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Research and Development

Progress in programs supported by the product departments has been generally
favoreble, Over the fiscal year to date the principal departures from schedule
have occurred in off-gite development of zirconium process tubes and in irradi-
ation testing of fuel elements, the latter a consequence of delays In activation
of the KER test facility.

Plans were formulated in detail and the necessary measures taken to assure that
expenditures on all research and development accounts of Eanford Laboratories
Operation will be within budgeted limits at the end of the fiszcal year.

Plans were developed with the Atomic Energy Commissicn to reduce the scope of
a current study of customer criteria and design criteria for a fuel element
test resctor.

1l. Resactor and Fuels

A preliminsry esgtimate of the construction cost of the plutoniim recycle
demonstration reactor, based on the currently incomplete scope design, has
axceaded available constructiop funds. Further reduction of scope and
completion of scope design are being carried out preparatory to formulation
of a new cost estimate. '

A survey of materials for pressure tubing in an organic cooled reactor
indicated that M-257 slloy (Al / T% Aly03} has the greategt potenmtial of
those high tempersture alloys commercially avallable with suitable neutron
absorption characteristices.

Swaged zirconium-clad, ursnium oxide fuel slements of about 0.5" diameter
have been made with UO, densities exceeding 85% of theoretical employing
no heat treatment or snnealing operations. A similar process with an
intermediate vacuum anneal produced compacted cores with approximately
90% theoretical density.

Use of concentrated plutonivm (as wires or thin rods) to take advantage
of self-shielding may provide a basis for extending the attainable exposure
of Pu spike fuel in a plutonium recycle reactor.

A deliberately defected and water-logged 002 tubular fuel element was
irradiated one cycle iIn the MFR without apparent damage to the element.
Rapid reactor start-up did not produce any noticeable distortion of the
element jacket through rapid steam formaticn in the wet oxide core.

Approximately 61 feet of aluminum-~clad Pu-Al fuel rods and 10 flux moni-
toring discs of the same alloy were delivered to FPhysics and Instrument
Regearch and Development Operation in March for PCTR testing.
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Exponential experiments on enriched I and E slugs, begun last month, were
continued. Gain in resactivity upon loss of vater was determined to be
128 inhours greater for these slugs than for normal solid slugs.

2. Yhysics and Instruments

The reactivity of a large cored element and & seven-rod cluster being
considered for the IFR were determined in & 7-1/2 inch lattice in the
PCTR. For the cluster, measurements were made with and without water,
organic coolant wasz included in the cored element messurement.

The second experiment in the series to determine safe handling limits
for enrichad uranium in ihe geparstion plart was rum in the PCTR.

A core tank for conducting experiments with heavy water moderator was
instalied in the PCTR and reactor operatian was being checked out at
month-end in preparation for experiments on the PRFR lattice.

Calculations on the reactor coclsnt loss problem was begun on the analog
computer.

Ap extensive study of the diffusion and transport of stack effluents in
stable atmospheres was completed and a comprehensive report has been

prepared.
3. Chemical Research and Development,

The G.E. mass spectrometer was converted to employ a thermal emiggion
source. Calibration was initiated by measuring the spectra of lanthanum
and uranium.

Bagic ammonium fluoride solutions continue to show promise 25 & dejacket-
ing media for fuels clad in zircalloy. Average zircalloy dissolution
rates of 30 mils/hr with negligible atteck on ursnimm resulted from
sirmitaneous exposure Lo boiling six mwolar NHLF. Attack on steinless
steel {types 304-L and 347) was approximately 0.5 mils/month with no
evidence of pitting.

The feaslbillty of separating plutonimm from Purex IBP or 2BP sclutions
with an anion exchange resin sppears reascnAble. Good decontamination
and purification was obtained simultanecusly with the producticn of a
65 g/1 plutonium solution.

Studies on the formation of synthetic zeolites (sodium alumino silicate)

as a means for permanently fixing fission products continue to be promising.
The coating wastes do not always contain enough free caustic to produce
gelling; however, additions of sodium hydroxide are satisfactory in obtaining
& proper gelation.
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Approximately 300 documents were reviewed for their applicability to the
Industrisl Irradiated Fuels Reprocessing Program.

Two 1ots of special UQ, were prepared in the semi-works unit for evaluation
by K-25. PFive tons wege produced by hydrating and dehydrating UO, from

the producticn plant continuous caleiner and five tons were produed without
the usual sulfur addition.

The presence of Np-237 in production plant U0, was detected by alpha energy
analysis of the residue remaining from TTA ex%raction.

Further confirmation on the stratification of ligquid wastes in ground water
zones was obtained. Vertical digtribution of radioisctopes in a well in
200 East Area were found to be approximately 1,000-fold greater 30 feet
below the ground smter level than at the beginning of the ground water zone.

Drilling costs for observation wells were reduced to & new low level of
$7.40/ft. XKai-well "hard-red" steel casing will be employed rather than
the present Schedule 30 mild steel casing.

Biology

The gastrointestinal absorption and skeletal deposition of P32 in rats was
feurd to be definitely a function of age - varying from 2 in 1-1/2 year-
0ld animals to 11% in L-month-old animsls.

Plutonium seems %o be transported in the blocd and excreted in the urine

in combinetion with an unidentified substance which is not a protein.

Urine and feces concentrations of plutonium reached peaks at 72 hours after
the injection into pigs' lungs of a soluble plutonium solution.

Results on recent work on ruthenium absorption and retentlon tend to deny
earliier work. These disturbing findings are belng checked.

Swine fed up to 45 jic I131/day have shown no thyroid dawage. Highest total
dose is estimated at 8,000 rads. I+31 thyroid and blood kinetics in pigs
were measured.

Twelve per cent of radioactive particles inhaled by mice were retained.
After exposure this rapidly decreased to 4% and then increased to 8%. No
rational explanation is apparent. Ru10602 was found to cause a malignani
Iung tumor in a mouge.

The well-known decrease in iron uptake by whole-bedy lrradiated ahimals
was shown to be partly csaused by intestinal damage.

In relative biological effectiveness work inconclusive results are being

obtained. This is being ascribed to difficulties in techniques and unreli-
ability of isotope solutions obtained from Osk Ridge.

DECLASSIFED ==
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Chloride ion did not increase I3l uptake by plants, but bromide ion 4id. The
affect was less marked than with the iodide iom.

In checking old results, it appears that dichromete is not as toxic to plants
as once supposed. In other plant work, it appeared that strontium may be
absorbed preferential to calcium - & marked contrast to results obtained in
other laborsatories.

Technical and Other Services

No radiation incidents involving exposure sbove permissible limits were reported.
One incident, involving facial contaminetion and potential inhalation of plutonium
by a maintenance employee, appeared to be of minor consequence from analysis of
first bioassay samples. The employee was administered zirconium citrate as a
precauticnary measure.

Two cases of plutonium deposition were confirmed during the month. Neither case
involved significant deposition. The total number of ceses on record to date is
mb

The recemt (uptures of cored fuel elements and the consequent release of the

noble fission gases around operating reactors has emphasized &he radicloglcal
problems with theee gases. A review of the information #vailable on the hazard

of such gases was started to serve as a guide to the Radietion Monitoring Operations
in the 100 Areas.

A review of the informetion aveilable on the effects of discharge of reactor

effluent water along the shore of the river was made. Although no clear-cut

evidence on this case is available, it appeared that a shoreline discharge at
100-K would increase the concentration of radiocactive materials im the 100-D

intake by at least a factor of eight over the present concentration. Such an
increage would lead to sizeable radiation dosage rates on the dry filter beds
end would increase the internal radiation problem in the 100 Areas.

During CY-1956 fission product isctopes in the Columbis River reached 0.6 percent
of the cff-plant MPC. This is a factor of six increase since CY-195%3.

Beta absorption and muiti-channel gesme spectrometry bhave lead to the identification
of Mn-54% and Tc-59 not previously found in algae, plankton and insects taken from
the Columbis River. '

Terrestrial and aquatic animels generally contained twice the contamination of
one year Bgo.

Two per cent reactor effluent increassed mortality of whitefish during the warm
season. At temperatures below 15° C, they tolerated 8 per cent effluent.

Work in the Radiographic Tesiing Operation was concentrated on the zirconium

process tube program. Tubes asre being examined by means of single wall radio-
graphs, eddy current traces, dye penetrant tests and poroscope examination.
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Work on Operation Pool proceeded satisfactorily with nearly all of the separate
studles required assigned to various Hanford components.

The feasibility of employing a sample inventory plan to estimaete the General
Stores' stock is being investigated. Such a plan would represent a considerable
savings over the expense of a complete physical inventory.

A series of presentations on basic statisticel quality contrel fechniques to the
employees of the Fuels Preparation Department was very well received and has
aroused considerable interest.

Statistical analysis of the results of "run-to-rupture" tests and other pertinent
information on rupture rates has resulted in e significant change in the basic
parameter used to design such tests.

Supporting Functions

Preparation of the Hanford Laborstories Operation Plant Acquisition and Construction
Budget for FY 1959 and Revision to the Budget for FY 1958 was coampleted and submitied
to Relations apnd Utilities for inclusion in the HAPO budget submission.

1951 participants in the Savings and Stock Bonus Plan received thelr bonds, common
stock and accumulated income during March.

At the end of March the staff of the Hanford Laboratories Operation totalled 1171,
including 477 exempt and 694 non-exempt personnel. Of the total exempt employees
there were k15 with college degrees and of that number 398 have technical degrees
as follows:

BS MS FaD
201 101 96

In addition there were 37 non-exempt employees with degrees.

The television program "Inside Banford" was presented March 6, and included
presentations by H. M. Parker, the Genersl Managers of the Froduct Departments,
as well as the General Manager - HAPO. There were meny very favorable reactions
to this program.

Twelve suggestions were presented to the Suggestion Board with 6 being adopted
and representing a total savings of $323.00 and awards of $80.00.

The non-exempt employee outlock continues very favorable with only 4 openings
for immediate placement. Technical personnel placement activities continue at
& reasonably favorable level in all areas except that of broadly experienced,
highly qualified specialists and technical managers.

o ASSRED
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Wo grievances were received during the month of March. The Wonecott arbitration
cagse continues unresolved and negotistions are continuing with the Regional Monitors.

Hanford Laboratories personnel worked a total of 190,947 hours with no disebling
‘injuries during March. There were 38 medical treatment injuries with a frequency
of 1.98 as compared to 1.73 for the previous month. The freguency for the year
to date is l.T7h.

A1l secretaries In HLO have now been placed on the new secretarial plan.

U Ptboryl.

Acting Msnager
HANFORD LABORATORIES
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REACTOR AND FUELS RESEARCH AND DEVELOFMENT CPERATICN

TECHNICAL ACTIVITIES

A. FISSIONABLE MATERTALS - 2000 PROGRAM

1. METALLURGY PROGRAM

Corrosion Studies

Statistical Evalustion of Corrosion. Most of the available data on the
uniform corrosion of alumimum, including laborstory, loop, end in-reactor
date, have been correlated in terms of temperature, power, and pH and
reported in HW-44996(1},

Corrosion of Uranium in Organic Coolants. Recent work has demonstrated
the reaction between urenium metal and orgenic compounds at their decom-
position temperatures to form uranium carbide. This reaction is assumed
to pass through a hydride intermediate step, since the rate of formation
of uranium carbide is substantially reduced when hydrogen is vented from
the reaction vessel {e.g., the autocleve). Sinece hydrogen gas can be
collected and vented from & recirculating reactor system or loop, the
carviding reaction does not appear to be a severe threst to an organic
cocled reactor.

A canned uranium sample with a2 1/16-inch diameter hole drilled in the cen
has besn under test in monoiscpropyl biphenyl (MIFB) for 56 days at 400 C,
with the total pressure mpaintained below 200 lb/sq in. by periodic venting
of the autcclave. Although three charges of MIFE have been decomposed in
this time, the sample shows no visible evidence of swelling. In a corres-
ponding test in which the total pressure was allowed to reach 680 lb/sq in.,
the sample was badly swollen after 17 days.

In & less drastic test a bare uranium sample has been in refluxing MIPB

at one atmosphere and 300 C for 81 days. The MIPB is protected by a CO2
blanket. The MIPB has suffered little if any thermal breakdown, and the
uranium piece shows no swelling, spalling, or other evidence of reasction.

Three uranium dioxide pellets were tested in MIFB at 400 C for nine days
in a closed system. The meximum pressure was 880 1b/sq in. The pellets
were not damaged and the weight changes were within experimentsl error.
A bare uranium piece tested in the same manner (at 400 C) wes completely
converted to carbide in five days. From these tests, uranium dioxide
appears to be stable in MIPB, even sbove the decomposition temperature
of the organic.

B T L N T T T T . T )

{1) C. Groot and R. E. Wilson, "In-Reactor Corrosion of Aluminum,"
HW-L4996, 2/18/57 (Secret).

it}
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Corrosion of a New High Temperature Alumirum Alloy. FPreliminary experi-
mental data indicate z new aluminum alloy, A203X, is significantly more
resistant to high temperature water (370 C) than any aluminum alloy
previously tested. The metal loss per square centimeter was no more
than half that of either MUOO or M388. Based on periddic weight gain
measurements almost all the corrosion of the new alloy occurred in the
first three to four deys, with very smell weight gains thereafter. If
the weight gain studies are borne cut by further metal loss analysis,
this alloy represents a very substantial improvement over the best
previous experience. The corrosion rate law for alloy A203X does not
appear to be parabolic; may possibly be either logaritimic or inverse
logarithmic. If true, this would mean that the weight loss at the end of
one yesr would be very small. More data will establish the time depend-
ence.

The alloy A203X contains 5.5% Ni, 0.3% Fe, and C.2% Ti. The alloy D-T0%
which is similar in composition except for the ebsence of the titanium
"grain refiner" corroded in & menner similar to M388 and M4OO. There

is a good possibility the special merit of A203X is in the titanium.
Addition of Ti or Zr to M388 or M4OO might produce beneficial results,
and steps are being tmken to procure such made-to-order alloys for
testing.

Aluminum Corrosion in Static and Refreshed 363 C Deionjzed Water. Aluminum
COrrTOSiOn rates have been obtalned in both static and refreshed (1 gph)

363 C deionized water in autoclave tests. Rates were found to be greater
in the refreshed water by a factor of two. Similar effects have been
observed in dynemic EIMO loop experiments when ratios of feed and bleed

o aluminum sample area were reduced.

Ceramic Qoated Uranium. The ccating of uranium with special glasses as
described in KAPL-1609 has been accomplished in the laboratory. A few
four-inch uranium slugs have been coated with a Pb0-3100-Nao0-Cul glass
by firing 2 ground glass coating at 1100 C in & glowbar furnace. Exces-
sive oxidation of the uranium has prevented the formation of an acceptable
coating to date; however, a helium atmoéphere annealing furnace, now
ready for use, will limit the postfiring oxidation of the uranium by the
atmosphere.

Recirculating Autoclave. One of the five-gallon high pressure autoclaves
in 314 Building will be equipped with a high pressure canned-rotor pump
for reecirculation of deionized water in the autoclave at a2 rate of about
1C gpm through a test section. Fresh water will also be added at the
rate of about 5 gal/hr to maintain the water quality and to pressurize
the system. Tests are planned in this autoclave to elucidate the effect
af fluid velocity on the corrosion rate of aluminum at high temperatures.

Radiometallurgy Examinations

Coaxial Fuel Elemenw Examination {GEH-4-15). A prototype ccaxial fuel
element designed by the Fuel Element Design Operation was examined radio-
metallurgically after irradiation at the MIR according to GEH-4-15. The
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element zonsists ¢ two concentric thizk-walled uranium tubes with a U-U
interfasze ¢.37% inch from the slug axis. Preliminary examination showed
that irradiation hed not affected the dimensicnal stability of the element.

1280-Curie Cobalt Source. A 1280-curie cobalt source was measured for
gamma. intensity and loaded into a cask for the Chemical Research and
Development Operation.

Organic Corrosicn Studies. Equipment for measuring the corrosion of
irradiated uranium metal by organic liguids (e.g., reactor coolants)
has been designed and is being fabricated in the technical shops.

Fuel Ele=ment Test Reactor

Scoping Studies. The AEC has indicated that work on the scoping of &
Hanford Fuel Element Test Rezctor should not be continued at the present
time. HAPQO efforts on the FETR will be reduced toc revising the required
Hanford fuel elepent test conditions to bring them up to date and to pro-
viding liaison for the FETR. AEC still plans te invite private industry
to btuild an FETR with private funds.

Preliminary engineering datas for a Hanford FETR will be assembled to
terminate the scoping activities. The scoping studies indicated that a
test reactor of 150 to 200 MW capeacity could provide the facilities for
the Hanford fuel element testing program. The reactor to be scoped
would use hoth heavy water and graphite as moderator. The active zone
would hawve a heavy water moderated center zone and graphite moderated
side fringe zones. One hundred and fifty-eight process tubes would be
arranged on a 1l0-inch square lattice. The center nine tube rows would
be criss-crossed, with five rows vertical and four rows horizontal, and
the remainder of the tubes would be horizontal. The center five tube
rows would be in the heavy water moderator. The report summarizing the
work completed on the FETR in the past three months will be issued in the
near future.

Lattice Studies. Buckling values for FETR lattices {K-type process tubes,

Ho0 coocled, 1C" spacing) have been celculsted as follows:

Fuel Moderator Buckling, em™?
Netural U D0 3.25 x 107}
Natural U Graphite 0.73 x 10'}‘L
0.94% U Graphite 1.75 x 10'1+
J alloy Graphite 6.00 x 10~

The two natural U bucklings are almost exactly those required for eriti-
cality in the DoO-graphite FETR design. The resulting flux distributiecn
approaches the desired shape sufficiently closely that there is every
reason to believe that the additional central peaking reguired could be
achieved with small amounts of enrichment aend poisoning at appropriate
points, without appreclably reducing the availsble test space. Other flux
distributions and core lecadings considered were all less satisfactory.
Analysis of the effects of the two materials test facilities on the flux
distribution is currently being completed.

BECLASSIHED
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Noble Gas Diffusion. The diffusion and aggicmeration of the noble gases,
krypton and xencn, produced by fissioning of wraenium have resulted in
pronounced swelling of irradiated fissionable materials. This swelling
appears to be markedly dependent on irradiation temperature and U-235
burnup. Beecause of the effect of such swelling on fuel elements used in
rropesed reactors, a basic study of the diffusion rate of these gases in
pure metals and alloys either single phase or two phase has been Initiated.
The effect of a second phase i1s =2 very basic interest because of the pos-
s5ibility of this phase acting as a locking site for the gas atoms. Alloys
currently under study are Ag-Cu, both single phase and bi-phase which will
be compared with pure silver.

Basic Metallurgy Studies

Six sets of xenon gas samples ccllected from Ag-Cu diffusion specimens have
been successfully irradiated and analyzed this month. The results show
-that the diffusion of xenon in Ag-Cu alloys is less than anticipeted. The
gensitivity of the technique is such that the approximate diffusivity must
be determined in order to estimate times of diffusion annealing. Initial
eveluation of the results indicates that there is a markedly decreased
diffusion rate in the two-phase alloys as compared to pure silver,

In conjunction with the determination of diffusion rates of xenon in silver,
the thermal neutron sbsorption cross section for Xeizh was determined.

This, to our knowledge, is the first time such a cross seection has been
reported. Due to the method of irradiating the samples in a neutron flux
followed by measurement of activity with a gamms spectrometer, it is rela-
tively simple to determine the thermal neutron absorpticon eross section.
This value was found to be Th..L barns as reported previocusly. A report
entitled, "Thermal Neutron Absorption Cross Section for Xejol," HW-48728,
has veen relesased.

Fast Neutron Damage in Molybdenum and Zirconium. The type and degree of
damage introduced in metals and alloys by bombardment with fast neutrons
15 of great basic interest as well as being of definite practical interesit
in the selection of structural materials to be utilized in reactors.
Molybdenum and zireonium have been selected for a basic study of such fast
neutron damage because of their crystal structure and their relatively
high recrystallization temperature. In the case of molyhdenum it has been
pessible to remove a majority of the damage revealed by x-ray diffraction
by annealing at 700 C. Lower temperature anneals remove incremental
porticns of damage in a stepwise fashion which is markedly dependent on
temperature., These results ftend to substantiate the possibhility of more
than cne typ= of damage occurring since a single type should tend to asnneal
out at one temperature.

Electrowinning of High Purity Uranium. The affect of trace impurities on
the behavior of wanium utilized for irradiation damage experiments is of
substantial in%erest since it is quite possible that trace elements can
have mark=sdly beneficial or adverse effects on the properties of irradiated
uranium. With +<his in mind, a study is under way to obtain the purest
uranium possible to serve as a bench mark in irradiation damage experi-
ments. Uranium has “Seen electrodeposited from a molten salt ternary that
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had been prepared directly by using uranium trioxide {from ?h 200 Area
Separations Operatidn) as one of the preliminary constituents. The methed
used is similar to the one cited in previous monthly reports except that
uranium trioxide is substituted for uranium dioxide. No apparent change
is seen 1in the deposited uranium.

Optical and Electron Microscopy Studies of Irradiated Metals. Observation
and interpretation of the demage introduced in fissionable and non-
fissionable metals by neutron irradiation is of great fundamentsl interest
in that such information is essentizl in the interpretation of the damage
mechanisms. Optical and electron microscopy are valuable tocls in such
studies in detecting differences oceurring within grains or at grain
boundaries by rcomparison before and after irradiation.

The study of the effect of reactor irradiation on the microstructure of
uranium by microscopic examinations is continuing. Identical areas in
replicas of specimens corresponding to the pre-irradisetion, post-irradiation,
and the re-etched post-irradiation states are being examined by optical and
electron microscopy. In general, very little change in grain structure has
occurred in the specimens irradiated for two cycles in the MIR at a flux of
1013 pv (30 MWD/T). To date no evidenece of grain growth, void, or crack
formation has been found. Careful examination has, however, revealed iso-
lated instances of widening of pre-existing twin bands and the formation

of additional twins &s & result of the irradietion history. In additicn,
scme grain boundary precipitation has been detected by electron microscopy.
Since the conditions of the irradiation minimized the effect of variables
other than fast and thermal neutron damage, the observed microstructural
changes can be attributed primarily to the neutron and fission events.

The importance of direct experimental evidence of the effect of reactor
irradietion on the microstructure of uranium dictates the advisability of
additional studies on these specimens. Such studies will Include compari-
sons of x-ray line breadth, hardness, and density.

New Fuel Element Development

Projection Fuel Element Development. Projecticons attached to fuel dements

are designed 10 concentrically position the fuel element in a process tube.
Three different fuel element types with supports have been developed.

They are: supports attached to standard "F" process fuel elementis,
supports for 1.hl-inch diameter fuel elements for KER tubes, and supports
for 1.8~inch diameter KER fuel elements. Mechanical testing of the

support systems is complete and a total of 1156 pieces of l.4hk-inch diameter
fuel elements for KER have been fabricated and are now ready for charging.
Three 1.8-inch diameter fuel elements are now being irradiated.

Evaluation of Hot-Pressed Fuel Elements {I&E) From Sylvanis Electric

Products. The non-destructive portion of the guality tests being applied

to the Sylvania I&E eight-ineh vacuum hot-pressed fuel elements has been

completed. The Testing Methods group applied the ID Sconobond test and

found four rejects; there were no rejects in the ID Frost test. Both of
these tests are designed to measure the same property, namely, the integrity
of the internal jacket system with respect to heat transfer. One positive
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reject and five questionable slements were found in the 0D Sonobgc; test.
The 0D Frost test rejected the element previocusly relected by Soncbond
and three of the Sconocbond doubtfuls and an additional four which had been
passed by the Sonobond. Twenty-Tive rejects and twenty-five acceptable
fuel elements from the Dy-Chek test were fusion-welded to check the
inspection resylts. Six of the accepted slugs and twelve of the rejects
proved to have bad ¢losures. Thus, it appears that the Dy-Chek test must
be improved upon 1f entirely reliable results are to be obtalned. Efforts
are heing directed toward this end. With respect to nickel thickness,
the present lot appears to have s generally thinner layer than was true
of the former shipment. This is goocd frem the standpoint of reactivity
but calls for a check of its effectiveness as a diffusion barrier. This
check, of course, will involve long-term destructive testing. Other des-
tructive tests are currently in progress.

Wafer Fuel Elements. Elghty-two C-size I&E wafer fuel elements have been
lead~dip canned for reactor testing. These have not been evaluated, but
it is expected that 1t will be necessary to can a total of about 150
elements to obtain the reguired 70 acceptable pieces. The canning rate
for these elements has Leen demonstrated at fifty per day, with a canning
yield of 90%. The wafers used in making up this test lo%t are pickled on
the inside and ocutside edges only. This is done to minimize Al-8i wetting
of the wafer faces by leaving them coeted with oxide. It is felt that the
non-wet faces will react much more rapidly in event of water entry, thereby
minimize radizl swelling as compared with axial extension of a failed
element.

Transformation-rate study of thin ursnium sections is being carried out in
order to determine the optimen heat treatment for wafers. Thin wanium
coupons are being beta heat treated and isothermally guenched at various
temperatures and times to determine the effects of transformation kinetics
on the resulting grain structures. Following the isothermal quench in
salt, the coupons are given a rapid brine quench to sub-zero temperatures.
Two sets of eoupons have been isothermally quenched at 640 C and 500 C,
respectively, for times up to 10,000 seconds {2.78 hours} and "Rp" hard-
ness measurements Laken. Hardness curves with a total range of about

10 hardness number:s and a range of from one ta three numbers per point
have been plotted. Examination of microstructures is proceeding concur-
rently.

Hot-Przss Fuel Elements. I&E fuel elements that wers fabricated for an
in-reactor evaluation of the present hot-press process are ready for
charging. A mixed charge of solid Hanford hot-press canned and Sylvania
hot-press canned fuel elements has been exposed to the corrosion environ-
ment, of the 31h-flow Lube set-up. After approximately 18% days in the
100 C water flowing at approximately 12 gpm, one of the Sylvania pieces
failed., It appeared %o be a slde failure. At that *time none of the
Hanford pisces hai failed and ne additional failures of either nype have
ccaurred after 200 days total exposure. Calculated corrgsion rates of
aluminum in thoe 314-flow tubes are about four times that of aluminum in
100 Area process water.
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Pcint Closure Tuel Elements. Fuel elements fabricated for an in-reactor

evaiuation using nhe point-closure téchnigue of canning is under way.

These elemen%s will be unbonded and will utilize a thin nickel diffusion
barrier between the uranium and the aluminum. Tocling is complete and
preliminary process tests have begun. The test elements will be fabricated
in April.

Welding Development. A welding process is being developed which makes

controlled fusion welding in a high vacuum possible. This process uses
a concenirated beam of electrons to heat the work pieces to the melting
temperature. Limited work has been done with Zircaloy-2 and stainless
steel. The results to date have been excellent and a continuing program
is under way to evaluete tnis process.

In the investigation of the roto-arc welding process, emphasis has Deen
placed on the redesign of the present welding unit so as to improve both
the magnetic circuit and the inert gas shielding. With the new unit it
should be possikle *o produce a more stable arc-path and result in a
reduced flow of inert gas; it is anticipated thati the gquality of the welds
will improve. Several of the weld defects have been analyzed and remedies
suggested. The shorting of the electrode through its center has a two-
fold cause, first due to the deposition of alumimumm on the insulator plate;
and second, due to the spacing of the magnetic concentrator with respect
to the electrode. The uneven weld zone was attributed to the lateral
spacing of the electrode with the work and was corrected by pre-aligning
the electrode and work before welding. Deterioration of the electrode
material was investigated, from which it was found that the molybdenum
electrode deteriorated due to melting of the tip, forming ragged edges
which produced localized hot-spots in the weld zone. The tantalum elec-
trode formed & low-melting alloy with the eluminum vapor which tended to
bridge the gap between the electrode and the work. A study of the decay
gurrent cyecle and its effect on the surface of the weld zone has shown
that maximum cleaning occurs between one and three seconds and that any
extension beyond this tends to produce a dull and porous surface. A de-
tailed investigation of the weld-zone melting during the welding cycle
indicated that the Al-Si boiled out of the braze layer prior to the melting
of the cep and can, and that the concentration of silicon in the weld zone
woutd vary inversely with the welding time.

