod extrusions wers made from pre-extruded
billet stock. '

Billet stock was prepared from an arc cast ingot 3.8" diameter, weighing
1k 1ba. Arc melting was performed in the consumable arc furnmace in the
306 Building using a vacuum induction melted electrode. Quality evalua-
tion of the material 1s in progress.

Heat Treatment Studies. Two NPR inner tube extrusions have been made, one
with Zr-2 cladding and one without clad, for warp studies. Twelve, 24"
long elements were cut from each extrusion, and all have been heat treated
at 730 ¢ for seven minmutes followed by an 18-second air delay and quench
into 300 C nitrate salt bath. Average as-extruded double-throw werp was
18 mils for the unclad tube and was 1) mils for the Zr-2 clad tube.
Average post-heat-treatment warp was 38 mils for the unclad tube and 27
mils for the Zr-2 clad tube. An unusually large amount of shift was
noticed in the Zr-2 clad tubes, and there appears to be g fair correlaticn
between the plane of the shift and the plane of warp. Well thickness
measurements are being made on all tubes to see if any correlation can be
found between the wall thickness and the warp.

Fuel Straightening. Fuel straightening experiments on 23.5=-1inch long,

N inner fusl tubes indicate that double throw warp of 0.0Ll3 tc 0.095 inch
can be reduced to 0.003 to 0.010 inch. Straighteming is accomplished by
heating the elemsnt to 575 C in an argen atmosphere and cooling in the
three roll straightener. After straightening, the elements were aute-
claved 72 hours in %00 C steam to determine the extent of warp. Two
groups of elements have been straightened. The history of the first group
(six elements) is: extrusion, beta heat treatment, stress relief anneal
(600 C, 4 hours), straighten, and autoclave. The average double throw
warp after stralghtening was 0.006 inch, with an absolute range of 0.0C3
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to 0.010 inch. After sutoclaving, the average increase in warp vas
0.005 inch, with an absclute increase in the range 0.001 to O.0ll inch.
The history of the second group (7 elements) is: extrusion, beta heat
treatment, straighten, and autoclave. The average double throw warp
for this group after straightening was 0.009 inch with a range of 0.COL
to 0.015 inch. After autoclaving the average increase in warp was C.CO4L
inch with a range of 0.000 to 0.007 inch. .

Fuel Deformation Studies. To study the effects of cladding thickness
variations on the susceptibility to cladding failure, a series of NakK
capsule irradiations of Zircaloy-2 clad fuel rods is planned for the
Hanford reactors. BEighty unslloyed uranium fuel rod samples are in
various stages of fabrication and fifteen U-2 w/o zirconium fuel rods are
in the final stages of fabrication prior to assembling them into the
irrediation capsules. A fine mesh grid has been photoengraved on the
cladding surface of the allcyed rods. Fabrication and subassembly of
the thirty-four capsules is complete. '

A method of analysis for the deformations and stresses in the cladding
of shaped cylindricel fuel elements was derived. The analysis assumes
that the fuel material exerts a2 uniform pressure, extensions of the mid-
surface of the cladding are neglected, and the cladding deforms elas-
tically. A computor program was written and run which analyzes shaped
cylinders with any number of corrugations, any symmetric shape of
corrugation, and continuous variation of cladding thickness. In order
to systematicelly investigate wvarious shapes, & program based on corru-
gations formed by itwo tangential arcs was coded using the analysis
previously described. Families of arcs of constant length are compared.

REACTOR PROGRAM

Coolant Systems Development

Thermocouple Slug Test in KER-1. The third thermocouple slug for mea-
suring temperature drop across crud deposits was successfully charged
into XER Loop 1, but ruptured on reactor startup. The thermoccouple

slug consisted of a one-inch diameter rod of natural uranium with a co-
extruded 20-mil Zr-2 clad. Three thermocouples extended two inches into
the uranium from one end, one on the axis and two just under the clad.
Two other thermoecouples measured the adjacent water temperaturss. Since
several previocus thermocouple trains had struck on charging, the spacers
in this train were of a modified design, being 16-inch lengths cf carbon
steel tubing with mating ends conically beveled to produce & true line
feature to ensure alignment. This was charged from the front face on
Mey 11 with no difficulty. The loop charge alsc included one 18-inch
XSE-3, two 12-inch XKSN-3, and two 16-inch KSN-3 heater elements down-
‘stream of the thermocouple train, and the heater elements were charged
and discharged to ensure that the entire charge could be charged and
discharged easily. The entire loop was decontaminated with Phos-1 using
two similar cycles of fill, recirculate, and drain. Following this, the
locp was rinsed with deionized, decxygenated water. The thermocouple
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slug ruptured six hours afier reactor startup. The delayed neutron
monitor indicated sbnormally high activity starting about four hours
before the rupture. M visual examipatior in the basin, the rupture
locked similar to that of the previcus thermocouple slug. Tha clad
was 3plit circumferentially near the end of the end cap and also longi-
tudinally over the two holes for thermocouples. The thermocouple slug
and heater elemsnts bad a light uniform rust tolored deposit on them.

Rupture Testi_n% Trradiated Fusl Elements. A 50-minute rupture test at
300 C, fps flow, and peig was performed in the IRP on a co- ,
extruded fuel element that had been irradiated to 2400 MWD/T in KER.

The rupture wvas very severs. The Zircaloy-2 cladding had torm in spiral
strips over five inches of length. The uranium core undermeath this
area appeared to have corroded uniformly. Total weight loss for the rod

was 150 grams.

Nickel-Coated Fuel Elements. Nickel-coated fuel elements, for potential
present reactor use, showed excellent corrosion resistance after 6715
hours at 165 C and 6867 hours at 120 C in process water. All pieces

were predefected with acratches and abraded areas to expose bare aluminum
metal, and in no case were these defacts enlarged during the tests. The
£ilm formed on the element surfaces in the 120 ¢ test was very thin and
was only moderately adherent. The 165 C test pieces accumulated a
moderately thick £11m.

Present Reactor Decontamination. A rear face only decontamination was
performed at C Reactor as & production test by IPD. Solutions of 6 oz/
gallon at 70 ¢ were pumped through reactor rear cross-headers, pigtalls,
apd nozzles at one to two gpm for ten minutes. The solutions. were diluted
by wvater flow through reactor process tubes. The upper two-thirds of the
reactor cross-hesders were cleaned with Turco 4306 O, and the lower cne-
third with Turco 4306 B. Centaminsted samples (aluminum dummies) placed
in the rear of the tubes were measured before and after to determine
degree of decontamination. The Turce 4306 C removed about 90% of the
activity . (decontaminatiocn factor of 10), and the Tumeco 4306 B removed
about 95% of the activity (decontamination factor of 20). Beth decontam-
ination factors (10 and 20) are acceptable for rear face decontamination.

Corrosion in High Temperature Water at pH 10. Uniform corrosion rates of
c/9 and 304 s/3 are being studied in recirculating, deicnized, de-
oxygenated water at 300 C with the pH adjusted to 10 with LiOH. The test
is in & loop constructed entirely of stainless steel. After 130C hours of
exposure, penetrations of Q.CL and Q.03 mils, respectively, on stainless
steel and carbon steel, were cbtained. The carbon steel is corroding with
a linear relationship with time at a rate of .16 mils/year, which is com-
parsble to the rate obtained in a carbon steel test loop. The corrosion
films on both the carbon steel and stainless steel have a dark gray,
shiny appearance and are very tightly bound to the metal surface.

The uniform cdrrosion rate of Carpenter Ferral Experimental in 200 C,
pE 10 water wes determined after 2426 hours of exposure. Up to the first
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500 hours of exposure, the samples were easily descaied in inhibited
hydrochloric acid, but thereafter the films could not be removed.
However, descaled weights were obtained for the longer exposed samples
by using & solution slightly corrosive to the base metal. This intro-
duced some error in the final corrosion penetraticn data. Using these
data, which are known to be high, the calculated corrosion rate was
0.215 mils/year. '

NER Control Rod Thimbles - Titanium-Graphite CGalvanic Corrosiocn.

Corrosion of titenium samples in contact with graphite is negligible at 50
and 70 C. Samples with a titanium-to-graphite surface ratio of about 1:2
were exposed for 11 months to & humid atmosphere. Some samples occasicnally
vere immersed in filtered water (concentrated by evaporation). Total
penetration of the titanium ranged from less than 0.00L mil to a maximm

of 0.003 mil,

Structural Materials Development

Zircaloy Retubing Program. Smooth bore Zircaloy-2 tubes for corresion
tests 1n K Reactor have been provided by butt welding short tube sections
ontc C Reactor tubes. An inert-gas, turgsten-electrode, welding tech-
nique was developed for this purpose. A novel one-piece, expandable
copper chill block was used providing tube alignment and inert gas
shielding as well as heat extraction.

Present fabricating technology requires heavy copper jacketing of Zircaloy
billets for extrusion at temperatures above 1000 F. Successful extrusiocns
have now been made at 1150 to 1350 F and an extrusion ratio of 4 to 1 with
the simpler less expensive billet preparation lubricant. This plating and
lubrication technique will be tested under more severe conditions imposed
by higher extrusion ratios.

Fifteen Zircaloy-2 tubes for the overbore test at C Reactor have been
produced by & new fabricating process promising over-all metal yield from
sponge to finished tube of about 75%. This high yileld is made possible
by cupping the billets and maintaining close dimensional control in the
subsequent extrusions. By annealing the extrusions at low temperatures
an ultrafine grain structure is developed. With this refined grain struc-
ture, which makes greater amounts of cold work possible, the tube can be
formed to final size by one tube reducticn of 755 reduction in area.

Nonmetallic- Materials Development

NPR Graphite Irradiations. A series of irradiations of NPR core graphize
Ts being started in the GETR. Three capsules, H-4, H-5, and H-6, each
containing 24 samples, will be used in the program. Length, x-ray
parameters, electrical resistivity, modulus of elasticity, and thermal
conductivity measurements are made on each sample. Each capsule will be
irradiated for approximately 100 effective days of reactor operation and
then removed and disassenmbled. The samples will be measured and installed
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in a new capsule for further irrsdiation. Two capsules will be under
irradiation simltanecusly while the samples from the third are being
measursed and rebuilt into a pew capsule.

The first capsule of the series, H-4, has been built and will be
installed in the GETR during the cycle 24 shutdown starting June 5.
The H-5 ézpsule is under comstruction and will be installed during

the cycle 25 shutdown. Samples for the E-6 capsule are being prepared
and this capsule will be installed upcn removal of H-b.

The GEH-13-7 capsule which was being irradiated in the ETR to compare
NPR core and reflector graphite has apparently develceped a leak. (n
May 10, all the sample temperatures suddenly dropped to slightly above
reacior vater temperature. It will be removed on May 29, snd examined
to determine the cause of the failure.

Gn%te Compatibility with Helium Containing Water Vapor. Tests of
are e oxidation by moist helium were conducted for cne week in an

atmosphere with the following composition ranges: 0.4-0.6% Hp;

0.4=0.6% CO; and 0.6-0.8 mm Eg partial pressure of water vapor in helium.
Average oxidation rates were 1.5 x 10-3, 2.4 x 10-5 and 4.0 x 10-5 gm/
gm-hr at 750 + 10, 800 + 10, and 850 + 10 C, respectively. These rates,
vhich are about two orders of megnitude greater thean the present process
iimit, are unacéeptable.

The second test was a three-day run at the same respective tempersture,
but with ~ 8ix times as much Hp and €O, namely 2.7-2.9% Hp and 2.5-3.1%
CO. There were no significant weight changes during this test, illus-
trating the retarding effects of Hp and/or CO on graphite axidation.

The tests at the lower Hp and CO level will be repeated, but the results
indicate & possible need to maintain ~.3% H2 in the NFR atmosphers if
E20Q is needed to prevent zirconium hydriding.

Curing Hypaleon Compounds with Gamma Radiation. Curing elastomers with
ionizing radiation offers seve advantages over the conventional
chemical and heat cures in that unigque physical properties can often be
obtained. Environmental resistance can be improved because those

chemical curing sgents which are detrimental to eavironmental resistance
are eliminated. Studies are currently under way of the properties and
environmental resistance of gemma-radiation-cured Hypalon 40 (chlorcsulfonated
polyethylene) compounds. Experimental results to date indicate that, al-
though the curing agents can be eliminated, other ingredients are still
very essential. The resulting compounds with carbon black added for re-
inforcement have good original properties, but their resistance to hot
water and heat aging is marginal. With respect to heat aging resistance,
the data indicate that the addition of antioxidants, stabilizers, etc., are
5ti1) highly desirable.
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Thermal Hydraulic Studies

Heat Transfer Conditions for Eccentric Annuli. Experiments were continued
to determine the hemt transfer conditions when fuesl elements are not situated
in a coexisl position within the process tube. Collection of laboratory
data applicable to I&E fuel elements in a EDF process tube was started for
the case of 75% eccentricity. (Percent eccentricity is the fraction of the
normsl annulus thickness that the fuel element is displaced from a coaxial
position toward the wall of the process tube.)

The test section used was & 30-inch long electrically heated rod, 1.4is
inches in diameter, placed within a 1.604-~inch tube. All of the heat gen-
erated with the rod was transferred to water {lowing through the annulus.
The data were obtained at a constant flow rate of 23 gpm and a pressure of
121 psig; these conditions correspond to those in the flow annulus for IXE
fuel elements in the fringe tubes at a BDF reactor. During each run, while
the heat generation rate was gradually increased, temperature measurements
were made of the heated surface and cooling water at points around the
annulug of the test section. Each run was terminated at boiling burnout
conditions as detected by a large temperature excursion at some point on
the surface of the heated rod. The conditions at boiling burnout were as
follows: .

Run No. Flow Rate Bulk Water Temperature Heat Flux

(Ib/br-sq £t)  (OF below boiiing pt.) [B/hr-sq £t}
1 4,400,000 30 621,000
2 4,400,000 55 616,000
3 L,%00,000 7 598,000

The water temperature in the narrow part of the annulus was always higher
than the bulk temperatures and reached the saturation temperature prior to
bolling burnout.

The data are very similar to the results obtained for the K Reactors and
indicate that excessive temperatures can result when fuel elements are nct
coaxially positioned within process tubes in the Hanford reactors.

Fuel Element Temperature Resulting from an Inlet Pipe Rupture on a BDF
Process Tube. Heat tremsfer experiments were completed to allow a pre-

diction of the fuel temperatures during the shutdown transient following

a2 rupture of an inlet pipe to a process tube on a BEDF type reactor. The
only mode of cooling the fuel elements following such a rupture would be by
the water available from the slightly pressurized reer header.

The test section used in these experiments was a full scale electrically
heated mockup of IRE fuel elemerts in a EDF type process tube. With the
test section operating under normel conditions, the inlet line was opened
suddenly to atmosphere, and the rear header pressure was maintained at a
constant pressure. After spproximately three seconds, the heat generstion
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rate in the ftest section wvas decreased at a rate similating a 500 in-hour
scram of the reactor. Each rm was continued until all tharmocouples in
the heated test section had reached a maximum value and then started to
decrease as the teat saction was coocled by the reverse flow from the rear
header. :

Data were cbtained which simlated ruptures of inlet cooling lines to

tubes operating initially at 800, 1200, and 1400 KW. Preliminary enalysis
of the data indicate that a majority of tubes cn a EDF type reactor would
not suffer fuel jacket melting during such an inlet piping failure. The
data show that a rear header pressure of about 45 psig would be sufficient
to prevent jacket melting at an initial tube power of 1200 KW and that 65
psig would prevent Jacket melting at 1400 KW tube power. These data
indicate the CG~558 front nozzle assembly used on the EDF type reactors

is less restrictive to reverse flow of the steam-water ccolant than the
normal K Reactor fromt nozzle assembly. This condition of less restrictive
froot fittings combined with the higher rear header pressures which normally
exist on the EDF type reactors places the EDP reactors in a better position
than the K Reactors (EW-68214) with regard to prevention of fuel Jacket
melting during inlet piping failure.

Heat Trasafar Characteristics of NPR Fuel Elements. The studies to deter-
mine the boiling burnout conditions for the NEPR tube-in-tube fuel elements
were continued. Experimental data were obtained in the heat transfer
laboratory to determine if increasing the test secticn length would produce
different boiling burnout data than those determined previcusly for the
center hole of the fusl element.

The test section for this investigation comsisted of a 60-inch long tube,
0.4k inch ID, with flow through the inside. The tube wes heatad by
electrical resistance heating and boiling burnout conditicns were detacted
by noting the temperature excursions as measured by thermocouples attached
to the outside wall of the test sectiom.

-The major portion of the study was run at 1500 psig, where 39 boiling
bturmout points were cbtained, and the remainder of the data were ccllected
at 1000 psig. Flow rates varied between 500,000 and 7,000,000 1b/hr-sq ft,
and the exit conditions varied from slightly subcocled to about 25% steam
by weight. The burnout heat fluxes for these runs ranged from 245,000 to
1,650,000 B/hr-sq ft.

A preliminary comparison of these data with data obtained with a test
section one half as long indicates that length had only a small effect on
boiling burnout conditions. In general, at low mess flow rates the burnout
heat flux was slightly lower for the longer test section and at high mass
flow rates was slightly higher. More refined conclusicns will be possible
after further analysis of the data.

Calculated Time Before Malt of Uncoocled KPR Fuel Elements. Calculations

were made of the temperatures of NPR fuel elements discharged from the
reactor but coocled only by the natural circulation of air. It was found
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that if the specific power before reactor shutdown were 15C kw/ft, the
fuel element would melt if discharged before two hours had elapsed after
reactor shutdown. If the specific power before reactor shutdowm wers
225 kw/ft, the reactor shutdown time required to assure that the fuel
elements would not melt on discherge was increased to 10 hours.

The calculations were made with the aid of s computer program and will
be useful in evaluating hazards and establishing procedures in handling
discharged fuel elements during incidents where water cooling is not
imediately available.

Critical Flow of Steam Water Mixtures. A report (HW-68934) was issued
covering laboratory investigations of the critical discherge of steam-
water mixtures from uniform flow passages. The test sections used were
tubes of 0.520 and 0.625 inch in diameter with lengths of up to four feet.
Data were obtained for exit steam qualities from 0.4 to 99% by weight and
for critical pressures from 40 to 110 psia. The results were compared
with those of other investigators, and it was found that a model developed
by Isbin and Fauske in TID-11061l characterized the data quite well.

Additional experimental work was also devoted to a study of the discharge
of hot water to the atmosphere through short tubes having sharp entrance
edges. This configuration is of interest because many instances of
pressure vessel and piping ruptures can be idealized as short tubes or
orifices for the purpose of computing discharge rates. The experiments
considered tubes 0.5 inch in diameter and 1.5 and three inches in length.
Upstream water temperstures ranged from 140 to 190 C and pressures from -
100 to 250 psig. It was found that the critical discharge pressure is
not a function of upstream pressure but depends only on the initial water
temperature and the L/D ratio of the flow passage.

The results of these investigations will allow more accurate calculations

of the over-asll hydraulic characteristics of nuclear reactors, including
those calculations involved in the design of reactor containment systems.

WEAPCHS - 3C0C PROGRAM

Research and development in the field of plutonium metallurgy continued in
support of the Hanford 234-5 Building Operations and weapons develcpment
programs of the University of California Lawrence Radiation Laboratory
(Project Whitney). Details of these activities are reported separately via
distribution lists appropriate to weapons development work.
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REACTOR DEVELCPMENT - 4000 PROGRAM

l.

PLUTCNIUM RECYCLE PROGRAM

PRTR Project Management and Design

FRTR Construction. Comstruction of the Maintenance and Moclup Facility
(including the PRIR Rupture Loop Annex and PRP Critical Facility builldings)
is estimated at 92% completed versus 100% scheduled predicted to June 1,
1961. A work list of remaining exceptions has been issued. A tentative
completion during the week of June 12 has been proposed by the contractor.
MM Facility and Critical Facility rcofing wvas completed. The contractor
is installing partitions on the 0'-0" floor level. Partitions in the
basemant were completed and are being prepared for painting. All piping
systems have been hydro tested. All tie-ins have been completed. The
309 Building facilities piping installation is estimated to be 95%
completed,.

The PRTR and PFPP paving and landscaping contract is estimated at 83.5%
completed versus 88.5% scheduled predicted to June 1, 1961. Tha initial
phase of the roads and paving, excluding work adjacent to the MM Facility,
has been completed. Sprinkler installation and placemsnt of tep soil io
preparation for landscaping are proceeding on schedwle. The sprinkiler
system has been installed around the 308 Building and south of +the 309

Building. :

Installation of the Fuel Element Examination Facility viewers has been
delayed by limited access during reactor cperatiom, and the late delivery
of hapdling bails being furnished by the CPFF installation contractor.
The manipulstor has heen reassembled at the vendor’s plant and tested
succassfully. Shipment is scheduled for the end of May.

Drawings of the modifications required on the DpoO storage tanks being
procured from the 200 areas and for installaticm have been completed and
are being routed for spproval.

The final report of Electric Boat Division of Genersl Dynamics Corporatilon
cn the effect of eerthquakes an the PRTR primary system piping and equip-
ment recommended that hydraulic snubberg be installed in filve locations.
Upon requast, Electric Boat has furnished the detailed functicmal require-
ments for these snubbers, and the procurement of the saubbers has begun.

Flutcnium Recycle Critical Facili‘b% SCAH-Bhez. The buijding construction
. contractor is estimated to be 99.3% complete predicted to June 1, versus

100% scheduled a8 of April 20, 1961. All mejor building equipment has
been installed and only cleanup items covered by a work list remain. I%
appears that it will be necessary to delete some painting on the floors
and north wall of the Critical Facility due to moisture seepage through
the walls from the storage basin. _ ‘
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An estimete for equipment installation work by the CPFF contractor has teen
received and a reques®t for partial release of funds has been initiated,

The drive shafts and gearing used for manual ¢operation of fuel transfar
lock doors were modified by the vendor. Both doors can now be operated
manually. The hydraulic coperating mechanism ¢till has several mocdifica.
tions and adjustments to be made. The compressicn seals did not arrive

in time for inmstalilation prior to flilling the PFRIR storage basin with weter,
although both inflatable seals are working satisfactorily. This work will
now have to be done with water in the basin.

The Instrumentation Package vendor, GE-APED, has not yet submitted final
specifications for all Instruments. A request for a firm delivery date

has been made. Construction of the console cabinet shell has been completed
and installation of instruments started.

Development work on the control and sefety rods has been delayed by higher
rriority reactor operating problems. Bids were received on equipment items
Proposed for use in the temperature monitoring apparstus and are being
reviewed. The reactor tank has been completed and is being tested prior
to shipment.

Fuel Element Rupture Test Facility (CAH-867). The Rupture Loop Annex
building has been completed by the contractor and is being used to ware-
house annex equipment. The storage tank (RLT-1), decontaminatior tank
(RLT-4), and the cooler (RLEX-2) have been received cn-site.

Bids were received cn the motor control center and electric switchgesr.
The low bidder on the motor control center did not meet specifications.
It has been recommended that the orders for both the motor control center
and switchgear be awarded to the next low bidder, Westinghouse Electric
Corporation.

A scope revision concerning the water filter plant was prepared and is
being circulated for approval. This revision reduces the cutput capacity
of the plant, removes flocculators from the sedimentation basins and
reduces the number of export pumps from three to two. This work is
Presently four and one-half months behind schedule. Over-all construction
is estimated at 10% complete, the annex building portion, versus 25%
scheduled.

As a result of detailed information received from the instrument panel
vendor, The Foxboro Company, it became necessary tc provide regulated AC
power to many of the transmitters and tc change the locations cf several
voltage to current transducers from field to panel mounted. The affected
tracings have been revised and are being circulated for approval.

One Zr-2 tube assembly has been shipped; two others are due before June 1,
and the last two are scheduled for July 1. The last two essemblies have been

delayed while corrosion specimens from the main tube sections were unier-
oing three-dey s%eam tests in an autoclave at HAPO. These two specimens
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heve falled to have a good oxide appearance onr all three tests performed
to dats. The vendor, Chase Brass and Copper Ccmpany, is sending new
samples from these same two tubea for corrosicn testing at HAPO. All
other corrosicn samples (which come from the same two Zr-2 ingots and
include the cther three main tube samples) have passed. the three-day
corroslon test.

The two Grayloc Joints were delivered along with the special 316-type,
high yield strength, stainless gteel studs. The studs which use certified
material and rolled threads, will be tested at HAPO in the Grayloc Joint
under thermal cyeling and combined pressure and bending cenditicms.

The capscrews for the test section joints were crdered from Briles Mfg.
Co., El Segundo, California. These screws will use 8740 steel material,
which has the equivalent strength of A-193-B7 steel (the ASME Code
material)} plus better notch sensitivity and toughness., Certified chemical
and phyeical properties will be provided.

The dealivery of the shutoff, tutterfly-type, valves for the test secticon
inlet piping has been delayed. The butterfly disks have been scratched
during final assembly, thus causing the valve to leak excessively.

The upper test section mockup is complete and ready for testing. Mechin-
ing of test section components for the full size mockup in 3Il Building
pit is-approximately:cne-half completed by Tech Shops. Drawings for
modifying the 314 Building pit are out for camment.

Design and Compenent Testing

PR-10 Primary Locp Mockup. The spare primary pump operated 54l hours
during the month for a total of 6488 hours. Pump vibration remains at
0.9 mil total, but vibration at pump operating speed due to imbalance is
approximately cne-thiyd this amount. The seal leak rate remains less
than 0.0l gphr and occasicnal short duraticn temperature excursions are

occurring.

The prototype pump with the self-adjusting seal mssembly gperated an
additicnal 41k hours for s total of 7928 hours. The present seal leakeage

1s 0.5 gphr.

The seal test stand operated an additional 155 hours and 23 starts for a
total of 1030 hours and 138 starts with the two prototype mechanical seal
assemblies.

No action was taken on the Aldrich pump tests this month.

Flexure Loop. The three-clamp Grayloc transition union (SS to Zr-2) has
completed 596 hours and 148 cycles operation at 2000-2100 psig and 200- :
600 F with no leakage. Testing was halted cn 5-12-61 when the loop heaters
falled. New heating elements are on order.
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PRTR Calandria Access Plugs. A short testing program to determine which
arodize coat will pest prevent galling between the access plug and calan-
dria top plate has been completed. The best coat is a sealed oxalic acid
coat, the details of whick can be found on drawing H-3-13393.

PRTR Process Tube Plug. An adjustable rubber piug ("Turn-Tite" Type T)

- which can be inserted into the inlet of a process tube to ccntain water

in the tube during discharge cperations, has been ordersd and will be
tested.

Shroud Tube Replacement. A set of "Shroud Tube Replacement Mockup" drswings
(SK-3-9927) has been given to Minor .Construction for estimating fabrication
costs of the complete mockup.

Design Analysis

FPRTR Safeguards Analysis. Shift coverage .of PRTR Cperation by reactor
safeguards specialists continued during the month. Several deviaticns to
Process Specifications were issued to permit performance of special tests.
Reactor power was reduced twice upon the advice of safeguards personnel.
In both cases the reduction in power was caused by nonconformance with
Process Specifications (excessive containment vessel pressure, low primery
systen storage tank level).

PRTR Startup Tests. Preliminary results of the finel Critical Tests and
the early Power Tests may be summarized as follows:

1. Temperature Coefficients - Data obtained to date indicates the
coefficlents as follows:

Coolant plus fuel - 5.5 x 1072 QEE/%

Fuel - 4 x 1072 A_kl_i./oc, considerably more negative than previcusly
estimated

Moderator - 1 x lO'_l" ékl[' OC, in good agreement with previocus
calctlations.

These values are preliminery at this point and may contain large

error. Additionaj deata will be obtained during the Power Tests to

substantiate or correct these values.

2. Cell Flux and Kinetics Experiments - Date from these tests have
been snelyzed and the results appesr satisfactory at this ftime.

3. Moderator Level Coefficient - Further analysis cf the data was
made using least squares techniques and various weighting functions.
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4. Shim Rod Tests -~ Work has begun on the analysis of the shim data
obtained throughout the Critical Tests. A method to normalize
the data for useful apnalysis was develcped. This will require
a complete analysis on the vertical flux distributions before
further work can be done.

5. Xenon Trapnsients - The xmnor transients were followed through the
Teactor power operating periods. Calculations agree within 10%
with experimental resulta from the reactor. A computer code was
initiated to aid in these calculatiocns.

6. Photopeutron Flux - Photoneutron flux measurements were obtained
after reactor shutdowns. Preliminary data show six to eight
definites half-lives in the decay of the flux frem two to 30 hours
after shutdown. Apparent half-lives range from 500 to 85 minutes.

7. Fasion Chamber Positiocning - Data obtained from traversing cne
of the fission chambers through the refelctor indicate an expcnen-
tlal decrease in flux as the chamber is moved out. Further
measuremsnts are planned.

PETR Shielding. Initial messurements of PRTR shielding adequacy have
been completed. The results of these measurements at low power indicate
satisfactory shielding except for nesutron streaming through the largs
ga8 lines penstrating the bottom shield.

Gold foils were placed on the top and bottom primary shields of the PRTR
to determine the thermal neutron flux. The following table is a summary
of the data obtained at a power level of about cne megawatt.

Thermal Neutron Flux (n/czl/sec/Md)

Zube Nusiber Top Bottom
1546 1.6 x 10% 2:4 x 104
1548 .6 x 10% -
1550(center) 1.3 x 0% 2.2 x 10
1552 ¥.8 x 10¥ 2.1 x 10%
1554 1.2 x 10% -

Fcils were also placed on one of the durp valve assemblies near the face
of the bottom primary shield. The measured thermal flux in this position
vas about 3 x 10° n/cm@/sec/Md, higher by a factor of about ten than the
. fluxes measured elsewhere. With the reactor operating at 70 MW apnd using

the flux meagured at the dump valve assembly, the thermal flux extrapolates
to about 2 x 107 n/ cm2/ gec. The activation of stainless steel has been
calculated on the basis of the activation of its components. Using a
thermal flux of 2 x 107 n/cw®/sec and slab geometry, it was estimated
that eight hours after shutdown the dose from the stainless steel would
be about 20 mr/hr. The large gas lines in the lower access space have
been wrapped with cadmium foil to reduce the activating flux through
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these large shield penetraticns. Further foil activation measuramer+e
will be performed at higher power lavels £ check thesz resu*s ari uc
determine the effectiveness of the cadmium wrapping.

PRTR Loss of Ccclant Study. An irvestigetior of the effects of lcss ¢f
coolant in the PRIR with conditions of varying coclert aci zodsrator
quality has beern completed. Experimental data ave available czmiy foo
loss of HpO-degraded coolant (0.25% t¢ 10C%) and 0.25% HpO-degrsisi
moderstor. Calculations were carried cut for other moderator quailtles
as weli. The experimental effects have been substantially repioduced

by calculatlon with regard tc both whole reactor coclant loss and radial
tiube traverse. -

The calculations were performed using the "SWAP" computer code. The
SWAP method provides an estimate of a asutron multiplication change or
perturbation {ccolant loss) at the center of the reactor and deduces

the effect of the same change occurrirg elsevhere ir the reactor through
the application of statistical weight distributions. For loss of up to
10% HpO-degraded coolant from all tubes, nc positive reactivity effect
was found with moderabor degradations of 10% HzO or less.

PRTR Qperations

Reactor Testing and Activation. Power tests were initiated during tke
month. The reactor operated at levels up to 15 MW, accumilating spproxi-
mately 53 MWD of core exposure during the menth. Pricr tc month-eznd. the
reactor was shut down for extensive maintenance and medification vork,
for repair of PuAl fuel elements ard for irnvestigatior and correcticn of
halogen contamination of the primery coclant.

Continuing from last month, all UQ2 fuel elements were discharged for
cleanup and removal of ion exchange resin. The primary coclant was
flushed extensively through temporary screens to remove all resirc from
the primary coclant system. Following this, the fuel elements were re.
charged, and startup preparations hegan on April 30.

O Mey 2, startup preparations were complste and Fower Tests wers started.
After low power shielding tests, the resctor was brought tc cne MW fer
cold tests. The coolant systems were then brought to slevated t=mpera-
tures for hot tests including measuremsrt of the temperature ccefficients
of reactivity.

Power tests were in‘terrupted on May 6 for electrical and water supply
outages external t¢ the PRTR facility. Miscelilaneocus items of mainternarcs
work were performed while the reactor was shut down. During this outage

8 spuricus *trip of the light water injection system occurred iue to 3
loose fitting in the air line to Valve E-17. This incident resulted in
dilution of the primary coclant to approximately 96.6% DoO.
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Oz May 7, power tests resumed but were again interrupted an May 8 due

to excessive primary ccclant activity apnd due to excessive ailr activity
in the containment vessel. Following fuel element rupture investigations
and correction of process gas leaks, the reactor was restarted oo My 9.
Power fests at lewels up to 10 MW continued until May 12. A maintenance .
outage wvas taken on May 12 and 13. -

On May 14, power tests resumed at 10 MW, raising to 15 MW on May 17.
The resctor was shnt down cn May 18 due to failure of the instrument
pover Mi set and remained shut down for an extended outage which had
been planned to begin a few days later. This outage continued through
mth-mo ’

The fuel transfer equipment wes made ready for the first "hot" discharge
operation; the storage basin and the transfer pit were filled with water.
Thiree UO» elements and cne Pudl element were discharged to the storage
bagsin. Inspection revealed dbrokesn bands on the PuAl element; further
PuAl discharge and inspection revealed thia to be a general problem.
Study of this problem revealed up %o 25 ppm chloride, and wp to 110 ppm
fluoride in the primary coclant. Investigation into the source of this
contamination and checking for any further harmful affects is in progre=ss
at mcnth-end.

The mechanical seals and necprene seals iz all three primary pumps vere
replaced in the outage beginning May 19, 196l. All three puerps hed over-
heated during operation at primary system temperatures of 415 F. Seal
temperatures reached as high as 225 F on PP-1 and PP-2, and the thrust
bearing temperatures reached the limit of 150 F due to high cooling water
temperatures in the oil heat exchangers. Examination of the seals revealsd
that overheating caused by improper seal lubrication resulted ir rapid
wearing of the faces and damage to the necprene seals. The low pressure
secondary seals were damaged most. It was concluded that the helium evolved
during cooling at the primary seal and during depressurization at the
Secondary seal wag a larger volume than the seals could purge themselves

of at this particular system operating temperature. The cperating tempers-
ture of 415 F 1s in the range of maximum solubility of helium in water at
1000 psi, and is therefore the most severe operating poinmt which could be
selected. At the design opersting temperature of 478 F, helium sclubility
18 reduced to less than half that at 415 F, and the severity of service is
less.

A modification of the primary system piping was made %o furnish cold D20
injection to each primary pump. Injection will be provided from the
storage tank and normal injection pumps through a new manifold with
selector valves and a pressure regulating valve. Helium-free DO will
then continually be injected at a rate of 0.5 to ore gpm to purge out
helium saturated DyO. Additional cooling will be provided and leakage:
through the primary seal should not eveolve helium to damege the low
pressure seal. '

UNCLASSIFIED

-
[y
.
[
[
™



UNCLASSIFIED N a-23 HN-£9822

Two precautionary measures wers taken to proftect the system in caze cof
future cverheating. They are as follcws:

l. The primary pump oil heat eXchangers were provided with a
separate water suppiy +o prevert overheating the pump
thrust tearings.

2. The seal leakage water to IX-1 wag routed through a heat
axchanger to guard against overkeating the ion excharge
resin.

Two diaphragm failures occuzred in low pressure helium compressors Jduring
the month. One pair of failed diaphragms exhibited severe galling sni
pitting on the surfaces which face each other. These disphragms, which
operated laas than 70O hours, have been saved for metallurgical examina-
tion. The high pressure helium compresscrs have been erratic in perform-
ance and have frequently overloaded or failed to gtart. There is no
indication of diaphragm failure. The o1l regutators in these compressors
were overhsuled during the current shutdown.

The high pressure helium system has had s very satisfactory degres of leak-
tightness during the month. “Numerous repairs were made to the btulk
storage and low pressure systems to reduce the excessive helium ccz-
sumption. The reactor dry gas moisture detection system is still iz-
operable because of excessive air inleakage.

Effluent piping modifications were made to reduce radimtion rackgrcupd
from short half-life activities at the effluent activity monitors. The
pressurized shield coolant drain was rerouted tc bypass the monitoring
chambers and those cooling streams which could become contaminated by
fission products were relocated to remsin monitored.

The fueling wvehicle and fuel transfer system performed satisfactorily
during the first discharge of irradiated fuel. Some minor alterations
will be mede to improve ease of operation of the vehicle. One pair of
idler wheels was removed from the vehicle to faciliftate travel to the
fuel examinstlon facility over an uneven spot on the rails.

Difficulty has been experienced with deaerastor level contrel, boiler

feedwater control, and boiler feed pump relief valives durirg continued
operation at low power levels amd low boiler pressures. Valve repairs
have been made and a fine contrel valve aidded to the boiler feedwnter.

Various difficulties, including repeated loss of DpO flcw to the gas
balance compressor and vacuum breaker, have been experienced becauss of
piping vibration. Additicnal supports have been placed on offending
lines and on piping most vulnerable to mechanical damage. :

Repairs and meintenance of the wventilation system were performed. in order

to improve alr circulation patks in the containment vessel and reduce
airborne contamination problems during reactcr cperation.

UNCLASSTFIED
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Modifications to the log N flux monitoring system in the form of adding
a third charnrsel were started. A *third log N amplifier was ob%tained and
modified to be compatible with the two irstalled amplifiers. The ampli-
fler is currently undergeing cperating tests in the panel. The log N
pariod trip portion of the safety circuit wes rewired as e coincider®
circuit. Overlap features of the safety system will be rewired as a co-
Incident cirenit next month. A third ccompensated ion chamber for feeding
the log N amplifier wvas obtained. It will be installed in mcnitor hole
3L next month after Minor Construction fabricates a new side shield plug
to accommodate this chamber. The second startup chamber {a fissicn
chamber) currently located in 3L will be relocated in menitor hole 1L
along with startup chamms]l nmumber.l. Triplication of the log N system
should improve reactor time cperating efficiency by reducing +he number
of spurious safety cireuit trips.

The instrumsnt power motor-generatcr set failed and caused a reactor
outage on May 18. The output voltage of the system increased from 480 V
to scmething in axcess of 600 V. This caused the current in the circuit
supplying power to the flux instrmmmptation to increase to the point

where the circuit breaker cpened. Loss of power to the flux instruments
in turn caused the reactor shutdown. The over-voltage also caused

(1) five recorder fuses to blow, (2) two period control amplifier fuses
to blow, and (3) failure of all three seismoscopes. The failure also
resulted in discovery of a power phasing problem between flow monitors

in "C" ¢cell and the data system in the contrcl room. This was resclved
by providing power to a portion of the data system from the "C" cell power
supply for the monitors. All neutron instrumentation was thoroughly
checked for possible damage, but ncme was discovered. Operatiom of all
instrumentation is cwrrently being checkad tc insure that further failures
did not result. Seismoscope repaeir will be complete pricr to reactor
startup.

A compariscn of flow monitor readout in "C" cell with the flow readout
in the control room showed 15 channels having differences of 2-5 percent
scale reading. The differences are currently being resclved. A recheck
of all flow monitor calibraticns will be made prior to reactor startup.

Flow in process tubes with take-cffs near the inlet ring header b»ull tae
fluctuates approximately ¥ 7 percent. To reduce the number of unnescessazy
flow monitor trips, the valves in the sensing lines to the venturis for
these tubes were throttled. Thermal Eydresulics is cwrrently testing the
relationship between trip time delay and throttling tc insure coxsinued
reliability of flow monitor protection. Special operating procedures for
checking trip action and for limiting the amount of throttling permitted
were initiated.

The cables to two outlet RID's were found broken near the RID connector.
Spare cables were connected to the subject RID's and the troken cabtle
was subsequently repaired. A similar break was discovered in the cable
to the inlet RTD. It will be repaired prior tc reactor startup.
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During the last cperating rur it was disccvered thet the DoO recovery air
flow in the upper and lower access space affects tube temperature measurs-
ments. All of the ocutlet RID’s were imsuwlatsd to try to allsviats =k
problem. The inlet RTD will likewise be insulated. Four spars RID's
were installed on various inlet jumpers o further test the effect of air
flow on inlet %emperature measuremerts. Accuracy cf tempsraturs iata
will be evaluated further during the next cperating run.

Additional backup instrument air has been provided for the control rocm and
the containment vessel. Further backup to specific instruments and contrels
will be provided wher design is formally approved. The additicnal ba.ckup
provides an added degree of protectior against failure of irstrument air
headers in any porticn of the system.

Work continues on the rupture monitor system. Essentialiy 100 percert
failure of the flow throttling valves has occwrred. A vendor’s represerta-
tive tentatively places the cause of these failures on imprcper lutricaticr
of the valves at the factory prior to shipment. Replacement valve parts
will tentatively be furrished by the vendor.

A special gas sample line has been run from the degasser on the primary
purification system to the rupture monitor. This gas is piped to a bulk
sample activity monitor so it can be continuously analyzed during the next
operating period when special rupture tests will be run. Other phases cf
the test will include contimuocus monitoring of & bulk liquid sample,
cantinuous monitoring of the radiation level at the top of the pressurizer
and at the LP He storage tanks, arcd intermittent sampling of various
samples by Chemical Research and Development perscnnel. The special test
is designed %o obtain further information on the existence or ron-
exlistence of a ruptured fuel element.

A bypass was installed in the light water injection system sc¢ the system
can be bypassed when the gas balance compressor is not operating. A
second solenold was installed in the control ailr line +to the twe light
water injection valves to provide protection against solencid failurs.
Furtkher changes are cocntemplated to protect against failures in the
electrical circultry of the systenm. :

Radioactive sources were positioned approximately 19 inches abowe the EM
chambers monitoring aqueous effluent activity. The scurces were pcsiticzed
to give an on scale indication on the effluert monitors at ail timez. The
low trips on the monitors were connected to an alarm annuncistor such that
any failure of the monitors that gilves a downscale reeding will bhe alarmed.
Such:a non-fail safe failure occurred during the month.

Plans and Procedures. Eight new operating standards and four new opera-
ting precedures were approved during the month. Numercus standards axd _
procedures were revised as experience was gained through reactor operaticn.
At the month-end five standards and five procedures remsined tc be approved
by the PRTR Startup Council.

. UNCLASSIFIFD

3
[y
™~
on
r~2
on



UNCLASSIFIED A-26 EW-69822

Plutcnium Fusls Development

Fabrication Development. The study of gas evolution from U0p and Pulp
powders is being continued. There is some evidence that swaging of fused
U0z may increase the gas pickup from some Oak Ridge and Chalk River

. experience on sweged rods. A sample was taken from a rod which had been

" cold swage reduced by 40 percent to a demsity of 10.0 g/cc, sectioned for ~
density determination and metallogrsphic examinaticn and stored for two
months. The first two inches of the open end of the rod were removed and
discarded after which a UQOp sample was taken for analysis. This sample
released total gas amounting to 0.166 cc/g (at 1000 C) as compared to

0.03 cc/g for a sample of -20 mesh material from the same oxide lot. The

. rod wvas sweged with prewelded end caps which should preclude the piclap
during swaging of any gas cother than helium (the welding atmosphere).

The fact that the open end of the rod was exposed to the atmosphere for
two months does not eliminate the possibility that the swaging had in-
creased the surface activity of the particles to the extent that thay
would pick up this amount of gas during their exposure to alr. Previous
tests have shown that fused oxide of this type in the unswaged copndition
does not pick up this much gas. To check the s¢urce of the gas, swaged
rods will be opensd and the oxide immédiately placed into the gas collection
apparatus.

Compacticn by het rolling is being investigated as a me=thod of obtalning
high density UOp-PuOp for oxide fuel core material. A 5 x 5 x 3-inch,
304 stainless stsel can with a 3/8-inch evacuation tube was filled with
UOo and heated to 1000 C. The evacuation tube was pinched shut at 35
microns vacuum and then welded shut. The method employed for flattening
and sealing the evacuation tube was not completely successful becsuse the
can enlarged alightly on rehesting after the evacuation tube was welded
closed. The powder-filled, stalnless can was heated to 900 ¢ and rolled
at.a speed of 100 inches per mimite. A 50 percent reduction was taken
in one pass: The rclled can was cut open and the compact was broken up
for examination. A portion of the material appesred to be completely
sintered while the remainder seemed to be only partially sintered and
somewhat lower in density. FPFurther experiments are planned.

The incremental lcading of fuel rods requires a loading device that will
reproducibly deliver small, accurate amounts of oxide material. The
particles to be loeded will consist of both fine sized particlies (-325 m)
and mixed particle sizes (-20 m). Vendors have been contacted and
requested to forward information on autcmatic loading devices which
would have sultable application to this process. Two repllies have teexn
Teceived describing devices that appear applicable. One device opersates
on the principle of delivering a unit of constant weight; the other
operates cn the constant volume principle.

A shotgun powder lcader has been tested, using both mixed and uniformly
slzed oxide feed material, to examine the load reproducibility of the
device; several tests were rn, using various weight increments.
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Reproducible results of + 3 - &4 w/o were cbtained. Modification of the
loader would be necessary to make 1t sultable for producticn use.

Two elements have been destructively sampled, prior to swaging, for
longitudinal plutonium analysis. Q(ne of the elements was bottle loaded
by the high percentage of fines method; the other was incremtnally
loaded by hand. A blend wes made of PuO, fines and UQs fines to dster-
mine if there was any segregaticn of the PuOpn. The PulOs was srrinkled
aver a large area of U0z, manually mixed, and then blended for two hours
in a twin sbell blender. Samples were taken of the blend for anslyses.
Analytical results have not been received on any of the above samples.

