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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 ony warranty or representation, expressed or implied, with respectto the accuracy, com.-
pleteness, or usefulness of the information contoined in this report, or that the use of any information,
apporotus, method, or process disclosed in this report may not infringe privately owned rights; or
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As used in the obove, "person acting on behalf of the Commission® includes any employee or
contractor of the Commission, or employee of such contractor, to the extent that such employee or con-
tractor of the Commission, or employee of such contractor prepares, disseminates, or provides occess to,
any information pursuant to his employment or controct with the Commission, or his employment with
such contractor.
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BUDGETS AND COSTS

Costs for February were $1, 896, 000, an increase of $76. 000 from
January. Fiscal year-to-date costs are 63% of the amounts currently
authorized to Hanford Laboratories. Hanford Laboratories programs
at February 29 have the following cost-budget relationship:

(Dollars in Thousands) Cost Budget % Spent
2000 Program $ 340 $ 616 55%
4000 Program 4 475 7 412 60
5000 Program 336 621 54
6000 Program 1425 2198 65
$6 576 $10 847 61

Funds authorized to Hanford Laboratories for FY 1960 were increased
during the month by $360, 000 for Division of Reactor Development
and $81, 300 for Division of Research.

Costs of HLO research and development for Hanford Product Deparimen's
are in line with amounts authorized.

RESEARCH AND DEVELOPMENT

1. Reactor and Fuels

The Phase III PRTR contract completion date has been changed from
May 20 to June 24, 1960, to compensate for strikes and other delays.
Placement of heavy aggregate concrete in the biological shield has
been completed. The PRTR Final Safeguards Analysis was reviewed
by the ACRS on January 28. No serious objections to the design or
proposed operating procedures were raised by the Commitiee a*

the hearing. A written review has not yei been received.

A study of the compliance of the PRTR design with recently issued
General Electric Reactor Safeguards Council Standards showed *ha’
full compliance could be achieved by making two minor changes.

About 90 per cent of the Critical Test outlines have been reviewed
by the PRTR Startup Council. Writing of the Power Tes:s has
starzed, and 35 per cent of the operating process specifications

have been issued in rough draft form.
12419235
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A Zircaloy process tube, which had not been pickled or autoclaved,
was removed from the Single Tube Prototype Loop after 2329 hours
of operation and found to contain wear depressions, 0.001 to

0. 002 inch deep, adjacent to the fuel element supporis and several
randomly spaced blisters.

Thermal cycling tests at 1000 psig of Zircaloy-clad Al-Pu rods
have shown no dimensional changes after 25 cycles and only slight
changes on a few specimens after 50 cycles. Earlier testing at
1400 psig resulted in considerable distortion. Present tests are
more comparable to PRTR conditions.

The 19-rod Al Pu cluster irradiated to 60% burnup in the ETR is
being examined. This element was prototypical of PRTR stari-up
spikes except for length, Considerable crud had formed on the
element and the wire wraps had loosened, but circumferential
bands were still tight, no failure had occurred, and no gross
dimensional changes were evident, Exposure to a loop pressure
of 2000 psi undoubtedly contributed to the observed thermal
cycling damage.

The reduction of PuO2 by carbon has been found to proceed at
1700 C with the formation of PugCs3 rather than PuC possibly
because of vaporization of PuO2 from the stoichiometric mixture.
A preliminary value for the melting point of PugCg has been
determined as 2110 C.

The 48th and last cold swaged, 19-rod cluster UO2 fuel element
required for the first loading of the PRTR was completed during
the month. Manpower released from the fabrication work will
permit acceleration of other fuel development work.

The 85 PRTR Zircaloy-2 process tubes have passed all non-
destructive tests. meet all requirements, and are ready for
reactor installation.

Analysis of the data of heat transfer experimenis on the thermal
hydraulic behavior of PRTR Mk I (19-rod cluster) and Mk II-b
(rod and tube-in-tube) fuel elements confirms preliminary con-
clusions that self-induced flow reduction due to steam formation
in the tube will not occur. The analysis does show. however.
that if one of the three flow channels of the Mk II-b fuel elemen”

1281926
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were completely plugged, the other two channels would increase
in flow nearly equal to the loss in flow of the affiicted channel
and a low flow trip would not occur.

Ninety-five per cent of the dissolved oxygen in filtered Columbia
River warter was removed by emploving activated carbon to
catalyze the reaction between oxygen and aqueous hydrazine,
This is of interest for NPR shutdown conditions,

Retubing of the Hanford production reactors wizh ribbed
Zircaloy replacement tubes is being de-emphasized in favor

of accelerating the test installation of smooth bore (ribless)
Zircaloy tubes ‘0 operate wi*h self-supportied fuei. Three
vendors have developed the capability to produce NPR Zircaloy
process tubes, as demonsirated by good progress on pilo*
orders. The use of Zyglo (fluorescen* dye) and ultrasonic
non-destructive tesis on these *ubes was demonstravted to
vendore' representatives during the month.

Estimates of the fas* neutron flux {above 1 Mev) of primary
interes: for graphite damage in the Hanford reactors are being
significantly improved through a combinarion of Hanford nickel
ac*tivatijon measurements and multi-group machine caiculations
performed a: ORNL,

Measurements of radiation artenuation as func-ions of ~emper -
aure and density are continuing on iron-serpen*ine concrete
Shielding. Recen: da‘a indicate that high density concrete

(265 1b/ft3) of this type retains about 45 per cent of its original
water content after prolonged baking a% 320 C.

It has been shown tha* thermal cycling produces appreciable creep
in uranium metal under conditions which prodiuce no creep in a
steady state tes=.

Wear tests to evaluate the scra*ching charac:eris-ics of NPR
fuel element suppor* materials on the process tube have shown
that a low chrome molybdenum alloy steel has remarkably good
properties. Many hard ma‘erials investigated scrarched the
tube while the soft ma‘erials such as aluminum and copper
smeared badly.

Post-irradiation annealing of highly irradiated vranium a: 600 C
for 100 hours produces as much as 20 per ren' decrease in
density. Further annealing at 880 C produced liile further
decrease in density. These data tend to establish thar “empgra-
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tures between the irradiatian temperature {500 C) and 600 C
are critical insofar as swelling is concerned.

2. Chemical Research and Development

Plant tests showed neptunium can be caused t0 follow along with
plutonium and uranium in the Redox process and recent labora-
tory results point the way for isolating neptunium from the 3A-
3B columns.

Surprising stability and a ten per cent greater capacity was
observed in pilot tests of pulsed column cartridges for graded
nozzle plates with the nozzles pointing up rather than down.
This finding is contrary to theoretical reasons behind the
original nozzle plate design.

Remote maintenance features of the Fission Product Packaging
Prototype were demonstrated to meet design expectations of
accessibility with a General Mills manipulator. Converting
salt brine to a free-flowing powder, though simple in concept
'1s proving to be a troublesome operation in the apparatus.

The simple process of mixing and aging the cleaning solutions
contemplated for NPR decontamination may, in itself, prove o

be an effective waste disposal step because a manganese precipitate
forms and adsorbs most of the radionuclides expectied *o be presen-,

Corrosion properties of unannealed experimental alloys of the
Hastelloy-F type were found to be superior when tiianium was
included in lieu of niobium. Beiter welding alloys should resuls.
Additional experimental alloys will be provided by contract with
Battelle Memorial Institute.

Salt cycle process work included elucidation of plutonium behavior
in the system (as yet an anomaly), development of cathodic depo-
sition of UOg2 with consistently desirable properties, and the
development of needed analytical methods for salt cycle chemical
species. A very sensi*ive and precise method of measuring O/U
ratios in UO2 by coulometric titration was reported.

Slow dissolution and emulsification difficulties were encountered
on typical PRTR plutonium fuel alloys under condi*ions anticipated
for Redox processing. Silicon in the alloy causes the dlfflculj
and may require extended dissolution cycles.

DECLISSED
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Purex formaldehyde-treated was-e neutralized with aqueous
ammonia (vice sodium hydroxide) resulted in a more compact
product from the Radiant Heat Spray Calciner. Smooth opera-
tion with the simulated feed was observed without sugar or
other additives.

Effluent water from a zircaloy tube with over four years
residence ir a HAPO reactor showed only Mn®5 0 be higher
in concentration (ca. 25 per cent) than amounts in effluent
water from aluminum tubes. Twen*y of the mos' prominen*
radionuclide concentrations were measured. in both effluent
waters with values found to be equivalent or lower in *he
zircaloy system with *he exception of manganese noted.

3. Physics and Instrument Research and Developmen®

A preliminary study on the desirabilizy and technical feasibility
of automatic control of Hanford reac*ors was completed. Rerom-
mendations have been made ‘o developr a sys'em for the NPR.

Room temperature PCTR measuremen:s on dry tube-in-tube
fuel elements in an NPR-*ype core showed an in‘eres*ing 54 C
rise in "neutron temperature'' in passing from the edge of the
lariice cell to the center of the fuel, This effec* is caused bv
preferen-ial absorption of low energy neutrons,

Uranium rods were successfilly heazed *o abou+ 800°C in a morkup
of an experiment 10 measure fuel remperature coefficients a- h:gh
temperatures,

The Berkeley Electronic Analog Simulation Equipment {EASE}
was delivered and installed, and calibration and testing are
under way. Reactor speed-of-control and NPR startup calcu-
lations were completed wizh the GEDA analog compuier.

In the Nuclear Safety Program. experimental studies on *he poison-
ing of a 1% enriched vranium-wa*er la‘tice showed *ha" the addi-ion
of 3.2 g/1 of boric acid to the waer moderator would prevent a
chain reacsion for any quan-ity of 1% enriched uranium.

Improved computer codes were developed for criticality calculations,
The Neuzron Cross-Section Program suffered a setback when a
carefully calibrated detector on the DR spec:rometer was damaged
during operar‘ional reactor repair work.

lzu1929
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Methods are being developed for measuring the PRTR
prompt neutron lifetime by recording data at the recorder on
magnetic tape and using laboratory computer equipment for
analysis.

In the Nondesiructive Testing Program, promising results
are being obtained with infrared methods for determining the
heat transfer characteristics of fuel core to cladding bonding
layers.

PCTR measurements were completed on the effect of a s*tain-
less steel loop in the EGCR lattice.

Funds were received from the Air Force for support of
additional basic studies on atmospheric diffusion and dispersion
processes. The field sampling grid is being reactivated and
plans are underway to add more samplers.

Calibrations for measuring K40 and Csl3'7 activity in people
are now in good agreement with results of other laboratories.
Zn83 activities for different subjec®s show definite variations
dependent upon work and home location, :

Work was completed on several activiiies relazed 10 the develop-
ment of improved methods for neutron dosimetry.

4, Biolog_z

Whereas a power function of time adequaiely describes retenzion
of strontium and calcium in adult ra*s, in weanling rais, re-
tention follows a function represented by the sum of ~wo expo-
nentials,

DTPA administered to pigs one hour after Pu injection caused
nearly 90 per cent of the administered Pu to be excreted in the
urine during the following six days. In controls  given no

DTPA, only one to two per cent was excreted in the same period,

5. Programming

Exfremely-favorable resulis were obtained from a series of
computer calculations made 10 evaluate and test an advanced s*a-1stica.
technique (Box-Wilson method) for determining optimum fue!

241930 | | R
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compositions in plutonium recycle reactors. Of special
interest was the verification that only small interaction
existed between the several plutonium iso*opes in determin-
ing the reactivity lifetimes of fuels. It may thus be possible
t0 estimate the fuel value of a wide variety of plutonium com-
positions. in a given reactor, by very simple formulas.

Preliminary calculations were made 10 explore the charac-
teristics of mixed fuel cycles involving fast and thermal
reac*tors and/or thermal systems using plutonium-‘horium
and U-233 - U-238 fuel cycles. Favorable conditions were
uncovered, Especial advantages were evident for the Pu-Th
cycles and arise from the higher Pu-24l content obtainable

in the discharged fuel as compared with Pu-U-238 fuel cycles
in which dilution of Pu-241 by newly formed Pu-239 is una-
voidable.

TECHNICAL AND OTHER SERVICES

A letter summarizing the results of the K-reactors reliability swudy
was issued. Further work has been done on the NPR reliability

study. In this connection. a new and general technique for computing
the reliability of a system of arbitrary complexity has been discovered
and is undergoing further development.

Work on six operations analysis programs continued during the month.
In addition, statistical and mathematical assistance on 26 problems
was given within HLO and to other departments and operations.

Three minor plutonium deposition cases were confirmed during
February. Preliminary estimates of the plu*tonium deposi-ion cases
indicated that all were equal to or less than 10% of the maximum
permissible body burden (mpbb = 0.04 pgc Pu). The *otal number of
cases that have occurred at HAPO is 249 of which 180 are currently
employed.

The status of radiation and plutonium work restrictions for Hanford
employees did not change during 1859, Four employees, including
one collateral contractor employee, are restricted from all radia‘ion
work and 10 employees are restricted from plutonium work.

Radiation controls were established throughout the Plutonium Fabrica-
tion Pilot Plant process areas coincident with s‘artup opera‘ions in-

1241931
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volving fabrication of plutonium fuel elements. No unusual radiologi-
cal problems were encountered during stariup activities.

There are 29 currently active HLO projects having combined authorized
funds in the amount of $23, 634, 000. The total estimated cost of these
projects is $29, 796, 000. Of *he 29 projects, 19 are on or ahead of
schedule, and 10 are behind. No projects are known to be in financial
difficulty except CGH-805 on which a revised project proposal has

been submitted.

Fluorescent penetrant testing and ultrasonic testing of NPR process
tubing sections were successfully demonstrated to representatives of
the Allegheny Ludlum Steel Corporation, Chase Brass and Copper
Company, Harvey Aluminum Company, Tube Reducing Corporaiion,
and the AEC-HOOQO. These companies are potential suppliers of the
NPR production process tubes.

There were 36 existing J. A. Jones Company orders at the beginning
of the month with a total unexpended balance of $348. 902, Ten new
orders, three supplements and adjusiments for underruns amounted to
$119, 623; expenditures during the month on HLO work were $124. 116
(Includes C.O. Cost). Total J. A. Jones backlog a* month's end was
$344, 409, :

SUPPORTING FUNCTIONS

A report of results was issued for the physical inventory of movable
cataloged equipment in the custody of Physics and Instrumen*s Research
and Development Operation. Eighteen hundred and twenty-four items
valued at $967, 000 were physically counted. One item valued at $112
was not* located during the inventory.

There are presently 168 items valued at $77, 000 in the Laboratory
Equipment Pool. A listing of items available for loan or transfer 1s
being prepared for distribution in HLO.

A special request was received by Hanford Laboratories during
February for the fabrication of unirradiated UO2-PuQ2 pellets for
ORNL with an authorized amount of $1,500. Costs will be billed to
Union Carbide Nuclear Company.

Hanford Laboratories has been authorized $126 000 for miscellaneous
capital work orders during FY 1960. This alloca'ion will permi- “he

1241932 "ﬁ {'E"
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completion of work already authorized plus the air conditioning of
instrument rooms in the 329 Building, estimated *o cos* $15. 500,
Work on the animal farm waste disposal. estimated at $15. 200. can-
no* be authorized until additional funds become available,

As of February 29, 1960, the stiaff of Hanford Laboratories totalled
1305 employees, including 619 exempt and 686 nonexemp®. There
were 530 employees possessing technical degrees. inciuding 316
B.S.. 114 M.S. and 100 Ph. D.

The medical treatment frequency for February was 1. 44 as compared
with 1. 41 last month. There were 2 security violations during the
month, bringing the total for the vear to date to 4 as compared with
10 during the same period in 1959,

The HAPO-wide study of Pressure Systems continued during February.
Dr. Plunkett of General Engineering Laboratory reviewed HAPO
Pressure Systems and policies and practices associated with their
design and use. An interim report was issued.

During February 60 offers were ex*ended for the Technical Gradua‘e
Program. Eight acceptances were received. bringing the total to 16
for the recruiting year to date - 76 offers continue open.

During February 10 offers were extended to experienced BS/MS
personnel and 4 acceptances were received.

Two offers were extended to Ph.D. candidates and one was accepted
by a Doctor of Veierinary Medicine. There are currenily 2 open
HLO offers. both 1o Ph.D. chemists.

With the addivion of 9 new Technical! Gradua*es and the placemen:’ of
one on permanent assignment. there were 51 Technical Graduates
on the program at month's end.

A course in Applied Crea*ivity and 2 classes of PBM-I were com-

pleied during February. The second class in Applied Creativity is
scheduled for March 17.

1241933
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Fourteen nonexempt requisitions were filled during February. With
the receipt of 17 new requisitions and 3 cancellations, there are
currently 5 openings for which 4 candidates are in process and one

transfer is pending.

Sty

for Manager
Hanford Laboratories

FW Albaugh:pmg
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REACTOR AND FUELS RESEARCH AND DEVELOPMENT OPERATION

TECHNICAL ACTIVITIES

A. FISSIONABLE MATERIALS - 2000 PROGRAM

1. METALLURGY PROGRAM

Corrosion Studies

Hydriding of Zircalcy in Simulated NPR Gas Atmosphere. Samples of Zircaloy-2
and Zircaloy-h were exposed at 400 C in an atmosphere cf 93% He, 4% Hp, ard
3% CO. A second lot of samples wae analyzed for hydrogen after 53 days of
exposure. Examination of the results reveals all the samples were hydrided,
and comparison of the 2l-day and 53-day data indicates the hkydriding rate is
accelerating. The autoclave films offered only temporary protection, and
there was little difference between Zircaloy-2 and Zirceloy-4. The hydrid-
ing was extremely localized as indicated by the hydrogen analyses. Detailed
results and interpretation of this exrerimert are discussed ir HW-6389L,
"Hydriding of Zircaloy ir Similated NFR Gas Atmosphere - Interim Report No. 1"
by D. W. Stannon, published February 11, 1960.

Acid Staining of Coextruded Zircaloy-2 Uranium Core Fuel Elements. An
investigaticn was conducted during the past month to determine the cause

cf acid staining wkich has been observed on recent coextruded Zircaloy-2
clad, uranium core prototype fuel elements after the etch-autoclave process.
Several variables were irnvestigated using skort sections of similar co-
extruded material. Iro this study the =tch batk temperature, the etch trans-
fer times between the etch bath and the stop bath, the pH of the steop btath
(from 3.0 to 0.4), and the amount of metal removed during etcking were
successively studied. In no case was the staining elimirated until the
surface striations produced during coextrusion were considersbly reduced

in prominence by protracted etching. These striations apparently have
prevented satisfactory rinsing of the etched surface and hence were the
cause of acid staining during autoclaving. To minimize the pick-up of
corrosion product hydrogen in the cladding, mecharnical smocthing of fthe sur-
face prior to etching would be desirable.

Jet Impingement Studies. Samples of X-8001 aluminum, slectrcless piated
with 0.2 ard 0.5 mil cf nickel and heated for three and six beours at

300 C, were tested by direct impingement of a 10-mil stresm of 100 C
water a*t 140 feet per second for seven and one-hslf hours. Bare cortrol
semples of X-80CL aluminum were deeply pitted by this exposure. Resist-
ance to attack improvel with increased clad tkickness ani ircressed heat-
ing time. The 0. mil rickel-plated samples wrich had Teen heated at
300 C for six hours resisted attack. -

Reactor Decontamination. The use of a decontamination sequernce erploying
alkaline permanganate followed by an appropriate acid solution appears
promising for application to the NPR. The reactor piping involves welded

F211935
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stainless to carbon steel joints as well as a number of crevices. The
corrosivity of the acid solution tegether witk its high electrical
conductivity enhance galvanic and crewice corrosion.

A-2 HW-64108

The effects of flow on gelvanic currents were tested at 60 C for a pro-
prietary acid decortaminant (Turcc 55-8A, 12 oz/gal). The test apparatus
consisted of a series of thick washers of stainless steel, carbon steel,
and Zircaloy-2, alternately stacked with teflon insulators. The decon-
taminating solution is pumped through the center hole of the assembly

at a known rate. Currents flowing between washers were measured on a
recording milliammeter as a function of flow. ual areas of stainless
and carbon steel had cuﬁrent densities of 0.3 ma? m at O. 5 ft/sec,
which rose to 0.7 ma/cm® at 11 ft/sec. Even though this solution was
blanketed in argon, the possibility exists that a small amount of
residual oxygen increased the current measured. Deliberate increase of
dissolved oxygen increased the galvanic current. The apparatus is being
improved, and similar measurements will be made on other acid decontamin-
ants. .

A welded 304-L stainless to a 212-B carbon steel couple and a similar
pair mechanically coupled were hung in the above solution for two hours
at low flow. The welded specimen exhibited about the same corrosion as
the mechanically coupled specimen.

Rediometallurgy Laboratory Studies

Metallographic examination of one of the broken tensile samples of
Zircaloy-2 process tubing from KER Loop 2 has shown partial recrystal-
lization. Two unirradiated control samples were tested at 275 C to

show an average ultimate tensile strength of 56,200 psi and a total
elongation of 4.9% (RM-502). A transverse section made through a
Zircaloy-2 clad uranium rod vhich was diametrically opposite to the
split-rupture rod of a T-rod cluster revealed a hydride concentration

of less than 10 ppm (RM-555). Metallographic examination of the area
around the defected Jjacket hole in the first ETR Rupture Test showed a
pocket of UO2, under the defect, about 40 mils in diemeter and 15 mils
deep (RM-557). Examination of the pre-defected rod from the second ETR
Rupture Test revealed a spherical oxide pocket of 50 mils in diameter
under the defect, with many cracks in the uranium emanating from the oxide
pocket (RM-558). Diameter measurements of the exterior tube of the three-
foot long tube-in-tube fuel element showed the maximum ellipticity of the
0D to be nine mils and of the ID to be twelve mils. Meny bumpy areas
were cbserved (RM-550). The results and conclusions from these tests
will be reported in connection with the respective programs of Fuel
Design and Physical Metallurgy Operations.
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Basic Mezallurgy Stuiiecs

Radisticr Effecis ir Structursl Materisls. A Zircaloy-Z ture whick kas
teer. exposed to peutron radiation over a twerty-five-montk Tericd, and
8 similar urirradisted tube were removed from the KER fazility. Tresze
tubes are beirg mecharicelly tested ari exawirel metallsgraprically to
determine “he effects ¢ sutron sexposure at elevatsd ternperaturss
on Zircalov-2, ard tc = teeting mevhods for moninoring NER
Tuking. ’“vaa1a+ei specimen Y-l whick exhitbized urousvally low yleld
strength and kighk ductility wes examined me*ah¢ﬂgraphiﬂa*xd Auring ths
montk. Widespread partisl recrystallizatiorn which coill account fer

l
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the cbservei deviations in tersile proparties was cbservei in the trans-
verse section. Two unirradiated contyrol specimens were tes+ed a% 20C C.

The aversge ultimate strezgth and *otal elorzgavion ¢f these specimens
were 56,000 psi and 5.0 percent; respectivsly. Reom temperature pr Vr-
erties of this same material were yield strergth 94.000 psi arnd total
elongaticn 7.C percent.

Electror and Optical Mizroscopy. The study of the microstructure zf

cladding and fuel material after irrediation iz a direct way of detect-
ing radiation damage ir these msterials. Thir films or fzils offer
aedvantages, since radicactivity restrictions are minimized. The prep-
aration of suitable thin foils by various methods has continued. Ix-
radiation and subsequent examiration of films ani fcils prepared
previously are in pregress.

Three micrer. diameter particles of uranium dicxids dispersed in & thin
evapcrated film of aluminum have been irradiated in air filled and in

evacuated aluminum capsules. ter an exposure to & x 1018 rvt {thermal

the uranium dioxide particles in the air filled capsule had sublimed
onto the aluminum and vanisted from their original locations; in trne
evacuated capsuie, however, the particles of uranium dioxide show no
change up tc an expeosure cf 8 x 1018 nvt. Presumatly, a chemical re~
action between the uranium 4ioxide and residual air occurs during the

irradiation in the air filled capsules. Nc evidence of fissizn fragmen:

paths in the aluminum was fourd. Films irradiated tc 2igher expcsures
will be examined.

Sputtered films of Zircaloy-2 have been sprayed with pclystyrene spheres

and then shadowed witk uranium disxide as a source of fissionable
material. The sputtered Zircaloy-2 film shows no crystallirity by
transmission electron diffractior; but on heating in the microscope
develops crystaliites, approximately 1200 & in diameter, wrich yield a
diffraction pattern corrvesponding tc¢ ZrOz. There is doubt, therefores,
whether the zirconium is present as a metal cr ar oxide film. Sandwich

films have beern irradiated and fissiorn fra nt tracks in regions of
gme

12

the sputtered zircorium fiim on which no uranium dioxide is present

have been found. Sirce nc tracks were observed irn +the irradiated alum-
inum films ccntalnlng uranium dioxide particles, two alternate consid-
eravions must apply. Since contrast in the electron microscope arises
from differences in electron scattering power of regions in a specimern
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and is a function of specimen thickness, density, as well as atomic number,
it is possible that the fission fragment trajectories are observable in
only the denser, higher atomic number metal films. On the other hand, the
thermal conductance of the film, metallic versus oxide film, may be the
prime factor responsible for the appearance or absence of the track.

Sputtered films of thorium oxide have alsc been irradiated in evacusted
capsules and fission fragment trajectories have been observed after an
exposure of 3.1 x 10%7 nvt (thermal). These tracks resemble those present
in uranium dioxide films, irradiated to lower exposures, and are approx-
imately 150 & in width and as long as two micronms.

Metallic Fuel Development

Cluster Fuel Elements. One of the T-rod clusters in KER Loop 1 ruptured
on February 8. The ruptured cluster was a 20-mil clad cluster. There
were four 20-mil clad clusters and two 30-mil clad clusters in the charge.
Exposure at the time of the rupture was 2520 NND/T. The rupture occurred
in a peripheral rod of the cluster and is similar in appearance to the
rupture which occurred in KER Loop 2 in October 1959. There is no evi-
dence of gross crud formation or damage to the other elements. The
original black autoclave film appears to be intact.

Tubular Fuel Elements. Enriched tube/tube fuel elements of Zircaloy-2
clad uranium are being tested in KER loops. One test is operating in
Loop 2 with 272 C outlet temperature. The charge consists of two 18-inch
long alloy elements, and two 18-inch unalloyed elements. Present exposure
is 750 MWD/T with goal exposure 3500 MAD/T. Maximum core temperature is
LLO C. Average specific power in the test is 133 kw/ft, the highest yet
achieved in Hanford tests of NPR fuel.

One 36-inch long tube/tube two percent Zircaloy alloy element is now in
Loop L. This element should operate at temperatures similar to the Loop 2
charge.

An NPR size tube/tube element is being prepared for an ETR test. Zircaloy-2
end fittings on the top of the element are designed to allow interim mea-
surements during the course of the irradiation. Both inner and outexr tubes
have been completed except for autoclave testing. Welding of the end
fittings tc the tubes should be complete by March 1. Operating conditicns
at the ETR 6x9 loop will equal or exceed forecasted NPR temperatures and
test flux.

The projection-welding of twenty hot headed KER inner tubes for irradiation
testing has been completed. Ten of these inner tubes will be mated with
ten TIG welded outer tubes to meke up a charge for irradiation in a KER
loop. These will be ready for charging the first week in Merch. The
elements are twenty inches long and contain natural uranium.

The electrographic technique for detection and identification of surface
contaminants has been used on the internal bore surfaces of tubular fuel
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elements. Ar expanding aluminum merdrel on an electrically insulated
shaft is used to apply *the electrolytse moistered filter paper %c the
suspected location within +ke tube bore. The mandrel iz then expanied;
pressing the test paper firmly against the surface wkile eisciric
current is passed through the system. After a suitable period of
electrolysis, the paper is removed anc processed in +he ususl marmer
to identify the specific cortamirants. This device suprlemsnts the
borescope and vectorscope ir detectirg, lccatirg, and identifying
flaws and blemishes ir the cladding material wkick may serve as fccal
poirts for corrosion attack during autoclaving anéd irradiation.

A specially designed single comporent test of tubular geome®ry for KER
loop irradiation is being prepared from cosxtruded Zircalcy-2 clad NER
inner tube stock. These fuel slements will have the following dimer-
sions:

Inside diameter - 0.52 inch
Outside diameter - 1.43 inches
Cladding thickness - 0.020 inck
Length - 16.00 inches.

Tkey are expected to operate at 60 kw per foot at & maximm bulk water
temperature of 280 C. The maximum uranium temperature will e approx-
imately 430 C and maximum heat flux will be 450,000 BTU/hr-ft<. This
test more closely approached NPR conditions than do elements previously
tested. The fabrication and testing of these fuel elements is essen-
tially complete except for welding on of supperts and autoclaving. It
is anticipated that five unalloyed and two uranium - 2 w/c zirconium
elements will be available for in-reactcr testing by the second week of
March.

It was previously reported that out of a group of three, twe 18-inch
unalloyed KER size outer tubes, which were being prepared for a KER
loop test, had bad welds and were being reworked. After new end caps
were welded in place, the tubes were vapor blasted and reautoclaved.
After autoclaving they were each found to have a ring of white oxide
ir the bore. They were vapor biketed again; tke bores examined with a
borescope, and the regions where the white cxide had formed were found
to have a rough, granular appearance. It is likely that if they were
autoclaved again, white oxide would form in that same area again. Two
18-inch elements, ore alloyed and one unailoyed; were charged into KER
Loop 4, along with & 36-inch alloyed tubular element.

KER inner and outer tubular Zircaloy-2 clad material received from FFD
has been examined. Some zirconium hydride phase was observei metallo-
graphically in the zirconium cladding of both sizes i thke inner ard
outer cladding. Hydrogen content is estimated to wvary from 75 to

20C ppm. The hydride is preferertially located in the cuter one-third
of the cladding wher present in smailer quantities. At higher concen-
trations hydride is observed throughout the entire cladding thkickness.
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Component, Fabricaticn. Three stainless steel clad uranium biliets were
extruded for FPD to determine the feasibility of coextruding stainless
clad uranium elements. These billets were canned in copper and Just
prior to extrusion were prehested tc 640 C. The stainless cladding
broke apart into approximately one inch long rings around the uranium
core during extrusicn and required 25 percent increase ir extrusion
force over a similar Zircaloy-2 clad billet.

Sixteer. Zircaloy-2 cled uranium billets, canned in copper with part of
the copper cans being outgassed, were extruded for FPD. These billets
were for the purpose of determining the effect of copper cutgassing on
the Zircaloy-2 to uranium bond integrity. The uranium cores are not
sealed irn the Zircaloy-2 Jackets. :

Sections of KER size outer tube elements with brazed end caps produced
ty Nuclear Metals, Inc., have been studied to observe the effect of the
breze cycie on the uranium-Zircaloy bond and to determine the heat
treatment required for satisfactory grain size in the uranium. End
sections havizng a 3-3/4 and 6-1/4 minute braze cycle were given one, two,
and three beta heat treatments cornsisting of salt bath heating to 730 C
for five minutes, gquenching to 600 C salt, holding for five minutes and
air cooling. Measurements of the bond zone width indicated a maximum
thickness of 0.0005 inch for the 6-l/h minute cycle and 0.000% inch of
the 3-3/4 minute cycle. The normal bond zone width after beta heat
treatment is approximately 0.0002 inch. The zore affected by brazing
extends to 1-1/4 - 1-1/2 inches below the cap uranium interface. One
beta treatment appeared satisfactory for refining the large grain
uranium structure produced by brazing. Unbonded areas were found in
both sections between the cap and uranium, extending the full width of
the cap.

Expanding tests were made on KER size coextruded inner tubes. The
tubes were expanded by plug drawing from 0.498 inch ID to C.536 inch ID
ir. 0.005 inch steps. One tube was heat treated (730 C for 10 minutes,
60C C for five minutes, air cool) and sized, the other tube was ex-
panded in the as-extruded condition. During the second sizing step
the as-extruded tube cracked longitudinally for one inch from the exit
end. Tue cracked end was cropped, and the next three steps gave the
same result. The as-extruded tube split longitudinaily full length on
the seventk (0.535 inch die) step. The heat treated piece showed no
visible macro cracking during expansion to 0.536 inch ID (0.540 inch
die). This behavior is contrary to that observed in rod sizing where
as-extruded material was more resistant to cracking; however, it is
expected on the basis of extrusion orientation and sizing methods.

Closure and Joining. Uranium was removed simultanecusly from both ends
of Zircaloy-2 clad KER outer tube stock by acid machiring which con-
sisted of rolling the tubes while submerged in 5 MHECL. Ar average
depth of removel of 0.150" % 0.005" was selected. Actusl depths for the
ten elements, based on an average of four measurements from each end,
varied from 0.146 irch to 0.156 inch with 85 percent of the ends lyirng
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within ¥ 0.003 inch of the desired value. Variations btetweexn ends of
individual pieces was nominal with the average less than ¥ 0.002 inck
for all pieces except one wkich varied ¥ 0.004 inch. The uranium surface
had a light, crinkly appeararce with a gentle upward slope “owards the ID
wall estimated to be or the order of C.003 inch. The concave meniscus
effect was less than had been observed in the past with an estimated
radius of curvature of approximately 0.003 inch. Eitck rates varied from
six to seven mils removed per minute with relatively fresh acid, decreas-
ing to four to five mils per minute as tke acii depleted. These rates
are based on an acid temperature of 45 tc 55 C, and with speeds cf rota-
tion of 20 to 30 rpm. The stock material used was beat treated ingot
uranium.

Equipment tc be used for hot heading KER cuter tubes is presently belng
gset up in the LOO-ton press, previously used for hot press wcrk. The
50-ton draw press proved to be too small to hot head the larger tubular
elements. This equipment will be capable of heading 20-inch long elements.

Equipment is presently being fabricated to hot head NPR inner tubes,
which will head 20-inch lengths and will alsc require use of the L0O-ton
press.

A projection welded end closure is being developed for tubular fuel
elements. This utilizes hot headed tubes and a cap having a series of
concentric ring projections. The tooling design was changed in the
past month to permit successful gripping of the coextruded elements,
after which a production test lot of KER inner size elements has beern
projection welded. Among the advantages of this prccess are the double
welded almost fully tonded end and the very high rate of production
possible. Similar type welds in industry are made at rates in excess
of 500 per hour.

Work has continued on the vacuum braze closure of KER outer tubes by
means of a 95 w/o zirconium - 5 w/o beryllium eutectic braze alloy.
Although the braze alloy can be melted and formed intc a smocth surface
within 15 seconds, the braze does not wet the uranium. A minimum time
of two minutes at a temperature of 1050 C is required to cause bonding
to the uranium. The size of the braze alloy particles is important in
reducing the melting time. The optimum particle size appears tc be -1k,
+35 mesh (0.045 to 0.016 inch diameter) which meits in 30 seconds. A
layer of -35 mesh (less than 0.016 inch diameter) alloy placed between
the Zircaloy cap and the uranium, with a layer cf -14, +35 mesh material
on top of the cap, produces more consistent bonding and eliminates the
requirement for a helium overpressure after the braze is moltern. The
present cycle consists of the following: final etch, one minute; HNO3-
Al(NO3)3 rinse, one minute; load with braze alloy, one minute; insert
into vacuum chamber and pump down, 2-1/2 minutes; melt braze, one-half
minute; hold for diffusion, two minutes; and cool five minutes. Approx-
mately five grams of braze are required for each melt, of which h-l/2
grems are -1k, +35 mesh (0.045 to 0.016 inch diameter) and one-half
gram is -35 mesh (less than 0.016 inch diameter). Preparation of the
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eunectic Traze alloy is ifficult because of thz extreme Lariress of the
a:17y. The pessitility of a kealth hazard, and The ezl for exact cox-
pasition. Tre traze allcv shows phenomeral weizing on Zircaley. Eitkers
lap or Dutt joints can bte made on Zircaloy with eace.
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Allied Fuszl Studizs. The second deliberate falluve of a Zircaloy clad
coextrudss cluster fuel elemernt has beer carried out in *hsx ETR 3x3 lzcp-
Ikis *est represents the first *ime that an element has beer chargel inito
a reactor, irradiated %2 goal exposure, discharged, subsequsntly charged
intc arother reactor and deliterately failed under fuil power ard high
coclant ftemperature conditions. The element, witk a prior exposure of
2400 MWD/T, was cperated ir +he loop for three days, caused to fail, and
coperated in the defected condition for an additicnal fifteen hours. Very
little activity was releaced frow the element. During the fifteer-Lour
pericd the reactcr was cycled from full to low power three +times, ard tke
Tower ocutput of the element was deliterately increased to cause heta
phase oreration. Subsequent sectioning of the defected rod revealed a
spherical pocket of cxide, perhaps sixty mils in diameter, under the
aefect. The uranium around the oxide pocket was cracked and macrocracks
were zeen at the center of the rod. The central macrocracks may welli
have occurred as a result of beta phase operation. The resuits c¢f the
tve intertional rupture tests are in complete agreement and show that

the inducticn period in-reactor requirel to tlister and crack the
Zircalcey-2 cladding is in excess of fifteen hours, as compared tc a one-
third to one hour induction period in ex-reactor autoclaves or 1oops.
This gress difference in inductiorn period probably arises because the
nxide fecrmed in-reactor is generating heat; tkhus tending to compact the
cxide; irncresse its protective nature and decrease the chemical activity
of the steam which can gain access tc the metal surface. Both experiments
are in agreemert in indicating that the prototype NPR instruments in-
stalled orn thke loop are more sensitive than was origirally beiieved and
may well be carable of detecting a failure in the NFR durirng the initial
induction period.

Reactor swellirg experiments of Zircaloy clad uranium fuel rcds with
selected uranium temperatures, cladding thickress, and expcsures are
being conducted. Four swelling capsules, GEH-14-G7, 1k-101, 1k-103,
and 1L-105 are presently beirg irradiated in the MIR. Exposures and
average center wursnium temperatures of these capsules are, respectively,
190C, 1500, 1700, 2200 MWD/T, and 70C, 275, 310, 335 C. Goal exposures
as nigh as S0CO MWD/T have beern established for these capsules. Two
additional capsules “c compare the swellirg characteristics of inge:
ar? dingct uranium have been shipped tc the MIR for irradiatior. The
21X remaining swelling capsules in D Reactor were discharged at the end
of January with 2100 MWD/T exposure. Examinatior of the Hanford
swelling capsulzss will begin in March.

Durirng cyclic temperature operation, polycrystalliine uranium develops
microstress distributions due +o the anisotropic thermal expansion of
the uranium crystals. Cyclic temperature, constant stress, creep tests
are being cornducted to determine the effect of these microstress
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distributions on macroscopic creep rates. The first creep test was
cycled betweer 150 C and 465 C, one cycle a day, and at a load of

2000 psi. Under steady temperature operation, this lcad gives negli-
gible strain rates; but after nine temperature cycies the strain was
~9.6 percent. No necking was cbserved orn the sample. The testing
apparatus for adapting the standard creep machines for these tests was-
modified for easier relocading of specimens. The next sample is ready
for testing.

Arbitrary standards for the metallographic rating of coextruded bends
have been issued by FFD. Some iritial defect tests have been made of
bonds with different ratings to relate the standards tc the service
or performaence requirements of the bond. Bonds of numerical rating 8
(good plus) perform well in defect testing; bonds of numeral rating 1
(very poor) perform poorly in direct testing. Tesing of other bond
ratings is in progress.

A notch fracture test has been mads in the Radiometallurgy facility on
a wafer of irradiated (2250 MND/T) coextruded fuel rods. The test in-
dicated that the clad fuel bond was of high strength becasuse separation
at the clad fuel interface did not occur. This behavior is in marked
contrast with the behnavior cbserved at the site of an in-reactor
failure on the same irradiated rod. Failure behavior indicated that
the clad fuel bond strength had deteriorated as the clad was readily
separated from the fuel by the forces of the accumilated fuel corrosiorn
products. The behavior at tkhe clai fuel bond during notch fracture
testing of the irradiated wafer compares with tke behavior of high
bond strength unirrediated wafers and not with the behavior of lowar
bond strength unirradiated wafers. However, differences in the mech-
anical properties betweer irradiated and unirrediated uranium may in-
validate direct comparison of notch fracture tests on irradiated and
unirradiated coextruded fuel material.

Tests made ex-reactor show that severe scratching of the Zircaloy-2
process tube will occur when full sized NPR fuel elements with
Zirceloy-2 supports are charged in them. In addition to the loss of
metal and eventual thinning of the process tube after a number of
charge-discharge operaticns, these scratches may lead to localized
corrosion or act as regions of stress concentratior. Wear tests
against autoclaved Zircaloy-2 plates have been mads using varicus
metals that might serve as the bearing surface of the fuel element
support. Two steels, one a low Cr-Mc alloy steel and the other a
0.8 percent C tool steel, showed excellent wear characteristics, and
scratched the autoclaved Zircaloy plates ornly after wearing for dis-
tances of €0 to 190 feet. The scratches start where there are bad
surface defects on the Zircaloy. One sample of the low alloy steel
that had an oxidized surface from autoclaving in 300 C water did not
scratch the Zircaloy plate after wearing for a distance of 180 feet.
The one-half inch diameter metal samples used in the tests were
pushed against the Zircaloy witk a force of 27 pounds. Indications
from the eleven metals end 2l1loys tested in this series are that a
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tough material gives the best performance as the bearing surface for the
fuel element support. If this relation can be verified, a much larger
selection of bearing surface materials may then be possible. Therefore,
ancther series of metals with high impact strengths will be tested to
verify this correlation of toughness and wear performance.

The in-reactor test, in which 15 Zircaloy-2 capsules simulating fuel
element jackets were tested, was discharged. Post-irradiation examin-
ation will determine fracture streain in the seven capsules that burst
and the amount of creep under constant internal pressure in the eight
remaining unburst capsules.

Ferro-aluminum alloy billets were successfully extruded with the Dynapak.
Cast billets, 7 w/o Al - 5 w/o Cr - 3 w/o Nb - 0.5 w/o Zr - remainder Fe,
were extruded into 5/8-inch diameter by ll-inch long rods at a reduction
ratio of 10:1 at 1200 C. The high resistance to oxidation of this alloy
was apparent when it was compared with A1Si 347 stainless steel extruded
under the same conditions.

A coextruded Zircaloy-2 clad uranium tube 1.45 OD by 0.625 inch ID and
five inches long was made with the Dynapak at a 2:1 reduction ratio.
As expected, the outer jacket was not bonded at this reduction ratio.
The effects of higher reduction ratios will be investigated.

Design Analyses and Computations. In order to establish a raticnal

basis for end closure design, analytic solutions are being established
for determining the mechanical, thermal, and hydraulic conditions en-
countered in the end closure region of a fuel element. Numerical eval-
uation of a method for determining the temperature at the center of the
end cap in tubular or plate type elements with bonded end closures has
been started. Evaluation of cases with end cap to fuel plate or tube
thickness ratios of two and one are completed. The case of the one-fifth
ratio is being evaluated. Convergence of the series for thicker end caps
to tube thickness ratios is strong enough to use a cne term approximation.
Temperature on the surfaces are high enough in the end cap thickness to
tube thickness ratio of one to cause a surface temperature limit to be
reached under certaln proposed operating conditions for the NPR. Thinner
bonded end caps should definitely cause operational limits on surface
temperature.

Facilities and Equipment. A stress analysis considering the creep
deformation of the NPR process tube under combined pressure and lateral
loadings is being made. A numerical method of analysis was developed
and the numerical calculations are carried to the stage of determining
a moment - curvature relation. An iteration procedure is used to find
final deflection since the effect of the axial thrust on the moments is
considered. No attempt was made to program the method of solution;
hence, only one numerical case is considered.
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REACTOR PROGRAM

Coolant Systems Development

Aluminum Corrosion ir Process Water. Out-of-reactor *testing of reactor
grade nickel plated fuel elements at 80, 120, ard 1€5 C is contiruing.
Inspection at eight weeks of exposure shwre*I extremely good corrosiorn
resistance. The scale on the pieces in the 155 test was somewnat
brittle and had flaked off of several elements exp051 the bright, skiny
rickel plate.