Four-Rod Cluster Fuel Testing. Cluster fuel elements are being studied in

the search for an extended surface element which will permit plutonium
production at high specifie powers in & pressurized recirculating reactor.
A four-rod cluster element wes charged in the Hanford Fuel Element Testing
Facility at the MTR on March 13. This fuel element is similar to the two
four-rod stainless steel clad elements previously irradiated at Hanford
H-Reactor. At lasi observation 1t was operating satisfactorily, at a heat
output of 46 kw/ft. Calculstions based on Hanford 305 Pile data had pre-
dicted heat output of 56 kw/ft. The irradiation will be continued for at
least three MIR cycles, thus achieving an exposure of about 700 MND/T.

The cluster fuel element developed for irradiation in ribbed tubes utilized
an internal ring to space the four individual rods. Because of the use of
non-ribbed tubes in the KER loops, this design has been modified by the
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addition of spring clips to center the element within the tub [ﬂ—

reagtor pressure drop testing and charge-discharge experiments have
been completed for the modified element. Pressure drop characteristics
were satlsfactory and charge-discharge tests were successful. Tear
tests of the spring clips resulted in base metal failure rather than
weld zone failure. The first charge of modified elements for the KER
charging have been completed. The first irradiation in KER will begin
about May 1. Calculations have been made for a test of the KER element
in the Hanford ETR 3 X 3 loop. In this facility the element should
operate at about 100 kw/ft. The coolant for the test will be 270-300 C
water.

Seven-Rod Cluster Fuel Element. A basket assembly containing seven-rod
cluster fuel elements was charged into a KB through-hole facility March 1,
1957, under Production Test IP-46-A. This test is part of a program to
develop a fuel element capable of performing satisfactorily at high
operating temperatures, high specific power, and high burnup. Prior to
charging, & 305 in-reactor test was performed. Results of this test(l
showed a power generation for the cluster of 1.086 relative to the
adjacent solid column. The accuracy of the relative power generation
estimate is limited by the difference in temperatures between the test
reactor and 100-KE Reactor. Using data from the above experiment, the
seven-rod cluster fuel element has received 200 MWD/T exposure and 1is
currently operating at 60 kw/ft. It is estimated that the basket assembly
will be discharged in June 1957, after sustaining 2 burnup of 600 MWD/T.

Coaxial Tube Fuel Element. Coaxial fuel elements are of interest for HAPO
reactor application because they offer promise cf having the ilncreased
split failure resistance of the larger inner diameter cored element with-
out the accompanying reactivity deficiency. The irradiation of & c¢oaxial
tube fuel element was carried out in the MTR during January. The specimen
parameters were zelected so that the inner uranium tube would cperate in
the low gamma phase and the outer tube would operate in the alpha phase,
based on ex-reactor measurements of the uranium-uranium interface thermal
conductance. The specimen has been returned to the Radiometalliurgy
Laborstory for detailed examination aimed at determining {a) what dimen-
sional changes, internal and external, may have occurred, and (b) what

the temperature distritution was within the selement. The examination to
date has revealed only that the external dimensicns rave not changed.

Insulated Slugs. Insulated fuel elements. in which the uranium fuel
operates at high surface and central temperatures may prove to be resist-
ant to thermal stress failure. Three cored insulated elements are being
irradiated in the KW-367k through-hole. The slugs are operating at about
L9 xw/ft, and have reached an exposure of LOO MWD/T. Goal exposure for
the test is 600 MWD/T. A design document for irradiation of solid
insulated elements has heen drafted. At the anticipated power of 33 kw/ft,
an element containirg 0.001 inch of anodized insulaticn will cperate at

& surface temperaturs of 400 € and maximum centrai temperature of 330 C.

No opersting hazard grester than that which now exists for =the cored insu-
lated fuel elerent is anticipated.

{1) Fiteh, €. E., "Relative Power Generation of a Seven-Raé Cluster Frel

Element ia the ¥ER Loop," HW-438L4, 2/4/57.
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Co-extrusion of Uranium and Zircelov-2. 2Zircaloy-2 can be bonded

directly to wranium by thermal and mechanical treatment. Co-extrusion

is being investigated as a method of producing Zr-2 clad bonded fuel

rod with high integrity end closures. Nuclear Metals, Inc., have pro-
duced twelve co-extrusions in the initiasl investigation of extrusion
variables. Since the end closure is produced by deformation of a Zr
plug., the uranium-Zircaloy interface is not planar. Stringers of uranium
may evtend into the Zircaloy area as far as three inches. Reduction of
this stringering is a major cbjective in the development work. The
preliminary tests show promise of development of techniques that will
reduce this efifect to less than one inch.

Fuel Elements for Orgenic Coolant. At the operating temperatures ob-
tainable in & recirculating reactor using organic coolant, an aluminum-
elad, Al-8i bonded fuel element would fall by diffusicn of uranium into
the clad. Nev material combinations are being investigated for use in
these coolapts. Uranium samples clad in aluminum, magnesium, iren, and
brass are bheing exposed in 380 C MIPB in an autoclave for evaluation of
corrosion resistance, mechanical behavior, and the effect of pyrolitic
hydroger on the c¢lad and uranjium core. Magnesium is & possible clad for
use in organic. In the search for methods of bonding magnesium to uranium,
test coupons of magnesium were bonded to Al-S5i costed uranium by roll
cladding at 400 €. The coupons were seasled in quartz and heat treated
at 400 C to determine the thermal stability of the bond. During this
treatment excessive sublimation of the magnesium occurred, and a thick
brittle campound layer that appeared to be Mgo51 was formed. It appears
that a better bond might be formed with uranium coated only with =z
uranlum-alupinum compound rather than Al-Si.

U-Mg Matrix Fuel. U-Mg fuel material is being studied as a candidate for

high exposure use, particularly in organie coclant. A4 HAPOw-size U-Mg
element cenned in aluminum was irradisted one cycle in the Hanford Fuel
Element Testing Facility at the Materials Testing Reactor. The fuel
element increased €.025 inch in diameter and 0.009 inch in length. Cal-
culations indicate this change required a 4 v/o expansion of the fuel -
material. The fuel contained 35 v/o uranium (enriched to 1.75 a/o U-235)
in a matrix of Mg-1.5 w/o Si. The element operated at about 100 kw/ft,
and the contained uranium accumulated an exposure of about 800 MWD/T.
Contact between clad and core was still intimate after irrsdiation, and
there was no evidence of porosity in the fuel. No evidence of the mech-
aniam of growth has been obtained. A similar element wes baked in a
furnace at 4LOC € to observe its dimensional behavior, but reaction between
uranium of the fuel material end the aluminum clad prevented accurate
measurements. Similar tests will be made with a magnesium clad U-Mg

element.

Fuel Element Design Handbook. Plans sre being made for the preparation
of a handbook of fuel element design to be written by members of Reactor
and Fusis Research and Development Cperation. The handbook is to contedn
pertinent data, methods, and philosopinles of fuel element design so that
it may be useful to reasctor and fuel design personnel and alsc serve as
an educational tool for inexperienced persomnel. An outline has been
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written preparatory to determinirg breadth and depth of co&e and to
meking writing assignments. It is planned that the handbook will be
ready for issuance by July 1, and that it will he published in a form
such that revisions and additions can be made with a minimum of effort.

REACTCOR PROGRAM

Coolant Systems Develorment

Single Pass Coolant Development. A 1706 mock-up test has been designed
to determine whether accelerated tube and slug Jacket corrosion attack
will result from air addition. The primary concern is the downstream
flow surfaces where elevated temperatures will cause the air to come out
of solution. In the test, air is injected in the 1706 pump suction
through a rotameter, the water is pumped through a steam heated mock-up
tube (ocutlet temperature 115 C), and periodic examinations of the tube
and slug jJackets are made.

KER Activities. In-reactor recirculation in one 1706-KER loop was
initiated at 850 psig and low temperaturs (~100 C) using an aluminum
dummy tube charge. Failure of a canned motor pump bearing coccurred
after two weeks of operaticon. Repalr or replacement of the pump is now
under way. Prior to this incident the system functioned smoothly and
excellent centrol of process variables by automatic instrumentation was
gbtained. Activity build-up and water quality control were followed
closely and appesred to follow predicted patterns.

Organic Coolant Technology. Study of the radiclytic decomposition of

MIPB continued in the in-reactor organic test loop. By bleed-off and
make-up the material is cyeled in the range 30-50 per cent *ar; the

eighth cycle is now in progress. For a given percentage of tar, viscosity
of the fluid increases with each cyele. This effect appears to equilibrate
after about seven cycles.

Specific thermal deccmposition rates of irradiated and unirradiated MIPB
are being measured in the range 400-450 Z. Results Lo dete indicate

no significant difference in pyrolysis rates of the “wo materials. The
threshold temperature for rapld pyrolytic decomposition has been deter-
mined to be in the range 425-450 €. Tests are continuing in order to
establish the break point more precisely.

Thermal and Hydraulic Studies

Hydraulic Demand Characteristics of Process Tubes. A report was issued
concerning the relationship between flow and pressure drop in reactor
process tubes. Data are presented for C, D, 4, and KW Reactors and show
the afferct of outlet water temperature and tube corrosion on the uy-
drailic demand characteristics.

Air Injection Studies. Injection of air into the suction lines of new
Project 558 190 high 1ift pumps has been proposed as one means to over-
come the severe z2avitation problems recently encounterad. A laboratory
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study was made of the effects on pressure and temperatures within a con-
ventional process tube showld air be injected into the suction side of

the water supply pumps. Nitrogen gas was injected into the front header
of both the electrically heated process itube mockup and the hydraunlic
flow mockup. A small decrease in flow resulted in the venturi zone tube
at an cutlet water temperature of 100 € due to a2 slight pressure buildup
at the rear fittings. By using s glass section in the hydraulic apparatus
it was observed that the nitrogen gas bubbles were well dispersed around
the annulus and moved with approximstely the same velocity as the water.

Poiling Burnout Studies. Twenty-three more boiling burnout determinations
were made on the high pressure heat transfer apperatus at a variety of
pressures and heat fluxes. This brings the total aumber of burnout runs
using & uniform heated rod in a horizontal test section to approximately
0. The design of a vertical test section is nearly complete and construc-
tion has started.

Shielding Studies

Attenuation Characteristics of Ordinary Concrete. Curing of the set of
shielding slabs made of ordinary concrete for use in the DR shield test
well was completed. These test slabs are scheduled to be placed in the
test well during the next scheduled cutage of DR Reactor.

Neutron Dosimeter. The calibration of the neutron dosimeter has been
completed 214 new operating conditions specified for grester stability.
The old calibration was found to be in error, probsbly because of the
steel used in the moderator shell. This requires thail & constant correc-
tion be applied to all previous measurements.

A neutron source in & paraffin cesk has been calibrated against a standard
so that field ecalibration of the dosimeter will be possible by merely
placing the BF3 counter tube in a hole in the cask.

A new dosimeter has been ordered {using aluminum construction) which will
have & double moderator. One moderator will measure dose; the other will
measure fiux. Then the ratio will allow calculation of the average
neutron energy wherever measurements are taken.

Irradiation Testing. The monthly status report, "Status of Production
Tests of Special Interest to Hanford Laborstories Operation - March 15,
1957," HW-49136, was issued. The irradiation test of three seven-rod
cluster fuel elements in the 3865-KE front-to-rear test hole was started
March 1, 1957. The cluster fuel elements are operating at 59.5 kw/ft.

A fuel element failure cccurred in the test to determine relative
corrosion characteristies of M-326 end M-388 jacketed fuel elements.

The M-329 jacketed element failed at 117 MWD/T. Irradiation tests to
evaluate vacuum canned fuel elements and hot-press canned fuel elements
have been proposed by Fuels Fabrication Development Operation.

Q@\}%%\“‘“-m
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Mechanical Equipment Development ) ﬁi{;} &
echanical

Test Facilities. The storage tank-pressurizing vessel for the

organic test system bhas been febricated. Radiographic inspection of the
vessel revealed three small weld defects., These defects will be corrected
and the vessel subjected to another hydrostatic test. Arrangements are
being made for "Third Party Inspection" in compliance with the ASME codes.
Fabrication of the test facility's main pilping continued.

The preliminary scoping of the high-pressure, high-temperature recircu-
lating water facility for mechanical compcnent tests was completed. This
facility operating at & meximum temperature of 630 F and 2400 psi will
provide both thermocycle and thermoshock tests.

Nonmetallic Msterials Development

Graphite Thermal Annealing - Coocled Test Hole Series. Analysis of data
from this series has clarified the manner in which radiation damage in
graphite is distributed among the various activation energies. This will
aid in predicting the damage to graphite exposed at low temperature {e.g.,
in the fringe zones) in the Hanford reactors. A similar test series on
graphite exposed at about 425 C is also under way.

Thermal annealing of the low temperature radiation-daemaged samples has
been carried out to 1620 C. This corresponds to an approximate activation
energy of 158 kcal/g-atom. Temperature messurement and control was accom-
plished with an optical pyrometer when the Pt, Pt-Rd thermocouple failed at
1460 €. Sample length changes for a few of the anneals are presented in
the following table.

Semple Per Cent Change in Sample Length
Exposure No After After After
MWD/CT "Annesl 50 keal/g-stom* 100 kcal/g-atom* 143 keal/g-atom*
416 0.198 0.121 - 0,030 - C.032
6oL 3.323 0.238 3,008 - 0.035
76L 0.457 0.3k1 G.070 0.022
1216 0.555 0.458 C.12b 0.022
LELO 0.805 0.716 0.30L 0.019
2160 1.720 1.480 0.619 - 0.037
5723 2.918 2,841 2.288 1.180

¥ote: Thermal activation energy for the annealing.

Co expansion has arnealed in a similar menner; however, no 5 values less
than the virgin values have been observed. The samples with the smailest
amount of dempage now have C, values which are leveliing off at about £.72 R.
Measuremen*s of L, crystallite thickness transverse to the layer planes
were erratic for nighly damaged samples but, following the high temperature
anneals, are now approaching initial values.
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Effect of Compounding Ingredients cn Radiation Resistance of Organic
Poiymers. Variations in the compounding of neoprene and nitrile types of
elastomers have a pronounced effect on their radiation resistance. For
example, by the use of different reinforcing and sga ilizing agents, &
Type W neoprene elastomer was irradiated to 3 x 10¥ r before breaking in
a standard flexidility test, while & differently compounded Type W neo-
prene broke after 3 x 107 r. The common practice is to emphasize the
polymer type in classifying materials as to radiation stability. Recent
results have shown that the additives and method of compounding must be
considered before predictions or clsssifications can be atiempted. Since
there are literally dezens of such additives used commercially, future
tests will attempt to classify those most useful in imperting radiation
resistance.

Graphite Stored Energy. The results of samples irradiated under PT-403
\controlled temperature irradiation of graphite) show the stored energy
content +o be a sensitive function of irradiation temperature, as indicated

below:

Stored Energy for a
Exposure, Irrad. Temp., Stored Energy, Comperable Exposure

MWD/ CT e Cal/Gram at 30 C, Cal/Gram
46k 213 an 206

1135 135 83.7 435

1135 137 93 435

1135 123 119 L35

1135 118 132.k k35

‘Stored energy determinations are being made on samples
irradiated at L2s ¢.

Thermocouple Testing. Tests at 600 C and 800 C are continuing on 20-gauge
chromel-alumel thermocouples with & stainless steel sheath and megnesium
oxide insulation. Following one month's operstion in a pure carbon di-
oxide atmosphere the thermocouples dropped two to three degrees C at 600 C
and 25 degrees C at 800 C. More thermocouples of this type are being
prepared and examined for tests in 50 per cent helium, 50 per cent carbon
dioxide.

Structural Materials Development

Zircopium Alloy Development. Analyses of the factors that may have con-
tributed to the tube reducing mandrel breakage at Superior Tube Company
during their PFebruary operations wre discussed with Superior Tube Company
personnel. A revised mandrel design, which it is expected will minimize
the undesirable features of the previous design, is being prepared by the
Superior Tube Company. All parts ere on hand at Superior Tube Company for
the modification (lengthening) of the tube reducing machine, as required
for the fabrication of L8-foot long tubes. The modification of the
building has been completed and new concrete footings for the machine
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Seven short lengths ¢f ribbed Zirecaloy-2 tubing, ranging fron&eet to
16 feet in length, were received from Superior, and two short lengths of
ritbed Zircaloy-3 tubing (total, approximately 21 feet) were received
from Allegheny Ludlum Steel Corpcoration. These short lengths are cur-
rently being inspected by the Radiographic Testing Operation.

An attempt to tube reduce B-D-F Zircaloy-3 ribbed tubes to final size

on March 23, at Tube Reducing Corporation as a part of the work on
Contract DDR-6 with Allegheny Ludlum, was unsuccessful because of
material failures in the form of fractures across the ribs similar to
those previously experienced by Superior Tube Company. An analysis of a
partially tube reduced section indicates that the reduction of area of
the rib section was substantially less than the reduction of the tube
wall; a condition known to czuse failure of the ribs. The mandrel design
is being 2o0rrected to eliminate this difficulty. One short piece and ten
full length pieces remain Lo be tube reduced te final dimensions.

The two full length ribless KER Zirezloy-2 tubes which were recelved
from Bridgeport Brass Company were examined by Radiographic Testing
Corporation. A lap or fold, approximately 18 inches long, was found
about five feet from one end of one tube. The other tube appears to be
gsound and will be more thoroughly inspected.

The need for a program to develop fabrication technigues for KER type,
Zircalcoy-2 process tubes was emphasized by the failure of either Alle-
gheny Ludlum or Bridgeport Brass to produce acceptable tubing using
technigues currently available. Consequently, Contract DDR-11 has been
negotiated with Allegheny Ludlum Steel Corporation to determine the
amcunt of ccld work permissible when fabricating Zirecaloy-2 in a shape
similar to the KER tube. Upon completion of this contract it is expected
that the design of a me%allurgically sound fabricating process will be
possible.

Previous testing of Zircaloy at Hanford (HEW-L4006, EW-40312) has shown
that the increase in strength of Zircaloy brought about hy coid working
the material on the order of 50 per cent is rapidly lost at moderately
elevated temperatures (e.g., 400 C). This phencmenon, called "flow
stress recovery" or just "recovery” of the material, results in the yieid
and tensile strengths of the material falling off to approsch the fully-
annealed values. fConsequently, the design of Zircalcy components for
service at moderate temperatures {e.g., reactor pressure tubes at 350 to
400 €} should not be based on the assumption of the higher strength
values resulting from high degrees of cold working. However, results of
current tests indicate that some strength advantage at elevated tempera-
tures may be derived by using Zirealoy-2 pressure tubing with a low per
cent of cold work. Extrapolation of preliminary data for 15 per cent
cold-worked Zircaloy-2 indicates that after 10 years at 35C C a yield
strength of about 52,000 psi may be expected {compared with & maximum
yield strength of approximately 4&,000 psi for fully annealed Zircaloy-2
specimens]q Rased on extrapolation of similar preliminary data, 25 per
cent =o0ld worked Zircaloy-2 does not appear to exhibit a greater “per-
manent” vield strength than the 15 per cent cold worked material, for
high “=mperarure service.
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Alupinum Alloy Development. A comparison of the properties of aluminum,
magnesi, sTeel, and zirconium alloys indicates that aluminum-Alz0%
alloy, M-257, has the greatest potential for use as pressure tubing in

an organic cooled reactor operating in the range of 250 to 450 €. The
bases for this conclusion are discussed in document HW-49029. To provide
adeguate data for the design of M-257 pressure tubing, the creep testing
program at the University of California is being extended tc include
tests at 260 and 343 C.

Alcoa has completed the experimental fabrication of twelve B-D-F size
ribless, M-257 process tubes. Development of tooling to fabricate
ritved M~257 tubing is continuing. All but the final drawing operation
was completed on five KER-size, ribless M-257 tubes.

WEAPONS - 3000 PROGRAM

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

REACTOR DEVELOPMENT - LOOO PROGRAM

PLUTONIUM RECYCLE PROGRAM

Plutonium Fuels

411 of the Pu-Al fuel rods cast for PCIR festing have been machined and
cut to length as regquired for the fuel element assemblies. Approximetely
sixty-one feet of the fuel rod was machined, inspected, and weighed pre-
paratory to canning. Ten flux monitoring wafers 0.0l0 inch thick were
cut from the rods. Radicgraphs showed & minimum of internal shrinkage
voids and the average plutonium composition, by chemical anelysis, was
1.80 w/o plutonium with an average maximum and minimum of 1.82 w/o plu-
tonium at the bottom of the castings and 1.79 w/o plutonium at the tops.

A technique was developed vhereby the fuel rods were successfully Jacketed
without external surface contamination on the canned fuel elements. A
small amount of powdered graphite was spplied to the rods to prevent
galling during assembly. The end caps were heli-arc welded into the
aluminum cans and the flux monitoring dises were clad with five-mil
aluminum cans which were sealed by soldering. Each finished assembly

was tested for leaks with a bubble tester. Components for the Zircaloy
clad test assembllies are being prepared for assembly and final closure.

A sample of ome of the Pu-Al alloy rods with freshly machined surfaces
vas easily cleaned with alcobhol in an open front hood to the peint where
no smearable contaminetion could be detected. Also, no smearsble con-
tamination has been detected after a storage period of two weeks.
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Calculations made for l/2-inch diameter capsules of Al-1.67 wiPu, clad

in 0.030-1inch Ziresloy jackets indicate that under MIR operating condi-
tions a volumetric power generation twice that expected in the PRP will
give a maximum core temperature of about 400 C. Two capsules of this

type are planned to commence irradiation in the MTR on about May 1, 1957.
Calculations are in progress to determine probable MIR operating charac-
teristics to facilitate the design and fabricatiorn of zirconium-clad, mixed
erystal oxides (Pqu-UDE) capsules of various densities and compositions.

The Savannah River request for 100 Al1-10 w/o Pu wafers and one Pu-Al slug
to be delivered in April 1is being fabricated. The foil for the wafers

has been rolled to size and the wafers have heen punched out. Also, the
0.0C2-inch nickel cans for these pieces have heen fabricated. The mold is
being fabricated for casting the slug.

U0z Fuels Development

PCTR Fuel Elements. Fabrication and testing of aluminum-clad uranium
oxide fuel elemenits for PCTR tests planned by Experimental Nuclear Physics
Operaticon in support of the Plutonium Recycle Program were completed. One
hundred and fourteen outer buffer rods {34-1/8 inches length), thirty-
eight end buffer rods (8-3/8 inches length), nineteen sealed and five de-
mountable test rods {16-3/8 inches length) were assembled. These elements
contain sintered and ground UQp pellets having an average density of

10.2 £ 0.1 grams per cubic centimeter. Following final assembly an anti-
corrosion coating was applied to the fuel elements by boiling six hours

in distilled water. The elements were individuslly helium leak tested.

Defected UQo Fuel Element - GEH-4F. One purposely defected, internally
and externally ccoled, U0, Iu€l element was irradiated in the GEH-4
facility of the MTR without unusual incident. Thes purpose of the experi-
ment was to determine the effect of rapid reactor startup on & waterlogged,
defective UDp fuel element. The element consisted of an U0z core 1.410
inches OD, O.475 inch ID, 4.0 inches long, clad in Zirealoy having an
inner wall +thickness of 0.035 inch and an outer wall thickness of 0.020
inch. The outer wall was pierced at approximately the mid-point with a
0.01% inch diameter hole. The void space within the element was com-
pletely filled with water. The MIR was raised very rapidly to the re-
quested power {from critical to twenty megawatis in seven minutes). No
variation in coolant pressure drop was observed, indicating no distortion
of the cladding due to steam burst. The maximum c¢ore temperature was
calculated to be 10O C. The rise of radicactivity of the facility dis-
charge water rcughly paralleled the rise of reactor power. The activity
of discharge water from the weaste tank, measured at cne inch distance,
was 23 mr/hr/pint. The composite half-life of the activity was 32-1/2
minutes. The effluent radiocactivity dropped rapidly to near zero immed-
iately upon reachor shutdown.

Exposure of JO2 to Organic Coolants. Three cold pressed and sintered UGp
pellets ot rthe +ype reecricated for fthe PCIR fuel elements were corrosion
tested in monoisorpropyl biphenyl. One unground pellet and twe surface
ground pelliets of 39% and 95% of theoretical density were exposed to 400 C
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IPB for 216 hours in a static, sealed autoclave. No measurable weight
charnge and no change in physical appearance of the UOp was apparent.
Under identical conditions less than 120 hours exposure is known fo be
sufficient to convert uranium metal to uranium carbide, en toto.

UQpz Fabrication Studies. The characteristics of UQp powders obitained

Trom varigus sources are being determined and correlated with fabrication
behavier, The following conclusions have been reached with respect to
pressed and extruded UQp pellets:

(1) sintered densities increased with increasing surface areas.

{2} High density extruded rods are most likely obtainable with
Ceramic Grade UQs of high surface area, micronized FWR UOo,
or PWR UQc treeted by an oxidation-reduction process in a
fluidized bed. .

(3) Hanford depleted UQp compared favorebly with other UOp powders.

(L) The oxidation-reduction treatment of powders appears in general
to provide a promising methcd of powder preparation, prior to

. compaction and sintering.

{5) Micronized PWR Grade UCy sintered to over four per cent higher
density than any other powders tested.

Additional work is planned to further determine the effects of various
treatments on UCp powder characteristics and fabrication behavior and to
compare the economics of the various processes.

Detailed Design of Tubular Fuel Elements. FPreliminary design of end
closure =ctions and end fitting hangers for the tubular fuel element
was completed and some of these sections are being fabricated. De-
tailed design and fabrication of full-scale mock-up fuel element
assembliesare scheduled to begin in April.

Swaged UO0s. Zirealoy clad UO2 fuel elements have been made with 64%

reduction in cross-sectional area. A4 5/8-inch 0D x 0.050-inch wall,
1/8th hard Zircaloy tubing was used. This tube, after being filled with
U0p plas 1/10% uranium powder, was cold swaged to 3/8-inech OD. No inter-
mediste heat treatments or annemling operations were used. The finished
tube upon exemination was completely free of any defects which might be
caused by excessive gold working. The final wall thickress was approxi-
metely 0.04C inch and the final oxide density was 85.5% of theoretieal.
Fuel elements produced in this same manner with the exception that they
were vacuum annealed at 750 € at approximately the half-way mark, re-
sulted in densities approximately 90% of thecretical. However, Zircaloy-2
cladding on this element did not appesr to have & better finigh or be
superior in any way to the elements produced without the intermediate
anneal.

BEtehing of Ceramics and Cermets. A vsalusble tool for interpreting the
properties- of ceramic materials is the grain size obtained during sin-
tering. This will vary widely with particle size, sintering times, and
temperature. In most instances it has been impossible to exploit these
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microstructural studies because of the inability to eteh suc amic
materials. Studies are currently under way to establish the appli-
cability of cathodic vacuum etching for such purposes.

Mechanicel Equipment Development

The detailed design and the specificetions for the 314 Building PRPR
Process Tube Test Shaft were approved by the Hanford Operations Office
of the Atomic Energy Commission. Contractors have been requested %o
bid on the contract. It is expected that the contract will be awarded
the first week in April.