Te verify a report of pessible incomplete caleination of pluteonium
oxalate to plutenium oxide, several samples were hsated up to 90C C for
one hour. Welght losses of spproximately three percent were found by
this method. Caleination- of the PuOo will be necessary, prior to any
blending or loading step, for all future elements. Incomplete calcine-
tion not only affects the total plutonium content value, dbut would con-
tribute to gas evolution and pressure bulldup within the fuel rod during
reactor cperation.

The posslbllity of ocutgassing s loaeded rod prior to welding in order to
‘reduce the pressure that would be caeused by entrapped and sdsorbed gases
during reactor operation was investigated. It was felt that cutgassing
of the rod would be difficult due to the extremely large mean free path
presented to the atams except in the ilmmediate reglon of the ocutgassing
surface. A thermocouple vacuum gege was inserted at one end of a full
length tube. The tube was then loaded with fused UOz. Outgassing was
done at room temperature, recording the differentlal vacuum gage readings
at both ends of the tube. The experiment was repeated several times,
each time reducing the tube length by helf. Negiigible ocutgassing was
cbserved until the tube length (originelly 62.5 inches) had been reduced
to 15 inches. At this point after 3.5 hours cutgassing, the zage at the
tube bottom read 600 microns versus one micron et the manifold. At 7.5
inches in length, after 18 hours outgassing, readings were 40 microns
versus two mlcrons.

Gamma sutcoradiographs were taken of UOo-PuOp capsules, in which the film
was wrapped completely around the capsule. Exposure time, using a slow
fine grained fllm for maximam resciution, was 65 hours. As with previous
autoradiographs, the intentionally defected areas were sasily detected.

As previously reported, the defect distribution in certain capsules did
not gppear unifcorm across the diameter. The capsules which were loaded
from a large '"batch" mixture, also showed varying film demsities along the
length of the autoradiographs indicating probable nonunifeorm distribution.
Previous informetion has shown nomuniformity of Pu0s in large batch
blending operations. Additional capsuies, which will be incrementally
loaded to glve better distributional control, are planned.
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The use of the gamma sutoradiograph technique as a nondestructive test. for
PuQp distribution appears pramising; siance 1t sppears to be able to detect
variances in conceptration below that currently cbtalnable with electronic
acndestructive testing devices.

Pive-inch segments were cut from seven UO,-Pul rods to provide irredi-
ation pieces. After counterboring both ends og the capsules, the outer
surfaces and counterbored areas of four of the capsules were decontami-
nated.. Decontamination of the counterbore was especlally difficult due
to scme of the oxide material being ground into the cladding. The weld
zones on themse four capsules became contaminated during the welding step.
Machining of the weld. zone followed by rewelding, or removal of the end
caps and -additicnal counterboring will be attempted.

L Bemmss wad_zvdh orrmsahle and srana_and cortatininey fuaed M0~ was fabricated



UNCLASSIFIED A-29 EW-69822

temperature, twelve two-inch capsules Lave been fabricated for determina-
tion of diffusion as a function of time at AQ0 C. A second experimernt,
the Puet0 Effective -Resonance Irtegral Experimsnt, requires the fakrica-
tion of 22 rod-type elements, using sluminum-plutonium cores cacped in
35 mi] wall 0.680 inch ID Zircaloy tubing appreximately 31 inches leng.
Fleven rods contain high exposure plutonium and 1l ccntain low exposure
plutonium, Preliminery investigation indicates it will be possitle o
hold to the specification for Zircaloy which states: "The Zircaloy msss
shall not vary from rod tc rod more than one-tenth of one percent.”

Fuel Rvaluation. The Zircaloy-clad alumirum-plutonium seven-rod cluster
rupture experiment has been operating satisfactorily in the ETR 3 x 3
loop since Mey 5. Inlet and outlet coclant temperature thermccouples
indicate the power generation of the element is about 15 percent lower
than the predicted value and the surface heat flux at the point of rup-
ture is about 216,000 Btu/hr-£t2. The element will continue operation
until May 28 to build up filssion products at which time it will be
ruptured. Coolant flow rate, pH, and temperature will be maintained

at PRTR condltions and the element will continue cperation for as leong
as three days after rupture. If “he coolant activity is not excessive
at the end of this pericd, a poewer cycle will be requested to determine
the effects of weter logging om this type of element.

A 42.inch long Zircaloy-clad aluminum-plutonium injection cast cluster
has been shipped to the ETR for irradigtion in the 3 x 3 loop. The
irradiastion test proposal, EW-69434, has been putlished and the elemert
will generate & maximum of 15 kw/ft with an associated maximum heat flux
of 345,000 Btu/hr-ft2.= It will be irradiated urder PRTR coolant temper-
ature and flow conditions.

The two capsules (GEE-14-27, 28) with Al-2.1 w/o Pu - 2.0 w/o Ni alloy
cores fabricated by injection casting have been irradiated to an expo-
sure of 2.80 x 10°Y nvt. They were dlscharged on May 22, 1961. The

specimens opersted with a specific power generation of about 25 xw/ft.

Reactivity meesurements are being made on the Phoenix capsules in the
Advance Reactivity Measurement Facility (ARMF) at the MTR. Irradistion
of the capsules is awelting aspproval of the revised Form 22. Tt was
originally planned to attach boron impregrated polyethylene tape to the
outside of the poison standards for calibrating the ARMF. This tech-
nique is often used; however, it 1s not as satisfactory as kaving the
boron uniformly dispersed throughout the specimen. Aluminum-plutonium-
boron alloys are now being made in an effort to uniformly disperse the
polson material in each sample. Four different boron alloys are needed.
Scme of the alloys have been cast and extruded and aere now being
chemically analyzed. It is necessary to develcp a new analytizal *ech-
nique for these samples.

Work has commenced on a 42-inch long UQz-PuQz Zircaloy-clad seven-rod
cluster for irradiation testing in the ETR 3 x 2 loop. It will te as
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prototypical of the currently propcsed PRTR fabrication process as pes-
sible. Fused depleted UQp will be enriched with PuQy fines by incremental
loading to & uniform enriciment of 0.46 w/o PuCp. The rods will be cold
swaged using swagahble end caps.

Another gecmetrically similer lrradiation test is being planned. The
rods for this element will be incrementally loaded with PuOp; however,
the envichment will be varied along the rods to balance the longltudinsl
flux variaticn over the 42-inch fuel length. The enrichment will vary
from 1.75 w/o PuOp at the top, to 0.46 w/o Pu at the center, and 1.23 w/o
Pu mt the bottom. With this type of loeding, the rods should generste
about 15 kw/ft over their emtire length. This type of enrichment is of
intarest because the enriching technique under development could bde
adapted to a full-scale fabricaticz effort. A full-size reactor loadlng
with this type of element should greatly reduce the vertical peak/average
flux ratic and hence increage efficlency.

Rod length messurements have been made ¢n fourteen of the rods from the
irradigted alumimm-plutonium nineteen-rod cluster. This element was
fabricated by swage-sizing 0.030-1lnch Zlrcalcy tubing onto the aluminum-
Plutonium cores. It was irradiated in 2000 psi coolant. The results of
the length messurements are glven in the followlng table:

Iength ' : Length

After Irradiation Before Irradiaticn L
Rod No. (Inches) {Inches) Inches
L 35.441 35.325 +0.116
5 35.430 35.375 -3.055
33 35.385 35.37% +0.010
55 35.518 35.260- +.158
69 35.398 35.439 ~0.041
70 ' 35.372 35.411 -0.0ko
8o 35.422 35.458 =0.031
8k 35.376 , 35.446 -0.070
88 35.348 _ 35.424 -0.076
89 35.47h 35.469 +0.005
90 35.369 35.40 -0.07%
92 35.416 35.463 -0.047
9k 35.427 35.488 -0.061
99 35.350 ' 35.429 -0.079

it 1s estimated that this element was subjected to about 15 thermal
cycles: during its irrediation in the ETR. With the exception of rods
four and 55, the megsurements indicate a general shortening of the rods
of about 1/16 inch. Similar results were cbtained from sx-reactor ther-
mal cycling tests when using 0.030-inch thick Zircaloy and high test
pregsures. 7The measurements on reods four and 55 are probsbly in errocr
and will be rechscked.
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UCo Fuels Development

Bigh Energy Impect Forming of UOp. High temperature annealing (1300-
1700 C) of UQp compacted to high density by high energy impact forming
may result in a density decrease of ome to two percent, depending upon
the previous history of the material. Preliminery evidence indicates
that it may be due to release of residual stresses in the high energy
impacted material. Presumably, high temperatures permit the deformed UCp
particles tc undergo & slight relaxation, resulting in & small decrease
in density of the bulk msterial. Compacted, micromized UQy having a bulk
density of 98% T.D. was reduced in hydrogen at 800 C for 12 hours to an
0/U ratio of less than 2.01. The density wes practically unchanged at
98.3% T.D. Part of UOp was then heated in hydrogen 12 hours at 1300 C,
and snother part 12 hours at 1500 C. The density of the sample heated

at 1300 C decressed to 96.2% T.D., and that of the sample heated at 1500
C decreesed to 96.4% T.D. :

In a previocus experiment, sintered U0, was crushed to -200 and to -325
mesh and compacted by high energy impact to 97.9 and 58.1% T.D., respec-
tively. At the same time, UO, powder from pressurized water oxidation of
uranium metal, having an O/U ratioc of 2.19, wes compacted to 97.6% T.D.
Semples of the three materials were heated in hydrogen 12 hours at 1700 C.
The density of the sample from -200 mesh sintered UOp decreased to 96.4%
T.D., and that of the sample compected from -325 mesh UQ, decreased to
95.&% T.D. The "water oxidized" UOp remained essentially unchanged at

97. T.D.

- Electron micrographs of polished and etched surface of the samples com-
pacted from -200 mesh sintered UOp revealed a marked difference in the
structure of the 02 before and after sintering. Etching of the compacted
material resulted in many shallow rounded depressicns, with no evidence
of preferential etching related to crystal structure. This type of
etched surface can be expected 1ln non-crystalline or amorphous msaterials.
Btching of the compacted, sintered sample resulted in etch pits character-
istic of highly oriented crystals. '

Examinations of PRTR Swaged UOp Fuel Flements. Three FRTR Mark I swaged
elements examined in ced-out pasin after irradistion to

15 MW reactor heat output were not visibly changed from theilr pre-irradiation

. appearance. Subsequent examinations of one element through the windows ol

the PRTR fuel element examination cell revealed only a slight surface

color varistion along the length of the element, possibly due to film

deposition. All fixtures and wire wraps eppeared tight, uncorroded, and

in place. Non-autoclaved wire-end spot welds remained clean and bright.

PRTR Thermocoupled Swaged U02 Fuel Element. A 19-rod PRTR Mark I sweged
U02 fuel element including six rods containing thermocouples sweged into
axial positions indicated fuel temperatures during PRTR power runs to 15
(nominel) megawatts heat output. A meximum fuel temperature 173 C in
excess of coolant temperature was recorded at 15 MW, at & cladding sur-
face heat flux of approximately 50,000 Btu/hr-fta.- Preliminery evidence

-2
i
-2
[
Ld



UNCLASSIFIED | A-32 BW-69822

of improvizg bulk UQ, thsrmal conductivity was obtained during reactor
cperation at constant power levels of 10 and 15 MW. Transient response
of tha fuel rod thermocouples is easily and asccurately correlated with
transient behavior of the resctor as recorded in the control rocm.

Tubular Fuel Elemant Irradiation - ETR. Irradiation of a prototypic
pested tubular (FRTR Mark 11-C) fuel eliement (GEE-12-22) in the ETR
facility was terminated., The three-foot long asgembly operated with a
maximm surface hest flux of 350,000 Btu/hr-££2. About 450 MWD/T expo-
sure had been accumlated. The test was discontinued after release of
fission products into the loop cccurred during startup of the reactor

. after a shutdown. Durding the shutdown, water circulaticn through the in-
reactor portion of the loop was blocked by maintenancé crews, permitting
the element to severely ovarheat and probably contributing materially to
failurs.

Tubular Fusl Irradiastica - HAPO. A tubular, vibratiocnally ccmpacted Ul
Test element |HAPO-0) recently discharged afier accumulation of 150 MWD/T
in KER-1 loop waa visually examined in the KE basin. The elements had
essantially the ssme appearance it had before irradiation. There was nc
evidence of swelling, warp, or other dimensional changes. A small number
of "handling marks" were visible. The element will-be returned to Radic-
maetallurgy Operation for examination.

Fabrication Development. Inconel-X and Hastelloy-F clad fused UOo fuel
rods were successfully hot swaged at 850, 1000, 1100, and 1200 C. These
fuel rods were fed through the contimuous induction heating coil and the
swage at a rate of two feet per mimute. No cladding ruptures or excessive
oxida scale formation wvere onserved. The densitlies cbtained have not yet
been determined. :

An attempt was made to hot swage fused UOp clad in Fansteel 80 (columbium -
1% zirconium) at 1400-1600 G. This material, however, could not be heated
to 1400 C in the existing induction coil. At ome-half foot per minute,

the maximm tempersture attained was 1100 C. A sectional induction heat-
ing coil 1s capable of mors efficient heating and will be used in future
exparimeants.

Recent results indicate that hydrogen is not sbscorbed significantly by
Zircaloy cladding during induction heating g and hot swaging. These results
contradict results obtained from analyses of turnings Irom resistance
heated Zircaloy cladding. The previcus results may have resulted from
the machining operation used to prepare the turnings. Additionsl experi-
m=nts are in progress.

Autoclaving at 400 C and 100C psi for 69 hours had no effect on the 0.009-
inch thick, ATSI-406 steel cladding of a four-foot long, O.56k-inch 0.D.
fuel rod being prepared for high temperature irradistion studles. The UO0p
fuel was bivfationally compacted to 88-89% T.D., and successfully sealed
by Magnetic-Foree welding. The welded closures withstood applied acceler-
ations greaster than 80 g, both before and during loading and compacticn.
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Spacing Members for Rested Tubular Fuel Elements. Specer ribs were welded
To four Zircaloy-2 tubes, 2.060-inches 0.D. x 0.60-inch wall x 893-inches
long, for use in fabrication of nested tubuler fuel elements by vibrational
compacticn.

After mschining, the tubes were sand blasted to remove any Zr0s from *he
weld. The weld joints were nondestructively tested by an ultrasornic
method. Test standards were made from an extruded, ribbed tube by electro-
machining crevices at the base of the ribs, 0.002-1nch wide, %-inch long,
and 0.010-inch, 0.020-inch, 0.030-inch, and 0.075-1inch deep. The tube was
submerged Iln water and each rib scanned by the transducer. Flaws on un-
bonded lengths approximately 0.005-inch long could be detected, and weld
widths, ai eny polnt, could be determined by comparison with the standard.

Hydriding of Zlircaloy. . Distinct differences in the extent of hydride for-
mgtion in cold swaged and hot swaged Zircaloy cladding have been observed
io metallogrephic studies of semples of each type heated at 40O C for 200
hours. Hydride platelets were large and numercus in the cold swaged
material. Hydride was not detected, however, in the hot swaged Zircaloy
(transformed bete structure). Examination of samples of each type heated
at 600 C for 200 hours showed thet the hot swaged, transformed beta phase
maeterial had recrystallized and that the number and size of the hydride
Platelets were essentially the same in both the cold swaged and hot swaged
materials. In other words, 1t appears that the transformed beta phase
structure markedly Inhibits the growth of hydride in Zircaloy. This may
be significant both in fabrication studies and in-reactor fuel performance.
Irradiaetion tests are in preparation.

Co:roaion and Materials Studies

Process Tube Monitoring. Four Zircaloy-2 pressure tubes in PRTR were
examined visually and the I.D. and insulating gus gap were measured.

Prior to this examination the tubes had been subjected to cperating con-
diticns up to 1100 pel and LSO F for a pericd of about two weeks. Anelysis
of the I.D. measurements showed thet there has been no significant change
in the process tube diameters since they were instslled in the PRTR. Com-
parative diameter measurements made on three occaslons fall within a range
of 4 mils or less.. Hence, internal diameter changes, if.any, are less
then 4 mils or less-then sbout 0.1% strain. Tensile creep specimens sub-
Jected to 12,000 psi at 550 F would exhibit approximstely 0.1% to 0.2%
strain sfter 100 hours. Short-term pressure creep tests on annealed PRTR
tubes at internel pressures equivalent to 12,000 psl hoop stress and at
450 F, 550 F and 650 F exhibited no measursble strain in 48 hour tests.
Hence, the process tubes in PRTR are performing in a manner consistent
with pre-irradiation tests.

Comparing insulating gas gap measurements revesls an apparent decrease in
the minimum gap for 3 of the 4 tubes measured and no change in the fcurth
tube. The reascn for the change is not known; however, the nominal “em-
perature of the reactor was about 50 F higher during the previous measure-
ments. In no case does the minimm gep exceed design limits.
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Ultrafine Grained Sheath Tubes. A three-pronged program to develop sheath
Tubes with an ultrafize grain size, less thsa 5 microns, by three differ-
ent fabricating techniques is progressing rapidly. In cooperation with
technical personnel of three differeot fabricators a program was devised
to evaluate the effectiveness of: (1) warm extrusion, Rockrite tube reduc-
ing and low tempersture salt bath annealing; (2) hot extrusion at low
temperatures, Rockrite tube reducing and low temperature vacuum snneal-
ing; and (3) ‘hot extrusion at low temperature followed by drawing with

low tfemperature intermediate air and vacuum anneals., Twenty-five base
tubes wers double warm extrudead by Bridgeport Brass Riverside plant, sent
to EAPO for examination and salt bath annealing and forwarded to Reactive
Metals, Inc., for tube reducing. Tebe reducing is scheduled for comple-
tion in early June. Nondestructive tasting of the twenty-five extrusions
showed them to be of good quality. One of the base tubes had two small
scale inclusicns near the ends. Qther than this the tubes were free from
fluoreacant penetrant Ilndlcetions on both surfaces except for the normal
end defects which occur near the tall end in this type of extrusion.

A low temperature hot axtrusicon, 1170 P, made at HAPQ exhiblted a re-
crystallizad microstructure with a grain size of 10 microms. This base
tube was tube reduced by Wolverine into .680" I.D. x .035" wall sheath
tubes with Iow temperature 1150-1200 P intermediate and final vacuum
anneals. The fipished tube grain size was less than 5 microns. The
finish and dimensional tolerances were very good.

A warm extruded base tube {1050-1100 F) made at HAPO exhibited a highly
cold worked structure. This base tube will be salt bath annealed at
1200 F and then drawn to shesth tube size By Harvey Aluminum. Inter-
mediate alr and vacuum an.nealing will be emplcyed with meximm arnealing
temperatures of 1250 PF.

Zircaloy-4% Fuel Sheath Tubes. The production of .455" I.D. low nickel
Zircaloy-2 sheath tubes nas fallen behind schedule sgaln as a result of
the recurrenca of impressed particles on the inside surface of the tub-
ing. Approximately 500 tubes are at finish inspection &t the vendor's
plant but only 10-15% of these tubes will pass the fluorescent penetrant
test. In January 1961 ths vendor was informed that HAPO was rejecting up
to 50% of the tubing received due to small impressed particles of 2irca-
lcy on the inper surface. These particles are slightly oblong and measure
up to 30 mils in length times spproximately 1/2 their length in width.
Small cracks at the sdges of the particle penetrate the tube wall up to
3-4 mils. The particles are attached on one end or one side to the
parent metal of the tube wall. Mlcro-hardness measurements show the
.particles to be 243 times as hard as thes parent metal of the tube. Pos-
sible criginating causes are small projecticns left on the base tube due
to incopplete removal of extrusion cladding, gouges which turn up 8
small mound of metal and are iantroduced prior to the filnal tube reducing
cperaticn, and saw chips which are not cleaned from the tube prior to
tube reducing. Photomicrographs of typilcal defects were incorporated
with a letter sent tc the vendor in early Februery 1961. All 600 tubes
now at final inspection at the vendor's plant have been fabricated since
thils information was forwarded.
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Effect of Metal Thickness on Corrosion and Metal Growth. Samples of var-
iocus thicknesses of X-800L aluminum alloy autoclaved for 1, 4, 16 and 36
hours in 360 C water have been compared to thermelly cycled samples at
equivalent exposures. The uncycled samples showed approximately 10%
more weight gain than the cycled samples. The growth of the uncyeled
samples wes lower by about & factor of two. The thermal cycling of the
samples undoubtedly has a thermal ratcheting effect due to the differ-
ences in thermml expansion of the metal and the oxide layer. The compar-
ative results for the different sample thicknesses was the same, however,
in both tests.

The 0.002" ssmple corrodes the most. From 0.005" to 0.062" the initial
corrosion increases with increasing thickness. After approximately 16
hours, bowever, the thicker samples are corroding at a lower rate than
the 0.005" sample. The growth of the semples decreases with increasing
sample thickness. The 0.C4UC" and 0.062" samples showed no measurable
growth in either test.

Fretting Corrosicn. The depth of attack by fretting corrosion is affected
by the material of construction. If a Zr-2 contacted a Zr-2 tube, both
rib and tube were fretted. If a steel rib contacted a Zr-2 tube, the rib
wvas not damaged, but a groove was worn into the tube. In the latest tests,
gold-covered._ribs were tested in contect with Zr-2 tubes in the CEP-2
fretting assembly. Test conditions were: 316 C, pH 10.0 (adjusted with
Li0H), end 30 fps. Natural lcop vibration end an imposed vibration of

3 cps were studied. Examination made after 786 hours revealed nelgigible
fretting ({<0.1 mil). Slight remcval of the black oxide covering the
Zr-2 had occurred, however. Deformation of the gold clad had occurred
but did not appear serious.

The fretting test using e PRIR fuel element and PRTR process tube is
presently undergoing a long-term test to determine if fretting pit depth
will be lncreased by increasing exposure time.- It has been impossible
to realign the fuel element end process tube .to the same contact points
during previous disFharges so thet fretting elways occurs in a new loca-
tion after each inspection.

2. PLUTONIUM CERAMICS RESEARCH

Plutonium Dioxide - Uranium Dicxide

The bulk of the effort during the past month has been concentrated on
high temperature phase equilibria and melting studies in the system
U0z-Pulz. 4s reported previously, the liquidus on the UQ2 rich end of
the phase diagram exhibits a maximum melting temperature of 2825 C at
U0s _~ 10 w/o PuOp as contrasted to 2730 C for pure U05. Detailed inves-
tigation of the PuQp rich end shows a smooth curve for the ligquidus,
decreasing continucusly with composition to 2280 C for pure Pulp.
Cxidation of PuOp seamples melted in helium, which may essentially be
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considered as guenched from the solidus, consistently ipdicates an cxygen
to plutonfim ratlo of 1.62, and probably is the phase previcusly identi-
fied as cubic PusO3. The composition 1.62, however, corresponds to a
formila on the ord2r of PusOg. The quenched atructure is cubic face
centered {CaF;) and has a lattice parameter of about 5.41 X. Debye-
Scherrer photographs show the melted material to be single-phase.

This finding together with previous data ellows several speculations to
be made on the axygen~plutonium system and a revision of the early LASL
phage diagram 13 being formulated. From the data avallable, it would
appear that cubic m@g (Pu0y ,5z2) bas at least two allotropic modifica-
tions being BCC (Type T rare earth) st Toom temperature and FCC

(fluorite) at-high temperatures. The melting point of this phase has
been determined” as 2350 C, slightly above that of Pulp, and its calculated
density 18-13.85 g/cc compared to 11.k6 g/cc for PuOp. The transformation
tempersture may be 650 ¢ where the thermal expansion hysteresis in oxygen
deflicient PuOy has previcusly been noted. The allotropic transformation
will be checked out as socn a8 high temperature diffraction and differ-
ential thermal gnalyses equipment are avellable and with anpesaling experi-
ments, - '

Another point of interest in this system is the composition PuO; gp, which
bas frequently been seen during beat treatments of PuO, in hydrogen. Dur-
ing recent disculssions with Dr. L. E. Russell of Harwell, he exhibited a
photcmicrograph at the composition PuOy gp which was pearlitic in nature
and apparently the result of a eutectold reaction at this compositicn.
Scme of cur previous quenching experiments have indicated oxygern defi-
clent PuQgy to be cubic at temperatures as low as 1100 C, and it is
therefore speculated that the sutectold occcurs at 650 C according to:

POy g2 —> Pu0y, * POy gp

_ ~(FCC) 98(FCC) {BcC)

giving an-equilidrium two-phase structure at room temperature. The com-
positicn PuO1, gg arises from previous sintering data and is probably the
lower limit of a solid solution phase at PuOp. '

Melted structures of UOp-Puls compositions have also been investigated.
In melted samples of U0z ~ 10, 40, 75, and 90 PuOp, no indicaticns of
"ecuble Pup03” have been noted. Lattice psrameters of the melted samples
have gener been higher than those theoretically anticipated. For
exemple, in UOp - 40 the lattice constant determined via an extrapo-
lation function was 5.451 + 0.00L A. This corresponds to a composition
of U0p = 25 Pulp if 1%t 1s assumed that PuOs is lost during melting. On
the cther hand, the increased lattice parameter may simply be +he result
of a loss of oxygen with no effect on the Pu/U etom ratic. A melted
sample of UOp - 10 PuO, gave a lattice parameter of 5.h63 £ 0.005 R as
obtained by aversging the high angle lines and is good agreement with
the premelted value. Addltional experiments on UOp-PuQp melted struc-
tures will be performed next montkh.
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PuOQ_-.-ZrOQ System

Experiments were performed to determine the sintered densities of PuOp-
Zr0p pellets with compositions in the ZrQp rich region. Pellaets contain-
ing 85, 95, and 98 w/o Zr0z were compacted under nine tons per square
inch to 56 # 3 percent of theoretical density. They were then sintered
in dry helium at 1550 C for 12 hours. The sintered densities as deter-
mined by weter immersion at 23 C were respectively 86, 88, and 90 per-
cent of theoretlcal. In the region -studied it may be concluded that
sintersbility lncreases with ZrOg coneentration.

‘Plutonium Sillicides

Effert has been concentrated con obtaining a single-phese product of known
composition with which to work. Although confirmation of the exact com-
positions of the silicldes thus far produced has not been made, certain
chargeteristics have been determined. Products obtained by arc-melting
alpha-plutoniuvm and silicon mgtal have no corrosion resistance to boil-
ing water; they begin to disintegraste into a fine powder lmmediately
upon immersion. The arc-melted buttons have a silvery metaliic luster
prior to exposure to oxygen. Surface ocxidation at. room temperature turns
this luster to a gold and blue color. '

An attempt was mede to produce PupSl3 by arc-melting alpha-plutonium and
silicon. The product exhibited all tihe characteristics desecribed sbove.
Its density determined at 27 ¢ by immersion in tetrabromcethane was

9.18 g/em?, agreeing with the published calculated density for PupBis.
Although not solved, the X-ray diffraction patiern is not in sgreement
with the single hexsgonal phase found by Runnsells and Baucher. A chenm-
ical snalysis of the compound will be run presently as an ald to its
identification. ) :

Surface Area Measurement

The BET apparatus was leak checked using & helium leak detector. The
entire system may now be evacusted to vatue ranging from 10-7 to 10-6
millimeters of mercury. Initial determinations will e for cglibration
and procedural development purpeses. Cement obtalned from the National
Bureau of Standards as well as UOp specimens will be run prior to Pulp
. and other plutonium btearing materials. Several tests of the commercisl
sorptometer (continuous flow méthod) were made using the N.B.S. cement
specimen. Instabilitles in the electronic components have denied
encouraglng results. Further tests will be run during the next report-
ing period and attempts made to correct the instrumental deficiencles.

‘Thermal Conductivity

Redesign of the conductivity device insert was completed. In the new
insert, the Kovar-gless vacuum seals sre replaced by pressure sealing
glends, the 0.013-inch bare chromel-alumel thermocouples are replaced

r~-a
N
™D
[y
ot
el



UNCLASSIFIED A-38 W-65822

by 0.040-inch stainless steel sheathed, chromel-alumel thermocouples, and
the grease seal 1s replaced by a compression sealing vacuum fitting. The
size of the hsad has besn reduced to allow easier seating. The molyb-
denum winding on the main heater has been replaced by FNlchrome to provide
greatar electrical resistance.

Due to the replacement of the molybdemum windlng by Nichreme, and to

the retained usage of copper leads %to the main heater, the gosl tempera-
ture of 1000 C in the sawple area will be somewhat reduced, perhasps to
800 - 900 C. This is scwewhat dependent on the heat trsnsfer character-
lstic of the sample material. ' ‘

While the new insert was being drawm up, the rest of the device wes com-
pletely disassembled in order to repair two water tube joints which
leaked. A new roughing pump was installed to replace the original which
was not large encugh tc evacuate the system to below 100 microns of
mercury. The vacuum system now functions efficiently.

Most parts crdered for the insert were received; the worksheet drawings
and furnished materials were sent to the shop for fabrication.

U0~ FUELS RESEARCH

Fuel Evaluaticn

An extenslve and umusual structure was observed for the first time on
polished and etched colummar grains of UOp produced during irradiation
of: - (1) both swaged and vibrationally compacted fused UOp; (2) vibra-
tionally compacted electrodepositedW,; and (3) siantered UOp pellets.
In gsome gruins this substructure appeared as parallel lines while in
others it appeared as "elongemted hexagons”. Collection of voids slong
these sub-graln boundaries is further evidence of fission product
relocaticn which continues to be revealed by concurrent studies of
aatoradiographs of cut apd grownd tranaverse faces of irradiated UOa
fuel rods.

Irradiation of a purposely defected UOp fuel element {ED-2) coatinues
after 12 weeks in a Hanford producticn reactor. Fission product release
into the cooclant is barely datectable.

The first significant irradiation of hot swaged U0y was terminated after
two cycles in the GEH-4 facility of the MIR. The 12" long four-rod
cluster (GEH-4-60) accumilated a total exposure of m 620 MWD/T.

A UOp-ThO, mixture is being irrsdiated in the MIR GEE-4 facility as part
of a study of the effect of additives on in-reector behavior of U0p. The
element, GEH-L-61, is cpersting with a maximim surface heat flux of
£00,000 B‘I‘U/h.r-fté. It is expected that a portion of the core will be
wolten durdng irradiation. The element was fabricated by vibrationally
compacting a 90 w/o U0z (enriched to 1.38 w/o U235 in U) -10 w/o Thog
mixture to 86% T.D. in 1.12" 0.D. stainless steel cladding with 0.030"
wall thickress.
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U0, Melting Point

(Ubservations of increasing melting point with irradiation exposure
provide a basis for describing some hypothetical phase relatiomships
in the uranium-oxygen system. Various dissociation reactions occur
with UOp at elevated temperatures. Among these sre:

UOQ____,U +U03

The net effect of these reactions is to reduce the O/U ratio in U0s,
which is initially stoichiometric or super-stoichiometric. The feas-
ibility of the last reaction has not been demonstreted thermodynamically,
but much evidence predicting the existence of a UO0x-X sclid solution at o
temperatures above 1600 C exists. Specifically, metellic uranium in-

- clusions are cbserved in UOp which has been heated to near the melting
point. Also, & broadening of the phase boundaries to include a stable
UQo-X solid solution would b2 expected at high temperature. The exist-
ence of substolchiometric UQ, and the variocus resctions ylelding lower
0/U ratios indicate a basic anomally in attempts to define the melting
point of UOp. Specifically, it is questionable whether or nct Ulp po
has ever been melted. More probably, what has been called the melting
point of U0 is actually the temperature at which & stable UQOo_y melts.
The urmiumT_omen phase diagram reveals a high solubility for oxygen in
V0o Dut very limited solubility for uranium. Such a condition, plus
the fact that a disscelation occurs, is often indicative of the exist-
ence of a broad displaced maximm In the liquidus. In the case of UCp
the displacement would be to a UQp4x composition which, under normal
heating conditions, dissoclates to UOp_y before the melting point is
reached.

Most long lived fission fregments are metal atoms having valences less
then +4. These low valence cetions could stabilize a higher O/U ratio

by forming an oxygen deficient defect lattice similexr to that which
oceurs in the systems UOp-LapOz, UOp-Yp03, and Zr0p-Cal. If such stabili-
zation occurs, it would lead to s higher equilibrium Q/U ratic at the
melting point of irrediated UQ2. As deseribed above, the melticg point
of UOp should increase with O/U ratio and thus the introduction of fission
fragments which stabilize higher O/U ratios should result in an increased
melting point. Opposing this incresse i1s the normal tendency of %he
melting point to decrease with increasing impurity content of a system.
The sum of the *two opposing influences yields & maximum in the plot of
-malting point wversus irradiation expcsure.
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Electron Microseopy Studie=s

Bvaluation of reflection electron microscopy techniques continued
simuiltacecusly with U02 single crystal examinations. Peculiar fan-
shaped formations which were observed in reflecticn images of heated
and non-heated fracture suxrfaces, along with firmly adherent surface
"deBris" were confirmed by transmission repllca and cpticel mlcroscopy.
The formations are about 30 microns in dlameter and less than one micron
high with suxface "ribs" emapating fapn-wise from a single point. Xo
ralation to the underiying fracture surface is apparent.

Thermal Conductivity of Ul

Initial measurements were mede of thermal ccnductivity of the third
irradiatad U0z specimen, 0.06% burnup. Behsavior up to 300 C appeaxrs
similar to previous samples having less irradiation. The data are
summarized below:

Thermal Comductivity, vatis/cm °C
% Burnup “Initlal Mpimum After Recovery

0 0.080 - -

0.005 0.043  0.039 0.4k
0.016 0.0k0  0.30 0.35
0.065 0.035  0.27 0.33

US/UK Newkletter #11 - Uranium Ceramic Fuels

The UB/UK Newletter for April 1961, was compiled and edited, and is now
ready for distributicn. Contributions from nineteen sites have made this
letter the longest to date (85 pages). : :

4. BASIC SWELLING PROGRAM

Irradiation Program

Irradiaticn of capsules Nos. 7 and 8, eesch containing three split, hollow,
wranium cylinders is continuing at sopstant temperatures of 525 C and
575 C, respectively. Capsule No. 9 is currently being assembled for
irradiation. Uranium specimens identical to those irradiated in capsules
Ho. § have been given an ex-reactor thermal %restment identical to that
of the irrasdiated specimens. These specimens are now being examined for
density, microstructural, and physical changes. Two additicnal sets of
specimens are upndergoing annealing treatmerts in a vacuum heat treating
furnace in order to simlate the in-reactor thermal histories of capsules
Nos. 4 apd 5. Uranium specimens identical to those in capsule No T and
in capsule No. 8 are heing prepared for simllar treatment.

The apibient temperature irradiation of two unmopitored, NaK-filled
capsules GEH-14-281 and 282 was completed after 48.7 days total irradiation
time. This exposurs smounted to about 0.3 2/0 burnup in the enriched
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porticn-of the specimens. Each capsule contains a U-U d&iffusion couple
for tae study of fissicn product diffusion.

Pogt-Irradiation Examination

Radiometallurgical examination of the specimens from irrediated capsules
Nos. 4, 5, apd 6 has continued. Densities have been determined on ail

but one of the spheres by the bouyancy technigue. The sphers rnot measured
wes irradiated at sbout 800 C and had split open badly on one side.
Initial estimates of the swelling indicate volume changes of seven %o nine
percent for specimens irrediated to C.3 a/o burrup at volume average
temperstures of 615 C and from six to eight percent for specimens irradiated
to 0.3 a/o burnup at volume average emperstures of 575 C. Specimens
irradisted to only 0.05 a/o burnup at about 550 C shawed volume changes
from 1.5 percent. Cracking was cbserved in the higher burnup specimens
that appeared more severe as the samples were repetitively etched fex
density determination. '

Additicnal examination of thke split hollow cylinders irradiated to about
0.03 at temperatures of around 300 C revealed that comsiderably less
"bumpirg” and warping hesd occurred with the specimens irradiated in the
as-extruded condition than with the specimen that had been beta quenched.
This is attributed to the large grain size that existed in the Teta
quenched specimen. Apparently, at least with specimens of this gecwetry,
grain size effects are more sericus thap are preferred orisntatlon sffects.
X-ray diffraction studies prior to irradiation had indicated that the as-
extruded specimens showed definite preferred orientaticn.

A precharacterized, unrestrained aspecimen of uranium, GEE-14-36, irradiated
et lese than 150 C at the MIR has been procsssed for micrestructural and
density chenge. After sx estimated burnup cf 0.26 a/o, the specimen had
assumed a very wrinkled external geometry due to dimensional ingtebility
effects. The microstructure shows considerable swirled twinning and
lineage structure, but as yet no evidence of fission gas pores. Fizal
density after irrsdieticn was 18.61 g/cc compared witk an-origiral density
of 19.01 g/ce.

Pore Size and Distribution

Information on the frequency and size of pores cbserved in irradiafed
ursnium specimens subjected to post-irradiation annealitg treatments kas
been tabulated for programming oz IBM cards. Various functioral and
distributton characteristics will be testedl and analyzed.

Comparison cf In-Reactor and Ex-Reactor Swelling

The swelling in uranium associated with the bigh temperature irradiation

of clad rods in thermocoupled, NaK-filled capsules has been compared with
the swelling associated with the long *ime post-irradiatior arrealing <f
uranium that had been irredisted in a high pressure, high temperature,

water loop. The swelling observed in the ™o experiments exhibits surprisizg
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corTespondence with regard to tamperature dependernce. Within the
framewcrk of the uncertainties that exist in the engireering measure-
ments that wers made, the data from either experiment is indistinguish-
able frcm that of the other - this comparison suggests that post-
irradiation annealing provides a simple ard convenient method <f
sstimating the in-reactor swelling that cculd be axpected with urspium
fuel elements under a variety of temperature ard pressure conditiora.

Pission Product Mobility

Pission product gas mobility i3 being studied by two techoiques. In the
first, urspnium specimens are being exsamiped that have kad Inert gas
intreduced inte the surface by "glow discharge” or iom btombardmert. In
the second, U-U diffusicn couples are being studied thet have had an
appreciabls amount of filssioning occurving in one-half of the coupls,

it pone, or very little, in the other. The U-U diffusion couples have
besn irradiated and currently await shipment to Radiometadlurgy. The
specimens are 1/2" thick x 1/2" diameter disks cut from en extrusics that
has a core of depleted uranium and a shell of three percent enriched
uranium. The change in pore size distribution across the depleted-
enriched interface ag a function of peat-~irradiation anvealing will be
studied by quantitative mstallography. Kr evolutlion data from two
uranium disks prepared in a cathodic vacuum et chapber usirg Kr gas
as an etchant showed a small burst, sbout 0.2 x 10L3 atoms per seccnd,
vhen the specimens were melted. A very small peak in the evelutiom rate,
approximately 0.07 x 1013 atoms per second, was obsarved at about 40C C.
No difference was observed between s Specimen etched in the normal fashion
and cne etched under adverse conditions so that redepesition occurred.
High purity urapium has been rolled for forming into cylinders for use as
the specimen in the "glow" system. The hollow cylindrical specimen will
rest cn a urenium disk. Uranium that had previcusly collected cn the
walls of the system (trapping gms iv the process) will not collect on
the walls of the new tubular specimen providing a larger concentration
of gas in the samples.

Restrained Irradiations

Swelling expariments of Zirealoy-2 clad uraaium rods (0.570" diameter

X 4" long) with selected uranium temperatures, cladding thicknesses, and
exposure are being conducted employing NaK-filled temperature monitored
capsules. Four such capsules, GEH 1k-56, 97 101, ard 103, each contamiz-
ing two rods have been copened and the rods photographed and measured Zor
dimensicnal changes. The irrsdiatico histories and the apparent volume
increases are tabulated below:
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Cap. Clad Vol. Exposure - Swelll

No. Thick. Avg. T a/c B DV/V, R¥*

14-96 0.020%* Lho 0.07 1.C 14
G.C20 .. 0.7 10

14-97 0.0200% 560 0.43 5.9 1:
0.030. 6.7 16

1hb-101 0.020 250 0.30 0.46 1.8
0.020 0.5¢ 1.7

14103 0.020 300 0.21 1.0 L.8
0.020 ¢.9 k.3

*#"R" 1s defined as the percent volume change divided by
the present burnup.
*¥End cap fallure.

From the dimensional meesurements, there is essentially no iifference
between rods with 0.020" and 0.030" cladding. The observed swelling
agrees well with previous data obtaired with similar experiments.

Cne of the end caps cracked and split open at the weld in the 0.020"
clad rods that were in capsules 1k-96 and 14-97. The 0.030" clazd rods
in these capsules and all of the rods (0.020" clad) in *he other twe
cepsules were intact. The rods that failed were suspended by means of
a thermocouple that was sealed through the cap. Failure occurred at
this cap in both icstances. It is not yet fully understood whether
swellling contributed significantly tc the ernd cap failures.

Ra.diometallurq Laboratory

Measurements and density determinaticns were completed or capsules k4, 5,
and 6 during the month. A wide variation in density results was exper-
ienced in running the same specimen at different times. This waa
atiributed to the poor physical condition of some of the specimens
revealed by subsequent metallographic examination which showed thas
extensive cracking of the uranium had occurred. The cracks apd veids

in the metal were filled with an oxide or other reacticn preducts (RM-510).
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5. IN-REACTOR MEASUREMENT .OF MECHANTICAL FROPERTIES

In-Reactor Cr2ep Measursments

The modified creep capsule, designated as Capsule II-2 vwhich was chargsd
in April, is nowv operating at copdiderably higher temperatures than those
reported last month. The gamma flux alone is producing specimer tempera-
tures in the range of 350 to 4EO C. These higher temperstures are the
result of a lower than expected thermal trmpsport within the capsula. It
has been found that the capsule does not respond to helium pressure in-
creases in the sams menner as tha protctype capsule and the ¢ther second
generation capsule, IT-4. An increase ir pressure results in a temperature
increase rether than a reduction. Tke second gerersticn capsules wers
designed to take advantage of high cornvectiorn heat transfer but scme irtar-
ference with the normal transport processes avidently exists in tha latess
cepsule. If this interfarence was elimipated, the operating tamperasure
of the capsule could be maintained within the limits of 250 to 30C C.

The loss of heat transport in the capsule is attributed to the contamina-
tion of the helium gas atmosphers from the outgmnssing of capsule compeoren®s.
A mass spectrometer analysis of the gas inside 4id not reveal any sigrnifi-
cant contamiration. Condensable vapcrs would not be detected with tke
mass spectrometer as the gas from the capsule must flow through many feet
of water ccoled line hefore the sample can be taken. To prevent the re=-
occurrence of the erratic thermm] behavior, the next capsule i3 beirng out-
gassed in the laboratory prior to charging. Considersble gquantities of
gas have bean extracted from the capsule in the laboratory at pressures of
one to 200 microns at temperatures tetween 22 and 250 C.

The amount ¢f gamms generated heat and the tempersture distribution in
Capsule II-2 will not allow a creep test to be conducted at temperatures
lower than about 495 C. A test near this temperasur= at a strese cof
8000 psi will begin in June.

Capsule ard Instirument Developments

A series of six, third generatlicn capsules are now being fabricated.
Scheduled completion date for the first three of the capsules is *he
middle of June. A fina] apalysis of thermal behavior cf the letes? cresp
capsule operating in thes reector prompted a design change. An exposed
ring of metal in the heater support secticm wili be coversd with the same
ceramic support material as the rest of the heater. The purpcse of the
change 13 to increase the symmetry of envircrment at the ends cf the
specimen. ' :

Laboratory calibraticn has been completed on & proposed, high-temperature,
radiation-resistant, linear vapriable differential trars=former. The Linearity
and rescluticn of the transducer were measured ss a furction of tempersture.
The transducer would not be suitable for ip-reactcor messuremsnts as <he
influerce of tempersture wvas greatar ther the resgiution regquiresd for tke
in-reactor creep measurements. Stability of tke tracsducer as a furciicn

of time also contributed to a low merit figure f£cr the transducer.
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6. GAS-GRAPHITE STUDIES

EGCR Burning Rig Experiments

EGCR combustion hazards ftesting was continued with experiments which
similated reactor conditions for several credible accidents as rearly
as possible. HReactor after heet decay functions were programmed as
power input to a radiant heating element in the center of the fuel
channel. The tests and observetions were as follows:

Test 1 - Initial Conditions:
Mcderator Temperature - 1095 P
Outer Surface PFuel Sleeve Temperature - 1170 F
Inlet Air Temperature - 435 F
Air Flov - 395 lbs/hr

Observations: Assémbly cooled; slowest rate observed
vas 4 F/min.

Test 2 - Initial Conditions:
Moderator Temperature - 1095 F
Quter Surface Fusl Sleeve Tempersture - 1170 F
-Inlet Air Temperature - 770 F
Alr Flow - 186 1lvs/hr.

Cbservations: Assembly cooled; slowest rate observed
was 1.5 F/min.

Test 3 - Initial Conditioms:
Moderator Terperature - 1240 F
Outer Surface Fuel Sleeve Temperature - 1300 F
Inlet Air Temperature - 788 F
Air Flow (Center) - 287 lbs/hr

Gbservatlons Moderator temperstures at midplane and
above rose for the first five minutes o
about 1325 F, remained constant for about
20 minutes and then began to fall. The
SiC coated fuel sleeves apparently did
not fail since cooling wes noted almost
impediately after air was introduced.

These observations indicate that with SiC coated fuel sleeves the EGCR
will not ignite in case of an accident which introduces air into the

. reactor. The extrapolaticn. of these results to the more complicated
reactor situation mist be verified by computer calculations.

In-Reactor Creep

Semples from the five 150 psi compression test boats have been examined.
The transverse samples irradiated under constant lcad at about 600 ¢
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show sigpificantly less initial growth than the unloeded samples after
exposures ranging frem 1410 to 1720 MAD/AT. The length changes of the
unloaded samples were: CSF, +0.013%; TSGBF, +0.028%; AGODP-LS, +0.0324%;
NC-8 (BGCR), +0.039%' and TSX, +0.066%. The loaded samples have under-
goene essentially no initial growth.

