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LEGAL NOTICE

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

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

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

As used in the above, “person acting on behalf of the Commission” includes any employee or
contractor of the Commission to the extent that such employee or contractor prepares, handles or distrib-
utes, or provides access fo, any information pursuant to his employment or contract with the Commission.
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BUDGETS AND COSTS

Costs for January were $1,609,000, an increase of $38,000 over the month of
December. Fiscal year-to-date costs are 51% of the operating budget of $20,686,000.
Plutonium Recycle Program costs increased $101,000 in January. The authorized
funds of $4,880,000 are 49% spent at January 31. CPD Separations R and D costs
further decreased in January improving the cost-budget relationship.

RESEARCH AND DEVELOPMENT

1.

Reactor and Fuels

The present PRTR shim control design will be replaced by either a floating rod
or powered lead screw (friction) design to prevent the rod from dropping out
of the core in the event of bead chain failure. The choice will be based upon
the results of experimental tests now in progress. .

The status of PRTR construction is: Phase I, 70% complete versus 81% scheduled;
Phase II, 60% complete versus 66% sckeduled; Phase II-A, 25% complete versus
23% scheduled. PFPP building construction is 68% comple‘e versus 72% scheduled.

Calculations based on present PRTR design indicate that the primary loop pump
flywheels are adequate to prevent steam formation after power failure and dur-
ing the period preceding activation of back-up power or decay of the heat
generation rate to a level that can be dissipated by convective cooling.

The PRTR single-tube prototype facility has been activated and operated at
485 F and 1100 psi for & short period.

Calculations indicate that as much as 20% cf light water can be tolerated in
the D20 primary coolant without appreciably affecting the reactivity of PRTR.

Design criteria for the gas-cooled loop facility to be installed in PRTR have
been completed in rough draft form. Fabrication of swaged UO, rod cluster
fuel assemblies for the first loading of PRTR was started during the month.

Six swaged four-rod cluster fuel elemen*s, 18 inches long, consisting of
1.6 w/o enriched 002 in a 0.035-inck wall 304 stainless steel cladding, bave
been discharged from KER Loop 1 after an irradiation period of five months.
There was no visible cladding damage or rod distortion.

Two Zircaloy rods containing a loose-packed PuOE-UOE povwder mixture were
irradiated at MTR. A central cavity developed and columnar grains formed, but
no jacket distortion occurred and the core was easily removable.

Using electron microscope techniques, voids have been found at the grain
boundaries in irradiated UOp, indicating either trapping of gases during
fabrication or migration of fission gases.

Mixed PuO, and U0, powders sintered at 1600 C for four hours showed complete

solid solution on x-ray analysis. Formation of mixed crystal UOE-PuO2 via
prior chemical procedures appears unnecessary.
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Strong bonds have been obtained on injection cesting of aluminum (Pu-Al stand-in)
into Zircaloy tubing. It is hoped that porosity in the aluminum due to hydrogen
can be eliminated by use of a different outgassing procedure.

A four-rod Pu-Al cluster was discharged from Loop 3 of the KER after several
months operatiaon at a power of 60 kw/ft in 200 C coolant. The cluster was in
good condition upon visual examiration in the reactor basinp.

Thermocouples located in the coolant-flow spaces in & seven-rod cluster fuel
assembly show & significant, but not alarming, temperature variation of approx-
imately = 20 C from the bulk exit water temperature cf 225 C, when operating
in-reactor at projected NPR heat-generation rates.

The first KER size NPR seven-rod cluster fuel elements have completed irradiation
in KER Loop 1. After exposure of 120C MWD/T in 270 G coolan%, the elements
appear to be unaffected externally.

Ex-reactor hydraulic experimerts with NPR-type elements indicate that the
pressure drop penalty due tc the use of wire wrar as flow mix promoters in
seven-rod cluster fuel elements is much less thar was previousgly believed.

High-temperature irradiation testing of potential new graphites for the NPR is
being accelerated in the MER and ETR. One new type appears similar to Kendall
coke (no longer available ), wkizk shkowed +he least contraction on high-temperature
irradiation.

A high-temperature graphite irradistion experimert has been designed and is
being constructed for insertion in the L-48 shim rod in the MIR.

Swelling has been observed in uranium metal, ex-reactsr, thrcugk bombardment
with xenon ions. The possibility exists of meaningful ex-reacter study of the
parameters of the swelling phenomenor.

Rupture tests of pre-defected co-extruded Zirzslicy-clad uraxium fuel in 300 C
water (conducted in botk autociaves and high pressure cut-of-reactor locps)
show generally promising fallure charscteriestics, with orly slight swelling
and blistering at the jacket pre-defec® in one to twe hours exposure. Beta
heat-treated rods performed more favorarly than as-extruded material in the
loop tests.

The fact that excessively frangible bonds in AlSi camned Eanford slugs have
been found to fail on sudden application of heat is being used as a basis for
the development of & simple nondestructive test of bond quality.

A Zircaloy-2 clad thin wall uranium tube has been febricated by a direct cast-
ing technique.

2. Chemical Research and Development

Controlled extraction of neptunium ir the Purex FA Column by addition of nitrous
acid to the solvent (HAX stream) was shown t2 be technically feasible.
Although laboratory studles tco define the most favorable operating conditions

1250819 ' A
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for this approach indicated near-quantitative neptunium recovery in the HA
Column should be possible, they also indicated that close control would be
necessary. In the first three days of plant operation, neptunium losses in
the aqueous waste stream (HAW) were below the analytical detection limit.
Preceding these plant tests, a third plant extraction of neptunium was very
successful with 762 grams recovered.

Leboratory work to develop an anion exchange flowsheet for accomplishing
purification of the Purex neptunium product was completed. The basic process
used was demonstrated successfully in the plant in purification of the mater-
ial recovered at the end of the December run pericd.

Preliminary laboratory experiments show that substantial fractioms (> U5 per
cent) of the radioisotopes, As 76, P-32, Mn-56, Cu-64 and Zn 65, in reactor
effluent water can be removed from solution by passing the hot effluent water
through a bed of aluminum turnings. There is evidence that greater removal
is possible by this system such that more than 9C per cent of the As-76 and
P-32 may be removed. Studies of the system are continuing over a more exten-
sive range of experimental conditions.

Installation of & new pneumatic charge-discharge facility at the KE Reactor,
use of high density linear polythene cartriers, and modified counter arrange-
ment has reduced the time needed to get samples for activation analysis from
the reactor to the counter tc seven minutes average. This permits measure-
ment of half-lives as low as *wo minutes; & major improvement over *the former
minimum half-life of 30 minutes. .
Experimental measurements of the rate of fission product volatilization from
heated uranium indicate a considerable variation among various isotores in the
fraction volatilized in a given length of time. In tests on ll-gram irrad-
iated bare uranium cylinders, cooled 1 to 3 days and held at 1200 C furnace
temperature, preliminary analytical results indicate essentially all the
iodine and tellurium is released in 80 mirutes. Cesiur volatilized steadily
at about 0.025 per cent per minute. Strontium ard ruthenium releases were
less uniform.

An 8-inch by 10-foot radiant heat experimertal spray calciner was put in
operation during the month and is t¢ be used to extend the work on fixation
of Purex waste. Also, arrangements have been completed for Argonne National
Laboratories to perform scouting calcinatione ocrn svnthetic Purex IWW in a
small fluid bed calciner to aid the desigr of proposed larger scale experi-
ments at Hanford.

Installation of the fission product isolation and packaging prototype was
begun on January 9. Shop fabrication of equipment items is approximately 70
per cemt complete. Studies are being undertaken to evaluate application of
this unit to the isolation of fission products other than cesium.

Installation of the Hastelloy-F pilot plant diesolver has been completed. The
first Niflex dissolution of 30k-L stainlese steel required additionai nitric
acid addition to five stainless steel sclution concentrations comparable tc
those from laboratory tests. Equipment operation was excellent.

403820 Ko
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The experimental study of the use of anion exchange to accomplish purification
and concentration of plutonium in Purex 1BP has been concluded. The results
indicate that & process consisting of a single cycle at anion exchange coupled
to a single solvent extraction cycle such as Purex HA-HS-IB Cycle should be
capable of producing routinely a 50 g Pu/liter product well within present plu-
tonium purity specifications. A single cycle of anion exchange designed to
operate in remote equipment could thus replace the 1BS, 2A, and 2B solvent
extraction columns and the unshielded anicn exchange contactor presently in
use in the Purex Plant.

3. Physics and Instrument Research and Development

The study of temperature effects on the neutron ecoromwy of present reactors
made significant progress with the Pteginning of a set of experiments to deter-
mine the change in the effect of water on reactivity as the graphite tempera-
ture changes.

Cluster element experiments in the PCTR for the New Production Reactor program
wvere completed and the data is currently being analyzed. The experiments on
large solid fuels mentioned last mon*h have continued.

Requests for advice on nuclear safety prsblems have increased in number. During
the month recommendations on nuclear safety were made to all three product
departments as well as to other groups in the Laboratories.

An experiment to correlate our PCTR measuremente in the nuclear safety field
with critical mass measurements &t ORNL has been completed. Preliminary
analysis of the datsa indicates no sericus disagreement between the two
approaches.

Nuclear safety experiments designed %o set limits for the handling of low
enrichment uranium fuel elements have cortinued botkh here and at ORNL.

In the Plutonium Recycle Program, effort was concentrated on techniques for
correcting for various perturbing effects in PCTR measurements and significant
progress was made in these thecretical studieso Also, a new general approach
to many of the problems of reactor theory has been worked out which promises
1o become useful in deciding many questions of interpretation of the results
of calculations.

General Electric received the Annual Award of the American Meteorological
Society for the Application of Metecrology in Industry. The award was made
in recognition of the excellent work of G. R. Hilst and associates in the
Atmospheric Physics Operation.

The shielded personnel monitoring station (body monitor) was occupied early in
the month. Tests of shielding and instrumentation show them to be quite satis-
factory.

An alarm to warn of a nuclear incident has been designed and a breadboard
model checked out. Two prototype models are being fabricated. The device
can be set to alarm at any desired level within a wide range and can be
activated by either gamms reys or neutrons. According to present plans the
gamma -type alarms will be adopted for the project now being prepared by CPD
for immediate installation of some nuclear incident alarms.

1240521 Lr‘f rf(*f_
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Satisfactory progress was made on the many other projects in the instrument
field. In the basic data field, work on the scattering cross section of water
for low energy neutrons was begun.

The simulation of PRTR control system behavior on the analog computer has
uncovered some areas related to the transient response of the system which
will require further attention.

L. Biology

Radiostrontium added as insoluble compounds to scil continued to be about one-
tenth as available to growing plants after a second cropping of contaminated
s0il as soluble strontium added under similar conditions.

The Cs/K ratio has recently appeared in the literature. Agein, part of the
Justification for it is based on the presumed inverse relationship between
uptake of cesium and potassium. We have repeated some of this work using the
whole plant. The proportional decrease in cesium uptake due to potassium was
very markedly less than inverse.

Administration of DIPA should occur within cne kour after Pu contamination.
This is better than repeated doses up to 21 hours. It appears that only 1%
of orally administered DTPA 1s absorted.

5. Programming

Further alternmate methods for head-end treatment of non-production fuels were
studied. Among these, one of considerable merit comprises a simplified,
critically safe total dissolution facility. This proposal involves the use
of the circulating "spray-tray" type diesolution of integral full length fuel
elements. Intermediate solution hold-up vessels in the dissolving circuit
are small enough to assure critical safety for any of the anticipated low
enrichment fuels. This proposal affords major simplifications over conven-
tional head end processing.

The first portion of & detailed study of PRTR fuel burnout, and isotopic and
fission product composition was completed and a report issued. Thie report
describes variations in core compesition of Pu-Al spike and natural Uo,
assemblies during irradiation at constart flux. Da*a are presented in tsbular
and graphic form. Effects of burn-up ra*es and resultant compositions on
scheduling and shielding are shown.

Significant progress was made in an analysis *to characterize the economic
potential of stainless steel cladding. The change in thermal utilization when
replacing 20 mil zirconium with 7 mil stainless steel was calculated using
the P, method. The GPR code was then used to calculate attainable exposure
for piutonium recycle as well as single pass operation.

IBM 650 calculations to compare the attairable reactivity lifetimes of fuels
uniformly enriched with U-235 or plutonium were essentially completed. The
study considered reactors of three sizes using plutonium of four different
isotopic compositions. It was found that in general plutonium enrichment
containing substantial guantities of Pu-24C ard Pu-24]1 leads to longer
reactivity limited exposures than U-235 enriched fuels in reactors with good
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neutron economies. The converse is true in reactors with poor neutron econcmies.

The Litton computer was employed for evaluating Pu-240 self-shielding and
spectrum shift effects in plutonium-only fuel irradiations. With the lattice
conditions used the fuel compositions studied lost both reactivity and specific
power generation more rapidly than the fixed-crces-section, fixed-spectrum
cases run earlier on the IBM 605 computer. "Phoenix" or long-burning behavior
is evidently associated with a different initial fuel composition in this type
of cycle. Indications are that higher initial 240 content and lower fuel
density are the main requirements. Tke results are also sensitive to the
poorly-known Pu-242 cross section, which also should be self-shielded to some
extent.

All major sections of the RBU computer code have been debugged. Linking
sections, input-output routines, and the crcss-section library have yet to be
completed, and this work will require considerable attention from Hanford
personnel.

Assistance was rendered in the formulation of a potential research program for
uranium oxidation and fission product volatilization studies. Consultation
was rendered on a proposed series of guides for the Columbia River emergency
plans, on possible methods of decontamination of reactor effluent water, and
on the Radioactive Waste Disposal hearings in Westington.

Technical and Other Services

Difficulty with the burial of ruthenium-contaminated equipment in the Redox plant
resulted in wide-spread particulate contaminstion down wind from the burial site
both inside and outside the 200-W Area. Checks of six involved employees on
prototype equipment in the new Shielded Fersonnel Monitoring Station indicated no
significant deposition of ruthenium-106.

No cases of plutonium deposition in employees were detected during the month. The
total number of cases to date is 226. This t2+a) ircludes all deposition cases
which have occurred at Hanford and all deposi*iorn cases which occurred to present
Hanford employees prior to employment &t Hanfaord.

A review of the exposure experience in 1958 indica*ed that 4 employees received
a dose of 3 r or more as compared to 23 employees in 1957. The maximum whole-body
dose in 1958 was 3.2 r.

A final report on the CPD Control Study was issued.

Work on a model for guiding the procurement of spare parts for the NPR was com-
pleted and a report issued.

In connection with a request from the Commission, further work is being done on the
statistical properties and practical application of inventory and B-PID estimates
described in EW-56536, "B-PID and Inventory Estimates with Minimum Variance."

Work on two operations research studies and four operations analysis progrems was
continued during the month and work was initis+ed on an operations analysis program

1260823 peris l"‘
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for the Radiation Protection Operation. In addition to this statistical and
mathematical assistance on 19 problems was given within HLO and to other depart-
ments and operations.

There were 12 authorized projects at month end with total authorized funds of
$7,024,078. The total estimated cost of these projects is $7,690,078 (PRTR and
PFPP are recorded separately). Two projects were completed during the month.
Two new projects are awaiting AEC approval. Project proposals for thirteen new
projects are in preparation.

The number of reguests from customers for emergency shop service increased sharply
necessitating a higher than normal overtime level. Other project shops were
utilized to capacity in providing assistance to the Technical Shops. Work con-
tinued on setting up assistance type con*racts with offsite shops. and the final
drafts should be completed so that negetiaticns can be conducted in February.

The use of the 221-B pipe gallery as a Fickling and Autoclaving Facility for
Zirconium Tubes has been disapproved. Alternate locations have been investigated
and work is proceeding toward utilizing the old automotive maintenance - heavy
equipment shop at White Bluffs.

Design of the Metallurgical Development Facilities - 306 Building (Project CA-Tu4k)
was completed for the bullding contract. AEC will issue the bid invitation about
February 19. The contract provisions will attempt to obtain completion of the
fourth bay of the building by October 1, 1959 for installation of the extrusion
press.

Construction of the 327 Building Addi*ion {Project CGH-790) is 25% complete com-
pared to 21% scheduled. Due to contamination conditions at the site and high
radiation levels, construction costs are exceedirg the estimate. The lump sum
contract for the building superstructure will be awarded in April at which time
the total project cost estimate will be precise and additional funds will be
requested if necessary.

Projects CAH-T94, Geological and Hydrologizal Wells, ard CGH-804, Ceramic Fuels
Press Enclosure - 325 Building, were completed withir the estimated cost and
directive completion dates. Start-up wcrk on the bhydraulic press has involved
considerable modification and adjustment by the verdor.

Supporting Functions

Data Processing Operation has agreed to inetall our program for accounting for
offsite commitments made by HLO for materials and services. First reports are
to be available in February and should be useful in planning and estimating
future expenditure rate.

Project Proposal for the Equipment Storage Area Building in 300 Area was approved
by AEC on January 29. No directive to proceed has been received as yet.

Inventory results of Blology Operation uninstalled cataloged equipment indicate
good control over equipment and the use of proper procedures in transferring
or retirement of equipment.

1240824 [
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Withholding statements (Form W-2) for 1958 were delivered to employees on
January 9, 1959. Gross wages amounted to $8,652,000. Income tax withheld was
$1,234,000.

At month's end, the staff of the Hanford Laboratories Operation totalled 1203
employees, including 570 exempt and 633 nonexempt employees. There were L85 exempt
employees possessing technical degrees, including 274 B.S., 106 M.S., and 105 Ph.D.

The Armed Forces Specilal Weapons Project Training Program for medical officers
commenced January 6th and is continuing on schedule. The program will be completed
February 13.

Ph.D. recruiting continues to present most sericus problems with extreme competi-
tion being encountered for Ph.D. physics candidates. Four offers were extended
during the month and two acceptances were received, bringing the total acceptances
for the recruiting year to six. Three offers are currently open.

Experienced BS/MS recruiting and recruiticg for the Technical Graduate Program con-
tinues to be very favorable. Most serious difficulty is being encountered in the
employment of new bachelor's candidates in physics. Spring recruiting commenced on
January 12 with visits to WSC, Idaho, Gonzaga, Oregon State, Portland University,
Washington and Seattle University and will continue during the coming two months
with visits to 26 additional schools.

Twenty-three graduates are currertly assigned t~» the Technical Graduate Program
with three scheduled for placement on February 1. Requests for placement exceed
Program members available and this will continue until June graduates report for
assignment.

Laboratories personnel worked a total of 197,040 man-hours during the month with no
disabling injuries. Since September 1, 1956 a tc*al of 5,475,100 man-hours have
been completed with no disabling injuries. The medical trestment frequency for
January was 1.13 as compared with 1.34 during December.

There were seven security violations during the month of January.

Aol

Manager,
HANFCRD LABORATORIES

HM Parker:kss
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REACTOR AND FUELS RESEARCH AND DEVELOPMENT OPERATION

TECHNICAL ACTIVITIES

A. FISSIONABLE MATERIALS - 2000 PROGRAM

1.

METALLURGY PROGRAM

Corrosion Studies

Autoclave Pretreatment of Aluminum Dynamic Corrosion Test Samples. Dynamic
corrosion tests now in progress are aimed toward a general evaluation of
autoclave pretreatment for dynamic corrosion coupons. Samples with and
without autoclave pretreatment for various times and temperatures were sub-
jected to dynamic corrosion testing, and the results compared. Results
vere also compared with those of samples exposed in the low flow section
of the autoclave without pretreatment. Neutral, deionized water was used.

It is considered significant that autoclave treatment for cne day at 300 C
and one week at 250 C results in dynamic corrosion rates compersble to
those obtalned in the static section. The effect has so far been demon-
strated for only one month tests. It remains to be demonstrated whether

“the reduction in rates as exposure increases, observed for untreated

samples, are also observed for pretreated samples.

The pronounced effect of autoclaving may result from an aging of the
corrosion product which renders it less soluble. The corrosion product
is known to be heterogeneous and, in the case of corrosion product from
dynamic samples, highly porous. The porosity results from z leaching
action of the continually refreshed water on <he more soluble constituents
of the oxide. In the autoclave treatment, the sample is expossd to water
already saturated in aluminum corrosion product. Under these conditions
the soluble component of the oxide ages rather than dissolves. The aging
effect of aluminum oxides and hydrates, producing a marked decrease in
solubility, is well known. This experiment appears to add further con-
firmation to the view that increased oxide dissolution is the principal
cause for high corrosion rates noted &t high flow rates.

Logarithmic Corrosion of Al. The amount of corrcsion for a sample of
198X (1.0% Ni, 0.1% Ti, balance 99.99% Al) prepared at ANL was found tc
be 0.8 mil after 10 months at 360 C. The corrosion process continues
to show a logarithmic dependence on time.

A more self-consistent picture of aluminuz corrosion in high temperature
water follows from an analysis of U. R. Evans of the effect of cracks

in heavy oxide scale. He has shown that linear, parabolic, or logarithmic
dependence on time can result, depending on the type of cracking that
occurs within an oxide scale. The logarithmic corrosion process, for
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example, can be expected when self-healing of small cracks perpendicular
to the surface occur.

It is relevant to report that the outstanding feature in the ANL 198X
structure is the degree and fineness of second phase dispersion in the
gamma aluminum phase. If it is assumed that the protective element in
the oxide is a complex Ni-Al oxide, a spinel for example, a relation
between degree of second phase dispersion and logarithmic kinetics (self-
healing of oxide cracks) could be expected.

Fuel Element Rupture Kinetics. Preliminary tests have been conducted to
determine the rupture characteristics and kinetics of co-extruded
Zircaloy-2 clad fuel elements in water at 300 C in a static induction
heated autoclave. Samples were defected with a 25-mil hole drilled
through the cladding into the core. All the samples failed in the same
manner. A blister is slowly formed in the cladding with the defect at

its center. The blister is from 1/8" to 1/4" diameter and grows to a
height of 30 to SO mils. The blister then '"pops open" as a result of

the fracturing of the cladding at the perimeter of the blister. Additionsl
exposure results in severe blistering and ripping of the cladding adjacent
to the original blister. Some of the data are tabulated below.

Rupture of Defected Coextruded Elements
300 C Water - 25-mil Defects

Exposure Required to

Sample Condition Fracture Cladding

U core, 5/8" dia., As extruded 50-100 minutes*
30-mil clad

" Various beta heat 50-100 minutes*

treating schedules

U—é% Zr core, 0.9" dia., As extruded 300 minutes
20-mil clad '

" Beta heat trezted 400 minutes

*The samples were examined at 50 and 100 minutes. Samples with
decreasing bond strength showed increasing severity of failure,
indicating a faster rupture rate for the samples of lower bond
strength.

An autoclave was equipped with a palladium hydrogen valve which was
connected to & low pressure gauge. A defected element with a uranium
core was exposed in this autoclave to water at 300 C. After LS minutes
of continucus exposure, there was a sudden generation of hydrogen. It
is believed that this event corresponded with a fracture of the fuel
element cladding, allowing water to decompose the uranium hydride con-
tained within the blister at the defect.
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Hydriding of Zircaloy-2. Ten attempts were made to hydride Zircaloy-2.
The samples either hydrided completely with destruction of the mechanical
integrity of the sample, or the sample remained ductile with little or no
hydrogen pickup. Varieble induction times were observed during which no
reaction was observed followed by sharp drops in the hydrogen pressure of
the system and rapid hydriding of the sample. The edges of samples were
attacked first, before the surface of the metal. It was necessary %o
reduce the oxygen content of the apparatus to very low values before any
hydriding could be induced. Autoclave films offered no more protection
than the film formed by etching. Hydriding was observed *o be very rapid
in dry, oxygen-free hydrogen at 10 psi at temperatures between 350 C and
50 C.

These results all confirm the hypothesis set forth in HW-55460; that is,
Zircaloy-2 depends on its oxide film for protection against hydrogen. In
the absence of an oxide film, or if the oxide film has defects, Zr-2 will
hydride rapidly with complete destruction of the metal. A defect-type
oxide cannot form in the presence of oxygen or water because the defects
will be healed. Zr-2 will not hydride in the presence of water or oxygern
at temperatures under 500 C.

Casless Etching of Zr-2. Work continued on the chromic acid-fluoride
etching process. It was found that the Cr03-HF solution is muzh hgrder
to rinse out of crevices than standard HNO;-HF etch. When the Cr'® con-
centration becomes depleted at the metal surface or iIn crevices, hydrogen
evolution begins with severe pitting of the surface. This gas evolution
may be further suppressed by an increase in the Cr0Oz concentration, but
if this is done, Cr metal deposits on the Zr surface. It was found that
if ammonium bifluroide (NHquHF) was substituted for the HF the last two
problems could be avoided.

The bath composition was: CrO3 - 150 g/l
NH,F.HF - 50 g/1
Ho0.

In this solution gas evolution is greatly suppressed in comparison with
the standard HNO;-HF etch but 1s not stocrped completely. The gas evolved
is Hp. The pH of this bath is about two, so that the solution is much
less hazardous to handle than the HMO;-H¥ solution. It is expected that
it will be less corrosive to materials of construction, but such tests
have not yet been carried out. It procduced. s smooth, btright etch on Zr-2.

Corrosion tests in 400 C steam revealed the following facts:

1. The CrO3-NH,F-HF etch is hard to rinse out of crevices and
severe corrosion in crevices is observed on autoclaving.

2. Except for crevices, the etchan* rinses cleanly in dilute
HNO».

3. Corgosion rates taken in 400 C, 1300 psi steam showed +hat
Zr-2 etched in Cr03-NHu-HF‘had normal low corrosion rates.

L. Allowable transfer times from etch to rinse were much lcnger
than with the HNO3-HF preocess.

1200828 D0 Ak
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Because of the severe crevice corrosion problem, the chromic acid etchant
will have limited usefulness for fuel elements. However, the solution may
have a very real usefulness as a tube etchant.

A-L HW-59099

Low Pressure Autoclaving of Zr-2. A series of Zr-2 samples exposed to

40O C, 100 psi steam showed weight gains the same as Zr-2 exposed in 40O C,
1500 psi steam. It was concluded the steam pressure had little effect on
the corrosion rate or usefulness in testing Zr-2.

After exposure in 400 C, 100 psi steam, the samples were transferred to
Loo ¢, 1500 psi steam and continued to show normal low corrosion rates.

Effect of Electrical Potential on Rinsing of Zr-2. Sixteen assemblies of
two Zr-2 coupons bolted together to create a crevice were rinsed in aluminum
nitrate and in nitric acid with both positive and negative potentials

(e.g., 5 volts) applied during rinsing. The samples were etched in standard
HNO3-HF etch and allowed to dry five minutes to create a serious case of
"acid staining" unless thoroughly rinsed.

The samples rinsed with a positive potential in nitric acid showed a marked
improvement in lack of acid staining. The positive potential probably
formed a new ZrQp surface under the ccntamination and lifted it off the
surface. Even in the crevice little acid staining was observed.

This process shows promise and will be explored further to evaluate its
usefulness as a Zr-2 metal pretreatment.

Zirccnium Etching Facility - Materials of Construction. Various materials
of construction are undergoing a test in 6 M HNO3-1M HF solution at 60 C
to determine the most suitable materials for pumps, tanks, and heat ex-
changers. Samples of Teflon-100X, polypropylene, polyethylene, poly-
vinylchloride, polyvinylfluoride, graphite 347 and 309 SCb stainless steels
and Hasteloy F have been evaluated. Based on these tests, Teflon-10CX
(heat sealable), polyethylene and polyprorylene appeared the most satis-
factory materials for tank construction or liring. Presumably materials
such as Kel-F would also be satisfactory.

Although graphite appears to be suitable for heat exchanger and pump parts
from & corrosion standpoint, it exhibits a low mechanical strength, and
hence a metal with a low (10 milli-inches/hr) corrosion rate would be de-
sirable. As-received 347 and 309 SCb stainless steel corroded at 300 and
200 mipy, respectively. As-welded Hasteloy-F corroded at a rate of 200
mipy. All showed localized attack. A special sample of 347 stainless
steel showed a corrosion rate of about 120 mipy. Heat treatment of the
309 SCb and the Hasteloy-F lowered the corrosion rates to about 120 and

90 mipy, respectively, and eliminated most of the localized attack.

Radiometallurgy Laboratory Studies

Fax-film replicas were obtained from three uranium specimens which were
irradiated at low temperatures and exposures (HAPO-173). Metallographic
studies of unirradiated samples were made to relate the effects of
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annealing and tensile testing; a sample of uranium of sbout 0.2 afo U-235
burnup was polished and etched and Fax-film replicas were made for electron
microscopy; studies of the uranium samples for PT-3NA were continued by
beginning a cyclical annealing program for selected tensile samples;
metallographic examination was begun on samples from a short term, high
temperature, enriched four-rod cluster elements (PT-IP-172-A); one thorium
tensile specimen (GEH-3-28) was removed from its capsule and examined; a
temperature monitored uranium swelling test capsule was opened and examined.
Results and conclusions from these Radiometallurgy Laboratory studies are
reported in connection with the respective development programs.

High Level Cut-off and Examination Cell (Project CG-682). Work continued
on modification and fabrication of the new high level examination and cut-
off cell equipment prior to operation of the cell. Installation and shake-
down testing proceeded on the following items of equipment during the month:

Cut-off machine

Model III Manipulators

Health Monitoring Chambers (now completed)

Cell Exhaust Alarm System

Can sealer installation and testing (now completed)

Cut-off machine filtering system

Cell can racks

Viewing platform and lighting arrangement for four-foot long
fuel elements

9. Miscellaneous electrical and piping work.

.

@1 AW Fw -

In addition, establishment of camera lens requirements and photographic
limitations of the 12-inch square x 18-inch thick lead glass windows was
completed.

High Temperature Impact Sample Breaker. Fabrication of an impact sample
breaker was completed by the shop during the month.

Microhardness Tester. Modification of some of the controls is now being
carried out by the 327 Building swing shift machinist and the mock-up is
expected to be complete in early February.

Density Cell. Sheet metal skirting required for this cell has been 1in-
stalled, and the pipefitters are now re-routing the piping to bring all
valves to the operating face. The manipulator is undergoing final shake-
down revisions and is expected to be ready about mid-February.

Basic Metallurgy Studies

Radiation Effects in Fissionable Materials. The design of advanced fuel
elements depends upon some knowledge of the effects of irradiation on
significant mechanical and physical properties. A program to obtain
these data for uranium irradiated to 0.018, 0.031, 0.075, and 0.10 &/o
burnup is under way. Tensile specimens representing 0.075, and 0.1 a/o
burnup were cyclically annealed in vacuum between 4LOO and 700 C for three
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cycles (six transformations) during the month. These specimens along with
a similarly annealed specimen representing 0.31 a/o burnup await tensile
tests to determine the effects of alpha-beta phase transformation on the
recovery of irradiation-induced damage.

A series of flat uranium tensile specimens have been irradiated at low
temperatures to low exposures in the snout facility at 105-KW. The purpose
of this test is to find the threshold of detecgable nevtron damage to
uranium. The exposures range from 1035 to 101° nvt or from 5 x 10T to

5 x lO’h total atom percent burnup. Post-irradiation tensile, hardness,
and annealing tests have been performed to determine the amount of damage
induced and the ease of removal. Significant conclusions are as follows:
(1) the neutron exposure beyond which a signigicant change in the herdness
of uranium occurs is not greater than 5 x 101% nvt and is probably less
than one spike cycle or 2.k x 1016 nvt; (2) practically complete recovery
in tensile properties, and hardness in the temperature range 200-400 C
occurs with exposures up to 1 x 1017 nvt, beyond this exposure the amount
of recovery decreases; (3) the exponent of strain hardening decreases with
irradiation from 0.34 in the unirradiated state to approximately 0.20 for
an exposure of T x 1017 nvt; and (4) an increase in hardness and yield
strength of 11 and 55 percent, respectively, occurs with irradiation to

7 x 1017 nvt.

Radiation Effects in Structural Materials. A series of metal representing
the common metal crystal types was irradiated at Brookhaven, Hanford, and
the MIR under various exposure conditions. These metals include copper,
nickel, titanium, zirconium, iron, molybdenum, and type 347 stainless steel.
Post-irradiation measurements of mechanical and physical properties of
these metals were initiated at KAPL and will be completed at HAPO to ad-
vance the theory of neutron damage to metals. Temperature traverses were
made of the six vacuum furnace tubes at 800 C. A three-inch flat tempera-
ture zone occurs at this temperature. At 100 C the temperature difference
along the reduced section of a tensile specimen wes less than 1 C. All
furnaces have beer adjusted to give this temperature control for the first
isochronal anneal. Electrical resistance measurements for an unirradiated
titanium specimen agreed within 0.2 percent with data reported by KAPL for
the same specimen.

Electron and Optical Microscopy. The study of the microstructure of
cladding and fuel materials is a direct way of detecting radiation damage
in these materials. Preliminary experiments aimed at determining the
feasibility of irradiating films of fissionable material, thin enough for
conducting transmission electron microscopy and diffraction before and
after reactor irradistion sre being conducted. The objective of such
studies is to gain fundamental informetion on the nature of reactor induced
damage to fissionable material.

X-Ray Diffraction Studies. Visual examination of the AlSi bond layer of
a fuel element discloses areas which differ in appearance. Materials
from these areas have been characterized by x-ray diffraction. The most
lustrous areas were found to be composed of UA13 and a small amount of
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of another cubic compound with a lattice dimension of kL.1k . The dullest
areas were composed of & single cubic compound with a lattice dimension of
4L.17 8. No pure simple cubic compounds with dimensions between 4.03 R (USi3)
and k.27 & (UA13) are known. These results are additional evidence for the
existence of a solid solution of the type U(AlSi)3 in the A1Si bond layer.

A study of the annealing kinetics associated with the recovery of x-ray
diffraction line broadening supplies information about radiation damage
that is complementary to that obtained by an analysis of lattice parameter
changes. Molybdenum irradiated to an exposure of 1.2 x 1020 nvt (fast
flux) was annealed at temperatures up to and including 600 C at 1CO C
intervals. Total annealing time at each temperature level was 10C hours.
A small amount of recovery measured by line width changes occurred during
annezling ten hours at 100 C. No further recovery occurred untii after
ten hours at 600 C. Longer annealing times at this temperature do not
produce additional recovery. These two distinet recovery processes Iemove
approximately one-half of the original radiation damage. The data are
being analyzed to determine the nature of the recovery mechanisms. This
information will assist in characterizing the types of defects that are
produced in metals during irradiation.

Solid State Reactions. Optimum conditions of heat treatment for zirconium,
Zircaloy-2, and Zircaloy-3 are being studied as a function of percent cold
work, temperature, time, and heat treatment atmosphere. Micrographs of

25 and 50 percent cold worked zirconium heat treated for 100 minutes in
helium at six temperatures from 300 to 800 C have been obtained at 100

and 1000 X. The micrographs confirm the recrystallization temperatures
estimated from x-ray diffraction work on these samples. It is concluded
that x-ray measurements of line width and sharpening are a reliable method
of determining the recrystallization temperature in cold worked zirconium.
Micrographs taken at 1000 X showed the presence of more than one itype of
inclusion in the zirconium. A needle-like inclusion has tentatively been
identified (by anodizing) as zirconium hydride. The concentration is
estimated to be 10 to 30 parts per million. In addition %o the needles,
there is a fine dispersion of small particles throughout the grain. These
particles have not been identified.

