HW-68350

DECLASSIFIED l VRIS

HANFORD LABORATORIES OPERATION
MONTHLY ACTIVITIES REPORT

AEROSITORY oL JANUARY, 1961
".:".QLLECT!ON &WMMM#
BO! No. Mi R

FOLDER N
. Ty .

FEBRUARY 15, 1961

THIS DOCUMENT HAS BEEN SCANNED
AND 15 STORED ON THE QPTICAL DISK DRIVE

I THIZ DOCWMENT 13 PUILICLY

AVAILAZLI

HANFORD ATOMIC PRODUCTS OPERATION

RICHLAND, WASHINGTON

GENERAL@D ELECTRIC

; | | . DECLASSIFIED

S EC. GE - MCHLAND. WASH,

i 1235010 - e



LEGAL NOTICE

This report wos prepared as an account of Government sponsored work. Neither the United States,
nor the Commissian, nor any person acting on behaif of the Commission;

A, Makes any warranty or representation, expressed or implied, with respect to the accuracy, com-
pleteness, or usefuiness of the information contained in this repart, or that the use of ony information,
apparatus, methed, or process discloted in this report may not infringe privately ownad rights; or

B. Assumes any liabilities with respect to the use of, or for domeges resulting fram the use of
any infermation, cpparatus, method, or process disclosed in this report.

As used in the above, "person acting an behaif of the Commission™ includes any employee ar
contracter of the Commission, or employes of such contractor, 'o the extent that such smployee or con-
tractor of the Commission, ar employee of such contractor prepares, disseminetes, or provides access to,
any information pursucnt to his employment or contract with the Commission, or his employment with
such cantractor.
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BUDGETS AND COSTS

January operating costs totaled $2, 122, 000; fiscal year-to-date costs are
$14, 680, 000, or 57% of the $25, 911, 000 control budget,

Hanford Laboratories research and development costs for January compared
with last month and the control budget are as follow:

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

HI.O Programs

02 Program $ 32 § 37 § 293 § 661 44

04 Program 822 810 5 447 9 494 57

05 Program 76 68 460 796 58

06 Program 169 177 1 338 2 372 56

1 699 1 692 7 538 13 323 57

IPD Sponsored 271 262 1871 3 170 59
CPD Sponsored (Excluding

Strontium-90 Program) 145 159 1119 1 593 68

Total $1 515 $1 513  $10 528 $18 186 58%

RESEARCH AND DEVELOPMENT

1.

12345022

Reactor and Fuels

Construction completion of PRTR and associated facilities is as follows:
PRTR Phase III-A, 92% complete; Maintenance and Mockup Facility, which
includes the Rupture Loop Annex and the Crifical Facility Building, 33%;
and Gas Loop, 55%. Designs of the Critical Facility and Rupture Loop are
complete. Beneficial use of the PRTR stack filter was obtained during the
month,

PRTR Critical Tests continued with further determinations of moderator
level coefficients, shim system strength and coolant void effects, and wiii:
sub=-critical measurements using all-plutonium fuel loadings, A maximum
total shim system strength of about 130 milli-k, and a maximum single-rod
strength of about four milli-k were found. These values are about 30 percent
higher than previous estimates based on single rod measurements, Extrapn-
lated results of sub-critical measurements indicate criticality with 12 Pu-Al
fuel elements loaded in the central tubes at a moderator level of 101 inches
and with 36 Pu-Al elements at a moderator level greater than 30 inches,

Experiments on arc-melted PuC-UC systems indicate that increased
additions of UC tend to suppress the quantity of PugaCgy formed upon passing
the PuC peritectic temperature of 1650 C. Complete stabilization ‘of the
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face-centered cubic PuC-UC structure occurs with slightly greater *han 25
weight percent UC.

"Salt cycle' UOy remotely fabricated into a fuel element was successfully
irradiated in the Materials Testing Reactor to an exposure of 700 MWD/T
at a maximum surface heat flux of 6§00, 000 BTU/hr-ft2,

Ex~reactor thermal conductivites of irradiated UOy are markedly lower
than for unirradiated materials at low temperatures, Annealing begins at
about 175 C but lower thermal conductivity, by about 10-15%, still remains
at 600 C,

The first KER loading of enriched single tube elements was discharged after
attaining an exposure of 1200 MWD/T. Basin examination showed no cbvious
changes' in the elements as a result of irradiation, No apparent dimensional
instability or swelling in the heat-affected zone of the braze closure area
was detected,

The hydriding of Zircaloy-2 and Zircaloy-4 by corrosion-product hydrogen
in refreshed and static autoclaves is governed by the concentration of
oxygen in the system.

Creep studies of annealed Zr-2 and 20% cold worked Zr~2 in the temperature
range of 200 C to 270 C show that the activation energy for creep is negligible
in this temperature range.

With technical assistance from Hanford, one fabricator has successfully
produced and delivered nine Zircaloy-2 tubes for the overbore test ai
C Reactor within nine weeks of the date of signing the contract.

The fifth intentional fuel rupture test in the Engineering Test Reactor operat:d
at full power for 2-1/2 hours after the defect cap was sheared off, The
swelling of the tubular NPR specimens nearly blocked the water annulus,
making removal from the basket difficult,

It is believed that non-uniform clad thickness on NPR fuel is the primary
contributing factor in the mechanism which caused failure by clad splitting
of several NPR fuel elements.

Excellent dimensional stability was shown by a U-Mg fuel element irradiated
to 15, 000 MWD/T in the ETR. Microscopic examination of the U-Mg core
material revealed that the original spherical uranium particles have been
greatly distorted and the magnesium matrix material has accommodated
this distortion by plastic yielding.

The effect on heat transfer conditions of the non-coaxia] placement of I&E
fuel elements within a process tube was demonstrated in*the laboratory.

(234023
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When an electrically heated element was displaced 50% and 75% of the distance
upwards toward the wall of the process tube, the water temperatures at the
top of the annulus increased significantly and boiling burnout took place at a
reduced heat flux,

A zirconium process tube and fittings procured for the overbore program at
C Reactor were installed in the 189-D hydraulics laboratory to verify the
hydraulic design of the tube and self-supported I&E fuel elements, The
pressure drop as measured across the fuel elements was 12% less than the
design value of 270 psi but can be compensated for by increasing the pressure
drop across other components in the tube,

Purified fused silica is the most radiation resistant optical grade glass or
plastic of several considered for use on in-reactor optical equipment., It

is virtually unaffected by a gamma dose of 5 x 10° roentgens,

2. Chemical Research and Development

A mixture of aluminum sulfate and calcium chloride formed an effective and
cheap scavenging precipitate for treating NPR decontamination solution,

This method appears superior te using ferrous sulfate and potassium perman-
ganate.

Thirteen and one-half kilocuries of strontium-90 were recovered in pure

form from two ion exchange runs made during the month, Isotopic purity of
the product was 56% strontium=-90, very close to the theoretical ratio of

Sr-90 to total strontium. Other than Sr-20 and its yttrium daughter, no

other radioactivie impurity was detectable in the product material. Refractory
solids in the strontium concentrate feed, a lower than expected resin capacity,
and.radiolytic reduction of copper in the resin system all were problems
encountered in these experiments, Work to minimize these complications in
future recoveries is underway. Initial decontamination of cell equipment

was started to allow repair of some leaks\before subsequent recoveries are
undertaken.

Conversion of the Hot Semiworks for strontium-90 recovery is about 85%
complete. Flowsheet developments continue to be encouraging and prepara-
tions for miniature mixer settler runs using actual Purex strontium-90 con-
centrate were virtually completed, Radiolysis studies of synthetic feed
solutions showed the system was stable for time periods expected during
processing. Radiolytic effects in actual processing will require careful
surveillance, however. Final strontium product preparation and shipping
problems are under study.

Continuing experiments to define the mechanisms by which plutonium and
uranium oxides co-deposit in the Salt Cycle Process showed air and/or
water vapor play a role in the process., These results coupled with electrode

234023 - oo g Y,
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polarization studies provided several hypotheses regarding reactor mechanisms
but conclusive results await more testing data,

Study of KCI1-PbCly salt mixtures as an alternate to KC1-NaCl for Salt Cycle
media showed uranium dioxide dissolution and electrodeposition characteris-
tics which are quite favorable by comparison and, of course, occur at a muech
lower temperature (450 C vice 700 C). It is clear that electrodeposition
characteristics in the KC1-PbCl, system are distinctly different from those
in KC1-NaCl. These favorable results must be tempered by planned studies
of plutonium behavior in the KCl-PbCly system.

The Radiant Heat Spray Calciner has been reassembled with an improved
filter unit. Two runs indicated satisfactory filter performance. The new
filter design shortens the unit to allow ultimate in-cell testing in the High
Level Radiochemistry Facility.

A bed of Florida pebble phosphate was found to be effective for removing
plutcnium from 234-5 sump waste, adsorbing more than 90% from over
400 bed volumes processed, Adsorbed plutonium is easily removed with
a carbonate wash, '

Physics and Instrument Research and Development

Continual progress in NPR support work was highlighted by measurements
of the fuel temperature reactivity coefficient at temperatures fifty percent
above those previously attained anywhere in such experiments with uranium
metal fuels. Data were obtained at temperatures up to 968° C. In other
work, strengths of several control rod configurations were determined in
exponential experiments, the first use of this technique locally. Calecula-
tions of neutron behavior in the lattice cell using the RBU code made prog-
ress as did instrumentation suppert work in the areas of fuel failure and
radiological monitoring. ‘Transient behavior of the NPR system continued
under study following its successful simulation reported last month and data
for use in design of automatic control systems were obtained from observa~
tions on an existing reactor.

At the Critical Mass Laboratory testing of safety and control mechanisms

and instruments proceeded satisfactorily and minor modifications to the
building were completed., Procedures to be followed in event of an emergency
are under discussion with CPD before being formalized. Meanwhile the
correlation of existing data on plutonium solutions with calculation methods
made progress with resolution of previous difficulties in treating reflected
systems. The method was then applied in obtaining nuclear safety limits
supplied to CPD for use in the c¢alcination of plutonium nitrate solution,

The shim rod system of the PRTR is as strong as-originally expected
according to results of recent tests which dispelled some concern on this
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score created by earlier incomplete results, Analysis of other critical
experiments indicated that the effect of the reflector was less than indicated
by the calculation methods used,

In other PRP work, design improvements were incorporated in the Gas
Annulus Measurement probe and development continued on the process tube
wall thickness probe. Technical planning for studies with high exposure
plutonium continued in an effort to achieve technical sophistication while
remaining within the limits of what is achievable experimentally.

In the Nondestruc¢t:ve Testing Program, continued encouraging results were
obtained in the development of direct thermal methods to bond testing with

the laboratory application of the methed to a number of Hanford, AISi process,
fuel elements,

Orderly progress was made on the many instrument development studies
including completion of new data handling equipment at the whole body counter,
improved techniques for using thermoluminescent dosimeters, and completion
of a calibration system for in-reactor creep measurements.

Biolo gy

About half of the waterfow! sampled from local hunters contained detecrable
amounts of P323 indicating that this may be a more significant source of
exposure to people in the Tri-Ci*y area than estimated in the past.

The virulence of columnaris organisms isclated from local fish varied with
the month of collection, The least virulent strain was obtained in July
{water temperature 66 F), the most virulent was obtained in Ociober (68 F},
and the strain obtained in November {61 F) was intermediate.

Radiation dose measurements of CslB? in sheep indicate that the gonads and
the whole body are of about equal importance as the "'critical organ”, Tre
‘urnover rate for cesiuzm in the heart muscle was found to be very fast --
exceeding 200 percent per day compared with 10 percent per day in
voluntary muscle,

Whole-body counting looks promising as a means of determining the body
burden of Sr-80 in vivo. Preliminary results with this method on swine
indicate that afier prolonged feeding, the body burden is about 10 to 15 rimes
the dose fed daily.

Work with swine showed that if a small skin wound is-contaminated with
i*onium, over 80% will be removed by the scab which forms.

In studies with Pu23902 particles. *here was an indcgtion that particle size
and *total quantity of Pu deposited affected iung re*entlon and urinary excretion.

3
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Such factors are important to inhalation hazard evaluation and 10 bicassay
interpretations.

5. Programming

Recently-completed parameterized computer calculations of fuel costs for
stainless steel clad vs, zircaloy clad fuel assemblies are expectied to be
valuable to fuel development personnel in guiding the design of more econom:ual
fuel elements for various reactor uses.

The design study of the Beloyarsk Russian Superheat reactor has provided a
convenient check case for the Specific Fuel Cycle Analysis computer codes,
For batch irradiation of the fuel, the calculated minimum value of plutonium
is approximately $14/gram, which is close to the mean value calculared for
the Advanced Pressurized Water Reactor (APWR).

An integrated plutonium value analysis computer code is nearing completion.
The code combines physics, economics, reactor operating, and fuel cost
parameters to calculate the value of plutonium as a power reactor fuel for

a selected range of reactor systems, and is intended to help guide reactoy
design and fuel development activities toward optimum utilization of
plutonium-bearing fuel.

TECHNICAL AND OTHER SERVICES

There are 17 currently active projects having combined authorized funds in the
amount of $19, 047, 000, The total estimated cost of these projects is $20, 922, 000,
Total expenditures. on these projects, through December were $14, 757, 000, In
addition, project proposals have been submitted 10 the Commission requesting
authorization of $670, 000 on six new projects for which the total combined costs
are expected to approach $5, 620, 000, Of the 17 authorized projects all but two
are on or ahead of schedule,

Project CGH-819 - Increased Laboratory Waste Facilities, was completed
during the month with only minor exceptions remaining. Authorized funds were
$193, 765, with a scheduled completion date of May 31, 1961, compared to actual
costs of $165, 000 and completion January 31, 1961. Both the cost and schedule
reflect less contamination problems during construction than were estimated as
well as the excellence of the working relationships of J. A. Jones Company and
the subcontractors.

The 1860 annual inventory of Secret Research and Development reports and of
Weapon Data reports was started January 3 and completed January 24 in record
breaking time. Results of the inventory are as follows: 10, 196 accountable
copies of which 1, 049 are Weapon Data reports and 9, 147 are R & D reports;
29 copies unaccounted for from previous years, none unaccounted for this year,

i

1234027 Bmme

2w o %

-
P'm

. -

L v

m ;'I'i q'



-SECEELS xi HW-68350

The periodical automation program is essentially completed and the system
"debugged''. Sample lists and reports have been printed from the tape and sub-
scription renewals are being handled with cards printed from taped information.

Declassification review of the early 3-series of Hanford documents has been
completed. The classification on approximately 480 of the documents has been
retained. The remainder of the nearly 5, 000 documents has either been
declassified or, in the case of those having no future reference value, destroyed.

Additional analyses were performed on post-irradiation data for production tests
involving bumper fuel elements, These analyses provided new insights into the
effectiveness of the prevention of hot spot failure and the nature of corrosion
mechanisms.

Coding of the computer program for the Z-Plant study has been completed. The
computer was delivered late in January and machine debugging will be started
tn the near future.

Four cases of plutonium contaminated injuries to fingers, two requiring excision
of skin, occurred to Chemical Processing Department operators. One additional
case of minor plutonium deposition was confirmed during the month, bringing the
total to 269 of which 264 have occurred at HAPO, There are currently 182

cases on the active rolls.

A review of internal deposition experience for 1360 showed there were 28
employees who received measurable deposition of plutonium, 9 employees
received mixed fission product deposition and one employee received uranivm
deposition. The maximum case was equal to or less than 10% of the maximum
permissible body burden. Inhalation and minor injuries to the hand continued to
‘he the principal modes of internal exposure.

Four Radiation Protection Operation exempt employees, as members of the
Radiclogical Assistance Team, were requested by the Idaho Operations Office
*0 assist in operations as the site of the SL-1 reactor accident at the National
Reactor Test Site, Arco, Idaho, ‘

SUPPORTING FUNCTIONS

Hanford Laboratories received an additional $35, 000 allocation for Miscellaneous .
Capital Work Orders under $20, 000, This allocation brings FY 1961 funds up
‘o $150, 000, At month end, $107, 200 had been expended and $17, 200 was
committed leaving an unencumbered balance of $25, 6G0,

There are currently 563 items valued at $222, 000 located in the equipment pool,
Twenty~eight items valued at $12, 000 were placed in use status during the month
in lieu of placement of purchase requisitions. o

12340289
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As of January 31, 1961, the staff of the Hanford Laboratories totalled 1382
employees, including 654 exempt and 728 weekly salaried, Of the total, 562
possess technical degrees, including 333 B.S., 124 M. S, and 105 Ph.D,

The medical treatment frequency for January was ! 41 as compared with 1, 32
for the preceding month. There were no disabling .:juries or serious accidents
during the month. There was 1 security vielation during the month, as compared
with 2 for the corresponding period last year.

To date, 43 offers were extended BS/MS candidates for the Technical Graduaie
Program. Of these, 7 acceptances and 7 rejections have been received.

Ph. D, employment activity included 8 interviews, with 2 offers extended
iChemists~HIL), one acceptance (Chemist-HL) and 4 rejections (Chemists-HL).

To date, 7 professors have accepted HAPO offers to participate in the Summer
Employment Program.

A supplemental recruiting brochure, "Living in the Tri-City Area, ' was
completed and is now in use.

Open requisitions at the beginning of the month totalled 23, There were 10 new
requisitions received, 14 vacancies filled, and 2 cancelled.

Listed below is a summary of training activities.

Course or Seminar ' Number of People Status

PBM-I 41 Continuing
Creative Approach 10 Continuing
Technical Report Writing 7 Continuing

Dr. 1. H, Dearnley joined the staff of the Hanford Laboratories as Universiry
Representative, Dr, Dearnley will be concerned with identifying areas of common
interest between academic institutions and the Laboratories and in promoting their
apprepriate development,

Jor

anaéer
Hanford Laboratories

HM Parker:mlk

1234029
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REACTOR AND FUELS RESEARCH AND DEVELOPMENT OFERATION

TECENICAL ACTIVITIES

~ A, FISSICNABLE MATERTIALS - 2000 PROGRAM

1.

F231030 gggm 12‘%:

METALLURGY PROGRAM

Corrosion Studies

Effect of Hydrogen Pressure on Hydriding of Zircaloy-2. When Zircaloy-2

i3 exposed to mixtures of water vapor and hydrogen, the water vapor severely
inhibits the hydriding reaction as long as enough water is present to main-
tain the normal oxidation rate. Previous data on 30-mil thick samples
indicated that increasing *the hydrogen pressure from 1 to 400 mm had no
effect on the hydriding reaction as long as excess water was avallable.

This experiment was repeated on 5-mil foils of the same area, which in-
creased the sensitivity of the experiment by a factor of six. The water
pressures were chosen %o be just sufficlent to supply the required water

to maintain the oxidation rate. The unstable nature of the system at pppp =
0.5 mm is indicated by two similar experiments, one of which produced no
hydriding, the other catestrophic hydriding. Longer term data at pp,g =
40O mm show no hydrogen pickup due to the 40O mm hydrogen partial preéssure.
These results confirm the earlier observations. '

In a similar experiment on 30-mil vapor-blasted samples, a small effect of

the hydrogen pressure is indicated by the higher than normal calculated percers
of theoretical hydrogen pickup values. More experiments are planned to con-
firm this cbkservation.

Hydriding of Zircaloy-2 in Glow Discharge. There has been interest in whas

effect atomic hydrogen would have on the hydriding of Zircaloy-2. A
Zircaloy-2 Toil was heated to 40C C in high vecuum and H2 at one mm
pressure and HoQ at 0.1 mm pressure were added. An electric glow dischargs
was set up by impressing a 1500 volt AC power supply across electrodes intc
the furnace tube. The Zircaloy-2 sample wag one electrode. After 18 hours
of exposure the sample was removed. The hydrogen pickup was 25 ppm, which
compares with zero pickup in a similar experiment at pg, = 400 mm and

Pang = 1 mm. This result shows that either the electric field itself, or
th€ atomic hydrogen that was generated by the discharge had an effect on
hydrogen pickup. Further experiments are plamned in which the zirconium
samples are not part of the electrical circuit.

Corrosion of NPR Moderator Cocling Tube. In the event the cooling water is

lost, the temperature of NPR moderatcr tubes would quickly rise to a high
temperature and then slowly coel in a steam stmosphere. This sequence was
approximated in & laboratory furnace. A piece of NFR moderator tubing was
heated in a vacuum to 875 C. Pure water vapor at 23 mm pressure was then
added, and the sample slowly cooled by a calculated rate over an hour and
a half period. The sample had a black oxide filg',-a weight gain of
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100 mg/am?, a nydrogen pickup cf 180 ppm and a percent theoretical pickup
of 35%. An appreciable gquantity of oxygen probably was uniformly dissolved
in the metal. This simplified experiment indicates that the loss of water
to the tubes for a period of about one hour would result in some damage to
the tubes but not catesirophic failure.

BEtching and Autoclaving of Beryllium Brazed Fuel Elements. Considerabie
troubie has been experienced in the pilot plant in etching and autoclaving
of coextruded uranium-core Zircaloy-2 clad fuel elements with beryllium
brazed end closures. The welded ends of the fuel elements show grsy-tc-
vhite areas after autcclaving rather than the normel black film. These
grey-to-wbite areas appear to be caused by the beryllium present in ths
welds. A test program has been initiated to determine a suitable stching
technique for beryllium-containing Zircalaoy-2. To date, six 5-inch fuel
elements and several 5% beryllium-Zircsloy-2 braze rings have teen etched
and autoclaved using standard Zircaloy etching procedures and sulfuric acid
rinses., The materixl processed through the standard Zircaioy etch bath
showed acceptable black films whereas the material processed through various
concentrations of sulfuric acid rinses following the standard ANC:-HF etch
showed heavy white oxide on the weld zones.

Radiomstaliurgy Laboratory Studies

Metallographic examination of IP-292-A (enriched KER tube-in-tube elements)
revealed that distortior and severe cracking due to uranium growth had
occurred in the unalloyed uranium. The uranium-2% Zr alley was in excellent
condition after the 3100 MWD/T exposure (RM-569).

The ruptured tubular element from the fifth ETR defect test was badly
swollen and had distorted the Zircaloy-2 basket. Approximately cne-half

of the wranium core had coxidized over a five-inch section in the defect
area. Cladding was badly cracked and on the side of the defect part of the
cladding had fallen away. The swelling had alsc collapsed the internal
coolant channel (RM-5TL).

Examination of GEE-3-8, uranium-magnesium fuel elemen%t, showed that the
spherical uranium pellets had become misshapen and many contained cracks
after a 15,000 MWD,/T expcsure. In a few locations a metallurgical bond
had formed between the cladding and the fuel core (RM-575).

Results and intexpretations of these examinations will bs reported ir more
detail in connection with the development programs served.

Basic l\hta.llurg Studies

Radiation Effects in Structural Materials. In order to augment limited
data on changes in mechanical properties of structural materials resulting
from radiatior damege, tensile specimens of Zircaloy-2, Zircaloy-3,
aluminum alloys X-8001 and M-257, magnesium alloys HK-31A-H2h, A-3XA-0,

and AM-350 stainless steel were irradiated in the 105-KE magazine facility.
Three charges accumlate exposures of 6.95 x 1019 nvt, 7.0 x 1020 nvt, and
1.2 x 1021 nvt thermal flux, respectively. As a continuance of the program,

-
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the magresium alloy tensile specimens have been ftested. Data indicate
that radiation tc the levels of *tkis test does not significantly aiter
the mechanical propertiss of the HEK-31A-H24 (3% thorium) alloy. This
15 not surprising since the H24% alloy was fully cold worked prior to
irradiation. The A-3XA-0 (3% Al) alloy, however, follows the general
pattern of radiation damage with yield strengths increasing from
13,700 psi to 28,400 psi and ultimate strengths increasing from 26,700
psi to 36,600 psi. The elongatlon reduced from 13% to 10%.
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Electron and Optical Microscopy. The study of the microstructure of
cladding and fuel material before and after irradiation is a direct way
of detecting radistion induced damage in these materisls. Studies of
fission fragment damage in evaporated metallic films have continued.
Mutilayered films of the type carbon«X-UQp, where X is Cr, Ni, Pd, and
Be, have been irradiated. These films all contained discrete regions
free of U0z, and in these regions recoil fission fragment damage was
observed. This damage is similar in all respects to that detected in
previously reported films (AL, Ge, Pt, Si0p, ZrOp, W03). Experiments

are now in progress to establish the infiuence of film thickness on
flssion track registration. FPFilms of a given material are belng evep-
crated in a manner that produces films with thicknesses which vary by a
factor of two. The number of recoil tracks observed by transmissicn as
a function of track lengths for various film thicknesses will be analyzed
statistically. Similar sanalysis of the number of tracks of given lengths
which decorate the free surfaces of the films obtained by shadowing the
free surfaces of the fiim should kelp answer the following questions:
How does fission fragment damage as revealed by electron microscope teck-
niques vary as the disftance between fragment path and the free surfaca
increases? Can the direction of trawvel of the individual fission frag-
ments be determined from a comparison of the top and bottom surfaces of
the films?

A £ilm prepared by electron beam evaporation of a610 w/o U-Pd alloy onto
a carbon substrete has been irradiated to 4 x 10%° nvt. Due to the ex-
treme dilution of U-235, only a few tracks were observed. This type of
specimen does not appear to offer advantages over layered, evaporated
£ilms, but may offer advantages if prepared as foils.

Thin foil preparation techniques involving use of 2 microtome equipped
with & diamond ¥nife are being developed. This technique may be of con-
siderable help in preparing foils of chemically reactive metals.

Two articles, "Fissicn Fregment Damege in Non-fissionable Thin Films,"
and "Damage in UQp Films and Particles During Reactor Irradiation,” were
published in Journal of Applied Physics, December 1960.

X-Ray Diffraction Studies. Orientation of extruded uranium tubes ard rods
with various fabrication and heat treatment histories is being determined
by several x-ray methods. Five HKL pole figures of alpha-extruded rod
which had been cold swaged to 12.5 and 25% reduction in area have been
obtained using spherical specimens 1/2" and 1/L",in diameter. While the
alpha-extruded stock shows a s*rong a-axis comgpqpnt of texture at
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approximately 20° <o the extrusion axis, the cold swaged stock does not
show this. The effect cf swaging is to incresse the relative amcunt of
Q10 component parallel to the deformation axis and %o decrease the 110
axls component in the same direction.

During the current studies on x-ray line broadening of cold worked ard
irradiated molybderum,; it became apparent that the line broadening
functions found experimentally were inconsistent with theory. The mea-
surements were repeated using highly precise step scanning techniques.

The improved data did rot remove the difficulty bub served instead to
confirm the discrepancy. A re-examination of the experimental method
revealed that the relative heights of the alpha-l and alipha-2 peaks
changed with degree of broadening. The Pourier method of determining
broadening functions requires that this peak height ratio remair concstant.
It is necessary then to resclve the alpha-l and alpha-2 peaks rather than
to use the unresoclved peak. A technigque for doing this separation directly
from the Fourier coefficients has been developed.

Molybdenum single crystals are being examined to determine their degree of
perfection snd their suitabiiity for further study. The first crystals

appear to have a mosaic spread of about 15 minutes of argle, roughly twice
that usually asscciated with good single crystals. Intensity measuremen®s
for evaluating amount and type of extinction have been made, but a correc-
tion for crystal shape must be applied before any conclusions can be drawn.

The experimental work on the annealing of molybdenum irradiated %o expos-
ures > 5 x 109 nvt has been concluded. This melybdenum differs from the
lightly irrsdiated molybdenum used in previous annealing experiments since
considerable line broadening is present after irradiation. BSome conclu-
sions concerning the irnfluence of annealing on line broadening are:

(1} line droadening persists %o temperatures as higk as 800 C; (2} lire
brosdening (5 x 10+9 nv: materiel) anneals out in two temperaturs stages.
50 to 250 C and 400 4= 830 €; and (3) line broadening of 1.2 x 10°C vt
irradiated mclybdenum can be completely recovered by snnealing above 00 C -
little change is seen »elow 300 or 400 C. It has been noted previously
that all prepertiss do not anneal in the same tempersture ranges. Irrad-
iation induced x-rey line broadening of 5 x 109 nvt molybdenum is reduced
by 30% in the temperature range between 25 and 250 C. No corresponding
decrease in the irradiation induced lattice expansior occurs in this
range. Subsequent isichronal arneals in the 300 to 400 C range reduce the
residual expansion by 25%, while the extra line broadening decreases onily
by 5%. The two :irradiation induced property changes measured by x-ray 4o
not recover similtaneously in the temperature range between 25 and 400 C;
above 40O C they dc. There are other examples of varying recovery rates
in other irradiation induced property changes in irradiated molybdenum.

In this same neutron expeosure range, annealing of excess electrical re-
sistivity is found %o follow & similar pattern to the line width, while
microhardness and yield point increase with annealing above 100 C and up to
250 or 300 C. These charges illustrate the zomplexity of irradiation
defect configurations.

[
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quench and to compare the results of the oll guench with the results found
in & nitrate quench. The following heat treatment was given all samples:
10 minutes at T30 C in NuSal, 20-second air delay before quenching, and
guench into 20 C Houghton Quench "G" oil. Resulting grain sizes are about
0.130 mm in diameter and are fairly uniform; the results are comparable to
those found 1n the heat treatments involving the 250 C nitrate salt quench.
The samples have been sectioned for x-ray examination of grain orientaticn.

The first of eight ll-inch diameter by ll-inch long solid castings was
processed for ceextrusicn billets. The casting was triple beta heat treated
by heating in & chloride salt bath (LH 980) at 730 C for one hour soak time
and quenching in agitated cold water. Time between removal from the bath
and immersion in the guench varied between one minute, 15 seccnds and one
minute, 55 seconds. The billet was reversed between the second and third
quenches. Final dimensional changes were approximately 0.050-inch increase
in diameter at top and bottom, 0.01C-inch dismeter decresse in the middle
and approximately 0.015-inch decrease in length. The ends were also sligntly
dished. The billet was machined to 11-inch diameter, the ends faced, and a
1.250-inch diameter hole drilled at the center. Primary extrusion was made
by FFD with the billet wrapped with 0.020-inch copper. A reduction of
approximately 8 to 1 was used. The primary extrusion is being mechined to
produce six ll-inch long coextrusicon billets for vertical extrusion to N
inner tube on the 70O-twon press. The stock from these coextrusions are to
be used in studying warp of the inner tube geometry during beta heat treat-
ment.

Fuel Component Development. The rolls for the Three-Roll Straightener have
been grooved to accommodate the increased diameter of the ends of brazed
fuel elements. The relief has been cut to accept the 17.34-inch and the
23.13-inch long elements. Reassembly of the unit will be complete about
January 30. Hot straightened elements will be subjected to long term
autoclave cycles to determine amount of stress relief and rewarp.

Closure and Joining. Sewveral welds have been made placing a bead of reactor
grade Zirceloy-2 in & step cut on the cuter diameter of both ends of a
Zircaloy-2 round rod. The welding was done in a continuous flow, argon
inert gas hottle to provide weld protection against the atmosphere. The
object of these welds was to determine if a weld made by the Metallic Inert
Gas process would pass the autoclave test. Autoclaving is now under way.

Ancther series of filler metal welds were made over the braze of the brazed
fuel element closure. Micro examination of certain selected welds of this
series has shown a bead of filler metal relatively free from braze material.
Slightly excessive spatter and overhang was observed, but most of this can
be eliminated by proper adjustment of the welding parsmeters.

Continued experimentation and destructive evaluation of the "Extrusion
Closure" for Zircaloy-2 clad uranium fuel elements has led to the following
conclusions:

1. Of the numerous bonding media tried, a C.0005~-inch copper electro-
plate on the Zircaloy cep-ring appears to give best results with
respect to closure quality.
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2. Under the conditicns of processing, the copper plate alloys with the
Zircaloy components to form a liquid or highly plastic alloy which
flows intc the free spece between components and serves to bond them
together wherever they are contacted.

3. When the dies and punches are arranged to cause actual coextrusion
of the cap and side-wells, the latter are thinned by the metal {low,
resulting in a more vulnerable product than when no extrusicn occurs.
‘Moreover, the extrmision causes blending and pressure-welding of cap
and side-wall meterial only in the region of coextrusicon and for a
slight distance below this region.

L. The follcwing changes in procedure appear to yield an improved product:

8. The chem-milled grooves at the ends of the tubular Zircsloy-
clad elements are shaped tc an approximate 60° V. The cap
rings are shaped to match and are copper plated to abour 3/32"
above the tapered part.

b. The electron beam welding is modified to give about 0.050" desp
penstration of the weld beads at both inper and outer lips.

¢. The die and punch sets are shaped to give a flat closure surface
in the transverse plane at each end of the elemenrt.

5. These changes produce the following improvements in the process and
product:

a. The eguipment and procedure are simplified and made amenable
to productior use. Both ends of the element may be pressad
simltanequsly.

b. As the cap ring upsets and deforms to match the uranium face, ihe
side wails and w=ld beads ars alsc upset and compressed, becoming
thicker and better comsolidated.

c. The V-shaped interface introduces a shear component into applisd
longitudinel *ensile stresses, thus increasing the cap's resist-
ance to mechanical separation.

Since the process has evoived to this form, the term "Extrusion Closure"
is no longer appropriate and will be supplanted in future reports by the
term "Self-brazing Closure” which more accurately describes the system.

Attachment of Zircaloy supports to Zircaloy clad fuel elements by resist-
ance spot welding can generate a small ares of slightly enlarged uranium
grains immediately heneath the weld. Although this has not proven to be
detrimental to the fuel element life, it represents a possible source of
warp or instability. To determine whether this could be eliminated, a

series of welds were made using the somewhat limited variables available
on the 100 KVA Sciaky three-phase resistance welder. Preliminary examin-
atlion indicates that the grain size chenges caw ¢ eliminated by welding
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Metallic Fuel Development

Fuel Irradiations. Two tubular NPR-type fuel element assemblies have been
prepared for irradiation in the G6x9 loop of the ETR. This test is desigred
to determine effect of high temperature and an extremely high reutron flux
on a closure brazed wizh the 12 Fe + 4 Be + 84 Zry brazing alloy. These
elements will cperate at a calcuwlated power of 385 kw/ft with the inne
elements producing 145 kw/ft and the outer tubes producing 240 kw/ft. The
highest flux is 1,325,000 BIU/hr-f+© on the bore of the inner slement and
the lowest heat flux 1s 900,000 BTU/hr-ft2 on the outside of the outer
element. The maximum cere temperature will be 669C on the inner element
and the maximim jacket temperature will be 345 C. These elements are
scheduled t¢ run for one ETR eycle of six weeks starting February 13. 1961.

Production Test IP-3CCA, which consists of eight, 20-inch, natural uranium,
2r-2 clad, KER-size, tube-tube =lements with projection welded end closures,
hes been discharged and shipped to Radicmetallurgy. All of the elemenss
are currently in Rediometallrgy basin aweltirg visual examination ard mea-
surement of dimensions.

The first KER loading of enriched gingle tube NPR-type fuel has been dis-
charged after attainirg an exposure of 1200 MWD/T. These elements are 18
inches long, have Zr-Be eutectic brazed closures, and aré supported by
iron reils attached to the fuel element surface w1th Zircaloy-2 studs.
During operation, the maximum fuel temperature ranged from 360-510 C, and
the meximum power was approximately 150 kw/ft. The first 400 MWD/T ex-
posure was attaindd with the lcop on single pass flow using cold water.

During the course of the irradiation the delayed neutron activity in +hs
loop doubled, but cperaticn continued without incident. After discharging
and relcading of the loop with brazed closure NPR inner tubes, the activity
has returned to its previous normal lsvel.

Basin examirnation of the discharged elements showed no obvious changes irn
the elements as a resuwit of irradisticn. Tha iron rails were black and
showed no appreciable corrosicn a% discharge but are starting to corrode
in the bagir water. The fuel slement surfaces showed some evidencs of
slight film formation. There was no apparent dimensional instability ~r
swelling in the h=at affected zone of the brazs closures nor was thers ary
discoloration cor corrosion of the brazed cleosure. The elements will be
weighed in the K basin for the dirsct determination of swelling behavior.
In the irferim the elsments will be *ransferred for a more detailed exam-
inaticn at the C bagin examinatior facility.

Two KER fuel elements are being examined in Radiometallurgy after 330 MWL/T
exposure. The fuel element contalning unalioyed uranium has interns.

radial cracks in the fuel in betk the inner and outer tubes. The alloy core
(U-2 w/o Zr) element has been sectioned at mid-length; no cracks wers fourd
in either the inner or cuter tube. Arn area of well-defined grain structure

was observed in the unalloyed outer tube. (Crain structure of this type had
beern seer previcusly only wher uranium +Pmperaﬂhres were above 600 C. The
uranium fuel in this =lement was at a temperat ture bf approximately 350 C
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during operation. The measured density of the uranium fusl ir the outer
tube was 18.36 gm/cm?. This amounts to a density decrease of 3.0 percent
as the result of irradiation.

The tutular fuel elements of the fifth ETR rupture test have been receivad
in Radicmetallurgy and a visual examination has been made. The previously
wnirradiated test slement was operated at full power for 2-1/2 hours after
the defect cap was sheared off. The fuel element had swollen until the
annulus between the fuel and basket was very nearly blocked, and the bere
was partially blocked. The fuel element basket assembly was swolien in
the region of the defect to an extent that it was not possible to readily
remove the fuel elements. The outer Zircaloy-2 cledding around the de-
fected area was found to be cracked and appeared to be brittle. The amount
of uranium converted tc oxide was estimated to be 1080 grems.

The space coordinates of the ocuter circumference of eight NPR inner elsments
were measured at six positions along the length of each element. These co-
ordinates were measured aftar each processing step that conid cause dimen-
sion changes. Four of the eight pieces were charged inwc XER Locp 4 on
January 14, 1961. Post-irradiation examination of these elements will
provide an cpportunity to determine the effects of irradiation on the di-
mensional stability of %these carefully characterized fuel elements.

A U-Mg fuel element hasg been examined at Radiometallurgy after an exposure
of 15,000 MWD/T in the MIR. The 4.4-inch long and 1.12-inch diameter fuel
element showed excellent dimensicnal stebility, having grown cnly C2.0C2-
inch in length and 0.00k-inch in dismeter. The fuel element stability was
achieved by tkhe use of 0.060-inch Zircaloy-2 claed whick restrained the U-Mg
fuel core. The core i*self increased (0.006 inch in lergth and 0.00€ inck
in diameter arnd could rot be removed from its can. Microscopic examination
of the U-Mg core material revesled that the original spherical uranium
particles have been greakly distorted, and the magnesium matrix material
has accommodated this distortion by plastic yielding.

Failures of Zr-2 clad uranium rods and tubes as a result of leocalized clad
gtraining have gcecurred in NaK capsule and high tempersturs recirculating
water loop irradiations. Two recently examined fuel rods, from a serizs
of Hanford capsules, have shown striations on the 0.020-inch cladding at
1100 MWD/T indicating that the cladding has started to neck locally. This
cbservation indicates that non-uriform cladding thickness, such as exisis
in these rods, may be a more important factor than irradietiorn damage in
causing the Zircaloy-2 cladding instability. The maximm circumferenii
cladding strair on these rods as calculated from dimensional measurements
is 1.5 percent. Thres other fuel rods, two with 0.020 and one with
0.030-inch cladding, at this same exposure show no indications of cladding
striatiors. To further study *the effects of cladding thickness variations
on the susceptibility to failure, a series cof NaK capsule irradiations of
Zircaloy-2 clad fuel rods 13 planned.

Heat Treatment Studies. Five sanples of NPR outer tube, extrusion Th

(25-mil inner and outer ciad, 2.401 D, 1.740 ID) have been heat treated

to determine the degree of reproducibility ava;léble when using an oil
st}
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with the machine on sirgle phase with a secondary voltage of 8.8. It is of
interest to note thabt with the machine set to deliver s secondary voltage

of 4.4 three-phase the grain size change could not be eliminated. The other
conditions for welding without affecting the ursnium are: element and
support bright etched, clasg 2 electrode with a three-inch spherical radius,
weld time 1/120 second with 35% phase shift, and weld force 350 1lbs.

Fuel for Present Reactors. The 306 Building nickel plating facility was re-

ju03s

activated to provide plated cores for FFD to be uged in thelr evaluaticn

of pressure bcnded and hot pressed fuel elements. Sufficient numbers of
I%E, natural uranium cores are to be plated by the end of FY-1961 to provide
approximately 300 of each type of bonded fuel element for reasctor testing.
FFD will perform the hoi pressing while canned components are to be shipped
to the Savannah River Works for fluid bonding.

Fuel Deformation Studies. A previous study of & fuel element model, which
assumed a fuel material witkh a low yleld stress and a cladding material
with linear strain harderning, indicated that the cladding material could
direct the swelling and thermal expansions of tubular fuel elements.
Material tests for establishing a realistic estimate of fuel element
cladding resistance have been proposed. Review of a new model for creep
of anisctropic materials has beer completed. A new fuel element model is
being formiliated which accounts for both the fuel and cledding materials
behavicr for a full temperature cycle.

Twenty-mil thick Zircaloy-2 Jackets from coextruded fuel elements were burss
under various conditions of stress biaxiality. In these tests the mode of
fracture changed from a longitudiral to a transverse split when the longzi-
tudinal tensile stress was about 1.5 times the clircumferential tensile
stress. An unusual result of these tests was that, when the stress ratic
was about 1:1, most of the straining was longitudinal; e.g., the longi-
tudinal strair was 16 percent with a circumferential strain of only four
percent.

In fuel elements with bonded erd caps, a strain incompatibility exists
between the fuel and end cap matzrial. Psst attempts at obtaining ana-
lytical estimates of the stresszs in the end cap region of a fuel slement
were unsuccessful. Phobtoelasiic tachniques using embedded pclarizers are
now being investigated. C(ompanents for two fuel element models have been
fabricated.

Facilities and Equipment. A second test has been made with experimental
uranium scrap burning equipment. Ewven though there was a considerable
increase in *he weight of the batches burned, combustion of the metal pro-
gressed smcothly. The metal “urned dowm to a fine powder and did so at
temperatures which did nct appear Lo exceed 1000 C. This low temperature
mey account for the fact that no clinkers are formed as is the case in
most uranium fires. The design of the burner is such that it has a self-
limiting =ffect on the rate of combustion. The constricted throat of the
burner throtiles the flow of air as the temperature of the charge increases.
The previously s%ated hypothesis, *hat the time required to burn a batch
of scrap would not be directly proportiomal to the weight of the scrap, has
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been proven correct. A three-fold increase in the uranium scrap weight
produced only a 2.2-fold increase in the time and a six-fcld increase in
Zr plus U scrap produced only & 3.6-fold increase in the time required
for complete oxidation.

2. REACTOR PROGRAM

Coolant Systems Technology

OUxygen Scavenging with Sodium Sulfite. The dissclved oxygen scaverging
tests using sodium suifite in filtered Columbia River water have been
completed. The following conclusicns have been developed from a prelim-
inary analysis of the experimental data:

1. The fraction of oxygen removed is directly proportional
to the initiel scdium sulfite to oxygen ratio.

2. The rate of reaction increases by a factor of 1.8 between
10 and 20 C.

3. The reaction rates for commercia] and resgent grade sodium
sulfite are identical within the limits of measurement.

4. The reaction rates are somewhat higher than those reported
in the litersture for similar water supplies and are lower
than the rates measured in impure ocean water.

5. Cobalt ion in very low concentrations (0.1 to 10 ppb) is a
very effective catalyst for this reaction.

Raw Columbia River Water Corrosion. The corrosion and scaling evaluation
-of a copper jackated carbon steel heat exchanger tube in raw Columbis River
water service has heen completed. Heat was supplied by Dowtherm A at £30 F
o the carbon steel side. Raw Columbia River water was heated from SO F +o
~ 130 F (temperature was dependent on the Columbia River temperature) on
the copper side of the tube. A thin, black coating was found on the copper
surfaces expcsed to the water. Where the copper surface was exposed to air,
a thicker, black, sceling oxide was found. A much thicker oxide was fouznd
on a contrel carbon steel heat exchanger tube which was in raw water service.
The contrel alsc had numsrous pits, presumably formed during several long
shutdown periods wher the steel was exposed to stagnant water. Heat transfer
data are now being analyzed.

Corrosion samples of ASTM A212 carbon steel and X-8001 alloy aluminum have
been charged into 31C F Columbia River raw water for a long-term corrosion
test. Aluminum samples after two weeks of exposure did not exhibit any nom-
uniform corrosion, but several small pits one mil in diameter were found cn
the carbor steel. '

Process Tube Technolqu

Examination of Ziréaloy-e Tube from KER-1. Bukss tests were performed on two
samples from the Zircaloy-2 tube irradiated #n=RER-1., These samples were
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selected from regions near the centar of the tube from which a sample nad
burst at 500C psi. The burst pressures obtained of 16,000 and 1f,50C psi
correspond clesely to the values of buwrst pressures for samples from the
quarter points of the wube. Three samples from the front shield porticn
of the tube and one sample from the area that contained the heavy oxide
layer on the inner surface were obiained for corrosion testing. A second
sample from the area of heavy cxide was dissclved and a portion of scluticn
was taker for radiochemical anaiysis to detect the possible presence of

impurities.

Zircaloy Tubes for C Reactor. Two fabricators have undertaken the develop-
ment of Zircaloy-2 tubes for the overbore test at C Reactor. One vendor
with techrical assistance from Hanford successfully produced and delivered
nine tubes within nine weeks of the date of signing of the contract. Marked
progress in tool desigr made durirg this period will eliminate a complete
operation from subsequent processing. This development should have the
effect of decreasgsing the cost of fabricating the tube and improving the
quality. A second fabricator has eccountered unforeseen difficulties and
does not sxpect to deliver tubing prior to late February.

NPR Process Tubes. Differences continued to exist in the results achisved
by the fluorescent penetrant test as applied at Harvey Aluminum Company and
at Hanford. Meny more indicafions are found on a given tube when tested

at Hanford than were present on the same tube when tested at Harvey. Tha
difference in resuits appliss to both cutside and inside surfaces of the
tube. The results of the inside surface inspecticn may become more nearly
comparable whern Harvey replaces the present hlack light source on their
borescope. The ligkt they are using now contains an appreciable componert
of white light which may mask some of the fainter indications. They expact
very socn to install a black Light source identical with the one in use at
Henford. Some of the indicsticns in the Hanford test have been found 1c be
spuricus. Cortaminatiorn of the solutions is +hought to be a comntributing
factor. A sample tube tested in the White Bluffs' facility is tc be cross-
checked ir the 30C Area installation where cleanliiness has proven tc be
excelient. Meanwnile, the Sanks a% White Bluffs have been emptied of
peretrant and emilsifisr, cleaned of rather severe sludge deposits and
refilled with new materials.

At Hervey more than +thirty tubes have been rejected because of smell tears
cn the inner surface. Same of them can te removed by conditioning. In
other cases the tubas would be out of specification either on wall thickness
or on inside Jiameter befores the defect could be eliminated. Of the fubas
presently affected, a disproportiorate number appear to be from the bottom
half of the original ingot. The cause of the difficulty is not yet known.

Hopmetallic Materials Develcopment

NPR Graphite Irradiaticn. The GEH 13-5 experiment containing NFR reflecter
graphite ig now in the thiri irrsdistion cycle in the NS position of the
ETR. The number three thermocouple failed during the recent extended shut-
down arnd the heater at this positicn 1s now being-manually controlled at
the control point indicahed by the +hermocoapie-befbre failure.
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Graphite Burrcut Monitcring. Graphite burnout monitoring samples were
discharged from channel 3461-B after 485 opersting days. Average weight
losses of samples upstream in the middle of the channel and downgtream
were respectively, 0.24, 1.71, and 0.05% per 1000 cperating days. Samples
have been prepared for an unassigned channel at KE Reactor which will
supplement the regular 3066-KE monitoring during the production test %o
study the use of ritrogen as a constituent of the reactor atmosphere

Irradiation Damsge to Polycarbopates., The weight loss and gas evolution
resulting from a series of gamme irradiations of pclycarbonate plastics
have been determined. The initial buildup of the oxygen concentration
followed by a decrease at higher doses suggests that oxygen is first
evolved which subsequently reacts with the polymer to form carbon moroxide
and carbon dioxide. Af'ter an exposure of 3 x 10° rcentgens, the weight
loss of Lexan poiycarbonate was 1.5%; the weight loss of Mﬁcrofol, a higher
molecular weight material was about 0.5%. About 2.3 x 10-* mcles of gas
having a composition of 60% CC, 35% CO2 and 5% Hz + Op were evclved from
both materials.

