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TECHNICAL ACTIVITIES 

METALLURGY AND REACTOR FUELS 

Uranium Metallurgy 

Preparation of High-Purity Uranium. Small quantities of high-purity uranium for USC 
'in single crystal  preparation have been obtained through electrowinning from a molter 
salt bath. A ternary consisting of potassium chloride, lithium chloride, and uranium 
trichloride is used, together with reactor-grade uranium rods for the electrodes. 
The salt mixture has been made by introducing uranous oxide into the molten binary o 
potasslkXi chloride and lithium cljoride. 
Electrolysis reduced the higher uranium chlorides to the trichlorides. Investigations 
a r e  being made to determine the effect of varying operational temperatures, cathodic 
current densities, and cathode shape on the size and shape of the electrodeposited 
uranium. 

Chlorination proceeds at 700-800 C. 

Low Temperature Irradiation of Uranium Tensile Samples. Specimens prepared fron 
beta-annealed dingot uranium sheet were exposed for short periods in a HAP0 Reacto 
using the poison column facility. 
nvt at approximately 50 C. 
mately one year  before being tested. 
observed, even for the shortest exposure. Several samples were than annealed t o  
determine whether the damage observed could be removed. 
at room temperature for  the one year period, and it w a s  tested without further 
annealing. The yield strength of this sample was  considerably lower than the "as- 
irradiated" yield strength for samples held in the refrigerator, indicating that 
appreciable recovery occurs at room temperature. 
at 200, 300, and 400 C for periods of 10 hours. 
the yield strength to pre-irradiation values for the samples with the lowest exposure 
but caused only varying degrees of recovery in the highest exposure material. 

Static Corrosion Tests  in Organic Coolants. 
uranium metal by M f P b  at 40 ~ O C o n f i r m e d  by static corrosion tes ts  in laborator: 
autoclaves. 
no visible attack of the u r a n i u m  after one day at 400 C. There was  considerable 
spalling evident after four days and fairly complete disintegration after six days. Aftt 
19 days the u ran ium was  converted to  UC, and the MIPB was  very dark in color and 
about the fluidity of 20-weight motor oil. 

The estimated exposures were 1 x 1016' and 1 x 1017 

A significant increase in yield strength was 
The samples were stored in a refrigerator f o r  approxi- 

One sample had remainec 

Additional samples were annealec 
These anneals produced a lowering of 

The absence of rapid corrosion of bare 

Contrary t o  previous tes ts  conducted at 450 C, there was essentially 

Cathodic Vacuum Etching of U02.  
1s first necessary to develop its structure by suitable etching methods. 
vacuum etching has proved itself for both optical and electron microscope examinatior 
This etch developed differences inthe topography of the specimen. 
etching has been successfully applied to sintered UO which is extremely difficult to 
etch by chemical o r  electrolytic means. The grain s 3 ructure and porosity of sintered 
U 0 2  has been photographed in the optical and electron microscope. The applicability 
of cathodic vacuum etching to other cermets  will  be investigated. 

TO examine the microstructure of a material, it 
Cathodic 

This type of 
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Uranium-Magnesium Alloys 

All five KAPL powder metallurgy U-Mg samples have been received at the HAP0 
radiometallurgy facility after irradiation at the MTR. Three of the irradiated sample 
and two unirradiated control samples have been bend tested. The bend test data 
indicate that irradiation has had a sintering effect on the powder metallurgy compacts 
and has increased the mechanical properties. 
material  a r e  poor a s  shown in the following table. 

The properties of the unirradiated 

Effects of Exposure on the Bend Strength 
of KAPL Powder - Metallurgy U-Mg 

E st imat ed Particle Size Maximum Deflections 
Sample Expos use (Microns) Load - Lb. (Inches) 
23-H 840-420 16 4 .0030 

210 -10 5 63 a 0015 
25 2 .  5 x loz0 nvt 840-420 544  .0060 
27 -H 

45 2.  5 x lo2* nvt 60%840-420,  40% 44 360 .0050 
26 7.  5 x 10 nvt 500 . 0 0 5 7  

20 

One of the remaining two unexamined irradiated pieces will be studied for inter- 
diffusion between the A1 cladding and the U-Mg core material. 
bend tested. 

These two will be 

Plutonium Metallurgy 

Fabrication Development. 
the study of plutonium or other radioactive surfaces. 
to studies of machined plutonium surfaces. 
were in some respects more useful than profilometer readings. 
this method can also be used for micrographic examination of cathodically etched 
metallographic samples of plutonium o r  other radioactive materials. 

A Faxfilm replication technique has been developed for 
The method has been applied 

Replicas made by 
Data obtained by examination of replicas 

Barrel  plating techniques a r e  being investigated f o r  use in the electrodeposition of 
nickel on Pu-Al  alloy monitor foil discs for reactor monitoring experiments. 
Modification of the barrell plater has been completed and further plating tes ts  will 
be made 

Thickness standards have been completed fo r  calibration of an eddy current thickness 
gage being developed for determination of can thickness. Mandrels were plated with 
nickel or copper and ground to uniform thickness. The specimens were then accurate 
gaged so that the thickness of the electrodeposited coating would be known for use as 
a standard. 

The feasibility of coating uranium or other materials with plutonium metal is being 
studied. Production of stable plutonium films 1 mil 
in thickness appears feasible. 
experiments. 
February 1, 1957. 

There is cause for optimism. 
A vacuum system was  designed for cold "coating" 

The apparatus is being constructed and should be completed by 
The equipment can be converted t o  "hot" work if necessary. 
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Temporary plutonium corrosion testing facilities are being installed in the 234- 5 
Building. The experimental test chamber is being fabricated from monolithic lucite. 

Molds for casting a criticality part were fabricated and a good casting for  the 
segments was made after two failures. 
mold and furnace troubles on filling the second. 
three pours and is still usable. 

Failures were due to a metal leak in the first 
The same mold was used for all  

A program to determine the accuracy of the Monarch lathe and the t racer  system is 
under way. 
and is being fabricated. This template will be inspected by the sine bar method and 
on the 30" Kodak comparator. 
similarly inspected. A system utilizing a microformer capable of measuring lit,ear 
displacements on the order of microinches will be mounted below the t racer  heau to 
measure null balance variations in the t racer  valve. 

A special template having a variety of radii and angles has been designed 

Parts machined using this template will  also be 

Tooling and gages required f o r  the fabrication of two large plutonium parts a r e  now 
being fabricated. 
metal frits at the vacuum ports. 
during machining is also included in the design. 
installed to regulate coolant temperature and a sump pump has been obtained to 
recycle the coolant to the bath in case a large coolant flow is required. 
control is critical in order to achieve the extreme accuracies required. 

Full support vacuum chucks a r e  being designed utilizing powder 
Temperature indication and regulation of the chucks 

A constant temperature bath is being 

Temperature 

Design of a hood f o r  the polar thickness gage being supplied by UCRL has been 
completed. The 30" Kodak optical comparator has been checked and adjusted. 
lation of the inspection hood and the portable comparator box is about 7 5  per cent 
complete. 

Instal 

Plutonium Fuels. 
cast, radiographed, sampled, analyzed and prepared for canning. The 190 aluminum 
cans f o r  these slugs have been machined and anodized. 
assembles have been completed. 
inch) which a r e  t o  be placed between the cap assembles and the slugs is in progress. 

All of the simulated 1000 MWD/T uranium PCTR slugs have been 

The initial group of 45 cap 
Fabrication of the aluminum foil wafers (0. 0015 

Thorium-Uranium Allovs 

Two irradiated samples and two control pieces of Th-2 w/o  U-235 alloy have been 
bend tested. The control pieces bent to the limit of the test apparatus at about 3500 
pounds load without breaking. 
load and only  0. 004-inch.deflection. 
to  irradiation and the ductility has been reduced markedly. 
a / o  burnup, appreciable irradiation and fission product damage is to be expected. 

The irradiated pieces broke at about 5000 pounds 
The strength of the material  has increased due 

However, at 0.  5 and 1.0 

Zirconium Metallurgy 

Recrystallization and Recovery of Zirconium Alloys. The electrical resistivity 
values of 224 specimens from the "Recrystallization and Recovery of Zirconium 
Alloys" project show an excessive scatter.  
degree of anneal so  the observed scatter could be due to a non-uniform rolling texture 
To check this, a control experiment w a s  initiated utilizing a ser ies  of single specimer 

Separate specimens were used in each 
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measured before and after annealing. Electrical resistivity measurements have beel 
completed on 24 Zircaloy-2 and Zircaloy-3 specimens where material  examined was  
50 per  cent cold worked, then annealed in air ,  helium, or vacuum f o r  10, 100, and 
1000 minutes at 300, 400, 500, and 700 C. Several general observations can be madc 
concerning electrical resistivity data (at -195 C) from this portion of the experiments 
(1) the 50 per  cent cold worked Zircaloy-2 has a value of 44 micro-ohm-cm in the 
as-worked condition compared to 20 micro-ohm-cm fo r  Zircaloy-2 (2) after anneals 
f o r  1000 minutes at 300, 400, and 500 C recovery is not complete (3) a 700 C anneal 
causes a minimum electrical resistivity in ten minutes followed by an increase to 
near or above the as-worked value in 1000 minutes (4) the 1000-minute value is great6 
fo r  the air anneal than for the helium, and greater for the helium anneal than for  the 
vacuum (5 )  of the factors that contribute to this increase in electrical resistivity, 
contamination by hydrogen and oxygen a r e  considered dominant and (6)  the maximum 
spread of electrical resistivity values, as a function of annealing temperature, occur 
at a ten-minute anneal and is greater for Zircaloy-2 than for Zircaloy-3. 

Tensile Properties of Zircaloy-2. Post-irradiation examination was  continued of 

ts t imated neutron exposure of the material  was  1.4 x 10'' nvt (a 1 MeV) and 7 x 10 
.nvt (thermal). 
changes in tensile properties in the "as-irradiated" specimens were determined. 
During the past month several samples have been given post -irradiation vacuum 
anneals. 
hour anneals a r e  underway. 

ircaloy-2 tensile specimens exposed two operating cyc s in the MTR. The 2o 

Both annealed and cold worked material  was irradiated and the 

Annealing for 10 hours at 250, 300, and 350 C has been completed and 100- 

B, D, F Reactor Zircaloy Process  Tubes. The experimental fabrication of zirconiur 
welded process tubing is in progress. Defective areas in the zirconium and Zircaloy 
strip have been removed, and the usable strip lengths were butt welded together by 
the Trent Tube Company. The rod will  be resistance welded t o  the strip prior to 
ro l l  forming and welding of the tubing. 

Four 5-foot lengths of ribbed B-D-F size Zircaloy-2 process tube were longitudinal] 
welded using the "Thermatool" welding process. 
will be evaluated. 

Samples from the welded tubes 

KER Size Zircaloy-2 Process  Tubes. 
obtain tube blanA 's for the fabrication of ribless KER size mocess  tubes. 

Three Zircaloy-2 billets were extruded to 
The 

extrusion of two of the billets was successful. 

Formability Test fo r  Zirconium Alloys. 
tubes have resulted from fractures which occur across  the r ibs  during the tube 
reducing operation. 
of fracture a r e  being conducted. 
rolled on a grooved, hardened steel block. 
the r i b  was reduced somewhat l e s s  than that of the flat pprtion of the plate. 
fractures observed at the root and crest  of the r ib  were very similar to those 
commonly encountered in tube  reducing. 
f rom the differential reduction of a rea  between the r i b  and the flat plate portion. 
Additional tes ts  a r e  planned to determine quantitatively the magnitude of the 
differential reduction of a rea  at the point where fractures a r e  observed. 

Low fabrication yields of Zircaloy process 

Formability s tudies  which a r e  designed to reproduce this type 

In all cases the c ross  sectional a rea  of 
Ten Zircaloy-2 plates with premachined r ibs  were 

The 

The observed fractures apparently resulted 

I 2 5 3 ( l ' i 7  
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Magnesium Alloy Tubing fo r  Organic Coolant Materials 

The possibility of using magnesium alloy tubing to contain organic coolant materials 
has been suggested. 
indicates that presently-available alloys do not possess adequate elevated temperature 
properties. 
usable. 