In-Reactor Measurements. A knowledge of the errors in temperature
measurement using thermocouples in a neutron flux is essential for the
quantitative evaluation of the effects of neutron irradiation on materials.
Because such knowledge is lacking, a program of measuring thermocouple
stability in-reactor is currently in progress. The quartz insulated and
asbestos insulated thermocouple lead wire assemblies charged in KW Reactor
have received a total of 3412 hours exposure. All the wires show a re-
sistance between leads of greater than 107 omms. Emf readings taken
through the in-reactor assemblies show no deviation from readings taken
using only the ex-reactor thermocouple leads. The 300 C thermocouple
stability capsule charged in KW Reactor has received a total of 928 hours
exposure. The thermocouples are operating at 300 C in a "gettered" helium
atmosphere. The thermocouple emf's have been obtained at the thermal
arrest due to melting of the lead in the capsule. Indicated arrest
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temperatures are as follows:

Chromel -Alumel 328 C
Iron-Constantan 325 C
Copper-Constantan 325 C.

No drift in thermal emf has been noted since insertion of the capsule
into the reactor.

New Fuel Element Development

Cluster Fuel Elements. Three, seven-rod cluster fuel elements operated
satisfactorily during the past month in the ETR 3x3 loop facility. In-
dicated specific power is averaging 70 kw/ft with a coolant outlet
temperature of 280 C. Goal exposure for this irradiation is 1500 MWD/T
of which 500 MWD/T has been attained.

The maximum allowed specific power for NPR seven-rod cluster fuel elements
has been assumed to be limited by channeling and inadeguate mixing of the
coolant around each rod, with consequent high localized water temperature.
Eight, seven-rod cluster fuel elements made from natural uranium co-
extruded in 30 mils of Zircaloy-2 were charged into the KER Loop 3 facility
with thermocouples placed into the coolant channels of the downstream
element. The data indicate that coolant channeling is not severe.

To compare fuel element behavior using different clad thicknesses, four
seven-rod cluster fuel elements with 20-mil cladding and three elements
with 30-mil cladding were charged into the KER Loop 1 facility. 1In
this test thermocouples were also positioned in the coolant channels of
the downstream element to provide additional data on cooclant mixing.
Again, mixing was acceptable, agreeing with data on the first test des-
cribed above. Goal exposure for this irradiation is 4500 MWD/T.

Eight rods from four, four-rod cluster fuel elements discharged from

the KER Loop 2 facility early in November have been examined. All rods
examined have macrocracks throughout the central core region. Micro-
scopic examinations show finer cracks throughout the uranium structure
but none in the cladding or bond region. Examinationsby electron
microscopy show evidence of cracks in the Zircaloy-2 cladding. These
cracks are fractions of a micron in width and up to 50 microns in length.
Further examination will continue to determine the cause of these cracks.

Fuel test KBER-1-3, irradiation of a seven-rod cluster, NPR prototype
fuel element, was completed in January. Exposure was 1200 MWD/T. The
coolant bulk outlet temperature during the test was 270 C, heat output
of the test was 12 watts/gm. The rods of each cluster are coextruded
Zirceloy-2 clad uranium. Underwater examination revealed no changes
in dimensions.

Tubular Fuel Elements. The KER Loop 4 tubular element tésts continue

to operate at 1k watts/gm. Bulk coolant temperature is 230 C. This
NPR cendidate element is 36" in length, clad with 0.03C" thick Zircaley-2.
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Fuel for Present Reactors. In recognition of the need for a non-

destructive test to identify canned fuel elements having excessively
frangible bonds (the so-called "brittle-bond" slugs), a simple test

has been developed. Expansion of the jacket due to sudden application
of heat results in the fracture of the bond if its cohesive or ad-
hesive strength is less than the yield strength of the jacket materisal
(ca. 4500 psi for #/245 Al cans). A thonograph pickup with amplifier
and earphones properly applied identifies susceptible slugs by a suc-
cession of "pings" in the earphones. Refinement of the test will
involve screening out extraneous noises and the establishment of satis-
factory heating procedures.

The aluminum on two charges of C-64 clad I & E fuel elements was nickel
plated electrolytically using a Zincate pretreatment and modified
Thompson plating bath. These elements are to be irradiated under
Production Test IP-207-A-E FP. The objective of this test is to eval-
uate the effluent water contamination problems associated with the use
of a nickel plate as a corrosion barrier. Two charges of electroless
nickel plated fuel elements (plated off-site) also will be charged
under this production test. The test 1s to be conducted in C Reactor
and is tentatively scheduled for charging during the first outage in
February.

Work in cold closure is presently directed toward cold closing the

I & E fuel element by forcing extended rings of internal and external
Jjacket material to flow over the end of the element to form an annular
ring joint. A satisfactory cold pressure weld has been repeatedly
obtaired in a ring Joint which simulates the desired method of closure.
This was obtained by allowing the ring joint interface to expand down
into a small annular groove, simulating an annular groove in the element
end below the interface, while the metal simultanecusly expanded up
through the annular punch. This closure will be attempted on the I & E
element following development of satisfachtory tooling for sizing the
Jjacket material onto the element inside diameter.

Component Fabrication. Hot-heading is being investigated as a process

for forming the ends of coextruded Zircaloy-2 clad uranium rods into
shapes which are desired for assembly into cluster elements. Results
to date indicate the process is feasible. Different shapes and amounts
of uranium have been removed from the end face of the rcd in attempts
to thicken the clad wall in the formed region. The most successful
attempt has merely maintained the original wall thickness. The in-
creased thickness is desired to simplify the closure problem.

A series of coextrusion billets have been prepared for extrusion on
the 280-ton press in the Plutonium Fabrication laboratory. The billet
designs and component fabrication were adjusted to determine the in-
fluence of copper clad thickness and uranium structure on the uranium-
Zircaloy-2 interface. The billets will be extruded at a reduction
ratio of 10:1. Fabrication of additional billets for coextrusion in
the equipment being fabricated for use 1in the 3206 Building has been
partially completed. Components for ten billets have been prepared
with the exception of the copper jackets and assembly has begun.
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Closure and Joining. A method of attaching supports to NPR fuel elements
to accurately position them in the process tube is required. One method
of accomplishing this is by resistance spot welding. A series of tests
have been conducted to determine the effects of welding heat and pressucre
on the properties of the fuel element. It was found that the fusion area
did not extend to a point where uranium contamination of the weld nugget
occurred and the corrosion rate in the attachment area was not affected.
This method can be used to attach supports to the jacket of NPR fuel
elements without adversely affecting the quality of the element.

Allied Fuel Studies. Knowledge of the swelling behavior of unalloyed
clad uranium operating with a cladding surface temperature of 250-350 C,
and a maximum fuel temperature of 450-700 C is of importance for Hanford's
fuel element development work. To provide initial uranium swelling data,
five experimental assemblies with Zirecaloy-2 clad coextruded uranium

fuel rods are being or have been irradiated in the MIR and ETR. Burnup
analysis and density measurements will complete the Radiometallurgy
examination of GEH-3-31, the first of the above fuel rods to be irradiated.
GEH-3-32, presently undergoing irradiation in the MIR, has approximately
65 percent of the 3500 MWD/T goal exposure. Changes in reactor conditions
caused the average center uranium temperature to increase from 40O C to
540 C during the month. GEH-3-58, 3-57, and 3-59, all operating in the
ETR, have approximate exposures of 1200, 875, and 500 MWD/T at average
uranium temperatures of 550, 750, and 650 C, respectively. Goal ex-
posure for these capsules is 2100 MWD/T. Fluctuations in central uranium
temperatures up to 100 C occur in all these ETR capsules.

Operations Resezrch and Synthesis has performed a statistical analysis
and correlation on creep rupture data on Zircaloy-2 in connection with
a calculation of the constraint of uranium swelling a fuel element
Jacket could offer. A least squares analysis fit of the data was made
to a recently proposed equation based on the Ludwik exponential stress
law for predicting creep performance. The main conclusions of this
analysis were:

1. There is no significant difference between the correlation
of sheet material tested in the transverse and longitudinal
direction in the temperature range 150 to 500 C.

2. The correlating equations for cold work and annealed
Zircaloy-2 were significantly different, particularly
in the activation energy for self-diffusion estimates
where the cold work estimate was more than twice that
of the annealed estimate.

" 3. Time to rupture could not be predicted accurately with
the equation.

The study of the various parameters of NPR coextruded Zircaloy-2 clad
uranium fuel which affect the failure behevior of defected fuel specimens
is continuing. The shear strength of the Zircaloy-2 to uranium bond in
coextruded rod specimens as affected by heat treatment has bteen determined
end varies from about 70,000 psi in the "as-extruded" condition dewn to
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about 13,000 psi in a diffusion treated oil quenched condition. The

behavior of defected specimens in a 300 C autoclave at 1250 psi during the
early stages of failure depends upon the bond strength. The 70,000 psi
"as-extruded" bond displays the greatest resistance to corrosion during
the early stage of failure, and the 13,000 psi diffusion treated bond
displays the least resistance to corrosion. Defect testing of fuel
specimens in Elmo #4 (ex-reactor high temperature high pressure loop) with
various types of defects to advanced stages of fallure indicates that fuel
corrosion rates may be about the same as for the "as-extruded" ard beta
treated air cooled conditions, but the degree of clad deformation and the
potential for plugging of the process tube may be less in the beta treated,
air cooled (or lower bond strength) condition.

Metallurgical Development. The cast forming of a Zircaloy-2 clad thin
wall uranium tube was accomplished. The dimensions of this tube were
1.75" OD, 1.50" ID, by 8" in length. This element component was formed
by casting molten uranium at 1475 C into a graphite mold containing the
Zircaloy-2 components, preheated to 950 C, at a pressure of less than

1072 mm of Hg. The cooling rate was 20 C per minute. Examination of the
cast element revealed uniform bonding throughout the length of the element
with several shrinkage cavities near the element top. Several extrusion
billets have also been fabricated by casting molten uranium metal directly
into preheated Zircaloy-2 containers followed by beta heat treatment.

Facilities and Equipment. The installation of the new electron beam
vacuum welding unit in 306 Building is approximately 85 percent complete.
Tests indicate that the pumping rates and the performance of the pover
supply are satisfactory. '

REACTOR PROGRAM

Coolant Systems Development

X-8001 Alloy Local Attack. Moderate erosion-corrosion attack of X-8001

Jjackets was observed on fuel elements discharged from D Reactor. This
attack is localized groove type pitting somewhat similar to the attack
first noticed at H Reactor, but several differences were noted between
this attack and the extensive pitting attack noted on the downstream
piece in the H Reactor. The D attack does not extend over as great a
surface of the fuel element as did the attack at H; the attack is a
series of pits occurring in long, thin lines exclusively, indicating
that mechanical scratches may provide sites for the attack. The mos*
severe local attack on elements recently discharged from D Reactor was
observed on one slug located in the seventh position from the downstream
end of the charge. This is in contrast to the H attack, which was always
most pronounced on the last fuel element in the tube and was never ob-
served upstream of the #5 pileces from the rear. In the five charges of
fuel elements from D, a total of 36 pieces show some localized attack.

Decontamination for NPR. Turco 4447 (Powdered 4503) was investigated
as a decontaminant for carbon steel. The indications look promising:
and the corrosion rate appears favorable on carbon steel. However, this
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solution is acidic and contains fluorides and chlorides which are
detrimental to stainless steel and Zircaloy which may be present in
a carbon steel system.

Further work with Turco-4512 with the cooperation of the Turco Company
has produced a modification of this phosphoric acid cleaner which appears
favorable from the standpoints of both DF and corrosion rate. The con-
centration in use is & 6% solution of the T-4512 used at 60 C for 1/2
hour to one hour.

Additional decontamination studies were completed this month using
alkaline permanganate, smmonium citrate, and ethylenediaminetetra-
acetic acid. The decontamination factor was quite high, 1500, but the
corrosion rates were also relatively high. As yet, no satisfactory
corrosicn inhibitor has been found.

Corrosion coupons placed in the XKER-4 mockup tube during the Turco 4501
decontamination showed very little penetration due to the decontaminating
solutions. The average penetrations on precipitated 304 s/s, non-
precipitated 30k s/s and Stellite-6 coupons were 0.036, 0.012, and
0.076 mil, respectively, while Zircaloy-2 and Zircaloy-3 coupons were
not affected by the decontaminating solutions. Coupons pre-exposed in
300 C pH 4.5 and 290 C pH 10 water were effectively cleaned during the
decontamination. Control coupons which were charged in the mockup tube
after the decontamination are being exposed with coupons which were in
the mockup tube during the decontamination to determine whether there
are any long term corrosion effects due to decontamination.

Precipitated and non-precipitated 304 stainless steel coupons pre-treated
in the Turco L4501 decontaminating process are corroding with the same
rates as non pre-treated coupons in 300 C pH 4.5 water after 1200 hours
exposure. A similar test in 290 C pH 10 water does not indicate any
effects of the pre-treatment on the corrosion rate. The total penetra-
tion after 1200 hours is 0.009 mil in the pH 10 water compared with

0.04 mil in the pH 4.5 water.

Non-Uniform Corrosion Studies. The caustic embrittlement test on a 30k
s/s specimen was terminated after 1000 hours and examined for cracking.

No cracking was found. A sample of A-212 carbon steel was placed under
test and will be exposed to a minimum leak rate at 300 C and an initial
pH of 10.0.  No stress cracking has been found on either 30k s/s or A-212
carbon steel, at 300 C under concentrating caustic conditions. A study of
Zircaloy-2 fretting corrosion has been under way using a Zr-2 spring wire
rubbing on a Zr-2 coupon in & 300 C, pH 10.0 (with 1i0OH) environment.
Examination of the device has not been made at the time this report was
written.

Control of Water Purity in Low pH Systems. Clean-up of the water through
H3P0h regenerated mixed-bed resin continued to demonstrate advantages over
water not treated in this fashion. Lower impurity concentrations were

maintained by such deionization. A mixed-bed resin regenerated with H3P0u
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has been used in Loop KER-4 to regulate pH and remove contamination from
the water. The behavior has teen errctic. It is apparently difficult
or impossible to control pH by this method. However, this resin bed has
removed crud and radioasctivity from the water gquite efficiently.

Corrosion of Aluminum Under Heat-Transfer Conditions. The San Jose lcop
studying corrosion of aluminum under high heat fluxes has completed a
1000-hour test. The ccnditions are 280 C, pd 6, 150,000 Btu/hr-ft2, at
12, 14, and 16 feet/sec. Control samples with no heat flux were also
studied. Samples will be sent to Hanford for data determination. Another
test is being scheduled for this loop to be operated for 2000 hours and
with better control over the flow through the aluminur heater sec*ions.

Raw Water Heat Exchanger Tests. The Dowtherm Locp has been operating
using raw Columbia River water as the coolant for a carbon steel hLeat
exchanger. Outlet temperature of the water is 212 F. Since the test
was resumed with maximum pipe wall temperatures of 345 F, the over-all
heat Bransfer coefficient has dropped from 510 Btu/hr-fté F to 456 Btu/
hr-ft< F.

Descaling Studies. Tests were run to explain why the penetration on
carbon steel coupons placed in the effluent line during the Elmo #1 de-
rusting were so much higher than those predicted by beaker tests. It
was found that the presence of ferric ion in the de-rusting solution
greatly accelerates the attack of the solution on carbon steel. Coupons
exposed for one hour at 60 C in de-rusting solution (inhibited HpSO))
with 10, 500, and 10,000 ppm Feg(SOu)3 had penetrations of 0.006, 0.028,
and 0.23 mil, respectively.

Rupture Testing. Several coextruded Zircaloy-2 Jacketed uranium fuel
elements were rupture tested in 300 C water. In general, the pieces
that have been beta-heat-treated are superior to the as-extruded pieces
in rupture performance. Several beta-heat-treated pieces have shown no
more swelling or cladding splitting after increased exposures of two or
three hours than they did after one hour's exposure, although the amcunt
of uranium attacked had increased.

Two beta heat-treated rods tested with pre-defect slits 30 mils wide,
300 mils deep, and three inches long had only minor damage, slight
swelling at each end of the slit, after one and two hours' exposure.
Two corresponding as-extruded pieces exhibited considerable swelling
at the ends of the slits after one hour, and large smounts of swelling
and clad splitting progressing away from the slitted ends after two
hours' exposure.

A wire wrapped KER-size seven-rod cluster required 700 pounds force to
remove from the 2.08 " ID Zr-2 tube after one hour’s exposure. Two of
the rods were pre-defected with 25-mil holes.

Eight beta-heat-treated rods with various rinhole and slitted defects
wvere tested for one hour's exposure. Two rods with 25-mil side defects
each exhibited a raised mound about 1/8" diameter. Two rods with
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25-mil pinholes in the end cap did not show any rupture damage. Two rods
with slits 30 mils wide, down to the uranium, and three inches long ex-
hibited small bulging at the ends of the slits. The other two rods which
had been pre-defected with slits 30 mils wide down to the uranium for the
full length of the rods, underwent considerable damage at the end caps.

Rupture Tests on Heated Fuel Elements. An initial test was made with
power to two of the 0.63" OD co-extruded rods in a seven-rod cluster.
After three minutes of 25 KW power input, the rods burned in two. Water
temperature averaged about 500 F. Water flow through the test section
was 100 gpm, but post-examination indicates that some of the water could
have been by-passing the fuel element rods. Further tests are scheduled,
‘including both tubular fuel elements and rod-cluster types.

Thermocouple Tests. Two thermocouple tests are being run in KER. The
purpose of these tests is to determine how much hotter the inner flow
channels of seven-rod clusters become than the outer ones due to the
unmatched split of water flow and heat generation at the different loca-
tions. The first test is essentially complete and will be discharged at
the next outage; the outlet temperature was 200 C; the heat flux was
about 225,000 Btu/(hr){ft2). The second test with enriched seven-rod
clusters operated at 450,000 Btu/(hr)(ft2) at an outlet temperature of
225 C.

The results from the two tests were essentially in agreement and showed
that the temperature differences were not alarmingly large. It appears
that the temperature difference is a function of the heat flux. The last
experiment was comparable to NPR conditions /150,000 Btu/(hr)(ft2)/. In
this test the temperatures varied from 210 C to 250 C, the outlet tempera-
ture being 225 C.

From these tests it is tentatively concluded that temperature mixing mey
be sufficient to make the addition of spiral mixing wires on various rods
unnecessary from a heat-transfer standpoint.

Structural Materials Development

Zircaloy Process Tubing. Development programs to solve problems in the
fabrication of ribbed and ribless B-D-F type and NPR type Zircaloy-2
process tubes were continued at several sites. Major effort was applied
to proposals for the fabrication of 100 ribbed B-D-F tubes and 70 NFR
tubes. Contract negotiations are under way on the B-D-F tubes and should
be completed in February.

Process Tube Design Criteria. The program of creep testing Zircaloy-2

at Battelle Memorial Institute was expanded by five creep-testing units,

bringing the total to twenty. Contract negotiations are being initiated

to provide direct support of this work during FY-60 and 61. An analysis

of all of the available creep deformation and creep rupture data is being
prepared for publication.
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End-closures capable of withstanding 12,000 to 14,000 psi internal pressure
at 650 F are being sought to permit rupture testing of the NPR tubing. A
new design has been tested to 14,000 psi at room temperature and elevated
temperature tests are in progress.

Nornmetallic Materials Development

Graphite Development. The second phase of testing candidate NPR graphites
has begun with the arrival of samples from National Carbon Company and
Speer Carbon Company. ZEarlier samples received were largely from electrode
stocks or small samples that could be prepared on short notice which wowld
permit testing of the relative radlation stability of graphites from new
coke sources at the earliest possible date. Samples typical of the size
and process to be used for NPR graphite are now arriving. Included are

L x 4 x 50-inch extrusions from the National Carbon Company of AGOT pro-
cessed Secony Vaccum coke and Continental coke. The latter is similar in
nature to the old Kendall coke which contracted least of the cokes tested
at high temperature but is no longer available. Samples from Speer Carbon
Company are also 4 x 4 x 50-inch extrusions; however, samples have been
provided which typify variations in purification techniques and coke type.
Graphites from furnace loa¢ -zs purified by means of a chlorine process
and let down in argon and :: rogen atmospheres will be compared by means
of 305 Test Pile purity results. Samples prepared from Sohio Lima coke
and Texas Lockport coke with additives to improve density will also be
purity tested and irradiated to determine property changes.

MIR Shim Rod Conversion. Because of existing conflicts in the use of the
MIR L-42 position for high temperature irradiation of graphite tests ur-
gently needed to assist in the selection of NPR graphite, an alternate
irradiation facility has been designed. This new device consists of a
sample-bearing shim rod in the L-48 position and is expected to duplicate
irradiation conditions obtained in the L-42 irradiation. The modified
shim rod has been designed to operate with essentially the same reactor
control characteristics as a regular rod so as to minimize changes in the
reactor operating conditions. Based on detailed informal discussions of
this proposed modified shim-rod experiment with personnel of the Phillips
Petroleum Company, it 1s expected that this conversion will be accepted
for operation in the MIR provided the working assembly meets certain
qualifying tests. Final spproval by the Phillips Petroleum Company Safe-
guards Committee will also be required.

Fabrication of a test head, containing the electrical connecting mechanism,
has been started, and tests of this device will be made during a future
MIR outage. These will demonstrate the holding capacity of the magnetic
coupling, which must be greater than 500 pounds, the effective release
time, and the operation of the connecting mechanism. Construction has
been started on parts for two shim rods. The target date for charging

the first experiment into the MIR is April 1955.

High Temperature Graphite Irradiation - GEH-13. The fabrication of a

new high temperature graphite irradiation experiment, GEH-13, is nearing
completion. Graphite samples will be irradiated in two corner positions,
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E-5 and N-14, in the Engineering Test Reactor. Eight cylindrical samples
.three inches long and 0.426 inch in diameter will be irradiated in each
experiment to determine property changes resulting from high neutron doses
at high temperatures. Depending upon the amount of gamma heat generated,
sample temperatures in the first experiment, which will be monitored but
not controlled, are calculated to be 1300 to 1700 C in the high flux
position and 500 to 800 C in the low flux position.

Plans now call for charging the first experimental thimble into the ETR
during February. Data from these tests will provide information helpful
in the development and selection of improved graphites for use in high
temperature reactors.

Intermediate Temperature Graphite Irradiation, IP-22. Property changes in
common graphites resulting from reactor irradiation at 30 C and 40O to

500 C are gquite well known. Radiation effects at the intermediate tempera-
tures are less well known even though large volumes of most graphite re-
actors operate in this range. A production test, IP-22A, which is an
intermediate temperature irradiation test, is being re-activated after a
dormant period of many months. Assembly of the various parts is continuing
at a steady rate with loading in a Hanford reactor planned for the latter
part of February. The assembly consists of four sections with each section
containing two standard graphite samples heated by individually controlled
heaters. Temperature settings of 200, 250, 300, and 350 C are planned for
the test.

X-Ray Study of Radiation Damage. A series of CSF graphite samples
irradiated at 30 C from O to 4100 MWD/AT have been investigated for the
influence of irradiation on the integrated and peak intensities of the
(002) x-ray diffraction lines. Through the use of NaCl powder as a
standard, the relative diffraction intensities were determined from
powdered graphite samples.

Both the integrated intensity and the pesk intensity were found to change
drastically upon irradiation. In common with other physical properties,
the peak and integrated intensities were found to decrease rapidly to
1000 MWD/AT. At that point the integrated intensity was 30 percent of the
initial value for unirradiated material. The intensities decreased more
slowly with irradiation out to the highest exposure in this series of
samples, 4100 MWD/AT. The integrated intensity was reduced to 10 percent
of the initial value after this exposure. This decrease in intensity can
be attributed to a decresse in the volume of materiel with sufficient
crystalline regularity to satisfy the conditions for the diffraction of
x-rays. In addition, the sensitivity of this parameter to short cold test
hole irradiations suggests this method as & means of monitoring damage
from hot test hole irradiations.

Radiation Induced Oxidation of Plastics. By accounting for the diffusion
and activation of oxygen through polyethylene during gamma irradiation, a
theoretical equation has been developed which accurately predicts the

degree of oxidation in air. The equation predicts the amount of oxidation
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product (carbonyl groups) within * 5 percent for the following range of
conditions studied to date:

Total dose 5 x lO6 to 1 x lO8 r
Dose Rate 1 x 106 to 5 x 106 r/hr
Sample Thickness 0.001 to 0.025 inch.

Other _experiments are in progress to extend the dose rate range from 102
to 107 r/hr.

Thermal Hydraulics Studies

Reactor Flow Hazard Studies. Heat transfer experiments were performed
which cimulated the events to be expected follewing the rupture of a front
hydraulic connector on a charge-discharge tube at C Reactor.” In these
experiments the piping rupture was simulated by the instantaneous diversion
of flow to the drain from a process tube containing an electrically heated
mockup of a loading of I & E fuel elements. Fast responding irstrumentation
indicated the pressures, temperatures, and flows encountered during the
experiments.

The most severe case investigated was under conditions of 1000 KW initial
tube power, a 3-1/2-second delay between simulated rupture and start of
povwer decay, initisl rear header water temperature of 105 C, and a rear
header pressure of 10 psig. During this case the reverse flow of water
back through the tube from the rear header was sufficient to prevent
temperature on the surface of the fuel elements mockup from exceeding

550 €. Two points of interest noted in this case were that the meximum
surface temperature existed for about fifteen minutes after the simulated
rupture and occurred toward the rear header end of the tube.

It is clear that at very high power levels or very low rear header pressures
a reactor process tube could not sustain & ruptured front hydraulic connector
without severe damage. However, it appears from experiments run to date

that the limits of power level and rear header pressure at which severe
damage would result from a ruptured hydraulic connector may be slightly
beyond the values which are currently encountered at the reactors.

Hydraulic Studies. Considerable data were obtained in the laboratory
investigation of orientation and pressure drop effects of wire wraps on
seven-rod cluster fuel elements for the NPR: Preliminary pressure drop
measurements were conducted for wire wrap pitches of two inches, four
inches, and ten inches as well as for the non-wrapped seven-rod assembly.
These preliminary data show a ratio of the pressure drop for the wrapped
condition to the pressure drop for the non-wrapped condition of about 1.5,
3.5, and 9.5 for the ten-inch, four-inch, and two-inch pitches, respectively.
The pressure drop for the non-wrapped case was found to be between 10 and
20 percent less than would be predicted by using the hydraulie radius
concept and accepted smooth tube friction factors. There is a detectable
but slight effect on pressure drop with respect to reletive spacing of
the wire on adjacent wrapped rods.
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The prototype fuel element used in these experiments consisted of seven
aluminum rods, 0.780 inch OD by 70 inches long, with the six outer rods
wrapped in alternate directions with 0.086 inch OD copper wire. The
pressure drop data were obtained both with and without the effects of
end fittings.

Heat Transfer. Calculations. An analysis was completed to determine
transient fuel element temperatures (in particular, surface temperatures)
under flow interruption conditions in the KER loops. The purpose of this
analysis was 10 determine the maximum shutdown time for various conditions
of flow interruption. It was found that at twenty hours after shutdown

it would take approximately five minutes before boiling would take place
with no flow through the tube.

Solutions to the problem of predicting temperature events in present
Hanford reactors following a complete water loss were attempted on the
UCLA IBM 709 computer. The solutions were erroneous, and it was believed
that the cause was smell errors in the preparation of the inputs. These
calculations will be used as & test problem for the new Hanford 709
machine. :

Critical and Two-Phase Flow Experiments. Further calibration tests were
made on a device to measure the momentum of steam-water mixtures. Such

a measurement would aid in the determination of steam quality and the slip
ratio in flowing mixtures of water and steam. Calibrations have been
attempted statically with nitrogen gas and dynamically with flowing cold
water. The difference between measured and calculated values at flows up
to 100 gpm with cold water heve amounted to a maximum of four percent
except at the lower flows. It was concluded that binding btetween mech-
anical parts within the device has caused poor results at the lower flows.

A test section was designed to study the pressure drop characteristics of
the steam escape channels in the NPR grarhite lattice.

Miscellaneous. The installation of the 32,000 ampere silicon rectifiers
and associated equipment to provide additional heat generation capacity
in the heat transfer lsboratory is approximately 25 percent complete.

A project proposal, "Modifications and Additions to the High Pressure
Heat Transfer Apparatus, 189-D Building," was prepared and is being
circulated for approval. Proposed modifidations are to (1) increase

the capabllities of the existing high pressure apparatus to accommodate
the additional heat generation of approximately LOOO KW available under
Project CG-661, (2) add to the existing apparatus to allow transient type
experiments to be performed, and (3) provide the additions required to
allow experimentation with short test sections.

Mechanical Equipment Development

Organic Cooling System Components. The MOTS-1 facility operated for LLO
hours during the month at temperatures between 300 and 350 C. using
terphenyl - biphenyl eutectic mixture as a coolant. The thermal cycling
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test section was repaired and tested. A heating and cooling cycle can
now be completed in 2-1/2 minutes. HW-58758, the final report on mech-
anical seals in organic coolants, was issued during the month.

Reactor Technology Development

Shielding Studies. The folls from the first test on ferrophosphorus

concrete baked at 300 C have been irradiated and are being counted at
the present time. Ionization chambers were placed in the test slabs

to measure the gamma attenuation after the 300 C bake.

The foils from the first test on ordinary concrete baked at 300 C have
been counted and the data sent to IMB. The foils from the second test
have been irradiated and are being counted. The third set of foils was
placed in the ordinary concrete slabs, and the slabs are being irradiated.

The foils from the test on pure iron have been counted and the data sent
to IBM. An irradiation was made in the E test hole at the 100-F Reactor
to calibrate the sulfur foils used in fast neutron attenuation measure-
ments.

Fabrication of the test insert for the boron steel thermal shield test
is 85 percent complete. Ninety percent of the thermocouples have been
installed.

All chassis of the 100-channel analyzer have been set up and have been
observed to operate correctly in their factor— condition. The ORNL
adder and add-storage circuits were bread-boarded, installed temporarily,
and run for three and one-half days with no adjustments. These circuits,
using the 5844 computer tube, have much more drift stability than the
original circuits and are therefore being installed permanently.

WEAPONS - 3000 PROGRAM

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

1. PLUTONIUM RECYCLE PROGRAM

Plutonium Fuels Development

Pu02-UOp Irradiation Capsules. Four capsules of Zircaloy-clad, sintered
Pu02~UOp mixed crystal oxides in a UOp matrix are awaiting irradiation
in the MIR.

High Burnup Al-Pu Alloy Capsule Irradiations. Four Zircaloy-clad capsules
(GEH~14-23 through 26) containing Al-1.65 w/o Pu and Al-1.65 Pu alloy cores
are currently being irradiated in the MITR. The specimens were charged
prior to the initiation of MIR Cycle 116. One capsule of each alloy will
be irradiated for three cycles and one of each for four cycles, which
correspond to & fractional burnup of plutonium atoms of 80 and 100 percent
or a total atom burnout of 0.15 and 0.19 a/o, respectively. The capsule
tests are designed to verify and supplemént the earlier GEH-3-24 test.

Al-Pu Alloy, PRTR Clusters for KER Irradiation. A four-rod, Zircaloy-

clad cluster (IP 186A) containing A1-B w/o Pu and A1-12 w/o Si-8 w/o Pu
alloy cores was discharged from Loop 3 of the KER facility. It was well
handled during the ejection operation and is in good condition. Arrange-
ments are being made for examination of this cluster in the Radiometallurgy
Laboratory.

A second cluster, which 1s of similar design and which has been at the
reactor since August 1958, was scheduled (HW-56805) for charging into
Loop 1 of the KER facility during the first quarter of 1959. Word was
received that the cluster will nct be charged as scheduled. It was in-
dicated that the next opportunity for testing this element might occur
about April 195G.

Thermocouple-Equipped, Prototype PRTIR Cluster for KER Irradiation. The
seven-rod cluster with extruded Al-1.8 w/o Pu alloy cores and Zircaloy-2
Jacketing is being febricated and will be irradiated in the KER facility
on an extension of the IP 186A test. The cores are completed and are
being examined. The cladding components have been machined and partially
welded. The proposed thermocouple comnection was designed by and is
currently being tested in the Elmo-7 Loop by Coolant Systems Development.

The seven-rod cluster with sluminum cores and stainless steel cladding
will be subjected to fluid flow tests in the near future but is currently
being used as a model to aid in determining the best solution to the
thermocouple connection problem.

PuOo Impregnated Graphite Capsule Irradiations. Irradiation capsules
containing graphite which has been impregnated with PuO» are being pre-

pared in an effort to investigate the irradiation stability of this fuel
material. The samples will operate at core temperatures of about 350,

525 and 780 C. All of the components for the experiment have been fabricated,
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and the graphite cores are being impregnated by the Heavy Element Chemistry
group. Assembly of the experiment is awaiting completion of the impregna-
tion.

Prototype Al-Pu Alloy PRIR Clusters for EIR Irradiations. Two Al-Pu
Zircaloy clad cluster experiments are being fabricated for irradiation
testing in the 3x3 and 6x9 high pressure-high temperature loops in the

ETR. A seven-rod cluster is being fabricated for irradiation testing in

the 3x3 loop and a 13-rod cluster is being fabricated for irradiation
testing in the 6x9 loop. The cluster design is the same as that anticipated
for the initial plutonium-containing elements for the PRTR. Each cluster
will be 47 inches long with an active fuel section of about 35 inches.

Unsintered Pu0O2-UO> Powder Irradiation. Uranium dioxide powder enriched
with 1.0 w/o PuOp was successfully irradiated in the MIR at a calculated
heat flux of 380,000 Btu/hr-ft2 and a core temperature of the order of
5000 F. A three-rod, Zr-2 clad cluster was employed, two of the rods
being enriched with PuOp and the third enriched with 2.4k w/o U-235.
Original powder density was 5.0 g/cc.

After irradiation in the GEH-4 facility for one MIR cycle, visual external
examination indicates no dimensional changes. Radiometallurgical examin-
ation revealed a sintered, cored, ceramic compact which was easily removed
from the tube. The UOs was largely composed of large, columnar;, radially
oriented grains. The inner surface of the central cavity was glazed, and
one small central body was observed which apparently had melted. A thin,
unsintered powder layer persisted adjacent to the cladding. Both PuOp-
containing rods were inadvertently cut during preparation for their return
from the MTR so that fission gas analysis is not possible.

Sintered PuOp-UOp Irradiations. Mechanical mixtures of UOp~PuOos which are
comparable in specific power generation to Al-1.8, 5, 10, 15, and 20 w/o
Pu alloys have been prepared at densities of 65 and 90 percent of theoreti-
cal for irradiation in the MIR. Six pellets simulating each alloy concen-
tration will be loaded into two Zircaloy capsules for exposure to 25-50%
plutonium atom burnup. The pellets will be cannhed and autoclaved upon GEH
number assignment. '

Preparation of Mixed Crystal PuO2-UO2. Complete solid solutions have been
formed in physical mixtures of UOp-PuOp sintered for four hours at 1600 C.
The lattice constant, interplaner distance, and Nelson-Riley value for the
individual reflections from each diffraction pattern was obtained on the
IBM 650 computer. A near linear plot of composition lattice spacing up

to 50 w/o PuOs was obtained by extrapolation of lattice constants against
the Nelson-Riley value.

The observed and expected lattice function parameters follow:
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Lattice Parameter

Composition Extrapolated Vegard's Rule
Puls 5.3964 ] 5.3960 R
U0z - 50 Pulo 5.4315 5.4327
U02 - 25 Pulo 54478 5.4515
U0z - 16 Pudo 5.4592 5.4568
U0z - 10 PuOp 5.4615 5.4615
UO2 5.4675 5.4682

The estimated tolerance on all values is 0.0004 .

Extrusion Program. Installation of auxiliary equipment on the 280-ton
extrusion press has been completed. Sealing of the hood for hot operation
is now proceeding. Final operating procedures for production of Al-Pu
core material rods are now being set up. Billets are cast as right circu-
lar cylinders with & nominal 2.5-inch diameter and a length of 10 inches.
These will be extruded at a 27 to 1 reduction in area per extrusion, re-
quiring approximately 200 tons. Two cores will be extruded per billet.