Radicmetallurgy Laboratory Studies

Rings from two long sections of tubing thought to be adjacen®t to Section
No. 9, KER Loop I tube, have been examined, but nec continustion of the
oxide layer found on the No. § section was located. A small porticn of
tubing from the No. 9 section containing the oxide layer was dissolved
for chemical analysis and an edjacent piece removed for corrosion testing.
Four cne-inch rings were cut from a low exposure section of the tube for
corrosion testing. Burst tests were conducted on two sections of tubing
suspected of being adjacent to the No. 9 section which failed at low
pressure. DBoth pizces burst normally with a typical brittie fracture at
approximately 16,000 psi (RM-330).

The results and interpretation of these examinstions will be reportsd in
more detail in connection with the development programs served.

Thermal Hydrsulic Studiss

Boiling Burrout Conditions for Eccentric Annuli. The program to investigatsz
the effect on heat transter conditions of the non-coaxial pesitioning of
fuel elements within a coolant tube was continued. Crllection of data
applicable to I&E fuel elsments in a K Reactor process tube was complated
for the cases of 50% and 75% eccentricity. (Percent eccentricity is the
fraction of the ncrmal acnuius thickness that the fuel element is displaced
from a coaxial position toward the wall of the coolant tube.).

‘The test sectiom used was a 24-inch long, electrically heated rod, L.Ls7"

in diameter, placed within a 1.681" ID tube. Data were obtained for two
flow conditions of cooling water through the amnulus. These were 40 gpin

at 107 psig and 23 gpm at 53 psig, which represent conditions in tha flow
annulus for I&E fuel elsments in the central and frings tubes at s X Reactor.
The temperature cf the water at the inlet of the tegt section was held .
constant during each apprroach to boiling burnout ﬁqﬁ»was varied during the
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investigation between & and 170 F below tke boiling temperature. During
each run, while the heat geperation rate was gradually increased,
temperature messurements were made ¢f the heated surface and cecoling

water at selected points arocurd the amsulus of the test section. Each

run was terminated when film boiling was encountered as detected by a large
temperature excursion at scme point on the surface of the heated rod.

Scme typicsl results are as folliows:

Boiling Burnout

Flow Rate Water Temp. Eccentricity Heat Flux

{gpm) {OF below ‘oilirg pt) (%) (B/hr-sg %)
Case I 40 £0 50 1,150,000
Case II Lo €0 75 530,000
Case TII Lo 13¢ 50 1,450,000
Case IV 4o 120 75 580,000
Case V 23 £0 50 830,000
Case VI 23 66 75 k2,000
Case VII 23 130 , 50 1,150,000
Case VIIT 23 130 5 500,000

X

These data indicate that when fuel elements are not coaxially positioned
within coolant tubes in the Hanf'ord reactors, the boiling burnout heat fiux
is reduced to very near the normal operating heat flux of the fuel elements.
This probably lzads to high surface temperatures and, in some cases,
ruptures of the fuel elements.

During the experiments beoiling burnout generally tock place at the very
domstream end of the heated *test gection. However, it was noticed that
sometimes a surface temperabure higher than normel but lower then these
asgociated with boiling burnout was encountered 2-1/2 inches further up-
stream, The temperature at this point would sometimes remain high all
during the time heat flux was being increased to burnout conditions while
on other occasions it would shift back to normsl before burnout was reached.

‘No explanation is offered fcr this behevior although it might be noted “hat

this point was 2-1/2 inches downstream of a short spacing rib located in
the flow siream.

Review cf Outlet Water Tempsrsiure Limits for BDF Type Reactors. The reper.
Maboratory Date for Beview of Outi=t Water Temperature Limits for BDF Type
Reactors," EW-67139, was completed and issued. The laboratory results up-
date the lmowledge of the thermel and hydraulics conditions for BDF type
reactors during an insdvertent flow reduction. The data were obtained with
a full gize, elecurically heated mockup of a charge of I&E fuel elements in
a single procesg tube.

The results extended previous data to higher tube powers and, in additiorn,
included sn examination of the effects of high rear header pressures and
low Panellit pressures on the ability of the reactor Panellit gage system
to detect flow losses. This informetion is used in setting the reactor
outlet water temperature limits. o

s-, T T ) T
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It was concluded from the results that in principle the present method
of calculating cutlet water temperature limits was valid for the cases
studied, but that slight modifications were advisable to improve the
accuracy of the method. The report, HW-67139, discussed these modifi-
cations in detail.

Beat Transfer Experiments Pertaining to the NPR. The studies to determine
the boiling burnout conditions for the NPR tube-in-tube fuel element were
continued. Experimental data were cbtained in the heat transfer laborstory
which are applicable to the middle flow annulus of the fuel element.

The test sectlon used consisted of two 2k-inch long coaxial tubes, the
larger having an ID of 1.775 inches and the smaller having an 0D of 1.220
inches. Both tubes were electrically heated and all of the heat generated
was transferred to weter flowing through the annulus formed by the two tubes.
Thermocouples attached to the walls of the two tubes were used to detect

the temperature excursions assoclated with boiling burnout conditions.

Boiling burnout data were cobtained at 1500 psia for flow rates between

0.5 x 10% and 4 x 106 1b/hr-sq £t, and inlet water temperatures ranging
from 510 to 585 F. The burncut heat flux for these conditions ranged from
400,000 B/br~sq £t at the lowest flow rate to 1,620,000 B/hr-sq ft for the
highest flow rate and lowest water temperature. Data were obtained for
conditions of bulk boiling as well as subcooled water at the point of
beiling burnout.

The data reported here will be combined with results from previous and
future experiments to verify the fuel element design conditions and estab-
lish the maximum operating limits for the reactor.

Bvaluation of BExperimental Data. A system was developed to expedite the
anslyses of the boiling dburnout data cbtained on the experimental hesat
transfer apparatus by using the facilities of the Data Processing Center.
Two separate computer programs were written to accommedate data from any

of the variety of burnout test sections being used. By reccrding the
various instrument resdings directly on special forms during the experiments,
the data can be transcribed directly conto IBM cards for processing on the
7090 computer. The following items will be automatically calculated:

1. The heat flux for the various heated surfaces.

2. Inlet and ocutlet temperatures from thermocouple readings
in milliveolts.

3. Flow rates from venturi pressure readings.

L4, Enthalpy esnd quality of the fluid at the outlet of the test
secticn.

5. EHeat balance.

6. Temperature of the heat transfer surfaces.

It is estimeted that the results from the experinenté will be available

within two days of its gathering and will greatly reduce _the ampunt of
hand calculations that are normally reguired. S ,_,;
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Hydraulic Studies. One of tke zircoazium process tubes procured for the
overbore program at C Reactor was installzd in the hydravlics laboratory
and equipped with inlet and outlet piping connectors identical to those
fabricated for use on the reactor. The tube was charged with 32 C VI I&E
self-supported fuel elements and pressure drop-flow data were collecied
for verification of the hydrauwiic design conditions. The fuel elements
wvere 1.989 inckes OD and 0.34%% inches ID and the process tube was 2.1k
inches ID.

It was found that pressure dror acrcss the fuel elements at 50.5 gpm was
237 psi as compared to a design value of 270 psi. This deviation is within
the accuracy to be expected from existing theoretical equations and can be
compensated for by increasing the pressure drop across other components of
the tube. The ratioc of flow through the arnulus to flow through the hole
of the fuel elements was found to be 2.91 compared to z desigrn value of
2.75. This means that the temperature of the coclant water in-the hole
will be slightly warmer than desired for optimum cperating conditions.

Shielding Studies

Shielding Instruments. The source of the urexpected energy pesks cbserved
in the recent analysis of the Be?(d,n) reaction is not yet known. They are
believed to be due either to carbon (d,n)’reacticns or to a new excited
gtate of Be. Time of flight measurements will be made in the ion acceler-
ator lesboratory in an attempt to resclve this difficulity. TPlans have alsc
been made to eliminate +the pcssibility of carbon contamination by fabri-
cating new clean beryllium targets for the acecelerator.

Attenuation Studies. A new metbod for calculating neutron, gamma, and heat
distributionz in shield ma%terials 1s being investigated for application to
shielding problems of interest at HAPO. Tke computer program, developed by
A. F. Avery (AERE-R-3216), is being rewritten for the 7090 computer. The
first use of the program will »e an attempt to reproduce the experimental
data obtained for several concretes in the DR Reactor test wells.

B, WEAPQS - 3000 PROGRAM

Research and development in the field of plutonium metallurgy continued in
support of the Hanford 234-5 Building Operations and wespons development
programs of the University of California Lawrence Radiation Laboratory (Frojsct
Whitney). Details of these activities are reported separately vis distribution
lists appropriate to weapons developmert work.

1234004y




UNCLASSETFTIED A-16

c.

+

E

&

. . ﬁ"—'

-

REACTOR DEVELOFMENT - 4000 PROGRAM

1.

gy 123H0U5

PLUTQNTUM RECYCLE PROGRAM

Plutonium Fuels Development

FRTR Fuel Pabrication. Thirty-one Mark I-H plutonium spike fuel elements
for the first FRIR power tests were completed in January. These Class I
fuel elements and the six completed in September total thirty-seven
clusters available for full power use. The Mark I-H design uses the

¢80 (AL, 1.8 w/o Pu, 2 w/o Ni) corrosion resistent alloy and 35-mil wall
Zircaloy-4 sheath tubing. All of these clusters use a Zircaloy-4 hanger
adapter (Dwg. No. H-3-13937) designed to prevent the interchange of the
uranium oxide and plutonium-aluminum fuel elements from their respective

hanger rods.

The special physics fuel element Experiment No. 1 (Dwz. No. E-3-13332 and
E-3-13333) using Lutecium foils was completed in Januery and delivered to
FRTR. ’

Cores, tubes, and hardware are being prepared for the next twenty-elght
rilutonium spike fuel elements to be used as replacements at the rate of
one per week after the PRTR reaghes full power. The completion date on
these twenty-eight clusters plus spares is April 1961.

Fabricatiocn Development. Uniform distribution of PuOs in UDp is required

in the uniformly enriched axide elements. For simplicity in a swaging
process, it is desirable to add PuOp as the fine "powder" normally avail-
able, rather than as an arc~-fused UQOp-Pul2 solid solution which miust be
crushed and sized. However, in leoading the Zircaloy tubing with UOz~Pulp
mixture, use of a vibrating table t¢ reach the desired tap density may
cause differential settling with resulting "segregation"” of the Pulp
particles. Seversl alternstive solutions to obtaining unifeorm distribution
are avallable; one of these is tamping. One tube was hand-tamped with UOp
to approximately 98 percent of the tap density achieved by losding with a
60-cycle vibrating table. A screen analysis was made to determine the
distribution of the fines (-325 mesh) in ten sectioms throughout the length
of the tube. TIn nine sections the fines comprised 10 to 13 percent of the
U0z and in the bottom section the fines comprised six percent of the UCs.
With improved blending technigques, hand-tamping may provide a feasible
alternative loading method for obtaining uniform UOp-Puls distribution.
Alternatively, electreonic vibhratory compaction equipment may be used, with
or without final swage reduction.

The nondestructive measurement of PuOp distribution in sweged or vibratory
compacted UOp-PuO2 fuel rods is required for the fabrication of the uni-
formly enriched loading for the PRTR. Gamma spectrometer studies by
Instrument Research and Development Operation are under way for this
purpcse and a Zircaloy-clad capsule containing PuOs pellets has been
supplied for evaluation. Two additional capsules containing UQn-PuOo

are alsa being prepared to support this study.

UNCLASSIFIED



UNCLASSIFTIED A-17 HW-68350

Reduction of zirconium scrap to a homogeneous metal by mechanical hot
working has shown favorable results. Specimens reduced 85 percent at
850 C were given various heat treatments after reduction. Heat treat-
ments were investigated by metallographic examination to determine the
extent of diffusicn of incremental particles that had been hot-reduced
together. Specimens heated in a vacuum at 900 C up to twenty-four hours
showed very little diffusion. Above twenty~four hours there was partial
diffusion. One sample given a heat treatment of cne hour at 1200 C
showed almost complete diffusion. This specimen was given the standard
steam autoclave corrosion test. Results ¢of the test were favorable in -
that the scrap from which the specimen was made had not been chemically
cleaned before reduction. The ceorrosion rate was Jjust twice that of
acceptable specification. 2Zirconium scrap chemically cleaned and reduced
to 95 percent is now in process of investigation.

Development of Zircaloy rolil-ciad, plutonium-bearing extended surface fusl
elements continued. 3Bonding between Zr-Zr sandwiches was reproduced at
rolling temperatures of 750 and 800 C and reductions of 90-95 percent.
Complete bonding is apparently obtained with the exception of & one-fourth
inch wide strip along each edge; one Zr-Zr sandwich was rolled without
outgassing with complete bonding being obtained except for the edge. Six
attempts were made to roll a Zr-Zr sandwich contdining a Pu wafer; however,
in each case the steel container cracked at a weld. In order to prevent a
spread of contamination, rolling was stopped when the crack appeared. New
containers with better weld joints are being designed teo alleviate the
problem.

A three-fool lorng, seven-rod injection-cast cluster is being prepared for
ETR irradiation. Samples from the ends and center of rods cast from DSO
alloy (2.5 w/o Pu, 2 w/o Ni, bal. Al), which is required for the irradi-
ation cluster have been non-uniform in plutonium composition. The tops
and centers of five 88-inch long castings were reported to be above the
tolerance of ¥ 5 percent of the nominal composition while the bottam ends
of the castings were below the tolerance. Effective means of cobtaining
complete liguid solution of the alloy before injection into tubing have
not been determined. Menuael stirring sppears to be more effective than
holding at 800 C for thirty minutes or than bubbling nitrogen gas at the
bottom of the melt crucible for ten to twenty minutes. Five castings
were produced without surface oxide on the cladding. This was accomplished
by evecuating a 1/16-inch wide ennular space around the tube prior to

casting.

Experiments with sintered aluminum powders are in progress to observe the
effect of these higher hot strength materials on thermal cyecling of
Zircaloy-clad fuel rods. SAP rods will be prepared from atomized aluminum
powder and from flake aluminum powders of three sizes: 0.8 1, 0.4 u, and
0.17 ;m. To date, rod from only the atomized powder has been extruded.
Tensile tests at room temperature gave 2 Y.S. of 14,300 psi, which is
about twice that of the aluminum-plutonium core alloy. Thermal cycling
specimens are now being prepared.

F23400 b

UNCLASSIFIED



UNCLASSTFIED A-18 EW-63350

Fuel Evaluation. The four-foot long Zircaloy-clad seven-rod cluster
contalning 1/2-inch diameter sintered and ground UQp-PuCp peliets is
continuing irradiation in the 3x3 loop. Tt now has an accumilated
exposure of about 55 full power days or the equivalent of about 1760 MWD/T.
The element is operating with a maximum core temperature of 1850 C with an
associated surface heat flux of 346,000 BTU/br-ft2. Tt is receiving
additiocnal exposure.

The 42-inch long seven-rod Al-Pu cluster which was subjected to 65 thermal
cycles plus seven reactor scrams in the ETR 3x3 loop is being examined at
HAPQO. Tt was cycled under PRTR conditions over a temperature differential
of 300 F at a heating and cooling rate of 5 F/min. No warping or bowing
of the assembled seven-rod cluster was detected in the hot cell. The
Zircaloy bands end the helically wrapped spacing wires remained tight
following the cycling treatment. There was indication that the cluster
design was functioning properly and that independent expansion and con-
traction of the individusl rods haed occurred. It appeared that the center
rod had expanded more, relative to the rods in the six-rod ring. Warp
meesurements were made on the rods over a 36-inch gage length, and the
results are as follows:

Al-Pu 7-Rod Cluster Thermal Cycling Experiment

Rod No. W. in. Graphite Coated Cores
1 0.010 Yes
.2 0.039 Yes
3 {center rod) 0.106 No
4 0.051 Yes
5 0.055 No
7 C.04k3 No
10 Q.051 No

Rods numbered 1, 2, and 4 contained cores which were coated with graphite
in order fo determine the possible effect of such & lubricant on their
thermal cycling behavior. The warp messurements do not indicate any
particular differences as & result of the graphite lubricant. Length and
other rod measurements are being taken at the present time.

The seven-rod Al-Pu cluster rupture element has been completed and shipped
to the ETR for testing. It is presently scheduled to be charged intc the
EIR on about February 20. This element has a brazed rupture tip which
Wwill be broken off while the element is operating, thus exposing a 0.035-
inch diameter unreinforced hole in the 0.035~inch thick Zirceloy cladding.
The test proposal is now being considered by the MIR/ETR Reactor Ssfeguards
Committee . '

The eleven irradiated UOs-Puly capsules have been visually inspected,
photographed and measured. The specimens all appear to be in very good
condition. Present exposure is on the order of 5000 MWD/T. Arrangements
are 1n progress to recharge the pieces into the MR for additional ir-
radiation. Current plans are to set the goal exposure at 10,000 MWD/T.

l 2.3 u U 1y ] ﬁNCLASSIFIED
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The two capsules (GEH-14-27, 28) fabricated with AL - 2 w/o Ni - 1.9 w/o Bu
alloy cores by injection casting were shipped to the MIR in January 1961.
The Zircaloy-cled specimens are 0.55-inch in diameter and 3.6 inches in

length.

The post-irradiation examination of the six PuCo impregnated graphite
capsules which were irradiated in the MIR is being conducted at Hanford.
External dimensional measurements were unchanged as a result of the ir-
radiation. Fissicn gas samples have been taken; however, the data have
not yet been completely analyzed. The total amount of gas released from
each capsule is given below:

Requested Qpersting Requested Gas

Core Temp. (Max.) Burnup Volume
Sample No. (°c) (% Pu Atoms) (Total)
GEH-1L-13 778 25 - 3.k6
GEH-1h-1k 778 50 3.80
GEH-14-15 525 25 3.17
GEB-14.16 525 50 3.04
GEH-14-17 3ks 25 2.45
GEE-14-18 345 50 2.74

There seems to be a correlation between the requested calculated core
temperatures and the total amount of gas released. Also, in two of the
three sample pairs, more gas 1s released for the higher burnup samples.
A more complete analysis will be made using the actusl exposures from
the flux wire data.

An examination of the graphite cores indicates that they have swelled;

in some cases apparently filling the 0.020 inch diametral gap on a 1/2-
inch diameter sample. The examination is continuing, and a more detailed
analysis of the data will be made.

All the samples for the Phoenix capsule experiment have been made with
the exception of the two fission standards which will be completed
shortly. Reactivity measurements on the capsules will then be made in
the PCTR prior to shipment to the MIR, The capsule holders and RMF
lattice assembly are complete, and the test proposal is being written.
Irradiation of the first sample should begin in March.

Preliminary physics calculations on the PuCp-UOs experiments in the SNOUT
facility indicate that 305 Reactor tests would be highly desirable in
order to more accurately determine actual in-reactor variables. Work is
in progress to design and fabricate a mutually acceptable test element for
the in-reactor physics experiment. The enriched material for the irradia-
tion tests has been requested and bids received by the AEC, but the order
has not been placed yet.

Facilities. Requirements for the FRFP refabrication cell have been ten-
- tatively established, and scoping studies for design purposes are under

way. A number of layouts have been nede on the basis of integrated re-
. brocessing and refabricaticn cells. Additicnal layouts are being made
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on both integrated and non-integrated cells to establish the design and
operational problems presented by each concept.

A nunber of facility modifications and additions have been performed
during the past month. These include installation of a new wire wrapping
machine and an increased capecity pumping system for the vacuum welding
box, modification So the demineralized water system suggested by the
vendor'ts field engineer to improve water quality and reliability, and
training of all 308 Building personnel in the use of the emergency fresh
air masks recently obtained.

U0z Fuels Development

Fabrication Develcpment. Bulk densities of 94.5-95% T.D. were achieved by
hot swaging fuel rods consisting of -60 mesh fused UOp contained in 0.015-
inch wall 304L stainiess steel sheathing. These fuel rods were heated in
an induction heating coil to approximstely 900 C as they entered the swage.
The irduction heating coil continued to exhibit excellent heating character-
istics. Temperature fluctuation during operation is less than * 25 C. .
Modification of the fuel rod loading procedure has eliminated the problems
associated with hot spots which occurred near the ends of the fuel rods
during heating. The process nov consists of (1) welding an ernd cap on one
end of the sheath tubing, (&) loading the tubing with UO2 to within 1/8-
inch of the top, (3) inserting a disk of 100 mesh screen to contain the UQ2,
and (4) welding an end cap on the top end of the loaded tube. The welds
are made by the megnetic force welding process. During welding of the
second end cap, the loaded tube is evacuasted end backfilled with helium.

The closed fuel rod is cold swaged to approximately 0.675 inch 0D, then

hot swaged to approximately 0.566 inch (D.

Fuel rods prepared by this technique have presented no problems during
either cold or hot swaging. The presence of U2 completely along the

fuel rod serves to conduct heat uniformly from the cladding. Thus, no
severe not spots occur. No evidence of cracks or failure of the welds
mede with the megnetic forczer welder was found after swaging.

Three 18-inch tubular fuel elements fabricated by vibrational compacticn
for testing in a KER locp were autoclaved in steam for 72 hours at 1600
psig and 310 C. Two of the elements revealed some contamination near the
weld area, at one end, and will be re-etched and asutoclaved.

Flans for PRTR power tests utilizing thermocoupled, swaged UOs fuel elements
wvere submitted and approved. These tests reflect common interests of RFRDO
and PIRDQ. . .

The fuel rods were swaged with a stainless steel clad thermocouple at the
center of each rod. The thermocouple extends out of the center of the
end cap at the top of the fuel rod. Zirecaloy end caps are welded into
aach end of the Zircaloy clad fuel rod. A Zircaloy-to-stainless steel
diffusion bonded transition Jjoint is provided in one end cap, with the
final closure being completed by brazing the thermocouple cladding to the
stalnless steel section of the end cap.

1234049 | UNCLASSIFIED
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Demountable, fcil-consaining, swaged UQy fuel elements were supplied for
PRTR critical tests.

Fuel Irradiations. The fuel cycle was "closed" January 16, with the suc-
cessful re-irradietion of U0p in the (@F-k facility of the MIR. The

remotely fabricated fuel element contained one rod of recycled UQp decon-
taminated of major nuclear poisons via the "salt cycle" process developed

by the Chemical Research and Development Operation. The element was
discharged from the reactor aftar an exposure of approximately 700 MAD/T

at & meximum su-face heat flux on the Zircalcy cladding of 600,000 BTU/hr-fi2.
In addition to the recycla fuel »od, the cluster element contained twe

other rods with electrodeposited 0o (not previcusly irradiated) and a
fourth, used as a standard, with sintered UOs pellets. All of the fuel

was 1.6 w/c enriched. The fuel element is being returned to Hanford for
post~irradiation examination.

A purposely defecied, vibrationally compacted, UQe fuel rod with both
Zircaloy-2 and Zircaloy-4 cliaddizg (twe tubes butt welded together and
defected with a C.006 inch diameter hole at the jurnction) was irradiated
to compare the hydriding retes of Zr-2 and Zr-5. Post-irradiation studies
reveal:

1. The splitting of the Zr-2 and Zr-4 occurred by ductile
fracture, ratker than bty deterioration of the cladding
by excessive cladding temperaturss or bydriding.

2. No slgnificart hyariding svcurred in any part of the
Zr-2 or Zz-k.

3. Evidence of high localized temperatures in the Z3-2 was

P

found downstrear from the failure near the weld.

L. The small areas of lscalized temperature were also assoclated
with diffusion reactions between the UOp and Zixcaloy.

Additicnal defesct *+ests are scheduled.

Tre first 1rradiation of high energy impact formed (H.E.F.) UG, hegan
January 16, The fuel material had a particle density greater than 99%
T.D., and was vibrationelly compacted to a bulk density greater than
90% T.D. The fuei is contained in a standard MIR-ETR capsule. Irrad-
iation in the core of the ETR is contimuing with a maximum power gener-
ation of 60 kw/ft and & maximum heat flux of 1,350,000 BTU/hr-ft2 on the
surface of the Zr-2 cladding. Objectives of the continuing test are to
obtain fission gas releease data and to deterwine grain growth character-
isties and in-reactor sintering behavicr of this novel fuel material.
Fost-irradiation studies also will include electron microscopy.

The irradiation iest of an assembly cf thin.walled, stainless steel clad,
vibraticnally compacted UOo fuel rods continued in the VBWR without

unusual incident. The nine-rod cluster, VBWR-2 (referred to as HAPO-2 by
AFED) performed as planned, at a maximum surface heat flux of approximetely
350,000 BTU/hr-ft=.
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Closure and Joining. A newly installed arc welding fixture has provided
an excellent mears of positioning very thin sections of meterial %o
perform weldability investigations. Welds were successfully made on
Tourteen 0.0L0-inch thick sheets of various nickel alloys and stainless
steels.

Closure welds were completed on sections of 0.563 inch D by 0.010 irch
wall 406 stainless steel tubes. Two methods are being evaluated:

(1) resistance butt welding and (2) tungsten arc inert gas welding.
Internal pressure tests and metvallographic examinations are being per-
formed to evaluate the welds.

A Visocorder trace of the input line voltage, welding current and the
voltage drop across the weld joint is being investigated as & means of
accurately monitoring the magnetic force welding process to visually
depict any irregularities in welding parameters. One percent variations
in the welding current and voltage can be identified on the Visocorder
trace and used as a quality measuring test for the weld. This menitoring
precedure mey be used either during the weld or as a test after welding
by measuring the current and voltage drop of a second pulse of current
across the welded joint.

Fuel rod spacer ribs of various shapes have been used to determine which
configuration will produce the highest quality weld betwsen the ridb and
fuel rod cladding. The primary factor in determining the quality of
Tliexmotool welds is the ratic of weld width to total contact width. A
ratio of cne has not been reached, but recent tests made with 0.005" to
0.075" contact widths gave the following results:

l. Contact widths greater than 0.050" cannct be welded.

€. There is no appareat advantage to widihs less than 0.01L3";
however, widths down to 0.005" can be welded.

3. Contours such as ovel wires or wires scarfed to a matching
radius of the %ube diameter may increase the weld to contact
width ratic.

Corrosion Studies

Effect of Oxygen on Ccrrosicn Product Hydrogen Pickup. An experiment
initiated last month tc test the hypothesis that the oxygen content of
the weter may be the controlling factor for corrosion-product hydrogen
pickup for Zircaloy-2 and -4 during autoclaving has been completed. It
was shown previously that the percent of hydrogen pickup in a static
autoclave system ( ¢ 0.1 ppm oxygen) was twice as great as in a refreshed
autoclave system (3 to 4 ppm oxysen).

The completed test consisted of autoclaving a series of Zircaloy-2 and -4
coupons in a refreshed 400 C deoxygenated system for various lengths of
*ime and svaluation of the percent of hydrogen pickup st the different
time intervals. Thz da*a show that the percent of hydrogen pickup for
Zircaloy-2 and -4 in a refreshed deoxygenated (¢ 0.1 ppm oxygen) auto-
clave system is higher than in a refreshed system containing 3 to L ppm
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oxygen and more closely resembles the hydrogen pickup in a static auto-
clave system. Tke percent of hydrogen pickup in the refreshed deoxygenated .
system was 28% for Zircaloy-2 and 20% for Zircaloy-k. The previous results
obtained in static and refreshed systems were 30% (Zr-2) and 28% (Zr-4), and
15% {Zr-2) and 13% (Zr-4), respectively.

Aluminum Alloy Development. Aluminum alloys containing 1.0% Ni, 0.5% Fe,
and 1.2% Ni, L.0% Fe with verying silicon contents have now been in test
in 280 C deionized water for two months. None of these alloys show better
corrosion resistance than X-8001 at this temperature and after two months
of exposure, many of them are blistering.

The alloys in which blistering is most severe are those which have the
lowest silicon content. Annealing of some of the severely blistered alloys
hag been started to determine if this will alleviate the blistering.

Corrosion of Ceramic Coated Aluminum. Samples of X-80C1l aluminum alloy
with ceramic coatings of ZrOp and Alp03 were corrosion tested two weeks
at 300 C in water at pH € t¢ 7. At the end of the exposure period, the
ZrQp coating had been completely removed, but the Alp03 coating was s$ill
intact. Aluminum without a ceramic coating corrodes at such a high rate
under these conditions that a natural protective oxide is not formed.

The tests are continuing to determine weight changes.

Fretting Corrosicn. The low-temperature test was terminated in CEP-2
after 1107 hours at 20 C and a pH of 10.0. Final results on the vertical
fretting assenblles revealed penetrations of ~0.5 mil on the components
expoged to natural loop vibtration and one to four mils on the components
subjected to an additional three cps. Under identical conditions at

316 C the samples with no externmal vibration corroded two mils and those
subjected to an additional three cps corroded five to ten mils. The
mechanism of fretting would appear to include both wear and corrosion.
Another test at 316 C has been started to determine if mild steel supports
will cause fretting ir Zr-2 tubes,

Aluminum Corrosion. An improved aluminum slloy, A-288 (AL, 1.0 Ni, 0.5 Fe,
0.1 Ti, low Si) was compared with X-8001 in the ELMO-6 Loop. After 1100
hours at pH 6-7 and 300 C, both alloys appeared to corrode at similar
rates. This is in contrast to the deta obtained by Argonne Naticnal
Laboratory in their dynamic loops at 315 C. It thus appears that A-288
corrodes at a lower rate than X-8001 at temperastures above 300 C, but
below 300 C the corrosion rates of A-288 and X-80C1 are the same. Thus,
in & pressurized water reactor in which the temperature is at some point
less than 300 C, the A-288 alloy is not an improvement over X-800L Be-
cause the corrosion rates for X-800L at 300 C are too high at pH 6-7,
A-288 can also not be used in a pressurized water reactor under these
conditions.

It has been hypothesized that aluminum corrodes rapidly in deionized water
because some corrosive icn is present and that this corrcsive ion is prob-
ably silicon leached from the steel. To test this hypothesis, some addi-
tional steel ballast was added %o the tests described sbove. The corrosion
rates did not increase as might be expected if this hypothesis were irue.
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Structural Materials Development

Process Tube Momitoring. Following the hot test of the primary coolant
gystem of the FPRTR in Decexber, the inside dlameter of the Zircaloy-2
pressure tubes and *he insulating gas gap between the pressure and
shroud tubes were measured. The gas gap for several of the ftubes was
appreciably less thar the nominal 1/4" specified. The smallest gap mea-
sured was 0.1". A series of tests performed in & mockup tube revealed
that the gage is unaffected by the presence of shim rods or magretic
meterials external o the sluminum shroud tube and that ellipticity or
howing of the aluminum shircud tube would give resultis similar to those
found in the tube with the smallest gap.

Radietion tessing of optical grade glasses and plastics has been completed
to a2 total gamma radiation of 5 x 109 R. Purified fused silice was found
to be most radiation resistant and virtually unaffected at this dosage.
Radiation protected borosilicate crown was slightly superior to dense
flint glass altbough both have good resistance to rediation darkening.

A Fuvista {(RCA *rade name) electron tube was unaffected by a gamma dosage
of 10° R.

The combination of a non-radisticn resistant TV camera and a borescope is
a potertially cheaper sclution to the problem of visually examining the
inside surface or Zircal.oy-2 process tubes in place in a reactor. Frevious
experiments have indicated that the intemsity of the light recelwved
through a beorescope is too low to be recorded on e TV camers. However,
recent developmen* of a special wide angle borescope lens and a low light
level vidicon tube for a TV camera may form & workable system. The four
propesals for the development of a radiution resistant TV camera were
reviewed, but action will be withheld pending investigation of the above
conbination.

Zircaloy Sheath Tube Program. A chronic problem in the fabrication of
+hin-wall Zirca, oy sheath tubing has been the presence of impressed
foreign meterial on both the inside and ocutside surfaces of the tube.

The following cbsexrvetions are the result of a continuing review of the
quaiity ¢f +tubirg received. The efforts on the part of the fabricator

fo clean up his prceess have caused a marked decrease in botk the fre-
quency and severity of impressed particles. Of 30 samples selected from
the iast 500 tubes received, one contained two cracks 0.6-mil deep assoc-
itated with impressed waterial. The maximum depth of the impression caused
by impressed material in this group of tubing was 3.5 mils with an average
depth of “wo mils. The contour of the impression was smooth rather than
sharp at the corners. In those instances where the impressed particle

has been removed, the pit or impressicon is detectable only by white light
borescoping. When the impressed material is still in place, white light
borescoping and, in some instances, black light borescoping can detect

its presenca. X-ray microscopy and emission spectrography indicate that
ir. every case Tssted the impressed material proved to be zirconium.
Apparently the manufacturer is not cleaning the tubes sufficiently subse-
quent to cubtting operations. He has been apprised of the situation and
promises to ftake immediate action to further clean up his process.
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Alloy Evaluation Program. A preliminary screening study of a number of
potential cladding and pressure tube materials has been in progress,
encompassing determination of fabricabllity, weldebility, and in-reactor
service behavior of selected ircn- and nickel-base alloys. The pre-
liminary data obtained, which are summarized in HW-67715, led to the
following provisional conclusions:

1. Hastelloy X, preferably without cobalt, is the most suitable
one of 21 iron- and nickel-base slloys evaluated to use as
structural material in dry carbon dioxide of moderate
pressure at 1500 F (816 C), the design operating condition
of the PRIR gas loop.

2. AISI 304, 316, 347, and 446 stainless steel, listed in order
of increasing resistance, represent those of the alloys
tested which are least affected by pure, deionized water of
pH 7 at 360 ¢ (680 F) and 3200 psi pressure. In deicnized,
deoxygenated water of pH 10 at 290 C (554 F) and 1500 psi
pressure, Hestelloy X offered the highest resistance in
addition to the above mentioned steinless steels.

3. In these simulated reactor eanvironmental exposure tests,
the preceding top pated alloys were followed in corrosion
and oxidation resistance by the iron-chromium-aluminum base
alloys, including the AISI 406 stainless steel.

To conelude the alloy evaluation program, Hastelloy X and W06 SS, possibly
with Inconel and 306 or 347 35S for comparison, will be subjected to further
examinations of: '

1. Effects of neutron irradiation.

2. Resistance to superheated steam.
NaK - compatibility.

Diffusion bonding and heat transfer.
- Tube burst testing.

Fabricability and weldability.

[ QNI g Y}

Radiometallurgy Laboratory Studies

Examination of GEE-4-S4, defected, vibratory compacted UOo fuel rod,
revealed the following:

l. Bursting of the cladding was caused by internal pressure
- rather than by heating or deterioration by hydriding.

2. Althoughk the water flow was restricted, it was not completely
stopped as attested by the state of the Zircaloy-2 cladding
doewnstream from the rupture.

3. 'No hydriding occurred in any of the Zircaloy-2 or Zircaloy-4
cladding even though small areas of three samples wers heafed
t0 the recrystallization temperature of Zirceloy-2 and Zircaloy-k.

(RM-619)
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Results and interpretations of these examinations will be reported in more
detall in comnection with the development programs served.

Thermal Hydraulics Studies

Fuel Flement Temperatures in Fueling Vehicle. A general method of deter-
mining surface temperatures of a heated element in which the heat genera-
tion rate varies longitudinally in accord with a chopped cosine function
and which has axial coclant flow was developed. The method locates the
hottest surface point and determines the magnitude of the temperature.
The magnitude of the swrface temperature depends upon the pesk to aversge
heal generation ratio, the total heat generation, the geometry of the
element and coclant flow rate. The location of the hottest point deperds
upon the peak to average heat generation retio and on the term WC,/LhA,
where

coolant mess flow rate

heat capacity of coolant

length of heated element

heat transfer area per unit length
hest transfer coefficient.

1]

B S
I

Smali velues of WCp/LhA move the point of maximum surface temperature
toward the downstm»eam end of the element.

Application of the method to determine the surface temperatures of PRTR
fuel elements in the fueling vehicle is in progress. This is an extension
of previous work to different peak to average hemt generation ratios. For
air cooling of PRTR fuel elements, the term WC,/LhA was found to be so
small that the maximum temperature occurs at the downstream end of the fuel
element. .

FRTR Project Mansgement and Design

FRTR Construction. FPhase III-A (construction items not completed by the
Phase 111 contractor or not included in his contract) being completed by
J. A. Jones, is estimated to be 92% complete.

The Maintenance and Mockup Facility (including the Rupture Loop Annex and
Critical Fecility Building) is estimated to be 33% complete versus a
scheduled 39% as of January 31, 1961.

Concrete footings for the MAM Facility are being poured. The concrete roof
slab for the Rupture Loop Annex was poured and the ion exchange vault is
complete except for piping and painting. The first and second concrete
pours for the Critical Facility were completed.

Beneficial use of the PRTR stack filter was obtained during January. A
new exhsust fan and permanent inflatable seal have been ordered.

Phase III-A construction items on the primary system sre scheduled to be

complete at month's end. Temporary strainers were removed from the primary
pump sucticn lines and gate valves welded in place. Temporary connections
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to the system have been removed and firal tie-ins to the cleanup system
completed. To eliminate the high stresses at the pressurizer irlet nczzls
resulting from pipe expansion reactions and thermal stresses in the bi-
metallic weld, it was decided to alter the pressurizer nozzls to increase
its flexibility. A new design and code calculations were prepared and
have been approved. The alteration consists of remeving metal from the
pressurizer nozzle and replacing it with a reinforcement saddie welded

on the shell of the wvessel. The vessel will be stress relieved afterward.
Work is being performed by FFD Maintenance.

The low pressure helium compressors in the reactor have been ruc briefly
for vibratiorn aralysis. Tt was found that piping vibraticn was quite
severe; however, the maximm vibration of the compressor platform reached
& maximim of only 0.007 inch, which 1s not believed unusual. A Phase III-A
item has been issued to install flexible metal hose sections in the com-
pressor piping and tc reinforce flexible areas in the compressor platform
beams. Other work performed on the helium system included preperation of
proceduras for completion of helium dry gas system testing and cleaning,
preparaticon of hydrc test and air blow procedures for the high and inter-
mediste pressure helium piping, and work instructions for vibration com-
pensators on low pressure helium compressors and piping.

The installation of the mechanical portion of the fuel rupture monitor
gystem 1s still not complete. Delays have been caused by higher priority
work and late delivery of certain materials required for changes re-
quested by construction forces. Piping connections are to be completed
before power tests begin.

The electronic portion of the fuel rupture monitor system is to be de-
livered by the end of January. The menufacturer was declared in defauli
on the contract because of failure of the equipment %o pass acceptance
tests after repeated attempts and considerable delay. The major 4iffi-
culties with the equipment are in the scanning switches and recorder
mechanisms. High contact resistance in the input scanning switch appears
to prevent passage of the photomiltiplier output pulses, occasionally
resulting in & low signal alarm condition. The trouble is intermittent,
occurring only & faw times each day, but would prove very annoying in
operation. The manufacturer is to furnish a new input scanning swiich
to be installed locally. This switch is to have gold plated contacts which
" should reduce the contact resistance problem. It is not known at this time
what additioral changes may be required to get the electronic system to
operate satisfactorily. The manufacturer is to be responsible for the
cost of any such changes.

No further sigrificant difficulties have been experienced with the PRTR
high level safety amplifiers since circuit modifications were made in all
units. These circuit changes were the reduction of the amplitude of the
self-checking test pulse by a factor of three and a lowering of the output
impedence of the last stage of the amplifier section. ‘In addition, a
capacitor was added to each unit to simulate the ion chamber and cable
capacitance in the calibrate position. This assures that the trip point
will not change between the operate and calibrate positicns. Such changes
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had been experienced in operaticn with the trip coming at lower power
levels during operatior than when calibrated.

Isolation relays have been installed in all pericd trip circuits in the
gsafety system. It has not yet been determined whether these have
eliminated all "sympathetic” period trips which were occurring every
time any other safety circuit trip occurred.

Phase IIT-A alterations tc the fuel handier were scheduled to be complete
at the end of the month.

The decking of the loadout trailer has been completed. The heat exchanger
unit is being installed. Tefleon inserts are being installed on the bearing
surfece of the tipping saddles to avoid galling of the cask trunnions. The
loadout facility monorail extension has been completed.

Final acceptance testing of the manipulator of the Fuel Element Examination
Facility has beenr scheduled for the first part of February. An installation
package has been completed and submitted to J. A. Jones for estimating.

PRP Critical Facility (Project CAH-842). Design of the facility is complete
with the excepticn of any revisions which may be required by the hazards
analysis. The instrument procurement package, including the draw1ngs, is
peing circulated for approval.

Status of development components to be mocked-up and tested on site is

as follows: (1) Synchro trensmitters and receivers for the control rod
position indicators have been selected and the order is being placed.
Approximately three.month delivery is expected. The same system will be
used for weir position indication. (2) Safety rod design is now being
detailed. Except for detalls concernlng the magnet installation, this
design is scheduled for completian in about two weeks. (3) Weir, thimble
and source positioner designs are all complete to the stage where initial
fabrication may be started. Completion dates for testing purposes are
scheduled as follows: source positioner, March 1, 1961; thimble, April 15,
1961; weir (excepting position indicator), April 1, 1961. Preliminary
tests indicate that fuel element weight will adequately seat the O-ring
geals on the top of the reactor vessel.

Conatruction of the facility continues with the placing of the concrete
for the lower portions of the cell. The George Grant contract is estimated

to be 25% complete.

Blds have been accepted on the reactor assembly and on the moderator
storage tank. The total price is $23,535. Bids are due back January 30
on the thimble coclant pump and the reactor pumps. Bids are being re-
quested on the instrumentetion package, the thimble tube blower, and the
in-cell valves.

The wvendor on the fuel transfer lock has advised the scheduled shipping
date cf February 3, 1961, will be extended by asbout ten days. Expediting
has been encouraged to take all possible steps to minimize the delay.
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Fuel Element Rupture Test Facility (Project CAH-867). The GE portion of
the detail design is essentially complete except for minor changes. It
is planned to route drawings and specifications for approval during the
first week of February. Detail drawings and specifications have been
received from Cornell, Howland, Hayes and Merryfield for the water plant
effluent holdup tank.

A schedule for construction of the underground annex was received from

the contractor, George A. Grant. The schedule indicates completion of

the Rupture Facility part of the work on April 24, 1961, Scheduled
progress Lo date is 60%; progress is on schedule. It is planned o provide
the bid package data tc the Commission for tne lastallation of egquipment

in the annex building by February 15.

Orders were placed with Illinois Water Treatment Compeny for the makeup
ion exchange system and for the vacuum deaerator. Total cost for thsse
items was 331,024 as against $40,000 allocated in the project proposal.
The specification for control valves was completed and is being submitted
for bid. The specification for the instrumentation package is completed;
submittal for bid awaits the completion of associated drawings. The
specification for the electrical switch-gear is being prepared. Approval
drawings were submitted and approved for the two Aldrich pump units

(FLP 1A, 1B) and for the Pfaudler heat exchanger (RLEX-2).

Tracings of the in-reactor components of Test Section "A" are being cirou-
lated for spprovel. All purchase orders have been placed for materials and
n-zzle materisl has bveen received. Fabrication will start as soon as
acprovéed prints are available.

The rupture locp in-reactor mockup for critical tests was completed and
delivered to the PRTR.

Design and Compenent Testing

PR-10 - Primary Loop Mockup. The spare primary pump cperated an addi-
tional 118 hours during the month for a total of 3949 hours. Lower oper-
ating efficlency was due to melfunchtion of the automatic temperature
controller. The pump has operated consistently with less than one mil
vibration since the additiorn of eight additional springs for a total of
16 for a spring force of about 2000 pounds tc provide more stable thrust
conditions.

The prototype pump with the self-adjusting sesal aséembly has operated
733 hours during the month for a total of 5336 hours. The present leak
rate is 0.3 to 0.5 GPH.

The seal test stand has coperated 405 hours and 54 starts with two seal

assemblies identical to those on the primary pumps. The stand is oper-
ating 7-1/2 hours/day at 1800 RFM and 1100 psig.
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The Aldrich injection pump test run using R/M Vee-Flex packing with finger
springs was terminated after 3665 hours when additional gland tightening
could no longer reduce the leakage to & drip. Examination revealed badly
broken springs and cast doubt as to thelr value. A new run with the Vee-
Flex rings and nc springs has now been in progress for 351 hours.

PR-4C - Shim Contrcl. The three assemblies which had different rod materisal
for use in critical tests were rewired with the new siliceone varmish im-
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Testing will continue to determine the best roll-in torque, esasiest
collapsing method, and to improve the weld cutting tool.

A purchase requisition has been written for a borescope for shroud tube
inspection.

Flexure Loop- The test of the three-clamp Crayloc transition union,
stainless steel to Zircaloy, for use at the ETR Loop, was resumed on
January 24, 1961, following delivery of properly tested and inspected
studs and nuts. The union was made up with 100 ft-1lbs torgue on each
stud instead of the originelly specified 140 ft-1bs. The joint was
hydrostatically tested at 3000 psi without leaking.

The union had previously operated 200 hours at 1200 psi and 24 cycles
in temperature, 200 to 525 F, and 11 hours at 2000 psi and one cycle
at 200 to 600 F.

Fuel Element Examination Facility Duct. The two zlipper ducts were shortened.
The ducts and transition pieces are o0% complete. Delivery of the frame
from Barnes and Company is expected in February 1961.

Design Analysis

PRTR Critical Tests. The second group of critical experiments was
initiated with an approach-to-critical experiment for a Pu-Al fueled
core. Preliminary analysis of this data indicates criticality can be
achieved with 12 Pu-Al elements loaded intc the center tubes and the
noderator at a level of 1J1 inches. An analytic fit to the data also
indicates that the critical moderstor level would be above 30 inckhes
with 36 Pu~Al colums.

A full core loading of 63 UQo and 22 Pu-Al fuel elements was utilized
for half-level criticel experiments. With 2 critical moderator level
of 55.6 inches, an average level coefficient of 5.7 mk/in was measured,
in good agreement with calculaticn. The loading for the remainder of
the critical tests was established with 55 UOp elements and 30 Pu-Al
elements, which were located nearer the edge of the core. A critical
moderator level of 61.5 inches and an average level coefficient of

5.9 mk/in were measured for this loading. Although this level co-
efficient does not agree as well with calculations gs do previous
measurements, the experimental error is believed large enough to account
for the difference.

More complete measurements on the reactivity worth of the shim system
have been carried out. Preliminary results indicate the maximum strength
of the shim system is higher than previously estimated on the basis of -
single rod measurements. With one shim assembly removed from the core
(for installation of a level measuring probe)}, a measured strength of 127
and 113 mk was obtained for the overlapped and fully extended configura-
tions, respectively. Installation of the 18th shim agsembly will raise
these values about six percent. These values lead to a maximum single
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rod strength of sbout 70 cents. Additional messurements of the contri-
hution to the total negative coolant void coefficient from concentric
fuel regions were completed. Voiding the central 13 UOQ; tubes was found
to result in a slight positive effect of about 0.0k mk/tube. Voiding 12
plutonivm tubes resulted in a strong negative effect of 0.5 mk/tube.
Finally, removal of coclent from the 2k U0 tubes at the edge of the
core resulted in a negative value of 0.1 mk/tube. The total reactor
coolant void effect estimated from these measurements is about -15 mk,
in good agreement with the earlier result.

Reactor power was held constant during cne of the critical tests long
eaough for RMO perscnnel to obtain neutron dose rates through the top and
bottom primary shields (with rotating shield removed). The following dose
rates were cbtalined, using a double-moderstor dosimeter:

Fast Neutrons Thermal Neutrons Reactor

Power,

Location Mrem/hr Avg. Energy Mrem/hr Watts
Top shield £.0 m~ 0.6 mev 0.1 10C0
Bottom shield 3.0 ~ 0.9 mev 0.2 Loo

These initial measurements indicete that reactor hall dese rates during
full power operation may exceed design levels slightly.

FRTR Rupture Loop. Dose rate calculations were made for the case of re-
moval of an irradiated fuel element from the Rupture Test Facility. During
this operation the minimum water cover of 7-1/2 feet occurs in the PRTR
fuel transfer basin. Dose rates of about 50 mr/hr could occur at this
point.

FRP Critical Facility Analyses. Analog computer studies were conducted

to determine the capacity of the PRP Critical Facility safety system for
safely terminating nuclear excursions due to verious step and ranp re-
activity inputs. These studies showed that, with the reactor critical

at the time the reactivity input began, the rod safety system would prevent
fuel element melting for step reactivity increases up to 25 mk and for ramp
addlitions up to about 32 mk per second. No mechanism for adding reactivity
at rates approaching these has been postulated.

Thke rough draft issue of the PRP Critical Pacility Hazards Report was
completed.