Studies on Chemical Additives to Graphite

Additicpal evidence of the influence of ircm oxide sdditives on the
dimensional bebavior of graphites under irradiation has been noted.

Two Texas coka grephites, one with one percent iron oxide additive and

one without the edditive have been compared: after 424l MWD/AT cold test
hole exposure. Tranaverse growth of the graphite with additive was 43%
greater than that without the additive. This higher low-tempersature
growth lends enccouragement to the use of additives in reducing contraction

of grephite at higher temperatures.

In the parallel direction, the additive graphite grew +0.311% while the
graphite without additive comtracted 0.182%. Reversal of the normal low-
temperature parallel contraction i3 unexpected and, as yet, unexplained.

Gas Loop Project Msnagement and Design (Project CAE-822).

Gas loop construction is 83% complete versus 95% scheduled predicted to
June 1, 196L. Comstruction will be limited to 92% until installation
of the in-reactor section and blowers are inttiated. The ex-reactor
section installation work by J. A. Jomes is 75% complete versus 90%
scheduled for the same date. Febrication of the in-reactor section is
in progresa and is scheduled to be complete by June 9.

The interim gas blower for operation at reduced conditions has been
received from Bristol-Siddeley and installed in B Cell.

During the month an order was placed with Pacific Car and Fourdry for
approximately $25,000 for steel shielding for the gas loop. Detailed
design drawings for the steel shielding were completed by Struthers-Wells,
but this contract has not been closed out, since structural calculaticns
have not been finished.

 The three Craham Hesat Exchangers, which were replacements of the original
undersized units, have been received and are being installed. The NaK
heater modification has been completed by Struthers-Wells and the unit
has been shipped, but not yet received on site.

Compenent Testing

The pressure tube, which was used in the test assembly in the 314 Building,
was removed from the mockup and the nozzle and outlet end removed and re-
cemditioned. A new pressure tube has been cut to size and will be assembled
with the nozzle and outlet assembly. This sssembly is for use with the gas
logp in B Cell. Completion of this secticn is scheduled for June 1.
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GRAPHITE IRRADTATION DAMAGE STUDIES

Irradiation Effects on Lampblack-Based Graphite.

Samples of lampblack-besed graphite originally heat treated to 3000 C,
vhich had displayed high contraction rates upon irradiation, were again
heat treated to 3000 C to determine if the radiation-induced contreetion
could be anneeled in this meaterial. Post-annealing measurements on
semples with three exposure levels revealed that 10-20% of the radiation-
induced contraction was eliminated. Possible crystallite changes are
being checked.

Post-irradiation measurements of the coefficient of thermal expansion
revealed little change in this property in this materisl. Thermal con-
ductivity between TOO and 2000 C also showed no significant change upon
irradistion.

National Carbon Ccmpany R&D Contract

Ninety-six additionel samples of six gredes of graphlte were received.
All were made with the same needle coke. Three grades display crienta-
tion ratios of 0.8, 2.4, and 6.2 based on the ratio of transverse to
parallel coefficients of thermal expansion. The other three grades were
made with s particle size variation which included all flour, 0.030" and
0.060" maximm particle size. These samples will be used to investigate
the effect of degree of mnisotropy and coke particle size on high tempera-
ture, radiation-induced contrasction in graphite.

ADVANCE EVALUATION STUDIES

Supercritical Pressure Water Reactor Study

An interim report, EW-69246, describing the Supercritical Pressure Power
Reactor as presently conceived, was prepared for comment.

Power Cycle - Cycle Efficiency. A net efficiency of 41.2% has been
caleulated for the SPPR power plant cycle. The efficiency is based on
presently available information and is subject to some adjustment as
primary feedwater prehesting and turbine cycles become finalized. However,
the 41.2% is believed to be indicative of the final value attainable. The
power requirements presently established are:

Net electrical output - 300 mw
 Generator losses and auxiliary power requirements
excluding main feed pump 15 mw
Equivalent power gené.ration for feed pump turbine 9.8 mw
Total plent generation | | 324.8 mw
UNCLASSIFIED
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Reactor thermal ocutput including heat to mederator 728 mw
Gross plant efficiency “4k.5%
Net plant efficiency : 41.2%

Moderator Loss. BExpected heat generated in or transferred to the moderator
has been calculated to be about 41 MW of which 19 MW results from heat lcss
from the fusl elemesnts. Approximately 13.5 MW of the total moderator heat
is imrecoverable due to inefficiency in the heat exchange process. This
loss may be compared to the boiler efficlency In conventiomal fossil fuel
plants. Boiling water reactors and pressurized water reactors in which
the coolant and moderator are integral will not have this less, of course.

Fuel Element Design. Pressure drop calculations are essentially complete cn . .-
The three-zone coolant pass system. For the first stage (inlet temperature

of 550 F, outlet temperature of 805 F) the pressure drop is about 75 psi.
For the second stage (inlet temperature 805 F, outlet temperature 10S50F)
the pressure drop is about 580 psi. The third stage reheats the fluid,
after it gives up heat in a reheat to subcritical turbine steam, from 850 F
t0 1050 F. Third stage pressure drop is about 1000 pei.

While pressure drcps of this magnitude (1500-2000 psi) might be feasidle,
1t limits the flexibility which is desirable in pressure tube design,
gsince the pressure members are designed on allowable stresses at antici-
pated tube wall temperatures. Hence, lower pressure drops permits higher
tube wall temperatures, resulting in greater permissible temperature un-
balance across the resctor, thus simplifying reactor control problems.

T achieve lower pressure drops, tTWwo proposals are being considered. The
tirat proposal incresases the insids diameter of the pressure member from
3/16 inch to 7/32 or 1/4 inch. This results in thicker pressure member
wall thicknesses (than would be assumed by simple dlameter considerations)
because of the increased temperature drop through the wall, resulting in
increased fuel cycle costs. The second proposal requires an additicmal
preheater heat exchanger to raise the inlet temperature to the reactor
vhile lovering the inlet temperature to the last stage. In addivion, tke
first two stages are combined so that the coclant cutlet temperature will
be 1050 F. Flexibility in temperature control throughout the reactor can
be obtained by proper bypassing of the preheat heat exchanger.

However, a heat exchanger of this size for supercritical service may ccst
from one-half to cne million dollars. The effect of the two proposals oo
power generating costs is being investigated.

Reactor Physics. A continuing effort is being made to establish the
neutren-multiplying properties of slightly enriched {(U-235 UOo cells c?f
the current SPPR design gecmetry. The treatment of rescnance self-
shielding effects has been of particular concern. This effect, stroogly
dependent on geometry, has been investigated experimentally only in mcre
firiely dtvided slightly enriched UOp-HpO lattices. Calculatiors are beirg
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made to determine the consistency with which currently formulated zelf-
shielding factors lead to experimental agreement. Resolutlon of this
problem will allow final solutions of several partially ccmpleted lattice
physics calculations:

(1) For various U-235 enrichments (1% to 5%) a plet of cell
k,, versus HpQ/UOz.

(2) A plot of keps versus HpQ/UOp for uniform reactor loading
of the cells in item (1).

(3) Three-energy group plot of flux and power distribution in
certain eells of item (1). '

() Three-enmergy group plot of flux and power distribution in
certain reactors in item (2) and for reactors loaded non-
uniformly to achieve whole reactor and zone flattening.

(5) An evaluaticn of control strength for rods of varying blackness
and geometry in certain of the sbove reactors.

Flant Layout. Further evaluation of spece regquirements mey result in a
reduction of the containment vessel diameter from the imitial 220 feet
to less than 180 feet based on the space required for the turbine genera-
tors and for the removal of the generator rotors. Information from the

~ turbine vendor indicates that the space requirement could be reduced from
that initially contemplated. In the larger diameter hemisphere the turbine
installation was the governing factor and not the pressure buildup upon
release of primary coolant. Revised estimates of the pressure buildup in
the containment shell upon release of primary coolant are being made
based on current piping layouts. Cost of containment vessel is a function
of the cubic power of the diameter. Thus, small reductions in vessel
dlameter can result in significant decresses in vessel cost. There is,
therefore, considerable incentive in working toward further diameter
reduction.

Conceptual Design - Fuel Element Fabrication Flant

The final draft of Part II has been completed and transmitted for approval.
Pert III, "Design Study of Plants for Plutonium-Enriched Fuel," of the
Fuel Element Fabrication Economics Study was completed in rough draft form
and issued for comment.

Estimates of plant cost for the nine uranium fuel cases and the nine plu-
tonium fuel cases are scheduled to be complete by June 5.

A draft of a report "Group Testing in 100% Inspecticn" was prepared and

circulated for comments. It will be put in final form and submitted to
Technical Publications for issuance as a "blue cover" report by June 5.
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9. ALUMINUM CORROSION AND ALLOY DEVELOPMENT STUDIES

Evaluation of Molybdate as Inhibiter

Testing i3 in progress on X-8001 slumirmumm alloy, Zr-2, and sensitized
30k stainless steel at 300 C in water adjusted to & pH of 4.5 with HMo0y, .
Preliminery data indicate pepetraticms of 0.07 to 0.10 mil oz X-8001
after 315 hours. Penetration measursments on 304 88 after 613 hours
show values of 0.029 to 0.032 mil. In general, the corrosion dsta of
the varicus alloys are similar to H3PQy data. Eowever, fairly thick crud
films have been obtained (1-2 mils) primarily on the aluminum coupens.
The f£ilm is a dull Jet black and is presant on the 25 fps coupons as a .
uniform £ilm, but on the 40 fps coupons it occurs as a wniform film
gtudded with platelets arranged perpendicular to the flow direction.
These platelets are 5-10 mils in diameter. Examination 1s being made

to determine the compositicon of the platelets.

- D. RADIATION EFFECTS ON MRTALS - 5000 PROGRAM

Radiation damage in various metals, including aluminum, coppsr, iron molyb-
depum, nickel, titanium, zirconium, apd type 347 stainless steel, is being
studied by a number of techniguss. Electrical resistance, x-ray diffraction,
and mechenical properties measurements are the primary methods being used.
The variation of properties with irradiation and the kinetics of property
recovery upon annealing are being apalyzed to arrive at a damage model. Tensile
tests on irradiated "A" nicke)l showed a pronounced strain-aging effect of a
complex nature. A spacimen with an exposure of 4 x 1018 nvt showed a sharp
Yield point upen initial testing, and upon unleoading and immediate relcadirg,
another yield point and s short region of Lifder's strain cccurred. After
 aging for cne hour at 200 C, the flow stress was raised by almost 8000 psi
and ancther yleld podint occurred. It was also found that a yleld point
could be developed in unirrsdiated "A" nickel by straining and then aging for
cne hour at 200 C. Further tests have been conducted on unirradiated "A"
nickel under various conditicns in ordey to establish the nature of the aging
effect. Specimens were tested a2t -T7 C and 22 C and aged at 22 C, 100 G, and
200 C for varying periods of time. A specimen tested at room tempersture and
aged at 200 C required a combination of 2% atrain and an aging time of 10
minutes for production of a yield point; & specimen tested at -70 C and sged
&t 200 C required 2% strain and only cue minute aging time. Ancther specimen
tested at room temperature and aged at 100 C required 6% strain apnd 200 minutes
aging time to produce a yield point. In all cases, after development of the
¥ield point, the region of Lilder's strain increased with successive straining
and aging treatments. Also, as each specimen reached the yield point, the
flow curve becams markedly serrated, and the amplitude of the serrations increased
with successive treatments. Parallel tests on high-purity (Carbonyl) nickel
failed to produce yleld points, increases in flow stress, or serrated flow
curves. It wms npted that the work-hardening coefficlents of the high-purity
nickel specimens were significantly lower than for corresponding "A" nickel
specimens. It appears that after a critical amount of strain, "A" nickel ages
while 1t is being plastically deformed. Defects are probably generated by
moving dislecaticons which accelerste the diffusion of solute atoms to slow
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moving dislocations or dislocation scources, resulting in serrations in the
flow curve. The effect is enhsanced by aging at elsvated temperatures. The
yield point observed upon immediete retesting of irradiated "A" nickel is
also probebly due to the generation of vacancies by moving dislocaticas,
vhich migrate to and lock dislocation scurces; in this case, large strains
are not required because of the greater concentratiocn of extended defects
which will interact with moving dislocations to form vacarcies.

The analysis of x-ray diffraction effects in single crystals is being continued.
Essentially strain-free surfaces have been produced on aluminum single crystals
of 99.995% purity. X-rey extinction and the observed temperature factor change
as the crystal surface approaches the strain-free state. As the last of the
cold worked material is removed, the apparent Debye temperature of aluminum
drops from 370-390 K to 355-360 XK. Extinction also becomes more proncunced,
affecting the medium-Iintensity diffraction meximum, as well as the strong
reflections. Since further etching and electropolishing bave no effect, it is
concluded that the crystal sample is free of strains and imperfections intro-
duced by the grinding of faces. The extinction is neither primary nor
secondery but appears to be a combination of the two. No theory predicting
the interaction of extinction effects has been developed. If it is agsumed
that the two effects operate independently, then domains spproximately four
microns in size alighRed within one minute of angie are indicated.

E. CUSTCMER WORK

Radiometallurgy Service

Three wafers were removed from each of two Hanford three-railed bumper elements
which exhibited severe cledding corrosion during irradiaticn as part of PI-IP-
262-A. The three rails were 90° apart and the elements were oriented in the
process tube so the side of the element which did not centain a rail vas resi-
ing on the ribs. Examination and measurement of the six wafers revealed that
most of the carrosion occurred on the top side of the elements cpposite the

ribs and that the rails on the extreme top had been nearly removed by corrosion.
Non-uniform uranium growth was observed along the length of the slement and
ellipticity up to 0.020 inch was measured (RM-L423).

Two bumper elements hed failed in new process tubes in D Reactor. Some of the
bumpers were badly corroded which reduced the clearsnce between the tube wall
and the elements. Evidence of both corrosion pitting end intergranular attack
on the X-8001 alloy cladding was found (RM-421).

Three self-support Hanford production elements which were irradisted as part

of PT-IP-272-A were transferred to the Radiometallurgy Laboratory. Examinaticn
wag requested to characterize the cladding corrcsion and determine irradiation-
induced dimensional changes in the fuel. Visual exemination and as-received
photography of the three pieces were completed. Most of the corrosion occurred
in the central one-third of the element between the self-supports {RM-425).
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The bonding layer on two elements discharged on the rear elevator of H. Reactor
vas examined, but no significant change in the 'bond.ing gtructure was noted

(RM-42L ).

Reagults and interpretaticons of these examinstions will be reported in more
detail in copnection with ths development programs served.

Electron Microscopy Service

Coptinued progress has been made on the development of a technique for examins.-
ticn and identification of oxides formed during autoclaving of zirconium alloys.
Zirealoy-2 autoclaved iz 360 C, deicunized water for 7072 hours is being used in
the study. Apn oxide surface of the corrosion coupon was glued to a bakelite
metallographlic mount and hand-polished until a very thin layer of zirconium
metal remained above the oxide layer. The fipal thinning was accomplished by
Syntron vibretory polishing and was allowed to continue until oxide was
completely exposed op cne edge of the coupon. Metal still covered the greater
porticn of the oxide, however, Since the specimen was polished at a very amall
angle, wvith respect to the oxide layer, an elongated cross-section can be
viewed. Small islands of metal in the oxide and oxide in the metal remained
at the region of oxide-metal interface. It was noted that regicns immediately
surrounding axide islands were more reflective than the rest of the metal when
viewed through the optical microscope. If we assume such regions to be areas
of thinnest metal, a thin interfacial layer possessing some chemical or
structural varia.tion is suggested.

A fifteen-second "B" etch exposed an 0.017" wide strip of previously unexposed
oxide between the polished coxide surface apd the receded metal boundary. This
region was repllicated for examination in the electron microscope. At 5000
magnification the unpolished oxide beneath the zirconium metal which had been
removed by "B" etching appeared as rows of furrows. These furrows, in turm,
were made up of thin, flat plates, stacked on end, side by side, having the
long axis perpendicular to the furrows. An electrom micrograph of an unpolished
axide island showed a one-micron-wide ring surrounding the oxide. The ring
could be seen becsuse it was attacked differently by the "B" etch. This ring
mey De tne same type of highly reflecting matarial which was seen in the optical
microscope. The fact that some polishing scratches still remained on the
polished oxide and that there was an over-all smooth appearance of the ares
would indicate little or no etching attack on the oxide itself. A 750X magni-
fication optical micrograph has confirmed the presence of unpolished oxide
furrows.

A specimen identical to the cne mentioned above has been polished until one
oxide island is visible in the central portion of the metal. X-ray work is in
progress to focus a finely-collimated x-ray heam on the island and, by use of
back reflection techniques, identify crystal structure and preferred orient.a.—
tion.

Metallography Service

A document, "Metallogrephic Study of the Annealing Behavior of Aluminum-Silicon
Butectic Alloy," (dw~-6940l), has been written and is now in process of being
_ approved by the library for publication as & formasl report. This work by
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Tod.d. has bteen accepted for thesis credit by the University of Idaho.

Other work during the month will be reported in connection with the'respective
research and development programs served.

Semples Processed During the Month:

Total Samples 508
Replicas 7
Photographs :

Micrographs 548
Macrographs 238
Electron Micrographs 230

1016
Negatives Printed 182%
Prints TO75

NPR Charging Mschine

Mechanical work on the machine is estimated to be 804 complete; hydraulic
piping work is estimated to be T70% complete. No significant electrical work
has been done.

Fabrication and assembly of the transfer arms, idler rollers, console support,
and drive rollers were completed during the month. The transfer arms, idler
rollers, and conscle support have been installed on the machine. Fabrication
of the plug conveyor assemblies was started and is estimated to be 20% complete.
Fabrication of the magazine positioning cylinder assembly is complete. In-
stallation of this assembly has not yet started.

Some testing work has been done on the cross travel drive and the vertical
1ift drive. The transfer arms have been coperated.
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PHYSICS AND INSTRUMENT RESEARCH AND ZEVELOPMENT QOPERATICN

MONTHLY REPORT

MAY 1961

FISSIONAELE MATERIALS - O2 PROGRAM

REACTCR

p_r‘ponential Mea.sﬁrementa for NPR

In order to place all resultzs applicable to N-Reactor on a common basis, the
graphite density (1.695 gm/cm®) of the mockup exponential pile was taken as &
standard. The messurements in the comdensed lattice have been corrected to
preserve the number of graphite atcms. The material buckl of the condensed
1lsttice w%th 0.946 percent enriched fuel (wet) is 249 x 10-Pem~2 instead of
239 x 10=°em~2 as previously repogted With dry fuel the buckling is now

62 x 10-6cm~2 instesd of 48 x 10-6cm-2

Lattice Parameters for large Diameter Fuel

The program for calculating lattice parameters from data collected in PCTR
experiments and celculating the probable error associated with the parameters
1s runping on the IBM-TO90. A discussion of the imput for the program has been
written, describing the order of information on each card and the order of the
cards.

Analysis of date from lutetium foils irrsdisted in a 10s-inch graphite lattice
containing copcentric-tube fuel (2.5 x 2.0, 1.66 x 1.12) has given the spectral
indices listed in Table I. Corrections for epithermal activation were made
from a six-group spectrum calculation.

TABLE I

Wet : Dry
g% Ix £° Ik
Fuel Center 2.01 339 2.20 368
Fuel Eige 1.99 334 2,1k 358
Graphite 1.95 %29 2,05 3yl
Cell Ege 1.92 32k 1.99 334

TTR Measurements for NPFR

Preliminary drawings have been completed for a controlled temperature system
that would allow simulation of NPR conditions in the TIR thermal column. With
minor changes the system c¢ould he used in the PCTR core. Graphite temperature
of 500°C and water temperature to 280°c can be attained. Detailed flux plots
‘through the lattice can be made under varying temperature conditions. If medl- .
fied for PCTR use the flux spectra and distribution would be improved over TTR
copditions. The cost estimate is $120,000. Although a review of the design
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indicates that this can be reduced to $100,000, nc further werk is pla.nned.u.ntil .
funding is assured.

Digital Computer Program for Reactor Anslysis

Dwelomezrb of HFN, the mlti-group neutron diffusion theory code, is contimi-
ing. A generalized input-reading routine, which may be used with any FOR‘I:RAR
language program, has been written and is 90 percent debugged.

Debugging of HFN has receptly been hampered by & lack of canrp'lrter memory space.
There are 32,40) memory locatioms available to FORTRAN programs on the IEM-7090.
Of these, all but two are used by the present version of HFN, which includes the
changes in logic, but not the input changes, menticmed last momth. Several bugs
have been discoverad which would require five or six additicnal memory locations
if they were corrected. Incorporation of the required chapges in input format,
mentioned last month would require considerably more memory 1if the present ip-
put schems vere simply -extanded to the new input data format.

In order to simmltaneously decrease the core storage requirements and introduce
the degired T2 column input format, a generalized input-reading subroutine has
been written. The FAP programming system was used to code this routine which,
relative to the present HFN setup, uses asbout 1000 fewer memory locations and
should be about twenty percent faster. In addition, future changes in HFN will
not require changes in the input program, which will work with any FCRTRAN menitor
program. This input subroutine is presently being debugged using a test program
vwritten for the purposs, Debugging 1s 90 percent complete. HFN is simultanecusly
being modified to use the new lnput routinas.

cinputatioml Progrmifg Service

An informal document, EW-68806, "VrecL, A 709 Prcgram for Reduction of BExponen-
tial Pile Data," was issued. This is intended as a manual for the users cf the
code, as well as a record of the formmlation and procedure used by the code.

HW documents on COFITZ2 and INELASCAT are in preparation.

Production use of INELASCAT has revealed a defect which prevents the code from
bandling certain input data combinations. The ccde bas been corrected.

At the request of Critical Mass Physics, a cross section library on binary cards
was prepared in the format required for ATM-6. This wes done by altering an
Atamics Internaticnal program written for this purpose. An auxlliary program
to read apd print the library contents for verification hes been written and

debugged.

An inovestigaticn of the fast aocurce corrections in COFIT-2 confirmed that the code
was correctly evaluating the formulas.

Green’s Function Treatment of Exponentlal Plles

The three-dimensicnal Green'’s function for the diffusion equation has been derived
for the boundary condition of zero flux on the six faces of a rectangular rarallele-
piped. Ry use of thisa Green's function the flux distribution for a slcwing down
gource in a moderating pile has been cbtained. Corrections to a simple exronen-
tial distribution arising from the finite hase c¢f the pile, the finite height of

¥ 7L 9cC: |
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the pile, harmcnics, and different neutron ages appear naturally in the theory.
An attempt tc ccmpare these corrections with the omes in current use is being
made. Since small source theory and a Green's function eppreach are ccapatible,
the treatment of an expomential pile with horizomtal fuel rods placed in the
moderator has been undertaken within such a framework. The general solution
involves error functions and is relastively complicated, although it could be
easily evaluasted with a computer. The possibility of finding e simpler apprexi-
mate sxpression 1s being considered.

Instrumentation

Circuitry modifications and satisfactory calibration, line voltage variation and
temperature variation tests were completed on the prototype transistorized
Logarithmic and Linear {multi-range) Scintillation Area or Building Monitors.
One unit was calibrated for 0-10 mr/hr decaded to C-10 r/hr linear range with
corresponding log scale coverage. The second unit was calibrated for C-5 mr/hr
decaded to 0-5 r/hr linear and similar coverage for the log scale. Less then

t 5% reading errors, on any range, were produced by line voltage variations from
105 VAC to 130 VAC. All linear range reading accuracies are within :t 5% for
Ra226 calibration, and the log scale is aceurate to & 20% from greater than

20 mr/hr to full scale. All log scale reading errors below 20 mr/hr are positive
on the "safe" side. Long-term drift and temperature tests just commenced;
Initial tempersture tests showed resding errors of less than 5% fram 75 F to
135 F for temperature testsz of the complete system including probe.

Experimental circultry develomment continued on the Fast and Slow Scanning Type

Fuel Fallure Monitor. Fall safe circuits using ferrous-reed relays were developed
to replace the original sclid state devices with & definite gain in both rellability
and economy considering the large mumber of such circuits to be employed. A LOO-
cycle converter circult was campleted for use with a U0O-cycle magnetic amplifier
used as the fast scan dc amplifier. The wheel and slip ring coperation continues

to be satisfactory after three months of coutinuous operation.

A conference was held with CBE&UQ, IPD, and Kaiser Engineers personrpel concerning
the turret portions of the NFR Fuel Failure Monitor. The conference concerned
the apparent low bidder on this portion of the system. Technical advice and
assistance were rendered to CE&UO concerning the electronics pertion of the Slow
Scan Gamma Energy Analysis part of the same system.

A light-tight contairment enclosure was completed and the two lucite 1light pipes
were hearly campleted for use in investigations of uranium contaminaticn on the
surfaces c¢f NPR fuel elements by alpha particle detection.

A prototype experimental high temperature {300°C) ceramic tube pulse cathode
follower was completed and satisfactorily tested at temperature and for driving
1000 feet of cable. The circuit can be useful for use with proportiomnal counters
and other detectors used in certasin reactor and cther high temperature locations.

A proposal was made to Operatiocnal Physics, IPD, concerning a comparatlvely

inexpensive method of checking the NFR graphite core by use of simple "purity”

measurements rather than by the traditional diffusion length measurement methcds

vhich are expensive, time-consuming, and require a large amount of instrumenta-
- tiom.
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Developmental support was rendered to IFD and CEXUQ concerning in-ccre monitor-
ing for exigting reactors and actual installation of test units at 105-KW.

Bids for special octamt memitor meutron chambers were reviewed for IFD and
specific recommendations were made. In addition; advice was rendered concern-
ing developmental scoping for a confirmation rupture monitor (CGI-504).

Ad.vice: vag given to, apd i.nv'estigations underfaken with, Instrument Deveiop- .
ment, IFD, concerning commercial inecore flux monitors. Two commercial Anton
units were tastaed gatisfactorily. The measurements performed gave valid experi-
mental data, and the information obtained will provide a basis for predicting
the magnitude of the gexma-induced cmponsnt of the signal from future Iln-core
flux monitor fisaion chambers. .

Meagursments of the infrared signal emitted from a Jet of 100°C carbom dicxide
gas vere made in connection with possible detection of costly reactor gas leaks.
Helium leaks in HAPO reactors, especlally in the rear faces, are difficult to’
£ind by standard leak detecting methods due to the size of the area to be
covered and general background level of gas. Ieaks in the rapnge of 1 to 35
cubic feet per hour are of interest. The temperature of the gas is about 100°C
as it comes out of the reactor shortly after simtdcewn. It may be pcssible to

- use an image-forming infrared radiameter to detect points at which hot gases
are leaking from the reactor. Since the gases cool quickly upon contact with
the cool outer atmosphere, general background due to leaks would be small.
Carbon dioxide has a high infrared emissivity, and it is- permissible to fill
the reactor with it soon after slmtdwn Experiments using a cammercial infra-
red radiometer showed that a jet of 100" C carbon dicxide issuing at one cubic
foot per hour fram a 1/8-inch-diameter tube gave a signal about twice as great
as the genaeral infrared beckground in the laboratcry. The radiometer was
focused on a point one-half inch from the end of the tube. Moving the fleld
of view closer to the tube increased the signal, and no appreciable signal
could be seen at appraximately 12 inches frém the tube. Although the labora-
tory results vere encouraging, the infrared background at the rear face of a
reactor due to hot objects would probably be higher than in the laboratory.
It is expected that further evaluation of this leak detecting method under
actual rear face conditions will be made by Process and Reactor Developument,
IFD, with the assistance of Physicsl Measursments, HLO.

Systams Studles

A study is being conducted for the NFR design group to determines the effects on
the reactor system of producing power as well as plutonium with the FER. The
equations describing the system bava been supplied by the NFR desigr group.

The computer model has been designed apd wired on the GEDA computer. This
model will probably be useable in the NFR plant simulatiocn. The dynamiz charac-
teristics will be stuiied in detail to determine wh.a.t simplificetions can be
mﬂdﬂ in ‘-he I!lCﬂEl. !

Similation studies of the NPR have ﬂ.evelaped a need for an analog transport
delay, the period of which may be varied during the simwlaticn process. The
Specific case to be gtudied for the NFR 18 the transpcrt of cocling water rrcm
the reactor to the heat exchanger azd from the heat exchanger back to the
reactor. The proposed system for developing the transpert delay will ccnvert
an apalog sigmel to binary form for storage. A 256-word msgretic core memory
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will be used {8 bipary bits per word). The analcg signal will be sampled at
irtervels and stored in the memory in a circulating manner. Thke system will
begin reading cut stored informaticn as 1t returns tO the addresses previlusly
filled with the binary ccnverted sigpnal. The binary informaticn read cut of
each adiress will e converted bhack tc azalog form for use in the apalcg ~om-
puter similation. The rate »f samprling the analcg signal will te controllied

by the tctal desired time delay sc that 236 samples {cme circulaticn of the
memory addresses) are taken in one transport delay periocd. At the present time
the necessary digital and logic modules along with the magnetic core memcry and
pover supply have been crdered and should be delivered socn. Eacugh equipment
for two units is being purchased. (Two tramspcrts are needed, one fer the locp
. frem the reactor to the heat exchanger and one for return loop from heat sxchanger
to reactor.) The npecessary core drive circuits have teen develcped but slgnifi-
cant work is yet to be done on a fast analog-to-digital converter. The circuits
are being designed to operate at optimum speed so that a larger memory may be
added at a later time if it beccmes apparent that fagter sampling rates are
deairable.

As & result of the difficulties encountered in previcus attemptzs to use the
existing multipoint temperature recorder for reactor control tests at 15C-D
reactor, it was decided to suspend further tests untll a better measuringz system
was available. During the month, Instrument Development Operatiom, IPD; ccmpleted
fabrication of a high sensitivity temperature measuring system sultable fcr these
tests. The system can accept twelve RTD inpute and is quite stable ~<n a full
scale range of 10 degrees centigrade. The multipoirt reccrder used with the
system has a printing interval of two seconds. Arrangements were made tc uege

this system for further autcmatic control tests.

A test, using marmal control bty procedures simulating eutcmatic contrcl cm only
the four cormer sections, was conducted at 100-D just befcre the last shutdown.
Permiseion to decrease power level by changing tempersature ccntrol setpeints vas
cbtained. Five step function setpoint changes were mede starting with tempers-
ture changes corresponding tc approximately five megawatts and increasing to 25
megewatts. -An undershoct of approximately five megawattz was cbserved on the
largest power level change (25 MW), but the cscillation damped cut in one cycle.
These tests will be used as the basis for regquesting permissicn tc ralse power
level "autcmatically" on the next in-reacter test.

The statistical (noise} technique for measuring reacter frequency respcrnse, which
has been used in the past primarily for the measurement of prompt neutron lifs-
time, is expected tc be useful in comtrol studies planned for NPR and the K
reactors. Methods of extending the lcw fregquency capabllitie=z of the technigue
are belng investigated. '

Work was initiasted cn the NFR confiner pressure buildup problem. The problem
gimulates pressure transients in four areas arcund the reactor: thke front face
rocm, the rear face room, the pipe gallery, and the heat exchanger cellis. The
transients are caused by the introducticn of high-pressire steam intc the buili-
ing. It ie desired to determine whether the steam will cause YWwiilding rressure
to exceed tke 5 psig desizn pressure.’ The analcg circuit has Leen prepared and
is apparently wcrking properly. Results shculd ke resady bty early June.

- The spezifications for the experimental czontrol digital ccmputer are with AEC
Purchasing and are tc be sent this week to prcspective bildders for their ccm-
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Initial analysis of the new reasctor speed-of-comtrol similation, exhiditing space
and time dependent neutron flux in 19 side-to-side regicms, has been cumpleted
ani the resultas forwarded to IPD. It is expected that additional rins will Te
requested in the near future. _

SEPARATTONS
Plutonium Critical Mass Facllity

Work comtimied on the preparation of the Laboratory for the criticality experi-
ments with plutonium sclutions. New high level probes were installed in the
.tanks apd the tanks were recalibrated. Flexible drive couplings were installed
on the fast addition pump for the eritical assemblies and on the main transfer
pump in the mixing hood; this effected a considerable reduction in the leakage
at the packing glands of these pumps. Piping was installed in the air sampling
gysten so that the experimental cell air and the eritical aasembiy hocd alr
can be sampled from the mixing room by meens of the main air sampling system.

Tests were run with nitric acid soluticms in the process system to determine

the smount of liquid holdnp in the lines and tanks of the Facility. Tests wvere
also run to determine the degree of mixing, and the time required to mix solu-
tions under different initial conditions in the mixing tank. Under the condi-
tions of the tests, the time required for complete mixins ranged from about 5 to
30 mimites.

On the evening of May 25 a power outage occurred in the 200-East Area. As a
consequence, the air campressor in the Facility stopped running; when the

air pressure becams sufficiently low, the deluge sprinkler system in the reactor
room was autcamatically set off. In all, a total of T50 gallone of water was
aprayed into the reactor roam. Some minor water damage occurred to the instru-
ments in the reector rom. The reactor room was cleansd up on the morning of
the 26th, and the equipment dried out and placed in operation within several
days. Steps are being taken to prevent the occurrence of this kind of ipncident
in the future; the compresscr for the air supply will be equipped with a self
starter, and plans are to install a separste air storsge tank for the spripkler .
system.

The processing of selected fuel in the Redax Plant was begun in order to cobtain
plutonium with a lower than average Pu-240 content for the initial series of
critical maas experiments; the isotopic analyses vhich have been run on the
material during processing indicate that the plutonium as received will have

a Pu-240 content of about 4.5 percent.

During the momth 39.6 Kg of Pu metal were received from the Dow Chemical Com-
pany and stored in the 308 Bullding. The plutonium is reported tc have a Pu-2L0
content of 2.5 percent, which is probably the lowest Pu-240 coptent plutcnium
currently available in any large quantity. The plutonium will be used in becth
critical experiments with solutions and in experiments with PuQ,-polystyrene
compacts. In order to determine the effact of Pu-240 on criticality, experi-
ment: will be conducted with plutonium containing different perceantages of
Pu-240.

. Several additional critical assembly vessels were ordered for the critical mass
experiments. The vessels ordered were for an ll-inch, and a 15.5-inch dismeter

sphere.
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In Site Neutron Multiplicaetion Measurements with Plutonium Metal

In situ neutron multiplication measurements with plutonium metal were centipued
in the 234-5 Building, with the measurements being made during week ends. Per-
sonnel of CPD perfcrmed the experiments with instrumentation frem Critical Mass
Physics. Senior persommel fram Critical Mass Physics provided techrnical super-
vision during the conduct of the experiments.

The purpose of the experiments is to cbtain critical mass estimates for Pu
metal under the operating conditioms encountered in the Plant. The data will
be used to establish mass limits for muclear safety.

On April 29 and 30, the in situ mltiplication measurements started earlier vere
extepded to include the airlock between hoods 2D and 20A and the furnace in heod
20. Two positions in the airlock were used for the tests, one next to the

door of hood 20 and the .octher within the rather massive flange comnecting the
airlock to hood 20. The same 2.75-inch discs used in the first experiment were
used in this experiment. The extrapolated critical mass was determined to be
11.2 Kg in each case.

For stacking in the crucible within the furnace, the pileces were centered in a
tantalum crucible and held in place by alumirum spacers. Water was in the ccol-
ing coils to complete the in situ moclkup. The critical mass was determined to
be 9.90 £ .3 Kg in the crucible located within the furnace colls. A further
experiment is being plamned to more accurately mock up the melting geanetry with
discs of 3.35-inch diameter.

_ On Msy 13, an experiment was performed in hood 20B on the stacking of rough cast-
ings. The purpose was to establish that stacking as many as three such pieces
per pallet in hood 22 SR was no additional hazard. The experiment was carried
to 14.3 Kg (in six pieces), and the extrapolated critical mass was roughly
determined to be in excess of 50 Kg. The experiment was not carried close
enough to critical to make an accurate determination of the critical mass,
however, 60 Kg represents the minimum predicted by the three counters. Thus,
from the results of these measurements, the mass limit for hood 22 SR was
inereased by a factor of three.

On May 28, the experiments with the 2.75-inch dlameter discs of ¢ phase metal
were completed. Two multiplication measurements were made. In one case the
plutonium was positioped in a 3/52—inch thick tantalum cruciblie which was; in
addition, partially reflected by an alumirmum holder. A total of 8.2 Kg of Pu
were used in the assembly. The critical mass was estimated to be about 13.9

’ Kg of Pu. Data were alsc obtained for estimating the effect on the critical
mass of & pair of hands held on top of the assembly.

In the second case the plutonium metal was unreflected and positicned on a
light metsl support so as to minimize neutrcn reflection from the hood flcor.
From the multiplication data, the critical mass was estimated to be approxi-
mately 16 Kg of Pu for the 2.75-inch dlameter bare cylinder of o phase metal
(Pu density of 19.4 smfce).
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No preliminary results are currently available, but the reactivity measurements
with tanks contaiping twice and three times as much stainless steel as the normal
core taniks indicate the stainless steel t0 have an appreciable effect on the
measured value of 'k, which will have to be corrected for in the analysis of

the data.

Data Correlaticn - Develomment of Nuclear Ccdes for Criticality Qalculations

Monte Carlo Code - HISMC

The HTSMC code, a Monte Carlo code to study the slowing down and diffusion of
neutrons in infinjte homogeneous systems, has been campleted. The flrst calcula-
tion carried out with the code was & determination of the age (7) of fission
neutrons in water. Por this calculation, which required 25 mimutes on the
IBM-TO90, a total of 10,000 neutron lifetimes, 169,855, collision events, were
sampled. Each neutron was followed to its first collision event above indium
resonance (1.44 ev), The age value camputed by HISMC refers to the slowing-
down density rather than the flux. A simple correction to obtailn the age flux
has been derived 23, assuming that in the vicinity of the final neutron energy
collisions with heavy miceli can be neglected and the hydrogen cross section
taken to be constant with energy. The correction from the slowing-down age to
flux age is given by,

Tp(1.44) = Tq(l.hll-)+

I+
™4

= 7 (1.44) + 043 ca®.

w
ck
H

The results of the calculation are:

Neutron Slowing-Down Density Age {71;p) 28.7 cn®

Reutron Flux Age ('rf) _ = 29.1 cn®

Second Moment {Slowing-Down Density) (?) 0.1724x10° cm

0.7493x10° cm®

Fourth Moment {Slowing-Down Density) (—rr)
Meen Slowing-Down Time = Q0.T4T u sec.

The value of the foregoin? calculated age is scmewhat larger then the recently
reported measured value(3) of 27.86 £ 0.10 em®. It was observed that the randcm
nunber generator used in this calculation would not give consistent results

with different start numbers, a simple matter of calculating a few randcm numbers

(2) E. Goldstein, P. F. Zweifel, and D. G. Foster, Jr., The Slowing Down of
Neutrons in Hydrogen Medla - Status of Theory and Experiment, Proc. of
t:r/:ue International Conf. on the Peaceful Uses of Atamic Energy, 1958,
P/2375.

(3) R. C. Doerner, R. J. Armani, W. BE. Zagotta, and F. H. Martens, Age of Fission
Energy Neutrons to Indium Resonance in Water, Nuclear Science and Engineer-
ing: 9,221-2L0 {1961},
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before starting the ca.lculation(l*') ; Whereas the randcm number generator used
with the RBU code would give comslstent results. A new calculation is,
therefore, presently being undertaken with the RBU generator which will also
make use of more recent cross section data for axygen.

Criticality Hazards Specificaticms

Nuclear Safety in HLO

1)

2)

In order to accommodate a speclal series of density tests, a temporary
increase in the mass limit of the balance hood, Rocnzl 52 .231-Z Building,
vwas approved for the Plutonium Metallurgy Operatiomt? ) The hood is
normally limited to 4.5 Kg of plutonium metal; under the walver, the hoed
may contain 7.0 Kg. In both cases, the unit measgs is limited to 2.8 Kg
and a spacing of at least 18 inches is requirsd between units.

Calculations were made for the Reactor Engipeering Development QOperation
to campare the miclear safety parameters, of fuel elements made with U=-235
enriched U0, and plutoniuws enriched U0p.((78) The qestions submitted and
the specific answers which were given are as follows:

8. What is the maximum Pul, addition which can be made to natural uranium
oxide (sum of Pu-239 and Pu-24l) disregarding Pu-240 and Pu-242, which
would permit the same mclear safety criterion as would be used for
1.5% U-235 U0; fuel elements?

Answer: O0.47 w/o Pu in U0y (0.72% U-235)-Pu0p.

b. What is the paximum PuQ; addition which can be made to UQp depleted
in U-_235 to 0.2% apd still use the same criterion for handling?

Ansver: 0.T9 w/o Pu in U0, (0.2% U-235)-Pu0z.

The evaluation wes made by comparing material bucklings. In each fuel case,
8 lattice of 2.2-inch diameter rods in light water was used. The buckling
curves for the U0z and UOy-Puly fuels have similar shapes and the meximum
values occur at essentially the same water-to-fuel volume ratios. The axyeen

(4)
(5)

()
(1)

(8)

-
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R. D. Cahoon, Private camminication.

Note, P. G. Pallmer to C. L. Brown, Request for Temporary Increaée in
Balance Hood Mass Limit, 4/26/61.

letter, P. P. Gast to T. . Nelsonm, Temperary Nuclear Safety Limit -
231-7 Building, May 2, 1961.

Letter, H. E. Hanthorn to E. D. Claytom, Critical Mass Consideraticns -
el Cycle Econamics Process Study, April 7, 1961.

Letter, E. D. Clayton to H. E. Hanthorn, Results of Calculaticns - Fuel
Cycle Economics Process Study, Mey 25, 1961.
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eglected in the calculations and the plutonium was con-
sidered as all Pu-239, rather than a mixture of Pu-239 and Pu-24l.

3) Comments were submitted to the Programming Operation concerning the safe
storage of PRTR 2,2 wésg Pu-Al alloy Mark I fuel elements in the Fuels Re-
Cycle Pilot Plant(9:l . Preliminary planning of fuel element storage
areaflfﬁll_be based on the safe lattice spacings designated in PRTR stor-
age When FRPP design begins, however, detailed nuclear safety cal-
culations will be made for the actual arrangements to be used. .

Ruclear Safety in CERUO

A meeting was beld with personpnel of Purchasing and Stores Operation to discuss
the nncle?r 3afety of storing fissile materisl shipments in the 1166 warehouse
building. 12 It was pointed out that the nuclear hazard from any one, or even
a few, flssile meterial shipments together, was quite small because the safety
margin required of the shipper was large. However, the margin of safety is
significantly reduced by such factors as water flocding, changing contaiper
geometry, or stacking several shipments together. To further assure safety in
the 1166 warehouse ares, it was suggested that shipments containing more than
60 g of plutonium or 100 g of U-235, particularly fuel element shipments, be
spaced at least three feet apart.. '

Evalustions for Nuclear Materilals Operation

Two fissile material shipments were reviewed and approved for the Nuclear
Materials OperatiOn.(lj: % The first was for a shipment of 30 barrels of
uranium turnings, ranging in enrichment from 0.72% to 3.063% U-235. This
material comprised less than 25 of a critical mass and was shipped by AEC
escorted gondola car. The second was for a shipment of five baxes of 0.95%
U-235 enriched I&E fuel elements in the same railway car with 40 barrels
(2,200 gal) of D,0.

Mass Spectrometry

Isotopic anslyses were provided for Critical Mass Physics on five samples of
plutonium for possible use as fuels in criticality studies. Studies were con-
tinued on the accuracy of analyses performed on the mass spectrameter for this

(9) wNote, K. J. Schneider to E. C. Riches, Fuel Element Storage Spacing in
FRPP, May 2, 1961.

(10) Ietter, C. L. Brown to K. J. Schneider to H. C. Riches, Fuel Element
Storage Spacing in FRFP, May 2, 1961.

(11) Letter, C. L. Brown to R. (. Clark and W. E. Cowley, Nuclear Safety -
FRTR, May 26, 1960.

(12} Letter, €. L. Brown to E. D. Clayton, Nuclear Safety in the 1166 Ware-
house Building, May 25, 1961. -

(13) Letter, P. F. Gast to F. J. Zelley, Nuclear Safety Approval of Uranium
Turnings Shipment, May 2, 1961.

(14) Letter, P. F. Gast to F. J. Zelley, Nuclear Safety Approval for Addendum
to %?anium Turnings Shipment, May 9, 1961.
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program. Two additional electron multipllers were tested, and it was determinped
that these multipliers also gave a non-linear response for the multiplier ocutput
currents in the range of values of about 10-9 amps necessary for analyses. The
nonlinearities are about cme percent for current ratios of about one hupdred to

one.

A ast of baffles was installed in the spectrometer tube which is designed to

lower the background caused by rhenium ions fram the ilonizing filament. The

value ¢f the baffles has not been determined as yet because of the multiplier
studies in progress.

- NEUTRON CROSS SECTION PROGRAM

Slow Neutron Cross Sections

A commercially obtained germanium single crystal was studled to determine its
value as a neutropn monochromator for crystal spectrametry. Neutron diffraction
studies indicated that the crystal possessed a very small mosaic structure,
less than ope minute of arc. The crystal ingot was then cut with a diamond
sav into several thin slaba. Measurements made or gne of the slabs showed that
the crystal perfection was not noticeably perturbed and confirmed the idea that
strong extinetion effects were present. This crystal is of potential value as
a monochromator 1f the mosaic structure can be widened while preserving reflec-
tion efficiency.

Fast Neutron Cross Sections

The new pulse shape discriminator cireuit for counting fast neutrons in the
Presence of gamme rays with a scintillator detector was tested. The apparent
threshold of the clrcult is about 0.7 Mev neutron energy. The discriminator
was tested in the accelerator building under conditions equivalent tc normel
use and no operational problems were encountered. The design has been started
of a five-inch diameter liquid seintillator cell to be used with a S8AVP
photamultiplier as a fast neutron detector using pulse shape discrimination.
Furtber work on the time-of-flight .system was hampered by additiopal break-
downs of the multichannel apalyzer.