Air Pressure Injection Casting. The density of aluminum, injection cast
irto Zr-2 tubing, was not improved when the tubing was heated to 800 C

in & vacuum of one mieron for three hours prior to casting. The identity
of the gas which causes up to 10% porosity in the aluminum castings may
be interstitial hydrogen in the tubing since lubricant would be removed
by the outgassing treatment, and even a multimolecular layer of adsorbed
hydrogen on the tube walls could not account for the observed porosity.
Since the tubing was outgassed in a furnace tube heated by a traveling
furnace, it is probable that the interstitial hydrogen was not removed
because such & system would establish a hydrogen concentration gradient
between the hot and cold portion of the Zr tubing thus causing the hydrogen
to diffuse back into the previously outgassed section. A sample of an in-
Jjection cast aluminum core of low density was submitted for gas analysis
to identify the gas or gases causing porosity. One sample of the lot of
tubing which has been used for injection casting contained 32 ppm hydrogen.
One-helf of this volume of gas could be responsible for the observed 8 to
10% porosity in the eluminum injected into the Zircaloy tubing. A
facility is being prepared to heat the full length of Zr tubing to 800 C
in a vacuum of less then one miceron. If the hydrogen content can be
reduced to approximately five ppm it may be possible to cobtain fuel rocds
of 9% density similar to castings made in stainless steel tubing.

Al-Zr Bond Strength. Al-Zr bonding layers, with tensile strength of
LOOO to 5000 psi, were formed between injection cast alumimm cores and
properly etched Zr tubing. Metallurgical bonds of this nature were
capable of reducing the OD of 0.030 inch wall Zr tubing from 0.003 to
0.006 inch while the aluminum was contracting, during and after solidi-
fication.
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Corrosion of Al-Pu Alloys. A high pressure, high temperature autoclave
has been installed in a hood for c-rrosion testing of bare and clag,
defected plutonium alloys. Due to temperature control problems, no
quantitative results have been obtained to date. However, aluminum-
plutonium alloys containing 12 w/o silicon have been shown to be far
superior to aluminum-plutonium alloys from a corrosicn standpoint and
appear to have useful corrosion resistance in 350 C water. For aluminum
alloys containing up to 13 w/o plutonium (the highest percent tested)
the corrosion resistance improves with increasing plutonium content, but
the improvement does not appear to be useful at 350 degrees. The corrosion
sensitivity of these alloys to work has also been established.

Collapsing Tests on Zircaloy-2 Tubing. The PRTR fuel elements will re-
quire a gap between the Zircaloy end caps and the core to allow for the
difference in thermal expansion between zirconium and aluminum. To
determine the strength of various lengths of unsupported 0.030" wall
Zircaloy tubing, capsules containing gaps of 1/8" to 2" were tested
under increasing pressures at 40O C. Table I gives the results of this

series.
Table I
Unsupported Length Collapsing Pressure psig
1/8" 2500
1/b" 2500
2300%
3/8" 2300
1/2" 2200
3/4" 2075
2" 1700

*Noticeable indentation, but not collarsed.

Fuel Element Warp Test. Two 1/2-inch diameter by eight-foot long Zircaloy
tubes were loaded with pure aluminum rods and welded at both ends. - Di-
ametral clearance between the Al cores and the Zircaloy tubes was more
than 0.004 inch. The loaded tubes were exposed in an autoclave at 400 C
and 1300 psig for 72 hours. At the end of this exposure the rods had
developed & two-inch bow or permenent set. If this situation should

occur in the PRTR, serious fuel element operating and handling limitations
would result. It was discovered that the warp might have occurred because
the tubes had previously been cold worked by swaging and that stress relief
could have teken place. Also, the tubes were supported on the bottom and
rested at a slight angle in the autoclave which may have caused them to
distort. Another factor is that the tubes were not bound in a bundle as
will be the case in the 19-rod cluster. In view of these facts, a more
thorough experiment was instigated.

Twelve full length rods and tubes are being fabricated to investigate
the warp problem, if one exists, and at the same time furnish information
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on a number of other questions. Points of interest are as follows:

1. The possibility of a warp problem will be investigated.
The rods and tubes as assembled will be fully annealed.
They will be hung from the tops and exposed in an auto-
clave at 400 C and 1500 psig for 72 hours.

2. Information will be obtained on the problem of inserting
an eight-foot Al rod into a Zircaloy tube which has one
end closed with a maximum diametral clearance of only
0.003 to 0.004 inch between the rod and tube. Problems
arise because of variations in the inside dizmeter and
ovality of the Zircaloy tubing. By selecting rods and
tubes, and vibrating the tubes, it was possible to assemble
a rod and tube which had a meximum of 0.005 inch clearance
and a2 minimum clearance of 0.0025 inch. It is questionable,
however, that with the difficulties experienced thus far
this assembly method will be satisfactory.

3. It will be attempted to determine whether the end clezrance
necessary for differential thermal expansion between the
fuel rod and tube must be distributed at each end, or if it
can be at one end only. Two tubes will be heated in the
autoclave to determine the effect of no end clearance.

L. The end closure welding techniques will be tested on full
length elements.

5. It will be determined whether or not the Zircaloy tubes and
wires can be cleaned and etched prior to wrapping and auto-
claving. After etching, the components will have to be
handled very carefully in order to prevent contamination
of the surfaces with resulting autoclave failures.

6. The pefformance of the Zircaloy wire wraps upon heating to
40O € will be demonstrated.

T. If the tubes do not distort after this test, they will be
cold worked by swaging to simulate a sizing operation and
exposed again In the autoclave. This will furnish infor-
mation on the effects of sizing the tube onto the core if
this becomes necessary.

Welding Development. Experiments are being directed toward making the
first closure on the PRP Zr canned fuel elements in a portable purge
chamber using argon. Ten weld specimens were welded in this manner,
after etching and autoclaving the heat affected and weld zone showed no
corrosion product present.

Cluster Design Engineering. The problem of autoclaving wire wrapped
fuel element rods is being studied. Two difficulties are found when
attempting to etch and autoclave a wire wrapped rod. The first is the

1240849
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A technique was developed whereby 45-pound lots of ball-milled UOp powder
c¢c-ntaining no binder are isostatically pressed into & billet approximately
three inches in diameter and two feet long. The resulting billet can be
sintered in a four-inch ID hydrogen tube furnace. Only 25 pounds of UOo
prepared by more conventional methods of cold die pressing can be sintered
at one time in the same furnace. UO» prepared in this manrer is crushed
for incorporation into swaeged PRTR fuel elements. Other types of rowder,
such as arc-fused UOp, and other techniques, such as hot sweging, are also
being investigated to optimize this fabrication process.

A difficulty in mechanized welding of Zircaloy-2 was the initiation of an
arc in a pure helium atmosphere. This has been eliminated by the use of
en insulating sleeve around the tungsten electrode to restrict the high
frequency arc to the end of the tungsten tip. Reproducible, instant arc
starting is obtained for low as well as high weld currents.

Six-18" long, four-rod cluster fuel elements containing 1.6 w/o enriched
UOo swaged to a density range of 84-89 percent of theoretical in 0.036"
wall 304 stainless steel were discharged from KER Loop 1 after a five-
month irradiation cycle. Visuel examination of the 0.625" diameter rods
in the discharge basin showed no fuel rod distortion, swelling, or cor-
rosion as a result of the irradiation. These preliminary results support
the thesis that rod warping will not be a major problem in the PRTR
19-rod cluster swaged UQOo fuel element.

The Radiometallurgy examination of an irradiated three-rod cluster of
Zircaloy-clad, swaged UOp (1.6 w/o U-235) has shown: (1) extensive UOp
crystal growth occupying as much as one-third of the fuel diameter,

(2) the formation of sausage-shaped voids which are aligned in rings
around the fuel center and in the recrystallized wrea, (3) that the UOp
outside of the recrystallized area has sintered with the exception of a
thin powder layer at the UOp-Zirceloy interface, and (L) that lerge ir-
regular cracks run radially from the fuel center to the outer edge of
the sintered UOp. These observations conform to predictions made on the

‘ basis of ex-reactor crystal growth studies (ef. Basic Studies).

Basic Studies. The study of the microstructure of sintered U0p is a
direct way of detecting radiation damage. Two techniques are being used:
(1) metallographic examination of polished and etched surfaces, and

(2) fractographic studies.

The microscopic study of irradiated UOo has required development of
specimen preparation. procedures suitable for electron microscope appli-
cation. A satisfactory method has been established. The presence of
small voids at grain boundaries on a fracture surface of UQp after a
burnup of only 0.004 a/0 at approximately 100 C has been corroborated by
similar voids located at grain boundaries on polished and etched surfaces.
Since such holes are not detected in unirradiated UOp, they must arise
from: (1) migration of gases trapped during the fabrication processes,
(2) generation and migration of fission gases, or (3) & combination of (1)
and (2). Examination of material irradisted to higher burnups should show
trends in the irradiation behavior of U0s.
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Dendritic crystals of UOp resulting from high temperature irradiation of
UOo powders have been found to be similar to dendrites grown from the
vapor phase in ex-reactor experiments. The dendrites in the irradiated
material were observed at the outer, cooler ends of large, radially
oriented columnar grains. These findings constitute further evidence
that the columnar grains in irradiated UOp are probably not formed from
the melt, as was popularly assumed, and that higher heat fluxes can
generally be achieved in UOp fuel elements without exceeding core
temperature limits.

Facilities. The pusher-type hydrogen atmcsphere furnace for sintering
UOs has been in continuous operation for two months without any unexpected
incidents. A liquid argon gas manifold for the manual purge gas supply
to the furnace was installed and will supplement the existing helium
purge supply. This addition was made necessary by the current shortage

of helium.

A special hood was fabricated and installed in the basement of the 325
Building in which to load and compact UOp powder into Zircaloy-2 tubes
prior to swaging. The hood eliminates the health hazard caused by UOp
dust during loading of the tubes.

Installation and acceptance testing of the 300-ton automatic tabletting
press 1is nearly complete.

Structural Materials Development

Zircaloy Jacket Tubing. The first full-length samples of ribbed Zircaloy
tubing (approx. eight feet long) produced by the Thermatool process at
New Rochelle Tool Company for acceptance testing have been examined and
were found to be generally satisfactory. Conditlion of the weld and the
exterior surface of tube and rib were satisfactory. The inside surface
under some of the welds showed evidence of sufficient contamina*tion to
have an adverse effect on corrosion resistance. Opinion is that this
should be minimized but is not of prime importance since the inside of
the tube will not be exposed in use to the corrosive environment.

Samples of the 2.998" ID tubes have not yet been received. The vendor
has not been able to weld the 0.085" ribs because of overheating in this
small section. Rib of 0.100" height proved no better. A weld was
achieved with material of 0.115" height but the rib was distorted to such
an extent that it would not pass through the machine on succeeding welds.
Success was achieved with 0.135" ribs. It appears that this must be
accepted as a limitation of the machine. It will be necessary to machine
these ribs to size to achieve the lower rib height required for narrower
annuli. Attempts to upset the rib to smaller dimension in the welding
operation have been limited by distortion of the tube.

Tooling is now being fabricated with which to return to round condition
those 1.802" diameter tubing samples which distorted in the welding
operation. This consists of a series of plugs and drawing dies with which
to expand and sink the tubing as needed.

n i nd
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The proposal of the New Rochelle Tool Company to adapt the machine to a
spiral rib configuration is now undergoing cost scrutiny by AEC purchasing.
Resolution of this factor will expedite finalization of the contract modi-
fication. Work can then begin on alteration of the machine.

Modification No. 4 to contract DDR-29 has been approved at HAPO and
forwarded to NYQO-AEC. This modification will extend the work at Nuclear
Metals, Inc., on the development of an extruded ribbed jacket tube.
Diameters have been changed on all tubes and the wall thickness increased
to 0.060". These tubes will be used for the PRTR Mark II-c fuel element.

Wolverine Tube Company has completed the fabrication of the 0.680-inch ID
x 0.035-inch wall Zircaloy tubing to be used for swaged UOp fuel elements
for the PRTR. Of the 2280 lengths completed, 1337 lengths have been
accepted and shipped to HAPO. Non-destructive testing, eddy current, dye
penetrant, Vidigage and radiography of this tubing have revealed that
about 30% of the tubes exhibit light to moderate galling on the inside
surface. Samples of each type of indicated defect are being thoroughly
characterized by metallographic methods and the severity of each type of
defect will be determined through swaging operations. Fabricating tech-
niques were altered to reduce or eliminate these defects. Pressed-in
copper inclusions and small cracks found on the inside surface of a few
tubes in an earlier lot were not found in this tubing. Considerable care
and effort is being expended by the fabricator to produce completely
satisfactory tubing.

Of the 2280 lengths of 0.505-inch ID x 0.030-inch wall, Zircaloy tubing
for the Al-Pu fuel elements, 575 lengths have been accepted by inspection
and shipped to HAPO. Preliminary non-destructive testing indicates that
this tubing is of excellent quality. Absence of galling is attributed to
a difference in fabricating technique compared with the methods employed
for the 0.680-inch diameter tubing, above.

Zircaloy Process Tubing. Examination of the extrusions for PRTR process
tubes furnished by Chase Brass and Copper is continuing. Preliminary
reports on the majority of the tubing indicate that marked improvements

in concentricity and surface quality were obtained. Rockrite tube reducing
was performed on 45 extrusions followed by vacuum annealing the portion of
the tube to be tapered. Problems associated with distortion during vacuum
annealing have been solved. Tapering was accomplished in a single pass on
two tubes. Severe die pick-up on the outside surface necessitated re-
design of the tools, but the inside surface appeared to be smooth.

Samples of various flange designs were tested for strength and examined
for integrity. A modified design incorporating a threaded and welded
flange 1s being prepared for test. All flanges tested withstood a higher
pressure than the tube wall; failure occurred at a point well removed
from the flange. Sections of process tubes fabricated by cold working
40% followed by vacuum annealing were tested under pressure at 300 C.
Feilure occurred at a nominal pressure of 4200 psi (approximetely four
times the expected working pressure) and a circumferential fiber stress of
46,000 psi.

1210853
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Radiometallurgy Laboratory Studies

Examination of a Pu0s-UO, powder, three-rod cluster fuel element (GEH-4-28)
continued. Two of the rods were penetrated by a hacksaw at the MIR which
prevented rare gas analyses. Procedures were developed for producing
satisfactory metallographic etches of irradiated UOp, and suitable replicas
were obtained from 88 and 98 percent of theoretical density UOp specimens
which were irradiated to 1000 MWD/T (IP-149-D); collection of rare gas
from one of the three-rod clusters (GEH-4-33) was prevented by uncovering
a 0.060-inch hole during the usual facing operation; and metallography
studies of an unruptured UOp powder fuel element (GEH-4-30) were completed.
Results and conclusions from the above studies are reported in detail in
connection with the respective development programs.

Thermal Hydraulics Studies

The calculations of the flow decay after power failure to the primary
coolant pump in the PRTR (reported in HW-51767 Rev) were revised to account
for the various design changes in the reactor since the original calcula-
tions were performed. It was found that for the present reactor design
the pump flywheels should provide for sufficient pumping to prevent steam
formation-within the primary coolant loop. It was also calculated that
the pump by-pass line should be opened at some time between 45

seconds and five minutes after power loss. During the first 45 seconds
the pumping power as supplied by the fiywheels is necessary for adequate
flow while after five minutes the pumps act as 2 resistance and hinder the
flow by free convection.

Refinement of the calculated weter loss rates from the PRTR was started.
The revision of these calculations for the final hazards report has been
necessitated as a result of changes in the primary coolant system. Four
cases will be considered; a complete parting of a mein lh-inch header, a
failure in the side of & l4-inch header with a flow area equivalent to
that of a 1lh-inch pipe, a top Jumper bresk, and a bottom jumper break.
Using these water loss rates, Battelle will calculate the fuel temperature
transients.

Installation of the electrically heated mockup of the Mark II-b fuel ele-
ment was continued. An attempt was made to find a satisfactory method

of providing an electrical insulation between the electrically heated part
of the test section and the rest of the apparatus.

The original proposal for flange insulation was flame spraying of the
flange face with an oxide coating and then application of Markal DA-8
paint (a waterproof paint capable of withstanding high temperatures).

This method has proved unsatisfactory in that when the flexitallic gaskets
are compressed to the required torque loading, the small stainless steel
portion of the gasket breaks the oxlde coating and thus causes a direct
short between the flanges.

| 260894
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The following schemes have also been tried but have proven unsatisfactory:
rounding the edges of the tongue, applying an oxide coat, and painting
with Markal DA-8; applying & woven glass cloth to one face of the gasket;
wrapping the entire gasket with woven glass cloth; and applying Markal DA 8
paint to the face of each flange.

It appears that an acceptable seal and sufficient electrical insulstion
can be provided by attaching a2 thin asbestos gasket to one face of the
gasket.

Mechanical Equipment Development

Design Test PR-1 - Discharge Operation Mockup. The discharge cask of the
charge-discharge machine will contain a shroud to direct a flow of air to
cool the fuel element. The shroud is constructed in two movable pieces
which are moved apart for the raising of the fuel element into the dis-
charge cask, and then are closed around the fuel element. A mockup of
the shroud is being constructed to insure that the expected swinging
motion of the bottom end of the fuel element will not interfere with the
closing of the shroud.

Design Test PR-10 - Primary Loop Mockup. The first primary pump was
assembled and cold performance tests run. The tests results showed a
total developed head of 294 feet at a flow of 4200 gpm. The eight-inch
pump discharge check valve was received.

Design Test PR-13 - Injection Pump Test. Testing of the 15 gpm, 1200 psi
discharge injection pump continued. No difficulty has been experienced
during a total of 203 operating hours.

Design Test PR-20 - Calandria Characteristics. Additional dump tests were
run using one and two dump valves. Work was almost completed on valve
synchronization to provide for the instantaneous opening of two, three,

or four valves. .

Design Test PR-24 - Shroud Tube Bellows. The bellows from the Masters
Product Company for the six-inch central process tube were received and
testing started. The bellows were not damaged in a 14,000-cycle flexure
test; however, the helium leak rate at room temperature was not within
specifications. This leak rate decreased to O.4 cubic foot per hour when
the bellows were heated to 500 F. Corrosion tests are now being conducted.

Design Test PR-40 - Shim Control Mockup. The shim control assembly is
being redesigned to prevent the control rod from falling out of the re-
actor in the event that the supporting bead chain breaks. Two new designs
are currently being developed, the floating rod and the powered lead screw.
The approach under investigation to obtain a floating rod is to flame
spray the poison material on a buoyant material, such as "Foamsil".
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Design Test PR-50 - Reactor Piping Seal Testing. Thermal cycling of
Process Tube Assembly A", containing prototype seals, was completed
with a total of 2500 temperature cycles from 200 to 580 F at a pressure
of 1900 psi. The nozzle to process tube seal was the only water seal
which showed signs of leakage during this test period. Visual inspection
of the seals after disassembly revealed no signs of damage.

The fully prototype nozzles were received. One nozzle will be installed
on Elmo-7 early in February. This unit, utilizing a three-foot Zircaloy
tube, will be called Process Tube Assembly "C" and will be subjected to
thermal cycle testing. The assembly will contain all of the process tube
seals.

Flat type copper gaskets with an asbestos filler have been used for the
outlet gas seals located at the centering flange and between the flanged
end of the Zircaloy process tube and the ring flange. Design changes
are under way to utilize this type of gasket instead of "O" rings.

Design Test PR-51 - Reactor Piping Structural Integrity. Flexure testing
of a medium length outlet jumper with considerable bends has been completed
after 51,200 cycles of one-half inch deflection at an internal pressure of
1500 psi. No leakage, distortion of the Jjumper, or loosening of the
Parker fittings were observed. The installation of the heating loop for
testing jumpers at elevated temperatures is 85 percent complete.

Fabrieation of the thermal barrier for the lower face mockup was resumed.
A full scale drawing of the barrier was made to check the barrier layout.

Design Test PR-52 - Process Tube Thermal Cycling and Pressure Testing. The
full size process tube and shroud tube assembly was installed in the process
tube test pit and connected to Phase I of the Single Tube Prototype Mockup.
Hydrostatic testing was completed and testing at PRTR operating conditions
will start shortly.

Design Test PR-TO - Helium Compressor Test. The investigation of methods
to detect a ruptured compressor diaphragm indicated that the change in

gas conductivity might be used. This change is caused by oil contamination
of the gas after the diaphragm ruptures.

Single Tube Prototype Mockup. Phase I of the mockup was operated 60 hours
during the month. The maximum operating conditions reached were 485 F,
1100 psi, and 124 gpm. The final acceptance test (temperature control
system) was' completed. Hot loop tests on the prototype pump for this
phase started at the Byron Jackson Pump Company plant on January 27. Seal
testing in their laboratory is continuing.

Construction of Phase II continued. The ll-inch primary loop gate valve
was installed. Preparations were made for the installation of the eight-
inch primary pump discharge check valve.
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Inconel "X" Supercritical Pressure Mockup. Fabrication of the mockup was
completed and start-up tests were begun. The mockup is electrically heated
rather than employing molten lead as the heat source, because the lead
would cause stress cracks in the Inconel "X".

Zirconium Tube Burst Tests. Testing continued at pressures of 2500 psi
and temperatures of 650 F. HW-58620, describing the test progrem and
results to date, was issued during the month.

Reactor Technology Development

All scheduled testing on resistance temperature detectors and : .ow trans-
mitters was completed. Final reports on the design tests are in prepara-
tion. Operational checks will be continued on surviving units as full
scale mockup facilities are completed. A paper on resistance temperature
detectors was forwarded for possible presentation at the Fifth Nuclear
Congress.

A study of containment systems was completed. The study was initiated

in an attempt to discover a scheme or system equal to, and cheaper than,
the system currently planned for-the PRTR. :It was concluded that the
most applicable alternate approach 1s that of improving the ability of
the fuel element Jjackets to contain fission products by the addition of
back-up ¢ooling system(s). A report summerizing e study is”in prepara-
tion. : A ' C o . L i

. FSW B
TR "y »

Design Development

Phase I PRTR Construction Status. The Phase I PRTR contractor is approx-
imately T0% completed versus 81.3% scheduled. The five-foot thick section
of the 0-0 slab in the containment vessel was poured. The installation of
siding and roof decking on the storage basin was started and is approxi-
mately 25% completed. The last pour on the ion exchange vault has been
made. .

Phase II PRTR Construction Status. The Phase II PRTR contractor is 59.5%
completed versus 66% scheduled. The brine pit was relocated in order to
provide a clear area for future building extension. The drain lines on
the east side of the building, in the vicinity of the load-out facility,
were revised in order to make provisions for the new stack design.

Phase II-A PRTR Construction Status. The Phase II-A PRTR contractor is
estimated to be 25% completed versus 23% scheduled. Excavation was started
for the river pump structure.

Design Analysis Studies. A preliminary study of alternatives to a con-

tainment vessel for the PRTR has been prepared in rough draft form. The
study compares the probabilities of containment vessel failure during an
incident with the probabilities of inoperation of various backup systems.

Calculation of reactor power as a function of time after a scram with
normal coolant conditions has been completed. Comparison of the power
|24085 ] availeble for dissipation to the primary coolant of PRTR with that
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obtained for the NPD reactor shows the former to be lower in the range
from 0.8 second to 35 seconds after scram, due to the more rapid drop

in fission power in the PRTR. The initial design of the primary coolant
system, based on the NPD data, is therefore shown to be sufficiently
conservative. A report describing this work will be issued.

An investigation of the effect of HpO contamination of the primary coolant
on reactivity and the neutron spectrum has been completed. It was found
that this has relatively little effect on reactivity out to concentrations
of the order of 20 mol percent HpO. However, the effect on the neutron
spectrum is such that the fraction of neutrons in the epithermal part of
the spectrum is significantly reduced and may have to be taken into account
in certain experiments. Report HW-58893, presenting this study, is in
preparation.

A calculation of the radiation intensity at the location of the dump valve,
to determine whether Teflon valve seats will have sufficient life, was
completed. Resuwlts indicated that the dose rate on the valve seats is not
expected to exceed 50 r/hr. Since the break-even point for the use of
Teflon at this location is about 100 r/hr, it was found to be acceptable.

Reactor Flow Systems. Heat-capacity data developed by Byron Jackson
Company during a cold test of the first PRTR pump showed about 13 percent
higher discharge pressure at design flow than was previously anticipated -
29k feet versus 260 feet. Pump motor horsepower requirements are corres-
pondingly increased from 295 to about 320 h.p. at design conditions. Pump
efficiency was found to be higher than anticipated, with a maximum of about
88 percent.

The pump manufacturer has recommended that the condition of pump bearings
and the adequacy of lubrication be monitored by use of thermocouples placed
in wells drilled alongside the bearing cases.

Permission was granted the Phase III contractor to furnish boiler feed
pumps with flanged rather than welded discharge connections for reasons
of cost and delivery schedule. However, leakage collection shrouds will
be provided at each of these connections.

Reactor Core Components. Continued analysis of PRTR reactivity transients
disclosed that it would be necessary to carry the fuel temperature re-
activity transient in moderator level control. This transient is of the
order of 12 mk for certain loadings, once the primary coolant is at oper-
ating temperature and the reactor at low power. Twelve mk corresponds to
approximately 20 inches of moderator level. To provide this degree of
level control without possible moderator boiling, it was necessary to revise
the calandria top drain system. The original top drein header and outlet
orifices were lowered by 2-3/h inches to increase the range of moderator
level over which the system was operative. An additional top drain header
and set of orifices (of identical design to the original) were added at an
elevation 13 inches below the upper header. The outlet lines from these
two headers run concentrically through the calandria down to an elevation
a few inches above the bottom of the calandria.

12:0858
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In addition, the moderator inlet plenum at the bottom of the calandria was
divided into two plenums, an inner (roughly circular) and an outer annular
plenum. The outer plenum is fed moderator by the original inlet system.
The center plenum is fed by an additional line passing through the bottom
shield. The flow to the two plenums will be edjustable by throttle valves.
Control of the distribution of the inlet wa‘er between the center of the
calandria and the outer regions will be useful in eliminating any moderator
hot spots which may form.

Instrumentation and Control. Comment prints or the PRTR gas moisture de-
tection system have been issued and reviewed. This system is Jesigned to
detect heavy water leaks in the calandria or process tube by monitoring
the dew point of the dry ges surrounding each process tube and that of the
bulk inlet and outlet ges.

The flow monitor system has been revised to provide better control over by-
passing of monitors. Individual monitors can now be by-passed only by the
use of special, non-standard plugs fitting the by-pass Jacks. Auxiliary
contacts in the by-pass jack light the appropriate lamp in the 85-pcint
flow monitor display panel and actuate a common alarm annunciator slsmm,
whenever & monitor is by-passed.

The design of the effluent activity monitor system is being revised to
increase its reliability and to provide better control for total contain-
ment of the reactor building. High reliability equipment similar to reactor
nuclear safety syster equipment will be used in the system, and twc channels
will be provided. Coincident tripping of both channels will be required tc
initiate total containment.

Fuel Element Examination Facility. The ventilation inlets and cutlets from
the facility were moved from the cast iron wall to the concrete shielding
wells to reduce radiation leakage into the experimental cell.

Bid packages on the primary manipulator were sent to prospective bidders.
The bid opening date is February 16.

The designs of both the prototype wide angle viewer and combination viewer-
profilometer are spproaching completion. Fabrication of compconents of the
viewers has been started.

Plutonium Febrication Pilot Plant

Construction is 65.2% complete. Project design is 87% complete.

Phase II Construction. Phase II construction is 6&% complete compared tc
72% scheduled. The last major structural concrete pour was made during the
month, and roof construction is progressing well.

The contractor dropped behind schedule several days this mcnth because of
inability to pour concrete in sub-freezing weather. The lost ground should
be partially regained during February. Lo E

12608519
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Phese III1 Design. Preliminary schedules were drawn up covering design for
equipment groups 4 and 5.

Procurement. Three key purchase orders went behind schedule two to four
weeks during the month; liaison efforts to improve scheduling of these
orders are in progress. Purchase orders totzling $708,000 have been rlaced.
Three requisitions estimeted at a total of $28,000 are awaiting action.
Requisitions for the rolling mill, the extrusion press, and the oxide
sintering furnaces remsin to be submitted.

BASIC SWELLING STUDIES PROGRAM

Irradiation Program. The swelling behavior capsules for controlled
temperature irradiations will be the first to be assembled. Delivery of
the temperature controllers has been postponed until the latter part of
February. -

A study of methods of preparation of high purity uranium is being conducted
to supply the enriched uranium metal necessary for the in-reactor and ex-
reactor swelling experiments. A consolidation melt produced another ingot
weighing about one pound this month.

Simulated Swelling Experiments. Uranium swelling has been simulated in

the laboratory by the introduction of xenon gas into uranium at elevated
temperatures. Design was completed this month for a simple apparatus for
the introduction of inert gas in a modified bell jar. Four units will be
built. These units are necessary since the original spparatus is now being
used for investigation of the mobility of xenon in uranium.

Mechanisms and Theory. Optlcal and electron microscopy afford a direct

physical means for studying certain aspects of swelling, namely, the number
and size of pores in uranium. Accordingly, various specimens of irrsdiated
urenium differing in burnup, irradiation temperatures, and post-irradiation
annealing history have been examined. Pores found in such specimens vary

in size and location. As a consequence of the radiation induced micro-
structural changes, little correlastion between microstructure and pore
location is possible on specimens studied to date. A possible exception

to this conclusion is & recently studied specimen of Zircaloy-2 clad, co-
extruded uranium irradiated to a burnup of about 0.2 a/o at a core tempera-
ture sufficient to show some microstructure which resembles that of un-
irradiated beta heat treated uranium. In this specimen pores are distributed
quite randomly, but superimposed on this type of distribution is a tendency
for many pores to fall on grain boundaries and to be aligned on crystallo-
graphic planes, such as twin boundaries. On the basis of a purely qualitative

-estimate of the distribution of pore sizes, this specimen differs from prev-

iously examined specimens in one other respect: largest pores are present
near the periphery of the element rather than near the axis. Perhaps this
condition is related to the thermal history of the core (possible trans-
formation during irradiation).
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In order to establish the effect of flux intensity and degree of burnup
at three specific irradiation temperatures, six capsules containing un-
restrained, precharacterized uranium specimens immersed in NaK have been
prepared and shipped to the MIR for irradiation. Post-irradiastion mea-
surements will include density, dimensions, microstructure, hardness and
x-ray diffraction line breadth changes.

The rate of diffusion of fission gas into pores determines the pressure in
the pores as a function of time and temperature. For this reason the
mobility of xenon in uranium is now being studied. The mobilities of argonm,
krypton, and xenon in silver have been determined; however, attempts to
measure the mobility of rare gases in uranium by the same methods were not
successful. A new method utilizing glow discharge to continuously intro-
duce xenon into one side of a hot uranium disc is now being studied. The
rate of xXenon evolution from the far side of the disc will then be measured
to determine the mobility of the gas in uranium. Activetion analysis, used
in previous experiments to measure minute quantities of krypton and xenon,
requires reactor irradiation of the ges samples. In addition to teing
cumbersome, this method of analysis risks loss of samples through handling.
It may be possible to use a modified helium leak detector to determine the
amount of xenon evolved. The rate of helium penetration through uranium
will be measured, using a standard helium leak detector, to determine the
feasibility of this method.

The effects of xenon gas introduced into unirradisted uranium using a glow
discharge upon the physical and mechanical properties of uranium will be
determined. Selected physical and mechanical tests are planned which are

. sensitive to the presence of gas filled pores and microcracks. Initially,

emphasis will be placed upon room temperature and elevated temperature
tensile tests. It is anticipated that these tests will yield information
about the dispersion of the gas filled pores.

GAS COOLED POWER REACTOR PROGRAM

Graphite Studies

PRTR Pressurized Gas-Cooled Loop Facility. Rough drafts of all sections of
the design criteria text for the gas loop have been completed. Final
comment issues of the first four sections have been issued, with issuance
of the final five sections scheduled for February 4.

The facility will be designed for studies of the chemical end physical
behavior of reactor materials under conditions likely to exist in advanced
gas-cooled reactors and particularly for in-reactor studies of the COp-
graphite reaction. In addition, the loop will be designed to accommcdate
the irradiation testing of fissionable mcterials having up to 500 KW heat
generation. The in-reactor test section of the loop will be located in
channel 1946 of the PRTR. Gas blowers, heaters, coolers, gas analysis,
control and meke-up facilities will be located in B cell of the PRTR btuild-
ing. Design of the loop will be based on the following maximum operating
conditions: pressure, 500 psig; outlet test section gas temperature, 1100 F;
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gas flow rate, 15,000 1b COe/hr. Studies of the COp-graphite reaction
require the maintenance of an initially supplied gas volume within the -
loop for extended periods of time and measurement of changes in gas
composition with time. Because of leakage considerations, welded
rather than flanged construction will be used wherever possible and the
nunber of valves in the loop will be kept to a minimum. Procuring the
loop components in prefabricated, tested sub-assemblies will reduce the
time required for loop installation in the PRTR building. The present
schedule calls for completion of the loop by June 18, 1960.

All funds suthorized for the gas loop projezt have been released, with
authorization to spend $175,000 during FY-1959.

A study was made of the effect on the project of incressing design
temperature of the loop to 1500 F. An inzreased cost of $175,000

was estimated, resulting from changing a major portion of the loop to
inconel and from the more stringent safety requirements at the higher
temperature.

Coatings for Graphite. A general survey of the literature on coatings
for graphite has been completed. Many different materials have been
tried for the protection of graphite in an oxidizing atmosphere. At
present, the most promising material for use in nuclear reactors appears
to be silicon carbide. The development of silicon carbide coatings for
graphite is being ectively pursued by National Carbon Company, Minnesota
Mining and Manufacturing, and Carborundum Company.

Graphite samples coated with silicon carbide have been received from
National Carbon Company. During the measurement of surface area by
the BET adsorption method, it was fcund that at 1075 mm pressure and
300 C an oily material was evolved from the sample. After repeated
applications of vacuum and heat, the surface stabilized. Nc definite
conclusions have been formed as to the character of this material.
However, the literature indicates that silicon carbide coatings can be
applied using & "resin” binder.

Contact was established with the Minnesota Mining and Manufacturing
Company during the month, and samples of different types of graphite
were shipped to them for coating. Minnesota Mining and Manufacturing
Company will send Hanford some coated samples of the graphite type they
prefer to use. '

Information was received from Hawker Siddeley Nuclear Power Company, Ltd.,
that samples of impermeable graphite produced by them would be shipped
to Hanford some time in March. :

Graphite Pore Size Distribution. A method for measurement of pore size
distribution of graphite samples has been written which gives a brief
treatise of the theory involved, operating procedure, and methcd of
computation. The method of computation of the pore size distribution
is long and tedious requiring one to two man days. In order to gain

120802
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greater efficiency and economy, representatives of Data Processing

Operation are investigating the feasibility of programming the problem
for the IBM 709 computer. It is anticipated that computer computation
will greatly reduce the time required for data reduction and analysis.

Microwave Glow Discharge Studies. The reaction rate of gases with graphite
is enhanced by reactor radiations. In the COp-graphite system, this en-
hancement is due to the production of oxygen atoms or activated molecules
followed by rapid oxidation of the graphite. The use of a microwave glow
discharge appears to be & convenient wey to simulate in the laboratory the
effects of reactor radiations. Recent discussions with personnel who have
had experience with microwave glow discharges at the Aberdeen Proving
Ground and the National Bureau of Standards resulted in suggestions on
cell design and experimental techniques for experiments planned at Hanford.
Oxidation resistant graphites and coated graphites will be tested in
candidate reactor coolants.