Dose rate calculations were made for the Critical Facility hazards study.
Failure of the Critical Facility water lock would lower the storage basin
‘water level five feet. Under these conditicme & maximum dose rate of about
100 mr/hr could occur over the fuel element storage area containing 128
PRTR fuel elements. ' :

The three~group diffusion theory code, FLUX-WEIGHT, has been compiled in

final form and debugged. It is now being utilized for criticality and
important weighting calculations for the PRCF core design.
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Stress Analysis of the PRTR Primary Loop. Stress analyses of the FRIR
pressurizer and steam gemerator nozzle regions of the PRTR primary coclans
system were analyzed snd compared to the safety requirements of the ASA
Power Piping Code, the ASME Unfired Pressure Vessel Code, and the Tenta-
tive Design Basis Code for Nuclear Vessels used by the Bureau of Ships.
The pressurizer inlet nozzle, which contains a bimetallic weld (clad carbon
steel to stainless steel) was siressed excessively under certain operating
conditions. Stress analysis of a proposed nozzle modification resulted In
added flexibility on the nozzle side of the bimetallic weld and reduced
resultant stresses to a level below the allowable limits defined in the
ASME Unfired Pressure Vessel and the Nuclear Vessel Codes. Modification
of the nozzle has started.

PRTR Qperations

Reactor Testing and Activation. The second phase of the PRTR Critical
Tests began on December 27, 1960, and was completed at month.end.
Approximately 265 separate reactivity measurements, including 90 measure-
ments of rising periods, were made for the programmed changes in the
reactor core. Tests performed were:

C.T. HNo. Title otatus
12A Approach-to-Critical Exp. for Uniform Pu-Al Completed
Loading (8" lattice) '

134, B Three-Zone Approach-to-Critical Exp's. "
144, B " " Critical Experiments "
1kc " " level Sensitivity and Shim !

Calibration Experiment
10B, Pt. 1 Moderator Void Coefficient {overflow)

15 Poison Calibration of lLevel and Shim "

16 Reflector Savings ' "

27 Spike Enrichment Addition "

34 Gas Loop and Rupture Loop Test Sections N

28 Calibration of Substitute Shim Materials To be dors
30 Black Rod Replacement e
10B, Pt. 2 Moderator Void Coefficient {top drain lines) weomon
10C Scram Transient o
21 Cell Flux *

*¥The Cell Flux experiment will be done if it is possible to remove
the calandria access plugs. To date, it has been impossible to
remove these one-inch piugs using up to 300 ft-1bs of forque.

The temperature coefficient Critical Tests (CT's 31, 32 and 33) have been
rescheduled and will be performed during the pericd just preceding Power
Tests. These Critical Tests are currently scheduled to begin about
February 22, Construction completion and design testing will set the exact
date. Critical Test &1, Cell Flux, will also be accomplished at that time.
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Performance of Design Tests continued, The top and bottom shield coolant
system was heated to 150 F under Design Test 13. Apperent expension of
the water in the system during the hesat-up period was found to be spproxi-
mately forty gallons rather than the expected ten gallons. Efforts to
remove all air trapped in the top and bottom shields are being continued.

Excegsive vibration and shaft whip were observed in one of the top and
bottom shield pumps. The pump was dis-assembled, ard a small grinding
wheel was found lodged in the Impeller. The pump was re-assembled and
testing is continuing.

Several sections of Design Test 7 {Moderator System - Ccld) were completed.
Design Test 42 (Moderator System Volume Determination - Da0) was also
completed. Detailed preparations for the following four Design Tests are
uder way:

Rupture Detection System

Secondary Coolant Activity Monitoring System
Process Ares Exhaust Filter

Process Cell Waste Collection System.

Design Test 55 (Moderator and Gasometer Level Stability) was written and
approved during the month.

The process water reservoir supply valve system was replaced with a new
system incorporating s pneumatic level transmitter and diaphragm-operated
valve. Continuous asutomatic control of reservoir level waes achieved using
the new systen. '

Moderator pump problems threatened to interfere with Critical Tests
several times during the month. A check valve failure prevented oper-
ation of Pump #2 and motor bearings failed on Pumps #1 and #3. All
repairs were accomplished during scheduled "down" times without interrupt-
ing Critical Tests.

Failure of both seals on the mein personnel ailr lock occurred on two
cceasionsg during January. It was necessary to stop Critical Test work
during the day shifts until the seals were repalred since it was not
rossible to use the main air lock and malntain the integrity of contain-
ment. During the night shifts Operations personnel used the emergency
air lock for access to the containment vessel.

Progress of Critical Test work was slowed on a number of cccasions when
D20 and helium leaks were encountered. Filling of the process tubes with
D20 was delayed due to packing glani leskage from tube isolation valves.
Approximately 200 pounds of DO were lost before wvalve leskage way stopped.
Efforts to reduce helium leakage continued. After correction of major
leaks, moderator gas balance system leakage was reduced to three scfm.
Further improvement was realized as smaller leaks were found and corrected.
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An ‘mexpected operating incidernt oc.urred on Jasnuwary 2h. Critical Tests
were beling perfcrmed with all contarnment valves clesed. The containmert
circuit had been de-energized for relocation of some conduit. Contain-
ment vessel pressure gredually increased during the time the contairment
valves were closed. When the conduit repair was complete, the contain-
ment circuit was reset. At this time, vessel pressure was vented through
the re-opened ventilation containment valves. This caused a sudden de-
crease in gasc.izver pressure which in turm resulted in a sudden Increase
in moderator level. At this time moderator level was two inches below
estimated critcial for a multiplication experiment. The technician at the

" console, although not realizing the cause, recognized the abnormal condition
immediately. He manually tripped cpen a control valwve te lower the liquii
level and terminate the incident.

Shim rods, since rewiring and installation of new motors, have performed
satisfactorily. Position read-out accuracy is still less than desired,
but a revised cizcuit currently mder test 1s expected %o solve this probiem.

Long term testing of the river pumps was completed satisfactorily in sarly
January. During this test period Pump #L operated for fifty days and
Pump #2 ran forty-six days.

PRTRO persomnel prepared s punch List and are providing assistance in the
acceptance test follow-up of the helium gystem. The fuel handlier punch
list was revieved, anda list of exceptions was provided to design and
construction personnel.

The #1 primary pump wes overhaulad to repair a leaking seal. The seal
leakage was caused by a minor fault which may have cccurred during assembly
of the pump. The motor was re-assezbled using an insulated end ball de-
signed to eliminate induced currents in the bearing surfaces and thus

avoid pitting of the bearing surfaces caused by galvanic action.

FPlans and Procedures. Preparation, review and approvel of the Opersting
Standards and Procedures continued through Jaanuary. At month-end, eizhby
of the ninety-cne procedures and seventy-six of the eighty-severn standards
hed been spproved.

Tegt descriptions of 4wo Power Tests were epproved by the PRTL Shariuz
Council. Detailed test procedures were prepared for two feshs. Arrangs
ments. were made to ingtall vibration meonitoring probes for Powsr Test &.
Linear differential transformers were ordered for messuring fiuid velume
change as & ficction of tempersture. Nolse monitoring equipment will be
installed by =»ri-end as required by another section of Power Test 8.
Equipment proco-rernent for other Power Tests 1s under way.

Approximatelv 200 pages of revisions and additions to the Elzetrical Mamvol.
were lgsued 4°ring the month. These covered work on the Meintenarce =nc
Mockup contrass- numerous Phase III-A construction ihemm. =ind the addis’ - .
of the gas locp =2quipment to the PRIR facility.
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The gas.loop components, design data and corstruction reports were reviewed
with the thixd party inspector in preparatior for coding the entire loop.

Portions of the Gas Locp Operating Procedures, Valve Manual, graphics
training aids, and a model of the gas loop comporents wers prepared during
Jemuary. Arrargements for ordering spare parts for the loop were made
with Plart Engineering personnel. An altermate sample handling cesk design
was preserted to DDC for corsiderstion. Construction liaison continued.

The specifications for all ruptare loop components were reviewed and comments
forwarded to design personzel. :

PLUTONIUM CERAMICS RESEARCH

Plutonium Dioxide-Uranium Dioxide

Investigations bave continued on the crystallographic stability of Pulp
from 300 C calcined oxaiate. The majority of sintering data has been on
Puly cbtained by a 300 C calcization. In an experiment to delineate inter-

.action with the furnace boai, Pulps peliets were heated to 1500 C in dry

hydrogen on Ta, oxidized Ta, AlpOz, Mo, and W boats. Both surfaces of each
pellet were examined oy mounting the peliet in a special Jig adapted to the
goniometer of a GE XRD-5. Copper rediation (K & 7 = L1.54051 A) was used.
The peliets which had been resting on Ta showed extreme amounts of alpha
PupOs. In one case the x-ray intensitiss of the Pup03(222) versus the
PuO2{111) showed about 7C% aipka Pup03. The pellet resting on AlpQ3 showed
oriy large gquantities of Pu-AlO-, and The pieces orn Mo and W also gave no
indication cf alpua Pup0z. On some of these samples reflections were seen -
at 20 angles of 27° and 319, which correspond closely to the beta Pup03(100)
ard (101); however, nc cther lines were obDserved. . Based on the Lap03 iso-
morphiam, sewversl other strong lines would be expected if beta PupQ3z vwere
prssent., In sddition, tae ratio ¢f the intensities of these lines varied
cousiderably, indicating that if this is he%a Pup03, the structure might
pessess a strongly preferred orientation. To detesrmine whether these lines
were merely the result ¥ deposisiion of vapor from the furnace refractory,

a UQ2 pellet was sinfexred, bud x-ray examination showed no extranecus lines.

Qr cxidation of these pelizts at 800 C in air, weight gains showed the 0/Pu
ratio to be between 1.86 and 1.3C, which corresponds to roughly 25% PuxOs,
acd iz most surprising in view of the PupQ3 quartities seen co the diffrac-
ticrn patterns. This would indicate +hat a highly reduced surface skin is
present while the bulk of the peliet is rot nearly so oxygen-deficient.
This is supported by an experimert ir helium, in which 20% slpha PupO; was
seen by x-ray diffracticn, whils cxidation yielded a meager 1.97 for the
0/Pu ratio.

The weight loss or “ke abtove peilets was about 4.25%, approximately two
percent greater “kar car be accounted for by weight gain and by libvers-

“ion of adsorbed gases. This indicates a loss of plutonium and since
reduction of PulQp is knewr to begin at ahout 1100 ¢ in hydrogen, it is

thus likely that PupQOg or & Pulp.y species has a considerable vapor pressure.
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It has been fourd previously that the reduced skin could be easily
removed by grirding as little as 0.002 inch from the surface; however,
calculation of the depth of oxygen depletior was not consistent with

the surface X-ray data. PuO2 powder which had been sintered at 1500 C
in hydrogen was heated at 50 C and 100 C incremernts in air and complete
oxidation had occurred by 200 ¢. This indicates that rather than re-
moving PugQ3 from the surface during grinding treatments, it was instead
oxidized by the kest of working.

An illusbration of the ease with which a Pulp,, surface may be oxidized,
or else of the volatility of Pup0z was seen during heating on vacuum. A
pellet whose surface showed about 40% alpha Pup03 and gave a PuOo latbice
parameter of 5.400 A was heated to 1100 C in a wvacuum of ) x 10~% mm Hg
and furnace guercched. On examination, only a sharp PuQp phase was seen,
and its lattice parameter was the usual 5.39 A. It had been thought that
single phase PuOp Lad heen retained on quenching; however, oxidation gave
an Of/Pu of 1.85.

Attempts bave been made to correlate the lattice parameters of Pulz and
alpha PupQ with O/Pu ratio. For the case of PuOp, little success has
been achieved due to the small unit cell exparsion of the oxygen-deficient
structure. The largest PuQs lattice parameter observed has been 5.4C1 A,
indicating the fluorite structure does not exist with a large oxygern
deficiency. A correlation between ag and O/Pu is impossible then becauss
the lattice parameter tolerances in some cases are I 0.005 A.

-

theoretical numbar of oxygen atoms. This is a defect structure and will
accommodate more than the 4 oxygen atoms obtained from stacking eigh*
PuOo cubes. As sxcess oxygen 1s introduced, that is, as Pup034x

PuQo, one would expec’ the cell side of the BCC PupO3 phase to decrease

duve to the insertion of excess electro-megativity. Conversely, as Puz03
apprcackes the ideal Type "C" rare earth structure, the increased anion
loss showld result iz a wnit cell expansion. In our experiments large
spounts of PupO3 were seen only as a surface phase and were not repre-
sentative of thé O/Pu ratio of the sample bulk, hence one cannot plot PuzCy
"an" wvarsus O/Pu. It would be desirable %o have a true surface O/Pi value,
but as a substitube ore may use the relative 0., quantity seer on dif-
fraction patterns. When "an" is plotted agains Bercent PuoOz on the
sample surface, the inverse of the slope hypothesized above i3 sbtained.
The only plausibls explanation for this lies in the cation sizes. BSince
Pu*3 has a larger iomic radius than Pu*¥, it would seem that in the PupOs
structure, the ircreased catior diameter would tend to "fill in" or at
least decrease in size “*he vacancies that are formed by stacking the
fluorite cubes and removing sixteen oxygen stoms. Any oxygen which is now
sdded would fit with difflculty intc the lattice and would caus2 an over-
all volume expansion. Thus, the Pup03 "ag"would increase as O/Pu——» 2.0,
From this i% is speculated that the Pulg-arrangement is a falrly stable cone
while the Type "C" Pip03 is *he major defect structure and accounts for

i

O IF

ot

h
Increased oxygen loss as O/Pu ratios diminish. Extrapolating this plot to
100% PupQ3 gives a lathice parameter of 1C.971 A; however, it is doubtful
that Pup03 exists at ths ideal O/Pu ratic of 1.50.
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The existence of an oxygen rich PuQ2 structure has veen found in a specimen
of Pul, powder heated to 1000 C in oxygen. During heating the sample
actually lost weight due to the liberation of surface adsorbed gases. A
back reflection x-ray pattern was obtained using & silver internal standard
and Seeman-Bohlin focusing on the PuCo(4il) plane. The resultant lattice
parameter was 5.3822 1 0. OEOB A compared to the usual 5.3960 A. Since the
ionic redii of Put are 0.86 A and 0.89 A, respectively, the effect
of - excess oXygen on the contraction of an MOp type (fluorite) structure
should be nearly the same. Applying the slope of the ag, versus O/U plot
found by Hering and Perio to the case of PuOz, the compositicn Pu02.09l is
obtained.

Lattice thermal expansion measurements on low temperature calcined PuOo were
abandoned because of excessive crystallite size line broadening. This re-
sulted in weaker x-ray diffraction line intensity, as well as making loca-
tlon of the center of each line less precise. The measurements on PuOo will
be continued with a well-sintered sample of PuOs.

Plutonium Carbides. A series of experiments during the past month on arc-
melted PuC-UC alloys has indicated that increased additions of UC tend %o
suppress the quantity of PupC3 formed upon passing the PuC peritectic
temperature of 1650 C. Compléete stabilization of the FCC PuC-UC structure
occurs with slightly greater than 25 wfo UC. A striking illustration of
the PuC peritectic reaction was seen in a sample quenched from 1800 C in
vacuun. The surface of the PuC button was deeply pitted and had reacted
with the crucible while three PuC-UC alloys in the same run were unchanged
in sppearance. The PuC and PupCs decompositions were observed at 1650 and
2079 C, respectively, which is in excellent agreement with LASL data.

A series of nine PuC alloys containing from 40 to 65 a/o C has been prepared
by arc-melting metallic plutonium + carbon pellets. These buttons are
beilng ground with a diamond wheel under CClL to yleld samples for the de-
termination of the room temperature composition limits of the defect PuC
phase. A Sierens back reflection integrating camera and a platinum internal
standard will be used for analyzing Bragg reflections at 26 > 140°.

Preliminary values of the latitice thermal expansion of PuC and PupC

beeg obtained up to 780 C. The expansion coefficient of PuC is 10.

10-%/c and of PupCz is 14.8 x 10-6/C. The samples were contained in

0.5 mm quartz capillaries mounted in the high temperature x-ray diffraction
camera. At a higher temperature the capillary fractured, requiring decon-
tamination of the interior of the vecuum chamber. The film cassette,
outside the vacuum chamber does net become contaminated.

Flutonium Silicides

A plutonium silicide has been prepared by two means. The first consisted of
mechanically mixing the reactants according to the following equation and
heating in a vacuum resistance furnace for cne hour at 1L0O0 C:

Pu0p + 2 8iC — 5 PuSip + 2 CO.
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The second method was by arc-meltirg a stoichiometric mixture of alpha
plutonium aend silicorn metal under a static blanket of argon gas. X-ray
diffraction data were substantially in agreement with those reportzd by
Runnals and Boucher on the ASTM diffraction data card for heta plutonium
disilicide. The products had a metallic gold luster, were quite brittle,
and exhibited pyrophoricity.

Plutonium (xide-Zirconium Oxid= System. Specimens of the following com-
positicns have been quenched in water from approximately 900 C: Pu02-62,
6k, 80, 90, and 97 w/o ZrO». Specimen form was generally that of a
right cylinder 1/4 inch lcng and 1/2 irnch in diameter. Data ccncerning
high temperature equilibria were not conclusively determined due to the
quenching rate and/or the gquench temperature being too low. Specimen
integrity was affected wery little by the thermsl shock on quenching. A
few hairline cracks were obhserved, but there was no chipping or dis-
integration of the pieces.

Plutonium Oxide-Magnesium Cxide System. Imvestigation of the solid phase
relationships occurring in the system PuQo-MgQ have recently teen initiated.
Nine different compositions at ten percent intervels between the limi%ts of
the pure components were pressed into pellet form and soeked for twenty
hours at 1550 C in helium. Tke sirtered densities decreased uniformly
with compositicn extending from 10.65 gm/cc (92.9% TD) for pure Puls to
3.18 gm/cc (88.9% TD) for pure MgO. These pellets were mounted in a cold
satting resin and ground flat for x-ray diffractometer examination. The
resulting scans showed for all compositions, oniy the pure MgO and Puds
structures with no evidence of intermediate phases. The lattice parameiers
of MgO and PuOp, as determined from an average of the 8, from the thre=
highest reflections, were for each composition near the accepted values of
4,213 and 5.396 A, respectively. This indicates no solid solubility
between the two phases. It is presently planned, however, to look more
carefully for signs of solubility at *the terminal compositions.

L. yo, FUELS RESEARCH

Vibrational Ccmpaction of UOp., Microhardness surveys made on Zircaloy-&
tubing which was deliberately failed during vibrational compactiorn revealed
no hardness increase in the fracture zone, which was near the weld. How-
ever, the extreme cozditions, which brought about the fzilure d4id cause
the interior surface near the fracture 4o become covered with a black
(presumably oxide) layer. If appreciable oxygen or nitroger diffusion
into the tube wall had faken place, the metal would have become harder
and more brittle, and thus more notch sensitive and more susceptible to
fatigue failure. The hardness had not increased, indicating thet 1ittle,
if any, oxygen or nitrogen contaminaticn actually occurred. Apparently,
the fuel rod temperatures and times at temperature encountered during
vibrational compaction are nch sufficient to result in appreicable atmos-
pheric contamination of the claddirg, even under the most extreme vibra-
tion conditions.

UNCLASSIFIED
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Thermal Conductivity of UOp2. Final measurements of thermal conductivity
were made at BMI oz irradissed (3.48 x 1019 nvt) and non-irvadiated (die-
pressed)UGg specimens. The source of discrepancies in previous data from
the irradiated specimen was discovered to he a faulty thermoccuple. The
final curve of conductivity versus temperature lies below that previously
reported and shows a reduction in thermal conductivity with increasing
irradistion et all temperatures up to 600 C.

Thermal conductivity measurements in the non-irradiated UQp were extended
to 1400 C. Deta define a curve of contimuously decreasing values with
increasing temperature. Visible cracking occurred at about 1200 C;
repeated measurements made thereafter yielded values about 10% lower at
all temperatures.

Work was begun on thermal and electrical conductivity measurements on U0p
irrediated to 1.52 x 10290 nvt. Non-irradiated UOs being prepered for
measurement of thermal conductivity includes a large single crystal and
specimens prepared by vibratory compactior and by isostatic pressing.

High Energy Impact Forming of UOp. High energy impact forming is belng
employed to densify depleted UOz for vibratory compection in a prototype,
nested tubular fuel element to be irradiated in the ETR. The material Is
compacted ir a conventional impact-forming die in stainless steel cans
which hold approximately cne pound of UQy. The cans are heated to 1100 C
before compaction. The bulk density obitained with this particular start-
ing meterial is 97.5%.

High .Tempersture Microscopy Studies. Facilities suitable for storing,
preparing, and examining small irradiated specimens of UQp for high
temperature gtudies in the 325 Building have heen arranged. These conegist
of a small cave shieidad by six inches of lead and equipped witk a pair

of Argonne model 7 master-slave menipulaters. Ten-gram lots of irradiated
U0z having eight Aifferent exposures were transferred to the cave and
preparation of microscopy samples wes begun.

Electron Micrcscopy. Examination of single crystal (fused) UOp continued.
Specimens being studied involve pclished and etched surfaces, cleavage
surfaces (by replication techniques) and "chips" and solid surfaces (by
direct transmission and reflection methods).

It was found that regularliy shaped impressiors with & maximum dimension
of as little as 10 microns can be made with a Tukon microhardness tester
and used as "standard impressions” for cbservatlions through the slectron
microscope. These will be of use in relocating specific areas of pre-
characterized surfaces and for providing directicnal refersnces.

Information Exchange. Banford studies on ceramic fuels were summarized
at the eleventh meeting of the High Temperature Fuels Committee (held at
(eneral Atomic, Jenuary 10-12, 1960). Preliminary arrangements were made
to obtair additional specimens of high burnup ( > 100,000 MWD/T) UOs from
Bettis and XAPL for examinatiorn irn the CFDO high temperature and eiectron
microscopes.
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US/UK Research Newsletter No. 10 on Uranium Oxides was compiled, duplicatzd,
and distributed to the informetion exchange participents in the U.S. and
the U.K. The newsletter has grown to 54 pages in which are described the
ceramic fuel basic studies and technology repcorted from sites fthroughout
the United States.

Editing and obtftaining participant approvals of the record of the second
US/UK UQ, Information Exchange Meeting (Hanford, Oct. 25-28, 1960) are
approximately half completed. We are now awaiting approvals from Harwell.

BASIC SWELLING STUDIES

Irradiation Program

Capsule No. T containing three hollow, split uranium cylinders is awaiting
irradiation. This capsule will be the fourth of the current szeries to be
irradisted. Capsules No. L and 5 are in Radiometallurgy for post-irradiation
examination while Capsule No. & is in the reactor discharge basin +o permit
sufficient radiocactive decay prior to shipment for disassembly and specimen
examination. Capsule No. 8 is completely assembled and currently awaits
bench testing under simlated reactor conditions.

Pore Size and Distribution.

Optical and electron microscopy are being used as a direct means of deter-
mining the size and distribution of pores in irradiated uranium. Replicas

of uranium with burnups of 0.29 a/o and 0.41 a/o annealed at various times
and temperatures have been rephotographed, and the pores in "random” micro-
graphs are being remeasured with a Zeiss Particle Analyzer. This repetition
of work previously performed is necessary since previous measurements were
insufficient in number to give a good estimate of the pore frequency dis-
tribution which existed in the entire specimen, and previous measuremerts and
subsequent analysis of pores did not provide adequate resolution among small
pores.

Fission Product Mobility

A mowledge of the mobility of rare gas fission products in uranium is
important to the understanding of the basic mechanisms underlying the
swelling phenomencn. Uranium specimens are being examined that hawe had
inert gas introduced into the surface by "glow" discharge and U-U dif-
fusion couples are being studied under conditions such that one part of
the couple contains a large concentration of fission products while the
other part contains little or no fission products.

Restrained Irradiations

In-reactor swelling experiments of Zircaloy-2 clad uranium fuel rods with
selected uranium temperatures, cladding thicknesses, and exposure are being
conducted employing NaK-filled, temperature monitored capsules. T[ive
swelling capsules, GEH 14-0k, 14-G95, 14-99, 1h4-104, and 1k-105, are
Presently being irradiated in the MIR to various goal exposures.. EXposures
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acd average center uranium temperatures for the fusl rods in these capsules
through MIR Cyclie 149 are, respectiwvely, 0.07, C.17, 0.31, 0.59, ©.52 a/o
and 575, 500, 290, 600 and 335 C. Five capsules have now been discharged
from these MIR tests and will be examined in Radiometallurgy during the
succeeding months., Dimensicnal measurements have been made on three

1.6 percent enriched uranium rods coextrusion clad with Zirceloy-2 and
irradiated in capsules at Hanford to O.14 a/o burmup. Volume increases

are in the range from one to two percent at urarium temperatures from 425
to 490 C. Calculated R values are between seven and fourteen. It is hoped
that density measurements will give more accurate R values. Seven other
capsules from this same series of tests are now being opened at Radio-
metallurgy. Measurements of volume changes will also be made on these

fuel rods.

5. IN-REACTOR MEASUREMENTS OF MECHANICAL PROPERTIES

In-Reactor Creep Measurements

Operational performance of the second generation creep capsule in the
reactor has shown a critical weakness in the thermocouple assemblies used
in the capsule. The first indication of wealmess in the thermocouples
occwrred when the reactor shut down after the capsule had been operating.
At that time the temperature drop caused two of the six thermocouples
mounted on the specimen to fail. However, the problem was not considered
serious since duplicate thermocouples had been provided on the specimen
and the temperature could still be monitored. During the next reactor
cycle the temperature was lowered 50 C, and two mors thermocouples failed.
Analysis of the thermocouple failures indicate that the failures occur in
the insulators through the pull rods. One of the remairing capsules is
being thermally cycied in the laboratory to confirm the analysis before
the capsuie is medified.

Cepsuie and Instrument Development

Bids have beern received for the construction of a series of third gzners-
tion capsulies. All vendors atated compliance with the specification
document, HW-67183, “Specificetions for In-Reactor Creep Capsule.”
Selection of vendors was based on technical competence and price. The
specificaticns for the third series of capsules call for extensive
simplification in the comstruction of the capsule while retaining the
reliabllity and accuracy of proven methods and techniques used in the
first two capsules.

Pre.Irradiation Material Charscterization

- Meagurement cf the activation energy for creep of the Zircaloy-2 scheduled
for In-reactor testing kas continued. Creep tests glving data for the
caleulation of activation energies are being conducted on arnesled
Zirealoy-2 at stresses of 15,000 psi and 20,000 psi, and on 20% cold
worked material at a stress of 35,000 psi. The activation energies are
calculated from the creep rates immediately before and immediately after
an sbrupt temperature change. Anrealed Zircaloy-2 at 15,000 psi has shown
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little change in creep rate with abrupt temperature incresses of 15 O
in the temperature range 200 to 272 C, indiceting an activation erergy
of zero cal/g-mole. The activation energy for the 20% cold worked
material measured at 209 C was also found to be zero. Sufficient data
for the calculation of activation energy of annesled Zircaloy-2 at
20,000 psi are not yet available. The zero value of activation does
not require the total creep strain or minimum creep rate attained in
creep testing Zircaloy.2 to be independent of temperature. Creep is a
complex deformation process at temperatures below the dislocation climb
region and effects other than thermal activation play impertant rolss.
Creep data from other sites indicate the total creep strain and minimm
creep rates are considerably less temperature dependent at tempera*ures
below 300 C than at temperatures higher than 300 C.

€. GAS-GRAPHITE STUDIES

EGCR Trradiation

The H-3-2 experiment is operating satigfactorily in the second cycle of
irradiation in the GETR. The full cycle, longitudinal flux distribution
(B » 1 mev) in the GETR core near the experiment has been determined.
This wes based on the cadmium covered sections of the nickel wire
stretched vertically along the F-3 position and irradiation during

Cycle 15. An effective thermal sbsorption cross section for Co-58 of
4720 barns was calculated from the same wire. This is the mean value
required to correlate the results from the bare nickel wire with thoss
from the cadmium covered segments.

EGCR Combustion Hazard Evaluation

Tests were corducted recently in the EGCR burning rig with a non-reactive
core installed to simmlate silicon carblde coated fuel sleeves. Daka
indicated with an air flow of four 1bs/hr self-sustained combustion did
not occur at graphite temperatures less than 600 C. These data and data
from previous experiments are presently being used in a computer analvysisz
of EGCR hazards by OBFNL and Allis Chalmers. '

Upon completion of experiments with the non-reactive core, the rig was
disassembled and modified to accommedate testing with a mockup of ar EGCR
lattice unit including dummy fuel elements, silicon carbide costed fuel
sleeves and actual EGCR graphite for the moderator. Full size coated
sleeves were received from ORNL and inspected before loading into the
burning rig. Borescope photographs of the inside of the tubes were made.
These will be compared to photographs of the same spots after the burniag
wesis. Modifications have heen made to the burning rig to program the
calculated reactor heat flux decay function into the heater power.

Effect of Temperature on Eediation Induced Graphite Contractions

A combinatiorn of the results from the GETR H-1 and H-3 experiments gives
% reasonably complete description of the effect of irradiation temperature
on the contraction rate of nuclear graphites. In general, the transverse
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contraction rate goes through a broad minimm between the temperatures of
650 and 950 C with the least contraction occurring at approximately 800 C.
Needle-ccke and CSF graphites show the same effect but differ in megnitude.
The contracticn of needle-coke graphites (similar to EGCR or NPR specifi-
cation materisl) is approximately 0.6 of the CSF { L. ) rate at all tem-
peratures. The results are shown in the following table.

CONTRACTION OF RUCLEAR GRAPHITES AT HIGH TEMPERATURE

Irradiation . Rate {arbitrary units) .
Temperature, C Needle Coke Graphite (L. ) CSF (L ) Both Graphites (It }
450 0.055 0.085 0.155
500 0.0Lk0 0.065 0.12}
600 0.023 0.035 0.065
700 0.015 0.022 0.050
800 0.012 0.020 0.060
900 0.01% ¢.025 -—
1000 0.021 0.035 --
1100 0.038 0. 060 -
1200 0.070 0.100 --

Tgsl”arbitrary" units above represent contraction in terms of percent per

1 nvt (E> 0.18 mev) with the dose estimmted from computer calculations.
The existing foil activation measurements indicate that the neutron dose

ray be less than calculeted; perhaps by a factor of two. Based on theor-
etical calculations and using availeble spectra data, 102 nvt (E > 0.18 mev)
in the GETR E-7 position is equivaient to 7500 MWD/AT in the EGCR. Thus,

an "arbitrary unit" of 0.0l is believed to represent a contraction rate
between 0.0013 and 0.0026% per 1000 MWD/AT.

Qridation Inhibitor Studies

An investigation is in progress to test the effectiveness of chlorine as
an oxidation inhibitor in the presence of icnizing radiation. Tests in
the gamme irradiation facility demonstrate the ability of chlorine to
reduce oxidation rates to about the same extent as in the absence of radi-
ation. Experiments conducted in ozone indicate the rate law developed
for thermal oxidation irhibition applies in the case of oxidant species
activwmted by radiation,

Qxidation Studies ir the Cobalt-60 Irradiation Facility

A test was started in two identical glass loops in the ccbalt-60 irradiation
facility to determine whether gamma radiation promotes a reaction between
carbon and nitrogen at 670 C. Samples are subjected to the same terperature
and gas flow rate, the only difference being the gamma intensity which is

9 x 107 rad/hr in one loop and 250 rad/hr in the other. Because & graphite
weight loss was observed during the first 72 hours due to oxygen impurities
in the nitrogen, a gas purification system has been added.
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.The effect of gamms radiation on the reaction of small amounts of wathar
vapor {(~~ 0.1 mm Hg) with graphite will be investigated using a recordin
balance in a third glass loop. This test has been delayed by d4ifficulties
with the temperature controller and saturable reactor:

Surface Complex Studies

Attempts to demonstrete the chemisorption of surface oxides on small
graphite samples by measuring weight changes have Deen unsuccessful.

A1l weight gains are observed to result from physical adscrption of +he
reactive gases employed, even under conditions where oxidation, which
requires chemisorption, occurs. However, the sensitivity of the balance
used in these experiments is such that an upper limit for chemisorption
of 1.4 x 10+T sites/gm can be set for the reaction:

ce (free sites) + COp ———3 C{0)(chemiscrbed) + CO.

Gas Loop Project Management and Design (Project CAH-822)

An extension of the project completion date to September 30, 1961, was
requested by Revision III to the project proposal. Based on the June 30
completion date, over-all construction is 55% complete versus 60%

- ‘scheduled. The Head Mechanical work {suxiliaries and service piping,
J. A. Jones Subcontract JAJ-73) is approximately 90% camplete versus
95% scheduled. Installation of the ex-remctor section package is tenta-
tively scheduled for the first week of February dependent cn PRTR startup
scheduling.
The date of delivery of the main blowers by Bristol-Siddeley, Ltd., remains
indefinite. The contractual delivery date was about one year ago.

Component Testing. The gas loop in-reactor test section was run for
about twenty hours. Meximm temperatures achieved were 1500 F heater
temperature, 1300 F inner shroud temperature, and 700 F pressure tube
temperature. These temperatures were achieved with no water arcund the
calandria shroud tube or top and bottom shield tubes and with abcut

180 pounds per hour of helium in the cooling annulus. At lower tempera-
tures, helium flow wag kept as low 2s 80 pounds per hour compared with a
design flow of 200 pounds per hour. At about 1500 F heater temperaturs
during the last run, the heater shorted out and burned two of the con-
ductors in two. The heater was removed from service and is being
repaired.

Operation of the diaphragm compressor was stopped for installation of
additional safety circuitry and addition of an on-off cycle timer.
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GRAPHITE TRRADIATION DAMAGE STUDIES

Flux Dependence of Radiatior Damage

Four capsules containing a tetal of 12 sampies were charged in the MIR
at the beginning of Cycle 151. This is & repetition of previous experi-
ments to determine the flux dependence of low tempersture radiation -
damage in graphite. A repetition 1s necessary since exposure determina-
tions in previous experiments are now thought to be substantially in
arror.

- National Carbon Company Research and Development Contract

The third lot of samples were discharged from a hot test hole after an
exposure of 852 MWD/AT. TIncluded in this irradistion were control samples
of CSF and samples of TSX, NPR core graphite. The TSX samples are from
Bar 152, and a statistical analysis of the x-ray data from this bar and
from other bars of TSX has indicated that Bar 152 1s less well graphitized
than cother TSX bars which were guaranteed for 3000 C heat treatment. Data
for samples in this irradietion are found in the accompanying table.

Length Changes After 852 MWD/AT
Exposure at About 550 C

Graphite § L

TSX 4. {Bar 152) +0.,015
I +0.005 )

CSF | ‘ +0.016
N +Q. 014
Lampblack - 2" sample) Almost -0.13
L" sample) isotropic -0.12

Hot workedd. 4" sample +0.001

i 2" sample -0.012

SPECIFIC FUEL CYCLE ANALYSIS PROGRAM

Conceptual Design -~ Fuel Flement Fabrication Plant

A meeting was held Javuary 16, 1961, to discuss and resolve comments on
the first draft of the process description and preliminary computations
part of the gstudy. Several pertinent comments were offered, among then
that ordinary tolerances suffice for tubing for vibretion-packed oxide
elements, and that the complications attendant upon zirconium end plugs
in contact with wranium oxide in the high flux zone or the reactor reduce
or cancel the advantages of segmental charging obtainable with shorter
than full core length elements. The process has therefore been revised
to eliminate resizing and straightening of tubes, and machine sizes are
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now based upon 10.06-foot tubes in numbers about half those PreEvViousiy
calculated for five-foot tubes. Plant layouts btased upon the new machine
numbers and sizes are now being prepared.

SUPERCRITICAL PRESSURE WATER REACTOR STUDY

Pursuant to establishment of the ground rules by the Division of Reactor
Development, Atomic Energy Commission, that the conceptual design of a
Supercritical Pressure Water Reactor be an HoO cooled, 30C Mde unit,
studies have been undertaken to determine the type of moderator, turbine
cycle, coolant operating conditions, and containment philosophy that will
produce the most economical power generation.

Initial studies have issued in the selection of & thermal neutron spectrum
because of the poor neutron economy in the epi-thermal region and spectrum
degradation in the fast region resulting from the HpO coolant. As a result,
three types of moderators are presently under consideration: 1light water,
heavy water, and graphite, While present evaluations are not sufficientiy
complete 1o permit a choice, the following factors are worthy of note:

1. The heavy water moderated reactor is attractive from the
. standpcint of reduced fuel cycle costs (possibly a quarter
mill less than light water moderated reactors), but the
cost of the heavy water mey be as high as five million
dollars. Other items being equal, & guarter mill fuel
saving would make DoO competitive at a price of about four
million dollars.

2. The light water moderated reactor is attractive from a low
moderator cost point of view, but pressure vessel diameter
limitations (about six feet inside diameter), or difficult
piping problems with small lattices and pressure tube type

* fuel elements, may severely limit its potential.

3. The graphite modersted reactor occupies a mid-pasition
between heavy and light water with respect to cost (about
one million dollars) and fuel cycle costs. The magnitude
of graphite cooling and hot graphite-steam reaction problems
are unknowns at present.

As far as turbine cycle considerations, it appears that each percent in-
crease in thermal efficiency will permit one million dellars in direct
construction expense (for a given kwhr cost) so that considerable optim-
ization of the cycle is warranted. On this basis a double reheat, manifold
preheat thermal cycle with high coolant temperatures appears desirable.

The question of where to epact containment on a direct cycle supercritical
Pressure reactor of large size presents problems. With two turbine gener-
ator units 125 feet long by 20 feet wide, one is prone to place them ex-
terior to a more conventional containment vessel and place containment
valves in the steam lines, or conversely, to use a pressure suppression
type structure and place the turbines alongside the reactor and minimize
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piping runs. Obtairning containmert valves to close against supercritical
pressures may pose a significant problem. . :

The information developed on the supercritical pressure reactor concept

to date is of a wvery prelimipary nature and caution should be applied %o
the tentative considerztions presented here.

RADTATIQN EFFECTS (N METALS - 5000 PROGRAM

Radistion damage recovery is being studied for a number of metals, nameiy,
copper, nickel, titanium, zirconium, iron, melybdenum, and type 347 stainless
steel. A series of isochronal arneals are being performed on irradiated iron
in order to determine the effects of varying impurity levels on the occurrence
and magnitude of the various recovery stages. The studies gre being concen-
trated on samples with exposures in the range 2.0-4.3 x 101° nvt. The samples
ware originally machined from three ingots: ingot 1 contained one ppm nitrogen
and 60 ppm oxXygen; ingot 2 contained one ppm nitrogen and 130 ppm cxygen; and
ingot 3 contaired 13 ppm aitrogen and 200 ppm oxygen. All specimens have shown
gimilar recovery stages with slight variations in the temperatures at which
meximm recovery rates occurred. As expected, the efflect 1s more pronounced

in the eliectrical resistance *tempering curves than in the microhardness

curves. 'The effect of exposure has also been studied. The data are still

incomplete, but it appears that at exposures of approximately 1 x 1020 avt,

there is onlg cne recovery sitage; at 3 to b x 1010 nvt, there are three; at
1 to 2 x 101° nvt, there are two stages; and at 1 x 10+7 nvt, there is one
stage with irndications of a second.

Tsothermal annealing at 550 C of zirconium exposed to 1.5 x 1020 nvt has
disclosed the fact that the A, parameter recovers rapidly while the C,
parameter increases rapidly, then decreases {after 10-15 minutes at
temperature) and increases again tc the fully recovered value after 20
minutes st temperature. The C/A ratic decreased 1.5% in the time irtarval
of five to ten minutes, indiceting a general shrinkage in the /COCL/
directiorn, "

Tensile tests at elevated temperatures have been performed on irradiated
mclybdenum specimens. Seversl.general cbservations have been made:

(1) at temperatures below 500 C, immediste reloading after a pre-strain of
1% megulte in a decrease in the flow stress; (2) aging for two tc four hours
at the test temperature (200500 C) causes a marked increase in the flow
stress; (3) at temperatures from 300-500 C, initial yielding is immediately
fecilowed by an almost instantanecus drep-in-load of 20 to 35%. This lead
arop is accompanied by the production of an offset in the specimen along the
piare of maximum shear (45°). The deformation band along this offset is
seen to conslst of extremely deformed grains with a heavy density of slip
bands roughly parallel to the plane of the offset. At a distance of 1/4%"
from the deformation band, the grains are relatively undisturbed and the slip
tand density is several orders of magnitude less. Cross slip has been ob-
se#rved, irdicating that at lesst two slip systems are operative. It is not
konown whether this behavior is dus to an inhibition of some slip systems by
radiation-induced defects or to a prenourced texture in the specimen. Pole
figures will be cbtaired tc determine the texture of this material.
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E. CUSTOMER WORK

Rzdiometallurgy Service

No indicastion of a leak through either weld has been found in the IZE ncole
failure {1656-C) nor was there any evidence of spire cracking under the
female cap. What appeared to be an inclusion was found in the spire wall
and is most likely the cause of the failure (RM-412). The point of water
entry in the IZE hole failure (458L-KW) was a small hole in the male weld
connecting with a large veid in the outside braze layer (RM-415). A thixd
I&E hole failure (1471-KE) was sectionmed through the rupture at the female
end., The polnt of water entry has not yet been found. Ellipticity of
approximetely 50 mils was measured near the center of the element. ZEvidence
of mud cracking was ncted on the cutside edge of the urznium core (RM-417).

Metallography Service

A stain efch has been developed for use on zirconium-berviliium allays that
produces high contrast between the alpha zirconium grains and the grains

of ZrBesn, which is the second phase present in the braze alloys currently
under study. After initial preparation by either mechanical or chemical
polishing, the sample is dipped for about one second in the stain eteh which
consists of 2% HF, 3% HNOj and 94% ethyl alcohol. A properly etched sample
will produce a brown stain on the ZrBg phase and leave the alpha zirconium
bright.

Sections of the cracked steinless steel KER Loop 4 tube were examined to
determine the cause of failure. The inltiel failure occurred a few inches
dovnstream from the water inlet from the heat exchanger and almost directly
acrogs from the feed makeup tube. Numerous cracks are evident on the Inside
surface of the tube prcgressing both longitudinaliy and cirsumferentially.
Metallographic sections throughout the failure area show that thsse cracks
propagate transgrenularly through the wall of the tube and are of mriabla
length. HWo cracks exist either seven inches downstream from the affected
area or about sixteen inches upstream. Several possitle mcdes of failure
exist but the direct cause has not been determined.

Trensmission electron diffraction patterns of cpecimens prepsred from CSF,
resin-impregrniatad graphite have been analyzed. Electron micrographs of tweo
bagic structures which are markedly different hawe been observed, The first
type could be described as a bundle of longitudinally striated fiters or
parsllel plates when viewed from the side. Within the observed field at
L0,000 magnificatior, & one micron ares was selected for elasctron diffraction.
An analysis of the dAiffraction pattern shows the Uu2 and Q04 reflecticns o
be highly preferred with two-fold symmetry. The 1w reflectien is abszent but
the 10L is present and has a random intensity distribution. From this informa-
tion 1t is kmown that *the electron beam is normal to the c-axis and the thin
film., Electron micrographs of the second type have irregularly shapsd areas
that give the appeasrance of grains with well defined boundaries. Selected
arsa electron diffraction patterns from these regions resuit in the presence
of a few obligue rings along with circular rings. On analysis, the 002 and
OOk reflections are not present. The 100 refiection is present and shows a
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2iight preference for two-fold intensity distribution. The 101 forms a
portior of an oblique ring. Previocus work has shown the electron beam is
striking the c-axis at an oblique angle. This angle is estimated to be
batweer 430 and 63° for the specimen in our study.

(ne of the principal problems in studying the zirconium folls by transmission
microscopy ls sample preparation. This is particularly true for a study of
cold work or irradiation damage. Preparation technigues should neither add
ror remcve damage. A technique to thin out zirconivm metal and permit trans-
missisn electron microscopy is being developed. The method consists of
mechanical polishing and chemical or cathodic etching.

Samples Processed During the Month

Total Samples 851
Total Replicas 39

Phot %raghs

Micrographs 478
Mecrographs 122
Electron Micrographs 197

797

NPR Charging Machine

Fabrication of the four li-foot rail sections is complete. Installation of
these rail sections in 314 Building is 50% camplete. Fabrication of the
welded truck frames and the nozzle adapter was completed. Machining of the
“ziick wheels 1s 50% complete. Fabrication of sll the shafting for the cross
travel drive is 85% complete.

Trating 10 determine the friction coefficlent between the rubber drive roller
azd the magazine was completed and an informal report was issued. Evaluation
=7 the electric eye and ultra sonic detection equipment is 70% complete.

Preliminary designs were prepared for the charging magazine support to span
"' elevator and the test apparatus for magazine taper to arrest motions of
Tz free piston In the magazine.

AFR Ballowe Test

Ar. 2stimate was prepared for flexure and vibration tesﬁi.ng of NTR process tube
gag sesl bellows. A work order for $4,000 has been received from IFD to perform
+hage +tests.

Y W atbugt
Manager, Reactor and Fuels Research

and Development
FW Albaugh.:kb
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PHYSICS AND THSTRUMENT RESEARCE AND DEVELOPMIRNDT OFERATICON

MONTELY REFURT

JANUARY 1961

FISSIONABLE MATERIALS - 230 PROGRAM

REACTOR

NFR Fuel Temperature Coafficient

Three additionsl messurements of the change in PR reactlivisy have been asda ag
the fuel in the cemtral test cell of the NFR core was heated., The average tem-
perature of the fuel element was camputed by the method of volume-weighting.

The fuel element reached aversge temperatures »f 325, G68 and T55°C efter being
heeted for 3%, 47 and 35 mizutes, respectively. Tke third messuremernt was prema-
turely halted by & reactor scram. The tamperaturs at the bowndary of tie lamp-
black insulation rose 1290 during the rvn. Himilar data for the first two runs
were not cbtained becamuse tke thermocomples were nct operatiag.

An effort is being made to get & gerceralized least-squares program operating.
This program will fit the experimental data to the furction gy = py + B (T™e i, ™)
and provide tke beat values of B and © for s glven get of daka,

The change in PCTR resctivity with a ctamge lo the tempersture of the 2utire
resctor has also besk measursd. The data can e fitted with a straight lize
from 24°9C to 28°¢. The slewe of this lime is (-0.67 & 0.02) £/7C.

Expouential Meagurementa for ¥ Reactor

The change ip bucklizg upon imsertion of berom control rods has beel measaref 1o
the N-reactor mockup. “he change in buckl im was also measured with 2o fuel in
+he pile and one dry beren rod pleaced 1o i cember. The results are summarizad
in Table TI.

TELE I

Bucgling Earicied Fuel Rad .
(10-Ccm=<) (In or Out) Cenfigueastion Remazrks
-145 ot ¥o Rod Uiffusion Length Expt.
=277 Cut (re dry rod Ia center of pile,
- 116 Tu¥ No Red Fuel HpO Cooled.
- 21 In vas dry rod in center of pile.
26 n One webt rod Tn center of pila,
-G53 in € dry roda N-reactor continl
rod spacing

* Fuel in all cases was KO c ‘n_;'-uled.
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The wet control rod had water both inside and outside the boron regionm. The

extrapolation lengths used were 1.7 inches side-tco-side and 1.4 inches front-
to~-rear. Thus the bucklings assume no change in radial leakage, which amounts
to assuming that the flux distribution is the same as the flux in an infinite
medium with rods, weighted by the cosine distribution of the fundemental mode.

Exponential Measurememts of Large Dilameter Fuel Elements

The cofit computer progrem used for analyzing horizontal traverse data has been
modified to include fast scurce theory harmonic correctlons. One horizontal
traverse hkas been analyzed using the modified program. With fast source harmonics .
the extrapolation length calculated was 0.7 inchea; whereas, with thermal scurce
harmonics the extrapolation length waa 2.0 inches. The data were taken in an

B x 8 foot exponential pile loaded with tube-in-tube natural uranium fuel elements
at a lattice spacing of 8 3/8 inches. The neutron sources were clustered around
the vertical axis of the pile.

NFR Phase IIT Fuel Element

A preliminary analysis of the thorium cycle in the Phase IIT N-reactor was carried
out using the Meleager code. Conclusions were: '

1. Reactivity loss is not a limiting parsmeter on the length of an irradiation
cycle.

2. Heat rate declines more rapidly than reactivity, and may become limiting at
approximately two percent total atomic tarmp.