Corrosion cf Zircaloy by Turco 4306 B. Coupons of Zircalcy-2 exposed ir
the single pass mcckup tukes for four menths at 110 C were cleanel in
Turco 4306 B. The ccupons were cleaned for 15 minutes at 20 C and 30 C
in a three oz/gal solution, resulting in corrosion penetrations c¢f

C.1% mil and 0.25 mil, respectively. These penetrations were approxi-
mately the same as obtained with unexposed coupons indicating that the
films cn. the coupons provided essentially no protection against corro-
sion by the Turco 4306 B sclution.

XER Operation. A rupture of a 7-rod Zircaloy coextrusion clad uranium
fuel element in KER Loop 1 on February 7 produced a characteristic chair
of wernings, including: (&) a high delayed neutror activity (which
scrammed the reactor), (t) strong sympathetic responses in the moritors
of the other three KER Loops, and {c) high radiation levels at the rear
nozzle and at other points in the loop. Water analyses confirmed the
rupture, showing abnormally kigk I-~131, tctal I, Cs-137, and Np-239 con-
centrations. Examination of the rupture in the water basin revealed a
longitudinal split, about 3/4-inch long, in the cladding of ar. outer rod
in the cluster. The fuel surfaces appeared clean and free ¢f crud
deposits.

Effect of Radiatior on Dichromate. To test the behavicr of dichromate
when subjected to reactor radiation, a nominal 100 ppm of ammorium di-
chromate was added to the KER Loor 4 system for a 15-day test. The
loop was operated with aluminum dummies at an average temperature of
155 C, provided by gamma heat and by heat from the graphite. reguent
addition of bombs of (NHjy)s Cro0O7, was required to maintain concentra-
tion. This is probably the result of botk radiation-induced decomposi-
tion of the dichromate and the adscrption of it on the loop surfaces.
Average concentrations measured during the test were: pH 4.5, 80 ppm
Cr207 , 11 ppm NHy+, 124 ppm total solids, 4 ppm Oz, and 1.5 ppm Fe
The Oo and Fe are very muck higher than is typical ir KER at pH %.

Corr051on Eveluation of Blsu*fa+e Decontaminating Agents. Cyclic *est-
ing of decontaminants is proceeiing ir CEP-L. During tne past month,
the loop completed three cycles of a test using HpOp-HCOY sclutiorn,
alkaline permanganate, and Wyandotte-112 (a sodium % visulfate cleanirg
compound ). Serious pitting attack on corrosion coupons was observed
along the heat-affected zone on carbon steel cf a carbon steel *to
stainless steel weld. The HgOg-Cﬂ3 -HCO3 solution, a non-lubricating
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solution to graphitar, caused overheating of the shaft bearing journals
of the Chempump rotor. The loop will be out of service until the Chem-
pump can be repaired.

Oxygen Scavenging Studies. A laboratory-scale system was constructed to
obtain preliminary results on the feasibility of using activated carbon
to catalyze the aqueous hydrazine-dissolved oxygen reaction. Three tests
were run and excellent scavenging was obtained. Flow rates up to

98 gpm/ft2 of oxygen-saturated, filtered water were used. The tempera-
tures investigated were 39 F and 62 F. In each test at least 95% of the
initial oxygen was removed. Hydrazine to oxygen ratios in the influent
ranged from 2 to 2.3.

Single Pass Decontamination. Six tests were run in the 242-B single pass
facility during the past month:

1. 10% Turco-4518 at eight gpm gave a decontamination factor
of 63 on a present reactor pigtail. The temperature range
was 38-65 C during this 24-minute test.

2. 10% citric acid at four gpm gave a D.F. of approximately
two. The temperature range in this test was 78-85 C.

3. 10% Turco-U512 at eight gpm gave a D.F. of 14.3 on an
H Reactor pigtail. The temperature range was 65-70 C
during this 24-minute test.

L. 2.5% Turco-4518 at eight gpm gave a D.F. of 22. The
temperature renge was 67-70 C during this 2L-minute test.

5. 10% Turco-4512 gave a D.F. of 27 during a five-minute
test with a section of a KER-1l mockup tube pigtail.
The temperature was 70 C dquring this test.

6. A cyclic process using 2.5% Turco-4512 and 2.5% Turco-4518
gave essentially complete decontamination of a section of
a KER-1 mockup tube pigtail in 24 minutes. Three complete
cycles were run at approximately 70 C.

Slug Rupture Experiments. An outer tube of an NPR tube-in-tube element
has been exposed in an out-of-reactor loop for 11 hours at 300 C with
essentially no rupturing. The tube was purposely tested with a zero
clearance between the pinhole defect and the process tube. After the
seventh hour the 24-mil hole was "reopened" with a 25-mil drill. This
element had a small pimple (about 1/16" diemeter) after the first hour
exposure and which never increassed in size or appearance during the next
ten hours of exposure. The element was taken apart, inspected, and re-
assembled six times during the test.
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Structural Materialg Dzwslcppent

Zi*'ca.loy Retubing Program. A ozl of 25 smocth bore Zircalaoy-2 +*ulbes
Tor C Reactor tave beer. veceived from bridageport Brass aad Haxrvey
Alumi.num., Delivery of the wemairing 7+ tubes on order should be nearly
completa by mid-March. Tw: tundysd sdditicnal C Reactor tubes are
being ordersd for cumplete islivery ©y Jurs 1. Due to a charge ir
rlans and fuel 1*@1@ cortracts For development work and producticr. of
ribbed Zircaloy-2 +ubes for the production reactors are being termirarteil,
although an e:tmatr-:t 20 t= 30 ritrei *uhes should be deliversd in The
next few montks from tubss alveady ir procese on these orders.

NPR Zircalcy Process Tubes. A *hres.iay irformation meeting and work-
SLCp or flucrescent iye penstrant and uitrasonic testing was conductel
Auring Februsry for representatives of the four conmtractors for NER
Zircaloy process tubes. The thneory and cperation of the two test me+lod:
were explained ir. ar iijustrated lecture sessicrn. The aciual testing
operations were thnern demomziratel &% the White Bluffs mesting sime 4

Radicgraphic Testirg Operaticr, using snort lengths {up tc 15 feat! £
experimertsl NPR tubtirng. Ir a final iiscuszion session, results or
testing ani reclaiming other types cof Zircaloy tubing were presented,
and testing equipment costs were discuzzed.

Chase Bras:s and Copper Company has =

whick are now at HAFQO for firal test

tubes produced by Allegheny Ludlum Ste

shirped. The fluorescent penetrant arn ke

tubes are cof ipterest to the vendor: as 3 deasure cf the protlems they
thel

may face irn applicaticn of thkese %ests at thelr sltes

ippad elevern fu.l lergtt NFR tube:z
r.g Ten completel NFR procsss
,r:ccratlun kave slsc besr

(=]

Witk the inclusior »f Harwvey Alumiruwm, cspatility has beer developel i
the part of eack of threes weniors to proiuce N?FR process tubes tC pressL
HAPQ sp °c1f1ca*1o.$u Work will comtinus to improve these capabilitiss
line with the new more rigorous specifiecaticns.

Nenmetallic Materiale Development

Hanford Irradiatior of NFR Candidate ( Geaprites. Samples have heer di:z-
charged from the 2C +%est hcle at ¥E Beactor with ar accumulated exposurs

of 2500 MAD/AT s+ 55G to 6OC . Ti=se samles were thermally arneal=d
at 650 C prior te irradisticn. Tas resul¥s of lergth change measuremer~s

are tsbulated below:

HANFORD IRRADIATIONS CF CANDIDATE GRAPHITES
2500 MWD/AT &t -E‘:C =5 FOC C
4 Length Change
, Grayhite Type Trarsverse Parallel

GL-10 +0.022 --

GL-11 +C.015 +0.003
4 +0.001 e
Ve +0. 006 -0.019 s B
KC +0.025 -0.017 {}’“ erE b
A o L. -

CSF =C . D08 =5.022

1C
rt‘* » teet results on theze piiclT

‘ f Z L‘ 194 TSGEF 5. 0B -0.012 oy



The measurements show that all of the graphites made with needle cokes
(GL-10, GL-11, VC and KC) exhibited expansion in the transverse direction,
while those from other cokes X(SF and TSGBF) contracted.

Several high density graphites prepared by pressure forming and baking
processes vere included in this irradiation. Exceptionally large con-
tractions were noted as follows:

HANFORD TRRADIATIONS OF HIGH DENSITY GRAPHTITES
2500 MAD/AT at 550 to 600 C

Apparent % Length Change
Graphite Type Density Transverse Parallel
NC-1 (unimpregnated) 1.81 -0.085 -0.091
NC-2 (impregnated) 1.90 -0.128 -0.120
NC-3 (unimpregnated) 1.83 -0.095 -0.092
NC-5 (impregnated) 1.92 -0.087 -0.087

These samples will be re-drradiated to determine whether the high initial
contraction rates continue at higher exposures.

Flux Monitoring. Preliminary results from calculations of the fast
neutron flux spectrum in the Y test hole at C Reactor were obtained from
ORNL. The calculations were performed using a thirty-two group, diffu-
sion-type code, the GNU-II, which had been modified to include twenty
groups in the range 0.183 mevcto 10 mev. The ratio of the flux above

1l mev to the flux above 5 mev, the reported Ni activation threshold, was
calculated to be 21.2 compared to a value of 12.%5 for a Watt fission
spectrum, a change by a factor of 1.65. Thus, it appears that consid-
erable modificarion occurs in the flux spectrum in the test position
even in the region above 1 mev.

Similar calculations are being performed for the K Reactor lattice and
the NPR lattice, and tke resuits will be used in an effort to correlate
damage rates in the twoc reactors.

Thermal Hydraulics Studies

Hydraulic Studies. Fourteen different combinations of rear fittings were
examined ir the hydraulics laboratory as part of the feasibility study
for increased flow rates in the BDF type reactors by use of larger rear
hydraulic fittings. Most of the fourteen cases examined consisted of ream-
ing the existing header fittings (Parker fitting) and using larger J-type
connectors. The data indicated that normal single tube flow rates could
be increased up to 15 percent abcve present rates. The maximum flow rate
corresponds to that attainable by using a complete K Reactor type rear
assembly on a BDF tube. Attainment of such flow rate increases is based
on. an assumption of constant front header pressure; since reactor hy-
draulic supply curves probably show a decrease in front header pressure
with flow increase, the total reactor flow increase would be less than
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the single tube analysis would indicate. Mechanical problems may alsc
1imit the use of the largest reamed fittings which were tested (0.650"
ID header fitting). The results were reported in HW-63756 1. -

Heat Transfer Experiments Pertaining to Present Production Reactors.
Three sets of experimental data concerning thermal hydraulic character-
istics of BDF type reactor process tubes under various conditions were
completed. These data, obtained from the full scale electrically heated
low pressure heat transfer apparatus, were as follows:

l. BSteady state hydraulic demand curves for enlarged rear
fitting at standard rear header pressure.

2. Similar data with the same test section at rear header
pressures of 150 psig.

3. Steady state hydraulic demand curves at very low tube
povwers with standard rear fittings.

For data set No. 1, flow instability would not occur due to plugging for
tube powers less than about 1100 KW if the tube were supplied with flow
from a front header at a pressure of 550 psi. Double protection for
upstream plugging by a high trip would not be realized with tube powers
less than 600 KW, with initial Penellit pressures equal to 180 psi.

For data set No. 2, the hydraulic demend curves align with similar curves
for low rear header pressures in the boiling region. This is significant
in that studies of hydraulic stability for reactor operation at high rear
header pressures can be conducted with existing data.

For data set No. 3, the hydraulic demand curves obtained for tube powers
of 50, 100, 200, and 300 KW were carried to flows sufficiently small
that tke pressure drop had reached a meximim and was decreasing with
decreasing flow. This factor makes this data of particular value in
analysis of shutdown cooling conditionms. '

Glass Heat Transfer Test Section. The test section using an electrically
heated rod in a glass tube with annular cooling was modified. The thermo-
couples in the thermocouple plate at the outlet of the glass section were
modified to obtain an averaging of the radial water temperature gradient
across the annulus. This was done by soldering a copper fin to each of
the nine thermocouples located around the annulus. A short run indi-
cated that the lateral positioning of the glass tube with respect to the
heater rod was more of & problem than at first realized. The positioning
table is being modified to correct this situation.

Laboratory Equipment. The high pressure heat transfer apparatus re-
mained shut down for modifications to allow greater flow and heat trans-
fer rates as provided by Project CGH-834. The piping and instrument
parts ¢f the Jjob were nearly finlished and the first of two additional
preheaters was installed. Progress was generally on schedule and
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operation of the apparatus was still planned for the second week in
March 1960. . '

Design was compleéted for a short test sectior to be instalted in a
horizontal position in the high pressure heat transfer apparatus to
allow boiling burnout experiments applicable to NPR corditions.
Initial experiments were scheduled for this test section shortly after
startup of the apparatus following completion of the second phase of
Project CGH-83k4.

Consideratle difficulty has been encountered in recording thermocouple
readings from electrically heated test sections when using the new
silicon rectifiers as a heat generating source. The a-c ripple imposed
on the d-c ocutput of the rectifiers induces an undesirable current in
the thermocouples used to measure surface temperature in the heat
transfer test sections. Sultable filters for the recording instruments
were developed that would filter out the a-c components of the thermo-
couple signals without greatly affecting the response time of the
instruments.

Shielding Studies

Neutron and Gamme Attenuation. The iron-serpentine concrete (265 lb/ft3)
test slabs were removed from the oven, where they were baked at 320 C,
arnd placed in the shield facility for irradiation. The data indicated
there was a 7.1 lb/ft3 water loss after the concrete was baked at 100 C
and 8.1 1b/ft3 after the 320 C bake. This leaves a total of 6.4 1b/ft3
of water retained in the concrete after the 320 C bake.

The lighter iron-serpentine concrete (210 lb/ft3) test slabs were re-
moved from the shield facility and placed in the oven where they will
be baked at 320 C. After the foils have been counted and analyzed,
this will complete the testing of this concrete in the "as-cured" con-
dition.

An inzerim report on the results of the boron-steel thermal shield test
has been issued as HW-63981, "NPR Design Test DT-1037, Boron Steel
Thermal Shield Test." 1In this test the neutron attenuation of a one-
irch plate of boron-loeded mild steel (approximately 1.0% boron by
weight) has been studied experimentally using the 36" Shield Test
Facility. Measurements to date indicate attenuation factors of 225

and 4.5 for thermal and resonance reutrons respectively.

Argonne Naticnal Laboratory has agreed tc assemble the Perlow Neutron
Reccil Courter with the exception of the twc counter wires. An engineer
from Hanford will install the wires and check the assembly. Fabrication
of the final nine ion chambers for the C Reactor shielding work is
complete.
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B. WEAPONS - 3000 FROGRAM

Research and deveiopmert ir the field of plutonium metallurgy contiruel in
support cf the Hanford 234-5 Building Operations and weapons develcpment
programs of the Urniversity of Califcrria Lawrence Radiation Latcratory
(Prcject Whitrney). Details of these activities are reported separately
via distribution lists appropriate toc weapons development work.

C. REACTOR DEVELOPMENT - LOOG PROGRAM

1. PLUTONIUM RECYCLE PROGRAM

Plutonium Fuels Development

Basic Studies. Studies have continued on the thermal expansior of riu-
tonium dioxide in an effort to determine the cause for the discontinm®y
wkich exists on a plet of O L/L versus temperature. The dAiscortinuity
has been consistently observed between 6C0-700 C on curves from samples
run in vacud, while a specimen run in one atmosphere of helium skowed
no deviations from linearity up to lOOO C. A specimen which kai beer
cycled three times in a vacuuam of 10™% mm Hg was sutjected t¢ x-ray
diffraction analyses. The face centered cubic phase fourd had a lattice
parameter of 5.396 ¥ ©.002 A indicating pure rlutonium dioxide. No
evidernce of a second phase was focund. The diffractometer used ir +ke
x-ray work should detect a second phase if present in a quantity grsater
thar 10%. A Tlack ring was found on the dilatometer chamber about foux
inches abcve the sample ard might possibly be the condensate of a vila-
tile oxide. This effect hias been cbserved tefore with copper. Ih wouid
seem urlikely tkat a compound with a meltirg point near 2302 C wouls he
volatile at such low temperatures. The cause for the discontinuity s
presently beirg investigated bty high temperature x-ray diffractior.

More determinations have beer made on the UCp-PuOz liquidus, and all
the experimerntal Jata support a corntiruous liquidus curve betwesern the
two compounds. The phase disgram for this system has been calculated
using the laws of 1deal soiutions and ar approximation for the mclal
entrcpy of fusion. The theoretical diagram is of the simple Cu-Ni type.
and good agreement between the theoretical and experimental liquidus
curves was found. The maximum deviation was sbout 5C C whick cecourrel
at 2400 C (U02-90 Pulpj. The dendritic growth effect is still con-
sistently seen at high temperatures and, as reported, is mcre severs
for UO2 at melting thar for PuOp. Extrapolated data indicate that +he
vapor pressure of UOz at its melting point is about eight times greater
thar. that of PuOs at its melting pcint. However, at the melting roint
cf PuOz; the vapor pressure of PuOp i1s scme 20CC times greater than
that of U0o at this temperature.

The thermal conductivity apparatus kas beern completed and is teing
calibrated. Conductivity meesuremenis to pcesibly 1000 C on ceramic
materials cornteining plutorium will take place in a vacuum by the
comparative method. Type 430 stainless steel, which has teer calibrats3l
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by the USBS, is used as a reference material. Initial experiments will
be directed toward obtaining instrumentel constants, thermal equilibrium
over all temperatures, and an estimate of the accuracy which may be ob-
tained from the apparatus.

Sintered pellets of UOp, U0x-25, L0, and 75 PuOp, and pure Pulpy were
heated in saturated steam at 350 C - 2500 psi for 24 hours to determine
the extent of attack as a function of composition. Two runs have been
made -- one on a series of high density pellets (1500 C - 8-hour sinter)
and one on a set of low density pieces (1100 C - 8-hour sinter). In both
cases the pieces looked sound after autoclaving, and no evidences of
keavy attack or disintegration were evident. The high density pieces
gained weight with increasing PuOp content, except for pure RiOp which
was 0.127 gm lighter after autoclaving. The low density pieces also
gained weight; however, in this test both the UOx-T75 PuOp and the pure
Pu02 lost weight during autoclaving. These studies will be continued
arfter the contaminated autoclave again becomes available.

A series of carbides of both Pu and U have beer made by heating the res-
pective oxides with graphite to 1800 C in vacuum. The resulting pellets
have been repressed, using & paraffin tenzene binder, at 37.5 tsi.

These pellets have been resintered at 1900 C for two tc six hours. The
resulting bodies have had fair densities estimated at 80-90% from metal-
lographic samples, but the time and temperature of sintering does not
seem to be enough to achieve good homogeneity. Metallographic examin-
ation shows quite a bit of segregation; however, xyray analysis shows
almcst pure UC in the UOp plus carbon samples. The latiice spacing of
the sample made from 3% less carbon than the stoichiometric amount for
UC chows a value of ag of 4.9LO R as compared to the reported value of
L.951 8. This reduced lattice parameter may be due to residual oxide

ir. the system.

The plutonium carbide samples show strong lines of PupC3 on x-ray
enalysis. The ag of the sample of PuO2 plus 3% less than stcichio-
metric (for PuC) carbon is 8.129 £ as opposed to the reported value

of 8.130 &. This agreement is well within the limits of accuracy of
the measurement. Two fairly prominent lines on the diffractometer
trace were not indexed by the PupC3 structure. These might arise from
a suboxilde which was fourd in some of the other samples. Photomicro-
graphs of these samples show a prominent second phase which has not
been identified by etching techniques.

Ir: an attempt to get more homogeneous samples the resintering was tried
for longer times et maximum furnace temperature. This proved too much
for the coil as its insulation broke down and arcing resulted. The
coil was replaced, a rew crucible was rammed, and the furnace is back
in operation. .

The consistent producticn of the sesqui-carbide of plutonium while pro-

ducing the monocarbide of uranium under the same conditions prompted an
investigation into the rate of the PuOp plus carbon reaction.. The
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reduction of PuOp by carbon was found to start (in the ribbon furnace) ax
1700 C as determined by a sudden rise in the system pressure. This con-
sistent production of PupC3 may be explained by a relatively high vapor
pressure of PuOp as compared to UOp. The top, cooler portions of cru-
cibles always show signs of condensed PuO2 on their sides. Any defic-
iency in Pu due to such a vaporization would encourage the formatior of
PupC3 instead of PuC. The vapor pressure of PuOp will be determined a%
these reaction temperatures to see if the formation cf the monocarbids
may not be promoted by a slightly lower reaction temperature. It may bde
necessary to compensate for the loss of PuO2 by adding less carbon tc
the starting mixture.

A preliminery velue for the melting point of PupC3 was obtained. Tke
average of three determinations gave a value of 2110 C.

Fuel Fabrication. The evaluation of ultrasonic testing techrniques for

inspecting tube quality is continuing, and the reliability of the stand-
ards is being investigated. The testing of the first 100 rods indicates
a high percentage have cladding defects. A total of 870 tubes are cur-
rently in process, and virtually all of these have been swage sized and
final gauged. After swaging and straightening, the inside diameter of
the tubes were treated with emery to remove burrs which created loadirng
difficulties. First end caps have been welded into 637 tubes with vir-
tually no rejects.

Four -hundred-ninety-six billets were cast yielding 992 fuel cores, and
this completes requirements. The casting yield to date is as follows:

Fuel Cores Percent Rejects Attributed to Casting Process

992 100.0

;9@ 10.9 Rejected in development cf corrosiorn-
resistant alloy.

884 89.1

12 1.2 Short billets rejects -- ornly one »od
obtained from a billet.

8712 87.9

_69 7.0 Blistered core rejects.

803 80.9 Preliminary Yield

Since all the billets have not been extruded, other rejects may occur
for the above reasons. Additional rejects, attributable to the castirg
process, may occur from alloys which fall outside plutonium concerntra-
tion limits, as well as in other steps of the fabrication process. Cf
the three causes for the tabulated rejects, only the blistered core
problem has not been completely eliminated. Consistent corrosion re-
sistance was developed in the alloy by casting into unheated grapkite
molds; short billet rejects were eliminated by increasing the melt =size
slightly.
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Seven-hundred and twenty-seven cores have been extruded, and this effort
is also about completed. Three-hundred and fifteen cores have been
loaded, and orly two have been lost because of sticking since graphite
lubricant has been used. Eighty-nine final closures have been made.
Each rod is helium leak checked immediately after the final closure is
mede anl again after etching.

Fuel Evaluatiorn. The four-foot long Zircaloy clad Al-Pu alloy 19-rod
prototype cluster which was irradiated to a maximum of about 60 percent
burnup of the Pu atoms is currently being examined in the Hanford radio-
metallurgical facilities. This element which employed the quick dis-
conniect design was exposed in the ETR 6x9 high temperature loop for a
tctal of 18 days at full power and 2000 psig pressure.. It had received
a total of about 15 thermsl cycles. The stainless steel basket was
easily removed in the basin at Hanford. ZExamination in the cell indi-
cated that a considerable amount of "crud" had formed on the surface of
the element and that all the wire wraps had loosened, but the circum-
fererntial stainless steel bands were still tight. The stainless steel
ball lock pins in the end brackets could not be loosened with the man-
ipulaters and it was necessary to cut them off. The bottom end bracket
was then easily removed, and the manipulators were used to disengage
the quick-disconnect fittings on the top end bracket. Sixteen of the
eighteen fittings operated satisfactorily, and the tips of the end caps
broke on the remaining two. Preliminary examination indicates that some
of the rods show signs of werping. A closer examination of the rods is
continuing to determine warpage and charge in lengtk. Metallograpkic
samples will also be obtained.

This element was fabricated by swage sizing the cladding onto the cores
after canning. It was difficult to comtrol the diametral gaps ty this
technique waich may have aggravated the warp problem. Also, 2000 psig
pressure would ccllepse the cladding and promote interaction between

the core and the cladding. At the time this elemen* was fabricated,

the helical spacing wires were strained to their yield poin*t or beyond

ag they were attached. It has been demonstrated since this time that
looserirg will occur under these conditicns and the wires are now attachsd
while under much less tension.

The 7-rod, Al - 1.8 w/o Pu allcy, PRTR prototype cluster with Zircaloy-2
claddirg, stairless steel end fixtures, and quick-disconnect end caps
was disckarged from KER Loop 1. The cluster was scheduled for a longer
exposure, but the rupture of another test element necessitated the
charge remcval. Cursory examination of the element in the reactor basin
irdicated that the cluster was in good ccndition and had suffered no
gross deformation.

A% the present time there are 24 irradiated UOp-Pu0p capsules in the
Radiometallurgy Laboratory for examination. Eight specimens have been
gelected for complete evaluation. Of the remaining capsules, all wili
be photcgraphed and measured and twelve sent back to the MIR for addi-
ticral irradiation.
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A comparison of the pre- and post-irradiated structures of GEH-1L-19 cz-
precipitated high demsity oxide pellets (U02-0.026 w/o PuOs) has beer
made. Both samples have been cathodically etched, and, as expscted. a
noticeable grain size difference is seen in the sample centers. Tne
irradiated sample was held for two weeks in a thermal fiux of 1.6 x 10 rv
and the calculated core temperature was 1900 C. The pellsts were iritially
sintered for eight hcurs at 1500 C. The average central grain area was
about four to five times greater for the irradiated specimer.. A% ~he

edge of the pellets the average grain area was approximately ths sams for
both samples.

Several additional experiments have beer fabricated and are awaitirg
scheduling in the MIR and ETR. They are as follows:

1. A four-foot long Zircaloy clad 7-rod ciuster prototype
containing Pu-Ai-Ni-Si-corrosion resistart alloy cores
containing 1.4 w/o Pu. This element has diame®ral gaps
as great as 0.007 inch between the core and cladding.

2. A four-foot long Zircaloy clad T-rod cluster prototype
containing UO2-Pulo sintered and ground pellets as *he
fuel material. The rods contain U0p-0.6 w/o PuOs cores
in as-received Zircelcy tubing.

3. Arn 1l-inch lorg Zircaloy clad 3-rod cluster containing
Pu-Al-Ni-Si alloy cores with as mich as 0.008 inck
diametral clearance between the core and cladding.

k. An 11-inch long Zircaloy clad 3-rod cluster containirg
Pu-Al alloy cores with as much as €.006 irch diametral
gap betweern the cors and cladding. These cores were
slip fits in as-received tubing.

5. Injectlon cast Al-Pu core Zr clad bonded capsules.

Febrication Development. Pu-Al fuel rods are beirg drawn to firal =ize
in a hooded draw bench. A cutter was designei and instalied ir the 3draw
bench hood to reduce one end of the rods for insertion througr ths die
to start the drawing cperation. A commercial drawing lubrican*. Qakits
#12, is applied by a dipring operation and the rods are drawr. througk a
tungsten carbide die. Very close diametral tolerances (¥ ©.002 irch

and excellent surface finish are cbtained by the drawing cperatior.

A representative sample of PRTR fuel core material was autcclavel at
250 C for 2L hours in static deiornized water witk ro signs of corrczizr.
The same sample was then autoclaved for 24 hours at 350 C irn stadic
deiorized water with no signs of corrosion. The results from thiz test
indicate tha*t the alloy apparently does not have & minimum *emperature
limit for corrosion.

UNCLASSTFIED
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A1l parts have been machined for the Mark I-G Zircaloy-2 fuel element
brackets. The projection welding fixtures for resistance welding the
ring and sleeve sub-assemblies are complete, and several large and small
rings have been welded to determine proper machine settings. The weld
areas for different amperage ratings are being sectioned and photomicro-
graphed before the full fabrication is begun.

A dummy Mark I-G was completed for charge-discharge testing in 314
Building. A second dummy 19-rod cluster of the Mark I-G design was
fabricated using the same process as the first spike load for the PRIR.
The only other deviation from the actual loading other than the core is
the use of stainless steel end brackets instead of Zircaloy-2 end
brackets. This cluster is needed for pressure drop and thermal cycle:
tests in the 314 loop. The cluster will be tested under specified FRIR
water flow, pressure, and temperature.

Thermal cycling experiments on 30-inch long Zircaloy clad dummy elements
are continuing. Recent tests indicated that the testing pressure was
greatly affecting the cycling results. Ten rods were cycled 80 times

at zero pressure, and no changes were observed in the specimens. Addi-
tional rods were fabricated by various techniques, and the cycling tests
on these glements are continuing at 1000 psig. The results at the
present time are as follows:

1. Six rods were fabricated using four-inch segmented cores.
The segments were separated by indenting the can. All
elements were wire wrapped. No dimensional changes oc-
curred after 49 cycles at a pressure of 1000 psig.

2. A coat of graphite lubricant in the form of dag was
applied to the outside of the cores and the inside
surfaces of the cans on ten rods. There was a minimunm
diemetral gap of 0.004 inch between the core and cladding.
They were all wire wrapped. Five of these rods have re-
ceived 25 cycles with no appreciable dimensional changes
occurring. The length of the core seems to have shortened
on cne of the other five rods which have received 50
thermal cycles.

3. 8Six rods were fabricated with minimum diametral gaps of
0.004 inch. No graphite lubricant was applied and no
wire wrap was attached. At the end of 25 cycles, no
appreciable dimensional changes were observed.

L. Ten elements were fabricated with minimum diametrsal
gaps of 0.004 inch and they were all wire wrapped. No
graphite lubricent was applied. Essentially no dimen-
sional changes had occurred in five of the elements
after 25 cycles. The core showed signs of shortening
in one of the remaining five rods at the end of 50 cycles.

UNCLASSIFIED
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Thermal cycling results are definitely dependent on the testing
pressure. A marked improvement has resulted from lowering the

pressure from 1400 psig to 1000 psig, which is closer to PRP conditicrns.
The pressure range around 1000 psig seems to be a critical one for a
nominal cen wall thickness ¢f 0.030 inch. An improvemert in the cyclirg
performance could be made by increasing the wall thickness of the *ulirg.
The testing apparatus is being modified so that a constant pressure is
applied to the specimens over all temperature ranges.

A method is being developed to fabricate irradiation capsules for
evaluation of a new fuel design. Crushable MgQ swaging tubing, 1/2-inza
oD, l/l6-inch ID, 3-inch long, was filled with UO2 powder to determinz
the density obtainable with loose powder filling. Apparently, bridging
occurred in the 1/16-inch hole as the average density obtainel with six
samples was only 25% of theoretical. It is planned to insert the 102
and eventually PuOp filled MgO tubes into Zircaloy tubing and weld in
swaging end caps. This will be followed by swaging to compact the MgC
and enclosed PuO2 to produce a self-shiclded fuel rod resembling a "cal-
rod" type sheathed heating element.

A major portion of the month was spent in leak checking the autoclave
systems. The number 2 autoclave unit now appears to be leak tight.
Dummy cluster #3 (Zircaloy-2 clad eluminum dummy rods) was autoclaved
for 72 hours at 400 C and arn initial pressure of 1300 psi. The final
pressure was 1150 psi. A visual examination of the furnace cooled rods
showed a uniform black oxide surface and no signs cf warping. The cver-
temperature safety protection on the autoclave has been revised %o
operate on the internal thermocouples as well as the heater elsment:z.
Thus, a pressure leak, which produces extreme thermal gradient in tus
autoclave, will automatically cut the power to the heater before the
fuel rod cores are melted.

The flipper type glove ports that were origirally installed on tke
vacuum welding chamber would not meet requirements, and they were re-
placed by the original type glove port with covers. The vacuum system
requires a maximum of five minutes to pump from atmospheric pressurs *c
1x10-% mm Hg. It is felt that a minimum cf 20 minutes pump dowr. Time
should be allowed to evacuate the loaded fuel tubes before meking the
final closure. The welding chamber is now in cperation, ard back fill
time is three seconds at 1000 psi.

UQo Fuel Development

PRTR Fuel Elements. The 48th Class I fuel element was completed this
month. This fulfills the requirements for Class I UOp fuel elements
for full power PRTR operation. Other fuel elements ir prccess will
provide spares, replacements, and extras needed for design and critical
tests. :

As reported last month, a total of 2180 rcds were swaged. ‘Because of
constantly improving yields, the last 100 were diverted from the IRIR
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fuel assembly, after swaging, and will be used for special irradiatior
tests.

Yields of Class I, swaged PRTR fuel elements approached 90 percent during
the month (as compared with 19 percent for the April-June 1959 quarter)
despite more rigid standards ard more severe testing.

Seven autcclaved PRTR fuel rods randomly selected from six different
autoclave batches were checked for uranium surface contamination by
exposing nuclear track film to the surface of the rods. Surface con-
tamination varied between 0.0 and 0.2 microgram/cm?. The total uranium
fuel element surface contamination in the PRTR core would be 0.06 gram,
based on the average contamination found on the seven tested fuel rods.

Fabrication Development. Swaging experiments were performed during the
month to determine the dependence of swaged density of -20 mesh fused UOp
in Zircaloy-2 cladding on pre-swaged density and percent reduction irn
fuel rod cross-sectional area. For a given loaded density, there is an
optimum swage reduction that produces maximum swaged density. Swaging
beyond this point results in decreased swaged density. Work-hardening

of the Zircaloy-2 cladding is presumably responsible for this behavior.
As the swager dies open, after impact, the cladding will "spring-back"

an amourt deperdent upon the amcunt of cold work present ir +he cladding,
and the swaged UO2 density will decrease accordingly. The swaged UOp
density is a function of the pre-swaged demsity. Tubes of U0z losd=d to
a high density require less swage reduction to reach meximum density
than do tubes loaded to lower densities. Because the amount of cold work
introduced intc cladding is accordingly less, less "spring-back" occurs,
and higher swaged densities result.

A U0 density of 10.37 gm cm™3 (94.5% theoretical ) was obtairned by high
energy impact forming of evacuated, stainless steel capsules of micror-
ized U0z at 1200 C with the Dynapak machine. Coextruded UO2 densities
of 96.9 percent and 97.k percent of tiecretical were obttained in stain-
less steel at 1200 C, and ir Zircaloy-2 at 750 C, respectively, with
different dies. Extruded material was non-uniform in core diameter and
wall thickness. '

Lead-tin alloys are being investigated as gamma absorptometer density
standards. An alloy having a composition correlated with the U0> density
of irterest may be cast into cladding of appropriate dimension. This
method will eliminate the tedious ard somewhat uncertain method presertly
used to obtair steandards.

Fuel Evaluation. A three-foot long, prototypic swaged 19-rod (PRTR con-
figuratior) fuel element was completed for ETR critical facility tests.
A similar test-assembly is nearing completion for irradiatiorn in the
ETR 6x9 in-reactor 1loop.

Swaged UOp capsules have attained an estimated exposure ir excess of
13,500 WD/T during irradiation in ETR-MIR. No failures cf swaged
capsules or element have occurred.
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Metallographic examination of the Zircaloy-2 cladding of an irradiated,
purposely defected, swaged UOp fuel rod revealed a circumferential hy-
dride concentration gradient at the defect. The hydride concentratiorn
at 90 and 270 degrees from the defect, 200 ppm, was twice the hydride
concentration at O and 180 degrees. The average hydride concentration
elsevhere in the cladding was approximately 100 ppm.

Four-hundréd and thirty-seven feet of sintered UOp pellets in stainless
steel tubing were delivered to Chemical Development Operation for fuel
element dissolution and chemical reprocessing studies.

Basic Studies. Preliminary c¢s8iculations based on classical radiation
theory revealed the cause of a significant increase in the thermal
conductivity of UOp which has been indicated in irradiation tests at
temperatures above 1000 C. The thermal conductivity of U0z, measured
below about 1000 C, adheres to a 1/p law. However, the optical trans-
mission properties of UOp indicates that radiation contributes signifi--
cantly to heat transfer within solid UOp, and radiation conductivity
follows a T3 law.

A shielded, remote facility for high temperature microscopic examination
of irradiated UQo was completed.

Facilities. The Thermatool Rib Welder was installed in the 325 Build-
ing basement laboratory. The ability of this equipment to attach
gspiral ribs on Zircaloy-2 clad PRTR fuel rods and straight spacer ribs
on nested tubular fuel element components will be determined. The
equipment is essentially a drawbench with facilities for pulling the
tube and rib stock through a set of rolls beneath a welding head. Heat
is generated at the joint by 450 kc, 60 kw, resistance heating. The
weld is performed at a speed of 90 feet per minute. The preliminary
work performed on this equipment by the vendor was inconclusive.
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Corrosion Studies

Need for Etching Zircaloy Prior to Autoclaving. It has been recognized
that in order to obtain meaningful weight-gain data during autoclave
corrosion tests, specimens must first be etched to prepare a reproducible
surface. However, it was not known how necessary this etching was to
actual long-term corrosion performance of the metal and how eiching
affected the time to breakaway and post-breakaway corrosion rates.

Six different zirconium alloy materials were corrosion tested in koo ¢,
1500 psi steam in both the etched and "as received" condition. Compar-
isor of the rate curves for the alloys out to about 1000 hours reveals
conclusively that etching is required to obtain reproducible weight
gains. A comparison of the weight gains at 800 hours of exposure illus-
trates the differences in weight gain etching produced:

Weight Gain, mg/dm, at 800-hr, 400 C, 1500 psi Steam

Alloy Etched Unetched
Zirceloy-2 38 36 (slopes similar)
Zircaloy-2% 75 65 " "
Zircaloy-k4 36 638 " "
Zirconium - 37 27 (slopes different)
Zircaloy-3 Ly 210 " "
Zircaloy-3¥ 54 340 " "

*Duplicates from different ingots.

Corrosion Testing of Zircaloy-2 from Columbia National Spenge. Samples
cf Zircaloy-2 made from Columbia National zirconium sponge were recently
obtained from KAPL. These coupons were machined from 3/4" thick plate
stcck and hot rolled 0.200" thick strip. Many of the samples failed to
meet the corrosion specification of 28 * 10 mg/dm? weight gain after a
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1llh-day 400 C, 1500 psi steam test. Weight gains up to 58 mg/dm? were
observed together with mottled grey corrosion product films. Standard
Zircaloy-2 coupons from KAPL, WAPD, and HAPO were included in the test
and were satisfactory. Comparison of three-day and lli-day data indicates
that the Columbia National meterial corroded rapidly for the first three
days of test, but then the rate slowed to & normal Zircaloy-2 corrosion
rate for the balance cf the test. The end result was a high absolute
weight gain, but a2 normel terminal corrosion rate, the change in weight
from three days to 14 days being essentially the same for all of thke
alloys. This test is still in progress to determine whether parallel
corrosion rates will continue.

Corrosion of Various Iron and Super Alloys. The corrosion rates of
various iron and superalloys are being investigated for possible reactor
application. The alloys are being tested in 360 C, 3200 psi deionized
water and have received spproximately two months of exposure to date.
LO6 stainless steel, 406 modified, and 430 stainless steel are exhibit-
ing weight geins of approximately 5 mg/dm? and are similar to modified
Ferral and a 6% aluminum, 24% chromium, iron alloy, which have weight
gains of 8.4 and 6.1 mg/dm®, respectively. 302 stainless steel, 410
stainless steel, Alfenol, and Ferral are exhibiting weight gains ranging
from 18.3 to 26.2 mg/dm with the 410 stainless steel being the highest
and Ferral the lowest. The various Hastelloys and Inconels are varying
from 11.6 to 24.2 mg/dm?, with Hastelloy "F" showing the lowest weigh*
gain and Inconel the highest. Two alloys, & 1% yttrium, 30% chromium,
iron allcy and Allegheny-Ludlum iron-nickel base alloy D-979 have ex-
hibited weight losses after only one month of exposure.

Structurael Materials Development

PRTR Zircaloy Process Tubes. Eighty-five PRTR process tubes are ready
for delivery to the PRTR contractor. These tubes meet the following
criteria:

1. The minimum wall thickness is 0.146 inch or greater.

2. There are no metal flaws as measured by ultrasonics
and compared to a 3-mil scratch standard.

3. (a) There are no surface flaws on the outer or inner
surfaces as demonstrated by fluorescent pernetrant testing,
or

(b) Where penetrant indications have been observed,
radiographic and ultrasonic testing show nc defect
to be present. :

L. The corrosion resistance is good as demonstrated by
satisfactory autoclave films.
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5. Tube bowing incurred during autoclaving has been corrected
to within half the straightness tolerance specified to
the vendor.

Of the remaining 12 tubes from the 97-tube order, two are considered
unsuitable for reactor use but up to ten may be usable on a controlled
basis, being scheduled for early removal and destructive testing as
part of the tube monitoring program.

Radiometallurgy Laboratory Studies .

A vibratory-compacted UOp fuel element was sectioned at midpoint and
photographed. Partiel sintering had occurred, dbut there was no central
void (RM-60U). 8Six samples from five various irradiation tests of UOg
or Pu02-UQo capsules were dissolved and sampled for burnup analyses.
Burnup samples were also obtained from a 1.65 w/o Pu-Al and an 8.0 w/o
Pu-Al alloy capsule. Examination of the defected UQp fuel rod (RM-603)
was completed this month.

An unirradiated and e 0.4 a/o burnup irradiated sample of uranium were
annealed for one hour at 880 C and cooled at 10 C/hr. Metallography,
density and Fax-film replicas for electron microscopy were obtained
(RM-265). The results and conclusions from these tests will be reported
in connection with the respective programs of Ceramic Fuels, Physical
Metallurgy, and Plutonium Metallurgy Operations.

Thermal Hydraulics Studies

Hydraulic Stability of Coolant Channels in the PRTR. The analysis of
the conditions leading to possible hydraulic instaebility in the PRTR
coolant channels was continued. Of particular concern in regard to
hydraullc stability is the possibility that an increase in pressure
drop in the coolant channel due to boiling would cause a self-induced
flow reduction and excessive fuel temperatures.

The method of analysis consists of combining tke hydraulic demand
characteristics of the different portions of the coolant channels and
comparing the result with the hydreulic supply characteristics under
different conditions of normal and abnormal power and flow levels.

The hydraulic demand characteristics for the portion of the coolant
channels containing the fuel elements were obtained from full scale
electrically heated mockups of the PRIR fuel eliements in the heat
transfer laboratory. The other demand characteristics were calculated
and the supply characteristics were taken from the pumps curves.

For the coolant tubes containing Mark I type fuel elements, it was found
that there was little chance of unstable flcw conditions. For coolant
tubes containing Mark II type fuel elements, it was found that the flow
conditions in the individual channels within the fuel element were
stable, but the margin of safety was not large. Furthermore, it was
found that unstable flow in one flow channel would not be detected
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since the decrease in tube flow with one channel in the fuel elemernt
completely blocked would not cause a reactor scram signal.

Protection Against Inadequate Cooling of a Fuel Element in the Event of
a Small Leak in a PRTR Process Tube. The PRTR scram signal following
rupture in a process tube or in the piping between the flow monitor and
a process tube is by a high flow trip. If such a rupture should occur,
the leak flow would be many times the normal tube flow and a high flow
trip would occur. However, if a small leak should occur, the leak flow
would come partially from an increase in total fiow to the tube and
partially from a robbing of the flow through the heated section. The
question, then, is whether the total tube flow increase is sufficient

to cause a high flow trip before the flow through the heated section is
reduced to dangerous values. Preliminary calculations show that the
reactor would be scrammed before the heated section flow were reduced to
dangerous values if the high flow trip point is set no mors than 105% of
ncrmal flow.