A survey of the engineering properties of magnesium alloys 

However, there is a possibility that new experimental alloys may be 

Tensile Properties of Aluminum Alloy M-388 

A study is being made of several variables that affect the tensile properties of an 
aluminum-1 w/o Ni alloy, M-388, in preparation for tests to determine the extent of 
radiation damage in this material. Material cold-worked to 10, 25, and 50 per  cent 
reduction in a rea  was  annealed for 1, 7 ,  100, and 1000 hours at 150 and 200 C and 1, 7 .  
and 100 hours at 250, 300, 350, and 400 C to determine recovery and recrystallizatioi 
through tensile property measurements. 
microstructure of the specimens is being examined. 
cold worked 10, 25, and 50 per cent and annealed for 30 to 1000 minutes at 400, 500, 
and 600 C to determine the influence of fabrication and annealing conditions upon the 
grain size. There was very little difference in grain size with t ime at temperature. 
Increasing the temperature from 400 to 500 C did not produce a significant change. 
The p r i o r  cold work appears to be the governing factor. 
conditions the average grain diameter of the 10 per cent cold worked material w a s  
approximately a factor of six larger  than that of the 50 per cent cold worked material. 

These tests have been completed and the 
Another group of samples were 

For  the same annealing 

Optical and Electron Micrography 

In many instances optical and electron micrography of identical areas  .is desirable in 
order that results by optical methods can be referred directly to  the equivalent 
results by electron microscope methods and to  permit examination at any level of 
magnification. 
accomplishing this a r e  impossible. A satisfactory method for examining a given, 
preselected a rea  in a radioactive specimen and its electron microscope replica has 
been developed. 
use of a mechanical stage for manipulating the non-radioactive replica. 
ing grid required for electron microscopy is placed in a special holder on the stage 
of the microscope and so oriented to permit positioning of a grid opening above any 
designated area.  
rack mechanism and the grid is cemented t o  the replica with dilute adhesive solution. 
This method can also be used for non-radioactive specimens. 

In the case of radioactive materials, conventional techniques for 

The substage of a petrographic microscope was  modified to permit 
The support- 

Contact between grid and replica is achieved with the substage 

Diffusion Studies 

Diffusion in non-irradiated U/AlSi and U/ Z r  couples is being investigated to provide 
a basis f o r  interpreting results from irradiated couples. 
values f rom six AlSi/U couples analyzed were about 40 per cent lower than expected. 
Three of the couples had been annealed 30 days and three f o r  45 days at 300 C.  
Chemical analysis of the AlSi used in each couple showed no apparent cohelat ion 
between small  variations in silicon content and the diffusion rate.  
now beingannealed to  check the results from these couples and a terminal report is 
being written. 

Maximum penetration 

Six couples are 

U/Zr couples have been annealed in a vacuum hot pressing die. 

i 2 5 3 Y l 8  
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have shown that temperature measurement in the present 
equipment &not accurate enough for diffusion studies. A clamp for mechanically 
constraining U/Zr  couples during diffusion anneals in existing vacuum furnaces has t 
fabricated to alleviate this problem. Recent interest in M- 388 corrosion resistant 
aluminum alloy indicates that a comparison of U/M-388 diffusion t o  that of U/AlSi an 
U / A l  would be desirable. A l i terature search has shown that the rate of diffusion of 
uranium into M-388 has not been determined. Three U/M-388 couples a r e  now being 
annealed at 300 C. The approximate ra tes  of penetration of zirconium by aluminum 
a r e  to be determined at 300, 400, and 500 C. Two Zr /Al  diffusion couples a r e  now 
being annealed at 300 C .  

Corrosion Studies 

Evaluation of Iron Additions to Hanford Can Stock. Small additions of iron to Hanforc 
can stock (alloy 1245) improve the resistance to intergranular attack in high-tempera- 
ture  water. 
improvement with each incremental addition of iron. A simple and complete analysis 
of the intergranular corrosion behavior of each alloy is made in two short, high- 
temperature autoclave exposures at each of two temperatures. In tests completed to  
date, considerable improvement in resistance to intergranular attack has been 
demonstrated by additions of 9. 2 and 0 . 4  per  cent iron. 
with previous tes ts  of the corrosion of aluminum in superheated steam. 
alloys will  be prepared to explore the composition range further. 

Studies a r e  currently being made at HAP0 to determine the extent of 

This is in good agreement 
Additional 

Anodizing. 
ceramic f u e l  elements. 
this geometry will  require further development. . 

I and E slug cans have been internally anodized for  use in preparation of 
The formation of coatings of uniform thickness in a can of 

Staining of Regular Production Fuel Element Jackets. 
'fuel element cans displayed a stained area  on the lower one-inch of the can after 

Some of a recent lot of Alcoa 

autoclave testing. 
of the aluminum surface. This condition led to the rejection of a considerable numbel 
of autoclaved fuel elements. Experiments performed indicated this staining could be 
correlated with certain can lots currently on hand. To evaluate the corrosion hazard 
associated with the production use of these cans, and to develop a test to distinguish 
them before canning, spectrochemical and metallurgical examinations a r e  being 
made. Initial spectrochemical analyses indicated the surface of the can in  the stain- 
ing a rea  w a s  slightly richer in iron and silicon than in the unstained area.  However, 
chemical spot tes ts  on unautoclaved cans did not show any unusual amount o r  
distribution of iron. 

This-stained area was  frequently associated with a mild pitting 

Autoclave Films on Aluminum. 
autoclaved in aqueous solutions of chromic acid, molybdic acid, and sodium dihydrogc 
phosphate. 
on aluminum by water autoclaving were not found on the samples autoclaved in the 
above media. The films formed in dilute chromic and molybdic acids w e r e  amorphous 
A ser ies  of samples autoclaved at 170 C for 40 hours in one per  cent chromic acid 
with the pH adjusted by additions of sodium hydroxide or  ammonium hydroxide showea 
the weight gain of the sample to be related to the pH in the range pH 1, l  t o  pH 2. 5. 
The larger weight-gains occurred at the lower pH. 

Coupons of aluminum alloys M-329 and M-388 were 
' 

The usua l  Boehmite (alpha-aluminum oxide monohydrate) films formed 

The films were evaluated f o r  

I 2 5 3 9 1 9  
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corrosion resistance by exposure to dilute hydrochloric acid, dilute sodium hydroxidc 
and dilute sodium chloride-hydrogen peroxide solutions. 
chromic acid solutions were found t o  be the most resistant to attack. 

The films formed in the 

Electroplating and Anodizing Pilot Plant Operation. 
current production survived the standard 30 -hour undercutting test with uranium 

Hot-press canned pieces from 

attack limited to the vicinity of penetration. A two-minute electrolytic etch has been 
adopted in preference to a ten-minute etch of the uranium core prior to plating for 
current production. Microscopic examination of the plated uranium indicates that 
this light etch results in more  complete removal of oxidized uranium without affecting 
plate adherehce. 
finished pieces. Tests indicate that current production has improved undercutting 
resistance over that demonstrated on previous production. 

This is expected to result in better undercutting resistance in the 

Nickel Plate Distribution. Experimental fue l  elements plated with an average of 0. 8 
mil of nickel show a distribution of plating thickness between 0. 45 and 0. 5 mil thick 
over 55 p e r  cent of the area and more than 0 . 8  mil on 10 per cent of the area.  
plate increases in thickness toward the ends of the piece in the typical "dumbbell" 
shape to approximately 1. 4 mils within 0.1 inch of the ends. It is expected that little 
improvement in nickel distribution will result from further plating-rack studies exceF 
by the addition of shields and robbers to reduce the edge build-up o r  "dumbbell" effec- 
An even, uniform, plate is formed on the bore of the I & E piece if the center anode 
is proper3.y 'centered. 

The 

Nickel plated on as-machined uranium is being used to calibrate the Magnegage. 
The surface of the uranium is rough enough to provide some mechanical keying of 
th.e nickel, yet smooth enough t o  permit the determination of plate thickness. 
more samples will be prepared to  complete this calibration. 

Several 

Graphite Studies 

Graphite Surface Measunements. 
been completed on a solid sample of virgin CSF graphite after outgassing at 350 C f o r  
three hours before each set of measurements. 
specific surface area of 0. 28 square meters  per gra , yielded a pore size distributio 

Adsorption and desorption measurements have 

The sample, which demonstrated a 

at a pore radius of 190 2 . The peak extended over the 

120 1 . This result disagrees with previously reported 
mino contribution to the surface a rea  is made by pores 

measurements. 
a base point in an attempt to  determine why graphite contracts upon high temperature 
irradiation even though crystallite expansion is still observed. 

After resolution of this disagreement these results will  be used as 

Stored Energy of Irradiated Graphite. 
tes t  hole graphite samples were received from the Bureau of Standards. 
these samples had been annealed at H A P 0  prior to shipment t o  the Bureau. Unannealc 
samples showed the following amounts of stored energy: 4965 MD/CT, 626 cal/gram; 
2023 MD/CT, 426 cal/gram; 953 MD/CT, 241 cal/gram; 575 MD/CT, 206 cal/gram. 
The annealed samples confirm the previous hypothesis that stored energy builds up 
in t h e  higher activation energy regions with higher exposure. 

Total stored energy measurements on 20 cold 
Some of 
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Thermal Annealing of Irradiated Graphite. Fourteen isothermal annealing runs have 
been completed to 600 C on the cooled test hole graphite samples. Property changes 
have been plotted as a function of activation energy. There have been practically no 
changes in crystallite dimensions, L and La, as a result of heat treatment correspor 
ing to an activation energy of 73 kcalyg-atom. The AQ crystal parameter has continu 
to increase slightly. The largest changes were found in the interplanar Co spacing 
and sample lengths. A much smaller per  cent of radiation damage was  annealed in 
samples with higher exposure, again confirming the greater distribution into higher 
activation energies for longer exposure samples. 
the Co changes 

Annealing of the series of hot test  hole irradiated graphite samples has been carried 
out up to 1645 C. 
since the first  anneal at 300 C. 

A similar result was  observed for 

Only slight changes have been measured in any of the properties 

High Temperature Graphite Irradiations. 
is being extended for one cycle more than origmally scheduled. 
sample is estimated to be running at 750 C from gamma heating alone. 
are in the exposure range of 10,000 to 12,000 MD/CT equivalent Hanford exposure. 

Graphite Compression Strength. 
performed on irradiated and unirradiated graphite trunnion blocks. The maximum 
load carried by the irradiated trunnion was  67,000 pounds, 13,000 greater than that 
carried by the unirradiated block. These tests may tend to disprove the hypothesis 
that trunnion blocks a r e  weakened by irradiation. 
this test was irradiated at ambient reactor temperatures whereas an operating 
trunnion would experience a temperature gradient, which could cause additional 
strains and the possibility of a weakness which was  not reproduced by the above test. 

The GEH-9-4 graphite irradiation test 
The highest flux 

These sample 

Compression strength measurements have been 

However, the graphite used in 

Graphite Thermal Expansion. 
six graphite samples. 
changes while annealing irradiated graphit e was  investigated. 

Thermal expansion coefficients were determined f o r  
Th e feasibility of using the dilatometer for observing length 

Reactor Graphite Thermocouples. Five thermocouple stringers were removed f rom c e o these is being stored while its radioactivity decays. 
It will be examined in an attempt to determine the cause of reactor thermocouple 
failures. Resistance checks and temperature readings on this stringer before it 
w a s  removed showed that six of the eight couples had failed. 
couple stringer 2182-D continues to operate after eight months without failure of 
either the standard type o r  shielded thermocouples. 

Experimental thermo- 

Laboratory life testing of a variety of thermocouple types is proceeding. 
the welded chromel-alumel couples has failed at 1000 C in pu re  C 0 2  after three 
weeks operation. 
this set of experiments. 

One of 

A series of temperatures and atmospheres will be investigated in 

Radiation Effects on Plastics and Elastomers 

Continued radiation testing of new and modified materials is being performed both at 
HAP0 and the MTR. Such materials as Mycalex, a glass-mica formulation, wire 
insulating enamels, and polyethylene filled with 9 2  pe r  cent by weight of lead a r e  
included in this program. 