Slow Neutron Scattering Cross Secticns

The measurements of differential inelastic scatteripng of neutrons of initial
energy of 0.2 ev from room temperature water have been campleted.

A sample holder which allows a meftal scattering sample to be cocled to llquid
nitrogen temperature has been installed on the spectrometer. Measurements are
in progress of the scattering of neutrons of different incident emergies frem

8 vanadium sample at liquld nitrogen temperature. The purpose of these measure-
ments is to determine the relative efficiency as a function of neutron energy of
the analyzing spectrometer. This efficilency mist be known in order to interpret
the inelastic scattering data con water previocusly cbtained.

A coamputer program to do least squares fitting of data to gaussian functions has
been written using the Banford version (GICO) of a Los Alamos program. It has

been debugged and is now in production. The study of the behavior of the quasi-
elastic scattering of neutrons frcm water will be subjected to more quantitative
error analysis using the least squares fitting to the data. '
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Instrumentation

A prototype pulse generator was developed to ald in development and use of
time-of-flight instrumentation. A charged lipe is discharged into the externeal
circuit by a mercury relay. The relay capsule is mounted in a coaxisl chamber
to approximate a_constant impedance. The pulse rise time seems to be of the
.order of 2 x 10710 geconds, a8 measured on a 1 x 10-10 second rise time oscillo-
scope. The pulse length is determined by the length of the charging line.

REACTOR DEVELOPMENT - O4 PROGRAM

PLUTONIUM RECYCLE PROGRAM

Program Planning

A preliminsry draft of a document describing the basis for scheduling of the
physics portion of the PRP was prepared. Detalled schedules have not as yet
been set forth.

PRTR Critical Tests

Analysis of void coefficlents using the SWAP code appears now to give good agree-
ment with experimental results for spatial distribution of coolant voids, and
excellent agreement for total coolant loss. Cell calculations using the IDIOY
code waere carried out to provide the basis for further-calculations.

Small Source Theory Analysis of PRTR Plutonium Loadings

A small source theory aznalysis has begun of the PRTR suberitical tests using
only plutonium fuel. This analysis is being made in an attempt to understand
same discrepancies between the test results and calculations using homogeniza-
tion procedures. A two-group model is being used, with fuel absorption being
permitted in the thermal group only. As the small source parameter for the fuel
is inadequately known at this time, calculations are being made for a range of
plausible values. The finite heterogeneous lattice code HET is belng used in
this analysis. As HET is a relatively untried code, this work is also serving
to debug the code; some inadequacies have been discovered and corrected. The
results now being cbtained give relative fuel element absorptions somewhat dif-
ferent than originally expected. These results are being rechecked and studied
before being accepted.

FRTR Startup Experiments

Two sets of lutetium foils were irradiated during Critical Test 15. The first
set was irradiated when the moderator had its maximum boron content of about
0.019 gma/liter and the second set when there was no boron in the moderator.

The fuel loading and shim configuration were the same during both irrsdiations.
The Lu~-176 m and Iu-1T7 activities at the end of each irradiation were obtained
by applying dead time and decay corrections to the foil count rates using a
modified version of LULU. The buildup and decay of these nuclides during the
irradiations were not so easily determined. This part of the analysis was comp-
licated by the fact that each irradiation comsisted of three period measurements
rather than a constant power level and, in addition, & scram coccurred during one
of the irradiations. A spectral index must be obtained next for each set. During
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Criticel Test 21, lutetium folls were also irradiated at a constant power level
with no boron. Thus, & comparison can be made under equivalent reactor condi-
tions between the spectral index which is deduced from these foils and the index
which iz obtained from the foils irradiated during the perilod meesurements.

This compariscn will indicate whether or not useful spectral data can be cbtained
:Lf circumstances do not permit constant power level irradiations.

tonclusions which have been drawn from a preliminary analysis of the data from
Critical Test 21 are:

a) The spectral index in the moderator is constant as a fimction of
_position in & cell; and

b) The value of rV varies from 0.06 in the moderstor to 0.13 in the
To
center rod of a l9-rod. cluster of UQy rods and between C.07 and 0.10
for the Pu~Al cluster. The r 1s the usual Westcott measure of the
proportion of epithemn.l peutrons in the reactor, T iz the neutron
tempersture amd T, = = 253°K. :

Rough drafts of summaries of the eiperime.nts and the results have been prepared
for the Series III tests. In addition, the resgults of the shim calibration
experiments have been compiled for all three series.

Seven samples of plutonium fram the original fuel loading of the FRTR were iso-
topically analyzed for use in interpreting isotopic changes during PRTR cpera-
tion. '

' The Critical Fecility of the PRP

The fuel element requirements for experiments which are being planned for the
Plutopium Recycle Program Critical Facility have been reviewed. Steps have been
taken to assure that the fuel which is avallable now will still be available when
the facility i1s in operation. Scme additionsl UQp fuel elements will be reguired
and requests for their fabrication have been initiated.

A coamment issue of the "Safeguards Analysis", EW-59168 RD, has been reviewed.
Ccoments have been forwarded to the authors.

The status of the uranium fuse which is to inject boron poison in the facility
in case of an accident has been determined. It was learned that consideration
now is being given to replacing the fuse by an electronic system. Careful con-
sideration will bave to be given to such a system to make sure that it does not
inject the poiscon ilnadvertently.

Low Exposure Plutonium Lattices

The experiments using 1.8 w/o Pu-Al in 19-rod clusters, in a 6%-inch graphite
lattice, were completed on May 9. About five shift-weeks of PCTR time were re-
quired. No Pu contamination problems were encountered.

The foil activation data have been processed, using AFDAC-1, and the results
are being exsmined. A preliminary lock et the fissicn product activities of
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Pu~-Al foils relative to the fission product activities of US99.A) foils indi-
cate significant amounts of self-shielding of the Pu fission events within

the cluster.

Neutron Sgectrum Studies

The parameters which Westcott lists (CRRP-960) for the absorption cross section
of Pu239 have been modified. The modified parameters when used in a function
which is a sum of single-level Rreit-Wigner equations will generate values of
the cross section which f£it the measured data (TNCC(US)-58).

Work is in progress on determining the change in (1 + c:z)L+ which occurs upon
poisconing a plutonium fueled lattice in a PCTR experiment. Abgggption rates

and fission rates have been calculated with ACE for Lu, Cu, Pu and Au in
Maxwellian and Rurwitz flux spectra. ACE input has been prepared. to obtain
similar results for Maxwellian and Hurwitz absorptlion speéctra. A polynomial fit
has been made to the best available dats for o9 up to 1 ev. ACE input has been
prepared for determining the spectrum averaged values of ¢, weighted with the
figsion cross sectlon. This input cen De used as soon as two new subroutines for
ACE are completed. A determination of the lattice spectrum and cross sections
will then be made from experimental foil activity data.

Neutron Rethermallzation

The absorption rod experiments have heen delayed and are expected to start

June 5, 1961. In addition to the work described in March and April, a traverse
will be obtaired of the thermal activity of europium. The use of europium
will yleld an additional measurement of the variation of the thermal neutron
spectrum. The activation cross section of Bu falls more rapidly than 1/v in
the 0.01 to C.l ev region. In view of this energy dependence, Eu could be
used in place of i7? in the Iun spectral index ‘detector. Qme could expect an
increase in sensitivity. .

Europim caxide resin foils and pins have been fabricated, irrsdiated, and counted.
The differential y-ray spectrum of EutP> has been compared with Lut 176 and AmPll,
The prominent y-rays of Eul52 and Eu151" are ~ 35 kev and ~120 kev. For long
irrediations one should take account of the long-lived (1l6-year) activity of
E:utl5 and the l3-year isameric state of Eul52

Plutonium Fuel 'I'em_p_gra.ture Coefficlent

Design of the heating apparstus and insulated cell for this experiment is
nearly coamplete.

Effect of Neutron Rethermalizatlon on the Fuel Temperature Coefficient of Reactivity

The study of methods for messuring the effect of rethermalization in a heated
alumimm rod by means of reactivity messurements has been concluded., Three ways
of interpreting such an experiment were considered: 1) As a change in thermal
lifetime in the PCTR; 2) as a change in temperature of neutrons within the rod
resulting in a chenge in rod a.‘nsorptions and 3) as a measure of the rethema.li—

—— e e e _a® . -~ - S T R . U U S S~ DR SR S ——



_ | . B-16 mu'-g’s"’c““ c g

the results in terms of spectral changes within the alumimmm rod dlcne; the
second was camplicated by changes that occur in the spatilial average of the flux
over the rod as the rod is heated; and the third 4id nct include spectra.l harden-

ing., A summary of this study is currently being written.

pulldO prfective Resonance Integral

Work on the fabricatlon of the rods for the Puaho'effective resonance integral
experiment will proceed at Flutonium Fuels Develcpment Operation as soon as
the isotopic analysis on the HX and IX plutonlum is evellable.

| Code Development

REU

The RPR cell calculations without Monte Carlo resonance routines appeared satis-
factory, although the amount of self-shielding of the main U-238 resonances is
atill inadeguate. Several test runs with the resonance routines in use were
tried, apd results were in good agreement with valuss expected from experiments
and other calculations. Scme errors in the post-Monte Carlo treatment of
rescnance information were corrected, and an improvement was made which reduces
restrictions on memory space in the post-Monte Carlo. The thermallzation routine
is now apparently sastisfactory. The preliminary draft of the final report on
RBU has been completed. Work is well advanced on the preparstion of input for
PRTR core calculations. Plpal debugging of the Library Biit routine was camp-
leted early in the month. _

c=6
Inconsigtencies in the (-6 program have been discovered and corrected. The in-
consistencles appeared when the results of cases having equivalent input were

canpared. The errors which were detected were in the code as recelved from
ANFD. (-6 now gives satisfactory agreement on the three C-5 test cases.

Advanced Pressurized water Rea.ctc;r Study

APWR runs using revised cross sections in the MELEAGER code showed an effact
which has heen observed previcusly for other reactors, namely, "runaway" spec-
tzum hardening as plutonium concentration is increased. The resopance escape
probability of U-238 decreases more rapidly, in this situatiom, than the other
reactivity parameters can inerease. The practicsel consequences of this phencmenon
require dilution of the fuel with an inert material in order to continue opera-
tion with recycled plutonium fuel, since by reducing the U-238 content of the

fuel loading the spectrum can be maintained in the thermal (high-reactivity)
state,

A correlation betwsen the Westcott cross sections used in MELEAGER and the
heavy-gas-model cross sections computed by Horowitz and Tretiakoff (EANDC/E/1L)
is under way. In this camparison the neutron temperature required for matching
of the Westcott and gas-model cross sections is being camputed as a ﬁmcticm of
moderator temperature and r-factor for each isotope. For the APWR at 316°C
moderator temperature the neutron temperature of 1+5O ¢ which hasz been used in
the APWR study was in excellent agreement for both (J-235 and Pu-239. For sther
1252558
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isotopes, higher r-factors, and other moderator temperastures agreement is not
as satisfactory. Comparisons with other spectrum models are planned.

The PUCK code has been updated to conform to the current MELEAGER cross sec-
tions, and an option to permit Pu-242 to be present in non-equilibrium amounts
was provided.

Supercritical Pressure Power Reactor

Further considerations of lattice physics development problems were ﬁﬂde, and
a8 summary of these was prepared for inclusion in the SPPR report.

Instrumentation and Systems Studies

Further tests on the experimental "last ditch" safety fuse system for PRPCF
will be held up untll the uranium materis] arrives for experimental fabrication
of several actusl units.

Discussions were held with personnel fram the Physical Metallurgy Operation
concerning electropic circultry for a stored energy calorimeter to be used
for metals testing. A system Gesign for the desired instrumentation may be
started in July. '

Modifications were recommended for the PRTR Fuel Fallure Monitor. The detailed
suggested modifications include reorlenting the scanning rate control, changing
the alarm reset circuit, extensive cable termination changes, changing the
recorder level and reference to reduce drift which is an appreciable problem,
and installing circuits and indicators to show the actual position of input

and output chappel sorting switches at all times. The last change will
materially accelerate the checkout and test procedures by proper identifica-
tion which is pow impossible.

The EF, detectors used in the PRTR Critical Tests are being recalibrated in
the st plle. These detectors were calibrated before the tests in the

- seme stapdard pile. The changes in calibration will be used to correct the
vertical traverse data. Preliminary analysis indicates the relative sengitivity
between detectors has not changed greatly.

The radiation resistant "Q" rings were installed on the PRTR process tube
inside diameter measuring probe and the variable differential transformer
shafts subjected to a leak test. A leak found arcund cne of the four shafts
was corrected by replacing the shaft with another, less sarred. The data
from one pair of transducers were made unreliasble when an irregularity in the
Joint between the tube extension and a process tube caught and bent a trans-
ducer shaft. The damaged part 1g to be replaced.

The first operational inspection of the FRTR process tube assemblies was per-
formed May 21, 1961. Four tubes were inspected during the operation and early
indications are that the performance of the (G&as Annulus Gauge was satisfactory.
The instruction manuel for the Gas Anmulus Gauge has been completed and issued
as EW-69264, This manual is intended to supplement the Magnatest FW-400 operat-
ing manuel and contains a functional description of all modifications and addi-
tlons to the original equipment, in addition to a discussion of recommended
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aligrnment and operating procedures.

Further testing of the new ultrasonic transducers, purchased for measuring the
wall thickness of the PRTR process tubes, indicates thsat acoustic coupling
problems, previcusly encountered, are almost nonexistent with {ransducers
heving active gurface areas of approximately 1.0 x 0.5 inches. However,
Structural Materlals Operation advises that further comsideration of the
problem has resulted in a decision to reduce the active arez of the transducers
to & maximun of 0.0625 inch®, thus reducing the tube wall under inspection to
approximately the same area. A small Inspection area is considered essential
for correlating the inside dlameter and wall thickness data to produce informa-
tion for determining the magnitude of metallurgical "creep" the Zircaloy-2
process tubes mey exhibit,

The recording of FRTR neutron flux obtained last month has been analyzed in
an attempt to determine the PRATR prompt neutron lifetime. It was found that a
large extraneous signel was present in the recorded signal, tending to obscure
the desired information. It 1s expected that at least part of the extranecus
signal resulted from moderator level coacillations observed during the test.
However, further testing will be required to lsolate this source of {rouble.
The new lon chamber fabricated for this test i1z efficlent enough to define the
c¢orner frequency (break) due to neutron lifetime. Tt is expected that a better
neagurement will be obtalned when closer control of moderator level can be
maintained. The value of 8/ indicated by the test was estimated %o be 6.5.
The calculated value is 7.3. Due %o the extranecus noise signal, it is doubt-
ful that the accuracy of the experimental value 1s better than : 20%. Further
tests are planned after completion of the power tests.

The alternate method of obtaining the "noise” signal, from the ocutput of a
proporticnal counter-count rats meter ccambination, ylelded results which are
encouraging. The low frequency end of the frequency response curve nearly
matched that of the curve obtained with the ion chmmber. However, the high
frequency (lower amplitude) portion of the curve was masked by the "detection
noise" signal generated within the counter. This effect was expected since
the available equipment was not capable of handling high counting rates. It
dees appear that the method can be used, however, if a high speed counting
system is obtained. The maximm count rate used during the test was approxi-
mately 7.5 million counts per mimute.

The PFRTR Gas Balance System Simulation iz in progress. Under certain operat-
ing conditions, the enclosed gas system may become oscillatory. The ges pres-
sure oscillation will in turn cause an oscillation in the moderator level

and consequently, & power level oscillation. This study was initiated in an
atiempt to determine the necessary system changes to eliminate the possibility
of oscillation. The preiiminary work has been completed and the problem is
ready to g0 on the analog computer as soon as sufficient time is available.

NEUTRON FLUX MONITCRS

Preliminary investigations show the graphite moderator temperature is nearly
constant for a given lattice cell and tends to follow, with an approximste

one-hour delay, the neutron flux in a unique manner over a localized in-core
region. The correletion holds for a particular coolent gas campcsition, and
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since such ccmpositions are recorded for EAPO reactors, particuler flux-versus-
temperature curves can be selected for use. This selected pattern, combined
with fission cross sections for Pu?39“2“1 which are monctonically increasing
with peutron temperature, can show that the macroscopic fission cross section
for various neutron temperatures can be made constant over large flux-time
intervals by detector material choice. In addition, the pattern shows thet
the epithermal neutron ratio tends to be constant in the graphite. The fore-
going relationships have led to an idea for a nonlinear, easily calibrated,
in-core flux monitor.

The proposed monitor would heve immedliate response to neutron density changes
and & slow transient response, delayed about one hour, to gradusl effective
neutron temperature shifts of the graphite due to neutron density and gamma
level changes. The ccmposite equilibrium response should then correspond to
a unigque flux level.

Tt is thought that a neutron detector messuring neutron flux may be preferable
to one measuring only neutron density. The locsal flux would seem a better
measure of local power than would neutron density, since the reactor fuel does
not have a l/v cross section dependence in general.

It appears that control rod effects on the flux-versus-temperature correla-
tions can be considered as neutron point "sinks". In this case, the rods
affect neutron density to csuse flux and graphite temperature changes. It
is believed that the equilibrium graphite temperature attained due to rod
repositioning will lie on the same flux-versus-graphite temperature plot
valid before rod movement.

The Westcott thermsl neutron cross sections for Pu?59‘2h0'2h1 monotonically
increase with neutron temperature and increase in a nearly linear fashion
from 207 C to 700°C. The foregoing effects permit selection of a suitable

Pu isctope composition for a constant sensitivity detector in a neutron spec-
trum with constant epithermal neutron ratlo over a range of effective neutron
temperatures for scme time interval. The time interval depends on the gVerage
neutron temperature and the epithermsl neutron ratio. A particular U23%_pu
isotope composition was earlier determined to show a nearly constant neutron
sensitivity for neutron temperatures fram 425 C to 625°C.

The appraximate proportionality of Pu239-240-241 peutron cross sections has
permitted a mathematical search for an optimum detector based on the least
sensitivity variation, the highest possible sensitivity, and longest life-
time. The established formulation is being programmed for use in a camputer
search. ’

NONDESTRUCTIVE TESTING RESEARCH

Electromagnetic Testing

Analysis of data obtained using the broadband eddy current testing equipment

in tests of a mockup unbonded fuel element has shown a need for more definitive

data. Mathematical analysis of the data by Operations Research and Synthesis

Qperation has revealed no pattern on which the design of individual parameter
 resdout transforming circuits may be based. This 1s believed to be a result of

lack of inherent resolving potential in the data due to experimental ccnditions
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rather than a basic limitation in the general method of apprcach.

New data for this type of analysils are being obtained using an approximate
equivalent electrical circuit representing a laminated metal structure which
can be adjusted over & wide range of variables. The circuit includes five
inductivaly coupled secondary coils with provision for individual resistance
loading to simulate different metal layer electrical conductivities.

Problems concerned with multiple parameter readout have muach in cammon with
those emcountered in the comtrol of multi-variable systems. The extent to
which milti-variable control theory can be applied to the m:u.ltiple parameter
readout problem 1s being explored.

A further review of the literature of signal analysis was made and a working
bibliography in this field 1s being expanded.

The two delay lines for use in the segmental time reversal device to be used
in anslyzing the broadband eddy current signals were recelved, but the mam-
facturer had inadvertently amitted the 100 taps on each filter., The filters
were Et'ettu'ned. to the factory for tepping.

An inductive (eddy current) thermometer was fabricated for use in the heat
transfer tests to make the prototype available for further develorment use.
It is desired to make modifications in the prototype to improve stability
of the direct current resdcut, and to increase the accuracy of the autamatic
prove temperature control feature.

A high amperage pulsed current source using a type 6587 hydrogen thyratron:
tube was assembled for use in the laboratory in broadband eddy current tests
and generation of ultrasound. Pulsed eddy current driver currents of 150
amperes peak and one microsecond duration have been obtained using this cur-
rent socurce. The new pulser and other improvements will result in a 100-fold
increase in sensitivity over that obtained with previous test arrangements.

Heat Transfer Testing

Hest transfer tests on Zircaloy-clad uranium fuel elements, containing 1/8-,
1/4~, 3/8+, apd 1/2-inch-dismeter marufactured heat transfer defects in the
fuel core-to-jackst bonds, showed that present heat transfer tegting equip-
ment is capeble of detecting defects down to 1/8 inch in diameter. Natural
heat transfer defects have also been detected in the bonds near the ernds of
several 2ircaloy-clad fuel elements. However, no heat transfer defect could
be detected in the region of a large ultrasonic defect in the bond of one of
these fuel elements. ' This indicates the jacket and core were in close contact,
but not bonded. Tests on the welds of "suitcase hapdle" type self supports on
both Zircaloy and aluminum clad fuel elements showed no general correlation
between vweld strength and heat tranafer characteristics.

Heat transfer test standards were fabricated by removing 1/8-, 1/4-, 3/8-, and
1/2-inch-diameter sections of jacket from a Zircaloy-clad uranium fuel element.
The uranium under the circular holes thus produced in the jacket was relieved
0.005 inch, a mica disk placed in the relief, and the circular sections of
jacket electron-beam-welded back into place. Subsequent tests indicate that
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heat transfer through the welds is as geod as through the original jacket. How-
ever, the welds will be destructively examined when a standard caen be spared for
this purpose. Heat transfer tests using a radicmeter and plasma arc heat source
on the Zircaloy-clad standards indicate that 1/8-inch-diameter defects can be
detected in the bends of zircomium-clad fuel elements, whereas 3/8-inch-
diameter defaects are the smallest reliably detected in alumimm-clad uranium
fuel slements thus far. WNatural bond defects near the ends of several Zirca-
loy fuel elements occurred due to brazing. Heat transfer tests clearly indi-
cated discontinuities due to these defects. Further tests of Zircaloy-clad
fuel elements indicated, Jjust as in aluminmum-clad uranium pieces, that ultra-
sonic hond discontimities do not always indicate a heat transfer defect, No
heat transfer defects could be found in a Zircaloy-clad uranium fuel element
which was shown to have a large ultrasonic bond defect. Since a lack of contact
would be almost es effective in preventing heat flow at the low test tempera-
ture as the mica in the standards, the core must have been in contact with the
Jacket over the ultrasonic defect.

Welds of "suitcase handle" type self supports on both alumimum- and Zircaloy-
clad fuel elements were heat transfer tested. Self supports on the aluminum-
¢lad elements were then destructively tested in an Instron tensile tester to
determine weld strengths. Although many of the welds showing pocrest heat

~ transfer characteristics were ring welds, there was no general correlation
of heat transfer to stréngth. It was not possible to destructively test self-
supports on the Zircaloy-clsd element, but welds supposed to be defective on
the basis of preparation showed no general trends in heat transfer qualities.

Zirconium Hydride Detection

The feasibility of applying the Hall Effect to the measurement of hydrogen
concentration in Zircaloy-2 samples 13 being investigated. Hall voltage
measurements wers made on four samples having hydrogen concentrations from

C to 1000 ppm. The measuremepnts indicated that improvements were needed in
the sample holders and in the method of attaching the Hall leeds to the
sample. Co-axial sample holders and spot welded electrical connecticns bave
been developed and found to reduce stray signals to an acceptable level. A4n
oscillating detector has been fabricated to test the feasibility of using
miclear magnetic resonance for hydrogen detection.

Initial sample holders for the Hall voltage measurements consisted ¢f Micarta
blocks. Flectrical contact to the sample was made with carbon steel probes
Pressed into the sample under pressure. The point contacts were found to be
unreliable and spot welded contacts were tried and shown to work satisfactorily.
The heat developed during the welding is sufficiently localized and of short
duration that it does not significantly alter the concentration or distribution
of the hydrogen in the sample.

The major portion of the spurious signal 1s due to the sample current inducing
a voltage into the Hall voltage loop. This voltege is field dependent only
when there is relative motion between the high current carrying leads and the
Hall leads. Twe methods of reducing these spuricus voltages are to minimize
the amplitude of vibration of the current carrying leads by rigid sample holder
construction and by reducing the ares enclosed by the loops themselves.
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The Eall leads were firmly taped to the sample and the complete sample then en-
closed in copper, The copper serves as the return path for the sample current
snd as an effective electrostatic shield., Thus both loops are minimized. The

Hall leads are ¢ffered scme degree of rigidity by the tape.

This method of holding the sample was utilized to measure the Hall 'volta.ge cf
a commercial quallty copper sample. The Hall coefficient agreed to within 20
percent with published values for high purity copper.

The Hall voltage of a Zircaloy sample of unknown hydrogen content was measured
using this technique far holding the sample. The Hall voltage-to-spuriocus
nolse ratic was better than ten with a magnetic fleld of 1.5 kilogenss.

Current leads have been welded on eight standard Zircaloy-2 samples and they
are being prepared for Hall voltage measurements,

PHYSICAL RESEARCH ~ 05 FROGRAM

Mechanism of Graphite Damege

Measurements were begun of the change in resistance of NFR graphite irradiated
with 2 Mev electroms at liquid nitrogen temperatures. Reproducible and accurately
measurable results were obtained. It was found that the radiation damage could
be removed (to within 0.2%) by annealing the graphite at about 150°C.

It was found that thermocouples were unsuitable as temperature monitors for
the graphite gt liquid nitrogen temperatures. Same thermigtors were obtained
that proved adequate for this purpose.

It was cobserved that liquid nitrogen irrsdiasted in the Van de Graaff beam turmed
blue. It was concluded that the blue substance was ozome produced by irradiation
of dissolved axygen present in the liquid nitrogen.

BIOLOGY AND MEDICINE - 06 PROGRAM

ENVIRONMENTAL SCIENCES

Atmospheric Physics

Two additional diffusion experiments were successfully campleted at Banford dur-
ing the month, bringing the totals of the year to eleven successes in fifteen
trials. Both experiments were conducted during unstable vertical temperature
gradients in the lower levels of the atmosphere, utilizing a source near ground
level with dosage measurements on both the horizontal and vertical sampling
grids to a digtance of 3200 meters. During ocne experiment, a temperature in-
version existed above the 200-foot level on the metecorological tower, providing
cur first measurements of digpersion conditions under a low-level "capping
inversion”" at Hanford.

A second series of camparative turbulence measurements between the sonic
ansmometer developed at the University of Washington and the wind camponent
meter developed at Hanford was coampleted. Comparison of calculations of mean
square vertical velocity fluctuations over a three-minute period showed that the
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wind component meter gave about four times the value computed fram the sonie
anemameter record. This difference igs believed to arise from the combined
effects of instrument response time and space aversgZe, the component mev-~~
providing the faster response and smaller space averass *w4> BeBSiring tne
turbulence to much higher wave numbers

In Alr Forec-supportes progrems, diffusion experiments at Cape Canaversl,
Florida, were started on May 15 as scheduled. DPan fmerican Alrway's field
operating forces were fully trained by General Electric persomnel during the
previous week and scheduling procedures established with Range Supervisory
Operations for the Atlantic Missile Range. By month end; eleven experiments
had been completed, utillzing a source neer ground level with dosage measure-
ments made on & horizoptal sampling grid to & distance of 1.5 miles. Opere-
tions were curtailed for four days when a high pressure area off southern
Florida caused adverse winds over the test area. Samples collected during the
first eight experiments were received on-site and assayed for tracer loadings.
Moderate loadings of dust and engine exhaust were noted on some samples.

Preparations for startup of diffusion experiments at Vandenberg Air Force
Base, Californias, progressed satisfactorily with shipment of all items to be
furnished by Atmcspheric Physics Operation campleted.

Dosimetry

The chair in which subjects sit while being counted at .the whole body counter
was remcved from the cell. A scanning counter placed benesth a bed was put up
in its place. The purposde is to acquire data to see if this method c¢f scanning
can be substituted for our present methoed of counting. The counter used in
the P-32 measurements was mcunted so that it can be placed over the subjlect’s
chest while the scanning count 1s taking place. The data obtained from this
counter will serve to establlish normal backgrounds for use in P-32 counting.

It was obgerved that considerable variation in this background cccurs from one
subject to another. When sufficient data are obtained we will try to correlate
these variations with measured body burdens of other radiocisotopes.

A shadow shield counter made of lead bricks was prepared. The total weight is
about five tons. A moving bed was prepared so that scanning counts could be
taken in the shield. This counter will be used on lmman subjects to accumdate
data that will permit evaluation of its usefulness.

Studies of P-32 in human subjects contimied. Redistributior of the P-32 in the
body was still observed. It now appears, however, that errors resulting from
ignoring this redistribution will be smaller than the errors due to veriation
in background between individuasis.

.In three recent cases of inhalation of Zn-65 it was observed that the initial
elimination of the Zn-65 was more rapid than when the isotope was ingested.

One subject lost 684 of his initial burden during the first two days and after
one week had only 15% of his initial burden. Another subject showed an initial
high elimination although he still had 40% after two weeks. Another subject had
lost 83% of his initial burden within five days. '

Rediation Protection Operation was assisted in the identification and measure-
ment of radicisotopes in four employees inveolved in a contamination incident
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and in preparing data for their report on results cbtained with the whole boc?y
counter during 1960. During examipation of the four employees an isotope emit-
+ing a 0,51 Mev gamma ray was cbserved. Its half-life was less than twelve
hours. WG uwe tAantified.

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

Studies ware begun of a LisI neutron specircmetsr, Performance at room tem-
perature was satisfactory though not good enough for spectirometry. Prepara-
tions for coeling with liquid nitrogen are in progress.

Preparstiocns were made to use the large moderator fabricated last month for
meagurements of neutron emission from plutonium semples. Radiological Develop-
ment Qperation is developing the use of the moderator for neutron activation
studies, A water cocled thick beryllium target was prepared for this purpose.

As part of the program to raise the Van de Graaff operating voltage for use
during studies of alphe-psutron reactions the accelerator tank was filled with
& mixture of SFg and No. This improved the insulation sufficiently that the
machine operated at 2.5 MV for about cne-half hour with no sparking.

While walting for the Sb-124 neutron source to be activated studies were made
to still further improve the sensitivity of the gemms ray calorimetar. The
sensitivity is already sufficlent for the Sb-124 measurements. The improvements
wvere almed at future use. It was found that about another order of magnitude
increase and sensitivity can be achieved if small drifts in the resistors of
the Wheatstone bridge can be eliminated.

Instrumentation

Final prototype fabrication is nearing campletion on the experimental scimtilla-
tion airborne plutopium momitor using coincident counting techmiques. All cir-
cultry, except for final readout, is transistorized. The readout circuit was -
coampleted in development and uses a magnetic amplifier to drive a 20-0-20 micro-
agp meter. More data are required to establish the minimum detection levels
versus time of detector exposure. The final tests must be conducted during
extreme temperature inversions to determine the radon-thoron rejection ability.
The complete control chassis is fabricated and tested. Fipal fabrication to

be done concerns the phototube control chassis.

The contacting fiber plus ionization chamber approach to the pocket-size
alarming dosimeter problem was temporarily shelved. Although the idea was sound
apd the circult performed carrectly for short-term use, the leakage problems
Proved to be extremely difficult to correct to permit long-term use without
error,

The autcmatic recharge approach idea for an ionization chamber for use in the
pocket alarming dosimeters continues to show excellent promise. As adjusted
in benchboard form, the chamber produces an cutput pulse, independent of
supply voltage changes of £ 50%, for each 10 to 12 mr of dose received. Be-
cause of the stated independence, a charged Mylar (very low leakage) capacitor
can be used as the recharge voltage supply. A special minjature amplifier was
developed to amgl:i._fg "t_:h_g.' chamber-produced pulse to drive a miniature register.
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The system operated satisfactarily in benchboard form for the month, end fabri-
cation was started on a minisgture prototype. As an added point, the chamber-
produced pulse can, and will later, be used to pulse a miniature transmitter to
send accumilated dose information to a central station. This system shows

excellent promise.

All transistorized circuitry, assembled in prototype form, has been satisfac-
torily tested for the peocket alarming dosimeter using a photocell light-readout
from a modified (illumingted fiber) self-reading pencil dosimeter. For cample-
tion of the prototype, the photocell mist be more ruggedly mounted on a new
pencil dosimeter.

Investigations were campleted concerning an lon generator used for small animal
experiments at the Bilclogy Operation. Messurements were made of the ion con-
centrations avallable and of the proper methods for utilizing the equipment in
the experiments.

Investigations concerning airborne tritium detection, using scintillation methods
and & difference current fram two phototubes, indicated that noise level consid-
erations and lack of avaligble sensitivity at the airborne tritium levels of
interest would prevent proper operaticn. Other approaches are being considered.

Contimted progress was made on the Automatic Film Badge Densitometer System
and all necessaery fabricated circuits have been received and installed for a
complete system test. Only a few cables remain to be fabricated and some
ninor trouble-locating completed hefore the final system tests can commence.

A preamplifier was developed and is being tested for use in the communications
portion of the pocket-dosimeter-to-central-station radlo link for the integrated
monitoring program.

Continued progress was made in the experimental fabrication of developmental
surface barrier silicon solid-state detectors. A new technique of fabrication
was attempted; however, it proved much less satisfactory than the previously
established technique. Two neutron-sensitive units were obtained for further
studies.

Reproducibility of thermoluminescent dosimeters has nearly been attained. The
problem remains of obtaining constant coupling between the dosimeter metal holder
and the work coil of the induction heater. This hinges upon the placement of
the dosimeter into the work coll. At present, the actual dosimeter uses two
0.020-inch-thick, 0.25-inch-diameter iron or Kovar discs separated by 0.080
inch of Hevimet. The phosphor (CaFp:Mn) is coated on the discs and the comp-
lete unit is Pyrex glass encapsulated in a helium atmosphere. A peaking factor
of 5:1 is obtained at 70 Kev for the exposed side of the unit; whereas, the
unexposed side shows a complementary {inverse) pesking effect. Dual phototubes
and electronic circuitry readout methods will be used in an attempt to average
the two effects to produce gamma energy independence to t lO% dcwn to less than
20 Kev for 2r geometry.

The experimental bete-gamma scintilletion transistorized Checkout Station Moni-
‘tor is appraximately 75% completed in prototype form. This unit incorporates
beta-garma hand and shoe counting, & cabled probe aural clothing counter, a
general area monitor, and a background suppression scheme all into cne monltor.
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Assembly was Jjust started on the new inexpensive probes for the experimental
scintillaticn transistorized combination Alpha-Beta-Gamma Hand apd Shce Coun-
ter. New probes were designed to reduce the over-all instrument cost by
nearly $1000 while actually improving the detectiom sensitivity and prob
response uniformity. -

WASHEINCTON DESICNATED PROGRAM
Isotopic Analysis

The mass spectrometer forr this program provided isotopic analyses of progran
samples during the memth. An ingtrumental malfunction was discovered early
in the month which was traced to a non~linear response of the electron multi-
Pller. A near optimmm mode of operation of the multiplier was found which
reduced the nonlipearity of respomse to about 0.5 percent for a current ratio
of cne hundred to ome. This systematic nonlinearity has requlred that one .
standard sample be analyzed for esch unknown sample analysis in order to esti-
mate the bias of the sample analysis.

TEST REACTOR OPERATIONS

Lutetium cadmium ratios wers measured in the thermal column of the TTR to
obtain data for epithermal corrections to the neutron temperatures that have been
measured previcusly inside fuel elements.

One unscheduled TTR shutdown occurred, which was caused by instrument failure.

Tha PCTR operated throughout the month mostly om a two-shift basis. Two unsched-
uled shutdowns occurred, one as a result of incorrect instrument bypassing and
the other caused by electropic failure. Finpal adjustment of the fronot face
rails was made, but reactivity reproducibility was not up to standard. It is
believed that this is a result of the lifting of the face and removal and rein-
gtallatlon of the rails that was required for plutonium decontamination.

The plutonium-alumimum fuel in 64-inch graphite lattice experiment was comp-
leted, and the plutonium nitirate sclution experiment was started. The nuclearly
safe concentration in infinite volume i1a being determined. Using PCTR techniques
200 liters are required as contrasted with 3000 liters for the infinite critical
assembly method. Base concentration is 11.4 gm/liter. All solution is contained
in double canned and welded stainless steel tanks., There has been ne contamina-
tion.

Revision of the PCTR mammal was started. Sections B, C, D, B, and G of HW-6971k
were lssued covering (perating Standards, Operating Procedures, Check Sheets,
Temporary Revisions to Safety and Interlock Qircults, and Radiation Werk Proce-
dures.

CUSTOMER WORK

Weather Foreca.stini and Metecrcological Service

Consultation service was rendered on metecrological apd climatological aspects

of 1) shipping of radicactive materials, 2) flssion product releases from process

and laboratory bT%drir}Ssi- N _?l siting of Civil Defense Emergency Relocation Center,
RN
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and 4) czone release from process vents.

The last in a series of three scheduled reports on prospective 1961 crests cf
the Colvmbia River flcw at Hanford was issued in Mid-May. Abuniant precipita-
tion in the porticn of the Columbia River watershed afiecting Hanford Works
was noted during April and early Mey, muck of which has accumulated as asnow

at high elevations. Slight upward revision in the forecast was required.

1961 1960
Forecast, ~ Observed
Peak flow (units of 10° CFS) LO0-470 311,54
Peak stage {feet MSL) at: 100-B . LO6-1409 ul3 .4
. 100-K LO1-4ol 3%7.7
100-D 395-397 392.2
100-H 387-390 38L.0
100-F 282-385 378.8
Richland 349-333 3h6.5

Since extremes of weather c¢culd alter the predictions ziven above, short-
range forecasts will contimue to be included on tape-recorded messages (fele-
phone 2-7888). '

Meteorological services, viz., weather forecasts, cbservations ani climatologi-
cal services were provided on a routine basis.

Type of Forecast Number Made ) % Reliabillity
8-Hour Producticn 93 83.8
2h-Hour General 62 80.9
Special | 165 86.1

Temperatures averaged well below normal during Mey and precipitaticn fotaled
well above., A highlight was the occurrence of a rather severe storm to climax
the 25th, one of the month's few warm days.

Instrimentaticn and Systems Studies

The transistorized scintillation heta-gamma protctype air moniter, using a
moving tape filter, operated satisfactorily for the month in the 327 Ruilding.

Testing of the electronic circuitry is nearly complete for the ccmbined Alpha-
Beta-Gamma Cell Exhatst Monitor for Chemical Research Qperation, 325-A Building.
The mechanical portions c¢f the detector head were receilved and are beirx assem-
bled. Ccmplete system testa should start ip two weeks,

Ore of the two High Level Alpha Air Monitcrs from 231-Z was returned to the
field and it operated satisfactorily for the month. Several replacement parts
fer the secopd unit were cordered “ut have not been recelved yet.

A majority of the electronlc design was ccmpleted for the experimental conveyor-
system Alpha-Beta-Gamma Laundry Monitor. All necessary ccmmercial ccmpenents

bave been ordersd and fabrication was started, onsite, on the 25 printed circuit
beards for the system. Ore experimental 12-inch-by-12-inch effective-area alpha
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probe was asgembled and tested.

At the request of the Biclogy Operaticn, a new, specially-machined, terphenyl-
in-polyvinyltcluene detector will be fabricated for use in Cat? vptake studies
in fish., The criginal detector, which performed quite satisfacterily for

pearly a year, was damaged by cleaning solventa.

The Pu2>? Wound Mopitor System, for dstecting imbedded Pu2o? in wounds using
dataction of the 17-Kev X-rays, was modifled for personnel at the Medical Build-
ing, 200 West Area. A new combipation amplifier and pulse height analyzer was
received to replace the old comercial units origipally used. Tests indicate
that esasy detection of less than seven millimicrograms of Pue’Y can te cobtained.,
The system 1s resdy for reinstallation apd use. :

Fabrication, in the 328 Electronics Shop, was accelerated on the special semsitive
scinptillation Beta-Gamma Portable Field Monitor designed for the RBRiclogy Cperaticn.
The transistorized instrument employs a single channel pulse height analyzer, a
low-power scaler system, a milti-rapge count rate meter, an amplifier, a high
voltage supply, and a rechargeable hattery.

Calibration of micro-displacement readout systems, t¢o be wsed Ly Physical Metall-
urgy for in-reactor creep measurements, has contimmed dvuring May. The Pinal
calibraticn runs on the Schaevitz DRS-100 were campleted this month and the data
forwarded to the Experimental Statistics Operation to be analyzed. During the
final calibration run, the tranaducer being evaluated developed an extremely high
secopdary winding reslstance resulting in erratic system performance. When this
transducer was replaced bty the space, 1t was also found incperable due to a
mechanical failure of an internal lead connection. Since only two transducers
vere gupplied with the DRS-100, the system is now totally inoperable. In an
effort to improve the over-all precision of the reference system, minor modifica-
tions have been made, and 8 re-calibraticn performed to determine the degree of
improvement. A preliminary analysis indicates the precisicn of the 0.00k-inch
range is of the order of + 0.000005 inch (this is within the precision cf the
standard used), and the precision of the 0.30-inch scale is 0.C0015 inch cr
better. The reference system has now been converted for the calibraticn of

a Fhysical Science three-range Electromicrometer system. Calibraticn of this
system is expected to bDegin during June.

Development is nearing completion on the Panellit-Belse gage readout device for
105-DR. Originally the device was to consist of one hand-held gage readcut bax
in back rar the Heise gege, and one in the front cf the parel for the Panellit
readings. Information was to be punched on a tape and typed by an electric
typewriter. Requiremernts have bheen changed and the preaent device will consist
of three hand-held gage readout boxes in the front of the panel, cne for eack
panel. The Heise gage informstion will, as before, be transmitied tc the fromt
of the penel by telephone. An adding machine-tape punch will prcvide a hase
cecmputation feature by subtracting the Panellit reading from the Helse reading.
Disadvantages of this system include a long, hard-to-handle adding machine tape
readout. The device will probably nct save any time in the actual gage reasdout
procedure, but it will save time between the control rocm and the 7090 data
processor. It should eliminate the card punching procedure at the 7090 and the
marmal typing in the control rocm. A breadboard model of the entire instrument
is nearly complete and is operating satisfactorily with one gage-readcut bex.
All mejor components have been received except for the adding machire. Facricaticn
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cf the finisted instrument wiil start in the near fttu}e,'

The Hazards Analysis for the EGCR { Experimental jas-Cioled Reactcr was ccmpleted,
The analysis consisted of a study of a loss of coclant accident. If the gZas
ccolant is lost upder cperating corditicns, and sir admitted to the ccclant
annuius around the fuel element, the surface of the graphite will burn. A mockup
of this gystem kas been built using Calrod electiric heaters to simuiiate the heat
produced by the operating reactor. This study was designed %o determine the
operating parsmeters of the Calrod heaters,

FPhysical Testing

A total of 15;1351 tests were made; about half cf these were occasioned by the
start of conditicrping of NFR pressure tubes where many individual re-penetrant
tests and local ultrasconic wall thickness measurements must be nade. The mmber
of pleces handled this momth totaled 4,990 items. The length of material repre-
sented by these items amounted to 139,897 feet; the greater part, about 224
miles, was NFR pressure tubing. Test work included: sasutoclaving; borescoping;
dimensional meastrements (micrametric); eddy current; leak detection; magretic
particle; penetrant {contrast and flucrescent 0.D, and I.D,); radicgraghy {auto-
radiography, gamma-ray, and X-ray); stress analysis; surface treatment {aikaline
cleaning, pickling for auteclaving and conditioning, steam detergent cleaning,
ultrasonic cleaning, and vapor degreasing); and ultrascnic (flaw detecticn and
thickness measurements). Wcrk was done for 23 organizaticnal components repre-
genting most of the operating departments and service organizations at EAPQ.
Advice was given cn 40 different cccasions con general testing theory and aprli-
cations.

High producticn rates are being achieved in the testing and treatment of NER
prezsure tubes. Work is being scheduled on a six-day week and additional tem-
porary technologists have besen added. As & result of the increased activity.
there have been an increasing number of mechanical failures but the werk is
proceeding routipely. Tooling up has been completed by Kaiser Engineers for
conditiconing ¢f the 0.D, and the I.D, =f the pressure tubes. This wcrk is now

ir full progress apd many of the develorment crder tubes are being reclaimed.

ALl of tnls work involves the removal of metal wnere there is evidenze ¢f a
surface discontinuity giving rise to a fluorescent penetrant or ultrasonic
indication. The work is affording an excellent opportunity tc substantiate
fluoreacent penetrant and wltrascnic indicaticns. The great majority of the
indicaticns are being remcved within between three and five mils of the surface.
There have been one or two surface discontinuities that have been cpened i into
defects of considerable depth; cn-the order of 20 to 30 mils. Examinaticn of the
tltrascnic traces of these tubes has not indicated a condition of & sericus magni-
tude. The reason for failure of the ultrasonic test in these instances is being
investigated. One of the methods that will Ye uzed for mere camplete axamina-
tion will de to find optimum testing angles wherever indicaticns are received.
Pickling and autcclaving of the tubes is proceeding rcutinely and gcod resilts
are being cbtained in achieving uniform autcoclave film.

The flucrescent penetrant examination of nonzzles for the reactsr nczzle mcdifi-
caticn program for Sumper fuel elements 1g rreoceeding routinely. Follow-ud

work on the 1706 KER Locp pipe failures has been established on a systematic
basis and rcutine pericd checks are now being made. Special assistance wasg given
in reccmmending radicgraphic acceptance specifications for structiral welds on the
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west elevator for the 105 K Buillding. Fileld radiographs were made and evaluated
on the basis of the recommended specification. A leak survey was made of pro-
pane lines in the 1706 KE Building utilizing the pertable leak testing equip-
ment, A mumber of pump impellers for the 190 Buildings in the reactor areas
wers examined radicgraphically for internal discontimities. The blades and
supporting structures are being examined. The impellers are about two feet in
dismeter and because of their intricate shape represent az challenging problem.