Effect of Wire Wrapping on Coolant Temperatures in the Mark I Fuel Elements.
An electrically heated test section was constructed to determine the effect
of wire wrap orientation on the coolant temperatures in the Mark I type
fuel element. The test section will be run at prototypical flows and heat
generation rates and data will be gathered concerning the water temperature
distribution across the element for different orientations of the wire
wraps.

PRTR Project Management and Design

Phase IIT PRTR Contract. The Phase III contract portion of the PRIR is
62% completed versus a scheduled 76% based on & Mey 20, 1960, completior
date. However, the Phase III contractor has been awarded an additional
35 days, extending his contract to June 24, 1960, to compensate for
strikes and other delays to his:.contract. Over-all PRIR Project is
estimated to be 82% complete versus a scheduled 80.1%.

Al]l pre-placed heavy aggregate concrete work on the tiological shield
was finished to the minus six-inch level. Conventionally mixed topring
pour is being delayed to permit repair of the top flange on tke inner
liner. :

The thermal shield blocks and cooling connections have been mocked up as
required by the Phase III contract. Welds on cooling connection:z to inlet
and cutlet headers have been completed. Steel work on the rotating shields
is complete except for minor cleanup work.

It is anticipated that the calandria and bottom primery shield will be
delivered to contractor during the week of February 29.

PRTR Stack Addition. The PRTR stack contract is estimated to be 99%
complete. The contractor was furnished backfilling and is completing
installation of obstruction lights and painting.
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Process Piping. Fabrication of modified pressurizer nozzles to accept
safety relief valves was completed during the month.

Interim piping flexibility analyses reports ccvering deadweight and
internal pressure stresses and stresses resulting from the failure cf
ring header supports to permit design movement were received from
Electric Boat Division of General Dyramics Corporation. Thus far the
aralyses have shown piping flexibility to be within code except for
cases of stuck header supports. The probability of such sticking is
extremely remote and may be lessened by incorporating special provisions
for lubrication, or totally avoided by monitoring piping movement during
pipe expansion.

Eight sets of contractor submittal data om piping, pumps, and valves
were reviewed.

Specification for PRTR ion exchange resins and portable disposable ion
exchange units were written and distributed with bid invitation.

Instrunentation and Control. A rough draft report was completed sum-
marizing a study on the compliance of the PRTR with General Electric
Reactor Safeguards Council Stenderds. It was found that: '

1. An interlock should be added to require that two neutron
measuring channels be on-scale above a pre-set level in
order for the gas balance compressor tc run.

2. The temporary second channel of source level instrumentation
shouwld be made permanent if the first year of operating ex-
perience indicates that it will be needed routinely to meet
recommendatior 1.

With these changes, the existing PRTR nuclear control system is believed
to comply fully with GE Safeguerds Council Standards which have been
adopted to date.

Purchase orders have been placed for all GE procured equipment for re-
visions of the PRTR safety and containment systems. The design change
for revising the safety circuit to require coincident signels to shut down
the reactor was negotiated with the Phase III contractor in the amount of
about $45,000 plus several days extension of contract time.

The special silicone base compounds for "potting" the shim control

cables into their conrectors have been ordered. Because of the ex-
perimental nature of these compounds and the special techniques re-
quired, it is plamned to have the "potting" done by plant personnel.

An invention report has been filed on a fusible contact temperature
monitor for indicating temperature conditions above limits on the outlet
of process tubes of a pressure tube reactor. The proposed temperature
monitor would replace conventional thermocouples, resistance temperature
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detectors, and their more complicated measuring circuits with a simple
device which is clamped around the process tube outlet jumper, and a
current detector. A contact made of a material chosen for its melting
or softening point would be held against the outlet jumper and an elec-
trical circuit broken when the material changed state or shape. Break-
ing of the circuit would cause a high temperature trip signal to be
transmitted to the contrcl room. The cost of such a device and its
measuring circuitry would be significantly less than that of conventional
temperature monitors currently in use.

Fuel Handler. Fuel handler testing was completed. The tests indicated
that minor revisions be made to auxiliary equipment on the machine. The
fuel handler is presently availaeble for delivery to the construction
contractor. '

Process Tube Assembly. Nozzles have been delivered to the contractor,
and tubes are ready for delivery. An interpretation of the acceptance
test requirements has been given to the contractor and general procedure
requirements outlined.

Fuel Transfer System. Imstallation of the fuel transfer system is in
progress. Some trimming and adjustment of location is required to enable
operation of the system.

High Pressure Loop. Analog studies are being initiated to evaluate
control system transients and stability at equilibrium conditions.

Fuel Element Hangers. Bids for furnishing 140 fuel element hangers are
due February 26.

Helium Gas System. The Phase III contractor was instructed to proceed
with installation of piping of helium compressors in accordance witk the
revised drawings. The design change was consummated for about $15,000,
and several days extension of contract completion date.

Fuel Element Exemination Facility. The cast iron shielding blocks are
now en route. The two sections of the control console which were made ty
Panellit have been received. Assembly and testing of the viewers was
continued as parts were received.

Electrical. The scope design was completed for the emergency power tie-in
from 38k Building to the PRTIR to furnish backup power for critical drives
in PRTR and the Gas Cooled Loop. A proposal was drawn up for supplying
pover to the FRIR primary coolant pump low speed windings if BPA and the
diesel generator sources of power fail, but 384 power is available. The
cost of such an instellation is estimated at about $20,000.

BRP Gritibedc Fapility'{Rroject CAH-842) . The Project Proposal,
HW-£3069, was approved by General Electric Company and transmitted
to the TAEC on - February 12, 1960. R
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The Design Criteria, HW-62117, has been revised to include a reactor
moderator system capable of changing and controlling the reactor tank
level at any point in the top four feet of the vessel. Additional
equipment required for this change includes an 850-gallon storage
tank, an adjustable weir overflow system, an addition pump, and assoc-
iated piping and valving. The reactor cell was deepened from 26 to
32 feet to house the additionsl equipment.

Detailed design of the building addition has been completed. The fuel
transfer lock design was withdrawn from the building design package
and will be procured on a "design and build" basis. Rough draft
specifications were completed during the report period.

Fuel Element Rupture Test Facility (Project CAH-867). Work on the
design criteria is nearing completion with the criteria being
assembled for publication of a comment issue. Scope drawings, to
be included in the design criteria, are about 85% complete.

Work performed by Coolant Systems Development Operation indicates that
the design flow rates for the cation and anion ion exchangers of the
mekeup system must be reduced from 50 gpm/ft2 to 25 gpm/ft2 to obtain
adequate capacity utilization and to prevent bed leakage. It was also
indicated that the mixed bed exchangers and the cation unit of the
cleanup system can be designed for 50 gpm/ft°.

Because the Rupture Loop will, on occasion, contain ruptured metallic
uranium fuel elements, the possibility of uranium fire must be consid-
ered. Since the PRTR fuel handler is air cooled, it was apparent that
some modification must be made to it or tc the established handling
methods. After reviewing a number of possibilities, it is proposed
that the entire test section filled with water would be removed and
transferred to the storage basin. In the storage basin the test
section will be lowered into a metal thimble which extends down to the
-38 foot elevation. The fuel hanger and fuel elements would be removed
vertically. The thimble arrangement will also allow regular PRIR test
sections to be vertically disassembled.

Design end Component Testing

PR-1 - Discharge Operation Mockup. Testing of the PRTR fueling vehicle
components noted below continued during the month:
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a. Position Indicator. The modified bridge and carriage position
indicator systems were installed on the carriage, and operation
was successful. The systems will position the carriage of the
fuel handler withir 0.045". Fuel elements were charged and
discharged with displacements four times this amount.

b. Air Cooling System. The shrouds were installed but required
hand grinding to allow the discharge cask plurger to pass by
the shrouds. Compressor suction pressure with the shrouds
and seat in position is 8.3" Hg and with a UOo prototype
element in position with the shrouds, suction pressure is 8.6"
Hg. Compressor suction pressure with & process tube in posi-
tion on the seat (containing the UOp fuel element) is 10.5" Hg.
The compressor will operate 9-1/2 minutes before overloading
with the 10.5" Hg suction pressure.

c. Process Tube Discharge. Initial attempts to raise the process
tube into the discharge cask and place the tube cn the seat
were unsuccessful. The process tube being used for this test
is & reject with approximetely 0.250 inch bow versus C.100 inch
specified. Guide rods in the seat drive air cylinder were bent
when attempting to lower the tube on the seat at varicus dis-
charge hook speeds. The air cylinder was repaired, and tke seav
is being modified to correct for more misalignment between tube
and seat.

4. Charge-Discharge of Prototype UOp Fuel Element. It is possible
to charge and discharge the fuel element witk *he centerline of
the discharge hook offset 3/16" from the centerline cf the rnozzle.
The discharge hoist motor failed with the fuel element =zppraxi-
mately half way out of the process tube durirng one of the dis-
charge attempts. Motor failure was caused by a "sticky" relay
in the discherge hoist speed control unit. The fuel elemernt
has teen discharged from a bowed process tube (maximum bow,
approximately 2" located 9’ from tottom cf tube) with a discrarge
hook pull of approximately 300 pounds.

PR-10 - Primary Loop Mockup. The spare PRIR mechanical seal pump wes dis-
assembled after 1360 hours of operation witk injection water to the seal
chamber. Inspection of the high pressure seal revealed the same excessive
wear pattern observed on the previous test run. Increased seal temperature,
higher power consumption, and decreased flywheel coast down time all ccour
simultaneously and appear to be caused by the excessive seal wear. The
pump has operated 300 hours with a new lower balance seal which allows
higher leakage, 0.1 to 1 gph. The new seal is already showing evidence oFf
excessive wear. The pump manufacturer has been contacted and is sending
a representative for consultation and inspection of the pump, whick will
be disassenbled at the end of this month.

Additional tests are being conducted to determine if vibration or
Pressure pulsation could be contributing to the excessive wear rate.
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The high pressure seal of the prototype pump continues to operate at
leakages less than 0.01 gph after 2600 hours of operation. A bearing
failure in the drive unit caused this pump to be shut down during
part of the month. The temperature has recently been cycled from 350
to 530 F, and the pump speed varied from 400 to 2200 RPM, routinely
without noticeable effect on the seal performance.

Evidence of erratic leakage of the process tube high pressure closures
has necessitated a renewed emphasis on evaluating the leakage problems.
Operation each night as well as weekends, necessitated by the fueling
vehicle tests during the day, have resulted in 230 hours of operation
during the month with nine complete pressure and temperature cycles.

Severe process tube heating rates from cold to 350 F in five to ten
minutes cccur during these cycles with the temperature thereafter
raised to 530 F in approximately 30 minutes. Several potential reactor
operating problems were encountered during these cycles which resulted
in increased leakage. These problems were fuel element damage to cap
gasket seat during charging, insufficient bolt-up torque, and excessive
shims in the process tube to nozzle flange. The leakage rates will be
corntinuelly monitored and reported after more prototypical conditions
are resumed.

The Zircaloy process tube installed in June 1959, before the pickling
and autoclaving facilities were available, has been removed from the
Single Tube Prototype Loop after 2329 hours of operation near PRIR
corditions. The tube was cleaned by sandblasting, followed by pickling
and autociaving. Borescope examination revealed several suspected flaws
whick upor. sectioning the tube showed wear depressions, 0.001 to 0.002-
irck deep, adjacent to the fuel element supports and several randomly
spaced blisters. The presently installed tube, which was pickled and
autcclaved prior tc installation, was examined after 963 hours of
operation with a borescope. One suspected wear area was rncted at the
fuel element bottom support location and a blister near the top of the
tube. Operation of the tube is continuing at PRTR corditions.

PRTR Primary Pump. Changes in power consumed by the prototypical PRTR
primary pump during routine operation have been measured. The changes
compare in magritude to the friction losses as estimated in HW-63401,
"PRTR Primary Pump Flywheel Analysis.”

PR-LO - Shim Control Mockup. An aluminum test tank incorporating
prototypical shim shroud tube extensions has been fabricated to in-
vestigate the possible corrosion problem between the shim assembly and
the shroud extension.

A trip was made to GE-APED to observe the first and second production
models of the shim control assembly in operation. The lead screws of
the first assembly had an interference within the ball nut. The vendor
is making corrections on site.
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The other problem area enccuntered in production of the shim control
assemblies is the drive motors which are being furnished by Glove
Industries. The GE-APED is inspecting the motors upon arrival. Eight
of the 23 motors inspected to date have been rejected because or defects.

PR-64 - Gas Sampling Technique. Testing of the prototype samplirg
system is complete, and a final report 1s being written.

PR-70 - Helium Compressor Test. The modified oil compensating pump
with hardened steel piston and sleeve and chromed piston rings was re-
moved from the test stand after 700 hours of satisfactory service. A
modified piston ard seal system received from the German manufacturer
was removed from test after 10 hours when signs c¢f scorirg appeared on
the piston. The teflon backup seal was removed, and the test restarted
with a neoprene seal.

PR-80 - Air Cooling Duct Test. Fabrication of the secord duct is 90%
complete. A work order to remove the existing low pressure duct and
install the new high pressure duct for testing has been iscsued.

Special Tools. The outlet nozzle core saw for use in remcving the
nozzle, process tube and fuel element into the fueling vekicle shoull
the assembly become stuck has been tested. The saw successfully parted
the nozzle outlet elbow and hold-down assermbly. Improvemerts *o the
cutter edge and drive urit are planned before firal testing.

rawings on three of the special wrenches have been completed and are
being checked prior to issuirng for commernt.

The cut-off saw has been fabricated and is being adapted *o the fueling
vehicle for testing.

The fuel element extractor is 80 percent complete.

Siliccne Foam and Sealers. The second pouring was delayed perding Je-
livery of an activator for the silicorne. The pour has teen made and
leaks similar to the first pour. Two substitute sealers are tc te
tested as alternates.

PRTR Outlet Nozzle Fabrication. A total of 67 nozzles have been completsd
by J. A. Jones and delivered to the reactor site. The remaining 23 are
scheduled for delivery by the end of the mornth. Considerable repair wzrk
on welds, threads, elbow alignment, flange thickness, bore eccertricity,
etc., was required of parts received from the vendor.

PRTR Bupture Disc Assemblies. Tke rurture disc assemblies have teer
completed by J. .A. Jones and are now being helium leak tested prior tc
delivery to the reactor site.
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Cadmium-lined Shielding Cylinders. Ten of the shielding cylinders have
teen bored and lined with cadmium by J. A. Jones, and the remaining six
are scheduled to be completed by the end of the month.

Irlet Orifice Flange. The revision to the inlet process tube flanges
was started during the month and is now 45 percent complete.

Temperature Probe for Fuel Examination Facility. Testing of the second
prototype (100-K) thermistor temperature probe using ar arsenic tri-
sulfide window has been completed. The output has increased 500% and
the response time to 63% of a step temperature chenge has decreased 25%
as compared with the same probe using a radiation stabilized glass
windcw. The transmission efficiency of the arsenic trisulfide windows
remained unchanged at accumulated doses of 108 and 107 R; however, at lO8
R the following losses appeared:

1. 30% loss at one micron wavelength
2. 10% loss at four microns
3. Approximately 1% from five to 12 microns.

The 12-micron cutoff point remains unchanged. The average loss in the
range utilized by the thermistor probe (four to 11 microns) is about £,
The irradiation to 109 R is in process.

Desigr. Aralysis

Rupture Loop Temperature Transients. Following a reactor scram, loop
comporierts and the primary coolant are subjected to sharp temperature
transients. The absolute megnitude of these changes and rates of change
are dependernt on the lcop operating conditions. Thus, the necessity for
automatic temperature control is also dependent on the operating con-
ditions of the particular loop.

Ir. crder to determine the desirability of an automatic control system

for the Rupture Facility, a temperature study was programmed for soluticn

or. the IBM-709. The conditions assumed were: (1) HpO flow of 100,000 lb/hr,
{2} electric heat capacity of 600 KW, and (3) maximum tube power of 1800 KW.
The problem is to be solved assuming that following the scram, the primary
coolant flow will remair constant, all coolant will flow through the re-
gererative heat exchanger and cooler, and the electric heater will deliver
£00 KW. The 709 program is at present in the debug stage, and solutions

are expected early next month.

Effect of Scram on Pressurizer DoQ Leve).. The liquid contraction follow-
ing a scrarm in the PRTR was re-evaluated. The previous calculations were
terformed using the NFD reactor power decay curve. In the present study
the more recent curve by Untermeyer and Weills was used.

Tke »esults indicate that the maximum rate of DO contraction is about
21C gpm. The total liquid contraction is estimated to be about 124
gallong, ard this cccurs in about 30 seconds. Since the maximum helium
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flow required to maintain 1024 psig in the pressurizer is about 1900 scfm,
the present system (capable of delivering 3000 scfm) appears adequate.

The results are presented in HW-63861, "The Effects of a Scram on the
Level of Heavy Water in the Pressurizer of the PRTR."

Instrumentation. A study report on a high speed data acquisition sysem
for the PRTR has been published as HW-63789. The proposed system would
scan 300 data points at speeds up to 100 points per second. Computing
capability is included to perform such functions as continuous individual
tube power calculation and on-demand evaluation of xenon and iodire con-
centrations.

Physics Analysis. Debugging of the SNG transport thecry code for the
IBM-709 is continuing. The calculation now yields the correct eigen-
value for the test case; however, the converged fluxes are in error by

a large factor. Methods to accelerate the convergence are being investi-
gated.

A study of T-rod PuGo-UOo fuel elements has been initiated in cooperation
with Plutonium Metallurgy Operation. Both heat generation and reactivity
are being calculated.

A brief study was made of the effect on reactivity of increasing the
present Zircaloy cledding thickness on PRIR spike enrichment fuel elements.
If the claddirg on the Pu-Al elements is increased to 0.035" from the
present 0.030", the loss in reactivity would be of the order of cne milli-~k.

Solutions are being obtained for control rod reactivity worths irn a re-
flected core. The neutron transport model used is two-group diffusion
theory. Rods being considered may have eccentric locations in the core.
The celculational method has been programmed for the IBM-T709 in FORTRAN
language. The code (RECON-Reflected eccentric control) is compiled
compatible with MONITOR operations. Debugging of the code iz under way.
An immediate application of the program will be to calculate rod strengths
in the PRTR and PRCF whkere reactor flux distributions are affected con-
siderably by the effective increase in core size due to a reflector.

Further employment of the F3 three-group diffusion theory cell and reactor
sub-routine is being made using the FLUX-WEIGHT calling program writtern
in FORTRAN language to perform a survey of the properties and behavior of
several core configurations in the PRIR and PRCF. Output of the ccde
consists of the following:

A. Cell Calculation

1. Three-grour flux and fission density distributior. in cell.
2. Infinite miltiplication factor.
3. Average three-group fluxes in each cell region.
L, Cell average three-group cross sections, flux and
volume weighted.

UNCLASSIFIED
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B. Reactor Calculation

—

Three-group flux and fission density distribution in
reactor (core, reflector, shield, etc.)

Effective multiplication factor.

Three-group adjoint flux distribution in reactor.

Flux normalization factor (per watt of reactor power).
Relative statistical weight distributions given by
products and cross products of the flux, the adjoint
flux, and the volume weight. (Nine distributions are
formed for three energy groups.)

Average three-group adjoint fluxes in each core region.
Average three-group cross sections for the core, obtained
by weighting region cmpss-sections by the product of
flux (i), the adjoint flux (i), and the volume weight,
where 1 is the neutron energy group.

T EW N

~N O

This code is currently being debugged. Cell cases are treated properly,
but some facets of the reactor version require further modification.

PRTR Startup Activities. All but four of the Critical Test outlines have
been presented to the4§£artup Council for review. Special foil-containing
fuel assemblies to be used in obtaining thermal and epithermal flux dis-
tributions during startup testing have been designed, and fabrication has
been requested. Planning of the Power Tests has been started.

Process Specifications. Writing of PRTR process specifications has con-
tinued. About 35 percent of the specifications have been issued in rough
draft form.

PRIR Safeguards Analyses. The PRTR Final Safeguards Analysis, HW-61236,
was reviewed by the Advisory Committee for Reactor Safeguards on January 28.
All questions of the safety of the reactor raised by the Committee were
apparently answered to their satisfaction. However, a written opinion is
yet to be received.

Plutonium Fabrication Pilot Plant (PRoject CA-T47)

Routine progress was made during the month in preparation of the second
floor to receive the transferred equipment. The electrical and instrument
cable trays were relocated, lighting re-arranged, power cable installed
for the bus ducts, and the new lighting and receptacle power panel was
installed. The hood exhaust and vacuum air sampling lines were extended
into the second floor. Good progress was made with the installation of
the zirconium etch facility; mechanical and electrical work is about 75%
complete, and the facility will be ready for use as soon &as plastering
and painting are completed.

A complete schedule was agreed upon for the moving of equipment from 231-Z

Buiiding. It was ruled that the removal of the equipment, preparation for
shipment, and transportation to 308 Building will be performed by 200 Area
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Maintenance. A project proposal revision covering this change of method
of performing work was approved during the month. The first pieces cof
transferred equipment, the experimental autoclave hoods, were received
at 308 Building on February 25.

Work on the sintering furnaces continued in February. The furnace
pressure control panel and the atmosphere control panel were received
from the vendor in an incomplete condition. This work is being completed
by construction forces. The cross-push mechanisms have still not been
received though their shipment regardless of state of completion was
ordered early in the month.

Fabrication of the cryolite furnace hood has been complete for some time,
awvaiting receipt of the furnaces. These have now been received, and work
on mounting them is in progress. Delivery of the furnace hood to 308
Building is expected March 1.

PRTR Operations

Engineering Assistant training continued on schedule. The second phase
of radiation treining was organized and started at month-end. Six
Engineering Assistants have completed their training with Mechanical
Equipment Development Operation in the 314 Building. Another group of
six Engineering Assistants was assigned to the 314 Building for a one-
month training period. Three Technicians were assigned to 1706-KER for
one month to gain experience in operation of high temperature-high
pressure 1loops.

Pre-Startup Activities. Final operational and design review was completed
on six tests during the month. All but two of the 53 tests have now been
submitted for this review prior to presentation for approval by the Startup
Council. Preparation of a list of special equipment items needed for the
tests was completed, and & cost estimate of $22,000 was obtained.

A1l criticel tests except number 35 have been presented to the Startup
Council. Test 35 and the revised introduction to the tests will be
presented in March. Equipment requirements for these tests were formu-
lated. It is estimated that $35,000 will be necessary to procure and
fabricate the required items.

The PRTR Power Test Sub-Council was organized during the month. Two FRIR
engineers were appointed as PRTRO representatives. The Sub-Council met
twice during the month to formulate a rough draft outline of the tests to
be performed.

Seven operating procedures were issued during the month. In eddition,
several emergency procedures and operating procedures in rough draft

form were circulated for comment. Answers to the written portion of the
Qualification Test for personnel who will operate the reactor were compiled
and will be issued next month. Comments were made on process specifications
issued to date and were discussed with Reactor Technology Development
Operation personnel.

1241913
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A second commmication system for PRTR was scoped and presented to Design
Development Operation for their consideration. The second system would
provide communications to the new facilities being added and would provide
back-up for the present installation.

The PRTR Arnuncistor Manual was revised. Copies will be issued to
interested personnel.

In cooperation with FFD Maintenance, the PRTR maintenance manpower re-
quirements have been reviewed on the basis of the revised construction
schedule. In addition to instrument calibration, maintenance activity
during FY-1960 will be devoted to training and planning. Calibration
activity will start in March on the reactor control room. Layouts of
the tempcrary shop area in the PRTR Service Building basement were ob-
tained, together with a cost estimate. These were forwarded to DDO for
action. Spare parts have been ordered for PRTR components for which
BPF data are available.

PRTRO completed definition of calculational requirements for the data
handling system. This information was transmitted to EDPM to assist
in their PRTR programming efforts.

PRTR Electrical Menual. Preparation of this manual which was begun in
January is 20 percent complete. An additional forty percent is nearing
completion. The remainder, except for test loops, will be finished by
April 30.

FRTR Sampling Program. At a meeting held with representatives of the
Analytical Laboratory Operation, the use of a Perkin-Elmer Infracord

for determining isotopic purity of heavy water was demonstrated. This
instrument was found to have the required range and sensitivity; purchase
requisitions were prepared to obtain an Infracord for the PRIR Analytical
Laboratory.

UNCLASSIFIED
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2. BASIC SWELLING STUDIES

Irrediation Progrom

Two types of capsules for irradiating uranium at a constant temperature
are currently under construction: a metallographic specimen swelling
capsule for insertion into either the MIR or the ETR, and a general
swelling capsule for insertion into a HAPO reactor. Four assemblies

of the metallographic specimen swelling capsule are in nearly completed
stages of construction while four general swelling capsules have been
completed and the fifth is in the final stages of assembly.

Several improvements were made in the design of the metallographic specimen
swelling capsule during the construction period. The method of affixing
the heaters and the thermocouples to the vacuum tight inner chamber was
modified to include a welding sleeve. This improved the ease of welding
and reduced the number of reject assemblies. Another set of heat transfer
calculations have been made on the final design, and, with no additional
changes, the capsule will be able to perform satisfactorily between the
temperature limits of 450 C and 630 C in a neutron flux of 3 x 1043 nv to
1x lOlu nv. One of the major problems in the design of the capsule was
the large demand on the electrical heaters to keep the sample at a constant
temperature at all times. The demand was such that there was not sufficient
room to place the required heater in the capsule and still allow for some
swelling of the uranium. The changes that have been made have decreased
the power demand on the heaters by 18 percent at the highest temperature
and by 34 percent at the lowest operating temperature. This was mainly
accomplished by completely surrounding the heater with NaK, reducing the
weight of gamma heat generating components and evenly distributing the
heat removal. Sufficient room has now been provided to aliow for a
swelling of 4O percent in volume of the uranium specimen. Of the four
capsules being constructed, one is being used to evaluate the heater and
define operating limits, one will be used for an ex-reactor comparison

to the in-reactor tests, and two are scheduled for irradiation in the ETR.

Assembly of the fourth general swelling capsule was completed and the
capsule was successfully bench tested under simulated reactor ccolant
flow conditions. The Swagelok fittings that were used in the previous
capsules as thermocouple seals to the inner chamber containing the NaK
and urenium specimens were replaced by a welded sleeve arrangement.
Short sleeves were welded to the thermocouple sheaths, and each sleeve
on each thermocouple was then welded to a second sleeve which is part of
the inner chamber cap. It was necessary to use sheathed MgO insulafed
thermocouples as the aveilable A1203 insulated thermocouples could nct
be successfully welded.

The completely assembled capsule including the necessary electrical and
thermocouple wiring and connections were shipped with the control instru-
mentation and capsule heater supply equipment to the reactor in the latter
part of January for charging as soon as possible. The installation of
control instrumentation and capsule power supply equipment for two capsiles
was completed and tested at the reactor site.

UNCLASSTFIED
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The fif'th capsule is in the final stages of assembly but will not be
completed until in-reactor operating experience is gained with the fourth
capsule. Any modifications that become necessary will be made, and
assembly will be completed so that this capsule can be charged at the
earliest opportunity.

Pore Size and Distribution

tical and electron microscopy are being used as a direct means for
determiring the size and distribution of pores in irradiated uranium.
A specimer. irradiated at temperatures of less than 500 C to a burnup of
0.41 a/o and then annemled 100 hours at 600 C was subjected to an addi-
tional anneal of one hour at 880 C. An unirradiated control specimen
of uranium was included during the one hour at 830 C. The object of
this experiment was twofold: (1) to establish whether the absence of
inclusions in a similar specimen annealed 100 hours at 880 C was a result
of time at temperature, e.g., a resolution or "decarburizing" effect on
the inclusions by the anneeling treatment; and (2) to obtain a measure
of the effect of time at temperature on the size and distribution of gas c-
pores in the specimen. The inclusions in the irradiated specimen were
again absent, but in the control non-irradiated specimen the inclusions
were still present. These observations suggest either that: (1) the
inclusions in the irradiated and annealed specimen, which has considerable
gas porosity, fall out during specimen preparation steps; or that (2) the
inclusions gc intc solution as a consequence of the high fission product
concentratior of the specimen. The density values for the specimen under
study are: pre-irradiation - 18.7; post-irradiation - 18.7; after de-
cladding and a 100-hour anneal at 600 C - 14.97; after an additional one
hour anneal at 880 C - 14.13. Such low density values reflect consider-
abtle internal and extermal cracking, as well as open porosity, and must,
therefore, be considered to be qualitative only. Studies of the replicas
are in progress with the electron microscope to determine the pore size
ard distribution for purposes of comparison with the observations made
previously with this specimen and the specimen annealed for 10C hours at
880 C. An as-irrediated specimen is currently being prepared for anreal -
ing at 880 C for one hour to more fully evalueste the observations.

The statistical analysis of synthetic specimens containing spherical
pores with diameters of 1.17 microns has been completed. The analysis
st.ows that distortion of the plastic replication medium occurs vhen it

is stripped from pores cut above their center and that the extruded shape
of the replica conforms to a cylinder with a spherical cap. A similar
analysis is being made for pores with diameters of 0.56 micron to estab-
lish the effect, if any, of pore size on the magnitude of the distortion.
If there is no size effect, the analysis shows that areal or lireal
analysis can be applied in the measurement of pore void fractions and
pore size distributions and that a precision can be ascribed to a given
measurement.

A formal report, "Metallographic Studies of Swelling in Irradiated Uranium -
Effect of Burnup, Irradistion Temperature, and Post-Irradiation Annealing,"
is being prepared.
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Solid Surface Tension Measurements

Investigation of the formation of fission gas pores in irradiated urarium
has brought about a need for solid surface tension values in uranium in
the presence of inert gas at swelling temperatures. The solid surface
tension data are to be obtained experimentally by a harging wire %eckrigue.

Modifications of the annealing furnace to allow direct observations of
the sample wires and continuous gettering of the krypton have been com-
pleted. High purity uranium chips were machined dry in argon and will te
placed in both ends of the furnace tube to reduce specimen oxidatiorn.
Wires that are 0.003-inch in diameter are currently being prepared for
loading. Efforts will be mede to eveluate the solid surface tension of
these specimens at 600 C.

3. IN-REACTOR MEASUREMENTS OF MECHANICAL PROPERTIES

This program has been initiated to establish the nature of changes caused
in the properties of structural materials during irradiation. Currently,
the study of the in-reactor creep properties of Zircaloy-2 is in progress.

The irradiation of an in-reactor creep capsule is in progress. The spec-
imen is annealed Zircaloy-2, and a duplicate specimen is being tes*ted in -
the laboratory to provide a direct comperison with the in-reactor test.
No significant creep was measured on either specimen, at stress levels
from 22,000 to 25,600 psi within the range of temperatures 525 F (274 C}
to 600 F (315 C). The test conditions were then altered %o a stress of
30,000 psi and a test temperature of 500 F (260 C).

During the month creep was measured on both specimens. The average in-
reactor creep rate was 41x10-7 in/in/hr, while the ex-reactor specimen
displayed a rate of 1.5 x 10~7 in/in/hr. Thus, there is an apparent 27-
fold increase on creep rate due to irradiation. However, the in-reac*or
transducers are not as sensitive nor as accurate as the ex-reactor trans-
ducer, and an error of plus or minus 100 percent in the in-reactor mea-
surement is possible. Alsc, ex-reactor creep data have shiown that creer
rates are not definitely established until at least 1000 hours of testing.
These specimens have been under test for somewhat less than this. A
statistical analysis is being made of the data so that confidence limits
may be placed on the rates.

A second creep capsule has beer ordered with specific changes mads in
specifications to eliminate the shortcomings of the prototype capsule

and increase the precision of the creep measurements. A fechnical review
of specifications is to be made with the vendor at the end of this mon*h
before construction begins. A prototype model of a capsule employing a
direct reading, mechanical extensometer is being constructed on-site.

The mechanical extensometer was designed to give high sensitivity and
accuracy; as well as having a sufficient range to follow the specimen's
elongation to fracture.
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GAS COOLED POWER REACTOR PROGRAM

PRTR Gas Loop {Project CAH-822)

The delivery date for the Pnase A package has been re-established as
Jure 1, 1960, following a meeting with the vendor. This date is taken
as 60 days following the revised delivery date of the main gas blowers.
Considerable difficulty is being experienced in the fabrication of the
gas blowers.

Final prints have been received and approved for fabrication of the top
and bottom flexible connectors for the in-reactor test section. Addi-
tional requisitions were issued to fabricate these connectors from stain-
less steel (1200 F rather than 1500 F) to assure having connectors avail-
able at the time of loop installation.

Due to the complexity and number of factors affecting temperature trans-
ients of gas loop piping, transient analysis of the loop will be pro-
grammed or. the new Berkeley anelcgue computer as soon as the instrument
has been checked out.

In-Reactor Section. The nozzle closure assembly made of stainless steel
which was tested at 1050 F and 500 psig was removed from the test furnace
and disassembly of the unit was attempted. During disassembly, the
ternsioning nut galled the main stud and hed to be machined out. During
mackiring the pin which prevents rotation of the dome with respect tc the
rest of the assembly was sheared and the dome rotated, destroying the
sealing faces.

Fabrication of a new rozzle closure assembly made of Hastelloy "X" was
started. ILeakage of the assembly will be determined under full pressure
and temperature conditions.

The mechanical device which will be used to flex components in the furnacs
was completed. Operation of the device was started. Testing of the
flexible hoses was continued. During the month the flexible hose was
subjected %o long term hydrostatic test at 200 psig at room temperature
without leakege. Hot tests on this unit at 1200 F and 500 psig was
started.

Additional Hastelloy "X" material for use as the pressure tute was ordered.
Material received for the in-reactor section is now 45% complete.
Fabrication of equipment to test the outlet helium beliows for the bottom

face of the lower shield was completed. Testing of the bellows was
tarted.
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Gas-Graphite Studies

Hot Capsule Experiments. Results from twenty-two hot capsules irradiated
up to 5000 MWD at 500 to 800 C in the MIR continue to indicate that the
needle~coke graphites contract less in both the transverse and parallel
directions (relative to the extrusion axis) than CSF. For all graphites
tested, the parallel contraction was greater than the transverse.

Several capsules contained samples cut from a flat slab extrusion prerared
by Great Lakes Carbon Corporation. The slab dimensions were 2.4 x 14.5 x
16 inches. With respect to dimensional stebility, samples from tke 2.4-inch
direction (transverse to the extrusion) were the most stable followei by
the 1k4.5-inch direction and the longitudinal 16-inch extrusion direction.
Samples from the center of the slab contracted less than peripheral samples.

Gas Phase Oxidation Inhibitors. Experiments have shown that small amounts
of chlorine effectively inhibit graphite oxidation in air and ozone. The
chlorine appears to block active sites on the graphite surface, thereby
reducing the oxidation rate. Experimental results obey the following rate
law: ‘

d Co 1
= k
3t 3 48 2, 1/2

02

where: k3 and B are raete constants

+ B

A 1is the total number of active sites
9—59 is the rate of production of carbon monoxide.

Further experiments will study the effects of gamma rays and microwave
discharge on these reaction rates.

Oxidation Studies -- Co-60 Facility. The reaction rate of carborn dioxide
with graphite in the presence of cobalt-60 gamma radia*ion was measureil
at 700 C in the glass gas loop. The reaction rate decreased linearly
from 1.63 x 10-3 g/g hr to 2.1 x 10-* g/g hr, as the flow was increased
from 140 cc/min to 280 cc/min. With further increase in flow from 400 to
900 cc/min, the reaction rate remained nearly constant at 5 x 10-2 g/g hr.
The higher oxidation rates at low gas flow rates are attributed to the
longer residence time of the gas in the radiation field. At higher gas
flows the product of the interaction of carbon dioxide with gamma radia-
tion is removed before chemical reaction with the graphite sample can take
place. The effect of sample temperature will be investigated in the nex~
series of experiments.
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D. RADIATION EFFECTS ON METALS - 5000 PROGRAM

Radiatior. damage recovery is being studied for a number of metals; namely
copper. nickel, titarium, zirconium, iron, molybdenum, and type 347 stainless
steel. Tensile prcperties, microhardness, electrical resistance, and x-ray
diffracticr. spectra are being studied tc determirne the characteristics of
recovery mechanisms.

One hour iscchronal annealing treatments at 25 C increments were extended
from 350 toc 425 C for irradiated and unirradiated specimens of molybdenum,
zirconium, and nickel. Little change in the electrical resistance and hard-
ness of the molybdenum specimens occurred in this temperature range. Complete
recovery 2f the electrical resistance of zirconium irradiated to L. 7 x 10-Cnvt
occurred at 350 C. Above 400 C, zirconium irradiated to 4.7 x 101C ana

1.5 x 1029 nvt underwent extensive hardness recovery. A major drop in the
electrical resistance of nickel irradiated tc 1.0 x 1019 nvt occurred above
300 C; however, the hardness remained nearly constant between 300 and 425 C.

Seven irradiated molybdenum specimens were tested in tension during the

month. The increase in flow stress with strain rate was measured for speci-
mers in the unirradiated and 1 x 10%7 nvt and 1 x 100 nvt exposure con-
ditions. The strain rates employed were 0.001, 0.0l1, and 1.0 in/min. The
coefficient of rate sensitivity, which is defined as the change in log stress
with change in log strain rate {at room temperature and approximately two_
percent total strain), did not appreciably change with expgsure to 1 x 10+ Tnvt,
but decreased from 0.038 tec 0,025 with exposure to 1 x 1 nvt. Specimens
frem the 1 x 1617 and 1 x 1C 8 rvt exposure groups were prestrained for strain
aging studies.

Cerns*raction of temporary lead shielding for the Instron tensile instrument
ard electrical resistance apparatus was completed, and the remcte tensile
testing of irradiated specimens was successfully demonstrated.

Pre-anzealing x-ray diffraction studies, metallcography, electrical resistance
messurements, and microhardness tests were completed for the unirradiated and
irradiated specimens of copper and iron. The lattlce parameter of copper
showed a_decrease after an exposure of G x 1018 nvt with no further charge at
1.2 x1 O nvt. Lire broadening decreased continuously with exposure. The
peak shiftc'with exposure observed for copper agree with tkeoretical calcu-
lations for stacking fault formation. e lattice parameter for iron first
increazed with an exposure of 4.6 x 1018 nvt ther decreased with an exposure
of 1.5 x 1020 nvt. The ckanges ir parameter are similar to those for ir-
radiated moiybdenum which belongs to the same cryQtal1ographlc system. The
line shape for ir¢n showed & marked sharpening with exposure tc 4.6 x 1018 nvh,
ani only a small subsequent breoadening with exposure to 1.5 x 1020 nvt.

UNCLASSTFIED

1241980



-y A-bT |  EW-6h108

D. CUSTCMER WORK
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Radiometallurgical Examinations

Corroded DR Process Tube (RM-401l). A sample of a badly corroded aluminum
process tube from DR Reactor was examined. The metal quality of the process
tube appeared good, and no intergranular attack was observed. There were nc
corrosion products present on the intermal surface or in any of the pits.
However, a uniform 0.002-inch thick oxide layer was observed on the outer
tube surface. The profile of longitudinal and transverse sections of
attacked areas was typical of erosionm caused by turbulence in the cooling
water.

[}

1.47% Enriched I & E Fuel Elements (RM-4OL). Two enriched I & E elements
clad in X-8001 aluminum alloy, which had developed severe hot spot corrosion
attack, were received for examination. In the center of the hot spot areas
the can wall had suffered an accelerated intergranular attack which in one
of the elements had progressed to the AlSi layer and caused an incipient
rupture. On the other element the corrosion attack had penetrated more than
50% of the residual can wall thickness.

Routine Slug Examination (RM-403). Two non-ruptured, internally and exter-
nally cooled, Hanford production fuel elements were given a cursory examin-
ation as part of a newly-instituted routine program. The two elements had
been irradiated in the same tube and both exhibited evidence of hot spots on
the surface. The fuel element with the more severe hot spot had warped
approximately 50 mils, and approximately 10% of the can wall had been removed
from the maximum-temperature area of the hot spot. The elements were sectioned
transversely at the midpoints of the slugs, and the two halves of each slug
were sectioned longitudinally. No unbonded areas were noted and the uranium
metal was in good condition. The internal coolant annulus was in excellent
condition in both slugs.

Metallography Laboratories

A small capacity spot welder has been adapted for attaching an electrical
contact wire to metallographic samples when electropolishing or electro-
etching is required following = mechanical polish. Previously, contact
to the sample was made by either drilling and tapping a hole through the
mounting media (plastic or bakelite) or by soldering a contact wire to the
specimen. With the welding unit, & Unitek Weldmatic of the condenser-
discharge type, & length of small diemeter copper wire can be spot welded
to any sample quickly.

Samples Processed During the Month:

Total Semples 406
Carbon Replicas 37
Photographs
. Micrographs 431
§. Macrographs 70 ‘

Electron Micrographs 27k
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Special Fabrications

Trans~-Flutonium and High Exposure Plutonium Fuel Element Fabrication. Co-
extrusion clad Pu-Al elements are being fabricated for irradiation in
Savarrah River reactors. For Campaign II of the Trams-plutonium Program
lil elemen*s are required, and 272 elements of the same design are needed
juring FY-1960 to make high exposure plutcrium for the Plutonium Recycle
Program. At the present time there are 157 pieces in the folluwing stages
ol fabrication:

25 cast billet cores, 14 machined fuel cores,
96 extruded and straightened fuel rods, and
22 machined fuel rods.

Develcpment of casting techrigues to give the end configuratiorn to both
erds of the billet is ir progress to eliminate billet mechining. Severn
casting attempts were made, but solidification shrinkage and gas’ entrap-
mert in the btillets we® extensive; however, segregation was not a problem.
Trese studies will be continued.

Stipmert of rod stock for the aluminum (X-8001 alloy) cladding components

ras besn delaysd for the second time and is currently scheduled to leave

the vender’s plant on February 19, 1960. Use of aluminum (1106 alloy)
cladling for a portion of the rods was approved, and fifty sets of comporer.ts
are being machined.

Flutonium-Alumirum Alloy Pins for SRP. Fabrication of 60 aluminum clad Pu-Al
8licy rine for SROO is continuing. The alloy containing 15.7 w/o Pu was
cast Into tillets 0.375-inch, 0.125-inch, and 0.0937-inck in diameter. The
0.375~incr billets were Lot exr*uded into two 2L-inch wires ranging from
N.0315-inch to 0.033-inch in diameter. Extrusion was done with a flat face
shear die ir a vertical 20-ton hydraulic compacting press. The reduction
ratic was 87 to one with extrusiorn temperatures cf 450 C and 550 C requiring
erproximately the same pressure rangirg up o 235,000 psi. Galling was
cbzerved on the extruded surface at both temperatures. The pins were cut
%2 a 0.470-inch length by insertion in a lucite fixture and facing the ends
with a file.

Earlier attempts to draw the 0.0937-inch diemeter billets through several
reductions tc the final size of 0.0325-inch diameter were unsuccessful.

Yo tlheyt

Manager, Reactor and Fuels Research
and Development

FW Altaugh:kb
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PHYSICS ANZ INSTRUMENT KESEARCH AN+ DEVELCPMENT OPESATICN

MONTHLY REPORT

FEERRUARY 1960

FISSICNABELE MATERIALS -~ 2C0C PROGRAM

STUDIES RELATED TC PRESENT PRODUCTION REATTORS

Neutron Tempersture Studies

The two manuscripts, "An Invesiigaticn of Effective Neutron Temperaburss”,
"Calibration of Litetium for Measuremernts of Effective Neutron Temperstirss
(Letter tc the Eiiter) have tezn accepted for publication ky the Journal °
Nuclear Science and Fnginearing and will appear in the May issce.