3, Optimum U-235 enrichment level was not determined, but the range 2.1 w/o to
2.3 w/o is indicated as most promising.

L. Thorium metallic fuel appears fram this study to be a very feasible choice
for high-exposure operation, fram the fuel-cycle physies standpoint.

Digital Computer Programs for Reactor Analysis

Development of HFN, the Hanford version of the multigroup neutron diffusion theory
code, FN, 1s contimuing. Correction of same input data errors has improved the
agreement between HFN calculations and an exact solution to an infinite medium
multigroup thermal spectrum test problem. The HFN resulis are now within 0.5
percent of the exact solution. In view of the special characteristics of this
problem, this is considered excellent agreement. A few production caleulations
have als¢ been run successfully. Results of these calculations indicated that
the amount of redundant HFN output could became excensive when seversl similar
caseg were run. The code has, therefore, been modified to permit selected por-
tions of the normal cutput to be deleted. Provisions for calculating detector
activities and activity ratios as a functlon of position are also belng incor-
porated. .

PO
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Computational Frogramming Services

A generalired least squares program, &escribed in LA—256?(1), was imported frnom
Loz Alamos and modified to work on our FORTRAN monitor system. The test case
given in the program writeup has been ruz successfuily. CThe program uses 2n
iterative technique to lz2ast smares fit experimental data to a Himction of as
many 28 five independent varisbles. Tohe functioz to be fitted 1s specified by
the ugser, who must insert ¥ + 1 FORTRAN instructions into a subroutine, wkers

¥ is the number of parameters +o bas fetermined by the fit. N may e as nigh es
twenty. There are virtualiy no limits oz the form of the function considered.
Arbitrary statisticel weight may be assigned to esck point, and an error anslysis
is part of the cutrput.

Instrumentation

Cooperative effort with Instrumentation Desigr, CEXD, and Instrument Develon-
ment, IFD, concerning the NPR Fuel Failure Monitor continued. A compleie review
was made of the mechanicsl specifications snd drawings, and tke slow-scan circultzy
was campleted for tegt on the XER Loop 1. The slow scan portion consists <f a
single channel pulse height analyzer, NaJ crystal, photcotube detector, and neces-
sary addends equipment. Installation in the fest leoop will fcllow fabrication of
the necessary shield.

Development work contimies on the experimental scintillation Fast ard Slow Scan
Fuel Failure Mopitor. This system is nearly ready for conbimiousg test. The new
slip-ring assembly was ingtalled; znd tests with {t and the Nal crystal ané photo-
tube detector were satisfactory.

Accelerated development conmtinues, with cne desizn campleted, for & new approsch
to radiological ares gamma monitors. This work 1s being done for general nlant
application; however, if succageful, it alsc will bte directly spplicablz 2 the
NPR Aree Monitor problem. Becsaase of requirement changes, our original prouotype
was unsatlsfactory for KPR use; however, sizce no cammercial uxnit of eguivalient
cost has proven to be satiafaciory, the new develommexnt was started. The new unit,
two of wkich are 1= englueering febricaticz, is both a mmlti-rangs linear and =
quasi-logaritkmic type t7 cover 2li possibilities. The linear ranges wiil de

0-10 mr/hr %0 10 rfhr. In ta2sts, at avomt 1790 r/hr, the maximum phototube arode
current is limited to 3 microasmperes; thus, the phototube fatigue provlem shounld
be negligible. Typical vhototube anode current at 2 r/hr is but 0.5 microsmperze.
The gystem uses 2 trasrpistor-driven mechanizal chopper, a silicon dioda string for
quasi-log response, a Hrapsistor amplifier, and necessary readout and 2larming cir-
cuits. The equivalent murrent chopper noise level is 5 x 16-5 amps. Two weeks of
continuous bresdbosrd tests zave shown oo change in chopper nolse, response char-
acteristics, ete. :

The NPR prototype Beta-Gamma Alr Moni%cr remains in satisfactory operatlion using

& temporary meter-relay to replace the origiral poor quallty unit. A new meter-
relay is on emergency order and will be installed wien receilved. ALl ftests to dals
om the prototype uzit, which uses a transistorized log count-rata meter, have been
successful.

(1) 'Mbore, R. %. and R. X. Zelgler, "The Sclution of the (Qereral ILeast 3quares
Problem wit Speecial Reference to High-Speed Compaters,” LA-2367, March ¥, 1960,
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Technical support was provided to Equipment Development, IFD, and Instrumentatic
Deaign, CEAIC, concerning NPR reactor instrumentation. Principal effort concernew
bid reviews for reactor period monitors, log instrument.linearity, hole-coring
problems in reactors, octant monitors, and period meters (CGI-806). Flanning,
¢ircuit details, and guidance advice was rendered on the foregoing. In addition,
recammendations were made concerning improvement of the fuel failure detection
gamma monitors (CGI-90L).

Several high speed transisteors, avalanche transistors, and germanium tunnel &iodes
were tested for best possible rise time, It was hoped one or more types could be
fourd which would be an effective substitute for the EFPEO 1in fast timing cir-
cuits. The best rise time measured was about three nanoseconds, generated by a
2M416 in an avalanche mode of operation. This time is about twice that of an
EFP60. The 2M416 would be useful for many applicatioms, except the delay hetween
the trigger pulse and the output pulae is a strong function of trigger pulse height
and applied voltage. The gallium arsenide tunnel diodes should be quite fast, and
will be ftested as soon as they are available.

Fabrication of the experimental reactor pyrometer for moderator temperature meas-

urement ig nearly camplete. There has been a temporsry delay in the work on this

unit to allow for parts on order to arrive and to permit fabrication on other cus-
tomer work. A focusing lens and viewer must still be designed and fabricated but

the main unit has been fabricated and only needs agsembly.

Same preliminary thought was given to a simple, dependable, high speed period and
log level meter. This device would use the principle of the fedback photomrlti-
plier. ’

Systems Studieas

The NFR primary ioop has been studied on the EASE analog computer, A series of
preliminary studies were made. The system was disturbed with five different ramps
in reactivity and the temperature and power transients were observed using two
different control systems for the primery heat exchanger, and three different tem-
perature coefficients for both water and metsl {temperatures.

An analog program was prepared for about one-third of the NPR secondary looz. The
secondary loop was divided into three sections to make the initial analog analysis
easier.

The NPR pressurizer system is still being studied on tke GEDA computer. Enough
computer runs have been made for various pressurizer conditions to indicafe that
the temperature loop, ylelding heat transfer through the pressurizer walls, has
only a negligible effect on the rest of the problem; the loop has accordingly been
removed. The camputer runs also indicated that the liquid level controller has a
aignificant effect on the pressurizer operation, e.g., setting the reset too high
results in pressure oscillations about the setpoint which grow in amplitude. The
final computer runs have been designed to show, smong other things, the effect of
the liquid level conftroller on overall operating conditions.

For Reactor Control Studies, the tempersture-rod movement data cbtalned earlier o~

1C0-D reactor were studied briefly to determine the appraximate magnitudes of the
time constants involved. A censidersble difference in the time responses of the
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tamperature changes due to movements of rod A, as compared to whose of rod B,
was noted. The cause of this effect 1as not keen studied further as yet due

to the press of otrer work, The time zonstants associated with moverents of
rod A correspond rather clesely with those showrn Dy the power-rate-of-rise
tests. One sectiop of the eight section reactor controller, proposed for tie
100-D reactor, will be put on the EASE computer in the near future. This con-
troller conaists of an eight point sampling system. If any point is ocutside the
preset limits, the associated rod will drive 1n or out a fixed amoant. The red
will thez remain statiomary until the scanper returns to its temperatare ele-
ment for another measurement. The system will be & modified on-off controller.

The specificatione for a medium-size digital process control camputer were write
ten and distributed to the computer study group for comment. Reviaions hased on
thege camments were included in a second specification which will he mede tle
basis for a purchase requisition,

SEPARATIONS

Plutonium Critical Mass Faciiity

Minor Construction (J. A. Jonee) zersonnel have contimasd work oo modifications
to the Pacility prior to startup.

As requested by the Critical Mass Laborzstory Safety Andit Couneil, and by the
AEC in their letter authorizing operations in the laboratory, a ventilation
barrier has been installed across the exterior hallway between the mixing rom
and changs rocm; a wall ard door were used azs replacement for the chain barrier
originally installed. This modification was required in arder to provide a
secondary contaimment srea between the mixing rcom and the exterior of the build-

ing.

The process piping changes have hnen canzleted now; the lines have been flushed
with water and tested under pressure of 60 pounds.

The tanks in tha lower porticrn of the mixing hood were ccvered by means of a
fibre glass process iz order to facilitate slesmup from potential leaks in the
lines, to prevent any riuntoriuwm from coming directly in comtact with the
camium sheets hetween the tanks in the event of such leaks.

Glove ports were imstalled ir the critical experiment hood, pump hood, and mix-
ing hood. The oump and mixing hoods were tested for tightness. When under a
regative pressure of four inches of water, the lsakage rate into the uprer »or-
tion of the mixing hood was less than two cubic feet/hour; tie leakege rate ixtu
the lower section of thkis houod, and the pump hood were both less than ons cusic
foot /aour.

Some modlfizstlons appear necéssary to the air balance system in order to main-
tain the mixing hood at a negative pressure of one irnch with respect te the room
air, anl the romm at a regative pressure with respect to the cutside,

A chain heist kas been desigred and constructed for installation in the top of
the eritical experiment hood.

1230034




some difficulties are still being experienced with the cperaticn of the valves
in the suction header in the mixing hood; these valves have bheen hard to t
and have a tendency to freeze tight.

Pre-startup check out of the plutornium solution bandling system and of the con-
trol instrumentation for the reactor assemblies was contimued. GScram times for
the safety and control rods were measured together with the flux monitoring
instrment response times. -

Conventional muclear instruments such as count rate meters and ion chamber cur-

rent amplifiers are used in flux moritoring chanmnels for the Critical Mass Pacility.
Meagsurements have been made of the respomse times of these instruments in order

t0 estimate the delay which may be expected before initiation of a scram in the
event of a miclear excursion. In this semnse, the respemse time 1s measured as

the time between initiation of a simulated step inerease in the flux level and

the time of relasy opening in the safety circuit controller. (Full shutdown

will follow delay due t¢ further relsy action, megnet release Stime, and actual

rod falling time.)

The lower limit to response time appears tc be a 30 m.s. (milliseconds) delay
in the safety circuit controller on all channels.

The response time of the counting rate meters was initiated by turning cn a
pulse generator. For two linear channels the trip point was set at 904 of full
scale. 6min1mum response time measured was 65 m.s. to 160 m.s. for count
rates of 109 CPM or more. This time 4id not depend on range switch setting,
but did depend on the time constant switch position. Lower cowating rates and
range switch settings resulted in longer trip times. For example: on the lower
ranges, for step changes to as great as 100 times full scale,.tke trip time wasg
&8 long as one-half second.

Cn the log counting rate channel, the situation was essentially the same. A
ninimm trip time as low as 45 m.s. could be obtained, but only with counting
rates many decades abcve the trip level.

The linear ion chamber current chanrel uses = Beckmen Model V electrometer.

With the trip level again set at 9C% of full scale, a test current scurce was
usged 4o provide a step current change. Thisz inatrument was disappointingly

slow, Minimum trip times were one of four distinct values betweern 200 m.3.

and 900 m.s. The walues depended upor the range switch setting and were attained
for step changes to 10 times full scale. Larger currents did not result in
shorter trip times., The significant point 1s that on certain ranges, the trip
time of nearly one second camnot »e improved upon, even for very high fluxes,

Tee other ion chember channel uses a log scele inestrument baving a minimum
trip time of 100 m.s. This value was attained only for a many decade step
change. For step changes of even two decades, the trip time was much lenger,
especially in the lower end of the range. (Five seconds fur a trip level ore-
half decade above the initial current.)

Both log channels mentioned have period trips. For the latter instrument, the
trip time was gratifyingly short (45 m.s.) with the trip level set for 10
sacond pericds. The court rate chanrel had a period trip with a deliberate
time delay of about 1.5 second minimum. This 1a. being removed and trip times
remeagured., 77
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The time for the safety rod to fall has been remeasured with little 2iffererce
over the preliminary values reported last month., The value cbtaired was 270 m.s.
with £ 5 m.s. RMS deviation. This is the time from trip in any channel (the erd
of the Instrument resporse times abeve) to the time the safety rod actuates the
full in Jimit switch,

Control apnd Safety Rod Calculations

For the conduct of the criticality experiments with plutonium solutions, it is
rlamned to limit the control rod worth to values less than one dollar (abou+ 5
cents) and to have the safety rod worth be about ten dollars. A series of cal-
culations have been made utilizing the AIM-5 multigroup diffusion cede (18 groups’
to define the rod dimensions for which the prescribed rod worths are met.

A diffusion calculation would nomelly give very poor results for black or
nearly black rods; however, satisfactory results can be obtained by treating the
rod as a free surface having the following boundary condition:

d
a;-j;+ wiﬂi = 0,

where ﬁ and Wy dencte the flux and extrapolation dlstance, regpectively, of
the it grcup. The values of wy will be negative for an internal boundary. The
extrapolation distances are chosen 8o that the flux shapes in tre medium sur-
rounding the rods are accurately defined.

The safety rod calcuiations were made with the assumption that the rods were
black to thermal neutrons (energies below 0.4 ev) and gray to neutrons above
the 0.4 ev cadmium cutoff. The method of E. R. Cohen({) was used to calculate
the extrapolation distance for black cylinders and the method of B. Davison
and S. Kushnericeik(2) was used for gray cylinders.

The control rod was taken to a stainless steel rod that was gray to neutrons
2f all energies.

All calculztions were carried cut for & 13-inch dismeter bare cylinder with
the rods fully inserted, The results of the calculation are given in the table
below.

CONTROL ARD SAFETY ROD WORTH IN DOLLARS

Rod Radins At Pu Density At Pu Density At Pu Density At Pu De“sity

(cm) of 87 gfcc _of 128 g/cc _of 258 g/ecc of 495 g/cc
0.5 (control) 2.37 1.84 1.13 0.79
0.5 (safety) 5.1€ 3.94 2.31 1.35
0.75 (safety) 6.93 5.41 3.31 2.06
1.00 (safety) 8.80 6.74 4.38 3.47
1.50 (safety)}  13.13 10.29 7.11 5.89
2.06 (safety) 18.0C b 10.36 8.92

(1) rmats, H, P. and D. C. Baller, AIM-5, A Multigroup, Ore-Dimensiomnal Dif-
fusion Bquation Code, NAA-SR-46GL.
{2} B.Davison o S.Hushnericek, Linear Extrapolation Lengths for a Small Black
inder with a Smell Air-Gap and a Gmal) Imperfectly AbSOVbing Cylinder
arc without an Air-Gap, AECL-124. 133 “3%1-»<> 3%
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T+ 18 to be noted from the above results that a 2 cm safety rod will have a suf-
ficient strength to serve over the range of experiments that have been planned.
However, the control rod will only suffice for plutonium solutions of higher con-
centrations. The 0.5 cm steel rod is the practical minimm physical limit for
the comtrol rod. Ti, therefore, will be necessary to utilize hollow rods of vary-
ing thicknesses to obtain the desired rod strength of about 75 cents.

PuQs~Plastic Mixtures for Criticality BExperiments

The 234-5 Development Operation reported on the results of further stability and
gas evolution tests with PuQz-polystyrene compacts; during a four week period no
gas evolution was cbserved fram a sample of PuQo-polystyrene with a naminal H/Pu
atom ratio of 15, and a Pu content of about 1500 gm/l of mixture. .

Current plans are to use PuOp~plastic mixtures in criticality experiments with a
gplit half machine to obtain data relevant to precipitstes of Pu and PuQ2
slurries,

Qrientatlion and Tralning Segsions

In conmection with plutonium handling operations in the Critical Mass Facility,
a series of orientation and training sessions were begun to familiarize the
opersting staff with the contamination hazards involved in handling plutonium.
The series consists of five sessions, each one hour in length, with one session
cach week. Primary emphasis is on contamination control and radiation work
procedures.

Data Correlation - Criticality Calculations for Nuclear Safetly

Several curves, representing properties of various homogeneous systems, have been
calculated by means of the 9-Zoom multigroup diffusion code (18 energy groups).
These curves include: Critical mass versus plutocnimm concentration for Pu-H2O,
Pu0p-Hz20, Pu-Al alloy, and a special PuQo~-HoO s;urry.(l The range of concen-
trations which were used resulted in neutron emergy spectrea in the range from

all thermal to all fast. Same difficulties were encountered in attempting to
represent such a wide range of systems with a single set of mzltigroup parameters.
In the very fast systems (solid plutonium) it was necessary to medify the high
ernergy transport cross sections in order to obtain agreement with the experimental
value of the ecritical meass.

The difficulties with the lh-inch spheres of the P-1l project have now been re-
solved, and satisfactory sgreement has been obtained between the calculated and
experimental results for the reflected sphere systemsz. Scme further checking
vwith a more extended range of E/Pu ratios and various poison concentrations is
in process.

Critical parameters for Pud, with a maximum density of 5 gm Pu/c:m3 are given in
the following table. These calculstions were made for Pu density - HpO modera-
tion relationship? ?easured with PuQz from contimicus calcination of plutenium

nitrate sclutiom,(2)

(1) Letter to P. F. Gast fram V. R. Cooper, dated Jamuary 20, 1961, and entitlec
"Muclear Safety - Consultation - Safe Cylindgr Size for Plutonium (xide.”
(2) ‘H. W. Crocker, "234-5 Development Operation,.Private Communication.”
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TABLE T
: Critiecal Radll Critical Masses
E/Pu  Pe Density Bare Reflected .Infinite Infinite Saxe Ret.
{Ataom {am/ce) Sphere  Sphere Cyl.{Bare) Cyl.(Refl.) Sphere Sphze:re
Retio) “{em) (cm) {cm) (cm) (kg Pa-229) (Kg P2-235
.01 .2 16.2 11.6 1.7 7.1 87.7 32.2
Rrd h.7 1%.5 11.58 10.5 7.0 63.0 22,3
1.09 4.7 13.61 10.2 9.9 5.3 52,5 22.1
2.35 4.3 12.9 9.87 9.k 6.1 38.9 17.3
h.21 3.4 12.8 9.86 9.3 5.1 3C.1 13.7
7.2), 2,46 13.3 10.18 9.7 €.4 2,1 12.13
11.41 1.77 13.7 10.55 10.0 6.6 19.1 8.7
20.41 1.11 14 .k 11.15 10.5 7.1 14.C £.45
Notes: (1) Critical radli are determined to the nearest 0.5 millimeber and given o

the nearest millimeter.

(2) No account is takem of Pu-2L4O0.

(3) No correcticn was applied for Pu-239 fission resopance self-chielding;

_ the critical masses are therefore urderestimates by scme smail amount;
critical radii are, by the same token, the same kind of underestimates.

Interaction of Subceritical Systems

The investigstion of the interactions between subcritical fissile units using
variational methods has contirmued. Attention has been directed to improving the
trial function for the thermal flux in the two-group appraximation to Stuart's
method. A measure of the improvement is the closeness of agreement between the
exact eigenvalue and the elgenvalue calculated from the varilational princizgle
using the trial function. Because 1ts exact eigenvalue is easily fourd, the gimple
case of a gingle unit in an irfinite moderator is being used to test the trial
farctions. First efforts o use trial functions in the core regiom different from
Stuart's comstant function were descrihed last month; the imprcovements were very
slight. A further improvement “ried this month wes to extend the trial Fmetion
into the moderator. Results of this trial were unexpected: the celculated eigen-
value was less than the exact eigenvalue, an apperent contradictior of this varia-
tiopal principle. The difficulty vwas traced to a misinterpretation of the varia-
tiomal expression being used, which required that only core region functions
appear. The mathematics of the difficulty is related to the difference between
the adjoint to the integral of the themmal flux equation and the integral of the
adjoint to that equation. The consequence is that improvements in the trial furc-
tion need be soughkt only in the core.

Miscellaneous Experiments for Nuclear Safety Specifications

On Jamuary 4, 3.9 Kg of bighly enriched urenium (93% U-235) were received frae the
ORNL Criticality Greup; the uranivm was in the form of highly concentrated UlnFo
solution (about 950 gm B/1). The wranium, which was obtained on a loan basis,

ig to be used in ke messursments in the PCTR for determining the limiting just
eriticel comcentration of T-235 iz an aqueous solution. The results of these
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measurements will be compared with those reported by CORNL, and will serve as a
further cross check between the two laboratories., The measurements will also
provide another "known value" for checking the PCTR method.

Final preparations were begun during the latter part of the month for the experi-
ment in the PCTR. The UOpFo received fram Oak Ridge for the experiment was dilutetl
down fram its original concentration of about 950 g of Ugl to the proper concen- '
trations for the ke measurements in the PCTR--13 g of U/l for the buffer tanks
and 11, 13, and 15.g of U/l for the three core tanks, respectively. The experi-
mental tanks were filled with these solutioms and sent to the 305-B Building.
There upon it was discovered that the three core tanks were beglnning tc leak
through defective welds. New core tanks were comstructed and the solutions fram
the defective tanks were transferred to new tanks. At this point, the front end
buffer tank was found to be lesking. A replacement for this tank was then ob-
tained apnd filled with solutlon in the preparation for the measurements.

Criticality Hazards Specifications

Muclear Safety Specificatious for HLO

Three specifications were issued for Critical Mass Fhysics. These were:

'¢-8, Rules for Loading, Transporting, and Storage of Merk III Vessels
Containing up to 11 g Pu/1 as Pu{NO3 )y

C-9, Rules for the Loading, Transporting, and Storage of ke Measurement
Vessels Containing up to 16 z/1 UCpFo (93% U-235 Enriched)

C-10, Experimental Determination of the Limiting Concentration for U-235
Solutions -

These specifications zover the handling and storage of dilute Pu.(NO )
UO-Fy prior and during the k,, measurements on these solutions in the %bTR

Comments were submitted to the Plutonium Metallurgy Cperation concerning the
m:-.cl?aa)- safety of storing plutonium metallographic samples in the 231-Z Build-

i These ssmples, which consist of a 20 gm piece of plutonium mounted in

a lucite block, have an E/Pu. ratio of 15-20. Tor storage eachk sample 1s enclosed
in a three-inch diameter by 1-1/2-inck high metal can. Limits for storage were
reccmmended.

Evaluation for Ruclear Materials Qperation

The offsite shipment of 149 Kg of 1.8% 1,-235 enriched U0z fuel elements and 116
Kg of 2.6% g «235 enriched U0z fuel elements was reviewed for the Nuclear Materials
Opera.ticr_u : These fuel elements vere contained in six birdcage-type barrels.
Conservative estimates indicated that the quantitiles represented not more than

(1} Letter from C. L. Brown to R. D. Nelson, "Comments on the Storage of Metal-
lographic Samples,” Jamuary 31, 1961. -
« F

(2) Personal commmunication with F. J. Zelley. L e
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0.70 and 0.86 of a minimm critical mass for the two enrichments, respectively.
MO proposed making three shipments of two barrels each by common carrier, which
is adequately safe.

Mags Spectrometry

The mass gpectrometer for this program has been used to study some previously
observed effects on ion beam size, as observed at the collector slit of the spec-
trometer. The scurce of these effects has been isolated to the iorm source, but
the causes have not been campletely determiped or eliminated as yet. An increase
in the observed beam width seems to arise from a spread in the ion energy whicn -
appears to be associated with veriations in the source electrode potentials,
possibly Gue to electrical leakaeges. During the course of locking for the sourcs
of the difficulties, several peaks in energy have been observed, and heam widths
up to three times larger then allowed for monoenergetic ioms and source collima~
tion were obgserved. Murther studies of these effects are in progress.

NEUTRON CRCSS SECTION PROGRAM

Lov Energy Neutron Cross Sections

An investigation of the neutron beam facility for the crystal spectraneter at
105-DR was made during the morth. The investigation showed the deterioration in
time of the masonite sections of a step plug contained in the interior shielding.
Some decomposed material which had been restricting the neutron beam was removed
from the step plug. Following reessembly and aligrment of the spectrometer system
measurements showed a fairly uniform neutron beam and normel beam intensities.
Measuremer:ts with the spectrometer are now in progress to detemmine the bturnout
of cadmium samples by monoenergetic neutron transmission messurements. These
cadmium samples are from a control rod of “C" Reactor. The results will be used
by IPD persomnel to develop methods of calculating the burnout of chher reactor
control rcds.

Slow Neutron Sca.ttéring Crcaa Sections

The series of iaelastic gcattering measurements at 0,147 ev initial neutron energy
has contimied. A thizn sample run was made to determine mitiple scatfering
effects.

An sttempt was made to obtain the spectrameter sensitivity at 0.147 ev by meas-
urements of the elastic peak of a rocm temperature vanadium sample. However,
these ard other subsidiary experiments show that appreciable phonop scattering
ig included in the tread resolution fanction. Thus, ‘o use vanadlum as & shane
dard sample, it will be recessary to cool it well below 1ts Debye tempersture o
suppress the phororn scattering. Design of a liquid nitrogen cocler is underway.

INELASCAT, the code which processes inelastic scattering data fram the three-axis
neutron spectroametry 18 in the process of desk-debugging. Desired changes have
required scme major revamping of input-cutput coding. Over-all eff'o*t on this
code is about 35 percent complete. A palr of utility routines, RTEX/WIBX, %o
facilitate handling of data such as the results from INFELASCAT, have been written
and are being detugged. These are gemeral purpose routines which write binary
ta to a tape, which can then be read back for further processing or for punched
offline for future processivg. The records written to the punch tape conform to
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FORTRAN specifications for binary cards. The facility for suck offline punching
is & recent addition to our FORTRAN system.

Fast Neutron Cross Sections

Most of the month was expended on overhaul and development of instrumentation.
The RF deflection oscilliator was altered to permit use of the time-merk system
without ipterfering with normal use of the Van de Qraaff, and extensive checks
were made on chronotron operating conditions. A mumber of adjustments and modif-
ications were made to improve stability and reliability of the chronotron.

Steps have also been taken to reduce background in cross section meesurements.

A pulse-ghape discrimination cireuit which rejects electron counts has been tested
and should help materially in reducing background. For the same purpose 1-1/&
tone of lead bricks have heen assembled for a bulk shield.

All of the samples ordered for the first phase of the total oross section program
have now been received,

REACTOR DEVELOPMENT - 4000 PROGRAM

PIUTONIUM RECYCLE

FRIR Startup

PIFDO personnel participated in the second series of critical tests during the
month. The tests were termipated Jamuary 31. All tests were completed as planne..
except the tempersture coefficient and cell traverse experiments. It is plauaned
to do these experiments hefdore the power tests are hegun. A total of 200 gold
foils which were irradiated in the Critical Tests were counted during the month.

The experimental data are being analyzed by personnel in the Reactor Engineering
Develomment (Operatlion. It appears that part of the over-prediction of the effec-
tive miltiplication constant for the PRTR is due to too high reflector savings
calculated using a two-dimensional model. Also; earlier indications that the PRTR
shim system might be weaker than predicted have not been borne out by later meas-
urements. It now appears that the maximum strength will be even slightly greater
than 130 mk, the calculated value.

Low and High Exposure Flutonium Lattices

A scheme for determining the chenge in ¢ upon poisoning 2 Pu test lattice has
been formulated. It will be tried first with the data from one of the low exposure
Pu lattice experiments. The spectrum is assumed (cf. HW-64580 B, p. 3) to be a :
sum of four terms, namely, a Maxwellisn spectrum, a Maxwellian sbsorption spectrum,
& Hurwitz spectrum, and a Hurwitz ebsorption spectrum. The unknown coafficientsi
are to be found by comparing the activity predicted for a detector using the b
agsmed flux with that observed experimentally for both bare and cadmium covered
folls.

Further work has been done during the month on planning new PCTR experiments.

The experiments listed below are under consideration as well “ae those discussed
in the last monthly report. e
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a, A measurement of the rethermalization cross section for alumizum.

It may be possible to measure this cross sectior by heating an alumimn rod
in = graphite core, and meessuring the reactivity change which results as 2
fiunetion of temperature. It ls not yet clear whetber or not this experimernt
could be interpreted satisfactorily.

b) A measurement of the Pu-24L0 effective resonance integral for single Pu-Al rods
of various sizes containipg various amounts of plutonium. This would be a
relative rather than an absolute measurement, and the standard would be the
dilute resorance integral. The experiment would be dore by measurlﬁg the
change in reactivity which would oceccur when the various rods Luadmlum eovered )
were inserted into the PCTR core. A complicating factor in the perturbabtion
theory interpretation of this experiment is the reactivity effect of the Pu-23%,
particularly for peulrons near the cadmium cutoff.

c) A measurement of the total temperature coefliciemt for a PuQp-US, lattice
which has a Jarge lattice spacing. This experiment is the most difficeif of
the group, but the recent PCTR modifications would help. I this scheme,

a single hot lattice cell would he inserted very rapidly into the DPOTR cavity,
and a reactivity measurement would be made. This would be repested as a funce
tion of cell temperature. The protlems are in properly kandling the flux and

adjoint matching, and in getting the hot cell irto and cut of the PCTR rapidly

enough.

Neutron Rethermalization in Graphite and Water

The original goals of these studies of the space-energy distributions of thermal
neutrons in graphite and water zystems with a discontimity in the prysical tem-
perature were: {a) to determine, from activation experiments with l/v detectors,
the rethermalizatior cross gections of graphite and water within the frams work
of a gimple few group diffusion model, apd (b) to attempt to verify the wodel
through the comparison of experimentzl and calculated activities of non-l/v
detertors.

Goal {a) bas been achieved to & degree which is presently acceptable. The re-
thermalization cross sectione of graphite rave been found to a precision £ 10%
and those for water to a precision of £ 254. A report on this work has been
prepered for the October, November, December, 1960, Quarterly Report.

Work towards the achievement of goal (b) is in progress.

Within {he framework of the simple few group diffusion model the lata bhave been
analyzed best, in the lesst squares sense. However, tke theoretical fits to the
experimental data are not within the statistical precision of the data. It tasg
tentatively been concluded that the model is somewhat inadequate. Various modif-

ications of the mcdel are being considered which are based upon a re-evaluation
of the derivatiorn of the few group equaticus.

An infor. »1 report emtitled, "The Variationel Method snd Reactor Fhysies,”
EW-358284, was written, This report discusses the mathematical backgrouad re-
quired in applying variatioral methods to reactor physics. The multigromp
epproximation is used as an example, Bmphasis iz placed on the distiretion.
between overlarping and nom-overlapping groups, and the advartages and disalves-
tages of each are discuszsed.
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The work reported on in December, 1960, has been prepared for inclusion in the
October, November, December, 1960, Quarterly Progress Report under the titles,
"Overlapping Group Spectra and the Few Group Equations,” and “The Two Group
Approach for a System with Tempersture Discontimuities.”

Code Development

RBU

The revision to the basic library (making use of resonance parameter tables
optional) was completed. A short report explaining the format of the library was
written and distributed to those persons active in the Hanford cross-section com-
mittee.

An edit routine, now 50% camplete, 1is being writtem to produce: (1) a listing of
the basié library complete with headings, etc.; and (2) a tape from vhich FORTRAN
or 508 cards may be punched producing a new card library in more readable form.
The listing is to be distributed to the croas-section caommitiee as a reference
for revisions apd additions to existing information.

Good progress was made in the calculation for the NFR cell. At the end of the
month preliminery Monte Carlo results had been camputed, but further revisions
of problem specifications are required in order to proceed to the diffusion and
burmyp codes. An improved system of tallying tape contents and positions was
added to the Input code, and minor revisions were alsc made in the Pre-Monte
Carlo amd Output codes.

GER

Modifiecations were made to increasse speed and give more correct results on non-
recycle cases,

MELEAGER

A method for automatic determination of neutron spectrum in graded-irradiation
cases was developed., An edit rcutine for camputing polynanisl approximations
to sutput data was written.

The modified self-shielding formulation described in previous reports was incor-
porated into the code and is now in routline use. Resulis appear similar to
earlier ones, with the main changes occurring in the Pu-240 effective resonance
abgorption.

Inatrmmentatlon and Systems Studies

Inveatigations were started concerning gamma energy spectral measurements of
fuel rods containing U0 and PuO», to determine the possibility of locating
improper segregation of small smounts of PuOz in the UGy. Spectra obtained
using the multi-channel analyzer indicated possible measurement feasibllity.

The fuel elements tested to date were of the UQ, only and Pulp only types.
Further tests are to be made with typical elements with both oxldes in the usual
proportion. Such tests will determine the extent of the real pnobl&m, and the
possible methods of scamming to be employed.
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Laboratory tests of the "ast ditch" reacter (PRCF) safety-fuse devices indicate
the enriched urspium fuse element temperature will ve about 85CF at a neutran
flux level of 107 ny. The necessary enriched uranium has beern ordered for fabri-
cation of experimental units.

All necessary preliminary work has been completed concerning the use of a g2 T
gource for measurement of UQz packing densities 1n Zircaloy tubirg of various
gsizes, Necessary irstrumentation design details cen now be completed wkhen re-
quired,

The PRTR instrumertation system was inspected and preliminary estimebes were
made concerning tke problem magnitudes involved. The PRTR Fuel Faiiure Mcnitor
will ke received fram the off-site manufacturer shortly. Since fthe systam is not
in proper operating copdition, it will have to be modified before use wita troe
reactor.

A new BF3 ionization chamber for use with the PRTR reutren i1ifetime tests was
fabricated and tested during the montn. The BFz filling presgsure used was one
atmosphere. The center electrode diameter is 1/8 inch and the chamber 0.0, iz
1/2 inch. The chambder wes ipstalled in the PRTR vertical traverse monitoring
hole. Preliminary tests made during several periocd runs oo PRTR show that the
chamber sensitivity is greater then that of the previous model. Az accurate cai-
ibration of the magnitude of this improvement has not been made buh the facter is
at least two. I=m addition, the chamber has been located closer to the center =f
the reactor to increasse the pile noise component of the signal. The combiamtion
of greater chamber efficiency and a more favorable position are expected to yiall
an adequate pile rcise signal. Several changes were made in tae amplifying eynip-
ment and the cables convecting the preamplifier to the control roce equirment. A
significant reduction extranecus hum and noise was cbtained. The equiprent is
now installed in the F.._R and 1s expected to be used as soon as the Kinefiocs
Experiment Critical Test is scheduled.

An attempt was made to measure the neutrom lifetime of the TTR {Thermel Test
Reactor)}. The data obtained. however, were not conclusive due to diffimilty
experienced with extrsnecus electrical interfererce. Ancther meagirewert will
be made a8 goon ag equipment modifleatiorns can be ccmpleted.

The PRTR Critical Facility Analysis on the analog computer was ccmpleted This
month. Thke results were patisfacteory. A new technique was employed in the
completion of this work. Az sttempt was made to develop ar analog <¢irentid
waich would sutomatically run the reactor simulation through all seseszary
decades of power level. This circuit included the use of analog memcry, ALSc-
matic compiter mode switching, and a logarithmic simulaetion of the reactor
tempersture loop. Modifications necessary to provide the analog memory fanc-
tions were made or the EASE camputer. The apnslog memory and the autamatic
mode switching technigques performed very well. Trouble was encourterel with
the logarithmiz portinn of the tempersture loop. This was due to the limita-
tions of tre diode fixed function generators employed in the cireuit. A
satisfactory methnd of closlog the temperature loop 1ln a multidecads resctor
simalator has not been developed. More development work will be necesgsary for
this technimue. The use of analog memory, however, eliminated the aecessity
of reading out the values of the delayed neutron groups and the fuel tempera-
tures at the erd of each decade. Tt alsc automatically provided the priper
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initial conditions for the beginning of the next higher decade. It 15 estimatet
thet the use of this technique resulted in a time saving of appraximately 75
percent.

The PRTR Gas Annulus Measurement probe has been modified, reassembled, and

the calibration spot checked in preparation for remeasuring the apparently
misaligned process tubes in the FRTR. The probe was modified to provide a
more rigid cable clamping fixture, and since its performance has been satigfac-
tory, the final waterproofing was also accomplished. Further hot water and
radiation tests are planned to provide design data for later probe designs,

but the prototype probe assembly will remain cperational until the question

of including a borescope in the tube inspection system has been resclved.

In the development of an instrument for measuring the wall thickness of PRTR
process tubes, difficulties are being encountered in obtaining proper acoustic
coupling between the moving ultrasonic transducers and the inner tube wall.

A complete probe redesign may he requiired to accammodate transducers having
larger surface areas, A calibration technique was developed for the Vidigage
to be used with this probe and furtkher development is required on the recorder
system.

NONDESTRUCTIVE TESTING RESEARCE

Circuit cbanges were made to increase the sensitivity of the six-channel pulse
amplitude sempling circuit used in sampling the cutputs of the orthogonal f{ilter
incorporated in the broadband eddy current equipment. It was found that
increased sensitivity was needed to read small differences obtained for small
changes in test specimen parsmeters.

As indicated in the previous report, asttention is now directed to the deter-
mination of the requirements of a network which will transform the orthogonal
filter sampled ocutputs which represent the orthogonal components of the system
response vector, into messures of the individual test specimen parsmeters.
This part of the problem is being attacked by two methods: (1) analysis of
empirical data obtained by varying the test specimen parameters and reading
the orthogonal filter sempled outputs to determine the general {ype of
transforming networks required, and (2) to deeign the transformation cir-
cuits baged on observation of the behavior of the sampled cutputs for various
test specimen parameter conditioms. In each instance the networks will be
built and then tested. TIn the second method, network adjustment will be
empirically determined. 7Tt ia expected the networks will consist of ccmbina-
tions of linesar and non-linear elements.

Work on both appreaches is contimuing. Additional data and experlence with

the equipment are required to satlisfy these needs, thus more memsurements will
be made for test specimens having a range of electrical conductivities and layer
thicknegses.

Report EW-67658, "Multiple Parameter ®idy Current Nondestructive Testing Device,"

was completed and issued. It was incorporated in a report of invention which

has been designated EWIR-1346. AN
v ¥
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A formel report manuscript, "Broadband Electromagnetic Testing Methods, Part 2 -
Signal Anslysis," W-67639, written Jointly by H. L. Libby and C. W. Cox, was
canpleted and arrangements were made with Technical Publicatlons for issuance.

The prototype matching transformer and singie-turn work coil, developed in
the laboratory for use witk a 10 KC, 15 KW induction heater during heat trans-
fer testing of fuel elements, were rigidly mounted on the scanning lathe: in
preperation for heat transfer festing of bondtest reject production fuel ele-
ments, Sixty-three reject K-IV-K fuel elements were cbtained for this purpose.
Heat transfer tests of the first few of these indicated uniform fuel-core-to-
Jacket thermel Impedance, witkin the limits of sensitivity of the equipment.
This equipment is capeble of detecting heat transfer defects in the bonds
equivalent to circular mica-produced voids 3/8 inch or larger in diameter.
Cumplete ultrascnic date will be required for these fuel elements to allow a
comparison between ultrasonic and heat transfer characteristics. Arrangements
for swuch ultrasonic tests have been pade with Testing Methods, FPD.

A refrigerated type PbSe infrared detector has been obtained for use in the
Model IIT radiameter. Application of this detector; in comnection with the
method of compensating for emissivity variations now under develorment,
should allow an increase in sensitivity of the heat transfer testing equip-
ment. An analog multiplier for application in the emissivity compensating
device has been ordered.

Specifications for a flying spot type area mapping recorder have been writ-
ten. This recorder will yield an over-all picture of heat transfer uniformity
from tests on a large mumber of fuel elements.

Tests of the 4O XKW plasma Jet arc indicated power imput to an aluminum sur-
face was reproducible within about £ 5 percent for a power input to the arc
electrodes of 18 KW. 'These tests also indicated approximately 22 percent
of the power furaished to the arc electrodes was transferred to the surface
of & moving cylindrical teast piece. This efficiency is better than was
indicated in initiel tests using a flst statiomary surface. An adjustable
bolder for mounting the plasma arc on the heat source carriasge of the scan~
ning lathe has been fabricated.

Mica-produced voids 1/2 and 3/8 inch in diameter in an AlSi bonded fuel ele-
ment have been detected by thermasl methods using an inductive thermometer

a8 a temperature indicstor. These voids have been detected by an ice cool-
ing method and by a plasma Jjet heating method. In the ice method the fuel
element is heated to 100°C, then rotated and scenned by the inductive ther-
nometer probe while being cooled by ice in & region adjacent to the probe.
Scme spurious indications are obtained in both methods due to vibration of
the probe. This effect is increased due to a change in test probe tempera-
ture during a run which detunes the probe and thus would require z readjust-
ment of the probe vibration discrimination circuits for optimum performance.
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trangfer. This indicates the preheating of the fuel elements should not exceed
100°C. The loss in sensitivity might be compensated by precocling the ice well
below C°C. Cooling the fuel element with liquid nitrogen gave spurious results,
probably due to variaticn in cooling rate caused by formation of gas and boil-

ingﬂ
NEUTRCN FLUX MONITORS

Inventigations conrtinued concernming plutonium alleoy, in-core; neutron flux
meoniters. Computer {IBM-709) studies have indlcated the theoretical possibility
of obtaining = detector lifetime of 20 months with & varistion in detector
efficiency not exceeding t 2 percent. This lifetime "wvalue®” was for a U-Pu
isctope composition of USSOPL239muRi0pudsl 1n initiel relative amounts of
44:0.9:0.45:0.215, respectively, and with conditions as follows:

1. Corstant neutrom flux level of 5 x 10V2 nv;
2. A graphite tempersture of T5C°%K;

3. An epitkermal neutron ratio (r) of 0.075;
L, TUse of Westcott cross secticns.

Additicnal caleculatione have shown thet, for & 2 cc ion chamber with 1 mg/cm2
of the forestated fissile material as a costing and with a neutron detection
efficiency of 10 percemt; a signal-to-noise ratic of sbout 100:1 can he ob-
tained in the presence of a gamma level of 1 r/hr at the stated neutron
flax level, A large mumber of campuier run studies have been made for various
fissile material isctopic concentrations and for various reactor cperating con-
ditiors. 1In addition, a plan kas been made £0 obtain information concerning
the use of small ior chambers which are similar in size tc those proposed for
Pu-T work, ard assaciated cakles in actusl reactor use. The test chambers,
which will give the necessary Information, are being installed. This infor-
mation will be used for the later design of actual U-Pu fissile-materigl-
containing chambers as the experimental pert of the program. Calculsted and
irvestigative resulis to date indicate good feasibillity for the U-Pr flssile
materigl approach for extended Jlifetime in-core flux monitors.

PHYSICAL RESEARCE - 5000 PROGRAM

Mecharism of Graphite Damage

The equipment for alterirg the high vacuum system of the electron Van de
Greaff has not yet arrived thawgh it is expected soon., Werk continued on plan-
ring experiments to be carried cut &3 socon as the alterations are made.

BIOLOGY AND MEDICINE - 6000 PROGRAM

ENVIRCNMENTAL SCTENCES

Atmospheric Prysics

Investigationz comtimued into the “hecretical formulatiom of atmospheric dif-
fusion~depoeition equations to guide analyses of the 1959 field test data.
Procesging of the large mmmber of meteorological and -dosage meaaurements obtained
doring the 19€C series cf atmospheric dispersion experiments ??% begun. These
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data sonstitute a vaiuable sdditlorn to the limi%ted igta cttained earlier for
studying the deposition thegamens. Redouction of tampersture; wind directicn
and wind gpeed data fram the 41C~foot Metecroiogy Tower was 85 percexnt comp-
leted, ané that from the portable mast was completad and prepared for key-
punching., The 2osage measurements for 14 field +ests were transcribed to
punched cards in preparstinn for reduction orn the T[BM-TCS0 computer.

Meetings were held wi%tl personnel of the Ballistlc Mizsile Division and Geo-
physical Research Laboratories; U. 3. Alr Force, to Getail plaps for our
asaigtarse in conducting gtmospheric dispersinn tests at two rocket laameh-
ing sites ami ~re Air Forne Base, The flucrescent tracer system perfected at
Harford will be usel for these studies. rir participation will consist of
technical test 2irectinr, Field Engineering (onsultation and sample asssaying.
Equipment lists ard procurement schedules for meberial peculiar tc the tracer
gystem were prepareC. Alr Force owned sampling equipment was prepared for off-
site shipment. {Sufficier®t eguipmert will stiil remain at Hanford %o conduct
the locsl field program.. The work will raquire approximetely 18 months tc
zomplete. Data collected durirg taess =yperiments will camgrises an important
addition to the Hanferi dsta Lor svailuating Somogrsrhic: influences on atmos-
theric dispersicn patterms.

In a Jolrt effort wita Radisliogizal Cremistry. aunslytical techniques vere
developed for guantitative meagurement 5 two trecer meberials, zinc suifide
arf flucrescein;, when collected simdtansously or the same membrare filter.
Methods of dispersal durizg ectusl fisld trials remais Yo e investiguied.
The principel initial use of the Zechrmigme is for simitanems release of a
gdifferent trmcer at each of two lewels on tis Metesrslogy Tower te study tie
affect of helgbt of relzasze on grocal level 3osage patierns.

Analyeis 5T 2 miruhes of rezord fron the wind acmpozent meter Ty henmd oql-
calaticn methads was tegue, in order to evalusie tis faha rezoriing require-

ments of the irmstrament. Tape reccrding methods zocmpetihle with the analcg
computer input regiirements wers investigasted,

DCS3I R¥Y

Ancther Zr-5% ~aiibration was macde %o previde mere informatiog wbcut the
chalr positiorn for comnting and to deberming The usefilnass <f the scanning
nethod. Data obtalred for the chair positiorn sgreed with eariier resuits in
showing & gradual change in semsitivitw with time. The scanning method of
sgumting gave results than wers comsbtant withiz # 5% with time.

Ar, experiment to see if we ciuld Astent the wranium in an indlvidual known
to be contamissted gave ro positive resuls.

The positive ion Var 3= ZJraaff was st down for three and one-nall weeks for
gemi-garial acd anouel mairsensrce., Afher this period the accelerator worked
gatisfactorily.

Studies zortinued on the promerties of HF- eounters afber irradiation with
high dnzes of phattns, fightly smallier Bffents vere =ncted in g differaext
cornter from the "me stelisd last merntlh. --.'-'.
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Thecretical calculations of the efficiency <f the Perlow spectrometer were
shown to agree with experiment within gbout 15%. This is sufficient for plan-
ning experiments. BExperiments were conducted to determine the efficiency of
the spectrometer for neutrons coming from undesired directions and for locat-
ing the effective center of the spectrometer.

The exit casrsl for the heliuwm ion source that looked promising last month
failed after twenty Zouxrs in g life test. Another canal was designed and built
and is still operating satisfactorily after seventy hours.

The leakage of the tissuve sgquivalent chamkbers was impreved by use of better
insulators. While still filled with air the chambers were checked against a
PuBe source and seemed to te all right., Tkey are now ready tc be filled with
tissue egquivalent gas.

Cne of cur scientists was asked Lo serve as a consultant to the Defense Systems
Department of the Gereral Hlectric Company in detailed planniag of a radiclogical
testing facility for the United States Army at their Dugway proving ground.

INSTRUMENTAT ITON

All necessary develomment work was coaupleted on the secintillaticn alpha air
moritor, using coincident-count techniques, for detesting airbormealpha con-
tamingtion. The experimental instrument has successfully alarmed in each tes*
on an equivalent contimicous Pue39 air contamination level of 2 x 10711 /e
(12 MPC) in approximately &C mimutes. The tests were made with the alarm level
set to not alarm on the highest radon-thoron concentration levels anticirated
in actual use. Similar tests showed an alarm time of abtout four minuites for
equivalent cgntinucus air comcertrations of 2 x 10-19 pe/zz of Pue39., No other
HAPQO-type Pu 29 alpha air menitor will reliably alarm uuder lsboratory condi-
tions 1 contisucus levels of less than about 6 x 1011 pe/ce. The best HAPO
alpra air monitor now in field =se will alamm, reliably, in about 20 minutes

oz A contimious contamination lavel of about 1071 gefee. A1l such installed
urits are ineffective below the 15719 gc/ce level. Fabrication contimues on
e protetype unit.,

A keyboard was installeld iz the whole body counting Ffacility, making possible
he mamal entry of data inte the core memory of the multicrannel. analyzer.
The development of the reguired circuits made use almost ertirely of modifi-
zatione of the timing sequences of funciious already present ir the analyzer,
Throngh the use of the keyboard, calendar and persomnnel data may be transfer-
red along with counted spectra onto a permanent magnetic tape record.