D. CUSTOMER WORK

Radiometallurgical Examinations

IP-132-C Depleted I & E Pieces 2079 C {RM-256). Four 0.2 a/o U-235 depleted
uranium slugs were received for sectioning and delivery to Analytical Chemistry
for U-235 burnup analyses. The sectioning of all four elements was completed.
One wafer and one set of dissolver solution samples have been delivered to
Analytical Chemistry.

Preparation of Samples for Project C-791 (BM-267). Nineteen uranium bars
(approximetely 1/4" x 1/L" x 2") were sectioned from two I & E fuel elements
for shipment to ORNL. These bars will be melted to determine the quantity
of fission product release in connection with Project C-T791.

Metallography Laboratories

Samples processed during the month:

Total samples processed: 197

Photographs:
Micrographs 271
Macrographs L6

Total 317

T el

Manager, Reactor and Fe€ls Research
and Development Operation
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PHYSICS AND INSTRUMENT RESEARCH AND DEVELOPMENT OPERATION

MONTHLY REPORT

JANUARY 1959

FISSIONABLE MATERIALS - 2000 PROGRAM

FUELS

Nuclear Safety in the Fuels Preparation Department

At the request of FPD, a review was made of a design (proposed by the National
Lead Ccompany of Fernald, Ohigg gor a fuel element shipping container for
enriched fuel (0.95 percent 3 ). The shipping container consists of 200
tubes made of 12 gauge (0.109-inch thick wall) steel. Since an infinite
array of this fuel (1.34-inch diameter solid, or 1l.37-inch 0.D. x 0.48-inch
I.D. I and E fuel elements) was determined to be subcritical, any array cf
the proposed shipping containers containing the 0.95 percent uranium will

be safe. '

REACTOR

STUDIES RELATED TO PRESENT PRODUCTION REACTORS

lattice Neutron Temperature Study

Experiments tc cbtain indirect information on the lattice neutron tempera-

tures have been conducted up to a graphite temperature of 640° C. The ex-
periments have determined the ratio of the thermal fission cross sections of
Pue39 to u23° up to 5009 C; the ratio of the fission cross sections of

to these of U235 with i-inch diameter foils mounted in the center of an

8-inch natural uranium slug in a dry process tube up to a temperature of 500° C;
and the same ratic when the slug is in a water cocled process tube and the
graphite tempersture was extended to 64O° C. Cadmium ratios are being taken %2
gfﬁgée the data taken for one slug in a column to be extended tc a full cclumn of

Blocking Effect of Ccolant

The blccking effect of a ccolant annulus as a function of graphite moderator

temperature, which is the only difference between the wet and dry temperature
coefficients of , is being measured for lattice cells having similar tem-

perature distributions.

This measurement has been completed for & single colum of 8-inch slugs in
e thermal column with a graphite temperature of LOO® C. The data are ob-
tained from manganese fcils.

Thermel Neutron Flux in a Medium with a Temperature Discontinuity

A comprehensive paper is now being written which presents the analytical
and numercial results of the investigation to date of ghe temperature discon-

12608710 o
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tinuity problem. The paper will thus consider only the case of a discontinuity
across a plane interface in infinite geometry. Further investigations have
begun of more complicated infinite geometries and formal analytic solutions
have been found for (a) a slab of width w at temperature T, bounded on either
side by media at temperature Tp, and (v) a cylinder of rad}us R at tempera-
ture T; surrcunded by a medium at temperature Tp. The expressions for the
flux in these two cases resemble the soiuticr of the plane geometry problem,
with the exponential spatial dependence of the plane problem replaced by
hyperbolic cosine and Bessel functions in the aprropriate geometries. However,
the coefficients in the series sclutions, which were cconstants in the plane
case, are complicated functicns of slab thickness w cr cylinder radius R.

1l
omlk;

Neutron Energy Spectrum in the Vicinity of a Boundary with a Temperature
Discontinuity

The experimental data taken in the course of this work has been submitted
for inclusion in the Octcber-December 1958 Quarterly Report. The reaction
rate of a 1/v-absorber is shown near a temperature discontinuity for graphite
temperatures ranging from 108° K to 666° K.

The procedures being used to fit these data were discussed last month. In

the past month it has been shown that the slowing down distribution fits an
expression which is quadratic in the space variable, rather than linear, as
had been assumed for calculations performed previcusly. A quadratic depen-
dence is expected since the fuel lcading of the PCTR is essentially cylindri-
cal. In view of this result new and simpler solutions to two thermal group
equations have been obtained. The thermsal neutron reaction rates are now being
recomputed using the new solutions.

Instrumentation

At the request ¢f IPD, a member of cur staff attended a second conference
with the management of EPSCO, Incorporated, and thelr representative in this
area. The purpose ¢f the meeting was to discuss an addendum to EPSCO's pro-
posal to project CGI-802, High-Speed Scanning System.

A simple computer for the purpose of demcnstrating the uee of magnetic cores
for data storage and handling is being fabricated. Most circuitry has been
developed using transistors. The circuits have been designed along the module
idea, and each complete circuit is bullt ontc a printed circuit board. These
circuit boards are in the process of being fabricated at the present. When
they are completed, the basic units of the computer will be assembled and fur-
ther circuitry will be designed.

The investigation of new neutron detecteors continued with emphasis on solid
state devices and fission detectors. A search was started on new solid state
devices. ' .

STUDIES RELATED TO FUTURE PRODUCTION REACTORS

Lattice Measurements for 1.92-inch and 2.5-inch Fuel Elements

A detailed series of extraptlation length measurements on an exponential
assembly with a lattice spacing of 8-3/8 inches has been completed. The expen-
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ential assembly was charged with 1.92-inch diameter solid, natural uranium
fuel elements. The data indicate that the extrapolation length increases
nearly linearly with graphite reflector thickness for reflector thicknesses
up to six inches. The average front-rear extrapolation length is about 1.05
inches with air coolant. A homogeneous two-region calculation has been
started in an attempt to understand the reflector effect. If successful,
such calculations would make it possible to re-evaluate all previous small
pile measurements.

Material buckling mesassurements for’2.5-inch diameter solid, natural uranium
fuel elements have been started. Extrapolation lengths will be measured for
each exponential assembly used in this series. :

PCTR Measurements of koo and f for Selected Cluster Elements

Analysis is continuing of the data obtained in the PCTR measurement of kg,
and £ for a 10-1/2-inch graphite lattice fueled with a seven-rod cluster of
0.925-inch diameter natural uranium rods.

Some multiplying factors have been calculated to correct the activities of
copper foils for the nonflatness of response of the 5-inch crystal over the
area of the foils. It was found that the correction factor is, within practi-
cal limits, independent of the shape of the activity over the foil area. This
fact will greatly ease the calculation of the factors and contribute to the
accuracy of the results.

Coordinated Theoretical-Experimental Reactor Physics Development

Integral reactor experiments and various activation experiments form the
basis for checking theoretical formulations of reactor parameters. There-
fore, some time has been spent reviewing the scope of the methods, and
their precision, used in measuring and calculating these parameters. An
existing machine code (IPD Survey Code) has been used to calculate some
parameters to compare with experiment. The review has pointed out areas

in which additional experiments, or increased precision, are needed. These
needs are being considered. Additional work will be devoted to the develop-
ment of a new ccde for our use in the analysls and planning of experiments.

A 650 OMNICODE program to correct the exponential pile data for the effect
of the aluminum content has been written and is in operation. The avail-
able HAPO exponential pile data for solid, natursl uranium reods in dry
square graphite lattices are being processed by this program, as 650 operat-
ing time permits. Analysis has begun of the data already obtalned.

NPR Lattice Measurements

A cost estimate of the NPR high-~temperature mockup facility has been re-

ceived from CEQO and submitted to IPD for consideration. The estimate is

$850,000 if constructed in 300 Area, or $450,000 if constructed in 189-D

utilizing existing facilities for housing, power, and high pressure water
system. This estimate does not include fuel or neutron sources. Methods
for reducing the cost are under consideration.
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Cross-coolant tubes are not included because of the small smount of water in-
volved relative to the water already in the process tubes.

Full Size PCTR

The project proposal for the new PCTR has been ccmpleted and is currently
circulating for the required G-E approvals. It is planned that physics work
in support of the scope design will begin in February 1959.

Intercalibration of Grapbite Purity

Purity measurements have been completed on the graphite bars obtained from
France and the United Kingdom for an intercalibration of graphite purity
indices. New calibraticn data were obtained for the Hanford Test Reactcr

to facilitate interpretation of the purity measurements on each graphite bar
in terms of the effective absorption cross section per carbon nucleus. Tests
were alsc made on two bars cf American graphite which had been tested concur-
rently with the bars sent to the United Kingdom in 1958.

An evaluation of the results 1s now in progress.

New Production Reactor Nuclear Safety

At the request of the Process Design Operaticn (IPD) a study was begun cn

the nuclear safety in the storage and handling of NFR fuels in the discharge
and storage basins. The fuels under study are solid rods of 0.66k-inch

outside diameter and tube-in-tube fuel elements (outer tube: 1.85" I.D. x
2.46" 0.D. and inner tube: 0.52" I.D. x 1.43" 0.D.). The initial enrich-
ments of the rods are 0.94 percent 1235 and 1.50 percent 0235, The maximum
reactivity of the 0.94 percent U235 fuel on irradiation is being considered

as equivalent to unirradiated 0.98 percent U235 fuel. The maximum reactivity
cf the 1.50 perzent U235 fuel is being considered to be that of the unirradiated
fuel of this enrichment.

Ccmputatiorval Programs and Services

A% the prezent time, the 650 simulatcr for the 709 zperates satisfactorily
with OMNICODE programe but, with one mincr exception, it Lkas not been success-
ful with 650 programs requiring an 80-80 plugboard. The 650 P-3 and VALPROD
programs fall in this unsuccessful category. Wgrk ¢n this problem continues.

A T09 verzicn of the precgram for processing exponential pile da%a is also
being written. Instructions have been written for the first four of the five
parts; however, these represent probably less than half of the total instrucz-
tions.

Radiation Damage to Graphite

As a start on the study cf radiation damage %o grasphite, a method is being
developed for measuring the energy loss of electrons in thin layers of meter-
ials. The technique was suggested by an energy monitering device described
at a recent acceleratsr conference. Our recently completed capacitor-divider
. voltage measuring system makes possible a precise energy calibration cf the
device and kence its use for energy measurements.
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STUDIES RELATED TO SEPARATIONS PLANTS

Critical Hazard Specifications

Nuclear Safety in Hanford laboratories Operation

At the request of the Fuel Fabrication Development Operation (Fuels Development
Operation) a review was made of the temporary fuels storage facility in the
southwest end of the 306 Building. This storage section consists of a cabinet
of shelves on 18-inch centers. Fuels of various enrichment are stored or
these shelves as well as on the floor in front of the shelves. The stcrage
area on the floor is a fenced-off area about 30 inches wide and greater than
1C feet long. The storage facility is located near the large door entrance to
the building through which fuels are transported. Therefore, the fuel cn the
transporting vehicle can pass very close to the array of fuel in the storage
facility.

The fcllowing criteria have been established for the safe handling and storage
of fuel in thils area.

Storage Limits on Shelves.~-The maximum safe limit per shelf of fuels whose en-
richment is £ 2.0 percent 1235 is 100 pounds uranium. For highly enriched U235
alloy fuels, the maximum safe limit per shelf is 100 grams of contained U235 pro-
vided no other fuel whose enrichment is greater than natural uranium is on the
same shelf,

Stcrage Limits on Floor.--The maximum allowable storage limit on the floor is
20 pounds uranium ger square fcot of floor space when the maximum enrichment
is 1.6 percent U2

The maximum allowable storage limit on the floor is 1l pounds uranium per
square foot of floor space when the maximum enrichment is 2.0 percent U235,

Limits on Fuel in Transit.--If the maximum enrichment of the fuel in transit
is 1.6 percent 5235, it is always safe at a distance of 2 5.0 feet from the
fenced-off area around the floor storage. When there is no water on the floor,
the fuel in transit may approach 3.0 feet of the fenced-off area. Needless

to say the fuel in transit must be in a configuration that is safe by itself.

For fuels of 2.0 percent U235 enrichment, the fuel in transit can pass the fenced-
cff area provided that the maximum floor area density of the fuel in transit and
on the floor is no greater than 1l pounds uranium per square footof floor space.

At the request of the Experimental Reactors Operation (Nuclear Physics Research
Operation) a study was made of the nuclear safety in the storage cf TIR fuel.
This fuel is made up of U 235.A1 discs. The discs have an 0.D. of 1.95 inches
and an I.D. of 0.60 inch. The thickness is 0.075 inch. Each disc contains
2.23 grams of UR35. The following criteria can be used in the determination
of safe storage conditions for this material.

Where there is no moderation whatsoever (no water, wood, carbon, etc.) an in-
finite slab 3.6 inches thick is safe.

For conditions where the exclusion of moderator cannot be guaranteed the feol-
lowing criteria should be used.

(a) An infinite array 1.5 inches thick is safe.
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(v) A storage ccntainer whese height is a maximum of two inches can have
a cross sectional srea % 4.0 square feet.

(¢) In weed blocks with hcles for the stacks of discs in which there is physi-
cally no space fcr water other than in the inside hcles of the discs,
1000 discs are safe in any gecmekry cr spacing between stacks. If a
center-tc-center spacing between stazks cf discs of > 4.8 inches car bve
guaranteed, 2000 diszs are safe.

Discussions are being held with members cf the Chemical Engineering Develop-
ment Operation (Chemical Develzyment Operaticn) to develop nuclear safety speci-
ficaticns for the operaticn ¢ the 321 Puiiding. Cr*t cally safe parameters
have been given %o them and a rcugh draft of the nuclear safety specifications
has been reviewed tc determine whether naclear safety centrcls have been incor-
rorated whish are corcsistert with gicd nuclear safety cperating philcscthy
(i.e., double confingenﬂy peilcsaphy).  The suggesticne apnd comments are being
inccrperated in the firad srecificaticns.

A talk was given to the Plutonium Me*allurgy Research Operatiocn (Reactor and
Fuels Research and Develspmeat Operatizn) on the variables that affect nuclear
safety. Euwphasis was placted cn nuclear safey in handling and prccessing of
plutcnium and its allicys. The cperating perssnnel participated extensively in
the discussicn perizd with Questions crn nutiear safety relevant to their par-
ticular work. As a reswut of thiz dfscuzeicn, questicrs cn nuclear safety that
require iurther ‘lar;fifati-n: are being assembiled by the group and will be
submitted %> Critizal Maszsz Foyszissz f2r raply.

Nuclear Safety irp 234-5 Boilding Proceszing

Discussizns were c¢ontinusd witn members of CFD con nuclear safety in the design
of a plutcnium melting furrace with a capasity of abtcut three times the minimum
critical mass for metal: {ander conditicns ¢f sptimum geometry and water reflec-
tion). CFD is cinsidering *he use of a vasuum furnace assembly similar to that
in use at Rocky Fiats. Tre desigrn ¢f the melting crucible itself has not

been seleczted. In ziiu measurements with plut:nium metal in the slab crusitle
and furnaze assembly at Rccky Flats indicated & minimm zritical mass of about
22 Kz Pu (water rozled induction 2:i¢s} 1+ must be emphasized that these
experiments were performed with 4 -phase Pu. Had the experiments bne performed
witl K-phass Pua, the criticsl mass wiild have beel. reduced o abou 13 k2 Pu.
Treze experiments alsc showed the sensitivity ¢f tke critizal mass neutron
reflectors outside the furnace. Water 1::*inﬁ cr gas c¢ocling in the furna*e
inducticr coils resuited in a differenze ¢f at:ut 20 perzent in eor ti 2] mass!
Therefcre, in situ measurerents are reqdr»as in & pr:tctype crucsible in its
normal surroundings, if maxiram furnasce cperati capacity is dezired.

Based on the recommendaticn made last month, & new feed hopper was designed
for use vetween the drum filter and the continucus calziner in the czntinulus
Task I-II system in Hocd 9. The ruczlear safety of the new system waz reviewed
and the prciessing speration determined safe based on s "reflectcrs as- iz"
basis. Thersisre, any water floziing of the feed heopper could result iv an
unsafe ccrnditizn and is t: te aveiided.

The nuclear safety of ar array zf plubcnium pieses (42 kg/pieze) surrsunied

by derpletad uranium wa: reviewed, It is desired t: radicgraph a circuar

array cf *hese p;e;e_. Tre circle iz 30 dincrkes in diameter and the center-ti-
, 2 Q U B-Ts?ter diztance batweer Pu menal piezes on this wirzle ie 10.5 inches., I% was
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determined that such an arsy is safe with 8 maximm of nine pieces, provided
there is nc danger of water flooding or of obtaining moderation by some
other method.

Power Fuels Processing

A new scheme for processing power fuels has been suggested by a member of

the Programming Operation (HLO). The practicality of this scheme is depen-
dent, to a large extent, on nuclear safety. Basically, it involves a single
tray, spray type dissolver in which only part of the fuel is immersed in acigd.
The height of the tray determines the maximm solution height. The fuel

height is greater than that of the tray. The critical mass physics problem

is then to determine conditions for criticality when only part of the fuel core
volume contains moderator. Where there is no moderator at all, no uranium fuel
enrichment below 5.0 percent U235 can be made critical in any amount. Where
the enrichment is 5.0 percent 1235 the maximum safe core height (moderater

and fuel) is 2.9 inches. Therefore, no fuel (moderated or unmoderated)

is allowed above this height. The physics problem that must be solved is

the maximum fuel height allowable when the moderator height is less than the
maximum safe height for a moderated infinite slab and the fuel above the
solution is covered by Jjust & film of acid or water.

The same type physics problem must be solved for the interaction between

two slabs when the height of the water reflector between the two slabs is
less than the slab height. These problems require a theoretical study as
well as an experimental one. The experimental study requires a critical mass
facility fer its inception.

Plutonium Critical Mass Laboratory

The Project Proposal for the Critical Mass Laboratory (Project CG-T731, Re-
vision No. 3), HW-58618, received all of the necessary approvals in HLO and
in HAPO and was transmitted to HOO-AEC for consideration. This proposal re-
quests funds for construction of Stage I of the laboratory.

Technical liaison was continued in support of the design work for the Plu-
tonium Critical Mass Laboratory. The detailed design is now 91% complete;
it is only 5% behind the schedule which calls for completion by February ah,
1359.

Experiments for Nuclear Safety Specifications

Exponential Measurements with 1.25% Enriched Uranium

Buckling measurements were continued with the 1.25$ enriched uraniwm in
water mcderated heterogeneous systems. The fuel elements were 1.336 inches
in 0.D., with a 0.500~inch I.D. and 7.50 inches in length. Each fuel column
consisted of six of these elements positioned in an aluminum tube of 1.420
inches in 0.D. with a 0.028-inch wall thickness. In the "wet measurements"
an aluminum tube of 0.492-inch 0.D. and 0.020-inch wall thickness, which con-
tained water, was inserted in the central core c¢f the fuel elements; the cen=-
tral core was empty in the "dry measurements." The bucklings which were
measured are listed below. The estimated number (Nc) of fuel tubes for
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eriticality in cylindrical geometry is also given. These values were cal-
culated from the measured bucklings under the assumption of full water tamp-

ing.
Separation Estimated Critical
Between Rods Condition No. of 45-inch
%ﬁexlﬁgenﬁl Fue]o.fRod B0/U B“Cglinfz (ﬁﬁﬁ?ﬁi Geo-
Lattice Pattern) Core (by volume) (10~° em™<) metry)

2.0 Wet 1.69 5194 112.7

2.1 Wet 1.98 5089 106.6

2.2 Wet 2.29 4871 10k4.5

2.4 Wet 2.95 3755 129.0

2.0 ' Dry 1.56 4966 119.4

The smallest critical number of 104.h4 fuel rods occurs at an Hy0/U volume
ratio of about 2.25. A lattice framework is currently being fabricated to
accommodate & rod separation of 1.85 inches in order to determine the maxi-
mum buckling.

A comparison of these measurements with previous results, in which the fuel
elements contained minor indentations at each end for canning purposes,
disclosed no discernible differences in the bucklings.

Measurement of ko, for 2% Enriched UF)-Paraffin Mixture

Experiments were completed for determining k,, of the 2% enriched UF)-
paraffin mixture which was received from Oak Ridge in December. Two-shift
operation of the PCTR was utilized in these measurements. The "green blocks"
were positioned in the PCTR core forming a parallelopiped with nominal dimen-
sions of 24 x 24 x 30 inches; the dimensions of the removable test section
were 6 x 6 x 12 inches, which provided for a 9~inch thick buffer region.
Both borated polyethylene and copper sheets were used to poison the "green
blocks" to & multiplication constant of unity for insertion in the core. In
the absence of this poison the above parallelopiped, which contained about
18 Kg of U235, would have been supercritical when graphite reflected. The
total amount of neutron absorber used in the core loading was equivalent to
that of about 500 1lbs. of copper.

Experiments were done to determine the effect on kg, of changing the external
reactor loading and of varying the amount of poison in the buffer region;
also, two different methods were used for poisoning the test section. 1In
one case the poison was distributed "homogeneously" by wrapping borated pely-
ethylene sheets around the individual blocks composing the test section;

in the second case the poison was distributed only over the outer surface of
the removable test section, or at the boundary with the buffer region.

The analysis of the experimental results is underway; utilizing the current

| 260877 -



— 5-9 HW-59099

data from this experiment a preliminary value of koy may be given as 1.2l with
an estimated error being of the order of ¢ 0.02. The uranium enrichment of
the paraffin has been given as 2.00 ¢ 0.02%, and the H/U235 atomic ratio

of the mixture is 195.

Criticality Calculations for Correlating Theory with Experimental Data

A theoretical study of the criticality parameters for homogeneous systems

of plutonium dioxide or plutonium nitrate in water has begun. The purpose

of the study is to develop an age theory formulation for such systems sc that
the criticality parameters of homogeneous systems of plutonium in moderators
of reduced hydrogen density can be estimated (i. e., plutonium in organic
solution moderator). ‘

Status of Critical Mass Experiments for E-Metal Dissolver

The most recent data on the criticality experiments for the E-Metal Dissolver
were received by phone on January 23.

Dr. Callihan reported that 7100 of the 0.95 percent enriched I and E fuel
elements had been placed in the mock-up of the Hanford dissolver withcut
reaching criticality. All of the uranium on hand was used which amounted to
37,317 1bs., or about 18.7 tons.

The multiplication of the final loading was about three. The shape of the
multiplication curve was consistent with, and similar to, that which was ob-
tained previously when about 12 tons of uranium were used in the random array.

The H20/U volume ratio was reported to vary throughout the dissolver as
follows:

Height of Loading Ho0/U (by Volume)
T.5 inches 0.95
15.7 1.02
22.0 1.00
30.0 1.09
37.0 1.03
53.0 1.04

The Hp0/U volume ratio of the initial experiment with the random arrays
was given as 1.11.

From the available data it was not possible to determine definitely whether
criticality could have been reached had more uranium been availadble. This
date may be used, however, to determine an upper limit for the critical
buekling of tge I and E fuel elements in the random arrsy. This value is
%1500 x 10-° cm=2 for the Hy0/U volume ratio of the experiment. No fur-
ther work 1s planned with the fuel elements in random arrays.

The critical mass of a uniform array in cylindrical geometry was previously

measured as about 5 tons for an HpO/U volume ratio of 1.69. At the Hy0/U
volume ratic typical of the most recent loading in the random array (I.04),
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the critical mass even for the uniform array is calculated from theory to be
about 9 tons for spherical geometry. At this low Hp0/U volume ratio the
calculated critical mass is a rapidly varying function of the volume ratio.
We do not recommend that the nuclear safety of the dissolver be based on the
fact that in the Oak Ridge experiments the bulk loading density of the fuel
elements was high. Therefore, in the absence of experimental data on the
uniform array at a low H20/U volume ratio, a further increase in the critical
mass limit, other than what has already been given, is not justified at this
time. Unfortunately, the critical mass measurement for the uniform array at
the Ho0/U volume ratio of 1.1l will not be made for about a month; this work
is being further delayed. The Oak Ridge work schedule calls for the use of
the large reflector tank which was being used in these experiments for other
important critical mass work.

Neutron Age Measurements

The reduction and initial analysis of the final set of runs has been completed.
Data taken with foils which were damaged by melting have been studied to de-
termine when the damage occurred, and an individual history of each foil pre-
pared. The irradiations made with bare indium foils have been analyzed to
determine the activity induced by thermal neutrons alone.

The final activities have been averaged at each position, and their internal
consistency studied. Most of the data were obtained with standard deviations,
due to counting statistics alone, of about 1 percent. The observed scatter

of successive determinations at the same position has proved to be of the order
of 2 percent. In the run which was most severely affected by foil damage,

17 percent of the measurements were lost beyond recovery. The attrition due

to experimental mishaps in the remaining runs averaged about 5 percent.

Mass Spectrometer for Plutonium Analyses

Efforts to fabricate successfully a kovar-to-glass seal for the source vacuum
interlock are continuing in the Glass Shop. The electronic instrumentation
is being altered to conform to the final design.

Critical Mass Theory

Attempts at adequate numerical evaluation of the solutions of the pile

kinetic equations with linear time variation of reactivity, as given by Trip-
lett, BW-32346, have been unsuccessful to date. ~ The parameters describing
possible geometries and fuel concentrations of interest to Critical Mass
Physics lead to cancellation in the exponents of certain factors invelved and
result in uncertainty in the value of the multiplication versus time. 1In an
effort to circumvent this difficulty, a simple FORTRAN program 1s being written
to integrate the equations directly.

A re-examination of the reactor physics of the detection of potential chain

reacting systems by neutron monitoring has also begun. The solution of the
pile kinetic equatiome above will be applicable to this problem as well.
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CROSS SECTION PROGRAM

Slow Neutron Scattering Cross Sections

The three-axis spectrometer at 105-KE was out of service from December 22, 1958,
to January 13, 1959, because of operational problems. These problems were
traced to faulty installation of the milling machine dividing head which con-
trols rotation of the crystal about the third axis. The operation of this
dividing head has never been satisfactory since the conmstruction of the spec-
trometer on Project CG-~6T2. When mounted as originally installed. excessive
torque is required to rotate it. Because of this condition, the drive motor
burned out and had to be replaced. The spectrometer has been returned to ser-
vice, at least temporarily, by not tightening the mounting bolts for the
dividing head, but it is not known how lcng this expedient will suffice.

The new boron neutron beam monitor has been placed in service. A slow deteri-
oration in pulse height was observed initially, but repeated refillings of the
chamber have steadily improved the stability.

Some progress has been made on the study of the scattering of 0.1 ev neutrons
from water. The angular distribution of the elastic group has been measured
from 4° to 76° in 2° increments. This group is fairly sharply defined at for-
ward angles and stronglg peaked in the forward direction. It drops by a
factor of ten between 4° and 76°. Energy analyses of the scattered neutrons
have been made at 10°, 20°, 30°, 459, and 60°. The inelastic component varies
much more slowly with angle than the elastic peak, and predominates at the
larger scattering angles.

Slow Neutron Fission Cross Sections

A new absolute BF; chamber has been completed, but shows only slight improve-
ment over its predecessor. The effect of changing the operating conditions
is being studied.

The new aluminum fission chamber for the I"uzl"0 and Pu2hl cross-section measure-
ments has been completed. Foils of Puzhl have been prepared, and their weights
determined by alpha counting. These have been installed in the new chamber,
which is now ready for use.

Subthreshold Fission

The planned experimental program on the low energy fission cross sections of
Am2%l and Np23T bas been completed. The americium foil has been removed frem
the chamber and its weight redetermined by alpha counting in Analytical labora-
tories. This new measurement gave an americium weight three times as large

as the originally reported figure. The source of the error in the original
alpha asssy could not be determined. The new weight value gives a cross-sec-
tion normalization consistent with that obtained using an earlier americium
sample.

The analysis of the Amz)+l fission cross section has been completed. The low

energy fission cross section extrapclates t> a 2200 m/s value of 3.15 barus
with an uncertainty of about 30 percent. This result agrees with the accepted
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value obtained for thermal neutrons. The two lowest resonances at 0.307 .ev
and 0.579 ev are fitted to within the precision of the data of a few per~

cent by single level resonance formulae. This is a very strange and disap-
pointing result since it would be expecteda that large interference effects
would exist because of the restriction of fission exit channels so far below
threshold. It had been hoped that these data could be used to compare theore-
tical methods of calculation of interference effects. The level width ob-
tained for the first two resonances was (41 & 4) mv which agrees with values
published from total cross-section results.

The comparison of the average fission widths obtained from the low energy
resonances with the predictions based on the fast neutron fission threshold
have been reported. Some evidence that the small widths obtained for Npe37
are a local fluctuation in the distribution was obtained by measurements of
effective fission cross section in filtered pile neutron spectra. These
measurements indicated that the average fission width of Np237 in the region
of 1000 ev may be 100 times as large as the value obtained near thermal ener-
gies.

Foils of 99.75 percent pure Pu?ho have been prepared and measurements are
being initiated to &mprove the low energy fission results on this nucleus
concurrent with Pu*l fission cross-section measurements.

Foils of uwranium samples enriched in IJ'23)4 and in 0236 are being prepared by
Analytical Laboratories for subthreshold fission measurements.

Fast Neutron Spectra

Several improvements in instrumentation have been completed. The new RF
generator for the beam sweeping system is in operation, and appears to

be very satisfactory. It provides sweeping voltages from 3 kv to 35 kv peak-
to-peak, together with a synchronous time mark pulse once per cycle. Con-
struction has been completed on an oscilloscope for observing the target
burst, to aid in aligning the chopped beam. A new detector assembly has
been installed.

A new chronotron circult has been built, using high-transconductance tetrodes
(W. E. 436-A) instead of secondary-emission pentodes (EFP-60). In contrast
to the o0l1d circult, which suffered severe shift in channel width at large
duty cycles, the new circuit has a duty-cycle dependence too small to measure
by the technique currently in use.

Shielding Measurements

Further work on the NPR shielding measurements has given results significantly
different from those reported previously. Systematic errors in the analyzer
clock and resolving time are suspected. A 5-percent shift in energy calibra-
tion has been measured, but this change is too small to account for the cb-
served discrepancies.
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REACTOR DEVELOPMENT - 4000 PROGRAM

PLUTONTUM RECYCLE PROGRAM

Correlation of Data on Heavy Water Moderated Cluster Lattices

In order to determine the effects of the moderatcr-containing cans on measured
values of kyp » it was decided to duplicate, via calculations, the steps used
in a PCTR measurement. These calculations will determine the mass of copper,
Mo, necessary to poison the central test cell to a multiplication factor of
unity. M, will be determined with and without the containing cans in the core.
The fractional difference between the two values is directly related to the
error in the measured caused by the cans. The calculations assume a per-
fectly matched spectrum, sc that the only effects found will be those due to
the caans.

The three-group cross sections used were adjusted so that the calculated koo's
for the two (air-and DoO-cooled) eight-inch cells agreed with measured values
to within 1 mk (1 x 10-3 in koo)° Using these same cross sections, k,, was
calculated at the seven- and nine-inch spacings. The calculated values at the
seven-inch spacing were within 2 mk of the measured values for both cooclants.
In the nine-inch lattice, the calculated and experimental values of koo Were
1.074 and 1.097 for DoO coolant and 1.088 and 1.117 for air coolant, respec-
tively. Thus, the change in k., in going from the eight- to nine-inch lattice
was reproduced to within 50%. It is felt that this degree of correlation is
sufficient for investigating the small can effects.

As was mentioned in the last monthly report, the buffer fuel recds must be
represented by an annular ring of multiplying material in order to use the
VALPROD program on the IBM-650. The adequacy of any buffer model may be
checked by noting the fact that k.o for any group of cells in a perfectly
matched spectrum is identical to that for any of the cells taken singly. Cal-
culations were run for the "supercell™ consisting of one fuel columm and its
six nearest neighbors (buffers), without any containing can inserted. Using
the best buffer model found, values of k.. ranged from 6 mk lower to 7.5 mk
higher than those for the corresponding ggngle cell cases. Calculations for
the buffers alone ylelded similar results.

k., was also determined for the "supercell" and buffers alome with the contain-
ing cans inserted. The amounts of copper necessary to poison to kg, = 1 were
determined for the single cell and buffer only cases. These results have not
yet been analyzed or intercompared.

FCTR Experiments

Calculations have been completed which estimate the variation of the epithermal
multiplication factor of Pu-Al fuel as a function of exposure. These calcula-
tions were made under the following assumptions: Constant fower output per
unit volume per unit flux, no self-shielding in Pu239, putl, pulb2,” gelf-
shielding in Pu240 was included.

Error estimates on an experimental program to measure the calculated variation
indicate that the epithe multiplication factors of Pu-Al fuel containing
Pu of 6, 20, and 40% Pu=*0 can be resolved. Details of this experimental.pr9-7_1‘
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gram are under consideration.

Theoretical Physics Studies Related to the Plutonium Recycle Program

Since an estimate of the adjoint flux is needed in choosing variational trial
functions, its physical interpretation has been studied. For a subcritical
system, it was shown that the adjoint flux at a point is the response of a
neutron detector whose sensitivity is given by the adjoint source, when a unit
neutron source is introduced at the specified point. By taking a critical
system as a limiting case, 1t was shown that the various adjoint functions
cerresponding to different possible detectors will coalesce (except for their
relative amplitudes) as the reactor becomes critical, and agree with the
iterated fissicn probability interpretation.

A general discussion of the analysis of multidimensional systems by means of
variational principles has been written for the quarterly report. Besides
the derivation of diffusion theory given in the previous monthly repcrt, the
following applications of the general method have been made:

(a) The twec-dimensional, one-group diffusion equation has been reduced to
a pair of coupled one-dimensional equations, in which the coefficients
are obtained by weighting the material conmstants by the square of the
flux asscciated with the other variable. The result is an improved
version of current flux-synthesis methods for analyzing two-dimensional
reactors.

(b) The few-group equations have been derived frcm the space- and energy-
dependent diffusion equation. The resulting group constants are weighted
by the product of the flux and its adjoint, and reduce to the usual flux-
weighted constants only for the case of negiigible absorption and leak-

%e.

(¢c) The thermal group equations for a two-temperature system have been de-
rived by using a superposition of maxwellian fluxes as a trial function.
The resulting two-group equations are equivalent to the set previously
derived on intuitive grounds when the average energy at which neutrons
are produced cr absorbed coincides with the equilibrium energy of the
neutron groups.

Instrumentation

Purchase specifications for the profilometer have been written for all of

the glass optical elements. The warp measuring section design was completed
and a work order issued to Tech Shops for fabrication. The diameter measur-
ing unit design was also completed. Fabrication cost estimates are being made
at Tech Shops.

A purchase specification was written for the purchase of a Coleman Digitizer
after a literature search of the available shaft position encoders had been
made. The automatic printout system for the PRTR Profilometer using this
digitizer should be ready for demonstration by the middle of March--barring
purchase difficulties.

. ;;21140883 -y
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The design drawings for the wide-~angle viewer are complete except for possible
revisions arising from the comments of those who review the drawings.

GAS COOLED REACTOR PROGRAM

Lattice Parameter Measurements

Fabrication of the graphite for the PCTR core is about T70% complete. Fabrica-
tion of stainless steel components is in progress.

Control Rod Measurements

The control rod has been made and shipped t¢ Hanford by Oak Ridge. Additional
work on the method for interpretation of this experiment will be done in the
next two months.

Deppler Coefficient Studies

Variaticn in the Doppler Coefficient with Surface-to-Mass Ratio

The design and procurement have begun for a mockup of the apparatus to be used
in these studies.