A sumnsry of & paper whick is tc be sumitted to the American Nuzlear Soelety fir
precentation at the Chicsgo Meeting in June has been writien. The papsr will
rresent tre results of the wvork which has been accompliisheld with Intetium sinie
October, 1959. This peper; entitled “Lutetium as & Speciral Inisx Deteator’
will probskly be the termins*ing report of the lutstivm investiga®ion arni will
te submitted €& the Nuclesr Scienze ani Engineering journal.

In preparstion for trs paper; resonance integrals &sre heing calaulated for
vericus snergics -f the effective "ouSoffs" of epithermal reusrons ana of :aide
mium covers. Tre senzitivity of the neutron tewperature messursments H¢ vayricus
assumptions about the “eubofd™ empergies will be ob*ained fromw the zalovlatlons.
Seversl experimernts wrich exemplify the use of lutetiar ss & speoiral inlex
detestor sre heing anelyzed. These axyperiments sre s lutetium “raverss cbtained
in tke Thermal Test Reacztor and messurements made in the georeiries usel for the
Pu-l) experiments. The lstter axperiments were reporiel in TW-ECT78,

The double forusing bea-ray cpsrtromeier is teing set ur for measirements oOn
*he luzetium isotores usei in making neutron temperstore measuremerts. ITiflie
~ulties with the GM counter detector were eliminsated and callibrstion runs were
carpleted.

The nmuslesr 3a%s tape code on neutron temperature coefficiants Las tesn orsrated
suncessfully on a rumber of debug runs. The Aiffizdiies reported last moetk
were cirmumvented bty dividing tre msin program into s smaller mein progran 3nd
& szbroztine. Since neo known restriziions were excesdel in trhe criginal main
program, the explenstion of the fallure of the MONITIR system fc hanile thir
zode iz %11l unknown. Debugging of thiz code haz progreseeld quits rapldli™,
Seversl features still rersain unctezkel ani debugging of them copntimiss.

Miltimaxwellian Grozp Analysis

FIT-1 computer code was operatei suscessfully. The input error in the test lasfe
data, men%ioned last montkr, was found to be zausing mest ¢f the troubles =xrer-

ienced in debugging. A thres-group modificstion of FITel wes codsd snl Je!
ged +his month. The program resis-in exrerimentzl foil *raverze dana, andt &

£ 1241993 DECLESTIHEY



B-2 ' AW-64108

o DECLASSIFED

sripzion of ke conditions (muclear and gecmetric) under wkizh the travsrse

wez tsken. Tt then oalsulates a series of theoretizal traverses uweing oo
i:ffusion thecry by adjusting & epecified cross secticn between zalzulstions.

Triz prozsss zontinues until tre sum of the squares of the differenczes betwsen
the edperimental &nd thecretical traverses ie minimized. Tte normal tws or three-
group models, cr the twe thermsl and one fast-group approximeticn, may be used

+2 ge theoretizal traverses. Up to ten regions; in slab or aylindricel gecometry,
msy be inzluded in the calailation. Any cross section, exiert VLpy in any rzgion
msy be aijus®e2 in tke fitting process. Vig will, in general, sffext cnly k; not
+ke flux shspe. The first data fram the neutron rethermalization expsriments
bsve teen submitted for analysis.

h
13
L17]

Nertron Retkernmalizaetion

Twe primsry objestives of these recen’ experiments 1s tc dsfine the tempersbure
&spendencze of the rethermslization cross section, for use in reastor ~&81ulse-
tione, The anaslysis of the experimental data cbtained in thess experiments bas
ontinaed tharough Februsry. Traverses of the thermal activity of s “i/v”
-ecter and of the thermsl source function have been anslyzed and rlotted.

[
wrec 1z zprroximately 50% camplete. None of the fipsl anslysis has been CILp-
tel; Lowever, some preliminary calculstions of the relaxstion lengthes ngve
een mede,

Unier thke sszumpticn of no absorriion in the graphite and no £urie of thermsal
netvers one oan meke fairly good estimstes of relaxstlon isnghoio Tress tie
mate: sre determpinsd from the ratis of sitivities et ths cernver of the hot region
+o the gIimivity at the same point &t room tempersture. T-is *e:znigus was des-
~vits? sarlier. The results of these caloulations are showm bellw Together with
czrlier results otsained in the plane geametry experimsnis.

NEUTRON RETEERMALIZATICN
RELAXATION LENGTHS (cm!

Plane Geometry . 2ylindrizal Geamelry
Sriphirve Preiiminaxry Finsl From Frelininary
Teny. Ez+imste Result Curve Fetdimgte
Ok

l’)‘g 35 a 8 El ° 0

-A.Lf ).§ 23 ° O 17 ° ’-;
L31 12.7 1.4

r);sf 10 o 8 8 ° l
FEE €.€ 7.5

€9C 7.2 5.1

803 o ~ 6.0 3.3
Jazedus graprhite - theoreticsl result applicable st high temperstires = 2.5,
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Tre preliminery estimetes and final results for plane geometr, vieli SqLe meESUrs
of the wortk of +hz estimating scheme. A compariscn of valizs frow <Sie gurre
for tlsne geometry and the preliminary estimates for cylindrizal geanetry shows

a rz=her consistent difference. It is expected that this difference is &
geametry effect whaizh could not be corrected for in the plane geametry czase.
Final conzlusions rezsrding tkis point must await the completicn of the finad
enalysis cf +the dsate.

Some aiditional points of interest have been found in the early &axelysis of thess
deta. Inspection of traverses of epicaimium activity for all expariments bLias
shown that the epithermsl flux is, to within st least £ 4%, indepsndent of temrera-
ture in the range 14L9K tc 80COK., This result was cbtained with cadmium coverel
foils in the kot region up te 523°K only, and in the roomw temperaturs rezion in

all casas. The significance of tkis lies in the fact that the reletive epitrtermal
flux is small everywhere and these smail varistions with tempersture are negligihle.
Therefore, zorrection for epithermal activity in the hot regione may te bassl ipon
traverses made at temperstures below the melting point of cadmium.

m

The minimm cadmium ratic of copper observed in these experiments was errroxi-
stely 25, while in tke plarve gemmeiry experiments the minimm velie was <C.

‘_io twenty perient reduction in the spithermel flux iz Jdue primarily %o the

ntroduction of lucite moderator in%c the driver fuel elementsz c¢f the PCIE.

instrummentation arnd Systems Stuidies

Past speed of contrcl caic:iations associated with a loec of soolent geuid
+the Hanford reactors have indicated 2 need for scc *+ed vertical gafery 2
in ths ol‘ raechoy (B,D F; in oxier for prcposed rﬁactcr creration ¢ LOmLplIV
with the current queﬁ cf control safety criterion. F' ne* WOrk was ione n thisz
rroblem +h-_ month tc specify the reactiviiy toav nseded e ing i wink
sceelerated rods. The results indicated that 1f ore-FO"**V of tre tos
ztrength of +ke VSR system were inserted in the foamr of acielerstedl
g eeu of zomsrel r=qu1remenf woull re sstisfied. These resuits have
= IFL: = Reactor Phyeics and they are proceeding with thelr dzalgrn ¢
on this ®asis. Reactor Fhysics continuelly reguires new infometicn on
lem; and they are gsing to purchase an EASE protlem boarld 3 tia™ tne
z3n remain pstchei, taus eliminating scme of the 2elsys &ssudiabed wint
mirng s lerge problem of this nabturs.

STUZIES RELATEL I FITURE PROLUCTION EEACTORS

Exyponential Messurementes cf large Diameter Fuel Elements

The material buckling for cne la*tice using a tute spn »rod fosl slemernt wss reas-
uredl this menth., Txe final Yuckling value is given telrw:

Fuel tiice Buckling A Volure Ratice
Eiemens Specing (in.) {10-6er-2) (inctes) AL/t EC/T civ
esxl.6  83/8 e -111 1.b5 0.205 C.631  15.6G
vite 1.17

The X\ qLoted
»clation usei AL

-to=3ide extrapolation length. The frenf-ti-resr
es
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n ordsT 0 rreovide an shsolute normalizstion on the recent ferles ¢f small pile
redsarements, an expcnentisl pile gix feet wide and eig.‘r:" fees long has bsen
cpEtTLstei., Buskling messurements for the 8 3/8 lattiie using tuls-inetuns
foel elements have besn sisritel in tris large rile.

Anzlvzie of vertiral +ravers: dats has been dslsyed by Aiffiviivies wisz the
IEM=TOQ prigram.  Ics minlmom work refuired is same hand zalzilations of hare
rinis zorrextions %o check +he mataine csleuwlsticns. If iz sotisipated tost
sane pert cf toe program is nct funstioning prorerly and was net caugnt by come
paring 702 and 709 calsllsticn:z tesause only smell pils da%a ware teing anslyzel
5o tver time. For exampls, the hatrmenic sorrestions sadsiclated by the program

rave Jarpsi by 20% for no spparent reascn in the fitting proosss.

-

ECIR Measzuremenrts =f Lerge Tlameter Frel Elemsznts

5 x 2.9, 1.f6 x 1.1% tubeoin-iubs experiwent
heing used was temporarily Incperable after
o ag: wuickh were M any use,

Luime* ium measuremsn~: in the 4dry tubecine*.be gave neutron Lempsrsiura 2

ite from 17677 in +4e senter coclant 52 8270 &t the 2ell edge, Messuremsnt: in
cauplste encigh for very acourste xrps,:'*cms:‘.:q i the

aat FORC for aJ..L 1orxtione, Prrowrs on the 3xy J3ie mrs ghilr

e Lo oas

fgapgv e

v tne meszorement ¢f T oeni € for s 255"’ s:l.ic.
Yor sqolprant needeld ls slready svalishliz.

igher prisrit;v “;q.crment 1z

o‘ r‘n:'- r*ap’“i%e fcr the NPE condersed lathice in the FITR has been

- prarzmase regoieitior for tha T\IPR mozKaE 180 ui.ﬂ‘.‘ a5 Tesn Ient
.:m; 5 request for bids bv Merzn 7, 1960, Two ssparste rids
ne foo \minei rars and one for raw bars ‘r:m whian the 1s%e
sarzereated cn gife. The high bId sna long delivery, =ix minths,
srei, reroitel din ke cancelliaticn of the sarlier regalziticn o
SLLT% an :.nv@st-'-..ga'ti oz <f sltarnate courszs of aatidn.

Preperation of movs feplewsd and nstural vrsanlar £o11 bas besn indtisvsl Jor
forrrs 1osndl ¢ Re3FITEBEDTE,

Program for Aralyzinz PCOTR Dans

arslyzing PTTR foil da*a, continued in limitel produle
21 2f the pr,.gramme, . Sevsral progrsr srrire, inslole
3 last moavkh, were foond and zorvectel., Mogw of tre
s program have beern chsoskel out. The program will bs
ricn s<gbus through Marsk, in an attempt *: Isrive an

&-;;(

ezt 4ma ina mathine ramning times
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Instrurentation and Systems Studies

A rreliminsry study on the desirability and technizal feasibility of applying
sutomatic control systems to Hanford reactors was campleved. A reactor con-
troller would have several functions:

1) Maintain constant power level.

2) Prevent or minimize spatial oscillation cf power.

3) Provide power setbaczks when warnings are reached.

4) cram the reactor when safety levels are reached.

5) Permit the operator tc override the servc ard use mamisl control.

A sixth function would be to control a smooth startup or shutdocwn. However, ®his
function is more Aiffizult and is enough different from those of equilinri-m
operation that it seems likely & single servo could not &o both jobs. Thris stidy
conzludes thst an automatic control should be developed for the NPR. Wrnile =
gerve could be built for any one of the existing Hanford reaztorsz, their sonstraz-
tion and characteristics are such as to require s bigger and mcre complicated
servo. Thus an automatic control system for the NFR wculd be an easier first
step, and would result in greater gain. Appropriate actions for & devel:pment
program have been recommended tc IPD.

Preparations are being made to demonstrate the use of rediation ratic pyramatry
in measuring reactcr graphite temperatures. The instrument 4o be Zemonstrstel
performs witk a * 15 degree accuracy when once warmed up and calitrsted, Tiffi-
culty has been experienced in providing an internal calibration which ic edsguate
for long periods of time, particularly if the eguipment is skut down snd started
sgain seversl +times. A circuit revision is being tested whick is expested *:2
eliminste this difficulty.

x,f ).l.q

Campruter resulits were obtained this month on the investigstion of varicus start-
ur techniques for NFR. It was essentially the calculation of the reactivity
transientg resulting from prescribed power maneuvers. The results wers for-
warded +o IPD - Operational Physics for use in investigating control reguireman“s
for NPR.

The NFR Hea® Exschanger program was delayed since camputer ftire waz needed for
speed of control informstion this month. The heat exchanger program iz row
being put on the coamputer.

The necezsary peris have been recsived for the fabrication of the twca-ranze,
two-detector prototype NPR Scintillation Area Monitor. In additisrn, sil develop-
mental circuitry; including a cyclic indicating and alarming sircuit for ths low-
level portion, was thoroughly tested during February. All 2ircults proved o be
satisfactory. Fabrisgtion is scheduled to commence shortly.

Calibration tests, were campleted on the prototype Scintillation Logarithmic
Ares Mcnitor for possible use at the NPR. Several slight circuit modificaions
were made to permit elevsted temperature use to +140°F, The calibraticn teste
covered the three-decade instrument range from 10 mr/hr t¢ 1C r/hr. Tne instra-
ment maximum negative error was eight percent of true reading, and the meximum
positive errsr was sixteen percent of true reading. The maximum negative errer
(low) occurred at twe r/hr, and the maximum positive error (Ligh) occurred s*
100 mr/hr. Slight adjustments of the circuit rheostats can change; as desired;

& % 1201987 REM AR,
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*he type of srror and/or the lozation of maximum error. Stabili ty cr Srifs tests
wsre rompleted, snd the drift errors vere lesg than £ twc perzent of trus resding
n cns menth of zontimuous operstion.

(X4

Fatr‘ zxtion is nearing rmpletion on the lesd-ghielded sointillstion detechor
heal for the prototype NPR Bete=Gamms Air Monitor. All sircuitry, mest of whiszh
Laz been previously dsvelopel, will bte +transistorizei.

Gcri developrent progress was made during the month concerning the prztotype

NFER risl Element Rupture Detecticn System. A transistorized viltage ﬂmnpars,tcr
cirodit was developed and satisfactorily tested. This circuit compsres the pesk
readingz of individusl samples +k the aversge of & numker of samfples o cam-
pensste for reactor power level changes andi drifts in tke monitor system. Tests
of tne RTA 6199 phototube for use with botk the fast and slow e£zan EYStEms Were
gatisfartorily campleted. For the fast scan gross courting system, it was deter-
rined tha% 138 out of 150 photo*u?'e=° under test would be sstisfaztory. Of the
1z “ubes coneidered not gatisfactory, six of these were asccidentslly dsmaged or
Troken Quring the extensive tests, For the slow-scan system, whizk iz & pulse~
helght or gamms energy snslysis t:,'pe, 11C tubes of the original 150 wers fcound
72 be eazisfectory. Adeguste cammercial 21ip rings were located for the fasti-
TA w"’*em Ne elip rings are used with the slow=-gszan system, The mecikup mesharn-
a1l design for boto eyetems iz 85 perczent camplete.

[T

Nﬂ further somputer results have been cbtained for the resztor kinetis eguations
due vc preszure of kigher priority work. Theoretically, an arproximsiion haz
b:-e evclved wkich will permit the nature of the solutions {(i.e., gtskle or
wnemable ) t2 be found by = zamparison with Mathkiea's Equstion. Unfortunstely,
literature eearch indicstes that no one has ever caloulatel ‘or a% least pube
el ' the mmerical dats thst i needed to make the camparison useful. Thisz
crk 1z reing written up s£ sn internsl report, and (in abridged foerm) as =
;c-ai.»f:r fur possible publicstion.

Mesrenism cf Graphite D

l

BEuilding alzerstions and equipment purchase snd fa'tric,ah.v:vn for the sweep svsthem
for tus elestren Van de Greseff are progressing satisfactcril

A linesr cL.L =rential transformer was regeived for vse in measuring length
SN oF- (- + performed very well in tests with ga:.;.ge bl:y: 2. An exreriment with
proTons to mea:;re the length change in graprite way inconclusive.

S0 JES RELATEC TO SEPARATIONS PLANTS

Plutconium Critizal Mzazs labcrabtory

At +he end cf thke menth, Construsticn Engineering Opsration 1istei +he prcisss
s 73 percent camplete as campared with a scheduled Tb percent. The corresponi-
irg fizureg for thst portion of the work covered by the fixed pri € contrachor
are 58 end 80 perient. The to%al project is no longesr akesd of ectedile bezauze
of The rontinued delasy in dslivery of the control panels and instrumentstion
System, (Tn & system constitutes 4O perczent of the G-F enginecered and procured
c—qu.ipm‘n-. ; The vendor for the control and instrumentation system hes thuz far
net given an expsitel delivery daste. At present, delivsry dces not appear liksly
b-&f ore ancther month. Procgrees on the rest of the facility continues aheal of

1241068 wl

o



“ 5-7 | HW~6§108 ".i" hrel

sckedvle. The installation of process eguiprent in the reaztor room and mixing
roam was begun. The reactor hccds were emplaced in the reector rcom. The mixe
ing kcod was rleced in position and the mixing, waste, and wash tarks wars
instsalled. At the end of the month installation of the plufcnium haniling linss
betwesr tle mixing hood, storage tanke, snd the reazstor kcods was in proarsss.

Critical Mase Studies on Uranium Systems Poisoned with Boron

Exponentisal measurerents were continued for determining the qusniity cf neuiron
sbeorter whizh must be added to a water modersicr in order te "safe" a heterc-
geneous system of enriched uranium. The buckling was messurei with 1.007 pe::enf
enriched uranium rodz of 0.925-inch diameter &t an HpO/U volume ratic <f 2.1

5 hexagonal pettern was used for the lattice. Beron was sdied to the water
moderatcr in tke form of heric azid and the buckling messured az a funstizn of
the toron 3cntent. The following table summarizes the messursmen®s for +he wrlims
ratio of 2.15 (l.A5-inch lattice). '

SUCKLINZ MEASUREMENTS - 1.0C7 PERCENT ENRICEFD URANIUM
BORON POISONEL MOLERATOR

BEstireted Critizal Msss

el Boron Bucgling of Polscned Syshem for

(gr/L {gm/L) (20™"em™=) Spherizal Jecmetry
0 0 3u16% 5625 1lbs. U

1.5 0.26 1950 14,387 1te. U

3 oO O.» 3 "’680 - o

L3 0.79 -908 ="

“ Reported previously.

Tzese dete indicate the buckling would be reduced Lo zerc (X, = unity) with *ths
sdditicn of ebeud 3.2 gn/L boriz acid, or 0.6 gn/L boren teo the moderstcr,
Previous measuremente were made in a l.5-inch lattice witha beron poiscrzel modera-
tors; 8 l.b-inck lattice will be messured next.

Critizglisy Stulies 1n Support of Processing Power Reaztor Tuele

776 8% =lon5, C.6"-3iameter, 2% enrizhed uranium fuel rods; and L2f 8"-1c ng

i‘o\o

C.925"-21ameter, 2% enricked rods were received. This is suffirient matarial
to corduct the planned criticel approach and exponsntial experiments,

Critizal Eazsriz Specificaticns

Tre preparation of Fanfcori latorstories nuclear safsty spezifizstionz in asnio-
cance with "Nuclear Safesy Bulletin No. 1" is about 40% ~amplete. Trheze srsli-

¥

fications will cover 12 HLO camponents. BExisting specificzations are being re-
written in t2e standard form. In meny ceses, specificasbticn revizicns srs rs-
guirsd and in scme cases nev specifizations must be issued.

Two Zelks were presentel to 28 HAPO nurses on the subjest »f "Critiszalityr A:szie
dents”. The lozations a% HAPO in whizh fissile materials sre hanilei cr stors:
were alsc discussed.

C . 1241983 DEELASSE
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Dats Correlation - Levelopment of Nuclear Codes for Critizslity Calculaticns

A Monve Carlc program is presently being formulated for infinite aqueous-plutonium
ani uranium systems. Same of the information that will be obtained from this =ode
ie the following: (1) Neutron spectrum, (2) Fermi age, (3) migraticn ares,

(4] infinite mul*iplizsticn constant (Ke), (5) fissicn energy diswridution, (6
mean life of the neutron in the system, (7) mean slowing down time of the neu-
tron,and (8) the effezt of inelastiic scattering on the Fermi age.

A Monte Carlo prograr for neubrcn thermalization etudies has been formulated

and iz precently bteing debugged. The nevtron spectrum below 1 ev will be deter-
mined for any deszired positicn within the lattice cell. This code will also cal-
sulate the thermal utilization; and 1 for the lattice in question.

urther work was done on the revision of the IDIOT code %o inslufe pluteonium in
~ne fuel regicns and tc adapt the code to the Monitor systemr. The revision kas
tzen zompleted and debugging has continued throughout the past montk. The zode
Z2# Y=2en zompiled on Monitor but little suzcess has been obtained in the debug-
ginz effort. It is hopel that the difficulty will be overcoms and the z0de
will kecoms opera%le on the Monitor system. This code (ncn-monitecr version)
Las Deen uzed Lo carry out critiecslity calcoulations for uranium rcds in water.
Tae resclis ~qmpare quite favorably with previous calculations for wster-moderated
svstems wita the exception of the two parameters T ani €. A very simple modifica-
Tioh %¢ the existing program will be required to bring 7 and € into agrsement.

Talrly reazcnable values of the multiplication constant for cylindrical Pu-

a:semzlies Zan now be camputed with the latest versicn of the 709 C-3 Program.

lave frcm P-11 criticzal experiments were used tc develop this pregram. The

sffe tive o.imen"lone of the assembly were changed to replace ke moders*cr
fleivor ! with an equivalent bare assembly (C-3 camnot prorsrly aciourt for
refle st or}. Tte tkermal group cross-sections wers male gpectrum sensitive

ty ;:1ng flux weighted values in a matrix dependent upcn H/P" ratic ani temrera-

RO o e 2ode ncw interpolates in the matrix for toth terperaturs axd T/ Pa
ravic. Valuesz of Xk are gtill an approximately linsar furctisn of the 3/Pu ratic
with & difference from max. k to min. k of about 3C%. TFurther changes in C-3

ere axiisipatel.

Critizal Mass Thecry Development

2= PFXE program, which numerically integrates the reaztcr kinetl: egiations
witn time varying reactivity, has been run using input corresponding tc s sinpls
enalytical sclution. Such a solution is desirsble for ske:king purposes. S
*rs Time of last month's report, it was believed that certsin charasteristics

¢f tke program prevented the uze of these specific inpu® values. For:una,e.y
& reans wasg dizzcvered of circumventing this difficulty witkout sitering +he
Irogram. In the resulting comparison, the program celculstions differed fram
tLz analytical values by about 0.1% to 0.2%. This is about an order of magni-
*tivde larger than had been anticipated on the basis of the convergence require-
mern~s imposged on the solution.” An explana*ion of this discrepancy iz being
sovgst,

Ire program zzs also been run using input more representat1vp of cases expectel
to be encountered in normal use, with qualitatively correct resul*s. Quaniita-
tive valies are not yet availsble for campariscn. Toe time inzrement requirei

Voo, 1241990 u



e B9 HI-€4168 -

fcr convergence, & few huniredths of & sscond; i shorter Then k=i been antizi-
pated, A practizal zonsequence ie that machine +ime of an hour or mers woddl te
reguired for cases in whizh the system is initielly less thazn gbout 95% <f riti-
2al. Methods are presently teing scught tc improve this perfcrmancs

The program to calculate the fazt snd thermal leakage from bare subaritizsl
rlutoniur solutions has run suzcessfully. This program kas baen wsed t
tre leskage celcoulations reporiad in HW-GO’SE The csrdiiizsl mess vs. 2Cncen
tion data used in the presgent cslculations are the best information availsbls;
“hey will eappear in a revision of the "Nuclear Safety Guide", TID-7C1€, now :
prepareld elsevwnere. Though they show soame significant differenzez from tre e
used refcre, the basic conclusicns of the earlier work remsin valid. Tke p~,kv
calculations include a) the leakage as & function of conczantration from 14 om,

15 om, and 1€ om diameter bere stheres ani b) the leskage fromw bere spheres sz =
function of volume for twe representative concentrations, one nesr min.m:m.cr *izal
maese and tre cther at s kigh conzentration. A report giving the rssults ¢ L3k
calevdlations is belng prepsred. A description cf the variovs =uﬂ~;;tines
the program is also being written.

(o)
X
¢h
«
u." b

2& Spectrametry

The instrumentation of this mass spectrometer was continued in use for dsvelcope
ment wcrk cn *he ior pulse zounting system. Sare diffixdty wae snrcantered with
high vcltiage stshility snd leaksge. Tke difficudty kas rot khzen 2ompistely
isclated or zorrecztel as yeh.

NELTRON CROSS SECTION FROGRAM

Anctier sluminm crysisl was grewn during the month in an alarinim axile 2xricinle.
Cenditions during growth wers adjusted such that the latent hes: stored i
liim‘* wae iost through the liquid-sclid interfsce and *hc volume ra~s
was nserly constant. The freezing time was 24 nours for the 2-insk dismater, 6-
inch lonme crysmal. Neutron diffraction measursmen®s fsmonetrstsi sare linssgs
gtroctire witn the reflection being cnf‘ne* to sboxt 0.25 dsgrees. Individisl
peskz were about 20 percent high withk widths pcssibly smeller than .02 degrsesr.
A sezoni aluminum crystal was grovn wt the ernd of the month whizh was froze
tnder similar corditions, tut “he freezing time was less +han 3 kours., IThD

al has not beern stuii=d as yet.
The bﬁryllium sryetsel presently in use &s the moncchrarator on the 105=2F sinzls
:rystal spettrareter was comperel witk one of tre tretier aluminum orystals by
integrsted irtensity measurements and high resclution rosking susves., Toe
berylliarm cryssal refleztion efficlency wes measurel t¢ %e L0 perisnt vwiti & »Ioke
ing curve wiit: of 0.1% degrees. Thilz crystal iz 1deally suitel for ©hs single
crystel spesiraueter measurements.

Trree of the originsel betch of alumimmn zrystals grown in a“aphi" r*.ib1P~
vere also investigeted. The reflectivities wsre pcoor, sbout 5 percsnt high =ni
0.8 degress widse

tARAITIMY,
pERLASCIET
o kfmd dtd s f f it
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Subthreshsld Fisszion

Foils of (P2 apd pesol kave been mounted in a gas ionizetion fissicn chamter
snl fizzieon (rogg sertion messurements have been started., In prsliminsry meas-
wremen=:s *he known rescnance in UeSl4 st 5.2 ev wag found in fizsion. The ob-
ssrvel peask fission ross section was shout (5 % 1) barne with & resclution wiitk
an orier of magnitude grester than the %true rescnance width. These measirz-
men%s were steprel wihen the experimentsl area was baedly contaminsted by Opers-
ticns® work on a kole adjacent to tke specstrometer. The ares wss inaczessible
for & week. After accese was gained it was diszovered that during tkis work
¢3oiprent kad heen knocked fram the spectrameter arm mortsally daraging the cars-
fully ~alirrated BF,; detextc An estimated two further weeks' time will be loszt
in nesesssry realighment and valibra+ion of the crystal, fission chamrer and BFy
letertor and assessment of other poseible demage. i

NS

—=& new namber for “ie anslyzing magnet for the Van de Jraaff iz zbout 75 per-
zenT coaupleted and the prezisions cbtained in fabricstion are better Shan expei-
si. Tte prezision Arift tubes for the O degree and 180 degres ports have bheen
~omplisetel. A ssoernd prototype of the leozating electrode STroitiure wss assems
bled. Sszveral design changes have Leen found decirable.

REATIOR T'EVELOPMENT - LOCO PROZRAM

PLUTCNIM RECYCLE PROGRAM

377Lrs Parameters for Low Exp wre Plubonivm
Finsl srpalvsis +ve B 3/8 end 12 1/2 inct greppite-plutconium cluss:r latwizs
fxreriments has tmen deleysd. Diffizulties witk tie fcoil processing zods has
Frevantel ~acpletion of this work.

Let~ie Parameters for High Expcsure Plutonium

L7210 AEC recple Lhave msde arrangements to obtain any sorsp 0% P"‘h* material
“haT hs z agvailstle from the DMA work. The amount of ms*erial tc bhe aveil-
stls from this scurie will not be known for seversl moantks.

rradistiicns towsrd LO% Puehl material are sentimiing. A queshticn bas
wonzeraing tre 50% filzx derrssesicn fastor uwsged ty Prillips in carpsting
S Re:gl;tion ¢f tkis guestion will allow reascnskle e:tim&te:

FEIR Snsrwip Experiments

Tre finsd Zraft of the apgrca:h=touﬁr1 ical experiment which contsins ths high
:;1x= enrizhmen® of Pu-Al fuel elements has been written and distributed tc ths
- ot +the Startop Counzil for apprﬁva.l° All of the apprcacheto-critical
e»?r_‘mﬁn;? navs teer written and will eventually appear in [coument HW-£1900

h otIsr rhy:ziss experiments whith are tc be acne a+ startup of *he PRIF.

g
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Critical Facility of the PRP

The decisions, concerning the purpose and scope of an experimental program for
the Critical Facility, which were discussed in the last report have been forwarded
to the designers.

Estimates of the time necessary for completion of various aspects of the program
are being worked upon. These estimates include time for the writing of a Pro-
gram Document, the procurement of fuel for the D;0 moderated reactor, the pro-
curement of fuel and templates for the light water experiments, and the plan-
ning of experiments.

Subcritical Experiments with Plutonium

Critical approach. and exponential experiments were continued with Pu-Al alloy fuel
elements in light water. The fuel elements are Al-5 w/o Pu, 0.506-inch in diameter
and 24-inches in length; the cladding is Zircaloy-2 with a wall thickness of
0.03-inch. Measurements were made this month with lattice spacings of 0.90-inch,
end 1.80-inches; a hexagonal pattern was used for the lattices which were fully
weter reflected. These data are summarized below.

Critical No. of

Lattice B/ Pu* 24k~inch Rods Estimated Critical

Spacing (atom Extrapolation (cylindrical Mess (spherical . Buckling
inches i A t t “Eam=2

(inches)  ratio) Length () geometry) geometry) (10-5cm=2)
0.9 L2y 7.39 cm 192 (2.11 Kg Pu*) 1.7 Kg Pu¥ 11,261
1.8 2422 . 7-00 cm - - - 1,563

* Pu-240 isotope ~ 5.3 percent.

The buckling is observed to be negative for the spacing of 1.8 inches.

In the course of the experiments cadmium ratio measurements were made using U-235,
and Pu fission chambers as well as a BFz counter. These data hsve not been analyzed
but are summarized below for the lattices measured to date; these measurements were
made in connection with possible future temperature effect measurements.

Cadmium Ratio

Lattice ;

Spacing H/Pu* Pu Fission U-235 Fission BF5

(inches ) (Atom Ratio) Chamber Chamber Counter
0.90 427 15.1 9.1 12.4
1.00 583 1k.3 19.7 18.6
1.10 . 755 22.4 21.2 23.0
1.80 2422 23,3 50.6 52.5

The results of the critical mass and exponential experiments which have been
completed to dste are shown graphically in Figure 1.

—-mc g AT ITITE
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ind platondar conhamination protlem occurred +2is montb. |
n prcilem was rﬂgor‘e“ the previcus month., Duie t¢ rareful moni
r=

o]
& >
{.-o

-t m
4

O (J

sedures no plutonivm was relesssd and only & few PreAl rid: wsy

thess being in & rplastic bsgz with the falty rod.

ns 2&u3= of this incifent as the rurture of cne of *32 Pu=Al rods .xissi

Ty favers +cr;1r frow comcenbrated sufuric a:i1d used o remewr<d zurfais cone
terinsticn s q*'ir»ad. from the fi;:’. ronsaminstion inzident., A nomwter '7 ~f
tzese fuel roas kave Taen fent %o the Plutcnium Metallurgy Operssica f:r re-
exaninsbior sni testing in an effort to prevenst further -ontaminiiicon protiems.

Ins=rumsentaticn and Systam: Studiles

Estimates were ~cmpllsl of the oozt of dsevaloping and fan-is 5*1nq ins*roents
©C measir: &nd rexcri PRTR prozess g..be inside dlams*er, wall ki :kness;, anl

soroud tibe spscing.  The system includss previsioms for vigosl insperhicn sid
= 'y

[77] m

"k msokine $ raiss and lowar Th~= > a.nsi';cep ke, A
zz2ond esTimsts was mads P trhe ooz FIre &

nside dismeter and wall thizkoess only, i refov

PRIR initisl lzading. Jopies of <he *we T Shraotixal
Msterisls Devslopmens (917).

Mzthods of obtaining “he statisztiagd dsts v ns
neutron lifetime sre “wing stidiei., It appsars tha ng
meshanism zar be vwrel tC reccord tke primary dats at tone FRIR se:s
tars zan then be playsd baix vhrougk computing equipmens in ths 1 "5
Sktaln Wle aghtcuorrelstion funtiion and the powsr density 2psstrom.  Tois method
world regairz s mirimar of sguipment and time during +h *, & '
tre use of mcrs azsarste rampating eguipment. IS is pl Y6
% gyster waose transfer fun~tion if Known prily —o mske

msnt in thz lasoretiry on
irg the szhasl PETR twaste

nztrumentetion phazes f tis PRIE Fower Tests whish sre being zlann
3 & omstic and memisl sontrol testg; ©} rupture meniter sslibratac
' } tem pﬂm‘*u.rn distributlon ani tempershiive trv
r, primary locr, et2.; and &) bhigh power kins
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A 2irziit nss Yeen dev .
£ 250 kv in the 2ence of gsmma ray3. To
hegt fhat 2 simple neetfzwe cirzuit zan de.

siryaibe, Triz zirosit "f".}, e upefd din th

P
[=F 4~

&

nonedzrkening relay lerses for the wide angle viewer heve
s viewsr is now Yelng assemblel. Partisl sssembly revesls

Yeen wmittel in the dssign drawirgs. The lens mouns uss
geanning L2ads hive been assemtled ani taste
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Samples cf the AspS» glass were irradiu*ed o] lOER, 1O7R, and 1° 8R ¢ change
in transmiszsion w&s noted at 107K but at 10°R the transmissivity ﬁewrﬂa~ﬂ1 30
perzent st 1 micron,; 9 perzent st 2 microns and 7 percent &t L mizrons. Beyvend
8 ri-rons no appreclabla change in transmission was ncted. One sarple 1f being
irraiistel to 107R OéR Per Lour. Lences and windows cf AsnS; sre baing used

n prebes whaich will measure the tempersture of PRTR fuel elemen®z.

NIESTRUCITVE TESTING RESEARCH

Toe sxpander amplifier added to *he Tbrosdbsnd eddy current zystem heirng develcoped
for messuring jaﬂk - thickness and jacketeto-core gap variations in an unbondsd
fuel element made ir pcesible to distinguish between tre twd varisrles a* ih&
outku~ of ths inzfrumen®. Severe instrument drift and instrument electrissl roize
w3 enscintered st the required sensitivity level and must bte reduzed As pr:@
dai- t=d by thecry the output signels vary noniinearly with respect tc an W
variebles, anl a nonlinear resdout zirczit will be devised in an &*tem;< *Iores
tke two varlstles independently.

o8

In izntraszt %2 the sbove work which is being done by analyzing *he pulse oltgpas

zignal cof the test prcbe in the tims domain, messurements of the ocutput signal
in the fregisncy damaln are also being made. As in the “ime damain 353g, only
#mall differsncez are observed tetween signals due %o the varistions of *+he twe

varisbles in ke freguenty domain esnalysis. A comparisor of Irift an® rcisze in
The two 2a:2: iz being made.

An i=frsrsl cpticsal head and beam chopper assembly has been fabri:cied and tes=ed
fcr vis in trexmsl bondtesting. Preliminsry tests were maie weing s 122 silypn
ani an irnditm antimcnide irnfrarsd detector. Preamplifier ncife msaarmements howe
tIat 2 lowsr noife preamplifier is needed o take full advartess <f the low niige
indimm antimonils dstecter. Cconsiders*ion is being given *¢ ths type f o) g
ani resording sohame to be used, and an Alden "Helix" recorier his Teen Torrowed
for evaluaticn.

A3

An cptlzal tsal and chopper essembly for uze with varicus types cf infrsred 2
ras been fabricated ari tested using btoth 2 lesi sulphide and a r=zzent Ay
el iniium antimonide photocelestromagnstic (PEM) infrarei detestor, This

iminary vest has shown thet a capscitive campensstor for spuricis siznsl
wred into the high impedance lesd sulphide detezor bv the -Yoppsr wassl

t& netezsary. The PEM detector is a low impedance devise, and nc aiffimulty
gaik & srurious zignsal has yes been sxperienzed. ithougl +ne noise

of the FEM detector is extremely low, the signal for a given infraz=d

input is also low. A low nolse transistor rresmplifier using = 23

a
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Tor and nsving flat response betwsen 100 and 15,000 zy:les per second has
br*‘ats* and tested in compariszon with a conventicnsl low nciss casode
d&p’ r usirg s 6BQ7A. The t-tsl noise gsnsrated ir the +ransistor preampli-
fAQr WEE qnly sbout 2 mizrovelts referred €o the input at abtout 1 megsycls per
sezond bandwidtk as compared to b micrcovoltz for the tube preamplifier ar +he
feme randwidth.

inocazing toe transistor presmplifisr with the PEM detector, residusl detector
noilss was even less than the transistor noise. Improvement in amplifying telle
nig.= will be required in crder %o utilize the full cspsbilitie: of ~he PEM
deze ior. Restriction of the smplifier btandwidik to 200 2ycles Per s=:xond hsz

124199%b
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rrovided great improvement in the amplifier ncise level. Irie 42 lim‘“*'“'ing the
bandvidrh, czlose comtrcl cf the zhepping freguensy must now he masintsinesd,

A zircuit for synchrorizing the choprper frequency with & staniard nas been fave
rizatel. Further decrease of the smplifier noise zontribution szould be ch-zinsi
by raising the chopping freguenzy; ampiifics*ion at higher freguenties +akes
advantage of the inverse frequen:zy Aependence of transistor n-ise. M2&ifizse
ticns in the chopper tc allow a frequenzy <f 2000 eycles per sezond are now

being made. 220riing to & rezent artizle in the Septarbker 1959 Praceedings of
the IRE, further improvement in the amplifier noise showld bs obtsinei Wy sut-
stituting 2N185 transistor for the 2N43. A new bridge type transistcr preampli-
fier heving approximately C.0Z mizrovolt ncise referrad 4c the inpst st 17 KT tanie
wiatk is commerzislly aveilshle., However, such amplifiers are expensive. sal more
tests will be reguired to estsblisk whetker such an amplifier is actually s =ded,

A tentative read-out scheme utilizing line length modulaticsn with an A...:Lﬂn "Helix"
rezorier will be used to record temperature ss & function of p*;:iti: on <he surfa:is
of initial %est piezes. Tois selestion is based partly on the 4,“»'&115:1.1_1*':-}" of
equipmsnt. A system using s conventional line recorder zould slsc be wszi, oot
read-out world be much more time zonsuming.

An aluminum dummy test pisce with 1/2, 3/8, 1/8, and 1/1€ invn dismeter nele
drilled diametrizslly from cns side t¢ within 030 inzh of +he sikher side ha
been fabricsted to simulate a fusl element baving gas voids :m +ye brazs la,v 2
Reugh time transiznt Leat transfer tests on this piere show ths~ the *ezrtc“ .
a* the center of & 1/2 inch diameter spot will drop from sboud £0%7 4o abou 3
in lesz Shan l/.: second when the heat sourse sb *ze zenter of the spot is remov
ani vhen the mass of aluminum around the periphery =f the spot iz keld at shoi~
roam +emperature.. This mesns that the scanning dsvize wixld kavs <o rotmaha hic
. pleve =t greater +kan 60 rpm if the kest were srplizd on ons =
t Fieze, and the deteztor were plazed dismerrically -rpositse. WEVE
e czircumferentislly symmetrical inductive teat 1n£z is presgently anhicipaned;
Tuirements on the gcanmming devize should be la2ss stringenb. A szsnning Savice
Uamgs s3sembled for simultaneously rotating anl ftransisting f121 slemsnts s&
to 1002 rom snd 1/16 to ’5/8 inck per rev ls.tior, rezpactively. Toiz #ianning
device shild be sdequate t0 meet present needs, and wlsc cocver axe of %
uSure eventualities in tke thermsl trond testing program.
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iz determined that conventionsl autama*i: gain conmtrol cirouits wiil not

proviie thne stability reguired by +ke inductive thermomesry instrument +o be
ueged In the thermal bondtesting program. A prezisisr veltage aomparator zire
wuilt for vee in the antometis gsin contrcllied amplifizr 6o campeasate for
to surfacze spacing varistions was dasigned ani placzed in the elesfriniz srop fov
fabrizztion. Azcab 5C typss of samizondicior dioles were tested for L€
rolse stretching seztinn of the comrarator zirsait. Teing minimm ¢ pa.
ccapling as a exiterion, Tra.mi on types S=570G snd I-f, and Highss *yp
Cixdes were fourd best suitadble.

'1

.)

Dezign of auxiliary equimment for uss with a General Radio Impedsncze Jcomparsiosr
%o inzrease its effectiveness on rondestrustive testing mea avements hss bes
gtarted. The first cirsult being zonsiderei is *r-a"‘" of & ZCepiase shifter *o
be used to adjust the phasze of the phase detertor switzhing voltages.
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GAS COOLET REACTOR PROGRAM

lattize Parameter Measurements

Tkz PCIR experiment on the reactivity effects of a stainless steel lcop in the
EXCR lattice has besn completed. Data necessary to celzoulabe ke were obtained
- Two z¢parate three=ty-three arrays, or supercells. The firght consisted of
kT U0z seven-rof zluster fuel assemblies of 1.8 w/o enricoment with an empty
5 inle =g gteel tube in the center. The second supercell wes the same, except
that & fuel ascembly of 2.6 w/o enrichment was placed in tre stainlese steel

The data kave not yet been analyzed but it is possible to mske a rough estimste
of the results. From a comparison of the mass of copper necessary ¢ polscn

tre wniform arrav cf 1.8 w/c fuel assemblies to a Ke of unity with the mass of
2Cpper required to poison each of the suapercells to.,unity it is estimated that

both the supercells have positive keqy's of about seven percent and three per-
rer~, for the care in which the 2.6 w/o fuel element iz in the tube and the cass

in which tre tube is empty, respectively. :

Vsristion of the Dorpler Coefficient with S/M Ratio

shoratory testing of the 1.92" diemeter mockup was carried out. Dats were
chtained on tempersture distributions, rates of cooling, rates of heating,
st i., a3 funstions of fuel element temperature fram room tempersture +c ~800°¢.
Failure of tke nickel plating due to & uranivm-nickel eutextiz formaticn st
~ T0%C made furttrer testing at higher temperstures 1mpra37;1ua.Ln An alternate

refleztive zcsting material was selested and tested. Aln0: arplied in a thin
film by flame spraying was tested and appeared to remain raascna‘ly'catibfa,vurv
after tempersture sycling to over 1000°C. As a result, the PCTR element, 1.92"
dismeter ¥ 20" length, has been coated with . All experimsntal Fquipnsnt
17 being resdied for PCTR work to begin about the& second week in March.