The final piping arrangement for the PRFR Single Tube Prototype Facility
has been completed. Purchase requisitions have been issued for the
piping, heat exchangers, pressurizer, meke-up tank, and make-up pump.
Comments have been submitted on the instrument flow diagram and the
instrument panel arrangement. The mechanical sealing arrangement for
the prototype recirculating pump has been designed. Construction
Engineering Cperation is preparing the pump specifications.

Zircaloy-2 tubing (2.5" 0D ¢ 1/4 wsll thickness) has been received for
use in testing the inlet process tube fittings. Fabrication has started
on a Lest section containing twe proposed types of fittings.

The Johnson Pump Company, Byron Jackson Pump Company, Peerless Pump
Company, Harvey Aluminum Company, Paddock Engineering Company, and
American Locomotive Compeny were visited this month for engineering
consultation on various PRPR components. The following subjects were
discussed: pumps and mechanical sheft sealing arrangements, aluminum
usage, filters, and heat exchangers. A trip report will be issued angd
distributed %o interested parties.

Coolant Systems Development

The PRPR vertical tube flow and corrosion testing prototype was completed
and shakedown testing is under way. The facility provides 150 GFM of

600 F water to a stainless steel tube of PRPR geometry. Initial tests

in the apparatus will utilize a dummy 19-element fuel cluster to determine
long term flow stability characteristics, film deposition patterns, and
corrosion effects.

Calculations were performed to determine the feasibility of using
aluminum jackets for Pu-Al fuel elements having relatively short ex-
posure periods. It was determined that the use of pH 4.5, phosphate
inhibited water would meke this a practical approach. Specifically, the
to*al estimated corrosion penetration in a three-month period would be
10 mils for a fuel element surface temperaturs of 560 F.

A review of deccntamination requirements for the PRPR was made. The
study showed that primary coolant and moderator systems should be
separated to permit effective decontamination of the primary system
components, without damege To the aluminum calandria and shroud tubes.
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Structural Materials Development

The aluminum zomponents for the PRPR experimental assemblies for PCTR
tests were anodized and sealed for members of the Nuclear Physies
Research Operation. This anodized film will reduce the aluminum attack
in the closed process tube.

Process Tubes. The febrication of four prototype Zirceloy-2 process
tubes for the PRPR was initiated at Chase Brass and Copper Company. The
tubes are expected to be delivered in late Msy or early June. Orders
were placed with the LaFiell Manufacturing Company to fabricate the
flange and tapered end geometries on short lengths of process tubing
pricr to attempting these operations on full length tubes.

Sheath Tubes. The Wolverine Tube Company has started fabrication of
development gquantities of Zircaloy-3 sheath tubing for the 19-rod cluster
fuel element and the two small dismeter tubes for the nested tubular
element. A May 1 delivery date is estimated by Wolverine. The Superior
Steel Company started rolling of the Zircaloy-3 strip which will be sub-
sequently formed and welded into tubing for the three large diameter tubes
of The nest tubular fuel element. The strip will require about two months
to faebricate because of the time delaeys associated with intermediate
vacuur anneals.

Plutonium Fuel Cycle Analyses

Recycle Evalustion. HW-49L86, "Preliminary Evaluation of Plutonium Re-
cycle, has been completed and is being published. It is concluded that
in this study:

{1) Plutonium can compete econamically with U-235 as power reactor
fuel and has the potential to surpass it.

{2) A research and development progrem to improve plutonium tech-

" nology has attractive pay-off potentialities.

13) An experimental reactor and assoclated separations faciiity is
needed in such a program to demonstrate fuel technology, to
determine physics constants, and to analyze cycle variables.

{L} Plutonium recycle, as a reactor operating concept, is appli-
ceble to all reschtor types, especially those with less than
1.5% enrichment and conversion ratios greater than 0.50.

(5} Depieted urenium, such as diffusion plant wastes, has & special
profit advantage as feed material for a plutonium recycle power
reacLor.

Neutron Temperature Studies. A general method of analysis of the
equilibrium cycle perameters has been applied to the problem of the effect
of neutron temperature on attainable exposures. Preliminary results
indicate a decreasing attainable cycle exposure as the temperature rises,
at least up to 300 C, &t & rate of approximately -0.08% per OC. At

higher temperatures the results are uncertain because of their sensi-
tivity to the alpha {capture to fissionm ratio) of Pu-239, which must be
known to high accuracy. Improved cross-section information now avallable
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will be utilized during the next few days to provide mere relia high-
temperature predictions. '

Fuel cycle equations in linearized form are programmed for the analog
computer. Results should be availlable shortly. Twoc sample cases, for a
LOO MW Do0 reactor with steel-lined process tubes, were earlier calcu-
lated by hand. One case, using spike Pu enrichment, yielded the result
that with about 28% of the reactor occupied by the Pu-Al spike fuel, a
favorable eycle could be maintained at exposures of 5000 MWD/T. The
other case, using "uniform" enrichment {recycle of Pu with part of the
exposed UOp) was still more favorable.

Experimental Resctor Design

Scope. Current engineering data for the PRPR were compiled and included
in the booklet of scope drawings issued March 11. A justificetion for
gonstruction of the PRPR has been written for the project proposal.

A cost estimate for construetion of the PRPR was received and was re-
viewad by the PRPR design group.

Calandria and Reflector. Calandris design at present is based on the
scheme previously denoted as Scheme IT, utilizing a two-section reflector
tank. The design details of the calandris asnd reflector which have been
developed to this time are shown in drawings SK-1-6255, SK-1-6288,
SK-1-6301, and S8K-1-6309. Discussions were held with representatives of
the Andale Company of Philadelphia, who mede three calandria tanks for

the Canadian NRX reactor and one for the Canada-India reactor, and with
representatives of the Aluminum Company of America. Both companies
indicate that the proposed design is feasible. The Alcos representatives
stated that fabrication of the calandria tubing from 6063 aluminum alloy
would be feasible, and for the sheet and plate utilized in the structure
5050 or 3052 alloy could possibly be used. All of these alloys are mag-
nesium type alloys, with 5052 containing 0.25% chromium. Special impurity
tolerances for undesirable elements in these alloys can be specified. The
specification procedure would be similar to present practices for fuel
element Jackets and process tubes. '

Heliuw Svstem. An encineering flow diagram of the helium svstem has been
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The firs® drafr of “he process rube assemtly design eriteria has been
ziveular=d for -~omment and is being revised. Design Test PR-5C, Reactor
Piping Seal Testing. has also been issued.

Prosess Piping and Equipment. Water treatment requiremente for the PRPR
were reviewed and recommendations were made wnich will reduce the quantity
of water treated from 1200 GPM to L135 GPM. Total water consumption re-
gquirements were also reduced Trom 120C GPM to 900 GPM.

The D0 plping system flow diagram {SK-1-62 :32) was revised to reflect
process modlif izations made +o the primary coolant loop.

The evaluation report covering liquid-to-liquid vs. liquid-to-boiling-
liquid heat exchanger systems was completed in rough draft form.

Charge-Dischargs. The rcough draft of document HW-L8102, the design criteria
°cr the PRPR -harging and discharging equipment, has been reviewed. Nine
scope drawings which are to accompany the document are being reviewved to
insure agreement with the fext of the document.

A simpiified redesign of the fueling vehicle is substantially completed.
Irdications are that this revised design will reduce the cost of the
fueling vehicle about $50,000. The design of the balance of the charge-
discharge equipment is now being reviewed for possible simplification of
design.

Conwrol and Safety Systems. A new shim control system is being designed
vhicn shows promise of being considerably less expensive and simpler to
construct than the flexible cable and bead system previously considered.
The new syster will entail a series of solid "half-rods" operated by
geared miniaturs motors. The complete system will be contained within
the calandria and the top and bottom shields; each shim unit, including
the motor operator, will be constructed of such dimensions that it can be
removed by the charge-discharge machine. In this scheme the half-rods
will be exposed directly to the moderator rather than being enclosed in
dry tubess. This is expected 1o relax considerably the restrictions
previously imposed on poison elements that they generate an absolute
mirimur of neat during operation.

System volumes are heing calculated for the revised calandris and mwoder-

tor storage tank, and flow equations are being set up preliminary to
GEDA computer analysis of the moderatcr dump and reactor control charac-
teristics.

Reactor Instrumentation. Five scope drawings on varicus instrumentation
systems were issued during the month. Document EW-L8101-H, "Reactor
Radiation Monitor System {riteria,” was issued for comment and reviev.
The criteria for the water activity monitor system and for the reactor
thermocouple gysten have been prepared in rough draft form and will be
issued for comment in the near future.

Scope work on reactor instrumentation was continued during the month.
Detailed design of instrumentation is expected to start in June.
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Resctor Shielding. Four drawings were issued during the month for comment.
These are preliminary cross~secticons of the top and bottom shields which
delineate structural details and the physical location of major items such
as plping and shim contreols whiech penetrate the shield.

A test request for determining the relative activation and corrosion
properties of carbon steel halls or raushig rings and other types of heavy
aggregate was issued for comment. Possible substitutes for the carbon
steel aggregates include ferrophosphorus and ferrosilicon.

The Savannah River Plant was visited in order to review the detail con-
struction drawings of the SRP thermal and biological shields and to obtain
information on operating problems.

Building and Services. The bullding process area changes made during the
month consist of adding = small four feet diameter by six feet long
emergency alr lock. The contaimment shell foundation was changed to
reduce the quentity of concrete reguired.

The building process area remained essentially the same as shown on the
drawings in scope bocklet, the major change being te enlarge the tunnel
section near the storage basin to allow installation of the water treat-
ment equipment in this area which is nearer the process cells.

The rough draft design criteria document, HW-48099, covering the building
and services was issued for comments.

Building Ventilation. A design criteria document covering ventilation
has been prepared and issued for comment. The criteria were based on

the supply of 100% fresh air to all parts of the process area. Drawings
are being medified *to obtain reductions in cost, the feasibility of which
became apparent through cost estimates of several ventilation schemes.

Electrical System. The electrical design criteria document was reviewed
apd revised during the month. Information was assembled on turbine-
generator steam rates and prices and on the frequency of 300 Area power
outages during the past five years.

Reactor Physics

Flux Studies. The IBM-650 code, VAL-PRCD-I, is now essentially ready to
use for PRPR lattice zell and reasctor flux distribution calculations.
Only minor discrepancies remein in the calzulated results, and it is be-
lieved tha®t these are the result of small errors in the Input cross-
sectlons. The c¢ode provides flux distributicns in several energy groups
{three at, present.) and should be of great value in the suppcrt of the
tank, reflector, and shield design program.

Seif-Shirlding Plutonium Puel Elements. A study was begun on an econom-
ically atftracrtive type of plutonium fuel element, one which emplioys a
highly zoncen+trated €orm of the element (ideally the pure metal) in a
thin wire of ~he crder of 1/8" in diameter, surrounded oy 3/16" of
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zonTaining sheaths. Due to the fact that neutrons can penetrate only a
shor: Aigtanse into such a fuel rod, the rod can contain about five or
six times as much plutonium as a dilute Pu fuel reod would contain,
without ruaning at a higher power. The attainable exposure is therefore
far greater and costs of jacketing, fabrication, and processing are
correspondingly much lower than for other types. Two P-3 flux calcu-
lations have been carried out which support the earlier estimates of the
self-shielding effect. With E;0 cooling, & self-shielded rod at the
center of a PRPR U0, rod cluster is exposed to only 4L.1% of the flux in
the moderator, while the U0 rods are exposed to between 50% and 60% of
the moderator fiux. Comparable exposure times for the wwo types of fuel
are thus apparen%tly not difficult to achieve.

D. CUSTOMER WORK

Radiomertallurgy Service

Examinavtion of VSR #51 from 100-H Reactor. Vertical Safety Rod No. 51 from
105-9 was received for examination to determine the cause of a 12-inch long
split located ahout nine feet from the tip of the rod. This rod had been

in operatrion for 139 months at 100-H reactor and had been exposed to epproxi-
matsly 169 Roen*gens. The VSR consisted of four-foot long pelyethylene
cylinders wrapped in 28 aluminum with powdered boron tamped between the
aluminum and an outer, chromium-plated steel tube. Examination of the VSR
revealed that the original 2-3/B8-inch polyethylene core had expanded approx-
imately on the 3/16" diameter, that this expansion had mechanically worked
tane surrounding 25 aluminum, and that the width of the boron annulus was not
uniform. The chromium plating on the outside of the steel tube was in good
condition; the average thickness being approximately 0.0000k inch less than
the specified thickness of ©.0006 inch. Preliminary metallographic examin-
ation has not revealed any original materisl defects in the region of the
split in the tube.

Examination of VSR #55 from 105-KW. The examination of VSR No. 95 from 105-KW
was requested by the lrradiations Processing Department to determine the
reason for the cyclical pattern of indents along the length of the rod. Pre-
liminary examination of the Type 304 stainless steel tube revealed that the
indents were caused by impact with a spherical object and were not caused by
corrosion. Hardness values taken in areas of damage were slightly higher

(0 to © Rockwell B) than in the undamaged areas. Measurements of the indents
showed a maximum penetration of 0.03 mm.

Metallography Service

One of the services rendered to the Fuels Preparation Department is the metal-
lographic examination of selected production fuel elements that have failed
in the steam autoclaves. Although the objective of these examinations is to
elucidate the cause of the failures, this is usually next to impossible be-
cause a large, gaping hole is present in the aluminum jecket caused by the
reactiocn of the uranium and the hot water, with the result that the original
Jacket defect is obliterated. Recently, however, routine inspection of fuel
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elements after the autoclave ftest revealed one with a smell holéd®in the jacket
which had not as yet produced catastrophic failure. Metallographic examination
of the fuel element showed complete AlSI penetration of the aluwminum can wall
asgociated with a defective jacket in the area of the pinhole. This was the
first clear-cut instance in which such a failure could definitely be connected
with a specific type of defective jacket.

The program initiated by Fuels Development for determining the time-temperature
characteristics of the beta-to-alphs transformation in uranium is about cne-
third completed.

Samples Processed During the Month.

Total Samples Processed: 36k

Photographs:
Micrographs 129
Macrographs 200

Total 329
Acting Msnager, Reactoff afjd Fuels
Research and Development COperation
LP Bupp:kb
(257583 el
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PHYSICS AND INSTRUMENT RESEARCH AND DEVELOFMENT OPERATI /;/[0

MARCH 1557

FISSIONABLE MATERTALS - 2000 PROGRAM

METALLURGY
Fuel Preparations Department Specification Review

Modlifications in ¥FPD speclfications covering the manufacture of enriched fuel
elements have been reviewed for conformity with nuclear safety standards.

Buekling Measurements of Enriched Uranium - Water Lattices

A series of buckling messurements have been initisted using enriched bare
fusl elements of 1.466% by weight U-235., These fuel elements ere 1.394"
0.D., O.464" I.D., and 8" long. The experiment is intended to show the feasi-
bility of malkdng buckling measurements at a later date with similar fuel
elements of 1.6% enrichment. At the higher enrickment, the size of the load-
ing commenswurate with safe procedures in the exponentlal laboratory will be
gomewhat reduced. In order {o provide more information than has heen ob-
talned to date on the effect of varying the size of the loading over a wide
range, measurements will be taken with the 1.466% fuel elements with loadings
of 31, 43, and 55 tubes at each of the lattice spacings 2.0", 2.2", and

2.6", The following measurements have been completed:

Distance Reflector
No. of Tubes Between Rods Ho0/U Savings* Buckligg
(inches) (vy volume) - (1070 em™<)
k3 2.2 1.92 7.14 cm. 6307
55 2.2 1.92 7.14 cm. 6438

¥ Estimated from Brookhaven data.

Further data are required to determine if the difference of 131 pB is the
result of a dependency of the reflector savings on the effective size of the
cylinder.

With the 1.6% enriched wranium it will be necessary to conduct the experiments
with 43 or fewer rods; as the effective size of the cylinder is reduced, the
reflector savings become of relatively greater importance to the determination
of the material buckling. The reflector savings 15 expected to be the same
for both the 1,466 and 1.6% uranium.
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REACTOR

STUDIES RELATED TO PRESENT PRODUCTION PILES

Buckling Measurements on Internally and Extermally Cooled Slugs

Buckling measurements have been completed in a C.Pile~type lattice with

T and B (1.37" 0.D., 0.48" I.D.) fusl elements, and with solid, 1.34"

0.D. elements. These measurements were taken to provide further data on
the reactivity gain which is expected with water loss for I and E fuel
elements in C-Pile, The quantity of prime interest is the difference be-
tween the dry-wet buckling wvalues for the I and B fuel elements as compsared
to the solid elements since large mumbers of the I and E elements are
being loaded in C-Plle. The measurements were taken in & small exponential
plle {~4' x 5! x T'); C-Plle process tubing was used. The measured buck-
ling differences are listed as follows:

Dry-Wet Buckling Differences in 8-3@" Lattice

Amount of Water

Fuel Element Dry Buckling - Wet Buckling in Wet Case
Iand E 53.2 4B + 2 B 3.11 cefem
Solid 47.1 uB » 1.8 4B 2.85 cc/em

Difference 6.1 yB 4 2.7 4B

The uncertainty quoted for the solid slug difference ls the standard error
based upon the "goodness of £its" obtained for the measurement of relaxation
lengths. However, in calculating the value of the error, it was assumed
that the different methods of analysis treated independent data. This
assumption was not strictly true. The error quoted for the I and E slugs

is an intuitive value based on the following considerations: (1) the fits
obtained exhibited greater deviations and yielded a standard error greater
than 2 uB; (2) the precision of the difference, as indicated by repetition of
some of the experiments and by alternate methods of anelysis, appeared to be
about 1 pB; (3) therefore, a compromise was made of 2 uB, which is felt to
be still conservative.

In order to convert the results of the expomential experiments to reactivity
changes in the production plle, use wes made of the value of 964 inhours
determined at start-up for the inhowr difference between the wet and dry pile
with s0lid slugs. This yields a calibration factor

96k - 20,5 inhours difference for 105-L .
L7.1 pB difference for exponential pile

The above factor automstically corrects for inconsistent changes in migration
areas (wet and dry) caused by the voids in the production piles. Assuming
the factor is applicable for smsll changes in the guantity and distribution
of the water, a value of (20.5) (6.1 3 2.7) = 125 s 55 inhours is calculated
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for the additional gain in reactivity when the pile lomded wifth I and E slugs
loges water, compared to the gain in the case when the plle lcaded with solld

slugs loses waler.

When the above value of the additional gain 1s combined with the value deter-
mined with the PCTR, namely, 150 ¢ 150 inhours by weighting them according to
the designated uncertainties, the value obtalned is 128 + 55 inhours.

The bucklings of a series of lattice spacings will be measured using natursl
uranivm slugs, 1.37" 0.D. and O.48"™ I.D. canned I and E, The canned size is
1.475" 0.D. by 0.37" I.D. The 7-11/16" lattice has been loaded with dry,
uranium-filled process tubes and will be measured first. Since measurements
have slready been completed witk similer slugs of l.44% enrichment, informa-
tion will be obitained on the effect of enrichment on the "erossover point"
(lattice spacing for which dry and wet bucklings are of equal value).

Buckiing Measuremenits for Enriched Ursnium, Graphite Lattices

The series of buckling measurements in the small (~~4' x ' x 6') graphite,
exponential piles, with 1.44% enriched uranium, was completed with the measure-
ment of the dry T-11/16" lattice. A value of 609 xB was messured. The fuel
elements were 1.37" 0.D. by 0.48" I.D. and were canped I and E. The wet-dry
buckling crossover point occurred at 8.35".

Variation of Graphite Diffusion Length with Temperature

A diffusion length meesurement was made in the graphite stack, at 100° C,

as the gstack was cooling. A value of 55.3 cm was measured which compares well
with the value of 55.6 cm which wes measured when the pile was being heated.
The pile has now cooled to about 30° ¢ and is losing heat very slowly.

STUDIES HELATED TC FUTURE PRODUCTICN PILES

General Reactor Theory

A manuscript was prepared covering a talk presented at the AEC Control Rod
Meeting, Merch 6-8., This manuscript will appear in the proceedings of the
meeting to ve issued by TIS, Oak Ridge.

A theorem was proved that a reactor wlll burn fuel in such a fashion as to
incresse the required critical mass snd thus shut itself off.

Correlation of Theory with Experimentsl Buckling Measurements

The IBM-TOZ2 code written to reduce exponentlial experiment counting rates
to bucklings 1s now in the de-bug stage.

Resonance Escape Studles

It 1s possible td fit experimental U-238 resonance integrals with a curve
having the form & + B (g . Calewlations performed during the past month show
M

that theoretical results for individual resonances can also be fitted to this
form.
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Crystal Spectrometer

A chamber, designed to provide liquid nitrogen cooling for a polyerystalline
teryllium filter for slow neutron measurements, was obtained from the Technical
Shops. This chsmber has developed leaks aspparently from thermal stresses.
Further development work will be necessary.

Te rectangular slit systems to provide requisite beam collimation for fission
measurements in the 1 to 10 ev enargy region are being aligned and tested. The
tests have not proceeded far enough to determine if the previously calculated
beam intensitles will he realized.

Millimicrosecond Time Analyzer

A moving film camers has been used %0 record the single fast scaler output

of the timing loops. About 1500 total counts can be registered in 4 single mun
of 70 100 feet of fiim. The time coincidence curve of two cascade gamme rays
from CoPC has been investigated further. The better statistical precision avail-
able with the f£ilm recording gives a measured width of about 1.7 miliimicrc-
seconds which agrees quite well with the width previocusly determined with

poorer statisties. A long term lnstablility of chamnel width of the timing loops
of about G.QC5 millimiﬁyosecond hag been discovered although the short term
gtability is about 10" millimicrosecond.

PCTR Core Qven

The oven to be used for elevatad temperatures of test cores in the PCTR has
been equipped with & new cooling coil system. Much better temperature control
of the oven shell can now be maintained. In a test the maximum shel] tempera-
ture was only 25° C above that of the inlet cooling water even when the vacuum
insulation was changed to a hellum atmosphere for heat removel from the graphite
core at a temperature of 4000 C., The oven has been placed in storage until time
is avallable for the PCTR experiments.

Thecry of PCIR Experiments

It is necessary to modify the line source Fermi age kermel to account for a
¢yllpdrical cavity in the small scource analysis of the PCTR. Progress on this
mathematical endeavor has been made during the past month.

Progress has been made on the spatially dependent neutron thermellization calcula~
tion. This problem concerns itself with the neutron spectrum irn the vieinity

of a plane temperature discontinuity appearing in pure moderator. On the basis
of the heavy gas model a partiasl differential equation describes the neutron
distribution. This equation is separable into spatial and spectrsl equatioms.
The spatial equation 1s solved in terms of trigonometric and Iyperbolic functions.
The spectral solution multiplies a maxwellian by confluent hypergeometric funec-
tions. Work is now underway on £itting the boundary conditions.

IPR Results

From analysis of PCTR data in connection with the IPR experiments, the follow-
ing koo values are now given for a large cored fuel element, and a cluster rod

1247352 DECLASSIFIED




2

= - s

assembly. The cored element had an 0, D. of 1.68" and an I.D. of UM5". The
cluster assembly consisted of seven 0.5" diameter rods evenly distributed

in the process tube. Both types of fuel elements were positioned in an
aluminmum process tube which was 2" in I.D.; the lattice spacing was T.5".

Massured km Velues in PCTR

Coolant K

Seven Rod Cluster

Ar 1.0284 & 0.0017
Water 1.0127 + 0.00%%

Cored Element

€.010
Alr 1.0216 + 0.001
MITB 1.0335 + 0.0060

Further analysis of previous PCTR measurements 1s contlinuing and a summary
of the results applicable to the IPR program is being completed.

Miscellanecus PCTR Experiments

(a) Dependence of Measured Cadmium Batlos on Detector Thickness

For the purpose of investigating the dependency of cadmium ratios
and resonance integrsls on detector thickness various thicknesses of
half-inch diameter Au and Cu foils were activated in the PCTR. The
bulk of these irradiations was done in a core confliguration in which
four, PCTR U-235, driver elements were positioned on the corners of
a 15-inch square centered on the core axias. This fuel configwration
yielded a l?v cadmium ratio of approximately TC at the ceater of the
core.

(b) Dependence of Neutron Spectrum on Core Configuration

Additionel irradiations were performed in core fuel configwratlons
which yielded 1/v cadmium ratios of 25, 40, 125. In these irradia-
tions, the respective thicknesses of the Au and Cu foils were held
constant for the purpose of investigating the dependency of the
neutron energy spectrum on the various core fuel configurations.

{c) Sodium Floride Detectors

Sodium floride and 35 a alloy materials were activated for the pur-
pose of making comparisons with a& thin 1/v BFy detector.
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Anelysis of the experimental data cbtained in these experiments is incom-
plete.

Thermal Test Reactor

Experiments to measure the TTR temperature coefficlent are being conducted.

To meke these measurements, the effects on the reactivity caused by varylng the
wvater level in the annulus and the fuel tubes was measured. The temperature
aoefficients are belng measured at these various water levels.

An incresse in reactivity was cbtained by adjusting the water levels to an
optimm level. This made it possible to remove additional fuel disks.

SEPARATIORS

Criticality Experiment for Enriched U03.H,0 Mixtures

The second part of the initial phase of the criticality experiment (measurement
of Koy for enriched U0;.H50 mixtures) was completed in the PCTR. The uraniwum
enrichments were 1.00% and 1.15%. Messurements were taken for B/U ratios of
about 4, 6, and 8. The results imply that k,, would be unity for an enrichment
of 1.06% at the H/U ratio of six. Further, the data indicate that the highest

will be obtained for H/U ratios in the range of 9 to 10; thus, information
is needed in this range.

Because it was necessary to use the PCTR on ancther experiment, an effort was
made to measure k,, in the TTR using the 1.00% enrichment at an H/U ratio of
six. This attempt wes not successful since the reactor could not reach erdti-
cality with the intermal thermal cclumn replaced with the U03.HEO mixture in an
aluminum tank; apparently there was insufficient moderation with this core con-
figuration for the reactor to become critical with the present fuel load.

Calculation of Fast Critical Magses

Additional refinements have been made in the modal probability method of cal-
culating fast critical masses. In particular, a U-238 fission cross section
of 20 mb is used for the second energy group (0.4 - 1.4t MEV)}. A paper on the
medal probability methed has been prepared for presentation at the Nuclear
Safety Group's Meeting at Los Alamos, April 11-12.

Pu Critical Mass Laboratory

A survey for possible location of a minimum critical mass fecility was made.
Locations reviewed included the 221-T Plant, the former P-1l Site, the 300
Area, and the Hot-Semi Works in the 200-E Area. Prelimlnary considerations
indicate that it may be most feasible to locate this facility adjacent to the
Bot-S8emi Works where advantages could be %taken of the many plutonium-hardiing
Tacilities existing there., I% is planned that the plutonjum-handiing equip-
ment, including the eritical assemblies, would be housed 1n a steel sphere
vhich would provide adequate containment. A large house trailer located at a
required distance from this sphere would house the control center. 1In order
to establish the feastbility of this proposal, a set of criteria has been pre-
pared to permit preparation of a scope and a cost of the sphere.

o T
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Plutonium Mess Spectrometer Consuliation

Furtber consultation has been provided to the Chemical Instrumentation's pluton-
ium mass spectrometer project.

Neutron Age Measurements

The shipping cask for the irradiated Na-Be sources has been recelved from Tech-
nical Shops along with the component caps and source mounts. The preparation.
of satisfactory indium foils was investigated. Rolled foils were determined
to have variations from wniformity of the order of twenty perceat which is
unsatisfactory. Abtempts to electroplate suitable indium foils were unsuccess-
ful. Thin electroplated indium foils are commercially available and will be
tried.