Theoretical PCTR Studies

Work on the small source theory analysis of the GCR control rod problem has
continued. The derived criticality condition is being examined for the very
simple case of an infinite, uniform array of similar fuel rods. The methods
required are similar tc those necessary for the analysis of the actual problem
but the complexity is greatly reduced since no off-site sums occur. A single
equation thus serves as a critical condition rather than a fouwr by four
determinant.

As a sidelight, an analytical expression has been cbtained for the slowing
down flux as a function of position in a lattice cell. It shows very clearly
the near spatial independence of this quantity.

Test Reactor Operations

Operation of the PCTR continued routinely during the first two weeks of the
month. There were two unscheduled shutdowns, both due to electronic failure.
Critical mass measurements were completed on the 2-percent enriched uranium
fluoride in paraffin blocks.

The reactor was down for the last two weeks of the month for a scheduled
maintenance outage. The moving face track was leveled so that the face again
comes up flush against the fixed face. Play in the control rcd actuators was
removed and improvements were made to prevent this in the future. The 305-B
Building Additicn has made it possible to remove a large amount of the experi-
mental equipment stored in the Reactor Room. This program was started.

During the enriched UF), in paraffin experiment, a radiation hazard was dis-
covered. Small amounts of shcrt-lived fission product were found to be escap-
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ing from the blocks. Rubidium-88 was the principal isotope identified on air
sample filters. Tellurium, Iodine, and Cesium isotopes were also found.
Assault masks were worn while the hazard was being investigated. Work orders
have been issued to improve the ventilation of the Reactor Room.

Experiments for the Lattice Neutron Temperature Study were conducted during the
month.

There were four unscheduled TTR shutdcwns, all due te electronic failure, in
the log level amplifier (Ch. 3). Efferts are being made to locate and correct
this trcuble.

The TTR fuel piece out-cf-reactcr storage requirements were reviewed and re-
vised for nuclear safety in fully water moderated condition. A special storage
cabinet was designed and ordered. The small number in excess of the reactor
loading cannot be hazardous.

BIOLOGY AND MEDICINE - 6000 PROGRAM

ENVIRONMENTAL SCIENCES

Atmospheric Physics

Upon the recommendatiorn of the Committee on Awards and with the approval of
the Council of the American Meteorological Scciety, the Society's annual Award
for Outstanding Contributions to Meteorclogy by a Corporation was presented

tc the General Electric Ccmpany's Hanford Atomic Products Operation on January
29, 1959. The citation accompanying the award was as follows:

. « « "for early recognition of the importance of meteorological
Phenomena in the operation of nuclear energy facilities and for
bold and imaginative action by the Company's Hanford Atomic Products
Operation in developing a continuing metecrological program uniquely
adapted to the nuclear energy industry. Through advanced research
work in micrc- and meso-meteorclogy, this program has contributed
importantly to the clarification of atmospheric exchange and trans-
port processes and to the proper incorporation of this knowledge
intc the sclution of the multi-disciplined problems of airborne
wastes. At the same time this program has provided a unique ex-
ample of the possibilities for specialized weather services to a
single industry and the incorporation of these services into the
managerial and functional organization of that industry."

A novel method for measuring deposition of airborne materials on a snow sur-
face was tested in the field. One of the greatest difficulties encountered
in the measurement of deposited materials is in obtaining truly representa-
tive samples under natural field conditions. Vegetation and ground samples
are unsuitable for the fluorescent pigment tracer system and attempts to
substitute catch pans, gummed paper, etc., leads to highly abnormal sur-
faces and nonrepresentative sampling.

With fresh, undisturbed snow, it is very easy to obtain a representative
sample, however, since a sultable area of the snow may be removed without

12606865 a
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disturbing the sample deposited on its surface. The snow is then melted, the
water-pigment solution filtered, and the particles retained on the filter.
The results are, of course, applicable to depcsition on snow only, but the
sensitivity and accuracy of this technique probably far exceeds that possible
for any other natural surface.

Comparisons of average airborne concentrations and deposited amounts were made
at some 30 points, all contained in & 200-m polsr gird.

The measurements were made quite readily. However, a very low and variable
wind velocity prevented definitive results from this single experiment. Exploit-
ation of this system for future testing of deposition hypothesis is planned.

The acquisition of materials and supplies for the dispersion experiments sche-
duled for this summer proceeded on or ahead of schedule. The Signal Corps
approved the loan of fifteen towers and shipment of this equipment from their
Sacramento depot was authorized. Plans for the analyses of data were continued.

DOSIMETRY

The Shielded Personnel Monitoring Station (body monitor) was completed and
occupied.

Background in the iron room of the Station was measured after the flooring
had been put down, lights and intercom installed, and the interior painted.
No change was detectable from the background before these steps were started.
Integral backgrounds measured in different parts of the room differed by 18%
at the most. A background spectrum measured in the room was the same, within
experimental error, as one taken earlier in a four-inch lead shield.

A 256-channel pulse analyzer and a 9-3/8-inch diameter by 4-inch thick Nal
crystal were received for use in the Station. The analyzer works satisfactorily.
Resolution of the crystal with a lh-inch photomultiplier tube was about 13%
which is good for a large crystal. Use of a 2-inch lucite light-pipe gave

no improvement in resolution.

Six subjects exposed to Ru;°6 were examined in the Station about two weeks
after the exposure. Measurements were made with the large crystal in two dif-
ferent energy bands--one around 0.51 Mev, the other arcund 1.05 Mev. The low-
energy band offers more sensitivity but suffers from interference by Cs 37, Re-

sults were
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Subjects 5 and 6, where.agreement is the poorest, drink a lot of milk. The lack
of agreement is due to the uncertainty in their €sl137 content.

A subject exposed to fuel slug dust was examined and no unusual radioactivity
found.

Pulse spectra prcguced in a large plastic scintillator were measured for Ba133
(C.56 Mev) and Cc®0 (1.17 and 1.33 Mev). The ccunting rate from a subject would
be increased at the Compton peak by a factor of 2, 10, and 15, respectively, by
1 pc of these sources. This counter is being studied for possible use as an
auxiliary personnel monitor.

The experiment designed to check the diszrepancy between x-ray counting ani
alpha counting for plutonium must be repeated. The first attempt resulted in
too small deposition of plutonium.

The operaticn of the positive icn Van de Graaff was improved considerably and
is satisfactory for mcst work but not for the best time-of-flight work. The
latter application requires much better thsn average performance.

The neutrons/gm-sec and the average energy ¢f the neutrons emitted from pluton-
ium chlcoride were measured with the double-moderator system to assist in planning
protection measures in separations plants.

Measurements of the average neutron energy from small and from large neutrcn
sources of the same kind were completed with the double moderator. There are
measurable differences. The average energy from the smaller source is higher.
The difference is greater for PuBe sources than it is for RaBe sources.

Studies aimed at improving low-dose pencil ion chamber techniques have reached
the point where the performance of selected pencils is about adequate. The
problem that now appears to bBe most important is that on insertion of the pencil
into the reading device, there is a momentary reading in the wrong drectior.
This reading appears to be the same from cne time to the next for a given pencil
but is different fcr different pencils.

A general theory was constructed for dealing with problems of radiation dosi-
metry. Formulae can be derived from the general theory for the approximations
usually used in desimetry. The rigorously correct expressions can also be
derived so that the nature of the approximations becomes evident. The theory
gives the usual quantitative results from the approximations. No attempt has
been made to use the rigorous expressions quantitatively. The theory can be
shown to incorporate the transport theory of radiation so quantitative work can
be done. The rigorous expressions can be manipulated at a qualitative level
quite easily. This develops deeper understanding of such things as cavity

chamber theory. On the latter topoic. the theorvy shows that the deltg-rav ef-
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l. One is three inches and the other is 12 inches in length.
2. Each probe has a 5-mm diameter.
3. The diameter of the rod being used is 4 mm.

The probes are a scintillation type employing ZnS and bioplastic for alpha and
beta-gamma detection, respectively. Tests already made show that these probes
work very efficiently.

An estimate of the cost of providing Redox with some area monitors is being pre-
pared. This estimate covers the use of (1) three aipha air monitors and one
beta-gamma scintillation monitor, (2) a system using a central high voltage and
central amplifier but with four inputs from area moniters (A recorder is to be
central to the system also), (3) a G-M beta-gamma monitor instead of the scinti-
llation menitor, and (4) change cf present high-level alpha monitcr tc a dual
channel alpha air mouitor. :

All of the radic telemetering network data station equipment was delivered and
is being calibrated. Two representatives of the manufacturer (The Instrument
Laboratory, Inc.) are presently at HAPO to correct minor wiring errors and to
install the data station erclosures at the five locaticns not requiring wind
generator power.

An experimental dose-rate integrator which employs a battery-operated miniature
motor to turn a disk was fabricated and tested. The error introduced by the
motor varied from +2 to -2%. The battery life of the instrument is greater than
100 hours.

One scintillation-type nuclear incident alarm was designed and two will be
fabricated. The device employs a scintillation detector, low-gain transistor
amplifier and a relay-type meter, presettable tc any relay-close point from

1 to 20 pa. The transistor amplifier (2 transistors in a balanced circuit)
need only be used for very low "alarm levels" such as 1.0 to 10.0 mr/hr. For
alarm levels over 10 mr/hr, the phototube and crystal detector drive the relay
meter directly. Any "alarm" point can be accommcdated with this device from
one mr/hr to two r/hr giving an excellent dynemic range. The “breadboard"
laboratory assembly proved to be extremely stable. The crystal deteztor em-
ployed depends upon the "alarm" point requirements with Nal being used for
"Alarm" levels below apprcximately 100 mr/hr and inexpensive terphenyl in
polyvinyltcluene used above 100 mr/hr. Neutron alarming may be accommodated,
either "fast" or slow by proper crystal and moderator selection. However, the
neutron sensitive crystals are somewhat gamma sensitive. The estimated avail-
able neutron "alarm" levels are from 50 mrem/hr to 5 rem/hr. For all of the
different "alarm" points, bcth gamma and neutron, the basic instrument is un-
changed. The use of two "sensitivity" controls and a proper crystal selection
are all that is necessary.

Work on the ccmbined scintillation transistorized alpha-beta-gamma hand and
shoe counter is progressing satisfactorily. Fabrication is now > 90% complete.
Only the shoe probes remain to be assembled. Complete system "de-bugging"

has started with this expected to require very little time since the basic
compenents were tested after their original fabrication. This unit will be =4
ready for operation by March 1, 1959.

1240588 | | BE&?{A"?:”;&*}
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The alpha scintillation transistorized hand counter has now been in continuous
operation for one year and cne month in the 329 Bldg., Purex, and 234-5 Bldg.
with nc maintenance, repair, or adjustment work necessary. In fact, it hasn't
even been necessary to adjust the calibration or sensitivity controls in this
time. The unit has performed much better than could have possibly been
imagined. It still, reliably, detects and indicates above "warning level®”
vwhich is 500 d/m in less than 15 seconds. In fact, the instrument will indicate
abcut twice warning level for a 250 d/m Pu”39 alpta source distributed over a 4"
x 8" area in 15 seconds. This original "sensitivity" has teen retained fcr the
cne year and one month cperating pericd with nc adjustments. The instrument is
being ordered for 234-5 Bldg. (12 units) and fcr the PRTR project (% units).

It can replace the old four-fold alpha hand counters which average $100 per
month maintenance costs each.

WASHINGTON DESIGNATED PROGRAM

The transistorized magnetic sweep circuit has been perfected, and construction
of the final circuit has been started in the Electronics Shop.

The long-term temperature-sensitive drift in the ion accelerating potential has
been reduced to an acceptatle rate of less than one part in 2000 per day, by
replacing the deposited-carbon resistors in the high voltage regulator and con-
trol circuit with precision wire-wound resistcors.

A new electron mgltiplier has been installed in the ion counting system. It
has a gain of 109, a factor of 10 to 16 greater than the original multiplier.
The relative pulse-height distribution from the new miltiplier, however, does
not differ significantly from the 0ld one, and under typical operating condi~
tions only 10 percent of the incident ions are counted. This performance is
unsatisfactory, and further investigation is necessary.

Work continued on the choice of wide-band amplifiers and the design of a pulse-
height discriminator for the ion counting system.

CUSTOMER WORK

Analog Computing

For the PRTR, the xenon poisoning equations have been simulated successflly
on the GEDA. Studies were made of the build-up and decay of xenon in the
PRTR at power levels of 10 MW, 30 MW, and 70 MW. Studies were also made of
xenon concentration when the reactor was taken up to full power at various
time intervals after scram.

The DoO-He system was studied using an analogous spring-mess system. The pur-
pose of this study is to determine the transient response of the water level
to changes in the gas pressure differential. Bcth step forces and sinuscidally
varying forces were applied. These response characteristics have been deter-
mined by hand and also on the DDA. There is excellent correlation of results.
Future studies of this type should use more refined and exact equations.
Present results indicate that changes in the contrcl valves may be necessary.

A problem has been accepted from FPD to determine the impedance as a function
of frequency and parallel resistance for a suggested testing coil system. It

ﬁf‘.O
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is expected that this problem will be completed in February.

The computer has essentially been out of service for the majority of the month.
It was shut down on January 6 for replacement of bad contacts on the patch
bay.

After all known defective contacts had been replaced, it was discovered that
all the electronic multipliers were out of toclerance in accuracy and could not
be calibrated. At the present time, only two of the multipliers are in satis-
factory operating condition. The troubles with the remaining multipliers have
not been resolved.

Both stabilizers are also giving trouble. One of these had been repaired and
seems to be cperating satisfactorily for the time being. Trouble-shooting is
still in progress on the other. We hope to have it in operating condition
within the next few days. ;

The electrical department has been contacted and asked for an estimate for
installation of a positive ground system for the computer. We have received
no word from them as yet. A good ground is a necessity for an analog computer
and we do not understand why it was not installed at the time of installation.

A new power line installation will be necessary to supply the additional analog
computing equipment which we anticipate receiving later this year. This power

line will be required to handle approximately 75 amperes of 117 volt, 60 cycle,
AC power.

Steps have been taken toward having an instrument technician assigned to full
time work on the computer and supporting equipment. It is felt that this is
necessary to maintain the equipment efficiently and to keep out-of-service

time at a minimumm. The amount of meintenance on the computer is rapidly reach-
ing a point where this can be justified.

The specifications for a new computer have been completed and the purchase
requisitions written.

Weather PForecasting and Meteorology Service

Type of Forecast Number Made 4% Relisbility
8-Hour Production 93 80.8
2L -Hour General 62 85.3
Special 121 93.4

In spite of a cold wave early in the month, generally mild temperatures there-
after enabled January to become the 9th straight month of above-normal tempera-
ture. Precipitation totaling 2.05 inches was nearly 25 times the monthly
normal and was the second greatest amount of record for January. The 2.16-
inch total of January 1953 stands as the 47-year record high for January.

Instrumentation

The alpha scintillation transistorized AC-operated poppy loud speaker output

110 VAC-operated device for "station" monitoring work has performed satisfac-

torlly except where the gamma background where the probe is being used is
12500 qqfeater than 200 to 300 mr/hr. This "level" of gamma background does cause some
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additional background counts above the usual level of background of less than
two ¢/m. Since there are very few places on the plant where such gamma levels
are apparent where alpha counting is desired, this is not considered a prcblem.

On the zinc sulfide particle counter, a new source deposited on quartz glass

was tested. Due to the poor optical properties of the scurce, the signal te
noise retio was poor as compared with the scurce deposited on the perifery of

& flat disk with a hole in the center. Originally the glass scurce scintilliated.
We learned that the only difference between the new and the o0ld source was that
the new one had been coated with flexible (ccllodion). A conference with some
chemists revealed that the flexible type collodion contains castor oil which
probably causes these scintillations. The scurce was flamed again to remove

the collodion and sprayed only with krylon. This eliminated most of the sczin-
tillations.

Fipal evaluation was completed on the portable, scintillation dose-rate meters.

Evaluation tests are being conducted on linear amplifiers, alpha, AC-operated
poppy, and a commercial remote-area mornitoring system.

Changes were reccmmended in the battery BF3 univibrator circuit. These will
give an instrument that has linear response.

Optical

Shop sketches were prepared outlining the modifications of the slit camera at
the 105-C fuel examination facility. The medifications provide for taking
either normal shots or for taking rolled cut pictures of the surface of fuel
elements. Fabrication of this modified unit is fifty percent complete.

An informal report was written describing a profile microszope which was built
in the Optical Shop for measuring scratch depths. Application of this tech-
nique to the L5-power underwater microscope at the 105-C fuel examination faci-
lity is being studied.

The routine Optical Shop work included the fabrication of six glass bearings,
two lead glass windows, the lighting head for a Lenox Borescope, eight bore-
scope lenses, two objective lens mounts, and several light pipes. Three
microscope obJectives and a theodolite were serviced. Work continued on the
fabrication of 14 glass bearings, on the conversion of a Redox crane periszcpe,
and on modifications to the 105-C slit camera.

a,vb//l
Manager
Physics and Instrument Research

and Development
HANFORD LABCRATORIES OFERATION

PF Gast:mcs
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Chemical Research and Development

RESEARCH AND ENGINEERING

FISSIONABLE MATERIAL - 2000 PROGRAM

IRRADIATION PROCESSES

Uranium Oxidation and Fission Product Volatilization

The project proposal fcr the conversion of 292-T Building tc a test facility for
uranium oxidation and fission product release studies was ccmpleted. Estimated
cost of the project is $75,000. It was estimated that construction could be
complete eight mcnths after project apprcval.

Small scale experimental measurements on the rate of fissicn product volatilization
from heated uranium were continued. The principal aim of these studies was to
measure the fraction of various isotopes vola*tilized as a function of time and to
determine the activity associated with particles Em_fted. The specimens, eleven-
gram bare uranium cylinders irradiated tc 2 x LO nvt ard cooled 1 to 3 days, were
oxidized in air at a furnace temperature of 1200 C. Preliminary analytical results
indicate that time at temperature is an impcr*ant variable in the amount of fission
products volatilized. Essentially 100 per cent of %oth icdine and tellurium was
released in 80 minutes. Cesium volatilized linearly at a rate of about 0.025 per
cent per minute. Strontium and ruthenium behaved ancmaliously, averaging about

0.15 per cent released for all cases tested.

Decontamination of Reactor Comggnents

Removal of radioactive contamination from fissicn procduct-uranium dioxide contaminated
carbon and stainless steel coupons by several cleaning procedwres was studied. The
contaminated samples were prepared by exposing prescaled carbon steel (Type A246)
and stainless steel (Type 304-L) coupons together with irradisted uranium wire to
PH 10 water at 195C in a stirred autoclave. The cleaning procedure studied most

is a two-step process involving alkaline pctassium permanganate followed by dibasic
aemmonium citrate-tetrasodium Versene scluticn (both sclutions at 95C). Gross gamma
decontamination factors from 2,000 to 3,000 wsre ortained. Corrosicn of the carbon
steel was undesirably severe. In procedures modified to reduce corrosion of carbon
steel (reduced temperature and increased pH in the second step) decontamination
factors lower by factors of about 10 were obtained. In arother modification,
ferrous ammonium sulfate-sulfamic acid solution was used in the second step. De-
contamination factors in excess of 1,000 were obtained; corrosion of carbon steel,
although less than with ammonium citrate-Versene, was still undesirably severe.

Several other procedures involving potassium permanganate, bromine, ammonium

persulfate, and hydrogen peroxide ir sodium carborate-bicartonate solutions were
tried. Gross gamma decontamination facters of 50 or less were cobtained.
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Analytical Services

Regular reporting of Ga'2 and Zn69 in the Columbia River and drirking water will
start February 1. Gallium is purified by ether extraction and "256"-counted as a
hydroxide slurry. Zinc is purified by iorn exchange and "256"-counted as the
diammonium phosphate slurry. Recoveries of both exceed 85 per cent.

IBM may soon be rcutirely calculating gamma energy svectra. In cooperation with Oper-
ations Research & Synthesis Component, matrix equations were calculated for a ten-
component system and submitted to Data Processing. Its results on four 256-channel
analyzer samples agreed well with manual valuez. Perfect agreement is anticipated.

Adaptation of a copper spark spectrographic methcd permits determination of aluminum
in deionized waterin the 0.025 ppm to 2 ppm rarge with a precicsion of & 5 per cent
at the 95 per cent confidence level. An aliquct of the sample with gallium added

as an internal standard is mounted directly cr & pair c¢f copper electrodes, dried,
and subjected to spark excitation. By using the line pair, Al 3961:Ga 4033, and
triplicate analyses, needed precisior was met.

A molecular leak and inlet system was fabricated and installed cn the gereral mass
spectrometer to permit routine analysis of 100 tc 500 micren pressure gas samples.
Recent water samples from in-pile locps had insufficient gas pressure, even after
laboratory compressior, for asnalysis on the (ncrmal) viscous leak incorporated in
the general mass spectrometer. The new instsllation circumvented an alternate
method of building an extensive vazuum system hockur fer fthe mclecular lon resonance
mass spectrometer.

The thermal mass spectrometer, routinelv applied tc¢ high mass assay, was successfully
used to determine the isotopic ratio of lithium contained iz flux used tc weld fuel
elements. High mass techniques were used tc mount 10 mg of saxple from aqueous
solution. Three lithium compounds (LiI, LipS0L ard LiCl) were aralyzed to evaluate
the precision of the methcd. Mole ratics obtained at the 95 per cent confidence
level on assumed natursl materials were withir tre published limits of other sites.

The flexibility of activation analysis was expanded by reducing tc seven minutes,
the average time needed to get samples from the reactcr to the counter. Thus,
activation products of half lives &s low as about twe minutes may be assayed. The
relatively short time lapse is due tc three corditions. First, the 100-KE pneumatic
charge-discharge facility is now in operaticn. Seccrdly, MarlexB rabbits are used --
the high density linear polyethylene pclymer exudes cnly cne Rad, mostly beta, after
a ten-minute exposure. Finally, nearby cou4+1ng equipmert has been arranged. To
demonstrate, aluminum (half-life of product A1°C is 2.27 minutes) was used even
though its £ 0.2 barn cross section is pcor. It is likely that abcut 50 elements

in amounts above 0.00001 to 1 microgram, depending upon the element, may be assayed
by activation analysis using the 100-KE reactor.

SEPARATION PROCESSES

PUREX

Anion Exchange Proccessing of Purex 1BP

Recent results indicate the efficiency of remcval cf fission products in the wash
cycle decreasez as the feed rate of the wash sclutior is increased. For example,

1 2LC8a%
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identical volumes of 7.2 M.HNO3. 0.01 M HF wash prcduced zirconium-niobium decon-
tamination factors of 1.6 x 105, 2.4 x th, and 1.8 x 104 when they were fed at
rates of 5.4, 10.1, and 14.8 ml/(min)(cm?), respectively.

Similarly, more efficient removal of fission products can be obtained by increasing
the fluoride concentration irn the wash sclution. At a wash flcw rate of 10.1
ml/(min)(cm?), 10 cclumn volumes of 7.2 M HNO3, 0.1 M HF followed by 6 column
volumes of 7.2 M HNO3 yielded a zirconium-niobium decoptamination factor of

3.7 x lOu, somewhat greater than the value of 2.% x 10* obtained with 30 column
volumes of 7.2 M HNO3, 0.0l M HF follcwed by 6 column vclumes of 7.2 M EN03. The
gain in fission product decontamination is somewhat offszt by the greater elution
of plutonium which occurs with a high fluoride wash. Use c¢f a high fluoride wash
would therefore require that the loading cycle be terminated at a lower average
plutonium loading cr that a "tailings" columr. be prcvided to recover plutonium from
the wash cycle effluent.

The experimental study of the use of anicn exchange to acccmplish purification and
concentration of plutonium in Purex 1BP has teen c¢cncludsd. The results indicate
that a process consisting of a single cycle cf anion exchange courled to a single
solvent extraction cycle such as the Purex HA - HS - 1B cycle should be capable cf
routinely producing a 50 g Pu/l product well withir presert plutonium purity speci-
fications. A single cycle of anion excharge desigred t¢ cperate in remote equip-
ment could, therefore, replace the 1BS, 2A, ard ZB s~livent extracticn cclumns and
the unshielded anicn exchange contacter preserntly ir use ir the Purex plant.

Electrolytic Uranium({IV)

Construction of a pilot unit to electrolytically prepare tetravalent uranium has
been initiated. The tetravalent uranium is pcierntially useful as an alternate
plutonium reductant in lieu of ferrous ircrn ir solvent ex*raction partitioning
colums. Successful substitution will reduce the cation content of the wastes and
thus potentially reduce the complexity of fissiorn prcduct recovery processes

and/or alternate waste processing processes. The pilct plant will be used for
engineering investigation of the prccess ard for production of plant test quantities
of product.

Tritium Processes

Studies have been initiated and directed towards Improving +the technology associated
with tritium recovery.

To date, experiments have been perfcrmed cn the dissclution of lithium-aluminum
alloy by mercury as a means of liberating the ccontained gases. When the mercury
was refluxed over the clad core, centers of corrcsion occurred spontaneously and
the whole slug became attacked. This approach is c¢f prcmise since it offers the
possibility of removing the lithium as a fluid, frocm which the mercury may be
recovered for re-use by distillation.

Efforts to separate hydrcgen isotopes have utilized the difference in their adsorpticn
characteristics with respect to palladium tlack. Under isothermal cerditions; the
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equilibrium vapor pressure over the ted is considerably richer in the heavier isotopes.
Several approaches to exploit this difference may te used: the bed (colum) of
palladium may be rartially loaded with the mixture tc be separated and the chromato-
gram then developed by the passage of hydrogen which eventually displaces, in almost
pure form, the heavy isotopes from the leading edge of the band; alternately, the
chromatogram may be developed by heating the partielly loaded column starting from

the end first loaded, thus using the hydroger. present in the original sample as

the displacing medium.

Both of the above described methods (first experimentally verified by E. Glueckauf
and G. P. Kott, Harwell, U.K.) have been examined using hydrogen-deuterium systems.
The best enrichment so far obtained was by the self-displacement method. In thise
experiment a feed gas mixture coneisting of H, - 13 a/o D, was recovered as 88 a/o
Do-Hp in high yield.

Considerable difficulty has been encountered in the treatmert of the palladium black
both with respect to its initial activation and the subsequernt preservation of its
adsorption capacity. Some success has followed a cyclic oxidaticn-reduction treat-
ment of palladium supported on asbestos or alumina.

Analytical Services

In response to questions about the use and accuracy <f the coulometric uranium
analysis method on completely quadrivalent uranium resultirng from hydrochloric acid
the

dissolution of Al-U alloy, comparative analyses shiw ; fcllewing:
: Ceriz Sulfate Coulcmetric
Sample Titraticn Titration
1 3.69 g U/1 3.65 g'U/l
2 2.11 2.05
3 3.18 3.18

Perchloric acid is necessary to oxidize completely rutihenium in the analysis test
well samples. To aveid hazards of that acid, tests were made of the substitution
of periodic acid in the method. Pericdic acid, however, proveil rot to have the
needed oxidizing power for those samples.

WASTE TREATMENT

Nitrate Destruction

Pilot plant investigation of nitrate destruction by fermaldehyde has been concluded
with a few scouting experiments to determine the effects of packed tower height,
methanol concentration in the feed, and the applicability of the process to nitrate
destruction in Darex effluents.

Increasing the packed tower height from 2=l/2 tc 5 feet increased formaldehyde
utilization by about 10 per cent. Increasing ths methancl content of the formalde-
hyde from 10 per cent (normal) to 20 per cent increased effective formaldehyde

utilization by ancther 5 per cent.

12608438



— C-5 HW"59099 o

Batch operations on Darex effluents showed no significant difference from similar
operations on synthetic Purex 1WW. The free acid ir solutions of either composition
could be reduced to near zero with an overall formaldehyde utilization efficiency
of about 1.8-1.9 mols nitrate per mol of formaldehyde.

Based on these observations it is believed that this process can be used for any
application where it is desirable to reduce nitric acid concentration. It is
particularly attractive when it is also undesirable tc neutralize excess acid
with caustic.

Fixation of Purex Waste

Some additional experiments have been run to complete the previously. reported study
of the effect of calcination and sclution variables on fission product volatiliza-
tion and leaching. A formal report, HW-57686, "S+tudies for the Storage of Purex
High Level Waste, Part I - Evaluation and Cal:inaticn Volatility and Leachability,"
by G. B. Barton, is being issued describing this wcrk.

Radiant Heat Spray Calcination

The eight-inch by ten-foot radiant heat spray calciner was put in operation during
the month. The electrical resistance heatirg, the most novel feature of the design,
was found to work well. The first run with similated waste solution had to be
terminated due to calcination of feed sclution in the atcmizing nozzle, which was
located within the column., This arrangemsnt has teern altered by placing the nozzle
outside the column with the end proiruding thrcugh a hcle in the center of the top
flange. Subsequent operation has revealed lesks in the cff-gas system which must
be corrected.

The three-inch column was modified to test introduction of the feed at the bottom
rather than the top. It was thought that this arrangement would provide a maximum
residence time for the largest drops rather than a minimum time, as in the usual
arranganent. Coalescence of the spray drcps occurred, ard the larger fraction
elther coated the walls or fell back to the bottcm of the apparatus. These studies
were discontinued. In other experiments in the three-inch unit (but with conven-
tional feed location) addition of sucrose (for self-ignition) and phosphate gave a
product with a bulk density of 1.8 g/cc. Analysis showed a residual nitrate content
of only 0.06 per cent.

Argonne National Laboratories has agreed to perform sccuting calcination studies
on synthetic Purex 1WW in a 6-inch fluid bed waste calcirer. These studies are
planned to provide further data to aid the desigr of piloct plant equipment and
experiments for the proposed fluid bed unit at Hanfcrd. ANL experiments are
expected to start in February.

NPR Waste Streams

Study on the disposal of NPR wastes continued. A tabulation of the streams, possible
volumes and possible radiocactive and chemical ccnstituents was started. Although
mich of the data is speculative at this time, such study permits classificaticn of
the waste streams and assists in the evaluatiocn cf propcesed dispcsal methods.

{ 47 N t
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300 Area Waste

Preliminary consideration indicated that 300 Area laboratcry wastes now being
trucked to the Redox Laboratory crib may be acceptable for disposal in the Purex
boiling tanks providing the salt content is negligible. Samples are being taken
to characterize these wastes more fully. If they prove acceptable, there exists
the possibility of savings in transportation expenses ard further savings through
prolonging the life of the 216-SL crib. Additional advantages would be reduced
radiation exposure to the truck driver and of reducticn in the activity (by about
100 curies/month) of the material going to ground disposal facilities.

Observation Wells

Since the cooling water discharge to the T-Plant swamp was discontinued in 1956 the
ground water mound beneath that site has receded 25 feet. The ground water gradi-
ent developed a strong northerly component as s result, affecting the movement of
ground water contaminants beneath the T-Plant. Radioactive material from that site
was detected as far north as well 699-L9-79. The concerntrations were barely
detectable and radiologicaelly imnocuous.

High plutonium concentrations were found in mud samples from the ditch to which
cooling water from the 234-5 Building is discharged. Subsequent special mud
samples revealed plutonium contamiraticn ranging ur to concentrations above

1.0 uc/g along the entire length of the ditch discrarging intc the U-swamp.
Plutonium concentrations as great as 107" were found ir mud samples from the
edges of the swamp.

A test was performed to determine the effectivenszssz of krifs-perforated conventional
monitoring wells for measuring the concentratiorn of radicactive material in the
ground water. Three monitoring wells in the 216-BY crib ars=a were sampled before
and after they were reperforated with the shaped-charge perforator. The test was
intended to determine to what extent corroded and plugged perforations affected the
concentration of radiocactive material in samples from these wells. After reper-
forating, samples were taken immediately after 2 days, after 5 days,; and after 1k
days. In none of the wells was an immediate significant conzentration change de-
tected, but a significant reduction in radioactive material concentration took place
in all of the wells over the period of several days covered bty the test. The re-
duction in concentration ranged from 60 per cent tc 98 per cert in the three wells.
It is believed that this test may indicate a monitcring problem in sawe older wells
as a result of inadequate contact between the wells and the adjacent ground water.

Disposal to Ground

Laboratory results indicated that sr0 would aprear in detectable concentrations
prior to Csl37 in wells monitoring the Purex 216-A-Zh tank farm condensate crib.
Therefore, future abandonment of this crib will have *c be based on the appearance
of Sr9° in ground water or on extrapolated laboratory data.

Laboratory study of resin column decontaminaticr of Recuplex CAW waste with respect
to plutonium was continued. An additicnal column test with Permutit SK at 28 C

. Wy
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confirmed the rather poor plutonium removal previously cbtained with the resin.
Column tests with Amberlite IRA 401 resin were not completed but equilibrium
studies in which the plutonium uptake was determined after various contact times
showed & great similarity between IRA LOO and IRA LOl.

Three additional soil column tests of Purex boiling tank condensate waste gave Sr
breakthrough after 3.5, 4.8, and 4.2 columr volumes. The 4.2 column volume average
is considered to be in good agreement with tke 4.5 column volume estimate previously
reported.

Special Geological Studies

The Bach Drilling Company completed the CA-794 drilling project with a total of
4011 feet. Eleven wells were completed as planned, tea to basalt. The original
estimated footage was L0OOO feet, the footage over-run was thus about 0.3 per cent.

A preliminary appraisal of the problems of determining the pctential of damage to
underground tanks by earthquake was ccmpleted by Frank Neumanr, consultant to CFD.
These problems, unique in the field of seismclcogy, will require the collection of
many data. In the field of geolcgy this may require additional regicral geologic
studies and perhaps supplemented by geophysical seismic studies. The data should
be integrated with those from special instrumentation and precise level surveys.

TRANSURANIC ELEMENT AND FISSION PRCDUCT RECOVERY

Neptunium Recovery

Recovery of Neptunium in Purex

Data obtained by Sidall and Dukes(l) on the kinetics of the oxidaticn of neptunium(v)
to neptunium(VI) in the presence of nitrcus acid have been used to calculate nep-
tunium operating diagrams in the Purex HA column. These workers found that the rate
limiting step in the oxidation process is apprceximately fourth order in hydrogen ion,
zero order in nitrate and in nitrous acid (fer ritrous acid concentrations greater
than about 5 x 10-> g) and has a heat ¢f activaticn of about 12 kcal/mole. They
also showed that the controlling equilibrium car be represented by the equation

Npoo© + % HY + % NO3 v Npoptt . Lomwo, + 3 g0
— 5

(1) siddall, T. H., and Dukes, E. K., "Kinetics of Oxidasticn of Neptunium(V)
by Nitrous Acid in Aquecus Solutions of Nitric Acid,” a paper presented
at ACS Meeting, San Francisco, Califcrnia, April, 1958.

12600901



_—— ﬁE@&E}%tﬂ%B c-8 V-50099

and measured equilibrium constants of about 5 x 1074 at 25 C and 6 x 1074 at 50 C
for this reaction. Thus excess nitrous acid is unfaveratle since it leads to re-
duction of the extractable neptunium(VI) to the inextractable neptunium(V) according
to the above equation.

From these data, conditions most favorable for the recovery of neptunium in the HA
column are: high acid, high nitrate, elevated temperature, the minimum aqueous
phase nitrous acid concentration (e.g., ca. 5 x 10-5 g) necessary to catalyze the

oxidation reaction, and high retention time for the aqueous phase In the extraction
section.

Maintenance of appropriate aqueous phase concentrations of nitrous acid throughout
the extraction section is complicated by the fact that nitrous acid is efficiently
extracted by the organic phase. Thus, if nitrous acid is added to an appropriate
concentm tion to the aqueous phase at a given point ir the column it will have for
practical purposes “disappeared" from the aquecus phase in a short section of columm.
For example, calculations indicate that presence of about 3 x 10~3 M nitrous acid
in the aqueous feed (about the level normally preszent from radiolysis in the feed)
will result in only about one-third cf the extraction section being effective in
recovering neptunium but none the less can result irc recovery of abcut 95 per cent
of the neptunium. This presumably accounts for the successful recovery of neptun-
ium in the Purex plant during the December run period when the neptunium inventory
plateaued at & level corresponding to a loss of between five and six per cent to
the BAW. During this run period nitrous acid was added to 0.0l to 0.02 M in the
feed but probably reverted to the equilibrium level of about 0.003 M under radio-
lysis (and, in fact, was found to be about 0.003 M by chemical analysis).