An suxilisry experiment is being planned to accampany the 1.92" &ismeter tem-
perature coseffizient messurements., Since resctivity changes due ¢ s¥xtraneous
hesting of msterials cther than the test fuel element are slways present and
Aifi=ndt tc evaluate, & subsidisry messurement will be made wherein the extran-
eous heating effecte take placze and the test fuel elemen® ramsins at or near
room tempsrature. This will be accomplished by beating the moderstors immed-
igtely surrounding the test element electricslly sc as t2 obtain the sams tex-
perature distributions throughout the PCTR czore as were present during the hasted
fuel element measurements. Hopefully, the reactivity changes due to hesting
will, in this way, be obtsined in one lump sum and corrections o the fusl resce
tivity effest resdily made.

Mizlear Graphite

A detailed outline of the first half of the chapter on m:clear properties has
reen partislly completed for the book "Nuclear Graphite," which iz being written
bt¥ R, E. Nightingale.,

211998
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Rod Feplacement Analysis

A fermal report on the methods developed for this work hes been delayei reniing
the arrival of tke results of & b-group cslculation performed at ORNL T’a se
reslts. whick are to te included for comparison, are expscied at am’

In a&idition; an abstract of a paper on this work has been sabmiiied ‘*r pr 2 oA
ticr at +he Jone meeting of the Amerizan NMiclear Society.

A key punching error was diszovered in the input for t-he caloulsbions of ke
for the 9:1 fuel to control rod ratic in the EGCR lattice. The correcheld |
value cf Ake for this case differs from the .xper...mpn*al resa.ts oy onl;/ ‘-'-5%

instesd of ths 1.7% quoted last month.

RESEARTH - 50CC PROGRAM

Isotopic Aralvsis

N

The mass spestrometsr for this program operated at 90 pervent effiziency during
February. About 735 percent cf the time was spent cn furnishing isctopic analyss=e
of rrogram samples. One day was spent in mainfenance transferring sczumulstsd
rerovyy from the traps. One day was spent in meking measurements of the masz: 1is-
crimirations proiuced ty ion source focusing conditions.

A study iz anderwsy tc calsvlste possible improvemsnts in sbundance sensitivisy
resdiing from energy snalysis of the final ion beam. Seversal prethi.al systems
sre teing studield.

BICLOGY ANI- MEDICINE - 6000 PROJRAM

ENVIPONMENTAL SCIENCES

Atmospreri» Physizs

Funds were received fram the U. S. Alr Fcroe Carbrilgs Res=sarzhk Center 07
in condur~ti g more tasic studies of dispersion and deposition trozessss in tis
shILosphere.

Ine field sampling grid, including all twenty sampling “owers, was rezhivaTel

5 3200 mesers' dishance fram the source. A "shakedown” experimert was 3-:-:1-53:.‘,:':5155
on Februsry 1€, followed by a successful field trial cn Fetruary 18. ALl egiize
ment opersted sabisfactorily. The new portable electri: starters fabrinated
locaily for starting the gasoline engines on the vacuum sysiems proved vaiy
faztery snd reduced the required startup time tc about ons an? cns-kslif hours.

e

-2
AR,

/7]

Plans wers macdz for installing edditional ercs of samplers tc cover the North-
east @uadrant centered on the Metsorology Tower. The present course is Zen-
tered one hundred meters south of the tower and covers the scatheast giairznt.
The new campliers will be used for studies of dispersicn fram elevated source:
during unstable temperature stratification, thus providing greater cpporoinity
for dsytims experiments.

e
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Eq.lrment kelieved to have sufficient range and statility for sssaving Zr.S losd-
ings on membrane filters using the phosphorescent “echnigue wes received =ni
ralibration of the system by the Radiological Chemistry group was begun. Even
the new instruments are very sensitive to ambient temperasure changes; and

riust be tsed in & carefully contrclled enviromment with the ampiifiers in a
2514 bex. Reassaying of the Green Glow samples on this equipment is expested
%“c etart in early March. Meanwhile, efforts will continue to stabilize the
e1cipeent for use under less stringent envirommental requirements.

Werk continued on preparation of individual chapters for the Geophysizal Researzh
rarers acccrding tc sgreement with the Air Force. A chapter titled “"Wind Prediz-
“icn for Operstion Green Glow" was transmitted to the Air Foree for review ani

samments. Compatations of stabllity ratios fram the portable mast 3sata were
zapleted for two height intervels and four averaging periods ranging from the
cne=xalf Lour cf generation to the entire duration of the experiment. The stacility
ratiss were alzo transmitted to the Air Force for correlation with the dispersion
TR ¥

ire first in a series of three scheduled reports on prospective 1960 arests of

tie Zclumbia River flow at Hanford Works was issued on February 2%. Becauss of

tae lov water content of snow cover in the Columbia River watershei sbove Hsnford,

oLe srest this year 1s expected to be the lowest of any yvear sinse HLO began
foresasting them in 1956, The preliminary outlook for 1960 follows, together with

tes sumparative figures for both 1959 and 1958.

1960 1959 1958
Forecast Obeerved Chesrved
Peak fiow &t Trinidad*
{tnits of 10> CFS) 230-410 L28.8 LE,0
Fezk ztage (feet MSL)
100-F LT3 .5-406.5 407.8 LOE .2
10C-T 392.5=295.5 39%.2 395.0
100-F 379.0-382.0 38%.2 %81.8
Ricnland 346 .5-349.5 250.3 3L49.2

* Irinicdad iz & gaging station 22 miles dowvnstiream from Wenstchies.

- DOSTIVETRY

Tze Shielded Personnel Monitoring Stetion wes cleged January 1l to Jamary 26
o permit change f the cell door tc sarew drive sc it can be opensd from insids
the 2ell if the electric power should fail. The new apparstus was faulty, how-
=

ever, and three additional days were lost in making the necsesary cnangee.

A re:allbratio“ of the whole body counter for Csl27 was campletsdi. Our resilte

for 7 will be 16% higher than those grevioaelv re orteu. Our plasztic prantcm

Wzk u:ea fer zalibration with Cs 127 znb5 7y Na2 and XK+C. The resclts were 16
Z3% off fram those obtained with humsn subjects.
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The new pchassium and cesium calibrations were used in & rezslibratica of 511 %
results for roztine exeminstions during 1959. The 214 calikrstion for Zn69 WHE
used. There is now good sgreement between our results for po*assi;m ani =
and those cbtained by oiher laboratories. Enough new data bad aszumelatel
ginze _ths last over=sll analysis te begin to draw conclusions abo_~ The =rr
cf Zn6/ in jifferent work sreas and gamm.umties° Subjects werking in ths =20
Areas have sbouS the same &average Zn 2 burdens &s 300 Arce werksrs. As raported
esrlier, 10C Arec workers hsve shout twice as muck &s ths cthers. Residents

of Kennewick kave sligh*tly higher zn®5 burdens on the sverage trkan Richland resi-
dents., Pa:co resilents have two to three times the sversge »urdens of Rizkdsasni
residents.

-

A check of the Zné' ¢alibration was begun. First results indicate sonsziisrable
differenzes between peosple.

Other Activities in Whole Body Counting: The large scintilletion counter was
remounted so that it can bte moved o any position in s plsne. This makes poesd
the szanning of & subject to locate the radioactivity in his bedy. Tests we
begun of a shadow-zhield counter. We began t5 count wamen withou® reguiring toem
t¢ shampeoo their hejr. An additiomnal count is made directly above their hair

to gee if not shampocing makes any difference. A *tape punch was ordered 4o ;f
the snslyzer data in s fuvm that can be processed enté stcrel by the IBM syst

A Ze<bug run was made on the IBM system wsing dsta prepared by hsxnd.

The rewiring msds neressary by the resrrangement of +he pcsitive i
Grasif laborstcry was completed., The Van de Grasff is row in cper
A E srtioning deviie was modified for use in lining up the aczelsr
gyzzemr of warning lights was installed.

We borrowed a plutonium=beryllium neutron sourcze frarn tks Cniverzity <f Washing-
ton. With 1t we were able tc show that the fraction cf the nsutrons amithsed

that came froar fission wss intermediate between those of cur own zources whisz
are both larger and smaller. These data are psrtinent +o ne:bron Aosimstry in
plutonium productisn cperations.

Ccopsrative work on neutron dosimetry with other groups _n"l:aai orK Smomaiersted
lczimsters, Surst dosimeters for criticality acziients, Li° spectramesser; s [os
sizicon long coonter, and EFz tibe standsrdizstion.

n\ {

An icn source power supply apd vacuum manifold were preparsd for work lezding
to alpze particle bombardment stodies with our Van de Graaff. Meterial wasz
received for making tissus equivalent chamkers, and molds for the chambers wers
Zezigned.

An evalueticn of the energy lose measurements used in the nechasism of Lraphits
damsge studles siowed they were reproduzitle to 0.1%. It was decidsl thas ihis
wae not good encugr for msking stopping power measuremernts for spplicetion t-2
dcsimetry work.

NETHMENTATION

Tne personnel dofe slarm detestor and & major portion of the necessary ciruitry have
heen form:larted and }uI*lOHQ tested for one type =f personally zarrizi personnzl
20gs slarm unit. Tre detector gamms energy éependence curve will be very similsr
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TS5 *that cf a standsrd HAPO rencil-tyre docsimeter. The unit, thus far, eppears
< have selectable (2 10 mr acsuracy) alarm levels from =< 2C mr tC aswun 200

rr 4% jesired by the user. In addition, the accumulated doze msy te rezd simpliv
i essily at any time.,

Extensive transistorized cirsuis revisicns were incorporsted in the experimentel
giinvillstion porteable beta-ganma dose-rate meter to improve ite temperaturs
srarscteristics. To this point;, the instrument resding error is less than + 17
perzent from 10°F to 14097, :

Mozt of tke alpha sir monitor experimental transistorizes cirzuitry has been
campleted using co- -idence counting tesnniques to eliminas-e rsdon-thoron ta k-
rount effests, Ru.aing tests, which are being msde consinuously, ¢f the tran-
fiztorized sirzuitry campleted thus far indicate exczellent rsliable operation.
Ize orly zircuits remaining to be fabricsted are the count-rate me*ers whizh sre
mer«ly adsptations of our previously developed circuits. Trs ZQnS%TVaiiV§12’ =
“dsted sensitivity of the system is such that the system can ziawm on P29
ir onsentrations of less than 10 MPC in 20 minutes with nc false slarms from
raion-Thoron effects,

Tie exyerimental transisztorized logarithmiz count-rs*e meter was completed and
sing tested. The zamplete circuis consistg of three swall printed-cirsuit
1z x>nvaining an emplifier, binasries, a diode pump cirowit, ani the mecer
arivs lirmzaitsz. The trancistorized count-rare meter 3CYers the range from 102
T ounts per minute with g5 camplete range azzuresy of = seven perzent cof
Trs wrae resdinz. The unit drives beth a meter and a 1C-millivolt rezorier.

An expsrimentzl *ransistorized spproximate dose-rate integrastor an? slarm was
developel wsing a miniature G-M %rbe detector and associsted +ransizzop drziite=
Iy. The cirzaitry drives s register tc indicate approximate asiumulated dose,
ani 17 works sslisfaztorily to lavels of less than 0.25 mr/kr. I* is reioge
nized the* the 5-M tube detestor ¥1ll not produce a irue iniization of dcse
exsert cver defined gamms energy limits; however, this does nc+ Frecivde the

f suzh an instrument for specific purposes. Using a smail madified L& :nAnie
£21s%er, a signal czan te obtained o energize an alaym a- 4y asvapalatel

&

Investigsticne with +he multichannel anslyzer were -onducted ronzerning Nal
Iyzhel photopssk efficiencies with and without furrouniing lesd c2llimg=ion
sbieliing., Dats were obtained ani Jaxrves plotted concerning *t: poitcorsak
effiileny verscs gamms energy. The addition of lesd =ollims*icn markedly ime
Tivsl the efficiency. The data obtainel will materiaily s5id in th= anslysis
¢ Tis previcus darns from a number of experiments &5 the 23k=5 F2iliing.

Sque investigetive work was ione conzerning the use of tkrermistors for wind
velo ity messurements for +he Atmospheric Physizs Opersiorn. Ihe Thermistors
were heated Yy current flow to a high enough level to preclude adverse effects
taussl by mmbient air temperature variations. Several experimer*s wera zone
dusted with the thermistors heated o +859C. Several cthex types of +thermistors
are &vailsble with tamparatire ratings as high as +300CC.

Tw, fJur-by-eigh*-inzh effective area scintillation experimerntal detector
T3es: were designed, assembled, and satisfactorily tested. One was for alrliee
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only detection and the cther for alpha-bets-gamme <orkined Gete:Ticn, Tos prcobes
will be uzed in the tws respective scintillsiion transisteorized fani and sh
scunters, For the alpha prcbe, the geometry over the four-by-elghtein-v ar

with no prctective sireen was ;503 perzent * C.8 percert geamery varistion,

and tre Zeomstry was 17.8 perzent * 1.3 perzent wish +re prosective fireen in
Ilsie. For the combined probe with sareen, ke alp45 za:na‘ vy wes 1F.5 pare
sent = 1.3 percent geametry variation after bissing ocut all heta-gsoms =ffenz,

Uzing s unifcrm.f»ur»*;=e*gn+ in2a Ra=D source, tke betnazanma gretry ame

to 2.2 perzent Beth prebes use RCA €655-A photcotubes =o veplaie +xz criginalliv

.ze¢@ RCA 6}72 photut ubes. The ezonomiz advantsges Of the new prches gare arx-enciors
since the £655A coats $25C less thsn the 6372, and the remsinisr of *he probe
SCostsE ars essentially equal. This mesns thst the alrhs-only srointillztdice *ran-
giztcrized hand counter which uses four probes will cost $1,000 less +¢ firri ste
than origirqlly The zcmbined slphe-beifs-gsmms hand an shce zsounter wel-o Lz:s
#ix prebes will cost $1,50C less tc fetricste than 4id +ke crigznal uni-.

& experimentsl transistcrized aipha monitor for wse wit
tional or s:in%illaticn protes, as desired, wae modifis
andl louder cutpot loudspesksr indicaticn snd s 3implif
rern for the delizate air proportional probes. Using

H

garmws sensivive (*o five r/-r) uniform geomesry =wo=by

seven-inch s:intillstion protes, the instrumanw semsisvanTtly PTJCM- i n;p
geimeTriss 8oLt 1le rerzent. This was measurarly tat*er Shan the zir pror -=-
Tiznal probe geameiry. Tos camplete instrimant wes lstorst iry 'ﬂ-*&i for *"Fﬂ

wsek: and Tren taksn t2 Relox for field +esta.

A nministure s:intillsvion alpha probe wss sssembled a&i

gizte <f 5 foireinshelong fused gquarwz light rips ¢ ?al
terispierical ~sts:‘*ﬂg enl., Uniform 3etecting gsan X
namizpherizal end was six perzent with & tazkegrouni -f
ligzs pire attaineld direwgly, vith rerid izrterchangeszi

Prive hoosing.,

i

?p—r¢m=nr‘ zonbinued concerning the slexztron “eam Sefle
cr the electron Varx de CGraaff. An eighte-kilevelt ovdre

<2inel and & higt-vcltage relaxation cscills*cr was des?
wai determirnsi thst 2.5 milliarperes of higr-vcl*age =TT
Ir corre:t cpersticn. An sdsguate higkevclisze suzply
ani tre nsresgsry remaining commersisl items will te ordeve
Sare investigatlcns were coniuiis? using & ministurs gl
rezonsnce of one ks as & vibrating r=el for uss wit:

Tie swif: pe*foxmsl well; ‘ownvnV, the leakag rezisthy

itz wre witk five mirramizrefarss mizisture icnizstion 2
perisis leighs Mours’,

Experimentsl wcrk ccntinued zoncerning the szervoezontrollel lcgsritbmic widse
range siintills*tion sres monitor wkerein the high-volitags tc the thetomihe iz
redured tw the zerve feedbazk locp as mhe field strenghk st +he dsteior iz
Eigf The Ligh-voltags change is 4nen metered “o proinic & reaiing-
20se rate., Tre eryeriment urel & Brown serve system and crersmed g

<+ EECT ALV .
rrentually,; the tomrlete rircoitry will be transisteorizes, DEcmS
4
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A =tudy 1s teing made to determine the materials and development needed to allow
data to be entered manmually into the memory of the RCL multi-channel analyzer.
In aidition, it is desired to enable the system to perform zertain arithmetical
fun:stions such as automstic channel information summstficn and deletion.

TEST REACIOR OPERATIONS

Mperstion of the PCIR continuved routinely during the month witkout unzcheduled
shitdowns. The EGCR experiment with stainless steel tube; sezond enrickment fiiel
wae completed during the month. A mock-up run of the Pu solution in stainless
zvesl zriticzal mass experiment was completed. Tests were campleted ¢ determine
*he *¥ps and position of the fine control rod. Installaticn c¢f the fine control
rod waz started., This rod is designed to increase the accurasy of measurement cof
small resctivity changes.

The TTR facilities were shared equally by the Criticsl Mass Experiments and
Neutron Tempersture Experiments. There was one unscheduled shutdown due to an
speraticnal errcr during the month.

CUETOMER WCRK

Westher Foretasting and Meteorology Service

Type of Forecast Number Made % Relianility
8-Hour Production 87 8%.5
Zi-Hour Gensral 58 86.0
Spe:zial , bk 8i,7

v

In gpite of a 201d wave during the last five days of Februsry, +the mili tem-
rerstares which prevailed before then established the month as samewhat warmszr
than normal. Althougn rain fell on ten of the first fourteen davs, *hnere was
no measvrable amount theresfter and the montbhly total wsz slightly less *han
nireal. Average wind speed of eight and one-tenth mph wes samewhet higher than
nirmal for Februsry. '

nstrumernrstion

Feels Preparstion Lepartment has requested assistanze in imprcoving the rerform-
snie ¢f thelr aztoclave tempersture control system during stsriup opersvions.
Tz« work zonsists of two parts: (&) To modify an existing control system as

2 3.irel to obtain satisfaciory stertup control and (b) o define the regquire-
ments for future installations. It is planned to simulate the suicilsve process
on the analog camputer and apply simidsted models of several dAifferent types ¢f
availlakble ccntrol systems to the prczess. Recommendations for future inshalla-
*icn: will then be made, based cn these tests.

% equipment for meésuring extrusion press deceleration after impa:i Lkss teen
zerrled for testing. The equipment consists of & piezcelecztric sccelerameter
i @ Memoscope, with a suitsble impedance matching network.

Tre Sxintillation Mask Menitor instrument for the Laundry (peraticn was mcdified

wizk ths addition of & se=ond detector for spezifi: checking of the fiiter con-
+ziner., At present, the unit will detext less than 5,000 d/m of Rul® gt any
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roint on the msck. The geometry varies fraw 1.0 perzent +2 1.5 persens cver
comple=e mazk surfaze with Rel®C used as a test scorce. Tre ins rmers o: a
direzs attempt st automatic monitoring wiersin the mask iz plaleld, by %snld, nes
tween the probes, and s count is made. No mask or prite movemesn®: or sdjiznent
is nezeszzary.

The me:henizal cenveyor poeriicn of the actomstic lsuniry menitor for the Lasnizy
Orerstion was received snd will te 82t Up fror eXPeYimEnts af 20Cn a4 room is
avallsble.

Eight of cur designe? vacuum-tube high-level zlita air mﬁnltCI:a waizh we
orisred fcr installstion st Redox, were debugged, zerned, calibrated, ani
deliversd 1o Redox,

Fabricaticn ontinues in the 328 Electronics Shep using our &esignei sir-uits on
Ten, “kree-dezade logarithmic response scintillstion ares monitcrs for HIO 225 on
three similar; % highsr level, waits for IPL. Tae IPT units will be us:zi 3:
reartcr elevator monitors witkh two-level slarming faatires inscrporated.

Aszistar-e snd :fope:aiicn was rendered to the Calitrsticns Cperation, RES, HLC,
conzerning preparaticon cof "ssz-bullt” drawingz for sevarzl transiszvorized poiriatls
radiclogiczal instruments snd on the alph&-only and alphs-be-segamms <ransi:vorized
Ezintillaricn hand and shoe counters,

Azsiztanze was rendered 4o the Calitraticns Opsrad
dnhﬁnzing, terting; snd valibru*ing of the firszs o
torized Alpha Hand Counter fabrilzgted cffsite %o
zipal vroublses evelved frar poor workmanshkip--espe
Irobes, The Jetugged instrapent now performs guit
doze “en wo Twelve registers in 135 szeconds fram a S
digmrivuted over the four-inctk by eighteinsk effo;~*
2gaaty, in 15 seconfe, aversges less than 4wo regis g,
sourzs can be deterted and indizatel abcve “acngrb in 15 #=u

Azseptancze tesh: were completel cn two portstle, fiintillziicm,
hattery-cperstel, guwma energy arnzlyzers, and on four hattery BFe
ments whizh vere converted fram valiumm-tike sSperstion to the naw s
zirouitry lczelly deszigned.,

v

A sugzestion war svaluated zonzerning the spray :oaiin, witk whits paint I the
irzide <f alphs sir pr ;cr*ivnul pruo g, The white hazkgromd will i3, sme-
vkat; in the stringing of the scllector wire. The principsl oonssrn iz <Zas of

=02 thilsk & zoamirng whizk would impeir probs operaticn.

Cme new, non-gamps sensitive, alpha geintillanicn proke of twieinoo-t rwrr;hm;n
effextive area waz tested in the 329 Building, in the 208 -w¢¢a‘ng, &nA :
urde- field zonditions. The per‘ormanve waz quite eetlsfzstory in :
™ a €259 field of 10 r/hr, the courting backgrouni incvessed on SR’y
while tre alphe sounting geometry zonsistently exceeldsl 12 per:

)

2
Diea

v

pﬁ“dﬁ-n*:.l transistorized a.lp.a meniter for use wi

Ths =% wr botkh alir pripoviicnal
snd z2in*illsicn probes was satisfactorily lsboratcry testad and deliverzd ¢+
Relcg for £ield reste
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A new secondary emission tube manufactured by CBS Hytron Type 7548 was received
and tested. It was hoped that these new tubes could be used as & substitute
for the EFP 60 in fast pulse work. It was found that the engineering samples
rezeived do not approach the advertised transconductance and current output and
d2 not appear satisfactory as a substitute for any tube type.

Anslog Computer

Tae zomputer solutions this month included the speed of control (see 2000 Pro-
gram - Present Reactors) and the NPR startup calculstions (see 2000 Program -
Future Reactore).

A tabulztion of the operating and down time for the GEDA camputer for February
follows:

Total poseible operating time - 184 nours
Teotal scheduled down time - 0O hours
Total unscheduled down time - 23 hours

Total use time = 161 kours

Tze unscheduled down time amounts to 12.5 percent of the net.possible operate
ing *ime (total poseibdle operating time minus scheduled down time). The equip-
ment failures encountered during the month were random.

The new Berkeley EASE computer was delivered on February 8, 1960. Berkeley
representatives were at HAPO through February 26 to complete the installstion.
On the whole; tke installation progressed quite well. There were nc msjor
diffisulties enczountered, except for failure of the Digital Voltmeter. Tuis
was iorretted by & replacement of several of the printed cirzuit boards cam-
Frizing the logiz circuits. One minor difficulty remsire to be corrected.
Tais 4ifficulty involves the appearence of two decimal points in the remote
resdout. Berkeley has promised tc send a new circuit bcard tc correct this.
It 1s estimsted that appraximately one month more will be required to zamplete
the aczeptance tests and place the computer in active service.

Optizs

A tctal of L48 manhours shop work was campleted of which 10 percent was for IPD,
17 perzen: for CPD, 62 percent for HLO and 11 percent for CEQ. The work
included:

1. Fabrication, assembly and testing of components for the Wide Angle Viewsr
fOI PRTR ©

2. Febrization of a pyrameter head for the IPD Nondestruztive Testing Program.
%+ Repsair of one créne periscope head for Redox.
L. Repair of one mizroscope for FPD.

5. Fabrization of quartz pleces for the 231-Z Building.
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6. Modification of a 1-1/8 inch diameter boreszcpe for IFL.
7. Preparation of microscope slides for tke Health Records Unit.
8. Preparation of four quartz rods for use as light pipes.

9. Fabricstion of three non-derkening lenses for the crane periscore.

K SGrx

Acting Mansger

PHYSICS AND' INSTRUMENT RESEARTS
AND LEVELCPMENT

HANFORD I.ABORATORIES OPERAIZION

RS Paul:mes

M-
!

L
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Chemical Reseearch & Development

RESEARCE AND ENGINEERING

FISSIORABLE MATERIALS - 2CCC PRCGRAM

IRRADIATION PROCESSES

Decontamination cf Reactor Ccmponents

Gamma anzlyses showed +that the poor decontamination reported last mornthk for all
coupons in a igading disggarged in late December, 1959 from KER Mockup Tube 3
wes due to Sb2 and Agl*“. This is the first +ime these isotopes have been en-
countered in laboratcry tests of decontamination procedures for the NPR. They
were removed only abcout one-tenth as effectively as Fe 9 by decontamination pro-
cedures proposed for the NPR. It is not anticipated that these two isotopes
will be significant ir NPR cortamination.

Phenylthiourea was evaluated as a corrosion inhibitcr in ammonium citrate-EDTA
solutions. Corrosicn of carbon steel was reduced by a factor of about three
without significant loss cf decontamination.

Studies of decontamiraticn of process tubes and pigtails cof presect HAPO reactors
were continued. The stainless steel pigtails are effectively decontaminated by
solutions containing oxalic acid. Aluminum surfaces ere nct. Among decontamina-
ting solutions so far tried, sodium dichromate-sulfuric acid is the only cze
found especially effective for aluminum surfaces. The solution corrcdes carbon
steel excessively at concentrations required for effective decontaminaticn of
aluminum.

Uranium Oxidation and Fission Product Volatilization Studies

Performance testing of the high-level fission product volatilization fecility
was continued in preparation for the fissiorn product volatilization studies at
high irradiation levels. Several problems were encountered and are being
remediec. The problem of most concern is the retention of fission prcducts on
the surfaces of stainless steel equipment and tubing evern after intense decon-
tamination efforts. Since quantitative recovery of the fission products is
essential to the success of the experiments this condition cannot be tolerated.
Where possible, stainless steel apparatus is being replaced by pieces fabricated
from either quartz or Pyrex.

Twc experiments were performed in which uranium-aluminum-Zircalcy systems were
heated to temperatures of 14C0 and 1440 C in carbon dioxide-helium atmosphere
and held for 26 and 5 minutes, respectively. During both experiments no fiow
or break-through of molten uranium through the Zircaloy boat was observed.
However, subsequent observations and metallographic examinations of the residue
from the 1400 C and 26-minute experiment definitely established that uranium
had completely penetrated the Zircaloy and that the latter was extremely
brittle and had failed at several points. Further experiments are planned to
define more completely the penetration of Zircaloy by molten uranium in the re-
gion of 1400 ¢ which is about 400 C below the melting point of the alloy.
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Experiments continued on tke scavexging of radionuclides Tty the rrezipitate
formed om mixing the candidate NFR cleaning solutions. Szaven irg decontami-
nation fastors ranging from 500 tc 10,000 were ottaired for radicisztopes of
iron, strontium, tarium, zirconium and niobium, cerium, calcium, cotalt, zizz,
end iodine. Little decortamiratior was obtaired ir the case of »adionu-~lides
of rutherium, antimo ny, silver, chromium, zesium, azd p osp*ﬁr“sc Erern s3, it
is believed that the reazticn will be - asefl for acei=fi'g with the disposal
of spert cleaning scluticzn. The pre“ipi*ate (a2 mar ~.Zanese bxldef resulted from
the recuctior of permanganate ion, a component of ome 3f *le ~leaners. Some-
wrat less effestive scaverging of calcium, cobalt, ziz:, azd isdize was

found when a ryd”ogeh peroxide solution is imcluded iz the mixture as it
would be in tre case of a three- -step cleaning process. The rercxide scolvtion
reduzes the scavenging decaatamiration faﬂ*"*:q for these isotcpes v about arn
order of magnitude. This differevze 1z scavengzing may be related t2 the
aczeleration of permanganate redu-tion :y the percxide cleazer

Reaztor Effluert Treatme=+

Estimates were prepared for performing srale-up studies of alumi=um reds for
reaztor effluent de-oztemination. Lathe, shaper; a=d :ztker mazhize +a21
metheds for preparing aluminum and Alsi fo- kizkly pcrous teds were iemo'-

strated. A wide variety of turnings azd :hips was pwaau ed whizk wil
further studied for +he optimum red *o*‘igura ion. It is important +
ish the availavility ard cost of <a+1s‘a’t“*v zed raterial tef:re pr
w1t pilet s:cale testing.

'NIH

SEPARATIONS PROTESSES

'/

Veptuniwr Rezcvery in Redax

Tne essextial first ste ; the retention of neptunium iz the Redx Flaz
during =ormal proczessiz Operatiouns, has been demonstrated in vezent plazt
tests. Recert latcratory work irdicates that +khe recessary additional con-
centraticr and parification ‘to 1oad-out limite) cf the retained Tepiunium
<an pritably te effezted bty a rather straigktforward ar readily-zontrolied
fiowsheet applied ir *he 3A-3B zolumms. is flowsheet ertails edditio- of
vanadyl 121 t2 the scrub strearm vand pos 1b;v the aqueocus feed) in <te =
solumn. Trhis ecabtles reptunium to “e retaized in the aqueoua phase as inex-
t*a~tab’e "ep+u*‘um’”) wkile plutonium and urarium are extra-ted iz the 3A
column and s*“ipped {i= the 3E coLumn ) tazk to an aqueaus phase appropriste
pD“ recyzle. Tre *=p+“n‘um V)-rearing agueous waste ’?AW‘ from tke 54 olumnm
mist te recycled to tke 24 columr feed peint duarizng this operatien or else
discharged +5 an irnterim storage facility. Tre nepturium strear is thue
“navoidarly diluted with the 3AS duiring this operation. Foll wing remowrald of
urazium and plutoniur *he zeptunium-tearing waste woauld te oxidized wiztr
dichromate and a typical "spi:" fiowsheet applied ir the 24-3E columas to
azcompliish the firal concentraticn and parifization prepa*at:rj to load-out.
Tee main attracticn in this ficwsheet is the fa~t that a1 cpereticns can te
c2nducted with ecidi- treams; thus aviiding any deli:ave s2idity adjistmernts.
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Flow rates and concentraticns of bulk constituents employed in a batch
countercurrent test of this flowsheet were as follows:

Stream Flow E'ANN E HNO3
3AF (agq) 2 1.3 0.3
3AS (aq) 1 1.2 0.3
3AX {hexore) 3 - 0.25

During tke partition of neptunium from plutonium azd urarium the scrut
stream (3AS) was made 0.05 M in vanadyl ion. In ‘the simulated firal
recovery of neptunium the feed (made up from the waste f*om the parti-
tion run) was made 0.02 M in dichromate.

With the three extraction and three scrub stages which were used in
this run, neptunium losses in both cycles were scmewhat high (1.4 per-
cent to the organic extract in the partitior cycle arnd 0.7 percert

to the agueous waste in the recovery cycle). However, these lcsses
cculd probably be reduced with additicnal scrub ard extraction stages,
as should be available in the 3A column.

Separation of neptunium frem plutcnium and urarium was good, de-
centamination factors being 1000 for plutonium and 275 for uranium.
Again, these could provatly de improved with a longer extraction
section in the partition cycle. Measured ruthenivr deccontaminaticn
factors were about two in the partition cycle ard about six in the
neptunium purification cycle, which ccmprised only a single pass.
Trhus a spin flcwsheet would urdou3+eﬁ“v be required *c accomplish

the necessary fission product decontamiration to psrmit +he neptunium
product to be loaded out.

Purex HA Scrub Columr Studies

Both a sieve p*ate (0.08-inck diameter holes, 21 percent free area)
end nozzle pla*e cartridges were investigated as possible alter-
nates for the BA column "zebra" cartridge. The nozzle plate
cartridges were far superior to the sieve plate cartridge, both

with respect to operability and crud scrubbing effectiveness. The
most faverable scrub cariridge investigated to daie is compesed of
two-inch spaced, six percent free area nozzle plates with 1/8 inch
diameter holes. The flooding freguency of this cartridge in &
typical dual dlameter column was about 15 to 20 cycle/min greater
than that of the extracticn secticn. The orgarnic phase was con-
tinuous throughcut the opersable range of pulse frequencies, and rnc
terdency for phase inversion was noted.

Ore series cf rurs at l.l-inch pulse amplitude made in a uni-
dismeter columr with twc-1nch spaced ten percent free aresa nozzle
plates in the scrub section gave flocdirg frequencies about 20
ycle/min lower than the corresponding extraction section floodirng
frequencies. t was observed, however, that crud eoirairment in
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the scrub section was excessive at high frequencies. Thls crud erntrainment was
not observed at lower frequencies ncr with the same cartridge cperated at C.5-
inch pulse amplitude. These observations indicate that the tlate spacing

should be greaster, perkaps by as much as 50 to 100 percent, than twice the pulse
amplitude.

Attempts to produce a "zebra" effect ty insertirg one-foot sections of one-inzh
fluorothene Reschig rings at two-foct intervals in the 0.C8-inch hole sieve carz-
ridge were cnly partiaslly successful. The plastic rirngs did ternd to control
flooding, but the coalescing ability of the rings was pocr. 1In crud scrubbin
studies, the material that wes scrubbed tended to e carried to the top of the
cclumn by the entrained aqueous.

Purex 1C Column Studiles

A graded nozzle plate cartridge with 23 percent free area and R/lé-iﬁ:h diam-
eter n02¢1es pointing up has been evaluated in the three-inch dismeter 1C cclumn
with 2 1.0-inck pulse amplitude. The bettom helf of the nire-foot column has
Tom-inch plate spacing, and the top half has twc-inch plate spacing. The
meximrur filoczding canacity was about 2000 gal/hr -sq ft at 55 "yﬂles/mln. This
raximum varies less than five percent from the previcusly evaluated sandwich
cartridge at a 1.0-inch amplitude, ard the plant type cartridge at 0.%-inch
emplitude. The maximum was about ten percent greater than for the same cart-
ridge with the nozzles pointing down. The graded nczzle plate cartridge
cperated stably over a wider frequency range at the higher flow rates, arnd was
easier to start up and less sensitive to upsets than the silker two cartridges.
The efficiercies of all czartridges were good.

WASTE TREATMENT

Semiwocrks Waste Talciner Prototype

Six runs, using simuleted formaldehyde-kiiled threefold concertrated Purex
waste as feed, were completed during the month.

Tne primary problem continues to be the buildup of lumps c2 the feed nczzle.
When lumps occur; three deleterious conditions may result:

a. Poor atomizaetion, resultiag in excessive agglomerate formaticin

b. Ereeking off of the nozzle lumps with attendant lump buildup iz the
product

z. Difficulty in proper coutrol of feed rate due tc the variaticns in
pressure drop st the nczzle.

Variations inu cperating temperature from LOO t> 60C C showed no significart
effect cn nozzle tuildup. Atomizing air to feed flow ratios of sbout 600 are
guffizient to keep nozzle buildup end lump formation to near aclc eptab e level,
Tut result in urdesirably small average product partizle size. ower atcmizitg
air-feed fiow ratics result in more desirable average product parti:;e size,
tut alse result in excessive nczzle lump formation.

00ling of the feed nczzle in one experiment (an attempt tc prevert p“te-tial
- +- A

jon in the nczzlie) confirmed last month's ckservaetions (HW-63742 C,
i zzle lump formetion is not prevernted by this technique.

-
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Cne run using aged feed solution which had prec*p‘*a*ea was perforped withcu
difficulties due to the slurry. This successful performsrce is encouraging wizh
respect to the processing of pctertial slurrv-corntalnirng feeds.

Ircreased cperating temperature has resclted in ircreaszd ritrate and sulfate
velatility.

Batch Waste Calcirnatior Stuiles

Laboratory scale studies were made or firing of simulated Purex high-level,
high-acid, wastes that ha? been neutralized with caustic to 0.8 M excess NaChE
and dried to a solid. Upon firing at 650 C in a four-inch-diamster staizless
steel pot; the dried sclids were reduced to mocltern caustic contairni The
iron ard aluxinum. Th=2 cooled sclids were ligh* green; and hai a Tuik
density of 2.2 grams/cc.

Granular calcired sclids fremw the fiuvid-bed calciner prctotyre were
1000 C Peoth with ari withou* the addition cf sodiur suilfate The ¢
the fluld-bed protciype were from similated formaldehy3e- AilleQ inr
councentrated Purex waszte with & feed slfate to salt riftrate ratic of C
Bulk densi%y was ..60 grams/cc. Pertinent observatiiors were as fcllows:

a. Without the =ddition of sodlum sulfete, the grarzular solids
sintered iIntc a sclid mass, excep* for the “op one=-half inch.
No volure reduction was noted.

L. Wi the addition of scdium sulfate equal tc 61 vclume percent
cf the calcine, nc melt was fcrmed. The grarules sicierel ictc

- . f
a hard mass with a tulk dermsity of 1.5 gramsico,

c. With the additicn of scidiux suifs equsl iz
o /
of the celcine, a melt feormed w1t5 a density of 2.15 gran

and the volume decreased by 31 percent. wig nlxTure si *M_a'
+tne cslcire compositicn which would be otteired from a fead w
su®ate-to-salt nitrate ratio of 1.LB. Such a feel rermaelly
ferrs a melt on calcining.

ey

™

Observation Wells

Survey data for Hanford monitoring wells were examired *o evealiuate tle
accuracy of repcrited well 1oc&tions ard well casing elevaticns. Several
errors were fcurd in addition ic those previcusly repertel. The errcrs
are generaliy asscciated with scme of the early wells ccnswructhzi con the
project which were surveyed in some cases from iraccuraete terpcorary bhercr
merks &nd ir cther cases without adequate corrotcrating rechecxs, Thess
errors can generaxly be corrected orly Ly resurveying. Cnly thcss wells
in which errorecus survey data weculd s*gn‘flcqnﬁly affect geclcgical cr
hydrclogical interpretatiors will be corrected a%t the present tims.

The trailer-mcunted scintillaticn prode is being calitrezgg iz a xo “est
well To determine its sensitivity for detectirg Ru-~7-Rn*-% conmcert TTE
ir water. This prcte mayv be used for deferming the concen®raition o css
beta emitters in moritoring wells ané for reccgrizing significent Vv

v

1
tions in concertratiors with depth. Plans were made tc surve
N S o-w-.’&r
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wonitoring wells with the probe after it has been calibrated.

There were no sigrificant changes in grcund water contan-nat;on patterns ir the
vicircity of the 200 Areas. Revised grouznd water corntour dats assisted ir estab-
Zishing Purex cribbed wastes as the mos®t likely source of *he contaminatior fournd
fcur miles scutheast of the Purex Plant. The current beta particle emitter corn-
ce:tratiOJ being detected in the greound warsg at that distance from Purex i1s 1.7 x
1670 uc/ce, essentially all of it beirg Ru™ -Rnl

Disposal to Ground

Wastes discharged t the O‘S-A -3 cribv were sanpled ané ana*yved S0 eveluste the
need for scil colymn *es % Seven samples were anglyzed and fcournd to ccntain
37

iess t e 5 x 107 uc/m; Cs ard less than 5 x 10~ uc/m; 0060, The ansalyses
fer Sr are nct yet complete.

TRANSURANIC ELEMENT AND FISSION PRODUCT RECCVERY

Figsion Product Psckaging Prctotype

Expioratcry tests were conducted on the inductively heated rctary kiln (hydrclyzer;

to determirze i%s possible use in converting an aguecuz sodium chloride zrine inic

a dry free-flowirg salt pcwder. In the test runs to date, it has been founid pos-

¢ibie tc delilver a free-flowing peowder, but all runs have been characterized by lovw

pcwder yilelds. That is; some of the salt builds up as a cake in the transiticn

zoce (weit-dry area) of the kiln tude Cocnsequently, cr the basis of these explora-
=

tery runs, it a*pe;r< tha* the kiln may regquire cpnratlon ir a cyclic marzner ratw
*than ag & ccntinucus unit. Periodizaliy, it would te necessary to leach cut ani re-
cycie the accumileted cake. Several differernt eguipmernt arrangenents were triel

t¢ impreve preduct yields and te micimize cake depcsits. Results of these rurs ares
summarized telcw:

Arrargemer?t Percent Yield
1. Hyérclyzer «+ balls and cubes 30-LD
2. Hydrclyzer + balls 4 scraper Lo
3. Miid steel tute 4+ mild steel rods 50
L, Stainless steel “ube + mild steel rods | 60

Ir all cases the equipment performed well in the evapcraticrn and roas*ting zorecs.
However, ir the iransition zone the crystals stuck to the walls of the tube ani
couid not te remcved simply hy the scraper or the millirg acticn of the rcds.
reeson for the superiority cf the stainlass steel tube ard the mild steel rcés w
tke lcwer temperature develcoped in the tube which reduced the tendency fer salt
stick +c the wall. Irn'no case did cake build up on the balls cr rcds, ever in th
case of the irductively heated rods.

{—_’1
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Adiditional rucs are plernned using modified feed introduction methods and medified
eqguipment arrsngezents.
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Remote meinterance features of the prototype assembiy were demcn.tratea usir
the recertly instalied General Mills manipulator. All compon°n+s et Cesigo
exrectations. However, some methcds of refiping the equipment tc irprove re-
motability became evident during testing.

Volatilization of Cesiurm

S0l1id cesium zinc ferrccyanide traced with cal3’ was air-dried at 108
then heated to 60C C. With the temperature held at 60C C, air was tas
through the sclid for one hour. The alr sparge was then followed by s
sparge for two hcurs. ff-gases were collected in water scrubbers. Less
0.03 percent of the total radicactivity initially presernt ir the solid was
found in the off-gas scrubbers after sparging with beth eir and steam.

Strontium Recovery from Purex

Effort has been directed tcward (1) proving-up the details of the promsthium
plant test, and (2) developing flowsheets for tke reccvery of sirontiuz Ir
the Purex nead-ernl equipment --- either on & strortium-only bpasis or as oze
product of varicus crude preduct mixes. Mcst significant finding of the
month was that strontium, toc, is largely discolved by the alkalirne metathecis
of the sulfate cake (which was in*tended to remove the leail carrier). This
finding hes required revision of the proposed ficwsheet. I%L now appears that
the cake can be adequately dissolved fror the centrifuge ©y a combiratior of
nitric acid and armonium acetate washes. An acidic oxslate rrecipila*i
separates the soluble strontium frox the insolublie lead and rare eartih
oxalates. Caustic metathesis then solibilizes and resroves the lead, and th
rare earth hydroxides are reacdily dissolved in acid. ,

ANALYTICAL AND INSTRUMENTAL CHEMISTRY

Plant U0 Reactivity

Reactivity of plant UQ, was obbtained from thermobalance measurements during
its reductior and hyérdfliuorination. Finished Prcducts Technology used ile
data for comperisons with corresponding Psducah data. Sample processing

rate was doubled o two per day (8 hours) by locating the thermcccuple regila-
tor nearer the sampie.

Feces Sample Preparatiorn Prior to Radicchemical Ansrysis

Laboratory time for the destruction of crganic material in feces wvas rediced
from three days to two days, and gralytical accuracy was improved s‘gn‘ficarf-
ly. Organic material interfered with radiochemical rmethods used to measure
isotope concentrations. The generally accerted destruction meuhod consists
of repeated evaporaticns with concentrated nitric acid followed by hLealling

at 575 € in a muffle furnace. Destruction was accelerated by evaporaulng
in 8 N nitric acid with dropwise (at first) additicn of abovt 5 m: of 32
percent hydrogen peroxide just prior to dryness. he more Gliu*e acil gave
a very coatrollatle reaction. Often a singlie evaporat*on was adequatz to
produce an inorganic product suitable for radiochemistry. When the destruc-
tion was not controlled quite carefully encugh, as many as two subsequent

| 242014 HE{iﬁmfﬁ‘ eh
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evaporaticrs with fuming nitric acid con*aining abcut 10 ml of 30 percent hydroge
percxide were resded. Elimination of the muffle furnace heating step avoided t«e
azalytical error from occasional spatiering.