INSTRUMENTATICN AND CONTROL

S8ystems Research

All computer circuits necessary to comnstruct a reactor simidator sultable for
coolant loss study have been developed and placed on the computer. Various test
runs have been completed on the individual circults. These clrcults are:

8. Reactor kinetics

b. Metal heat transfar

c. Moderator heat transfer

d. ZXenon generation

e. Control rod

f. Power lavel and coolant loss scram
g. Coolant loss functlon

Final tests are now being made on the operation of the circuits connected to
form the complete simulator., Preliminary runs should be made within the week.

Computer maintenance is now reduced to thet normally found in Analog installia-
tions. Goodyear Aircraft is still providing technicel assistance and will do
80 wntil complete satisfaction is obtained. Many replacement parts as well as
original components for the computer are on back order with Goodyear and will
not be received until June of this year.

Components Research and Development

Development continued on an experimentsl detecting system for determining the
low energy limitetions of scintillation X-wray and gamma detection. The charsc-
teristics of several multlplier phototubes were studied for use In the detector.
It was determined that a relatively new tube, the li~dyanode RCA 6810, is the
‘most desirable.

An experimental sun tracking control system wes developed and demonstrated as
a possible mesns of keeping the solar furnace pointed at the sumn. The device
was designed to keep the sclar mirror mngle correct to + 1-1/2 minutes of
are. Thie permits no more than 0.01" of drift in the focus of the solar fur-
nace,
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WEAPONS - 3000 PROGRAM

Magnetic Balance

Testing of the elec;‘tronic system of the megnetic suspension balance has contin-
ued. A 1O0-mg weight has been a rted but electronic nolse has limited the

precision to about one part in 10" s¢ far.

REACTOR DEVELOPMENT - 4000 PROGRAM

STUDIES RELATED TO THE PLUTONIUM RECYCLE PROGRAM

PCTR lattlice Mgasurements

The calapndria for measurements of a 7-inch lattice in the PCTR core was completed,
treated to prohibit Dp0 corrosion, and installed in the PCTR. The 2,000 pounds
of Dy0 arrived and was added to the calandria plumbing system. The O.5-inch
diameter U0, fuel rods for the cluster fuel alements were received from Reactor
Fuels Research and Development Operation. The PCTR was brought %o critical
without fuel in the Dy0 moderated test cell., Measurements have been made of

the conirol rod strengths and of the reactivity values of driver fuel rods and
V0o cluster fuel elements and test lattice components. Measurements of the

value of safaty dlsk strengths and of the effect of photoneutrons on flux period
meagurements have begun.

BIOLOGY AND MEDICINE ~ 6000 PROGRAM

BIOPHYSICS RESEARCH

Atmospheric Physics

An extensive experimental and theoretical study of the diffusion and transport
of stack effluents in stable atmospheres was completed. This study demonstrated
that there is considersble variabllity in the diffusive capacity of stable
atmcspherss and that a large portion of this variability can be predicted from
suitable meteorological measurements., The classical diffuaion models were shown
to be cnly partially correct; in particular, Sutton's model for the horizontal
diffusicn was substantizted but falled completely in the vertical dimensiom. It
was3 also demonstrated that the horizontal distribution of the effluent material
is largely predictable from a kmowledge of the large-scale variations in wind
direction arnd the mean wind speed, a feature which permits the use of standard
wind ipstruments which are too slugglish to respond to the small-scale velocity
fluctuations which are responaible for the actual diffusive mixing of the =ff1-
uvent material, The vertical distribution of the mebterial appesared to be con-
trolled primerily by the Richardson Number, a stability parsmeter invalving

the vertical temperature and wind speed profiles.

A network of 1056 steel stakes was placed in a polar grid around the Meteorology
Tower in order to locate sampling points for ground level measurements of con-
centration of tracer materdals emitted from various elevaticns on the Tower.
Sampling polints were spaced at five degree intervals of azlmuth from North
clockwise through Southwest and at 100-foot radial intervals from 400 to 2500
feet, When used in conjuretlicn wilth our recently completed fluorescent pigment
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$racer system, thls experimental set-up will provide the measurements neces-
sary to determine the long- and short-period aversge concentrations or dosages
within a half-mile of an elevated aocurce.

The Analytical Laboratories Operation was approached with & request for a
particulate tracer material which can be used in the measwrements of wind
erosion of particulates. The primery requirements were specified to include
(1} a non-indigenowe meterial which may be detected in very small concentra-
tions, (2) density in the vicinity of 2.5 to 3.0 gms/cm3, and (3) controllable
particle size. Powlered aluminum has been proposed as & sultable maferial and
is under study.

Consultation services were provided on the problem of potential hazards from
the proposed Plutonium Recycle facility. Prelimipary estimates of the stack
facilities needed to obviate hazards from various types of releases were pro-
vided but the problem was still under sctive consideration at month's end.

Operation of the wind stetlon network continued satisfactordly and the date
from this network were reduced on a routine basgis,

DOSIMETRY

An improved coincidence scintillation covmter for plutonium detection was
completed. Good optical coupling of the two photomultipliers to a thin Nal
crystal permitted operating at sufficlently low gain that the coincidence
clrcults could eliminate practically all the pulses resulting from thermal
noise in the tubes., The eounter detects plutonium X-rays with nearly 100%
efficiency. Background counts are still present and must be eliminated.
Apparently scme of these result from light produced in the lucite light pipe;
this may be Cerenkov radlation from coamic rays.

The Van de Graaff accelerator operated with only routine maintenance during
the month.

Background suppressors were fabricated for dealing with the D(d,n) backeground
neutron problem. The suppressors are palrs of slits which can be used to
define the Van de Graaff beam so that deutercns do not strike and become
imbedded in perts of the system to form vnwanted deuteriwm targets. The
suppreesor slits themselves will be heated to red heat to drive off any
deuterium in them. These suppressors will not eliminate deuterium contamina-
tion in the analyzing chamber; this problem will be dealt with when designing
the new chamiber required for the proposed expansion in the facilities in the
Van de Graaff.

The effect of room scattered neutrons from an Sb-Be source on measurements
with a double-moderator neutron fluxmeter-dosemeter was investigated. As

at higher energles, scattering effects are quite large; when correction for
them is made, the ratio of the cowmting rates from the two moderators is inde-
pendent of distance from the source.

Three coples of the l1—-1,(’2-:1.11(:11 moderator neutron dosemeter heve recently been

made locelly. Slight variations among the copies have resulted in additions
to kmowledge of the properties of the instrument. One of them conteins an
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extra 1/16-inch sheet of aluminum in the moderstor; it has 14% higher sensitivity
for StBe neuvtrons but essentially the same sensitivity for higher energies.

I% was necessary to make another of the coples with a steel case ingtead of

an aluminum one; this moderator gives about one-half the sensitivity of the ori-
ginal probably because of extra slow neutron absorption in the steel.

Increase in temperature of the pressure extrapolation system used for X-ray
studies produced no change in the current from a grephite-walled chamber. Li-
brary research indicated that it may not be possible to heat the system high
encugh %o drive off all the nitrogen, which presumably is the cause of the
observed disagreement with theory. Instead, a chember made of some other

low atomic mumber materdial that would not be expected to adsorb gas will be
tried.

A current integrator was completed for use in experiments with the electron
Van de Greaff. It has integrated charge ranges of 2.5, 25, 250, and 2500
microcouwlombs. Ieakage current sppears to be less than 1012 amp., Witing
for remote calorimetric measurements and remote bath control at the electron
Van de Graaff was completed.

A theoretical study wes made of the exposure dose and absorbed dose rates to
he expected at the surface of an emitting material of high atomic number.

The high atomic number means that scattering of photens in the medium can he
neglected compared to absorption processes but also that fluorescence radla-
tion must be taken Into accoumt. The absorbed doses were calculated wlth the
help of the age theory developed earlier. The results of this study were ap-
pled to apalysis of experimental results for the dose rate from plutonium
metal. The measured X-ray dose rate is lower than that expeected theoretically.
This may be due to the measurement having been made with a graphite wall ion
chamber and is part of the reason for the current concern with such chambers.
The measured gemma ray dose 13 higher than that expected and there is no clear
reason for this.

INSTRUMENTATTON

Tests on the Water Velocity Indicetor for use in plant wells by the Geochemical
and Geophysical Research Operation were completed satigfactorily and the lnstru-
ment was delivered for field use. The inastrument is expected to detect the
direction and speed of wnderground water flow when the probe is placed in the
well wmter.

A1l necessary specifications and drawings for the Radiotelemetering System
have been forwarded to the Construction Engineering Qperation for use in bid
proposals. Prototype integrating cirecuitry for the remote data stations was
complated.

An experimental dual-filter alpha air monitor for the continuous monitoring of
airborne Pu alpha particles was completed and is being tested in the laboratory.
The estimated sensitivity of the tnstrument 1s such that it will detect and
alarm on 200 M.P.C. cof airborne Pu alpha comtaminant in three minutes. This

is a factor of S50 more sensitive than the original single filter medel.

The final design, with thoroughly tested cilrcuitry, for the Sclar Raddlation
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Integrator (Pyrobeliometer) was completed and sent to the Atmospheric Physics
Qperation.

One channel of three necessary channels of the Pulse Matrix portion of Radio-
isotope Amalyzer was completed and is belng tested,

Experimental work on the Scintillation Transistorized Alpha Hand and Shoe
Counter was continued. A probe consisting of & new type of phototube (RCA 6372)
and a 41/2 x 8-inch lucite light pipe was designed. Geometry variations are
legs than 5.0% across the area of the sensitive surface. One experimental
chammel for the counter was fabricated using the probe, a transistorized ampli-
fier, and a transistorized reglster drive cirecuit and tested. The minimm
detectable amount of Pu elpha is less than 100 d/m at any place on the probe
face. This is a factor of five more gsensitive than the presently-used alphs
hand counters of the air chamber type.

A printed cirzuit for the register drive cireult wms designed.

A relationship betwsen particle slze and veoltage pulse height output was estab-
lished for ihe Dust Meter. The Dust Meter is an instrument which utilizes

the charge on dust particles pulled through a critical orifice. The charge is
deposited on a wire across the orifice and the resultant voltage pulses are
amplified and counted. The larger the particle, the grester in magnitude of
the resultant voltage pulse.

Work on scintilletion scanning technigues was continued. It wes found that
results obtained by scamning various radiolsotope sources could be recorded on
photographic paper with the use of a pulse-controlled stroboflash jube. Ratios
of counting rates of 10:1 or more can be discerned from viewing the paper.

The electrical and mechanical sgpecifications for the Dog Counter for Biology
were completed and the necessary purchase orders and data were sent to Biology.

Experimental work was continued on a scintillation, partialiy-transistorized,
portable fast neutron dose rate meter. The circultry was completed, and fowr-
inch diameter aluminum sphere was fabricated, The jnside of the sphere is
coated with 10 mg/em® of polyethelene which is, in turn, coated with ZnS
phosphor. The resultant n,p reaction results in light photons Ifrom the ZnS,
and the lighi is viewed with a phototube. Testing of the instrument with a
Po-Be fast neutron source produced about 400 ¢/m per mrad/hr from the source
with the instrument blased to read zerc in & 200 mr/hr field from a Co O source.

Further testing will determine dose-rate capabilities of the instrument for
counting rate versus fast neutron energies. With the Po-Be source, a dose-rate
of 0.1 to 0,2 mrad/hr can easily be ascertained.

Evaluation tests were campleted on metal wall halogen-guenched GM tubes, The
tubes proved to be better than gimllar organic-quenched tubes. Evaluation
tests were siarted on a vibrator high voliage supply ané on hearing-aid type
headphones. Instrument performance specifications were reviewed and rewritten,
and acceptance specifications were completed for the Samson-type survey meter.

The modificatiorn and calibration of the Hasting's detector for the Wind Component
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Mater wvas completed, With the addition of suitable amplifiers and recorders,
useful information can be obtained. Additionsl work on a recording system is
contemplated for the next flscal year.

CUSTOMER WORK

Weather Forecast:l.ng

Tvpe of Forecast Number Made % Reliability
8-Bour Production - 93 79.6
24-Hour General . 62 83.8
Special 60 85.0

Sumiary of the Weather

The precipitation total of 1.86 inches was five times the monthly normal and
was the greatest for March in 45 yesrs of record for the Hanford Ares. The
previous high for the month was 1.15 inches in 1938. The temperature average
for the past March {M&.0) was 1.7° below normal, There were strong winds on
the 10th. The wind speeds for the month as a whole, however, averaged about
2 miles per hour below normal.

Optical Shop

The routine work in the Optical Shop included the fabrication of an elbow
telescope, a group of glass bPearings, and a mownt To adapt a Kodak motion plc-
ture camers to a Bausch and Lomb Macro camera stand; the serviecing of two crane
periscope heads, and the polishing of some calcium fluoride erystals.

Fund = S

Manager
Physics and Instrument Research

and Development
HANFORD LABORATORIES OPERATION

PF Gast:mes
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Chemical Research & Development Operation

ORGANTZATION AND PERSONNEL

D. M. Polinsky, Junior Scientist, transferred to Fuels Preparaiion Department,
assigned to Employee Relations Operation.

J. L. Nelson, Chemist I, was hired and assigned to Chemical Effluents Technology.

Arvella D. Peterson, Laboratory Assistent, was traansferred in to Apalytical Chem-
istry Operstion from Exposure Records and Evalustion.

Dorothy T. Harless and Bthel Z. Poirer, Laboratory Assistants in Anmlytical Labora-
tories Operation terminated.

Roberts T. Webster, Technologist "C", in Apalytical Laboratories Operation terminated.

TECHNICAL ACTIVITIES

2000 PROGRAM - FRODUCTION OF FISSIONABLE MATERTAL

IRRADTATION FROCESSES

The KAPL-12C loop program is complete, analytical services involving two people have
been shifted to support 1706-KER studies.

Confirmation of gamme spectrometry is continuing for routine measurement of isotopes
in reactor effluent water. Instrument calibrations at 1706-KE are complete for
Na-24, Mn-56, 2n-65, and Sc-46 possibly (high Mn-54 and 2Zr-Nb-95 may distort Sc-46).
parisons showed standard chemical separation methods gave 20 per cent high results
for Mn-56 and 16 per cent low results for Na-2ik. By the middle of April exclusive
use of gamme spectrometry is asnticipated for most isotopes that Analytical Chemistry
recommended for spectrometric measurement.

EEACTOR FFFLUENT STUDIES

Automatic Anslyzing Monitor

Contaminants in the P3®-containing stream of the monitor continued to present dif-
ficulties. Chemical methods designed to remove As70, I133, and Wi8T were tried

in the flowing system. The u$g of nitriec acid to replace hydrochloric acild in the
Na23203 reduction atep for As'Y resulted In perceptlble improvement In 1133 remgval.
A ‘tungstic acid bed treated with cinchonine retained a large fraction of the WiS7
isotope present. Because of the relatively small concentration of P32 in the reac-
tor effluent stream, however, a significant fraction of the shorter-lived isotopes
{approximately 1 day half-life) was still present at 2k hours. Fifteen to twenty
per cent of the counting rate at 24 hours criginated from the contaminants present.

The use of anitrie acid to replace hydrochloric acid was beneficial in two other

respects but a disadvantage in a fourth. Sample residue in the aluminum cup is
firmly held and not light and feathery as it is when hydrochloric acid is used.

Materials for valves and other components are not as difficult to specify for
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corrosion resistance when nitrie acid is uséd to replace hydrochloric. The disad-
vantage is that anitric acid causes gas evoluticn when it contacts the CuS bed used
for As(® removal. The resulting gas generation heaves the Cu3 columm to a serious
degree.

Experiments for determining Dowex-50 column life showed that mich smaller coliumns
than those previcusly anticipated could be used and still give long service with-
out regeneration or replacement. A throughput of 1.4 liters of reactor effluent
per cc of resin could be achieved before significant breakthrough occurs.

Process Assistance

Sampling specifications previously established for purging-while-operating were
walved to encourage the development and application of short{ duration purges.
Purges using 25 ppm diatomaceous earth and lasting for one minute appeared to be
effective in film removal at 105-C and have the advantage of releasing smaller
amounts of radicactive contaminents to the Columblia River. The need is not so
great for sampling during purges under these conditions. Samples obtalned during
short purges, tco, are likely to be unrepresentative of the average purge material
sent to the rilver, hence would not be particularly wvaluable in assessing the radio-
active debris discharged.

Arrangements were ccnfirmed which will permit sampling of reactor efflnent from
tubes loaded with aluminum-nickel alloy clad fuel elements (M-388) during a forth-
coming production test to evaluate the effectiveness of this alloy in resisting
corrosion. Reactor effluent will be analyzed to ldentify isotopes of concern from
a Columbia River contamination standpoint.

Laboratory equilibrium tests were performed with sludge and water from the 107-D

ia to det rnine the ability of Turco 4306-B, a decontaminating agent, to desorb
Csl3 and Sr C from the sludge. The results indicated that the concentration of
819990 yag 10 times greater and Csl37 6 times greater in 107 Basin water contain-
ing Turco 4306~B after contact with the sludge. The proposed use of this agent to
decontaminate resactor tubes poses the possibility of desorbing long-lived radio-
isotopes from the accumulated sludge in the 107 retention basins. PFollowing a con-
ference with interested personnel, experiments were planned to lanvestigate the
effect of variables such as pH and Turco concentration on the desorption of long-
lived radioisctopes from the sludge.

The second attempt to correlate operating data with reactor cooling water effluent
analytical results failed to develop the hoped for correlaticns. A higher degree
of correlation wculd have provided a basls for predicting river pellution rates
under future reactor operating conditioas. Of particular interest was the strong
effect of each of the changes in process water treatment on the concentraticn of
the majority of lsotopes compared to the relatively weak effects from changes in
other operating varizhbles.

Canal-Lake System Evaluation

ield investigations to develop information concerning the hydrology of the regien
between Gable Mountain and the river are scheduled as wells become available for
study. Six additional wells in the area are included in the well-drilling contract
recently awarded, A well ir the northwest cornmer of 100-F Area was recently com-
pleted for supplying waker to research installations. A pumping test was performed
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on -this well, using a portable, electric, submersible pump. The main aquifer in the
region was found to be a 15-foot thick gravel stratum near the top of the water-
bearing formation. A transmissibility of 59,000 gal/day/foot for the region and an
average permeability in the gravel bed of about 3,900 gal/day/sq.ft. is indicated.
Further aquifer evaluation tests will be conducted as wells become available to
develop an integrated pattern of aquifler charscteristics 1o the region.

METALLURGY

To support PCTR calibration five Doe Bare C-type slugs ere being analyzed for uran-
ium, U-~235, and impurities. Anaelysis of uranium is 50 per cent complete. High
precision and accuracy are absolutely essentisl. The slugs were wafered and dis-
solved in concentrated hydrochloric acid, Uranium is being titrated with ceric
sulfate accordng to an Operations Research & Synthesis recommended pattern includ-
ing interspersed titrations of & simulated dissolution of knowm uranium comcentra-
tion.

In support of a Process Engineering (PPD) study to reduce slug ruptures, the gases
in 13 volds between unirradisted slugs and cans were characterized by means of the
ion resonasnce mmss spectrometer.

SEPARATTIONS PROCESSES

REDOX

Chemical Stabilify of 2-n-Butyltetrahydrofuran

Solvent properties for 2-n~-butyltetrahydrofuran were reported last month. Recently
completed chemical stability tests on this material indicate aboutl the same stabil-
ity toward nitriec ascid as is shown by hexone, l.e., the same dependence on nitrie
acid concentration, om nitrous acid concentration, and on temperature. “BTF" thus
appears eguivalent to hexone in chemical stability and somewhat superior to hexcne
in solvent power for uranium and selectivity for uranium versus zirconium.

PUREX

HA Column Studies

Development work on a satlsfactory cartridge for organic phase continuous operation
in the Purex Plant HA Column has resulted in the following specifications:

Extraction Section. Cartridge fo consist of stainless steel nozzle plates having
3/16-inch-diameter holes, 23 per cent free area, and 0.0k0-inch-deep nozzles on
two-inch plate~-to-plate spacing. Louver plates having 23 per cent free ares are
to be located 14, 40, 8C, and 120 inches below the top nozzle plate.

Scrub Section. Cartrldge to comsist of alternate groups of four stainless steel
sieve plates having 0.080-inch-diameter holes and 23 per cent free area and two
Ziegler process polyethylene sieve plates having 3/16-inch-diameter holes and 23
per cent free ares all on one-inch plate-to-plate spacing. Four louver plates are
to be included in the scrub section.

If it is believed necessary {to insure at least feed point DF before subjecting the
plastic plates to the solutions, & five-foot section of standard cartridge {1/8-inch-
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diameter holes, 23 per cent free area and 2-inch spacing) should suffice. However,
with the controlled interface at the boitom of the columm it is not possible to
pradict with certainty which pbase will be contimucus in the standard cartridge
gection. :

NEW PROCESSES

Anion Exchenge Process for Plutonium Recovery

Experiments to determine the effect of {emperature cn the loading of Dowex 1 anicn
exchange reasin with plutonium digclosed a maximum in the pseude equilibrium capa-
city occurring between 60 C and 70 C (see accompanying table)}. The presence of

this meximam perhaps arises from a difference in the temperature dependence of the
equilibrium constants of the various reactions important to the process. This may
mean that feed compositions which are optimum at 25 C may not be optimum at elevated
temperatures and an adjustment in feed nitric acid composition may lead to higher
capacities.

TABLE II

. EFFECT QOF TEMPERATUHE AND ELUTANT COMPOSITION ON THEE
LCADING AND ELUTION OF DOWEX 1, X-4 (50-100 MESH) ANION EXCBANGE RESIN

Feed solution: 0.55 g/l Pu, 7.2 M HNO3. Flow rate 20 ml/min/cm?®.
Elutant flow rate: 0.5 ml/min/cm,

Loading Bluticn Elutant Product Concentration
Temr. Capacity(a) Temperature Concentration Pu g/1 {expt'l. Pu g/1
og g Pu/l Resin o HNO; M (Theor.)
25 57 25 0.25 28(non eg.elut.) 63
0 73 40 0.35 55 37
30 93 50 .25 63 63
60 128 60 0.25 62 63
60, . 130 60 0.75 37 38
60.0) 125 60 0.35 63 57
70 123 50 0.35 59 57
80 80 80 0.25 6l 63

fa) At 50 per cent breakthrough.
{b) Resin previcusly used in run at 80 C.

The elution behsavior is markedly improved with increasing temwperaturz, priacipally
because of an improvement of the kinetics. Whereas, elution at 25 C results in a
spread out eluticn bapnd and a peaked elution curve, elution at 50 C resulis in a
sharp elution band and almost "square” elution curves, indicative of equilibrium
cenditions during elution. This, of course, means that higher flow rates are poss-
ible at elevated temperatures with no loss in product concentration. In those cases
where the elution percess was equilibrium conirolled, the product concentrations
agreed satisfactorily with wvalues caleulated from a previous semi-theoretical study-
This same hypothesis was used to predict the effect of Increased piltric acid in the
elutant. Agreement with experiment was quite satisfactory.
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The optimum elutant composition is probably in the range 0.30-0.35 molar nitrie
acid. Tke use of 0.35 molar nitric acid has resulted in complete removal of plu-
tonium from the resin in every inatance tested; (.25 molar nitric acid, on the cther
hand, has been observed to leave & very slight residue when used at elevated temp-
eratures, undoubtedly because of hydrolysis of plutonium(IV) and polymer formation.

The purity of plutonium nitrate recovered by the anlon exchange process has been
determined by spectrochemical anmalysis. A three column volume wash (7.2 molar nitrie
acid) of the loaded column was sufficient to produce plutonium comperable to that
purified by mitiple peroxide precipitations. For example, in a run using as a

feed, diluted Redox AT solution %o which had been added 10,000 ppm iron, 1,000 ppm
phosphorous (a phosphate) and 2,000 ppm each of chromjum, manganese and nickel,

the total ionic impurities in the product, based on pilutonium were 110 ppm of

which 20 ppm were mpgnesium end 50 ppm were sodium.

Studies to date have demonstrated the chemicel feasibillty of recovering highly
purified plutonium nitrate, in concentration of 60 g Pu/l or greater, from Purex
1EP or Z2BP streams by the anion exchange process.

Digsclution of Zircalloy-2

Further study of the dissolution of zircalloy-2 by ammonium fluocride solutions ind-
icates considerable promise for this technique as & means of selectively dissolving
zirealloy-2 cladding off uranivm metal fuel elements.

A run in which a uranium wafer snd a coupon of zircalloy-2 were simultaneousiy ex-
posed to boiling six molar ammonium fluoride for a perlod of one hour resulted in
dissolution of zirconium to a concentration of about 0.97 molar (at an average rate
of about 30 mils/hour) btut produced & weight loss of only C.2 per cent of the
uranium. The small amount of urapium in the solution separated out as & green pre-
cipitate when the solution was cocled to ambient temperature. The concentration
of ursnium in the cooled supernatant was only 0.0T4 grams uranium per liter, cor-
responding to a loss of 0.00075 per cent of the uranium charged. Similerly, ex-
posure of sintered uranium dioxide to boiling six molar ammonium fluoride for 2.5
hours resulted in only slight attack, with production of a green solution. Again,
8 green solid separated on cooling, leaving a "water-white" supernatant. :

These observations indicate a high probability that zirecalloy-zZ jackets can be
selectively dissolved off uranium metsl or uranium &ioxide fuel elements without
significant leoss of uwranium, although of the order of one per cent of the uranium
may be converted to the inscluble and as yet unidentified green solid observed in
the aforementioned experimsnts.

It has been found that treatment of this solid with caustic at elevated temperature
results in rapid conversion to a compound readily soluble in nitric acid. This
suggests the possibiiity that a caustic treatment following a dejacketing operation
with ammonium fluoride may convert all the uranium to nitric acid soluble and
Tluoride-free forms amenable for processing in existing plants.

The effect of concentrations of ammoniuvm, fluoride, and hydrogen ions on the dis-
solution of zircalloy-Z2 are shown in Table III.
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TABLE ITT

RATE OF DISSOLUTION OF ZIRCALLOY-2 IN BOILING
AMMONTUM FLUORIDE SOLUTIONS

MR,  MF MC1 M N0 Initisl pH Initial Penetration(®)
Rate (mils/hr)

Effect of KNH,"

0.10 1.0 1.0 -—— 7.0 0,07 - 0.12
0.50 1.0 1.0 - 7.0 0.31 - 0.96
0.50 1.0 ——— 1.0 6.9 " 0.55
0.80 1.0 1.0 -—— 6.9 11.0
0.70 1.0 ——— 1.0 7.0 5.9
1.0 1.0 1.0 -—- 6.9 19.0
1.0 1.0 ——— 1.0 6.8 14.0
2.0 1.0 1.0 —— 6.9 19.0
2.0 1.0. ——— 1.0 6.8 13.0
Effect of F~
2.0 0.25 -— 1.75 6.8 4.8
2.0 0.25 1.75 - 6.8 5.9
2.0 0.50 -— 1.5 6.8 8.2
2.0 0.50 1.5 . 6.9 11.0
2.0 1.0 S 1.0 6.8 13.0
2.0 1.0 1.0 —— 6.9 19.0
2.0 2.0 -— ——— 6.9 27.0
Effect of pH
2.0 1.0 ——— — 9.5 3.5
2.0 1.0 -— 1.0 6.8 13.0
2.0 1.0 — 1.2 5.5 26.0
2.0 1.0 ——— 1.5 k.6 56.0

{(a) Obtained by extrapolating plots of rate versus time to zerc time.

The rate of the dissolution reasction varies qulte rapidly with the concentration
of ammonium ion in the range 0.5 to 1.0 molar ammeonium but less rapidly at ammon-
ium ilon concentrations leas than 0.5 molar or greater than 1.0 molar.