Neptunium recovery in the HA column can be improved by adding between 10"+ M and
10-3 M HNO, to the organic feed (HAX). This introduses sufficient nitrous acid
into the aqueous phase at the bottom of the extractior. section so that the entire
extraction section is effective for recovering neptunium. However, under these
conditions a near "pinch" exists for neptunium at the feed point and close control
of flow ratios 1s necessary. Near-quantitative recovery of neptunium should be

possible in the HA column by this approach, howsver.

Results of miniature mixer-settler runs mede to test the feasibility of recovering
neptunium through addition of nitrous acid tc the HAX are shown in the accompanying
table. It should be noted that no attempt was made tc attain stzady-state opera-
tion in runs in which early samples showed substantial losses. Thus it is probable
that actual steady-state losses would be considerably greater than shown here except
in the two runs which yielded low losses.

1240902
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NEPTUNIUM RECOVERY IN HA MINI RUNS
(Synthetic Feeds)

Temperature, °C M HNO, in EAF M HNO, in HAX HAW Np Loss, %
25 Nil 0.001 25
25 Nil 0.01 8
25 | Nil 0.03 85
45 0.001 0.00046 0.25
45 0.001 ©0.0013 1
bs 0.001 0.011 15

Purification of Neptunium by Anion Exchange

Experimental work in behalf of development of an anion exchange flowsheet for
accomplishing purification of the Purex plart neptunium product has been concluded
and & summary report is in preparation.

The recommended flowsheet is essentially that which was used successfully by the
Process Chemistry Operation, CPD, for purificaticn of the neptunium recovered in
the Purex plant at the end of the December run period. It consists of the follow-
ing steps (with Dowex-1, X-4 50-100 mesh,resin).

1. Loading of neptunium(IV) at ambient temperature out of feed containing 6 M HNOs,
ferrous sulfamate, and hydrazine to an average lcading of ca. 25 g Np/1 resin
bed.

2. Washing at ambient temperature with 6 M HNO=: ccntaining ferrous sulfamate and
hydrazine to remove plutonium. Laboratory Fesults indicate plutonium decon-
tamination factors of about 2000 with 15 cclumn volumes and 6000 to 7000 with
20 column volumes of wash.

3. Washing at 60 C with 8 M HNO3, 0.01 M HF tc remove fission products and UX].
Laboratory data indicate & zIrconium-niobium deccntamination factor of
ca. 70,000 and a le decontamination factor of 500 to 1000 with 20 column
volumes of wash.

L, Elution at ambient temperature with 0.35 M HNC3. Elution in fractions is
advantageous since it enables the product tc te recovered at a concentration
of ca. 25 g Np/l. Recycle of perhaps the first five per cent of the eluted
neptunium would enable significant additional UX; decortamination to be
obtained, also.

1240603
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Work completed during the month demcnstrated the feasibility of substituting the
more convenient reagent, hydrazine, for the semicarbazide which had been used in
earlier work and confirmed that Step 2 is indeed necessary if substartial plutonium
decontamination must be obtained. Plutonium decortamination is poor in Step 3
while fission product decontamination is pcor in Step =.

Target Element Preparation

A casting procedure was developed for the preparation of neptunium-aluminum target
material. The procedure makes use of a five-inch 0.D., 1000 cm3 capacity, bottom-
pouring graphite crucible mounted atove a muliiple rcd, removatle bottem, graphite
mold of the same diameter. In use, thz crucitle and mcid ascembly is heated in-
ductively within an evacuated, inverted six-inch diameter quartz envelope. When the
meld temperature has reached 700 C (and the melt about 850 C), tke casting is made.
Excellent results were obtained using this technique witk stand-in aluminum - 10 w/o
uranium alloy and a six place mold designed for 0.72 inch diameter by 4.3 inch long
rods. With a five inch diameter mold at least *ten dcuble lergth rcds could be cast
in a single pour, the equivalent of 20 Savanra® River targe* elemert cores (about
600 cm3 or 1800 grams of alloy).

Target-Core Temperatures

Expected core temperatures for aluminum-nertunium targets ware calcuiated by

J. Muraoka of Reactor Engineering Develcrme=t Cpezraticr. For & typical Savannah
River core, 0.72-inch in diameter, 4.3-icch lomg. clad in 0.070-inch thick alum-
inum, containing 33 w/o0 neptunium and expcsed *¢ & flux of 7.5 x 1013 n/sec,cmz,
the expected core temperature is 75 C greatsr thar that of the cccling water. For
these calculations a maximum specific heat gzreration of 1.58 x 10H BTU, /hr,ft was
used. A water film coefficient of 2000 BTU/(hr )(£+2)(F), e cortazt coefficient of
1000 BTU/(hr)(£t2)(F), and the thermal corductivity of alumirur were assumed. This
calculation is alsc applicable to the NpQOp-Al cors if it is asszumed that the thermal
conductivity is that of aluminum. If, however. the thermal conductivity is only
five per cent of that of aluminum, the expectzsi 2rre temperature increases about
110 to 185 C greater than the cooling water tempera*ure. Work in behalf of this
program has been discontinued.

Fission Product Recovery

Multicurie Cell Investigations

Analytical results were obtained for the acid-gide zinc ferricyarnide cesium recovery
run which was made in November. Cesium recovery (80 per cert) is lower than desired
and can be attributed to a higher than expected cesiux concerntration. Cesium re-
covery could dcubtless be improved by the use of slightly more precipitant.

The most recent batch of 1WW was filtered, acidified tc & M HNO3 (as received acidity
was only 4.0 E), and passed through ar aricn exchange cclumn for neptunium and plu-
tonium recovery. An attempt tc pass the soluiion through the column without prior
filtration resulted in immediate plugging of the aniou exchange cclumn and indicates
that. feed clarificatior would “=z ~ejcired for th= Purex rla® IWW anicr w..-.

.
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Strontium Recovery

Cold and tracer level experiments were carried out to firm up the dual pH strontium
recovery process and to determine the effects of current high concentration of

iron (0.5 M) and sulfate (0.75 M). Strcntium loss to the iron precipitate was

60 per cent; however, this was reduced to 27 azd 15 per cent by dilution with an.
equal volume and two volumes of water, respectively. Lcsses in other steps were
nominal, about two per cent each in rare earth sulfate removal, the high pH
strontium precipitation, and the final nitric acid prcduct isclation steps. The
final strontium nitrate contained less +han 100 ppw barium and very little other
radiocactive contamination. Full-level expsriments will ke required tc establish
exact values.

Zirconium-NiobiumvRecovery

An informal document, HW-58970, "Compositicr of Solils frcm Purex 1WW,” by
H. H. Van Tuyl, was prepared and sets fcrth currently available information on
the zirconium~niobium bearing solid which exists in Purex 1WW soluticn.

A precipitate similar in appearance and behavior tc the eolid in Purex 1WW sclution
was observed to form in synthetic 1WW sclution. The sclid was found to consist
primarily of zirconium phosphate and barium sulfate. The centrifuged volume of
this precipitate (1L per cent) coupled wi*h analyses on the plant material, imply
that the precipitate in the plant 1WW is mcre voluminous thar previously thought
from visual observation and that plant samrples were prcrably non-representative.

Characteristics of Annular Anion Exchange Column

Experimental studies of the flow characteristics of the annular fixed-bed anicn
exchange cclumn were concluded. The latter studies inzluded the use of sodium
ion as & tracer to determine the channeling and "hold-back” characteristics of

the bed in both the presence and absence of sulfamate generated gas. Analysis

of the data collected is in progress. Preliminary ccnclusione indicate variations
in flow in the four quadrants of the cclumn by &z musil. &5 50 par cent at effluent-
to-feed concentration ratios of 0.20. No sigrificznt differerce in the quadrant
channeling was noted in the presence c¢r absercz of gas.

Fission Product Isolation and Packaging Proictype

The shop fabrication of the Fission Prcduct Iscistvion and Packaging Prototype is
approximately 7O per cent complete. Mos* of ths vessels requiring intervessel and
service piping have been installed on the bass frame located in the 321-A Building
and assembly and piping work have begun. The sle-tromechanical components are nct
yet completely fabricated.

The initial flowsheets developed t0 reccver cezium frem plant waste streams were
based upon the formation of cesium zinc ferrocyaride from a neutrallzed sclution.
Later studies showed that cesium could be reccvered sas cesium zinc ferricyanide
from an unneutralized solution. Therefcre, cal:iraticrn and hydrolysis experiments
were made to determine if any differences exist in the reaction rates of the ferro
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and ferricyanides. In these experiments, cesium zinc ferrccyanide and potassium
ferrocyanide were assumed to be characteristic of the ferrocyanide while potassium
ferricyanide was used as a stand-in for the ferricyanides. The following conclusions
were reached.

1. 1In calcination, the reaction rates of the ferro and ferricyanides are reasonably
similar. The ferricyanides are slightly more reactive.

2. In hydrolysis, the reaction rate of the ferricyanide is about twice that for
the ferrocyanide. :

3. No adverse processing rates are expected if ferricyanides are used in the
place of ferrocyanides.

ANALYTICAL AND INSTRUMENTAL CHEMISTRY

Electroanalysis with the Tungsten Oxide Electrode

An informal report entitled, "Electroanalytical Studies of the Tungsten Hemipentoxide
Electrode" has been issued as document HW-58406, giving the results of a limited
study of this subject. The tungsten hemipentoxide electrode has been reported to
have an unusually high oxygen overvcltage in acid, neutral and alkaline solutions.
Since there are a number of Redox systems now cutside the range cf pclarcgraphy

and coulometery because of the formation of oxyger at the electrcde, a high oxygen
overvoltage has great potential usefulness. A study cf ways tc prepare the electrode,
and of its polarographic and coulometeric behavior in varicus media, was made. The
best preparation method for the WoO: electrode seems to te heating tungsten in either
air or oxygen for 30 minutes at 485°C. A bronze cclored elsctrcde resulis.

Polarographic oxidations and reductions were tzsted in sulfuric acid solutions with
Fe(II), Pe(III), Cr(III), Cr(VI), Mn(II), Ma(VII), KIO,, KC1C3, KBr + Brp, KBrOs3,
NaI + Ip, KIOy, Ce(III), and Ce(IV). In addition, the Fe(II)y-Fe(III) system was
further studied in HC1l solutions and several coulcmetric cxijation and reduction
titrations were tried. The high oxygen overvclitage was confirmed, but the electrode
is generally not capable of performing cxidations. Mos™ electrode reactions are
more or less irreversible at the electrcde, and cxidaticn reactions are very slow.
The only exception is the Fe(II)-Fe(IIIl) system in EC1 which gives normal anodic
and cathodic polarographic curves. The Wp0g5 electrods appears ¢ have no advantages
over platinum in this system, and there is n¢ evidencs that it csn be applied
successfully to coulometry at high positive pctentials.

EQUIPMENT AND MATERIALS

Pump Development

A BAPO designed metering pump employing an Archimedes Screw has been built and
testing has begun. Basically, the rotating Archimedes screw dips into a constant
head reservoir and delivers an accurately measured liquid ircrement from the
reservoir and each rotation of the screw. Over a 10-fcld variaticn in rotation
speeds, delivery rates are very reproducible. Preliminary tests indicate that

} L
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screws can be designed to give excellent flow measurement and reproducibility
(reproduced within ¢ 0.5 per cent). To investigate its use for various flow ranges,
tubes of three different diameters have been tested with results as indicated
below:

Tube Size Flow Range
1/4-inch 0.D. Tube 0 to 126 ml/min
3/16-inch 0.D. Tube 0 to 5% ml/min
1/16-inch 0.D. Tube 0 %o 4.3 ml/min

Although models built to date have bsen designed for small flows this type metering
pump can be designed for larger service.

A small Pogo-stick pump (pneumatically actuated) has beer built and is being tested
for possible use in the Purex Icn Exchange Sysztem. Tke pump hLas been designed to
fit a 2-inch diameter hole 4-feet long and tc deliver 2 gal/min against a 25-foot
head. ,

Titanium Fabrication

Technical assistance was given to the Techrical Shops in the fabrication of a
titanium tube heat exchanger to be used in the Plut-nium Concertration System at
Purex.

234-5 Powder Lock and Feeder

A powder lock has been designed, built, ard "ccld" tesied for use in 23L4-5 Operationms.
The lock permits transfer of powder from one chamver to another but permits very
little gas leakage. Operation of the lock has Yeer trouble-free when tested using
lead oxide as a stand-in for plutonium cxide c¢x» plutsnium chieride. The "packing"
and "bridging" characteristics of lead cxide are czrsiderably worse than those for
the plutonium compounds. The test urit has teen given “c CPD for "hot" testing

with plutonium compounds.

Corrosion of Continuous Calciner Loop Headers

Samples taken from the loop header of one of the 224-U Building continuous calciners
were examined to determine the extent of cerrosicr since start-up ¢f the loop in
October, 1956. The header is exposed ic molten uranyl nitrate containing small
amounts of nitric acid and sulfate salts. Some general corrcsion of intergranular
nature was evident; no preferential attack has occurred. Based on normal wall
thickness for the pipe concerned, a corrcsion rate cf less than 0.5 mil/mo was
estimated.

PROCESS CONTROL DEVELOPMENT

Assistance to Chemical Processing Department on Prcceszs Control Instrumentation

n N
A linear polyethylene tube-type gamma-monitor cell is being tested on the Redox HCP
stream. The empty cell (background) reading was less than 1 per cent of full cell
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reading for about the first week of service. Subsequently, the background began
to rise slowly. This may be due tc softening of tine polyethylene by the residual
hexone in the HCP stream. The evaluation of tube type cells is continuing, with
plans for testing a Teflon cell on the HCP when the backgrourd of the polyethylene
cell becomes intolerable.

=2

Tests with the mock-up of the Redox 1AFS dual jet sampler are continuing. The first
(lower) stage jet delivers sample at the rate of 400 ml per minute, while the second
Jet delivers approximately 100 ml per minute of gas-free sample. The testing of
this mock-up is to be concluded with collection of data concerning the amount of
uranium that may be carried over ir the vapor discharge to the vessel vent system.

1C Column Studies

A system to monitor the average density ¢f the columrn contents in the extraction
cartridge has been desigred and tested. The system utilizes twc electrical pres-
sure transducers installed in the cclumn immediately abcve ard below the cartridge.
The two transducers are connected in such a way as to indizsate the solution den-
sity directly to $0.01 g/cc. The instrument currently has s range of 0.80 to

1.20 g/cc., and can easily be changed to other ranges. Pulser induced pressure
fluctuations from the lower transducer are filtered by & resistance-capacitance
type filter, anslogous tc an electrical RC filter.

Magnetic Flowmeter Tests

The Fischer-Porter magnetic flowmeter which was uced tc measure 100 per cent UNH
“low rates has been tested for pessible use on Purex type organic sclvents. In
tests with a simulated HAX stream no indicaticr of flow wes observed. It is re-
ported that oxygenated organic compounds such as acetcne car “e metered by this
technique. However, the present work demonstrates that TBP solutions of acidified
paraffin type hydrocarbens have electrical conductivities tco low to allow flow
measurement by this technique.

NON-PRODUCTION FUELS REPROCESSING

Mechanical Processing - 40 Ton Hydraulic Shear Stuilies

High speed movies have been made to determine shear blade speeds and shearing
characteristics in the 40-ton unit. These studies have indicated that the

T- 1/2-1nch shearing stroke is completed in 1/6 second. Peak blade velocities of
approximately 70~ inch/second are cbtained. To obtain this tlade movement, hydraulic
0il flow rates of as high as 400 gal/min. are rsquired.

Studies made with the shear equipped with a straight moving blade and a semicircular
stationary blade have indicated that the skear forces required are approximately 10
per cent greater than the force required when both stationsry and moving blades are
straight. Although slightly greater shear forces are required, the straight-
semicircular combination is considered the test yet tested since the tube bundles
are less disturbed (not fanned-out) during shearirg.
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Life testing has begun with the above-mentiored straight-semicircular blade combination
using blades fabricated from 420 stainless steel. With shearing conditions adjusted

to accelerate blade wear, minor blade wear was noted after approximately 2000 square
inches of steel (and stainless steel) had been cut. At that time the shearing force
required had increased approximately 10 per cent.

Feed Preparation

Sulfex Process. Recent sulfex process studies emplcoying UOp irradiated to ca.
460 MWD/T and cooled nine months gererally confirmed previously reported results
with somewhat "colder" material.

Exposure of this material to boiling 4 M HpS0) resulted in dissolution of the UOp
at a constant rate of 0.02 per cent per hour. A ferrcus sulfate dosimeter measure-
ment indicated a rate of energy ebsorption of ca. 1.2 x 1017 ev/(ml)(hr), about
five-fold higher than with the colder material used ir earlier work. The observed
accelerated dissolution rate as compared wiin urirradiated UCp indicates an apparent
G value for the process of ca. 76, based on ar eztims*ted surface area for the
irradiated UOo-

Further study of the inhibiting effect of dissclving stairiess steel in reducing the
rate of dissolution of the UOp showed that the accelerated UOp dissolution which
occurs after the stainiess steel is ccrsumed i: prchably due to reaction of Fe(III)
with the UOso. Fe(III) was identified and fclilsowed specirophotometrically in the
solution. No Fe(III) forms while & suffizisnt heel of solid stainless steel is
present. With no solid stainless steel present, Fe(IIT) formed at comparable rates
over the irradiated UO, as over unirradiated UCs, implying that the bulk of the Fe(II)
oxidation occurred through simpie chemical oxidaiion (e.g., by atmospheric oxygen)
and that the rate was not significantly accelseraied by radiation.

Experiments with cold UO» showed the rate cf dissoiuticn tc be fairly well
‘correlated by the simple expression,

Dissolution Rate of UOp (mg U/min,ca®) = 10 M Fe(III)

It is of interest to note that this iz the same rclaticnship found for the reaction
of metallic uranium with solutions of Fe(III) ir dilute sulfuric acid.

Some previously reported experiments have beexz rapested with uranium metal wafers
of more accurately known surface area. Thesg iniizate the rate of dissolutior by
boiling 4 M HpSO), to be ca. 0.02 mg/{min)(cn®) vice 0.05 mg/(min)(cm?) previously
reported and the rate of reductionr of urarium(VI) in sulfuric acid solution to be
4 x 107© moles/(hr)(em?) vice 1.1 x 10~° mecles/(hr)(cm2) previously reported.

Other experiments with cold uranium metal shcwed the rate of dissolution in boiling
4 M HpSO), to be unaffected by the presence of dissclving stainless steel, in marked
contrast to the behavior seen with UOo.

Darex. One hundred pounds of stainless steel clsd U0, rods were dissolved in the
Darex pilot plant unit by the metered addition of 3 M HC1, 4 M HNO3. The procedure
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used permitted an approximate determination cf the hea* of dissolution for stainless
steel. The measured value of 2700 Btu/lb° agrees fairly well with the 2300 Btu/1b.
figure calculated from Thermodynamic data.

Studies were made to determine the effect of s*ainlsess steel ccncentration on chloride
removal. Two sclutions of the widely different stainless steel concertrations shown
below were subjected to: concentration, continucus 60 per csr* nitric acid addi-
tion, continuous water addition, and dilution. Starting with a sclutior 1.2 "M"
stainless steel, 1.0 M UO 2.7 MCLl®, 5.1 M N03' and 2.3 M HY, firal chloride
concentration was 0.13 M (DF=21); startirg with a soluticc only 0.12 "M" stainless
steel, 2.0 M U02++, 2.3 MCl7, 3.1 M NO3' and 1.0 M HNO,, final chleride concen-
tration was < 0.0007 M (DF »3200), indicating a ligquid favoring chloride-stainless
steel complex. With both solutions, the firnal free acid concentration was 0.3 to

0.4 molar.

Low carbon Hastelloy F, welded but unannealed, has shown gocd resistance to Darex
solutions. After approximately 100 hours exposure tc a variety of Darex conditions
in the pilot plant dissolver, corrosion rates cf L mils/minth solution and 2 mils/
month vapor were measured. The corrosion was gereral with a slight amount of inter-
granular attack. No preferential weld metal attack was cbssrved.

Niflex. Installation of the Hastellcy P dissclver in 321 Building was completed
and experimental work started. The firs+ Niflex disscluticn of 30L4-L stainless
steel gave a terminal stainless steel ccncerntraticn of 12.7 grams/liter after
four hours' operation with a 1 M HNO3 - 1 M NE;FF, soluticn. Addition of more
nitric acid was necessary before any further disscluticn wouwld occur to approach
the normal laboratory saturaticn of some 22 gra.ms/liter° Equipment operation was
excellent.

Zirflex. Ammonia removal from the dissolver system in the Zirflex process has been
one of the major difficulties in approaching maximum dissclu*ior rates of Zircaloy.
The boil-up rate, air rate, and refluxing ccndensate temperature all affect the
rate removal of ammonia. Air sparging and water bcil-off have teaen effective with
cold condensate temperatures. By opersting with a kot (85 C) condensate reflux,

an air rate of 0.4 scfm/square foot of Zircaloy surface ard a calculated boil-up
rate of 11.7 pounds/(hour )(square foot) of Zireslov, dissoluticr of 1/16-inch
thick oxidized sheets of Zircaloy wes complete in 2.7 bours. This rate exceeded
those obtainable with cold condensate and apprcached the best values obtained '
under laboratory conditions.

Processing of Uranium-Molybdenum Alloy. The sclids fcrmed in the dissolution of
uranium-3.0 w/o0 molybdenum alloy by nitric acid contain ahbout 6 per cent of the
uranium. Metathesis of these so0lids with sodium hydroxide is readily accomplished
with small (< 0.1 per cent) loss of uranium to the supernatant liquid. The meta-
thesis residue is readily soluble in nitric acid. In typical runs the combination
of dissolver supernatant liguid and dissolved metathesis residue contained about
30 per cent of the molybdenum originally present iz the alloy. The solution at
0.2 to 0.3 M free nitric acid and ca. 1 M ir uranium can be made 0.2 M in sodium
dichromate and boiled (plutonium oxidation step) without precipitation of sclids.
When plutonium(IV) is present during the dissolving of uranium-molybdenum alloy

TNy
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in nitric acid, the sclids fcrmed cearry abmut 80 per cent cf the plutonium.
Metathesis of the solid with sodium hydroxide can be acccmplished with negligible
loss of plutonium to the metathesis superratant liquid.

Attempts to prevent solids formstion durirg nitric acid dissolution of uranium-
molybdenum alloy by the addition of Versene (EDTA) have nct been successful when
the terminal acidity was low (¢ 2 g), Dissolution rates are reduced in the
presence of Versene. Sucrose and glutamic acid appear to be mere effective than
Versene in preventing solids formation. However, low acid solutions completely
stable to boiling have not been prcduced with either. :

Further studies on the dissclution of uraniur-mclybderum alloy in nitric acid -
aluminum nitrate - ammonium fluoride were masde. As stated previously, if the
dissolution is made at bolling temperature a termirsl aczidity of about one mclar
can be achieved without appreciatle sclids fcrmetion if urarium concentration is
no greater than O.4 to 0.5 M, the F/Mo mcle ratic is from 15 to 3C and the Al/F
mole ratio is 0.5 or less. An Al/F mole ratic as high as one may ie used if the
dissolution is made at 80 C (other cozditicrz tke same) or wken the dissolution is
done at boiling if the terminal urarium corcertraticn is 0.25 or less.

In all dissclution so far made with nitric scid - fluoride - aluminum solutionsg,

a small amount (ca. 0.1 w/o of the initial allcy weight) of a brown sclid was pro-
duced. This s0lid has not beern characsterized bu*t has tzen shown spectrcscopically
to contain Al, B, Cu, Fe, Mg, Mo, Si, Sn, U, and Zr. Wter plutonium{IV) was present
in the solution during the disscluticn, atcouz C.2 per cent of the plutonium was
carried on the brown solid. The sclid is sclubls in kot 10 M HNO3-

Disengaging time studies simulatirg Redcx extraction conditicons were made comparing
the behavior of a standard Redox feed with feed sclulicrps prepared through nitric
acid - fluoride dissolution of uranium-mclybderum allcy. Nc serious departure from
standard Redox feed behavior was observed if the urarium-melybdenum feed prepara-
tion was done in Teflon or stainless steel equipmext. Stable emulsions were formed
with feeds prepared in glass equipment due, proatly, %o appreciable silica present.
Batch extracticrn and mini-mixer-settler stulies inficate that plubtorium car be
satisfactorily extracted from these feed solutions without a high temperature plu-
tonium oxidation step. Dichromate must te added, &s ro*.d in a previous report,

to prevent precipitation of what appears ¢ te a plutonium molybdate, but it is

not necessary tc heat the solutiors. As expecied. ircreasing Al/F mcle ratio and
acidity favor plutonium extraction. Avciiing ths high itemperature oxidation step
would materially reduce corrosion ir the Redox cxidizer.

Solvent Extraction

Semiworks Redox Processing of Non-Production Fuels Feeds. A report, HW-58832, "Trip
Report - Special Redox Runs at ORNL," by J. E. Mendsl and K. J. Schreider,

January 20, 1959, has been issued summarizing the currently available results of
the experimental work performed by ORNL in Octcber ard Nevember, 1958. ORNL has
also agreed to perform a limited number of additicnal "ccld" experiments. This
work is in progress snd will prcbably bYe ccmpleted in February.

W regpp
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Process Control Development

Combustible Gas Analyzer. The Davis combustible gas analyzer has been calibrated
for hydrogen-air mixtures ranging from O to 3.5 per cent hvdrcgen. This unit is
now being installed for use in the prctotype Niflex dissolver.

Transient Pressure Measurements. Initial tests to ccompare the transiezt pressures
produced when metallic sodium reacts with water or nitric scid have been carried
out. Maximum pressures measured in the vapor phase abcve the reactants were about
equal with nitric acid or water. However, the rise time of the pressure wave with
nitric acid was about one-tenth of the time cbserved with water.

Boron Monitor. Development has started on a contirnucus meniter for boron concen-
tration in the cold sclution addition line to & Redex dissclver. Plars call for
the development ani use of & neutron absorpticmeter for the detecticn of boron fram
0.1 to 2.0 grams per liter. A ccotrol circuit will bte surpiied to stopr further
solution addition if the borcen concentration falls belov a predetarmined level.
Successful developmernt &nd reliable demens*ration of this mornitor will permit
approximately doubling the Redcx capacity for disscluticn cf enriched materials.

Volumetric Calibration of a Process Vessel. A four line air purge dip tube system
will be evaluated for precise measuremert of liquid level in & vessel. Calculations
indicate that such & system will provide an accuracy cf 1 per cent or better. The
read out of the system may e either manual with a precisisz mancmeter or automatic
with a precision pressure transducer. A manual mancmeter read cut should be satis-
factory for the present applicaticn, and this methed will be used in the pilot plant
test.

Materials of Construction

A small vessel fabricated from ore-eight inch thick Has*elizy F (vacuum melted)
was exposed to failure in boiling 1 M HNC; -~ 2 M EF. Scluticn was changed twice

a week to avoid excessive accumulation of corrosicrn prcducts. Heat was supplied
from the outside by a Glas-ccl martle. Failure czcurrsd after 1100 hours of opera-
tion at which time a pin-hole developed thrcugk e weld in the bottom of the vessel.
General corrosion of the base metal in the vessel arpears to have been considerably
less than that observed ir short term tests with coupons under similar ccnditionms.
The vessel was fabricated from a piece of fecur-inch pipe made by tending and weld-
ing a sheet of metal. The pipe was soluticn annealed (ore hour at 2100 F - water
quenched) before the bottom was welded cn. The erntire vezsel was ther solution
annealed (2125 F - water quenched) befcre use. It is in<eresting to note that
severe preferential weld metal attack occurred cr the bottom weld but little if
any preferential attack occurred on the seam weld.

A program of preparing special welding rod alloys fcr welding Hastelloy F is under
way. The purpose is to find an alloy composition which will not suffer preferential
weld metal attack in the "as welded" condition. Two alloys similar to Hastelloy F,
bcth without niobium and one with nine instead of six per cent mclydenum have been
prepared. Weldments of vacuum melted Hastelloy F with these allcys as weld metal
are being corrosion tested under Niflex, Sulfex, and Zirflex ccnditions.

-
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This spectrum is not typical of the spectra of fused salis reported in the literature
which normally consist of opaque and transparent regions connected by steep transi-
tions. It is believed that the transmission peak noted above is actually due to
emission by uranium(III).

PRTR Fuels Processing

The great similarity of the proposed PRTR fuels and fuels which will be discharged
from other power and propulsion reactors results in much of the experimental work
already covered in this report under Non-Production Fuels Reprocessing being speci-
fically applicable also to the PRTR interim prccessing program. This is particu-
larly true on such work as mechanical processing, feed preparation, and materials
of construction.

Plutonium Oxalate Filter

During the month satisfactory operéting techniques have been developed for the
oxalate disk filter being tested for possible 234-5 application. Efficiency tests
have been conducted on 10 filter media and they indicate that 6 of the media test-
ed are considered sufficiently efficient (greater than 99.5 per cent of slurry
initially retained) to warrant additional testing. Filter media passing the
preliminary efficiency testing include:

l. An aluminum oxide disc.

2. A sintered stainless steel wire mesh.

3. Two Dynel cloths of different weaves.

4. A Dynel felt.

5. A Polyethylene cloth.

On the basis of these encouraging initial studies a feasibility document is being
prepared to assist 234-5 personnel in selecting the filter system to be used in
the "Hot Button" Prototype.

PRTR Effluents

The plans for a 200 foot stack in the PRTR design prompted a recommendation to
incorporate a stack sampler for particulates and gases in the exhaust air. A probe
was designed which will provide adequately for sampling during anticipated release
of contamination in the exhaust air.

Analytical and Instrumental Chemistry

X-Ray Photometry. Application of X-ray photometry to the non-destructive analysis
of PRIR fuel cores was demonstrated. Using a 1/16-inch x 1/2-inch aperture and
75 PKV X-rays, a relative precision of less than 0.2 per cent was found for 0.5~
inch diameter aluminum - 1.8 w/o plutonium rods.
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Application of this method to O.5-inch diameter rods of plutonium impregnated
graphite showed an absorption of 75 PKV X-ray equivalent to 5.93 mils of aluminum
for each milligram of plutonium per cubic centimeter. The maximum error was esti-
mated to be no greater than 0.3 mg Pu/cm3 or 0.5 per cent relative on a typical
piece containing 55 mg Pu/cm3.

Analytical Services. UOp, arc-fused between carbon and wolfram electrodes, was
analyzed for electrode contamination. Carbor was determined within + 50 ppm at
95 per cent confidence level by igniting in oxygen and absorbing evolved carbon
dioxide on ascarite. Sensitivity for wolfram was 10 ppm - not lower because of
dissolution uncertainties. Potassium hydroxide fusion demcnstrated absence of

wolfram metal.

BIOLOGY AND MEDICINE - 6000 PROGRAM

Radionuclides in Reactor Cooling Water

Surface area measurements by gas adsorption techniques showed & reduction in surface
area along the path of flow in the aluminum turnings used in studies of the removal
of radioisotopes from reactor effluent water. The amount removed by a segment of
the column was found to be an exponential function of the surface area of the
turnings in the segment. This information is supportirg evidence that greater
removal is possible by this system than has yet been observed in the laboratoery
tests.

Reactor effluent radicisotope ratio measurements of Zn69:2n69m and Zn65:Zr169m gave
values between 7 and 85 hours as the average residence time in the reactor tube of
the parent material from the time of entering until the activated products are
released. Other isotcpe ratics including Zr 5;Zr97, Sb122:Sb12u, Cel“1:0e1h3,

and HF175:8r180:6r181 are being measured to provide further information regarding
residence times of these various chemical elemernts ir the reactor. Such measure-
ments will aid in elucidating the processes respcnsible for radioiszotope formation
in reactor cooling water.

Geology and Hydrclogy

Silt and clay deposits, evidently correlatavle to the Palouse eolian deposits
beneath 200 West Area, were noted at depths cf abcut 100 feet In wells flarnking
the Cold Creek anticline. These materials furthlesr define the land surface exist-
ing prior to erosion and subsequent depcsiticr of tre fluviatile gravels and
Touchet sediments. An originally wide extent of the depcosit is suggested and
additionally that otler uneroded areas might 2+4ill exist. In 200 West Area this
stratum effectively disperses and decontamirates wastes discharged tc the ground
above it. .

Saturated samples of Touchet scil were subjected tc certrifugal forces of 50; 100,
150, and 200 gravities for periods of up to 2 hours. The specific retention data
obtained with these tests are in much better agreement when fitted to Terzaghi's
gravity drainage equation than were similar data obtained at higher cerntrifugal
forces. The results of two-hour centrifuge tests appear to be considerably
affected by evaporation, as indicated by marksd departure from the extrapolation
of results from shorter runs.
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Development of a suitable large-scale model for studying the movement of liquids
beneath a crib was continued. A major problem is the development of an instrument
for measuring moisture content at points acrcss the model. Tests of electrical
resistance probes showed some promise but a search fcr more satisfactory methods
will continue.

Soil Chemistry and Geochemistry

Laboratory tests were performed to study the removal ¢f strontium and rare earths
from acidic sodium fluoride solutions by phosphorite rock. The dissolved material

is incorporated in the fluorite (CaF2) that results from this reaction. The reaction
may have application for decontaminating acidic wastes. Final analytical data are
not available but the preliminary results are not encouraging. A similar test with
a8 column of gypsum also gave discouraging results.

Good removal of Cs137 from acidic sclution was gccomplished Tty the addition of sodium
tetraphenylboron and passage of the solution through & bed of struvite (MgNHE),POY ) or
of potassium metaphosphate (KPO;). This results ir the formation of ammonium or
potassium tetraphenylboron with cesium replacing the ammorium or potassium ion.

The reaction proceeds satisfactorily from pH 1 to 9 and in the presence of molar
concentrations of sodium, strontium, or aluminum. The resulting compounds float

and are insoluble in agueoug sclutions but can be dissolved in acetone.

A standard, homogeneous scil for laboratory scil chemistry work was prepared by
compositing and wet screening samples taken durirg the ccnstruction of five test
wells from depths ranging from 40 to 240 feet. Untreated carbonate, calcium-
saturated carbonate, carbonate-free, and calciur-saturated, carbonate=-free soils
were prepared by chemical treatment cof aliquots of the composited soil slurry.
These soils will permit study of the influence of carbonate minerals on the removal
of isotopes from waste solutions. Cation exchaenge capacities were measured for
each of the four types of prepared soil; the measured values ranged from 10.4 to
13.0 meq/lOOg. The lower values were determined for carborate-free scils, probably
resulting from partial destruction of exchange material during the prclonged acid
leaching required.

Ground Waste Investigations

Laboratory development work continued in an attempt i devise a technique for
performing soil column adsorption experiments under conditions of unsaturated flow.
To date no satisfactory method has been fcund.

Tests were made tc measure the influence of strontium ion concentration on radio-
strontium breakthrough curves. It was previously assumed that in the concentration
range used in these tests (less than 1.0 ppm) the effect of strontium concentration
variation would be negligible. Soil columns were run with soluticns containing
1,000 ppm Mg ion and 1 ppm, O.1 ppm and 0.002 ppm (tracer level) strontium. Break-
through was found at 5.4, 7.3, and 7.7 column vclumes, respectively. This degree
cf effect in the presence of 1,000 ppm Mg is mcre than can be explained by simple
mass action and suggests the presence of some specific scrption sites for Sr.