Electrodeposition of Plutonium

Plutonium was cecurely electrodepcsited on the end of a nickel rod of cre-eighth-
irch diameter. One microgram of plutonium in 0.005 M sulfuric acid - O. 075 M
arroriur fcrma*e was 98 percent deposited by means of an average current de:s:ty
of 50 ma/cr® for 60 hours. The plutonium deposit will be used as & calibratiorn
source for neutren spectrometers.

EQIPMENT AND MATERIALS

Summary Pump Repors

A rerort which summarizes pump, agitator, and valve development activities within
Cremical Development for the years 1950 through 1958 is currently being issued
as IW-53805.

Purex Orgsnic Treatment Purp-Mixer

Cn the basis of plant-scale tests in prototype equipment, the aqueous recircu-
latilon pump of the Purex G-1 tank has beern modified to improve the contacting
efficiercy. With the modified arrangement, organic from the C column is dis-
charged directly intc the pump suction where it is mixed with several volumes
cf aquecus wash sclution then éischarged to the Raschig ring settling area of t
tank. The 321 Building studies with "cold" soluticns have dercns*rated that the
rrases are thoroughly mixed in the pump and adequately settied in the settlin
charzer. Additional studies are planned with the system to determine perfeormance
characteristics of "degraded" solvent and to study modificaticns of the systen
whick should permit recontacting settled organic.

e

Nernetallic Materials

Serxples of Viton A rubber, Urethane rubber, and Teflon felt were tested at
rocr temperature in phosgene gas. There were no significant charges after la)
&ays. Equipment is being assexbled for 500 F phosgene-atmcsphere testing of
hose materials which have been resistant to phosgene at room temperature.

o+
.

Kcroseal, (3. F. Goodrich plasticized polyvinyl chloride) linear po yetVV-ene
ar.d unplasticized polyvinylchloride were tested in boilirng 38 percent hydrc-
chloric acid for 10 days. The changes in the materials were negligibl

PRCCESS CONTROL DEVELOPMENT

293 Plart C-1 Vessel Calibration

Tre uranium irvertory vessel (C-1) at UO3 plant has been recalibrated accordirg
%¢ the procedvres establisked by C. G. Hough and C. L. Pleasance, HW-5736%

REV 1, "Calibrasicn ¢f Process Vessels." Statistical analysis of the calibra-
tion data irdicate the new statement of accuracy to be % 0.18 percert for thirsy
2C00-gallicn transfers, based on one calibration. The previcus accuracy value
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for one calibration was # 1.0 percent and * 0.6 percent for three celibrations.

The new and cld calibration curves are not significarntly different. The aig-
nificart differerce in the new calibratica da%ta is the sccuracy 1imits, If th=
new limits are applied to past inventory data, it is apparert thaet the urazium
inventory discreparncies are not attributable to the C-1 volure measuremert,

Resia Level Detector

Repor+ HW-63632, titled "Ulitrasonic Resin Level Detectcr" oy D. C. Funter ani
C. L. Pleasance, was issued this month.

Purex HSP Photometer

An analysis of the HSP photometer and the HA column operaiict during the mernth
reveals some correlation beiwesen the HSP uranium concentration, the colum-
waste losses, and the column decontaminaticn. The selectire sezsitivity of ths
instruzent to uranium concentration in the presence cf a numker of other
changing variables (e.g., pulsing frequency, mircr flow sheet chazges, e*c.)
has given the instrument sufficient potertial to warrant further chservatiocn.

Purex E-3 pH Prote

Studies on the effects of gammae radiation on glass and calomel electreodss in-
dicate that failure cf the electrcdes in the Purex E-3 tank probe was nct due
to radiation damage. Additicrmal experimernts with glend-type sealing mechan-

sms indicate that failure was probably due to fracture of the glass envelcpe
n the gland seal.

e b

A new probe unit has been assemblied using "Swagelok" fittings with polwv-
ethylene ferruies. This unit will be installied ir E-3 for further evaluaticn.

Alpka Detection with Polyvinyltoluene

Dry tes*s of polyvinyltcluere (PVT) plastic phosphor have been corpletes.
The maximur beis energy response to & O-T6 mev thulium scurce {beta) is
reduced by & factor of twc whexn the PVT phosphor thickress is reduced
from five mils to two nils. Even with this reduction in heta response, it
aprears that PVT will te aprlicable only to installs*ions whers the algphe
to teta ratio is constant or when beta background is negligikhle.

NON-PRODUCTION FUELS REPROCESSING

Mechanical Processing

Shear Sys*ter. The 321-A Building shesar system is currently being mediflisd

tc permit testing of & scale-model of the meodified NFF shear sgystex
recently developed. Tne modified corcep® was formulaied as a result of
preliminary shear basin cleanur studies by Chemical Development, and scope
design studies by Chemical Processing Department®t Facilitiss Engineering.
The curren* concept includes: (1) a shear attached to a critically safe
feed trough, (2) a critically safe catch bucket for the sheared materia

3) a critically safe sump pelow the catch bucket equirped wi%th a recircu
laticn pump, (h) & hydroclone in *the circulation lire for gross parwticulats

1262096~ nEcmggﬁ
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cleanup, ard (5) a high efficiency filter for cleanup of the bath a%t the erd of
a shear campaigr. In the above ccncept; the catdh bucket must be firzly cor-
rected {not water *ight) to the shear tc hold liquid ir the feed trough an2
rinimize leakage of water frcm the system. Leakage is ccllected and routed
thrcugh the hydrcclone for separation of pa”ticulate. The particulate-rich
underflow 1s routed tc the shear thrcat while the "clean” overfliow is routed

tc the shear trough. Although this concept irtroduces a skear-catch bucket seal
protlem, i% elimirates the critical mass problem encountered wkhen particuiales are
evspended in the larger nonsafe shesr basir previously considered. Since ccr-
sicderably leses iiquid is held up ir the propcsed system, the bath cleanup systen
is irplified corsidera®ly.

Yankee Atcmic Fuel Element Band Cutting. Disassemdly studies of Yankee fuels
comtinuec witn test cutting of assemply vands (approximately 3/6L-irch thick

tv l/2-inch wide stainless steel tands) by knife slittirg. In the tests, the
knives are pulled upward tc cut the bands which are held in a jig. Cuts with
Vee-krives of various shapes have been successful. Pull forces vary from 150 ‘¢
900 1vs, for 1/2-inck-wide bands 20 to 50 mils thick. Knife-slittirg of bands
currently offers the mest promise for (1) minimum equipmect costs, and {2} mici-
rux prebabilities of fuel rod damsge during disassernbly.

Yarkee Atcmic Fuel Element Red Cuttirg. BRardware cutcff studies cortinued with
hacksaw cuttirg on bundles cf uusupported reds. Simulated Yankee assemblies,
with solid 3/8-inch-diameter rcds, were cut successfully (i.e., without grese rod
terdirg or blade demage) on both the hydraulic and cpring feed hackssw. Tre
latter, however, required a sacrificial backup plate *c limit the blade feeld rave.
Results were sufficiently premising to warrant fabrication cof & more exact
Yarkee prctctype from specisl *ubing. Successful rod cutiing wiih the hacks
elirinates the reed fcr usirg shirs and cther specialty devices.

m
£

Feed Preparsation

Prccessing of Urarniux-Mclybdenum Alloy Cores. Effects of the presence of heric

g a; a sclutle neutron poiscr; on the dissolutiorn of uranium-melyzdenuz aliloy
iren{III) rnitrate-nitric acid sciutions ard during subseguant procescsing

vs was studies. No eignificant effects attributable to the rreserce of btoric
d a* atout 0.2 M were noted or a’loy dissolution rates, stariliiy of dis-

r ard fesd soluticns, oxidetiorn of pluteoniur, or extraction cf molyblerum.

2

issolution of uranium-molybdenum alloys irn concerntrated nitric acid
i, mest cf th= molybdenur is precipitated as melytiic oxide In exyperi-
wrerein U-3 w/o Mo alloy was dissolved in ritric acid coria _~-:g plutonium -
, avout 2.5 percert of the plutonium was retained on the mclybdic oxide
r exhaustive washing witk water, dilute nitric acid, and &lute sciiur
rrozate. Tue fracsicn of rlutonium retaired remaired ccastart as the plutcnium
¢ uraniur ratic was varied ny a factor cf five at a tercirsl wearium concectra-

£ 1.5 M. Mclybderum no< rrecipitated during high-acic ccre d:ssc‘uticn was
et extracted intc hexcre durirng batch corntacts simiiating Recox prcess extracticr.

~ {3 e~
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Z‘rf‘ex Process Mcdifications. A mciificaticn of the Zir

.F'1
invelving continuyu~ additicn of EVdrcf uoric acid durirg Zirc
ti
ved

ex decladding process
rcaloy Aissolution

al declaidirg scluticn

izszeald cf corntiruous remeoval of arwcria was studied. Inl
L at the boiling pcizt,

was 1.0 M thF - 0.5 KN 5hho3u As Zirceleoy-2 was disscl
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hydrofluoric acid was added to maintalr a constant pH. Instartaneous disscluticn
rates were ottained at pH values ranging from six to nire and in scluticr ccmpcsiziczs
representing steps in the dissclution to 0.8 M NHy)o ZrFg. Dissclution rates were
geperally lower thar theose obtained in the standard Zirflex declaca::g pvccnﬂzra
(iritial 6 M NHYF). An integrated penetration rate cf about ten mils/hr for dissclui-
tion tc a termiral ammorium fluczirconate corcentratiocr of 0.8 M wes _na:c"=’ for
oxile~free Zircaloy-2 when the pi was maintaired constart at seven. Perstraiico
rates were less at higher pH. Oxide coated fuel pleces have teen prepered fcr tes?

ir this procedure.

Sulfex Decladding Modificaticrns. The use of boron (tcric acid) as asluble reuire:
poiscn during Sulfex decledding is being explored. At roox temperature, the solu-

bil*ty of boric acid in 4-6 M suifuric acid is abcut 0.3 M. Disscluticn r
30L-L s*ainless steel were rct appreciably affected by the preserce of ber

(0.3 M)l Prelinmirary datae indicate rc effect of btoric acid cr uranium dicx:
losses in Suifex cdecladding sciutions.

Reci rculatingﬁDissolver Studiesu The dissclution of 55 mil, Zircaley-z Tubtizng iz
5“5 ¥ NELF - C.5 M NH\NC3 with an F/Zr mole charge rasic of seven was cerried ¢t it
ke pilo% p¢ant recirculating *tube dissolver using e shead sperge for metdvatico.
Thls run indicated that superhecated steam is attractivs as a motivating gas fir rs-
cilrcula*ing Zirflex dissclutiors. While the &issolvernt wes hessel %2 Zollirg ¥
using steax Jackets, motivaticn was provided bty air sparge. When tolling was re
the sparge was switched to superheated steam (350 F) and tke hesa* supplied By th
stear jackets was reduced to ccmpersate only for atmoepheric lossss. A sieam spsrgs
of 2.77 1%/mir provided a recirculation rate of eight gal/miz. az? a boil-cff rate
anp"ox*mat gly equal ‘o the sparge rats (0.25 1% mci/kr-sq £5). A& meximem éissc
ticn rate of 41 nmils/hr and an integrated rate of 18 m_"/hr wers &ttal
dlsc epancy tetween the pilct plant raie and the nmaximur demeonsireted la
rate of 80 w ly/r* is attributed +to the tuildup of free srmczia iz *he

oo b

Flocded Trey Dissclver. Ten runs were made %0 scout the dzssolution cf UG, 2n

UraryL nisravé-zizric acid soluticns. The UOp pellets were sintered, 92 +71.% per-

cent of thecretical density. Over the range of O. B_ZLEFOQ, 2.2 MUCLNC ), tc 8.0 M
the fermuia: - -

HNC3, 0.05 M UOE(N03), he U0, dissolved according to

Penetratior rete (mils/hr) = (12.5 % 3) {ENOy M)

Five additional runs were made 1o determine the effec*t of recirculaticn rate cr
dissclution rate of alumirum in mercury{ I 1) ni%rate cetalyzed nitric acil. L
tory anslyses &are incomplete; however, cff-ges arnalyses shcow less *har 0.0% T
bhydrogren evclved during dissciutions in 0.0C5 M Pg(WCq,d witk aci? corcertra+i
from 2.0 0 6.5 M

e U-3 w/o Mo dissoluticn was madﬁ in the flooced tray d,"..ssoj.vera_L “is run, siTu-
l ’in intial Piqua dissclvirg conditions of 1.25 M HNO3, 1 M Fe*t™™, gave ar a-iack
rate cf about 60 miis/hr, as compared to 40 mils/hr that wvould be precdictel fronm

laboratory data.

NPF Dissolver Sclutiorn Transfer. Although operating 4iffi

tered with auxiliaries, the basic feasitility of two purps

dissclver scluficn has been demdnsirated In recent tests.
gy }
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{an air pressure transfer pump) has transferred 35 galler/mirute of boiling
water agains* a head of 90 f¢, and & pump-jet system {a short shaft pump actustes
a liquid jet) has generated a fiow of 28 gallo:/min against a Z3-ft kead. With
the jurbo-pogo-stick pump, difficulties have bheen encountered with the sclernoid
valves which supply transfer sir. Motor-driven rotary valves are currentily teln
built tc replace the troublesome solenoids. Additional studies are comtemplatsd
on the purp-jet syetem to determine operating characteristics cof different jet
designs. Following completion of these tests a prototype pump will be felricaied
using a shert-shaft corventiornalily lutricated pump ratrer thar & pump exploying
process lubricated bpearings.

c-12 EW-641087 .

Redox Sclvert Extraction of Uranium-Molybdenum-Alloy Feeds. Additicral riri
settler rine were mede testing recovery of piutonium from high scid (0.4 M)
cortairing 0.1 M dichrcmate, bu% not heated for piutonium cxidaticr. The feeds were
prepared by disgolving unirradiated U-3 w/o Mc alloy; fissior prciucts ard
tlutcnium/IV) were added after the dissoluticn. Total saltirg strergtl {alumirur plus
iron)}, time between adding plutorium{IV) and precessing, ard digesting at low “eazrsra-
ture {55 C) were varisbles studied. Percentage losses tc the EAW were =< 0.05 for
uraniumms 0.2 for plutonium and 0.2 <o 1.2 for repturium. Decoxntamination factors
varied from 10 tc 20 for gross tets and frem 8 to 20 for gross gamza.

Materialis of Corstructicn

Corrosicn testing cf the twelve experimental vacuux-melted rnickel tasze alloys pre-
rared at Battelle Memcrial Institute was continued. Higrlighits of ithese studles are

as follows:

a. Self-welded weldren+s (unanrealei) of alleys contairizg pcih melydienum sni
ricoium ere subject tc sensitizaticn and prefererntisl welld metal attack Tv
acidic fluoride soluticzns. Eliminstion of nicbium or substiftuiden of witaciux
for nictium essertially elimira*es both sensitization and weld meisl &atisck.

b. Corrosicn resistance To neutral and acidic fiucride soluticns incressss
with increasing mclydoderum content. The effect of molyhdenum, in tha2
tkree to nine percent range; oz The corrosion resistance tc Sulfex ZJe-
claddicg sciutions ie slight.

c. Ccpp2r improves the corrcsicn resistarce of the alloys tc suifuric
acid, but has 1ittle effect on the resistance o salfuric acii-stain
steel scluticns. Ir the range of one tc two percent, copper 1s slig

S

-
!

detrizertal to the resistance of the allcys *o acidlce fivorile scl

]

i

AR
is ;~l w

n

i

)

Persorzei from Batteile Memorial Irnstitute vislted EAPO durirg Februery teo discuss
progress to 3a*e on ‘the experimer*sl alloy stuéy {(DDR-82) and tc Jecide cr the
corpcsiticn of *he second seriesz of twelve allicys to be prciuced. Four of these
will defire mcre closely *the optimum mclybdenum content of the tasic 43 Ni - 22 Cr
allcy. The other eight are to provide irnformatica oz the effects of mclytdenur

erd copper ir alloys of grea*er rickel and chromium cortent azd of substituticg
cchals fer part of the rickel. 11 4welve wiil be stabilized with tizaniuz.

]
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Support of Criticality Studies

Preparation cf Materials. All 321 Building holdings cf three percent U.,. enriche

uranium trioxide have been converted to the nitrate. The forthcoming PETR experi-

ments to determine Ko vs E/U ratio for three percent enriched homogeneous uranyl
+ W

nitrate-water systems will conslst of five experimerts; three in the H/U rasic
range of eight to 12, and two in the range of 30 to L4O0.

UO2 Cake NDensities. To provide information for critical mass studies for NFF
processing, the aensity of uranium solids (expressed as g U/cc) snd the atomic
ratio of hydrogen to uranium (NH/NU) have been determined for UCE - H;O mixtures
ranging from compact cakes to dilute slurries. The points all fall very close tc¢
a theoretical curve of the equation:

26.4
3.0 + NE/ﬁU

Grams U/cc =

which assumes the density of U0, particles is 10.0 g/cc.

L]
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PLUTONIUM RECYCLE PROGRAM

Salt Cycle Process

Development work on this process during the past menth has been concentrated on
problenm areas requiring elucidation pricr to initiating experiments ir the High
Level Radiochemistry Facility. These include:

a. Elucidation of plutonium behavior.

b. Development of cathodic deposition techniques for UO, yielding
deposits from which the UOo can be recovered by remote manipulative
techniques.

c. Development of needed chemical analytical methods for sal* cycle UOo
products.

Behavior of Plutonium in Salt Cycle Systems

It has been previocusly reported that under certain conditicrns plutonium tends to
co-deposit with uranium dicxide in the cathodic deposition step by which the UOp
is to be recovered. Additional work has confirmed this and suggests that the
co-deposition is most efficient when solid oxide is present in the cell and dis-
solution (via chlorine generated at the anode) is occurring concurrectly with
desposition of oxide on the cathods.

This work has also shown that complete dissolution cf mixed crystal uranium-
plutonium dioxide can be effected at a reasonable rate with anhydrous hydrogen
chleride gas in the NaCl-KC1l eutectic at 750 C. The soluble urazium and plu-
tonium species under these conditions have been shown (via dissolution of the
salt systems in aqueous solutions) to be uranium(IV) and piutorium(III} but the
exact nature of the ions present in the salt phase has not yet been ascertalned-
Chlorination of the melts does not produce higher oxidation states of piutcnium.

Exploratory attempte to effect a clearn separation of piutonium from uranium
have beer only partislly successful, five to ten percent of the piutoniur
tending *o follow uraniur in all cases. Approaches which have been tested
include:

a. Air sparging NaCl-KC1 melts containing uranium(IV) and plutcnium(III)
in the hope cf precipitating PuQp, while leaving uranium irn so. ~ution
as U02 . In all cases four to ten percent of the plutenium remained
in the melt (either in sclution or as finely dispersed'solid),

b. Precipitation of U02 from a solution of UOQCl and PuCl3 iz NaCl-KCl
_eutectic by sparging witk "anhydrous" ammonia gas theréby precipitating
U0, and hopefully retaining plutorium(III) in soluticn in *he salt
phase. Again a fraction of the plutorium appeared in the UOo pr°-
cipitate.

c. Cathodic deposition of U0, in the presence of an achydrous hydrogen
chloride gas sparge in the hcpe that partial redissoluiion of the UOp
deposit as it fcrmed might reduce its plutonium cortent. Once again,
a fraction of the plutonium was incorpcrated in the UC, deposit.

lZL}ZUZl ]
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In the course of this work it was shown *that use of a graphite electrole oz which
U0, has bteen previously deposited as an ancde in electrolysis of a UCLCIp-KeCl-KT.
melt results irn smooth arncdic dissolution or urarium, and corresbhending reduction
in the amount of chlorire evolved. Thus, there is a possibility of .reducicg the
plutonium cortent of uranium to be discerded@ via a second electrcrefirirg s%er cr
perhaps by emplioying ancéic dissclution to effect the irnitial disscoluticn of +he
feed, noping to find ccrditicns leading to prefererntial dissclution cf Uaog Qrar
PuOE, Should this latter approack likewise fail, it will be znecessary to emplcy
& twc-stage operetion tc effect clean seraratica of plutoniur arnd urerium hcuever.

Preparation cf Electrolvtic UO2

One of a number of practical difficulties which confrcnts the ccnduct ¢f esxperi-
ments in the High Level Radiochemistry Facility is remcval of UOp from the
catbode. In the course of piloting procedures for this operaticnm, consilera-ie
information has been obtained on the effect of variabies on the character of iie
UOp Gepesit formed by cathodic deposition. Within *the realr of practically
attainable conditicze, U02 can be deposited on graphite in depesits rangivg fron
a very dense, hard cocat which nmust be chiseled off the slectrode, o Forous,
dendritic depcsit which can be removed from the cathcle with gertls mecharical
abrasion. The latter type of deposit is preferred for the remcte orersatiins In
the Eigh Level Radicchemistry Facility. Hcwever, measuremer~s are currecily Ir
progress to evaluate other properties (surface area, particle size dis*rituticr,
rarticle deasity, oxygen/uranium ratic, etc.) to ascertair if *these propsriies
wnich relate tc ease of refabricaticn and ultizate performsnce vary aprraciatly
with the manner cf forming the deposit.

De*termiration of Oxygern/Urarium Ratic in UOz

tailed procedures have been evolved ani will be putlishei on all sieps Ir-
volved in preparing samples for snalysis arnd determinizg the U{VI}/U{IV) ratic
in U0~ by controlled potential coulometric titraticn. The metheid 18 gquite
sensitive and precise and should be ccrsidera®bly mcre accuvate thar the ign
methcd which will yield erroreous results if the sample cor*sins voiatile ¢
combustible materials. For example, cocuiometric “itrsticn cf a "stoickiczs®
UOo prepared by hydroger reduction yilelded & value of z.00C3 fo a
Titration of duplicate sampies of non~-sztcichiomeiric "UOZ" yiel
2.0958 and 2.0959, respectively, whickh is considered gratfifyin
atypical precision.

r
dged valies ¢f

g tut protElly

Aralvsis of Chlcride in Selt Cycle UO2 Products

Frelimirary experiments have beer done to evaluate light scattering (

AzCl) and turbidimetric techriques for determination & chleride ir disscl
samples of Sal% Cycle UO, prodict. Coarse aggrega‘es (ehcut 1/8-irck disr
of electrclytic UC- were used in these tests. A sample of the coarse Ve
after exhaustive leaching with hot water was dissciveld anl snalysis s '
106 ppm chloride. Ancther sample of the same powler was grournd fire ercugh

to pass & 300 mesh screer. and after exhaustive rc* water leaching, was Icurnt

to corteir orly 37 ppr ckloride. Tws it appears tkha*t a sudstantiel fractiiz
of the chloride may be confinzd in voids from which it casn Ge lesachel or i if
the powder is ground to & smaliler particle size.
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alt Cycls Cheristiry

Ir “he Salt Cysle investigetions to 2ate, experimental clservetions zave

suggested that perkaps the reacticn UO. + UCly + C —EEZ=J£L=>2UV2v—2

mAy occtur, Preliminary experiments *nz whizh NaCll- ECT“'%ET*T? saturated
Witz UCpCLls was Leated in vacuo for two hours at 700 C disclzzed the presence
of urazium{IV) eni U0, at cenclusion of tre experimenta Itrough not tonziusivs.
t2is firiing 2z further evidence trat ite zostulated reasti-n way coocur,

~
< -
- -
+ )

Toe visille abscorption spectra of two fused salts were examined o nelp elusz

late thke naturs >f the uranium ﬂﬁe*ies Fresert. SaltiI; waz prepared ty rea,\i::
°f U0, witk ECL ir NaCl-KC1 eutectis. Salt(II} vas preparsi ty reastice of Ul
urnder ithe same vc..d“cions. The spectra revealed an unknowr epscies in both s817s
whish might be due tc uranium(V) since disscluticn iz G.5 M ECI resulzed i
Frezence of both uranium({IV) and uraniuz{VIj. Sal={I' alsc ex=iizel tre
cf TCli, bt neitier salt containel more trhan small amounts, at tre mcst, of

in {3

Aluminur Chisride - Alkali Cr’cride Svstemr

- Further wﬂ*k aimad gt cycling urazium metal from alumin: 1.a;l:y torsagh a salz
;ha~= Tack o alumiruz slloy has ccntinued. The aidition oFf 30 az? 200 per :ent
¢f the stcichicmeirizally requirei amount of A lp_3 to e NaCl-KJL #otertic resuivnzi
ir the oxiiation of atout €C per cent of the uranium eni its transfer frox en

atuminax - 8.5 w/2 urapium a-;ﬁv into the salt phase., The :cnfa:t:ng wars a
stati: equilitration of cne hour. Sparging Sor a similar tericd of e with
xoist air rnsultei in ahout 56 per cezt of tie urernium being transferr ei %2 & fraslh

arurinum pragz. It Is belisved that extrartion intc the salt Tiase lan Te 2Tn-
sideratly Iizprovai,

chemistry may have aprlicaticn to the processing of aluzinut-sarichss
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Study of tie dizzciution of the propocsel PRTR srike fre
I

2 {95L.5 wic AZ-Z .8 W
Pu-2.35 w/c N2-C.35 w’/c Fe) in nitric acid-mersur’c ni £

\
ats soluticns va

a '! [

[R) .

& IS
i

5 it z
tinuved, Twenty saxmples of known history have beer test iissclve raplily
iz 2.0 M ENCy, - 0,002 M Hg\NOQ,Z Ths range of nitris centraticn Iver
whizh ratid 3issolution (> 5 rg/1in-sq om) ccours i from ore = tnres
mrlar, AT altric ac id concextratisne above three mo ioz rates were

=i mgfmin- he Adissolution rate appears to
ratzer than acidity. Icw dissolutior ratesz are ctbialin
tctal nitrate (from uranyl or aiumizum nitrate) above tx C_8r, ever thiugn Tis
acldity iz proper for rapid dissolution,

o]
0
?

*
itrate conrarraticss
i

Salution: proiuced by rapid dizscluticn of the alloy ware aijusted tc rropisel
Redsx process feed soluticn compesiticn, These sciutizns formed stable exulsicrsz
when contacted with Redox solvent, The properiy responsible for forming emuisizas
witkh nexone {presumably zolloidal silicic acid) can be remcvel by ircreas’ng
atidity ¢f the termiral 2isscliver sclution and refluxing for- several hours., Ths
giditiconal aci? presents some prodvlens in preparing a low acid fesl f£or the Reiox
Ire-ess, n tie labcratory stullss, the excess acid was desiroyed with formalisiris
Rem~val of the ccllsidal silicle acid with gelatin is urder study.
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Equipment is now *ﬂmpleta for studying, urder coxstant pH, the loss of vl
tcnium from the alil ov to Zirflex decladding so‘utiuns; Tre fact that a
r

coating of ccllollsl graphite is aprlied to the allny =2ds hefrre trey are
inserte2 into vlu*d-ng tutes presents some problexs in this study,

Continuous Icn Exchange Contactor Development

Jiggler Contasctor., Significant medificaticns to tre
incluie use of ar air 1ift tc exmsure that ‘

4
-
IresLn
~
<

” slurr ‘ =
5in return liine With a pulsing conditiorn <f 2-l/4-izck axplituie
and 8 P/m, a recyc;-ng cf more than 2 gal/min-sq fv of wet cettliz4d resin

can be maintained.

A technique for éirect slipwater recy-lz was also saccessfully Jdemonsztratss,
Although tie return line (from the decsnter cn top of tre siutisn ocium +-
the pulse chamber on the becticm of the adserpticn column) reguires a cheik
velve to prevent pulse energy loss: ths returring zlip water erpears to smoct:n

the opsration ani, of course. improves process efficisncy.

Weiss Co:ta"tcr. The resulte of efficiency stuiles ir *he 3,0-inzk-3isweter
by 48-inch-_. ong Welss contactor indicate good extractior effizienty &ni
smootn, statle upnration when cperating as an adsorpticn colams at feel fliw
ratez up o 230 gali ’hr=~q ft. Waste lLosses of frem “Tws to zevexn per ent
were cbiairned when a.::rt‘ng theriuz frem a fesd solution cointaining 7 M
) 5 -7
0 mesk; anisn

HNO; ard *wo grams trorium/iiter conm 4o Permutit SK, 2C 1>

resiu,

) I
-

Blallal

he cclumn temparature was 40 O,

Multlistages Agitatei-Bsd Contasior. A resin pump cf A
Feeigﬂ was ingtalilel on the four-inchn-dlareter by 36-i:cb-l¢:g two=sTs
tactor. The resin flow chara:teristics were muck tatter tran were obt
with the original vertical-screw design. Beffles and irpeliers 2f a 3
design Lave alsc been inztslied in the columm to improve ths egltation

RADIOACT

IVE RESIDUE PRCCESSING DEVEICPMENT

Radiart Eeat Spray Cal:ziration

The prcgram of studies (in tie eight ach ty ter-foct demonstration urit:
b

aired at determining *the limi+tirg throughput of tie spray 2aliinsr, 1%:
appiicability to a wicde variety

4z

cf feeisa and ways of overicring certaly
&

-

operaticnal Aiffisuities continued.. Ten runs were zadz during the meatih,
Significart findings were asz follows:

| 242024

X

Feed ratss were increased to 6.3 gai/nr/sq =% wita sixulatel
formeijehyde-killsd Purex waste ard to 11,4 gal/t> sq 5 wiil
nevtraiizaed waste, Although cperation remsined smoctn. Tie oom-
rlieteness of ﬂa;“‘nation declized scmewhe: at Jlcow raTes greater
than atout b ga-/hr sg ft. Trus. residiaal ritrzia {*treassi Trox
a velue of < 0.CC4 per cent at 4 geifnr/sg £+ to §.0L per sent

at the highes® rate, and welight logsz on sihsegquent he gving (for
one-kaif hour at 90 C) irsressed frox a walie ¢Ff 31,5 e cent

to 32,1 per :zent.

DECLASSIFIED
-



kLSS

2. Ammonie neutralization (vice NaQH) waz tried successfully in ore
run. Thkis substitution has the important advantage cf elimineting
sodium ion (which increases solubility and leaschability of the
calcined residue) ard sodium nitrate (whcse wide 1liquid range com-
plicates calciner operation)., Fcrmalde:ryde -trsated waste was
neutralized with agusous ammonia and the siurry calcined without
sugar or other additives, Ope”a*'ion was uneventfui, and the product
was more compact than that chblained elther with ecildic waste or
caustic neutralized waste. Ths tctal weight of residue was also
decreased (from 20C grams per _iter of acidi: waste tc 150 grams per
liter of ammcnia neutralized waste), apparertly due to greater
destruction of sulfete, ‘

3. The zeramic filters have countinued to give trouble, due tc leaks
around the gackets or to cracking caused by differential thermal
expansisn. A cyclcne was tried but failed to work well, prcbably
due to a tco low vapor velocity. A different, and ncvel, approach
shews much promise for insoluble residues. This consists of elirine-

ting the filters and ccndensing the soniensibles with the powisr
pradust folleweld by evapcration to dryness in the final storage
contaliner. This treatment has the add ded advantages of 8 two t<¢
threefcld increase in product density (as compared tc az-prodiuced
pcwier; piu: an increase in therrmal conductivity. Advantages over
pot-type zalcinaticn inciude elimination of foaming and of Zangsr
ci ¢ff-ges line plugging.

Was+e Thermal Ccn ivity Studies

An interim repcrt on the thermal condustiviiy stuiiesz cof varicus dowders
ves coxrpleted and is currasntly teing issued as HW-62614 {Searaet;.,

Usrious esmountes ¢f siainless steel chips were adjed tc scme granular eolils.
and tests were rads to determine now this affestel the effective thermal zon-
i

ductivity ¢ he materials, The chips, obtained as scraps from zaw testing.
wers nominally 1/9-inchk by 3/6-inzh by C,0l-inch. The effective trermal :x¢n-

ductivities ware increased by & factor of cnly about “we with up %c 3C volume
per cent chips

RADICACTIVE RESIDUE FIXATION

Minera. Reactions

Experiments *c study the capacity cf clinoptilelite for cesium in attual
“oiling tank condensates indicated a decontamiration fastor of atcut D alrcss
thke S-gram, 22 cx bed after recsiving about 30, 000 coiumn volunes at E © ard
7. At pH G, the 4.f. was atcut 100 after 28_9\.0A selunn wolutes t;:a* mmat,

Ey ”nparip r, a &.f, of abcut 10C was mainteinel fcr mors than L5 000 colurmn
voiumes ir a gimilar experiment using tap water trecel wiitlk :e:_u*q avST. ‘*u;g“
this latter oxpew‘ e t was conducted at a somewhat higher flow rats (6.3 gal/
f*‘/ml* 75 4.0 ga_«ft /mln) The tap water uced conteins abtout ten times as
mich dissclived sn_ids as 4oes the boiling tank condensate. Thus i%t is unlikely
that the low 4.f.s developing from condensate experiments reflect actual
depleticn of ion exchange capacity. Since the Purex tank farm condensate
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‘not Interfers witk gamma spectrometric measurement ¢f the Zn

wy (GLLCSHELD oo moice

containg from ebcut C,001% te 0.C1% TBP, it is gsuspested *trat organf: material
may te coating the mineral surfazes and reiucing its effestiveness for ad-
Cc te mcst pronouniel =t

scrption. Tke cceting effect would te expected +
low pH levels, woich 1s consistent with experisrce. Thz remsval of crganic
material from *the ccrndensate wasts by adscrpiicn on activated zarber was
under Zrnvestigatior,

I¢ demonstrate the actual adscrption capacity <of :ilinmcrptii:iliite f:ir -
column experiments wers performed using distilled water containing
cesium trazed with Csi3 . It was pcesitis to put 5L,00C ~oiumm vl

of this sciuticn +V7*ugr a 5g, 22 cm bed of the minoraL at ~ g=l;ft /mi
before any cesium could te detected in the effluent (4.f. 5,000 L
radiocesium vontent of icw-level wastes Is much less thar the 1072 M
clution studied.

Work was begurn t¢ study the effects of radiaticn or mineralis. he fir
mineral ueing exanined i= clinoptilolite° Carefully pretrsated samzle
the material were prenare4 to permit reproducitle equilibrium Aistraibut
measurements after vari isvels of irradiation. As a tlzli for siudvin
crystal chacges fo_lcwing irrajdiation., the dffferential thesrmal apalzsis
instrument is deing adapted, *testei and - calibrated.

Piutcnium Recycle Test Reactor

Nuczlear track film measurement of external surfaze Urarium :-rranm nati-m of
PRP fuel rods indiza*ted possible low level :cntamiraticr of tw: roiz +F
severn examirsd,

A large-arees scintillation counter zapable oF :sourting alpra Tertisle
missions frem sbout one-eightlk the area of a fuel rod was assermdled ard
tested. A triangLLar light pipe trausmits scintiliation %o & phototube
from a 2i-inck=long phospror swnpcrted in a semi-ciriular groovs mille;
in tkes liget pipe facing the fueL rcﬂ, £ counting efficien:y of about 209
is re&-lged The sensitivity is limited by the scintillater ba:kgrouni,
scme 2 V/m, and the ecconcmically permiﬂs¢b*e time for counting. The entirs
surfaze of a fuel rcd car be checked for zortamiration Ir s-

ot FIfvy zinuts
Witk this time of counting, & dstecticn limit of (.1 ug per =q om is 2irisv
witk a 99% cconfidence errcr of 0.05 ug per sq °m, Much iower jetestinn
iimits are achievei with lcng counting times,

(s
>
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Separaticz <f Zr.vé5 from Reactor Effluent Water

€5
Over 90 per cent cf the Zr~ - can be extrazted frrom rsattzr o
mede C.1 M in tartaric azii ty cong ting it wizh 1.5 per zent zi

Of the otlker radicisctopes only C iz remcved with tn= vnvgqag
nbs

= 65 < S e~
resuits indicate that Zn””/ may be extracted fres from CuCt frow an ammcriacal

gclutien. These methods show promise for rapid analysis ani monitoring
appiicationsz.

Redicisotones in Effivent from Zircaicoy Reactor Tube:

Reactor effluent wa*ter from a Zlre a'”y r=aﬂtcr Egbe ig,opergti::
fcgg years was_gnalyzed for N # hn S;‘ Ezf, Mr_?fé Fe/?&’u:
2052, 5%’4: asT3, zr95, zr La , Cetdt) cett3 putt2,
and Np 9 and the values ,omparbd w*th the reacter effluert water
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cf the reactcr tubes. The values from the Zircaloy tube fer alli of these

20 radicisotopes except for Mn3€ vere equel tc or liess than those frorw tlhe
reactor as a whole (or from aluminum tubes). The Mn5° was abcut 25 per cent
higher from the Zircalioy tube. Furtiher data are needed tc establiisr wha%t the
effect would be if the entire reactcr were tubed with Zircaloy; hut these
data indicate that the reactcr effluent water would not be greatly affected.

Comptcrn-Cancelling Spectrometer

The Ccmpten-Cancelling Spectrometer was assembled and tested., A reductiorn in
the background of factors of two to five and a reduction of the Compton porticn
of the Zn-~“ spectra of about a factor of five were cbtainei, The detecter
zonsists of a five-inch diameter, five-inch high NaI(T1l) well crystal in the
center of & plastic scintillation detector 26-inch diameter ernd 3C-inch high
whichk is operated in anticoincidence. Further improvements in performence may
result from increasing the efficiency of light gethering frcm the large
detector. .

Geclogv and Hydrology

. The last well on Prcject CAH-848 (CET FY 1959 well drilling prcgram) was
begun. Fifteer weils are compiete for & total depth of 3062 feet. This iz
38 feet less than predicted or an underrun of 1.2%. 4 single well (699-u48-
5.) encounterei basalt 63 feet higher than predicted; this indlcates that
sites exist, even close to operating ereas, where numerous wells provide
presumably gcod zontrcl but where geologic datas are inadequate for priper
predicticns.

Pian: were made to Jdetermine the differences in head betwsen tlhe aguifers
pereirated during the driliing of the individual wells on FY 1980 prcgram,
This wiil help determine the pcteniiai of interchange of water betwsen aguif
in a zedimentary series through tre interverning aquicludes or by means of

the wells themselves. The continuity of the aquifers and aquicliudes also
will be better established. The dete will help determine where the well
casings should bYe perforated to minimize vertical flow, This will permit
mere representative samping of ground waters at depth and preovide Tetler 4data
towari understanding the possitle mcvement of wastes at depth.

in

A techrnique was developed for tracing the flow lines et any point in a twe-
dirensional flow model. A 3ye solution is injected in*%c ths fitw pattern by
means cf fine hypodermic needles: the dye is swept along the transparent
plasticz side of the model thus defining the streemline. The zecznique will be
usel toc evaluate the influence of density cn the "sinking" of denser solutions
in the ground water., CObserving the dye-traced stream iines, the mcvemsnt of
water beneatr water mounds impcsed on the water table in the mwodel was clearly
demonstrated.

A study <f the flow lines beneath a mcund was started tc establi:z: the ccndlticns,
if any, under which a mcund could be considered to block the natural mevement of
ground water, For this purpose the Forchheimer equaticn for two-dimensicral flow
was assumed to represent the top flow line in a two-dimensional mcdei. The
Sottcm fiow line would have to be horizontal in the case of a horizontal

rodel and the eguation for this flow line car thus be integrated. From thsss

twe equaticns, the boundary values of the potential can be ottained for flicw
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through & two-dimensional model having only one source. A Lhypcthetical cass
was set up to test the assumptions made in obteining the equaticns for +tte
upper and lower flow lines. Nc contradiction tc these assumptions has
eppeared from this analysis.

Soil Chemistry and Geochemistry

A radiotracer methkod for determining effective diffusion =
investigated for application to the study of partizie iZffusion in clinop-
eactions Tre retheld
involves measuring the fracticn cf zeolite loading with time in a flcwing
system using & scintillation crystal monitoring a small bed of the mireral.
The effective diffusion ccefficient of the two exchenging caticns in tre
zeolite may be calculated from this lcading curve, Ry determining tke
effective diffusion coefficient at two different temperatires it will be
possible to obtain the heat of activation of the exchange reacztion. Assembly

of apparatus for performing these measurements was started.

It was previously noted that zirconium was remcved with apparen®t ccomplete-
ness from soil equilibrium systems when the zirconium concentration wag
ten times the measured cation exchange capacity of the scil in the systen.
Similer experiments performed withcut soil indicated that zirconium cculd
be centriﬁuged from 3.2 x 1072 M distilled water systems sbove pH 5. 1In
2.9 x 10 M 2Zr soluticns, removal was nearly complete near pE 7. It is
believed that zirconium exists as a colloid cver a wide pE range in the
systems studied. The Zr colloids are apparently isoelectric near pH 7
and thnus can be centrifuged from distilled water systems. In alkalize
systems, however, the ccllolds became strongly peptized ani negativsly
charged and are adsorbed by anion exchange resins.

Ground Waste Investigations

In the mathematical analysis and graphing of labcratcry data evaluating

the infliuence of column length, the results were too scattsred to e:=tahlish
the function relating column length and column capacity. Therefore a
program was started for performing six repliczate experiments for sa:zi
column length studied and for each of three competing Zons (Na, Mg, and Ca}.

It is possible to define the effect of system pH cn scil edsorption nearly
as well with equilibrium determinations as with column experiments. Thus
batch equilibrium studies are being used to define the interaztion between
PH and the effect of competing icn concentration on adscrpticn cf strontium
in soil systems beth with and without their naturally o:zcurring carbonate
minerals., Iznitiel experiments are with systems conteining strontium and
barium cver the pH range 1.0 toc 11.0,

Unsaturated-flow adsorption experiments with scil columns were continued;
five new experimental columns were started. The breakthrough curves

drawn from the results of experiments successful enough to permit this
examinaticn reveal the typical, "s"-shaped zurve. Tc 2date, no trend is
evident in either the slope of the curve or the posi*tion of the 50% break-
through point with respect to degree of saturaticn or tension gradient
across the bed.

1202028, | et



,

wabCOLARSINED . —

The breakthrcugh of Sr87 apparently reached its maximum in two wells near the
experimental cri® near Gable Mountain. Both of these wells show a continuing
"/VO of about C.C75 while no radiostrontium has been detezted in otker monitor-
ing welils at the site. The strontium solution entering the crib is significantly
diluted by natural ground waters before sampling, resulting in the low C:Cs
equilibrium value. The water level in a surface pond near thke meodel crib

site rose six inches durirng the past 24 days. Tkis change iz nct yet refiscte
in the water levels In wells monitoring the experiment but may have zcuae in-
fluence cn the results cttained. The smell experimental :rib now ac:iepts the
spiked sciuticn at a flcw rete of four gallcns/ftzlday.

Fie.d Apparatus Development

Cne unit of a deep-well water sampler was febricated and tested. The sampler
cperated satisfactorily under a depth of 450 feet of water. The desirability
cf a check valve it indizated for more positive release of air pressure from
the sample bcttle as it is raised from deptis.

Mizromeritics

The depositicn was measured of twc and four micron perticles from a fluid in
laminar flew thrcugh a 3/ ‘b-inch-diameter stainless steel pipe ani a cne-inch-
diameter siuminum pipe. In the transiticn from turbulen*t to laminar flow,
the deposzition of four-micron particles decreased sharply, indicating that
depczition was dependent primarily on turbulence cf the fluid. The deposi-
ticn of twe-micron particies decreased at a much slower rate in the same
transition, from high to icw Reynclds numbers, iniicating that depositicn of
the smaller par"c, s was more dependent on lamirar diffusi Tris chszrvra-
tl-u was supyorteu ty the preferential deposition of the very smal: partizles

in the laminar flow experiments. In general, the particle derosition rate in
iaminar flow is several orders of magnitude Zower ther for depo:iticn at
Reynclids numbers greater than abhcut 500C.