A mumber of other umsuel Jjobs were encountered including sxamination of steam
line hangers, electric cables, and crane accessories including hooks, shackles
anpd holts,

The Zircalcoy fuel alement sheath tuba inventory has been completely worked off
and major effort is being devoted to varicus development programs. The special
ultraesonic test instrumentation to provide for individual pulse measurement

and recording is due to arrive in mid-July. A statistical study of the fluores-
cent penetrant test was initiated in conjunction with Structural Materials and
will fallow & formalized statistical plan. .

Considerable progress has been made in the evaluation of the eddy current test
for application to sheath tubes. The Zircaloy tubing samples which have electro-
machined notches have all been campleted. The notches have been measured for
length, width, and depth. Sidy current tests, using the Metrol Radac Unit, indi-
cated that sensitivity is asdequate for detecting notches which are about 0.375
inch long, 0.00k inch wide, and 0.010 inch deep. These detectable nctches are
located both in the 0.D. and I.D. of the tubes. They are oriented parallel, per-
pendicular, and at 45 degrees to the tube axis, and the notck lengths follow the
contour of-the tube wall. Wall thinning and hole defects were alsc tested, Ten
percept 0.D. and I.D. wall thimning is easily detectable with the Radac. A hole
aebout 0.010 inch in diameter extending through the wall, and perpendicular to

it, is detectable. The Radac is capable of reliably detecting defects smaller
than those menticned above, deperding on their orientation and locaticm. Also,
the Radec can be adjusted with higher sensitivity for detecting specific types
of defects. All the above defects were detected at one setting of gain, balance,
etc. . The intentions are to use these settings for initial tests on producticn

tubing.

Mzgnaflux reported they may have an eddy current test which has a chance of
detecting cracks in reactar Parker fittipgs. However, they have not demcnstrated
the tester on similated cracks and have proposed that we do further development
work to determipe the feasibility for detecting actual cracks. Procurement of
their equipment is being investigated.

In view of the favorable results previously cobtained by ultrascnic tests on
Parker fittings, IPD has requested the work be continued. Same investigation

at ultrascnic frequencies less than 25 megacycles has been done using a mumber
of transducer types. So far.the fabricated defects cannct be detected at these
lower frequencies. The only adaptable and readily available 25 megacycle equip-
ment is the Curtiss-Wright Immerscope. Since all of the on-site Immerscopes are
in use, steps have been made tc lease a unit, and lacking this, development work
will be initiated for on-site construction of a special purpose instrument.

Cracks are ocourring in the inside of KER piping. These cracks are hbelieved to

be caused by stress corrosion and/or high mechanical stresses. IFD has re-
qested a test be developed which will detect the presence of these internal
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cracks as early as pcssible. A good section of this pipe was defected by
electro-machining three notches. The notches are abcut + inch long, abcut one-
thiri of the way through the pipe wall, and criented traversely longitudinselly,
and at 45 degrees to the pipe axis. Attempts to detect these nctches with eddy
currents were unsuccessful. Eddy current frequencies from 3 KL <o about 20 KC
using pancake type probes were used. Many strong eddy current signals were found
in apparently defect-free areas of the pipe, These signals must be surpassed
before adequate sensitivity for detecting cracks can be obtained. Suppression

of these signals 1s possible but very difficult. The feasibility of detecting
these cracks ultrasonicslly will be examined.

Nested tubuler fuel elements are being considered as PRTR candidates. These
elements are self-supported with full length ribs. The ribs are resistance
welded tc the fuel element walls. Good weld bonds are deslrable. Ceramic Fuels
has requested the develomment of & nondestructive test which will detect :nbonds
in the welds. Since many types of unbonds are detectable with ultrasonic tech-
niques, these were given first consideraticn for rib bonding testing. A standard
was prepared with variable smounts of bonded rid. One standard had sbout 4 inch
of rib totally unbonded. Partially bonded ribs were also prepered. These were
all sbout % inch long and ranged from about 204 to 60% unbond. Ten megacycles
ultrasonic energy was coupled into the rid normal to the tube axls. Reflections
from the rib surface and the inside surface of the wall were clearly visible,

A decrease in signal from the inside wall should then be an indication of unbond.
All the prepared unbonds discussed above were detactable. In view of the success-
ful initial testing results above, three full length tubes with resistance welded
ribs will be tested for unbond.

Optics

Fabrication of the first developmental model traversing mechanism has been comp-
leted. This unit will be used to determine the contour of channels in the NPR.
Two wooden test channels have been received from the carpenters. One has amocth,
continuous bends with the maximmm radius of curvature that can be expected in a
workable reacter., The other has step discontimuities. The traversing mechanism
has been attached to a standard borescope. Test runs have shown that the mech-
anical action ¢f the unit is very good. Readings are repeatable to within 0.005
inch per eight inches of length. Several alternate optical arrangements are
possible. One arrangement is insensitive to step discontinuities but measures
angular displacement. A second arrangement is insensitive to angular displacements
but is sensitive to step discontimuities.,

Contrary to what was stated in the last ¢of three memos written cn the traversing
mechanism, no optical arrangement appears feasible for simultaneously reading out
both angular displacements and step discontinuities. This means that where there
are likely to be both types of displacements, two measurement runs will ke re.
quired per channel. In process tubes, where no discontinuities are expected, cne
run will be sufficlent.

A work order has been received to cover the fabrication of a develormental mcdel
Process Tube Traversing Mechanlsm for use in older reactors, shop testing, assis-
tance in fileld testing, and further investigation of automatic readout methods.
The fabrication of this unit has Just begun.

»

A total of 480 manhours® shop work was performed during the four-week period
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(April 30 to May 28) included in this report. The work included:

Fabrication of the first developmental model NPR traversing mechanism.
Coating of 29 lamps with stainless steel for use in inspecting NER process
tubes at White Rluffs, ' : ‘

Layping of six pump seals. .
Evaporation of beryllium in the preparation of targets for the Van de
Graaff ascceleratcr.

Fabrication of two quartz heater cores.

Repalr of one microscope.

Repailr of two camera shitters. .

Evapcration of gold in the preparation of eight silicon diodes.
Pabrication of five filter units for black light inspection with a
beraacope. '

10. Preparation of thermocluminescent material.

1l. Tabrication of four pyrometer filters.

12. Fabricatiorn of a lens mount and adapters.
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Analog Coamputer Facility Operation

The major analog camputer problems considered during May include:

l. XNFR Power Conversicn.

2. HNPR Confiner Pressure,

3. Reactor Speed of Comtrol.
4. Eazards Analysis for EGCR.

The canputer operation was as follows:

GEDA 146 bours up "~ BASE 14é hours up
) 2l hours scheduled downtime 21 hours scheduled downtime
1 bhour unscheduled downtime 1 hour unscheduled downtime
O hours idle Q hours idle
168 hours total 388 hours total

Instrument Bvaluation

Recycling tests contimied on a rechargeable Ni-Cd battery (12 VDC at 250 ma-hr
capacity). Sixteen recycle charge-discharge tests have been campleted including
several to camplete discharge. No damage has been noted to date.

Evalustion testa comtimed on two prototype portable transistorized Scintillation
Dose Rate Meters.

Extensive evaluation testing was done, simultaneously with circuitry development
improvements, on the two transistorized Log-Linear Scintillation Area Monitors.
Linesr range reading accuracies are within £ 5% for all ranges (decaded) fram
0-5 mr/br to 0-5 r/hr on one unit and fram 0-10 mr/hr to 0-10 r/hr on the second
unit. The two units have different ranges, since HAPQ applications would typi-
cally require such ranges. Log scale accuracies are about + 20% from above

20 mr/hr to full scale of 5 r/hr and 10 r/hr respectively. All errors on the
Log scale below about 20 mr/hr are positive on the safe side. The lower end of
the Log scale is purposely ccampressed in a positive reading direction to rermit
cbtaining meter readings down to the 1 mr/hr to 3 mr/hr levels while retaining
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the high end limits of 5 r/hr and 10 r/br respectively for the two prototype
units. Line voltage variations from 105 VAC to 130 VAC produced less than + 5%
reading error on any range, either log or linear. Initial temperature tests
were commenced and readings errors were less than t 5% fram T5°F to 135°F for
the camplete unit including probe.

Correctlive measures were taken on the twelve portable ‘Sentinel Alarming Monitors
for use on the reactor elevators. The two ranges finally agreed to were 0-200
wr/hr end 0-2000 mr/hr. The use of RCA 6655-A phototubes and 2- x 2-inch terphenyl-
in-polyvigyltoluene detectors solved the problem. The units have an ajjustable
alarm device to cover any point on both ranges.

A1l acceptance tests were completed on seventy-five 50-r, seventy-five 10-r,

and one hundred 200-mr pencl) dosimeters, Five 50-r, seventeen 10-r, and twenty-
elght 200-mr dosimeters were rejected due to excess leakage and./ or erra.tic Liber
movement .

KSEo é.
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CHEMICAL RESEARCE AND DEVELOPMENT OPERATION

RESEARCH AND ENGINEERING

FISSIONAZLE MATERJALS - OZ FROGRAM

IRRADIATION PROCESSES

New Production Reactor Effluents

Tre two decontaminaticon procedures planned for use Iin NPR are a three-step process
which wili produce about 70,000 gallons of total mixed waste and rinse water, and &
one-pass phosphoric acild cleaner for carbon steel portions of the loop which will
produce about 1,000,000 gallons of waste scluticn and rinse water. The waste frem
the three-step process is effectively scaverged by the manganese dicoxiie precipitate
formed when the three soluticns are mixed. Laborastory research was performed %o
determine the effect of mixing the wastes resuliting from the two decontamiraticn
rocedures. Mixed sclutions were examinesd representing ope process volume of
three~atep waste with cne process volume of phosphoric acid waste and four process
volumes of three-step waste with cas process volume c¢f phosphoric acld waste, 1l.e.,
respective waste volume ratics of 7 to 10C and 28 to 100.

Urneutralized phosphoric acid waste dlssclved the precipitate formed in the three-
step decontamination wastes when appropriate volumes cf the two wastes were uixed.
Whnen +he acid mixtures were neutralized with caustiz, 50 percent of the radicecbals
was removed. More importantly, MnO, precipitated again and scavenged more thac 39
percent of the raliocerium, 95 percent of the radiostropiium, and 90 percent of

the radiozive from the mixture. The scavenging achieved was essentially the came
for toth waste volume ratices examined.

Reactor Effiuent Treatment

Column experiments continued with minerals of promise (as shown by batch experiments,
HW-69225) for large scale dscontamiration of reactor effluent with respect “ic
important radicisctopes. On tke vasis ¢f P-32 adscrpiion, the order of effectlive-
negg of the best eight mirerals feund 1a:

sodalite = epidote = fiuorite = goethite=
pyrrhotite > albite = microeline = apatite

Prom 60 to 30 percert of the P-32 in <he infiuent sclution was removed irn the mimaral
columns, with & column residence time of about 2.9 minutes. The fracticpal remcval
cf P-32 razained constant for operation periods as extersive as two weeks and
rassage of rearly 3000 bed voiumes of effluent. is menth, beds of sodalite,
epidote, acd albie adsorbed 60, 47 acd 34 percent, respectively, of the P-32 iz
1000 Ted volumes of influent; on the cther hard, adsorption by beds of anorthite,
iabradorite, ard gypsum was poor.
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SEPARATION PRCCESSES

Praparaticn cf UfIV) Niirate

Further studiss of the photoactivated reduction of U(VI) to U(IV) in nitric acid
soluticn kave been made. In thess, hydrazins has been used as the redustart
rathter than formaldebyde. Iaterest in the use of hydrazipe was promptad by the
suscessful test of hydrazine as holding reductant iz the Purex plant. In a
previous test, U(IV) yield was leas with hydrazine then with formaldehyde as
raductant. The present studies have sought tc exploilt the fact that hydrazire is
more atable than formaldanyde to reaction with nitric acid. Higher acidi®ties ard
terperatures have heen used., Thes results lndicate that, under optimum corditicns,
U(IV) yields with hydrazine may approsch those obtained with formaldehyde.

Evaluation of Purex Water

Additicral runs in the C column facllity are in progress 1o compare column perform-
ance when the 1CX water scurce 1s changed from 321 Bulldirg condersate water %o
Purex demineralized water. Observations at this time indicate that the preserc’
(5/22/61) Purex demineralized watar is of a higher quality tban any tested to date.
Tke current batsh cf wvater appears %o he of as geed quality ss the 321 g+eam cor-
depnsate water,

Recovgry of Plutonium in Z Plart Waste

Molar godium cartcrate, used to elute plutonium adsorbed by Florida pebble prosphate
beds, picked up 0.006 M phosphate which dropped to 0.003 M after pagsage of four

bed volume=s. The phaaphate content of the solution is not great emough to hinder
plutonium recovery by the Recuplex process. The effectivenaess of such miveral
adsorptict of plutcnium from 234-5 sump waste was reported in February.

Applying pebble phosphate recovery of plutcuium to a simulated waste soluticn
containing & high plutonium concentration (4O mg/_iter) at pH 1 resulted ir plulonium
precipitation in tke column., Part of the precipitate was wasked from the colume,
being visible in effluent samples.

WASTE THREATMENT

Batch Calsination

Berrh-scale studies or the calelration of simulated Purex 1"igh.-l.eu'ﬂl vastes ty ‘he
tateh metrod were 2ontinued.

The similated waste used in one run contained added berax and phosphoriz s2id.
Tha dmounts of the additives were equivalent to the metaborata form of sodiux ani
ortbe phospbate forws of irom, aluminum, chromium and nizkel.

Qbservations pertinent to the experiment irzlude:

1. The sciuticn tecame viscous durirg the hoil down step ard foamed mcderatzly.

2. The foaming couvid no< be ccmtrolled Yy eiither a silicon actifoam agez™ cr
oy air sparging.
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3. Whi<%e crystals, ldeniifled as “cric acid, depcsited on surfaces above the
pot.

b, Twe :alcire became mclter ¢r heating tc 3900 C.
« Mqe soiliified ralzire vwas crystalline.

5
6. Twe 304-L stainless steel po*t was severely scrroded. Iz places 60 perzers of
tke 1/4-inek thick wall was corrcded away.

7. The zalzire is much less soluble iz water than a sulfate-Yase calcire.

A solution similar to that described above tut without the berax also produced a
meltable 2aizine., The foaming during the bcll dcwm step could e controlied by
silicone anti-foams. Severe pot corresion was ncted.

Negligibie pot ccrrosion was noted when beth borax and phosphoric acid were omitied
from the waste solutlon.

To study foaming, *the same similated waste solution was used in %three different pois
¢f varylng gzeometry. Severe foaming was observed in a &-inch 0.D., 3-icch I.D. by
15-inch high acnular pot. Foaming wes not a problem, however, in an 8-inshk 0.D.,
L-inch I.D. by 2h-inch high annular pot or in a 4-inch diameter by 24-izeh high
sylindrical pot. Bumping and spattering were troublesome in the 4-inch by 2b-inzh
pot. It is postulated that the Tumping produced enough mechanical agitaticn to
overgsome foaming.

Flame Calcircaticn

The proceseing ¢f simulated Purex high-level waste in Mallinckrodi's flame deritra-
“ion piiot plant was observed over a two wesk period. The ohject of the brief
program was to ohserve points of compariscn between spray calciraticn utilizing an
internal flame ard that utilizing a hot radiatipng wall. The comparative data are
expected 40 aid in the design of a spray calcirer pilot plast by Chemical Engivesring
Developrer*. Operatics.

Tre reactor, whizh is descrited in MCW-1451, 1is a tube ten inches in diameter acd

six feat long intc which the feed is sprayed alopg with a ccnecerntric flame of air-
propace. Al*thcugh ¢me successful run was ccmpleted, indicating the potential
applicatilitr of a flame reactor, there were zonsiderable di®fisulties in adaptirg
the process <0 <he calzination of simulated waste. Many of these are attritutable

4o the pressnce of a sleeve wlthin the reactor which improved the operabiil<y cf

the equipment fcr UNH denitration, but was the apparent source of ccnsiderablsz
operating difficuliies with waste calcilnation. This sieeve could not be zonveniectly
remcved,

Suzzessfus operaticn was achieved at a flow rate of 5 gph with ar excess of prepane
{reducing »ornditions} whizh appeared rneressary tc improve the physical properties
of *“he powder. This proved %c be very rearly tte maximum rate with the partizuiar
feed compesiticr and reacior design.

Advantages ¢f heating by an interral flame may include: {1) Less prorlem from
corrosicn tecause of the possibility of using ceramic materials within the reazior,
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(2) a more simple source cf heai, particulariy for pilot plant studies, [3) possitly
sopewtat higher capacity within a given reactor size. The dlsadvartages may irolude:
(1) Considerably higher cff-gas volums even if pure oxyger is used iz place of air,
{2) a relatively narrov zore of coreditions for satisfactory operaiion tesausa of

the limited temperatur= range bYetween trat requirsd for a stable flame acd thai at
whkich the waste s0lids will zelt, and (3) the ifficulty of ipastrumenticg such a
reactor to imdicate off-standard operaticn.

Spray Concentrator Test

A test was made using the modified spray calciner as a waste concentrator (see
Marck report, EW-49062 C). The column is run af rather low temperature and b
utilizing the channel recycle principle, the spray is partially dried by the
recyzled heated gas. The advantage of the asyster is that high corecentration zap e
obtained without fouling heat transfer surfaces since *the liquid is suspendasd in
the gas ag 1t dries.

- Althcugh the flowrates and temperatures appear %0 %e quite critical, the run ackieved
some measurs of success. Channel recycle was obtained Yy using a li4-foct long, 6-
inch diameter insert which left a l-ioch annulus for gas recycle. The botiom of
the ingert held a 6-inck high pad of S/S/ "York mesh" for a demister whizh soalesces
the spray into a liquid allowing it to drip into a collection vessel. The off-gases
pass through filters to a condenser. The feed rate was oce gallon per heur ard
operating tempsratures ranged from 135 to 260 C. The steem rate o the atomizing
rozzle was 11.3 1%. per hr. at 6l psig. Several concenirate samples 2rystallized
upon 2coling apd volume reduction factors as great as twe were obtalped at modest
wall temperatures (180 - 260 C). Entraipment losses to the condensate were less
thap 0.1 percent. Fouling of the upit was very slight during the 1.75 kours of
rurning. Some drisd feed adhered to +the inside of ke iasert (ide top fav incles),
but ncne was on the top cover and the filters seemed quiteg clean. It s likely
“rat proper design of the recycle chanmnel could reduce the nozzle furbuience such
that »uild-up of solids on the insert would nct te objectionable during sxtended
cperating paricis.

TRAINSURANIC ELEMENT AND FISSION FRODUCT RECCVERY

Stroztiur Reccvery Program

Hot Sem‘works Cperation - Excertionally good strontium recoveries and fissic:m produas
decortaminration were ottaized on the first full-level "het” rup &t the Het Semuworks.
Seus 182 kilccuries of 3r-90 were fed tc *the process and approximately 15C kilc-
curies ¢f purified product were isclated for eventual lcad-ouft. Iz additice, 27
kilocuriee of 8r-30 {tailings from elution of +he ica exchange column} Wwere stored
for recyzle %o the cext run. Prelimirary resul+s are summarized in he foilowirg
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RUN SR-4
Juantities, Kilczuries
__fa)
Product Wacie*
Solvent Icn Solvent Toz
Feed Extraction Exchange Extracticn Excharge
{ .

Sr-90 182 181 143 to J.siub) =13 =3.5
Ce-14k 2000 7.2 _ =<0.03 2700 . o=1)
Zr-Nb-35 470 = 0,09 =0, 004k o =0.6
Ru-Bh-106 10 : -=0.27 -0, 00 - 30 =0.06

Weights, Grams

Ca 2400 260 99 - -
Ba 500 to 1000 =120 «<18 - .
sr(=) 2280 2260 1790 to 1920 - -

Decontamination Factors

Ce-1l4 - 270 =5 x 104
Zr-W5-95 - >5.6 x 10 =85 x lob
Ru-Rh-106 - =37 7.9 x 102
Ca - 9.8 19
Ba - =L4.3 =20
{a) Averages based on run snalyses and composited wastes. The nurters
are probably bilased high. '
{b) Range of variation observed between analyses done by two laboratcries.
(¢) Sr isotopic fatom %) compositica: Sr-90 = 56.3 Sr-87 = 0.5
Sr-89 = 0.659 Sr-86 = 0.7
Sr-88 = 42.5 Sr-84 = 0.04

The deconiamization performsnce exceeded the required product spezificaticns Wy at
leas* two-fcld for both radiochemical ard inert (Ca plus Ba) impurities.

The flowsheet approximated the conditicne of study flowsheet No. 2 {:1.8,, & solvert
extraction sycle using 0.40 M DZEHPA follewed by a cation exchange »y2le} wi*th these
significant exceptions:

1. About 40 percenmt of the solvent extraction product was tackcycled tc the
feed (at a volume percent in the feed ¢f 4 percent or less).

2. Citric acid {1 M) at a pH of 2.7 to 3.0 was used as ‘he lon exchange sarub.

3. NaNO3 (4 M) was used as the primary elubrlant. Thls elution was stopped as
soon ag the beta mopitor on the effluent stream icdicated 80 percent of
the strontium had been eluted. The remaining strontium was eluted with
Q.1 M EDTA at & pH of 8.0.
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Ag of ihig wrising, & second "hoi" rum i3 1n progress usicg the tweesvzle solvexnt
extractics prcceszs deserited Telow under “"Sclvens Extracticr Flowsheat Stulzes.”

Scoven® Extracticn Plcwelhaet Studles - Ir latcratory studies ralating ¢ developzent
of flowskeets for so_vent extractic: recovery of sizcotium froz Porex srade u%
solutior, =mphasis waa placed on cttalcing equiiilriun data for the exirautidn of
gtrontium from first oynle produst aoluticn. Bagch condact dlatritusicr da‘a
ohtained izdisate satisfactory axtraction of sircuiium at an L/V of ora wher <his
sclution is adjusted to pH 4 ard made 0.1 M in EDEA Solvent compositicn was the
saze as currently used in tre first cysle {0.h M DZEHFA - 0.2 M TBP - Shell Spray
Bagse). Stroctium was siripped froxm the organis with dilute nifri: acid. Soma
desopntamiration from cerfum apd zizsorium-niobium should be obtained with this
flowaheet. It is noped thas, with this twe-solvent-extraction-cycle stherma,
product strov:ium mesting specificaticrs :zan te produced without the zeed for az
ior~exsbange oyole.

Other batesh coztact stulles were made to determice tre effect of resysling solivezs
extractica product solution %o the feed siream (spizuing the cycle <o obtaln
additional corcentratior of strontium). Thegse studles showsd that the produzt
solutior can te added to the feed soluTicn at volure ratios as high as cre pars
product to eight parts faed withcut adversely affecting extracticr zolumn opsratico.

In assistazce %o the Hot Semiworks, samples of two daiches of Hot Semiworks sclvent
wvere tested pricr to +their start-up at full level. Aside from belrcg Low in TZREPA,
the samples were satisfactory for use. .

A third mipi-mixer-settler run at full activity level was made ir tha cZZ.5 Building
cuhials, The crude ocut solution used ir this rur contained higher rocntizftrazions

of laad and iron than solutions used in previous runs. However, satisfacicry fead
golution was r=adlly prepared from the crude acd miri operaiiorn was sazisfaz<cry.
Analy+tical ds*a for the run are not yet avallable.

Ion Exckange Studies - Batek contact studles were made in an efforw %o find cre
effective reagerts for waskirg cerium from the HSW ion-exchange column following
loading tke columm with solvent extracticn product solutice. These studizs show
Zhat either O.1 M EEDTA or C.2 M scdium acetate - 0.01 M EDTA, if used a% pE L or
higker, skould ba superior to 1, %0 M citric acid at pE 3 as a wagh solu*icn. These
reagents do not complax strontium at the higher pH's as strorgly as does ritraa.
Advantage can be taken of the low distributicn of zerZum at highe- EH without
sericus lces of strontiun frem the column.

Strovtiur Jartcrate Prezipitation - Prezipiiatior of sirontium carienate from citrate
80L4ticn (such as iBP) was studied. Precipiiaticn of 28 percent cf the gtroziiux
was obiaized when a sclutiom 0.05 M in sirestiux ard 1.0 M in >itric axid was made
Q.1 M in so2iuz ticartonate, “rough= to pH 8 - 8.5 [witk FaCE or 13:; ars diges-ed
twe hours at 80 C. Wken the presipitata was ’lltered ce a 10-40 midrop stasrn_ess
steel screen, loss of 10-12 percec* c¢f the strontiux orowrred, urtil a fillter rake
was tuilt up adequately *o remove “he szallar parsicles. I

Iz experimep%s ir wki:ch
strontiur zartorate was precipitatad Ircm citrate sclutliorns traced wich sriuvz,
1ittie er no serium deccrtamiraticr was obtaized. Also, atiempTs to rexcTe sIllux
from seriuvm-ccotamicated strontium cariczate Ty washicg with amxcpive jar-czates
soiu*ice were no% suscessful. JGreater thaz 39 percent of thz reriunm and lesz ‘han
two percent of the stroztiur in a simulated lor ex:change produs+t scluticr Q.1 M 5r -
0.0CC5 M C= - 3 M NaNO3) prezipitated when the scluticn was trougtt tc pH i,
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HAPQ IT S*rortivm Cartorate Cask Tests - Nor-radicactive testing of the TAPO I
s*rogtsl zarccrata fil+ar zask was -czplevzi. The rezults of thazse *esss are
summarized Telov: '

1. Sirontiur carbcnate preparz2d by rrecipitation with potassium Lizartonats
frem peutral scdium pitraie so_uticu was suscessfully filtered on +ha EAFO
ZI izser® withcut recourse 4o filter aid. Cverall rezovery as filter cake
averaged 99.5 percent. The self-limitirng flow feature of the cask filli
operation was demonstrated.

2. Tke HAFO II-1 fiiter capacity was determirved 2o e 2000 t 100 grams cof
strentium, representing 150,00C curies of Sr-90 as produced a* Hot Semiwcrks
at 75 -uries/gram of alkaline =arths.

3. Product quality was evaluated utilizirg two different wash procedures with
the following resulis:

Unwashed product 0.20 grams Na/gram Sr
Water washed in cask 0,10
Batch washed cut of —ask 0.013

. Losses %o wash liguors amounted to 5 grams.

L, Product removal was readily accomplished with 0.5 molar rnitric acid iz*re-
duzed a*t the cake solvent inlet. Approximately 5C liters of acid were
sufficient to slurry the cake irnto the zatch tapk where tke rema:niczg anil
completed the dissoluticn. The removal, accomplished under vacuum, was
smcoth and uneventful with the zake “emperature at 80 to 100 C. Tests a*
higher temperatures were not cceducted.

S. Satisfactory performance of a 2300 watt "Firerocd” :artridge type heater was
demonstrated at 850 C for 7.5 hours.

325-A Strontium Purification - Run FRo. 5 was completed on May 12, the BAPQ-JA
Decalsc cask wes filled with the product of runs U and 5 on May 13 to 15, axd rur
6 was begun cn May 16 acd is scheduled for completion by the emd of *h2 merth. Qe
further run (No. 7) should zomplete the 325-A strontium commitment.

From run 5, 13,300 curies of purified strontium-90 were obtained {by ammonium
nitrate elution). Purity was ever teiter than in the preceding rurs with: the
produst analyzing one percent barium, two percent caleium, acd 97 perzant strortium.
Fiseion product contamination was belcw the garma spectrometer deteczticn limit and
well beiow spesification. Peed for this run, ard for ruc 6§ ard projected run 7,
zontains over one molar sodium and cre melar nitric acid, equivalent tc a sodium-
plus-amacnive to strontium mole ratic of over 100C. This high ccnrentra%iicz of
monovalert lops rsquired feed dlluticn Tty & factor of four to lasure strontiun
absorptioc and, even 50, limited the capacity of the jon exchange squipmen®. Tuals
feed wvas scme of the first strontium crude produced at Purex and stored in 002 *tank.
With feed of the quality now being produced ic Purex, capacity of the 325-A icn
sxchange equipment would Ve higher by a faztor of a%t lesast %wo %o four ard feed
diiution would mot be required.

The strontium cask was returned to Hacford during the morn*h and relcaded, without
incident, with the product of rums 4 and 5, from diluted armoniur nitrate solutices.
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Approximataly 26,000 zuries of stroptium-90 was passed through the cask, and 25,0CC
auries loaded - for a loading less of orly 3.7 perzent. 3Breakih»ough was agparertly
not reached, izplying that the capacily cf the <ask may Te as high as 3C,000 curias,
The cask was sert to the Purex plapt after £11 ing, for otservation and determiraticr
of rate of pressure bulld-up, prior to off-si%is ghipwent. Thke actum:lated quar<isy

- of strentium-90 shipped off-site is 45,000 curiss.

Carriar Precigitation of Strontlum-Cerium Separaticz - Tke effect of pH on degree

of 2omplesteness of lead-sarrisr preciplitation of strontium and of doutle-sulfate
precipitation of ceriun was studied iz order to tetter deflire conditicms for mismipum
contamination ¢f strontium with cerium, It was found *hat between pH 2.5 ard 3.2
approximately 85 to 90 percent of the strontium is preci pitatad while over 80 per-
cent of the zerium remalrps in solution. At lower pE's, *oc much cerium precxipiltatas,
and at higher pH strontium loases are excessive.

Strectium Glasgeg - The scouting study, rerported last zouth, on the ferwaticzm of
kigh gtrentium glasses wvas continued., Sevaral additicnal formulaticns wers prepared,
and hot water sclublility studies were made. Not unexpectedly, solubllity tezisd

to inasrease with increased strontium content (for glasses of similar composi+icn)
and to decrease with insreaged melting point. lowest weight losses were shbown
by forzulations Nos. 6, 9 and 10 with values of about 0.4, 0.25 apd 0.025 percenc,
respectively (four hour immersion in boiling water). The rate of weight loss

vas almost constant on successive exposures, and would te expected to be about ac
order of magnitude lower in cold water. PFormulatiors K¢. & and 10 cortained SO
welght parcent strontium while No. 9 coctained 4 percent. Number 10, whick showed
the lowest soclubility of all the formulations %ested to date, was act a trus glass,
since 1t crystallized rapidly ou cocling. Arother icderesiing srystallice formu-
laticn, No. 1., was designed on the Tasis of The ccmposition of Corex glass. “ut
with strontium oxide replacing zal:fium oxide. It ccntaired 58 weight percen*
strontium, bad a dersity cf 3.63 {equivalernt to 2.10 g/ml s*rontium), ard me’+ad a*
1200 €. Iz=lusion of 2.21 percent Al;03 lowered i%s solubility three-fold ic a
value of 3.4 percent. Further alumira additions will te tried.

trentium Reccvery Reports - A purber of unclassifi=d reports have been recer<ly
vritter summarizirg details of <the latoratory developmert work doce or strortium
recevery and purificaticn, and reslated subdbjects. Referenze is made %o thes= for
the ccnverience of these who may have detailed interest in this raterial:

HW-69534 - Pisailon Product Stromtium Recovery from Purex Chemizal Processing
Plant Waste Solutions, L.A. Bray and H.H. Van Tuyl, May 15, 194

Recovery of Fissicn Preducs< Rare Eartk Sulfates from Purex INWW,

HW-63051
E.J. Wheelwrigk* ard W.H. Swift, April 27, 1%6i

HW-68T86 - Inzorporation of JIon Exchange in the Hot Semiworks Sclven=
Extractice Facility, L.A. Bray, Mar<ch G, 1961

HW-6951L - Determination ¢f Radic-Strontium Using Gatioz Exskarge, F.P. Rcter=s,
May 25, 1361

Devermirzatice cf Radic-Carium Uzizmg Anloc Exchszge, F.P. Roterts,
May 25, 1361

EW-69737

EW-69533 - Fission Product Radisticn ard Shieldicg Calsulatices, H.E. Var Tuyl,
May 14, 196é.

b P



T -3 695 aniatt
Measurarent cf S*—89 acd Sr-90 - The ok-Lydroxylsciuit 1s-icr exsharge efrortiun
zethcd kas b2en ir use for %ex morzths. Duplicate a_a_yses of trve soluticrs risld
results that vary ty ac estimetsd two perzext. Proless sarples that cortalr foraigr

rviz’es yield resultz that vary as muck as 20 percent. Melhod calidwrazicn fassors
that agree withir ten percent were obtained from “ﬂpea:ﬂd anaiysis of s*tren*ium-90
stardards. The Sr-89/8r-90 ratics were ctiaired %y bcih radicchermizel ard mass
speﬂtrometri: te"hniqpes. Typizal ratics oz t-hree samples were: Radiochsmizal -
2.54, 1.L5 ard 1.35; as compared %c spectrometric - 2.49, 1.46 and 1.29.

Other Fissicn Products Programs

Bulk Pission Product Packaging - Several filterable fission product intermediaces
kave been calgired under nitrogen atmosphere in thermel balarce equipment to deter-
mige their pyrolysis behavicr. The results are:

Caiciring
Compound Temperature Product
Stroctium percxide 350-450 C Sro
Strontium hydroxide 450-550 C SrQ
Cercus Oxalate _ - 350-450 C {70% CeCp

(30% 03203

Lces of water cisurred while heating apnd the fizal reaction was compiete at the
~gher 1isted temperature. .

Cask Closure Developmert - Two l-inckh pipe size, miniature Banford ccrrectcors were
favrizated acd <ested, uitilizing Cconoseal stainéeas steel gaskews. The connettors
exhibited helium leak rates of .ess “kan 5 x 10-0 cc/sec, and 5 x 10-6 cz/sec for
continued temperatures and pressures up to 520 C and S00 psi. The differencze in
leak rates was due to the differsnt sersitivity of two differert testing methods.

Oue-eighth inch flat Teflon gaskets were successfully substiiuted for the me<al
Coroseals in the Eanford connector. Helium leakage rates were less thac 5 x 10- -b
ce/sec at 100 psig at room temperature. The corrector should thus be suitable for
use ic 2ask loadizg and unlecading statlons as well as for closures quring shipping.

A 2-3/L inch Teflcr coated stainless steel O-ring was installed in a screwed fit*irg
witk a light torque of 170 1b.-ft. The O-ring held a stean g*essure of 25C psi
at LOC P for 240 hcurs. The leak rate was less thar 4 x 10

After four l-ineh, Natorda seal teszt failures a successful seal 1Is now under test.
The Natory seals failled from galling “etween the seal and the cap, caused Ty
relative meticn betweer the sealing surfaces.

Capacity of HAPC-lA De~also Cask for Cerium-P*omethiu* Shirment - The sf{rcnitiur-
Decalsc cask is a -ccrverted zeriuc filter -ask, and the shielding ard heat transfer
capabili+ty 1s ac:ordicgly sized for zeriur shipment. I* was therefore of in<erest
to determire the capacity of “he Desalso insert for possitle rare earth shipmezt.
Loading experirents with a small labcratcry colume, using a similatad Purex

Marmon Division, Aeroquip Ccrporaticn (Coroseal)
Navea Produats, Inc., North American Aviation (Natorg)
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-er.m-“inmﬁcle sulfale sclutior az feed, gave a capaxity cf 170,000 zuzies

of rarium-lilk, If tre teriuz is szparated from ks acicrpanying <rivalent flscice-
prcdus* rars earths {as by seroxy-scatate precipitaxicz), the zapacity for zerium
is insreased *o about 5C0Q,000 curies of 2erium-lil. However, Leat trapgfer za:-u-
lations shcow that 170,000 curies ia about ihe maxirum that can Te salely shippad
without boiling oceurrirg in the Decalso. Use of the cociing =cils weuld, ¢?
sourse, ramove this resiriction.

Por purified promethiux ahipment, the indicated capacisy is 670 grams (620,0C0
curies) ard there is no heat disaipatior problem.

Transuranic Recovery-Amarisium Reccvery - The recovery of apericium-2b1 from the
Redox prozessing of highiy rturned plutcrnium fuels was briefly examined. Experiments
were parformed 40 detsrmine wkathear double-sulfate precipitation could %Te ecarriad
cut from the high ANN Redcx waste soluticz and whether americium would carry, as
expected, wi*k the rare eartks. BEigbty-fcur percent recovary of americium (acd b
percent recovery cf serium) was otaired Yy additicr of ar equal volume of & M
Na 0y, tartaric acid in excess tc the iron and chromium, adjusiment %o a pE c*

2.0, and diges%icc at 60 C. Trese conditions are probabiy not opiimum, arnd aven
teiter americium reccrvery is probably possible oo the nasis of further werk.

Cesium Rescvery with Tetraphenyitoron - Work cn cesium recovery was resumasd by
udéertaking a rather externsive survey of the precipitatioc of cesivm by sciiurm
tetrapherylboraon (Naﬁhn). This study extends and supplements earlier work cn ferre-
cyaride carrying apd may have application %o recovery froz alkaline tark superrates
or %¢ ceslium packaging. - It wvas found that excellen* cssium recovery cculd be
ottalred cver a wiis rapge of femperaturss acd digesticrc times, ever *hough res:cvery
iz decreased somewhat at high texperatuzes. The pE was varled frer 1 *c 1I withcus
sigrifisant affect, except for a posaible sligh®t decreasas in cesiuzx rexcvery at pE
1. Most ccommecn anions {chloride, sulfats, ca-borate, thospbate, or tartrazs) kad
virtually nc effect, at least at ccnceptrationms up to cne melar. Sodium nitrite had
nc effect at pH above 4 (ni*rous acid is presumably formed at low pH) whils scdium
nitrate concentrations %o © M apd pE values of 11 %0 13 did not affect cesium
precipitation appreciatbly, and phase separation 2ould te rade equally well -y

elther filtration or ceptrifugation. Omly iron, sver when :omplexed with tartrate,
1s highly deleteriousa.

These experiwenta ipdizate that tatraphenylboron may te an accapiable reagert for
precipitation of cesium from tack farm superna*es, or from cesium c¢rude cuts; Tur
not for zesium precipitation from 2WW.

Ceailum ietrapheanyltorcr, precipitated from an aquecus soluiicon of resium salt, kas
teean converted to dry cesium shioride by reaction with zhlerire gas (2 perceznt Ciz
98 percent Np at 150-200 C). Most of the reacticn products are volatile., The first
sesium product was a “lack, sccty sclid. Treatmert with oxygen igas) at 300 C
removed mest of the cartoraceous matarial, lzaving the falrly 2.zan;, -rystallire
CsCl. The crystal mass was “igtily s*ick 4o the vessel. The bulk :ake de:sity ci
tke rrezipitated zesiur “etrapheryi:crcr was 0.24 g/:c {(dry) cr 0.072 g Cs
Volume reduction by a facscr of 30 cxrxurred during scoversicn to the 32;0‘118, whizx
has a btulk dapsiiy of azcut 2 g Cs/cc. These resuits icditate tha+ ths appiicatico
of the tatrapherylhborcr proiess %o the fil+er zarisier approack ¢ packaging will
_resu_t in exzeseively low package voluzs utiiiza%ticr, the cet packaged dersity Dellg
cnly 2.5 zuries per ubls sectizmetax,
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EQUIPMENT AND MATERIALS

Air Driver Puize Generator Stuly

The aralcg stuly of the dyremizs of <bhz air pulsed Recuplizx H-1 tolumxn was ompiazed
ard the data azalyzed. The study indicated that at 50 cysles per minuve and l-irck
arplitude, air pressures of 12 and 16 psig woculd Te required with l-inch ard 3/a-tzen
pulse legs, resrectively.

Columr operatirg characteristics change as the alr pressure is increased at cozstars
frequencies:

1. Column liquid pressure versus tims surves clLange from a triangulsar Ic a
square wave.

2. Displacement versus time curves change frox a sinusoidal to a2 triapgular wave.

3. Velccity versus time curve charges from a triangular tc a square wave.

LLL W ] L

4. Acceleration versus time curve zhanges from a square wave *o a pericdiz "tlip.

The 20lumn will have a natural frequenzy of between 11 and 12 cycles per minute.

The time required for the liquid %c go from the bottom of the puise leg to less than
two feet abtove the statiz liquid level (whick is maximum wher the exhaust Iize is
opened) is less than ter seconds.

Wrer the cclumn is operating at 60 c¢pm and l-inch amplifude, and the zolumn specificz
gravity is changed from 1.32 to 1.4L, the change in pulse ampli*ude is less *han §
rercent and the shift of liquid positicrn in the pulse leg is less than two irclhes,
indicating stable columr-pulser performance.

Production of Dichromate in Nitric Acid Seclutions

Corrosicn in intercycle and waste concertrators could be reduced sigrificaptly

if the chromium, which enters these soluticrs through corrosior of stairless steel,
could be maintaired in the tervalert state. Studies aimed at a Tetter urnderstandizg
of the ~ondi*icns under which chromium{III) is oxidized to chromium/VI} in these
solutiors were started. Results tc date show that the oxidation is %co slcw fo s

¢f sigrificance in boiling one to eight molar nitric acid and of questicrable sig-
nifizacce in 10 ¥ HNO3. Reduction of chromiwm{VI) in Yofling nitri: acid tv ritrogec
dicxide spargiag is Delng eveluated.

Gaivaris Cerrcsicn Betweern Stairnisss Steel and 1020 Steel in Purex Waste

Samplss of 1020 steel, one cf which was :oupled %c a 304-L stainiess steel sample cf
abcut equal surface area, were exposed to boiling syr<hetic sicred Purex was*=2

'pE 12) for a total of 832 hours. The *est was made to determine if galvaric
corrosion acceleration will oszur when stainless steel vaives were used Ir 1020 s*zel
lines hardli-g this was*s. No galvarisc effests were rcted. The *test is tarminated.

Corrosior in Ni4ri: Acid-Qxalis Acid Systhewrs

Studies on *re ccrreosice of 304-L stainless steel and titarium in nitrie acid-oxall:
acid sys*eme have “een zcmpleted. The data obtained irndizate effective passivation

1 3 :
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of bo*h matarials at citri: acid 2crcentraticns of 0.5 M or greater. The presgec:e cf
riutozium, which was not presexzt iz “hese tests, may aczouni for the sgevers tcrrosiex
of 304-L no%sd in a 234-5 Suiiding corcentrator handling zni<ric acid-oxali:z aci
soluticns. ’

(&1

Failure of Skear Fin Qcvers in a Contiruocus {alzins>

Examination of fractured skear pin covers from a contlaucus UNH caleiner indiate
fatigue to te the cause of the failures. It was recommended that the covers be so
attachad as o minimize flexing, or that tke 2overs be so designed that they o nc<T
contact the bed of caleined U03 during rotation.

PRCCESS CORTRCL IEVELOPMENT
Neutron Multigéication E;Egrime;tation

A plutonium-bteryllium reutron sourze and a neutron detector system has beer installed

. on a %=inch diameter plutonium storage vessel in the Critical Mess Facili%ty. Cali-
mratioz witk water orly has been coxpleted. This vessel will be monitored for
peutror multiplisaticn as solutions contalaing 20 to 300 grams per liter plutcziux
are transferred through it %o a reactor vessel.

C Cclumm Facility and Data Reduaticn

The operation of *the Data Scanring Programmer with the mercury wetited relays bas beer
quite rsliatle and the reproducibility of the rmeasured voliages has markedly improved.

The ircreased rate of data taking (and hence larger amounts of data per Tun) whizk

- wag made possible by “he incorporaticn of the high-speed scarning circuliry has zaused
some problems. The storage capaclty of the Data Reduction Code was exceeded on
accasiocn Yy the data from a run, Tre Code was modified to aczept up %o 120 scans total
per rur of 73 voltages each, whereas formerly only 50O scans were acceptable. Up tc
100 scans on any Ziven port are also acceptabtle. This appears *o be the maximum
amount of data that can be proceased for any given ruc om the 7090 with its 32K
memory.

The Tefloc bellows and pulser cam device of the 1C columm test facllity was replaced
with a Selcl metal bellows and a set of fixed pulser cams desigred to produce puise
smplitudes of 0.65, 0.98 and 1.3 inches in the column. (Previous amplitudes avail-
able were 0.Th, 1.2 and 1.5 inches.) Tests of the new steel Dellows system shcwad
{1) a peculiar resonant effe-t at about 20 cycles per micute wher the 2clumre pulse
amplitude decreased by about 15 percent; this was nct pursued further as it was not
ir a pulsing frequency range normally sncountered; (2) except for the resonant effect
menticred, +the column pulse amplitude increagsed steadily with inecreasipg pulse fre-
quer:y; acd (3} at frequencies greater tharz 120 cycles per minute scme deforml*y

cf the bellows was nosaed.

A series of rucs, which had teer desigred to investigate the long term stabilily
of the columr's measursd variables and to study the effect of sampling ard mid-
column proitometer flushirg “echniques cr shis stability, was completed. The
effezts of variocus flushirg techriques or %he operation of the mid-cclumen phcc-
meter were alsc investigatad,
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REACTCR DEVELOPMENT - Ol FROGRAM

FLUTCNT M RECICLE PRCIRAN

Sa_* Ty~le Process
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Reom Terperaiure Spectrcphoicmesris Stullss - As a pre_uds to specirophotemetri
s+udies 'at tempers-ure,’ mu.ling tachnigues have been emploved To measure atsorp-
tice speztra of frozsco ‘urapium-tearing) melt samples following various high
tempersturz treatments. Muck of *th2 work fo date has bsen scrcerned with devwelcp-
ment of *eshrniques -apatle of yieldlzg quantitatively self-zonsister’ rasults.

An early fard feared) ctservatior is that the specira of some frozez melt samples
zhange with fize of exrosur= %o iaborstory air but do rot thange with *ime if
gtored 1r & lesi:zater. Sicce all melt eamples yet studled have received sczs
exposure t¢ latcratory air wbile rcoling tefore teirg plazed in the Jesizeater,
thiz ipposes scme urcertairty cr all data thus Jar o-taired.