Sy
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Field Apparatus Development

A field test of the closed circuit TV camera was attempted; however, a break in the
cable sheath allowed water to enter the camera and instrument failure resulted.
The camera was repaired and waterproofed by using resin "potting" techniques.

A conductivity detection matrix was devised and assembled to follow the movement
of dense electrolyte solutions in sand box mcdels.

The seismic refraction equipment is being modifisd to improve stability in order
to cope with the extreme temperature variations encountered in field operations.

Particle Studies

Microscopic sizing techniques were used to chara:zterize the particle size of "cold"
uranium abrasive wheel cuttings which pass through two-stage glass wool filters.
The maximum particle size of the material ncot retainsd by the filters was 22
microns and 48 per cent by number was less than one micron. On a weight basis,
99.9 per cent of this material was greater *than ons micron and less than 22 microns
in diameter.

Analytical Development

X-Rgy -gamma. ray coincidence counting techniques weg% successfully used to standardize
solutions of K capture radioisctopes. crol and Zn®’ activities were determined to

an accuracy estimated to be within one to two per cent. These standards are essential
to proper evaluation of exposure measurements made for the Radiation Protection
Operation.

Assistance was given to IPD, Equipment Development Operation, in formulating the
tentative specifications for the development of a silver halide type ruture monitor.

e,

Mansger,
Chemicsl Research & Development
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BIOLOGY OPERATION

A. ORGANIZATION AND PERSONNEL

No significant changes occurred during the month.

B. TEGHNICAL ACTIVITIES

FISSIONABLE MATERIALS ~ 2000 PROGRAM
" BIOLOGICAL MONITORING

Atmospheric Contamination

Concentrations of I131 in thyroid glands of jack rabbits from the Prosser
barricade were twice and from other stations about equal to values of
one year ago. Values were as follow:

pc/g wet thyroid Trend

Collection Site Average Maxinmum factor
Prosser Barricade 2 x 10"3 L x 10-3 + 2
I, Miles SW of Redox 1 x 10-3 3 x 10™3 -2
Wahluke Slope 9 x 1074 2 x 1073 -

Fission products occurred in rabbits in the following amounts:

pc/g wet material Trend

Sample e Average Factor
Feces lx 10'1* -
Bone 5x 10"5 -
Liver lx 10"5 -2
Muscle 8 x 10~ -2

Columbia River Contamination

Contamination levels of beta emitters in river organisms collected within
and downstream from the Hanford Reservation were about twice those of one
year ago for fish and comparable to one year ago for waterfowl. Values
were as follow: :

nc/g wet wt. Trend
Sample Type Location Average Max imum Factor
Minnows (eﬁtire) Hanford 2 x 10:2 3 x 1073 -2
Whitefish flesh Ringold 9 x 10 1 x 1072 -
Diving duck flesh Hanford Reservation 3 x 10~3 5 x 1073
River duck flesh Hanford Reservation 1 x 10')“‘ 1 x 1073
UNCLASSIFIED
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Effect of Reactor Effluent on Aquatic Organisms

Monitoring of effluent from the 100-KE reactor continues not according to plan
because of mechanical c¢ifficulties with the pump which supplies the effluent
sample to our laboratory. The mortality of all lots held in dilute effluent (even
at the 2.5 per cent strength) continues greater than in the control.

BIOLOGY AND MEDICINE - 6000 PROGRAM
METABOLISM, TOXICITY, AND TRANSFER OF RADIOACTIVE MATERIALS

Strontium

The results from the 20C~day animals of tne retention experiment, and from the
146-day animals of the chronic study with weanling rats, agree well with earlier
data ard continue to follow established trends. The 200-day animals of the
chronic study have been sacrificed, but samples are waiting equilibrium prior to
radioactivity measurements. i

The gastrointestinal absorption of sr70 orally administered to mature swine
essentially ceased within 10 hours after administration, with less than

10 per cent having been absorbed. Blood levels approached 50 per cent of
maximum within an hour after aaministration.

The exponents of the pgwer functions for the rate of urinary excretion of
orally administered Sr O in swine four months and two and one-half years old
were found to be equal, although the percentage of retention by the four-month-
old swine was more than four times that of the mature swine.,

The third of a group of three miniature pigs intravenously injected with 24 Mc
of 5r79%70 died this month, 102 days after administration. It showed a
generalized infection, to be expected from its lack of granulocytes.

A second cropping has been completed on soil previously contaminated with

Sr?0 in both soluble and insoluble forms. The second cropping is essentially
no different from the first with the soluble forms of strontium (the nitrate
and chloride) absorbed approximately 10-fold more readily than insoluble forms
(Co3, s0,; EPOY, Fyp, €20}, and (0H)p). This difference persisted in the acidic
Cinebar soil and this same general difference was also observed with Ephrata
and Millville soils except that in these soils Sr003 and SrB(POh)Q were much
less available than were the other insocluble compounds. It is quite surprising
that a soil with the larée exchange capacity of Cinebar soil does not with time
show movement of the Sr’0 ion over to the soil complex. It appears that the
forces by wnich the soil particles bind the strontium must be relatively slight.
Otherwise the equilibrium of ions in solution should be in favor of movement of
the Sr90 from the low concentration insoluble Sr90 precipitates over to the
much greater exchange complex of the soil.

Todine

The C/D (ratio of radioiodine in the thyroid to the quantity fed daily) of
sheep increased slightly, a probable manifestation of cold weather. The only
exception was the group fed 1.5 uc/day which shows some evidence of thyroid
damage. (Due to electronic difficulties with the swine scintillation detector,
no positive statement can be made on the C/0's in swine.)

[ 2 l} D q 2 2 | UNCLASSIFIED
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Cesium

Bean plants cultured in nutrient solution containing from 0.05 to 30 meq.

K/1 were tested for tneir Csl37 content after 12 days' growth in tae test
solutions. Csl137 was rresent in all nutrient solutions auring the growth
perioa and potassium was adued as the nitrate with total nitrogen balanced

by adeition of 1d) 203, Tae mean concentration of cesium in leaf tissue varied
from 0.20 me/g in the rresence of 30 mec. potassium to 0.2€ in the presence

of C.05 meq. potassium. Tais cifference of 0.06 was not significant in the light
of the stancard errors (+ 0.C08). A somewhat greater cifference was_observed
in cesium content of stems with concentrations of 0.9 and 0.2 uc csl37/g dry
tissue, respectively, in the uignest and lowest potassium concentrations. In
both stems anc leaves the values between the extremes are intermediate and
consistent with the possibility of a very slight effect of potassium on
cesium concentration. At the lowest potassium concentration, tnere was
arproximately a 25 recuction in cry weight of leaves.

Plutoniun

Jixveriments were completed stuaying tihe therapeutic effect of intraperitoneally
acrinistered oTPA at dose levels ranging from C.005 to 1.5 m¥/kg. The lowest
cose level was effective in reducing liver deposition to arproximately 50k of
the controls but had no significant effect on the skeletal deposition. 4
dose of C.15 rli/kg recuced sweletal uerosition to less than 20% of controls,
anu liver derosition to less than 10> of the ccntrols. Higher dose levels
procuced only slizhtly increased taerapeutic effect. Repeated treatment with
a Gose of 1.5 riy/kg at 1, 5 am 21 hours following plutonium injection was
not surerior to a sinzle cdose at 1 hcur. A wose of 6.0 mh/kg aaninistered
intregastrically with calcium gluconate reauced skelctal deposition to 2Lg

of tne ccntrols anc liver deposition to 18 of the controls. This was
roushly eauivalent to the effect produced by 0.05 mii/kg acministered intra-
peri}oneally, suggesting that the absorption of JTPA may be of the order

of 15. ‘ .

Conclusions made on data obtained from miniature swine injected over two
years ago with Pu239-IV citrate or nitrate intravenously (IV), intra-
tracheally (IT) and intragastrically (IG) are as follow:

1. The percentages of the administered dose retained 15 to 18 months after
plutonium administration was 70 per cent for IV, 0.0l per cent for IT
and 0.0008 per cent for IG acministration. These percentages of the
administered cose retained following I3 and IT acministrztion rerresent
aoout a 20 to 30 per cent cecrease. (Tnis may be partially explained
by the comparatively low liver retention soon after aaministration by
the intravenous route corpared with the other two routes.)

2. The rate of urinary excretion of Pu23? following IV administration in

the perioa from one day to 600 cays can be described by a two-power
function, the break being observed odetween 10 ana 30 cays, as other
workers have founa.

1240923
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3. The amounts of Pu239 excreted in the feces and urine during the first
L0 cays following IV acministration were similar. After that time, the
amount in feces was less than that in urine,.

L. The urinary excretion rates following IT injection increased during the
first ten days and then paralelled that following IG administration.

5. Followiﬁg'IT administration almost all of the Pu?3? administered was
excreted via the feces.

Radioactive Particles

Gross examination of mice for pathology after exposure to Ru10602 and

Pu23902 aerosols is continuing. Lungs of mice killed 70 weeks after
exposure to Pu23902 retained two per cent of the Pu239 deposited.

Three sheep were exposed to 1131 vapor and three to Ag1131 aerosol. For
both materials the I3l content of the thyroid attained a maximum value
at 20 to 30 hours after exposure. The biological half-life was about five
days. Tests on M"insoluble" AgIi3l particles show them to be two per cent
soluble in water and 34 per cent soluble in Ringer's solution at 37 C.

Gastrointestinal Radiation Injury

Tn a new experiment, 50 rats are receiving 100 pc of Y9O/day, 50 are receiving
500 pc/day, and 50 are being exposed to the same external beta radiation dose
as the other two groups and will serve as controls for these studies. Tais
experiment is in the second week of an eight-week exposure period. Its
purpose is to determine the aging effects of repeated intestinal irradiation.
Longevity and pathologic damage are to be the principal criteria of effects.

Studies are continuing on the basic mechanisms involved in the actions of
the Diiase enzymes in the intestine. These include the effect of pH, time
and intrinsiec inhibitors. Normally the intestine is rich in DNase I which
is held in check by an inhibitor thought to be protein in nature. The
inhibition of activity decreases on being stored. The effect of radiation:
on this inhibitor is currently being studied. The results may be related
to the sensitivity of the gut to radiation.

Microbiological Studies

Yeast strains, which by virtue of their low catalase content are unusually
sensitive to radiation were not protected from X-ray damage by addition of
catalase to the suspending medium during irradiation. These results coupled
with those previously reported incdicate that raciation protection to the cell
derives from catalase witiin the membrane but not from catalase exterior to
the cell. Thus indirect damage as measured here does nct seem to originate

exterior to the cell.
Manager }

BIOLOGY OPERATION
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OPERATIONS RESEARCH AND SYNTHESIS OPERATION
MONTHLY REPORT

January, 1959

ORGANIZATION AND PERSONNEL

There were no changes in personnel during January.

OPERATIONS RESEARCH ACTIVITIES

Input Output Simulation Model

Work with Procedures and Computing personnel on the programming of computational
procedures and the processing of the first set of plant data was continued. In
addition, a series of lectures are being presented to interested plant personnel
on the use of this general method as a tool in the investigation of causal inter-
relationships.

Business Descriptions

Work continued on the effort to develtp a scientific description of a business.
In particular, efforts have been directed toward trying to separate those numbers
used in the control of a business which represent experimental fact from those
which are theoretical interpretations based on assumptions concerning the be-
havior of the enterprise.

OPERATIONS ANALYSIS STUDIES

NPR Spare Part Procurement

Work on & model for guiding the procurement of spare parts for the NPR was com-
pleted during the month and a report issued. Assistance in utilizing the method
presented will be provided as required.

CPD Control Study

A final report on this study was issued during Jenuary (HW-58749, 1-5-59).

Z Plant Information Study

Due to the availability of Automatic Production Recording equipment belonging
to the Research and Engineering Operation of CPD, effort during the month was .
directed toward the testing and implementation of previous anslytical develop-
ments using this equipment. A detailed test program involving one segment of
the Z plant production process is being prepared and incorporated into a pro-
posal for review by production personnnel. If this test is approved, it will
provide much valuable information concerning the practical problems involved
in implementing the control principles previously developed.

4
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FPD Process Control and Experimentation

Statistical consultation was provided in connection with an experiment to
locate the optimum combination of preheat and submerge times in the canning
cycle. Since several characteristics will be measured for the fuel elements
prepared during this experiment, analysis will require a definition of fuel
element quality as a whole unless the quality measurements under consider-
ation all reach their recpective optima at approximately the sswe combi-
nation of preheat and sutmerge times.,

Data from two experiments cOncerned primarily with the porosity of fuel
elements were analyzed. The first concerned the effect of the hydrogen
content of the salt bath, and the second the effect of the methcd of quench-
ing. Additional analysis of dimensional chsnges during the second test led
to unexpected results, and planz have been made for further substantiating
experimentation.

In connection with the acceptance sampling of uranium cores, evtensive analysis
relating reactivity of the cores to such variables as inpurity content, weight,
density, geometry, and rod positicn has been completed., Also sonic orientetion
resonance tester measurements on a shipment of dingot materiesl were analyzed

to obtain & statistical description of ingot differences and a comparison with
previcus shipments.

Evaluation of Fuel Element Ferformance

In connection with preparaticns for the Quality Certification Program, varisbles
measurements were performed on selected samples representing three dsys pro-
duction. The primary purpcse of this werk was to determine what sample sizes
would be required for each of the measurements under consideration. The sample
size requirements were computed from a process ccntrol standpoint; slince infor-
mation adequate from this standpoint would also be adequate from a quality
certification standpoint.

A report was issued on the development of & quality index which appropriately
combines the different measured charascteristics of a fuel element. The index
derived frcm &8 questionnnaire circulated to knowledgeatle individuals through-
out the plant was presented.

Analysis of Fuel Element Failure Data

In connecticn with the prediction of rupture rates for uniform ccrrosion
ruptures, attenticn is being given to the variation of the reactor variables
associated with a given fuel element around the nominsl or maximum value. In
view of the strong dependence of corrosion on these operating variables; the
extent of these deviations from the average or meximum becomes an important
consideration in predicting corrosion. A formula was derived expressing
corrosion rate as & function of maximum power taking into account this varia-
bility, and work in this area is continuing.

1260928
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Radiation Protection Precision and Accuracy Study

Work has started on the scoping phase of a study to evaluate the precision and
accuracy of current whole body exposure estimates. The goal at this stage

of the study is a detailed flow chart of the data generation mechanism used

to obtain exposure estimates with an indication of those areas where further
study of the precision and accuracy is needed. At the present time, emphasis
is being placed on ccttaining a better understanding of the many variables
associated with film processing.

STATISTICAL AND MATHEMATICAL ACTIVITIES WITHIN HLO

2000 Program - Separations

A statistical analysis of Zircaloy-2 high temperature rupture data was com-
pleted for the Fuels Development Operation. Correlation techniques were
utilized to investigate the dependence of rupture time on temperature and
transverse and longitudinal stress for annealed and cold-work material.

Discussions were held with Physical Metellurgy Operation concerning further
analysis of data from an experiment to investigete uranium hardness as a
function of irradiation time and certain anneeling verisbles. 'The original
analysis suggested that further experiments could profitably be done to fill
out the experimental design so that more sophisticated statistical techniques
could be used to investigate the functional dependencies. Data from these
additional experimental runs are now being analyzed.

At the request of a member of Chemical Engineering Development Operation, a
mathematical model for the kinematic behavior of isotopic geses in & Clusius-
Dickel Thermsl Diffusion Separation column was developed. The theory for
binary mixtures has long been well known, but that for ternary and higher
order mixtures is considerably more complex.

LOOO Program - Swelling Studies

Further discussions were held with Fuels Development Operaticn concerning
methods of estimamting the distribution of diameters and centers of gas buthles
in irradiated uranium. Utilization of the method based upon measuring the
rate by which gas escapes from a molten irradisted uranium sample and rises
through a known depth of unirradiated molten uranium depends upon the know-
ledge of the relationship between rising time and bubble radius. Current
efforts are directed toward solving a non-linear differential equation which
expresses the functional dependency of bubble rising velocity on the parame-
ters of the system.

6000 Program - Biology

A mathematical model has been deduced which gives promise of quite general
applicability to problems involving descriptiorn of organ or bone growth and of
uptake and retention of radioactive materials. Preliminary deductions from
the model yield, among other things, a modified form of the so-called "power
law" which is in widespread use among radicbiological scientists to
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mathematically dezcribe excretiorn rates and retention curves. The result
is that at least some theoretical support is now provided for the hitherto
strictly empirical "power law." Attempts sre currently being made to test
the model using the data from past experiments.

Further consultations were held with Radiocecclogy Operation concerning
statistical analysis of data from an uptake and retention experiment within
an aquatic community.

Further consultation was held with membters of the Experimental Animal Farm
Operation in connection with a proposed long term Sr-90 feeding experiment
with swine, which is to begin in the near future. Awong the objectives of
current discussions is the determination of optimum numbers of animals 1o
be placed at each dosage level of feeding.

Work continued on a life testing scheme for use in the statistical analysis
of data from miscellaneous fish tests. The prcpcsed scheme makes use of Cb-
served times of death which are available from daily pick-coff records wmain-
tained during the normal course of the tests.

6000 Program - Atmospheric Physics

Work continued on a formal report Jjcintly authored with the Atomospheric
Physics Operation discussing the derivation and utilization of statistical
techniques for analyzing data from next summer s Air Force-AEC diffusion and
depesition study-.

General

Discussions were held with personnel of the Analytical Laboratories Operation
concerning the estimation of the precision of radiochemical analyses based on
low-level counting statistics with appreciable background. Counting methods
using fixed total count random time schemes were suggested which lend themselves
t0 precise statistical analysis. The general area of resolving multl-channel
analyzer counts was also discussed and a method suggested which possibly could
be programmed as a digital computer routine to accomplish the allocstion plus
precision statements directly from a card punch of the multi-channel total count
as read out from the analyzer.

Assistance was given in developing the theory and mathemstical methods for a
new experimental method of determining the thermal conductivity of materials.
Upique to this method is the Stephan-Boltzman radiation of the sample into the
interior of a black boay.

A statisticel snalysis of spot sampling dsta from positive plutonium deposition
cases was performed for the Bioaseay Operation to determine the operstional
characteristics of a 24-hour deposition estimation procedure based on a spot
sample and accompanying void time information. The resuits of the aralysis
were sent to interested persons.
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STATISTICAL AND MATHEMATICAL ACTIVITIES FOR OTHER HAPO COMPONENTS

Fuels Preparation Department

Analytical investigations continued on the electrical circuit analogue model
of the eddy current testing method for fuel element defects. Further mathe-
matical analysis was also conducted on the theory of weve propagation in
elastic media.

Irradiation Processing Department

Data have been submitted by one of the vendors for the proposed high speed
scanning nuclear monitoring system in support of its conformance to reliability
specifications. These data have been analyzed in order to arrive at an estimate
of the over-all system reliability.

A multiple regression is being computed relating predicticn errors in connection
with resctor start-ups to nine independent variables.

Chemical Processing Department

Calculations were performed in connection with the preparation of the tolerance
statement necessary to demonstrate conformance to specifications for the final
product parts shipped during the fourth quarter of calendar year 1958.

Relations and Utilities Operation

Work continued on the statistical analysis of age and sex specific mortality
data from Richlaend during the ten year period ended December 31, 1957.

Further work is being done on the inventory and B-PID estlmates descr*bed in
HW-56536, "B-PID and Inventory Estimates with Minimum Variance.” The properties
of these estimates are being examined in more detail and the practical use of
the method is being examined by applying it to over-all HAPO pProduction data
from January, 1952 through December, 1958.

Consultation was given SS Measurements personnel with regard to the amcunt of
sampling necessary to obtain factor weight estimates having a given precision.

General

Assistance was provided salary administration personnel in devising a method
to evaluate the new nonexempt position evaluation system.

Co CD__Sq

Carl A. Bennett, Manager
OPERATIONS RESEARCH & SYNTHESIS

CAB: jbk
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PROGRAMMING OPERATION
JANUARY 1959

A, TISSIONABLE MATERIALS - 2000 PROGRAM

l. Nonproductlon Fuels Dissolving Process Study

The complex processing chemistry and engineering involved in the establish-
ment of a dissolution facility for the variety of nonproduction fuels
encouraged consideration of many alternate proposals and unconventional
techniques. As a result, a simplified, critically safe, total dissolution
facility was scoped aml submitted to appropriate Chemical Processing
Department and Chemical Research and Development Operation personnel.

This proposal involves the use of the circulating "spray-tray" type dis-
solution of integral (unsectioned), full length, fuel elements. Inter-
mediate solution hold-up vessels in the dissolving circuit are small
enough to assure critical safety for any of the anticipated low enrichment
fuels, This proposal affords major simplifications over conventional head
end processing involving mechanical chopping, leaching of cores, and sepa-
rate chip disposal by mechanical or chemical means.

2+ Uranium Value Study

Significant effort was devoted to consultation rendered to Irradiation
Processing Department personnel concerning analytical treatment of diffusion
plant economics basic to more elaborate studies of the interrelationship
between irradiation,separation and diffusion plant costs and process
variables.

B. REACTCR DEVELOPMENT - 4000 PROGRAM

l. Plutonium Recycle Program

PRTR Fuel Burnout Coggutations

The final report on the first part of the study of FRIR fuel burnout,
isotopic and fission product compositions was completed. ("Fission Yields,
Compositions, and Activities of PRTR Fuels - Part I" by J. G. Bradley,
1/14/59.) This report describes variations in core composition of Pu-Al
spike and natural UOp assemblies during irradiation at constant flux.

Data are presented in tabular and graphic form. Effects of burnup rates
and resultant compositions on scheduling and shielding are shown.

Characterization of Stainless Steel Cladding

Substantial progress was made in an economic analysis of stainless steel
cladding for two types of fuel elements. Two fuel types were considered,
tube and tube and seven-rod cluster, with uranium enriched to 0.85 wt %
U-235. In the tube-tube case 27 mk decrease in thermal utilization
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resulted, as compared to 21 mk for the cluster. The change in thermal
utilization when replacing 20 mil zirconium with 7 mil stainless steel

was calculated using the P3 methocd. The GPR code was then used to cal-
culate attainable exposure for plutonium recycle as well as gingle pass
operation, For purposes of an economic evaluation, computation runs were
made with 25 enrichment varying from 0.65 wt % to 2,00 wt %. A spectral
index of r = 0,065 was used in all cases. Neutron temperature for the tube-
tube element was calculated to be 560 C as compared to 4LOO C for the cluster.
Results of the economic analysis are not yet avallable,

Fuel Cycle Analysis

IBM 650 calculations which compare the reactivity worth of reactor occurring
plutonium with uranium-235 as & source of enrichment in uranium-238 were
essentially completed. The calculated exposures for all cases are derived
from one set of lattice constants (f, = 0.899, p, = 0.906 for a natural
uranium loading)L The effective reactor size was varied by the use of

three values of koo/e ; namely, 1,05, 1,15, and 1,30, The four plutonium
compositions used in the study are as listed below,

Weight %
1 2 3 L
Pu-239 100 752 52.95 31.35
Pu-240 0 19.5 30.12 33.59
Pu-241 0 4,92 14,28 2k .96
Pu-242 o) 0.38 2.65 10.10

Cases compared are those in which the weight of plutonium-239 plus
plutonium-241 is set equal to a given weight of uranium-235, and both
cases are then computed with the same value of koo/€ .

As an example, 1.5% U-235 and 98.5% U-238 in a reactor requiring & Eoo/e

of 1.05 yielded an exposure of ® 20,950 MWD/T (1.62 fission pairs per

initial fissile atom). This is directly compared to 1.18% Pu-239, 0.67%
Pu-240, 0.32% Pu-241 and 0.06% Pu-242 and 97.77% U-238 which yielded about
23,500 MWD/T (1.86 fission pairs per initial fissile atom) at & kg /€ of
1.05. In this case plutonium enriching yielded a greater reactivity life-
time than did U-235 enriching. However, this is not always the case. Unlike
U-235 enriching of U-238, the use of plutonium introduces the fertile material
Pu-240 which absorbs neutrons to produce fissionable Pu-24l. Pu-24l yields
more neutrons per absorption than either Pu-239 or U-235 and is a superior
source of enrichment. On the other hand Pu-241 also forms Pu-242 which is

& neutron parasite similar in behavior to U-236., As a consequence, & complex
interplay occurs which makes it difficult to state the relative value of
various plutonium compositions as enrichment materials. Generally speaking,
plutonium containing substantlial amounts of Pu-240 and Pu-241 is superior to
U-235 enrichment (from an attainable reactivity lifetime standpoint) for
reactors having good neutron economics (low values of E;o/e ). On the other
hand in reactors with poor neutron economy, where neutrons are not avallable
for “banking" in Pu-239-Pu-240 to form Pu-24l, U-235 enrichment yields a
longer reactivity lifetime.

WALEEL:
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A more complete analysis appropriate to long range planning must include
analysis of the U-235 and U-236 mixtures which will inevitably result with
prolonged recovery and reuse of U-235 from thermal reactors. This effect
has not been incorporated into studies performed to date.

Phoenix (Long Burning) Plutonium Fuel Studies

The Litton computer was employed for evaluating Pu-240 self-shielding and
spectrum shift effects in plutonium-only fuel irradiations. With the
lattice conditions used, the fuel compositions studied lost both reactivity
and specific power generation more rapidly than the fixed-cross-section,
fixed-spectrum cases run earlier on the IBM-£50 computer. "Phoenix" or
long-burning behavior is evidently assoclated with a different initial
fuel composition in this type of cyecle, Indications are that higher
initial 240 content and lower fuel density are the main requirements. The
results are also sensitive to the poorly-known Pu-242 crdéss-section, which
alsc should be self-shielded to some extent. The Litton calculations will
be continued for two or three weeks while FORTRAN programs are being
written for the IBM-T709 computer.

RBU Computer Code Development

Debugging of all major sections of the RBU computer code was completed.
Linking sections, input-output routines, and the cross-section library
have yet to be finished and this work will require considerable attention
from Hanford personnel. American-Standard is somewhat behind schedule, but
it appears the code will be usable for some types of problems within two
months,

Methods for Measurement of Effective Cross-Sections

Study was devoted to possible experimental techniques for the direct
measurement of absolute effective cross-sections. Most of the few methods
used in the past are expensive in terms of time and effort, but some new
techniques which rely on interpretation via the RBU or similar computing
codes are being given further study.

PRTR Physics

Scope modifications of the shim rod design were studied at some length.

The combined requirements of 2.2 lb. maximum weight, T7O-75 mk total strength
for the system, and a one year burnout life appear to restrict the poison
material in the floating rod design to cobalt or a high-cobalt alloy.
Alternatives using self-shielded high-cross-section materials exist but

have not been considered because of thelr greater cost and complexity &s
compared to cobalt. The poison material in the screw-type rod design is
less restricted because of the absence of limitation to 2 1b. maximum
weight,
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C.

6000 PROGRAM

Radiological Consultation

Consultation was provided on the evaluation of total body dose from mixtures of
isotopes, selected aspects of recent recommendations of the ICRP, maximum
permissible level for thorium, Columbia River emergency plans, and on potential
methods for partially decontaminating present reactor effluent water. In con-
junction with others, a report was prepared which elucidates the present level
of knowledge on the release of fission products from heated, irradiated uranium.

D. OTHER ACTIVITIES
lectures were given to members of the current AFSWP class. Arrangements for the
next Science Colloguium, which features Dr, Hadley Cantril speaking on "The
Nature of Perception" were finalized. The colloquium will be held on March 5.
Manager, Programming
LH McEwen:d1
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RADIATION PROTECTION OPERATION
MONTHLY REPORT - JANUARY 1959

A. ORGANIZATION AND PERSONNEL

G. L. Andersen was reactivated from military leave on January 12, 1959. Luese W.
Powers was removed from the payroll on Jamuary 29, 1959. Shirilee H. Payne was
placed on leave of absence effective January 30, 1959.

B. ACTIVITIES

No pew cases of plutonium deposition were detected. The total number of plutonium
deposition cases is 226.

Two Hanford employees who visited Oak Ridge reported that biocassay samples were
collected from them at that site. Informal reports to them before returning to
Hanford indicated that a positive indication of Sr90 deposition had been detected

in the biocassay samples obtained at Oak Ridge. Subsequent sampling at Hanford con-
firmed a minor intake of Sr%°. The total amount of initial deposition was estimated
to be approximately 0.0k pc (about 5 per cent of the maximum permissible body burden).

Difficulty with the burial of ruthenium-contaminated equipment from the Redox plant
resulted in wide-spread particulate contamination down wind from the burial site both
inside and outside of the 200-W Area. A number of private and government vehicles

and equipment were contaminated. By month end the particle frequency had greatly
diminished due to decontamination efforts and weather. The particulate deposition
extended to a distance of several miles southeast of the 200-W Ares. At the periphery
of the affected area the particle frequency was about 30 particles per thousand square
feet. Checks of six involved emplcyees on prototype equipment in the Shielded Person-
nel Monitoring Station (SPMS) indicated no significant deposition of Rul06, Tne
residence of one employee was surveyed as a result of the spread of particulate con-
tamination. No significant contamination was detected.

An attempt to meke an aerial survey of and around the 200-W Area on the day following
the burial difficulties was not successful. Further studies of aerial survey tech-
niques are in progress.

The SPMS was accepted from the contractor for occupancy. Most of the equipment
required for the facility is on site and under current test. Modification of an

X-ray stand to permit positioning of the crystal detectors was completed. Several
employees attended the RCL school on operation of the 256-channel analyzer for
this facility.

One localized exposure above permissible limits occurred to a CPD employee as a
result of glove contamination. The maximum estimated dose was 15.6 rads including
0.6 r.

The analysis of the exposure of employees to whole-body penetrating gamms radiation
was campleted for 1958. A comparison of the 1958 experience with previous years is

contained in the following table: e e e s e e
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1956% 1957 1958 ty Suffix 1958

_ 4000 5000 6000 7000 8000 9000 Const. Total

gL, pepetrating 095 T 3 647 219 T3 1 T 23 973

oer, 22l 238 0 319 67 23 0 1 0 410
3r, 11 23 0 1 3 0 0 0 0 Taex

b, 5 0 0 0 0 0 0 0 0 0

5t ) 0 0 0 0 0 Q0 0 0 0

* For 1956 on;x, all of 17 kev X-ray component is included.
#% Maximum: .19 rads including 3.21 roentgens.

To
An explosion in the hood of the cut-off box in "B” Cell, §§7 Building, caused skin
and hair contamination up to one rad/hr on three employees. Prompt decontamination
limited the maximum external exposure to 250 mrads. A check of the involved employees
in the SPMS indicated less than 0.1 pc of gamma emitters was deposited in the employees.

The release of I132 to the atmosphere continued to fall well within working limits.
The average emission rate was 3.5 curies per week. The fallout of nuclear debris
occurred throughout the pacific nerthwest generally from January 20 through January 2.
Gemma analysis of air samples showed an isotcpic distribution equivalent to about 100~
day old material which could correspond to the Nevads tests in late October 1958 and
reported Russiam tests during the first week of November 1958.

Several members of the RPO staff participsted in & detailsd training exercise involv-
ing the use of an X-ray spectrometer for the evaluation of film following its expo-
sure to doses 1ln excess of 50 r. Purchase of a simplified model of an X-ray spectrom-
eter was authorized for the evaluation of film exposad *0o disaster level gamma doses.

The new ionization type finger ring which is based on a miniaturization concept,
permitting direct application of the pulse reader tachnique, was tested in a proto-
type form and was found to be very sensitive. A sample ring was comnstructed of
plexiglass tubing with a hollow, circular cavity containing two circular electrodes.
Its design results in a emooth, comforisble device that gives promise in avoiding
the discomfort features of existent film type dosimeter rings.

Preliminary guides were prepared for activating the Columbia River emergency contam-
ination plan which is part of the AEC-HOO procedure for emergencies.

Consultation was provided to legal and Financial personnel 6n suggested modifica-
tions to contracts involving the need for special considerations required by vendors
in the handling of materials furnished by the Company.

Authorization for installation of a refrigeration system for the Van de Graaff electron
accelerator was approved. This equipment will cost $3,000 and will eliminate the need
for week end overtime.

C. EMPLOYEE RELATIONS

Material was gathered for Union Relations personnel for the Wonacott Case.

There were two medical treatment injuries for a frequency of 0.90. No security vio-

lations occurred during the month.

[728nann
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One suggestion was submitted by RPO personnel. One evaluation was completed.
Three suggestions are pending in RPO for evaluation. No awards were made.

The RCL school on operation of the 256-channel analyzer was attended during the
month by R. M. Bernard, G. D. Brocwn, and R. H. Wilson.

A twenty-four hour course sponsored by IBM was attended by W. V. Baumgartiner,

D. SIGNIFICANT REPORTS

HW-59093 Waste Disposal Monitoring Activities Sunnnufy, January 1959, by
K. F. Baldridge.

HW-59092 Regional Monitoring Activities, Jamuary 1959,by B. V. Andersen.

Undoc. Inventory of Radiocactive Wastes to Active Disposal Sites, November 1958,
by K. F. Baldridge.

HW-58312 Columbia River Flow-Time Calculations by J. K. Soldat

HW-59076 Monthly Report - January 1959, Radiation Monitoring Operation, by
A. J. Stevens.

LEli opir e,
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REGIONAL MONITORING - RESULTS (December 22, 1958 - January 25, 1959)

‘ Activity Monthly Trend**
Sample Type and Locatiion Type Average Units* Factor
Drinking Water
100-F Area Isotopic 2.7 % MPCg --
Separations Areas Total Beta 6.0 x 10f6 uc/ce --
Pasco Isotopic 0.4 % MPCor --
Kennewick Isotopic o.L % MPCg1 -
Richland Total Beta < 3.0 x 1075 uc/ce --
Columbia River Water
Above 100-B Area Total Beta 4.3 x 1070 ue/ce --
100-F Area Isotopic 7.7 % MPCgI --
Hanford Ferry Total Beta 9.k x 10-5 uc/ce -
Pasco Isotopic 3.2 % MPCg1 -
McNary Dam Total Beta 3.9 x 10'6 uc/cc --
Vancouver, Weshington Total Beta 1.3x1096 ue/ce +3

Waste Water

Outlying Test Wells Total Beta 1.3 x 10-9(Max) pc/ce --
Reactor Effluent Retention

Basins to River ' Total Beta 22,000 curies/day --
Atmosphere
Gross Dose Rate -

Project (amma, 0.6 mr /day -

Environs Gamma 0.6 nr /day -
I-131 Separations Areas 1-131 3.b x 10-13 ue/ce -
I-131 Separations Stacks I-131 3.7 curies/week  --
Active Particles - Project - 15 ptle/100 m3  +3
Active Particles - Environs -- 24 ptle/100 m3 43
Vegetation
Separations I-131 6.4 x 108 ue/gm --
Residential I-131 < 1.5 x 1076 uc/an --
Eastern Washington and _

Oregon 1-131 <1.5 x 10-6 ue/gm --
Fission Products less

I-131 - Wash. and Ore, Beta 3.4 x lO"LL uc/gm --

# The ¢ MPCqyy 1is the percenﬁ of the maximum permissible limit for continuous
occupational exposure to the gastrointestinal tract calculated from drinking
wvater limits.

#% The trend factor shows the n-fold increase (+) or decrease (-) from last month,
where values of n less than 2 will not be noted.