Depositicn of some larger particles was obgerved under flow rates which zheull
tave preciuded deposition ty either turbulent cr Zaminar diffusion. It wes
postulated that unbalanced aerodynamiz forces on unsymmetrlcal particles

could irpert a radial velocity compcnent resulting in depositicn of larger
rartizies near the wall, In experiments using 30 micron spnn*i:a+ giazs

beads the deposition ccnstent decreased frem b cm'min at N ¢t JPﬁC to
immeasurebly smaXi values {less than 0.01 cm/min} at N gEZOOO is
supported the hypothesis of unbalanced fcrces causing BEposition of the larger

uneymmetrical Zn3 particles.

Mareger

C*e"*ca Rzesesarck ard Develcprmer~
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BIOLOGY OPERATION
#, ORGATIZATION A'D PRR30IWEL
No significant changes in organization took place during the month. *

B. TECHIICAL ACTIVITIES

FIS3SIQHAZLE MAT'RIALS -~ 2000 PECGRAM

BIOLOGICAL MCLITORING

Racioiodine Contamination

Concentraticns of 1131 4p the thyroid glands of jack rabbits were about one
half those observed one year ago. Values follow: ’

nc/g Wet wt, Trend

Location Average Maxlmum Factor
Frosser 3arricade 1 x 1073 2 x 1077 -2
i hiles SW Redox 1 x 10-3 2 x 1073 -
Wahluke Slope 1x 1073 1 x 1077 -

Columbiea River Contamination

Concentrations of gross beta emitters in geme species of waterfowl collected
from the Columbia River were approximately two times those observed one year
ago. values follow:

pc/z det Wi Trend
Sarrle Type Location Average r.aximum Factors

Coot flesh Hanford Res. 3 x 1073 2 x 1073 -
Diving duck flesh nooow 2 x 1073 3 x 10~3 -
Grebe flesh v L x 1074 6x107" -2
River cuck flesh oo 2 x 10-b 2 x 1072 v 2
Gull flesh noow 1 x 1074 2x107% - 10
lierganser flesh oo 8 x 1073 2 x 1074 -9
Heron flesh n " 7x 10“’5 7x Z'LO‘5 -9
Goose flesh nooon 3 x 100 3 x 10-5 -

% Values are compared with those obtained in November 1559.

Fallout Contamination

Fission products occurred in rabbits from Hanford Reservation in tie
following amounts: '

ULCLASSIFIED
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uc/g Wet Material Trend
Sarmple Type Average Factor
Bone 2 x ZLO""5 + 2
Feces 1 x 10-5 -z
luscle 5x 10-° -
Liver hLox 10"’6 -

Swamp Contamination

Concentrations of mixed fission products in tissues of waterfowl collected at
221-U and Redox swamp were about one=fifth those cbserved one year agoe. Vaiues

follow:
nc/g Wet Material Trend

‘Sample Type Average Factors
Diving Juck g

Bone 9 x 107 =

Soft Tissue 7 x Z‘I.O'5 =
River Duck .

Bone . 1x 1070 -

Soft Tissue 2 X lO”h -
Coct "

Bone 1 x 107 -3

Soft Tissue L x 1o'u -

» Values are compared with those obtained in November 1559.

Effect of Feactor Effluent on Aguatic Organisms

Routine monitoring of the effluent from the 100-KE reactor was continued with
fingerling cainock salmon. DMortality of the fish held in effluent concentrations
typicel of those present ir the Columbia River ana predicted for the future
amounted to about 2 per cent. While this is slightly greater than the contrels
(mortality arproxirately 0.5 per cent), it is well within the expected range

and probably reflects only a more rapid developmental rate which results frem
the slightly warmer temperatures,

Survival of columnaris cells in river water was tested at temperatures ranging
from 50 to 7L F. At the lowest temperature, survival was arproxirately L times
creater at 6 cays than was survival at the highest temperature. Microscopic
examination showed no formation of microcysts, incicating that cyst formation
probably occurs only under conditions of growth.

With concentrations of columnaris several fold greater than used with salmon
last year, fish were killed sporacically and only after a prolonged post-
exposure period. It is still uncertain whether this represents a resistance
of the younger salmon to the organism or whether the ./estern Wasnington strain
of salmon presently used is more resistant tnan the local strain used .in last
vear s tests.
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3I0L0GY AFD MEDICINE - 600C PROGRAM

METASOLISM, TOXICITY, AWD TRAISFER OF RADICACTIVE MAT=RIALS
Phosphorus

Cichlids (an egz laying tropical fish) have been exposed to tares levels of PO
in water for approximately five months. Survival hes been excellent in zll Iots.
Some of these fish have now reached maturity anc a few egg lots have been coutained.
ltteﬂpts are being made tc improve the technique for hancling the newly spawned

zs so that more reliatle estimates of the viability of the sex products.can be
obtalnea° A discouraging feature is the wide range in concentration of P°¢ ¢f fisn
in the same acuaria. Addition of the isotope to the water has not resulzed 1n <oz
ncped for consistency in body burdens between individual fish.

Zinc

The rate of turnover of Zn®> in rams varied from 10 to 30 per cent per day for most
tissues 135 less than twe per cent 1n bone and voluntary muscle.

Strontium

Retentior curves were obtalned for Srgo and Cah5 administered intraperitoneaily
to veanling rats. These data compare to similar retention curves previcusly
obtained with mature rats. As in the case of the mature animals, a single power
function of time did not adecuately describe the results., The data coulc be
resolved quite nicely inww two exponential functions. The retenticn cf both
S50 ana cals were dietary calcium de}:endern:--»Ca.bf5 to a mich grealer exter* than

C o . < “ . - y .
Sr/VY, A more detailed analyszis of this data will be forthcoming.

After a 28-cay "conditioning" period on the experimental diets, the 25 maturs
rats in the experiment to study simultaneous variation of phosphorus and caicium
levels in the diet were each administered a tracer dose of Cal and S»7Y by
stomach tube. Excre-icn will be collected daily until the animals are sacrifiz-d
15 days post administration.

Ko evidence of bone damage was seen in the 120 x-ray riates of representative

original or F; animals in the chronic Sr-© toxicity study {9 months after star-ing

radioisctope feeding). Histological changes were cbserved in the liver of

$0-day fetuses and a suggestion of change in a 70-day fetal liver in the 2% uc/cay
group. Iais damage was predicted on the basis of observing some changes in

the blocc of the plgs seen afier birth. (Two more sows were placed on 25 or 50
pe/day 5r70 feeding svhedules and then bred in order tc werify the damage seen

in the 70- and 90- day fetuses,

In addition to the changes in blood constituents, sore of the 25 pc/hay Fq
animals snow a depressed growth, cry skin, hair loss; lethargy and loss of
appetite.

H_
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The test to determine the toxicity of sr0 to trout was started late in the month
after difficulties involving high dose rates during spiking of the pellets wers
overcome. Sre0.Y50 is now being administered via force-feeding technicues to
rainbow trout at levels of 5 x 10=3 ue, 5 x 10“%uc, and 5 x 10'1,uc/gram of fish/day.

Todine

The Palouse swine that have been fed IZ>1 daily during most of their adult iife are
being sacrificed at various stages of gestation. OCne sow sacrificed on tie 8L4th
day of a 112-day gestation period exhibited a thKroid concentration only about one-
half that of the fetus. The fetal thyroidal 113 concentrations, however. varied
by more than a factor of two.

Three young (3/L bred) Pitman-Moore pigs were given tracer coses of I+ % price

to sacrifice. Following intraperitoneal administration., peak uptake in the thyroid
was 55 per cent of the administered dose at 10 hours, while the peak concentration
at 2L hours after oral administration was 4O per cent.

Cesium

Previous data has indicated that substantial amounts of C.S'L37 may be adsorbed
on to root surfaces under nutrient culture conditions. In an attempt to remove
the adsorbed cesium, roots were treated for varring periods of time with carrier
cesium so that the Csi37 could be exchanged off of the roots. It appeared that
some 50 per cent of the Cs137 was removed under all conditions. Future attempts
will be made to determine whet:ier the concentration of adsorbed cesium is a
function of potassium concentration in the substrate.

Flutonium

Three pigs treated with 9 grams of DTPA one hour after Pu injection excreted,

in the urine, from 78 to 88% of the Pu dose, during a period of 6 days

following injection. This compares with excretion of from 1 to 2 per cent of

the Pu dose in control animals. The DTPA treatment lowered deposition of Pu

in the liver by a factor of 26 and deposition of Pu in bone by about a factor

of 10. Final results and material balances await the completion of additiona:
analyses. It would appear from these preliminary results that the acticn of DTPA
in the pig 1s essentially similar to that previously observed in great detail

in the rat.

Skin sites injected 6 months ago with Pu23? (IV) nitrate at levels up to I pcssite
show varying degrees of eschar formation, the degree being generally a function
of dose.

Two more swine werée subcutaneously injected with plutonium in order to test the
effectiveness of tournicuets in preventing plutonium translocation. (Analyses are
not yet complete; however, it appears that the liver of the animal on which no
tourniguets were arplied showecd concentrations about eight times that of the
animal on which tourniquets were used.)

ULICLASSIFIZED
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Comparative Toxicity of Ra?2®. Pu239 and $r90

L-ray plates of two animals injected at 6 weeks and 6 months of ags with 1.3 uc
of Pu2J9/Kg bocy weight evidenced bone changes. The changes in the bones cf the
animals injected with Pu?3? three and one-half months ago looked like an earl.y
stage of an costeogenic sarcoma (precancerous lesions). {(Five more animais wer:s
injected - 3 with Sr0 ang 2 with Pu239 . tc bring the total animals on this
stuay to 33.)

Radicactive Particles

A study of the effects of single and daily (for six months) exposures tc Sr9OSOh
asrosol was terminated by sacrifice of the surviving mice. About *wo and one-half
years has elapsed since the mice were exposed. Small changes in the circulating
leukocytes were observed. Histologic studies and assay of the tissues for
5r79.v70 content are not complete.

Ecuipment has been assembled for study of the effect of various parameters

(viz. rate and depth of breataing, relative length of expiration and insriraticn)
on deposition of particles. A thermistor is being used to study respiravory
pattern in rats and dogse.

4 total of 13 beagle dogs died between 55 and 105 cays aftsr depésition of Pu2°%0 .
The acute lethal dose may be less than was expected frem earlier studies. Ir ail
dogs, ceath was prsceded by lecss of weight. increase of respilratory rat= frern
30 to 170 or rore rer minute. and decreased numbers of cir:ulating leukceytez.
At autopsy the lungs were consolidated,

=

. . . - . . - 2= -
A rore detailad stucy of the acute texic syndrome of inrzled Pa /905 in beagls
Cogs 1s in progrsss.

Gastrointestinal Radiation Indjury

Acditicnal data were obtained on the effegt of intestinal radiation on the fezal
excretiorn of in“ravenously administered I13l.1abelled polyvinyipyrrolidone (PVP),
Zxperiments in rats indicate no increased excreticn in the X-ray dose ranging
from 1000 to 1500 r; and a decreased excretior with a nitrogen mustard dose of

2 mg/kg as compared with 1 mg/kg. Limited studies with degs indicate an X-ray
cose dependent increase in the fecal excretion of PVP during the two-day periad
following administration (3 to 5 days following irradiation)., The normal
excretion of PVP in the dog is cuite different from the rat and present data 1s
insufficient to completely evaluate the diagnestic potentialities of <his
procedure in the dog.

Ficrobiological Studiesz

Acditional data were obtained indicating that leakage of potassium and phosphars
from irradiated yeast cells was greater under anaerobiz than aerobic cenditicns,
Tais differenze was similar whether the experiments were conducted with or withou*
zlucose as a suosirate,

ULICLASSIFIED
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Associated with experiments to evaluate the lag phase of growth in yeast celis;
some experiments were conducted using X-irradiation of the cultures prior to the
growth phase. In cultures receiving a pre-growth dose of 25 kr, there was no
difference in the growth rate nor total growth obtained by the cultures with or
without 4O me- tritium/ml of solution. Such a dose of tritium with cells not
pre-irradiated gives a markedly depressed growth rate as compared to cells grown
in the absence of tritium. There is at present no explanation for this seeming
protection of the pre-growth dose of X-rays.

Effects of Radioactivity on Populations

Cultures of grain-infesting moths; Ephestia, which_ were established last month

in media containing different concentrations of Sr%/ reached the 3rd larval stage
of development by the end of February. Effects will be evaluated when the control
cultures reach maturity next month.

Stock cultures of Habrobracon, a wasp which is parasitic upon Ephestia, were
obtained and are being developed for studies of the effect of radiation upon

populations.

Manager
BIOLOGY CPZERATIOK

HA Eornberg:es

U.L.CLAS3IFIED
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C. Lectures
a. Papers Iresented at Meetings
None
b, 0ff-Site Seminars

H. A. Xornberg, February 5, 1960, "Radiation Biology at Hanford,"
Argonne National Laboratory, Lemont, Illinois.

R. L, Unler, February 12, 1960, University of Washington, Seattle, wash.
c. Seminars (Biology)

P. L. Hackett, "lematology of Experimental Animals," February 10, 1560,

Cept. J. Z. West, "Netabolism of P 2 in Mice," February 10, 1960.

Prof. R. J. Foster, Dept. of Agriciltural Chemistry, W3J, Pullman, Wash.
"Specificity of Enzyme Action".

Dr. R. A. Hennacy, "Factors Affecting the Filling of the Frogts Heart”,
Tebruary 24, 1960,

D. . Warner, "Technical Administration," February 2y, 1960,
G. Seminars (Local)

W. C. Hanson, "iarrated color slides of Alaska," for the Father and Son
2anquet at the Westside Protestant Church, February 1, 1960.

W. C. Hanson, "Radioecology," Information meeting - 202-Bldg., 200-West,
February 12, 1960. :

W C.'Hanson, "arrated color slides of Alaska", for Carmichael Jr. digh
Science classes (5 talks), February 19.

We. Jo Bair, "Radioisofope toxicity from pulmonary absorption," Radlaticn
Monitoring Information Meeting, February 23 (300 Area).

D. Publications

a. HW Publications

E. T . Foster and R. L. Junkins, "Off-Project Exposure from Hanford
Feactor Effluent," February 1, 1960.

UNCLASSIFIED
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QPERATIONS RESEARCH AND SYNTHESIS OPERATION
MONTHLY REPORT - FERRUARY, 196C

ORGANIZATION AND PERSONNEL

R. L. Basmann transferred to TEMPO effective February 13, 1%€C.

OFERATZONS RESEARCH ACTIVITIES

Input-Output Simulation Model

Programming of the GCL method of estimation was comp*ured An interim guiils
for the use of the method was issued.

Sevsral cases of the highly aggregate HAPO model wave logically listeld and
galy 2g
prepared for computation.

Redox Dissclver Study

Tre logical analysis of one model of the Redox Disscluticn Frocess was complevted.
The logical analysis emphasized that models =f this type cannst be calculazd ty

repeated application of multivariate regression and GIL methods to what may
appsar to be lcgicel subsystems of the over-all modei. Furihermore, 1% was
evident that the molel was not logically identifiable for *wo reaszons:

{1} Tre model contained two basic identities which would cause singularities
in the multivariate treatment.

(2, Tre model feiled to mest criteria for necessary and suafficient :ctnliticns
of identifiability in two of the seven structural eguations.

Upcn removal of the twe identities and adjustment of the causal patte n 32 8
to ~af's;y the necessary and sufficient conditions in the two equations whict
were nct identifisble; a model having logical identity was ottained

»-3" W

OFPERATIONS ANALYSIS STUDIES

Quaiity Certification Program

Assigtance was given in defining data requirements of the qu a-:ty certi f1 =itn
can te c;mp-etedc

Post irradiation deta from the first seven tubes discharged under this produi-
ticn test were analyzed; with the results discussed in a secret document

H? ‘)O :1, "Anelysis of Data from Initial Seven Tutes Discharged Under IP-216A. "
2' ﬁ‘? 6\'

Con*rcl charts were set up for pre-irradiation dimensional measurements tasel
on quelity certificaticon data from October, 1959 -- January, 136C. These char*s
will be maintaired in the future by FFD personnel.
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Fuel Element Failures

1959 I and E rupture data are being used to obtain estimates of the parameters
used in the basic rupture rate equation. These estimates were originally based
on so0lid fuel elements. Since the amount of I and E rupture data is still
relatively limited, the parameters cannot be estimated with much precision. - The
present rupture model will continue to be used unless these I and E data sugges?
that it is not valid for this geometry. Calculation assistance is being provided
by Process Analysis personnel.

Probabilities of attaining a goal incurring less than R ruptures during 1960
were calculated as a function of a true metal quality improvement.

Optimization of Reactor Operations

A formula giving the distribution of time between unscheduled ocutages was used

in the rough draft discussing expected downtime as & function of reactor operat-
ing cconditions and manpower. Industrisl Engineering personnel suggested that this
formula in itself could be useful to area enalysts as en aid in scheduling reacter
outages. It was therefore documented and discussed in HW-64013, 'Distribution

of Time Between Unscheduled Reactor Cutages," 2-23-£0.

t is felt that a real savings in total reactor production can be effected by
using an optimum system of allocating supplemental crew personnel during simul-
taneous shutdowns of more than one reactor. Such a system was proposed in December.
In an effort to illustrate this or similar systems, attempts were mede to collec*
pertinent deata associated with recent shutdowns to show what savings would have
resulted from different crew assignments. The necessary date could not be found.
The present plen is toc issue a report using & general approach and point out what
data would be required before a realistic estimate of savings would result. Such
data are also required before one can realistically evaluate the effect on total
production of having additional personnel.

Z-Plant Information Study

The AEC bid request for computing equipment to be used in the Z-Plant study was
issued late last month. Vendor bids on the equipment are now being evealuated.
Operations Research & Synthesis Operation has accepted the prcject management for
this study.

Reliability Studies

Work on the K reactors system reliasbility study continued. A rough draft of a
~etter summarizing the results has been written. Further work has been done on
the NFR reliability study. Initial steps have been taken toward programming the
model for digital computation.

A new and general technique for computing the relisbility of a system of arti-
trary complexity has been discovered, and is undergoing further development.

Inventory Studies

The economic order quantity formula used to guide the procurement of general
fuiﬁiifﬁ %ogs not at present include & formal procedure tc determire whether
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nct it is advantageous to take advantage of quantity discounts offered by vendcrs.
A procedure to hendle this situation was developed during the month. The procedure
is presently being communicated to General Stores and Excess Prcperty Operation
management and buyers through a series of meetings.

STATISTICAL AND MATHEMATICAL ACTIVITIES FOR OTHER HAPO COMPONENTS

Fuels Preparation Department

Several tubes of data describing variation in clad thicknesses for co-extruded
tubes were analyzed. Two methods of measuring the clad thickness were ussd. and
the results were compared.

Thermocouple readings (specifically, the /3 ————> (X transformation tempera<ure)
were evaluated from several runs using co-extruded fuel elements in order tcC
evaluate the effects on [ {——» (X readings of type of thermc:ouple. Insertion
depth, age of thermocouple, and set temperature. There was consideretle confound-
ing of effects in the data which clouded the interpretation.

Brazed Layer Integrity reject data from the canning lines covering several days
experience in January were analyzed to determine what the effects on reject

rates were of vitrator frequency and/or amplitude. Data from a contrclled
experiment conducted in the 306 pilot plant are currently teing analyzed with the
same cbjective in mind.

Reject datz and total count date from an experiment previously designed and
recently coniucted in the 206 pilot plant were sutmitted for analysis. Tnis experi-
rent was concerned primarily with en evaluation of three methods of core-spire
insertion, but it was elso possible fto evaluate other effects of interes=. The
experiment was designed as a 2 x 2 x 3 factorial with five replicatiocns; =nd

onze again, the importance cf "time" as a varisble was Jemonstrated.

irradiation Processing Department

A swudy is being made to determine how frequently tube factors should te calculazel.
The effect on accuracy and precision of the calculated tube power and/or exposirs
as a function of the procedure used to assign tute factors is under consideratiin.

Several extrapolation equatiocns based on quadratic orthogenal rolynomials were
constructed for personnel cf D Processing Operation in connection with the eval-
uaticn of a two-phase flow experiment.

Chemical Processing Department

A presentation of B-PID experience within CPD, and of means of obtaining a mere
realistic measure cf the effectiveness of control procedures, was made tc CFD
management. As a result of this meeting, it was reguested that a recalculstion
of CPD B-FID's for the past several months te made using the minimum variance
E-PID estimeting technique previously recommended. The results of this work will
te rresented to management in early March.

The C-1 vessel was calibrated during January using precision equipment and a2

prcecedure for celibreting process vessels which was documented esrlier. Deta
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from this calibration were analyzed during the month. In addition, an IBM program
was written which will generate the calibration table.

BW-64108 E-4

A report was written showing the precision of the uranium content in a shipment
of oxide powder as a function of number of samples analyzed.

Finished Products Technology requested and were supplied the dimensional speci-
fications of two more cems designed to continuously wmechine a proposed Lawrence
Radiation Latoratory weapons component model.

Relations Operation

A series of meetings were held for the purpose of discussing efficient methods of
organizing, extracting, and tabulating the informetion conteined in the responses
to a psychological questionnalre which had been given to a cross section of plant
personnel. A procedure has been agreed upon, and the data anslyzation is in
process.

Curve fitting and consulting services were provided personnel of Employee Compen-
setion Operation in regard to comparing HAPO salary curves with offsite salary

Survey curves.

Ccnsulting services were supplied Community Relations Operation management in
connection with a Tri-City Area community opinion survey.

Contract and Accounting Operation

A summary was made of the efficiency of the data processing of routine commercial
applications, where efficiency is defined to be the percentage of clock time
actually used in data processing by Electronic Data Processing Operation personnel.
These results will be useful in determining what is a reascneble percentage of

time to schedule work.

construction Engineering and Utilities

Further work was done on the problem of evaluating fair cost estimetes in relation

t0 bids received for Hanford projects. In this respect, two methods for predicting
he low bid from the fair cost estimate were develcped. To facilitate keeping

a running record of 1960 projects, and evaluation of the methods in actual appli-
cation, easy to use procedures and charts have been prepared for Estimating Operation

persocnnel . -

STATISTICAL AND MATHEMATICAL ACTIVITIES WITHIN HLO

2COC Program

Reactor Studies

Further investigations of the behavior of the solutions to the three-parameter
reactor kinetics differential equation continued. Because of the extreme
complexity of the problem, explicit solutions eppear to be uncbtainable with-
ocut undue effort. Nevertheless, under eppropriate assumptions on the parameters,
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comparison of the asymptotic solutions with the known behavior of Mathieu
functions indicates the possibility of small regions of statle character.
Further studies are in progress.

Mathematical assistance was given to members of Reactor Technology Develcpment,
Fuels Design, and Physical Measurements. In all cases, the problems involved
the formulation and solution of appropriate partial differential equations
with prescribed toundary conditions.

Zirconium Physical Properties

Statistical analysis was completed of data from a recent Fuels Development
Operation experiment to investigate the effect of hydrogen content, amtient
temperature, and notch orientation on fracture angle; fracture mcment. and
impact bresking strength of both annealed and cold work zirconium samples. A
model was formulated for each test indicaeting the effect of different level.
combinations of the significant variables.

LQCO Program

PRTR Studies

The statisticsl anelysis of the Phase 1 pressure test of the PRIR containment
vessel was completed. A rough draft document has been written which contains
the mathematical and statistical techniques involved in the analysis, the
outcome of the analysis, and recommendations arising out cf the analysis T2
insure sufficient precisicn during the Phase 3 final test.

Swelling Studies

Tre search for a correction factor for the distortion or extrusicn introdured
in the sample preparation processing has led to the develorment of a new
mathematical model. This model more adequately represents the distrituticn of
pore ccnfiguration produced on the replicate.

Study of micrographs of plastic balls in & "scotch" medium continues in an
attempt to determine the effect of pore size on distortion.

General

Instrumentation

In connection with the study to determine the feasibility of automation of
gamma spectroscopy data the problem of confidence region estimation for a tw:
component gamme spectrum is teing considered.

In some talance installations involving radiation zones it is desirable 10
install the balance so that the working parts are located outside the radiation
zone, while the balance hand is located inside the radiation zone. Suck an
installation requires the use of an airtight seal between the two zones. Data
were analyzed to determine the effect of the seal upon the sensitivity =f a
prctotype triple beam balance for Chemical Development Operation.
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Statistical Development

A +atle of tolerance intervel factors for normal error distributions was
constructed and will be made available in the near future to Laboratory
rersonnel.

2 2S e
for Carl A. Bennett. Manager
OPERATIONS RESEARCH & SYNTHESIS

L. G. Waters:kss
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PROGRAMMING OPERATION
FEERUARY 1960

A. REACTCR DEVELOPMENT - 4LOOO PROGRAM

PLUTONIUM RECYCLE PROGRAM

Cycle Analysis

Computer Code Development. The RBU output code was mostly debugged during
the montk. An improved method was adopted for the first portion of the input
ccde, and necessary modifications made. The completed cross-section librarv
is now ready for testing with the input code.

The use of a relatively new statistical method (Box & Wilson, 5. Roy. Stat.
Soc., B, 13, 1, 1951) to determine maxima in multi-dimensionsl space was com-

bined with HLO's Meleager physics code to permit the determination of plutcnium

compositions which give the longest exposure in a given reactor. Initial
testing to date has ylelded what appear to be valid and ccnsistent estimates
of incremental fuel exposure for each of the four plutonium isctopes of
interest. In a sample case, the reactivity controlled attainable fuel =xpo-
sure of a "standard" reactor enriched to 1.5% Pu-239 plus Pa-2il in conjunc-
tion witk U-238 can be represented by the following equation:

(a) Exposure = const. x /100 Np39 - 5 Nojo + 120 Noky - 26 Npup 7
where N = mols or atoms of isotope involved

for plutonium batches in the neighborhocd of the following compcsition:
Pu-239 = 31%, Pu-240 = 34%, Pu-2kl = 25%, Pu-2i2 = 10%.

In other wcrds, if some number, N, of Pu-239 atoms incrementally increases
the attainable expcsure by 100 MWD/T, that same number of atoms, N, of Pu-Z2=7
will decrease the exposure by 5 MWD/T, etc.

If one adds the restriction that the total enrichment is =cnstant at 1.5
atom per cent, equation (a) becomes:

(v) - % (aN239) - 1 (an?40) 4 b (ANPHD) - 9 (AW?*?) - 4 A expceure

where AN refers to the incremental atoms of the four plutonium isctopes. The
results of calculations using equation (b) as compared with trose calculated
witk the Meleager ccde where AN was changed in increments of 1 x 104° atoms/o:
are shown below.

UNCLASSTFED

WENALE!



UNCLASSIFIED F-2 HW-64105

Maximum Exposure, 1.5 at. %
Enrichment, MWD/T

Meleager Equatiorn B
AN 12,635 12,650
2 (AN) 12,867 12,875
3 (AN} 13,084 13,12C
b (AN 13,315 12,323
5 (aN) 13,551 13,550

The actual plutonium czomposition for the last case shown (EzN) is Pu-239 =
30.51%, Pu-240 = 36.03, Pu-24l1 = 31.60, Pu-2k2 = 1.86. The starting compasi-
tion was Pu-239 = 31.35, Pu-2k0 = 33.59, Pu-24l = 24.56, Pu-242 = 12.1C. Tke
close approximation in exposure ottained by the use of equaticn (b) is confir-
mation of the premise that the effect of individusl plutonium isctopes on
exposure is & linear cne with only small interaction betwesen isctopes.

Fuel Cyzle Studies. Fuarther progress has been made on the general correlatin
of the reactivity worth of plutonium fuel enrlichment as compared with U-23% in
several reactor types. About 150 different cases have teen calculated to date
using the Meleager ccde. A preliminary study of the data suggests that pluto-
nium as enrichment with U-238 may be effectively utilized in reactcrs Laving
rather low moderator to fuel ratios., Althougk the atteinable expzsure for 2
glven enrichment level is in general lower under these conditicns, the change
in reactivity cver the reactor lifetime is alsc lesz whizh is ar important
item from an cperating viewpoint.

T~ explcre pctentially premising modes of plutonium bearing fuel utilizatian,
scouting calculations were made to assist in evaluating the potential <f flel
cycles combining U-238-Pu and Th-232-U-233 systems. Several logizal ccmbina-
tine suggested themselves as a result of detailed plutonium fueling studies

in the rast. In effect, it appears that some deficizncies of Pu-U-233 systems
can be lessened by integratiorn with U-233-Th systems, and vice versa. Also,
it appears that integration of fast and thermal raectar fuel gycles: may benefit
U-230-Pu sycstems per se, and tc & lesser extent henefit thz Th-U«R22.cycles.
It may even turr out that integration of fast-thermsl reacztor fuel cycles witz
appropriste combinations of U-238-Pu and Th-U-2233 fuels cen increass the
rroductivity of such reactor systems.

These considerations arise from the fact that in the tkermsl spectrum, U-233
is especially beneficial as an enrickment material if employel witkL U-238
recause cof the Past effect pcssible with U-238 but not witk thorium. U-233
kas a higher n then plutonium in the thermal spectrum. Frcm fast effect con-
giderations neutron production is benefited more witk U-233 then with plutcnium
because the thermal reactor neutron production is determined by the product ne
fn is the newtron production from thermal fissicn in U-232 or plitonium ani ¢
is the neutron multiplication from fast fissions in U-238). On the other
hand; plutonium benefits as an enrichment material if emplcyed with thorium
as a fertile material because the higher thermal cross section of theorium
improves the thermal utilization, f. A further tenefit results becauss U-23%
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resulting from therium fertility is chemically different from pl.t-nium
resulting from T-238 fertility. Ian the case of plutonium this permits
building up the Pu-2u4l specie relatively to Pu-239 1o higrer levels than
pcesible if the plutcnium is intimately mixed with U-232 and thus mixed
with freshly generated Pu-239.

Pu-241 is especially vsluable because it yields more neutrons on fission

than dces either Pua-239, 1U-233, or U-235. However, in any trermsal reacrtor

fuel, as Pu-2kl tuilds up so does Pu-242, which is s parasite in tre thermal
spectrum. In the fast spectrum, however, it appears that Pu-252 will fissicn,
perhaps witk a high cross section. This characteristic cf P.-242 ani tre righ
neutron yield of Pa-2Ll on fission indicates that fast reactors may advantagsTuslv
use plutonium gererated in thermal reactors. Very preliminary studies perf-rmel
in the past year, and how being investigated in more Jetsil, stowed tie nozsi
bility of a L0 per cent reduction in over-all doubling tims for a plutiniwua ¥
breeder coupled to a high conversion ratio trermal reacteor.

iSY

Mmoo

FRTR Startup. Werk in support of PRTR startup incluiel review of critizal <te:zvs
and prccess sped fications,; plus preparation of preliminary sctedules and -on-
tent of the Power Test phase of the startup.

FRTE Planeg snd Schedules. Study of possivle redu:sticns of PRP plutcrnium nesds
under alternate FRTR schedules was continued. It may ke possible t- redu:e
plutonium requirements if special procedures are used for scrap recoverw
together with utilization of more freguent chemical processing of spent

fuel. Calculations for fairly accurate determination of these potent:ial
savings ars being refined.

Attempts were continued tc cbtain about one kilseram of righ =xprzure Tlutonlum
for PCTR testing. Tke possibility of ottaining some suitable s:zvsp material
frem other sites wag explorel with some indizaticn that it might te maie
svailable. The final outcome will not e known for a month or two.

SPECIFIC FUEL CICLE ANALYSIS

Prograsss to date and future plans were raviewed with AEC-DED personnel in a
meeting in Waskington.

The new fuel cycle econcmiss zode has been defined to tke point of being
reviewed by programmers who will write the algebra in a form to simplifyv
rogramming. Ultimately the code will use information as tc tke relative
value of eachk plutonium isctcspe as developed by the Box Wilson method.
This will simplify evaluating the worth of the "ashes" from an irrsiiaticn
whiclh can be nearly as great as the initisl fissile zkarge in high conversiczn
ratic machihes. In addition; it may be possible to determine tre f.isl valus
¢f all reactor ozcurring plutonium dDatches for s specifis rsactcr by a feuw
simple equations.

Initial conditicns of the Combustin Engineering PWR reactor have been estab-

lished for the Meleager code. and work was begun on the determinsticn oF
high exposure conditions.
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B. BIOLOGY AND MEDICINE - 6000 PROGRAM

Radiological Consultation

Consultation was rendered concerning radiological problems involved with dis-
posal of reactor effluent water to the Columbia River, integrated radioclogical-
iastrumentation systems, and on proposed regulations for radiation proteection.

The first draft of the proposed chapter for "Meteorology and Atomic Energy"
was prepared; this chapter describes the methods of calculating radiation
doses from the dispersal of radicactive materials.

C. OTHER ACTIVITIES

Dr. Sioma Kagasn, prominent economist and demographer, presented a lecture on
world-wide population growth problems at the Hanford Science Colloguium on
February 5. .

Additional facilities in HLO were cleared for unclassified tours. Clearance
for access to four previously uncleared buildings, 3707-C, 3730, 31k, and 747
has increased the number of available tour sites from 18 to 30.

Assistance was rendered and arrangements made for six tours {involving 57
people) through HLO and HAPCO facilities.

In sddition, special arrangements were made for broad participation by HLC

personnel in Edison~ Day activities, involving facility tours and semi-
individual counseling of 126 outstanding senior science students and faculty

members from 17 high schools.

Manager, Programming
LY McEwen:dl
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RADIATION PROTECTION OQPEPATION
MONTHLY REPCRT - FEBRUARY 1960

A. ORGANIZATIN AND PERSONNEL

Four exempt internal transfers were effected on Fetrusry 1, 1960, to provide
broadened experienze. The trensfers included: F. Swanberg, Speciziist -
Radiological Development to Supervisor - Bioassay; G. D. Brown, Supervisor -
Bioassay to Supervisor - Environmental Monitoring; R. C. Dczer, Supervigor -
Envirommental Monitoring to Supervisor - Exposure Records; and L. L. Crawforsd,
Supervisor - Expcsure Records to Specialist - Raliation Monitoring. Three
nonexenpt radiation monitors were transferred within the group to broaden
their work experience. One technical graduate, D. N. Brady, wss placeli on per-
menent assignment as a Specialist - Radiation Mozitoring on February I, 1960.
The force of the Radiation Protection Operation totais 133.

B, ACTIVITIES

Three minor plutonium deposition cases were confirmed Zuring Februsry. The
total pumber of depositicn cases that have cccurred at HAPO is 249 of which

180 are currently employed. A review of cases ¢f Internal depositioz of plu--
tonium for 1959 indicated there were 18 employees, including one collateral
contractor employee, who receivel measurable irternal deposition of plutonium
for the first time. The maximum case appeared tc bte about 10% of the mexirum
pernissible body burden {mpbb). Acdditionally, eizht employees rezeived mincr,
rut measurable, depoeition of mixed fission products. Contaminatei minor
injuries continued to be cne of the more cammon modes of internal deposition

of plutonium. Use of the Whole Body Counter and minor surgizsl excision con-
tinued to be successful in removal of plutonium asgociztel with minor Injuries.
There were nine cases during 1959 involving plutonium contaminated izjuries
where a small amount of tissue was excised by Industrisl physicians to reiuce
the possibility of internel deposition. The maximum arount excised was slightly
in excess of the maximum permissibie body burden in bone (0.0% uc). The status
of raliation apd plutonium work restrictions for Hanford employees 414 not
change during 1959. Four employees, including one collaterasl contractcr
employee, are restricted from all radiation work and 10 employees ere restricted
from piutonium work.

Three JA Jones Company employees &nd three GE employees recelved generszl
ex-ernel contamination to 40,000 d/m Pu when & fire resulted from welling work
in N-cell a% the Purex Building. External skir contaminetion was recdily
removed. Preliminary bioassay samples indicated mirnor; if eny, deposition cof
‘plutonium.

Radiatior. contrcls were established throughout Flutarnium FebricatZon Filot
Plant process areas coincident with startup operstione imvolving fabrication
of plutonium-aluminum fuel elements. No unususl radislcgizal problems were
encountered during startup activities.

Raiiation dose rates up to 300 mr/hr &t & distance of 100 feet fror the builllding
required extension of radiation zones during radlographic testing operstions st
Whaite Bluffs.

UNCLASS.FIED
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Oysters collected at Willapa Bay <during the latter part of Janusry were 6

analyred and yoptginei the following quan"iéieg cf ra*ionuc*ldeS‘ 1x 10
P33/gn, 0.7 x 102 pe 2rdl/gm, an2 kO x 1070 pz Zn® 5/gm. The Znb5 content was

about the same as was observed 1n previous samples and previcusly reported.

Preliminsry testing of the enslytizel procedures to Jetarmine 2ndiviival isotopes
of the rare esrth group found In Ccolumtia River water was stertei by the Redio-
lcgiczal Chemical Anslysis lgborstory. Completion of the work wes scheluled for
March. Duplicate 107 Bagin water ssmples were submitted to Purex lshorstiory,

the Radiological Chemical Anaivsis lsboratory and the Cherical Resesar:zh labors-
tory for interlabora‘tory comparisonz of reailoisohteoric asnalyses of reactor effluent
water,

A survey of future raiium needs at HAFO was mede and & report sutmitted +o AEC-
HOD.

Aiditionel data on Zn65 in exsmined subjects were accumulated since the lazt over-
&ll analysis by Radiologiczal phys-vs. These dsata permitted initisl conclusions
stoat the distribution of ZrnfS in different piamwerk locations sni nesrby
coomunities. Employees working in the 200 Areas have sbout the same average
ZrS5 buriens &5 those in the 300 Ares. As reportel esrlier, 100 Ares ggp;ov“es
have sbout twice as much as the others. The average tody burden of Zn°’ for the
100 ares group ie ebout 0.01% of the maximum parmissitle tody burden (450 uz).
Fegldients cf Kenrewick have slightly higher Zn6 burdens on the aversge than
Richland residents. Fasco resiients have twos to three times the average burdens
of Rizhland residents. The Pasco populstion appears to have about 0.1% of the
naximum permissitle averzge tody buirden for persgons in the neightorhasd of zon-
*rzlied areas (one-tenth of occupstional meximum permissible boly bturiens in HE-A9).
orzletion of maintenance and safety modifications on the Whole 2oéy Counter (WHT)
pe*mi ted resumrtion 2f routine exeminstions of employees in the WBZ. A to%al of
ill employeesz was counted during the month. Pre-examinstion procedures were
mozifliedi to determine the neceggity for female subjects to shampoo their kair.
Elimins*%ioz of this raquiremert will meke examination in the WBC more attrsctive
T.c femsle erployees. Plane for open house tours through the Riosssay latoratory
and the WBEC facility wers discussed with AEC-HOD &1 Relations Operstion personnel.

The enmusl distribution of iriiviiual exposure report zerds wae coppletel,
Queziions vers received from a few individual employees who reguired mluiﬁiDB&l
exp.e2etion or minor corrections to their iniividual report card. The an:r 5
rercrt £or 1959 occupational exposure at HAPO was completel anl subzitted
LEC-EO0 az specified in AEC Manual Chapter 0523.

The {SNL threshcld criticzality dosimeters were packsgeld in the aluminum con-
tainers whith were dealgred and built locelly. The ninety packsged dczimeters
wers distributed throughout the Flarnt at strategiz locations.

Designs for two new fingsr ring dosimeters were completsd. Prototype molels
were ccnatructed and studled. The m2ost recent desigr specifiel the uze of poly-
ethylene as the fatrication materisl instead of tenite II to proviie relucel
electrode leskage.

Pelimipary studies of Eastman Type B neutron film indizate that it may be more
e?fizient Zor fast neutron measuremen®t, than the Type A pazket surrently in uee.

126260
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This is indicated by an increase of sbout 30% In the number 5% protsn tra-ke
Observed when compared to the Type A film.

Preparstion was started with the Ccunsel's Office on a standard contrazt insart
to accomodste the rediologizal aspects of HAPO collateral contractire.

C. EMPLOYEE REIATIONS

There wae oOne melical Sreatment injury during the month for a frequenzy of 0.4%.
No security violations occurred during February.

Flve suggestions were receivei for evaluation. Five suggestion evalietisns were
mace during the month. There are two ocutstaniing suggestions at month exnd.
Two suggestions were approved for awarés of $20.00 and $12.00, respeztively.

E. C. Watson attended the President's Coaference con Occupa“isnil Safe*y hell
in Washington, L. C.

Redistion protection training included: Eight 2-hour orientation tzlks +o Flu-
tonium Metallurgy, Biology Research, and Chemical Efiluents Te:zhnology personnel;
seven 2-hour lectures to Fire Protection employees im the 100 ané 200 Aressz:

Iour lectures on anticipated radiation problems a% the PRTR to 75 exsmpt ani
ronexempt IPD employees. One lecture and Gemonstration on raiistion protession

was presentel tc management and employees of Carnstion Company, Sunryside. Wazhington.
Llectures on raliation protection regulations were presentes to the senior deck
officers of the N. S. Savannsh.

D. SIGNIFICANT REPORTS

HW-63646 "Redioactive Contamination in Liquid Waste Discharge? ts5 Oround &+
Separations Facllities Through Jure, 1959" by M. W. MzConiza.

HW-62654 "Off-project Exposure from Hanford Effluent” by E. F. Foster snt
R. L. Jurnkins.

dW-63920 "Analysis of Rediological Data for he Menth of Jemsry. -960" ty
R. L. Junkins.

1t

HW-64086 "Monthly Report - Februsry 1960, Eadistisn Monitoring Operstize" ty
A, J. Stevens,
1242049 ‘ TNGIASSTTIEL
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ENVIRONMENTAL MONITORING - RESULTS (Mid-January 1960 - Mid-February 1960)

Activity Monthly
Sample Type and Location Type Average Units
Drinking Water
100-F Ares Isotopic 0.6 % MPCy*
Separations Areas Gross Beta 1.5 x 10-7 uc/ce
Pasco Isotopic L.6 % MPCrp*¥
Kennewick Isotopic Lok 8 % MPCop**
Richland Gross Beta <3.0 x 107 ue/cc
Columbia River Water
Above 100-B Area Gross Beta 1.2 x 107%%xx pc/cc
100-F Area Isotopic 1.8 % MPCGT*
Hanford Isotopic 2.5 % MPCqr*
Pasco Isotopic 14 ¢ % MPCop**
McNary Dam Gross Beta 1.5 x 10 uc/ce
Vancouver, Washington Isotopic 0.k % MPCop**
Atmosphere
1131 geparations Areas 113l 2,1 x 10713 ue/cc
1131 separations Stacks 7131 0.6 Combined curies/
day

Active Particles - Project .- 1.0 ptle/100 w3
Active Particles - Environs - 0.2 ptle/100 w3
Vegetation
Separations Areas 1131 1.1 x 1072 uc/gm
Residential 1131 2.7 x 106 uc/gmn
Eastern Washington and _ 6

Oregon 1131 1.5 x 10~ pc/en
Fission Products less Gamma

1131 _ yash. and Ore. Emitters 3.0 x 1079 uc/en

*The % MPCq;1 1s the percent of the maximum permissible limit for occupational
exposure to the gastrointestinal tract calculated from drinking water limits
contained in NBS Handbook 69.