1 2 5 3 ~  1 . .  . - .  
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The cracking of s t ressed materials previously reported may be due to ozone 
formation during irradiation. 
to confirm this hypothesis. 
been completed fo r  those materials which crosslink under irradiation. Analysis of 
the results shows that at a given total exposure there is no measurable effect on the 
property changes observed f o r  dose rates  of lo5 and lo7 r / h r .  

Samples a r e  being irradiated in vacuo in an attempt 
The tes ts  to determine the effect of dose rate  have 

Infrared Spectra of Irradiated Mater ia ls  

Infrared spectra of thick Irrat ene films (electron-irradiated polyethylene) have been 

spectrum is the appearance of an intense absorption band at 1724 cm'l corresponding 
to the carbonyl frequency. 

observed before and after a 10 it r gamma irradiation. The most striking change in thc 

Standard Uranium F u e l  Elements 

Alternate Canning Methods. 
and the AlSi bonded vacuum systems were completed. Approximately 300 fuel elemen 

The canning phases  for the diffusion bonded hot press  

of I & E design were canhed by each method. Both types-of elements a r e  undergoing 
destructive and non-destructive testing and a four-tube charge will be selected from 
each for in-reactor evaluation. 

Welding Fue l  Elements. 
elements, high purity molybdenum was found to be the most satisfactorj. electrode 
material  tr ied to date. 
copper burn-off into the weld metal. 
unsatisfactory due to formation of an alloy of aluminum and tantalum on the electrode 
surface. The burn-out of silicon fronf the AlSi layer of a bonded f u e l  element during 
welding has caused defective welds. This burn-out also caused embrittlement of the 
electrodes by condensation of silicon and aluminum on the electrode surface. 
experimentation is underway to solve these problems. 

In the evaluation of an alternate welding method for f u e l  

Copper electrodes proved to be unsatisfactory due to the 
Tantalum electrodes were also tr ied but were 

Further 

Heat Transfer Coefficient of AlSi Bond. 
contact heat transfer coefficients between the core and can of fue l  elements has entere 

The experimental measurement of bond or 

the stage of evaluating and reducing sources of e r ro r .  
a reliable bond coefficient is available is used a s  a standard. 
in the slug a r e  located radially so that a temperature difference of 60 C between the 
beads represents a slug power of 8 kw/ft. 
temperature drop through the AlSi bond of 1. 3 C which is beyond the practical precisio 
limit of the equipment. 
slug as a standard since the temperature drop across  bonds of primary interest. such 
as insulated layers, a r e  5 C o r  greater at obtainable slug powers, and such tempera- 
ture drops can be measured. 

An AlSi bonded slug fo r  which 
Thermocouples placed 

There is a corresponding calculated 

However, this limit does not prevent use of an AlSi bonded 

Long-Term Irradiations Program. 
T e r m  Reactivity Code" has been completed. 
f o r  use of the code, together with a selection of sample cases, most of which are 
modifications of the R Reactor design. 

Report Hw-44789, "An Isotope Yield and Long- 
The report contains detailed instructions 

K Reactor Split Failure. The examination of F a i l u r e  No. 739 from tube 4573-KE 
continued. 
zone revealed an area approximately 3/4-inch in diameter which had reached the 

M etallographic examination of a transverse wafer  from the hot-spot 

1 2 5 3 9 3 2  
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beta phase transformation temperature. 
1/8-inch from the center of the wafer toward the hot spot area. 
be sectioned from the slug and the extent of the beta phase zone in the longitudinal 
direction will  be determined. 

This a rea  was  displaced approximately 
A second wafer will  

Unusual Failure at KE-Reactor. 
caused considerable trouble in the reactor basin a rea  because of severe gassing. 
Tube exposure was 422 MWD/T and tube power at failure was  approximately 1150 KW. 
Attempts to remove the slug from the can by chiseling were terminated because the 
very fine and extremely radioactive uranium oxide dust which was ejected from the 
can by this operation was found to  pass through the cell filter and into the building 
stack. 
decay. 

A recently discharged failure from t u b e  3654-KE 

The ruptured element has been stored for further examination after radioactiT 

100-H Hot Spot Rupture. The examination was  continued on the eight-inch hot spot 
rupture which failed in tube 1587-H on September 6,  1956, after an exposure of 376 
MWD/T. No further can defects were noted. 
can wall was found outside the heat-affected zone. 
the AlSi. The slug axis was  observed to be eccentric to  the can axis, with a large 
AlSi layer on one side and a thin AlSi layer on the side which had ruptured. 

Thermal Stresses in F u e l  Elements 

Numerical data for  the calculation of the thermal stresses in the following examples 
w e r e  submitted for calculation by the IBM 702 computer (1) solid cylindrical fuel 
elements externally cooled (2)  hoilow cylindrical fuel elements externally cooled 
(3)  hollow cylindrical fuel  element internally cooled and (4) hollow cylindrical fuel 
elements internally and externally cooled. 
HW-46125 has been adapted for computer use. A report is being written covering 
the method of analysis used t o  analyze the creep data. 

No intergranular corrosion of the 
Additional voids were noted in 

The general method described in 

Wafer Fue l  Elements 

A shipment of 1200 C-Size stamped washers were received from FMPC. 
pieces a r e  to be used for the wafer-type fuel element. 
less surface treatment than those received in the past. 
of roughness, depth of scratches, and extent of burring a r e  greater but not 
excessive. 
outside diameter. 
testing even though these can be used. 
exhibited a duplex grain texture. 
zones, one with an average grain diameter of 0. 2 mm, and the other 0 .  4 mm. 
occurrence persists after a four-hour vacuum anneal. The cause of such a texture 
is being sought at FMPC, and the effect during thermal cycling will be investigated 
at HAPO. 

These 
These washers were given 
Consequently, the degree 

Of the 50 randomally selected washers, 46 per  cent were oversize in 
In general, a better-quality washer is desired for production 

A large number of stamped washers 
These washers have two separate transverse 

This 

I & E Wafer Fue l  Elements 

The irradiation of an eight-inch I & E wafer  f u e l  element in the HAPO fuel element 
testing facility in the MTR continues without incident. 
September 28 and is scheduled to continue to January 7, 1957, at which time 
exposure is expec%ed to be approximately 800 MWD/T. Thermocouples in the 

The irradiation began 
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cooling water immediately above and below the specimen indicate a temperature r i se  
of about 9 C, corresponding to a specific power level of 70 kw/ft .  

Insulated Cored Fue l  Elements 

A design document, HW-47235, has been issued. 
production testing of insulated cored uranium fuel elements in a KW through-hole 
facility. 
in January, 1957. 

It serves as a basis for the 

The dummy test holder will be charged during the next scheduled shutdown 

Cluster Fuel Elements 

P-ssible use of cluster type fuel elements in future reactors permits variations in tuk 
shapes. High uranium t o  water  ratios a r e  difficult to obtain in cluster geometries 
where the cluster is placed in a circular tube. The uranium to  water ratio can be 
appreciably improved if the tube is shaped to f i t  the outer geometry of the cluster. 
In such tubing the changing radii of curvature introduces bending and shearing stressc 
not present in a circular tube. A n  analysis of the s t resses  in shaped tubes is in 
progress. The first example is a shaped tube for four-element clusters with the 
curvature of the tube c ross  section discontinuously changing from a positive to a 
netative value between each element of the cluster. 
corrugated downspout. 
s t resses  were introduced compared to  the conventional tube geometry. The s t resses  
were increased by a factor of the rad ius  of curvature tube thickness times the usual 
tube s t resses .  
is not changed so abruptly. 
fuel elements will  be continued. 

This shape is similar to a 
For  this example , substantially larger  calculated bending 

Possible reductions in these s t resses  may be obtained if  the curvaturt 
The study of shaped tubes for applications with cluster 

A four-rod cluster fue l  element has been fabricated fo r  irradiation in the MTR. 
Experimental objectives a r e  t o  determine (1) dimensional stability of natural uranium 
in asymmetric neutron flux ( 2 )  integrity of stainless steel welded closure jackets 
and ( 3 )  practicability of a method for supporting cluster f u e l  elements. 
be used fo r  coolant flow in this experiment has a four-lobe clover leaf cross  section. 
It provides a greater coolant flow velocity and less  neutron absorption than a 
conventional round coolant tube. Heat transfer calculations were made for  this case 
of flow parallel t o  rod clusters.  

The tube to 

Leaf spring supports for use with recently completed KER cluster fuel elements have 
been designed and a r e  now being fabricated. 
these 40 fuel elements into a ribless tube. 
in the case of f u e l  rupture. 

They will  provide a means of charging 
They will also provide greater flexibility 

Components for twenty ?-rod cluster f u e l  elements have been received from an 
offsite vendor. 
for  both the K through-hole production test  and flow blockage tes ts  in the ELMO-4 
recirculating loop in H-reactor. 
elements must be aligned during operation due to a severe pressure drop when the 
elements a r e  30" out of phase with one another. Fo r  example, the pressure drop 
across  three fuel elements at a flow of 22  gpm, was  0.  6 psi  with fuel elements 

These components wil l  be used for fabrication of cluster fuel element: 

Pressure  drop tes ts  prove that 7-rod cluster fuel 
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aligned compared to a 1 6 psi drop when out of alignment by 30" . A production test 
designed to obtain information pertaining to  in-reactor performance of 7-rod clusters 
and to determine changes in their physical characteristics is scheduled for the 3865  
K E  through-hole. Goal exposure of 6 0 0  MWD/T has been requested. 

Coaxial F u e l  Elements 

Coaxial f u e l  elements are of interest for present HAP0 reactor application because 
they offer promise of having the increased resistance to split failure of the larger  
ID cored element without the accompanying reactivity loss. A specimen has been 
fabricated and sent to the MTR. The uranium specimen has a 1. 336-inch OD and 
0.750-inch ID with a 3/8-inch ID tube inserted in it. 
in place in the outer  tube, and the assembly was  dip braze canned. The specimen 
dimensions were picked so that at the lower level of the testing facility, the outer 
tube will operate in the alpha phase and the inner tube will operate in the low gamma 
phase. 

Zirconium Clad Uranium F u e l  Elements 

Uranium end plugs were welded 

Zirconium clad uranium is a promising fuel  material  for pressurized water 
service. Co-extrusion of uranium with an enclosing cylinder of zirconium alloy can 
produce bonded, high integrity, clad f u e l  rod. 
zirconium clad uranium a r e  being fabricated on a development basis. 
is well adapted t o  produce lengths of fue l  up to thirty feet. If a satisfactory fuel rod 
is produced, it will be used to make up rod cluster fue l  elements for  use in the 
Hanford KER pressurized water loops. 
(11 dimensional tolerances (2 )  integrity of end closures produced by co-extrusion and 
hy welding (3) fue l  dimensional stability under irradiation (4) heat transfer and ( 5 )  
metallurgical properties of co-extruded fuel material, including uranium, bond 
layer, and zirconium alloy cladding. 

Experimental quantities of co-extrudec 
The process 

Fue l  design parameters to be investigated a r e  

Magnesium-Uranium F u e l  Elements 

The fabrication of simulated U-Mg dispersion type fue l  material  by swaging has been 
attempted. 
density of about 50 per cent of iron. 
has been reduced from one-inch to about 0. 4-inch diameter. 
f rom the can wall  into the center of the fue l  material  has been accomplished only by 
going t o  a high degree of reduction. 
swaged material  and.results in reduced shot density. 
and 42 per cent of iron shot in Fe-Mg material. Swaging at this t ime appears to be 
feasible for the fabrication of low density matrix fuel materials. 
will  be made using smaller shot fo r  the reduction of side wall  effects on the density 
and on evacuated tubes t o  permit easier flow of Mg to  the center. 

Heavy-walled Mg cans have been filled with iron shot that tap packs to a 
Swaging has been done at 400 C, and the materia. 

The flowing of magnesiu. 

This high degree of reduction elongates the 
Final densities a r e  between 28 

Additional t r ia ls  

Fuel Elements for Organic Cooled Reactors 

A study is being made of the fuel and cladding material  requirements for organic 
cooled reactor application. 
direction(s) for development work necessary t o  arrive at suitable fuel elements for  
organic cooled dual  purpose and power only reactors. 