26004 | UNCLASSIFIED
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EXPOSURE EVALUATION AND RECORDS

Exposure Incidents Above Permissible Limits

Whole Body Locmlized
January 0 1
1959 to Date 0 1
Gamma Pencils
Pencils Paired Readings Paired Readings Lost
Processed 100-280 mr Over 280 mr Readings
January 32,208 55 L 1
1959 to Date 32,208 55 . b 1
Beta-Gamma Film Badges
Badges Readings Readings Readings Lost Average Dose
Processed 100-300 mrads 300-500 mrads Over 500 mrade Readings Per Film Packet
mrad(ow) mr(s)
January 10,7k2 896 85 Y 23 2.75 18.37
1959 to
Date 10,742 896 85 0 53 2.75 18.37

Neutron Film Badges
Film Readings Readings Readings lost
Processed 50-100 mrem 100-300 mrem Over 300 mrem Readings

Slow Neutron

January 1,453 0 0 0 8
1959 to Date 1,453 0 0 . 0] 8

Fast Neutron

January 55 0 0 o] 9
1959 to Date 55 0 0 0 9
Bioassay January 1959 to Dmte
Plutonium: Samples Assayed 8 847 847
Results above 2.2 x 10™° uc/sample 2l 2k
Fission Products: Samples Assayed T4 T4
Results above 3.1 x 1072 uc FP/sample 3 3
Uranium: Samples Assayed . 320 320
Confirmed Plutonium Deposition Cases 0 o *

#Bringing all-time HAPO total to 226. This total includes all deposition cases
which have occurred at Hanford amd all deposition cases which occurred to present
Hanford employees prior to employment at Hanford.
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Uranium Analyses Following Exposure Following Period of No Exposure
Units of 10°7 uc U/cc Unite of 1079 pc U/cc
Number Number
Sample Description Maximum Average Samples Maximum Average Samples
Fuels Preparation 12 3.3 45 16 3.2 39
Hanford Laboratories 17 2.5 22 25 3.1 21
Chemical Processing 29 4.5 104 30 3.7 45
Chemical Processing* 24 10 7 27 L.5 9
Special Incidents - O 0 0 0 0 0
Random 4.3 1.3 32 o] 0 o

*Samples teken prior to and after a specific job during work week.

Thyroid Checks Janusary 1959 to Date
Checks Taken 0 0
Checks Indicating 0.0l uc 0 0
Hand Checks
Checks Taken - Alpha ' 28,513 28,513

- Beta-Gamma 18,656 18,656

Skin Ccntamination

Plutonium 29 19
Uranium 3 3
Fission Producte 58 58
CALIBRATIONS
: Number of Units Calibrated
Portable Instrumente January 1959 to Date
CP Meter 954 - 95k
Juno 310 310
GM ‘ 1,357 : 1,357
Other 186 186
Total -2,557 2;567
Personnel Meters
Badge Film 558 558
Pencils . ——- ——
Other 82 82
Total %ET) %&6
Miscellaneous Special Services 196 196
Total Number of Calibrations 2‘2h§ 2=2h2

ol ne_

-

Radiation Protection

l24049LY
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LABORATORY AUXILIARTES OPERATION
MONTHLY REPORT - JANUARY, 1959

GENERAL

Safety performance of the operation was considered satisfactory. There were
no major injuries; the minor injury frequency rate was 1.80, which is con-
siderably below average experience.

The absenteeism rate was 2.77 per cent, which is below average experience.

There were no security violations charged to the Operation.

TECHNICAL SHOPS OPERATION

Total productive time for the month was lh,378 hours. The total shop work
backlog is 18,253 hours of which 50% is required in the current month, with
the remainder distributed over a three month period. Overtime worked during
the month was 7.2% (1270 hours) of the total available hours.

Distribution of time was as follows: Man Hours % of Total
Fuels Preparation Department 1913 13.3
Irradiation Processing Department 876 6.1
Chemical Processing Department 720 5.0
Hanford Laboratories Operation 10743 T4.8
Construction Engineering Operation 6
Miscellaneous 120 .8

The number of requests from customers for emergency shop service increased
sharply necessitating a higher than normal overtime level. Other project shops
were utilized to capacity in providing assistance to the Technical Shops. Work
continued on setting up assistance type contracts with off-site shops, and the
final drafts should be completed so that negotiations can be conducted in
February.

The Knight No. 60 jig boring machine was received and placed in operation.
Specifications for a small planer were compiled and a request for bids was
issued by the Purchasing Operation.

RADIOGRAPHIC TESTING OPERATION

Activity for the Radiographic Testing Operation was normal for this month.

A total of 5,724 tests were made, of which 1,357 were radiographic (including
x-ray and gamma-ray) and 4,367 were supplementary tests. In man hours, out of
a total of 914, 475 (52%) were employed in connection with radiographic tests,
and 439 (484) were employed on supplementary tests. The supplementary test
work included dimensional measurements (micrometric), eddy current, leak de-
tection, penetrant, and ultrasonic (thickness measurements and flaw detection)
tests.

UNCLASSIFIED
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Continuing the trend of last month, a large number cf pieces were handied +h:e
menth, cutting dewn scmewhat on the number of tests made. A total of 2 L2
i*ems were handled. The feet of material represented by this Zotal amcuntie
to 13,240 feet. Work was done for 21 different crganizational compcnents,
reprecsenting all of the operating departments and service crganizavtions. A
total of 25 reports were Issued detalling test findings witk concliuaicns ard
recommended acticn. Radiographic Testing Operation was conszulied on 30
different cccasions for advize and infcrmation regarding general —estiing
thecry and applicaticne focr cther than the jobs tabuiated in Part II.

The suzcessful applicaticn of a portable leak detection unit for heliw
is being continued in *he reactor areas. The survev: being made have
extended to the reazters prcper. Testing of the rsar iaze c¢f the rsa:
100-B, 120-KW, ard 100-H hac been started. The first wcrk ka: been cona
cn the rellcws and nurercus ieaks were found. This work ha: teen reguest
all reaztor areas.

The majcr components cf the ultrasoni: test unis for examinavicy ¢f lorng ﬁ;bular
prodizte has been ircstalied ard opera%ed. A sericus sotebalk waT ensoun<e

with the diszcvery that +the elec*troni:c flaw tesg- % ¥owaz zeri
in shipment. Provisicn it being made for imrediat

ultrasonic thiczkress measurement instrazent nave teen made and were
Tubular wall meas.rements were made cn a +8-fcoT zirzcniuvnm wibe
ments were rezordeld zonwintouzly for thne en*ire lerngTti ¢ the Tuks:.
obtained will be Invaiuable in es*tablishing fanri:iatior variarles.

Correlaricn *tezts of eddy urren® and.raﬁ*cg“avhzf inzpesticn Crn stainiess
steel _cngitudinally welled +ibing wase evaliated at —wo vendor:' plants Fre-
1iminagry results cn 1" OD x 0.109" thick wall tubing iadi-ated +that “hs eddw

urrent tester in use lacked suffizient sensitivi®y to test +¢ cur spe:ifi-
cation. A% the second plant (werking cn /2" CD x 0.049" zhisk wall tubing!
details ¢f a s*tandard were established and fatrication started. N¢ tes*s were

made. With +the smaller size tube mcre auzzessful resulwts may be obiaine
The use cf the 221-B pipe gallery as a pizkling acd auiczlaving favili<y for
zirccnivm wibes has been dicapprcved. Alternate _o:ations have been investi-
guted and werk is proteeding toward u<ilizing the old autcmctive mainteranse-
heavy equipment shop at Waniwe Biuffz.
Testing Statlstlics
-No.of F%. of Weld No., cof

Ccmponer.t Teste or Material ©Pieces De<cripticn

CPD 126 102 61 5" S:h. 10 §S pire, concentrator

beciler, TX 109 tiabe bundie ccil
welds, redeox oxidizer, ele:. aux.
offgas heater.

CEO 1 1 b 58 weld zcupcen.
FPD £ 20 7 Thermcocuple fue: element, Zx. ¢lad

25094 b | 8
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No. of ®t. of Weld No. of
Component Tests or Material Pieces Description
HLO 3550 9356 1856 1" 0,D. x .078" wall ti tube; 1.3%

IPD 1582 3ThT
R&UO 450 1k
TOTALS 5724 13240

FACILITIES ENGINEERING OPERATION

Pro jects

Pu-Al cast billets; 8" long swaged
Zr.-U02 fuel rods, 8" x 1.4Lo" 0.D.
ash can element; extrusion dies
1.475" 0.D. x .O4E" wall, 1" 0.D.
x .078" wall, .680" I.D. x .035"
wall, 2.4" 0.D. x .170" wall, 3"
0.D. zircaloy tubing; 1-1/2" sch.
80; 14.3% Pu-Al cast cores and
rolled fuel plates.

1552 Grooved Al tube, NPR loop high
pressure piping; helium leak test
systems in 105-KE, 105-KW, 105-H,
105-F, 105-B, and a high pressure
heating element.

5 Fork 1lift arm, vacuum tank circuit
breskers.

3482

There were 12 authorized projects at month end with total authorized funds of
$7,024,078. The total estimated cost of these projects is $7,690,078. Two
projects were completed during the month. Two new projects are awaiting AEC
approvel. Project proposals for thirteen new projects are in preparation.

The attached monthly project report

gggineer;gg Services

Title

Modification of Elevator, 327 Bldg.

Reroofing of 1U6-FR and 222-U Bldgs.

Traveling Crane Improvements
314 Bldg.

Noise Attenuation - 3760 Building

1240947

covers the status of individual projects.

Status
Work is complete.

Inclement weather is delaying the pro-
gress of this Job. Estimated completion
is April, 1959.

Installation work is proceeding.

Q-duct was installed and a reduction of

5 to 6 decibels was noted. This appli-

cation will be used in other duectwork of the
building.

UNCLASSIFIED
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Title

Additions to Room 123 1L6-FR Bldg.
Vacuum Pump Problem - 325 Bldg.
Provide Additional Hoods,Room T7-2A,
325 Building

Decontamintation of the Interior of
314 Building

Renovate Room 30-C - 325 Building

Alterations to LO' x 80' Army Mess
Hall Building (Atmospheric Physics)

306 Building Water Filter

Saw-Dust Storage Siloc - Biology
Operation

Design & Install Fire Alarm
System - 314 Building

Air Balance =~ 108-F Building
Auxiliary L.P. Propane Gas Supply -
325 Building

Building Modifications 1L6-FR
Building

Lighting Study, Bindery Room,
3760 Building

Design and Drafting;Service

Title

Cesium Recovery

1260043

H-k EW-59099

Status
Work is complete.

Recent tests have indicated 50% savings
in 0il consumption.

Installation work underway.
Work order has been issued for this Jjob.

New equipment is being procured for
installation.

Finish work remains including connection
to septic system and chlorination of
sanitary water system.

Filter unit rework by vendor has not
been received for installation.

Work included a concrete pad, erection
of metal silo, and interconnecting
passage. Work is essentially complete.

Design work started for installation
of a fire detector system in 314 Bldg.
Work will include interconnection with
ventilation system and add a civil
defense alarm.

An engineering study is being made of
108-F ventilation system.

Tank and valves are on plant. Plant
Forces to perform installation work.

Work is underway to convert storage
space into office rooms.

Light levels have been checked and
found to be inadequate. Corrective
measures are being investigated.

Status

This Job is essentially complete. A
minor amount of work is expected +o
continue for changes and correction
of deficiencies.

UNCLASSIFIED
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Title

Draw Bench Chain Support

Equilibrium Chamber

Thermal Analysis Furnace

Creep Capsule

Wide Angle Viewer - PRTR Examina-
tion Cell

Wet Storage Transfer Mechanism,

CA-T749

Wet Storage Basin Manipulators
and Vacuum Cleaner

Scope Drawing on Proposed Full
Scale Test Reactor

Full Size Layout PRTR Thermo Shield

H-5 HW-59099

Status

Test results are available and com-
pletion of work is estimated at 90%.

A device to measure thermal conductivity
of dense ceramics. Scope design 100%
complete. Detail work remains.

A vertical resistance furnace for deter-
mining the thermal properties of U0p.
Scope design 100% complete. Detail
work started.

Measurement of Zirconium. A capsule

to monitor stress, elongation, and
temperature while being irradiated.

20% complete.

Work 90% complete. Rework of various
elements was required during the month.
Work 100% complete.

Work started.

Work is complete.

Work is complete.

In addition to the above about 15 miscellanecus Job items are being worked

on in the Drafting Operation.

Maintenance and Building Engineering - Landlord Functions

Costs - December - $128,790
November - $101,665

FYTD Total:

$565,830. U454 of Budget.

The predicted expenditure forecast cost cver the same period was estimated

to be Lk.2%.

Planned Maintenance

Painting, Roofing, Heating, Ventilating,

relamping, and miscellaneous items

Forecast expenditure to date $70,100.
Actual expenditure is 99.7% of forecast.

1260949

Six Month
December Summary
$19,216 $69,862
UNCLASSIFIED
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At the end of the first six months, we have spent 0.8% more than we forecast.
The overexpenditure has been for steam which has exceeded our forecast by
$5000 per month for the last two months. The unusual maintenance expenditures
and other costs are very close to predicted costs.

TECHNICAL INFORMATION OPERATION

Some progress was made in the matter of obtaining a policy concerning parti-
cipation by HAPO employees in the AEC's book publishing program. It has been
agreed that Hanford authors should participate in the program, particularly
in writing books on topics on which there is outstanding local competence.

A list of books which the Commission would like to see written and published
will be circulated to appropriate components in an effort to locate pro-
spective Hanford authors who might undertake to write them.

A pre-publication draft of the AEC's Technical Progress Review on Power

Reactor Technology was received for comment. This review, one of three now
published by the Commission, is prepared by General Nuclear Engineering
Corporation under the editorship of W. H. Zinn. The pre-publication review
gives AEC contractors whose work is discussed in the publication an opportunity
to object to specific items if they so desire. Regular pre-publication reviews
of each of these publications will be standard in the future.

Two "Classification Information" bulletins were distributed to the field
during the month. One bulletin contained instructions on classifying pro-
duction reactor confinement information. The other presented some new criteria
for classifying Hanford photographs. The new criteria on photographs supple-
ment existing instruction and provide only limited relief from the strict
interpretations. Nc word has been received on the status of the completely
revised topics which were submitted by HAPO in December.

At the recent Ninth International Declassification Conference it was agreed
that the chemistry and chemical technology in the field of chemical processing
of irradiated normal or near-normal uranium fuel elements no longer warrants
classification. It was also agreed, however, that the quantities and the
critical specifications of materials that are produced primarily for military
purposes should not be declassified. As an aftermath to the Conference, a
meeting was held in Washington during the week of January 19 by the Divisions
of Classification, Production and International Affairs tc discuss the ex-
change of chemical processing information with the United Kingdom.

Considerable time was spent reviewing and verifying the unclassified nature
of the material for the Public Hearings on Industrial Radicactive Waste Dis-
posal. Classification difficulties were encountered with only one paper.
The AEC Declassification Branch, Osk Ridge, confirmed the necessity for minor
deletions in the paper.

The AEC Classification Officers met with Division of Classification personnel
in Washington during the week of January 19 to discuss recent developments

in the field of classification. Summarized below are the developments of
special interest to Hanford:

1. The Commission has approved the downgrading of production rates.

UNCLASSIFIED
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Approval of the Military Liaison Committee, expected by mid-February

is required before the change can be effected. This downgrading action
should permit comparable downgrading of production rates of individual
plants.

2. The AEC is now circulating a revised staff paper to fully declassify
the NPR. The Division of Classification believes declassification
is assured providing the NPR planning continues to include dual pur-
pose features.

3. Distribution of the Ninth International Declassification Guide,
successor to OC-DOC-Ll4 "Declassification Guide for Responsible Re-
viewers" 1s expected in March.

L., Distribution of a revised version of 0C-DOC-33, "Classification Guide
for Source, Special Nuclear, and Other Materials and Shipping Forms
for Source and Special Nuclear Materials,” is expected in about six
weeks.

5. A new weapons classification guide, "US-UK Weapcons Classification Guide"
has been prepared and is in the initisgl review stage.

6. Hanford has been authorized to use 0C-DOC-Sk, "Classification Guide
for Use in the Civilian Application Program" to replace AEC Chapter
3403, Unclassified Areas of Research. Use of the CAP Guide at Hanford
permits the removal from the "born classified" category of certain in-
formation in the fields of chemistry and radiation effects. For the
most part, this type of information originates in the Hanford Labora-
tories.

7. A revised version of AEC Chapter 2108, Atomic Weapons Data has been
distributed for review and comments. It is understood that the re-
vision incorporates most of the suggestions made by Hanford and when
approved will allow the establishment of satisfactory procedures for
handling this material.

8. The Directcr of the Division of Classification is tc meet with the
Assistant Secretary of Defense to review Department of Defense policies
on the classification of maps and photographs. The Division cof Classi-
fication feels this meeting will provide the key to realistic resolution
of the map and photograph problem.

9. AEC and AEC contrector budget and cost personnel are scheduled to meet
in Washington sometime in February to develop classification guidance
for budget and cost data.

Preparation of the "Testimony and Statements Prepared for Public Hearings on
Industrial Radioactive Waste Disposal before the Special Subcommittee on
Radiation of the Joint Committee on Atomic Energy" was handled by Technical
Publications between December 31 and January 24. The final version consists
of approximately LOO pages.

12604951 - TSRS
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An annotated bibliography of approximately 250 references to Hanford literature
on radioactive waste disposal was prepared for inclusion in the proceedings of
the Congressional hearings on this topic. All reporte referenced in this
bibliography have been made available to the AEC's Civilian Application Program.

A field of interest register covering Hanford needs for both classified and
unclassified publications cf the National Acronautics and Space Administration
was completed and submitted through the AEC's Technical Information Service,
Washington to NASA. Upon approval we will automatically receive NASA reports
related to Hanford research and development activities.

The annual R&D and AWD Inventory started on schedule, January 2. The two
Atomic Weapon Data reports inventory has been completed with all copies
accounted for. The R&D inventory is progressing satisfactorily.

Working Volume Statistizs

Dz-ambeyr  January

Document Distribution and Files

Documents routed and discharged {copies) 115,386 15,746
Documents issued (copies) 11,768 10,578
Documents sent offsite (copies; %,595% 3,453
Document reserves filied (copies) 516 886
Documents pizked up and delivered 18,616 22,149

Document Az:zountability

Holders of clas=zified dcozuments whoce flecs nhy - 577
were inventoriedl

Documents inventoried in Files :zopies) 1,026 105

Documents destroyed or retired icopiec} 3,27k 4 675

Documents revised (ccpies) 1,3t 2,061

Documente pulled and dosuments filed (copies) 7,340 11,359

Dosumerts reclassified 697 &82

Accountable copies of SEJRET and DCCUMENTED 204,029 204,878
CONFIDENTIAL doc.ments onegite

Reference and Fublization

Books cataloged (new titles) 135 111

Books added to the colleztion {volumes) , 277 252

Ready reference questicns anewered by professional 149 168
staff

Literature searches by professicnal staff 102 119

Reports abstracted (titles) 182 205

Formal reports prepared (titles) ik 6

Offsite requests for HAPO reports (coples) 103 179

Reports released to CAP (titles) 25 29

UNCLASSIFIED
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Library Acquisitions and Circuylation December January
Books ordered (volumes) 439 342
Periodicals ordered €9 30
Books circulated (volumes) 1,801 1,524
Periodicals circulated (issues) 2,300 2,520
Inter-Library loans sk 81

. Films borrowed or rented 23 21
Industrial film showings 32 Ll
Bound periodicals added to the collection T2 153

Library collection:

Main Library W-10 Library 108-F Library Ind. Med. Totals

No. of books 25,197 8,148 1,379 1,923 36,647
No. of bound '
periodicals -~ 11,531 1 1,432 96 13,059
36,728 8,149 2,810 2,019 h9,7o§
Statistics December January
Documents, inzluding drawings and photographs 40 89

reviewed for downgrading or declassification

Documents and papers (interded for oral pre- 19 27
gentation or publication) reviewed for appro-

priate classification

Documents submitted to Declassification L8 30
Branch, Oak Ridge

LABORATORIES ADMINISTRATION

Two Assistance to Hanford authorizations are in the process of being
approved. They are:

ATH-HLO-3-59 Corrosion Testing of Aluminum Cladding,
to APED, in the amount of $15,000.

ATH-HLO-L4-59 Processing of Aluminum Cermets, to MCRD,
in the amount of $20,000.

A third Assistance to Hanford authorization to Chemical Materials
Department, Pittsfield, Mass., for the fusion of uranium dioxide, is

pending.
L Bovd LABORATORY AUXILIARIES
yd: iz

"1240953
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EMPLOYEE RELATIONS OFERATION MONTHLY REPORT

GENERAL

At month's end, the staff of the Hanford Isboratories Operation totalled 1203 em-
ployees, including 570 exempt and 633 norexempt employees. There were 485 exempt
employees possesslng technicel degrees, including 274 B.S., 106 M.S. and 105 Ph.D.

PERSONNEL DEVELOPMENT

The Armed Forces Special Weapons Project Training Progrém for medical officers
commenced January 6th and is continuing on sckedule. The Program will be completed
February 13.

Two classes in PBM-I were initiated on January 15.

UNION RELATIONS

The Wonacott case perteinirg to radietion mozitoring Jurisdiction is progressing
toward arbitration. The arbitrator has been szlected and a date of March 5th Las
been proposed to him for the hearing. No cornfirmation has been received up to this
date.

The Arnold grievance pertaining to work assignments was discussed at Step II and
an arbitration demarnd was rzceived on Januery 30. George M. Brown has been named
as the union's member on the parel and F. W. Woodfieid will represert the company.

Twelve oral complaints were made ty bergairing unit representatives during the month
and were settled locally without formal grievances. The Arrold grievance was the
only formal one submitted during January.

COMMUNICATIONS

A complete revision of a communications package dealing with the establishment of
new HAPO exposure limits was prepared ard submitted to Radiation Protectior Opers-
tion for review.

HAPO Public Relations arranged for the APD Schenectady News Bureau represextative

to prepare a story on the Americar Meteorology Socicty's award to G.E. The story

was released to Eastern and Northwest pepers in accordance with the deadline requested
by the AMS.

Tours were conducted for 15 science club members from Seattle Eckstein Junior High
School and 30 Moxee High School science students.

EMPLOYEE COMPENSATION

Initial participation of managers and supervisors in completing one phase of a non-
exempt compensation study was undertaken during the month. A major portion of non-
exempt jobs will be rewritten on a new Job description format which is compatible
with the point score evaluation systenm.

HIO's salary review was completed during January.

1250953
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PROFESSIONAL PERSONNEL PLACEMENT

Ph.D. recruiting continues to present most serious problems with extreme competi-
tion being encountered for Ph.D. physics candidates, Four offers were extended
during the month and two acceptances were received, bringing the total acceptances
for the recruiting year to six. Three offers are currently open.

Experienced BS/NB recruiting and recruiting for the Technical Graduate Progran
continues to be very favorable. Most serious difficulty is being encounterzd in
the employment of new bachelor's candidates in physics. Spring recruiting commenced
on January 12 with visits to WSC, Idaho, Gonzaga, Oregon State, Portland University,
Washington and Seattle University and will continue during the comirg twc mozths
with visits to 26 additional schools.

Twenty-three graduates are currently assigned to the Technical Graduate Program
with three scheduled for placement on February 1. Requests for placement exceed
Program members available and this will continue until June graduates report for
assignment. '

Employment for the Summer Program is underway with five graduates and four profss-
sors having submitted acceptances to date. Tentative goals are 10 Juniors, 10
graduates, 6 high school teschers and 20 professors.

HEALTH, SAFETY AND SECURITY

laboratories personnel worked a total of 197,040 man~hours during the morth with

no disabling injuries. Since September 1, 1956, a total of 5,475,100 mar-kLours
have been completed with no disabling injuries. The medical treatment frequency
for January was l.13 as compared with 1l.34 during December. :

There were seven security violations during the month of January.

EMPLOYMENT

Twenty-six requisitions were received during the month, bringing the total nonexempt

openings in the laboratories to 45. There are 13 candidates currently in process
and five transfers pending, leaving 34 candidates to be procured.

L s hip

Manager,
Employee Relatiozs

T.G. Marshall:tr
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TABLE ITI. NONEXEMPT EMPLOYMENT

HW-59055

Nonexempt Employment Status Dec. Jan. Nonexempt Transfer Requests Dec. Jan.
Requisitions = Transfer Requests
e
At end of month 28 45 Active cases at end of mo., 66 73
Cancelled 2 0 Cancelled L 2
Received during month 18 26 New é 10
Filled during month 12 9 Transfers effected 1 1

Candidates Considered

Total applications 48 L1
Total transfer requests
from other at HAPO 0 0

TABLE III. UNION RELATTIONS

Grievances Processed - January 1, 1959 to date

t

Total Processed 1
Step I
Answered satisfactorilys 0
Step IT
Answered
Satisfactorilysst 0
Applied for arbitration 1
Pending arbitration decision 1

* Step I grievances which Council indicated a desire to discuss at Step IT
not scheduled for discussion within three months are considered settled at

Step I.

#% Step 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.

12409bb
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C - Technical Graduate and Technician Training Program

Month ending Januvary 31, 1959

TG Program

Number Personnel on assignment
(HAPO Tech Grad Program....... 23)
(West. District E.P........... O)

Distribution of assignments by‘Depté.

HLO
CEO
R&UO
FFD
IPD
CFD

Distribution of assignments by functions

R&D or Engineering
Other

12409638
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FINANCIAL OPERATION MONTHLY REPCRT

JANUARY 1959

PERSONNEL

There were no changes in the personnel of the Financial Operation during January.

GENERAL ACCOUNTING OPERATION

A report of results was issued for the physical inventory of uninstalled cataloged
equipment in the custody of Biclogy Operation. Seven hundred and twelve items
were physically counted velued at $548,418. One item valued at $82 was not
located during the inventory compared to 22 missing items valued at $8,112 in
the FY 1957 inventory. Seven items valued at $l,822 wvere added to record as
compared to 57 items velued at $2h,700 in the FY 1657 inventory. Inventory re-
sults indicate good control over equipment and the use of proper procedures in
transferring or retirement of equipment.

Reconciliation of the physical inventory of uninstalled cataloged equipment in
the custody of Physics and Instruments Research and Development Operation is still
in progress. A report of results will be issued in February.

The physical inventory of uninstalled equipment in the custody of Reactor and
Fuels Research and Development Operation is currently being taken. Field work

is expected to be completed by February 13, 1959. Equipment belonging to Project
Whitney is also being physically inventoried. '

A special report - Annual Industrial Fire Program and Experience - was prepared
for Contract Accounting showing the replacement value assigned to HLO, excluding
underground installations and open sided structures at December 1958. The replace-
ment value of plant and equipment and government owned supplies on HID records is
$45,635,505. The index used in reflecting replacement value was furnished by
Contract Accounting from the Building Cost Index published by Smith, Henckman,
and Grylls.

The blank pass custody and issuance function was transferred from GE Security
to Property Accounting during the month by assignment of a bleck ¢f passes to
HLO. A request was made of Laboratory Auxiliaries to revise HLO (FG's to re-
flect a revision in authorization to sign passes to Level 4 with rzdelegation
by level 3. This was necessary to strengthen controls and to simplify verify-
ing authorization.

A resumé of AEC Manual Chapters issued for compliance was recelved fromiContract
Administra*ion. Each Level 3 Manager was furnished a copy of th2 resume for his
use in examining his procedures.

Project Propesal for the Equipment Stcrage Area Building in the 300 Areca was
approved by the Commission on January 29. No directive to proteed has been
received as yet.

Cash advance balances were reduced from $33,519 in December to $17,136 primarily
due to sattlement of Geneva Conference associated accounts and settlement of
many other accounts in connection with calendar year-end closing.

F2000KQ UNCLASSISIED
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Work continued on completing manual on travel, living and other reimburseble
items handled by General Books.

Development of a new travel order form which will simplify office procedures
concerning cash and check advances is about complete.

COST ACCOUNTING OPERATION

Instructions fcr preparing the Operatine Cost Budget and supporting data fer
fiscal years 1960 and 196l were transmitted tc HLO management.

The Operating Cos* Budget for FY 195G was adjusted during January fcr *the follow-
ing changes in authorizations: (1) transfer of $175,30C from opsrating cost to
the equipment* category in the LOCO Prcgram to reflect the reclassification by
Washirgton-AEC of the GCPR Gas Loop, (2) transfer of $37,02C from operating cost
tc the ejuipment category in the 4000 Program 45 provids urgently nesded funding
of equapment izems asscciated with the Sweiling Studies and (3) reduzticn in

CPD Prccess Technoicgy authorization of $30,000.

Effective with Janusry 195G reporting, the distinction in classificaticn of NFR
costs between Metallurgy, Reactor and Separaticns was discontinued. This inform-
ation was not required by management of Irradiations Processing Department and
Hanford Laboratories. In the event this segregation is raquired at a later

date, it can readily be obtained through analysis.

A "Cost Plus Commitment" report was issued for the first time showing the status
of the Plutonium Inhalation Study cortract with the U.S. Air Force as of
December 31, 1958. Hereafter the report will be issued monthly to HLC management.

The second quarterly report of planned off-site R&D expenditures for the remainder
of FY 1959 was submitted to Contract Accounting on January 26. Items listed
totaled $2.2 million with $1.8 million expected to be costed in the remaining

six months of the fiscal year.

A meeting was held with the Supervisor, Metallcgraphy Laboratories to discuss
the advisability of adopting the work order system for the Metallography Labora-
tories. At the present time, there appears to be no problem of accounting for
the cost of each Job or of obtaining funds for work; therefore, it was felt
that the advantages did not offset the disadvantages of the additional paper
work inveolved under the work order system. It was agreed tc continue with the
present system of acccocunting for the present time arnd that another review may be
made at a later date.

A revised schedule of the monthly depreciation allocation to programs was pre-
pared for the last six months of FY 1959. The additional depreciation expense
of approximately $hl,OOO asscciated with the removal cf cbsolete equipment from
the 231-Z Building has beer spread over the six months ending June 30, 1959.

12450970
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PERSONNEL ACCOUNTING

Withholding Statements, W-2 Forms, for 1958 were delivered to employees on
January 9, 1959; l,hlE forms were transmitted. Gross wages pald to these
employees amounted to $8,651,829. Income tax withheld amounted to $1,23%4,080.
Collector's copies of W-2 Forms and Reconciliation of Federal Income Tax With-
held for the year 1958 were mailed on Jaruary 19, 1959.

Annual Federal Tax Return of Employers under the Federal Unemployment Tax Act
for the year 1958 was prepared and a check in the amount of $10,689 payable to
the District Director of Internal Revenue, Albany, New York, was transmitted on
January 22, 1959. Total taxable wages pald during 1958 under the Unemployment
Compensation tax law amounted to $3,563,291. The state of Washington was paid
a tax of $96,127 and the state of Idaho $60.

State Income Tax returns covering payments made by GE during the year of 1958 to
employees transferred in fram other General Electric components were prepared
and transmitted to the various tax agencies within dates allotted. These
reports were forwarded to Idaho, Oregon, New York and Wisconsin.

A pay raise of 2.5% for all employees participating in the Savings & Security
Program became effective January 15, 1959. New rate to be included in pay
checks received on January 23. Non-exempt payroll will be increased approxi-
mately $60,000 as a result of this increase. Shift differential was increased
to .19 per hour, isolation pay to $10.35 per week in the case of non-exempt
and area differential to exempt employees was increased to $45.00 per month.

PROCEDURES

Data Processing Operation has agreed to develop a program for accounting for
off-site commitments placed by HLO for materials and services. It is planned
that the record will include not only GE and AEC purchase orders but also con-
tracts and procurement directives. The input to the tape record will be pro-
vided by HLO Financial Operation through punched cards prepared, for the
present, by Classified Files Cperation, The target date fcr implementation is
the month of February 1959. The key tc¢ this procedure was obtaining additionsl
information (complete or partial payment) on the payment voucher. Accounts
Payable Operation has tentatively agreed to perform this service.

Data Processing Operation, upon our request, is studying the possibility of
automatically updating the personnel source file for automatic increases fcr
non-exempt employees. HLC Salary Administration Operation has tentatively
sgreed to this change which would eliminate not only the maintenance of =a
tickle file and supervisor notification by Salary Administration, but also
the preparation and transmittal of rate change papers by Personnel Accounting.
Tabulations of changes would be provided by Data Processing Operation for Wage
Rates approval, salary contrcl information, and auditable file document.

A study cf card punching performed for BLO by Data Processing Operation is under
way to determine desirability of performing part or all of this card punching
in the 300 Ares. Technical Information, Exposure Evaluation and Receords and
Callibrations Operations are presently doing their own card punching.

1200971 UNCLASSIFIED
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AUDITING

BW-5909¢

Contracting and Procurement Audit field work is complete, the report drafted,

and work has started on the Work Order Audit.
Equipment Furnished AEC Construction Contractors report still awaits CEO clearance.

MEASUREMENTS

Issuance of the Material and

Work continued on the preparation of the Hanford Laboratories section of 1958

at HAPO.
neared completion.

Payroll Statistics

Number of HLO Employees
Changes During Month

Employees on Payroll at Beginning of Month

Additions and Transfers In
Removals and Transfers Out

Employees on Payroll at End of Month

Overtime Payments During Month

Exempt
Non-Exempt

Total

Gross Payroll Paid During Month

Exempt
- Non-Exempt

Total

Participation in Employee
Benefit Plans at Month End

Pension Plen

Insurance Plan
Personal Coversge
Dependent Coverage

U.S. Savings Bonds
Stock Bonus Plan
Savings Plan-
Savings & Security Plan

Good Neighbor Fund

Insurance Claims

Employee Benefits
Life Insurance
Weekly Sickness & Accident

Comprehensive Medical
Dependent Benefits

Comprehensive Medicall 2 u D q 1 2

Total

VY e A2 Mad AT

Interviews with Level 3 and U4 managers on the subject of measurement

Total Exempt  Non-Exempt
1 204 568 636
18 9 9
(19 CON )
£.203 210 €33
January December
$1 829 $1 L87
8 576 6 560
$10 405 $8 ol7*
$471 812 450 619
341 361 278 636
$813 193 $729 255
January Participation December Partic;pétion
Number Percent Number Percent
1161 98.9 117k 98.7"
1 225 99.8 1 225 99.8
822 - 815 -
78 40.0 78 50.3
99 8.2 90 7.5
1 008 94.5 1 015% 95.0
819 6.1 829 68.9
January December
Rumber Amcunt Number Zmount
- $ - $
12 1 253 12 1511
ok 8 195 33 k 118
146 1213 61 5 369
252 %21 582 ;gg $10 998

g
;
g
g



UNCLASSIFIED K-1 HW-59099

INVENTIONS OR DISCOVERIES

All persons engaged in work that might reasonably be expected to
result in inventions or discoveries advise that, to the best of their knowledge
and belief no inventions or discoveries were made in the course of their
work during the period covered by this report except as listed below, Such
persons further advise that, for the period therein covered by this report,
notebook records, if any, kept in the course of their work have been

examined for possible inventions or discoveries,

INVENTOR TITLE OF INVENTION OR DISCOVERY

L. L. Ames, Jr. Prevention of Deposition of Radioisotopes
in Bone,

J. Dunn and R. J. Sloat Adjustable Delivery Powder Transfer
Feed and Powder Lock.

J. Dunn A Pump for Metering Fluids,

D. R. Kalkwarf Colorimetric Dosimeters for lonizing

Radiation. (HW-58923)

A. R. Keene Radio Frequency Speed Indicator.

W. E. Roake and J. L. Bates Fuel Element for Neutronic Reactors,

E. A. Evans, W, E, Roake A Fuel Element for Neutronic Reactors
and D, W, Brite and Method of Fuel Element Manufacture.
J. C. Tobin and D. R. Green Null Balance Gas Thermometer,

Honfler

UNCLASSIFIED
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