The dissolution appears to be approximately first order in fluoride ion but is
considerably less than first order in hydrogen ion.

Formation of a dark coating on the zircalloy coupons is generally observed in
these studies, and an experiment was done to determine the extent to which the
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dissolution is affected by this coating. The rate of dissolution ared to be
virtually unaffected by the coating. Exposure of a coupen to boiling six molaxr
ammonium fluoride for one hour resulted in an average penetration rate of 31 mils/
hr. By comparison, the average dissolution rate was 33 mils/nr when the reaction
was interrupted and the black coating removed mechanically four times during a one-
hour period.

Purther work contemplated on this problem incliudes studies aimed at elucidating the

mechanism of dissolution of zircalloy-2 by emmonium fluoride, the behavier of plu-
tonium in this operation, and the behavior of alloys of zirconium and uranium.

CAUSTIC SCRUBEER STUDIES

A six-inch-diameter bubble cap caustic acrubber with six trays at two feet specing
was operated to measure efficienciles for icdine rempvel. Twenty-five weight per
cent NaOH was used as the scrubbing solution. A concentration of 500 ppm iodine
in air was used as the feed vapor. Greater than 99.9 per cent of the iodine was
removed from the gas.

No plugging difficulties have occurred in 80 hours of operation.

Entrainment of caustic in the exhaust gas siream was excessive in early runs. To
eliminate this difficulty the vertical distance at the top of the tower between the
gos outlet and scrub inlet was increased to two feet.

Flurex 3tudies

Solid Cathodes

The following materiamls have been studied as possible cathode meterials for a
Flurex cell: Hastelloy C, tantalum, monel, nickel, lead, gold, gold amalgam,
copper amalgam. The materials were in the form of rods or sheets. Catholyte com-
position was 0.2 M U0,F, - 1 M HF - 0.05 M NH,F and tempersture was maintained at
25-30 C. Current densities ranged from one to two amp./in.e Very little 1if any
reducticn of uranyl ion wae obtained with any of these materials; the principal
cathode reaction wes the discharge of hydrogen. Where reduction did oceunr, an ad-
herent green-black deposit (UF,?) quickly formed on the catbode surface. Several
other materials which, according to the literature, may be used to effect diffi-
cult reductions remsin to be tried. These include tantiron, chromiron, zine, tin,
and several amalgams. However, even though reduction with any of these materials
is efficient, the problem of deposition of UFy on solid surfaces is a sericus one.
In & run involving an unstirred mercury pocl cathofle, current efficiency was only
36 per cent as compared to from 90 to 95 when the mercury was stirred. This exper-
iment emphasizes the need for a renewasble cathode surface for efficient reduction.

Mercury Cathode Arrangement

Several mercury cathode designs intended to approximate parallel arrangement cf
cathode and ion permeable membranes and, in consequence, produce nearly uniform
current density in the membranes are under consideration. A laboratory model ine
volving horizontal and paraliel mercury pool cathode, cation and anion transfer
membranes, and platinum cathode has been constructed and operated. The lsboratory-
scale model performed satisfectorily. Scale-up problems anticipated for this type
cell include elimination of effects due to pressure differences between cell com-
partments and removal of gases which collect =zt membreme surfaces.
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Consideration has been given %o an arrangement wherein the anode and membranes are
arranged vertically and parallel. The mercury cathode consists of a serles of small
troughs situated one above the other and so spaced as to realize nearly uniform
current density in the cation exchange membrane. A cell of this design is under
construction and will be tested during the coming month.

Conductivity Measurements

The overall cell resistance of a laboratory-scale Flurex cell was measured when
using various combinations of cation and anion exchange membranes. These data were
used to check the validity of calculated resistance based on conductivity values
fer individual cell components as reported last month. Correspondence between
caleulated and measured values was good In most cases. A noticeable exception in-
volved Permutit 3142 as the cation exchange membrane., Here the calculated value
was about 3.5 times the measured value. The difference is attributed %o the ob-
served tendency of Permutit 3142 to decrease in resistance in use. The present
data indicete this membrane to be as good as Ionics CR-61 from a conductivity
standpoint.

CONTINUCUS METAL DISSOLUTION

Four runs were completed during the month in the two-inch-diameter continmuous tower
dissolver. Slanting the tower at a 30° angle to ald gas dissipation was found to
have no appreciable effect on the dissolution rate. It now appears that dissolution
rate is more closely correlated by total nitrate concentration of the preoduct than
by acidity of the product. On the basis of total nitrate correlation current re-
sults agree with previous continuous and batch dissolving studles.

WASTE TREATMENT AND BY-PRODUCT RECOVERY

Cesium Recovery

The laboratory work on cesium packaging flowsheets applicable to the cesium zinc
ferroccyanide process wag completed and a formal summery report, "Cesium Packaging
Studies; Conversion of Cesium 2inc Ferrocyanide to a Stable Product,” J. L. Hepworth
and R. L. Moors, BW-48832 (Confidential) was prepared.

Additional new information was obtained on the decontamination obtained in the pre-
viously reported electrochemical process for removing iron, zine, and lead from
dissolved cesium zine ferrocyanide. The decontamination factors were unity (no
remcval) for zirconivm-niobium, cerium-praseodymiuvm, and strontium-ytirium, and
five for ruthenium-~rhodium. In other experiments, it was found that the deposited
iron, zirec, and lead could be readily removed from the mercury cathode by washing
with about 2 M nitric acid, thus regenerating the mercury for reuse.

Two cther reports dealing with cesium recovery were also issued during the month
and & third is in final form. These are: "Radiochemical Data and Calculations
Concerning Principal Fission Products,” H. H. VanTuyl, BW-48L6L (Secret); "Recovery
of Cesium from Purex Plant Wastes by Metal Ferrocyanides and Ferricyanides, IT.
Tracer Scale Laboratory Investigations,” E. H. VanTuyl, HEW-48829 (Confidential):
and "Recovery of Cesium from Purex Plant Wastes by Metal Ferrocyanides and Ferri-
cyanides, II. FPFull Level Laboratory Investigations,” ¥. H. VanTuyl, EW-48830
{Confidential}.
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The difficulty of recovering neptunium(V) was confirmed by a mini run employing a
high acid flowsheet as follows:

BAF: 1.35 M U, 30.0 M HRO3, Flow = 100
HAS: 4.0 M HNC3, Flow = 67
HAX: 30% TBP in Boltrol 170, Flow = 366

Although an agueous phage acidity of about five molar nitric scid existed through
most of the extraction section with thils flowsheet, it resulted in recovery of only
about 38 per cent of the neptunium(V) initroduced in the feed.

For purposes of furnishing & flowsheet to the Chemical Processing Department by
May 1 for cost estimatiocn, work is being concentrated on recovery of neptunium from
HAW by solvent extraction, followed by stripping and ion exchange isolation. The
advantage of this flowsheet is that the main line Purex process is not altered or
effected and that the recovery and deccntamination of plutonium and uwranium are in
no way impalred. Basic chemistry is also sufficiently well understood at this time
tc insure that such & scheme will work. Mini runs are currently being carried out
to test flowsheets drawn up by Engineering Development Planning personnel on the
basis of laborstory equilibrium data. In the first rum, NA Column flow ratios

were feed: scrub: extractant = 150:100:390 (based on a Purex feed flow of 100},
The HAW was butted to 3 M nitric acid, scrub was 1 M, and the extractant was 30
per cent TBP-Shell E2342. FPeed and scrub were O. 0l | M in ferrcus sulfamate. KC
strip was 150 volumes of 0.01 M nitriec acid. Neptunium losses in each columm were
only about 0.2 per cent, implying am overall recovery of about 99.5 per cent. Con-
tinuing runs will establish the decontamination from fission products (particularly
zirconium) as well as demonstrating the flowsheet on full level plant HAW.

The sirip solution from the NC column would be concentrated and the neptunium further
purified and decontaminated by adsorption on an anion exchange resin. Data is not
yet available on resin column tests; however, the results of batech equilibrium tests
are shown in Table I. The results are in good agreement with published ORNL data.

TABLE I

ADSORPTION OF NEPTUNIUM(IV) OF DOWEX 1 A5 A
FUNCTION OF NITRIC ACTD CONCENTRATION

All solutions 0.0l M ferrous sulfamate. Resin 2= Dowex 1 x 10

M BNO, ' Distribution Coeff.¥

275
690
1190
1870
2450
1780

W -1 than -

* Distribution Coefficient = NPoo2 ¢/m/gm Resin
Np=3¥ c/m/ml Solution
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Other experients (in 6.1 M nitric acid) showed that hydroxylamine and semi-carbazide

awra mAt na affactive as N.01 M Parvoua il famate for rediucine neptunium te the (IV)
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Semiworks Waste Self-Concentrator

The waste concentrator returned to boiling at an accelerated rate during the report
period. During the month, = total of 372 liters of condensate were collected and
eribbed, reducing the liguid level in the tank to approximately 11 feet. This
corresponds to 26 per cent of the original volume chsrged to the tank. The acceler-
ated boil-off rate is believed due to recent modifications made ian the condensate
collection and measuring system. These changes essentlially eliminate the reflux of
condensate back to the tank. Assuming that the present boil-off rate will diminish
slightly {continued fission product decay) during the next two momths, the waste
volume should be reduced to approximately 20 per cent of the original volume (equi-
valent to 25 M sodium ion concentration) by the completion of the maintenance pro-
gram in June.

Nine "bumps" were recorded during the month. In each instance, approximately 13
liters of condensate were collected and the tank remained pressurized for about
100 minutes. The bumps originated, as determined from temperature profiles, at the
L.5 foot level in the concentrate. However, two distinct pressure patterns were
evidenced. Four of the bumps developed maximm pressures of 35 to 38 inches of
water with peak condensate flows of 200-300 ml/min. The other bumps developed only
2-4 inches of water maximum pressure with maximum condensate rates of about

50 ml/min. Operation during the entire month wes with the 1/2-inch vapor header
valve open. The boil-off rate between bumps averaged 6.3 ml/min.

Neptunium Recovery

Analyticsl effort continued in support of Chemical Research studies atitempiing to -
follow Np-237 in the Purex Process. Analysis was preceded by several dgcontamina-
tion cycles using themoyl trifiuro acetone (TTA) extraction of Np-IV. Tracer
Np-239, a bete emitter, was used to determine Np-237 chemical yield. The finally
isoclated Np-237 contained a minor amount of foreign alpha activity. The following
data demonstrate typical effectiveness of the chemical separation:

Fractlon of Separated Alphs

Kp=23T7 Activity dvue to Np-237
Plant Material Chemical Yield (Meagured by dA-energy analyzer)
Purex IAF L5 80%
U0q 75 70

Measurements of Np-237 in U0, were made to support both Chemical Reseasrch and
Process Chemistry (CPD) examinations.

Disposal to Ground

S01l1 equilibrium experiments were conducted with A-3 waste, a silica gel regenera-
tion effluent from Purex plant. The resulis indicated reasonably good adsorvitiocan
of plutonium by s0il but very little adsorptiion of cesium and strontium. No
immediate contamination of ground water by this wmste is llkely since the total vol-
ume discharged to the crib as of February 1, 1957, amcunted to only about 50 per
cent of the specific retention capacity of the erib. If however, future production
plans involve continued use of the silica gel facility, additional studies should be
mede to estimate the "life” of the crib and to investigate possible alternatives to

the present disposal procedure.
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Approximately 500,000 gallons oﬁ TBPF scavenged waste supernate having a Cob0 con-
centration greater than Lk x 10° ue/cc were discharged to the 216-BC trench-site
during the month. This brings the total volume of scavenged waste disposed on a
gpeciflc retention basis at tgis site to 10.5 million gallogs. Ancther bateh of
wvaste (54-106-BY) having a CoP0 concentration below 4 x 107" uc/ece is being held
in tank storage pending results ¢f soil columm tests evaluating cesium and stron-
tium adsorption.

Document HW-48862, "Disposal of High Cobalt-60 Scavenged Wastes” was issued recom-

gding normal crib disposal on a "use test” basis of scavenged wastes having a
corcentration below 4 x 10=% ue/ce (previously recommended cribbable limit

was 4 x 1075 ue Co /cc} and demonstrating satisfactory strontium and cesium soll

adsorption. The 216-BC cribs were recommended as the disposal facility. It is

expectad that the test disposal will yield dats useful in establishing future ground

disposal policies and also result in considerable savings by eliminating the need

for constructing much additional specific retention trench facillty.

The cozsequences wers studied of diverting Purex steam condemsate from the A-6 crib
to the Purex Swamp. It was recommended that the steam condensate could safely be
diverted if continuous monltoring were provided and rapid corrective action taken
in the event of significant leaks. The Swamp would then be protected from excessive
contamination.

Observation Wells

Trace concentrations of nitrate ion and radiocactive material appeared in wells one
to twe milss south and southeast of 200 West Area. Tests revealed that this mater-
ial conld not have originated in the large volume cocling water sireams that sus-
tain the 2C0 West ground-water mound and must therefore represent intermediate
level wastes disposed o oribs in 200 West Area. It is estimated that this repre-
sents an avaerage rate of travel of up to 40 feet per day. No significant change

in the extent of ground contamination resulting from movement from T-Plant disposal
gifies was apparent. As this material reaches areas of higher aquifer permeability
and more rapid movement the contamination "front" would be expected to become more
diffuise and Afffieuit to deteet. Significant concertrations of nitrate and ftrace
concertrations of radicactive material were found in the ground weater northwest of
200 West Arza, in seme cases north of Gable Butte. Buch material must originate in
200 West Arsa, btut a clearer understanding of the baselt structure in this region
is rewded %o determine the path of travel and predict the w. timate effect of %this
me vewent .

L is welisved that ‘trace concentrations of radicactive material and nifrate icn
appeariag ir ground water samples from wells north and south of Gable Mountain re-
sult from noxrthward movement of ground water contamination from the BY-cribs in
the 200 East Area. Significant concentrations of radicactive material were re-
ported for samples ccllected from a well ir the old Hanford townsite. This may re-
present the eastward progress of the material in the ground water on the north side
of Gable Mourtain or possibly may be originating in the 100-F Area.

Rediocac*tive ccotamination in the ground water beneath the A-8 cribd near the Purex
Plant increased tenfold in a 30-day sampling period. This definitely confirmes the
A-8 crib as the source of the contamination and is indicative cf the progressive
utilizaticz of the dlsposal capacity of the crib. Maximm concerntrations detected
in the ground water at this location exceeded 2 x 10-3 uc/cec.
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Further field research was conducted to investigate vertical stragg‘.ation of high-
galt wastes in the ground water. A well in 200 East Area monitoring ground water
contamination from the BY scavenged waste disposal cribs demonsirated a gradual
increase in the concentration at 30 feet beneath the ground water surface while
surface concentrations remained uniformly low. The concentration at 30-foot depth
is now 2000 times that at the surface of the water table.

Special Geological Studies

The fixed price portion of the CA-700 (FY~1957) Chemical Effluents Technology dril-
ling program was awarded to the Hateh Drilling Company of Californis for $7.40 per
foot for the 5,400 feet. The price is the lowest yet quoted for well drilling at
Hanford and climaxes two years of effort to reduce drilling costs from the high of
$15.91 per foot paild two years ago. Use of Kai-well "hard-red" steel casing in-
stead of the mild steel Schedule 30 casing permitted a bid nesrly 7 per cent lower
than that based on the latter. The thinner walls of the Kai-well casing will as-
sure betiter perforations in tke ground and greater sensitivity to radiastion detec-
tion devices in the wells. Greater corrosion resistance will minimize rust in the
well waters thus aiding the analytical work and the use of slip collars will provide
greater joint strength than currently available.

Ground Water Control

A single-well pumping test was performed in the region south of Gable Mountain
proposed for a new Purex Swamp site (CA 683). The test was designed to correlate
with other aquifer evaluation tests conducted in this region and to measure the
value of single well pumping tests. The data obtained from this test supported the
determinations made in previous tests. The aquifer in the test area has a very high
capacliiy for transmitiing water.

Process Development

The investigation to determine the feasibility of using lon exchange resins for the
disposal of low salt, radioactive waste effluenis was contimued. Synthetic A-8
effluent was fed to a resin column contsining Duolite C-3, & phenolic methyl sulfon-
ic acid cation exchange resin. The preliminary results indicated thet more than
1500 column veolumes of synthetic waste passed through the column without producing
a breakthrough of Sr9C. Plans were made torepeat the experiment with actual A-8
waste to obtain a realistic capacity value for the resin.

The adsorption of ruthenium tetraoxlde from carbon tetrachloride solutions by
silica and slumina was investigated for concentrations of the tetraoxide that were
higher than those used heretofore. The adsorption isotherms indicated the forma-
tion of a monolayer followed by a multilayer adsorption. The amount of ruthenium
tetracxide adsorbed per gram of adsorbent was much greater for the alumina than
for the silieca; this difference was fentatively atirlibuted to the greater surface
ares of the former.

Gelling of Wastes - Field Work

A program to demonstrate field disposal of coating removal waste ag sn alumino-
gsilicate gel was developed. Completion of "cold phese testing" is expected by
August 15, 1957 and completion of "hot phase testing” was set for December 1, 1957.
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Current work is concerned with establishing egquipment and chemical requirements with
emphasis being placed on designing satisfactory mixing and discharging equipment for
use in the tests.

ANALYTICAL CHEMISTRY AND IN-LINE ANALYSIS

Mags Spectrometry

The first test runs of the the gmission giga spectrometer were made with a
sample of lanthamum and the Lal3C0l6+) [al1390*°* and Lal39018+ mass peaks were
obtained in approximately thelr correct ratics. After initial alignment of the
ma3s spectrometer and calibration of the analyzer magnet field, uranium semples
with various degrees of U-235 enrichment were used to study resclution and precise
analysis methods in more detsil. At present the electron multiplier current ratios
provide more precise U-235, U-238 ratios than the pulse or ion counting technique.
The predominant uranium ion collected is UO*.

The sample is mounted on the source filament as a nitrate salt and then evaporated
to dryness snd ignited. A complete sample change reguires about two hours of
glapsed time.

Emigsion Spectroscopy

In recent weeks, several minor socurces cf instability in the electronics of the
direct reading equipment were corrected and collector photo-mualtiplier current

ratios were then measured using steady excitation sources, such as incandescent lamp,
and pulsing sources as mercury vapor lamp and a stoboscopic lamp. All of these tests
gave collector mltiplier current ratios which were reproducible within 4 0.3 per
cent at the 9% per cent confidence level. On the other hand, current ratios obtained
by spark excitation of aluminum and AlSi alloy samples gave poor reproducibility,
with precisions ranging from £ 5.4 to 1 10.5 per cent. The tentative conclusion
that the source excitation unit lacks the inherent stability needed for high preci-
siocn spectrometry was confirmed by consultation with the spectroscoplsts of the
Kaiser Aluminum Company laboratories in Spokane, Washington. A high precision

spark excitatior unit, available commercially, has been shown in unpublished work

in onher laboratories to be necessary for the type of results desired.

Gamma Avscrptometer for Uranium Analysis

A laboratory analysis type gamma absorptometer with an Am-2L1 source has been assem-
bled and is being avpplied to the routine apalysis of uranium solutions in the range
of 1 to 100 g/l. With a three cm cell length, a precision of analysis of ¥ 0.3 g/l
{95 per cent confidence level) was indicated from preliminary data in the range

of 1 to 100 g/l uranium. A secondary purpose of the study is to obtaln data in
support of gamma absorptometry as a close-coupled analysis method in the pilot and
producticn plants.

Controlied Potential Coulometry

The controllied potential coulometric titration of uranium previously reported was
re-exanined experimentally after the apparatus had been rebuilt using higher pre-
cision components. Uranium was detectable to two micrograms, or 0.002 g/l in a one
ril sample, while the analytical precision was about ¥ 0.2 per cent {95 per cent

FRERR 953@33]}']”




= o By ==

confidence level) with two mg of uranium., After a brief study of thiola.rography
of ferric ion in several media, coulometric titrations were studled with Fe™* in
a citrate-citric acid medium. With four mg of irom, an apnalytical precision of

f 0.2 per cent was obtained. Plutonium will be included in future studies.

Enriched Uranium Isotopic Apalysis

The gamma count method for the determination of U-235 in enriched uranium, which was
discussed in previous reports, bas been applied to the determination of the U-235
content of each of a group of nine Savannash River uranium, aluminum alloy slugs
{corresponding approximately to HAPO "C" slugs). The total dissolution of the slugs
and total uranium determinations had been performed by Analytical Laboratories
personnel. Five aliquots of each of the nine original solutions were gamma counted
to a precision of better than ! 0.5 per cent at the 95 per cent confidence level
{pure counting statistics contributed *¥ 0.1l6 per cent). The gamms counts per gram
equivalent of uranium wes computed using the total urarium analysis data, and per
cent U-235 for each slug will be calculated relative to a standard with an overall
precision of % 0.8 per cent of the U-235 value. The method will also be used to
aralyze a similar group of Hanford "C" slug "standards”.

SEPARATIONS PROCESSES

Pluteonium Impurity Measursments

Plutonium solutions were charged with impurities and submitied for spectrographic
snelysis. Reported chromium and nickel measurements were low by & factor of ten.
The error is not a fiyer and Is in real conflict with former accuracy statements
for the apnalysis of plutonium metal impurities by carrier concentration.

(Daniel, J. L, "Spectrochemical Apalytical Method for Plutonium in the 300 Labora-
tory,"” EW-43353, March 6, 1956 (Confidential Undocumented)). Analytical Control,
Finished Products Operation, CFD, alsc uses the same method. At present the method
is useful only for relative values; metal plutonium product agsay obiained by sub-
tracting spectrographically determined impurities, for example, is now highly
questionable. Chemical Instrumentetion and Spectrochemical Anslysis are coopera-
tively trying to solve the problem. Uranium-bage standards are being replaced with
plutonium-base standards. New pretrestments under consideration are (1) expanded
use of TTA extraction to separate impurities and {2) separation of impurities by
piutonivm anion exchange.

Contact Alpha Counter

A numwber of zinc sulfide phosphors lncluding sclid dot, ennular, polka dot, and
spiral configurations have been made and are bveing life tested by exposure %o

2 M HNO3 solution. The f£ilm used to protect the phosphor from the acid is
0.00025-1inch-thick Teflong in all cases. After ten days, all phosphors retained
their originel condition.

An open center sample cell using & one-hslf-inch-dismeter, dot-type phosphor was
tested extensively during the month. The monitor assembly was positioned with the
rhospheor at the cell bottom, s0 thet it was completely covered even though the cell
was running only partly full. Under these conditions, the adherence of alpha acti-
vity to the protective coating was equivalent to a solution concentration of C.030
gram of plutonium per liter. After copntacting the cell and phosphor with solutions
'of increasing plutonium concentration (0.06, 0.12, 0.24k, 0.6, and 6.0 grams per
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iter), it was possible to again detect a concentration of 0.03 gram per liter after
g single water rinse equal to about twg cell volumes or roughly twenty milliliters.
The counting rate ranged from 3.2 x 107 counts per minute at 6.0 grams per liter to
3.5 x 103 counts per minute at 0.06 gram per liter. From these data, it is clear
that the phosphor configuration, size, and deasity can be selected to give optimum
counting rates for normal operation in & particular application.

Pu Resin Cclumn Controls

Reservoir Level Indicator. Laboratory and semiworks tests of the resin level indi-
cating system for the reservoir sectlion of the continuouns lon-exchange column have
been completed.

The indicating system, including the reservoilr spool pilece, is now installed in the
plant. The operation of the instrument during plant shakedown runs has thus far
been entirely satisfactory. It has reliably located and indicated the resin level
within tke specification of % 1/2 inch.

C-Column Acid ~ Water Interface Detector. The C-Column acid-water interface con-
troller and conductivity probes have been installed in the plant. When removed

from the semiworks prototype columm, the instrument had been operating satisfactorily
for approximetely one month.

Resin Loading Absorptometer. The Ohmart unit for deteeting the plutonium concen-
traticn on the resin at the feed point has been tested and calibrated using lead
absorbers. The unit is calibrated to read O to 160 grams per liter of plutonium.

A ten~day drift test showed a change in readings of = 3 per cent. The repeatability
of readings from day to day was I 1 per cent.

The unit is now mounted on the feed section of the semiworks column and will be
calibrated using urenium feed solutions.

Filter Photometers

Tue design for a self-degassing, dual-filter photometer system and for a nordegassing,
duel-filter photometer system has been completed. Plant models will be built and
tested ag 3oon as possible. The self-degassing model will be tested under conditioas
simalating the Purex 1AF and 2DP sample streams. The nondegassing model will be
tzsted urder conditicns simulating the Redox 2AF sample stream.

Commercially built light sources and photosensitive detecting devices have been
placed on order for test purpeses. These units have a possible application as
stardard components of filter photometer units, replacing similar plant fabricated
devices.

Redox IAFS (F-1) pH Prototype

Medifications to the pH prototype were made to minimize the possibility of pres-
surizing the rinse and buffer lines during the standardization cyecle. In the
initial operations the rinse and buffer solutions were added to the cell by jet.
This operation included the possibility of pressurization and back-up of radioactive
solution into the "cold” reagent tanks. Attempts were made to add these solutions
by gravity flow in the existing piping. However, the solutions flowed back %o the
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P-1 tank via the sampler suction leg rather than through the cell, , and return
leg. Consequently, the piping is being changed to intrcduce the standard solutions
dowvnstream of the pH cell, which should cause the solutions to flow by gravity
through the cell and sample suction leg back to the tank. This approach is pre-
ferred to adding additional valves or vacuum breakers.

EQUIPMENT DEVELOPMERT

Titanium Model-S Chempump

The shaft-impeller assembly has been redesigned to overcome the weaknesges revealed
during previous tests. A total of 326 hours operation pumping 60 per cent nitric
acid at 9.5 gpm against 2 head of 65.5 faet has been logged on the modified unit,
Operation has been smooth and guiet.

Johnston Test Pump No. 1

A standard deepwell turbine pump equipped with a 3450 rpm motor was dismantled for
inspection after 1102 hours of operation. The pump handled a variety of solutions
during the test, some of which contained sclids. The graphlte bearings were worn

14 to 43 mils and the graphite vapor throttle bushing was worn 82 mils. In addition,
the bearings were scored 10 to 20 mile deep. The journal wear was less than 0.5 mil;
however, scoring tc & depth of about 5 mils had occuwrred. Solids in the solutions
probebly caused the excessive bearing wear. Deepwell turbine pumps operating at
3450 rpm in clean sclutions have not evidenced excesgive bearing and throttle bush-
ing wear.

Purex AF-15 Agitator

Life testing of the statically and dynamically balanced shaft-paddle assembly was
discentinned after 11,700 hours operation. The test unit was returned to spare
parts, since recent agitator failures in the Purex plant have depleted the spare
agitator inventory.

Opverating stability of the agitator was unchenged throughout the test pericd. This
excellent behavior is contrasted with failure after L9Sh hours of very rough opera~
tion obtained from an unbalanced, as-received agitator shaft. These two cbserva-
tions colliectively demonstrate the value of straightening and balancing the agitator
shafts before they are used in the operating plants.

Continuocus Calciner Rotary Feed Valve

Continued successful operation of the three-inch-diameter, solid-body rotor feed
valve {SK-2-4323h) has gained plant scceptance of this valve. The Chemical Pro-
cessing Department plans to install the valve on the operating calciners.