An attempt is being made to  estimate the probable 

I 2 5 3 9 8 5  
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Examination of ANP Fuel  Elements. 
irradiated at the p a m i n e d  to  determine the effect of irradiation t ime 
and temperatures on stability m d  oxidation resistance. Examination of three samplt 
f rom element 3-M w a s  completed. 
1800 F for 65 hours. A report summarizing the results of the examination of sample 
from element 3-K is reported in HW-46472. 

Prototype NiCr clad A N P  fue l  elements 

This element had been irradiated in the MTR at 
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PHYSICS AND INSTRUMENTATION 

Reactor Lattice Physics 

Internally and Externally Cooled Fue l  Elements. Reactivity measurements were 
made in the Physical Constants Test Keactor to compare I and E slugs with solid 
u r a n i u m  slugs. 
0. 479" I. D. The solid slugs were standard 1. 34" 0. D. slugs. 
be drawn from these measurements: (1) C-pile would lose 289 f 96 inhours if the 
solid slug loading were replaced by I and E fue l  elements and (2)  the experiment does 
not allow a good estimate of the reactivity gain upon loss of water but the result 
obtained is that the I and E slugs would gain 150 ih k 100% more than the solid slugs. 

A C-pile lattice w a s  used. The I and E slugs were 1. 37" 0. D. by 
Two conclusions can 

High Temperature Exponential Experiment. 
of this '14'' 
(97. 5 x 10-8cm-2) agreed with a value obtained before heating (97. 9 x lo-' cm'2). 
From this it is apparent that the cracks which developed between the graphite bars 
from expansion and contraction had little effect on the buckling measurement. 

Corrosion of a slug w a s  observed in this experiment. 
oxidation caused swelling to such an extent that it w a s  impossible to remove the slug 
from its process tube. 

A measurement was  made of the bucklin 
The res1 raphite lattice after it cooled from 460 C to room temperatur . 

The damage to the slug from 

Enriched Uranium Graphite Lattices. 
uranium have continued. 

Buckling measurements with 1.4470 enriched 
New result's obtained are:  

Buckling of 1.44% Enriched Uranium 
(1. 37 inch 0.1). , 0. 48 inch I. 1). , I and E S1 ugs) 

Coolant 
Buc lin m/u C / U  Condition - H20& -w-2 Lattice Spacing 

(Inches) (10- cm 
5-3/16 0. 60 35.5 Wet 0. 34 7 39 

10-3/8 0. 60 152. 5 Dry - -  47 8 
10-3/8 0. 60 152. 5 Wet 0 . 3 4  420 

The ratios given a r e  atomic. 

Lattice Calculations. 
cell was  calculated f o r  various neutron temperatures. 
data was obtained for 373 K. 
mation to the transport equation. 

The special distribution of neutron flux of a K-type lattice 
The best f i t  to the experiment: 

These calculations were made using the Pg approxi- 

A report w a s  completed on the theoretical values of the disadvantage factor as 
determined by the method of successive generations. 
P3 calculations is good. 

Buckling values a r e  being calculated on the 702 computer for all graphite uranium 
lattices for which experimental values have been determined. 
being done by a previously developed method (m-35038)  for the purpose of evaluating 
the method. 

Agreement with the results of 

The calculations a r e  
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Cluster Fuel Elements 
factor of graphite lattices containing cluster type fuel elements with light water coola 
and with air. The elements consist of seven 0. 5-inch diameter natural  uranium rods 
positioned in a process tube with a 1.93-inch inside diameter. In this process tube thc 
aluminum clad rods have a H20-U volume ratio of 0. 85 in the wet lattice. 

The results indicate that for the wet case. a maximum value of k 

PCTR measurements have been made of the multiplication 

is achieved at a 
lattice spacing of about 7 .  5 inches. 
1. 01. 

This-maximum value of ka 1% between 1.00 and 

For  the dry case, k 
than for the wet c a s e  At 6. 5-inch-lattice spacing kco for the dry case is less than 
that for the wet case. 
lattice spacing between 6 .  5 and 7 .  5 inches. ?he value of ko3 at th i s  "crossoverrr 
spacing is approximately unity. 

with a 7. 5-inch lattice spacing is about two per cent greater 

This indicates that k for the wet and dry cases is equal at a 

C r o s s  Sections and Nuclear Parameters  

Calculations of 11 f o r  fast neutrons for U-238 a r e  continuing. 

The measurements on the low energy neutron fission c ross  section of Pu-241 have 
been completed. All  of the data have been processed on the IBM 650. 
averaged and normalized data a r e  expected to be avilable next month. 

The final 

Neutron fission rates  have been completed of all the high isotope P u  samples compare 
to the calibrated boron chamber. 
Pu-240 and Pu-241 c ross  sections relative to Pu-239. 
c ross  section is possible from these measurements. 

These data a r e  part of the determination of the 
A value for the Pu-242 fission 

Work continued on the development of a device to measure time intervals in the 
millimicrosecond range. 
the beginning and end of the time interval. 
w a s  completed. 
with the analyzer. 

Theoretical Interpretation of PCTR Experiments 

A two-group formulation has been obtained of the condition under which the koo of a 
test lattice is measured in the PCTR. This condition leads directly to an expression 
f o r  the e r r o r  in the measurement of k that depends upon the amount of mismatching 
of fluxes and neutron values of the l a t tge  and the PCTR with a buffer layer. 
expression fo r  the error in k leads t o  a qualitative understanding of the nature of 
the variation of the measure& A quantitative understanding 
can be achieved only by a calcuf%ion which treats the complicated geometry of the 
PCTR realistically. Using a simplified geometry, semi-quantitative agreement with 
experiment has been obtained. 

A system was  designed to select desired pulses marking 
A power supply f o r  the entire analyzer 

Work w a s  done also on a scintillation detector to use in conjunction 

The 

with buffer thickness. 

Development is continuing of the mathematical model of the PCTR based on small 
source theory. 
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A theoretical investigation continued on the problem of thermal neutron-phonon 
interaction in the neighborhood of the boundary between two regions of graphite at 
different temperatures, particularly on theneutron transport aspects of the problem. 
This problem will be of importance in future PCTR experiments which will  place a 
hot test core in the center of a cold driving lattice. 

Irradiation Effects 

The Bohr theory of energy loss of heavy particles in matter is being modified to be 
more applicable to fission fragments. Modified expressions have been obtained for 
energy loss in electronic and nuclear collisions. These expressions will be used to 
determine the amount of fission energy expended in producing damage to the uranium 
lattice. A suitable form of the requisite integral is being sought. 

Thermal Utilization 

The effect of lattice cell shape on the thermal utilization of a reactor lattice compose 
of parallel fuel rods is undertheoretical investigation. The present approach improvc 
on existing treatments by workers in this country and Russ ia  by more closely represc 
ing actual conditions in the lattice and by incorporating in the treatment better methoc 
for  handling summations of the ser ies  involved. 

Criticality Studies 

Isotopic Exchange Column Theory. 
operation of an isotopic exchange column. 
in the removal of gaseous radioactive contaminants from dissolver offgasses. 
inary theoretical results a r e  reported in HW-42182. 

A report is being prepared on the theory of 
A column of this type has potential applica 

Prelin 

Current Nuclear Safety Problems. 
enriched fuel el- - 3, has been issued. 
have been established for recovery of canned reject slugs of 0.9470 enrichment 
Miscellaneous prints of Improved Task I and II Facilities have been reviewed for  
nuclear safety, and appropriate revisions have been recommended. 

A nuclear safety specification document for 
Nuclear safety specifications 

Criticality Experiment f o r  Enriched Uranium Salts. 
m O 3 )  has been received for the criticality experiment. This experiment is designed 
t o  determine the maximum always-safe enrichments of u r a n i u m  salts in water, i. e . ,  
determine the conditions under which km c unity. This experiment will  be conducted 
in the  PCTR. 

The enriched uranium oxide 

Several of the large (10 inch and 14 inch) diameter buffer tanks have been completed 
for Phase II of the experimental work. 
as a function of buffer (U03) thickness. 

In Phase 11, the value of km will be examined 

Critical M a s s  Laboratory. A preliminary project proposal, HW-47035, requesting 
This 0,000 to initiate work on the critical mass  laboratory, was  sent to the AEC. 

amount will provide adequate funds for  the scoping of the laboratory and the portion 
of the detailed design which can be performed in the remainder of this fiscal year. 
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Idaho Processing, Plant mass spectrometer a r e  being 
modified to a plutonium isotopic analyzer fo r the  proposed critical mass laboratory 

Test Reactor a e r a t i o n  

Operation of the Physical Constants Testing Reactor continued routinely during the 
month. 
and five by instrument fai lure .  
the month. 

Six unscheduled shutdowns occurred; one w a s  caused by faulty operation 
The polonium-beryllium source was  replaced during 

The pressure coefficient of the Thermal Test Reactor w a s  measured and is 0 .008  
cents/millibar. Although this w a s  measured with an accuracy of about 5%, it w i l l  
vary as conditions in the reactor a r e  changed. 

The relative cross section of a boron solution to that of a copper solution was 
measured in the Thermal Test Reactor. 
measurements on ?he IPR cluster elements in the PCTR. 

This information was useful in performing 

One unscheduled scram of the TTR occurred this month when the operating power 
level of the reactor approached too near the level at which the t r ip  was set to operate. 

Radi 01 ogical Physics 

Research in support of the Body Monitor w a s  concentrated on study of the source of 
noise o r  background in scintillation counters that would affect measurement of X-rays 
o r  low energy gamma rays. 
provide a source of background. 
applied to a coating of conducting paint on the photomultiplier tube would reduce noise, 
but repetition of the work failed to produce any reduction. 
preamplifier used was found to be a source of noise though the noise pulses were 
not very large. 
of the scintillalion counter for low energy rays. 
resolution of using different amplifiers and pulse analyzers. 
obtained over present equipment. 
tested for  u s e  in reducing noise by means of coincidence counting techniques 

Activation of the photocathode by light was shown not to 
Previous work had indicated that the proper voltage 

The cathode follower 

A new preamplifier reduced this noise and improved the resolution 
A study w a s  made of the effect on  

No improvement was 
A pulse coincidence system was assembled and 

A representative of the High Voltage Engineering Corporation spent six days working 
to  improve the performance of the Van de  Graff; little improvement resulted. It was 
established that. much of the poor performance is due to poor ion sources provided by 
HVEC. 
fabricated, the current integrator w a s  modified to yield higher precision, and a 
system w a s  devised for calibrating BF3 tubes with alpha-n sources. 

Scintillation counter measurements showed that the protons from the scattering 
chamber for  u s e  in the proton W measurements were still monoenergetic and there- 
fore  suitable for the experiment. 

While the accelerator w a s  thus occupied, a multiple target holder was 

I2530190 
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Tests of the constant temperature water bath at the electron Van de Graaff were 
completed. 
A calorimeter and its vacuum enclosure were fabricated and tested. 

The bath temperature w a s  constant to within * 0.002 C for several days. 

Calibration of the new "wells" in the Calibration Building w a s  completed. 
instruments being checked on these wel ls  are placed with a different orientation 
relative to the source than they w e r e  on the old calibration trolleys. 
necessary to correct for the angular response of the instruments. 

Source 

It was  found 

Atmospheric Physics 

Work was  continued on the establishment of reliable. meteorological parameters whicl 
permit forecasting the probable speed and direction of airborne contaminants emitted 
under catastrophe conditions at Hanford. A comparison was shown that wind reports 
from Yakima o r  Pendleton could be used with confidence in place of the Hanford wind 
report, should the latter be missing. 

The measurement of the number of particles per gram of fluorescent pigment, 
appropriate to our generation system, was  completed. 
pigment known as New Jersey Zinc No. 2210 were as follows: 

The specifications of the 

Mean particle diameter 2.  3 p  
Standard deviation of log 

particle diameter 
Particle diameter distribution log-normal 
Number of particles per  gram 

rt0. 245 

7. G O  k 1. 36 x 10" particles/gm 
(95% confidence level) 

A review of the laboratory procedures used in the measurement of the number of 
particles per gram of pigment suggested the confidence limits could be reduced by 
better dilution techniques. 