The results to date are irteresting, hcwever; even if accorded only qualitative
sigrificance, I-= the visitle ragion, urariur iz these frozen {NaCl-KCi) melt
samples is responsitle for three closely-spaced abscrptiorn peaks at Lz3, L37 apd
438 mn. The relative ictensities of these “hree peaks can be chacgeé with malt
pre~-treatmernts in & manner which suggests the existence of at least three disting-
ulskavle uracicm species. Apparect molar extinction coefflciezts for urariwn In
these melt samples range froz-S0 tc 100 for the sirongest peak in *the rargs SO0 Tc
460 mz. By ccomparisor, ke compoucnd CszU0.Cly gave an apparect melar axtireticn
zcefficiert (for urapiur) of ca. 16 at 423 zu and U0; yielded ar apparez’ zclar
extinction coeffizient of za. 20 at 430-350 mu. The "water-insoluble" uranium ir
frozer melt samplas appearg-fc T2 a majcr contributor to the stronger abscrpticn
shown by *Lke frozsn sal<% samples. A sazple of this materlal gave an apparenv
melar extinctior oefficient of ca. 120 at 458 .

Parturbazion cf the infrared spectra can likewilse be achieved by differept melt
pre-treatmerts. A mulled sample coriaining some "water-imscluble” uranium{VI}
shows a new peak at 11.6 u in sdditior to the "normal" peaks at 11.0 pu. Witk
mulled soiid CsgUCC1), the peak 1s at 1C.9 p.ﬁhile milled U0y yields a “road dacd
extending frem 10 p to 12 u.

Further study has discloged water "solublility” tc “e a “reachercus apprcach for
achievirg distinction between urazium spscies present i frozern mel® sampies.
The apparent leeser water solukili+y cf a fraction of *he uracium is apparsatly
g measure of diffasrent rates of disscluticrn of different uranium specles; 2as
aspe:z-ed. Apparert "solubility" ir a i:;1 'glyzerol-metharol mixturs may be az
idertical measure, Tui at least it is much lees tire-dependect than iz wa%er
“gclutility." For exarple, & portior of ore salt samp.e assayed 8 percent water
"insoluble" urarcium ir a 10 minute expcsure tc water. However, the alcokol
"irscluria" fracticr was 3% percent after & +wc hour ané afier a 15 hour exposure
to 11 glycerol-matharcl., Thus alzchel "sclutility" may te a reliable empirical
rethed for distirgulsrirg betweer urarium species Iin these zelts,

"

No sutstartial amournt of al.ohel 1zscluc-le zaterial haz yet Teen iscia<ad for swudy.
A sample cf "water irsclutls uraniuz,VI)™ assayed ca. 65 percert urariur. Tzis is
cot & rarticularly irforrmative zuxt:sr tecause it is subject to scme analytizal
unzer+aipty and fi*s wmany potertisl uracium compounds. EHcwever, it does *erd to
rule cut U0y {83 percer® urariuz). '

F"
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tudles o Nall-Mgllo Sysftem - This melt sysuem 2&s Deer selected for expliratory
s*;d; a3 a pc-ﬂ-**a; hige shlcoride activily, icwer-meliirg salz sysher 1:3_&-*73_3

ol sy o

eazily drisd) in whiex there =8y te poasitiii<y Zor gtarilizing pluroniumiIV,.

*
Prelizizary ohservsticrs on the 2leciroderosition of U0; and the bekavior of z2sriuc
ineivde the followiog:

1. The oxygen/uranium stio of "UE deposits has remairned copsisiently Zelcw
2.01 apd has on ccgasion been as low as 2.001.

2. Even wiih a 2on-oxygen-bearing aimcsphere {helium), 90 percent cf “he uranium
cac te deposited as U0z a%t temperatures telow 600 C. This {mplies a lasser
rats of conversion of the wranivm(VI) species to uranium(IV)} via reaction .
with tke graphite anode trap is the customary case with NaCl-RKGo melis a4
higher temperature,

3. Thes T0; depoaiis octaired to date have tended toward "needle" type depczi®s
Qr tha "Christmas tree" deposit.

4. Deposiis at low temperaturs ard low uranium ccnceziration show goer albarcrce
to tke catbode.

5. Magnesium contamination in the U0z 1s in tke range of 56 ppm.

6., GCerlum shows a s+rong terdency tc follow Uﬁ_ ever under "partiticn depositicn”
conditlions.

Decontamizaticn facters observed for cerium were 3.3 at 565 C and 10 at A3 C. 3y
contrast, "parsiiion” depositions in NaCl-KO1 at 750 C yieid cerium decon=amiraticr
factors cf tha ordar af 200.

Studies of U0, Electrodeposition ir NaCl-KCl Systems - Experigents have Yeen
initiatad in an 'H' cell in which the atmospheres over arode acd cathode comparswents
can be indaperdently varied. In electrolyses using helium as the cathode atmosphere
and dry air as the anode atxmosphere (to fagiitate re-oxidation of urarium!IV)

formed Ty reactice with the graphite ancde), tha oxygen/urarium ratio ir =hs ‘e#osit
has razged frem 2.GOL 4o 2.005. The fractiocn of the total cathode ursniur pressn

as uracium{VI} has ranged from 60 percent to 93 percert, vize 88 tc 95 perzent :*

thes ancde compartmernt, Differences in uranium uoncen.raticns in anode arnd catkede
zompartoents have likewise been observed; in cce inatapncs the fira® concernst—sticz

iz the catkcde compartment wae twice that present in the ancde coxpartmenc.

Chroncpotenticmetric studies continue +¢ testify 4o complex uranium ckemistrs iz ks
NaCl-KC1 systam. Most of this effort 4o date has zopcertrated on mel%s prepared

Yy dissclving U10g into mcliten NaCl-KC1l wish hydrogen chioride gas. I* may be
recalled *that early specirovhciometric studies of this system yielded a spe-srum
whick sould ncs be synthesized frecm kaowr urarium{IV) and urapium{VI) spectra and
was speculatively ascribed %o uracium(V).

* A nctatica suggested by J.J. Katz, ir whizh the rzop-stcichicmetri: rature
of %kils sysftez is symbolized by a tar over <he (iraccurate) chemizal
form:laticz.
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The shrorcposerticmetris results are in qualltatlve agrazemert with thiz hypothesiz.
Dizscluticzn of U:Ds irte Nall-KCX wish hyZrcger 2hloride yiells dnitially a gres:
solutier whizk tlres yallow oz further HCL “reaimezt ard ox prolonged Z01 frzatzans
again tecomes green. TIreaitment wiirk air will :hazge any of these melts *c a Trown
scluticr, To date 2khropcpeterticgrars have tesz otlalred only cr the vellcw scluilcrs
and green sclu=icns resuitizg after proilcrpged “reatmszt with BCL. The JTizal greoan
melts show 2urves correspording te the uranfum IV)/uracium{III) reducizcr whil: <
yellow solutic=s shov ke uranium{IV)/uraciuwm{III) redusztior arzd “he U0,*7/U0,.S,
redusticr as well. The amouzts of uranium(ZV) and uranium({VI) present in trs firal
soluticr appear ¢ be in accord witk the 2 VI,/IU(IV) ratio expested for U10g.

The observed -olor charges tcgether with the fact that an elgnt-fell reducticr in
+otal uraniuvm cepzentraticrn allowed 4he initial greea solutlen to persist lorger
suggests the possidility of initial dissclution to urazium(V) whizh sutsequansly
dispreportionates o uranium!{IV) and {VIi.

Growtt of U0- bty BElectrodepositicn Cut of Nall-KCl1 - Purther stuiiss revesl <hat
denge; self-gupporting polysrystalline UC, zompacts can be growe unidsr s wide range
of corditions and at rapid rates. Sucttress in preparivg such depesits bas Teen
achleved urder *he followlng conditiccs:

1. Sparge gas - dry air (b0-60 perzsrct) pius dry HCL {50-40 persern*, cr iry
a1r {20-60 percert) plus dry chlorice (80-40 percent).

2. Initial melt vranium - 5 to 10 weigh® perzent,
3. Temperature 650 to 750 C.
L. Ca*hode potential {vs. Ag/l molal AgCl referenze cell) - -0.5 tc -1.% woi=z,

Rapicé depositicon of UUE by such conditicns yilelds & rough surfaced deposit. XHeowever,
chargirg tha mel% atmosphere %o nearly pure HCL or Clp allows a smooth; polished
surfaze *c te produced.

Growth of U0z by Electrodepositicn Out of KC1-P=Clp - Elettrodepositica of (o7

at 510 C cus of 3 XC1-PrClp made initially 25 w/o urazium under & kaiilum a*tmosphsers
and at som%rclled cathode potentials Pixed at 0, -0.2, -0.4 apd -C.5 vol<s [relative
TS a8 Ag/l roial AZCl reference cell) preiuced the following scmswrei mysTerious
conpariscrs:

. TTp deposits were virtually ider*lcal when made at -0.2 or -0.6 welits ari
were dis*inztly differert from +r: ore zmade at 0.k vel%s. Tre -0.2 azi -0.5
velt deposiie were made up of »utec with "reughkened” 100 faces; rc exierral
110 cr 111 TFaces were apparent. Approxizately 55 percent ¢f these depesits
was +1C mesh., The oXygen/urarium ratics were virtually fdertizal, 2.009 arnd
2.008. ™ lead czortert was 5C ppm for the -0,2 volt deposit azd 100 rrc
fcr +he -0.%5 wolt 2eposit.

2. The -0.4 volt deposit was sufficiently coherent to allow ssctlcning. It was
fourd +o0 2crnsist of a desmse poly:rystallire 2cre adjazert to the graphits
eleztrcde surrourded tv ar anpular ares of high voil zertent :apparertiy
caused by ceedle-like growth) in *urn surrourded “y large, derxss grairs, scme
of which weighed as muzk as 1.4 grams. Over 80 perzert of this depcsis was
+10 mesh and lead ard potassium ~cniamizaticn levels were cnly SC and 100 ppm,
respectively.
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3. The O volt depcsit haé a higher oxygen/urazium ratic (2.034) ard wes depidrisic
in ~hgraster, =he derdrites “eizg cutes stacked corrzer to rorzar,

te apparertly, other variaklas in addiiion to ‘e cathode potential =re operalls
in theme compariscaz. A partizularly szcouragicg f2ature, however, iz the _cwsr
l=ad ~cn*amipation levels ctaerved in *hese deposits, which ares *en-foid lower <har
in mary previous experirents. ' )

Pission Produpt Behavier in Molten NaCl-KCX - The use of pyrophcsphate as a pracipi-
Tant fOT raTe earth elements was studied further. A solution containirg 0.5 w/c
each of ite representative elemerts Nd, Sm, Zr, Mc. Ag and Ru was pregared oy dis-
solutice of RdzO,, SmQOQ, 2r0p, McO3, AgCl, and KRuOj inte molten NaCl-RKCl with dry
HBCl. Excess Nsh no wad then added to the melt. Aralyses {ty X-ray fluores*e::si
of filiered melt samp;es before and after additicn of the NapPo0, showed “hat
rolybtdenum was apparertly completely sublimed out of the melt by the ECL treawmez?,
gilver (whish ioes not form ac insoluble ryrophosphate in KaCl-KCl) was ro¥ arried
on the precipitate, and decortamiratioc factors as follows were achieved for those
elements presipitated: .

Decontamination
Elament “OT
R& 67
Sm a1
Zr 50
Ru =500

Uranyl pyrophcspbate has crzly a limited sclubility (3.6 mg U/g NaCl-KC1l} sc +hia
direct scavengirg tackzique zould be scrnvenientily applied caly to fiasicn proiuss
bearing melts containing nc uranium. Ic the presecce &f uracium it is pessizles <o
employ fU02,2P207 as the precipitant.

This laiter techrique was tested by “atoh equilibratirg a NaCl-KC1 melt -crmialring
Q.5 w/o each of Nd, Sm, Ru acd Zr with a sclid rhase ccnsisting of (U0n)=P207
supported on 60 mesh Al 2049. Eqn*libratian of 30 grams of salt witk 33 grams c?
Alz0, - {UOQ)QPQOT (ccntaining 21,1 w/o (UOg)zPp07) produced decoazamimaticn faszors
as fol.ow3°

Decontaminatice
Element Factor
Hd 67
Sm 130
Zr 26
Ru =500

He ting Points cf Termary Sai® Mixtures Containing UOzClp - The effezt of dissc.ved
UOQClQ on the liquidus terperasurss of KC1-PvClps acd NaCl-MgCls or KCiL-MgCl, sysTems
has besn studisd Ty differential thermal analysis.

Addition of UCxCli, *o KC1-P=Cl; systems ylelds a marked dep“essicn iz tke Ziguilus
temperaiure, as shown Tty the fol_cwing tatulation:
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Liquicdus Texpsraturz at Indizated

Mcle Raiic w/c TCIiz (°C:
K/Ft o~ o _® 3¢ 3¢ 18
0.89 L1z
2 538 L72 Ll 388
2.5 583 564 L78  L15 367
3 63¢c 598 sShz w3z L1O 355

Additicr of L02p¢2 “o a NaCl-KCl-MgCl, of 0.67% la:0.395 K:1 Mg compositican izzreased
the liquidus *=mperature from 395 C 6 LO% C at 10 w/o, 42 ¢ at 20 w/c, ard 44§ C

at 30 w/o U0s0ls. The liquidus “erperature for a 1.5 KC1-1 MgCl, melt sas between
LEQ C apd 456 § over the entire range 6 w/o U0.Cis to 20 w/o bOzcl»,

Engizeering Develspmsnt - Aralyses of the 20 pourd electrcliy=iz U0y precduced frem a
FoCilgs-2.5 KO salt tath in the rur reperted last meoth are 300 ppm C, 2C0 ppr K;
1000 ppm Fo; and an oxygen-to-uranium ratio cf 2.015. ¥Visual cbservatico of whi-a
FXCl, iz the iaterstices of tbe deposit, even after thorcugh waskirg, indicates tke
necessity for washing of the UC, after firal particie size reducticn. Additicmal
analysis will te sesured afiter suck mechaniecal treaiment.

Ar electrclysis was car*ied out with a 1-1/2 inck D graphiite cathode and a S-irch
I.D. anrular apcde. A 23.5 1b. UOp deposit 1.8 cx thick was obtained durizg & L§
hour electrclysis. Characteristics of %the derosit were similar to *hose of ke
previous run. :

Cremical Decladding - The pilot plant reactor for ckemical decladding ard/cr oxida-
tive fuel core removal was compieted. A srtakedown rur was made using a 1:1 mixturs
of :klorine and nitrcgen gas to remcve oxidized Zircaloy cisdding frem a 3-feeot

section of & 1/2 inch dZameter FRTR fuel rod. Tiz run was stopred in less *zac 30
minutes btecause of pluggirg of the off-gas line with 2rCl) . Approximataly 1/3 165
grams ) of *he claddirg was ramoved in this sbcrt pericd wh le cperatirg at a *ctal

gas flow of four litars/minute and temperaturs Tetweer 425 and 575 C.

The piiot unit equipwernt was modified after the shakedcwn run “o ilacorporats a zgas
prehester and a larger, better insulated off-gas line. The reactor tute size was
alsc irsreased from a oce-inch to a 2-izck pipe tc previde for the freatmert «of
saven rod siusters.

Oxidative Cocre Remcval - Twe cxidative zore remcvals were sttexzpied irn the moaifizi

rilot plert reazter. Toe o=jeztive was uc cperate at g temperature and gas flcw

ra*e whi.n would spli+ <he ¢laddipg arl *rus previde uriforrm removal cf the ccore as
Uz0g frem loug fuel pics. In the first run, a j6 in 2h lerg, 0.S-inck diameter fusl

p:n with “we rows of C.125-irzh heles diaw=Trically oppoqed an spazed cre I1r:-
ATETT was expesel t0 air at temperatures rangirg from 423 C "5 C. Tee :Laziizz
showed tulgirg but dild ot split, and very 1ittls UiCy was rszeved. To the sezxcnd

run, a Zz-irzkh leng fuel pin, prepared in the same mMarrzer az +the firs®:, was sxposed
*c oxyger. at 60C C for four kours. Seme oxifatior czsurrsd and tke :laddira »ulgsd
arcund tke drilled bhcles. Tke red was *then cxidized for apcther kour at 720 €.

The zlaldirng split ir %hree plaies proviiing .crnaliergtle arza for at*azk acd
iedizating The reed for higher oreratirg <smperazure ir Dntuive rirs.
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~==DECUSSIAED .

ser Cortrol of Electrode Potential in a Salt Batk - A control system for
regulating “he volitage at high Jurrents between a cathode and reference 2lactrcde
in a mol*en sali “ath wvas designed and tested. The key components cf the contrel
system are a pE meter amplifier and a Brown Recorder with a proporticring resisicr.

The system works well on conirolling the cathode to ancde volilage. However, the
ccntrol of poteantial hetween sathode and reference electrode is unreertair at this
time due tc a faulty reference electrode which appears to introduce a %ime -~onstant
in the process in excess of the maximim necessary for adequate conircl. Tests
with a "good” referencze elsctrode are necessary before final evaluation of the
control system z2an be made, and corrective actions taken if neceasary. -

Ion Excgggge Contactor Development

Continuing sxperiments with the resin pump as & prime mover iz a resin zoiumn confirm
its utili+y for transperting resic slurry. The valves perform well in thin tc
relatively dense resin slurries. The resin flow cancot be maintained, however,

when a countercurrent feed is pumped against it in a b-ineh columm at a rate of 300
mls par minute. This is attributed in part to the short path lengih of the sliip
wvater - from the pulser chamber %0 the effluent outlet directly beneath 1it.

In an attempt to provide additional force for resin movement, the pump has Seen
altered to producs a push-pull action under constant volume conditiccs. This has
been accomplished by adding a second pulser operating 180 degrees out of the phase
with the first. A ball check valve is placed akove, between and below the rulssr
chambers. Resin (20-40 mesh) movement in a non-flowing liquid system is superior %o
the single bellows pulser, averaging about 80 percent of the zominal displazezent of
the bellows under pulsing comnditioms varying from one to two inches in ampli+tude
(200 to 400 mls) and frequencies from two to six cycles per minute. Slip water
appears negligi%le. The pressure in the pulser lines varied between 5-3/L to 8-1/2

psig.

Several attempts to pump a process siream against the resln in the new unit gave
negative results similar to those described akbove for the single bellows unit. It
is thus concluded that the resin nitric acid slurry carnot be treated as a homo-
geneous liquid for pumping purpeses. Howaver, prelimipary tests irzdicate that
similtanecus liquid-resin countercurrent fiow is obdbtainable in the "C" column,
whizh is six feet farther fromw the pulser chamber than the "A" colurn. This obser-
vation implies that an improvemsnt in "A" 2olumn performance ray e attairsd by
selecting a different location for the pulser. Simple mcdifisaticns to the presen=
apparatus will permit testing of this hypothesis.

Fission Yield Determinations

Rine irradiated Pu-239 samples were analyzed for a total of over 36 fission preducts
in corder %o perfect analytical techniques and %o verily flssicn yislds from irradi-
ations with the meutron flux conditicns chbtaired in the Hanford reactors. Upexn
completion of final ccunting and calculation fission yleld determiratices on Pu-2L0
will te started. Data from these studies will be valuable ir connecticr witk the
high exposure plutonium work expested at the FRTR.

-’
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RADICACTIVE RESIDUE FIXATICN

Mirargl Raacticza

Labora*ory irvestigaticas were contirued for comparing cesium adsorpiions =y varicus
catural arl syntrietic ion exobange materials. Equilibrium experimer’s wi%th a
phercliz resiz n 6 M scdium gystems gave cesium dZatributicn wcefficleris that
igereassd liaearly Witk the logarithr of +he OH™ concentration. The resir was alsc
studied tc determine the effect of salt concentration on the zesium capacity of

the excharger. No significant differerze in cesium capacity was cttalned for 5 ¥,

z M, ard C.5 M scdium ritrate soluticns Traced with Cs-137 ard passed at a urifor—
flow rate “brough resin solumns., A rather pronounced influenze of dilutiorn on the
zapasity of sliroptilolite previcusly chserved 1s now aszeriTed ic ths rap*i Plcw
raves used in the earliar experiments.

A comparisor of columm experimerts with bat:h-type eqpil*brium experiments, whiczh
are relativaly cheap in low-salt systems, skowed +that *the Tatck-type may e used
tc eatimate +tke adscrpticn capacity of cacdidate *olumn zaterials. For eack
gaterial +ested - syrthetic zeclite, a sulfonated polysiyrene resin, and clinop-
tilolite - the zesium adsorptlon capacity as calceulated from batch equi;.brium
distriutior measurements agreed with previously obtaired cclumn expsrimaris.

Ruthenium Tetroxide Studles

Two tase-line runs were made to determine +le extert of atsorptiocn of rutkenium
tetroxide on gilica gel under conditions such that negligftls decompositicr ¢f

the tetroxide cccurs., A stream of air was passed over mixked solld azd l:iguid
Ru0,, tren through a small silisa gel bed {l-izck diameter Ly 2-1/2 inches high),
and iztc a trap coctaining hydroxylamire hydrochioride [in & M hydroehleriz azid).’
Excellent 1thenium remo wag obzarved with rutherium decontaminaticn faziors

of 2.5 x 10% ard %.9 x 10*. The ruthenium was absorbed irn a tight colored tand
with a sharp demarkation line betweer the saturated ard unused silica gel.

BIOLOGY AND MEDICINE - 06 PROGRAM

3eolcgy ari Eydrology

Gravel Trailrs Complirate Grournd Water Flcw - Toe poterntial of highly zcmpisx fuow
patterrs of ground waters within tha lower part of the Rirgeld fermaticn was again
erphasized. Stratligraphi: studies between Richlard and Columbia River mile 3L8
{gite c¢f the proposed dam) dilsclosed that *he so-called "Slue ~layz2" or lower teds
cf tke Rirgoid formatica are irterlacsd with axtensive gravel *rairs that zongtitute
a major part ¢f the lcwer Ringeld formaticr and that represent cld mal- stream
Colum*ia River courszes. .Those gravels ars distinet frex The facglicrerate that
was eariisr reported and tbat lieg on basals Terneath the "blue slay” bteds.} Su:zk
gravel trairzs ncw are recognized thrcughcut the ertire stratigrarhic sectlor ard
+hroughcut most of the Pasco Basir. Previcusly they were reccgrnized only lozally,
betk areally and ic that sectica.

Tte grarel *traizs are tordered vy =il%g ari 2lays, rep-esentirg quiet water deposits
at *the ma“gﬁns of *he stream. Thus, tke sgilt aznd zlay beds are not so zoroticuous
or -orfizirg as if they were Zske rather than river or floodplain deposiis.
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The gignifizazce of the gravel trains is wwe-feld: (1) if vastes move to ard as
depth in thrse gravel aquifers, their 2low raths may diverge appreciatly frer <hose
i» cther aquifs s, deperiirg ~n ths hydrclegi: zcnéditicrs ard criemzatics of t:a
gravel *rain, awvd (2) comstructicn of a dam at river mile 348 will affect zrcourd
water flow in the deerer as well as shallower aquifers. . Delinsation of t,es= gravel-
filled old rirver sourses is amiran=ir degiratie 1f the Thres-divspsicral vat+arz cf
flow of grcund waters is tc be detsrmined.

Couverting Randomiy-Spaced Field Data o Grid Spac - The problem of salaulasicg
grid point valuea frop ran v distriluted geologic and hydrologic data was studi=d
further 4o obtalzn a asatisfactory techmique. The two me+thceds tested were ar appli-
catlon of Terebyshaff polynomials acd the Forsythe metbod for gererating orthogemal
Felyvczials from randem data. At the present tlme the latter mmthod ~can be usad
only for ons-dimensional inzerpolation, but a method for applieaticn <o twe-
dimspsional systems is deing scught. DBoth methods gave reasonmatly good resulss 1z
~ompar_ao" test applizaiions to cne-dimsnslorpal protlsms.

Definiticn cf Basalt RQIief Naar Reactcrs - Several burisd basalt ridges ars ncw
kncwn iz tte region between the Gacle Sutte-Gable Mountain antisline azd Saddle
Mountain. Previcusly the arsa was believed %o represent cre extensive synzlins;
with the low polint more tham 200 feet below sea lavel. Recect well 3Ari1lling da*ta
acd the results of an airborme magnetometer survey by %he U.S. Geolcogizal Survey
provided cew irformaticn. The lowest dsprsssiocn in the tasalt surface is now
recogrized to te a relatively narrow trench just porth of and parallel to the latls
Mcuntain anticline. The depressior Tottoms more thar 00 fest Leliow sea level, At
leaeg® thrae tasal’ rildges ars lczated iz the area Testwaer jatls Mourntaln ard *he
Columbia River; the moat pronounced =idge lies teneath 10C-N Area and trerds souih-
eagtward to pass beneath 100-F Area. The tasalt relief iz 2losgely ratohed o7 tha
relief of the surface of the Rirgold forgmation %o support furiler the 4heorv “ha*
tke two formaticns are deforamed concurrentliy. '

Vertical Well Currents - Develorment was completed for tke orifice-dlaphragm me“er.
Tt stands ready %o give accurats values of verticai surrents in wells tc kelp
egtatilsh ground water pressurs in general. In fact, partly for testing the meter,
it wvas used to measure currenta ir 22 project wells, including some vhose water
level bad fluctuated witk atmeoapheris presgsure, The ﬂur'-nds ipoidently, were
gererally stakle, ge=srally dowrward, acd less thac 200 »:/mic.

Temperatures in Wells - A ‘emperature-gensicg thermis%or prche and related :irouisry
were dessigred for =measuring temperature gradients in wells. Temperature profilszs
iz wells zay telp diffsrensiate varicus aquifers ard skoew the 2ourse of therusily

%< water dispcsed toc crids.

Scl Chezistrz ard Geochemisﬁ;z

A latoratcry investligaticen of sircoitium adsorpiicn by four rcatural and syTinatis
zzolites was conitlrusd. The faciorial desigr of the experirsn<s was revised *o ic-
zilude higher zalziur and peotassium 2orncantration levels, Tkz five iniepe:ien
variatles studied were: Residence “ime (IX and 5X), sodiur congcact-aticn zerc,

and 1.0 X), sal:ium consentratich izerc, azl C.2 N), and po=assiuz lOnieztraTticn
{zero, and C.CCL N). At the 35 perzert t corfidepce level +he effest <c=alz for
~clurr, resilence Sime acd scdium *once:tratic: were sigoifizapt and will Te stulisd

furtber. I adiiticz, effez+ ¢f zaloium crcertration will, e irzluded tesause cf

its comrcr ccourrerce in wastes ard patural waters. No fur+ther study of the effer+
ot potageiur or sirepiiuc zoncertratice is placred.
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Lew Backgrourd Bets Gamma Coincidence Ccuntiag

A low background Yeta gamma coincidence courtirg system was developed by usicg a
plastic scintillation beta detector in a well of a filve-inch sedium icdide gamma
seintillation detector, and both in a large plastic anticoincidence shield {the
Corptor caancelling spectrometer). For the weak beta emitier, Co-60, a background
reduction greater than a factor of 150 was obtaimed with only a 30 percent loss ia
efficiency over regular gamma ¢ounting. This will provide a very sensitive
detector for heta gamma emitting nuclides.

Hadloactive Noble Gas Detector

A detector was developed for beta counting radicactive noble gas samples without
introdueing them into the counting tube itself. By this method no purification

of the noble gases 18 needed from other gases which would interfere with the
ccunting process. The detector comslats of a central rectangular chamber for
holding the gas sample which 1s isolated by means of thin mylar films from four
hemispherical proportional counting chambers electronicelly connected. Evacuation
and £illing of the sample chamher and the counting tubes are done simultaneously
to avoid rupturing the films. The detector has an efficiency of about 5G percent
and a background of less than ten ccunts per minute when used in an anticoincidercs
guard ring shield.

Trace Elements in Columbia River Water

Samples of water from the Columbia River and its major tributaries are heing analyzed
to determine the concentrations of the trace elements responsible for the radio-
isotopes formed when this water is used %o cool the Banford reactors. Changes in
these concentrations with time and season will be measured as a guide for investi-
gations designed to reduce the radloilsotopes formed. Because of the low concentrations
observed activation apalysis techniques are being used for the analysis.

Jo. il fleen

Acting Macager
Chemical Research and Development
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CRGANTZATION AND PERSONNEL

Dr. Pierre F. Nizza of S.H.A.R.P., France, visited Biology facilities for two
weeks, discussing research, observing methods and technigues, and reviewing
administrative procedures.

TECHNICAL ACTIVITIES

FISSIONABLE MATERIALS - 02 PROGRAM

Effect of Reactor Effluent on Aquatic Organisms

The effluent monitoring at the 1706-KE laboratory with the exposure of young
salmon to dilute untreated effluent and to 1like concentrations of effluent
passed through a bed of alumirmm turnings was terminated on May 18, 1961,

The fish had reached the stage of development where they normally undertake

the migration to the ocean. As expected, fish exposed to 8 per cent effluent
concentrations suffered marked increased mortality, while the L per cent
strength resulted in slightly increased death. Although rigorous statistical
tests have not as yet been applied, a cursory examination of the data indicates
that the presence of the alumimum made the effluent slightly more texic.

Hydraulic Test Flume

The construction of the hydraulic test flume for testing the locomotive
performance of fish was started in mid-May by Minor Construction.

C. columnaris

Tests 1o evaluate virulence of different strains of columnaris and sensitivity
of different strains of fish are continuing. The first sampling of fish from
the MeNary Spawning Channel showed no incidence of celummaris smeong 28 fish
sampled from water which was S1 F.

Three of the most virulent strains of columnaris and two of the least virulent
strains were tested for their haploid or diploid status by means of sensitivity
to X rays. The three virulent strains appear to be diploid whereas the two
nen-virulent strains appear to be haploid., This observation appears to be
extremely important and necessitates a thorough check to be sure that the

two groups are really both.C. columnaris.

Population Dynamics - Waterfowl

The Canada goose population resident within the Hanford Reservation completed
its most successful nesting season since comprehensive studies began in 1953.
Approximately 110C goslings were produced, representing a 25 per cent increase
over last year. This resulted principally from an increase in succassful
nests from 70 per cent last year to 85 per cent in 1$61. Fertility of adults
averaged 97 per cent, compared to an eight-year average of 98 per cent.

UNCLASSIFIED
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Nesting colonies of California and ring-billed gulls at Coyote Rapids and
Ringold were censused., Total nesis at these locations were approximately
1200 and 1400, respectively. There was a significant difference between
colonies in average clutch size: 2,6 at Coyote Rapids, 1.8 at Ringold. The
two colonies will produce approximately 5700 young gulls this seascn, with
12 per cent and 35 per cent, respectively, of the hatching completed,

BIOLOGY AND MEDICINE - 06 PROGRAM
METABOLISM, TOXICITY, AND TRANSFER OF RAUICACTIVE MATERTALS

Deuterium

Yeast gells were cultured in synthetic media contalning 0, 50, and 99

per cent Do0., Cells in O and 50 per cent D20 grew nearly equally well with

a slightly longer lag period in the cultures with deuterinm. With 99 per cemt
Do0 the lag period extended through twenty-eight hours and once growth started,
the growth rate was only about half that in the controel cultures.

- Uptake of all substances studied was depressed in cells grown in
99 per cent D0, The reduction was, however, not uniform for all substances.
Potassium uptake was reduced about 5C per cent, glucose uptake about &0 per cent,
and phosphate uptake about 92 per cent as compared with controls. It appears
that membrane permeability is affected by D0 and this may be the result of
the dependence of the membrane potential on potassium and hydrogen ions,

Strontlum and Caleium

In an attempt to determine whether the site of action of dinitrophenol (DNP)
is in the shoots or in the rocts, rates of transpiration and calcium and DNP
accumlation were determined in plants with roots killed by beiling or
freezing., The mathod of killing had & profound effect upon the results
obtained when the roots of the treated plants were placed in solutions .
containing DNP and calcium lons. Transpiration was reduced by zbout 50 per cent
in plants with boiled roots and by about 75 per cent in those with frozen
killed roots. DNP caused no further reduction in transpiration. In both sets
of killed roots, the DNP content was markedly reduced and there was nc
accumulation of DNP in the shoots. On the other hand there was an eight-fold
inerease in the accumulationm of calcium in the shoots of plants with boiled
roots and a three-fold increase in uptake in plants with frozen roots. At
the moment it is not clear why a dead root iz not merely a dead root, '

A porometer was prepared and attached to a barley leaf to measure the air flow
through the leaf., Changes in this air flow are assumed to be due to changes

in the stomatal openings. When DNP was added to the root environment, the air
flow ceased within forty-five mimutes. A similar closure of the siomatal
openings was obtained by cutting the leaf either in air cor under water. Altnough
stomatal closure is induced by DNP, it is not clear whether this closure is due
to a direct action of the inhibitor on the stomata or to a change in the ease of
water movement through the roots causing a water defiecit in the shoot.

UNCLASSIFIZD
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Previous work has shown a rapid equilibration of calcium and strontium between
the inner wood portion of bean stems and the outer phloem of the stems., .To
determine whether this equilibration was caused by lateral movements between
these tissues or to vertical transport, a plastic film was inserted between the
wood and the bark tissues in the stem. Some strontium movement was noted both in
an upward directicn and in a downward direction in the phloem tissue. Upward
movement was extremely rapld in wood but very slow {less than 1 cm per day) in
the bark or phloem tissue., Data on calcium uptake are not yet available,

The tentative results of a series of tesis to study the distribution of Sr9O-Y90
in yearling trout after a single oral administration of 1.3 mc per fish showed
that the body burden was about 19 per cent of the given dose at seven dgys af ter
feeding., The maximum concentration observed in the blood was 1.8 x 107 pe/ml
at 8 hours: The force-fed isotope 1is transported through the gastrointestinal
tract within 24 to L8 hours. On the average the concentration of isoctope
observed in the hind-gut increases sharply to a maximm of about 4O per cent

of dose at 2l hours and decreased rapidly to less than 0.2 per cent of dose at
the end of 48 hours, .

Five miniature swine that have been on the 25 uc/day level of Sr90 during

their entire 19-gonth lifeti?e together with five contro% swine were intravenously
injected with Fe’?Cl, and Cr°l-tagged red cells. The Fe?? was cleared very rapidly
from the plasma of all animals; however, the rate of clearance was more rapid in
the animals exposed to Sr’C. Consistent with this finding was the cbservation that
the uptake of Fe59 by the erythrocytes of the SpJ0 group was also more rapid.
{Caleculations of red-cell survival as determined from Cr l—tagging will require a
longer period of study.)

If these initial observations on differences in the rates of Fe59 loss in plasma
and uptake by erythrocytes are confirmed in future studies, this method will have
proved to be a sensitive indicator of damage following administration of a bone-
seeking isotcpe. (To our knowledge, this test has never been applied in animals
administered bone-seeking radionuclides.)

(Preparations are being made to begin the next phase of the study on the binding of
strontium and calecium in blood. In the planned studies we will attempt fo verify

the earlier observations regarding the presence of non-exchangeable calcium in

the blood of sheep, extend the studies toc other species and begin studies on the
effect of non-exchangeable calcium on strontium=-calcium diserimination and the caldéium
regulatory processes).

Indine

The study of the uptake and retention of 131 4 the thyroids of newborn and week-
old lambs was completed. As stated in April, the preliminary results indicated

a very rapid equilibrium between I3l in the bleood and thyroid of the lambs, and
the low clearance of I3l for endogenous excretion. (Sinee these lambs were from
ewes receiving a diet containing marginal amounts of stable iodine, it may be of
interest to study the effects of increased stable iodine on the bléod—thyroid
relationships and the endogenous excretion of I131, It would also be of interest to
repeat these studies in older animals.) '
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Plutonium

Further studies with the new chelating agent (2-(B-amincethoxy) ¢yclohexylamine -
N,N,N' N', tetrsacetic acid) indicate that it is only about one-half as effective

as DTPA in promoting the excretion of plutonium injected into rats 18 days pricr

to treatment with the chelate. It iz also less effective than DTPA when administered
orally (6 mM/kg) one hour after intravencus injection of plutonium. It is, however,
significantly effective via the oral route causing the excretion of some LS per cent
of the injected plutonium compared to about 50 per cent excretion in the DTPA treated
animals and about 10 per cent excretion in untreated comtrols. It is of interest
that the new agent, like another cyclohexylamine derivative previously tested, was
more effective than DTPA in promoting excretion via the fecas.

Radicactive Particles

Twenty-two dogs exposed to Pu23902 in October 1959 were given a periodic examination.
Chest I rays show no obvious changes, although respiratory rates of a mumber of the
dogs are high. Blood lymphocyte levels are below the normal range in all dogs.
Electreocardiograms are being added to the routine examination of the plutoniume-treated
dogs since there is indication of a shift in the electrical axis of the heart in
several dogs. Three dogs were exposed to PuZ390, aerosols to continue studies of

the effect of particle size on retention and translocation. ‘

Preparatinris are nearly complete for c¢esinm inhalation studies on rats.

Results of inhalation studies on rats with dust containing Np237 are complete, At
three weeks after exposure lungs contained about 2 per cent of the total NpEJ
deposited. During this period about 2 per cent was excreted in urine and 95 per cemnt
in the feces. In 30=day toxicity tests on B0 rats, only tiree deaths occurred.

These occurred at the highest dose level, 200 picocuries (or 1 mg total dust)
depesited in the lung. There was evidence of possible kidney damage. These

effects were probably due to chemical toxieity of such materials as uranium, a

major constituent of the dust, and not due to radiation from Np237.

Transfer of Radiom_:.clides to Milk

In order to determine the ratic of radicmiclides in the blood and milk and also the
per cent of the administered dose in the milk, two ewes in late.gestation and early
" lactation were administered a combination of radiomiclides daily by the oral route.
Both ewes received 200 pe Csl37, 25 pe I131, ard 125 pe Sr¥0; and one received, in
addition, 100 ue P32, ‘A total of 26 samples each of blood and milk from each ewe
was collectad over a 2l-day period, The quantity of milk produced in a 2L-hour
period was also determined. -

The milk to bloed fatio of each 35 the radiorémclides after t&r;e days of cral
administration is as follows: P7¢ - ~45; Pl -8 1o 35; Cst7' - 10 to 20. There
was conslderable variation between animals, days, and time of day the sample was
cbtained. '
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Gastrointestinal Irradiation Injury

Interpretation of the pathological findings on rats kept for duration of life
following daily ingestion of 100 or 500 pc Y70 for a sixty-day period, have

been completed. A tumor arising in the intestinal tract was observed in only

one out of oneehundred rats exposed in this manner. There were numerous necplasms
dbserved in the oral and uterine regions. There were, in addition, a number of
corneal lesions indicating that radiation exposure to the head and mouth was of
major consequence in this study. Absence of long-term effects in the intestine
itself i3 noteworthy especially in view of the tumorgenic effects in organs exposed
%o radiations which originated within the lumen of the intestine. In man such
exposures of adjacent organs should be much less significant in view of the
comparative geometries involved. These results are not in accord with some
limited previous studies and a careful interpretation and probably mere

extensive studies will be required. '

Fish Eggs as Biop=Dosimeters

The parameters necessary for fabrication of a life support system for salmon
and/or trout eggs have been defined. It was necessary to take into consideration
oxygen consumption, critical oxygen tension, temperature, pH, volume, carbon
dioxide toxicity, mineral metabolism, heat production and other factors.

Flant Ecology

Studies are in progress to detemmine envirommental criteria for three of the
dominant plant communities (bitterbrush, sagebrush, and greasewood) of the
Haford Reservation. Soil moisture determinations, which have been made
routinely since mid-January indicated that soll moisture penetration during

the 1960-61 growing season was deepest’in the bitterbrush scil (2.8 meters),
shallowest in the sagebrush soil {C.9 meters) ard intermediate in the greasewcod
soil (1.4 meters).

Project Chariot

Flans and arrangements for the 1561 Project Chariot field program were completed.
Analyses were in progress on the 5r?0 content in samples collected during the
summer of 1560 and in samples of caribou cbtained during the past winter.

Manzger
BTOLOGY LARORATCRY

JA Kornberg:es
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C. Lectures
a. Papers Presented at Meetings

W.. J. Bair, "Radiation syndrome and mortality in dogs after inhalatiocn of
pu23902,n Radiation Research Meeting, Washington, D.C., May 15, 1¢61.

M. F. Sullivan, "The influence of I-irradiaticn or nitrogen mustard
administration on sugar abserption," May 1L-17, 1961, Radiation Research
Meeting, Washington, D. C.

J. R. McKenney, 5r90 and Cali> ﬁinding in Blood of Sheep," Radiation Research
Meeting, Washington, D.C., May 15-17, 1961.

b. Seminars (Biology)

R. H. Schiffman, "Bio-research problems related to charge particle radiations
in the space environment,” May 10, 1961.

M. P. Fujthara, "™icrobiclegical studies of Chondroccecus colummaris,"” May 1C.

W. C. Hanson, "A New Method for Measuring Water Fowl Dispersion,” May 2i.

.H, V. Koontz, "Photosynthate Froduction and Translocation as a Function
of the Physiclogical Age of the Barley Plant", May Z2L.

c. Seminars (0ff-Site and Local}

L. K. Bustad, "Biological Effects of 1131’11 exchange seminar, Washingion
State University, Pullmsn, Washington, May L, 1961.

L. K. Bustad, "Somatic Effects of Radiation,” Veterinary Toxicology class,
Washington State University, Pullman, Washington, May L, 1S61.

L. K. Bustad, "Radiation Tumorigenesis and Life Shortening," Radiation Biology
claas, U. of Washington Extension Center, Richland, May 17.

D.

W. H. Rickard, "Fallout and Envirommental Problems," Radiation Biology
class, U, of Washington Extension Center, Eichland, May 2.

E. M. Uyski, "™Modification of Radiation Injury," Radiation Biclogy class,
U. of Washington Extension Center, Richland, May 31.

W. J. Balr, "Pathologic Effects," Radiation Biology class, U. of Washington
Sxtension Center, Richland, May 3, 19%6l.

We. J. Bair, "Radiation Syndrome," Radiat.ion Biology class, U. of Washington
Extension Center, Richland, May 10, 1%61.

Publications

de

b,

HW Documents (none)
Cpen Literature : .

Bair, W. J., D. H, Willard and L, A. Temple, "The behavior of inhaled Ru10602
particles," Health Physics 5, $0-98 (1561). © UNCLASS IFITD
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OFEEATIONS RFSEARCH AND SYNTHESIS OPEFATION
MONTHLY REPORT - MA¢, 1961

DRGANIZATION AND PERSONNEL

There weres no changés in _personnel during the month of May.

OPERATIONS RESEARCH ACTIVITIES

Input-Output Model

Work continued in an effort to transfer scome of the learning patterns found ir
specific processes to over~all plant cperations. A report summarizing progress
to date 1s being prepared.

OPERATIONS ANALYSIS STUDIES

Fuel Elsment Performance

Avellable X-rsy diffraction data are being analyzed to see if such data are
potentially useful in predicting dimensional distortion during irradiation.

These dmia are being correlated with posi-irradiation measurements from Quality
Certification fuel elements. Although only one fuel element per lot hes an X-ray
diffraction measurement taken, preliminary analyses indicate that such a measure-
ment may have real value.

A listing of lots representing nonroutine production fuel elements was compared
with post-irradietion resulte to determine if scme of the outlying data polnts
observed are explainable by these unusual lots.

Use of available computer programming techniques have greatly simplified certain
analyses of rupture data, thus making it possible to develop many models for the
same set of data, where the data are divided intc equal power-temperature cells
in different ways. It was found that the use of weighted regression techniques
on a gpecific set of hole fallure data led to results relatively unaffected by
how the data were grouped. '

Confidence limits were found for the ratio of dingot tc ingot rupture rates.

Optimization of Reactor Operatlons

Optimmn sizes were determined for supplemental crews during the period after
conversicon to bumper fuel elemente. Existing formulas developed last year were
used with some modifications. One change which affects the angwer s fair amount
replaces charge-discharge rates theoretically achievable by more realistic ones
based on past dats and projected to the future.

-y
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Z-Plant Informaticn Systems Studies

A brief description of the Z-plant process control computer system and the
associated concepte was presented at the Fesearch and Development Meeting

held by the General Manager, CFD, cn May 1l. Control coverage for the Products
Processing Operaticn has been eliminated in qrder %o accommedate recent changes
in the basiz concept of the Fabrication Operation within the memory limitasions
of the computer. These changes are curreptly being cuampiled by the IBM T0OSO
progran assembler. The resulting machine language program will have to be sent -
to Phoenix to be put in the proper form for entering it intc the Genersal
Electric8312 process control computar. On-line debugging should be in progress
by June 8.

Reliability Studies

A study of the application of Beclean matrices to system reliability problems
was initiated. Posaible areas of application are being explored to demonstraie
the usefitlness of the mathod. :

STATISTICAL AND MATHEMATICAL ACTTVITIES FOR OTSER HAPO COMPONEETS
Fuels Preparation Department '

Data were analyzed from a designed experiment conducted in the pilot plant com-
cerned with optimizing the canning cycle for nickel-plated fuel elements. This
recent experiment was conducted at sets of conditions adjacent in three-space
to a previcus set analyzed in February. The region of optimum performance
located for the new set of data agreed very well with that found for the orig-
ingl set.

Further warp data from NPR-inner fuel elements were analyzed. Of interest was
the direction of warp with reapect to scme reference peoint, both before and
after the hest treating. Results found were very consistent with those pre-
vicusly determined.

Scme descriptive statistics were found for pre-irradiation dimensional measure-
ments on & sample of OITT and OIVT fuel elemenis.

Irradistion Processing Department

A study 1s being made of the feasibility of objectively monitoring electrical
pulses showing power consumption in the 100 and 300 aress. IThe in*ent is 2
restrict the mumber of pulses cobserved in any given 30 minute period below a
given amount %y supplemental powar generation when the guickened frequency of
pulses indicates that power consumption has increased. This 1s important because
monthly billing is based on maximum consumption during any given 30 minute .
pericd. Currently, the decision to genesrate additicmal power is hased on oper-

ator judgment.