Work was started for the Radlation Protection Qperation towards development
of a system tc solve 2 set of four or more simulbaneous equations relating
to the truecount contributions of individual isotopes to a pulse-height spec-
trum. The aritbmetic operations will be automatically programmed and the
system must bs able to acquire spectirum data dirsctly from the muitichannel
analyzer memory.

Ar experimental servo-controlled gamms beam scénning mechanism was completed,

delivered, and sahisfactecrily tested at the resachtor areas. Thils instrument,
stepwise; coversl?]l measuremexnt points in an 11-by-lli-inch matfi%. The servo
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system moves a lead-collimated detector head containing a CsI crystal and a
phototube on & track system to the 121 points. Fhototube pulse information
from the scanner drives a2 multichannel analyzer. This system expedites
gathering of data needed for improvement of existing reactor shields and
alsc substantially reduces radiation exposures to personnel engaged in these
studies.

A useful and reasonably relisble theoretical model was devised concerning
energy storage, fading of stored energy, and variocus luminescent characteristics
of the CaPFy:Mc dosimeters. This model is being used to guide experiments
towards reducing the stored epergy loss of the dosimeters from the present
loss-rate of 10 percent per day. Better circuitry technigues have consider-
ably reduced the readout noise level which was hampering detector development.
Investigations continued concerning the use of narrow pass-band interference
filters to reduce black-body radiation noise fram the metallic disc on which
the CaFp:Mn phosphor is mounted. In addition, the metallic discs have been
redesigned to eliminate sharp corners and edges which have, possibly, been
contributing to noise at the high temperstures necessary for readout of the
dogimeters. Experiments, to date, indicate the dosimeter optimal phosphor
grain size should be 10 to 50 microns in dismeter, and adherence problems of
the phosphor binder to metal disc have been solved by a baking technique.

The "art" of successful hermetic sealing of the glass-encapsulated dosimeters
has developed to the point of negligible demage from sealing. The inducticn
heating method of obtairirg light readout information fram the dosimeters has
proved quite successful except for minor magnetic field interfersnce with the
rhototube.,

A new transistor and diode circuit was devised, and an invention report sub-
nitted, concerning a logic cirenit called an Execlusive-Or type. This cir-
cuit, particularly useful for camputer work, provides an output sigmal only
if one of the input signals is wvalid.

Irvestigations comtimte concerning the use of croags-correlation methods
applied to low gamma enevgy (5 to 50 Kev) analysis. Anr electronic switch
was devised and is used with an operational amplifier for integration. The
system materially reduces noise problems to gamme energy levels of less

than 5 Kev. Stability of net signal reauout was obtained by synchronizing
the elgggronic gate with the rotating segmented absorber, which is between
the Pu source and the Nal detector. The gate output signal drives two
circuit chanrels with one containing an emitter follower and a moncstable
mzltivibrator to produce a four-microsecond output pulse. The second channel
coztains an inverter, a miltivibrator, and an emitter follower to produce a
pulse identical, except polarity, to the first channel. A dual logaritimic
response count-rate meter is then used to indicate the two-channel informa-
tion. The count-rate meter has a net-ratio center meter to indicate the
retio of the two signals. Results to date are very good with a merked reduc-
tion in noise (electronic plus background) levels. Experiments will con-
+tinae.

Invegtigations and experiments continue concerning miniature alarming-type
dcsimeters for personnel use. A three-terminal type ion chamber 1s being
experimentally fatricated. This will permit nordestructive readout of charge.
Standard techmiques using regular ion chambers and electrometer tubes are no
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good as stable dosimeters for the levels iavolved {G-200 mr) because of the
inherent leaksge problems, Other experiments continue with the pencill-type
ion chamber uzit employing light illumination of the chamber fiber, a Cds
light detector, and associated tramsistor circuitry for alaming. The system
performs well for gaemms dose rates belcw about 500 mr/hr;'however, at higher
dose rates, the fiber moves so fast, an "alarm" signal may be missed. BExperi-
ments are being conducted to insure "fail safepess” to 10 r/hr dose-rate
levels minimm. '

An experimentsl mechanical rate-of-change mechanism has been devised for use
in alpha and beta gamme alr coptamipation moniters.  The device consists of

a timing motor; gear reducer, slip riang, unidirectional clutch, and a step-
Ping motor. The stepping motor is driven bty pulses fram the smplifier which
receives pulse information from the radiation detector. In cperstion, if the
stepping motor rotaztes faster thar the timing motor, contacts close causing
an alaxm, TIf the timing motor tries to rotate faster than the stepping motor,
the special clutch slips. Thus, in effect, if the "buildup” of contamination
on the air filter viewed by the detector is greater than the particular selected
rate; the alarm will actuate. Adjustments are incorporated to just prevent
alarming for normal radcpn~thoron background buildup. Other air momitoring
investigations concern the use of moving-tape filter heads with one protc-
type instrument using this type of head now in fabrication.

Experimental transistorized circouitry was devised t0 permit the driving of
standard one-milliampere moving-coil chart reccrders to full scale in 0.5
gsecopds. This speed is reeded for use in airplanes for radiclogical survey
use. The developed circuitry will be used with the previously developed and
fabricated transistorized sensitive gamma monitor using a 4=inch-by-5-inch
Nal detector. Parther experimental work 1is nzeeded to reduce temperature
effects on the addenda circuitry to permit operztion over the same range as
the sriginal detector, amplifier, and court-rate mefer (-10°F to +13CCF).

Magnetic irduction metheds are being studied and experimented with to deter-
mine feasibility for radiologicasl data and voice comminication transfer to
and from central staticns and personnel Josimeter monitors carried by opera-
ting personnel. A tumsble twin-T filter was devised to reduze induced 50

CPS nolge. If feasible under "noise’ considerations on the rlant, the system
will te a simple and relatively inexpensive method of suci information trans-
fer,

Development work was initisted at the request of Radiation Protection Opera-
tiom, HLO, concermizg the circaltry for the readout, scanning, and control
portions of an avicmatic dosimeter-film densitometer instrument which was
originally planned by RPC. Portions of the unit are campleted; however,
several involved circuitry problems remain to be solved to complete the pro-
Jeet.

Several large-aresa, hi-planar diodes were tested for possible use ag scintil-
lation detectors in place of multiplier phototubes. The diodes, which operate
at 2700 YL, were determined to be useleas for normal radistion instrument

use because of extremely low sensitivity. The diodes, at 2700 VDC, were com-

rared with regular multiplier phototubes at 1000 VDC with use of the same

Nal crystal. Thke phototubes had a 155 greater current output under identical

camma dose-rate comditions.
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An improved method for experimental fabrication of silicon surface barrier
dicdes has been cbtained. Sixteen new diodes were fabricated from 400 chm-cm
silicon and all exhibited a mach better back-to-forward resistance ratio thar
was obtained in previcus sample runs. Twenty-five more wafers have been cut,
using the new dlamond saw, from the 1100 olm~cm silicon ingot. The same
finishing methods will be used. An exceedingly small transistorized alpha
menitor was partly campleted using high density assembly techniques. This
unit uses the silicon dicde detectors, a transistor amplifier, a three-kilo-
cycle-per-second oscillator, an 80-millisecond gate, and a resonant {3 Kc/s)
air column "speaker". Breadboard tests have been quite satisfactory. The
resonant column "spesker” occupies only 0.75 cubic inch and can readily be
heard under high ambilent noise conditions. Total power {dc) required for the
camplete circuit is only 36 millivatts. Experiments contimued on Li° depositicn
methods onto the silicon diode faces €0 permit their use as neutron detectors.

A further study was completed, and a report issued, concerning possible measure-
rent of kerp for suberitical metal assemblies and liquid slurries at HAPC.

The study was concerned with the possible use of alpha and gamma activated
"pulsed” neutron sources. The procedures considered were those of rapidly
rotating a plece of beryllium or cother target material past an =2lpha scurce

or through a collimated beam of photons. The calculations seemed to indicate
that geutron yleld per unit time from such a method will be a factor of 10%

to 10” lower than for typical coamercial pulsed-neutron (tube) geperators.

Experimental prototype fabrication continued on 2 beta-gamms combined area
monltor, hand and shoe counter employing background suppression, and cabled-
connected clothing and object probes. The unit will be termed a Check-Qut
Station Monitor and is all transistorized. Fabrication also continues on two
exXxperimental scintillation transistorized portable Aose-rate. meters (O 1 mr/hr
ful) scale first range).

WASHINGTON DESIGNATED PROGRAM

Isotopic Analysis

The mass spectrometer for this program was used exclusively to process program -
samples during the past month. The performance of the spectrometer contimied
to be very good and this fact, coupled with the type of samples being processed,
alloved the achievement of = sample load far in excess of the normally expected
sample load. A new series of isctopic standards were processed during the
month, and the results of these analyses are being assembled for a separate
report.

TEST REACTOR OPERATIONS

Operation of the PCTR contimued routinely during the month with one unscheduled
sbhutdown due to electronic failure.

The NFR reduced water density experiment and the second NFR i 4P experiment were
completed during the month., - p aT

The inspection and maintenance program for the coptrol rod drives was contimued.
Two rod drives were reconditioned leaving two to.be completed. .
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A series of tests was started 5 determine safe loading patterns for the new
frel channels recently drilled intce the PCTR.

Criticael loadings, worth measurements of driver fuel, control rods and safety
iisks and neutron lifetime measurements all with graphite and uranium lattice
core loadings will bhe mmde.

Critical loadings of 73, U6, and 22 drivers were determined for the three

outer groups of fuel holes with a graphite core. A preliminary value of the
neutron lifetime for the L6 driver rod configuration is 2.00 x 10-3 seconds.

CUSTOMER WORK

Weather Forecasting and Meteorology Service

Meteorocloglical Services, viz., weather forecasts, observations and climatologi-

cal services, were provided to plant operstions and management personnel on a
routine basis. The anmial climatclogical summary for 1960 was crmpleted and
the normals, mesns and extremes for the period 1912-1960 computed.

Type of Forecast Number Made % Reliability
8-Hour Production 93 8k4.2
24-Hour General | 62 90.2
Special 130 94,6

January was considerably warmer and drier than usual. A1l except .05 inch
of the 0.33-inch precipitation total occurred during the last 3 days.

Instrumentation and Systems Studies

Fabricaticn was contimied on an alpha-beta-gamma air stack monitor for use

in the 325 Building by the Chemical Research Operation, HLO; and on an experi-
mental beta-gemms (mixed fission product) air monitor for use in the 327
Building. This second wailt will incorporate a moving-tape filter head.

Estimates were prepared and sent t¢ the Biology Operation, HLO, concerning
a apecial multi-detector head, wide application, radionuclide monitor and
analyzer. This unit will, if desired, incorporate same cammercisl sections.
A second instmment was also estimated, using our previously develcped tran-
gistor {standardized) circuits, fcr use as a very sensitive portable beta-
gamma "field use" momitor.

~ Febrication was éontinued on two alpha "Wand"” trarsistorized meonitor units,
employing silicon surface barrier dlode detectors, for use at the 2345
Building.

Advice ard assistance were given to instrument maintenance personnel con-
cerning the transistorized scintillation beta-gamms shoe and clothing moni-
tor used in the 325-A Building. Sketch-type electro-mechanical drawings
were prepared., This unit uses the new lucite wedge light-pipe beta-gamma |
shoe probes using a 6655-A phototube and a 5-inch-by-1li-inch-hy-1/16-inch-
thick tergpenyl-in polyvinyltoluene scintillstor. Such probe¥'can easily
detect ¢l betas and have a uniform beta response over the 5-by-1
ipch effective area {for each shoe}.
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Modification design work contimued to provide selectable time constants and
hence meter and chart recorder response times for the sensitive transistor-
ized scintillation gamma monitor for Regional Monitoring Operation, HLO.

Design and fabrication requirement details were given to instrument personnel
fram the 308 Building to permit them to fabricate one vertically-mounted
scintillation alpha shoe monitor using a standard 5-by-lh-inch wedge-shaped
lucite light pipe, phototube, and ZnS phosphor. Detection levels of 500

d/m Pu239 should be obtainable. All circuitry employed will be our "sten-
dardized" transistor types.

The mechanical mockup portion of the experimental, prototype Laundry Monitor
System was successfully demonstrated to interested personnel from the Laundry
Operation. The mechanical system 1s of the contimious movement conveyor type
which, by mechaniecal means, autometically turns the hanger-held coveralls

and lak coats to provide monitoring for alpha, beta, and gamma contamination
of the complete garment. The problem 1s obviously one of a camplex nature
for alpha monitoring. Danks of phototubes with large area (1 foot by 1 foot)
lucite light-pipes will be used for the monitoring. 2ZnS phosphor and ter-
phenyi-in-polyvinyltoluene will be used for alpha and beta~gamms monitoring,
respectively. Many of the necessary electronic and detector circuits have
already been developed and tested for use with the mechanical portion. If
contamination is detected above the pre-set required levels, the control por-
tion of the instrument will cause the particular garment to be dropped, using
an electromagnet device, intc a "contaminated" hamper for rewashing. Back-
grouand reduction and cancellation technigues will be employed in the beta-
gamma portion becesuse of varying background conditions at the Laundry bulld-
ing., All detectors will be of the scintillation type and all circuitry will
ke transistorized for maximum reliability. )

Consultation was given Fuels Development Operation regarding specifications
and proposals for a data logging system for ETR loops.

Work on a chemical dissolver problem has been started for the Chemical Re-
gearch and Development QOperation. This problem concerns the characteristics
of a recirculating,plug-flow dissolver and reservoir system.

The new PACE TR-10 analog computer purchased by IFD has been received and
checked sgainst specifications by Systems Research. A defective electronic
mitiplier apd comparator were discovered. These camponents are being re-
placed by the vendor.

Two peak integrators were recently installed in the X-ray diffraction instru-
ments used by Manufacturing Operation, FFD. The automatic printing feature

on the integrators proved to be far too sensitive. Difficulty was encountered
in attempting to decrease the sensitivity of the mechanical portion of this
device. It was decided to operate the printer from the scanning motor tab
gwitch on the X-ray goniometer table. This would permit the prinmter to print
at the beginning and the end of each peak. A modified time delay relay was
installed to actuate the printing mechanism when the scanning switch closed

at the start of a peak and opened at the end of the peak.
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Development has been started on a hydrogen detection system for the NFR fuel
element asutoclaves in the 333 Building. When operating, the autoclaves will
give off a small amount of hydrogen. After rupture, the hydrogen generated
should irncrease about five times within one-half hour. The proposed gas de-
tection system will monitor the percent of the lower-explosive-limit of a
mixture of the hydrogen sample and a fixed air flow. At the reguest of the
project engineers, a test was set up on an autoclave in the 306 Building.
Neither the autoclave, the autoclave loading, nor the hydrogen instrument are
identicel to the final instrument apd as such, results will show only a general
indication of the instrument operation. GSpeclifications have been written on
the eight-point hydrogen system that will be installed in the 333 Building.

Fabrication of the nickel plate process, previcusly analyzed on the analog
computer, has been completed. As predicted, the process was very easy to con-
trol. =Ixcessive pump hysteresis may prevent using full controller gain but
shoald cauee no difficulty.

The report on the Chemical Engineering Development problem involving tempera-
ture distributions through a waste burial cask has been writtem. This invol-~
ved a propesed tube-in-tube storage cask capakle of positive ccoling, beth
internally and externally, for disposal of highly radioactive waste. It was
felt that, due to the extreme rate of heat generation possible, a serious
hazard may arise should a bubble form in the annulus containing the waste.
Sauch a vold would cause a loss of conductive peth to the cocling fluid, and
dangerous temperatures could arise in the vicinity of the bubble. Since a
certain amount of material ias displaced by the bubble, the heat flcw paths
are distorted from purely radial "flow tubes" to some umknown geometry in

two dimensions. The usual method of solution of such a problem is Lo rewrite
the descriptive equation in finite difference form in the spece dimension{s).
Eowever, the presence of an insulating ciscontinuity magrified the difficuliy
of deriving a finite difference equation many times, so recourse was made 1o
the bazic analogy between temperature and electrical potential. A relaxation
network ¢f mesh points was set up with resistances of apprepriate magrnitude
connecting the nodes. Using Kirchoffis laws, an erergy balance was run on all
nodes, yielding a set of equations describling the potential at axny one point
in terms of the surrcunding points ani the rate of heat gereration. These
equatiors were solved simultaneocusly on an analog computer; the presence of
heat generation prezleded the use of a simple, passive registance network,
The results were entirely satisfactory and indicated nc particular danger,
‘even with & rather large btibhble present.

The reference system for calibrating variows micro-displacement readout systems
was itself calibrated during Jammary, 1961. The readout systems, which are
tc be calibrated, are intended for Physical Metallurgy Group use in making
in-reactor creep measurements. The reference system was found to have the
required 0.05 persent accuracy over the range of 0.00k to 1.0C inch, but
calibration of tke 0.C00 to 0.0G4 inch range {whexn the required accuracy is

t micro-inches) inficated errors exceeding the required accuracy. In this
reginsn, however, the accuracy of the calibrating instrument 1s scmewhat ques-
tiomable, aind the problem cf selecting a true reference becomes significazt.
The questiocradle data will be furtker <srrelated by the Mathematical Analysis
Group for the purpose of chtaining scme useful assurance and probability
factors. Drift tests on the Schaevitz DRS-1C0 readout system are in progress
at the rate of ome scale at one tempersture per day. Displacement calibra-
gions will begie late in February.
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Design drawings covering a periscope to be used at 105-C Fuel Examination
Faeilities for measuring the length of irradiated fuel elements have been
completed and gpproved. TFabricatlon of the unit will take place in the IPD
Machine Shops. _

A housing, condensing lens system, and microscope adspter have been designed
for Ceramic Fuels Development Operation. The equipment will permit vertical
113umination of cbjects viewed through their long working distance microscope.
The high pressure mercury vapor lamp used in this unit provides one of the

most compect, bigh intensity sources of light svalliable. A special micro-

scope eyepiece adapter is being designed to permit simultanecds viewing, photog-
raphy, and monitoring of light level,

Fabrication of the corner radius viewing microscope for PFinished Products,
CFD, was completed. The unit was demonstrated and is now being tested by CFD.
The difference between a 0.009-inch radius and a 0.003-inch radius in the
bottom of an internszl groove was clearly seen. Quantitative measurements

do not seem possible at this time.

Radiation Ratic Pyroameters for both Physical Metallurgy and FPD have been
delivered. The Physical Metallurgy unit has been installed and calibrated.

A series of tests of the FFD pyrcameter were made using ar induction heated
zireonium clad uranium plece as the hot object. Comparisons were made between
thermocouple readings, radicmeter readings (using the radiometer made for FFD
by the Optical Shop) and the readings of the radiation ratio pyrometer. The
gnalysis of these data is not complete but with only a few exceptions the
radiation ratio pyrameter agrees (after initial calibration) within % 10
degrees with the thermocouples. Preliminary analysis of the data indicates
the thermocouples shift in indication with cycling. When ratio pyrometer
readings and thermocouple readings are compared for three specimens in the
same cycle, there is agreement within * 3 degrees.

The calibration curve as given by runs on the zirconium clad specimen differs
appreciably from that obtained with the Radiation Standard as 2 source. As
an example, the temperature indicated by the ratic pyranmeter when the thermo-
couple reads 700°C is 770°C. This suggests the emissivity of zirconium is
decreasing rapidly with wavelength in the 2- to 3-micron wavelength range.

It 1s also possible the zirconium surface viewed by the Ratio Pyrameter is
actually hotter than the point €.020 inch or more below the surface to which
the thermocouple is attached.

Tkere is one very good temperature check point, the thermal rest region,

where a phase transformation takes place at & thermocouple reading of 640°C.
Here the Ratio Pyrometer reads 093 £ 4°C according to its radiation standard
calibration. The + 4© is the standard error of estimate for seven readings.

A totsl of 456 maphours' work was performed during the four-week period
(Jaruary 1 to Jamuary 29) included in this report. Of this, 6% was for an
offsite order code 0777, 19% for code 1500, 15% ‘for IFD, 19% for CPD, 39%
for HLO, and 3% for code 9215. as’ e
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The work included:

Fabrication of four quartz lenses and mounts.
Fabrication of ratic pyrometer components.

Repair of Lerox 1-1/8-inch-diameter borescope.
Fabrication of Corner Radius Viewing Microscope for CPFD.
Modifications of ultrasonic thickness prcbe.
Repolishing one lead glass viewing window.
Eveporatiorn of gold to form silicon diodes.

Repalr of two crane periscope heads fcr Purex.
Repair of two camera tripods for Photography Unit,
Resurfacing pump seals.

Cleaning of ore miecroecope. _

Fabrication of three radiation pyrareters.

o
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Analog Computer Facility Operation

The major analog computer preblems considered this month include:

1. NPFR primary loop study.

2, NPR gecondary loop study.

3. NFR pressurizer study.

4. PRIR critical facility study.

5. Chemical dissolver study.

6. PACE TR-10 (analog camputer) evaluation.

7. Waste burial cask--two-dimensional temperature distritution.

Computer Qperation:

GEDA 135 hours up EASE 136 hours up
33 hours scheduled downtime 12 hours scheduled Aowntime
0 hours unscheditled downtime 0 hours unscheduled
0 hours idle downtime

158 hours total 2C¢ hours idle

168 hours total

Instroment Evaluation

A complete calibration. procedure was writtea for use with the scintillatior
(C-200 mr/hr, linear) 61% Building Monitors fabricated for Radiation Monitor-
ing Operation, HiO. By high voltage adjustment, these units can be adjusted
to provide any single "range" desired from about 0-30 mr/hr to 0-10 r/hr.

Evaluation tests were completed and reports were written concerning three
representative commercial "area monitors" of similar costs. The three instru-
ments were the Xeithley 412 lLog Electrometer (using a HAPO HM Chamber), a
Tracerlab Log Response unit using a lead-shield compensated GM tube detector,
and a Nuclear Measurements Corporation {Quasi-log) "Gammaguard" unit using a
Nal and phototube detector. All three units had gshortcaomings for use as HAPO
area monitors, and none was satisfactory for contimious-use ghplication under
the widely varied zsomnditicns required for HAPO area monitorsg, . Complete test
detalls can be found in the issued evaluation reports. '
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Acceptance tests are nearly complete on 30 new cast-plastic head sciptillation
alpha probes with effective detection areas of 2 x 7 inches. These developed
probes have a uniform geometry, with a 50 percent open-area pierced metal pro-
tective screen in place, of about 14 percent, * 3 percent, These units have
po increase in backgrournd, from a normal one c¢/m, in 3 4%~ to 5- r/hr ganma,
field.

One Model IT Scintran prototype is being modified with the addition of three
trapsistor binaries and a GM tube input for selective use as either & scintil-
lation probe alpha monitor (no binaries used) or a GM tube beta-gamma moniter
with the binaries. In addition, a 1000 V BF3 tube can be directly applied

to the scintillation input for neutron monltoring or any neutron, alpha, or
beta-gamme scintillation probe can be used as desired.

Contimied laboratory tests are being conducted on the scintillation transis-
torized combined alpha-beta-gamma hand and shoe counter before returning it
to the field for use. (ross-coupling the four hand probes (two "palm" amd
two "back") reduces the chance of coincident (both probe) beta-garme-caused
pulses adding to appear as an alpha pulse in the alpha channel. Such cross
coupling should improve the algha signal -to-background ratio to permit easier
detection of 200 to 400 d/m Pu=>? sources. Thus, one register will indicate
"counts" from both hand-back probes simultaneocusly with a similar condition
for hand-palm probes. Such a method, however, mey meet with opposition fram
field personnel who are used to the older method of presentation.

Six of twelve ordered “Sentinel" beta-goamme portable scintillation selectable-
level alarming dose-rate meters were received from an offsite mamufacturer who
fabricated them using our circuits throughout. The originally required ranges
were O-1 r/hr and 0-10 r/hr; however, they are not calibrated to give ranges
of 0-400 mr/hr and O-k r/hr° Operation of the six units, as received, was
reasonably satisfactory; however, slight changes in high voltage regulator
types and the phototube voltage divider may be in order to permit reliable
operation throughout the approximate 100-hour battery life. The operation
would be completely satisfactory for the designed (original requirement) two
ranges of 0-1 r/hr apd 0-10 r/hr. The "change in requirements" to the opera-
tion levels of 0-400 mr/hr and O-4 r/hr with no circuitry chenges results in
operation of the minlature high voltage supply at a peak level. Slight cir-
cuit changes should alleviate the minor problem and permit the proper spera-
tion at the new desired levels. .

Advice and assistance wes rendered to Calibrations Operation, RPO, in revis-
ing purchase specifications for self-reading pencil dosimeters. Both 0-50
r/hr apd 0-200 mr/hr units are to be purchased. & number of modified 0-5000
r/hr T-P instruments are also to be ordered.

F -
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CHEMICAL RESEARCH AND DEVELOPMENT OPERATION

RESEARCH AND ENGINEERING

FISSIONABLE MATERIALS - 2000 PROGRAM

TRRADJATION PROCESSES

Crazium Oxidation and Filsslon Preoduct Volatilizatlon Studies

Two figsion product release experiments were performed on uranium irradiated to
L.2 x 10°Y nvi. In one of these, a helium atmosphere was employed during heating.
Rare gas release was 87 percent, less than the 99.5 percent release obtained in an
air atmosphere but much greater than that ohtained in trace level experiments.

Ir the other experiment, an air atmosphere was used during which many particles

were releaped from the specimen. A large fraction of the particles penetrated two
Zigquid caustic scrubbers and were deposited on a miliipore filter. This corroborated
rrevicus observations that showed a greater release of particles from more highly
irradiated uranium. As expected, the ratio of uranium to individual fission pro-
ducts in the particles more closely approximated the ratic in the original specimen
for the non-volatile elements (Zr, Ru, Np) than for the volatile elements (I, Te,
Cz). It was established that particles formed during the oxidation of unirradiated
wrenium in alr over a temperature range of 450 - 1300 C are U308

PR Effiuerts

Reszarch was continued to seek methods of removing radicisotopes from phosphoric
zcl3 decontaminating solution proposed for clean-up of certain portions of the NFR
-C2p. Treatment methods were compared with regard to degree of removal of radioc-
izctopes, amount of caustic required, end amount of sludge produced. The scavenging
witL precipitates formed by the addition of aluminum sulfate and calcium chloride
wai compared with that obtained with precipitates formed by the addition of ferrous
#ilfate and potassium permanganate. The aluminum-calcium process required only
u% two thirds as much caustlc as did the iron-permanganate process but produced
it tirge times the sludge volume. DBoth processes satisfactorily scavenged
“cpes of cobalt, ruthenium, silver, chromium, zinc, strontium, iron and cerium.
¥=_.%her was able to appreciably scavenge isotopes of antimony or cesium. Experiments
irvolving the addition of aluminum without calcium gave bulky, gelatinous aluminum
‘r‘"ox*ge sludge, more difficult to handle than the more compact crandallite
*3(P0h)2(03) H.O) formed when calcium is included. The scavenging effectiveness
b alaminum hydroxige appears nearly comparable to that of the other processes
gl qough somz of the resulfs were anomalous.

Welis $69-67-51 and 699-6G+45, the last two on well drilling project CAE-885, were
Tzgun, These wells were planned to provide necessary ground water altitudes about
& 7ile and a half north of Gable Mountain where the data may indicate the feasi-
bili%y of disposal of limited volumes of reactor area wastes to the ground. This
Zizpezal would depend on movement of ground waters there into the Columbia River

S -

wnatream from the iptakes of all reactors.
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Reactor Effluent Treatment

Preliminary equilibrium experiments to teet the adsorption of radioisctopes from
reactor effluent by 26 species of minerals were completed. The equilibrium
adsorption of P-32, As-T76, Np-237, Zn-65 and Cr-51 was determined for each mineral.
On the basis of the results ten of the minerals were selected for further study in
column experiments. These minerals are ollvine, pyrite, pyrrhotite, fluorite,
calcite, galena, dolomite, hornblende, scapclite, and geothite. Column experiments
to study the adsorption of P-32 were performed with the first five of these. The
experiments were performed at relatively fast flow rates (5.7 - 6.7 gal/min/ft2)
givipng short residence times (0.5 - C.7 minutes) in the 50 gram mineral beds., Under
these conditions the adsorption capacities of these five minerals appeared to be

in the order: pyrite (1050 bed volumes), pyrrhotite (560 bed volumes), fluorite
(354 bed volumes), calcite (177 bed volumes), and olivine (106 bed volumes). These
columns produced rather erratic breakthrough data, probably as a result of the high
flow rates. ’

Operation of aluminum-filied-columns at 100-B and 100-C was terminated, since the
production tests to measure the effectiveness of increased alum and the use of
aluminun nitrate were completed. Similar columns were installed at 105 C fo deter-
mine the effect of reduced dichromate ion on aluminum bed decontaminatlon factors.
The plilot-scale test facllity was operated at six linear feet per minute during the
month, with a slight increase in pressure drop noted.

Columbis River Radioisotope Reduction Studies

In the recent test at H reactor, 20 ppm Al(Noﬁ) 9H-0 and nitric acid to adjust the
pH were used in place of the few parts per million alum and sulfuric acid normelly
used in treating the pocess water. Higher purity water was produced which contained
reduced amounts of some of the trace elements which are parent materials for the
radioigotopes produced in the cooling water. A reduction in amount of radioisctopes
formed was also accomplished which, except in the case of Np~239, exceeded the
reduction obtained in the parent material. The results for some of the radioisctopes
of interest are shown in the table.

Percent
Parent Percent
Parent Radicactive Element Radioisotope
Element Daughter Reduction Reduction
8 pP-32 37 TO
P P-32 1i TO®
As As-T6 £l 75
U Np-239 T2 5T
Zn Zn~65 0 33

* Combined radloisotope reducticn from S and P parents.

These results show that processes other than parent lsotcpe reduction are sffect-
ive in reducing radicisotopes formed in the cooling water. The effect of reducing
other salts in the water and the effect of changes in the reactor tube film are
being studied. ' r

-
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SEPAEATICN PRCCESSES

Tvaiuation of Alternate Diluents for Purex

Auskane-12 and Pacifice Base 01l C were tested as diluents for Purex Process solvsnt.
Oz the basis of resistance to nitration and of fission product distribution, the
Adakane-12 (which approaches pure dodecane in composition) was superior to other
illuents which have been tested so far. Results obtained with the Pacific Base 0il
C were gimilar to those previously obtalped with Shell E-23%2.

Rzzuplex Continuous Dissolver

CsL8 pilot plant Recuplsx continucus dissolver studies were completed with the
iemcnstration of an effective solids %rap and dissolution of calcium metal in excess
=z flowsheet quantities.

A ten-liter baffled sclide trap prevented particulate carryover to the pz roduct tank.

The sclids, mos*ly gelatinous, which collected in the trap were 0.73 w/o of the
anlids charged during the run. Although the product tank solution appeared to be
ol2ar, suspended gels p*ugged filter paper, diatomacious earth and carbon filte

2iis, preventing filtration of the product.

Nc difference in di-:olution characteristics was noted when 120 g or 60 g of calcium
metal was blended 1. .0 the cold simulated, solid feed. On the other hand, when &0

g of caleium was added alome {i.e., without cther solids) the reaction was viclent.
AZli%ion of 120 g alome blew manometers ard pressurized the system.

The heat of reaction for tke cold Peed was measured at -1100 Kcal/kg in the pilot
rlan%, which compares favorably 4o the -10kO keal/kg calculated.

-conlensable species in the off-gas resulting from the reaction were 50 perzent
d 50 percent Ho. The maximum non-corndensable coff-gas evolutior rate is avouh

i}ﬁ

Tig soutbward movemernt of contaminated ground water originating under the 216-BY
s:avenged cribsite in 200 East Area continued this month. This 1g evidenced by
izorsased concentrations of radiocontaminents in monitoring wells north and west of
sie Purex Plant. The present indicated rate of movement, 30 - 50 feet a day, is
appreciably greater than the movement rates evident wher the contaminants were in
aguifers under the corthern part of 200 East Area. The increased rate and direction
" movement were as expecied based primarily on Purex Plant waste disposal moanitor-
.=g =xperience. 'No long lived radioisotopes, other than low concentrations of Co-60
- rear the BY eribsite, are detectable in the ground water under 200 East Area.

Wzo%e Tank Leak Field Irvestigations

R:%isisotope analyses of the drilling samples obtained from the five shallow wells
reeently drilled around the 106-TY tank were completed. The three wells toward the
zounheast shewed th= highest concentration of Ru-10& and Cs-137 between the 45 and
85 oot levels. The well northeast of the tank contained relatively high concentra-
ticrs of Cs-137 but very little Ru-106 throughout, jts depth which indicates some
weyhz source other than the 106-1Y tank, possibly‘*the 105-TY tank or a failed
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underground waste transfer line. The maximun ¢s-137 detected in this well was

4 x 10-6 uc/gram of soil at 15 feet above the level of the tank bottom. The wells
were alsc monlitored with a gammm scintillation probe. Good correlations of the
soll sample analytical results and probe readings were chtained.

Digposal to Ground

Further laboratory experiments were made to study the recovery of plutonium from
D-6 sump waste from the 234-5 Building. The adsorption medium found %o give the
best decontamination of this waste was Florida pebble phosphate, a commercially
available natural mineral. Columns of this material received D-6 sump waste {pH 2.8)
at 1.04 gal/f+2/min and with a column residence time of 1.36 minutes. More than

90 percent of the plutonium was removed from about 400 column volumes of waste.
These columns were eluted with 1.0 M sodium carbonate solution and over 95 percent
of the adsorbed plutonium was recovered in 5 bed volumes of eluate. This elution
converted part of the phosphate mineral to calcite and therefore it was necessary

te rechsrge the bed before the second adsorption cycle. After recharging with 8

bed volumes of 0.1 M Na HPO), the column was again used to remove plutonium from D-6
sump waste and was found to have slightly better adsorption characteristics than
during the first cycle. '

Particulate Sampling and Measurement

Principles relating to particle retention on sampling lines were used to predict
the performance of particle sampling probes and lines in a chemical process air
stream before and after a new filter lnstallation. Changes in the design were
recommended as a result of the analysis.

WASTE TREATMENT

Uuderg;ound Waste Storage Tank Cleasnout

Mining studies for process waste tank cleanout continued with tests of a rotating-
head, self-propelling sewer nczzle. The nozzle succesafully tumnnelled through sand
and gravel beds, discharging about 350 gal/min of water under about 125 1b/sq.in.
pressure. During operation the free end of the hose was stable (no "whipping™) and
the nozzle pulled the hose forward in a nearly straight, downward direction. These
results suggest that the nozzle could be used to mine tanks, slthough problems of
hose material and directional contreol remain to be solved.

"Batch Calcination

Three bench-scale runs were made on the batch calcination of simulated Purex high-
level wastes to study calcine meltirg. The acidic waste solutions contained only
sodium, iron and aluminum sulfates and nitrates. The studies have indicated that
the absence of the minor constituents (chromium, nickel, lead, phosphate, acetate,
sllicon dioxide and manganese dioxide) produces a meltable calcine at higher sodium
to metal ion ratios than previously noted with the minor elements present. A melt
also formed at a high sulfate to salt nitrate ratic (8.9) with the sodium to metal
lon ratio of 1.9,

In two of the runs, the sulfate concentraticn was greater than the sodium stoichio-

metric equivalent. The weights of the calcines produced were 30 percent higher than
that predicted assuming only sodium sulfate, ferric oxide and aluminum oxide are
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. Beth caleines melted and were held at temperatures in excess of 900 C
e evclution of sulfur oxides was no longer evident.
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z.zine Storage Probleme

a

Suudies of self-heating of calcined high-level wastes stored in annuli are continouing.
Trz effect upon the maximum temperature within the calciner of a void inclusion aear
ke outer periphery has %een e€stimated for a typical case by analog computation. It
appears tkat the commonly observed types of voild ilneclusions will not significantly
ircrease the maximum internal temperatures within the stored wastes.

— e e

TRANSURANIC ELEMENT AND FISSION FRODUCT RECOVERY

Strontium Recovery Progranm

325-A Strontium Purification Runs - The first full-level strontium-90 purification
rin in the A-Cell ion-exchange equipment (initiated in December) was successfully
complieted, as was a second run. Some 5100 curies of purified strontium-90 was
recovered in the first run and stored in the product tanks, pending shipment. An
additional 1500 curies of partially purified material is being held for re-work.
E‘ % thousand three hundred and fifty (8350) curies of purified product was obtained
in tbe second run, bringing the total inventory of purified strontium-90 to 13,450
curies. Isotopic purity of the product was 56.0 t 0.2 percent strontium-90, very
crose to theoretical. Chemical and radiochemical purlty was also very satisfactory.
The product of the first run analyzed T6.l weight percent strontium, 11.0 percent
calcium, 12.1 percent copper, and < 0.8 percent barium. Data on the second run are
rcn complete, but copper was eliminated through a process change and other impurities
arz also expected to have been substantially reduced. No radioactivity, other than
<za% due to strontium (and its yttrium daughter), could be detected in either product.
Altrough both mechanlcal and flowsheet operation was very satisfactory during the
“we rurs, several minor equipment failures (leaking gaskets and valves) necessitate
szecrntamiration and repair prior to the next run. Highlights of process changes and
significant observations are described in the following paragraphs.

Az mertioned lest month, the as-received F-B strontium concentrate contained copious
quaniities of solids which required addition of onme mole of nitric acid per liter
of sclution to effect feed clarification. Solids in the feed used in the second run
wers evep more refractory. Addition of 1.6 moles of acid per liter failed to com-
pietzly dissolve them, and the acidified feed could not be filtered through a coarse
sin%ered stairless steel filter. However, the remaining solids in the acidified
.2z HRDTA complexed) feed did not appear to clog the ion-exchange columns. In both
Tuns, an excess of HEDTA {over that required to complex iron and lead) was added and
ze pH adjusted to a value of 4.0 (by ammonia addition) prior to feeding to the
cclumne. This treatment proved very effective in preventing absorption of cerium,
w%her rare earths, and zirconium-nicbium {as well as iron and lead). The only
exception was a brief period during the loading cyecle of run number 2 whea an in-
furficient quantity of HEDTA was inadvertently used. Some 25,000 curies of cerium
it&2ed before this conditicn was detected and there was evidence of damage to the
rezin {dark color and increased pressure drop). A wash with a pH 4 HEDTA solution
72s successful ir removing most of the absorbed cerium, and loading was continued
after wutting with additional HEDTA.

2pacity of the ipstalled equipment was expected, onzthe basls of c¢old rums, to be
.~ in excess of 15,000 curies of ‘strontium-90 per Yun. That fourd in the two hot
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runs was substantially lower, a situation which may be due either to the large

amount of acid required to clarify the feed (which results in a high ammonium ion
concentration) or to some unknown impurity in the Purex material (which would tend

to saturate ion exchange sites). Breakthrough in the first run occurred unexpectedly .
at 7200 curies (despite use of two columns) and resulted in an overall recovery of
only about 40 percent. The volume of feed used in the second run was tailored to

the empirical capacity, resulting in an overall reccvery, from feed to purified
product, in excess of 90 percent. Small ion exchange columms are being installed

in B-Cell to study, with small volumes of feed, ways of increasing the capacity of
the process.

In the first hot run, the purification columns were in the mixed copper-hydrogen
cycle, as had been the case in the cold runs and in previcus (cold} promethium
parification experiments. The copper serves as restraining ion, to keep the leading-
edge sharp, and any cerium and yttrium that may be present collect behind the

copper (because of the relative EDTA complexing constants) and cause a very high
radiation intensity at that point. This intense, localized radiation caused severe
gassing and also reduction of scme of the cupric ion to metallic copper, anh unex-
pected observation which was subsequently duplicated in the cobalt source, Both
phenomena (gassing and plugging witk copper), caused chaaneling and band tilting.
Although the process was still operable, purification was undoubtedly impaired, and
the metallic copper caused severe gassing and contributed copper impurity when the
product was finally stripped from the last column with nitriec acid. To eliminate
these difficulties, calcium was used as restraining iocn in the second run and proved
very satisfactory. Yttrium (which forms continuously from strontium decay) and any
reslidual cerium passed continuously from the calcium form column, the bands were
very well deflned, and gassing was negligible. Copper was still used as restraining
ion on-.the fimal 1sclation column; however, the copper was stripped off with acidic
HEDTA {which does not displace strontium) as soon as the strontium band had moved
onte the columm and prior %o eluting the strontium with nitric acid, Although this
worked satisfactorily, "cold" cerium will probably be used as restraining ion on
this colum ip future runs to completely eliminate the possibility of metallic
copper formation. Cerium, like copper, can be removed with acidic HEDTA prior to
strontium eluticn.

The two runs afforded a thorcugh test of both the in-cell gamma spectrometer and
the in-cell ionlzation chamber -- which is inatalled at the bottom of column number
5 to menitor passage of the strontium band. Both instruments performed satis-
factorily and proved invaluable to operation of the process. A similar ionizaticn
chamber "strontium detector” is accordingly planned for installation at the Hot
Semiworks. During the ruas it was also discovered that self-lumincus bands, which
were observed in the glass colums when the lights were turned out, were due to

the strontium and cerium-yttrium. These luminous bands proved very useful in
controlling the operation.

Hot Semiworks Sirontium-90 Recovery Program

Feed Make-Up for Solvent Extraction - Synthetic feed solutions (JAF) were subjected
to g irradiaticn. In these tests, solids formaticn began at exposures about

1 x 10° R; at 2.6 x 108 R solids volume was still less than 0.1 volume percent.
However, these sollds carréed significant amounts of gtrontium. Based on an estima’
exposure level of 1.3 x 10© R/hr in Hot Semiworks feeds, sgolids formation should nou
occur in less thaa two days. Feed solutions will normally’be processed in less than
12 hours. Strontium carried on the solids was resolubilizéd by acidifying the
slurries to_a, pHE gsbout 1.5.
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La“oratory Solvent Extracticn Studies - Further mini runs simulating 1A Column
axtraction conditions were made {first study flowsheet). Calcium extracted almost
completely urder these conditicns; the cesium decontamination factor was 3 x 10™.

Ic ¢re run a s¢lvent previcusly irradiated to 2 x 107 R was used; strontium recovery
ard decontamination were not adversely affected. In another run irradiated solvent
not given the usual pretreatment {washing with 10 percent NaOE and 6 M HNO;) was
used; again strontium recovery and deccontamination were not adversely affected.

Batch contact studies lndicate that molybdenum, 1f pregent in crude cut solution

as mclybdate species, will not extract significantly under proposed IA Column
conditions. The effect of ethylenediamine tetracetic acid (EDTA) conceuntration on
extraction of crude cut constituents under IA Column conditions was studled in
detall. As expected, extraction of all constituents decreased with increasing EDTA
concentrations.

Miriature pulse column runs were made to test variations in the IB Columm partition-
ing flowsheet. Chloroacetic, dichlorcacetic and maleic acids were tested as alter-
rates for cltric acid in the aqueous phase. Dichlorcacetic acid is a better
buffering agent and produced a higher strontium-cerium separation factor than aay
cther reagent yet tested in the IB Columm. Two molar acetic acid (vice one molar)
was *tested using synthetic IAP solution as feed to the IB Column. Over 99 percent
cf the strontium was stripped from the organic; strontium-cerium and strontium-
calcium separation factors were over thirty.

Installation and testing of equipment in the 222-3 cubicle is essentially complete.
1 is expected that minlature mixer settler runs using full level Purex crude cut
soluticn will start early in February.

Pilot Plant Strontium Solvent Extraction Studies - A second study flowsheet for the
recovery Of strontium from Purex crude cut solution by solvent-extraction has been
prepared and is currently being tested in cold semiworks pulse columms. This
flowsheet has the following features:

1. The feed is prepared by complexing the iron, lead, and most of the undesirable
Fission products with 50 percent excess EDTA and by adjusting the pH to ca.
4,2 with sodium acetate and sodium hydroxide.

2. The feed enters the IA Column near the midpcint where it is counter-currently
contacted with 0.4 M di-2-ethylhexylphosphoric acid {D2EAPA) plus 0.2 M TBP
in Shell E-2342 diluent. Under these conditions, all the strontium and
caleium and <10 percent of the cerium should be extracted.

3. A scrub stream containing 0.6 M citric acid neutralized to a pH of 2.6 to
3.0 is iptroduced at the top of the IA Column. The purpose of this stream
is to remove residusl "inextractable” metal ions and to lower the sodium
concentration in the organic product stream.

4, The procduct overflows to the IB Column where it is countercurrently contacted
with 1 M citric acid. The flow ratio 1s adlusted to permit stripping. of
essertially all of the strontium while leaving >75 percent of the calcium and
295 percect of the cerium and other rare earths in the solvent. The product
stream leaving the cclumn at a pH of 2.1 to 2. 3 ig -sultable feed for a cation
exchapge column {Dowex 50 resin); however, for. improved cerium DF, the pH
will probtably be adjusted tc about three.
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5. Flow ratios in the above process are tentatively set as follows:
TAP:TAS:IAX:IBX = 100:5:25:6. The strontium concentration in the IB
product will be about 5 g/1.

Preliminary results of the demonstration runs completed so far lndicate that less
than three percent of the strontium should be lost in the IA Columm and less than
five percent in the IB Column. The use of partially neutralized citric acid in

the IAS seemed to effectively remove sodium from the solvent. In one run with a pH
4.7 feed and an inefficient-appearing scrub section, the socdium concentraticn in
the solvent was reduced from 2.8 g/l at the feed point to 1.3 g/l 1in the IA product.
A more efficient cartridge has been installed which should reduce the sodium content
st1ill further. Tke pH of the IBP with. this improved flowsheet has been reduced
from 3.2 to <2.4 while using a pH 4.7 feed and the above flow ratios. The minimum
IBP pH, using a pH 3.8 feed, should be about 2. Over this range of pH (2.0 t» 2.1)
the Sr Eg varies from about 0.09 to 0.3. The Ca EJ should be about 20 times the Sr
value while the Ce EY should vary from 20 to 50.

Eot Semiworks Reactivation - Progress in the construction program for interim proces-
sing of strontium-9C has led to the acceptance of two processing cells, A and C Cell,
for functional testing. Construction is 100 percent complete in C Cell, 58 percent
complete in A Cell, and 75 percent in B Cell with the overall project being about

85 percent complete. To date functioral testing of about 70 percent of the equipment
has revealed a relatively good cperating condition for most of the equipment.

Major areas of comstructicn have been: (a) two new L-inch diameter solvent extractic-
columns, (b) an 8-inch diameter ion exchange column, all welded process piping in

A Cell, (c) repiping of existing equipmert %o f£it the process, (d) revamping of the
process vent system, additional contairnment, (e} transport line, (g) loadout facil-
ities, and (h) general resctivatlion and repalr of existing equipment.

Preparation of Solid Strontium Compounds for Shipment - Precipitaticn of strontiunm
peroxide and decomposition of the peroxide to strontium oxide is being investigated
as a means of preparing s relatively stabls strontium compound for shipment. The
peroxide has been prepared from strontlum nitrate, strontium hydroxide and simitated
solvent extraction IXP (ion exchange column =luate) solution. Hydrogen peroxide is
added along with sufficient sodium hydroxide *c keep the solution alkaline. The
SrOg.SHgO formed was readily filtered on Whatmar No. 1 paper. Recovery was essen-
tially complete with 100 percent excess peroxide. Tapped density of powders dried
at 105 C was 0.4 g/cca Preliminary thermal decomposition experiments indicate
complete conversion of the peroxide tc the oxide in ome hour at 400 C. Separation
of calcium and strontium in tkhe peroxide precipitation has not been determined.
Calcium percxide is reported %o be more scluble than strontium peroxide.

Strontium Peroxide Piltration - Semiworks scale filtration studies have been started
on strontium peroxide as an intermediate to the preparation of stroatium oxide.
Filterability is comparable to stroptium carbonate prepared by bicarbonate hydrolysis.

Fission Product Packaging Prototype - Techrology is being developed 1n support of a
conceptual Sr-90 packaging system for B Plant. The objective 1s to define process

and equipment requirements to conver+t strontium nitrate sclution to a dry, free-flowing
strontium product packaged for offsite shipment. The concept. ipcludes a radiant-he
spray calciner as the thermal conversion unit. Design of a prototype of the laiter
uait is approximately 50 percent complete.
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In other studies, canister calcinaticn (direct calcication in the shipping container
without agitaticn) of strontium nitrate is being investigated as a means of pro-
viding a stable packaged product with maximum simplicity and minimum remote handling.

Initial studies appear favorable.

Strontium Shipping Cask - Annular Decalso Unit - Tests of a hydraulic mock-up of
the asnnular inmorganic ion exchange bed {+30 mesh Decalso) proposed for Sr-90 ship-
mernt were completed with studies of liquid distribution during loading and elution.
Optimum solution flow patterns were obtained by prefluidization of a 90 percent
full bed to achieve uniform packing followed by downflow loading or elution.