All of the wind stations in the wind station network were checked fo r  orientation 
during the month. 
and data received from this network were reduced on a routine basis. 

Plans were completed for re-running this count. 

Operation of the wind station network continued satisfactorily 

The Telephone and Radio Operation was asked to install a telephone recorder 
system which wil l  permit transcription of the current weather forecasts and 
observations. 
plant telephones. 

This transcribed message is t o  be directly accessible from all 

The preparation of a one-hour lecture on meteorology in waste disposal and 
weapons tes ts  was  undertaken. 
officers during their training period at Hanford. 

Weather Summary 

This lecture is t o  be presented before the AFSWP 

Type of Forecast  Number Made % Reliability 
24 Hour General 62 74.  8 
8 Hour General 93 84.  4 
Special 80 51. 2 
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In spite of an early cold wave, temperatures for the month averaged 34. 6,  1. 8 degrec 
above normal. There was  much low cloudiness, particularly during the last 10 days. 
As a result, solar radiation averaged only 76 langleys per  day. This was  the lowest 
average f o r  any month in nearly 4 years  of record. 
inches was  about two-thirds the normal amount for December. 

The total precipitation of 0.  58 

Instrument Research and Development 

Radiation Protection Instrument Research and Development. 
continued on the Sclntlllation lsxposure-Rate Meter .  
for  each of several  different types of absorbers in an effort to obtain an overall 
detector absorber combination with a flat gamma energy response curve. 
utilization of a thin sodium iodide scintillator results in a high sensitivity with a peak 
at an energy of approximately 33 kev. 
peak at about 88 kev. 

Experimental work 
Call -bration data were obtained 

The 

A lead absorber results in a response with a 
Investigation will  be continued with other absorbers. 

Two transistor power suppl ies  were developed fo r  driving the new transistor 
transmitter-receiver intended for u s e  in the radiotelemetering data station. 
new radiofrequency units r.equire less  than one-third the stand-by power of their 
electron tube counterparts. 

The 

A literature survey w a s  completed in the field of electrical robots as  part of a study 
to determine the feasibility of applying robot monitors to radiation protection. 
experimental investigation will  be conducted to determine the optimum properties of 
such a device. 

An 

The deyelopment of an Ion Beam-Gate Pulse Generator for the time-of-flight faciljty 
was  completed. 
proton pulses to reaeh the target, thus limiting the proton counting rate to  a value 
within the capabilities of the counting equipment. 

The generator was  designed to allow only a small  fraction of the 

The 400-cycle power supply for the Wind Component Meter w a s  modified to give 
better performance. 
e r ro r  but increased heating current remedied this. 
to provide a faster response. 
substantiate the manufacturer's calibration. 

The calibration of the wind speed channel was  found to be in 
The azimuth channel was  modifie 

Effort will  continue on the inclination charmel to 

The new model Alpha A i r  Filter Counter was completed. 
designed to measure the alpha contamination on standard 4" x 4" fi l ter  papers and 
has better geometry than the original model. 
and hence is not as sensitive to mechanical vibrations a5 the "Long Tom". 

This instrument was  

It employs a scintillation detector 

Field tes ts  on the laboratory model Alpha Burst Detector indicated that the instrumen 
is capable of detecting low amounts of plutonium contamination in a sufficiently long 
time. 
a small plutonium emission. 
the fabrication shop and laboratory tested. 
tes ts  starting in the month of January. 

The F'yrheliometer Integrator located at the Meteorology Tower has been operating 
satisfactorily for two months. 
integrator automatically records a weighted average of the pyrheliometer output. 
The instrument thus can eliminate the manual averaging techniques presently used. 

It has been monitoring the stack effluent of the Redox Facility and did indicate 
A prototype Alpha Burst Detector was  received from 

The prototype is scheduled f o r  field 

Every half hour on an existing recorder this 
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A four-day check on the reliability of the instrument showed that the manual method 
and the integrator differed by 1. 87' for the four-day period. 

Evaluation tes ts  were completed on mica window GM tubes and were continued on 
the "Nemo" Fast and Slow Neutron Detector. 
Samson Exposure-Rate Meter. 

Tests  were started on a prototype 

Systems Research. The Hanford computer was  inspected in its final assembly. 
'1'0 prevent further delay in delivery, the Hanford computer will  be shipped with 
&nor deviations from the specifications. These deviations will be noted in a letter 
from Goodyear and all modifications necessary to meet specifications wil l  be made at 
Hanford by the vendor. Delivery is expected before January 15, 1957. Preliminary 
arrangements have been made for delivery and moving of the computer into Room 
17-B of Building 326. 

A program is being devised of special circuits and tes ts  to establish computer 
operating techniques and to check computer specifications. 

Optics. Development continued of an Underwater Borescope. An experimental mode. 
was assembled and tested and fabrication of the final model w a s  started. 
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REACTORTECHNOLOGY 

Fuel Element Test Reactor 

The AEC has requested customer cr i ter ia  for (1) a fuel element irradiation testing 
facility to be built by private enterprise in support of Hanford fuel element develop- 
ment and ( 2 )  preliminary design scoping of a Fuel Element Test Reactor for con- 
struction at Hanford in the event that acceptable private proposals a r e  not received. 
A study team representing the Hanford Laboratories Operation, Fuels Preparation 
Department and Irradiations Processing Department is formulating the customer 
cri teria for Hanford fuel element testing. 

Plutonium Recycle Program - Reactor Design and Engineering Studies 

Scope Specifications. The scope specifications for the P R P  Reactor were set forth - 4',232. 

f;,Feinz. The basic concept of using two cylindrical discs, one above the other, to 

a rea  wil l  have two radial wings t o  the building (1) fo r  potentially contaminated work 
a reas  and (2)  for control and service equipment. 

e reactor and supporting process systems remains unchanged. The service 

.Building ventilation flow diagrams and one- line electrical diagrams 
supply were prepared. 

Reactor Safeguards. 
Demonstration Keactar w a s  initiated in December. 

Reactor safeguards analysis of the Plutonium 
The safeguards 

for  building 

Recycle Program 
analysis for  this 

reactor will  be presented to the AEC Advisory Committee onReactor  Safeguards in 
several parts. Tentatively, the sections of the presentation a r e  (1) Demonstration 
Reactor Site Study (2 )  Preliminary Hazards Summary Report ( 3 )  Operating Specifi- 
cations (4) Disaster Plan and (5) Final Hazards Summary Report. 

Process Piping Equipment. 
primary coolant and moderator coolant systems, the heavy water treatment systems, 
and the gas treatment system. 

Preliminary scope studies were completed for the 

The major recommendations made in these specifications a r e  (1) carbon steel will 
be utilized wherever possible in the primary coolant loop (2 )  stainless steel and 
aluminum will be used in the moderator loop (3) process cooling water (light water) 
effluent from the moderator loop heat exchanger and from secondary exchangers in 
the primary coolant loop, .will be used a s  boiler feed water in the main s t ream 
generators (4) the two steam turbine-generators will operate at 250 psi  and will  
have a capacity of 1000 KW each (5)  fou r  primary coolant pumps with capacities of 
5000 gpm each will  be used and (6) the standby oil-fired boiler will  have sufficient 
steam capacity t o  operate one 1000-KW steam turbine-generator. 
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Reactor Piping and Process  Tube Assembly. The process tube assembly utilizes a 
flared jumper between the inlet header and process tube, and solid metallic ring 
seals on the process tube outlet nozzle. A metallic bellows gas seal is used to seal 
the process tube to the bottom shield and a packing gland to the top shield. 
meters  a r e  now located in the jumpers to provide better access. Remotely operated 
valves are placed in the inlet jumpers to each process tube and small  manually 
operated drain valves are provided for each tube. 

Flow- 

Control Systems. An automatic system for control of reactor power level has been 
proposed for the PRPR. 
level wil l  be controlled by three automatic control valves, sized to give "fine", 
"medium", and acoursem control. Positioners for these valves will  be connected in 
a sequencing circuit so  as to give uniformly fine control over a wide range of 
moderator levels. 

The gas pressure differential governing the moderator 

The valves will  be positioned by a controller which responds to signals proportional 
to reactor neutron flux level and /or period. 
signals with a "demand" signal supplied by a programmer and position the valves 
according to the difference i n  signals. 

The controller wil l  compare these 

By utilizing both power level and reactor period control and by proper use of the 
programmer, automatic startup and fully automatic operation should be feasible. 

Reactor Core and Shielding. Calculations for preliminary scoping of the PRPR 
shield design have been completed and reported in HW-47574, "Preliminary Analysis 
of The Plutonium Recycle Program Reactor Shield. 

The barite shielding proposed to date for the PRP Reactor is a reasonable and econo- 
mical layout. However, continued studies of alternate schemes are underway. One 
such scheme utilizes a wa te r  tank for the thermal shield, surrounded by a cylindrical 
w a l l  of high density concrete. Magnetite and limonite, or hydrous iron ores,  would 
be used as an  aggregate in the side wa l l s .  
the uncertainties and development tests associated with the use of barite. 

This selection would eliminate some of 

Test Facilities. Design of a basic test facility to furnish pressurized water to PRPR 
mockup tests is underway. A seven-foot diameter, 35-foot deep shaft has been 
proposed for installation in 3 14 Building. 
for test  and mockup. 

It wi l l  contain full-length process tubes 

Procurement of c,omponents for the vertical PRPR corrosion test section is nearly 
complete and installation is scheduled to begin in January. 

Separations Facilities. 
required for  the processing of uranium and plutonium fuel elements discharged 
from the PRPR. 

A study has been made to determine the minimum facility 

The flowsheet assumed for this study incorporates (1) disassembly of the fuel element 
( 2 )  mechanical chopping of the components to 'feed a dissolver ( 3 )  nitric acid dis - 
solution of the core  material  and discard of the cladding material (4)  solvent extrac- 
tion of the plutonium, ( 5 )  anion exchange (6)  product concentration and ( 7 )  preparation 
of PuO2. Further processing steps to return the plutonium to the reactor are undefint 
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but space should be provided for converting the PuOz to the selected fuel element. 
It is assumed that the uranium would not be recovered but would be sent to waste.  

The physical plant now conceived consists of approximately 800 square feet. It 
provides separate space for (1) fuel disassembly (2)  dissolution (3)  solvent extraction 
and (4) anion exchange and concentration. Further space is provided for fuel element 
refabrication. Access for installation and maintenance of equipment is from the non- 
operating side through movable shielding portions into a "hot" maintenance zone. 
The operating side of the cells is liberally equipped with viewing windows. Manipulat 
devices are provided for  handling fuel elements, separating cladding remnants, etc. 

Process  solutions a r e  provided by gravity flow and process equipment is operated 
in cascade to  minimize fluid transfer problems. It is proposed that waste  facilities 
provide for underground permanent storage of uranium was te s  and, in separate tanks, 
plutonium processing wastes .  Off-gases and ventilation exhausts are discharged to 
the atmosphere by a high stack. 

It is proposed that the equipment be sized to handle 500 pounds of uranium containing 
about 800 grams of plutonium at 2 M UNH, 
bearing s t reams would have a capaFity of about 250 gallons. Plutonium processing 
would be by a batch process and critical mass  control would be by batch control. 

The vessels for processing the uranium 

Estimates w e r e  made of the problems associated with the disposal of heat and radio- 
active wastes. The disposal of heat directly to the r iver  through heat exchangers 
should present no difficulties. Liquid effluent from the fuel storage basin could 
best be discharged to a crib. Cribbing limits were estimated at 50, 000 gallons per 
day and fission products of 24 hour decay at 1 curie per minute o r  300 curies per 
day. 

A preliminary estimate w a s  made of stack height. 
year of tritium would be procuded in the primary cooling and moderator loops. 
cost estimating purposes only, it w a s  concluded that a 200' stack should be con- 
sider ed. 