As a result of preliminary findings in the investigation of thermoczuple varia-
tiﬁ‘,‘me detailed analysis is being made %o determine how much of the

v
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discrepancy between thermocouple and thermohm resdings is possibly due o
thermchm error. Originally, it was assumed that the thermohm results wers
without error.

Comments were given in connecticn with the potential effect of a leonger auto-
clave cycle on rupture rates. '

Under present methods of discharging enriched fuel elements, there is a poss-
ible eriticality problem should a sufficient number of fuel elements discharged
from the near and far side of the reactor fall in the center chute. The
prebability of such an occurrence was calculated under various sets of assump-
tions. . :

Some further fisaion product decay curves were fitted using the recently
developed computer program for the estimation of parsmeters in a nonlineer
least square situation.

Chemical Processing Department

An apalysis was made on dimensicnal measurements performed by three groups on
fabricated parts. Since the measurements were performed over & considerable
periocd of time, 1t is Imposaible to objectively sort cut all the source of
varistion that may exist. More work will be done in this area.

Results of an analysis of data from Task III - the reduction of plutonium
fluoride to buttons - ware reported. This analysis wes performed primarily
in order to provide background information on the feasibility of using evelu-
ticnary operaticn techniques at this process step.

An examination is being made of data fram the casting operation to assist in
determining poesible causes leading to castings not meeting radiographic
specifications.

Comments were submitted to persoonel concerned with determining what size of
cesium shipments leads to the smallest risk due to potential incidents.

Work was begun on a queuing theory study of motor vehicle use in the 200 Areas
for the Facilities Engineering Cperation, CPIL.

STATISTICAL ARD MATHEMATICAL ACTIVITIES WITHIN HIO

2000 Program

Chemical Development

A machine calculation is being done on mid-column photcmeter calibration data
to determine the best mathematical method of correcting for the temperature
difference between calibration and experimental runs. The results from the
first machine analysis indicate that a slight change in the mathematical

“Lu‘.m‘w o .‘
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medel would enhance the experimentsl fit. A second set of mid-column photo-
meter calibration data was taken under conditicns closely approximating
those of en actual experimenmtal run on the pulse columm. This data is being
analyzed to determine the appropriate schedule for interspersing pulse column
sample stream readings apnd pure water standard readings.

An experimsntal program was designed for the first full scale pilot study using
the pulse column test spparatus. The program uses 16 experimental runs *o
investigate the relative importance of five independent variables, column
capacity, aqueous o organic flow ratio, feed concentration, pulse amplitude
frequency product, and pulse amplitude, on the reaponse variables, wmste stream
concentration and the column concentration as a function of height.

Materials Development

Tolerance astatements describing the population of graphite hars currently under
consideration for use as NPR moderator were constructed from commonents of
variance analyses cn tensile strength measures, electrical resistivity, thermal
conductivity and coefficient of thermal expansion data supplied by Materials
Development Operaticm. The statements on the tensile strength properties were
extremely locse. An alternative method of cslculation based on extreme value
statistical theory is being used in an attempt to tighten up these statements.

Corrosion Studies

A nev method of estimating alumimm corrosion penetration during the breakaway
stage, which i3 independent of any assumption on the pre-induction time cor-
rosicn mechanism was used to apalyze M-4O0 and X-8001 alloy corrosicn data.

The results of the analysis were discussed with Coating and Corrosion personnel.
All phases of the analysis are complete now and the evaluation in agreement
with previously formed notions about the effect on corrosion rate of heat
treating variables except for a peculiar dependence on the method of cooling
samples following anneal. In an attempt to untangle the cooling method effect
a multivariate analysis of variance is being done on same of the corrosion
data.

4000 Program
Swelling Studies |

The pore size distributions resd on the Zeiss particle size apalyzer have been
transcribed onto I™M cards with sppropriate identifying variables, and a master
listing has been printed by the IBM T7090. Short programs are now being written
to calculate void fraction apd void density estimates for each of these pore
size distributions.

Plutenium Pecycle

Structural Materials Development QOperation has not been able to obtain 32 tutes
to perform the experiment %o investigate the reliability of a fluorescent
penetrant ncndestructive test for the detection of surface defects on zirconium

it



tubes. A revised experimental plan was provided to accommodste 16 tubes.
Experimentation has started with the investigation of five factors: cperator
effect on tube prepaxration, penetrant oil bath time effect, emulsification
bath time effect, developer drying time effect, and coperstor reading effect,
with a half replicate of a 25 factorial design embedded in a balanced imeom-
plete block design, using the 16 tubes as blocks and the 16 factor level
ccmbinations of the factorial as treatments.

Statistical analyﬁis of data from & high energy uranium cxide impacting
test conducted by Fuels Development Operation 1s still in progress.

The first experimental run con particle packing using pre-calculsted particle
sizes and size ratios has yielded densities well above anything previcusly
determined. Further experiments are in progress.

6000 Program

Biology

Statistical analysis of data from an experiment invclving irradiation of a
population of Mediterranean flour moths was completed and results reported
t0 interested persannel of Blology.

Work continued on the extenslorn tc the diffusion equation of the multicompart-
ment migration model. The multicompartment migration model was applied
successfully to blological dats made available by the Biology Operation.
Results of this and an earlier study showed good agreement with experimental
observations. .

Genersl

Instrumentation

In cooperation with Ipstrument Resesrch and Develcpment, s mathematical model
1s being developed to &id in the study and design of a proposed neuntron flux
monitor. An appropriate program ls being written in an effort to optimize
the desired characteristics of this detector. .

Division of Research Programs

The major share of program sample data has been transeribed onto IEM cards,
and the first draft of the magnetic tape master file should be ready about
June 1. The least squares procedures for estimating total count at time zexro
“and half-life of correlated counting data have been debugged and are ready
for use in the evaluation of master file data.

The investigation inte the questicn of determining what inferences could be

made as tolreactor characteristics and/or exposure levela, given a knowledge
of Pu isctopic concentraticn, was completed.

ﬁ;ﬂpi | o

& DECLASSIFIED

1252611



Aw-65622 - | | E-QEE’-ASSIF |

MISCELLANEQUS

i |

Methodology

Theoretical Paysics personnel have adapted the program proposed in LA-2367
"Solution of the Gensral Least Squares Problem with Specific Reference to
HEigh Speed Computers” to the IBM TOS0. In addition to the changes made by
them, further modification 1s now being made which will force reduction of
the residual sum of aquares on every lteration. This should result in con-
vergence for a mmber of cases which to date have blown up. The modification
is called NELLY. It will be available shortly for laboratory use through
Operaticns Hesearch & Synthesis Operation.

ZE5. 4

for Carl A. Bennett, Manager
Qperaticons Research % Synthesis

ZE Carey:kes
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PROGRAMMING OPERATION
MAY, 1961

A. REACTCOR DEVEIQPMENT - LOOO PROGRAM

1.

PLUTONIUM RECYCLE PROGRAM

Computer Code Development. The PROTEUS 2 code was complated during
the month and is now used routinely. As expected, the required
computing time as compared with PROTEUS 1 is reduced by better than
50%, while retaining comparsble accuracy.

The specific power extrapclation feature of PROTEUS 2 was checked by
running the MELEAGER code at & number of specific reactor powers and
using FROTEUS 2 to predict the results. The basis of comparison in

this study was the Total Fuel Cost (TFC, mills/kwhe) calculatsd with
a typical set of economic parameters. The percentage error in using
FROTEUS to extrapolate the specific power of a typical reactor case

is shown below:

Error. in PROTEUS Extrspolation
of Specific Power

(FROTEUS TFC - MELEAGER TFC) 100

MELZAGER TFC

Extrapolated Specific Power, MW/T

Specific Power S 10 15 30 Lo
of Base Case, Exposurs
MW/T MWD/T = - Error, %
5 19,190 - © L. 7.2 12.3  13.2
10 20,270 -3.0 0 2.2 6.3 6.9
15 20, 760 -4.2 -1.9 0 3.7 L,2
30 21,540 ~6.2 4,7 -3.2 0 0.4
40 21,610 6.4 -5.0 -3,5 -0.h 0

By using PROTEUS 2 to generalize a MELEAGER calculation made in the
middle of the specific power range, séy 15 MW/T, the resulting
maximum error in Total Fuel Cost in the above table is about 4 gper
cent. This 1s considered acceptable accuracy for rapid survey-type
calculatione in view of the great economy in IFM-T7090 machine time
realized by using PROTEUS 2 instead of running MEIEAGER for all cases,
MELFAGFR, or even more sophisticated codes; can always be employed
for apecific cases when maximum possible accuracy is desired.

UNCLASSIFIED
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Calculaticas in support of a flux-volume weighted burmup study have
been injtiated., Present fuel cycle calculations assume that all fuel
elements in a reactor accumlate exposure st an equal rate, whersas
actually the fuel elements accumlate exrecsure at varylng rates Jepend-
ing on their location in the reactor. The new calculation »cutine
utilizing flux and volume weigkting is expected to lead to more aczurate
reactor physics calculations, and subsequent fuel costs. Additional
work 1s required, however, before programming for the 709C computer is
started,

The programuing of a new economics code called "The Plutcmium Fuel
Value Economics Program”, is nearing successful completion. The ccde,
which is being programmed by EDPQO persconmnel, computea the total tower
reactor fuel costs using strict accounting procedures. The fwo main
sections of the program, FEFJ (Fuel Elewent Fabricatiom and Jacketing),
and NPC (Nuclear Process Costs), are programmed. Debugging of the FEFJ
portion of the program is nearing completion. Test cases of thia
portion using varying recycle factors appear %o give correct answvers.
Initial debugging of the NFC portion of the program is in progress.

At months end, work was started to prepare and store duplicate symboiilc
and binary PIVK decks in Records (enter. .

PRP Planning and Analyses Activities. Work has been initiated for
preperation and issuance of the FY-1961 FRP Annual Report. Contributors
for each section have been designated and preparation and writing is in

progress.

Plamning bhas continued to develop the most workable procedure for
scheduling irradiation tests in the PRTR for the various R and D
customers. Integration among the varicus programs will be required

to minimize conmflicts between sxperiments and maximize the naw and
ugeful informetion procured. Assistance hag also been provided in
scoping the Fuels Recycle Pllot Plant to maximize capabiliities and future
Tlexibility within available budgeted funds,

Studies directed at the development of the econcmics of a fuel cycle
utilizing the salt cycle process were continued. In order to minimize
the coat penalty to te borne by fuels fabricated from plutonium-contaiaing
materials, it appears that the plutonium which 1s reeycled tc the
reactor should he concentrated in as few fuel elements 23 posaible
within the t8 of reactivity and heat generation imposed by the
particular reactor system. Thus the reactor would be fueled with a
uranium-only zone and another zcne of mixed rlutonium-uranium fuel.

The relative sizes of such zones are gsignificant factors in the manner
in which the salt cycle plant is to te operated, and the resulting
processing cost. COther factors influenced by the zoned reactor sysiem
inelude inventories, shipping costs, blending costs and, of courss;

the processing plant operating costs. Preliminary caleulations indicazed
that the burpout costs are relatively insemsitive to the sizas of the
zones. It appears that exlsting computer codes for fuel-cycle aralyses
can be modified fairly easily to accommodate the present economic

study. Study of the problems of remote fabrication of fuel elsments was
UNCLASSIFIED
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also initiated to round cut the fuel reconstitution cycle along
with the economic analysis of the salt cycle Jecontamizstion
process. .

SPECIFIC CYCLE ARALYSES

Special Studies. The Atomic Energy Commission announced reduction in
the cost of natural uranium feed o $23.50/kg U as UFg effective
July 1, 1961 has prompted the calcuiation of a new set of enriched
uranium costs. Print-outs of the results are available for on-gite
use and are also stored on magnetic tape.

Supercritical Resctor. The Supercritical Pressure Fower Reactor (SFPFR)
fuel cost atudy wes virtually completed during the wmontk. Fuel costs
for varied water gaps indicate that 1/2-inch water gaps between fuel
assemblies results in close to optimum fuel costs. As indicated in the
table below, slightly lower costs were caleulated for a O.h-inch water
gap, but space limitations may require at least a2 half-inch gap.

SPPR_MINIMIZED TOTAL FUEL COST/VS. WATER GAP FOR GRADET OPERATTON

Water Gap, (Inches) 0.k 0.5 0.7 - 1.0
MI®C, {M111s/KWE) 2.79 2.8 3.14 3.15

Note: Results czlculated at 15 MW/T of contained U witk
economic parameters as specified in the "Nuclear
Power Plants Cost Evaluation Handbook."

A mumber of fuel elements were analyzed to determine the effact of
specific power with the constraint of equal hot spot UCp temperature.
Witk this condition applied, the Tuel costs increase at high apecific
powers because so much rarasitic materizl must be inserted in coolant
channels in order to maintaip equal hot spot temperatures. Oz the
¢ther hand, at low specific powers the total fuel cost ageir increases
beceuse of nigher coste for interest chargea. Thus, the optimm for
the Supercritical Reactor appears to range in the neighborhocd of 12
to 15 megawatts/ton of contained V.

MINIMIZED TOTAL FUEL COST VS, SPECTFIC
POWER: WITH GRADED OFERATTCN

Specific Power (MW/T) 10 12 15 20
MIFPC (Mills/XWH) 3.08 2.03 3,02 3.98

Ncte: Results obtained with moderating power maintalned constant
and with conditions approximetely equivalent to those
used in the previcus table. Econowic parsmeters as
specified in the "Nuclear Power Plants Cost BEvalication

! Bandbook. "
URCLASSIFIED
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The new, lcwer uranium price schedule effective July 1, 1961 will

reduce the above fuel cosis by approximately 20 tp 25 per cent for
this reactor, reducing the mininmmm cost to something less than 2.5
mills per KWH. The pear-cptimun case, C,.5-in. water gap, will bs

repeaied with the new price ackedule,

Adveanced Presaurized Water Reactor. The physics caleulations for
the revised study of the APWR have been completad except for zome
corroborative data to be inciuded in the appendix for the fizal
report. Data ars available for the initial uranium-235 enriched runs
followed by runs with fuel containing plutonium recycled from the
previous run, plus apn additicpa] amcupnt of uranium-235 to meet four
specified vxines of the initial mltiplication constant. The dats
include both batch and two types of graded discharge cases. The two
different types of graded cases termed "noninteracted” and "fully
interacted" result from two separate zssumptions in regard to the
neutron energy spectrum. In the fully interacted case, it i3 sssumed
that the neutron spectrum is constant with respect to time and
position in the reactor. For the noninteracted case, it is assumed

that the spectrum does change with time for an individual fusl bundle, |

Just as in the batch case, but that the time averaged multiplication
constant can be usead to determire the cycle end-point. 4 "true”
graded case in an operating resctor is expected to fall between a
noninteracted and a fully interacted graded casa a3 described above.
Work is under way to determine plutonium values and variocus eccnomic
minims based on the physics data mentioned above.

OTHER ACTIVITIES

Bvaluation has continued of the potential hazards of spipping thousands
of curies of long-lived radionuclides. The work reported iast montk for
cesium has been extended to include the shipment of radio-strontium both
as strontium carbonate crystals, and as the cation adsorbed on Decalso
inorganic ion exchange material.

Consulting assistance has been provided the Irradiation Frocsssicg
Derartment in evaluating potential radiologicsl hazards asscelatad with
certain postulated off-standard copersting conditions.

One member of Programming perticipated in the meeting cf the Cclumbia
River Advisory Group in Portlazd, Oregom, during the monthk, relative to
the effect of the Hanford Plant on the Columbia River.

Dr. R. H. Mole, of the darwell, Atomic Energy Regzarch Estabiishment
(England} wes the Hanford Science Colloquium spesker on May 5. Or. Mole
is well known as an authority on the biolcgical effectz of radiation
and is Deputy Dirsctor of the Medical Rasearch Council at the Earwell
laboratory. His topic vas "Radiation aa a Toxic Agemt”.

12671272 UNCLASSZFE D
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On May 31 Professor George Gamow, of the University of Colorado
Physics Department was the third Hanford Science Colloquium speaker
for 1961. Dr. Gamow has a world-wide reputation both as a theoretical
physcist and as a writer who interprets science subjects for the
layman, His topic was "Thermonuclear Reactlons in Stars". Dr. Gamow
also presented a seminar on June L on the subject "Molecular Genetics".

Hanford laboratories off-alte visitors totaled 208 during the month,
This included 4O visitors on 32 official visits, and 168 students,
teachers, and Union auxiliary members on 8 separate scheduled tours.
It also included 1 Swedish, 1 Japanese, and four British visitors.

Acting Manager,
Programming

W Woodfield:rd
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RADIATION PROTECTION OPERATION
REPORT FOR THE MONTH OF MAY, 1G61

A. ORGANIZATION AND PERSONNEL

Lois S. Peter, Stenographer, was assigned to the Radiation Protection Operation
on May 8. Charles A. McCoy, Radiation Monitor Journeyman, transferred into the
Radiation Monitoring Operatiocn on May 8 from Finished Products Operation, CFD.
Rosa S. Hoffman transferred into the Envirommental Studies & Evaluation Jperation
on May 15 as a Technologist, Radiation Evaluation. :

B. ACTIVITIES

There were no new casee of plutonium deposition confirmed during the morth. The
total number of plutonium deposition cases that have cccurred at Hanford remains
26T, of which 194 are currently employed.

Three minor injury cases were examired for plutonium contamination in the Whole
Body Counter. No detectible plutonium contaminastion was found in iwo _cases whilie
the other showed minor plutonium contamiration estimated as 1.7 X 10”3 e Pu with
no medical action taken.

A crew of four IPD employees received significsnt skin and nasal contamination at
105-F Reactor while preparing a reactor process chammel for borescoping. A cloud
of black dust was noted when the bayonet was remcved from the process channel.
The men replaced the bayonmet and hosed down the charge elevator without wearing
respiratory protection. The Whole Body Counter showed Zn-65 depositicn ranging
from 0.04 pe (0.06% mpbb) to 0.9 ue (1.5% mpbdb) and Ne-24 deposition ranging from
0.009 ue (0.13% mpbb) to 0.4 pc (6% mpbb). The Na-24 had essentially disappearsd
in 8 days while 10% of the Zn-65 was seen in the Whole Body Counter taken at 1
and 31 days after the intake. '

Studies of the above inhalation cases invoiving Zn-65 revealed that the initial
elimination of +this radicnuclide was more rapid when irhaled than when ingested.
One subject eliminated 68 percent of his initial burden within twe days after
inhalation and retained only 15 percent of his inmitial burden alter one weel.

Of the remaining two subjects, one eliminated 83 percent of his initlal buriea i
five days, while the other subject, although showing a rapid clearance, stiil
had 40 percent of this initial burden affer two weeks.

At the Hot Semiworks Facility, whenm the twelve Cambridge filtzrs of the "Patio™
stack were changed, they were contaminated to 10 rads/bour. One was fouad
dameged. Patio stack emissions since +then have been on the order ¢f 1 <tc 15 ue
of strontium per day with a maximum emissicn of 99 uc cccurring In ome Jay.

UNCIASSIFLED
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The process stack smission, since the start of the stzapmtion af stirontium at
the Hot Semiwo zo 0955 May bhas been 8.8 x 107% curies of strontium
(about 2.7 x 107 curies of Sr S, The high stack emissions shouid be r=duced
wvhen a backup filter is installed. This work 1s scheduled for campletion by
the start of the third mum.

At the Flutonium Recycle Test Beactor incremental attaimment of power levels

to 15 Mw were supported by studies evaluating shielding adequacy, neutron

flux changes, dose rate changes, metal activation, and airborne contamination.
Several shield locations showed evidsnce of beams; the maximm found at one of the
flux monitoring channels was 460 mrem/hour, including 450 mr/hour. Dose rates

to 2 rem/hour were found in the lower access area. Metal activation was not

in evidsnce. An air contamination problem was encountered at 5 Mw wheg,concen-
trations ranging to 2.3 x 10=3 pe/cc, identified as nuclides in the Kr™° and Xe-3
chains, prevailad throughout the vessel. Numerous leaks in the helium system
were eliminated and air concentrations had decreased to values approaching

10"9 ue/cc when the reactor was shut down late in the month.

A release to the atmosphere of particulate fission product contamination
occurred In the 32T Building as a result of a faulty, overloaded, or improperly
seated filter. Operaticns in B Cell were suspended until a filter change could
bhe sffected. Initial estimates indicate approximately 0.1 curie was discharged
to the atmosphere. ’

Three aerial monitoring flights were made during the month which completed
background surveys with the Nal crystal for all proposed flight patterns. BHReadings
of the radioactivity from sandbars located in the Columbia River near Astoria,
Oregon were higher than expected and followup surveys will be conducted to define
the activity more accurately. ) '

The Automatic Columbia River Monitoring Station operated satisfactorily during
the entire month, Unscheduled downtime was limited to approximately three hours
d.ugoto a fallure of the Jjet pump. The system was recalibrated for response to
Co™" following installation of the sclid state amplifiers.

Hazaris evaluations continued on the potential bazards associated with the ship-
ment of multicurie quantities of radicisotopes of strontium and cesium. The
evaluation of Csi37 was essentially completad. Work also continued on evaluation
of the consequences of a maximum credible accident in the Fuels Recycle Pilot Plant,

The major design criteris of the Fuels Recycle Pilot Flant (FRPP) were discussed
at a number cf meetings throughout the month. Linear air flow rates for the two
major cells have been agreed upon. Several changes have been made in shielding
material; high density concrete bas been replaced by ordinary concrete in
several instances by using thicker walls. Two sets of radiation instrumentation

USCIASSIFIED

[
[9Fa
ey
~J
<



UNCLASSIFIED G-3 | HW-69822

requirements have been presented; one proposing a complete system based on the
total avaiiable instrumentation technology and the other based on the hare
minimm instrumentation required to provide an cperable facility. DBullding
layout, radionuclide sampling, material handling, and waste disposal features
of the facility are fairly well scoped.

At the Calibration Building, improvements 1n the radium source rupture monitoring
gystem are to be added to each source well to provide prompt signals of any
source ruptures. No major problems should be encoumtered in the installation

of the associated air sampling pipe arrangements.

A device for pressure coding of dosimeter film from temporary personnel dosi-
meters was bullt using a modified perforator. It could not provide sufficient
pressure to give the required darkening. Further tests also proved that it was
not poasible to stretch the £ilm uniformly over the area of a coding dot to
produre a density acceptable for automatic reading. A system to be used for X-ray
marking the hinary code on temporary perscmnnel dosimeters, in lieu of pressure
marking, is being studied.

Criticality dosimetry measurements of the angular dependence were made on the
moderated foil eriticality dosimeter system. Exposures at angles to the long
dimensicn have been made and the dats are heing analyzed. A purchase requisition
for 300 mederated foll criticality dosimeter units has been issued.

Neutron dosimetry studies of the specially-built solid state neutron dosimeters
were continued with sufficient data collected to indicate that the forward

current and resistance measurements of unirradiated siiicon diodes are reproducidbie
to within 0.3% and lifetime measurements are reproducible %o about 1.5%.

Preliminary studies on two lead pin-hole cameras indicate very good opticel
performance from a 0.Cl3 inch optical aperture. Radiation performance charscter-
istics were also given preliminary study. While some fringe effect is encountered
with a 1/8 inch aperture, the response appears entirely satisfactory. This pregram
has been given a high priority for completion in view of the potential immediate
appllication in studies of the shielding at the FRTR.

Four 4O0-liter ion chamber instruments for low level dose measurements have been
assembled and calibtrated. Calibration curves and opersting instructions are
being attached to the ilnstruments which will soon be made available for special
survey appilcations through the Caiibrations instrument pool.

C. TRIPS AND VISITORS

R. F. Foster represent.ed. the U.S.A. on the TAEA Panel on Disposal of Radicactive
Waste to Fresh Water held at Vienna, Austris on May 5 to 1h.

RPC staff members met with state and federal officials during a pericdic CRAG

meeting held in Portland, Oregon on May 3 and 4. Among the items discussed was
a USPHS evaluation of persons exposed to HAPO oxigin radionuclides.

UNCIASSITTED
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R. F. Foster'mt with the Industrial Waste Committee of Pacific Northwest
Pollution Control and attendsd the Pacific Northwest Industrial Waste Confer-
ence at Pullman, Washington-May 2h - 26,

E. d. Ruppert pu.rticipated. in a training e:nerciae a.t Mercury, Nevada, May 8
through 12. |

X. R. Hed. presanted a-ta.i.k entit'led, "After Shslter - Then What?" to mem-
bers of the Region VIII Civﬂ Defanse COunci.‘I. Conference at Boise, Idaho on
Mey 18 and 19.

Consultations on rilm dosimetry were provided on Ms.y 22 to W. L. G111 of
"Rewport News Shipbuilding Conpmy, Virginia.

Nelson Gardiner of the Miversity of California discussed plutonium hoods and
anclosurss on May 3. _

on May 2, 31 students from: Yak:l.m Junior College and on May J.B 28 students from
Odessa and Selsh High School ﬁ.sited. the Calibrations Building.

D. - EMPLOYEE BEIATTONS

Seven suggestions were submitted by perscmnel. of the Radiation Protection
Operation during the month, bringing the year to date total to twenty-two.
One suggestion was adcpted and none rejectad. Sixteen suggestions submitted
by RPC personnel are pending evaluation. '

There wars three m&ical_trea.’anent‘induries during the month for a frequency of
1.22. BRNo. aecu:ity violations occurred during May.

Radiation Protection training included: Several lectures to the AEC Fellowship
students at the University of Washington; orientation on specific aspects of
radiation protection to maintenance personnel, patrolmen, firemen, critical
mass. facility persomnel and to the persomnel of a HAPO subcontractor. :

E. SIWCAMEE?QR‘IB

EW-69723 “"Existing and Proposad Stud.ies at HAPO Relating to the Columbia
River b:rR. F. Poster

EH-69561 "Ha.ard Anal;'rsis for Cesdium Shipmen‘ts“ by E. C Wa.tson, R. L. Junkizs,
: ard J. .Fﬁzqua.ye

Ew-698:l.7 'nonthly Report ~ uay, 1961, Radiation Monitoring Operation” by .
A T Stevena
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HW-67245 REV "Hanford Whole Body Counter Results for 1960" by F. Swanberz

"Status of Knowledge of Columbia River Conditions" by

Undocumented
' R. . Poster

"A Sensitive Pocket Dosimeter Reader” by H. V. Larson was published in the
"Health Physics Jourmal'.

"Resisting Changes in Electron Irradisted Graphite" by I. T. Myers, H. V. larson,
and J. 5. Loomis was prepared for presentation at the Fifth Conference on Carbon.

"Waste Control at the Eanford Plutonium Production Plant”, authored by R. F. Foster,
R. L. Junkins, and ¢. E. Lindercth was published in "Jowrnal Weier Polluticn

Control Federation".

UNCLASSIFTED
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ENVIRONMENTAL MONITORING - RESULTS - (Mid-April 1961 - Mid-May 1961)

Semple Type and Loeation

Drinking Water

10C=-F Arean
Separationa Areas
Paaco

Kennewlck
Richland

Columbia River Watar

Above 100-B Areas
100-F Area

Eanford

Pasaco

McEaxry Dam

Vancouver, Washington

stmosphere

i Sepa.:'a.tions. Areas
i3t Separations Stacks

Active Particles = Project
Active Particles - Environs

Activity

| orpe

IIaotopic

Gross Beta
Isotopic
Isotopic
Groas Beta

Gross Beta
Iasctopde
Iaotoplc
Isotopic

‘Grosa Beta

Isoteopic

T3l
133

Monthly
Average

Vegetation (Conmtrcl limit for vegetation is 1077 pe 13/g)

Separations Areas

Residential

Eastern Washington and
Oregon

pr
3

3

Q.5 x 10‘2
<1.5 x 107

No Samples

Units

% MEC, -GI*
uc/ce

% MPCy-GI**
4 MPCy-GI**
ue/ce

me/ce

4 MPC,-GI*
% MPC,~GI*
% MPC, ~GIw*

% MPCw—GI**

ne/ce

Combined curies/day

ptle/100 m3
ptle/100 m3

/
Y

*The % MPCy is the pmént of the mximm permissible limit for occupational
exposure to the gastraintestinal tract calculated from driniring water limits
contained in NBS Handbook 69.

##The % MPC,~GI is the percent of the maximum permissible concentrations for
persons in the neighborhood of controlled areas for continucts exposure to
the gastrointestinal tract calculated from drinking water limlts contained

in NBS Handbook 69.

1257420
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EXPOSURE EVALUATZON AND RECORDS

Exposure Izzidents sbove Permissibie Limits

Whele Body Localizad
May : - 2 2
1962 to Date : 3 5
Camma Pencl s ..
. Pencils Paired Reedings Paired Readings Loas
_ Processed 100-280 mr_ Over 280 mr Readings
May 4,054 32 z )
1961 % Date  22,8hk2 280 15 C
Deta-Gamms Film Badges
Badges Reedings Readings Readings Lost Aversge Doss
Prccessed 100-300 mrads 300-500 mrads Over 500 rrads Reedings FPer Flim DPackes
m - o
May 9,765 1,024 109 1 : 52 .55
1961 *c '
e 50,199 %,T19 517 118 152 9.3 2.k
Nevrtron Film Badges . _
Fiim .Readings Readings Readingse e

Processed 50-100 mrem  100-300 mrem Over 300 mrem Readinge

Slow Nentron

May 1,k26 0 0 o 3
1965 %c Date 8,009 0 0 : 0 A0
Fast Neutron
Yay 177 50 1k 0 2
1961 %o Date 1,936 1L 72 0 20
Whole Beody Ccunter
Male Female Mag 1961 to Date
35 Employees
Boatine e 0 45 73
Special 9 03 G 50
TerminaZ Q 0] 2 -
Non ~employvees 13 o] 12 2L
~ Pre-samplicymen’ 0 0 5 Q
Tosas, 67 0 67 228
Bioagsay
' May 1961 tc Date
Confirmed Piuntonium Deposition Cases 4x
Plutonium: Semples Assayed 8 545 2,243
Resnits above 2.2 x 107 ue
Pu/sample 12 75
Fizaion Product: Samples Agsayed : 6l 3,27
Results sbove 2.1 x 1077 ue
FP/sample : 1 3
Trerium: Samples Assayed ' 251 1,390

#Toe %cval number of plutonium depesition cases which have ocecurred at HJapfoxrl
ramnins 267, of wnizh 19% are currently employed on plant. CNCTASSIFLED
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Cranizn Avalyses ' - '
gure Foliowing Pericd of No Expcsure

Tnits of 107 ue Ulec Units of 1072 us U/ce
Sammpis Lascripulion Maximin Average Samples Maximm Aversge Samplss
Fuals Sreparation 27.2 . k.3 38 30.8 2.8 55
Fualz Praparaslion# 0 0 Q c 0 0
darnford Laboratcries 0.2 3.5 2i 30.0 L.6 a4
Hanford lahoralorieagd Q 0 0 0 o] o]
Chemiosal Processing 60.6 5.2 33 55.0 5.0 36
Chemical Processing* 230 19.1 2 8.3 8.3 2
Special Incidents 2k 17.6 12 0 0 ]
Randm_ 2.1 1.9 5 0 o 0
*Saples taken prior to and after a specific job during work week.

oy b el
> P ) Q
Checks Above Detection Limit 0 0
Hand Checks _
Chacks Taken « Alpha 28,225 159,09k

- Beta~gamma - b1,,909 230,066
Skin Contaminaticn
Platcnium 32 7
Fisaion Products 61 251
Uranium ' 2 27
CALIRRATIONS Number of Uniss Calibrated

May 41961 to Date
'Por:abls Instruments
CP Me%er ‘ 957 4,583
Juno 260 1,193
¢ | ) 1“'96 2:753
Cther 183 88k
Avdits 109 2
Total 2,015 9,93
Persornel Meters
Badge Fiim 1,620 7,419
Penzila - -
Other L57 1,98
Total 2}077 9: }

Miszellanecus Special Services 1,028 4,533

Total Number of Calibrations 5,120 23,869

Radiation Protection
UNCLASSZFIED
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LABORATORY AUXILIARIES OPERATION
MONTHLY EEPORT -~ MAY, 1961

GENERAL

There were no security violations charged to the Qperation.

There were no major injurles; the minor injury frequency rate was 2.36
for the month and 3.02 for the year-to-date.

 TECHNICAL SEOPS OPERATION

Total productive time for the period was 21,418 hours. This includes
17,892 hours performed in the Technical 8hops, 3,222 hours assigned to
Minor Construction, 38 hours assigned to other project shops and 266
hours agsigned to off-site vendors. Total shop backlog is 20,247 hours,
of which 60% is required in the current month with the remsinder dis-
tributed cver a three-month pericd. Overtime hours worked during the
month was 6.7% (1,449 hours) of the total available hours.

Dlastribution of time was an follows:

Man-hours i of Total

Fuels Preparation Department . 3,k20 16.0%
Irradiation Processing Department 1,457 6.8%
Chemical Processing Department 685 3.2%
Hantford Laboratories Operation 15,593 72.8%
Conatruction Engineering & Utilitles 23 1%
Miscellanecus 240 1.1%

Requeats for emergency service increased sharply, requiring an overtime
rate of 6.7%,compared to 5.2% for the previous period. This increase is
attributed mainly to shop work required by the PRTR.

There were eight medical treatment injuries, which i3 considered normal for
this type of operation.

CORSTRUCTION CPERATION

There were 51 existing J. A. Jones Company orders at the begirning of the
month with a total unexpended balance of $71,50%. Sixty-eight new orders,
€ supplements and adjustments for underruns amcunted to $104,408. Expendi-~
tures during the month on HLO work were $52,069. Total J. A. Jones backlog
at month's end was $123,933.

UNCLASSIFIED
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Summe,r
HL CELT
Unexpended Unexpenizi
Ho. ‘Balance No. Baisnoa
Orders cutstanding beginning of mec. 50 69,924 1 1,580
Issued during the mo.(Inc.Sup.&AdJ.)68 104,498
J.A. Jones expenditures during mo.
(Ine. C.0. Coats) _ 52,069
Balance at month's end 60 122,353 1 1,58¢
Ordeyrs closed during mo. 58 88,%29

FACTLIITES ENGINEERING OFERATION

Projects } "

There were 15 authorized projects at month’s end with total authorized
funds of $3,033,000. The total estimated cost of these projlects is
$8,338,000. The expenditures on these projects through April 30, 1961,

were $898,000. :

The following summarizes the status of FEQ project activity:
Number of suthorized projects at menth's end

Number of new projects authorized during the month:
CAE-927 - Additions %o 271-CR Bullding Waste Treatment
Demonstration Facility

Projects completed durding the month:
CAH-8T0 - Facility for Recovery of Radicactive
Materials - 325-A Bullding Addition

New project proposals submitted *o AEC during month:
CAH-927 - Additions to 271-CR Bullding Waste Treatment
Demopstration Facllity

CAH-932 - Latoratory Waste Retentlon Facili®ies Expansion

New projestz awalting AEC spproval:
CAH=-917 = Fleld Service Center

CAH-932 - Laboratory Waste Retention Facllitles Expansicn

Propeosals con@le‘te or nearing -ompletion agre as follows:
Safety and Operating Improvementa = 231-Z Bullding
Modification o H-l Loop « 105-E Building

15

CGH-93° -Mmtals Storsge Building, and CAH-936 - Coclant Systems Develcp-
men~ Laboratory were tranamitted +to Contract Accounting, dbut did nc*t go ™

the Commission during the month.

1257433
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Engineering work performed during the month included the following
listed mejor items as well as scope engineering for project proposals.

Title

Pressure Vessel snd Piping Systems -
Engineering & Inspection Service

"Split-half" Machine for Critical
Mass Studies

Contrel and Safety Rods for Tamper
Tank (Critical Mass)

Electrical Modifications - 3702 Bldg.

Special Filter Chenger - CW3

Material Handling System and Olber
Shop Improvements - 328 Building
a) Material Handling System
b) Coating Process Improvements
¢} Chuck Handling Procedure

M~
.1l
>
o
Lt

" Material iz ready.

Status

This 1s a continuing work program on
HIO vessels, pressure systems and
related safety devices. The work
includes not only perledic inspection
and engineering evaluatlons of plant
pressure systems but engineering ser-
vice during design, fabrication, Iin-
stallation, and operation to R&D com-
ponents having process devices aub-
Jected to high pressures and tempera-
tures. Code engineering service work
is being performed on PRIR systems,
Breskaway Corrosion Loop, and Equip-
ment Projects.

Mechanical design of machine is
assentially complete., Electrical
design work remains. Components
heve been purchased and are being
assembled., The speclal instrumenta-
tion for remote control is designed.

Development work is being performed
prior to commletlion of design.

Pleld work is delayed pending avail-
gability of craftsmen. -

Materials for testing of a proposed
design using plastic bags and shielded
cart is now on hand.

Engineering work 1s essentially complete.

Field work will be
performed during June.

UNCLASS IFIED
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Title ' ' Statua

BElectrical Load Improvementa - 329 Bldg.load studies are complete. Engineering
design complete. Material ia on order.

Cask Storage - 327 Building Design is being performed and a work
' order for ccnstruction bas been

approved,

Induction Heating Unit - 314 Bldg. Design complete. Installation work

' ' has started.

Insta.‘.l.l 200 KW Motor-Ganerator Set Design complete. CPFF coztractor will

in 306 Building install.

Crans Overhaul - 3l’+ Building . Work is proceeding.

Study - Warehouse office space Wozk complete.

Arrange space and install utilities Work essentially complete.
for business machines - 3760 Bldg.

Source Positioner - 3745 Bullding Design complete. Material on hand.
- Work is temporarily delayed due to
higher pricrity work.

Zone Modifications - 325 Building Field work is p'la.nned to start during
Air Conditioning Jystem July.

Drafting and Design Services
Work load in 3706 Building drafting room is constant with scme overtime work

required. Branch offices in 306 and 308 Buildings have light work loads.
The equivalent of 138 design drawings were completed this month,
Major design and drafting work io progress includes the following:
1. Process Tube Moniter Mark ITI - € dwgs. required - 80% complete.:
2. Spectroscopy Laboratory - 6 dwgs. required - work.complete.
3. Shroud Replacement Tools - 20 dwgs. estimated - work temporarily stopped.
4, Waste Sludge Sluice System - £0% complete.
5« PFlux Measﬁring_ Device - 6 dwgs, required - 80% complete.
6. Arc Mslt Hood - 6 dwgs. required - 90% complete,
T. Conductivity Ins_ert.lﬁbdel ITI - work temporarily stopped.
8. Filter design = SR=90 = 5 dwgs. required - 35% complete.
UNCLASSTIFIED
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9. Special Tools - PRTR -~ 50 dwgs. required - 75% complete,
10. Autoclave Facility Modification - 5 dwgs. required - 70% complete.

Plant Maintenance and QOperation

April costs were $159,610 which is 100.7% of forecast.

Analysls of Coats

The expenditure to date has risen 0.8% to 100.T% of the forecast. The
chief factors in thia are grester than expected improvement maintenance
activity and higher than expected steam consumption. Werk order control
has been lntensified to bring the expenditures within the budget.

Improvement Maintenance

Item

Relocation and alteration $ 6,856
Repainting k,690
Rerocofing : 3,581
Electrical Modiflcations ' 650
Piping Modifications 3,349
- H&Vent Modifications 5 ,gll-s

erene | TR

Waste Dilsposal and Decontamination Service

The froat end of the liquid waste trailers have been shielded with lead
to provide added protection for the tractor drivers.

Studies are being continued towards hetter and safer waste handling systems.

Plant Engineering and Miscellaneous

Approximately 21,000 square feet of prints were reproduced during the month.
The total estimated value of the 18 requisitions issued during the month
was $68,000. The majority of this procurement activity is for approved HL
projects. New signs are being procured using standard terminology for use
in areas requiring special radiological protective apparel.

Painting is being continued in 325 Building.

Electrical Load Studies are being made in 32.5 and 3760 Buildings. New
lighting penels are being installed in 325 Bullding.

UNCLASS IFIED
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TECENICAL INFCRMATION OPERATION

Mrs. Milired Heatwole of Saul Herner and Company, Washington, D. C., in-
. terviewed HAPQ personnel sbout the AEC's technical information program.
Fifty-eight scientific and technical personnel (a random sample) and
twelve technical information personnel wers lnterviewed.

Two classification memos were distributed to the fileld, Titles are:

HW-63972 "Classification: NPR Fuel Element Work"
EW=69662 "Classification: Document Titles"

A series of local classification guldes for Hanford are being prepared.
A Tecent revision of AEC Manual Chapter 3401 on Classification designates
the present Hanford Classification Guide as a program guide and provides
that local guides may be issued besed.on the program. guides.

A noumber of changes in Sections 100 {General) and 200 (Fuel Element
Preparation) of the Hanford Classification Guide have been submitted to
EX. These changes are intended to bring the Guide in the line with
current AEC classification policy and to provide a more sultable program
guide on which theybase the local guides.

At month's end a bagitlog of 29 reports exlasted in Technicnl.?uhlica.tiona.-
The resultant delays in the publication of reports are getting growing
attention from Research and Development componenta.

A major bviblicgraphy on the Columbis River was completed by B. B. Lane
and Nelson Hope.

The microfilming of Files document bholdings in the Records Center was
substantlially completed early in the month. On May 9, work began on the
older documents in the Files vault. The objective of the microfilming
program, to make more flling space available in the vault, is now being
attalned.

Over 5,000 classified documents in the S-series wers destroyed during the
month. The documents in this series are cperating log books which are now
ohesolate and of no future reference velue.

The mechanization of the Filas issuance, routing, and mailing activitiles
is proceeding as schedule. The IBM Card-a-type equipment arrived on Plant
May 22 and a mock-up of the Plles installation has been made in the con-
ference room of the 705 Building. The Flexowriters have been received on
the Plant and appear to be as ordered and ready to use. All the necesaary
forms are oo hand. Part of the specigl office furniture ordered for the
change has arrived and the balance i1s expected shortly. The Card-a-iype
operator has been zelected and is being treined. The IEM cards needed for
input have all been keypunched. A work sheet has been devised which gives

UNCLASSIFIED
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step-by~step instructions to abstractors, issue clerks, and Card-a-type
operator concerning the processing of new documents under the system.
The bullding changes required for the mechanization program are completed.

Files was recently notifled by the AEC Office of Technical Information
Extension that Eurochemic documents, all of which are unclassified, can be
circulated only to Qwecleared personnel. In order to carry out this in-
struction, ORNL has been asked to send future Burochemie documents to
Technical Information, rather than to the local recipient as has been

past practice

Work Volume Statistlics

Decument Distribution and Files

Documents routed and discharged (coples)
Documents isaued {copies)

Documents sent off-site (copies)
Document reserves filled (copies)

- Documents picked wp and delivered

Deoctment Accountability

Holders of clmssiflied doouments whose flles
were Inventoried

Documents inventoried in Files (copies)

Documents destroyed or retired {copiles)

Documents revised (copies) _

Documents pulled and documents filed (copies)

Documents reclassifled

Documents microfilmed

Accountable coples of SECRET and DOCUMENTED
CONFIDENTIAL documents on-site

Reference and Publlcation

Books cataloged {new titles)

Boocks added to the collection (volumes)

Ready reference questions answered by
professicnal. staff _

Litarsture searches by professional staff

Reports abstracted (titles)

Formal reports prepared (titles)

Off-site requests for HAPO reports (copiles)

Reports released to CAP (titles)

April

29,057
1L,206
6,630

18,889

638
16,601
1,701
22,654

781
3,772

199,886

152
37k

145

296
12
306
2k

May

22,313
15,571
8,939
691
20,261

278

11,625
1,450
17,982

279
i, 252

191,947

137
303

220

302
13
L2l
35
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April May
Library Acquisitions and Circulation
Books crdered (volumes) 18 390
Periodicals ordered 174 1h2
‘Books cirmulated (volumes) 1,647 1,613
Periodicals circulated (issues) 3,412 3,012
Inter-Library losns 58 87
Pilms borrowed or rented 18 7
Industrial film showings 106 T2
Bound periodicals added tc the collection S 79
Bound periodicals discarded Q T
Library Collection:
Main Library W-10 Library 108.F Library Ind.Med. Total:
No.of books 31,53k 8,643 1,793 2,051 L, 021
No.of bound _
- perdodicals 14,501 1L 1,892 6 16,413
46,035 8,657 3,685 2,057 60,434
Clasgification and Declassification
April May
Documents, including drawings and photographs
reviewed for downgrading or declassification. 45 35
Documents and papers (intended for oral
presentation or publication) reviewed for
appropriate elassification. : 29 59
Documents subtmitted to Declassification
Branch, Osk Ridge. 3 2
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SEMI - MONTHLY PROJECT STATUS REPORT W= aann
GENERAL CLECTRIC cO. — Hanford laboratories DATE 5/31/53_
PREJNG, TITLE , FUNDING
CAH-822 Pressurized Gas Cooled Facility 4141 Operating
AUTHORIZED PUNDE |pggian ARG § CosT g COMMTO C©_-7,, L
1,1& 000 {GM'I' :I;Oé%oooo {.: s ?' 120 000 A3 TIMATED 'rﬁ'inT."c_osslr—'_ $ 819’%6
"nnvmoLonuu ]9 59 DATE AUTHORIIED Do Jub]l g%‘;‘g;ﬂ{ouuu - PERCENT COMPLETE
paves | v lO-J_-GO DIR. oM. BATE  Gu30-H1 [PATES | comnsT. Gu30-61 WT'D: |SCMED. [ACTUAL
ENSINEER J| oxsian 100 100 100
REDO - DP Schively . T
MANPOWER AVERASE |acCum wampavs||8-TITai| 100 [ 100 100
FIRED Pmice : AL-TIT I}
COSY PLUS MASD FEE _ Pr
PLAMY Fonces _ | ENIY. 00 95 83
ARCWITEC T~ ENSINECER : rr
DESION ENGINKENNE OPERATION _ corr 171 90 75
% MELD ENMINEEMNG - T 100 100
Govt. Eq.76 | 95 ( 82 |

M OPE, FURPOEE, ITATUS & FPRAOSARSS

The J. P. Hesd, FP Contract (JAJ-73) vas completed 5-24-61. The M & M apportion-
oant vas completed as of 5-31-61. :

TITLE mcltiom & M.dition’ to High Preaam Heet FUNDIN S

rROY. MO,
-834 - - ng 0250
ousien § smcs == cost acomm. ™0 5-14-61 s 897,671
const. e 3 45,000 ESTIMATED TOTAL COOT 3 755,000
TARTING 4200~ DATE AUTHOMIED ];_3-29 _:'.:'g;_hnnllu 2~=1 3-§] FEACENT COMPLETE
DavTES {so"“L 402,89 MR, COMP, BATE 7_1_A1 DATES |cowsT. 7.1.81 W'D | ACHED. [ACTUAL .
ENSINERN )y pEsIan 100 100 | 100 .
FBO - H. Radow NTE
NANPOVER AVERANE |accum Mawpavsjss .| 100 | 100 | 100
mrER PRICK AEe TIT, 1
COSY FLUS MARD FaEg 00 .
PLANT FORCED ' 3 COMLT. 100 T00W o5%
AMCHITECT = EnGINERRN ' r . .
OEMH SN ENSINERRING SFERATION 960 coer | 100 | 1O0W| O5@ |
a8 MELD EusINEETMING : » .