Lead-Stainless Steel Bonds in the Pission Product Trapsfer Cask - To assure adequate
heat transfer in the fission product transfer cask currently im fabrication, it is
necessary that the bond between lead and stainless steel in the cask remain intact
through thkermal cycling. A sample consisting of a stainless steel pipe poured full
of lead was cobtained from the fabricator. The surface pretreatment and pouring
procedures used in preparing the sample were the same as those proposed for cask
fabricaticn. Wafers cut from the lead plpe were exposed at temperatures of 300, 350
and 400 F in argon-filled desiccator. Each sample was subjected to eleven thermal
cycles in which the temperature was reduced to 100 F for one hour and then returned
to the test temperature. No evidence of separation of the lead-stailnless steel bend
was noted on any of the samples.

Messurement ¢f Calcium and Cerium in Strontium Recovery Streams

Relia:le, rapid measurement of calcium, cerium and barium was needed to follow
strontium purification while developing a solvent extraction process for recovering
strontium. Despite D2EHPA's (the process extractant) impairing seriously much of

the normal calcium and cerium analytical technology, suitably rapid analytical
methods were developed for the two metals. The success of each method depended
primarily upon increasing the response of the metal sought in order to allow diluticn
cf samples and conseguent reduction of interferences from sample matrices. Calcium
was analyzed flamephotometrically in sample diluted as much as 200 times with 49.5
percert Z-n-btutoxyethanol - 0.5 perceant perchloric acid. Both aguecus and organic
samples were soludle in the diluent. Calcium emission was enhanced by the butoxy-
ethancl. Preliminary testing of the method indicated a 5 percent error. Determina-
zion of cerium was dome by the copper spark emission spectrographic method. Its
ariiity to detect 0.02 microgram of cerium permitted reducing matrix interferences

Wy diluting the samples. Some samples, including those of the organic, strontium
product stream, con*tained too little cerium to allow dilution. The errcr of the
method was some 15 percent where sample dilution was posasible; otherwise, 50 percent.
Modification of the cerium method gave a feasible determination of the less important
zarium.

Severmination of Physical Properties of Low Melting Alloy

Tae melting points, freezing points, and contraction and expansion on solidification
ard ageing were determined for low-melting bismuth-lead-tin-cadmium alloys under
canglderatior for heat transfer media in fission product shipping casks. Equlpment
was dzvised to measure the volumetric change of the alloy to t 30 percent during
Telting, solidificaticn, cooling and ageing. Linear coefficients of expansion of

& rariily chilled bar were measured tc * 10 percent with a dial gauge in a simple,
rigid mount. Meliting ard solidification points were determined by measurement of
the rate of temperature change with uniform heat input. The equipment is suitable
for l?‘s“tpat Zo,net ¥eack with liquid water.
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ANALYTICAL AND INSTRUMENTAL CHEMISTRY

Reliability cf Ru-103 Determinations by Beta Atsorption Counting

The method of Buschbom and Nicholson {HW-6T7305) was used to measure the counting
error in Ru-103 determinations derived from beta absorpticn counting of Ru-103 -
Ru-106 mixtures. The method included a consideration of the errors introduced by
{a) the magnitude of Ru-103/106 counting rates obtained with and without an
absorber, (b) the Ru-103 to Ru-106 ratio, {c) the calibrations for each isotope,
and {(d) the counter backgrounds. Currently, most material has a 103/106 ratio
below 0.1 and the error of a Ru-103 result based on cne LO-minute count is 100

to 150 percent. By compariscn, simplified counting statistics erronecusly suggest
an error of only 20 percent. As may be expected, error was largely dependent
upon the 103/106 ratio and on the sample/background ratio.

EQUIPMENT AND MATERIALS

Magnetic Pulser

Pulse pressures developed in the 1.55-inch totally enclosed magnetic pulser were
measured. The peak pressure wag varied from 3 to 10 psig by varylng the power

from minimum to maximim at a pulse frequency of LO cycles per minute. The

pressure qulckly reaches a maximum and then goes to zerc gradually over the last -
kalf of the stroke. The positive and negative pulse had the same characteristics.
Performance of this type of pulse has not been determined.

Conticuous Centrifugg

The é-inch continuous centrifuge intended for use in Z Plant has been damaged
again by vibration resulting from misalignment during assembly. During the

recent visit of the menufacturer's representative {reported last month) the
machine was assembled with 0.002-inch TIR {total indicated runout) at the ocutboard
end of the bowl and the machine ran quietly. However, upon reassembly after the
machine was taken down for a minor medification, there was 0.00L-inch TIR at the end
of the bowl. This was considered to be within reasonable limits and the machine
was gstarted up. Vibration was noticeable but not excessive until the bowl was
filled with water., The vibration then lncreased to the polnt where the rotating
bowl hit tre stationary case. The bowl was deformed sco that there 1s now 0.011-
inch TIR at the ocutboard end. Further work will depend on the recommendations

of the manufacturer.

Pump, Agitator, and Valve Development

A %total of five Chempumps have now been modified to include tapered bearings and
hydroclcones, run~in tested, and delivered tc the Chemical Processing Department
for plant installation.

The HAPO designed and fabricated deepwell turbine pump-agitator for Redox TK-E3
haz passed its 100 hour run-in. Head and capaclty characteristics were in excess
of those required and operation was smooth. The pump-agltator has been trans-
ferred to the plant for installation. !
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Experimental Nickel-Base Alloys

Samples from two small heats of BAPO-20 alloy produced by the General Electric
Company, Metallurgical Products Department, have been received. Corrosion rates
for the two heats were nearly identical on expeosure to HNO3-HF solutions and to

€5 w/o HNO- (Huey test) although the melting procedures uséd in producing the two
heats were guite different. Corrosion rates in HNO4-HF were nearly the same as
for a heat of the alloy produced at Battelle Memorial Institute; rates in the Huey

tast were slightly higher.

Non-Metallic Materlals

Two samples of polyethylene which were submitted to the Chemical Processing
Department for possible use in Purex pulse columns were tested for radiation
damage. Both are linear polyethylene with an additive to improve fabrication
characteristics. Neither of the samples is the equivalent of linear polyethylene

in radiation stability.

A sample of aluminum silicate was tested in a chlorine saturated sodium-pctassium
chioride melt at 700 C for four days. There was a small amount of surface checking
evident on the sample at the conclusion of the test which may have been caused by
thermal shock. The test is belng repeated.

PROCESS CONTROL DEVELOPMENT

Electrolytic Conductivity Cell

Calibration of the newly designed electrolytic conductivity cell described last
month is now complete. Curves of electrical conductance vs. nitrlc acid concentra-
tion ranging from 1 to 3 molar have been established over the temperature range

25 o 50 C. The precision of the measurements is estimated to be % 2 percent near
one molar acid and * L percent at 3 molar acid.

Tkhe cell used for these calibration runs 1s scheduled to be installed as a proto-
type on the Purex 1BP sample line downstream from the 1BP neutron monitor.
rawings of piping details are being prepared for installation in the 1BF sampler
enclosure,

Calciner Furnace Control System

A K-calciner test in which the calciner furnace temperature contreller was used to
rzrually program the finish section shell temperature during startup revealed a
system malfunction when the setting of ome of the phase balance rheostats (TZ-2)

was adjusted downward. The resulting upward excursion of shell temperature was
traced to the fact that the feedback voltage to the comtroller is proportional fo
the change in rheostat setting in the phase supplying the feedback voltage. To
zirimize this temperature excursion the feedback phase rheostat, TZ-2, must be set
ard locked at 20 percent of full scale, and power adjustments to balance the furnace
shell temperatures during operation must be made with the other twe phase rheostats.

Control System Study for Redox 1B, 2A, and 2B Columns

A proposed control system for Redox 1B, 2A and 2B columns has been reviewed and
discussed with CFD Research and Engineering personnel and a Foxborce field engineer.
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Jufficient information was obtained %o be cer+ain that the necessary analceg cal-
~ulations can be carried out pneumatically by making minor additions aad medifica-
tions to existing instrumentation. All hardware necessary for cascade ard ratio
sontrol of the existing Foxboro Model 40 controllers is also available as standard

equipment.

Control S stem Development FPor Recuplex

A method of modifying the present flow contreollers at Recuplex to function as ratio
controllers has been investigated. It now appears that this can be accomplished
with commerciaily available equipment at about $200 per controller. The first flow
ratic control application to be tested will be the CCF to CCX flow ratio. The
optimum operating ratio will be determined by the preduct concentration in the

top of the CC columms as measured with a neutron monitor.

¢ Colum Tests and Facllities

Experimental runs to define the flooding capacity limits were initiated this month.
Among other things the flooding threshold was observed to be 2 function of the
degree of interface control. This is related tc the dissipation of the pulcee
energy in the product exit lice from the coluwmn. The facility was down for part
af the month tc service the pulse amplitude control device, to install pressure
transducers for colum density moanltors and other miscellaneous services and

ad justments.

C Colum Data Treatment

Available data on the concentration of nitric acid vs. pH in uranyl nitrate sclutiocns
wag extracted from the literature and punched into IBM cards. This information
will be used in the reduction of the data obtained with the abksorptiometer Dats
Logger, described last month. It was decided that direct measurement of the equill-
brated corganic dacid concentration was not necessary, as 1t will be determined from
the measured values of organic uranium, aqueous uranium, and aquecus acid concen-
trations. For this purpose tabtulated equilibrium organic acid data were obtaired

.~ from Figure 4, KAPL-A02 and punched intoc IBM cards.

The necessary revisicns in the Data Reduction Cocde were made to accommodate this
latest additional means by which data may be obtairned.

Analytical Expression for Equiiibrium Diagrams

Development of equations to fit the curves of the equillbrium diagram for the system
{crganic uranium conc. vs. agquecus uranium conc. and agueous acid) proceeded during
the month. The equations determined thus far related organic uranium conc. 0
aqueous uranium conc. at constant aqueous acid values of 3.0, 2.0, 1.0, .03 and
0.00 molar.

The form of these equations was predicted by chemical equiibrium theory. These
equaticons fit the data well for the high acid curves, but with less accuracy for
the low acid curves. However, these equations generally contain fractional expon-
ents and are too complex to be useful for substitution into an analytical model of
extracticor cclumn tehavior. Therefore, to obtaln a more useable form of equaticon,
tk2 data are being fitted empirically by a polyncmial expression. These polynomial
equations are currently teing developed for the low acid curves, 1. e the oper-
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REACTCR DEVELOPMENT - 4000 PROGRAM

PTLUTONIUM RECYCLE PROGRAM

Sal% Cycle Process

Plutonium Behavior - Additional attempts have been made to segregate the effects of
water vapor and oxygen in determining the extent to which plutoznium "follows"
uranium during electrodeposition of UO,. Three "eco~depositions” were made in the
presence of three different sweep gases, as indicated. Results obtalined were as
fcllowe:

Pu/U in Deposit
Pu/U in Salt after

Sweep G&s Partition Deposition Py/U in Initial Feed
Dried Air 0.3 o.h
Alr coptalning H;0 1.0 1.4

Vapor at 4.5 mm Hg

Helium containing ¢.85 1.25
HoO Vapor at 23 mm Hg

In all three cases, a prior "partition" deposition had been made, under cxygen-free
ari moisture-free conditions. These gave the expected result, a portion of the
uranium being removed as "by-product” UQp, essentially free of plutonium. Separation
factors in these three partition depositions were 100, 150 and 125.

From the tabulated "co-deposition” results, it is apparent that water vapor is a
desiratle ingredient, and indeed may be the essential one. However, the ornly case
in which plutonium deposited at an equal (relative) rate with uranium was in the
experimert in which both oxygen and water vapor were present. '

Studies of Electrode Processes in NaCl-KC1l System - Recent studies confirm that
cxvegen and water vapor have distinctly different effects on electrocde polarizaticn
during electrodeposition of UCh.

Ir these experiments, the extent of electrode polarization is evaluated by measuring
the limiting current, i.e., the value of current at which the curren® passed by

“he electrolysis cell is independent of voltage applied t¢c the cell. The value of
<re limiting current was first ascertained with a helium sweep after which the
=ffact of a different gas sweep was evaluated.

It was found that dry alr has the effect of depclarizing the electrode(s), allowing
<ks limiting current to double. Conversely, a moist air sweep has a distinct polar-
izing effect, the limiting current decreasing with time, and approaching a value of

a&wout cpe-third that existing with a hellum sweep.

Twe etffect of dried alr in depolarizing the electrode appears also to be directly
ralated to uranium concentration, i.e., doubling the uranium concentration dcubles
the limiting current which can be obtained.

These chservations suggest a number of speculative possibilities as to pertinent
mechanisms. However, additional data will be required to pare these to a manageavle
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Growth of UO2 Crystals

Attempts to date to over-grow a seed crystal to product a large single crystal of
UOp via electrodeposition have beer largely unsuccessful, owing to an inability to
prevent polycrystalline growth. A difficulty appears %o be the tendency for pely-
crystallire growth to initiate at the melt interface wher the seed crystal is only
partially immersed in the melt.

Some success has been experierced in enlarging certain crystals experimentally by
initiating growth on a highly-polarized micro-elecwtrode. Under these conditions
certain crystals grow preferentially ard ‘he end result is a "mace" composed of
long, "spear-shaped" crystallites exterding radially in all directions from the
initial micro-electrode. X~ray diffraction shows these crystallites to be either
single crystals or at most a very small pumber of similarly oriented single
crystals. Crystallites up to 3 mm long have been grown in this fashion and it is
hoped that furtker refimements will epnsble this growth to be emphasized in a
single dirsction to further emlarge one or a few of the Ilndividual crystallites
to obtain larger single crystals.

KC1-PbCln System - Studies are con%tinuing on the KCL-PbClp mel®, as a potential
lower-melting medium ic which to apply the Salt Cycle Process. Interesting
aspects of the KC1-PbCl, system disclosed bty recent studies include the fallowing:

1. The physical appearance of U0y deposits made by electrodeposition out of
4L7.3 m/o KC1-52.7 n/o PuCly at 450 C is not sigeificantly altered when the
gas sweep atove the melt 1s changed from chlorine to helium te dry alr to
laboratory air (ca. 20 percert relative bumidity). The UOp deposits in all
cases were dendritic in appearancs, individual growths dbeing ca. 2 mm ic
length and 0.2 mm in diameter, and includicg a high proporiion of fires.
Likewise, changing the currernt density from 0.057 tc 0.18 amps/cm® had nc
apparent affect on %the appearancz or tap density of the product. No data
are yet availabls on chemical ccntent or oxygen/uranium ratio. '

Tis behavior is in marked contrast to that obsarved in NaCl-KC1 at 700
to 800 C. In this system replacirg an air envircamert with s chlorire

eavirormen® chaerges the deposit from a porous "dendritic" depcsit to a

smocth, Zeuss, tightly adherent leposin.

It is suspected that this difference 1is largely cne of temperature. The
inference 1g that the preferred growth of U0, via 2lectrodeposition is as
needle-1ike arystallites but that at 700 1o 600 £ in the presence of chlorize
and uranium(IV) (formed bty reaction of UO,Clp with carbon and chlorine at

the graphite anode), the UCs deposit is re-dissolved as 1% forms, the net
result being a cremically polished smooth deposit. In the KC1-PbClo system
both these dissolu*lon processes are suppressed and tke U0, is allowed 1o
grow 1n ii%s preferred orientation.

2. Tre deposition pctentials for UOs and lead are separated by a sufficientliy
wide margin ¢ make electrcdeposition cf UOp easily practical out of such
melts. For example, the deposition of UCp out of 0.15 molal UOsClz - 47.3
m/o KC1, $2.7 m/c PhCip oceurs at a potential about 0.75 volts below that
at which lead deposi®s. This is conslstert with the feported high degree
of ccmplexing of lead ir this mel®; ir whick the lead has been reported to
exist primariiy as acicanic speciss. '
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3. A variety of cbservations suggest that the KC1-FbCls system offers the
rrospect of greater versatility than the NaCl-KC1l system irn that the effective
concentration of "free chloride™ can be varied over wider limits, by simply
varying the KC1/FtClp ratic. Dissolution of UOp into KC1-PtCly by chlorine
is substantially faster than into KC1-FbCl,. Likewise, the depositicn
potentials for both UO, and lead are increased somewhat when the KCl/PbClg
mole ratio is increased from 1 to 2. Interestingly, electrodeposition of
UOp out of 2KC1-PhCl, produced "spear-point” crystals as before but in this
case the individual crystals were significantly larger, about 3 mm long by
0.5 mn in diameter. Last, although no chemical analyses are available,
the occluded salt appeared to be more readily removed by washing with hob
watar when the Jdepositicn was made out of XC1-PoCls.

Thus; the KC1-PbCl, systems offer attractive possibilities for uranium processing
hut any decision as to their utility for the Salt Cycle Process must await plann=d
studies with plutonium.

Chemical Decladding - Studies of the integration of a chemical decladding step into
the Salt Cycle Process have continued. A Zircaloy-clad UOp fuel pin was declad
with molten PoCly at 550 €. The zircconium was volatilized as ZrCl, and condersed
in a Pyrex tube. The reaction was essentially complete in 15 minutes, although
small amounts of ZrCl, were still evolving after two hours. At this poin%t XC1

was added to form an équimolar KC1-PbCl,. mixture. One mole percent CuCl was added
as a catalyst. The sclution was chlorinated at 600 ¢ for 150 minutes to dissolve
the U0p. An electrolysis was then carried out at 550 C but no deposit of o,

was found on the cathode.

Elsctrolyses of UOCl, in the presence of ZrCl; dissclved in equimolar KC1-FbCl

at 550 C preceded By chlorination at 600 C and in equimolar NaCl-KCl at 700 C precedsd
by chlorination at 800 ¢ gave poor UQ, deposits. Similar chlorinations azd electro-
lysas of UQ-Cl, iIn both melts in the presence of 0.5 mol percernt CuCl, 0.5 moi
percent TICl, or ZrQ, fines, gave good UO, deposits.

isual observation has indicated that a boiling mixture of dilute acetic acid and
EDTA is mere effective than toiling water in removing PoCly from UC, deposits.
Cherical apalyses of salt samples and UQ, deposits are not yet available.

isterials of Construction - Chlorinations and electrolyses of U02012 were carried
ous with both equimolar KC1-PuCls and equimolar NaCl-KC1 in Hastslloy D crucibles
-tk Hastelloy D cathodes and graphite anodes. Good U0, deposits were obtaired
#ith little apparent corrosion of the Hastelloy D.

scrvergsion of UNE to UQp - A test was made to determine the feasidbility of convertirg
NI tc UDp ir a molten salt bath. Pleces of solid UNE were added tc equimolar
P3Clz-KCl at 550-650 C. Fine particles produced appreciable foaming and reacted
viclertly but pieces about half an inch in diameter reacted more slowly and prcduced
very little splashing. ALl pieces disintegrated rapidly with the productior of NOE
fumes, Yut an orange deposit was later found on the bottom ¢f the crucible. The
sclition was chlorinated at 650 € for 140 minutes and electrolyzed but no U0,

depcsit was cbtained. After six more hours of chlorimation a second electrolysis
gave a loosely adherent er deposit.
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Continucus Ion Exchange Contactor Development - Jiggler Contactor

Investigation of the parallel arrangement of the adsorption and elution columns is
continuipg. The C Column, however, bhas been modified by replacing three feet cf
the upper part of the column (which contained liquid) with an air 1ift recycle lire
to the A Colummn. The removal of part of the liguid head creates & hydraulic
imbalance which assists in moving the resin. OQpersational tests are underway to
determine whether or not this imbalance will adversely affect the flow of feed and
scrub streams. To assist the upward resin movement elution upflow will Te used in
the ¢ Column. '

The physical operation of the present arrangement appears to be the best attained

to date. If the hydraulic tests prove favorable, these will be followed by effic-
iency runs with thorium-traced feeds.

RADIQACTIVE RESIDUE FIXATION

Meltable Mixtures

Results were reported last month on the meiting characteristics of certain sodium
sulfate-ferric suifate mixtures which are of interest in waste calcination. Measure-
ments were made this month of the pressures developed above such meltable mixtures
in the temperature range 70O to GO0 C. Maximum pressure observed was 27 pounds per
square inch. Although the longest heating time was only about six hours, these
results seem to indicate that excessively high pressures will not be developed
during storage. '

Radiant Heat Spray Calciner

The spray calciner has been re-assembled with the jack-leg filter, which was designed
for in-~cell use to reduce overall height, and with ceramic cloth filters in the
filter unit. Two runs have been made -- one with a single-fluid high pressure
nozzle and the other with a {two-fluid nozzle of the type used in most previous runs.
The same feed, simulating a projected plant composition, was used in both runs.
Both the ceramic cloth filters and the jack-leg arrangement seemed to function
very well, although longer runs will be necessary to give a thorough test. The

igh pressure nczzle gave a powder product that had a larger particle size and was
mre free-flowirg than normal; however, with this nozzle there was considerable
impingement on the upper walls of the cclumm (10 to 20 inches below the nozzle).
This type of nczzle may, *therefore, find application in larger sized units, where
less impingement would occur, but two-fluid nozzles continue to be preferred for
small columms.

Mineral Reactions

Laboratory studies of the elution of adsorbed cesium from clisoptilolite utilized
2.2 M solutions of ammonium sulfate. This elution was compared with that usiog

5 M ammonium nitrate. Roughly twice the volume of ammonium sulfate solution was
required %o attain the same elution. It is desirable to aveid armonium nitrate as
an eluting solution because of the instability of the salt under some conditions.
Further experiments will evaluate ammonium acetate as an eluant for cesium.
Clinoptilclite columns were also experimentally eluted with 2 M nitric acid since
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this eluart would produce & desirable feed for a calcination process. This resulted
ir. very glow cesium elution compared to either ammeonium salt. Radiostrontium is
rapidly eluted from clincptilolite by either ammonium nitrate or ammonium sulfate
atlutions, more than 99 percent being recovered in the first column volume.

Suspended organic material is removed from Purex belling waste tank condensate by a
“ed of activated carbon much more effectively at pH 5 than at the normal sclution
rH 9. The waste initially contains about 100 ppm TBP and about 20 ppm petroleum
diluent. The carbon bed does not remove all dissolved organics but the effluent is
free of suspended matter. laboratory experiments indicated a carbon bed capacity
at least greater than 100C bed volumes. The small amount of dissclved organic
=waraerial is not expected to interfere with the ion exchange of radioisotopes as did

the suspended matter.

The reduced pH affacts the adsorption of some of the radicisotopes from the waste Ly
clicoptilolite, partlcularly the adsorption of radiostrontium. I% was found that

a commercial sulphonated polystyrene resin readily adsorbs both strontium and cesium
rom these wastes in the pH range 1.6 to 7.1. Strontium egquilibrium distributicn
ceafficients greater than 75,000 were ohtalned with this resin and a 22 cm bed
flowirg at & gal/ft /min gave a strontium decontamination factor greater than 1000.
Tris material had cesium equilibrium distribution coefficients ranging from 700 to
2000 in the pH range studied and the 22 c¢m column also gave a cesium decontamination
factor greater than 1000.

St:zdies of the effect of sclution pH on the fixation of radioisotopes from neutral-
ized Purex 1WW waste on beds of zeolites were continued. Experiments were conducted
%2 compare the behavior of clinoptileolite with that of a commercial synthetic zeolite.
The equilibrium distribution coefficients for cesium and cerium were measured for
each of the zeolites at varicus pH levels, using synthetic 1WW Purex waste spiked
vwith samples of actual waste. At each pH the measured distribution coefficient
vith cliroptilclite was higher than that with the synthetic zeolite for bhoth cesium
atd cerium. Clinoptilolite had cesium distribution coefficients ranging from 950
a% pE 1.3 to 1770 at pH 11.8, and cerium distribution coefficients ranging from

1.7 a% pH 1.5 to 3640 at pH 11.6.

Tonisrzate Streams

Early experiments in the Micro Pilot Plant (MPP) indicated that removal of organic
matter from Purex Tank Farm condensate by passing through activated carbon pricr *c
razsage through clipoptilolite, improve appreciably the ability of the mineral to
ramove cesium-137. MPP Run 13 was performed to measure more carefully the difference
ir cesium decontamiratior factor with and without pretreatment of the feed. While
“n preirsatment during the run was quite effective in removing organic, the resul*s
zizagreed with those obtained earlier. The clinoptilolite removed cesium with a
izcontamination factor of 500 to 800 with feed pretreatment and with a decontamin-
avicn factor of 1000 to 1LQO without feed pretreatment. The manufacturer of the
2r~lvated carbon indicates that it contains a small amount of water soluble ash,
par: of wkich is potassium., Farly MPP runs used activated carbon whick has been
vigrrowely washed., The activated carbon used in Run 13 recelved little washing.
Since peassium can compete with cesium in the ion exchange reaction with clinop-
Tiiclitz, there 1s a possibility that potassium was belng leached out of the

carson durirg the run causing a reduction in the cesium removal efficiency of the
rlizeptilolite bed.
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BIOLOGY AND MEDICINE - 6000 PROGRAM

Geology and Hydrology

The surface of the "blue clays" portion of the lower Ringold formation is an un-
conformity or erosion surface similar to that on the top of the Ringold formation
beneath the Hanford Works area. At least one channel was cut in that lower surface
and filled with gravels of the Ringold conglomerate; the channel filling material
is more permeable and of lower exchange capacity than the material in which the
channel was cut. This is similar to those chanpels in the Ringold surface, filled
with recent fluviatile gravels.

The one channel identified trends scutheastward from near 200 Bast Area toward the
300 Area, hence does not parallel channels on the Ringold surface. Limited evidence
suggests its presence beneath 100 B Area. Ground waters in the Ringold conglomerate
ray move into the channel hence in directions differing considerably from those of
shallower ground waters.

The gravel which forms the lowermost bed of the Ringold formation and lies directly
upon basalt was shown by recently completed wells to thin to the east and south-
east. Correlation of the data to those from other wells and geologic interpretation
disclose that the bed evidently is an alluvial fan deposited by an eastward-flowing
stream. It thins northward, grades and interfingers loto finer material to north,
east, and southeast and is overlain by silts and clays. Thus, it more likely is
part of the Ellensburg formation, deposited by an ancestral Yakims River, than
Ringold, deposited by the early Columbia River.

Develcpment of the refined program for solving the non-linear differential equations
for partially saturated flow was completed and preliminary results were obtained.

In addition to the fundamental value of the resultant improved understanding of
ground water fiow, the equation systems are expected to apply to such problems as
the evaluation of monitoring facilities for detecting leaks in buried waste tanks.

A mathematical model was developed that permits the determication of stream-lines
for a two-source problem. The model was used to study the shape of flow lines
beneath a crib as they intersect the capillary fringe above a flowing water table.
Az example calculation was performed for an eight-foot square crib with the bottom
28 feet above the water table. The crib flow relative to the flow rate of the
ground water established the point at which water from the crib enters the water
tatle., The model may be applicable to evaluation of monitoring well locations.

Scll Chemistry and Geochemistry

The incorporation of uranyl ion during the czalcite-fluoride replacement reaction

was previously found to be directly related to the amount of dissolved oxyegen in

the fluoride solution. It was postulated that the substitution of (UOl,)"2 for

(CaF), )-2 might be responsible. The {ncorporation mechanism was investigated further.
To substantiate that an inverse relationship between tempe rature and uranyl ion
removal exists during the calcite-fluoride reactidn, a one-half replicate factorial
experimertal design was utilized. It was found that temperature 1s highly signific-
ant at the 99 percent confidence level. Prom theoretical considerations 1t was
determined that the addition of sodium sulfite to these systems would remove
dilssolved oxyger without reducing U(VI) to U{IV). Experiments: were therefore

T30 26 W
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performel both with apd without the addition of sodium sulfite and +the affect cf
temparature on the two systems was compared. In the sulfite-coptaining system,
urazyl icno removal increased at higher temperatures in marked contrast to the
irverse temperature effect observed in the other gystem. This tends *o confirm
ths importance of a uranyl ion-oxygen combination in uranyl ion removal frem such
fluoride solutions. The experiments also indicated the existence of ancther re-
moval mechanism involving uranyl lon without oxygen.

A latoratory lnvestigation was initiated to study replacement reactions inveolvircg
sulfide and arsencsulfide minerals. Initial experiments were designed to study

the minerals chalcopyrite (CuFeSp), arsenopyrite (FeAsS), and sphalerite (ZzS).

A radiccation, Zn-65, and a radioanion, P-32, were selected to begin this investi-
ga*ion. Varilables to be studied include sclution pH, salt concentratior, column
Tlow rata, mineral graln size, temperature and solution oxygen content. Prelimircary
results indlcated effective removal of Zn-6€5 from soclution by chalcopyrite while
lit*lie or ne P-32 removal was obtained with sphalerite. The arsenopyrite bed
urdergoes severe oxidation under experimental conditions giving a colored effiuent
withk a terdency tc produce flocculent, brown precipitates, protably ferric hydroxiile.

Fielld Apparatus Develcpment

The equipment and method for inserting six 1-1/2 inch diameter plastic piezometer
pipes simultaneously into an eight-inch well proved successful. The pipe inserted
%0 the greatest depth was over 500 feet long.

Weil 299-11-2 was equipped with such piezometer ftubes to permit the measurement cf
head at six depthe below the water table. The system will also permit sampling

from these depths. Each tube is sealed at the bottom and perforated in the lower

25 fezt. The perforated section is coantained inm a 30-feot bed of sapd packed in

*tae original well casing and sealed with a 30-foot plug of pressure grouting.

Wh=z installation is complete this facility will permit evaluaticn of vertical
1ifferences in piezometric head, which may have significance in ground water sampling
rerformarce.

A ceommercial particulate and gas monitoring system was calibrated and tested., The
gystem, a prototype of an improved model, generally met the vendor claims, al‘hough
geveral changes whick would further improve the unilt were recommended.

A scintillation well probe for gamma logging two-inch diameter wells was assexbled
acd a special detector for the gamma spectrometer was desigped. :

Protective Agent Studles

-zctron spin resonance measurements were made on solid erioglaucine dye; radish
s3ads, and irradiated radish seeds. The spectrum of the dye showed a broad singlet
assorption about 2000 gauss wide with a super-impose% small rescnance absorption.
Thez sxall resonance ahsorption represented about 10+ spirs per gram. Radish
zeeds had a resonance absorption about 1045 spins per gram. After Co-60 irradiaetion
ﬁc~$ive an absorbed dose of 107 rads, the radish seeds had a spin concentration of
10+ 7 s3pirs per gram. This latter spin concentration is decreasing with time with a
balf-iife of about six days. These astudies show that unpaired electron spins exist
in unirradiated materials of interest iz radiation protection studies, that more

are produced on irradiation, and that these latter spins have relative long lifetimes.
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Paper electrophoretic comparison of defibrinated swine blood and the same- blood
incubated with erioglaucine showed that some component in the blood combines
with erioglaucine to form a distinet species. It 1s interesting to speculate
that this combination might represent a means by which erioglaucine effects the
observed protective action, namely by shielding a radiation semsitive site from

attack by free radicals.
Chemical Research Development
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3I0LCGY LABCRATORY
A, ORGANIZATIOR RID PERSOUNEL

Dr. H. 4. Kornberg is attending the General Electric Company's Advanced
Management Course at Crotonville, New York.

3. TECINICAL ACTIVITIES
FISSTOLAHLE MATERIALS - 2000 PROGRAM
SI0OLOGICAL MOKITORING

Radioiodine Contamination

Routine collection of jack rabbit thyroids for purposes of monitering radicicdine
contamination was discontinued.

Columbia River Contamination

Fish

Concentrations of gross beta emitters in all species of fish from the
Columbia Hiver continued to decrease during the month, reflecting decreased
metabolic activity resulting from lower water temperatures. Average
cencentrations in whitefish flesh at Ringold were approximately twice those
observed last year; the average value in flesh of seven whitefish taken at
Priest Rapids was aoout one-fifth those obtained at Hanford and Richland.

Specific values for fish flesh at all sauwpling locations follow:

Collection pc/g Wet Weigat Trend
Sample Tyvpe Lecation Date No. Average HMaximam Factor
Whitefish Priest Rapids Dec. 18-21 7 1x iO_h L x 107l -3
Yuscle Hanford Jan. L 11 S5xlo 9xio® .2
Richland Dec. =15 8  6x10% 2x107 -
McNary Dec. 27-29 2 8x 1075 9 x10% -1
Sturgeon Priest Rapids Dec, 19 2 1lx ].0'5 1lx 10'5 -—
Muscle Hanford Jan. S 1 3x10% 3x107
3.M. Bass H-»ford Jan. 4 1 1x 1074 1 x IO-L‘
uscle '
Squawfish Hanford Jan. L4-5 g 2x 10" 8 x 10-h
Muscle '
C.5. Sucker Hanford Jan, =5 5 5 x 104 B x IO'A
Muscle Ric:land pec. =15 2 L x 1ot pxaioh -
McNary Dec. 28 3 1x 1074 2 x lO'h
F.5. Sucker Richland Dec, 15 S 3x1073 L x1070 —-
HMiscle
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Collection nc/g Wet Weight Trer
Sample Type _ Location Date No. Average naximum Facto.
Steelhead Trout Hanford  Jan. 4 1 1x10° 1x107
Muscle
Chiselmouth McNary TJec. 28 S 3 x lO')" 7T x ].O'LL
Muscle
# Minnows Hanford Jan. 3=h 8 b x 1072 5x107 -1
entire Richland Dec. 14 5 5 x 103 § x 1073 “2

# Converted to shimer activity.
Waterfowl

Concentrations of total beta emitters in flesh of game species of waterfowl

collected from the Columbia River decreased slightly from last month. Present
values are comparable to or slightly greater than those in waterfowl obialned
in late January last year. Average concentrations in flesh of various specles

follow:

Collection uc/g Wet Weight Trend
Sample Type Date Ho. Average Maximm Factor
Diving Ducks Jan, 6 6 2x1073 6 x 1073 -
River Ducks Jan. 5-6 9 L x10°h 2 x1073 -2
Merganser Jan. 6 h 1 x 107 2 x 207 +|
Coot Jan, 5 1 L ox lO'5 L x 10'5 --
Goose Jec. 15 1 1x 10—5 1x lO-5 --

deads of 78 waterfowl were obtained from local sportsmen and scanned for
gamma emitters. Fifty per cent were above the established background of
o5 total gamma counts per minute. Further analysis identified P32 as the
contributor of 90 per cent of the total beta radiocactivity.

Swamp Contamination

Average concentrations of fission products measured as total beta emitters in
flesh of game species of waterfowl collected at the 200 West swamps in mid-
December were twice thoge glgizained during October and approximately one-fifth
those of one year ago. Cs ‘has previously oceen identified as the major
contributor of radicactivity in waterfowl at this location. Average
concentrations in flesh of various species follow:

Collection me/e Wet Material

Sample Type Date Ne. Average Maxd mam

River Ducks Dec. 12-15 b 2 x 1074 3x 10-u

Diving Yucks : Dec, 15 3 b x 1075 6 x 1075
UNCLASSIFIED
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Waterfowl Populations

ferial census alonc the Columbia River from the mouth of the Yakima River to
Criest Rapids wam revealed a total of 147,000 ducks ana 14,000 geese utilizing
+nat area. This is about the same number of ducks and ten times as many

ssese as observed last year. Eighty per cent of the geese were nigrating lesser
Canada geese,

Effect of Reactor Effluent or Aguatic Urganisms

Effiuent monitoring was continued at the 17C6-KE laboratory with the exposure
of young salmon to dilute untreated effluent and to like concentrations of
effluent passed throuch a bed of zluminum turnings. Mortality substantially
sbove that of the control lots has occurred, as anticipated, in the highest
(8 per cert strength) effluent concentrations, but there is ne indication
that the aluminum turnings have affected the toxicity.

€. cciumnaris

Studies with columnaris orgarisms isolated during the past summer showed virulence
differences. ~A strain isclated when river temperature was 68 Fwas most virulent,
a strain isolated from 61 F water was next, and a strain isclated from 66 F water
was least virulent. Waile these data are preliminary, at this time, there does
not appear to be a direct relationship between water temperature and virulence.
None of these cultures were as virulent as the strain originally obtained from

Dr. Ordal.

3ICLOGY AND MEDICINE - 6000 PROGRAM

METABOLISM, TOXICITY, AND TRAKSFER OF RADICACTIVE MATERIALS

Strontium and Caleium

Whole-body monitering continued on representative swine fed 1 and 25 pc/day of
3r?0 for proleonged periods of time. On the basis of counts made on standard
carcasses bearing known amounts of Sr90, the animals fed 1 uc/day for § 4o 23
montBB from the age of 9 months had body burdens estimated to be 10 to 15 pc.

A Sr”” vody burden of 300 uc was detected in a few animals 15 months old that
were farrowed and suckled by sows fed 25 pc/dgy and then placed on the 25 uc/day
feeding level. Verification of these counts will be cbtained when representative
animals are sacrificed and analyzed.

It was observed that reascnable counting values are cbtained in the whole-body
monitor from the KUO in the cantrol swine. This finding may prove valuable
for future metabolic studies as a reference value for effective cell or muscle
mass .

It was observed that additions of calecium gluconate up to 220 grams twice
daily {69 x normal calcium) in the diets of ewes had no appreciable effect

on the relative binding of 350 and Gaﬁ5 added in vitro tc serum from the ewes.
However, (eontrary to previous expectations) a cifference was observed between
the bincing of serum calcium anc the Galy that was added in vitre. detween 30

UNCLAS3IFIED
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ard 50 per cent of the serum calcium aid not appear to be traced by the Cali5

added jin vitro and therefore probably irreversibly baund to serum proteins or
molecules greater than 20 angstroms in diameter. Further studies are planned
to determine the source of the bound calcium.

The excretion of Sr 0 and Cal\LS intravenously injected intc the intestine of rats
has been studied using the technigue of in situ perfusion of the intestine. Data
thus far obtained indicate quite clearly "that there is no discrimination between
strontium and calcium in this process. Whether the rate of excretion is influenced
by the calcium concentration of the perfusing sclution has not yet been clearly
demonstrated., The effect, if any, is small.

Leukopenia has developed in at least some rainbow trout five months after the
termination of feeding of Sr’0-Y70 at a rate of 0.05 pe/g of body weight per day.
The white blood cell count in the affected fish is about L4OOO/mm” compared with
about L0, ooo/mz in control fish. No leukopenia was evident last July at the

end of 21 weeks of isotope administration. A few of the surviving fish in this
test have spawned and it is hoped that egg survival cin be used as an additional
varameter of damage.

Tests with BEvans Blue dye in gelatin capsules (like those used in force feeding
of Sr7° } showed that a food bolus passes through the g.i. tract of trout in
about 24 hours.

Resulis from three tests with Cal*5 in the trat gill perfus:l.on technique indicate
that ¢alcium moves from the envirommental water across the gill membrane about
four times faster than strontinm.

The effect of 2,4 dinitrophenol (DNP} on water anﬁ calcium uptake by barley is pH
cdependent. At pH 6.0,. a concentration of 2 x 1079 M was required to cause the
same effect as caused by 7.5 x 10°° M at pH 4.0, These data indicate that DNP

is not as readily taken up by plants at higher pH. This, in part, reconciles our
results with those obtained by other workers,

Cesium and Fotassium

In the sheep gonad dose study employing 03137, it was no'ted that the soft tissues

of the rams had radicocesium concentrations 10 to 30 times the plasma concentrations.
Voluntary muscle concentration was 25 to 30 times the plasma level, Turnover rates
for veluntary muscle and blood cells were about 10 per cent per day, whereas heart
muscle and the majority of other soft tissues had turnover rates exceeding 200 per
cent per day.

On the basis of radiation dose measurements, gonads and whole body were equally
important as the Yeritical organ® in sheep receiving £s137 daily. Approximately
20 to 25 per cent of the gonad dose originated in contiguocus structures. The
highest dose rate was obtained in kidmeys and was zpproximately twice the total
body or gonad dose rate.

Further studies on the effect of moisture stress on Csi37 and potassium uptake
in bean plants showed that increasing soil moisture tension increased Csl 7 uptake

UNCLASSTIFIED
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5+ plants growing in soil fertilized with carrier cesium to the s me exutent <2
ir. plants grovn in soil without these treatments. Potassium upbeke was -ot
affzcted by soil roisture waen carrier cesium and fertilizer were aduea.

Plutonium

Tn the study involving plutonium injected intradermally into swine, it was
founa that scabs wailch Tormed at the nigher- level sites contained over

3G per cent of the retained dose twe to three months post injection, In
one rinisture swine seven months after injection, the 1 amd 5-uc sites from
which scabs were removed contained less than S per cent of the injected
cose. In anctier animal five months after injection, 1 and 5-pc sites from
wiich the scabs were not removed (and appear to be still intact) contain

0 to 50 per cent of tie injected dose and the C.2 and O.L sites (scabs
intact) contain only slightly less than the higher level sites. This
suzrests either that the scabs may have been partially lost due to flaking,
or that translocation has taken place.

Tue injection of vlutonium citrate (approximately 20 me/kg) either 30 minutes
prior to or 30 mimutes following 500 r whole-body £-1irradiation resulted in
the death within 30 cays of 23 ocut of 24 rats. A similar experiment in which
the plutenium was injected as the DTPA chelate resulted in no deatns. The
situation is not guite so clear cut when the plutonium is administered as

the citrate followed after various intervals by the aumiristration of LDTPA.
Barly treatment with DTPA appeared to decrease mortality but the data are

as yet too limited for statistical significance.

Radicactive Particles

~In rats exposed to GelthQ aerosols with a mean particle diameter of about
0.2 micron, 1uEE clearance was very rapia, Other experiments are in progress
with larger Ce hOZ particles to determine the relationship between particle
size and lung clearance. In studies with Pu %0 particles an effect of particle
size on lung retention and urinary excretion was indicated. 3Since these findings
are considered important to inhalation hazard evaluation and to bloassay
interpretations, they are being examined further.

Ninety rats were exposed to Paducsh dust for determination of the acute toxic
dose. Only three rats are dead three weeks post-exposure.

Of 25 cdogs exposed to plutonium dioxide aerosols one year age to determine

the relationship between dose and early toxicity only two survive, This
experiment is providing a goda basis for planning exposure levels for long-term,
miltiple-exposure experiments znd has given much information on the toxie
syncrome of inhaled plutenium.

Evidence hag been obtained for the entry of insoluble cerium oxide particles
(0.1 to 2.2 P Giameter) into bean leaves. 4 small fraction of the deposited
material was subsecuently translocated to young srowing tissues over a LB-hour
period. The degrze of insolubility of cerium oxide particles is currently
beilng studied. -

UNCLAS3IFIED
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Effects of Irradiation

No delay in the onset of growth was observed in continuously irradiated (1250 rad¥hour)
haploid ard diploid yeast cultures, However, growth rates of irraciated cultures

were less than controls. Growth rates of haploid cultures were more depressed

‘than dipleid cultures., Comparisons of total number of cells to viable cells at
intervals anring the experiment indicate that depressed growth rates in the

irradiated cultures were primarily due to radiation inactivation of cells rather

than delayed division.

Soil algae (Microcoleus vaginatus) were exposed to different dosages of
L~radiation. - Dosages to 100,000 r did not decrease chlorophyll producticn.

Studies were initiated to determine the distribution of sodium and potassium

in sub-cellular fractions of the regenerating liver. Limited data thus far available
indicate that the "supernatant fraction' containg the highest concentration of
sodium and potassium; that the regenerating liver containg higher sodium and
potassium levels than the normal liver and that the results obtained are quite
sensitive to the procedures employed for freeing the tissues of blood.

WA Aadtes

Acting Manager
BICLOGY LABORATCRY

BRF Poster:es
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C. Lectures

3*

Fapers Presented at Meetings

lone

Off-Site Seminars

J-JB

L'

K. Bustad, January 13, 1961, Craduate lecture to staff and student bocy,
Texas & & I College, College Station, Texas.

T. O'3rien, January 19, 1961, "Cytologic Effects of Radiation,™ Radiation
Biology Seminar, University of Washington School of Medicine, Seattle, Wasia.

J. Davis, January 20, 1961, "Project Chariot Env1ronmental Studies, "
Takima Junior College, Yakima, Wash.

c. Hanson, January 2L, 1561, "Project Chariot Environmental Stucies,"
American Society of Professional Engineers, Walla Walla, Washington.

¥, Palmer, Jenuary 19, 1961, "Radiation Biclogy at Hanford,"
Rotary Club, Prosser, washington.

F. Sullivan, January 25, 1¢61, "Effects of Radiation on the Gastrointestinal
Tract,” Exchange Seminar Program, Washington State University, Pullman, Wash.

Marks, Jamary 26, 1961, "Histopathology of Radiation Lamage," Radiatlon
Biology Seminar, University of Washington Schocl of Medicine, Seattle, Wash.

K. Bustad, Januery 31, 1961, "Influence of atomic Znergy on Agriculture,”
Annual Farmers'! Day luncheon of Moses Lake Chamber of Commerce, wash.

Seminars (Biclogy)

D.

J.

A. Barber, "The movement of oxygen through plants," January 25, 1961.

L. Stewart, "The influence of soil moisture stress on the uptake and trans-

location of cesium-137 ard potassium in plants,! January 25, 1961

J. Publications

=

HW Publications

lione

Cpen Literature

Thompson, K. C., "ertebrate Radiobiology: Hetabolism of Internal Emitters,"

Arnual Review of Nuclear Science 10, 531-560 (1940).
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JPRRATIONS RESEARCHE AWND STNTHESIS CPrrRALOH
MONTHLY REPCRT - JANUARY, 1901

CRGANIZATION ANT PERSONNEL

There was no change in crganization or perscnnel during the month of February.

OPERATIONS RESEARCH PROCRAMS

Inventory of Models

An inventory of different business models at HAPO has been started In an effort
o better understand the dats avallable. Models concerning unit cost, profiva-
bility, and productivity originating in the Financial compenents at DAPC arnd
the net retwrn model originating in Irradiation Processing Department have been
studied and the differences from other models noted. '

OPERATTONS ANALYSIS STUDIES

Fuel Element Ferformance

The two programs previcusly referred to as the "Quality Certification Program”
and the "Fuel Element Failure Program" have been combined, together with pro-
duction test and fuel element corrosion analyses previously reported under
services to IPD. The activities being carried on in these areas are all clcse-
ly related. The combined program will be called the "Fuel Element Perfcrmance
Drogram.

A thorough analysis was made of post irradiaetion data from production test
TP-262 A, relating to an evaluation of the bumper fuel element. It was found
that the fuel element distortion that cccurred was the same for the bumpers

and control nonbumpers; that the amount of warp observed was about as expected
vased on the mathematical model previocusly developed from Quality Certification
data; and that the frequency of hot spots observed on the nonbumpers agreed
very well with that predicted. The bumpers appearetl tc be effective Iin drasti-
cally reducing hot spot formation in scme tubeg, but almost totally ineffective
in others. Assistance was given personnel frcm IFD in making a presentation
of these results tc management and technical personnel from FPD, TPD, and HLD,
and specific recommendations were made for further action. A document will be
issued summarizing results from this test.

Data fram this test were also used to gain more information on the uniform
corrosion mechanism. Since long residence times were involved, the weight
losses were substantial. Strong evidence was found of preferential corrosion
attack on part of the fuel element, which indicates that corrosion is not truiy
uniform and, consequently, that the corrosion 1imit may be considerably clcser
than formerly expected.

Additicnal work is being done to develop models relating fusl element dis-

tortion to reactor variables. In particuler, diameter growth at the ends of
the fuel elements has been investigated. However, core temperature was used
as opposed to surface temperature, and it is felt that improved results can
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be found using surface temperature. This may be due to the effect of cor-
rosion, which is strongly temperature dependent, on the measured fuel
element. The improved fit using surface temperature rather than core temper-
ature was found for the other measures of fuel element distortion. Revised
models, based on the complete flle of Quality Certification data, will be
developed within the next few weeks.

Revised graphs were prepared exhibiting dimensional distortion, with the
efPects of reactor variables removed, as a function of canning date. About
135 lots are now included, extending over a period of about 14 months. Rather
drastic cycles in metal gquality, as measured by distortion, continues to exist.

Process Tube leak Detection and Replacement

A rough draft report was issued presenting the results of the study concerned
with predicting intermal corrosion of process tubes!: The model used was devel-
cped some months ago, and was recently tested on complete tube corrosion data
from B reactor. Promising results were achieved on these B reactor data.
Similar work will now be done on data from other reactors with the possibility
of replacing current methcds of estimating internsl tube corrosion by methods
based on this meodel.