Approximately 5000 curies per 
For 

Plutonium Recycle Program - Reactor Physics 

PRP Reactor Kinetics. 
studies of the ?'KPR 
responsive to small  changes in the multiplication factor. There is approximately a 
nine per  cent change in the number of inhours per 70 k in going from U-235 fuel to 
20 per cent Pu-239 and another nine per cent change in going from 20 to 35 p e r  cent 

The first results have been received on the nuclear reactivity 
The addition of plutonium causes the reactor to be more 

PU-239, 

A reanalysis of the lattice parameters of the PRPR, assuming a nine per cent H20 
content in the system, leads to the following results. R = fraction H20. 
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NO H 2 0  0.09 H20 

f = 0.95 0.83 
p = 0.82 0.89 

=(1+L 2 2  B )-1 F = 0.984 0,984 
=(1+B2T)-1 P = 0.957 0.967 

df/f = 1.6dR - 1 44dR 
dp/p =+1.4dR 0.50dR 

d F / F  = 0.09dR 0.07dR 
d P / P  = 0.13dR 0.14dR 

dk/k -0.OldR -0.73d.R 

The addition of H20 to the moderator leads to a large reactivity change for the case 
where H 2 0  is used as coolant. With no €320 in the moderator, but with H 0 as 

nine per cent. The above calculations show that this amount of H20 ('1) reduces the 
multiplication constant by four per cent and ( 2 )  reduces the conversion ratio by four- 
teen pe r  cent. Furthermore,  the reactivity is approximately 70 times as sensitive 
to further changes in H 2 0  content as it is with little o r  no H 0 present in the system. 
This result does not completely rule out H20 cooling of clus%er elements for the 
PRPR, but it does indicate that cycle performance is likely to be far less favorable. 
It also indicates a very large potential hazard on loss of coolant for the lattice and 
fuel geometry assumed here. Fuel element assemblies with reduced H 0 content, 

H20 coolant than is the rod cluster. 

coolant, the total H20 content of the core with 19-rod cluster fuel elemen d s is rough13 

such as the annular design now being studied, appear to be more compa 3 ible with 

PRP Material Balance Study. The plutonium concentration required to maintain 
constant heat generation has been evaluated for three different initial compositions - 
of plutonium, as a function of plutonium exposure in MWD/AT. The th ree  initial 
compositions chosen were for plutonium extracted f rom U 0 2  fuel at exposures at 
2500, 6000, and 9300 MWD/T respectively. 
match the heat generation of fresh U 0 2  at 8571 theoretical density were 1.15 x lo2', 
1.28 x lo2', and 1.43 x 1020 atoms/cm3 respectively. 
nearly linearly with Pu exposure although nonlinearity is apparent at 7-8000 MWD/AT 
At 9000 MWD/AT the required concentrations have increased by factors of 1.7,  2.8 
and 3.4 respectively. 

The initial concentrations required to 

The concentrations increase 

Rea.ctor Physics Calculations ~ 

. lations for the plutonium recycle program on the IBM-650 computer. A code is' 
Methods are being developed for carrying out calcu- 
- -  

being se t  up to compute effective average c ross  sections to be used in reactor calcu- 
lations for various neutron energy distributions. 
fission c ross  sectionof (E) and the neutrons produced rj (E) as a function of energy 
for Pu-239 are being prepared. 

The measured curves of the 

1 2 5 3 9 9 1  
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Experimental Work. Some detailed work on the scope of the PCTR experiments with 
u02, PuA1, and U 2 0  has been done so  that preliminary design of the apparatus to be 
used in the PCTR could be completed immediately. 
finished that cost estimates may be made and materials ordered. 

The design is now sufficiently 

Plutonium Recycle Program - Fuel Element Studies 

Ceramic Fuels. 
of compacted uranium oxide tubes occurred upon substituting uranium balls for 
nBurundumm balls in the milling process. It has now been determined that the 
specific surface area of the oxide also increase upon milling with uranium balls. 
Green densities obtained under the same compacting conditions for three differently 
milled batches of MCW UO are given in the following table along with the specific 

Last month it was reported that a large increase in green density 

surface areas of the mille h powders. 

Green Density and Surface Area of Uranium Oxide 

Green Density 
of Compact 

Oxide Area Per cent of 
Batch Milling’ Conditions Sq. Meters /Gram Theoretical Density 

Spec if ic Surf ac e 

1 48 hours, Burundum Balls 0.96 61.0 

2 24 hours, Uranium Balls 3.58 65.1 

3 3 hours, Uranium Balls 1.56 63.8 

Compacts prepared f rom uranium dioxide milled with new uranium balls wil l  have to 
be heated to about 500C in argon before admitting hydrogen during the sintering 
operation. Presumably, sufficient uranium pick-up during milling, and subsequent 
sintering in hydrogen to  form uranium hydride, caused disruption of the compacts. 

Dies  for compacting the inner tube for  the PCTR loading w e r e  completed. First 
rings made with these dies indicate that the shrinkage allowance estimated f rom 
ear l ier  pressed compacts is satisfactory. Design of dies to cold press  rings for the 
MTR and C Reactor I and E test slugs and for the PRP outer tubes w a s  completed. 

A time and motion study conducted on the fabrication and cladding operations of U 0 2  
fuel elements indicated that the present sintering capacity is the limiting operation. 
Methods for accelerating this operation w e r e  under investigation. 

Extrusion is being investigated as an alternate method of fabricating UO fuel element 

but difficulties had been encountered in the extrusion and sintering processes. 
Changes in the nozzle die design have produced rods having sintered densities of 
90-93 per cent of theoretical with satisfactory physical appearances. 

Previously extruded U 0 2  rods had sintered densities up to  93 per cent o f theoretical, 

These rods 
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were extruded in lengths of over five feet. Higher UO rod densities w e r e  obtained 
when the sintering t ime at 1730C was  increased from t ?l ree hours to twelve hours. 
Sintered rods were ground to a diametral tolerance of + 0.001-inch with the belt 
centerless grinder. Studies a r e  now being made to  evaluate the sintering and grind- 
ing processes for extruded U 0 2  rods. 

A research program utilizing a solar  furnace for the high temperature source w a s  
prepared. Topics to be studied are (1) determination of the thermal conductivity 
( 2 )  thermal expansion and ( 3 )  melting characteristics of U02. An apparatus for 
measuring the porosity and pore s ize  distribution of U 0 2  samples w a s  investigated 
and preliminary cost estimates and drawings are being prepared. 

The fit-tolerance test capsules for MTR irradiation contain sintered uranium 
dioxide in Zircaloy cans having an argon filled annular gap between core and clad. 
This gap varies between 0.001-inch and 0.011-inch. 
were chosen to test the effect of a poor fit. Two such capsules were irradiated in 
the MTR at a flux of 9 x 1013 nv. 
2880C in the region of a gap of 0.011-inch. Subsequent examination of one capsule ha 
shown the calculated temperature to be high since no indication of a core temperature 
of greater than about 1600C w a s  found. The second capsule has been returned to the 
MTR for further irradiation in a flux of 1.65 x 1014 nv, 

The irradiation conditions 

The predicted maximum core temperature w a s  

Ceramic Fuels Development Operation wil l  provide uranium oxide fuel elements for 
PCTR tests planned in support of the Plutonium Recycle Program. Rod-type element 
will  be provided for testing a 19-rod cluster fuel assembly, and concentric tubes and 
rod wil l  be provided for testing a nested tubular fuel assembly. Components will  be 
available which are clad in  either aluminum or Zircaloy. A design for the rods has 
been approved by the operating physicists, and a suitable water-tight closure has 
been developed which wil l  allow dismantling a rod after PCTR irradiation to permit 
flux t raverses  of the oxide core. 

Lead-tin alloy pellets, right cylinders 1/2-inch x 1/2-inchJ with a density of approxi- 
mately 10 .2  grams per cc are being made as dummy oxide fuel elements. A pilling 
machine attachment was  made for  one of the double acting hydraulic presses. This 
attachment enables production of the lead pellets at a rate  of 240 per hour. The 
pellets wil l  be assembled into aluminum tubes as mock-up 19-rod cluster elements. 

Plutonium Fuel Studies. 
machined to  s ize  and canned in aluminum tubing. 
made with pure aluminum. 

The PCTR fuel elements for  the P R P  wil l  be cast in graphitc 
Two preliminary castings were  

A Pu-A1 alloy casting wirs made into a lOOC graphite mold with a n  800C pour tempera 
ture. The metal froze in the diverter and did not f i l l  all eight of the holes, In a 
second attempt, the mold was  preheated to 350C and the pour w a s  made at 980C. 
This second casting appeared satisfactory and was  easily removed from the mold. 
Radiographs indicate only one small  void, 

A 1000-gram aluminum -15.3 w/o plutonium master  alloy casting w a s  made in the 
induction vacuum melting furnace. 
been completed. 

The chemical analysis of the samples has not 
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. .  

A study has been initiated to gain familiarity with the established techniques of 
reducing plutonium oxides and uranium oxides to  metal with aluminum, 
gmployed was simple and direct. No violence was  observed i n  the reaction and the 
possibility of operation on a continuous basis appears good. The use of powdered 
aluminum and cryolite resulted in the formation of small  spheres rather than a 
single massive button. 

A rough draft report w a s  prepared to propose a mixed oxide (Pu and U) fuel element 
and to outline the advantages and disadvantages of such in a plutonium recycle 
reactor. The potential simple separation processing for  such elements favors test 
work to establish the characteristics of this fuel. 
to the irradiation stability of the fuel and the release of fission gas and possibly 
oxygen from the oxide of the fuel, 
tude of these potential difficulties was  proposed. 

The method 

The potential difficulties relate 

Experimental irradiation to determine the magni- 

Graphite cylinders 0.5-inch diameter by 4 inches long w e r e  impregnated with 1.5 M 
uranyl nitrate solution using uranium as a plutonium standin. Sufficient uranium 
w a s  absorbed by the simplified vacuum technique. 
uranium solution i n  a closed chamber. Outgassing of the chamber followed by a 
return to  atmospheric pressure forced the solution into the graphite pores. Slow 
drying followed by heating at 750C for five hours converted the uranium to the oxide. 
The ra.te of heating must be controlled to minimize sputtering. It is assumed that 
a s imilar  procedure could be used to impregnate graphite with a plutonium salt, if . 

such a process were desirable for preparing a plutonium fuel element for the PRP,  

- 
The samples were  submerged in tk 

Rough estimates have been prepared on the amount of radioactivity which is to be 
expected from plutonium from the PRPR. 
by plutonium-239 are expected for all types of radioactivity. The quantity of soft 
gamma ( 6 0  kev) wil l  increase with time after chemical separation for high exposure 
plutonium as a result of americium-241 decay which is formed as a daughter from 
plutonium-241 As an aid in defining the radioactivity problem, calculations were 
completed for  the isotopic composition of PRPR plutonium as a function of exposure 
time. 

Moderate increases a.bove those emitted 

Process SPecifica.tions and Control 

I and E Slug Flow Instability Studies., Steady state instability determinations were 
made for an  over-sized heater rod in  C Reactor flow geometry at 1250 KW tube power 
in which selective annulus plugging was  simulated, Initial flow was  49 gpm, Bulk 
boiling occurred in the annulus at 44 gpm and bulk boiling in the combined annulus 
and hole s t reams occurred at 35 gpm. True flow instability occurred at a flow of 
34 gpm and was.followed by burnout of the process tube. 

Data for this test run and all others pertaining to recent I and E slug flow stability 
tests w e r e  rectified and prepared for detailed analysis. 

An analysis w a s  made to determine the expected Panellit pressure change resulting 
from lateral displacement of a n  I and E slug until adjacent to the process tube wall .  
The pressure change was  estimated to be about 10 psi. 
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Orifice Cavitation Studies. Several tests were  performed for the various geometrie5 
of interest. The extreme fringe zone tubes at the old reactors a r e  operating undesir 
ably close to incipient cavitation in the secondary orifices. The problem being some 
what confined to the extreme fringe zone leads to easy solution by eliminating the zor 
In general, the number of tubes comprising the extreme fringe zone is small, 40 or  
50 tubes. Secondary orifice cavitation tendencies are aggravated in the extreme 
fringe tubes because in these the permanent pressure drop across the secondary 
orifice is a maximum. 

Tests w e r e  also performed to determine the flow versus pressure drop characteristi 
of orifice assemblies in which one or  both orifices had been inadvertently reversed 
during installation. The data indicate that detection of reversed orifice assemblies 
from process data may not be feasible. In general, reversal of orifices, leading to 
flat upstream faces and flared exits, results in flow rates near or  at incipient 
cavitation. 