Plug Piston Pulsers

A ceremic piston and cylinder (Coors Porcelain Company aluminum oxide) were received.
The parts fit exceptionally well, the dlametral clearance ranges from 0.5 mil to

0.25 mil. The surface finish of the cylinder bore as determined with the Brush ana-
lyzer is 15 to 25 microinches. These parts will be evaluated as substitutes for pile
graphite pistons and 17-4 PH stainless steel cylinders in the Hot Semiworks pulse
generators.
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Materials of Construction

Fel-Pro C-5. A high temperature pipe thread compound manufactured by Felt Products
Company and used by some stainiess steel fabricators was tested in threaded pipe
connections which were immersed Iin various test solutions at rcocom temperature for

38 days. After exposure to 60 per cent nitric acid and 50 per cent caustic soda,
there was no visible evidence of any remaining compound; the connectlons separated
readily. Test materials immersed in carbon tetrachloride, Purex, BAX, Recuplex

CAX, and hexone bhad, upon separation, & normal amount of thread compound left on the
parts. The parts alsc separated easily with no temdency to seize or gall.

Polyrubber #510. A moldable urethane polymer marketed by the American latex Products
Corporation was tested by static immersion at room temperature for 28 days with
results listed below:

Durometer("%"

% Change Hardness'l
Solution Length 28 Days Remarks

60% Nitric Acid - - Failed after 1 hour.
50% Caustic Soda 0 32 No visible change.
Carbon tetrachloride -6 28 No visible change.
Recuplex CAS . -- Failed after 8 hours.
Purex HAX - -- Falled after 10 days.
Hexone -6 25 No visible change.

(1) The original hardness of this material was 37 Durometer "A".

sel. A two part adhesive manufactured by the Houghton Laboratories was tested
as a bonding agent between polyvinyl chloride and silicon carbide for use in a
colution of 4.2 M nitric acid and 0.1 ¥ oxalic acid. 1In the service for which this
material was being tested the silicon carbide would be cleaned pericdically with a
potassium permsnganate-nitric acid solution at 55C and nentralized in a hydrogen
peroxide ~nitric acid solution. After 105 days in the test solution and two clean-
ing cyeles, the glued joint did not fail; however, there was a failure of the sili-
pon carbide adjacent to the glued Joint. The load which could be supported de-
creased as the test progressed until the fipnal sample would not support 30 psi.
Pailure of the silicon carbide is probably the result of tension set up by shrinkage
of the glue. The remainder of the silicon carbide was not noticeably affected.
The data indicate that the load which this joint will support is a function of time
more than environment.

Corrosion Studies

Corrosion of Stainless Steels in NHLF Solutions. Recent studies have indicated
useful rates for dissolution of zirconium in NH,F (4M). While several Ni-Mo alloys
would be suitable materials of construction for this process, they would not be
sultable for a subsequent nitric acid dissolution of uranium., The corrosion
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resistance of types 304-L and 347 stainless steels to ammonium fluoride solutions
was studied. Weight loss measurements on coupons of these materials {sensitized at
1250 F) totally immersed in boiling 4 M NHyF (pH~7T) indicated corrosion rates of
about 5 x 10°8 inches/month. Pitting attack characteristic of halogen acids was
absent. Local sattack at points where the coupons were scratched to destroy the
passive film has not been observed.

Corrosion of annealed 347 stainless steel in 4 M NHyF was measured with the Corroso-
meter. This instrument, a recent addition to Hanford Laboratories, determines
corrosion rates continucusly by measur&ng changes in conductance of the corroding
sample. Corrosion rates as low as 107 inches/mont can be determined accurately

in & two tc four hour exposure. Rates of 2.3 x 10-% and 2.0 x 10-% inches/month
were observed for the asnnealed 347 stainless steel in 4 M NHLF and 4 M NE,F -

0.01 M HNO3, respectively. Sparging the solutions with air or helium d4id not

alter apprecisbly the corrosion rates. A study of corrosion rates for 304 L and
347 stainless steels vs. pE and zirconium content of NE,F solutions will be made.

Laboratcry-Scale Heat Exchange Studies. Use of the laboratory-scale heat exchange
equipment for determination of corrosion rates of various stainless steels and
titanium in beiling nitric acid systems has been hampered by crevice corrcsion due
to concentration cells formed at the sample-Teflon gasket seal. This phenomenon
was not observed when the units were used for study of corrosion by Purex 2WW solu-
tion. None of the expedients tried so far (change in gasket design, different
gasket material, silicone grease on gasket, inereasing gasket loading, additilon of
inert salts) has completely eliminated the problem. Purging the corrodent (HN03)
with helium reduced the magnitude of both erevice and general corrosion.

Mock-Up Heet Exchanger Studies (F-55 Pot). Bayonet heat exchangers of Types 46,
310 Cb, 16-2 manganese subgtitution, amd 312 stainless steels have been exposed to
bolling 60 weight per cent nitric acid continuously for about seven weeks. Exposure
will corntinue to failure. A 304-L stainless steel apnd a type A-T70 titanium bayomet
have been exposed to boiling 60 weight per cent nitric acid at a steam temperature
of 175 C for 28 days. Relative weight loss 30h-L/Ti is about T700; corresponding

to an apparent relative penetration rate of about 300.

Behavior of Chromium in Nitric Acid. Studies of the fate of Cr(III) and Cr(VI) in
boiling ritric =cid solutions were mede in order to understand better the rcle of
chromium in corrosion tests made in laboratory test equipment. In epparatus where
cold finger condensers are used, Cr{III) is oxidized to Cr{VI) in boiling 65 weight
per cent nitric acid while Cr(VI) is reduced to Cr{III) under capsule (PACT) condi-
tions or where Fredricks condengers are used. Kinetic data for these reactions
when using the above two types of condensers have been obtained.

Integrity of Kel-F Coatings. Of twelve mild steel samples which had been spray-
coated with a Kel-F dlspersion and submitted to this laboratory for evaluation,
five were marked as having pinholes on the basis of visusl examination. All twelve
samples were exposed to boiling 65 per cent HNO3 for 240 hours. One sample showed
no evidence of pin holes. One sample had o liquid film under the coating but was
not appreciably corroded. Ten samples showed extensive corrosion of the steel due
to pinholes in the coating.
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U0, CONVERSION

293 Studies

Further gtudies of the oxidation-reduction treatment for improving the reaction
behavior of uranium dioxide produced from uranium triocxide have shown that maitiple
cycles are beneficial in the hydrofluorination step. With repeated cycles, the
particle size remains essentially constant as does the surface area. The bulk den-
sity, however, decreases continuously, substantlating the view that oxidation-
reduction brings about a change in the physical composition of the c¢rystal aggre-
gates perhaps separating crystallites to the point that the occurrence of sintering
is rendered difficult.

Further experiments to determine optimum conditions for activation by this method
have established the best oxidation temperature at 540 * 40 ¢ with air, and the
best reduction temperature at 650 ¥ 50 C with hydrogen diluted to 100-20C mm Hg
with nitrogen or steanm.

CONTINUQUS CALCINATION

The 16-inch-diameter by 8-foot-lomg continuous calciner was operated to: (1) hydrate
and dehydrate five tons of continuously produced U0, and (2) to produce five tons of
sulfur-free U03. Both lots will be shipped to K-25 for pilot plant studies.

The hydration cperation was carried out by feeding continuously produced U0, ob-
tained from 224-UA Building through the calciner and injecting water thro the
feed points normally used for UNH. DBed temperature and shell temperature were main-
tained at 75 snd 120 C, respectively. Water content of the hydrate averaged 6
weigh*t per cent. HReaectivity dats are not available.

The hydrate was passed through the caleciner with the bed temperature kept at 350 C
for dehydration. The water content of the UQ3 was reduced to 0.7 weight percent.

The sulfur«free caleination run was mede in the routine manner with feed point
temparatures of 260 C.

HCT SEMIWORKS MAINTENANCE ACTIVITIES

The current maintenance program at the Semiworks is 75 to 80 per cent completed.
Ingpection and testing of the A Cell floor is nearing completion. The work re-
mainirg on the wall-cover-skirt (secondary leakage seal on the wall) will be com-
plzted within the next two weeks. Process line revisions within A Cell are 75
per cert completed. Gasket replacement is 90 per cent completed.

All the pulsgers have been installed in B Cell and the overall B Cell program is
G5 per cernt completed.

Tn C Cell scme efforts were expended in decontaminating floor "hot" spots. In ad-
dition some piping revisgions and_gasket replacements were made.

The Raschig rirgs in the No. 1 and No. 2 acid concentrator towers were found to be
badly corroded. In some rings the wall had actually been corroded through. The
corresion is believed to result from the traces of fluoride ion which accumilate
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in the acid waste concentrators upon startup after decontaminé.t!fﬂriods. (During

decontamination efforts a 3 per cent NaF and 20 per cent HNOa solution is used for

fizal cleanup.,) The corroded rings are being replaced with thick-wall” rings. In
future operations tower corrosion will be minimized by modifying flushout and oper-
ating procedures.

300¢ FROGRAM - WEAPONS

An improved emission spectrographic method utilizes a service instrument to meesure

ten parts of gallium in one milliom parts of plutonium. Precision is - 10 per cent,
95 per cent CL. The former method required a research instrument and had a detec-
tion limit of 200 ppm. The new limit meets urgent requirements of Weaponization

Development.

LOOO PROGRAM - REACTOR DEVELOPMENT

FRFR

UQp particle size determination was satisfactorily accomplished by the Andreasen
sedimentation pipet method. Earlier discrepancies were removed by using Daxad-23,
defloceulating agent suggested by Fuels Development.

In ccllaboration with Atmospheric Physics Operation estimates were made of permis-
sible leak rates of the containment structure of the Plutonium Recycle Reactor.
It was determined that leak rates in excess of 100 cubic feet of gas in one hour
would probably be sericus to personnel in the vieinity in the event of complete
release of reactor contents to the containment structure. Recommendation was made
that a 200 foot stack be provided, primarily for protection of facilities and per-
scnnel located near the reactor site and for sefely releasing fission debris from
mincr Incidents in preference to containment.

MISCELLANEOUS

regnated Graphite Fuel Material

The method for impregnating grephite with uranium oxide described in HW-48741-C,
was modified by inelusion of a step after the rinse, in which the graphite cylinder
is rotated rapidly on its axis. The calcination temperature was also ralsed from
600 ¢ tc 1000 C. Using this technique, a two gram cylindricsl sample of pile
graphite, one centimeter in diameter, was impregnated successively through 11
cyclies. The weight change increased regularly to yield a final loading of 525 mg
U/cm3, probably as U308.

Analyses of the urenium from the leaching of concentric shells machined from a
cylinder loaded toc an average of 45 mg U/cc showed a high peripheral concentration
with relstive uniform distribution through the core. In the outermost shell con-
sisting of about 49 per cent of the sample, by volume, the average concentration
was 55 ng U/cm3; in three inner shells comprising 35, 10, and 6 per cent of the
volume, respectively, the average concentrations were 30, 28, and 29 mg/Cm3. Mater-
ial balance was 85 per cent.

This technigue is evidently suitable for preparing representative materials of ihis
type. It will, therefore, be used tc impregnate graphite with plutonium sc that the
processing of this material may be studied.
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U0» Improvement Studies - Ceramic Fuels

Uranium dioxide derived from HAPO contlnuously calcined U0y was reoxidized and re-
duced in the two stage fluidized bed unit. Its sintering properties were then
examined by Ceramic Fuel Development Operation personnel and was found to be mark-
edly improved by exposure to the cycle (see accompanying table). As a result of
this improvement, a 26 pound sample of Mallinckrodt Chemical Works UOs was subjected
to a similar oxidation-reduction cycle, and the sintering properties were studied.
Again, a decided improvement was observed which was correlated with a large ilncrease
in surface area (250-300 per cent) resulting from the oxidation-reduction treat-
ment. This process offers definite promise for production of a uniform uranium
oxide with well defined sintering properties.

TABLE IV

EFFECT OF OXIDATTON-REDUCTION TREATMENT ON
SINTERING CHARACTERISTICS QF UOo

_ BExtruded Presged
Green Density Fired Density Green Density Fired Density
Untreated Hanford UCp .- ——— 58.3 8h.2
Treated Hanford U0z 52.5 88.5 57.7 93.6
Untreated MCW UO, 56 83-86 62.5 87
Treated MCW UQp 57 92 62 91 (?)
Best Ceramic Grade UOp 54.5 94,5 63 97.5

Processing PRPR Fuels by TTA Extraction

A praliminary study of the radiclysis of TTA-benzene solutions was made in order to
ascertain 1f radiation damage to the solvent would pose severe problems in process-
ing PRPR fuels by extraction into TTA-benzene. '

Prolonged exposure to cobalt-60 radiation and to plutonium alpha radietion results
in destructicn of TTA, as inferred from the fact that distribution coefficients for
both piutonium(IV) and plutonium(III) into TTA-benzene solutions are significantly
lower after irradiation. These data are summarized in Table V.

TABLE V

RADIOLYSIS OF 0.05 M TTA IN BENZENE(2)

m, moles TTA destroyed

Exposure Final per watt-hr absorbed
Radiation (Watt-hr/liter) M rral®) by solution
0 0.05
Co=60 gamma 62 0.035 G.2 v .
Co-60 gamma 103 0.027 0.2 Eg 2 3{-4
Pu alpha 0.6k 0.0L65 5.k i ‘gﬂrqui"
Pu alpha 1.6k . 0.0k2 k.9 *4y )i'

(a) Irradiated while in static contact with 0.5 M HNO3.
(b) Computed from measured values of ES for Pu(IV) and expression

(rza)s = (T7A)*(ER,/B: )
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The reason for the large discrepancy in apparent decomposition per watt-hr of alpha
radiation as compared with gamme radietion is not understood. Further studies em-
ploying shorter gamms irradiations and independent means of following TTA concen-
tration are contemplated.

Decomposition products of TTA and benzene produced by radiolysis apparently will
not prevent stripping of plutonium(III) out of the solvent. The distribution co-
efficient for plutonium{III) between three molar nitric acid and a benzene solution
initially 0.05 molar in TTA which had absorbed 103 watt-hr/l of gamma radistion was
6 x 107, The concentration of plutonium remaining in this solvent after this
equilibrium was only 5 x 1077 grams per liter. Since one pass in the type of oper-
ation envisioped for PRPR fuels would result in an estimeted beta gamma dose of
only about 0.4 watt-hrs/l., loss of TTA is not expected to be a severe problem.

Formation of emilsions and of solids which tended to accumlate at the interface
was observed in the prolonged gemms radiations (Table V) and probably represents
the major process difficulty to be expected from radlolysis of the TTA-benzene sol-
vent., Further work is required %o estimate the magnitude of this problem.

6000 PROGRAM - BIOLOGY AND MEDICINE

Envircnmental and Radlation Chemistry

Radioisotopic analyses for Naeu, P32, Schs, crol, Cush, Zn65, AsT6, Balho, and Np239
were made on the filterable material from two Columbiz River water samples faken
during periods of low filtersble sollids content and high filterable solids content.
Fi%terable solids collecteg January 23, 1957 on Whatmwan 41 had 5 per cent of the
Zn 5, & per cent of the Cu L, and about 25 per cent of the SclL6 present in the
unfiltered water. Much larger amounts of radicisotopes were found on the high
sclids sample of February 27, 1957. After a Whatman 41 filtration, still more ma-
terial was removed by Millipore {RA) filtration. The total filterable material

(55 mg asﬁéliter of water) was found to contain 86 per cenghof the P32, 91 per cent
of the Sc“4°, 4 per cent of the Cr5l, Eg per cent of the Cu~ ", T2 per cent of the
2065, more than 26 per cent of the Bal0, and 6 per cent of the Np239,

Samples of raw and sapitary water were taken on March 14, 1957, and analyzed for
nine radiocisotopes. The results are tabulated below:

Radioisotoves (uc/ml x 106)
ne2t  p32  5M6 ol B gn5 peT6 paldO* §p239

Pasco Raw Water 0.56 .18 0.016 2.7 0.32 0.14 o0.47 0.035 1.5

Pagco Sanitary Water 0.25 0.018 0.003 3.8 0.048 0.059 0.039 0.022 1.2

Kennewick Raw Water 0.59 0.23 0.011 3.9 0.3+ 0.15 0.57 0.010 1.5

Kennewick Sanitary 0.37 0.065 0.00k 3.4 0.22 0.093 0.212 0.018 1.1
Water

183F Raw Water 7.1 0.31 0.ps4 10 6.4 0.37 2.7 0.066 5.0

183F Sanitary Water 5.6 0.033 £0.002 9.5 1.1 0.19 C.lk 0,043 L.9

*The Balho values reported in the Februagy monthly report were in error and should
have been 0.0176x 107 and 0.0098 x 107 luc/ml for 183F raw and sanitary water,
and 0.031 x 107° and 0.098 x 10™° uc/ml for 183F raw and sanitary water.
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P32 ang ASTS are more eﬁficiently removed by the Pasco and the 183F water plants
than at Kennewick. , Crol, and Np239 are not removed very well by any of the
vater plants.

In the study to develop methods for measuring the radioisctope content of Columbia
River aquatic life, 130 samples of various types of fish, insects, algae, plankton,
and other aquatic forms have been anslyzed using beta absorption and mmltichannel
gamma specirometry. The major radioisotopesémeasured in whitefiah, carp, sucker,
salmon, and crayfish sre Na2t, P32, Fe59, cs137, and Np239, Algae, plaﬁ.k'bon,
and insects contaln most of the reactor efflnent water radioisctopes, and Mn>

Fe’9 were identified in these samples in addition to the 11 radioisotopes measured
in & previocus study.

Fe’% can be measured on reactor effluent water samples by multichannel gamma spec-
trometry after a 5-10 day decay period. Greater accuracy is obtalned if about six
weeks decay is allowed for removal of interference from Bal#0-Lal"%0. A total of
11 radioisctopes can now be messured on & single reactor effliuent water sample
plated on a one-inch dish without any chemical separatilon.

5h vag identified as a contaminant in reactor effluent water, and a value of
1 x 107 jc/ml was obtained on a sample taken January 29, 1957 from 107-H. The Mn>%
was measured by gamma gpectrometry after a chemical separation of manganese and a
delay to allow the Mn-? to decay.

A TTA extraction procedure for separating Y90 from strontium carbonate has proved

to be satisfactory for the analysis .of the Sr90 content of very low activity en-
vironmental samples. The extraction procedure was compared with the trontiquBeta
absorption counting method for estimeting the 5r7° in a mixture of Sro9 and Sr’~ with
very good agreement on vegetation and rabbit bone samples. On soil samples the

veies obtained by the absorption counting technigue were low. The extraction proce-
dure is now being used in the study of the Sr90 in environmental materials.

The gray wedge system of pulse helght analysis was tested for application fo the
determination of I131 in geget&tion gamplea and found to be capable of a sensiti-
vity greater than 5 x 107 #uc/gram when a 5" x 3" NaI{Tl) crystal 1s used to measure
100 grams of vegetation. A method of reading the 35 mm photographic negative of

the spectrum is being sought to eliminate the necessity of photographic enlargement
which would make the system less suitable for routine use.

Geology and Bydrology

Research continued on the evaluation of the influence of moisture content of a soll,
expressed as "the approach to saturation” (§3), in the gradient-flow relationship.
The equation has been assumed to be of the form:

hydraulic gradient (temsion gradient)
assumed form of the moisture content function

g = -Kai

Where Q@ = flow rate
K = permeability for saturated flow
A = cross-gectional areaz of flow
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Thecretical considerations dictate that the exponant, ¢, should be close to U4 and
should be independent of the nature of the soil tested. These conditions seem to

be fully consistent with data so far cbtained.

The work involves measuring the flow, gradient, and moisture content for a labora-
tory hydrologic model and solving for the expopent ¢. Runs were made by varying
the above conditions on a given bed of soil in a vertical columm model. Two sets
of rTuns were made using two widely different kinds of soil, one a uniform washed
sand, and the other a sandy soil containing appreciable quantities of silt and
clay. The values of ¢ obtained for the former averaged 4.1 and those for the latter
averaged 4.2. The good agreement obtained for such dissimiler soils indicates the
validity of the theoretical basis for the moisture content function chosen. When
completed this work will furnish informetion to assist with determinations of the
rate of vertical movement of liquid wastes downward from a disposal crib, and esti-
mates of the effective volume of s0il beneath the crib contacted by these liquids
moving urder unsaturated flow.

Model %tests are also being conducted to give a firmer technical basis for the well
dilutiorn technique for measuring ground weter velocities and to test electrolytes
apd ingtruments for application in the test; a large sand-box model is being used
for the work. Preliminary analyses of the first data from this study reaffirm the
validity of the Rowe Dilution Velocity equation, but indicate a poor correlation of
test resuits with calculated velocities. The work is intended to modify the tech-
nique to permit the collection of ground water velociity data having a greater con-
fidenne level than has been possible previously.

The use of shaped-charge perforation of in-place well casing was reviewed with
Health and Safety Opersiion. It was indicated that this method could be used if
the necessary precautions were observed as in any other poitentially dangerous cper-
aticn pe-;crm&d routinely on the plant.

The U.S. Geological Survey was 4OO feet behind schedule on the CA-T0C {FY-1957)
@rilling program. A continuous rate of sbout 500 feet per month is necessary to
complete their part of the work by July 1, 1957.

Scil Chemistry

Equilibrium experiments between solutions of radio-cerium and soils indicated that
the removal of cerium is highly sensitive to pE and Ce concentration. For cerium
concentrations of less than 107" M the per cent removal shows two pronounced maxima
as the pE increases, one at about pH 7, the other at pHE above 12. The shape of the
pH vs. per cernt removal curve led to the conclusion that two mechanisms are acting,
each with its own pH dependence. The important mechanism operating up to pH 8 is
believed to be ion exchange, since it is almost independent of ionic concentration
at the low concentrations studied. The reaction occurring in the pH range above 9
is very sensitive to concentration and appears %o result from a chemical reaction
that changes the chemical form of the cerium.

The differential thermal analysis equipment for performing clay mineral studies was
placed in operation on a test basis.

Diffraction patterns from certain clay fractions from the upper Ringold formation
were studied. The patterns indicated mpinly montmorilionite snd caleite. The
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appearance of calcite in the clay fractiomn explains the relatively low ion exchange
capacity obtained for the fine material from this horizon.

The Gelllng of Wastes

A sample of simlated aluminum coating waste was used to determine the optimum ratio
of waste to gilicate required to prepare a good gquality gel. The quality of the

gel was determined by measuring the amcunt of water that could be decanted from it
after centrifuging for 5 minutes at 1000 rpm. As 1ittle as 0.4 volume of sodium sil-
icate (40° Bé) to 5 volumes of aluminum coating waste produced a gel, but better
proverties were obtained by using 2 volumes of silicate to 5 volumes of waste. The
gelling time for this latter mixture was approximately 3 minutes at room temperature.

An initial attempt to gel aluminum cosating waste from Purex plant was unsuccessful
due to a deficlemncy of free NaOH. PFurther experiments with the Purex waste demon-~
strated that a good quality gel could be produced by adding an additiomal 2 moles
of sodium hydroxide per liter of waste before adding the scdium silicate. Further
tests indicated that a minimmm basicity of approximately 3 moles of sodium hydro-
xide per liter of waste I1n addition to the amount required to dissolve the aluminum
is esgerntial for gelation to ceccur.

The effect of heat on the alumincsilicate gel was investigated. Heesting produced
a chalky white solid stable up to the fusion point of apoproximately 950 C. The
fused material formed a white porcelain-like mass after cooling; increasing the
temperature of the melt to 1050 C before cooling produced a hard, clesr, glassy
material. These results show that the aluminosilicate product could bhe prepared in
at least fcur different physical modifications with the cheoice of the best form for
disposal dependent primarily on the economics of the preparation and the need for
the end product to resist decomposition.

Monitoring Methods: Slug Rupture Detectors

The quantitiy of fission products entering the Columbia River from ruptures during
1956 was compared with that entering during 1952 to evaluate the need for more
sensitive, quantitative detectors for control and inventorying of fissien products
released to the river. It was determined that in this period fissiom products from
ruptures increased by a factor of about six. On the average during the past year
the release of flssion debris has resulted in an estimated concentration at Pasco
of 0.6 per cent of the off-plant MPC for 2hk-hour decayed fission product mixture
excluding noble gases. The increase in rupture debris resulted from more severe
ruptures rather tharn from increased frequency.
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BIOLOGY OPERATION MONTHLY REPORT - MARCH 1957

4. Organization and Persommel

ido major or siznificant items relating to personnel changes or personnel
activities ocrurred during March 1957.

B, TECHNICAL ACTIVITIES

FISSTONABLE MATERIALS -~ 2000 PROGRAM

BTOLOGICAL MONITORING
Sampies of terrestrial and aquatic organisms are routinely collected and
assayed for radioactive contaminants released to the atmosphere,
impoundmeris, and the Columbia River,

Atmospheric Contamination

Concentrations of 1131 in the thyroid glands of rabbits are tabulated
below, in decreasing order:

BEﬁIIBl/g thyroid Trend

Collection Site Average Maxd mum Factor
Meteorelapy Touor 5 x 10-3 1 x 10‘2 -
Bast of 200 wast area L ox 10-3 6 x 1073 -
One mile SE of Redox 3 x 1073 6 x 10-3 - 17
West of 220 West Area 2 x 10-3 3 x 103 - 5
Prosser Barricade 1 x 1072 3 x 10=3 - 2
100-B irea 1 x 1073 2 x 1073 -
Four miles SW of Redox B x lO'h 1 x 1073 - 4
Thres miles S of White

Bluffs 2 x 10-3 2 x 10"3 -
Route LS. mile 1L 9 x 1074 2 x 1073 - ox
Wahluke Slope, E. 5 x 1074 8 x 100 - 16%
Wahiuke Slope, NE Lx10°k 5ox 107k - B

+#The last four trend factors compare values with January rather than
February because corresponding collections are made bimonthly.

Fresent values are approximately twice those of one year z2go.

Fallout debris, presumably of off-Flant origin, was present in rabbit
tissues in the following concentirations:

AL ol At



nc FP's/g sample Trend f
Sample Type Average Factor
Bone 1x 107 e 3
Feces 3x 1,0"5 -2
Liver 7 x 100 -

Full-term fetuses of rabbits contained essentially the same concentrations of
radioisoctopes as adult animals.

Swamp Contamination

The following concentrations of fission products were found in tissues of
waterfowl at the 221-U swamp:

;ﬁc FP!'s/g tissue Trend
Sample Tyve - Average Mazximum Factor
Ccots
Bone 5 x10-b 6 x 10k -2
Soft tissue 1 x 10-3 1 % 1073 -

Divingrducks
10-3 1 x10-3 -

Bone 1x

Soft tissue 8 x10°4 1 x10-3 _ -
Puddle ducks

Bone 2 x 10~3 L x 10:3 -

Soft tissue 5x 1074 1 x71073 -

These values are approximately twice those of 1956,

Columbia River Contamination

The contamination levels for beta emitters in representative aquatic forms
and in waterfowl for March are shown in the following table. With the
exception of plankton, virtually all of the activity reported is from F-%,

Cellection ac beta emitters/sz tissue Trend
Sample Type Site Average Maximum Factor
Plankten Hanford 8 x 1072 1 x 1071 -
Caddis larvae n E x 10-3 6 x 10~ -
Minnows & x 10-L 7 x 10- -
Whitefish {could not be caught because of muddy water)
Puddle ducks * Hanford 6 x 10-3 2 x 1072 + 12
Diving ducks * t 3 x 1073 1 x 1072 -
Gulls # y 7 x 103 1 x 10-b -
Mergansers # " 7 x ].O'5 1 x 10~k -

* Values are for flesh. Concentrations in ocne are about three times
digher for fish and three times higher for waterfowl.
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Tag concsniration of beta emitters in aquatic organisms is virtually unchanged
from iast month., Because of low temperature the lewel in fish is probably

at a minimum for the year, but plankton 1s at near maximum because of the low
flow., The val:ec are approximately double of those of one year ago.

Effects of Reactor Effluent on Aquatic Organisms

Monitoring of effluent from the 105 KE reactor was interrupted early in the
month when the young salmon were killed by toxic materials which entered the
river water supply. JFurther tests at this site have been suspended until
the control water system can be improved.