7-Plant Information Study .

Coding for the computer is 99% complete. Desk debugging is 85% complete. Some
delay in machine debugging is expected because the compiler routine submitted
de-optimized the coding, making the program overflow the memory avallable and
requiring 1500 out of 6000 instructions - be changed to a new format. Ir
addition, the simulator program providec i1ld not function properly. The instal-
lation and maintenance engineers for the computer arrived late in January and
have been escorted into the plant area to investigate installation problems.

Analyticel investigation related to defining the last sections of the program
indicated two difficulties in the RMC producticon line design and operating
limits: (1) The cmission of a breakout facility to serve the recycle furnaces,
and {2) the fact that the critical mass limits pertaining to the various new
facilities may affect the increased production efficlencies designed inte them.
These have been brought tc the attention of the CPD perscomnel responsible for
review and correction.

Radiation Protection Studies

Standard curves for interpretation of dose from different personnel badge read-
ings have been submitted t¢ Radiation Protection. It has been determined that
a curve represented by the equation

tog (1 - QEEE;EI) = a + bD

and

D=a'+ b log (1 - QE%EEEX )
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represents the data as well as the cublc polynomial now in use and, through some
gimplification of the three parameters, is more esasily calculated.

Reliability Studies

A specific problem involving the trip legic of a safety cirecuit and the resultant
reactor opersting continuity was solved.

STATISTICAL AND MATHEMATICAT ACTIVITIES FOR OTHER HAPO COMPONENTS

Tuels Preparation Department

Assistance wag given in the design of a test invclving the irradiation of co-
extruded fuel elements in the K reactors to obtain a preliminary evalustion of
the capabilities of the cc-extrusion process.

Data from ccomponent wettability fests were analyzed to test for differences
between evaluators and between lots, and also to ¢btain a better estimate cof the
residual varigbility. These results will be used in establishing acceptance
tegts for zlumipum ¢components based on wettability properties.

A bincmial sequential sampling plan with two-sided alternative was developed
for use in controlling tester error asscciated with operation of the total bend
count tester. Formulas for average sample numbers were also found.

Irradietion Processing Department

A study 1s being made of safety factor regquirements for front header pressure tc
prevent cavitation in the orifices. BSubmitted data indicated that ftrue dif-
ferences between crifices were quite large, necessitating fairly substantial
safety facters. However, it was pointed cut that since measurement error was
evaluated by successively measuring the same orifice, there is a definite possi-
bility that the measurement error was underestimated, and the variation between
orifices was consequently overestimsted. An experiment was subsequently designed
to obtain wvalid estimates of the various error components.

Chemical Processing Department

The last of the formal presentations on experimental design was given to memhers
of the 234-5 Development Operation. Tt is tentatively planned to continue meet-
ing periodically with the group in discussing specific problems encountersd in
their experimental work.

An analysis was made of spectrogrephic data from buttons produced during December.
As @ result of this analysis, serious problems concerned with correctly assess-
ing the impurity content of a given button have arisen. Murther work will be
done in this area in connection with the broader program of evaluating the
effects of process variables on button purity.

lgﬁgiﬁi Dean represented HAPO at the biannual meeting of the Numerical Control

Subcommittee of the Jommittae on Super Accuracy held at Qak Ridge on Jamuary 19
and 20. Je . »
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Technical consultation continued on mathematicel solutions to a variety of
neutron diffusion problems arising in the ghielding and design studies for a
proposed shipping container.

STATISTICAL AND MATHEMATICAL ACTIVITIES WITHIN HIO

2000 Progranm

Reactor Studies

A theoretical equation used to caleulate buckling values is being reviewed
for effectiveness by examining the residusls consisting of calculated minus
experimental values under a variety of enrichment and rod diameter conditicns.

Chemical Development

Closed form sclutions to a simultaneous set of 3 nonlineer partial differentisal
equations were obtained. The equations represented a model for the heat trans-
fer in & long gas-catalytic reactor.

Materials Development

Surface oxide buildup data were fitted to a theoretical curve in a static CO

graphite experiment. 2

‘Fuels Development

Asgistance 13 being given in the development'of & mathematical model tc express
AlSi grain structure as a function of temperature and expcosure. Use is being
made of a visual index to characterize this grain structure.

4000 Program

Plutonium Recyele Program

A report was issued concerning economical groupings in 100% inspection schemes.
This was motivated by leak testing of PRTR fuel elements.

Nondestructive Testing

Mathematical aid continuzed to Physical Measurements in support of their pro-
gram of anslyzing and interpreting the significance of signals received from
various nondestructive fuel element testing devices.

DECLASSHFD

o 1234139



@ E-5 | HW-6335¢

Chemical Effluent Technology

Mathematical analyses continued for Gecphysical and Geochemical Resesrch in
support of their program for determining the diffusional and transport
characteristics of radioactive materials in soll and ground water.

6000 Program

Biology

Initial work was compieted on the provision of vrror estimates of some random
variables occurring in a multichannel analyzer problem, and the results were
rerorted orally to interested personnel of the Biclogy Operation.

General

Instrumentation

The statistical analysis of RST #+ potentiometer calibration data was completed
for the Instrument Research and Development Cperation. Calibration curves and
their appropriate confidence statements were determined for different operating
cenditions of the potenticmeter at room temperature. Also, the analysis
investigated the precision of the instrument at higher ltemperatures.

Work Sampling Study

The final cbgervations were made on January 23 for the work sampling study heing
conducted by Analytical Laboratories Operation. The data are being compiled
for a complete statistical analysis.

Division of Resegrch Programs

Work was begun on the application to this program of techniques developed in
connection with reliability studies. In particular, the systems reliability
approach is being exploited and several new techniques have been developed.

Work on both the time and exposure dependence of plutonium isotopic composi-
tions i1s being dene using bhoth an analytical and an empiriecsl approach.

2ther
At the request of a member of HLO, Chemical Research and Development, a mathe-

matical problem asgsociated with ion exchange phencmena was solved., Current
efforts are directed toward a two~dimensionsl generslization of the problem.

- ) ’
uJJC\
S
Carl A, Bennett, Manager
Operations Research & Synthesis

CAB;kss
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PLUTCONIUM RECYCIE PROGRAM

Computer Code Development, The efforts tc adept the same reactor physics
lagiz used In the Specific Fuel Cycls caleulstions aiss in the generalizel
piutonium recysie studies {PUCK Code! ars nearing completicn. Seversl 7
the dsfined phyiics paramsters must be aiightly varied in thelr i=riritice
to acewart for the d&lffsrsnces introduced by the uplating. It is telieved
that thesze corrections have been maie and a rewaining smell Iiffersnze in
resuits sppears to be dne t> 4ifferznces ir the methods cf wonvwrgifg

that perticn 27 the program that examinss ara;nim enrickment. A snifoirm
definition of coovargense has besr formulats?l and appears +* rasolye The
differances. The resu.ting PUCK Code employing the upiated physlizs methols
is defloed se PUCK IT and the former deck is known as PUCK I. Thers ars
glight differences ir the econonic formatz of these iecks which are belng
reccneiled. The PUCK IT deck is Purther being adjusted so that it can b2
reconcilad with the =ccncmic sodes of the specif__ fuel eyeles program nown
as QUICK. Tke final rough draft of a rzport describing the PUCK I progrsam
as 1t has been uszi to dete 1s nearing completicn. This code yizlds
egssentlia’iiy the sam= results with uranium earichmeant as PUCK IT cr the QUICK
Code. It ylalds peasimistic results with plutcaium enrichment, as was
recognizaed vhen the code was formilatad thras yaars asgo. conQiderab;e issa
have beer idsveloped with thisg deck for uraniym enriched reactors, Thaszz
data have been uszel fir the stainisss steel -1ladling analyses ani r.s

ment of genaral triads with regard to reactor specific powsr azd -arsniam
price schedules.,

Work, temporarily intarrupisd because cf APWR studlses, was restartsl -u a2
broad progran cooosrned with evaloating the reactlvity worth of varlous
wixturas of piudondum and wranimn isctcpes as fuels in several Iirfzsmat
types of reactirs. Arproximataly 500 ssparate casss have previousiy hseen
caleulated under aszawed hatch exposars comditions and require tabuatlon
and evaluatior., Outiine mzthoeds of securing ard editing the regquirs=i Iats
with the aii -f +he IEM-TOGC werz mede and Jizcuzsed with Datas Procsrsing
peracnnel,

Speeidfiz Fuel Cycle Analyaiz. January saw the campleticn of fuel cyol2
copputaticns for the Biloyarsk Russian Superheat reactor, which provideld

a gouveénient check of ths zodes and results of speciflc fuel cyela work o
dste. Plutomium fueliag with batch irrsdiation in eight recycls seriss

vas studied. Five ifferent k. values wers used axnl, in addition, sxwra
cEIEY ware rerun t2 evaluate the posglble effect of allowances for dlffersnrt
medzrator temperasture ccefficients. Batoh ilrradiaticn was ussd to ecomform
with Intent of the Designers. Checks are being made with graded Gischargz
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as plutonium values and fuel costs are usuaelly lower when evaluated in
graded rather than batch modes, and the probability of operators convert-
ing to graded cycles is great. Generally speaking, the higher the Initial
enrichment value of the fuel in 2 batch cycle, the larger the fuel expcsure
azd the lower the fuel costs. However, variations in reactivity during a
bateh irradiation must be hendled by control rods and/or burneble poisons,
the cost of which is difficult to determine. Rigorously, these costs should
be included as part of the fuel cost for each value of initial enrichment.
7o avoid this, fuel ccst and plutonium value analyses were performed over a
range of initlial enrichment values and 1t was possible to select one which
appeared plausible all things considered.

It was found by plotting the fuel costs for the uranium base cases that a
plutonium minimam cost was determined at initial k., of 1.25. Therefore,
this recycle sgeries should probably be used as a standard for the batch
cycles when examining the effect of the economic parameters on plutonium
values in this reactor.

Coincidently, the calculated plutonium values in this series are of the
order of $14/gram, which has been found to be the mean value in a similar
analysls in a water moderated reactor (AFWR).

The plutonium velue analysis employed wes made from a fuel cost relation-
zhip developed with HLOC fuel burnup code, MELEAGER, and a fuel cost computa-
tion. The essence of the valué analysis is the development of a set of
equations involving the unknown batch value of the plutonium fueling a
reactor, the unimown batch value of the plutonium ashes leaving the reactor,
and the fuel cost. The piutonium feed and ash values are generally
different. The value of a batch leaving the reactor 1s conditionally
determined by using thet batch ag feed for the next cyele, and so on. This
is repeated until some logical constraint can be applied to the value of
the last bhateh of ashes produced which removes the necessity of further
ecycles. .

While lower initial ko, gave higher costs, detailed examination was aliso
made for an initial ko, of 1.065, which is representative of the actual
Russian design. Under these conditions plutonium can have a higher value
if one allocates to the productiveness of plutonium the smaller chasnge in
reactivity from cold to hot moderator associated with plutonium as compared
to uranium-235 enrichment. If one does this, plutonium values of $30 to
$40 per grem are calculated. It appears precarious, however, to allocate
to plutonium this value, in view of the fact that the use of burnable
poisons permits such an effective increase in initial kg that, in effect
the change due to different temperature coefficients is negligible. If
burmable polsons are not permissible, and the comtrol system limite the
initial kop to 1.065, then the validity of the temperature coefficient
argument to the value of plutonium is extremely important.

UNCLASSIFIED
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Without a temperature ccefficient bonus at low velues of initial k.,
plutonium values are r- ative by as much as $150/gram. The reason for
this 13 that the fusl .posures are limited to about 2000 MWD/T which
produces plutonium very nigh in plutonium-239. This plutonium, irn tura,
vhen inserted intc the reacter brings the reactivity to the contredl

rod 1imit at very low fissile densities. These densities of plutoenium,
in- turn, are not surficient to support an economic fuel exposure.

The computer programs used for this computation bave been arrengsd to
print out a complate report which 1s reproduced directly from the
computing machine. The report relates the plutonium value as a funciion
of tne many parameterized variables in a manver such that they can be
examined by scanning the summary sheets, In this form, the data can be
uged to faciiitazz the cptimization of the over-all deaign with regard
4o total power so-te and fuel cycles. Preliminary examination of graded,
rather than batcn, irradistion of fuels in this Russian machine appears
to raduce fuel costs by roughly a factor of two.

Stainless Steei Fuesl Cladding. The finel draft of the study of the
exchange of cladding meterizls such as zirconium and stainless steel in
various reactor and economic climates is nearing completion. A brief
resume of this study was given ia a one-hour talk to Hanford people.
Fuel develcpment perscnnel expressed the opinion that they conld use
these results to aid in answering a large number of questions about the
desirability of varicus approaches toward an economic fuel element. A
slight expansicn cf the data presentation will facilitate using the
material for cther parposes.

The fuel costs gensratedl during the study of alternate cledding matserials
are proving of value in assisting the Reactor Engineering Development
Operaticn with the preliminary portion of a supercritical reactor study.
Specifically, the iata allows one to estimate the consequences on total
fuel ceste -7 choosing varicus fuel element geometries and coclants.

PRTR Fuel Procurement and Scheduling. Satisfactory resolution of the
problems rziating %C the timely procurement of about 40 Kg of high-
exposure piibcnium Por the recycle program continues. In this pericd
decislons were ascmpleted for the recelpt at HLO and processing io meial
by May of this vear the cne kilogram of 17% Pu-240 material in an
accwmlatios ¢ plan® fiushes at ORNL. Additional lots of high-exposurs
plutonium from several sources are now scheduled for recovery elther ah
ORNL or SRP iuring CY¥-1961. These sources include plutonium being
irradiated at SRP, MIR Pu fuel assemblies further irradiated in the ETR,
and cne lot «f material from AECL. By mid-calendar 1961 Hanford shoull
receive aprroximatsly 20 Kg of 20 per cent Pu-240 material plus 0.9 Kg
of 40 per cent material, and by the end of the calendsr year an additiinal
17 Kg of 20 per ¢znt material plus 1 Kg of 40 per cent material.

UNCLASSIFIED
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Pienning was accelerated during the month to develop streamlined
administrative procedures for the conduct of special irradiation.
experiments in the PRTR. A proposed format for obtaining approval

+¢ conduct experiments in the PRTR was prepared by PRTR operating
personnel, snd discussed with Programming and the primary R&D
zustomers. Speclal emphasis was placed on facllitating jolnt sponsor-
ghip of experiments by more than one group to meximize the amount of
useful new information obtained from each test, and cm minimizing
adverse interactiocns of separate experiments in the reactor. A
nominal two-week (12-13 dey) operating schedule sppears preferazble to
a cne-week cycle, because the resulting longer shutdown period between
cyeles permits more effective scheduling for meintenance and experi-
mental changes.

B. C{THER ACTILVITIES

The Hanford Iaboratories Plant Improvement Report was completed and lssued
Juring Jamuary, covering the five-year perlod FY-1962 through FY-1966.
Although contingent on AEC approval and funding of the individual projects
and faellities additions, the report covers present plamming for msejor
construction projects, equipment, and egquipment projects during the five-
yzsar perlod. ’

Iz response to a request from the AEC, a secret document was prepared
angwering specific questions relating to temperature and radionuclides
in the Columbia River. The AEC has also requested preparaticn of an
unclagsified version of this report. The Columbia River situation was
al3o reviewed with persomnel from the Portland Office of the Corps of
Ergineers.

The radliaticn protection problems asscciated wlth the use of redicactive
heat sources were reviewed with Mr. G. A. Riedesel, Division of Industrial
Research, Weshington State University.

A 1liz% of T4 names of Hanford Laboratories technical specilallsts vas
cowpiled and submitted to the General Electric Materisls Speciallste
Coamell for inclusion in the GEMS Directory.

Thaz Hanford Iaboratories inventory of standard visual sld charts was
reviewed and updated, and cbsolete charts were destroyed.

Asslstance was providled in arranging for visits and tours by 65 individuals
for 28 visits. This included a DRD Mid-Year Budget Review with five
Washington~IRD perscnnel, and a two-day technical information exchange
with Dr. C. G. Suits of GERL, and five of hia Department Managers.

AW. '

Acting Manager,

Programming
FW Woosdfield:rd
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RADIATION PROTECTION OFERATICN
REPORT FOR THE MONTE OF JANUARY, 1961

A. CORGANIZATION AND PERSONNEL

Effective January 1, 1961, L. A. Carter was transferred from IFD to the Radiolog-
ical Evaluation Working Group. The {orce c¢? the Radiation Frotectjon Orneration
totals 137.

B. ACTIVITIES

A review of the internmal deposition of radionuclides in Hanford employees for the
year 1960 indicated there were 28 employees who incurred measurable internal depo-
sition. Eighteen employees received plutonium depcsition, nine employees recelved
mixed fission product deposition, and one received a deposition of uranium. The
body burden in all cases was equal to or less than 10% of the maximum permissible
body burden. Additionally, 23 employees received low level and transient deposition
of uranium in the course of their work. Inhalaticn and the contaminated minor
injury remained as the principal modes of exposure for internal deposition of
radionuclides in HAPQ employees. Eighteen skin injuries involving surface contamin-
ation required checking in the Whole Body Counter during the year. Three of these
eighteen injuries had imbedded contaminants to a level that required excision of
tissue. As of the end of 1960 there were six empl8yees and one subcontractor
employee who had scme form of radiation work restriction as a result of internal
deposition of radicactive materials,

One minor case of plutonium deposition was confirmed during the month. The =zotal
mmber of plutonium deposition cases that have occurred at HAPOC is 264, of whizh
193 are currently employed.

Four cases of plutonium contaminated minor injuries occurred during Januvary. In

two cases, 1t was necessary to excise small skin sections to remove plutonium. The
other two cases involved a minor amcunt of plutonium which did not warrant medical
action. The maximum amount of materiazl invelved before excision was 3.9 pc of
plutonium; asscciated with a2 small metal sliver. After excisions, the maximum
amount of plutconium remaining at the wound site as measured by the Whole Body Counier
was 5.4 x 1077 pc Pu.

Two employees received localized skin dose in excess of that planned as a result of
protective clothing contamination. The maximum deose involved to a small area of
the skin was sbout 6.4 rads ineluding .035 r.

Exposures to IPD personnel were well controlled during operational work involved

in removing enriched metal which had been inadvertently discharged from the reactor
on top of the rear face elevator. Measured dose rates were as high as 25C r/hour
at 60 feet.

UNCLASSIFIED
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Monltoring services were established on a three-shift basis coincident wiih the
startup-of the stroniium recovery program at 325-A High Level Facility. In-cell
radietions up to 15,000 rfhour were measured. Approximately 60 samples with
dose rates up to 25 rads/hour were removed from the cell and processed in the
analytical laberatories. Dose rateés up to 50 r/bour were measured on the front
face of the High Level Radicchemistry Facility, after & strontium feed sclution
was inadvertently drawvn into a reagent fuel line. Alarming devices and subse-
quent application of remote valving technigues minimized personnel exposure to
eight employees in the work area. Whole body dose rates were limited to 50 mr/acur.
Dose rates as high as 20 r/hour and 8 r/hour were chserved during operations at
the loadout hood and waste transfer ports, respectively.

Constant radiation monitoring was required for most construction work at the 340
Building Waste-rStorage Facility as the result of overflow of tanks causing
general contamination up to 200 mr/hour, and dose rates of 1.5 r/hour from waste
trailers parked near this facllity.

Radiation dcse rate measurements obtained during the second group of critical
tests at the FRIR inecluded: 3 mrems/hour of fast neutrons in the lower access
space at 400 watts power level; 6 mrems/hour of fast neutrons in the upper access
space at 100C watts power level with all water systems filled. With the reflector
system dry a dose rate of 33 mrems/howr was measured under the reactor core.
Gereral dose rate levels throughout the containment vessel were less than 2 mr/hour.
No significant increase in dose rates, external to the reactor, were detectsd
during circuletion of mederator poison. JIncreases in neutron dose rates obserie
during operation without the reflector indicated that high power coperation may
may cause excessive piping activation. The need for additicnal shielding is

under study.

A review of the employees assigned to the Flutonium Metallurgy Operation showed an
increase in radiation dose in 1960 as compared to 1959. The number of employees
with a whole body dose of 1 r or greater increased from ten in 1959 to twenty-eight
employees in 1960. The number of employees showing a hand dose in excess of 10 r
increased from six in 1959 to thirty in 1960.

Two private residences were surveyed at the request of Chemical Preocessing
Department. Low level contamination of 3,000 d/m Pu and 1,000 d{m Pu on two
personal items.was discovered. The iltems were sent tc the ares for dispositicon.

Four exempt employees, as members of the Radiclogical Assistance Team, responded
to a reéquest from the Idashc Operations.Office for assistance at the 5SL-1 Reacvor
Accldent site.

The plutonium wound monitor in the 200-W First Aid Station was tested and appsarsd
to provide the desired sensitivity. Two cases with known low level plutonium
deposition in their hands were checked and the results were comparable to those
obtained using the crystal counter.at the Whole Body Counter facility.

UNCLASSIFILED
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The 83 threshold dosimeters distributed throughout BAFQ processing and laboratory
areas and used to determine dose and energy distribution in the event of a
criticality accident were modified in January. Modification involved the sealing
of the plutonium, nepiuniuvm, and urenium foils and the boron ball portion of the
dosimeter in a 1/4 inch stainless steel jacket for contamination control in the
event of a fire, The modification was completed in one week and no individual
dosimeter was out of service more than U8 hours. The annual exchange of the
chemical and glass dosimeters in this criticality dosimeter unit was completed.

The bi-weekly f£ilm dosimeter exchange frequency which has been employed in the
plutonium processing areas was discontinued after a thorough review. Finger
dosimeter exchange frequencies have also been on a bi-weekly basis. Both of these
types of dosimeter coverage are now placed on the standard four-week cycle in

use throughout the balance of the plant.

The 13958 and 1959 biocassay analytical results for plutonium were microfilmed and the
.cards were stored in the 3705 retention vaults. Ten exposure summaries were
prepared for mevious HAPC employees as a result of requests from current employers.

Analysis of the data on the aerial survey measurements which were obtained at the
Nevads Test Site In November were completed. A report of the findings was preparsd
for submission to the Director of this project (60.3) at the Oak Ridge National
laboratory. The principal bhenefit from the project was the knowledge of where
aerial survey systems needed improvement. Modifications to HARC equipment have
been started and design criteris for a new aerial survey system was established.

The automatic Columbia River monitoring station was lnoperable for the majority of
the month -due to instablility of the amplifiers and failure of the water pump.
Modifications of the hydraulic part of the system were made to permit complete
backflushing of the intake lines periodically tc minimize sand buildup. oSpecial
Columbia River water samples taken following & purge at the 105-B Reactor indicated
no significant increase in the concentrations of radionuclides in the river.

The evaluation of the radioclogical cconsequences in the environs from a maximun
credible accident at the FRP critical facility was completed. As a result of fthis
analysis, it was recommended high efficiency iodine removal equipment be installed
in the cell vent system. In the event of an accident, process cell air would be
vented to the stack through particulate filters and lodine removal equipment.

A review of all the control limits in use at the PRTR for both gasecus and agqueous
radiceffluents was completed. The previously sstablished control limits were
revised slightly to promote consistency. A more important change in the contain-
ment limits was msde to provide more realistic levels at which the drastic action
of full contairmment would be executed automatically.

Work continued on the preparation of a complete set of uniform size drawings
showing the location of criticality threshold dosimeters, criticality film xits,
criticality alarms, air samplinrg locations, and remote radiatvion detection
instrument recorders for the entire plant.

UNCLASSTFIED
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Expected doses from prompt gamms and neutrons from a criticality burst were calcu-
lated and plotted for various thicknesses of cell walls and distances from the
cell wall. Approximations were based on the best available data and the answers
should be correct within a factor of four. These calculations were then repeated
1o determine the dose rate from the delayed gamma for a time pericd from 10
seconds to seven days after the excursion.

Five prototype persomnel desimeters were fabricated by Technical Shops. This
group of prototypes was designed to accommodate metal foils and sulphur for
criticality dosimetry; fluorods for high gamma doses; persomnnel dosimetry film
for chronic dose interpretations; and accommodations for a security photo.

The design incorporates fully auvtomating the unloading and loading of the dosi-
meter film. Evaluation of the filter system using open window, lron, plastic,
and tantalum filters indicated that an evaluation of uranium beta dose of

100 - 400 mrads could be estimated within 10 percent in the presence of low
energy X-rays and more penetrating gamms radiastions.

A viorating reed electrometer in a 4O-liter icn chamber was used to measure
the dose rates in the 3T46 Building from extended Calibrations Operation pro-
cedures. Dose rates of 2 mr/hour were measured during full power operation of
the Van de Graaef accelerator in the 3745-A Building. These tests were made

in anticipation of long-term exposures for studying graphite damage effects
currently planned for the Van de Graaf accelerator progranm.

C. EMPLOYEE RELATIONS

Four suggestions were submitted by persomnel of the Radiation Protection. Operation.
There was one suggestion evalwated and rejected. Three suggestions submitted by
Radiation Protection Operation personnel are pending evaluation.

There were four medical treatment injuries during the month for a frequency of
1.73. WNe security viclations cceurred during January.

Radiation Protection training included: Two orientation talks tc new employees
and Minor Construction personnel; a refresher meeting with 300 Area Fire Department
personnel covering emergency mrocedures and instrument training; the Monitoring
staff was instructed in the operation of pulse readers and on tritium biocassay
dose calculation; a serles of radiation orientation and training sessions with

the Critical Mass Facility personnnel; and three two-hour orientation taliks
presented to Blology Research & Nuclear Physics Research personnel.

D. SIGNIFICANT REPORTS

HW-68127 '"Analysis of Radiological Data for the Month of December, 1960" by
E, €. Watson.

HW-68352 "Monthly Report - January, 1961, Radiation Monitoring Operation” by
A. J. Stevens.

HW-6TT87 "A Portable Dose Rate Imstrument for Measurement of Natural Background
Levels” by F. L. Rising.

1234148
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ENVIRONMENTAL MONITORING - RESULTS - (Mid-December 1960 - Mid-January 1961 ]

Sample Type and location

Drinking Water

1C0-F Area
Separations Areas
Pasce

Kennewick
Richland

Columbia River Water

Above 100-B Area
100-F Area

Hanford

Pasco

McHary Dam

Vancouver, Washington

Atmosphere

131

Separations Areas
1131 g o] s 28

Separations Stacks

Active Particles - Project
Active Particles - Environs

Activity
Type

Isotopic
Gress Beta
Isctaopic
Isotopic
Gross Beta

Gross Beta
Isctopic
Isotopic
Isotopic
Gress Beta
Isotopie

1131
7131

Monthly
Average

x 1077

X 10'8

x 10~ Fwex

X 10'6

% 10-13

Vegetation (Control limit for vegetation is 1077 pe Il3l/g)

Separations Areas

Residential

Eastern Washington and
Oregon

Fisgion Products less
1131 - Wash, and QOre.

* The % MPC,,

7131
7131
1131

Gamma
Emitters

4,1 x 10° ~6
<1.5 x 10°6

Nc Samples

No Samples

Units

% MPC,~GI*
uc/ee

% MPC_-GI**
% MPC,-GI**
ue/ec

p,C/CC

Combined curie/da:
ptle/100 m3
ptle/10C m3

ue/g
ue/g

ue/g

we/g

is the percent of the maxdimum permisc..le limit for occupational

exposure to the gastrointeatinal tract calculated from drinking water limits
contained in NBS Handbook 69.

*% The % MPCy-GI is the percent of the maximum permissible concentraticms for
persons in the neighborhood of controlled areas for continuous exposure to
the gastrointestinel tract calculated from drinking water limits contained

in NBS Handbook &9.

*##¥% This location iz now sampled quarterly.

1235149

The most recent result is tabled.
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EXPOSURE EVALUATICN AND RECORDS

Exposure Incidents above Permissible Limits

Whole Body Locgllized

January 0 2
1961 to Date 0 2
Gamma, Penclls

Pencils Paired Readings Paired Readings Lost

Processed 100-280 wr Over 280 mr Readings
January 4,078 75 3 0
1961 to Date 4,978 75 3 0

Beta-Gamms Film Badges
Badges Readings Readings Readings Lost Average Doss
Processed 100-300 mrads 300-500 mrads Over 500 mrads Readings Per Film Packet
' ‘mrad(ow) mr(s)

January 10,630 712 65 b 16 6. 545 14,82
1961 to
Date 10,630 T12 65 b 16 6.43  14.82

Neutron Film Badges

- Film Readings Readings Readings Lost
Processed 50-100 mrem 100-300 mrem Over 300 mrem  Readings

Slow Neutron

January 2,080 0 0 0 S
1961 to Date 2,080 0 0 0 9
Fast Neutron |
January 556 108 L3 0 7
1961 to Date . 556 108 b3 0 9
Whole Body Counter
Male Femsle January 1961 to Dazs
GE Employees .
Routine 42 4 eSS S
Special 8 0 8 8
Terminal 0 0 C . ¢
Nonemployees b 0 L L
FPre-employment 0 9 0 O
Total 54 4 58 ' 58
Bioassay
January 1961 tc Date
Confirmed Plutonium Deposition Cases ' 1 1*
Flutonium: Samples Assayed 8 5hy 541
Results above 2.2 x 107 pc/sample 15 15
Fissien Products: Samples Assayed 5ok 53k
Results above 3.1 x 1077 pc FP/sample 1 1
Uranium: Samples Assayed 263 263

*Bringing the total number of plutonium deposition cases which have occurred at
Hanford to 26kh. '
1234150 UNCLASS [FTED
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Uranium Analyses

Following Exposure Following Pericd of No Exposure

Units of 1077 pc U/ee Units of 1077 pc Ufec
Humber Number
Sample Description Maximum Aversge Samples Maximum Average Samples
Fuels Preparation 23.8 4.1 57 23.5 2.6 L3
Fuels Preparation¥* 0 0 0 0 0 o)
Hanford laboratories 224.2 11.1 33 8.7 2.6 27
Hanford Laboratories* 0 0 0 0 0] 0
Chemical Processing 24 .7 L.s 38 12.8 3.3 36
Chemical Processing¥ 21.3 7.8 11 15.6 6.6 5
Special Incidents 700.0 204.4 N 0 0 "
Random 1.3 0.8 2 0 0 0

*Semples taken prior to and after a specific job during work week.

Thyroid Checks January 1961 to Date
Checks Taken 0 G
Checks above Detection Limit 0 0
Hand Checks
Checks Taken - Alpha 21,083 21,083

- Beta-gamma 51,795 51,795
Skin Contamination
Plutonium & 6
Fission Products 43 43
Uranium 22 22

CALIBRATIONS

Portable Instruments

CP Meter
Juno
GM
Other
Auvdits
Total

Personnel Meters
Badge Film
Pencils

Other

Total

Miscellaneéus Special Services

Total Number of Calibrations

AR Keene:jmb l 2 3 H l 5 |.

Humber of Units Calibrated

Janvary 1961 to Date
860 860
223 223
TS5 T55
156 156
103 103

2,097 2,097

1,020 1,020
286 286

1,306 1,306
656 656

h,O§9 L, 059

ol

Radiaticn Prote

etion

UNCLASSIFIED
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LABORATORY AUXTLIARIES OPERATION
MONTHLY REPORT - JANUARY, 1961

GENERAL
There was one security viclation charged to the Operation.
There were no major inuries; the minor injury freqQuency rate was 1.856,

which {83 considerably below average experilence.

TECHNICAL SHOPS CPERATION

Total productive time for the period was 17,253 hours. This includes 13,674
hours performed in the Technical Shops, 3,113 hours assigned to Minor Con-
struction, 40 hours assigned to other project shops and 426 hours assigned
to off-gite vendors. Total shop backlog is 21,100 hours, of which 60% is
required in the current month with the remsinder distributed over a three-
month pericd. Overtime hours worked during the month was 4.5% (837 hours)
of the total available hours.

Distribution of time was as follows: :
Man-Hours % of Total

Fuels Preparation Department L, 006 2

3.2
Irradiation Processing Department 867 5.0
Chemical Procesaing Department 586 3.k
Hanford Laboratories Operation 11,438 66.3
Miscellaneous 356 2.1

Requests for emergency service decreased, permitting an overtime rate of
b.c%, compared to 5.1% the previous periocd.

At the close of the reporting period, there were three open requigitions for
Journeyman Machinists and one for a qualified Instrument Technician, Two
candidates are in process and others are being considered.

Security performance was considered satisfactory, with no wviolations. There

were seven medical treatment injurles, which is considered the ncormal level
expected In an operation of this type.

RADIOGRAPHIC TESTING OPERATION

A total of 7,156 tests were made, of which 1,419 were radiographie (including
x=ray, gemma-ray, and auto-radiographs) and 5,737 were supplementary tests.
Qu% of a total of 3,757 man-hours, 1,064 (28.4%) were used in connection
with radiographi: %ests, and 2,693 (71.6%) were used on supplementary tegts.

UNCLASS IFIED
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The supplementary test work included: borescoping; dimensionel measure-
ments (air gage); eddy current; magnetic particle; penetrant (fluorescent
0.D. snd I.D.); surface treatment (pickling, steam detergent cleaning,
and vapor degreasing); and ultrasonic (core integrity, bond tests, flaw
detection, and thickness meagurements).

The number of pieces handled this month totaled 6,139 items., The feet
of materizl represented by these items amounted to 56,751 feet. Work on
tubular components combinued to account for a jarge percentage of the
footage of material tested; the tubular component work includes both fuel
element shesth tubes and reactor preocess tubes,

Work was done for 20 organizational components representing most of the
operating departments and service organizations. A total of 42 reports were
issued detailing test findings with conclusions and recommended action.
Radiographic Testing Operation was consulted on 67 different occasions for
advice and information on general testing and applications for other than
the Jobs tabulated in Part II Testing Statistics.

NPR process tubes are being received on a regular basisz. Testing is pro-
ceeding routinely except for a problem of reproducibility of fluorescent
penetrant test indicationa. In checking out the differences in processing

and examination by the tube vendor and HAPO it has been found that the light
source used by the vendor was inadequate for a thorough examination., With

this condition corrected attention can now be directed to the cross-contaminatio-
that exists in the process at both sites.

A rather extensive fluorescent penetrant testing program of reactor nozzles
hes been started in connection with a bumper fuel element test for the B,

D, DR, ¥ and E reactors. The nozzles are belng overbored, and then tested
for suitability for reinstallation. Testing effort on PRTR reactor installa-
tion is still high as a result of thefinal phases ¢f reactor construction
and test operation.

The 300 Laboratory work continues at a high level with main emphasis on
Zircaloy fuel element sheath tubes. Test facilitles in the 314 Building
are gradually being completed and should prove very helpful in expediting
tube work. Included in the 314 Building work is an improved dark room
facility for white and ultra-violet light borescope examination of the
sheath tubes.

UNCLASSIFIED
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Testing Statistics

No. of Pt. of Weld No. of

Component Tests ar Materisl Pieces
CPD | 176 137 13
FPD sk Lo 1
HLO 6,076 55, %71 6,079
IPD 656 918 33
JA Jones 161 161 11
Kaiger Engrs. 33 22 e
Totals 7,156 | 56,751 6,139

CONSTRUCTION OPERATION

There were 79 existing J. A. Jones Company orders at the beglmning of the
menth with e total unexpended balance of $130,871. Ninety new orders,

4 supplements and adjustments for underruns amounted to $169,151. Expendi-
tures during the month on HLO work were $155,736. Total J. A. Jones backlog
at month's end was $141,998,

Summary
HL CE&U
Unexpended Unexpended
No. Balanee No. Balance
Opders outstanding beginning of Mo. 79 $ 130,871 I $ 4,798
Issued during the Mo. (Inc.Sup.%Adj.) 90 $ 169,151 0
J.A. Jcnes Expenditures during Mo.
{Ine.C.0. Costa) $ 155,736 o

Balance ab month's end 63 $ 137,200 1 $ 4,798
Orders cloged during month , 106 $ 209,301* 0

¥Face Value of Orders Closed

UNCLASSIFIED
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FACTLITIES ENGINEERING OPERATICON

The waste disposal and decontamination service for HLO became the responsi-
bility of FEQO this month. This work includes the disposal of hot liquid and
dry wastes and involves the operation of the 340 Building, the 300 North
burial grounds and the concreting facility in 325 Building. Four non-exempt
employees are used in this Operation.

Projects

There were 1L authorized projects at month's end with total authorized funds
of $2,692,000, The total estimated cost of these projects is $k, 557,000,
The balance between expenditures to 12-31-6C, and total estimated cost is
$2,006,000.

The following summarizes the status of project activity:

Number of authorized projects at month's end 14
Number of new projects authorized during the month 9
Projects compleded during the month 1

CGH-819 - Increased Laboratory Waste Facilities
New project proposals_submitted o AEC during month 1

New projects awaiting AEC approval:
CGH-832 TFull Scale Physical Constants Test Rezctor
CGH-8T4 Consglidation of Plutonium Metallurgy Facilities 231-Z
CGH-902 Uranium Scrap Burning Facility
CGH-916 Fuels Recycle Pilot Plant
CAH-917 Field Service Center
CGE-918 Second Whole Body Counter Cell Addition - 747 Building
CGH-91% 314 Building Ventilation System
CAH-921 Geologleal & Hydrological Wells - FY-196€1

Note - Proposals complete or nearing completion are as follows:
Spectroscopy Laboratory - 325 Building
Irradiated Burst Test Facility
Z71-CR Waste Treatment Pacility

The attached project report contains details of individual project work.

UNCLASSIFIED
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Engineering Services

EW-68350

Engineering work performed during the month included the following listed

mejor items as well as scope engineering for project proposals.

The avail-

ability of capital funds have increased the work load.

Title

Pressure Vessel and Piping Systems -
Engineering & Inspection Service

"Split-half" Machine for Critical Mass
Studles

Horizontal Control Rod and Drive for
Tamper Tank (Critical Mass)

Basement Access Enclosure - 325 Bldg.
Beryllium dust filters - 306 Building
Fuel Element Assembly Room - Basement
Mezzanine, 325 Bldg.

Electrical Modifications - 3702 Bldg.

Fillter Changer - CWS

327 Water Basin - Clean-up System

1234150

Status

This is a continulng work program on
HIO vessels, pressgure systems and re-
lated safety devices. The work in-
cludes periodic inspection and engin-
eering evaluations of plant pressure
systems and engineering service to R&D
components having process devices sube
jected to high pressures and Sempera-
tures. Code compliance englneering
work 1s being performed on - 1) PRTR
Systems; 2) Irradiation Studies Loop;
3) Breekawsy Corrosion Loop; and,
L} BLO PAC & Equipment Projects.
data has been accumulated for the
PRTR and has been submitted to the
Third Party Inspector for review and
approval.

All

Design of machine and safety rods
nearing completion. Comment drazwings
have been issued.

Design work is nearing completion.
Materials are on order.

Construction work is complete.

Design complete. Fabricaticn and
installation work has started.

Construction work is essentially
complete.

Material is on hand and fleld work is
in progress.

A new technique of filter chsnge pro-
cedure is being developed which may
reduce hazards.

A study of a recirculation sgystem for

removing radioactive contaminates
from storege basin water.

UNCLASSIFIED
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Title Status

Special Air Conditioning - Materials are on order. Field work
Laboratory in 222-U Bullding to start during March. '
Animal pens and facilities Additional animal pens, pastures, and

improvements to animal farm - 10C-F.

Dr .fting and Design Services

Work load in central drafting room (3706) is heuvy. Branch offices in 306
and 308 Buildings have steady work loads with heavy backlog in 308 office.
The equivalent of 250 deslign drawings were completed this month.

Major design and drafting work in progress includes the following:

1. PRP Critical Facility - Detail in-cell piping, ventilation, instrumenta-
tion and electrical work (18 dwgs. - essentially complete).

2. Physical and Mechanical Properties Test Cell - 327 Building - Special

equipment design (75% complete).

+ Structural Materizls Irradiation Test Pacility - deaign - 30 dwgs. re-

quired - 75% complete).

Strontium Purification Project - Work approximately 989 complete.

. Thermal Precipitator - {5 dwgs. required, L0% complete).

. Breakaway Corrosion Loop -{Approximately 90% complete).

. Critical Facllity - Approximately 20 dwgs. required - estimated 55% complete.

. TFuels Recycle Pilot Plant - conceptuzl work in progress.

+ Length Meagurement Telescope - Complete.

10, Test Loop for 305 Bldg. Reactor - preliminary work started.

11l. Ultrasonic Transducer - Bridge & Track - LU dwgs. - 95% complete.

12. Special Air Operated Chuck for vibratory compactor - work 50% complete.

i13. Oxide Press - Hood Enclosure - 75% complete.

14, Process Calciner - 7 dwgs. required - 20% complete.

WR-J0vwa & w

Plant Maintenance and QOperation

Costs for December were $149,26T7 which is 96.4% of forecast.

Analysis of Costs

Expenditures are 3.6% below forecast. Of this $27,000 - $8,000 is atiri-
butable to a short billing of janitor services, $3,000 to mild weather use
of steam, and $16,000 to less maintenance then expected. This lower main-
tenance cost is attributable to the highly competitive market for maintenance
work. The availlable work exceeded the capacity of the maintenance forces,

UNCLASSTFIED
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Trprcved Maintenonce

Item December
Relozation and alteration $ 7,939
Painting 3,265
Rercofing 8,952
Elzotrical modifications 280
Piping modifications ' 68

$ 20,53k

Mizzellarscus

Approximately 26,000 square feet of prints were reproduced during the month.
P

The “otal estimated value of the 20 reqguisitions issued during the month. was
$16,000. The majori%y of this procuremen®t activity is for approved HIO projects.

Painting of 321 Building continues and palnting started in 325 Building.
Plans have been made for a new drafting room location in 305 Building.
A new water s%ill was installed in 325 Building.

Improvements are being made to the demineralizers inm 308 Building.

A new prcduct assembly room is being installed on the mezannine of 325
Building basement.

The 2rane in 314 Building was inspected. The crane is out of service un®il
repairs are made.

Replocement 1ab0ratbry hocds and furniture costing about $12,000 have been
ordered.

Study of noise abttenuation for 325 Building Conference Room i3 being mude. A
pian is being formulated fora microfilm viewer room in 3760 Building.

TECHNICAL INFOBMATION OPERATION

The 1960 annual inventory of Secret Research and Development reports and of
Weapon Data reports was started January 23 and completed January 24 in record
breaking %ime. Resul%s of the inventory are aa follows: 10,196 accountable
copies of whizh 1,049 are Weapon Date reports and 9,147 are R & D reports;
29 coples unaccounted for from previous years, none unaccounted for this
yezr, or i total of 29 copies oubstanding.

1234158 UNCLASSIFIED
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New criteria for classifying production reactor plutcnium were distributed
“o the field viz I-6811k entitled "Classificaticn: Plutonium” dated
January 12, 1961. In this connection, the Director of the AEC's Division
of Claszsification vislted Hanford January 31 and February 1 to discuss

the plutonium classificztion problem and its affect on the PRIR and other
unclassified programs.

Dezlassification review of the early 3-seriles ¢of Hanford documents has been
completed. The classification on appreximately LAC of the documents hzs been
retained. The remainder of the nearly 5,000 documents has either been dsclassi-
fied or, in the case of those having no future reference value, destroyed.

During the month it became necessary to take drastic action to reduce a back-
log of 23 formal reports that had accumulated in 300 Area Duplicuating due

to the breakdown of thelr stapling machine. A factory man was brought over
from Seattle to repair the machine; some backlogged reporis were sent for
stapling to the 70O Area Printing and Duplicating, and some were sent off-
projeet to the Tri-City Herzld. The latter -- 1,258 copies --- were stapled
for only $13.72, a very low price. By month's end the backlog had been
eliminated.

Agreement has been reached with CE&UO for the Classified Files messengers to
take over the delivery and pickup of classified engineering drawings being
routed from the Engineering Files. A simplified procedure with a minimum of
record kXeeping iz being worked out. Total deliveries invelved are about 1CC
per month.

The detuiled specifications for the Flexowriters to be used in the Files uuto-
mation program were worked out and the machines ordered by the Specialist,
Office Equipment, CE&U. To assure compatability between the Flexowrlters and
the IBM equipment, representatives of both companies and the Technical Informu-
tion Operation met to work out the details. The 6 channel Flexowrlter presently
used by Technlcszl Information for the production of catalog cards, will be
converted for use elsewhere on the Plant. The forms for use in the automation
program have been ordered.

The periodical automation program 1s essentlially completed and the system
"debugged"., Sample lists and reports have been printed from the %tape und
subsceription renew:nls are being handled with cards printed from

taped information.

Work Volume Statistics

December ) Jspuwa
Document Distribution and Files
Documents routed and discharged (copies) 18,401 18,701
Documents issued (copies) 7,582 18,182
Documents sen® off-site (copies) 1,777 10,489
Document reserves filled (copies) 596 640
Documents picked up and delivered 17,684 21,015

UNCLASS iIFIED
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December Januzary

Document Aczownhobility

Holders of czlassified documents whose files

were inventoried L26 &Lo
Documents inventoried in Files (copiles) - 10,156
Documents des*royed or retired (copies) 10,931 9,220
Documents revised {~opies) 1,466 1,300
Docuaments pulled and documents filed (copies) 15,013 14,960
Documents reclassified 527 823
Doraments microfilmed 4,856 3,169
Acsountable copies of SECRET and DOCUMENTED

CONFIDENTIAL documentes on-site . 209,601 209,751

Reference and Publication

Bocks zataloged (new titles) 4l 12k
Bocks added %o the collection (volumes) 135 236
Ready reference questions answered by

professlonal staff 202 210
Literature searches by professional staff 8L ag
Reports abstracted {titles) 230 =88
Formsl reports prepared (titles) 7 21
Off-3ite requests for HAPO reports {copies) 270 279
Reports released to CAP (titles) 28 2l

Library Acquisiticns and Circulation

Bocks ordered (volumes) 363 645
Pericdicals ordered 1,516 124
Beoke eirculated (volumes) 1,663 1,512
Pericdicals circulated (issues) 3,594 2, 7h9
Inter-Library loans 70 Th
Films borrowed or reated 15 13
Industrial film showings 57 50
‘Bound periodizals added to the collection 180 1hh

Library Collechion

Main Library W-10 Library 108-F Library Ind. Med. Total

No. of books 30,760 8,569 1,723 2,029 43,081
No. of bound ' }
periodicals 14,146 10 1,868 1 16,025
bk, 506 8,579 3,591 2,030 59,445
UNCLASS IFIED
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Cilassification =nd Declassification

December January
Documents, including drawings and photographs
reviewed for downgrading or declassification 359 440
Documents and papers (intended for oral pre-
sentation or publication) reviewed for approp- _
riate classification 1l 33
Docurents submitted to Declassification
Branch, Oak Ridge /é 1 8L

Manager, : ﬂ/k

Laboratory Auxiliaries

oL Boyd: Jw

123utbld
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SEMI—MONTHLY PROJECT STATUS REPORT Ww- 4iosC
MANFORD LASONATYORIKS ORERATION pare Jamiary 3}, l%i; i
PRI, NS "HYLE PUNDM Y
BA=T hdp - eteliurgical Develomment Facility - :.fﬁ Buliding Addition 58<b<l
AMITHORITED FUNDS 7 500 age 8 o re.ve 10-30-60 2,581, g

S 2E70.000

SYanting sesiee ourLJtgten G=30-5G PENEENT COMPLETE
DATES 2=20=5G CONRT.O, 50 1 cares LCOWaY. Gu 7D, {scuEp. [ acyuaL
ENAINEEA JIoenen |I00 1100 1100
FEO - KA Clark Project Bugineed - JaTe HAll at —

SANSOUER Avena ot [ sceuns memave | ox 300 1100 |i0C
riage #aise 10,600
cesT PLYS FIZES FRE 2,500 fJoewsr. {100 100 |1CO
PLANY FORCES 500 i 2 1100 Tae0
ARCHITER T-ENSMESA eeer | L2 1300 200G
PESISH ENMNEERNG SPERL TION 260 I" % lipo lioo
SE MELD EHEMEER %25 i

1

SCOPA, PUARPSIE, ITATUY & PROOADR

preheat coil controls. Thia will be done in April.

Teis project will provide increased capacity for an expanding reactor fuels research
and davelopment progrem, snd involves an addition to the 306 Building.

Tha only exception to completlion which has not been resolved 15': the correction of
Startup items of work are

nearing completion. This reportcedbneludes the routine reporting of this project.