COPE, FURARQAR, FTATUI & PFRAOSNENS

This project provides necessary modifications to existing equipment to simulate
more severe in-reactor operating conditions in out-of-reactor fa.ciiu.tiea for
research and development studies.

The directive authorizing total funds of $745,000, has been received and construction
vas resumed 5-29-61.

The high speed valve assembly order has passed the vitness test satisfactorily and
shizpment is anticipated by 5-26-6l.

® A revised schedule 13 being prepered reflecting the authorized extension of time.
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SEMI-MONTHLY PRQJECT STATUS REPORT . Hw-  go8zz .
SENERAL ELECTRIC CO. =  Fappond I;a.hora.tcriea DATE 61 -
PRAI.ND. TITLE i FUNDING
CAH-8k2 Critical Resctivity Meaguring Facilit 58-a-15
AUTHORIZED FUNDS ogsiam g l|.§ , 000 aecs 148,000 coOsT g CoMM TS 5§ /7 /6] $ 115,427
s 604000 |conar. s 15,000 sk $ 212,000 EATIMATED TOTAL cody *  360.000
sTarTing pesian  11-1T7<5G [ 3arg aumeomizie Shney. [ommen 2-1-6%._'% BERCENT COMALETE
oA TES LON“ 10_3_60 BIR. COMP. DATE 8_15_61 CATES conﬂoa-lﬁ- 1 WT'D: | SCHED. [ACTUAL
ENGINEER [oesicn 100 100 100
REDO - WS Kelly T | .
MANPOWER [avemaaz [accum manoavs f[6E-TIT. )
FIXZo smicE AGsTIN 4
CO8T PLUS MIXED PFRE :
PLANT FORCES : SR a0 59 Ly
AMGHITECT=CNAINEER ’r -
DESIEN ENGINEERING OFERATION add 57T + 25 |1 ¢
6L MELD ENSINEERINS e k3 | 100 Qo

SCOPE, FURNCER, ITATUS & PROGAESS
Fadlure of fixed price contractor to complete work on schedule is delaying the
start of the CFFF Contractor's work.

#* Doeg not reflect the progress made on G. E. Procured ltems unill such items
. are lnstalled.

PROL. NO. TITLE ' FUNDING
ceE-857 Physical & Mechanical Properties ’I‘esting Cell -~ 327 Bldg. ] C2%0
AUTHOMIZRD FUNDE [ o ol 375,000 AgC § €O8T & COMM. TO T ] h_Ei s 74 .09h]
s 75,000 SONIT. S tll s 75,000 ESTIMATRD TOTAL COAT 5 l,LgO,.OOO
STARTING 11-2-59 GATE AUTHOMIZED 10-1259 RST'O: nggign 3=1-O1 EERCENT COMPLETE
sares )l_zuu QIN, COMP, DATE aTes cONET. WT'D. | 3EMED. JAETUAL
ENGINEER PESIGN 100 160 | 180
m - KA Clark TITLE |
_ MANBOWER AVERAGE |ACCAUM MANDATHGE=-TIT. () 100 | 100 .| 100
FIXED PRICK K TIT. L]
CONT PLUS FIXED ¥ER .
PLANT FORS RS CONST, 100
ARCHITECT = ENSINERA ad
DESIGN ENGINEERING OFERATION : 1 540 corf
SE FIELD ENGINEERING r

SCOPE, PUNPOSE, STATUS & PROGARIS

This project will provide facilitles for determining physical and mechanical
Froperties of irradiated materials, and invelves the installation of a cell in

the 327 Building.

A project proposal revision requesting the total construetion funds is in
preparation.

[
o
[

]
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SEMI - MONTHLY PROJECT STATUS REPORT ww- 69822 |
GERERAL ELECTRIC CO, — Hanford Labofa.tories . 1 pbaTe 5/31/61 |
RSN, TITLE . FUNDING ST
|_CGH-898 HEigh level Utility Cell - 327 Buildin 0290 |
AUTHORIZED FUNDS [pgaign ¢ 50,000 TaEC § COST & COMM TO S-1L-61 s 6“;«* 211
s 400,000 {Zowav.s 350,000 \ e = 505,000 E3TMATED TOTAL SOST 800,000
$TARmTING [DEsten _11-2-50 oate autwomized 10-1-59  (EST'D. [oemion 3-1-61 PERCENT COMPLETE
DATES  const. 5-15-61 DIk, comp, DAt  2=-28-62 DATES | consT. 2=28-62 ' l WT'D. |SCHED. |ACTUAL
ENGINEER DESIGN | 100 100 100
FBO - KA Clark . TITLE ¢
MANPOWEA AVERAGE ]chw mangava |87 [ 95T 100 | 100
FIXED ERICE ) ) AE-TIT 1)
COST PLUS FIXED FEX 3 36 Vendor! 51 100 100
BLANT FORCES CON3T. | 100 NS NS
ANCHITEGCT- INGINEEA 35 .l
DENGN ENGINEERING OPERATION 1 635 CPFF
GE FIELD ENSINEERING e

SCOPE, FURPOSE, STATUS & FROGRESS

This project will provide facilities to prepare specimens from irradiated materials
for use in determining their physicasl and mechanical properties and ianvolves the
installation of a cell in 327 Building.

Construction started 5-15-61, on footings for the cell support walls. A
congtruction schedule ls belng prepared.

Procurement is progressing satisfactorily.

RROJ. NO, TITLE FUNDING

| CAH-866 | Shielded ical laboratory - 325-B Building 61-a-1
AGTHORIZED FUN :TT;R’:TAT—S%}OL Tlc s 546,500 cOST acoMmM, 10 S5-14-61 5 15,621
3 700,000 | consr.s 640,000 «& s 153,000 ESTIMATED TOTAL COST  § 700,000
ATARTING @wu =5 BATE AUTHOMIZED 5.3]1-H0 ::;EI. DESIGN ll“ll!--w FPERCENT COMPLETE
oATEs const.0-15-61 DIR. COMP. DATE 63062 CATES |comaT, H-30-62f WT'C: | SCHED.|AETUAL

ENGINEER o ' OESIEN 100 100 ;100

FEO - RW Dascenzo TitLE )
MANPOWER AVERAGE [ACCUM MANCAYS|SE-TIT.II{ 10 | 100 | 100

mXED RRICE AT OO0 F 100 | 100

COST PLUS MXED FEX

FLANT FORCES ' : CONST, 100 N5

ARCHITECT - ENGINEER vF

DESIGN ENGINEERING OPERA TION CRPF

GE MELD ENGINEERING FP

L

2002571

ICONE, BURBCSE, STATLS & PROGMESS

This preject will allow greaeter capacity for analytical work involving today’'s more
highly radicactive solutions and consists of adding & shielded laboratory to th
325 Building. '

H0-AEC Directive HW-L492, dated April 20, 1961, approved the project and suthorized
the incurrence of costs in the amount of $700,000. The directive complstion date is
June 30, 1962. Work Authority No. CAH-866(2), dated April 27, 1961, authorized
$153,000 to General Electric.

The advance cdnstruction notice has been issued and the bid package was issued
Mey 1, with the bid opening on June 1, 1961. Procurement activities have been

Ay e A
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SEMI—MONTHLY PROJECT STATUS REPORT Nw-  Eoany

GENERAL ELECTRIC CO. — FEanford laboratories BATE /3] /6]
PREJ.NG, TITLE : WUNDING
CAH-867 Fuel Element Rupture Test Loop 58~2-15
AUTHORIZED FUNDS | ogzian § 130,000 aecs 770,000 AT a oMM Te  GL7 6] $ 385 828
s 1’500, l:mu‘r $ l, 370,000 P 730_,000 ESTIMATEDR TOTAL COST 3 1 200 GO0
STARTING DEsian D= L-O0F DATE AUTHONI ZED €10, [omsion 2-15-6 FERCENT COMPLETE
vavEs |l er. 11-2-80. oin, coms, oatet 10-31-61 DATES |conav. 10-31-6 WT'O. [SEHED. ACTUAL
ENGINEER - . DES AN 100 100 | 100
REDO - PC Walkup TITLE 4
MANPOWER AVERAGE [ACCUM MANDAYS [f SE=TIT. | 91 | 100 100
FIXED PRICK AE=TIT 11| Q| 100 100
COST PLUS MXED FEE _
SLANT FORCKS _ [ONST- 100 25+  10%
ARCHITEC T= ENGINEER pr 2
CREIGN ENGINEERING GAERATION cPrF 24 30 O
SR MELD ENAINEERING : e (1) 10 100 | 1Q0
(2) 133 0 0
SCOPE, PUAPGSE, ITATUS & SROGALIY {(3) 31 25 0

(1) G. A. Grant Co.
All design drawings and ccnstructlon specificaticps bave been approved.

* Detall Design. Scope design started 11/2/59, and completed 3/15/60.
*## Water plant construction was scheduled for starting 3/1/61. Design drawings end
-- Specs for water plant and holdup tank forwarded to AEC-HXO eerly in February.
Theae have not been releasged for bidding as yet. The project is approximstely
four months behind schedule as a result.

PRGJ. NO, TITLE . FUNDING

CAE-870 Facility for Recow . 6Q0-a-1
AUTHORIZEG FuUN <osT & coMM.TO_ 5.1 1'!:'51 s hé&a 284
s 486,000 | consr.s 440,000 ESTIMATED TOTAL GOST s h.§ é Q00

ATARTING (ougian L1=20= DATE ATHORIZED 32260 :;::3;. casian 3=-1-60 PENCENT COMBLETE
DATES Iconrr. 5-3-@ DIL. COMP. OATE A.1-Hl DATES (consT. 5. 31_6 WT'D: | SCHED. [AGTUAL
EnaINEER B DESIGH 100 100 | 100
FEQO - RW Dascenzo TITLE |
MANPOWER ' AVERAGE |ACCUM MANDA YA||GE-TIT. I | 10 100 100
XKD PRICE _ 29040 AL TIT. 1 G0 100 | 100
COBT MLUS FIXRD FEX : '
PLANT FORCES CoNST. 100 100 200
ARCHITEET — ENGINERR rr .1 100 100
DESAN ENGINEERING OFERA TION 4.1
A% FELD ENGINEEAING e 1001 100 12¢

I1COPE, PURPOSE, STATUS & PROARESS

This preject will provide a facility for recovery of specific radicisotopes from
wastes, and involves an addition to the 325 Building.

Physical Completion date is 5/3/61. Two claims totaling $13,000 from Triangle
Construction Company are pending. : -

~3
f_,_,'-'l
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SEMI—MONTHLY PROJECT STATUS REPORT Hw- 69822
GENERAL ELECTRIC GO. — Hanford Laboratories OATE 5 /21/61
PROJ.NG. TITLE FUNDING
CAH-888 Biclogy laboratory Imgrovements 60-h-1
[av THORIZED FUNDS [omsian s Il ,000 agke s 100,000 COST & COMM TO «1h=A] 26 G08
s 420,000 '[ccm" s 376,000 k“_‘ s 20.000 ESTIMATED TOTAL COST $ 20,000
STARTING DEman 12=1=00% | oate authoarzeo G=2-60 Eir.D |omsiown 3-31-61 PERCENT COMALETE
DATES lcgggf, 6-]_5-61_ oI comm. pATE 3-31 =62 CATES | consT; 6-15-62 WT'D. [":"'“’- ACTUAL
ENGINEER DESIGK 100 NS 10C
FREO - JT Lloyd TInE 4
MANPOWER AVERAGE |[ACCUM MANDAYS || SE=TIT.0 1 17 | NS 100
TIXED PRIEK AE=TIT I 83| XS 100
COET PLUS MXKD FEE
BLANT FORCRS CONST, 100
ARCHITHGT - KNGINEER PF
DESIGN ENGINEERING OFERATION CRFF
% MELD ENGINEERING Fp

SCOPY, FURPOSE, 3TATUS A PROGRESS
This project provides additional spece for biclogicsl research supperting services,,
| and involves an addition to the 108-F Building.

Radiation Source Handling Facility.
Electric to process & purchase order for this facility.
that about fifteen (15) bid packagee have been distributed to lump sum contractors.

A rough draft of a purchase requisition has been prepared for fabricatiocn of the
It is expected the AEC will request General
AEC has indilcated

BROJ, NO, THTLE _ FUNDING
CAR-896 Stress Rupture Test Facility _ 60-1
AUTHSRIZED FUNGY T oyuion s 7,500 faxcs 78,500 CosT & COMM.T0_G.14-61 s 10,Q4u/GE)
s 9C,000 1 consr.5 82,500 lax s 11,500 ESTIMATED TOTAL COST  $ GC .00
STARTING {__!LQN 'T 29-60 DATE AUTHOMIZED 3-0=61 >0 cestanl2~1-60 PERCENT COMPLETE
CaTES consT, 3-20-61 oIR, CoMP, DATE](Q-15-51 oatEs |const.10-15-61 WT'D- | SCHED. lACTUAL
ENGINEER o - DESIGN 100 126G 100
FEG - H. Radow TITLE |
MANPOWER AVERAGE |ACCUM MANDAYE|GE-TIT.§| 100 100 120
FIXED PRICE 5 175 AETIT. (1 !
COST PLUS FIXED FEE :
PLANT FORCES COMST. 100 ‘ =7 25
AMCHITECT = ENGINEER "F 2 0
OESIGN ENGINEERING OFERATION CPFF
GE FIELO ENZINEERING FP 98 28 26

SCOPFE, FURPOSE, STATUS & AROGRESES

This project involves a facility for deliberately rupturing tubing tc establish
service conditions.

The walls have been poured and preparations are being made to pour the floor slab

and roof.

Procursment activity for the mechanical components is underwvay.

It is expected the contractor will be back on schedule in the near future,

123204y
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SEMI—MONTHLY PROJECT STATUS REPORT nw- 59822
SENERAL ELECTRIC GO. = pansard Laboratories _ DATE ﬁL-él
| PROI NG, TITLL e _ FUNDING
CAH-G01 Structural Material Irradlation Test Equirment - ETR - 0290
FAUTHORIZED FUNGA |opaian 3 12,000 AZC S coaTacoMMTO B.in-61 $_79.022
. 125 Q00 . ]com'r.! 1133 000 oK § 25’000 CITIMATED TOTAL CO8T $ 125 .00C
STARTING DESIGH 2-15-66 DATE AUTHORIZED O=Z2-80 o |owmisn 3-31-6 PEMCENT COMPLETE
oarTes LWN!T- -1-61 DIn. camp, 0aTE JO~15-61 DATES | consT. 10_15_% WT'D: |SCHED. [ACTUAL
ANSINTER DESI 66 140 100 100
FEO - KA Clark L |
MANPOWER AVENAGE [ACCUM ManDAYY || +TIT.y 100 | 100 100
MxED FMCE Al TIR(I
COSY mLuUS MXED FuR
PLANT FORCES [0 NS RS |
ARCHITEET= ENGINERR . b
CEIIGN ENGINEERING OPFERATION 1 165 add
GE MELD ENSINEERING e

SCOPE, FURFOAE, STATUE & PROGRESS

This proJject provides for the installation of equipment at the ETR for which changesg
in the physical properties of reactor structural materials subjected to in-reactor
copnditions can he determined.

Planned installation start daste of 4/17/61, has been postponed, because of higher
Priority work, by the I00-AEC.

Flrm start date for installation of equipment has been requested from the AEC.

RROJ, NG, TTLE FUNDING
CGH-902 Urapium Scrap Burning Fecility 61-J
[FOTHORIERS FUNGE [ oo S 500 aec s 27,500 cosT acomm.T0__ 5.1h.G] s 2,03
s 36,000 consT.$ 31,000 {ct s 7,500 EsTiMATED TOTAL cOST % 26,000
STARTING {M 5=15-81 _ (oAt auTwomizmo 1D.1L.60M% oL, oenan 7-1-61 FERCENT COMPLETE
oares .o e 7= 1-71 Cir, comp. BATE 10.15-8] | catus conat.]0- 15-6 WT'D. | SCMED-[ASTUAL
ENSINEEN DESIEN 100 15 15
FEQ - RK Waldman TITLE |
MANPOWER AVERAGE |ACCUM MANDA YS{EE=TIT. 1
mxXo PRICE ) AETAY
COST PLUS FIXED FEK
SLANT roncEs CONST. 100 O 0
ARCHITEST ~ ENGINEER pr
DEMIN ENGINEERING OSEMATION crrr
BE FIfLO ENGINEERING i

SCOPE, FURPQIE, STATUS & PROGAESS

This project provides a means of making uranium scrap material safer for storags
and off-plant shipment by converting this scrap to a stable urani:m oxide. The
facility will be adjacent to the 333 Bullding.

Design started May 15, 1961.

* Accepred by the General Electric Company 4/17/61.

1252000
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SEMI—MONTHLY PROJECT STATUS REPORT HwW- GO
GENERAL ELECTRIC co, — Hanford Laboratories OATE 5/31/53_
PROJ.NO, TITLE _ FUNOING
CAH-914 Rattlesnake Springs Radilcecology Facility 61-]
AUTHOAIZED FUNGS [ogsiGN § 3’.}_!_00* agc s 53,700 COST & COMM, TD 5_11!__61 s 8.857
s 72’000 ICONST. 5 68}600 cE S 18’ 300 ESTIMATED TOTAL COST H 72.CC0
STARTING [pEsign 3=L-OL . DATE ayTHORiZED 12-22-50 €sT o omsianG~15=-H] [F BERCENT COMPLETE
DA TES L::mrr. 7_15_61 DIN. COMP, DATE 10_31_61 DATES | consT12-1-61 wt'o. §scuzn. ACTUAL
ENGINEER ) f) oEsi o 100 . NSw g5
FEQ - OM Lyso TITLE |

AVERAGE |[ACCUM MANDAYS || SE-TIT. |

AE=TIT | § 100 NS= 95

MANPOWER
FIXED PRICE

COST FLUS MXED FEKX

PLANT FONERS CONST. t0a
ARCHITECT=ENGINEER PF
CESIGN ENGINEERING CFERATION CPFF

r

G MELD ENGINEERING

corE, Iu;lﬁul. STATUS &« FROGARIS
This project will allow performance of radicecological studies under locsl environ-
mentel conditions. It consists of constructing field facilities for this purpose.

Title IT comment issue of specifications and d2sign were received from the AEC.
A meeting was held 5-17-61, and comments were submitted.

# Bovay Englneers. No design schedule is planned for this project.

PROJ. NO. TITLE PUNDRING  Tands
CAH-916 Fuels Recyele Pilot Plant Aveil. +2 Comm.
AUTHGRIZED FunBs [ oo 0ot 50 OO0 aRC S . 03T acOMM.TO 5.1 L. 6l s 43,700 '
s 50,000 CONST.§ {g; s 50,000 EITIMATED TOTAL COST 5 5,000.0C0
stanTING [praign 3-1L=-51% DATE ATHOATZED 2.3T7-H1 e m BL. oEtaN 3-1-6@ FERCENT COMPLETE
CATES consT, 3=L1=62_ DIR, COMPF. DATE DATES |consT.]11-1-63 WT'D. | SCHED. (ACTUAL
ENAINERR - ' DE3IGN 100 Ng* 4G
FEQ - EW Dascenzo | TITLE | - Hex [y)
MANPOWER ’ AVERAGE |ACCUM MANDAYS|GE=TIT. I
FIXED PRICE AE« TIT, IM !
COST MLLS MIXED FEE '
BLANT FORCES comsT, 100
ARCHITECT — ENGINELR PF :
DESIGN ENGINEERING GPFERATICN ' : 10 crEr
GE FIELD ENGINEEAING FP

ICQPI'. ‘BUMPOSE, STATUS & PROGRESS
This project is to provide a facility to perform a full scope of englneering tssts
and pilet plant studies associated with fuel reprocessing concepts.

Final building layout is still being determined.
Thrse drawings have been issued for information: Process Piping Schematic; Venniliaticn

Master Flow Diagram; Waste Piping Diagram.

Louhy

ét» Deslign SCOPFZ 5 Ny b
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SEMI—MONTHLY PROJECT STATUS REPORT Ww-  g98e2 |
GENERAL CLECTRIC CO, — Henferd Iaboratories CATE 5/31’/63_
RO .NO. TITLE . . FUNDING
CAR-917 | ©PField Service Center - Atmospheric Physics 61-j
AUTHORIZED FUNDS |puyigN § AEC S COST & COMM TO s
.s ‘lcourr. t sz § ESTIMATED TOTAL COST s 151!-1000
STARTING |OESIGN '?'-]_5-61-!-(' DATE AUTHORIZED e [pEmien 11-1-6 PERCENT COMPLETE
DATES | onst. 12+15=61% |otr, comp, oaTE CATES | conaT. 1&-1-6%’ WT'D. | SCHED. ACTUAL
EMNGIMEER . ; OESi 8N 100
FEO - JT Lloyd TITLE |
MANPOWER AVERAGE |ACCUM mMANDAYS || E=TIT.
FIXED FRICK AL-TIL{ |

SRET PLUS MXED FEE

BLANT FORCES COWsT. 100
ARCHITECT = ENAINERR ad
DEZIGN ENGINEERING OPRRATION CREF

"

O MEILD ENGINEERING

SCORg, PUREQEE. STATUS & PROARKSS
This project will provide facilities necessary to conduct atmospheric physics
research and development programs.

The project proposal was held up temporarily by the AEC. A minor revision was

made to page 4, at the request of the AEC. The proposal was then approved by
the local AEC.

* Based on AEC authorization by 6-15-61.

PRoJ. NO. TITLE FUNDING
CGE-918 Second Whole Body Counter-Cell Addition - 747 Building E£i-]
AUTHARIZED FUNGE | ooy ARC 8 €OST & COMM, TO ) s
s - CONST.$ L: [ ESTIMATED TOTAL COST s 110,000
ETARTING ;nnlgu DATE AUTHORIZED :;::‘BL_‘D_ISICN PERCENT COMPLETE
DATES CONST. OIN. COMP, DATE DATES |cONST. WT'D. | SCHED. [ACTUAL
ENGINERR . DE3ISN 100
B0 - H. Redow TITLE )
_ MANBOWER AVERAGE |ACCUM MANDAYSHGE-TIT, ||
XKD PRICE ' AR~ TIT. ) :
COST PLUS FIXEC FEK !
PLANT FORCES CoNST. 100
ARCHITRET ~ ENSINKER ' rr
DESIGN ENGINEERMING ORENATION coer
dE PIRLD EMGINERRING bl

1COPYE, BURPORE, STATUS & PROGRESE

This projeet will provide a second whole body monitoring cell in the 747-A Building
to increase the capacity of the Whole Body Counter Facility tc meet projscted needs.

This project proposal has been returned by the Commissicn without aection, and reporting
will not be continued. '

[ 2
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SEMI—-MONTHLY PROJECT STATUS REPORT rw- 63822
GENERAL ELECTRIC CO. — Hanford laboratories DATE 5/31/51 !
PROJ.NO. TITLE _ FUNDING !
. CAE-51% Alr Conditicning - 314 Bullding £1-3
AUTHGRIZED FUNDS ppgian s ,750 ["c < '28,650 COST & COMM TO 5_1L_6;“ [ 285853
s 35,000 |Zonsv. 5 28,650 se s 6,350 EITIMATED TOTAL cOsT 5 35,000
STARTING [BEsign 5-2«61 DATE AUTHORIZED L-18-61 g’o:‘"?"“lnulm T-5-61 PERCENT COMPLETE
QA TES COMST. 6-15-61 DIR, COMP. DATE 9_15_61 DATES |consT-Qul15-61 WT'D: |SCHED. [ACTUAL |
ENGINEER DESIGH 100 NS 60 :
| _FEQO - OM Lyso TITLE |
MANFPOWER AVERAGE |[ACCUM MANDAYS || GE-THT.H NS 60
FIXED PMICE _ ) AE= TIT | |
SOST PLUS MXED FEX _
PLANT FORCES CONST, 100
ARCHITECT= ENGINEER rF
OESIGN ENSINELRING OPENATION CPFF
]

G MELD ENGINEERING

SCORE, PURSCIR, STATUS & PROGAESS

This project will supplement existing cocoling units, thus providing cooling air
supply commensurate with heat lcad and outdoor temperatures.

Directive AEC-188, dated March 8, 1961, authorized the project and assigned
management to the AEC. Work Authority vas issued 4/18/61, to the GE Compeny.
Specifications for the cooling units were submitted to J. A. Jones Construction
Company on 4-26-61. Bid opening 1s scheduled for 5-23-61, on the cooling units.

PROJ. MO, TITLE . FUNDING
CAE-921 Geological & Hydrological Wells - FY-61 ' €i-3
AUTHORIERS FUNDS [ osons 1,000 {“g s 49,500 costT gcomm.Te §5.1h-K] $ £2,063
s 79,000 conat.s 62,000 [T 9,500 ESTIMATED TOTAL CORT $  79.000
STARTING [ogmgnb=15=81 DATE AUTHORIZED 3 _ 57 _&1 IS besian 5-15-61 PERCENT COMPLETE
OATES CONST, B=DDaf] DIR. COMP. DATE v~ _ 59 &9 CATES |consT.12-3]1-6 WT'D: | SCHED. [ACTUAL
ENGINEER " - DESIGN 100 100 100
F@ - E__R_alph TITLE § 100 0 o]
MANPOWER AVERAGE |ACCUM MANDA YS{GE-TIT. || 75 75
FIXED PRICE AE- TIT. 0} ' ‘
COST PLUS FIXED FUK
PLANT PORCES ' CONST. 100 NS | 1.5
ARCHITECT « ENGINEER pF 8]
OR$IGN ENGINERRING GPFERATION CPFF = NS 50
GE FIELO ENGINEERING FP Q7 0 e

SCOPRE, PURROIE, STATUS @ RFROGRESS
This project involves the continued c‘i.rilling of special research, *¢3t and
monitoring wells. :

Drilling rig arrived on-site 5/16/61. and set up on Well 299-45-50. Total amount
of hole drilled through 5-22-61, iz 15 feet. !

r~2
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SEMI-MONTHLY PROJECT STATUS REPORT . nw- 65822
SGENERAL ELECTRIC CO. — Banford Laboratorlias DATE 5/31/61

PROJ.NG. TITLE FUNDING

CGH-922 Burat Test Facility for Zirconium Tubes 61-3

|AUTHORIZED FUNDS |upgigN 3 age s £a3T & COMM TO ' H

£ cONAT. § . Ge § ESTIMATED TOTAL COST L} 2-_:8‘000
STARTING DESIGN =]15=f]® 1 0ATE AUTHORIZED gr‘"?‘-_. DESIGN 2-]3-5 * FRERCENT COMPLETE
Da TES LWN"- 1-1=62% | BIR. comp. DATE CATRS | congr.QalaG2M. wT'D. [schmo. [acrual
ENGINEER ~ jjoesien 100

FEO - H. Radow ] TITLE |

GE~TIT,) |

* MﬁNFO*!R AVYERAGE ACCUM MANDAYS
. AB=TITL ]I

FIXED PRICE
CUST MLUE MXED FRE |

PLANT FORCES LRE 100
ARCHITECT = ENGINKER [T
OESIAN ENQINERNING GREMATION cary

r»

| 6% MELD ENGINERRING

SCOPE, PURPOSE, STATUS b FROGMERS _ .
This project will provide facilities to permit deliberate destructive testing of
irrajiated zirconium tubing. This will provide operating and tube life data not -
now avallable because of the limited operating history of Zircaloy-2 pressure
tubing in resctors.

The project proposal, vhich was retwned by the Commission without action, has
been revised to include supplemental data requested by the Commission.

* Baced on AEC authorization by 8-1-61.

mod, NO. TITLE FUNDING
CGH-923 Spectroscopy Laboratory 0290
AUt iiall!l_n FUNDS !g'mqu [ ll._, 500 ARG 3 €oET & COMM, TO 5-7"61 3 B i 126
s 95,000 Y const.s 90,500 {u s 95,000 ESTIMATED TOTAL COST $ 95.000
sTanTING [o -2l-61 DATE AUTHORIZED 3-0~8]1 e aL.joEsien 5-2u-61 | PERCENT COMALETE
paTes consr. B=1-61 GIR, COMP. BATE ) ] .]15~5]) DATES |const.]1]1-15-61 wT'D: | SCHED. [acTUAL
ENGINEEA o Bl OESI4H 100 | 100 | 100
FEO -~ RC Ingerscll TITLE
WANPOWER . AVERAGE |ACCUM MANDA YS[leK. Tit, 11 100 100
FIXED PRICK ' AL TIT. 1} .
CONT PLUS FIXED FER
PLANT FORCES consT, 100
AMCHITEET - ENGINEER FF
OKSION ENGINEERING OFERATION Ll
SE FIELDO ENGINEEMING e

JCOPE, FURSOLE, STATUS & PRAOGAKSS

This project will provide a facility for specialized spectroscopy work.
J. A. Jones is preparing a bid package for the block work.

A work order has been issued to FPD Plant Forces to relocate steam and condensate
lines in the planned work area.

12520009

B -TI00 042l T=B17 arrareweiien wien



H-19

SEMI—-MONTHLY PROJECT STATUS REPORT Hw- 60820
GENERAL ELECTRIC €0. — Hanford Laboratories DATE 5/33_/61
FROJ.NO, Tite®  Additions to the 271-CR Suilding Waste Treaiment FUNDING
CAH-927 Demonstration Facility 61-3
AUTHORIZED FUNDS [ogpign § UL ,000 AEC § COST a COMM, TO s
s 80 000 I::ems-r s ?6 000 pr— EITIMATED TOTAL GOST 5 80)000
STARTING pEsign D-10-61 DATE AUTHORIZED E3T'D: foesign 10=10=01 PERCENT COMFLETE
DATES consT, 9= -581 DIR, COMP. DATE 3-31-62 oATES | cou".3_3l-62 wT'D. |SCHED. lacTuaL
ENGINEER ) DESIGH 100 NS 9]
FEO - KA Clark TITLE |
MANPOWER AVERAGE [ACCLM MANDAYS || BE-TIT.q
*IXED PRICK AE=TIT 11
COST FLUS MIXED FEK
®LANT FORMCES CONST, 100
1 ARCMITEC T= ENGINEER PF
DESIGN ENGINEERING OPERATION CPFF
GE MELD ENQINEEMING L

SCOPFE, FURPOSE, STATUS & PROGRESS

discharge to the plant environs.

has been received.

The AEC Directive No. AEC-194 was issued May 16, 1961.

This project provides facilities for pilot plant develorment of decontamination
processes for intermediate level chemical processing plant waste for safe

No work authority

in the 306 Building.

Comment issues of the specifications for work stations are complete.

SMOJ. NO. TITLE FUNMDING
CGH-92k 200 KW Induction Heating System -~ 306 Bullding 0290
AUTHORTZED FUNDS |G ogian s 3,200 - [u:c s 24,650 COST 4 COMM.TO 5-7-A1 § 1.213
s 31,000 conaT. 8 27 800 lex s 6,350 EsTIMATED TOTAL cosT  § 21,000
STARTING [prpigm 5=1-61 DATE auTHOMZED 3-27-651 :.0;21. onmn?-l-6l PERCENT COMPLETE
DATES {cons?. fal-6] DIR, COMP. DATE D.DHLAD caTEs |consT.G-1-H1 WT'D: | SCHED. {ACTUAL
ENGINEER DESIGN 100 NS 25
FEO - RC Ingersoll TITLE ) |
MANPOWER . |AVERAGE jACCUM MANDAYS[EE-TIT. 11 NS 25
FIXED PRICE Lo E= TIT. A |
COST PLUS FIXED FEE ]
PLANT FORCES CONET. 100 (o3 o .
ARCHITECT ~ ENGIMEER PF ; :
DESIGN ENGINEERING OPERATION cPFF ? :
GE FIELD ENGINEERING P i l
I
SCOPE, FURNQSK, $TATUS & RROGRESS
This project will provide a source of power for induction heating for R & D work
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SEMI - MONTHLY PROJECT STATUS REPORT Hw -~ §afloo =
GEMERAL ELECTRIC CD. — Mord I‘Mmtories RATE 5/31/61
PROJNOG, TITLE FUNDING —
CAH.932 30C Area Reteption Waste System icn 6l-3
AUTHORIZED FUNGS [psign ¢ AEC $ COST & COMM TO $
s lcomr. s ag $ EITIMATED TOQTAL COST s 70.000
r PERCENT COMPLETE

STAATING [ORSIGN [~ L=OL® ] DATE AUTHOAIZED

EST'0- [ommion Q1551

DATES | o er. 10-15-01% | orm, come. oatt Epqutid consT 21551 WT'D. |ICHER, [ACTUAL
ENGINEERN _ i |[oestan 100
FEO - OM mo TITLE 4
MANPOWER AVERAGE |ACCUM MANDA vs || GE=TIT.1
FIXEE AMICE ' AG=TIT
COST PLUS MIXED FRE
RLANT FORCES | CoRSY, 100
ARCHITECS T = ENSINEER L
CESIAN ENGINEERING OFERATION CPFF
E MELD ENGINEERING L

SCOPE, PURPOYE,. STATUS & PROGRIESS

This project will increase the basin capacity commensurate with the increased
volumes handled. This will permit transfer to crib waste of contaminasted waste
if required, and still permit adequate sampling time for the normal flow.

The project proposal was submitted to EDO-AEC for authorization on 5-5-61.
Review of this project was deferred to 6-1-61, by the HOO-AEC Review Boerd.

¥Baged on ABC authorization by 6-1-61.

PROJ. NO. TTLE FUNDING
|AUTHORIZED FuUNDE ouEmam $ agC § COAT & COMM, TO s
$ cONST.S {u: 5 EITIMATRD TOTAL COST s
ITARTING ]Luau.n DATE AUTHORIZED :;:‘2;"2&.“ PERCENT COMPLETE
CATES congT. OIR. COM®., DATL DATES |cONST. WT'De | ZCHED. [ACTUAL
ENJINEER - DESIGN 100
TITLE |
MANPOWER AVERAGR (ACCUM MANGCA YSIIGE=TIT. I}
FIXED PRICE Tt 01
CORT FLUS MIXED FEX
FLANT FORERS CONST, 100
ARCHITRET = EHAINELN or
DEMGN ENSINERRING OFERATION crrEr
G MELD EMSIMNEERING il

1CAPY, PURROIR, ATATUS & FPROGRESS
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PROFESSIONAL PLACEMENT AND
RELATIONS PRACTICES OPERATION

MONTHLY REFORT

COMMIINTCATIONS

Wrote and filmed a two-minute news film on the completicn of the Critical Mass
laboratory. .Film editing is now underway.

Prepared press releases on: (1) appoiniment of Dr. R. C. Thcmpson to a Naticnal
Committee on Radiation Protsction and Measurements sub-committee, (2} Dr. B. R.
Leonard's talk at Remsselaer Polytechnic Institute, (3) Dr. G. Gemow's Science
Colloqudur presentation. Participated with Relatlons Operation in preparstion of
releases on (1) Dr. E. D. Clayton's sddreas before the Symposium on Criticality
Control in Chemical Metallurgicsl Plant at Karlsruhe, Germany, (2) Hanford Labe
oratories participation in the Pacific Northwest Industrial Waste Conference at
Pullman, Washington.

EMPLOYMENRT {Professiocnal)

Advanced Degree - Eight Ph.D. candidates visited HAPO for professional employment
interviews. Seven offers were extended; three acrceptances and nine rejections
wvere received. Current open offers total 11. For the recruiting year, we have
achieved 12 Ph.D. scceptances.

BS(LB - Recruiting activity for the Technlcal Graduate Program included 19 offers,
17 acceptances and 58 rejections. Six offers remain open. For BS/MS experienced
personnel, 17 offers were extended, 5 acceptances and 2 rejections were received
vith ten offers remaining open. '

Technical Graduate Prgﬂ ~ Nine Tachnical Graduates were placed c¢n permanent
sssignment during the month. Pour new members were added to the program rolls
and two terminated. Current program members total Ll.

EMPLOYMENT (Non-Professional)

Thirteen requisitions were filled during the montk with & total of 31 active
requisitions remaining to be filled.

HEALTH, SAFETY, AND SECURITY

A disabling injury cccurred in Fuels Fabrication Development Operation to technol-
oglst who severed the tip of his middle finger, right hand, while
using a Preéss Brake and Shear. An investigation has been conducted and +he result-

ing report prepared and distributed.
p

PRIvVA
CY ACT MATERIAL REMOVED 0. E. Boston, Mansager
Professional Placement
and Relaticns Practices
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C = Technicel Graduate Program .
Month ending May 31, 1961

Bunker Persomnel on Asaignment 'S
{BAPO Tech Grad Program..c.......38
{Engineering & Science Program .. 3

Disti'ibution of Assignments by Departmernts

IED - 12
HL 17
. FPD 3
CFD 7
CLAQ 2
CE&UO 0

Distritution of Assignments by Functicn

Regearch & Development or Engineering 31
Other 10

WARIANNE!

EW-£98z22

UNCIASSIFIED
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FINANCIAL OPERATTON MONTHLY REPCRT
MAY - 1061 ;

Personnel
There were nc changes during the month of Msy.
Activities

GENERAL ACCOUNTING OPERATION

The level of travel activity, fiscal year-to-date, paraliels FY 1960 experience but
is expected in total to fall slightly below the previous year.

Fellowing is a summary of action on asppreval letters submitted to the Commissicn.

Funber Title . Status
AT-97 Cooperative Program for Evaluation Approved May 26, 1961.
of Decontamination Agents ‘ _
AT-104 Fission Productz Dispersal Handbook 8ti11 under consideraticn
- by HOO-AEC
AT-105 Symposium cn the Bislogy of Tran- Has been forwarded <o Wazh-
suranic Elements ington by HOC-AEC witk a
recommendation for approvali.
AT-149 Recrulting Practices Approved May 15, 196i.
AT-164 Movement of House Trailer Approved May 26, 196L.
AT-166 Transfer Expenses ~-- Nonexempt Approved lvhy 2h, 196:.
Employee

Prccedures were revised to imprcve the quality and issuing date of 3" x 5" repcrts
for management.

During the month ﬁreliminary unitizaticn work was performed on the fcilowirg
Frojects and equipment tagged:

CAH-Thh Metallurgical Develcpment Facility, 306 Building
ce -785 In-Reactor Studies Equipment - 105-KW

Project_xmi‘cization report was issued during the month on Project CAH-T4O - High
Level Radiochemistry Facility, 325-A Bullding - valued at $913,797.

The field count in commection witk the physical inventory of movable equipment in

custody of Reactor and Fuels R&D 1s complete and the reccneiliation by HLC is in
Frogresa.

UNCLASSIFIED
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Reconciliation by CRAO of the physical inventory of fixed mroperty in commecticn
with the Cold Semi-Werks, 321 Facllity - 1s complete and a report will be

issued in June. Two items valued at $1,000 were not physicaily located during
the count and 3ix unrecorded items valued at $32,897 were found during the
count. This inventory included fixed property (buildings, installed equipment
and utility systems) valued at $2.4 milliom.

Heavy water returned to SROO for rework during May amoumted to 4,038.250 kgs.
valued at $010,287 (Fund) and $85,804 (Bon-Fund). Heavy Water ted for
return to SROO during May amounted to 1,604.330 kgs. valued at g:,g'ro. A
requisition vas placed during the month for 3,636.363 kgs. of Heavy Water
valued at $113,054.53 for August 1961 delivery.

gixty-three items valued at 324,674 were received at the Iaboratory Equipment
Pool during the mopth. REighteen items valued at $4,028 were disbursed in lieu
of placement of requisitions. Three items valued at 32,573 were withdrawn by
custodians. There are currently 599 items valued at $2ﬂ5,689 lecated in the
Pool. Included in the total are 110 uncataloged items valued at $16,038 and
44 items valued at $1,800 held for convenience of others.

. Resctor apd Othar Special Materials on hand at month's end comslated of tkhe
following:

Beryllimm | 122 $ 696

Gold 2 258 3 027

Palladium 2 219 2 530

Flatimm 5 917 17T 29

Silver 2 k63 98

- Zirconium

Inventory Stock 3 088 67T 763

R&D Stock 607 9 11k
Sexrap 9 643 -0-

$100 h-l!-I

Acticn as indicated occurred on the following mrojects during the month:

New Money Authorized to HLO o
CGH%% Yodification and Additions High Pressure Heat Transfer $45 000

Apparatus ,
CAE-927 Waste Treatment Demonstration Facility, 271-CR Buildicg 17 500

Physical Completion Notices Iasued
T CGH=505 High Temperature Tensile Testing Cell, 327 Bullding
CAE-885% Geologlcal and Hydrological Wells, FY 1960
®AERM services only.
COST ACCOUNTING OPERATION

The FY 1961 Operating Cost Control Budget was adjusted in May as follows:

1. Increase of 340,000 for Stromtium-90 work sponsored by CPD. The
increase is funded from 02 Program - Production.

‘22
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2. Increase of $23,000 for Specific Fuel Cycle Studies as a result of a
transfer of O4 Program funds from IED.

3. Atmospheric Fhyeics funds for sponsored U.S. Air Force Programs
adjusted to reflect the current estimate for FY 1961 expenditures

as follows:
Edwards AFB Work $ 18 000
Cape Canaveral snd ..
Vandenberg AFB Work 5h 000
Current Atmospheric Diffusion
Studies 31 000
Wtal | $103 000

4. Funds sdded to other speclal requests as a result of additioral authoriz-
ations forthcoming in comnection with the AEC/AECL Cooperative Program:

FNon-Destructive Testing of
Zircaloy Sheathing $ 8 000
Magnetic Force Closure Studies - 2k 000

Financial advice was provided Radiation Protection Operation in commection with
& progrem proposal concerning Columbie River Studies which was subsequently sub-
mitted to HOO-AEC at their request. '

Information concerming professional recruiting for the firgt. quarter cof calendar
year 1961 was gathered together from the verious HAPO components. Deta will be
accumlated for & meaningful period of time to develop realistic ststistics con-
cerning professional recruiting costs.

Payroll Statistics

Number of HLO Employees Nexn-
Total Exempt Fxempt
Changes During Month

Employees on Payroll at Begimning of Month 1 361 639 722
Additions and Transfers In 14 5 9
Removals and Transfers Out 17 kY _6
Employees on Psyroll at End of Month 1 358 6;; 725
Overtime Payments During Month

ey | ' _April

Exeapt 3 6601 = $ 6988
Nonexempt: _ . 25 810 18 673
Total : $ .32 b7 $ _25 661

Ar ~ - UNCLASSIFIED
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Gross 1l Paid Momth O, w0)L roiliont

Exempt
Kenexempt

Total
Pnrt:l.ciation in Bmployee Benefita
'le at Month Fnd -

Pennion Flan
Insurance Plan
Persomal Coverage
Depenient Coverage
U.S. Savings Bonds
Stock Borma PFlan
Savings Flan
Savings and Security Plan

Insurance Claims
Employee Benefizs
Life Insmmrance
Weakly Sickness a.nd. Accident

Namber Participating
Percent Participating

-4
LSS May
$ STL 486
406 995 *
$ 978 ler
amber Percent
11226 99.1
365 ) :
g2 ) 992
66 32.7
83 6.1
1 038 89.9
T
0 & 0
5 34k
> 8 433
157 17061
3 $28m
52
. 68.1%

*Includes retro-active Dey.

W. Bale
June 13, 1561

April '
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INVENTIONS OR DISCOVERIES

All persons engaged in work that might reasonably be expected to
result in inventions or discoveries advise that, to the best of their knowledge
and belief, no inventions or discoveries were made in the course of their
work during the period covered by this report except as listed below. Such
persons further advise that, for the period therein covered by this report,
notebook records, if any, kept in the course of their work have been
examined for possible inventions or discaveries.

INVENTOR
R. H, Moore

R. H. Moore

C. H. Bloomster
W. T. Ross
R. E. Bardsley

TITLE OF INVENTION OR DISCOVERY

A Process for Decontamination of
Aqueous, Organic, or of Molten 3alt
Solutions by Reaction Chromatography
(HW-69762)

A Method for Preparing Reactive
Absorbants with High Flow Character-
isties from Finely Divided Materials
(HW-89688)

Invention Report: An Incremental
Loading Process to Accurately Control
Plutonium Enrichment in the Mechanically-
Mixed Oxide Fuel Systems, May 29, 1961
{HW-69782}) '

ke
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