Monitoring of effluent from the 105«F reactor with yearling whitefish was
terminated at the end of the month when this reactor was shut dewn for an
extended period., <This test showed that the mortality rate for young whitefish
was significantly increased in two per cent strength effluent during the warm
season of the year, but when water temperatures were below 15 C, they could
tolerate effluent in concentrations as high as eight per cent,

Mortalities of juvenile whitefish held in temperatures 2 C and 3 C above
average for the Columbia Hiver are virtually unchanged from last month, Survival
is best atv the lowest temperature,

BIOLOGY AND MEDICINE -~ 6000 PROGRAM

METABOLISM AND TOXICITY OF RADIOCACTIVE MATERTALS

Reactor &ffluent

P32 gdministered by stomach tube to five four-menth-old rats was absorbed and
deposited in the skeleton to the extent of 11 per ecent. This compares with an
absorption and deposition in year-old rats of L.7 per cent and strongly suggests
that the approximately 2 per cent absorption and deposition observed in the
year and one-half old rats on the chronic reactor effluent regimen was due
largelyr, if not entirely, to an effect of age.

Plutonium

Urine from rats sacrificed 30 minutes after intravenous injection of Pu (IV)
citrate was studied by paper electrophoresis techniques. OSewveral discrete
peaks of radicactivity were separated and seemed to correspond with regions
of serum protein concentration shown on simultaneously electrophorized serum
samples from the same animals. The urine radiocactivity peaks, however, did
net correspond to regions which stained for protein, The possibility that
plutonium is present in both serum and urine in combinations other than with
protein is being studied.

In rats sacrificed five weeks following intravenous Pu {IV} citrate administraztion,
moderate concentrations of plutonium were detected in the cells and ducts of the
submaxillary glands, suggesting that salivary secretion of plutonium is occurring
in these animals.
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Experiments are in progress tec determine the effect of combinated zirconium
citrate and EDTA administration on the removal of firmly deposited plutonium.
The dose regimen seems to be well tolerated. No analytical results are as
yet available.

Experiments were performed to compare the therapeutic effects of zirconium
citrate administered simultaneously with calcium gluconate and mixed with
calcium gluconate prior to administration. The zirconium citrate appeared to
be better tolerated when mixed with the calcium gluconate. Animals were
sacrificed after 48 hours but analytical data are net available.

Preliminary studies were made with Chel- 185, Chel 330, and Chel 242P (Commercial
chelating agents related to EDTA). These agents appeared to be well tolerated by
the rats. No data are yet available on their effectivenesg in plutonium removal,

By 72 hours after intratracheal administration of Pu(IV) nitrate in sodium
citrate solution in miniature pigs, peak concentrations were obtained in

both urine and feces. During these first four days a maximum of 0.35 ver cent
of the administered dose had appeared in the urine and 9L per cent in the feces.

Ruthenium

Simultaneous experiments were performed involving the administration by stomach
tube of LOL N and 0.3 N, HCL solutions of RulO® to three day, 189 day, and 365
day-old rats. There was no marked effect of either acidity or age on total
absorption and retention at 24 hours. Kidney deposition appeared to be
significantly higher in the older animals. Total ruthenium absorbed and
retained at 24 hours amounted to 2 to 5 per cent, which is about three times
nigher than observed in earlier experiments. WNo explanation for the increased
absorption and lack of effect of age observed in this experiment is immediately
apoarent.

Todine

411 groups of swine fed 0.5, 5.0 and 45.0 pc/day show a steady seasonal decline
in thyroid avidity for 1131, There is yet no evidence of thyroid damage in the
swine fed 45 pc/day even though the estimated thyroid dose exceeds 8,000 rads.

An additional three animals were fed 100 pc each in a short-term study designed
to determine the contribution of short-lived iecdine isotopes to thyroid dosage
and also to determine the I3 half-life in blood. Within “ifteen minutes
following I13l administration, 2.5 to 3 per cent of dose was in the thyroid,
and blood concentration values were about 0.009 uc/ml. Peak blood values were
attained at L} to & hours and the effective half-life in the blood was 3% to

5 days. Peak thyroid values were obtained at L8 hours and the sffective
thyroidal 1131 nalr-iife was 5t to 6 days.

Zn®5 Study in a Sieer

In suoport of work performed in the Devartment of Biochemistry, School of
Medicine, University of Washington, a steer, orovided by the State College of




Washington, kearing an exteriorized pancreatic duct cannula, was injected with
Zn®>,

4 total of 26 mc was administered intravenously via an indwelling catheter over
a veriod of 10 days. During this period the entire ocutput of the pancreas, aboub
7 liters, was collected. This was made possible by replacement therapy, gvolved
locally, which included daily feeding of 25 grams of pancreatin and a continuous
drip initc the intestinal catheter of an aminosol (Abbott) solution.

Radioactive Particles

The previous‘v reported pulmonary retention of approximately 12 per cent of
inhaled Rui 02 immediately after exposure has been verified in additional
experimentis. This value was assumed for insoluble particles by the International
Commission on Radioiogical Protection. The fraction present in the stomach and
intestines at the end of the exposure period varied with the duration of the
exposure from 10 per cent to 60 per cent.

Mice exposed for 15 minutes to Ruloooz dust were sacrificed at times up to five
hours. The fraction of inhaled RulO® present in the lung decreased from 12 per
cent immediately after exposure to L per cent after two hours then increased
to 8 per cen% afier five hours. These fluctuationg in lung deposition of
inhaled Ru10502 were also apparent in individual mice periodically scammed with
1 zamwia scintillation counter.

Lobal distribution within the lungs following inhalation of Ru10602 dust did not

vary significantly from that administered by intratracheal injection.

An invasive malignant lung tumor was found in a mouse 349 days after intratracheal

administration of h.iggc Rul®®0p, This is the first malignant tumor observed in

mice treated with RutV®0s and differs histologically from that observed in mice
ter exposure to plutonium oxide.

Enclosure of an aerosol exposure chamber for mice in an improved glove box 1s
complete. BRulDO0s particles have been prepared for initiation of mouse
inhalation exposures for the study of long-term turnover and tissue distribution.

A one-way valve and s preliminary model of a plastic mask for exposing dogs
to aerosols have been fabricated.

Gastrointestinal Radiation Injury

Additional rats were exposed to intestinal  irradiation by L-ray and by ¥l

feeding, and subsequently injected with Fe59 to determine the effect of irradiation
on uptake of iron by the red cells. In all cases a delayed effect amounting

to a 30 to LD per cent reduction in iron uptake was cbserved from 3 to & days

after the irradiation, during the period in which maximum damage to the

intestinal tract is apparent histologically. This effect, therefore, appears

not to be a direct effect of irradiation of blood cells but an indirect effect
possibly due to loss of blood through hemorrhaging into the intestines or to

toxdic products resulting from the intestinal damage.
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Relative Biological Effectiveness

Additional experiments comparing RBE values obtained from viability data with
those obtained from mutation studies showed considerably more variability than
those previously reported. While one test using s35 gave a genetic RBE five
times that obtained from viability data, another using tritium showed no
difference in RBE values. The extreme variability indicates that both better
methods need to be develcped and more data need to be accumulated.

The effect of anaercbic and aerobic growing conditions on the radiation
sensitivity of yeast was tested using tritium as the radiation source. Tritium
was only 1/3 to 1/2 as effective in reduc;ng viability under anaerobic as under
gercbic conditions.

The previous observatign was substantiated that haploid yeast grown in
standard medium and S°° accumulates a relatively higher concentration of §35
than is present in the medium. Increasing thg sulfate concentration 20-fold
does away with the unequal distribution of S3° between cells and medium and
should thus allow a more precise evaluation of dose and RBEE.

Genetic Effects of Metabolized Isotopes

Haploid yeast cells were grown on an agar slant containing $35% and subigquently
dried in a vacuum desiccator. Similar cslls grown in the absence of S

were treated with a colloidal form of 53 and subsequently lyophilized.
Concentrations of $3° were determined for cells grown under the two conditions
and found to be apbroximately equal. These cells are being stored to allow
radicactive decay in transmutation studies.

Uptake of Radicactive Substances by Growing Plants

I+ was previously reperted that chloride ion did not stimulate the uotake of

I131 45 had been observed when iodide ion was present in the root environment.
Similar tests with bromide ion showad an approximately twofold increase of uptake
of T131 put still neo effect to compare with that observed with iodide.

Studies on the toxicity of dichromate failed to show effects at as low levels

as were previously reported. No decrease in yleld was observed using the
WNeybauer technique, with concentrations of dichromate as high as 60 pg/g

of soil. Greenhouse studies sugzested that the amount of aeration was of
considerable consequence to the observation of toxic effects. Lack of proper
aeration in the root environment seemed to markedly enhance the toxic effects of
dichromate.

The effect of calcium and strontium carrier on the uptake of CahS and 8rd?
was evaluated in a preliminary experiment. The uptake of strontium-89 was
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stimulated squatly by the addition of calcium and strontium carrier up to
concentrations of 1,000 pg/g of soil. Likewise, the uptake of Cali® was equally
stimulated dy the two types of carrier. There was a strong suggestion that

Sr8% was preferentially absorbed over Calth,

Manager
BTOLOGY OPERATION
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Lectures

a. Fapers vpresented at meetings

J, F. Cline, March 3, 1957 - "Peaceful Uses of Atomic Energy in
Agriculture,”" - Methodist Church, Walla Walla, Washinghton.

b. Seminars

Or. L. K. Bustad, March 26, 1957 -~ "Radiation Tumorigenesis

I. General Uiscussion®

Dr. S. Marks, March 26, 1957 - "Radiation Tumorigenesis

II. Thyroid Tumors”
Publications

Open Literature

Rarnes, C.M., S. Marks, D.E. Warner, and L.K. Bustad, "Thyroid Function

in Fetal Sheep," Endocrinology 60, 325 (1957).

Marks, S., N.L. Dockum, and L.K. Bustad, "Histopat
of Sheep in Prolonged Daily Administration of I
219 (March-ipril 1957).

; i C U

bge

gy of the Thyroid Gland
" &m., J. of Path. 33,
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ORGANTZATION AND PERSONNEL

P. E. Leaverton was transferred from the Rotational Training Program <o a direct
assignment in the Operations Research & 3Synthesis Operaticn on March 13, 1957.

OPERATIONS RESEARCH ACTIVITIES

Eeenomic Studies

Several discussions were held with personnel from the operating departments to
review the recent meeting of the Combined Operations Working Committee.

The study of appropriate HAPO motivations in line with AEC objectives was con-
tinued,

Personnel Data

As reported last month, a system that may be useful in dealing with the problem
of matching, in some optimum fashion, the qualifications of an individual with
plant-wide opportunities available has been formulated. During the month, dis-
aazeions were held with Ewmployee Relations managers throughout the HAPO to
acqualnt them with this system and concepts on which it is besed. At their
request, formz for testing the practicality of the system wers made up for
detalled consideration, -A report on the Progress to date in this area will

be ready early in April.

investigation of Problem Areas

A scoping report on weasurements which was to have been completed during March
is in rough draft form and will be issued early io April.

Consideration is being given %o thehreactivation of the study of cost accounting
bty matrix methods which had been placed in a stand~by status.

DECLASSIFED ey
T WITH DELETIONS
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STATISTICAL AND MATHEMATICAL ACTIVITIES IN SUFPORT OF RESEARCH PROGRAMS

2000 Program - Metallurgy

Complete sclutions to two linear, non-homogeneous partial differential eguations
which describe the space-time configuration of the heat release in a gas-solid
catalytic reactor were cbtained for a member of Heavy Element Chemistry, Chemical
Research QOperation.

A diffusicn experiment, invelving the penetration of uranium intc aluminum alloy
M-388 and vice~versa in bonded couples, is being conducted by personnel of the
Physical Metallurgy Operaticon. This is similar to the recently completed exper-
iment in which alsi and uranium were considered. Penetraticn data from one
couple have thus far been submitted for analysis, and from these, an estimeted
maximum penetration for the couple was found.

The Plutonium Metallurgy Operation has requested statistical assistance to deter-
mine whether Al-Pu cast rods contemplated as PICR test fuel meet plutonium content
and uniformity specifications. Data are currently being analyzed.

Least square regression planes to egtimate the functionsl relationship between
specific gravity, urapium (in molar units) and nitrie acid (in molar units) in
dissolver solutions were fitted for the Chemical Research Operation. The re-
gression equations were sent to W. W. Mills in an unclassified letter, “"Least
Square Estimation," dated March 12, 1957.

2000 Progrem - Reactor

A table to facilitate construction of confidence interval estimates of Kgy, the
coefficient of fast neutron multiplication, was computed for Lattice Physics.

6000 Program - Biology and Medicine

Analysis continued in March of the fixed vs. variable dose experiment déscribed
iLn the February report. Sample-dilute-count data analysis was alsc continued.

Fharmacology Operation recently installed an seroscl chamber to investigate
experimentally deposition of air-borne radicactive particles in mouse respira-
tory tract organs. Data from instrument calibration experiments were analyzed
to determine the effect of within chamber position on deposition. Results of
the analysis and recommendations for future experimental procedure were sent
to ws J. Bair in an unclassified letter, "Ssatistical Analysis - Deposition of
RUTOP0, as a Function of Chamber Position," dated March 11, 1957.

A statistical analysis was made of datse from an experiment concerned with de-
termining the effect of Separan on rainbow trout. ({Separan in detectable amounts
is present in effluent water.) Results were sent to P. A. Olson in an unelassi-
fied letter, "Statistical Analysis - Effect of Separan on Rainbow Trout,” dated

DECI ASSIHED
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Statistical evaluation was made of datae from a Biology Operation experiment
1 determine the increased toxie effect on aquatic life resulting from direct
o river flow of effluent water without the present five hour deecay period in
retention basins. The results of the study were sent to R. C. Pendleﬁon in

an unclassified letter, "Analysis of K. E. Retention Time Study Data, on
March 22, 1957.

Computations of modified gamma integrals were done in connection wlth stable

atmogphere plume distribution theory, and the results were sent in rough draft
farm to 3. R. Hilst of the Atmospheric Physices Operation.

STATISTICAL AND MATHEMATTCAL ACTIVITIES FCR THE PROCUCT DEPARTMENTS

Fuels Preparation Department

In commection with the program for determining acceptance criteria for shipments
of € siugs based on test pile reactivity results, data obtained on a recent
shipment which contained fuel elements of only cone enrichment level were sub-
mitted for statistical analysis. A final evaluation of the feasibility of this
zpproach depends on the correlation between test pile results and true enrich-
ment levels. This is presently being considered.

Data submitted by personnel from the Materials Engineering Operation are being
analyzed to determine whether ingot type, rod number, and slug location have
an effect on any of several yield variables. In particular, sonic orientation
values have been calculated and the data punched on IBM cards in preparation
for future analyses.

Sonic aorientation values for different delay quench pericds were analyzed in
order to compare the affect of different delay times.

Consultation services wers provided to personnel of the Materials Engineering
Operation in connection with the number of tubes necessary to determine sta-
tistically significant changes in stability characteristics.

A nomparizon was made between reject rates for different density specifications
as 4 function of the carbon content in the ingets. A negative correlation be-
tween density and carbon content indicated a substential inerease in the re-
Jecwon rate would result from a proposed high specification for density,
parvicularly for ingots in the high carbon range. Results were reported in

an unclagsified letter to R. E. Olson, 3-12-57, "Some Effects of Changing
‘Density Specifications on Incoming Rods."

Cans fabricated from various types of alloy were tested to determine any
difference in residual can wall thickness. The data from this test were
analyzed and the results given to Quality Audit personnel.

An analysis tc determine the measurement efficiency of the penetration tester
with respect to residuel can wall thickness was made at the reguest of Fuels
Preparation personnel. Results of thie analysis have provided Quality Audit
persomnel with a guide as to what stendards should be required. Additional
tests are being made. '
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Dat: from an experiment to determine the effect of sillicon addition to the
canning and duplex baths on Poor Bond and Bond Test rejects are being ana-
lyzed.

Canning yields for I and E slugs were submitted for analysis by the "Learning
Curve" technique. It i1s desired to estimate the future gquality and yield of
I and E slugs.

Orientation sessions covering various pertinent statistical topics are given
weekly to various personnel of the Fuels Preparation Department. At the re-
quest of the Supervisor, Quality Audit, a talk was given outlining the functlions
of the Industrial Statistics group and presenting some methods of analyzing
data. Considerable enthusiasm was evidenced for this subject and, as a result,
a second talk was given as requested.

The weight of I and E slugs is a function, among other things, of the inner
diameter. The effect of relaxing specifications for the variance of the lnner
diameter of virgin slugs on the percentage of second recovery slugs which fall
below present weight specifications was studled, and the results were submitted
tc personnel of the Process Engineering Operation. A chart giving lower
tolerance limit on weights of second recovery slugs as a function of the in-
crease in virgin slug inner diameter variance was alsc submitted.

Salary Administration personnel were concerned with obtaining informaticn as
tc the extent to which salary information has been given to exempt employees.
Recommended sample sizes for a proposed survey were furnished.

4 study of absenteeism rates in the Maintainence and Power Operation was re-
quested. Expected monthly rates based on past HAPO rates were found, and these
results, along with comments on the feasibility of further study and data
esllection, were submitted toc W. A. Shanks.

rrradiation Procesging Department

With respect to the use of approximate 1356 exposure figures as opposed to
roduction Scheduling figures in the analysis of rupture data, a table of bias
correction factors was caleulated whiech will correct these approximate figures
in those menth-area combinations where such biases were appreciable. These
were repcrted in an unclassified letter to R. R. Bloomstrand, 2-28-57,
"Exposure Correction Factors for 1956 Data.”

FProcess Analysis Operation personnel have collected and submitted for analysis
considerable rupture data in which the distribution of exposures at discharge
are listed for each of three types of fuel elements -- K, M, and Z. A further
classification inte different power groups within each fuel element type was
given. The data are presently being analyzed, primarily in order to compare
the X and M fuel elements.

The effest of the distance from control rod banks on the type of rupture was
investigated, using data from the C Reactor complled by Process Analysis
Cperaticn personnel. For tubes classified inte four categories as determined
by their distance Irom the rod banks, the numbers of split and hot-spot ruptures
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were given. A statistical test was made which compared the proportions of

plits to art-spot ruptures within each categeory. The results were reported
i a ronfidential undocumented letter to R. R. Bloomstrand, dated 3-22-57,

"Tyve of Rupture vs. Proximity to Rod Bank."

Further work is being done on the problem of adjusting reactor operating con-
ditions on the basis of past rupture data to attain optimum production.
Regsearch and Eugineering Operation personnel have requested that the varilous
alternatives for action be evaluated from the stetistical risk viewpoint.
Such risk statements will be helpful to the area engineers as they routinely
recommend adjustments in reactor powers.

As previously reported, an investigation of past data was being made in order

to firm up or adjust the slope parameter vslue of 7.6 which had been used in

the analysis of run-to-rupture test data. Based on the results of this investi-
gatisn, vecommendations to adjust this value have been made. (HW-48997, 3-12-57,
"Reconmmended Changes in the Slope Parameter Value for Analysis of Run-to-Rupture

- il
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in the original development of the run-to-rupture test, exposures were calcu-
zated or an MWD/Ton basis. As long as the fuel elements being compared had

tne szame weight, it made no difference whether exposure were reported as MwD/Ton
or MWD/Tube. However, now that different gecmetries, and hence different weights,
ave heing rowpared, the method of Treporting exposures becomes important. This
reneral problem was discussed in a secret rough draft to W. X. Kratzer.

{TW-40917h RD, 3-21-57, "Analysis of Run-to-Rupture Tests using MWD/Tube as
Cprosed to MWD/Ton.")

Based on data from four tubes of 3/8" cored fuel elements from KE reactor, an
eztimate of the proportion of tubes charged with such metal which will be ex-
pacted to have cne or more fuel elements with effective warn greester than the
K reactor annulus of 120 mils was found. This was done in order to determine
the posgibility of an extemsive stuck charge problem for these fuel elements.
Results were reported in a confidential undocumented letter to W. K Kratzer,
3-20-57, "Effective Warp of 3/8" Cored Fuel Elements at XKE."

Further discussions were held with Industrisl Engineering Operation perscnnel
concerning estimation problems arising in the work sampling study currently
teing conducted in the K area,

Mathematical consuliation was provided to the Maintenance Englneers, 100-F ares,
on the problem of calibrating & horizontal cylindrical tank with spherieal
segments ends.

Chemical Processing Department

Due to the inherent difficulties in obtaining good estimates of population
parameters from small samples obtained from small populations, the problem of
conformance with current population tolerance specifications on fabricated
rlutonium parts during special production periods is being considered in
conjunction with other HAPQO personnel and personnel from LASL.

| plo ]
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An analysis of variance of the data obtained in the 234-5 control laboratory 4525?

in the daily volumetric determination of the plutonium content of twe plu-
tonivm standards showed a significant difference between the three equipment-
analyst combinations apd a lack of agreement Detween iron and plutonium
standards. Consequently, the ceric normality used in calculating the plu-
tonium content of fabricated parts was changed., Rather than using the average
of two iron standards each day by each analyst, the average of the twelve
titrations obtained on 2 successive days will be used.

The use of an average efficiency for the couversion of U0z to UFy, in the
measurement of U03 reactivity ratio in the 222-5 Laboratory, rather than
measurement of thé apparatus efficiency by means of twe standards each time
the abparatus is used was recommended in a letter to J. W. Jordan. Analysis
of the data also indicated that the volumetric determination of the fluoride
content of the UFy 1s the major source of analytical variation.

At the request of personnel of the Finished Products Technology Operaticn, a

study is being made to determine an estimate of the uncertainty in the wmonthly
estimate of the weight of depleted uranium received from Redox, Purex, and TEP.

OTEER STATISTICAL AND MATHEMATTCAL ACTIVITES

A meeting was held with gersonnel of the 35 Measurements Operation regarding a
review of the 200 areas measurement precisicns and accuracies. They have pre-
rared an outline of the measurement characteristics, and a plan has been adopfed
25 to the order in which the different measurements will be studied.

Discussions were heid with interested personrel of Fiaancial Operation ccn-

cerning the feasibility of employing a sample inventory plan to estimate the

General Stores’ stock., Such & procedure would replace the current one that

entalls a yearly complete physical inventory of Stores. Mathematical evalu-
ation of possible sample plans is necessary vefore final recommendations can
te made.

Probability models to explain the random behavior of cascade emission involved

in radicactive decay were derived for pergsounel of the Chemical Instrumentation
Creration. The wmedels are to be used to compare the gamma photon counf,
efficiencies of several experimental procedures. E u-"‘.!l
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Precision and accuracy analyses were performed on routine data subml'-ed by Genesral
Tecal Analvsls Cperation. The resuits were reported orally to F. E. Holt.

Zvaluation of the film strip density readings calibration method currently
Teing used bty Radiation Protection Operation was initiated in March. Statis-
tical analysis of calibration data for Januery and February has started. Dis-
cussions eoncerning possible modifications of the present calibration were alsc
held with interesied personnel.

Discussions were held with persconnel of Technical Infermation OUperation con-
cernong the format of a gquestionneire designed to provide informztion on the
usefulness, ccompleteness and efliciency of the Plant Library's services to EAPO.
Recormendations as to how the quesiionnaire could be condensed, made more
funczional and less ambiguous wers given orally to interested verscns.

The variznece of the standard deviation from a finite zopulation when a con-
siderazbie rroportion of the population is sampled is of practical importance and
13 inadequately treated in the literature. Tc study this problem the 55C
compueer is being programmed to take random samples from a finite pepulation

of vaiues, vhich in turn were taken from a table of random normel deviates,
calculate the standard deviation, and make a freguency distributions cf the
resulting standard deviations.

The many requests for one-gided tolerance limits prompted the preparation of
a2 set of tables for various sample sizes N, population propcrtions P, and
confidence leveis Y . The programming has been complefed and the tables are
being prepared.

ln order tc acquaint production department supervision with the existence of
the Industrial Statistics group, and of the many types of problems amenable to
a statistical analysis, a series of newsletters dealing with statistical topics
are peing planned for distribution. Pre-printed master duplimats are now being
prepared, and the first newsletter will be issued soomn.

.
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L. A short report on progress to date was given to the HLO Research
staff meeting on March 21.

5. Reports received from the three product daparﬁments and @i;ngtv.
V. D. Donihee during the month were reviewed, and work i Phmih % ,y‘ q,,
underway to define existing gaps and prepare a uniform jg?

deseription of the Hanford system. ’iy ﬁtz
&y j,y

)’

QFFSITE VISITS AND VISITORS

W. L. Nichelson visited Washirnghton State Collage at Pullman, Washington and the
University of Idzho, Mosgow, Idako on March 11 as a representative of the
Schoel of Nuclear Engineering.

C. A. Bennett was the speaker at regular monthly meetfings of three Texas
szections of the American Society for Quality Control on March 13, 1b and 15,
and participated in & symposium on statistical quality control at Scuthern
Methodist University on March 16.

Carl A. Bemmett, Manager
CPERATICNS RESEARCH & SYNTHESIS
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RADIATION PROTECTICN OPERATION
MONTHLY REPORT - MARCH, 1957

A. CRGANIZATION AND PERGONNEL

Organization

No significant changes in organization cecurred.

Force Summary 2-28-57 3-31-57
Exempt 41 L1
Nonexempt 204 =201
Total | 245 2h2

B. ACTIVITIES

Radiation Monitoring

Work continued on the Mincr Construction project CG-558 on the new 105-1C7-F
effluent line. A meximum dose rate of 1 r/hour was measured on the existing line.
Dose rates of 5.9 rads/hour including 0.7 r/hour were encountered during Minor
Construction work on the Redox contamination control project. The maximum dose
rate to perscanel was 500.mr/hour while covering cracks and seams in the cranewvay
with lead sheet and sealer.

Excessive dose rates to personnel were associated with work at the Hot Semi-Works,
the 3706 Building and Biology. At the Hot Semi-Works dose rates of 100 rads/hour
caused personnel to work in locations up to 3 rads/hour to the hends and 1 rad/hour
to the body. Analysis of HAPO-184 samp%es in 3706 caused hand exposure to dose
rates up to 10 r/hour. Injection of Zn ? into & steer caused momentary dose rates
from a lead-lined syringe of 60 r/hour. The animal itself emitied a dose rate of
70 mr/hour through its hide.

Progress was made on the 300 Areag and HIQ emergency procedures. Radiological de-

fense supplies were conmsolidated in the 3745 Building. Upon request of the AEC, a
composite Hanford Laboratories budget for Civil Defense was prepared and submitied.

Regional Monitoring

The average beta-emlitter activity density in drinking water at 100-D, 100-DR end
100-F was sbout 1 x 10-7 pc/ml, which represents about 0.5% of the maximum permis-
slble concentration recommended by the National Committee on Radiation Protection
and Measurement (NCRP). The actlvity density in the river water in the Pasco and
Kennewick areas wes about 3 x 10-0 pe B/ml, which represents about 4% of the max-
imum permissible concentration recommended by the NCRP. %sotopic analyses of raw
and sanitary water samples at Pasco indicated P32 and AsTO are more efficiently
removed (total factor of 10 reductﬁon) b{ the Paggg and 183-F ares water plants
than by the Kennewick system. Na? : Cr? Kp are not remeved significantly
by any cf the water treatment planis.

The average daily emission of 1431 was 1.1 curies compared to 1.7 curles in February.

The meximum total emission in any seven-day period was 16 curles; primarily from
Redox. The average deposition of 1131 on vegetation outside the plant perimeter
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did not exceed the maximum permissihle limit of 1 x 10-2 uc/gm gh individual
samples ranged from ©.3 to 3.5 x 10-> uc/gm. A revision in latoratory analyses
caused a factor of three increase in the I13l values on vegetation as reported by
the Radiochemical Analyses Laboratory. Some indication of cther-than-Hanford radio-
active deposition on vegetation was observed on March 16 and 17.