PReJ, NS, 179 ] : FUNOING
CGH-805 High Temperature Tensile Testing Cell - 327 Bullding 0290




SEMI - MONTHLY PROJECT STATUS REPORT Hw

HANFORD |LLABORATORIES OPFPERATION loaTE 1-35-50

-
EROJ. NO. TiTLE FUNDING
23-788 In-Reactor Studies Equipment = 105 KW ) 0260
AUTHORNIZED FUNOS [ogsiew 8 Lk 000 ARE S = - CoMMIiT'aTe L=i5=Hl s 275 111'3
s 25 000 lconst.s 201,000 e g 325.000 ESTIMATED TOTAL COBT s 315,000
1TARTING [DESIEN. 1550 SineeT [ oesien - L joEsten 12-30-6D  eemcknt comprure
TATES coNET. 3_22..60 pATES | CONST. 161 DaTES LCONST. 2-1.61 RTDs |SCHED. | ACTUAL!
ENGINEER jJossan ) 3100 100 100
FEC - H. Radow _ AR
MANPOWER AVERASE | ACCUM: MANOAYS [| g & 100 100 | 100
PINED PRICE :
COsST PLUS PIXED FRE consT. | 100 g8 g8
FLANT FORCES : 1l 1150 el
AMGCHITECT=ENGINELN : ' cPrr
DESIGN ERGINEEZRING OPERA TION ] 18] rp
G FIELD EMGINEER
b

SCOFEL, FURPFOSE, STATUS § PROGNESR .
This project provides & research .and development facility to parmit instantanscus
measuremant of physical properties of materiels under dynamic in-resctcr and
gimultaneous ex-reactor conditions.

All of the procurement Iltems for the helium conservation mcdification have not
vet been received:; however., this has caused ne delay in hest sftudies with the
R&D capsule now in the reacter.

J
(RO, N©, TITLE = : FUNDIN 8
CGH-E13 Inzreased Labcratory Weste Feoilitiszz - 300 Area £C ~ L
AUTHORIZED FUNDS | pitdion 8 27,000 {ames - coMmIT, TR 1567 8 135 E8L
$ 153,763 1 sENaT.d 1o6.675 ag 8 193.675 RETIMAYED TOTAL CONT $ 153,000 |
sTamtiNG fDRSION, T-30-50 | UNECT Jomsien . . || KSTIO | oEsioN %nQ?wéQﬂ PERGENT COMMLETE
DA TES congr. 0~C=C0 pares | conay, O-31-C1 [l partee [comnr. 5-91-C) WT'D: | ACHED.JACTUAL]
ENGINEKN peaan | 100 iCh 100
TEO - K. A. Clark AE
MANPOWER _ AVERAGR [ACCUMMANDAYS | o WU 100 10C |
FIXED PRICE 380 I
COST PLUS FIXED FEE £ 540 coNsT.| 100 | 30C | 200
PLANT FORCES e %4 300 | 1a0
ARCHITEC T=ENGINEER cryy 30 | 106 | _10C G
BESIGN ENGINKERING OPENATION 400 rP 56 Lo 10C
aE MELD ENGINEEN .3 L

,GQPI. PURPOSE, ATATUS & FROGRESS
This project will increase +he zontaminated liquad waste handling facili+y iz the 30C
Area, and inveolves greater storsge capaclty and improved loadcut accommodaticns.

Conztructicr 1s complete with the sxcephtion of items requirirng medifization recause
‘ot inadequate facilities.

Design changes have been made to include a spare transfer pump and supplsmental
loadout pipirg s¢ that every pump has a spare.

The prcject is teling clcsed out with accruals for the sxceptiouns to constructicn
prc.] 23 T

ccmpletion,
1236163
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SCOPE, PURPOSE, BTATUS & FROGAREND

research and development studies.

then be resumed.
Wells is now mid-February.

WELER-L:

This project provides necessary modifications to existing equipment to sirmlate
more severe in-reactor operating conditions in out-of-reactor facilities for

The air recelvers are enrcute from Chicago Bridge & Iron Compeny and recelpt on
site is antlcipeted by the end of this reporting period.
Indicated shipment of the water storage vessels by Struthers-
Progress on the high-speed valve order is favorable.

Work in the field will

SEMI- MCNTHLY PRQOJECT STATUS REPORT ["‘f' £335C
. HamronRD LANORAroutiES  OoffFRALLION bres 01 1a 3]_-_61
PROJ. N, TITLE (I
CrE-C22 Pressurized Gas Cooled Facility 4141 - Operating
AUTHORIZED FUNDY [pggion 5 40, OCO* AEC 3 - Ht:r.mmr"! vo 1el-6l v+ 915,932
s 992,000 {couﬂ s 955; 0o~ [ se 3 995,000 gatmanreo tora coar 31,120,000
1TARTING [DusaN, 8= -15-59 DIRECT Thesion ?»Lfl {m;mw L42G9-60. I nc;-;-rn-r coameretTE |
bATES comsT. 10= 17-60 ;?:.;; | conar. 3_30-—6_]__ Q..‘.'.-.IE.?- conaT.Q= 30-—61 _ ’ T, {seHED. | acTUAL
ENGINEER DEstoN lOO 100 | 100
HIO - DP Schively e | o
MANPOWER T - T T T {averaaE [sccum - Manpara ] e "'__'LOO' _"_* ioo: i “LQO BN
FIXED PRICE Head Mechaniesal S WU PN SR —
COsT PLUS PIXED FEE const. } 100 | 65 | 60 |
PLANT FORCKES e 1 I S
AMCHITECT-ENGINKER LA 32“ _NS___ __D_@__
DEIGN ENGINKERING OPERA TION P ____E:S_ 10C | 95
G FMMELD ENSGINERR — e
SCOPE, PURNOSE, 3TATUS & PROGREIN
*Does not include design performed by Struthers-Wells.
Work by Head Mechanical (J. A. Jones sub-contract, JAJ-T73) stopped temporarily
for installation of the Struthers-Wells packages. The fixed price work will
be complete after installation of the packages.
¢
RAG], HO, TITLK Apperatus "('_'189_9 Bidg.) FUNDING T:
CGH-834 [Modifications & Additions to High Pressure Heat Transfer/ Q290 .
AUTHORIZED FUNDS | pedaian 3 66, 000 agc § - commit's. Ta _1a15-61 § 6'{’51213 '
s 700,000 ) coNaT, $ 6 l|. 000 s $700,000 EITIMATED TOTAL coat $ *(OO OOO
TTARTING nnmu]-l--20—59 gLﬂut.cL" pENaN ‘é::""?:“ DESIGN 2-]_5—61 PERCENT CQMFLETE _
DA TES const. L-22-59 oaves | const, 4=1-61 oaTEs | const. Lal-61 [ WT'D: | SCHED.}ACTUAL
ENGINEER oEsian | 100 100 ag
FRQ -~ H. Radow An 1
MANPOWER AVERAGE {ACCUM. MANDAYS( gE 10w 100 09
FINED PRICK oy
COST PLUN FiXED FER 0 3150 cower,| J00 ] 593 ____-g._j —
PLANT FORCES Lol ]
ARCHITECT-ENGINEZN cerr | 100 93 93
DRSIGN ENGINEERING ONERATION 5 960 s _ B
SR FINLD ENGINKER
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HELYY 2

HANFORD LABOMATOMIES OrEmATION A S

?ﬂnJ. No. TITLE EURMDING

~AH QL2 Critical Reas:ivityv Measuring Facility o K-z-l5 |
AUTHORIZRO FUNDS iﬂl"lﬂﬂ:;"f::_\,dd ) { aec$ 1145, OOC commiTiaTe Ll BL v BL,esg —
Py 3RO, 000 consT.$ 15 "GG0 er 3 212.000 ESTIMATED TOTA( CO8T 3 36__0_]000 ———
svanving fousian. 11-17=59 :;:iif{:’ulﬂ" I i;:u?;.{"“'““"l“"&” ,-__'f'i*'c"”.*_ comeLETE |
DATES const. O~ 3=C0 oA TES consT. 4h-30aH1 pATES L CONAT. L-30-€ - WT'D | SCHED, | ACTHEAL
ENGINEER oestan 100 100 RGO

HLO - WS Kelly e | _

. MANPOWER T T T T AVERA GE [ ACCUM: MANDAYS ar ‘P__: :
FIXUED FRICHE Geo. Grant Company, Iac. —_ -
COST PLUS PIXED FEX conaT. | 1CQ NS prad]
PLANT FORCES ikl .
ARCHITEC T-ENGINEGER cRRE -
DESIGN ENGINEENING OFERA TION P 80 62 25
GE FIELD BNQINEKH

SCOFE, PURPOIE, $TATUS h FROGHRESS

Orders hawe w=en placed for thz reactor

azzemhly and moderator sicrage "Ank.

(TTYACT-P TITLE
A 866 Shielded Analytical Latorarcry - 325 B 3uiiding

AUTHORIZED FUNDS { odaian § 070,000 azcs 45.000 commitra, To L=lT

$ 50,000 coneT, $ [Gg s 40,000 £3TIMATED TOTAL COST 5

STARTING | DESIGN, | -;5“39 gg:‘l-cl_‘: ORI GH ‘._j_-«30—6O 'é;::;-{ngsmn _ll.al}wﬁf PEAGENT COMPLETE

oA YESR coNaY, - D4 TES ) CONST, pates | consy, 3152 WT'Ds | SCHED.| AcTUA.

ENGINEER mEstaN | 100 1¢0 10°

FEC_ - RW Dasenzo n A€ 201 10C | 10C

MANPBOWER AVERAGE |ACCUumMANDAYS(l Gi 10 100 10C

FIXRD PRICE — ._.

CONT PLUN FIXKD PEK censt.| 100 N3 _

PLANT FORCES Pr —"i:__l

ARCHITECT-ENAINEER ceew | | ] 3

OEIIGN ENGINEERING OPERATION FP B

9K MIELO ENGINERR 0

today s
laboratory fo

12341063

SCAPK, PURPONE, STATUS & FROGREDS

This prciect will allow greater capacity for analytical work invoiving
more higply radicaztive solutions and conzlsts of 2dding 4 "hap;dua
the 325 Building-

The revised projsct proposal for total construction finds was sent to
AEC for approval oa 12-28-A0.
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HW—

FATLT

MANFORO LARORATORIES opemavion _|eare Januery 31, 1961 |
PROL. ND. TITLE FUNDING T
CCH~857T Physical and Mechanical Properties Testing Cell-327 Bldg. 0290
AUTHMORZED FUNDA| pEstaN 3 75 000 AEC § - - COMMIT'S: TO 1-15-61 5 Tll- 979_8
s 75,000 1 conat. s - ae 8 (0,000 ESTIMATED TOTAL CORT 5—50670.0-0_—
sTArRTING | pgaian, 1 0~23« 50 oinECT [ DRAIGN  ~= .. | DOBsieN 3-1-61 PERCENT COMPLETE
oATES CONST, == CATES [ cowsT, -~- DATES | consr. T-1-D3 WT'D. | 3CHED, |AcTUAL
- eNanzER
FEO - EW Dascenzo ::;;E lgg 23" gg_
MANPOWER AVERAGE {ACCUMMANDAYS g ]
1 mixEp PRICK CEXUd 75 95 Gh
COST PLUS FIXED FES consr| 100 | NS -
PLANT FORCES rr i
ARCHITECT ~ ENGINEER 1 CRFF !
DESIGN ENGINERERING OPKRATION 1 Fe
oK FIELD ENGINEER

SCOFE, PURPORE, STATUS &k PRCANISS

This project will provide facilities for determining physical and mechanical

properties of irradiated materials, and involves the installation of a ¢cell in
The design status 1s as follows:

327 Building.

The status L5 the same as the last report as the comments on the detaill

1. EHIQ Equipment Design.
drawings for the HIO designed equipment are not completed.
20
Ao !
made .
B.
details are toc be mede.
CG
engineering sketches will be made.
3. CE&UO Cell and Anciliary Design.

A1 drewings have been checked and will be reviewed once more aft

equipment design is completed.

*A revised schedule has been submitted to AEC for approval.

1230 1bb

CELUQ Bquipment Design. (Other then service or utility) Bovay & Co.
Annealing Furnace - Engineering work sheet was approved; deteils are ta be

er

Electrical Resistivity Furnace - Engineering work sheet was approved;

Dilatcmeter Machine - Engineering work sketches were reviewed and new
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HW -
HAMFORO LAHORATORIES OFRERATION E;;rz
PO HO. TITLE
TR 838 Bign Level Utility Cell - 327 Building
AUTHORIZED FUNDA | prstan ¢ [ U, 000 AEC S - COMMIT'S: TO Lm15-01 s 70,000
s 0 2C0 1 CONST, § - = {o: s 70,000 ESTIMATED TOTALI- cosT $ = ,
. : 200 . 000
PTARTING 0""'"_.10_29_50 %ION:FCJ. [o““m E;L'E;..[ CESiaM 2-l5t6 PERCENT COMPLETE
CATER CONST. DATES | consT, DATES | consT, O-1=B3 WT'D: | SCHED,. {ACTUAL §,
XNAINE %R oesieM 100 | 100 | 96
FEQ -.RW Dascenzo «B10| 45 | 100 | g6
MANPOWER AVERAGE |ACTUMMANDAYS [Poge0" 50 100 | G&
rixks PRICK epdo} 5 | 300 | 100
€OST PLUS FINKD FEE CONST
ILANT FORGES er
AMCHMITECT = ENGINEER 2 CPFF
DESIgN ENGINEERING OGP RA TION L FP
SE FIELD ENGINEER

SCOPE, PURPOSE, 3TATUS & PROGRESS

This project will provide facilities to prepare specimens from irrsdisted matzarials
for use in determining their physical and mechanical properties and involwves the

vastallstion of a eell in 327 Building.
The dssign status is as follows:

L. HLO Equipment Design -

a. Metal SiittingMachine - Checked and comments being incorporated.

Y, Flat Tensile Sampler Former Machine - Ready for approvel.

7., Round Tensile 3ampler Former ‘Machine - Assembly drawings ccmmented upon,

being detailed.

2. CERUQ Cell and Anclllary Equipment Design

Work on checking is continuing.

2. Western Gear Vendor Design

Metal Decladder Machine - Western Gear reproducible drawings and specifications

were received on 1-18-61 and are being reviewed.

1234161
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MANFQRD LABORATORIES OPERATION

PROJ. NO. nitLe

CAH-370 Facility for Recovery of Radioactive Materials - 325 Bldg.

REPORT

HW -

AUTHORIZED FUNOS

oesion 3 46,000

aecs Lho 000

COMMIT'S. TD ‘.. 5-5] L

T -

LAT

pate 1-31-61

FUNDING

60-a=1

s 486,000 1 conat.y o40,000 ESTIMATED TOTAL COST H ;000G

’f‘.f]u.[ot’ln".-ll-eo-.ES‘, ?:!::'EJ_ OESIGN 3-1-60 PERCENT COMPLETE

BATES consT. 5-0-60 oATES | conaT. =161 canst, H-1-61 WT'D. | SCHED. [ACTUAL

EHAINTER cestan  1OC | 100 120

FEC - RW Dascenzo AL 9% {100 1C0
MANPOWER AVERAGE |ACCUM-MANDAYS (| am 10 100 100 |
A minxo ericx 2806

CoaT BLUS FINED FEX consr| 100 a7 £8

PLANT FORCES BF L 100 100

ARCHITECT - ENGINEER cRrF

DESIGN ENGINEERING OFETRA TION Fr 99 85 88_

ax FIKLD ENGINKER

ICOPE, PUNPOSE, STATUS & FROGRESAS

This project will provide a facility for recovery of specific

wastes, and involves an additicn to 325 Building.

Work completed in the last two weeks is as follows:

radioisotopes from

1. Completed grinding, patching and finishing concrete on cover glabs for
all veults and trench by contractor (not approved by G.E).

2., Completed finishing concrete walls inside Vault "C".

were set in vault.

3. Working on finishing of concrete walls in Vault "B".

L. TPart of the cover slabs were set on Vaults "A" and "C".

fis too good.

5. Hanford Piping completed remodeling of dip legs for Vault "A".
working on imstallation of instrumentation and piping in trench and vaults.

Three {3) tanks

Two did not

They are

&. A}l the filter boxes and associated duct work have been installed and require

minor

T. All protective coatings
pipe trench.

ad justments.

Tie-in of the exhaust duct to plenum chamber is
scheduled for January 28, 1961.

roof deck and then painted it one prime and seal coat.

8. The sprinkler system piping has been installed and partially tested.

3. Power City Electrical subcontractor is

in Vault "A".

1234108

have been placed on walls and fixtures of the
The painters acid-etched the inside siding and bottom of

-stalling the electrical lines
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- HANFORD LABOHATORIES ORERATION. . fraee 1-27W01
Mol SRR L L i e I _ S —
TR -L65 Geclczical and Hydrologiesl Wells - FY-A0 20-1
AUTHORIZED FUHDS [Lygiam § 1,000 axc 3 50,000 COMMIT'S. TG
N Aty e e o
g Su, v const.s DG, 000 ar g 9,10C EATIMATED TOTAL - OBY
ITARTING JOR3IGN. _2"15"3':' :;:if:‘ oealaN . o, loEman j"(j'o(_’__ PERCENT COMPLETE
DA THEY conp?, _=im.C oates | cowst, Z=.0-0Ll F o lcowar.2.18.00 wT'D, |SCHED, | ACTUAL
ENGINEER CEStAN :LCO 100 ;C:
FEQC - HE Ralpi e ) -
) MANROWER AVERAGE | ACCUM: MANDAYS || ¢ =
FIXED PRIGCK
COST SLyus FIXED FREYX comsr. | 100 o 13
PLANT FORCES pr iF S05 1oC
ARCHITRCT-ENGINEER cBER
DES{ON ENQINEENING ORERA TION Tew ) Gf i
K FIELD ENGINE KN
SCOPE, PURNOIN, STATUS & PROGRKSE
Tuis project involves the continued drilling of exploratory type wells .s2d in
determining the conditions of water tables within Hanford Works.
Ten (10) of the eleven (11) wells on this project have been completed for a wzsal
¢of 4,520 ft. of hole. :
Contractcr is on sclledule. Present indications are that constructics work will ,
be completed ten (10) days aread of schedule.
PAGS. NO. ] TITLE FUNDING
CAH=C0E Biology Laboraiory Improvements SCme
AUTHERIZED PUNDS | ngsian & azc § COMMIT'S, TO s
hd SONIT, $ g & E3TIMATED TOTAL COST § Mol Ul
ITARYING | DESIGN. DNRECY | ogy an £37'D: { pgsiaN PERCENT COMPLETE
L COMIY, COMPL.Y
OATES CONAT, DATES CONST, CATEN | CONST,. . WT'De | ACHED.|ACTUA
ENANEER nEstan } 7 o T
b i d . .-
YEO - JT LlC}"d AR K nic o
MANBOWER AVERAGE |ACCUM.MANGAYS| g 17 15 L0
FINED PRICE
COST PLUS FIXED MEE cONST,
FPLANT FORCES . Ll
ANCHITES T=ENGINERER cEEp
DENIGN ENQINEENING OFERATION ' e
9K FIELD ENGINEEN

_lCQFI. FURMPOLE, 3TATYUS 8 PROGRESS

B. D. Boana hsve tentatlvely altered completion of design To March 1, 1l%cl. A
surmary of consideresble extra design time has been submitted by B. D. Beh.o for
overhead costs pending notification to proceed after stoppage rasuliting ~rom Zore
desizn wors than expected for ilrradiation facility and various chasges to lesijm.
Tris request is being evaluatedi. In addition to tuze zbove, the A.E. rezoriends
thev be assligned the tasli of prepsring shop drawinss ond zpeciricetisns for

2top Labricavion.

12341619
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HANFORD LADORATORIES OFERATION pare 1-31-61 R

I-neJl.No. T yiTLe FUMDNG

CAH-E86T Puel Element Rupture Test Loop 58-e-15
‘U‘"°N*RU'U"°'1;:;¢NS 13O:OOOh__J_m{Agcs 770,000 ﬂ}oumrrbTOI—EE-Gl_ s 3eh,067
s 1.300,000C const: ¢ 1, 370,000 ar 3 730,00 ssTaareo ToTar cosr s 1,500,00
BTARTING Joraahg -] OO commL, {8 §ZL'3{_{EE°L2:L-§L L __PERGENT COMELETE
DA rEy CONST, 11—2-'60 ;2':1:!' CONST. 10-31-61 pATES LEOMET- 10,37 .47 WT!n. (SeHRo, | ACTUA
BNomxEn "~ |eswew] 200 [ 1004 99

HLO - PC Walkup rE 9 L 100100

_ MANPOWER avenaoe [accum manoavsllsr gl A001 99
rixeo rarce -- (¢, A. Grant Co., Inc. o
£0ST FLUS FIXED FEX const. | 100 2 15
PLANY FORMCES : ::_‘_____3_{1:.?—_“-
ARMCHITECT=ENGINEER cPER 1 _
DESIGN ENAINEERING DRERA TION g 55 58‘?‘3"“@__5_@_
GE FIELD ENAINEEN

ICOPE, RURPOSE, STATUS & PROGREAS

* Detail design. Scope design started 11/2/59 and completed 3/15/60.

*¥ Rupture Facility Schedule received from G. A. Grant Co., Inc., on 1/5/6).

PROJ, NO, TITLE ] FUMDING
CoH-8Th Conscolidation of Plutonium Metallurgy Facilities-231-Z 6l-j -
AUTHORITIXD FUNDS | psiaN § Agc S COMMIT'S, TD s o B
$ consT, § ar § ESTIMATED TOTAL <OST 3 2G7,000
ATARTING | DENIGN, 1% CIRELY | pgyjan EST'Dr | pgaign PERCENT COMPLETE
COMPL., . COMPLLY —
DA TER CONSBT. =% DATES | CONST, paTEs | consT, wT'D. | agHAD.|acTU.
ENGINEKR ' DEIIGN
FEQ - JT Lloyd AR
MAMPOWER AVERAGE |ACCUM MANDAYS [ ag
FINED PRICK
COAT RLUS FIXKD FEE CONST,
PLANT FORCES Pr B
ANCHITRE T~ENGINKEN . cepp
DEAIGN ENGINEENING OPENATION ' FR
49N FIELD ENOINERN

.‘COPI. PURPOIE, STATUS & PROGRESS
This project provides in one location facilities devoted to plutonium metallurgy
research and development activities. This will result in more efficient
utilization of space and personnel.

The revised project proposal was placed on the AEC agenda for review on
Jexmary 27, 1961.

¥ Months after authorization.

1234170
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—— e HANFORD LABOAATORIES ORERATION natE 1.33-61 S
PROJ, MO, TITLE FlMDa
CAH~896 Stress Rupture Test Facility | 661 .
AUTHORIZED ruuui'f';-'mu"‘" 700 _.._.__-..[. sy 65,000 _",canu”m?o N j_ﬁ«.E\]_ T oquer
[ 50_: 000 conNsT-§ - gE % LL, 000 _ “Eanua'rt-:u TOTAl oAt s _.@*‘OOO
sTamting jogman. 7-2 ~60 DIRECT [pEsiGN o EST'D: focgign 120160 F  cemenrnt coMBLETE
DATES 1 CoNIY. 2-2?6_0 :?:;:l;-icourr.lo-l5-61 :;:;:—_{ICONH_'_'_-.ZI_(_:{_"_;-].:S':E]'- “_ _:::_HE..;:D_ sn__nﬁn._-; I‘;___C_T'i"‘_i-.
ERTWLER | veman | 100 100 100
FEO - RK Waldman T rE | I S
_ MANPOWER T T AVERAGE | ACCUM: MANDAYS ?E________J'E_Q,_, LJ_OO ) __3799'___
FINED PRICE b — o I D
CONT PLUS FIXED FER coNsT. L ] _
PLANT FORCES _ : il ...-._—_..—_. i -
ANCHITRCT-ENGINEER cerr | N
DESIGN EMOIMEERING OPERATION 1L R
aK FIELD ENGINEER _ N

fCOPE, PURPOSKE, $TATUS & FROARENM

This project involves a facility for delibderately ripturing wibing to =2starlish
service conditions.

Bid review is scheduled for February 2, 1961.

I R
PROJ NG, TITLE - FUNDING T T
CAH-G01 [Structural Materials Irrsdistion Test Equipment - EIR 0290
AUTHONIZED FUNDS | giégian s 15, 000 aecs 21,000 comiTa, Yo 1=1F.E1 s L2 053
' 125,000 ) const, 3 110,000 1 ax 3 10%&,000 EATIMATED TOTAL COSY s 125.000
$TANTING | DESIGN. G=15-60 DimkcT ogsan2=15-61 £31'0s | ogaten = FERGCENT COMPLETE
DA TES COMST, Q.“r['. CONST, 10'-1.5-61 g:?;;‘:‘ cousr..@:kj:él wT'Or !CHED.Q_@_I:’_TUA_I_._
ENAINET R cesian | 100 a7 85
FEQ = K. A. Clark AE ' )
MANPOWER AVERAGE [ACCUM. MANDAYS | gi 100 g7 85
FINED PRICE N
COST PLUS FIXKD FEE CONST, B
PLANT FomcEs ' o T
ARMCHITECT—ENAINEER cprr T
DESIGN ENGINRERING SENENmEE- 2 100 Fe o
GE FIRLD ENUINEER ' I ]

REQPE, PURPDAE, STATUS & PROGRESS

' This project provides for the installation of equipmen® at +the ETR for which changes
in the physical properties of reactor structural materials sablected e Ln-reactor
¢onditions cen be determined.

Design completion is being delayed to incorporate comments from the Phillips
Petroleum Company which will result in improved maintenauce feagures.

Installation of sub-pile piping is expected to be started during the month
of February.

1230111
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| HANFORD LABOHAYOR(ES OFERATION wa53“336¥m.'_nﬁ___

PAOI. NO, TITLE i IR
CGH-802 Uranium Scrap Burning Facility 61-3
TaeRI T i _{Dl.lu;T, - a—— — S g e LT R R
$ 36,000 comsv.s A ) gsTimaTED YoTAL cost g 30,000 7
sTamTinaorsion. 2¥ Couni. { Doman 51151{95&3:. .......... . ERCENT compLETE
CATES congT, 0% oATES | COMAT. paATES LEONAT. - . T | .?.‘-‘.':‘!EP?:.-EE.TP_.‘L
ENOQINERER BDEXIaN
FEO - R. K. Waldman e | T T

) MANPOWER AVERAGE | ACCUM. MANDAYE | -
FIZEO PRICE
COBT PLUS FIXROD FEE CONYT, -
PLANT FORCYS B
ARCHITEGC T-ENGINKER ' cRre
DESIGN ENUINEERING OPEMA TION R
dx MELD ENGINEER

SCOPE, PURFOIE, STATUS &k PROSAESS

This project provides a means of making uranium scrap material safer for storage
and off-plant shipment by converting this scrap to a stable uranium oxide. The
facility will be adjacent to the 333 Bullding.

Directive and work authority has been recelved but no work was started until

review by Genersl Electric Company has been made regarding AEC's proposed
change of Method of Performing Work.

* Yeeks after authorization.

PHROJS. NO, TITLE F,?g,g'ﬂoﬂ atd
C@H-907| Strontium 90 Interim Program Lef VPRI 8
AUTHORIZEZO FUNDS | pdsian 3 35, 000 ARC § ~- commiTs, To 1 -]15=-6] s 391:5 51
$ 420,000 1 s 65,000 ax #20,000 ESTIMATRD TOTAL CORT s 420,000
STARTING | DEstON?~ 2~ OINEET | nyyon £37'0 | oesig =161 FEACENT COMPLETE
DA TES 1 cmrr.g- ~60 i?:':: CONST. '3"1‘61 g:':::d CONST, %-1—61 WT'De | SCHED,jACTUY
ENQINEER pesion | 100 Q7 §8
FEQ -« H. Radow AR
MANPOWER AVERAGE |ACCUM.MANDAYS ] o 100 o7 g
FIXED FRICK
CORY FLUS FIXED FEK 33 2800 consv, | 100 o0 -80
FLANT FORCES 2 1C0 PF 11 80 80
ANCHITECT=ENGINERER cmrp 89 8¢ 80
DRIION ENGINEERING DNERATION e
O FIKLO ENGINEER ’

BCOPE, PUNPOSE, STATUS & PRGGAEID

This project will allow the separation of Strontium-50 material from Separations
Plant waste streams on an interim basis, and involves the conversion of the
Hot Semi-Works Plant for this purpose.

Punch list items on "A™ and "C" cells are nearing completion. It ls anticipated
that "B” cell will be accepted, with exceptions, by the end of this reporting
period. Work cn the cutside lines is progressing favorably and detail design
of the loadout station is in the final stages.

1234172
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‘BROJ, NO. T miree T T . BETIOCE
CAE-9L1k Rattlesnake Springs Redicecology Facility | G-
AUTHORIZED FUNDS [oemian § N AFC-S 53 TOO . ]couwr 200 s i ) o
s 72,000 congTs$ 68 600 s 3 18 200 ESTIMA TED TOTAL . nat 3 72 .C00
STAR'HNG{DI!IGN. 2-1-61 D'““T* DESIGN ""L D‘ {os:mu i—'-wl A1 —'!'r o _'-'I'-'Pl;'FN TL c_rhu;»_s_n::-.'.r_;
[ [} PL. —|| comm TR SRR LT —t
DATES cCONST, 3_-I5-6: i,i:;; cons 0= 3161 DATES. congT 0= 3]_ 6L 4_ e Vocwrmo, | Actaadl-
ENGINEER - i “4 ,-, (1 B ' f )
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. 1-31-61

—_— o HA Ny I, O A TR ES O M oA Y b ill,\ r
LET- NN TITLE NI Y (PR
CAH~Q17 Field Service Center - Atmospheric Physics 61-]
AUTN&R#!ED I'I.INA:I! UESIGN ! AEC $ ’ iccuuu- .7, %
5 CONET. S GE % VATIMETRL TOTH 1 5sr s 151&“000
ITA . DIRECT . E3T D. T oo T T
nrmu{u_n_lfr_q_ 1% K Do DESIGH . co“m_{nr-:saan _h-* o _BERCEHT COMPLETE
b LLLLAC-2S o foaves [ oot Noares leomar. G* 0L wros [seumne [ acTus
HGINEER OFSI"'IN
FEQ - JT Lloyd Ak |
MANPOWER [AVI{R.&OE ACC UM, MANCMYJ 5
J-WG NN S S
FIXED PRICE
COMT PLUA FIXED FEE caM3T,
PLANT FORCESY [ -
ARCHITECT-—ENAINEZER CRER
DESIGN ENGINEERING OPERA TION Fp ) o
GE FIELD ENOGINERS
AU Y S S

SCOPE, PURPOAKE, ATATUE & PRCAORESY

research and development programs.
will probsbly be placed on the AEC Agenda of February 2, 1961.

* Months after authorizatior.

This project will provide facilities necessary to conduct atmospheric physics

The revised project proposal was transmitted to the AEC on January 23, 1961. It

PRDJ, NO, TITLE FUNDING
CGH-918 Second Whole Body Counter - Cell Addition - 747 Bullding €L - 3§
ALDTHORIZED 'U"D'{ndﬁmu s [azc s coMMIT A, TO s Th T
$ coNaT, $ eg 3 ESTIMATED TOTAL COST $ ]_lo OOO
s'rmm'rmm4 pesign. 17 g'o"::'.": DESIGN . ﬂi;;‘:;_‘ vesign L% PRRCENT COMPLETE
DATER consr, OF pATEs | conaT, ©oaTES | consT, 16% WT'D. | scHED, jacTL
ENGINEER DESION
FEQ - KA Clark AE - '__

MANPOWER AVERAGE |ACCUM. MANDAYS || g R A
FIXED PRICK
COSY MLUS FINED FEE coNaT, -
PLAMT FONCER BE )
ARCHITECT-ENGINEZR 1133 - T
DESIGN ENGINRERING OPERATION FP T
GE FIRLD ENGINEER

ICOPL, PURPOSKE, ATATUL A PROGREYS

projected needs.

The project proposal is being studied b»y the AEC.

# Months after authorization.

[2368174

‘This project will provide a second whole body monitoring cell in the ThT-A
Building to increase the capacity of the Whole Body Counter Facility to meet
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FEDO - KR Waldman

MAHROWE R
FixEp PRICE
COsT PLUR FIXED FEX
PLANT FORCKS
ARCHITECY-ENOINEER
DEAGHN ENGINERAING DPERATION

GE FIELD EMGINEER

AVERAGE ]

HANFORD LABORATOHRIES QPERATIOHN
PNK;I.;CO.. T TITLE
CGE-919 Alr Conditioning - 314 Bullding _

AUTHORIZED PUNDA nygign § ArFC % BCOMBLT
$ coNst.$ ) ce 3 if cariman rne rorar
STAMTIN SIGM. ODIRECT [ pESIGH E3T D, . — i

afousian. 1 /2% f oeRe ad | Ganefoeman 2 Li2x
DATES const. 3.1 /2% parEs | SONIT: i pages LEOMOT 3 -
EMAINE ER

ACCURM- MANODAYY

fiapd

e R L]

= .GGC

ST

| “AosaEry,

SCORE, PURFOSE, STATUS & PROGRESS
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PROFESSIONAL PLACEMENT AND
AETATIONS PRACTICES QPERATICN

FONRTHLY REPCRT

GENERAL

As of January 31, 1961 the staff of the Hanford Laboratories tctalled 1382
employees, including 654 exempt and 728 weekly salaried. Of the total 562
rossess technical degrees, including 333 B.S., 12k M.S., and 105 Ph.D.

COALTE, SAFSTY AND SECURITY

The medical treatment frequency for January was 1.4l as compared with 1.32
for the preceding month. There were no disabling injuries or serious

ccidents during the month. There was 1 security violation during the
month, as compared with 2 for the corresponding pericd last year.

PROFESSIONAL PLACEMENT

Tc date, 43 offers were extended t0 3S/MS candidates for the Technical Graduate
Program. Of these, 7 acceptances and 7 relections have been received.

Ph.D. employment activity included & interviews, with 2 coffers extended
{((hemists-HL), one acceptance (Chemist-HL) and 4 rejections (Chemists-HL).

Ty date, 7 professors have accepted HAPQ offers to participate in the Summer
Employment Program.

EMPLOYMENT

Open requisitions at the beginning of the month totalled 23. There wers 10
new requisitions received, 14 vacancies filled, and 2 cancelled.

COMMUNICATIONS

Iwe new racruiting brochures, "General Electric at Hanford," and "Living in
the Tri-City Area,” were prepered and are now in use in owr recruiting activities.

TRAINING

Course or Seminar Number of People Status

PRAM.T 41 Continuing
Creative Approach 10 Continuing
Tzchnical Report Writing 7 Continuing

0. E. Boston, Manfger
Professional Placement,
and Relations Practices
] .
1234116
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TABLE II NONEXEMPT EMPLOYMENT

Nonexempt Employmenf. Status Dec. Jan. Nonexempt Transfer Request  Dec. | Jan.
Requisitions Transfers
At end of month 23 17 Active Cases at end of mo. 81 7h
Cancelled : - 1 2 Cancelled 0 3
Received 1k 10 New 1 2
Filled ‘ 14 14 Effected 0 6
1234171
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TABLE III. PROFESSIONAL PERSONNEL PLACEMENT

A. Technical Recruiting Activity - HAPO - September 1, 1960 to Date

Visits to Richland Offers

Cases To On the

Considered Invited Visited Visit ow&mwmm Accepted Open  Roll
PhD 412 117 20 L2 15 3 1 e
Exp. BS/MS 156 34 2l 2 2k 13 6 5
Prog. BS/MS 160 - - - 43 T 29 b
B. Technical Recruiting Activity - HLO - September 1, 1960 to Date

Cases To On the

Congidered Invited Visited Visit Offered Accepted Open  Roll
PhD L1z 117 20 L2 10 3 - 2

Exp. BS/MS - 16 11 - 6 3 -

In addition to the above activity, 8 exempt
employees have transferred into HLO from
other HAPQ depertments and 7 technical
graduates have accepted off-progrem placement

in HLO to date.

1234118

UNCLASSIFIED




UNCLASSIFIED | I-k

¢ - Technical Graduste Program
Month ending January 31, 1961

Number Personnel on assigoment
(HAPO Tech Grad Program ........,. 55
(Western District E.P. ....vvv.a.n 8

Distribution of Assignments by Depertments

IFD
HLO
FPD
CPD
CE&UO
C&AO

Distribution of Assignments by Function

R&D or Engineering
Other

1238114
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FINANCTAL OPERATION MCNTHLY REPORT
JANUARY 1961

Persconnel
Trhere were no personnel changes during the moenth of Jamuary.
Activities

~EWERAL ACCCUNTING

Harford Labvoratories travel through Jamuary 1961, is at essentially the same level
experienced during the same period in FY 1960. During the peried of July through
Jarmuaery in 1960, TOO trips were started as compared with 727 in FY 1961.

A1l funds available to Hanford laboratorles for off-site courses and seminars have
teen committed as of this date.

A complete revision to Hanford Laboratories' Mamual on authorization and performancs
of work is neering completion and should be published within the next few weeks.
Hanford Laboratories' O0PG's covering functions and respensibilities of the various
sections are under review and revisions should be 1ssued in the near future.

A report of results was issued for the physical inventory of movable cataloged
eqlirment in the custedy of Fhysics and Instrument Research and Development
Jperstion. One thousand nine hundred and forty items were physically counted
vaiied at $1,238,395, representing an increase of one hundred and sixteen items
velaed at $271,721 over the FY 1960 inventory.

A special report - Anmual Industrial Fire Program and Experience was prepared
stoowing the replacement value of plant and equipment assigned to HLO, exbiuldlinzng
vrderground installations and open sided structures at December 31, 196C. The
replacement value of plant and equipment on HLO records is $62,088,363 compared
o $3%,224,858 actual recorded beok value. The index used in reflecting repisce-
mest yeilue was taken from the Buiiding Cost Index published by Smith, Henckma:x,
sxi Grylis.

A repcrt of results was issued for the quarterly physical iaventory of Chher
Special Materlalsz. Only minor quantity variences were detected from the izven-
tory results submitted. To simplify future material holders quarterly inverntory
eporting and to reduce our reconciliation efforts we propose going to a certifica-
viom type ilnventory effective with the March quarterly inventory. We feel thiz
+nre »f irxventory will reduce our efforts by one half. It was evident from the
irvertory resalts that the rumber of materisl holders are declining, while tie
quastities in the laboratory Equipment and Special Materials Pocl are increasicg.
Triz izventcry prompted five holders to trensfer all or part of their materiel

ty the Pool. As more materisl holders accept this service which we are prepared
. provide for them, future inventeories willl not bhe nearly as time consumicg as
“hay currently are.
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A czll letter was issued to SS material custodlans to submit their material fere-
casts for Diversions Inside Production Chamnels for the fourth quarter of FY 1961
and the first snd second quarter of FY 1962. In general, this means material in

activities remaining within production channels but diverted from the normel flow
or process stream either for development or for direct production use. We were

also notified that these forecastsg are now on a semi-ennual basis insteed of each
quarter for both Ingide and Outside requirements. This will eliminate a total of

four forecasts anmually.

A meeting was held with interested persomnel from CAQC and HLO for the purpose of
discussing the handling of transactions pertaining to Heavy Water to engble an
even flow of charges to Cost. It was agreed that:

1. Heavy Water held for return to SROC will be held in a special account, to be
established by CAO, until sufficient quantities are accumlated for shipment.
Transfers to this account will be accomplighed monthly at salvage values
furnished us by SRO0 and the difference billed to Operating Cost.

2. Consumption of Heavy Water will be charged to Opereting Cost on a monthly
basis.

3. A monthly inventory of Heavy Water will be furnished Fimancial to enable us
to determine consumption and quantity of materisl (with percentage of D O)
being accumulated for shipment to ERCO.

Project unitization reports were issued during the month on the following projects

CAH-827 Automatic Columbia River Monltoring Station, $ 34 878
361% A Building

CAH-837  Animal Pens, Isclation and Examinstion Facilities, $ 77 959
Addition to 141-FS Building _

Project unitization is progressing on the following projects which are scheduled
to be completed in February:

CAR-7G0 High Level Radioactive Material Receiving and $344 oi8
Storage Addition, 327 Building

CAH-860 PRTR Fuel Element Access, 327 Building $ 80 533

To eliminate a duplication of effort by CAC and HLO in the keeping of records of
zirconium screp materisl and R&D stock, CAO will discontinue mainteining records
for this type of material effective Jamuary 1, 1961.

Thirty-one items velued at $9,186 were received at the Laboratory Equipment Pool
during the month of Jamuary. Twenty-eight items were loaned or transferred in lieu
of placement of requisitions valued at $11,663. There are currently 563 items
valued at $222,327 located in the equipment pool representing 4.2% of total HLO
movable cataloged equipment items and 1.4% of HLO equipment investment.
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Expenditures for Equipment Net Included in Construction Projects through Jaruary
1961 are presented together with FY 1961 commitments in order to reflect total
encumbrances against our FY 1961 allocation.

FY 1961 %
Program Expenditures Commitments Total Allocation  Encumbered

02 $ 6oz $ 969 $1 571 $1 877 8k
03 6 17 23 - 25 92
ol 389 372 761 885 86
05 14 7 21 53 Lo
06 28 22 50 100 50
Totals $1 039 $1 387 $2 Lot $2_gko g:

Percent of equipment expenditure to allocation for the 02, Ob, and 06 Programs are
compared with our historicel three yesr average for the same period.

Historical
Program FY 1961 Average
o2 32% Lo%
ok hhid 27%
06 28% 30%

COST ACCCUNTLNG

R, T. Brown, a BTC recruit, completed his rotation in Cost Accounting and transfer-
red to ancther HAPC component. Concurrently, S. C. Thomson, also a BTC recruitn,
was transferred to HLO Cost Accounting in Jamuary.

The Operating Cost control budget wes adjusted to reflect the transfer of the
Waste Disposal function from Chemical Research and Development to Laboratory
Auxiliaries. This invelved approximately $45,000. The control budget was alss
adjusted t5 eliminate the budget for GETR Irradistions from Experimental Oas-
Coiled Reector operating costs. This item of ceost will be accumlated in a
srpeclal general ledger account meintained by Contract Accounting.

An instruction letter was sent to HLO management for preparation of the Budget
for FY 1963 and Revision of Budget for FY 1962. Persoumpel requirements for the
Budget for FY 19€3 and Revislon of Budget for FY 1962 have been received. from
+he HIO Sections, approved by the Manager - Hanford Laboratories and transmitted
to Contract Accounting on the date due. Following is a brief summary of the
rersonrel requirementa;

Actual persomnel 12-31-60 1 386
Increase by 6-30-61 2

Increase by 6-30-62 1L
Decrease by 6-30-63 (&)
Budget at 6-30-63 1 19
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Other phases of the budget are progressing as scheduled. Hanford Laboratories'
requirements for Automotive and Heavy Mobile, Photographic, Office, Radio and
Audio-Visual equipment were prepared and transmitted for HAPO consolidation.
Deta Processing requirements for FY 1962 and FY 1963 were reviewed with HLO
mansgement in Jamuary and submitted to Accounting Operation.

Special requests received during the month are as fallows:

.2P - Technicel Assistance - Dugway Rediation Test Facility. The estimated
cost is $3,000. Dr. I. T. Myers, Radiologlcal Physics, i1s the coordi-
nator on this request.

.2Q -~ Fabrication of two glass cylinders for General Engineering Laboratories.
Estimated costs are $850. Work will be performed by the Glass Shop,
Technical Shops.

.ZR - Prepare Plutonium Foils for duPont Company, Savannah River Plant.
Estimated costs are $3,000.

Orgenizational cost code, 7522 - Reactor Engineering Development - Special
Studies, was established, effective January 15, 1961, to accumlste engineering
costs assoclated with the Super Critical Reactor Studies.

The quarterly report listing Hanford Laboratories planned expenditures of $5,000
or more for each item of material and off-gite contract procured for resesrch
and development programs during the balance of FY 1961 was prepared and transmit-
ted to Contract Accounting. The totals reported by major AEC progrems were as
follows:

02 Program $126 000
ok Progrem bl 000
05 Program 17 000
06 Program 26 000

Total. $61§ 000

Arrangements were made with the Laboratory Facilities Operation to issue a monthly
report containing inventory figures in comnection with the Strontium-8C Program.
This informetion will be submitted to the Chemical Processing Depsrtment.

A first draft of a "Fuel Element Fabrication Economics Study” prepared by Reactor
Engineering Development waes received Jamuary 13 for review and discussion at a
meeting on Jarmuery 16. Considersble time subsequently has been devoted to
appreisal of manpower requirements, reject rates and cost estimates included in
the report to asgsist in preperation of the second draft.

In cornection with the present study under way at HAPO to effsct economles and
efficiencies in operation, a description of services performed by Hanford
Laboratories which are classified as "general overhead” functions was prepared
along with historical cost data. This information along with other data will
serve as the bagls for further HAPO study and eveluation.

URCLASSIFIED
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Schedules and deta were prepared for use by HAPC msnagement in discussiosns E8TLY
in January with the AFRC - Division cof Reactsr Development people on pragram
levels for FY 1961 and FY 1962.

Cperating ccst informetion wag compiled for inclusion ip the annual informaticn
meeting for emplcyees presented by the Manager - Hanford Laboratories.

Action as indicated cccurred on the following project during the month:

New Funds Authorized HLO

CAH-914 Rattlespeke Springs Redicecclogy Facility $18, 300

Hanfcrd Laboratories recelved an additional $35,000 allocation for Miscellanecus
Capital Work Orders under $20,000. This sllccation brings our FY 1961 funds up
to $150,000. At month end, $107,200 had been expended and $17,200 was ccrmitted,
leaving an unencumbered balance of $25,600. .

Payrell Statistics

Non-
Fumber of HLO Emplovees Total Exempt Exempt
Changes During Month
Employees cn Payroll &t Begimming of Monmth 1 386 &ck 732
Additions and Transfers In 20 g 11
Removals and Transfers Out 24 6_2 15
Employees on Payroll at fnd of Mexth 1 382 E5u 728
Cvertime Payments During Mcnth ‘ Jamuary © Decegher
Exemp $9 ggg $10 920
Nonexempt 13 PZ 260
Total $2h 902 $32 350
Grosg Payrcil Paid During Menth
Exenpt $573 461 $ 577 435
Noaexempt 67 638 4,58 Lgs
Total $OIL 095 $1 035 934
Participation in Zmployee Benefit Jariary December
Flans at Month End Tumber Percent Tumber Percent
Pension Plan - 1 225 99.4% 1 229 99,43
Insurance Plan
Perszral Caverage 1 374 99.5 1 370 99.8
Dependent Coverage 388 991
U.5. Savings Bonds
Stock Bogus Plan 71 35.9 75 37.2
Savingz and Security Plan 1 060 85.5 1 060 R5.L
Accident Insarance 801 =3.0 797 57.6

j23418L UNCLASSIFIED




UNCLASSTFIED

Insurance Claims
Employee Benefits
Life Insurance
Weekly Sickness and Accident
Comprehensive Medical
Dependent Benefits
Comprehensive Medical
Total

Good Neighbor Fund
Mumber Participating
Percent Particlpating

1bl£252/bk .

Februsry 15, 1961

1234185

J-6 HW-683 50-
January December
Number Amount, Number Amount
0 $ 0 $.
18 1 140 17 1 250
87 2 300 132 g Ly
151 13 20 14k 16 219
% e = o

QEEEEEX December

0
£8.1 68.3
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INVENTIONS OR DISCOVERIES

All persons engaged in work that might reasonably be expected to
result in inventions or discoveries advise that, to the best of their knowledge
and belief, no inventions or discoveries were made in the course of their
work during the period covered by this report except as listed below. Such
persons further advise that, for the period therein covered by this report,
notebook records, if any, kept in the course of their work have been

examined for possible inventions or discoveries.

INVENTOR TITLE OF INVENTION COR DISCOVERY

M. C. Lambert Method for Increasing Rate of Dissolution
of Uranium Oxide by Chlorine Gas in
Fused Salts (HW-68232)

J. Dunn Bearing Adjustment - Canned Motor
Pumps
J. C. Spanner A Method and the Apparatus for

Measuring the Annulus Spacing Between
Two Concentric Tubes

H., L. Libby ' A Muitiple Parameter Eddy Current Non-
destructive Testing Device

C. A. Ratcliffe An "Exclusive-Or'' Circuit

D. F. Carroll A Method of Plutonium Disilicide
Preparation dated 1-17-61

J. W. Weber An Oriented Capsule for Horizontal

. Irradiation of Fuel Samples
L. E. Mills Superior Nuclear Fuel Element Cladding

Lbd,
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