Transient Flow Stability Studies 
up, a test  was  run to  determine system response to gradual plugging under proto- 
typical CG-558 conditions. First, the steady state boiling curve was  determined, 
True instability occurred (at 545 psig front header pressure and 1000 KW tube power) 
at: a tube outlet temperature of 193C. With the point of incipient instability main- 
tained, tube power was  increased slightly and the flow permitted to become unstable, 
as characterized by a self-induced flow reduction. The rate of flow reduction w a s  
slow at first, but gradually became more severe. The facility w a s  "scrammedtQ 
53 seconds after initiation of unstable flow and the shutdown was  f ree  from apparent 
harm to the test assembly. 
initial Panellit pressure setting and t r ip  pressure setting would have given a scram 
signal before 53 seconds after commencement of unstable flow. 

Similar runs were  performed at 400, 450, and 500 psig front header pressure. 
Another s e r i e s  was  run in which responses to power surges w e r e  simulated by applyi 
step increases in tube power of 100, 150, 200, and 250 KW to assemblies initially at 
incipient instability of 545 psig front header pressure and 1000 KW tube power. 
These data have not yet been analyzed. 

Using the low-pressure electrically heated mock- 

Analysis of data indicated that almost any conceivable 

Generator performance with transient tests at 1250 KW was  eminently acceptable and 
verified the validity of recent generator repairs  

Analysis of transient responses to step plugging occurrences indicated that initial 
tube outlet temperature, as well  as tube power, exerts a strong influence on response 
characteristics. Where initial outlet temperatures a r e  low, responses a r e  quite 
sluggish. Study of test data indicates that past experiments with moderate initial 
outlet temperatures and flow reductions were not sufficiently drastic to indicate 
clearly the limits of adequate cooling o r  s c ram timing required to achieve safe shut- 
downs. The experiments w e r e  run with a maximum of eight seconds delay between 
flow reduction and scram. It is apparent that scrams of much greater delay would 
have been acceptable for cases of moderate flow reduction. For  such cases, tests 
were terminated too early to indicate clearly the time at which a high pressure Panel 
t r ip  would occur. 
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Shielding Studies 

Sb-Be Neutron Source. A new Sb-Be neutron source has been charged for use i n  C a l i  
brating the neutron dosimeter at 25 Kev. This is stronger than the old Sb-Be source 
and consequently, w i l l  reduce counting time during calibration. 

Increased Counting Efficiency. A low gain preampl8ier was  fabricated and tested 
for use in scintillation counting of sulphur foils. 
ing will  probably enable a gain in sensitivity of four or five over Gieger counting. 
This could be improved more by the use of a six-inch iron shield and a cosmic ray 
anti-coincidence ring, It now appears possible to extend sulphur foils to the edge of 
the shield. If fringe poisoning is used at DR Reactor, the temperature at the bottom 
of the w e l l  should be about lOOC, enabling the use of sulphur foils from zero block to 

Thin anthracene scintillation count- 

. the edge of the shield, This would eliminate the need for C S  foils. 

Neutron Dosimeter. A descriptive report, HW-46688, mA New Neutron Dosimeter - 
'ftps Calibration and U s e  in  Shield Evaluation" has been issued. 

Process  Water Corrosion Tests 

In-Reactor. 
Semiworks continued during the month. In pursuance of the program for evaluating 
further reductions in the pH of process water, pH values of 7.0, 6.5 and 6.0 a r e  
being tested. The first draft was completed of a report describing the correlated 
water quality and fuel element test program to  be conducted in 1706 during the coxling 
year. An important feature of the program is operation of the in-reactor process 
tubes at elevated temperatures in order to  pilot future reaction operation under 
stringent corrosion conditions. During the recent KER outage, special valves and 
instrumentation w e r e  partially installed on the outlet of one 1706 K E  process tube. 
Completion of this installation wil l  permit the use of temperatures initially i n  the 
range of 100 to 120 C with higher temperatures possible in the future. 

Operation of the 100-F water  plant at pH's 7.3 and 7.0 (PT-105-554-E) is being dis- 
continued. Measurements obtained from corrosometer probes in the 105-F effluent 
w a t e r  condition show slightly increased attack on carbon steel in pH 7.0 water as 
compared to  7.3. The probes w e r e  removed and are being examined to correlate 
the corrosion rates obtained from electrical measurements. 

Operation of the in-reactor test facilities at the 1706-KE water Studies 

Out-of Reactor. 
tubing which had been tested in 1706 K E  mockup tubes at 175C under heat transfer 
conditions. 
welds. 

Further examination was  made of the 2s and M-388 aluminum 

Examination confirmed previous indications of accelerated attack at 
No intergranular attack w a s  found in either alloy. 

Corrosion behavior of fuel elements having flexible r ibs  has been initiated. 
pieces a r e  being tested in process water  at llOC, 

These 

To aid in the extension of effluent retention basin service a large floating coupon 
holder has been developed. 
wa l l s  by suspending s teel  corrosion samples in the effluent water .  

This apparatus wi l l  simulate exposure of retention basin 
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Pres s u r  ized Water Coolant Techno l o w  

KER P r o  ram. The K E  Reactor was  shut down from December 12 through December 
m-+- o r  comp etion of the in-reactor portion of the KER loops. Installation, hydro- 
static testing, and cold flow testing w e r e  completed on three of the four loops. The 
remaining loop is being converted for organic coolant testing. Installation delays 
and mechanical difficulties prevented completion of acceptance testing of the three 
installed loops. 
outages. In-reactor recirculation should commence in February. 

This work is scheduled to be done on subsequent scheduled reactor 

KER Component Testing, Because of the failure of a thermally cycled KER tube at a 
pressure of 4000 psi  during a burst test, extensive thermal cycling: tests are now 
underway on ELMO-7 to determine the effect of cycling on tu6e strkngth. 
of these tests will  determine the initial working condition for the KER process tubes. 
The failed tube had been cycled about 260 t imes between 250F and 575F with every 
fourth cycle going to a lower temperature of 150F. The present testing program 
calls for burst testing specimens after being cycled 10, 20, 40, 80, 160, and 320 
times between 250 and 575F. An additional tube using a sharp breag instead of 
rounded radius relief on the tube threads wil l  be cycled 40 cycles to see if this sharp 
break has any significant effect on tube strength. The maximum operating conditions 
for the KER process tubes wil l  be determined in further tests which wi l l  be conducted 
on ELMO-7. These tests may involve further thermal cycling and probably constant 
elevated temperature tests. A tentative testing program for the KER prototype loop 
(ELMO-7) has been described i n  document HW-46792. 

The result: 

Rupture testing of fuel elements scheduled for charging in KER has been initiated. 
Four rupture tests w e r e  performed on standard diameter projection slugs i n  a section 
of KER process tubing, at temperatures ranging from 240 - 280C. Analysis of the 
tes t  results is in progress. 

Out-Of-Reactor Tests. A pH 3.5 test has been operating at 150C in the ELMO-2 
Loop for s ix  weeks. Visual observations of annealed and non-annealed 304 stainless 
steel coupons disclose little Corrosion attack. Weight changes after exposure are 
quite low. The non-annealed specimens tend to  gain weight nd the annealed tend to 

little correlation with time. 
f rom pitting and corrosion. 
are lower than the previous 4.5 pH run. 
is 0.04 mils/month, a factor of two lower than for a similar period in the previous 
test. 

lose weight, but these changes are small, 0.1 to 0.8 mg/cm 3 . There appears to be 
The sections of welded KER piping also appear free 
Aluminum (M-388 and M-400) corrosion data in general 

The corrosion rate at the end of six weeks 

A pH 4.5, 300C test has been underway for six weeks in the ELMO-6 Loop. 
aluminum coupon weight losses are 1-3 mg/cm2 after four weeks. 
to 0.1 to 0.3 mils penetration. 
of the test. Aluminum alloy M-457 (SAP) continued to  show formation of ridges and 
bumps. This phenomenon is in  agreement with TraggertOs work at KAPL. He found 
the A1203 powder tended to s t r ia te  in the process of rolling and provide a npipeDD for  
wa te r  to penetrate into the metal. 
subsequent swelling of the metal. 
of rolling. 
suffering attack in the low pH water.  Weight change data is very low, ranging from 

M-388 
This corresponds 

This range of scat ter  w a s  obtained at the beginning 

This causes corrosion product to be formed and 
These striations a r e  generally in the direction 

The stainless steel  coupons exposed in ELMO-6 do not appear to be 
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0.1 to 0.8 mg/cm2 weight loss for annealed 304 stainless steel, No change with time 
was noted. 

Final results on water  treated with 0.1 ppm A l f 3  (added as A12(S04)3) in the thermal 
convection loop (ELMO-9) indicate no change in corrosion rate  as compared to high 
purity water .  A corrosion rate  of 1.5 mil/month was  obtained at  250C. A new test 
was  initiated using aluminum shavings to increase the amount of corroding aluminum 
surface area. The area-to-water volume ratio was  made approximate1 equal to that 

reduction of 3 compared to  previous runs. Extrapolation to one month would give a 
corrosion rate of -0.7 mil/month. 
formation or lower velocities induced as a result  of the aluminum shavings. 

Decontamination Studies. A preliminary outline of the experimental decontamination 
program has been developed. The first decontaminant candidate to be tested in 
ELMO-10 will  be TURCO 4306-B followed by a low pH oxidizing solution. Tests 
comparing the effectiveness of low pH oxidizing solutions with high pH oxidizing 
solutions w i l l  follow. 
suc e es  s ful in H A P 0  equipment decontamination. 

in the ANL loops. Three week data show a weight loss of 2 to 4 mg/cm 3 which is a 

The reduction may occur as a result of H2 

Further tests wil l  include various solutions that have proved 

Prototype Burnout Studies. To achieve improved accuracy in  flow measurement, 
three venturi meters  and a mercury manometer were installed and calibrated. 
Following this, two burnout tests were performed at 1500 psi pressure. 
utilized thermocouples in the top, bottom, and sides of the heater rod to secure an  
indication of flow stratification effects. 
stratification occurs. Conditions of burnout were clearly indicated by top thermocoup 
while those at the bottom indicated adequate cooling. It is concluded that vertical 
geometries can probably accommodate significantly greater steam qualities free from 
burnout than horizontal geometries. This effect represents a hidden safety factor 
for horizontal geometries in which brief excursions are made under hazard conditions 
into the region of burnout. It proved possible to increase tube power about 30 per 
cent above that corresponding to mincipientw burnout without reaching slug sk in  
temperatures near the melting point of aluminum. 

Organic Coolant Development 

In-Reactor Tests , 
operated for 1 ’ 6  days, prior to the current extended K E  outage. A total of 45 gallons 
of MIPB w e r e  irradiated to an estimated 3 5  per cent polymer content. Laboratory 
studies have shown that irradiation at low temperatures (1OOC) produces a viscous 
amber colored fluid which can be thermally cracked by heating to the range 250 to 
300C. Such heating results in a black liquid of reduced viscosity, This liquid has 
the visual appearance and viscosity of MIPB irradiated off -site at temperature of 
about 300C. Further study and analysis of the irradiated material is expected to 
lead to a better understanding of radiolytic and pyrolytic damage phenomena, 

In the future the KER organic loop wi l l  be operated at a static head of about 300 psi 
to eliminate the need to  vent the pressurizer before the emergency check valves 
open. This change should impose no limitations on the operation of the loop. 

These tests 

Test data indicated that significant flow 

The in-reactor loop used for irradiating candidate organic coolants 
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The five stainless steel capsules and five quartz ampoules containing MIPB, and thei. 
mixtures which w e r e  charged into the 2A test hole of KW reactor on November 19, 
were  discharged as planned on December 13. During equilibrium operation, the 
temperature in  the steel capsules reached 300C , while temperature in the quartz 
ampoules reached 160C. Property changes and decomposition products wi l l  be deter 
mined after the high radioactivity levels are decayed to safe working levels. Capsule 
are being prepared for irradiation of these materials along with monomethyl biphenyl 
in the temperature range 350 to 450C. 

Out-Of-Reactor Tests. In prototype thermal cycling tests, both Flexitallic and 
aluminum gaskets have been demonstrated to be satisfactory for high temperature - 

organic service. Investigation to determine a suitable valve packing material is 
continuing. 