Wells drilled arcund the Purex A-8 crib and those down-gradient westward continued
to increase in beta-emitter activity to a current activity density of about 2 x 10~ -3
wce/ml near the point of disposal. :

Exposure Evaluation and Records

Two cases of plutonium deposition were confirmed during the month. Neither case in-
volved significant deposition. The total number of cases on record to date is 200.

No rediation incidents involving exposure sbove permissible limits were reported.

One incident, involving faclal contamination and potential inhalation of plutonium
by a CPD maintenance employee, appeared to be of minor ccnsequence from analysis of
first bioassay ssmples. The employee was administered zirconium citrate as a pre-

cautiona.ry measure.

Microfilming of the posted Bioassay records and the 1955 persomnel exposure folders

was completed. Auditing and updating was completed on the IBM tape carrying 1956

film badge records on all Geperal Electric and govermment employees at Hanford. Con-
version to the new plastic badge was completed in 200 East Area and 100-F Area.

gotal cash credit at month's end from recovered silver from the old badges was about
14,000.

Improved film badge trays were received from the manufacturer and placed into service.

The new tray, which was designed by Radiclogical Development relieved a bottleneck
in the darkroom by an increase in the batch size of film belng processed,

Calibrations

Busipess was normal in Calibraticns. Assistance was provided to Redioclogical Develop-
ment in exposing a new type of dogimeter film to various doses apd photor energies

and making shielding studies of several types of eye goggles.

Further action on medification of the new vertical track and trolley in the second
calibration well was postponed due to curtailment of expenditures.

An order for 18 scintillation poppy probes was placed with Eberline Instrument
Division at a unit cost of $122.74. An order was placed with the Chromium Corporation
of America for samples of nickel foils of 1, 3, % and 10 microns thick. Hopes are that
these will be supericr light shields for scintillaticn portable poppies.

A new beta calibration jig was placed inte service for calibrating GM meters. This -
will eliminate the use of a radium source and permit meore rapid calibration of GM
meters.

Radiological Development

Interest in the new plastiic film badge continued from cother AEC sites. Information
was transmitted as requested. An abstract was prepared for submisaion toc a technical
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journal. Derivation of methods of evaluating mixed energy gamma dose continued. A

new type of film, Eastman Kodak persomnel monitoring film type 1L, was exposed to
varying doses for evaluation. The cbjective is to increase semsitivity. Active

programuing for date processing of the balance of persomnel records was deferred
until FY 1958 for lack of availeble funds.

Bids were received and an order placed for 20 prototype plastic bioassay {lask con-
tainers. The full scale order now appears to pe in the $10 - $15 unit cost range

in quantities of 1,000.

At the reguest of Ipdustrial Medicine a brief study was undertaken to measure the
dose to the gonads during chest X-reys.

Radiclogical Consultation

Calculations of the zinc-65 uptake in pancreatic juices were made for the Bilology
Operetion. These celculations were desigped to indicate the relationships between
the concentration of zinc-65 on chronic and acute administration. A review of a
document on the effects of thorotrast administration was made. The main comments
were on the need to indicate the validity of the sample chosen and the peed to in-
dicate thet thorotrast may not be representative of thorium taken into the body by

industrial exposures.

The recent ruptures of cored fuel elements and the consegquent release of the noble
fission gases around operating reactors has emphasized the radiological problems
with these gases. A review of the information aveilable on the hazard of such gases
wvas started to serve as a guide to the Radiation Mornitoring Operatiocns in the 100

Areas.

Internal Exposure Studies

The MPC for Neptunium-239 in drinking water wms evaluated taklng into mccount the
build-up of piutonium resulting from the disintegration of Np in the body. Re-
commenued values from this study were 1 pc/cc based on the dose to the bone and

2 x 10-3 pe/ce based on dose to the GI tract.

Columbia River Studies

A review of the information aveilable on the effects of discharge of reactor effluent
water along the shore of the river was made. Although no clear-cut evidence on

this case is available, it appeared that a shoreline discharge at 1l00-K would in-
crease the concentration of radiocactive materiale in the 100-D intake by at lesst

a factor of eight over the present concentration. Such an increase would lead to
sizeable radiation dosage rates opn the dry filter beds and would Iincreasse the in-
ternal radiation problem in the 100 Areas.

An advapce toward routine monthly evaluation by Regicnal Monitoring of envirommental
radiation exposures was publication of a detalled method for calculating potential
exposure from drinking Columbie River water. From a recent careful analysis of the
rare earth plus yttrium group in reactor effluent water {EW-48021), a decay curve
for reading concentrations downstream was drawn, and an MPC for the mixture in the
15 to 30 hour decay range was calculsted. This was included in a listing of MPC's to
match the radicisotopes and mixtures measured in fresh effluent from each reactior,
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which are aversged against power levels, calculisted for decay to 0, and documented
for esch month by Radiological Chemical Analysis Operation. New MPC's for several
isotopes and groups had to be calculated to complete the list. By the published
method, potential exposure from drinking the radiocisctopes from reactor effluent in
river or sapnitary water at any location can be computed.

Radioclogical Standards

Drafting of the Basic Radiation Protection standard on permissible limits neared
completicn. Application was made of the recent NCRP reductions in permissible limits.

A listing of the latest maximum permissible body burdens and concentrations in air
and water for about 250 radioisotopes was prepared for publication. This will be
issued soon as an appendix in the Mamual of Radiation Protection Standards. New bio-
logical factors determined by HLO Biology Cperation for tritium asd ruthenium were
included for application to Hanford.

The chapters on occupational and nonoccupatiocmel expogure limits in the second draft
of the revision of NBC Handbcok 42 for the NCRP are being rewritten, incorporating
the recent reccmmendations. New data for the chapter on shielding are being obtained
rom offsite.

Compilation of information requested of a local member of the ASA Z-54 Subcommittee
on Permissible Contamination Levels of Industrial Materials was initiated and nearly
completed.

C. EMPLOYEE RELATIONS

Safety

Two medical treatment injury occurred for an injury frequency of O0.5.
Security

No security wviclations occurred.

Suggestions

Radiation Protection personnel submitted seven suggestions in March. Three employees
were awarded a total of $100. Sixteen suggestions were evaluated during the month.

Grievances
No grievances were received in March.

Benaficial Moves

Two beneficial moves occurred including the promotion of E. R. Wood to Badge Supervisor.

Extra-Company Contacts

J. W. Healy formally accepted membership on Subcommittee II on Permissible Internal
Lose of the National Copmittee on Radiation Protection. J. W. Healy also accepted
nomination for President~Elect of the Health Physics Society.
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REGIONAL MONITORING

The general findings are summarized in the following:

Average
Activity Activity Demsity Trend*
Sample Type and Location. Type uc/ml Factor
Drinking Water and
Helated Materials
Benton City Water Co. Well alpha 9.1x 10~ -
Richland Wells alpha < x 1077 --
100 Areas beta (0,008 to 1.0) x 1072 --
200 Areas beta (0.5 to 1.0) % 1077 --
Pasco, Kemnewick, McNary Dam  beta (<0.05 to 2.8) x 1076 2
Backwash Solids -
Pasco Filter Plant beta 6.9 x 10°% uc/gm -3
Backwash Liguids -
Pasco Filter Plant beta 2.6 x 1077 +7
Anthracite, Sand Filter - o
Pasco Filter Plant beta 1.7 x 107 pc/am -2

sther Waters and
Related Materials

x 1077 to 1.0 z 1072 --

200 Wegt Wells beta <2
200 East Wells beta < x 1077 to 4,0 x 1072 -
Wells Near 200 Areas veta < z 1077 to 6.3 x 1077 -
107 and 108 Wells beta < x 1077 to 2.0 x 10° -8
Outlying Wells beta < x 1077 --
Columbie River - Hanford .

Ferry beta 3.5 x 1072 -
Columbia River - Below

Reactors beta 3.2 x 1075 --
{olumbia River - Paterson

To McNary beta 9.6 x 1077 --
Columbia River - Shore Mud Deta (0.2 to 1.5) x 1074 -3
Rav Water - Operating Areas veta (0.005 to 2.8) x 1077 --
Reactor Effluent Retention beta 11,600 to 52,200 ,ug/sec/reactor --

Besins to River (.8 to 9.9) x 107 -
Reactor Effluent Retention alpha <0.0k pc/sec/reactor -

Basins to River ; <5 x 10-9 --

¥ The trend factor shows the n-fold increase (+) or decrease (-) from last month,
where values of n less than 2 will nct be noted.




Sample Type and Leocation

Other Waters and
Related Materials (contd)

I-131 in Farm Wastes to
River

I-131 in Coclumbia River -
Hanford

Atomospheric Polliution

Gross Alpha Emitters
Gross Dose Rate -
Separations Areas
Gross Dose Rate -
Residential Areas
Active Particles -
Separations Areas
I-13]1 Separations Areas
I-131 Separationa Stacks
Ruthenium - Separations
Stacks
Active Particles - Wash.,

Idaho, Ore., Mont.
Active Particles - Project

Vegetation

Environa of Separations
Arees

Resldential Areas

Fastern Weshington and
Oregon

Non-Voletile Beta Emitters
Wesh. and Qre.

Alpha Emitters =
Separations Areas

F-7

Activity

—TIype

I-131

I-131

alpha
beta-gamma
beta-gamma
beta
I-131
I-131

Ru-103-106

I-131
I-131

I-131
beta

alpha

Hv-koulg [BEC)

Average
Activity Density
uc /ml

1.6 x 10-6

1.1 x 1070

(<04 to 1.6) z 10°1%
1.7 to 2.8 mrad/day
0.5 to 3.8 mrad/day
(1.7 to 6.1) x 10733
(1.1 to 4.9} x 10-13
1.1 curies/day

<0,02 curie/day

0.002 to 0.038 p‘tle/m%
0.001 to 0.016 ptle/m

(0.3 to 5.2) x 1072 uc/gn
(<0.3 to 1.0} x 1077 pc/gm
<3z 10’6 uc/em

(C.01 to 1.2) x 1073 uc/am

(0.3 to 1.9) x 1076 fc/gm

Trend*
Factor

+2

* The trend factor shows the n-fold inorease (+) or decrease (-} from last month,
where the values of n less than 2 will not be noted,
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RADIATICON MONITCORING Hanford Construction March 1957
Laboratcries Engineering Others Total To Date
Special Work Permits 1,257 728 171 2,156 7,039
Radiation Surveys 1,467 1,008 268 2,743 8,00k
Alr Semples 1,977 88 78 2,143 6,356
Skin Contamination 13 11 0 2l 60
*Class IT Radiation Incidents o] o] Q Q o]
**Class II Radiation Incidents 0 o 0 ¢ G

EXPOSURE RECORDS

Gamms, Pencils Pencils Palred Readings Paired Readings Lost
Processed 100-280 mr Over 280 mr Readings

March 251,542 12 17 10

1957 to Date 804, 22k 31 k7 30

Beta-Gamma Film Badges

Badges Readings Readings Readingse Lost Average Dose
Procegsed 100-300 mrads 300-500 mrads Over 500 mrads Readings Per Film Packet
mradlow) mr{s)

March 49,426 656 13 6 75  2.20 3.00
1957 to
Date 156,275 1,731 Le 18 97 1.79 2.84
Slow Neutron Pencils
Pencils Paired Readings Paired Readings Lost
Processed, L-12 mrem Over 12 mrem Readings
March 2,004 1k 2 2
1957 to Date 6,852 65 18 4
Fast Neutron Film Badges
Badges Readings Lost
Processed Above 50 mrem Readings
March 1,015 0 1
1957 o Date 2,938 0 1
Bicassay
March 1957 to Date
Plutonium: Samples Assayed 1,260 3,721
Results above 2.2 x 10-9 uc/sample a7 73
Fission Product: Samples Assayed 1,452 4,158
Results above 3.1 x 10°? pc FP/sample 2 3
Uranjum: Samples Assayed 392 . 1,202

¥Radiation Monitoring Cperation Customers
“*Total Plant
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Uranium Analyses Following Exposure Following Period of No Expesure
Tnits of 10 7 pc U/cc Units of 10-Y pc Ujce
Number Number

Sample Description Maximum  Average Samples Maximum Average Samples

Fuels Preparation 7.36 1.83 121 3.53 1.39 L1
Hanford Laboratories 8.20 2.21 16 3.47 1.20 19
CPFD - Finished Products
Uranium Reduction 8.83 3.66 75 7.69 2.52 73
Special Incidents 6.56 3.47 6 - -- --
Random - -- -- - -- --
Tritium Analyses March 1957 to Date
Samples Assayed 9] 1
Thyroid Checks
Checks Taken 0 127
Checks Indicating .01 pc 0 o
Hand Checks
Checks Taken - alpha k9,307 160,386
- beta-gammea 48,871 152,305
CALTBRATICONS
Number of Unite Calibrated
Portable Instrument Callbration March 1957 to Date
CP Meter 1,038 3,158
Juno 357 1,125
oM 1,351 L, 20k
Other 191 551
Total 2,937 9,0U2
Personnel Meters
Badge Film 1,968 6,918
Pencils 1,805 7,071
Cther 211 f1k
Total 3,98k 1,003
Miscellanecus Speclal Services BéT 1,312
Total Number of Calibrations 7,788 2k, 957

A. R. Keene, Manager
RADIATION PRCTECTIOR
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Several memoranda on clasaification were received from the Hanford Operations
Office, and are being readied for distribution to the field. Cne memorandum
contained the revised instructioms for the classiflcation of Hanford production
data, These instructions reflect a relaxmtion in the classification policy for
production data and should prove more acceptable to HAPO than previous instructions
on this metier,

JL Boyd:sf

o

Work Load Statistigs

Documents routed and discharged
Documents issued

Documents destroyed

Reports abstracted

Formal R & D reports issued
Document elassification changea
Books circulated

Periodicals circulated

Volumes sdded to the collection

February March
27,283 29,414
12,710 10,367

6,175 6,442
236 309

25 8

521 469
2,237 2,287
10,707 12,184
353 313

A

LABORATORY AUXILIARIES

Manager,
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EMPLOYEE HELATTONS OPERATION MONTHLY REPORT ey
UNCLASSTIFIED H-1 AW-hoblg izl

At month's end the staff of the Hanford laboratories Cperation totalled 1171,
including 477 exempt and 69k non-exempt personnel. Of the total exempt em-
ployees there were 415 with college degrees and of that number 398 have tech-

nical degrees as follows:

BS M FuD

1) - 101 9%
In addition there wers 37 non-exempt employees with degrees.
Distribution among the nine level 3 components 1s included in Table I.

Personnel Development and Communications

The exempt skillg' inventory was completed on the keysort system during the
month. Plans include replacing this with an expanded inventery during the
coming year.

The human relations course "nderstanding People” was presented to an HLO
pilet group and was received very favorably.

At month's end 26 Technical Gradustes and 18 Techrnician PTralnees were assigned
within the Hanford Laboratories (peration as compared with 27 and 22 respec-
tively in February.

General assistance wes rendered in the preparation of seript ard providing
displays for the Manager's appearance ¢on the television broadcast on March 6.

Twenty-four technical papers, speeches and signed articles and nine press
releases were processed during the month.

Personnel Practices

Suggestions - At the March meeting of the Suggestion Board, 12 suggestions were
reviewed and 6 were adopted. Three of the suggestions represented
savings totalling $323.00 and 3 represented intangible savings.

A total of $80.00 vas granted in awards.

During Mereh, 21 suggestions representing 3 suggestions pexr
100 eligibie employees were received from Laboratories person-
nel,

Selective Service - Hanford Laboratories Operation currently has 206 employees
subject to Military Service of which 78 are Reservists or National
Guard members and 128 are non-veterans. Of the 78 employees in
Rationel Guard or Reservist categoriea, 43 are technical employees,
3 of whom are classified as I-A and deferments are being requested.
Of the 128 non-veterans, 76 are technically trained or engineering
persconel, and deferments have been granted or are being processed
for 4l. Of the 52 non-technical non-veterans 22 are classified
as I-A.
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Personnal Practices (continued)

Benefits - Hanford laboratories' participation in the Employee Benefiit plans
as of the end of March is listed below:

Yarch  February

Pension Plan -~ - = = « =« ~ = = 97.7 97.6
Msurance Plan - = « = - = = = 99.4 99.4
Savings & Stock Boonus Plan - - 58.6 58.7
Savings Plan = - = = = - = = = 8.8 8.1

Placement & Records - At the end of the month there were 40 openings in EHLO.
However, only 4 of these reprasent cnes open for immediate
placement,

During the month Hanford laboratories transferred & employees
to other HAPQ components and 2 were transferred into HLO from
other components. 8Six transfer requests were received, all of
which involved personal reasons.

Ten attendance recognition sawards were issued during the month
ineluding four cne-year, three two-year, two five-year and ane
six-year awards. There were four five-year and five ten-year
service recognition pins issued during the month.

Pechnical Perscnnel Placemsnt

PhD Recnlitin_g_

Fourteen candidates visited Richland for Ranford lLaboratories (peration inter-
views. Six offers were extended, 1 offer accepted, 3 offers rejected and 1
PhD candidate was placed on the roll.

Experienced BS/MB Recruiting

Eight experienced candidates visited Richland with 2 offe.rs being extended
and 1 candidate signed on the roll. The statistical picture of technical
recruiting iz included in Table TIX.

Transfers

Four new trangfer cases were received during the meonth. This may be compared
with 5 during February. The status of exempt transfers is summarized in
Table 1V.

Sumper Professors Program

Seven professcrs will be Joining the lLaboratories (peration on the 1957
Summer Professors Program.

Union Relations

Negotiations are continuing with the Regional Monitors in an attempt to resolve
the various factors surrounding their agreement.

AR UNCLASSIFIED
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Union Relations {continued)

Conferences are continuing on the Wonacott arbitration case regarding Jjurisdjction
of Radiation Monitors. The outlock for settlement of this case is not favorable.

No grievances were received during the month. Seventeen grievances have been
processed since September 1 and the status of these is outlined in Table V.

Salary and Wage Administration

At month's end 85 per cent of the performance appraisals for 1956 were on file
in this office.

The auditing of position guides 1s proceeding satisfactorily and will remain
on schedule.

Preliminary plans for a salsry reconciliation trip have heen made for the month
of June.

All secretaries in HLO have now been placed on the new secretarial plan.

Health and Safety

In March, Iaboratories persomnel worked a total of 190,947 hours with no dis-
abling injuries. There were 38 medical treatment injuries with a frequency of
1.98 as compared to 1.73 for the previous month. The frequency for the year
to date is 1.7TL.

There were two runs by the fire department, to lLaboratories buildings, one in res-
ponse to smoke in 329 building from an overhemted frmnsformer in & light fixture,
the other to a small hood fire in 325 building when a Bunsen burner backfired and
ignited loose papers. )

Bight security vioclation incidents were procegsed making the 1957 total 25 to
date.

Special scheduling of medical examinations was arranged for personnel of Radio-
logical Development Cperation to assist in evaluating the possibility of hazards
during X-ray exposure,

Through March 25, 90% of the medical examinations scheduled for HLO personnel
this year were completed,

The revision of a Civil Defense and Plant Evacuation procedure wag prepered in
conjunction with Fuels Preparation Department with the objective of providing
a uniform procedure for 300 Area and proper distribution of responsibilities.

e s

Mansger
Employee Relatione

T.G. Marshall:vf
URCLASSIFIED
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TABLE IIT. EMPLOYMENT - TECENICAL PERSOMNEL STATUS
I. Employmsnit
Non~Exempt Employment Status Feb, March NonwExempt Transfer Requests Feb. March
Requisitions ; Transfer Cases
At end of month 39 Lo Active cases at end of month 43 43
Cancelled 1 0 Cancelled 1 3
Received during month 10 10 New during month 6 6
Filled during month 19 9 Transfers effected 3 3
Candidates Considered Planned Transfers
Total Applications 16 11 Effective during month 2 s)
Total Transfer Request
from other at HAPO 7 7
Total Interviewed 5 0
II. Technical Persomnel Flacemen®
Ph.D., Recruiting
VISITS TO RICHIAND QFFERS On
Cases Cone To Open " # @ The
sidered BExtended Visited Visit Invite. Extended Accepted Open Roll
Engineeringt
Chemical 57 28 7 9 & 3 1 1 -
Electrical 17 7 - 6 1 1 - 1 -
Machanical 19w 11 2 2 6 3 1 1 -
Metallurgical 37 22 L L 11 b - 1 -
Civil 2 - - - - - - - -
Science:
Chemistry 195 78 16 27 12 9 1 3 1
Physics 212:% 101 16 29 38 134 2 it 2.
Math-Stat, LOws 12 1 2 é - - - -
Qther 33w 8 5 2 - h 3 - 1
VM 3 -itit - - _= 1 _& i 1
TOTAL 315 287 T VA i 38 s 13 5

#0ffer totals include 12 carryeovers from the 1955-56 season with 3 acceptances not
on the roll as of 9/1/56 and 7 open offers at that time, (2 acceptances now rejected)
#%] Case transferred from Phys. to Math-Stat. and 3 Cases transferred from Other to ME

to correct error. 1 IWM shown as vigited in error, was offer open as of 9/1/56,
#% 1 Carry-over open offer from 1955-56 now withdrawn.

BS/MS Experienced Recruiting

VISITS TO RICHLAND OFFERS On
Cases Conw~ To QOpen 2 # # The
sidered Extended Visited Visit Invite. Extended Accepted Open Roll
Engineering:
Chemical 1L 7 4 - - - - - -
Rlectrical 17 12 é - 1 2 1 1 1
Mechanical 1% 14 9 1 - L 1 2 1
Industrial L 3 2 - - 2 1 1 1
Metallurgical 13 9 3 2 1 2 2 - 1
Ceramic Jase EL.) 2 1 - 3 1 2 1
Other 11 b 1 - 1 - - ~ -
Science:
Chemistry 18 5 1 - - — - - -
Physics 9 5 3 1 - 2 1 - 1
Math=Stat, 3 23k 2H - - 3 2 1 2
Other 23 -2 2 - = - - - -
TOTALS 134 68 35 5 3 8 R )
#Includes 2 carry-overs from 1955-56 season. % Corrected figures.
UNCLASSIFIED
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IV. Exempt Transfer Cases

Mar, Feb.

Active cases at end of month 19 20

Total cases since 9/1/56 59 55
(Includes those initiated prior to $/1/56)

Initiated by employee 39

Initiated by management# 16 _ 16

New cases during month i 5

Initiated by employee L b

Initiated by management : 0 1

Cases rewactivated during month 0 2

Cases cleosed during month 5 6

Transfers effected; Within HLO 1 1

Within HAPO 1 0

Other G.E, 0 3

Requests withdrswn 2 2

Terminated 1 0

#Includes ROF's, transfers proposed by employee's management, and
requests from other G, E. departments.

V. Union Relations

Grievances Processed - September 1, 1956 to date.

Total processed 17 (includes 1 non-unit
grievance)
Step I
Pending Step I Answer 0
Answered Satisfactorilys 7
Pepding time limit 1
Step IT
Pending Step II Discussion 0
Pending Step IT Answer 1
Answered
Satisfactorily#+ £
Unsatisfactorily 0
Pending time limit 2

*5tep I grievances which CUouncil indicated a desire to discuss at Step II
but not scheduled for discussion within three months are considered settled
at Step I.

#3tep II grievances in which the Council formally applied for arbitration
but for which no further action is taken within three months are considered
settled at Step IT.

UNCLASSIFIED
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FINANCIAL OPERATION MORNTHLY REPORT
March, 1957

Complled by Members of the
FINANCIAL OPERATTION
HANFORD ILABORATORIES OPERATIOR

Personnel

Doris L. Greenfield, a cost clerk in Cost Accounting Operation, died March 10,
1957.

Activities
General Aczounti eration

A nev posting machine for posting to the general ledger, travel advance sub-
ledger, aund property records, was received during the mounth. Also, & printing
caleulator was received 1ln exchange for a calculator and an adding machine.

Arrangements were made to type checks for travel advances aund for certain payroll
purposes, effective April 1. Signing of checks and control of bank accounts will
continue to be the responsibility of Relations and Utilities Operation.

The budget for Equipment Not Included in Construction Projects, for FY 1959 and
Revision of FY 1958, was submitted to Contract Administration on March 8, the
due date.

A physical inventory of uninstalled catalogued equipment in the custody of
Radiation Protection Operation began March 4, The physical count is complete;
completion of the reconciliation with end correction of book records is scheduled

for Msy 15, 1957.

A physizal inventory of shop stock material in the custody of Technical Shops
Operation begain March 29. The inventory and correction of bock records will
be completed in April,

Two new materials, heavy water and gallium, were egtablished in inventory accounts

a&s of March 31, 1957. Operating costs were credited with $13,348 as a result of
these transfers to inventory accounts.

Cost Accountingz Operation

Work continued on the preparstion of the Budget for FY 1959 and Revision of Budget
for FY 1958, due in April.

Personnel Accounting Operation

1951 participants in the Savings and Stock Bonus Plan received their bounds,
cornmeon stock and accumulated income during March.

UNCLASSTFIED
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Reports showing sbsentee statistics were revised to show data directly

related toc measurement indlces.

Arrangements were made to review travel expense accounts of area employees
to determine that days in travel status are not reported as days worked ino

the area.

Auditing

The Specialist - Auditing continued to assist the traveling auditors on a

loaned basia.

Qffice Procedures

A systems study of property acecounting procedures in the General Accounting

Operation was begun,

Payro Statistics

Changes during month

Employees on payrell at beginning of month

Additions zuod transfers in
Removals and transfers out

Transfers from weekly to monthly payroll

Employees oo payroll at end of month

Gross payroll paid

Exewmpt
Nou-exempt (S5 weeks in March)

Qvertime payments

Exempt
Non~exempt (5 weeks in March)

Ingurance claims paid

Employee
Life insurance
Weekly sickness and accident
Comprehensive medical
Dependenta
Comprehensive medical

Total Exempt Non-EXempt

1 176 475

3
(18) (2)
1

March

Number Amount

1 $11 297
1 623
4 L6

4
45

_s9 _3 409

115  $20 775

701
10
(16)
(1)
o
February
$341 513
274 406
$616 009
$ & 282
10 557
$1k4 832
February
Number Amount
-Q- $ --
15 1 255
63 5 115
gk _9 928

234 $16 298
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Good Neighbor Fund Mareh February
Number participating 801 807
Percent participasting 68.4% 68.6%

Qther Statistics

Cash adyances and travel expenses

Advances outstanding at beginning $ 9 872 $11 538
Advances issued - by checks 61 10 593 38 6 298
- by cash 36 5 305 18 2 190
- air travel orders 9 629 2 793
3539 22 819
Less:
Expense vouchers processed
Travel expense accounts 54 12 999 33 8 3094
Other (movement of household goods,
conference expense, ete.) 32 6TL 25 570
Refunds of advances L 5 4ok 29 3 380
Billing to and from HAPO components - net gh) 633
. 20 015 12 9u7
Advanees outstanding at close : Lo $ 5 38L 31 $ g B2
Ages of mdvances outstanding
15 Jays or less 32 $11 870 29 $ 9 352
16 - 30 dsys 8 351k 2

——0
$15 30 $ 0872
Projfect proposals and sppropriation requests
Project Appropriation
proposals requests

On hand beginnoing of month

BRecelived 3 10
- ~20
Recommended for approval 3 6
Returned for rewrite - 3
Cancelled _ —1i
3 10
Oo hand at close of month el —
Appropriation requests receiving final
approval during month
RNumber 5
Amount $21 210
Q@ o
Holmes:bb
3ML-57
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