#*The ¢ MPC;; is the percent of the maximum permissible concentrations for
persons in the neighborhood of controlled areas for continous exposure to
the gastrointestinal tract calculated from drinking water limits contained
in NBS Handbook 69.

**%This location is now sampled quarterly. The most recent result is tatled.
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EXPOSURE EVALUATICN ANZ RECORDS

Exposure Incidents Above Permi

February
1960 to Da*e

Garma Pencils

Pencils
Procegsed

21,864
39,462

Febrvary
1960 to Date

Bet

o

Paireld Reeding
200-280 mr

-Ggmna Film Badges

Badlges

Readings

12
288

Regdings

Tozalized

1
0 2

Pairel Pealings e
Ovar 280 ar Rzg
€
7
Peaiings Lost Ave

Processed 100-300 mreis 200-5C0 mrals Over 500 mreaic Reaiings Per Zi
7
-

arel! o, nris
Fetriary 12,17k 899 122 38 35 i0.22 19.:z°¢
1960 to
Date 22,146 1,836 283 77 a2 10.2€  20.0-
Neutron Film Badgee
Film Readings Pealings Realings

Procesze?

50-100 mrenm

100-300 mrem

Over 300 nrem

Siow Neutron
February
1960 t> Date

573
2,319
Faz* Neutron

February
960 tc Date

L34

Biouzszgyv

t——————

fis
o

lutorium: Samples Assaved

Resultz above 2.2 x 107

Fizgion Produczts:

Samples Aszsayed

8 ..

Samples Assayedl
Results akove 3,1 x 10

Confirmed Plutonium Deposition Cases
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Februar 1940 +o Dats
757 1,481
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7L 1,4Rz
, i ;
FF/zample C z
290 599
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-~ ”

number of plutonium deposition caszes whi:zh have ctcurred
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Uranium Analyses

G-6

"Following Exposure

Units of 10-2 pc Ufec

Number

Sample Description Maximum Average Samples
Fuels Preparation 61 56
Hanford lLaboratories 37 27
Chemical Processing 35 35
Chemical Processing¥* 52 2
Special Incidents 2.1 14
Random 1.4 22

Following Period of No Exposure

HW-6410

Units of 10-9 pe U/ec

Number
Maximum Average Semples

12
8k
50
L1

2.7 58
2.9 29
5.9 L6
L1 1

]

* Samples taken prior to and after a specific job during work week.

Thyroid Checks
Checks Taken _
Checks above Detection Limit

Hand Checks
Checks Taken - Alpha
- Beta-gamma

Skin Contamination
Plutonium

Fizszion Products
Uraniam

CALIBRATIONS

Portable Instruments
CP Meter
JuUno
GM
Cther
Total

Personnel Meters
Baige Film
Pencils
Other

Total

Miszellan=ous Special Services
Total Nurber of Calibrations

AR Keene:k:

1242052

February 1960 to Date

0 0}

0 0
32,181 61,271
43,776 89,283

21 L6
Ls 69
6 14

Number of Units Calibrated

February 1960 to Date
958 1,831
315 589
807 1,566
188 355

2,233 4,341
1,524 2,724
1,912 1,912
geo E80
3,61 5,41
L66 620

&350

nager

10,377

Radiation Protection
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LABORATORY AUXILIARIES OPERATION
MONTHLY REPORT - FEBRUARY, 1960

GENERAL

Security performance for the Operation was satisfactory with no violations
during the month.

Safety performance of the Operation was considered satisfactory. There were

no major injuries; the minor injury frequency rate was 1.97, which is consider-
ably below average experience.

TECENICAL SHOPS OPERATION

Total productive time for the month was 15,16L4. This includes 1h4,325 hours
performed in the Technical Shops, 500 hours assigned to Minor Construction,
235 hours assigned to other project shops, and 104 hours assigned to off-
site vendors. Total shop backlog is 22,778 hours of which 50% is required
in the current month with the remainder distributed over a 3-month period.
Overtime hours worked during the month was 5.7% (1,079.L4 hours) of the total
available hours.

Distribution of time was as follows:
Man-Hours % of Total

Fuels Preparation Department 1,43k 9.5
Irradiation Processing Department 798 5.2
Chemical Processing Department 04 6.0
Hanford Laboratories Operation 11,531 76.0
Construction Engineering & Utilities 360 2.4
Miscellaneous 137 .9

A higher than normal overtime rate was experienced due to emergency require-
ments of our customers. Several of these involved high priority research

and development programs in HLO. Assistance was also provided to the Chemiecal
Processing Department in the fabrication of graphite molds and temperature
measuring equipment for high priority weapons work. Assistance to Irradiation
Processing Department on the development and fabrication of tools to be used
in over-boring graphite assemblies was completed on an emergency basis.

Security performance was satisfactory with no violations. There were eight

medical treatment injuries for the month which is within the forecasted
parameter.

UNCLASSIFIED
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RADIOGRAPHIC TESTING OPERATION

A total of 5,509 tests were made, of which 1,395 were radiographic (in-
cluding x-ray and gamma-ray) and 4,11L were supplementary tests. Out of

a total of 3,955 man-hours, 1,045 (26.4%) were in connection with radio-
graphic tests, and 2,909 (73.6%) were used on supplementary tests. The
supplementary test work included; autoclave, borescope, -mensional measure-
ments (micrometric), eddy current, penetrant (fluorescent 0.D. and I.D.),
surface treatment (alkaline cleaning, pickling, and vapor blasting), and
ultrasonic (flaw detection and thickness measurement).

The number of pieces handled this month totaled 5,121 items. The feet of
material represented by these items amounted to 53,945 feet. A high ratio
of feet to pieces is the result of work with tubular components.

Work was done for 23 different organizational components representing most
of the operating departments and service organizations. A total of 55
reports were issued detailing test findings with conclusions and recommended
action. Radiographic Testing Operation was consulted on 46 different
occasions for advice and information on general testing theory and appli-
cations for other than the jobs tabulated in Part II - Testing Statistics.

Testing and treatment of the PRTR process tubes has been completed. Eighty-
five tubes which meet all requirements are ready for delivery to the PRIR
contractor. An additional four tubes are also ready for the PRIR contractor
but these tubes do not meet all of the established requirements. Six tubes
are being reprocessed and two others are rejects.

Fluorescent penetrant testing and ultrasonic testing of NPR process tubing
sections were successfully demonstrated to representatives of the Allegheny
Ludlum Steel Corporation, Chase Brass and Copper Company, Harvey Aluminum
Company, Tube Reducing Corporation, and the AEC~-BHOO. These companies are
potential suppliers of the NPR production process tubes. Prior to the field
demonstration, the Hanford procedures were presented in detail using displays
and slides, and discussions were held relative to equipment costs and other
details.

As of February 8, full time support of the C-25 tube shop was taken over by
Kaiser Engineers. This support work includes Janitorial and maintenance
service and assigned craftsmen for equipment and service modifications to
the building.

Contractor work has also been started in the C-25 Building with first work
being directed to installation of heaters, sprinkling system, building
structural changes, and siding. A new 60' long hot alkaline cleaning *ank
and an associated water rinse tank has been received and installed. In-
vitations to bid have been sent out on the major equipment installation and
construction phase of the work for the tube shop. Two engineering assistants
have been received on loan from IPD to commence training for the NPR testing
work. Training has also been started of KE craftsmen for the pickling, auto-
calving and penetrant operation.

| 2 U 70 51 - | UNCLASSIFIED
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The first major work in the 308 Building facility was started this month.
Testing of TPU fuel rods will involve radiography, ultrasonic core in-
tegrity, and bond testing. In addition, claddings will be eddy current,
penetrant, and ultrasonically tested. To permit optimum utilization of
the 308 radiographic facilities, the darkroom was activated. The darkroom
was planned in anticipation of such fuel elements as these and it contains
extra deep tanks and provision for close temperature control.

The last of the 1100 sheath tubes for Ceramic Fuel element fabrication
have been received on-site and testing is proceeding. Along with com-
pletion of this tubing order the first Ceramic Fuel element PRTR loading
is nearing completion and final tests are being performed on the finished
fuel elements.

Field testing work is proceeding routinely with major effort being devoted
to the site work at PRTR, process vessel fabrication work, and assistance
to biology in animal studies.

Testing Statistics

No. of Ft. of Weld No. of

Component Tests or Material [Pileces Description
CE&U 28 11 4 Radiograph weld test coupons;

ultrasonic thickness measure-
ments on PRTR bottom shield.

CPD 143 65 59 X-ray weld on multi-purpose dis-
solver assembly (Project CG-772);
Radiograph welds on modification
of H-10 vessel for use in E-13
position; Dwg. H-2-3986L.

FPD 133 235 a7 Swaged thermocouple, NPR fuel
» elements.
HLO 4143 L9176 4782 9/16" 0.D. Ceramic PRTR fuel rod;

Zr-2 wire for fuel rods; radio-
graph 2 NAK fuel elements; S/S
R thermocouples; radiograph two

surge locks; .505" I.D. Zr-2
tubes; 5/8" 0.D. solid 2r-2 rods;
radiograph 108 C.R.B. core in-
tegrity; radiograph 2 fuel ele-
ments for can wall thickness;
radiograph welds on S/S nozzles
section (PRIR); radiograph swine
for Sr 90 programs; 5 and 15 mil
wall S/S tubing 10 mil wall inconel
x-tubes; B, D and F type zirc. tubes;
.680" I.D., Zr-2 tubes; 3/8" 0.D. In-
conel - X, Inconel 702 and Hastalloy -
X-tubing; Ultrasonic thickness measure

242055 ' ments 300 area pressure vessel survey.
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No. of Ft. of Weld No. of

Component Tests or Material ©Pieces Description
IPD 1062 4469 179 Zr-2 KER process tube film review;

radiograph welds on S/S nozzles;
radiograph soot blow back lines on
botlers in 18L-F Building; furnace
welded; NPR test tubes; fluorescent
penetrant reactor pigtails; PRTR
tubes.

Totals 5509 53945 5121

CONSTRUCTION OPERATION

There were 36 existing J. A. Jones Company orders at the beginning of the
month with a total unexpended balance of $348,902. Ten new orders, three
supplements and adjustments for underruns amounted to $119,623; expenditures
during the month on HIO work were $124,116 (Includes C.0. Cost). Total

J. A. Jones backlog at month's end was $344,L409.

Summary
HL CE&U
. Unexpended Unexpended
No. Balance No. Balance

Orders outstanding beginning of month 29 $ 246,460 7 $ 102,hh2
Issued during the month (Inc.Supp. & Adj.) 10 $ 119,713 0 90

J. A. Jones Expenditures during month
(Inc. C.0. Costs) $ 92,235 $ 31,881
Balance at month's end 2L . $ 273,938 é $ 70,471
Orders closed during month 15 $ 61,962% 1 $ 10,500%

# Face Value of Orders Closed

On February 4 a work authorization was issued to J. A. Jones for installation of
equipment in the 306 Building Addition. Preparatory work started February 11, 1960.
By the end of the month, ten equipment pieces had been moved into the building

and two of these have been set in their intended locations. Approval to set

three others has been obtained. The 700 ton press, which weighs some 55 tons,

was brought into the building horizontally, raised to a vertical position, and

set into it's anchor bolts without any trouble. This is one of the heaviest

units of equipment handled as a single piece in quite a while.

UNCLASSIFIED
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Project CA-T47 - The removal of the equipment from 231-Z Building and trans-
porting to 308 Building was assigned to Plant Forces. Removal work started
February 22, 1960. So far, two pieces have been removed and brought to the
308 Building where Jones' forces are reinstalling them. Two more pieces are
scheduled to move March 1. Work in both buildings is progressing very well
and on schedule.

FACILITIES ENGINEERING OPERATION

Projects

There were 22 authorized projects at month's end with total authorized funds
of $6,877,000. The total estimated cost of these projects is $8,715,000.

One project was completed and one new project was authorized during the month.
One project proposal was submitted to the Commission and three projects are
in preparation.

The following summarizes the status of HLO project activity:
Number of authorized projects at month's end: 22

Number of new projects authorized during month: 1l
CAH-885, Geological & Hydrological Wells ~ FY-1960.

Projects completed during the month: 1
CAH-837, Animal Pens, Isolation & Examination Facilities.

New project proposals submitted to AEC during month: 0]

New projects awaiting AEC approval: 2

CGH-832, Full Scale Physical Constants Testing Reactor
CGH-8T4, Consolidation of Plutonium Metallurgy Facilities

New pro ject proposals in preparation: 5
CGH-888, Biology Laboratory Improvements
Uranium Scrap Burning Facility
Stress Rupture Test Facllity
Chemical Process Research & Control System
Field Servicing Center - Atmospheric Physics.

The attached project report details the status of individual projects.

Engineering Services

Title Status
Glycol Heat Exchangers ~ 325-A Field work essentially complete.
329 Building Cooling Problem Installation work depends on avail-

ability of funds.

Ventilation - 314 Building Engineering complete. Field work de-
. pends on availability of funds.

1252051 INCLASSTFIFD




UNCLASSIFIED

Title
Fire Detection System - l4K-FR

Electrical Modifications -~ Room
24k-A - 326 Building

Modifications, 3707-C Building

108-F Building Solvent, Acid &
Cylinder Storage, & Loading Dock

Electric Hoist -~ Graphite Shop -
3730-C Building

Refrigerated Air Conditioning
Room 130 - 1L6-FR Building
Reactor Room Exhaust Ventilation
Control 326 Building Basement-

HIO Area Improvements Study
Pressure Vessel Study
Design Eddy Current Table

Investigate Coaxial Cable Between
325 and 329 Buildings

Install Sound Enclosure for 300 Ton

Hydraulic Pump - 325 Building

Additional Improvements to Alr
Supply - Rooms 204 and 206 -
3706 Building.

H-6 HW-614108

Status
Installation is 80% complete.

Field work started on 2-29-60.

Work complete.

Field work is essentially complete.
Field work depends on availability
of funds.

Specifications for air conditigners
prepared. Field work depends on
availability of funds.

Design is complete.

A study is being performed to improve
HIO buildings and grounds. A summary
report will be issued in March.

This is a continuing work program in
vwlving vessels and safety devices.

Design complete.

Engineering work has started.
Fabrication and installation work has
started.

Design complete.

Twelve budget studies for major plant additions which will be considered a

part of the FY-1962 and revisions to FY-1961 Plant Acquisition and Construction

and Equipment Budgets; also, several plant engineering type jobs covering

structure repairs, utility extensions, air conditioning, noise abatement, and

improvements to equipment are being performed.

1262058
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Drafting and Design Services

Work load is constant with reasonable backlog. Branch offices in 306 and 308
Buildings are busy with steady work loads. The central drafting room has been
performing an increasing amount of work for the recycle program.

Design and drafting work in progress includes the following:

PRTR Gas Loop - In-Reactor (1k drawings - 80% complete).

Break away Corrosion Loop (5 drawings - 27% complete).

Special Tools =~ Scope - High Level Utility Cell - 327 Building.

PRTR Fuel Element Rupture Facility -~ Scope (approximately 11 drawings

required - 4 drawings complete) - Project CAH-867.

PRP Critical Facility - Service piping, weir, shielding block, and

safety rods (approximately 7 drawings required - 80% complete).

6. Loading Dock Enclosure - 321 Building (approxipately 5.drawings
required).

7. A, B, and G Hand and Shoe Counter - (approximately 15 drawings

required - 30% complete).

W o k-

\J

In addition to the above work, miscellaneous small design-drafting jJobs are
in progress including project "As-Built" work.

Approximately 174.8 drawings including sketches, work sheets, and formal
drawings were completed during the month of February.

Maintenance and Bullding Engineering - Landlord Functions

Costs: December - $ 178,352
January - $ 161,558
Total through January - $ 929,368

Analysis of Costs

The $929,368 expended to date represents £3.8% of the annual budget, and
98.5% of the expenditure predicted for the first seven months of FY 60.
O0f the $150,000 budgeted for improvement maintenance, $110,000 has been
spent, and $40,000 committed.

To date, the significant variances from the forecast are: total main-
tenance overrun, $47,900; janitor and power operator overrun, $12,100; total
utilities underrun $33,500; engineering underrun, $3,900. 1In effect,

there appears to be a net overrun of $22,600. Billings for improvement
maintenance have not been made as promptly as anticipated; consequently,
they have masked the overrun of other costs.

UNCLASSIFIED
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Already, drastic measures have been initiated to sharply reduce the
maintenance trend. The controls which have been exercised since the
budget cut last October were made more rigorous. More routine orders
have been cancelled - and all pending maintenance work except the most
critical has been stopped. Maintenance money is being rationed on a
priority basis. Investigations are being made of the effects on reduced
building operator and janitor service levels. At month's end, we are
operating in the most austere manner of HLO's history.

Improvement Maintenance

Item January FY To Date
Heating & Ventilation Correction $ 14,460 $ 57,595
Relocation & Alteration 1,374 12,560
Paint - 11,736
Electrical Improvements 73 1, 4h7
Lighting - k13
Crane Installation - 24,910
Miscellaneous - 1,777

Total $ 15,907 $110,L438
Miscellaneous

Approximately 17,000 square feet of prints were reproduced during the month.

The total estimated value of the 14 requisitions issued during the month was
$22,000.

TECHNICAL INFORMATION OPERATION

An eventual cost reduction of over $1600 was effected by a rigorous review
of the Library's periodical subscriptions and the elimination of items which
(1) no longer appear to be needed because of changing HAPO requirements and
(2) which do not appear to be worth the cost as far as HAPO is concerned.

The verifying of key punching was discontinued during the month. The IBM
Verifier 056 was returned to Electronic Data Processing Operation for re-
assignment to another HAPO component. Rental charges of $58,30 per month
will discontinue effective March 1. Rental savings for the remainder of
FY '60 will be $233.20.

Approved mailing addresses for sending documents to members of the GE Reactor
Safeguard Council were received during the month. In the future, documents
sent to Council members will be on a loan basis and subject to HAPO's
Quarterly Inventory requirements. Since receiving the approved addresses

and handling instructions, time has been spent in bringing back into
accountability those documents previously sent to GE RSC members, and

making necessary route cards.

| Z L720b O UNCLASSIFIED



UNCLASSIFIED H-9 EW-54108

Two proposed classification guides were forwarded to HOO for approval.
They are:

HW-63448 "Proposed Topics on Separations Plant Data for
Hanford Classification Guide"

HW-63726 '"Proposed Guide to Atomic Weapon Data at Hanford”

The two guides, when approved, will replace Section LOO of the Hanford
Classification Guide and HW-36713 REV2 "Guide to Atomic Weapon Data at
Hanford" dated April 1, 1957.

A proposed NPR Fuel Element Classification Guide was prepared by HOO and
submitted to HAPO for comment. In general it appears to be more restrictive
than existing AEC approved NPR guidance. Work on developing and coordinating
the comments from the three interested HAPO departments was underway at month's
end.

The Specialist, Classification-Declassification made a brief presentation on
the classification status of chemical processing and weapon program work at

a security meeting in CPD's Facilities Engineering Process Design and Develop-
ment group.

A reply was received from the Division of Classification to our request
(AW-62773) that the security sensitivity of amounts of iodine 131 released
to the atmosphere be reconsidered. Based on data submitted by HAPO, the DOC
agreed that iodine 131 release data need not be classified.

All Departments have been informed that, after April 1, 1960, Classified
Files will no longer send document inventory clerks to individual offices

to clear and re-route the document holdings of employees who are terminating
or transferring to a new assignment. Employees will have the option of re-
turning their document holdings to Classified Files with instructions for
re-routing, having a secretary or clerk re-route the documents using the now
well-established field routing procedure, or using some combination of thece
procedures. So far, there have been no complaints about this minor reduction
in TIO services.

At the time of their next Quarterly Personal Inventory, all document holders
will receive and additional IBM listing of all CONFIDENTIAL-UNDOCUMENTED AND
NON-CLASSIFIED documents charged to them from Technical Information Files.

The IBM listing, when combined with the record of current charge-outs supplied
by the new routing form,will enable all customers to clearly identify all
material charged from Files. Intent of the program is to assist the customer
to identify and ultimately return non- classified documents to Files since many
are of technical reference value.

UNCLASSIFIED
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The Manager, Technical Information, attended a 5-day meeting at IBM head-
- quarters in Endicott, New York, on the subject of information storage and
retrieval. He and Dr. R. K. Wakerling, UCRL, represented the Information
Storage and Retrieval Committee of the AEC's Technical Information Panel.
Basic IBM equipment was shown, basic concepts discussed and evaluated, and
speakers presented a number of retrieval systems actually in use. As z re-
sult of the meeting, the Information Storage and Retrieval Committee plans
to submit some recommendations to the AEC concerning the mechanization of
the AEC's Technical Information program. On the return trip the Manager spent
a day in Washington attending the meeting of the Steering Committee of the
Panel.

Two members from GE's Computer Department in Phoenix gave a formal presentation
of the new GE 250 Information Search and Retrieval System to interested HAPO
personnel on February 15th in the 37460 Building. Arrangements for the meeting
were handled by Technical Information and all TIO exempt personnel attended.
The machine appears to have possibilities for use at HAPQ. Preliminary plans
have been discussed for a pilot study in a limited area of HAPO technology.

Work Volume Statistics

January February
Document Distribution and Files
Documents routed and discharged (copies) 14,940 19,105
Documents issued (copies) 14,0k 14,571
Documents sent off-site (copies) 7,303 3,722
Document reserves filled (copies) 572 8L2
Documents picked up and delivered 17,256 21,045
Document Accountability
Holders of classified documents whose files
were inventoried 596 303
Documents inventories in Files (copies) 6,906 9,746
Documents destroyed or retired (copies) 5,052 5,651
Documents revised (copies) 862 1,054
Documents pulled and documents filed (coples) 11,550 12,422
Documents reclassified 385 ko6
Accountable coples of SECRET and DOCUMENTED
CONFIDENTIAL documents on-site 207,230 207,778
Reference and Publication
Books cataloged (new titles) 147 135
Books added to the collection (volumes) 373 251
Ready reference questions answered by pro-
fessional staff 105 180
Literature searches by professional staff 101 105
Reports abstracted (titles) 2Lo 269
Formal reports prepared (titles) 11 11
Off-site requests for HAPO reports (copies) 330 330
Reports released to CAP (titles) 38 21
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Januay February
Library Acquisitions and Circulation
Books ordered (volumes) 3A1 230
Periodicals ordered 16k 182
Books circulated (volumes) 1,864 1,895
Periodicals circulated (issues) 3,609 3,113
Inter-Library loans 01 72
Films borrowed or rented 15 11
Industrial film showings , . 63 Lo
Bound periodicals added to the collection 228 --
Library Collection:
Mzin Library W-10 Library  108-F Library Ind. Med. Total
No. of books 28,759 8,355 1,554 2,004 40,672
No. of bound
periodicals 13,209 1 1,431 96 14,737
41,968 8,356 2,985 2,100 55,409
Classification and Declas:ification
January Februury
Documents, including drawings and photographs
reviewed for downgrading or declassification 190 98
Documents and papers (intended for oral
presentation or publication) reviewed
for appropriate classification 21 L4
Documents submitted to Declassification
Branch, Oak Ridge 7 3

Laboratory Auxiliaries

JL Boyd:jw
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General Plant Projects - FY 1959

MONTHLY PROJECT REPORT

HANFORD LABORATORIJIES OPERATION

HW -~

74103

MONTH February. 1960

AUTHORIZATION| PROJECT PROGRESS | STARTING (DIRECTIVE T
PROJECT EST. TOTAL | | FORMATION umu..ﬂhumz Mﬂﬂ.qmq. DATE COMP,DATE %M!Ww.mwmmm
NUMBER TITLE PROJECT AMOUNT SCHED. | SCHED. DESIGN DESIGN DESIGN
cosT DATE ACTUAL | ACTUAL CONST. CONST, CONST, .
$39,000 100 100 4-3-59 -——- 6-18-59%
CAH-827 | Automatic Columbia River Monitoring $39,000 6-30-59 100 97 11-6-59 | 3-31-60 | 3-25-60
Station USING GOMPONENT FEO ENGINEER
Radiation Protection D. S. Jackson

REMARKS: plant Forces completed fabrication of the monitoring tank and installed it at the monitoring station. Acceptance
testing of the primary pumping system is underway. Difficulty is being encountered in delivering the required flow rate.
The monitoring instrumentation 1is undergoing calibration and testing in a laboratory in the 3706 Building until the

pump tests are completed.

*A-E only.
$80,000 100 100 3-30-59 | - - - 6-5-59
CAH-837 Animal Pens, Isolation and Examination mmwn.monw:voznmmzlm 2 100 22 Wwommm_znn% -1-60 2-29-60
Facilities Biology J. T. Lloyd

REMARKS: Final inspection was made on February 19, 1960. There were a number of exceptions, including a badly cracked
concrete floor in the dog quarters. The AEC has notified the contractor of the items and that corrective measures must
be teken. General Electric has requested additional work be performed using unspent project funds. Servicing contractor
forces would probably do this work.

. 40,000 N.S. 100 6-22- - - - -1-

CGH-840 | Sheet Metal Shop Addition - 328 $38,000 %m-mm-mm 100 99 m-mm-ww 521260 w-p-ww

Building USING COMPONENT FEO ENGINEER

Laboratory Auxiliaries J. J. Peterson
REMARKSS -
All work has been completed with a few minor exceptions.
"~ 1242004
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SUDGET cCLASSIZICATION  Tpprovements to Production MONTHLY PROJECT REPORT W - n o
and Supperting Facilities - 58-b..4 MANPORD LABORATORIKES OPERATIONM P el PRSI R
IMUTHORIZATION uszuﬁhln’OﬂﬂtﬂuCI STARYING ([BIRECTIVE EBTVARMATES
rRIEET EST. TOTAL | | IFORMATION SEgiaN | CoWeT. »aTR SOMP.DATE | COMP. DAY
NUNMSTR TITLE . pROIECT AMOUNT SCHED, | BCHED. BRSO DESioN BESIGH
: coay DATE ACYUAL | ACTUAL cenev, CoNST, GONST.
11, 000,000 100 7h 5-22-58 e 2 th.ng
CG-731 Critical Mass laboratory. $1,000,000 3.23-59 100 73 6-4.59 6-30-00 ERETEN )
UBING COMPONENT FEO EMGINEER
Physics & Instcuments R & D D. 8. Jackson _

mEmMARKSe The fixed price contractor 1s 88% complete compared to a scheduled 80%. After a 1C day extensicn blds wers Cle:isd
on the Phase II reactor control system. The bids ranged from a low of $33,418 by Allied Engineering and Products iorp. iu
a high of $93,298. The Commission's Labor Standards Board disapproved installation of the in-hood reactor assemblie: by
Plant Forces. The work will be assigned to the Hanford Construction Services Contractor. All major engineered eguifpaent
items procured by the General Electric Company have been delivered to the contractor except the Phase Il items and the maln
instrument control panels. Delay in delivery of the control panels beyond March 15 could necessitate an extension of the
construction contract. It has also caused the project to fall behind schedule since it represents 40% of the procured
paterials and equipment. Although the pipefitters are back on the job the dispute over installation of the cylindrical ex-

haust duct has not been resolved. : _ installat , I
[$2,685,000 { 100 _x 6-30-58 - 9-30-59
. _ $2,650,000 |11-5-58 60 o 3-20-59 wlw‘mo 9-1-60
CA-Thh Metallurgical Development Facility usiNGg Chm " 1 E T
306 Building Reactor & Fuels R & D J. T. Lloyd

REMARKS: Jensen-Rasmussen Company has permitted benificial use of rooms 170 and 171 for installation of R&D equipment.

The CPFF Construction Service Contractor started equipment installation on 2-15-60. The Frank Lohse contract is being
delayed because of Hauserman partition procurement difficulties. The difficulties have been encountered in the lining of
the chemical processing tanks and this has not been resolved. The Pacific Scientific Compeny, vendor for the vacuum tub
annealing furnace, is balking at conforming to the joint industry conference standards for fabrication. It now apvears
necessary to pay the vendor an additional amount of $3,000 to insure that fabrication of components meest the above standard
¥Total Project 56%; Jensen-Rasmussen 85%; J. A. Jones 30%; Frank Lohse 20%. A

#®Total Project 56%; Jensen-Rasmussen 75%; J. A. Jones 32%; Frank Lohse 12%.

o 345,000 100 100 ] 6-23-58 ] <-- PRI s
CGH~T90 High Level Radioactive Recelving and [$349,000 L.23-59 it 03 "10-9-58 6-1-60 ISR )
Storage Addition - 327 Building VEING COMPONKEY PR ENGINEER
Reactor & Fuels R & D J. <. Peterson

azmanxs¢ Directive asuthorizing extension of time to 6-1-60 was approved 2-26-60. Appurtenances to decontaminaticn chamber
guch as fresh air intake duct assembly, differential pressure alarm, spot light, window frames, memipulator ball assemblies
platform and yoke, could bave been and should have been completed months ago are now holding up completion of the fixed
price portion of the work. Painters are painting interior, roofing and flaghing has been completed with mimor exceptions,
ventilation supply and exhaust systems have been completed with minor exceptions.
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UNCLASSIFIED I-1 HW-64108

FROFESSIONAL PLACEMENT AND
RELATTIONS PRACTICES OPERATION

MONTHLY EEFPOET

GENEFAL

As of Fetruary 29, 1960, the staff of Hanford Istoratories totalled 1305 employess,
including 619 exempt and €86 nonexempt. There were 530 employees possessing tech-
nical degrees, including 316 E.S., 114 M.S. and 100 Fh.D. i

SEALTH, SAFETY ANL SECURITY

The medical treatment frequency for February was 1.L4L as compared with 1.4l last
month. There were 2 security violations during the morntk, tringing tne total for
the year to date to 4 as compared with 10 during the same period in 1959.

The JAPO-wide study of Pressure Systems continved during Februsry and was high-
lighted by the visit of Dr. K. Plunkett, General Enginesring lLatoratory, to review
HAPO FPressure Systems and policies and practices pertaining to their design and
use.

Consultations were provided to 25 operations on 46 protlems pertaining to & wide
variety of safety chemical hazards and chemical toxicity and sszcurity questions.

PROFESSIONAL PLACEMENT

During Februery, 60 offers were extended to new ES/MS candidates, B acceptarces
were received and 76 offers remain open. To date there have teer 16 acceptances
received for the Technical Graduate Program. We are encountering ihcreas<d evi-
dence that the overall competition for the new graduate is higher thsr in previous
years. It will not be until the first halif of April that we will b= atle 1o
accurately evaluate the effect of this competition on HAPD's acceprance ra*s.

Ten offers were extended to experienced E3/MS personnel and 4 acceptances were
recelved during the month.

Four Pu.D.'s visited Richland during February for intervisws. Two offers were
extended during the month with an acceptance being resczived from a Doctor of
Veterinary Medicine. There are currently 2 open offers, both to chemists for
employment within the Laboratories. For the recruiting year td date, 14 offsrs
have been exterded and € acceptances received for FAFO. Iuring the comirg moath
Eanford representatives will participate in recruiting and follow-up visits at
the Universities of Washington, Minnesota, Wisconzin, and Michigan.

Nine new Technical Graduates, including 8 member:s of the Western Cirecuit Enginecr-
ing Program, were added to our rolls during the montk, one Te:hrical ZraduaTe
accepted permanent assignment, and at month's end there were 51 on the program.

TEAINING

A course in Applied Creativity for 15 Engineering Assistants and 2 classes of

FEM-I witk 4O participants were completed during tre montk. A second class in
Applied Creativity is scheduled to commence orn March 17th.

1242673 UNCLASSTFIED




UNCLASSIFIED I-2 HW-6L4108

COMMUNICATIONS

The HIO annusl employee informstion meeting was held on February 3 and February 8
with an attendance approximating one-third of the laboratories force.

COMPENSATION

latoratories personnel participated in the recent reconciliation of all non-unit,
nonexempt jobs.

EMPLOYMENT

Fourteen nonexempt requisitions were filled during the month. With tke receipt
of 17 new requisitions and 3 cancellations, there are currently 5 open positions
for which 4 candidates are in process and one transfer is pending.

2 el _

Manager,
Professional Placement
arnd Relations Practices

T3 Marskall:to

12420714
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TABLE II NONEXEMPT EMPLOYMENT

Nonexempt Employment Status Jan. Feb. ~ Nonexsmpt Transfer Request Jaz Feb
Requisitions ' Transfers
At end of momth 5 5 Active cases at end of mo. 72 74
Cancelled 0 3 Cancelled 2 1
Received L 17 New 1 6
Filled 7 1 Transfers effected 0 3
12420715
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C -~ Technical Graduate and Technician Training Program
Month ending February 29, 1960

TG Program

Nurber of Personnel on Assignment 51
(HAPO Tech Grad Program..........h2
(Western District B. P. vvvvvvvn. 9

Distritution of Assignments by Departments

HLO 20
CE&UD 1
TPD 2
IPD 21
CPD 6
C&AD 1
Distribution ¢f Assignments by Function
R&D or Engineering Lo
Other i1

1282051
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FINANCIAL OPERATION MONTHLY REFORT
FEERUARY 1960

Personnel
There were no personnel changes during February.
Activities

GENERAL ACCOUNTING

In February, $172,100 of equipment was made available for transfer from EWIP to
Plant. Of this total, $144,400 was vouchered tc Plant in February. The balance
of $27,700 will be vouchered to Plant Record by Property Accounting in MarclL.

The status of EWIP at February 29, 1960 is compared with the status at
Feoruary 28, 1959: '

(Amounts in Thousands) February 29, = Febtruary 28,
1960 1959

Expenditures $1 198 $ 971

Commitments 1 992 1280

In Process 831 626

Included in the expenditures is an accrual of $61,000 for ninety neutron dozimeters
received by Radiation Protection. The cost cf these dosimeters is approximstery
$20,000 more thar anticipated. At a meeting with Radiation Prctection their
equipment situation was reviewed and it was determined that an additicnal $z2,00C
wouid be required for expenditures this fiscel year. Approprieticn Reguest:s are
currertly in our possession covering the bulk of this amount.

Laboratory Auxiiiaries is preparing three AR's asggregating $105,000 for mschire
tools. This covers approximately $40,000 for rerlacemert machine t2s51ls and ine
balance for new equipment. These requirements are in additior to Laboratory Auxil-
aries current allocation.

It ncw appears that an additionsl $100,000 will be expended thig fiscal yeax on
Project CG-785 In-Reactor Studies Equipment because cf mere favorable delivery
dates thar anticipated for the comsole equipment.

A repcrt was issued showing the results of the physical inveztory cf movable cata-
- loged equiprment in the custody of Physics and Instruments Research and Develcopment
Cperation. Physicaliy cournted were 1,824 items, valued at $966,674. OCme iten
valued st $112 was nct located during the inventory. Fifty-sever items vaiued at
$18,470 and recorded or Property records as RIX equipment were determined to te
capital. The estimated first cost of $18,470 with an accumulated reserve of
$7,312 was added to record with an off-setting entry to the Non-Fund Adjustmert
accouzt. Ten units of Property of Others were physically located and added %:
record for control purposes of which nine were the property of KAPL ané one the
propexrty of the U.S. Air Force.

1242078 | ' | UNCLASSZFIED
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The physical inventory couxt cf movable cataloged eJuipment ia custcdy of Reactor
ard Fuels R&D Cperation contirues. The invenitory count is behimd achedule prim-
arily due to iirreased number of items and lack of knovwledge of eguipment iccaticn
by custcdial personnel.

In prepsration for the Inventory Budget for FY 1962 exd Revisiocr of Budget for
FY 196 irnformatica as to invertory requirements was receivei from all compouerts.
Consclidetion ¢f data is underway.

Assistance was provided to Ccntract and Accounting Operation with the rsconciils-
ticn of the rhysical inventory of HIO Reactor and Jther Special Materials. A
report of results shculd be issued in March.

A sybstantial marter of Property Manual Charters were reviged and distrituted with-
in Isboretories during the month. In addition, several new Chapters were sdded to
incorporate HAPO OPG'e on Property Management ir the Property Manwual.

One hundred a=d thirteen Ztems valued at $57,093, were receivel at the Labocratory
Equipment Pocl buiiding during Febtruary. Two itemsz velued 3% $250 were permanentl
transferred leaving a balance of 168 items valued at $76,839 in storage. A listing
of iltems availatle for loan or tramsfer is beirg prepared for distrihution within
HIO.

SS Accountability advised us of the coxtimuwaticn of Survey 17 with & verification
of HLC inventories of depleted uranium and Paim ss of the end ¢f March 1960. A3
material custcdisns were advised of the survey and requested to sutmit inventory
information tc be compilied and forwarded to S8 Accountability. In addition;
materiel custodians vwere requested to submit forecasts for inside diversion =f

SS Meterial covering the erntire fiscal year 1961. Upon receipt of the iaformatior,
8 consciidated rerort wiil be prepared and forwarded %5 SS Accountability.

COST ACCOUNTING

Consideratle effcrt was devoted durirg the month tc the preparation of Budget for
FY 1962 and Revision of Budget fcr FY 196i.

1. Personnel requirements were comsclidated for HIO, reviewed ard approved by
the Menager, Hanford Laboratories and sutmitted to Comiract and Accounting.

2. Detailed coperating ccst budgets have bteen prepesred for the folliowing com-
ponents. Review and spproval by Sectlion management tc-date are irdicated.

Harford Laborstcries - Gemeral

Financial Approved
Prcfessional Fiecemernt and Relsticns Practices  Approved
Radiatizn Protection Approved
Operations Researck and Synthesis Approved
Laboratory Auxiilaries:
Technical Information Arproved
Buildings and Utilities Approved

Otner Components

3. Standard rates for liguidating Bulliding end Utilities costs for Fiscal Years
1961 and 1962 have beern calciiated and buiiding rental has been ailocated io
HLO components for budget purposes.

UNCLASSIFIED
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4., A detsiled estimete of HLO reqiirements Tor Data Proceszing services va: pre-
pared for Fiscal Years 1961 and 1962 and submitted +o Cortract and Accounting
Operation.

The control budget for Hanford Laboratories cperating cost was adjusted Quring
Februsry tc reflect changes in authorized funds as follows:

4000 Pregram (Division of Reaci-z Development)

Plutonium Recycie Progrem $ 35,033
GCPR - Reactcr Physics Studies €C, 007
GCPR - Graphite Irrsdistiozs in GETR 135,020
Nor-Destructive Testing 20,0008
Waste Fixation 73,000
Graphite Contraction Studies %35,500

3000 Program (Division of Research)
Computation and Statistical Analyses z
Irradiation Effects or Metals ¢

Additionsl funds, in the amount of $38,000 have been received from the University
cf Califoranis ILivermore Radisticr Laberatory to cover capital equipment esxpendi-
tures agscciated with Prcject Whitrey. This revision increases the suthorized

amount for FY 1960 +2 $38,000.

A special request was received by Harnford Laboratories during Februsry for the fabe
rication of unirrsiiated UOQ-PuOZ pellets for ORNL wiitk an euthorized smiuzt =f
$1,500. Costs wiil be billed to Union Carbide Muclesr Compaxgy .

Actisz as indicated occarred on the folliowing projecss during the mexnthk:

New Punds Prysical
Authorized  Completion  Tranzferred

tc ELC Jotice Issued to Expenze
CGE-219 Increased Laberatory Waste $157,000
' Facilities
CGE-832 5000 Ton Hydraulic Press X x
CAE-885 Geolcgical and Hydrological 9,100

Wells - FY 1960
There were 10 rew authorizations for $108,081 and 3 supplements for $11,237 ifewasd
t0 J. A. Jenes Comstruction Company during the menth. One authnrizatizn of
$90,000 for work on Project CA-Til, Metaiiurgicsl Development Facility sccournied
Ior the major portion of the doilars eunthorized. Work was physicaliy coxmleted
cn 16 suthorizaticns during the momth ané 30 authorizations were stilli open &at
ronth end.

Letter of February 19, 1960 from Contract and Accourting Operstica authorized HLO
$126,005 for Miscellarecus Capital Work Orders for FY i960. This 1s “re firs:
fecrmal allccaticn of these funds we have received this fiscal year. Thls alloca-
tion will permit us to complete work already suthorized and to auvtherize ile air
coanditioning of insirumen’ rooms in the 329 Builliding. estimated t- cost $.5,850.
Work on the szimal fsrm waste dispossl estimated at $i5.200 carmct be suthorized
urtil additional fund: become available.

12572060 UNCIASSIFIET
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GENERAL

Tre Earford Labcratories contributicn to the HAPO Anrusl Repert has received finsl
spproval. The Measaremente Report for 1359 was distributed. A summsry cf teck-
rnical reporting is nearly complete.

Payroil Statistics

Wamker of FLO Empicyees

Nen-
Crarges During Month T Total Exemgs Exemp+
Fryicyee: on Payroll at Beginning of Month 1 300 €1 685
Additionz ard Transferg in 23 10 13
Removals and Transfers Out 18 6 e
Empicyees on Payrcll at End of Menth - =1 3CS [S5 886
Overtime Paymenté During Mozth Fetruary Jamary
Exemyp+ $ 3231 $2 323
Nenexempt 7 &h2 £ 13
Total $2 OT? k3 43%
Grzoss Payroil Paild During Month
Exemzt $512 059 $505 Lb2
N:znexempt 17 814 35£ 887
Total $§2§ 873 $2516 349
Participatisre ir. Emrlcyee Benefit February JEITIAYY
Fiars at Month Erd Mumber Fercent Nurter Percert
Pexzicn Plan 1132 99.5 : i 119 99.°
Inzurance Plar .
Peregorsal Coverage 1 288 99.8 1292 95.5
Dependerst Coverage ozl 9z
U.S. Savings Boade '
Stock Bewus Flan 78 39.0 78 329.%
Savirgs Pilan Oz T.1 2 7.1
Savings & Security Plan 1028 88.9 1038 55.9
Trnsurance Claim= February Jarusry
Enplcyee Fenefits Naurber - Amount Noxber Axcunt
Life Insuraance 0 $ - o $ -
Weekiy Sickress and Accident 1% 1208 20 1ikz
Comprehensive Medical 179 1. 258 iz £ 778
Dependent Benefita ‘ _
Comprehensive Medical 89 5 6kl 183 11 248
Tctal 251 $18 107 206 $19 166
Goce Neigrpor Fund ' Februsry January
Number Participating 18 919
Percent Particirsting TG.5 7O

\ W. Sale:bk
SNEn
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INVENTIONS OR DISCOVERIES

All persons engaged in work that might reasorably be exprected 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. Suck
persons further advise that, for the period therein covered by tkis report,
notebook records, if any, kept in the course of their work kave been

examined for possible inventions or discoveries.

INVENTOR TITLE OF INVENTION OR D:SCOVERY

R. J. Engelmann Temperature Compensatior of Condictors
for the Purpose of Mainta:n:ng Constarr
Resistance

O. F. H:ll A Simple Device for the Cenversior of a

Fission Product Solution or Slurry to a
Free Flowing Powder in a Stipping

LT

. Container
J. Sloat Leak Proof Control Valve - Tkermaliv
Dunn Actuated
J. Sloat Leak Proof Control Valve - Bourdon Tube
Dunn Actuated
K. Postma A Moving Wall Elutriator for Imrroved
Sizing of Particles
R. T. Allemann Radioactive Waste Treatment (HW-64076"
R. T. Allemann Remote Maripulation Technology: Quick
Make-and-Break Screw-On Toggle Clamp
for Swagelock and Coercentric Fittings
(HW-63739;
R. H. Moore A Method for Preparétion of Uranium-
Aluminum Alloys (HW-63749;
A. S. Wilson | The Separation of Trorium and Uranium bv
the Use of a Solution of Nitroger D:ox-de ir.
Tributyl Phosphate as a Solven!
H. Harty Fusible Contact Higt.-Temueratire Monitor
H. K. Nelson for Reactor Instrumention

17