A small  canned rotor pump was  installed in the organic fluid heat transfer apparatus. 
Performance of the new pump with MIPB at 400F was  found to be satisfactory. 
study has also been initiated to find an improved test  section utilizing direct res is t -  
ance heating rather than calrod units,, 

A 

Reactor Effluent Studies 

Correlations between pile operating variables and reactor effluent isotope concen- 
trations w e r e  calculated from data processed by the 702 machine. 
w a s  taken during pile operation using alum, and dichroma& treated cooling water at 
a pH greater than 7.55. Dependent variables of Si31, Mn , P32J Na24, and C U ~ ~  
were related to independent variables of reactor flow, inlet and outlet temperature, 
concentration of lime , river turbidity, and r iver  sulfate concentration. The results 
of the analysis failed to show clear correlations between individual isotopes and the 
independent variables. 

The data analyzed 

Further analysis is scheduled. 

An  experiment was  conducted to evaluate (1) the effectiveness of low diatomaceous ea; 
concentrations in removing film and ( 2 )  the resulting concentration changes of isotope 
in the reactor effluent stream. Potential benefits of the method a r e  (1) less danger 
of plugging and ( 2 )  reduced isotope concentrations in the effluent. One ppm of dia- 
tomaceous earth w a s  used at l O O F  for 12 hours in lieu of the specified 25 ppm for 
4 hours, Film removal w a s  effective. Additional experiments are in process. 

The 300 ml ion exchange columns were tested to determine the volume of reactor 
effluent which could be passed through at the sample flow rate before breakthrough. 
About 36 l i ters have been passed through, corresponding to  about two weeks opera- 
tion. Fifty hours of continuous operation of the CuS bed has not yet resulted in 
plugging. 

Fe59 was  measured by gamma counting following chemical separation of reactor 
effluent wa te r  from six reactors. The values were  low, varying from less than 
1 x 
of tes ts  of various materials and methods in reactor operation. 

to 1 x 10-6pc/ml .  This procedure wil l  be useful in  evaluating the effect 
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CHEMISTRY AND SEPARATIONS PROCESSES 

Processing of IPR Fue l  Elements 

Exploratory studies on the dissolution of Zircaloy-2 cladding have been made with 
mixtures of (1) hydrofluoric acid and oxalic acid ( 2 )  hydrofluoric acid and phosphoric 
acid and ( 3 )  various strengths of phosphoric Acid. 

In both the oxalic -hydrofluoric acid mixtures and the phosphoric -hydrofluoric acid 
mixtures, the Zircaloy-2 continued to dissolve after zirconium to fluoride ratios 
became greater than unity. The solubility of zirconium in systems containing 
more than 93 per cent phosphoric acid appeared to be in the range 0. 05 to 0.1 
molar. 
colored solution of uranium (IV) which w a s  0. 5 molar in uranium. 

Dissolution of uranium in glacial phosphoric acid produced a clear, highly 

Waste Disposal Studies 

Various proposals for the disposal of separations plant coating wastes w e r e  
reviewed from the economic standpoint. From the basis of flowsheet compositions 
evaporation and storage in available underground tanks (at 226  per gallon) is the 
most attractive method. 
o r  processing are not as economical. It w a s  assumed that (1) the existiRg TBP and 
BiP04 waste evaporators are suitable for this concentration step ( 2 )  routings exist 
for the delivery of the w a s t e s  to these evaporators and ( 3 )  routings exist for  dis- 
charge of the concentrates to %he underground storage tanks. Direct delivery of 
the waste to the ground is the cheapest method. 
and other active materials do not allow such a disposal method. 

Those methods involving simplest chemical treatmert  

However, residual fission products 

Radiolysis of Stored Wastes 

Cobalt-60 gamma radiation is being used to study radiolysis of alkaline sodium 
nizrate a d d  sodium ni t r i te  solution. 
a s  follows: (1) Yields are lower for 7. 5 molar sodium nitrates at a pH of 11 than 
for the 5 molar sodium nitrate solutions studied at Oak Ridge. 
approximately 0. 03 for  hydrogen, 1. 0 for oxygen, and 1. 8 for nitrite ion. The 
total gas production ra te  w a s  4; 6 x 10'22 cc gas per  electron volt absorbed.(2) 
The ra te  of production of gas from a 7. 2 molar sodium nitrite solution at a pH of 11 
w a s  only about one-sixth to one-eighth that observed from 7. 5 molar sodium 
nitrate. The gas produced w a s  largely carbon dioxide and hydrogen, the former 
presumably being formed from organic impurities in the sodium nitrite. 
value fo r  hydrogen in this solution is about 0.1.( 3 )  The rate of gas formation from 
the nitrate solution remained fairly constant up to the time the irradiation w a s  
terminated at 2 x 108 R. With the nitrite system the ra te  increased slightly with 
t ime (41 The nitrite concentration in the initially 7. 5 molar sodium nitrate solution 
had reached 9.4 molar and w a s  still increasing when the irradiation w a s  terminated. 
Irradiation of a mixture initially 4. 0 molar in sodium nitrate and 2. 5 molar in 
sodium nitrire resulted in a slight increase in the nitrite content. 
rssul ts  suggest that the equilibrium concentration of nitrite in stored Purex wastes 
may be several  molar. 

Results obtained to date may be summarized 

G values a r e  

The G 

Both these 
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Purex 

Her Semiworks Waste Self -Concentrator. The w a s t e  self -concentrator vapor 
header heaters w e r e  put back into operation on November 26. During the period 
November 26  to December 27, 267 liters of condensate w e r e  collected and cribbed. 
At the present time the waste self-concentrator contains approximately 14 ft. of 
neutralized IWW. This liquid level corresponds roughly to 93 per  cent of the 
November 26 conditions. 
(ca, 0 . 9  lb/hr. instantaneous boil-off rate). Operation during the month w a s  nor- 
mal with the 1/2-inch vapor header valve open and the l-inch vapor header valve 
closed. The tank pressure  has remained less than 2. 5-inches of water during the 
month. 

- 

The condensate rate has been approximatly 8-10 l i ters /daj  

Mini Runs. An earlier series of runs indicated significantly better zirconium- 
niobium decontamination when the feed w a s  prepared by up-draft dissolving in the 
Redox plant than when it w a s  p r e p a r d  by down-draft dissolution in the Hot-Semi- 
Works. Further,  the zirconium-niobium decontamination obtained with this 
sample of Redox feed w a s  never attained in la ter  runs employing feeds prepared in 
+he Purex plant. 

In an effort to confirm this effect, a run w a s  made in which a sample of feed pre-  
pared by up-draft dissolving in the Redox plant w a s  processed on the same HW # 3  
flowsheet which had been used in the earlier runs. The zirconium-niobium decor?- 
tamination obtained with this feed w a s  almost equal to that obtained in an earlier 
run with Purex plant feed on the HW # 3  flowsheet. Thus, the improved zirconiurri- 
niobium decontamination obtained in the earlier runs with Redox feed s tems not 
f rom the different conditions encountered in up-draft versus down -draft dissolution, 
but f rom some unknown effect. 

Previous runs employing an extended HA scrub section have employed a high acid 
scrub s t ream in the auxiliary scrub section and low acid scrubbing conditions in 
the f i rs t  scrub section, with the aqueous s t ream from the second scrub section 
being returned to a point below the feed plate. 
scrub section would improve ruthenium decontamination. However, since very 
little ruthenium decontamination w a s  obtained in the auxiliary scrub section on 
this flowsheet, it  w a s  decided to test the decontamination potential of a flowsheet 
in which the auxiliary scrub section is employed simply as an extension of the firs: 
low-acid scrub section. Both units w e r e  operated at 60 C. There was no s t r ip-  
pirag unit employed in this run. 

It w a s  hoped that the high acid 

Decontamination factors obtained in this run are compared with those obtained in 
earlier runs employing (1) a high acid auxiliary scrub section and ( 2 )  a high acid 
auxiliary scrub section and a Versene-containing low-acia scrub s t ream in the first 
scrub section. 

Gamma decontamination factors through extraction and scrubbing w e r e  significactly 
lower with the flowsheet which employed a single low-acid scrub stream. 
ruthenium decontamination accounted for most of the difference. The reasor_ €or 
the high OgC11 colunn decontamination factors observed in certain of these runs is 
the topic of current investigations. 

Poor 

Also, it is hoped that the f low pattern 
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employed in the earlier runs can be simulated with low-acid scrub s t reams in both 
scrub sections by butting the aqueous reflux ‘from the second scrub section with 
acid m d  returning it to the extraction section at a point below the feed plate. 

A comparison w a s  made of the ra te  a t  which  ruthenium w a s  transferred at room 
temperature and at 60 C f rom the organic product (HAP) from an HA mini run ir?to 
a~ aqueous solution containing 4 0  grams uranium per  liter and 3. 0 molar nitric 
acid. The results indicate a slightly more favorable ruthenium distribution at the 
elevated temperature, 0. 007 at 60 C versus 0. 013 at room temperature. !IInstan- 
taneousta distribution coefficients scat ter  too badly to permit any conclusion a s  to 
the relative rates of transfer a t  these two temperatures. 

Studies are also underway in an effort to determine the feasibility of improving 
ruthenium decontamination by high temperature treatment of organic extracts prior 
to scrubbing and after inconplete scrubbing. 

Profile Pulse Column Studies. Two runs w e r e  made to determine whether !he scrub 
section HTU for zirconium t racer  would be increased by raising the organic uranium 
concentration in an organic-continuous column, as h a s  been previously observed 
and reported for an aqueous-continuous column. F o r  these runs a nozzle plate 
cartridge w a s  installed in the extraction section, and a 1*Zebrae3 cartridge, consist- 
ing of alternating pairs  of stainless and fluorothene sieve plates, w a s  installed in 
:he scrub section of %he profile column. The organic to aqueous ratio in the scrub 
sectior! was held constant, but the uranium concentration in the organic w a s  varied 
by altering the organic to feed ratio. 

The same effect w a s  noted with organic-continuous operation as had been noted 
previously wi th  aqueous-continuous operation, i. e., a larger  scrub section HTU 
fo r  zirconium tracer  a t  higher organic uranium concentration. 
w e r e  2. 3 feet at an organic product uranium concentration of 72 grams per l i ter  
agd 3 , 4  feet a t  a uranium concentration of 92 grams uranium per  liter. 

Scrub HTU values 

Additioral runs w e r e  made with the profile column operated aqueous -continuous, 
to evaluate scrub -section HTU values for zirconium over a wider range of organic 
uranium con cent rations. 

Larger scrub section HTU values for zirconium w e r e  observed with two dissimilar 
flowsheets as the organic to feed ratio w a s  altered to increase the uranium concen- 
tratior? in the organic product. 

It is presumed that the important effect of varying the organic to feed ratio, and 
thereby the uranium concentration in the organic, is to modify the physical proper- 
t ies of the system in such a way as to alter the ra te  of transfer of zirconium f rom 
the organic phase to the aqueous phase. 
changed either by changing the diffusivity of zirconium in the organic or by chang- 
ing the srganic-aqueous interfacial area. 
hydrocarbon solvents has been shown to decrease with increasing uranium content. 

The ra te  of transfer of zirconium is 

The diffusivity of zirconium in TBP- 

Extraction Behavior of Zirconium. Results of a number of experiments employing 
uranium monocarbide confirm that products of the reaction of this material with 
Eitrie acid are capable of inhibiting the extraction of zirconium t racer  out of aqueous 
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nitric acid solutions or uranyl nitrates, nitric acid solutions. 
behavior of zirconium t racer  out of solutions spiked with uranium monocarbide w a s  
qualitatively similar to that previously observed and reported for solutions p r e  - 
pared from uranium metal containing carbon in the 300 to 500 parts p e r  million 
range. 

Integral dissolution experiments w e r e  performed with Mallinkrodt and Fernald pro- 
duction metal and with Dingot metal. W a f e r s  of the three varieties of uranium metal 
w e r e  dissolved under up-draft conditions in 11 molar nitric acid. The rate  of dissolu 
tion of Dingot metal by nitric acid is significantly lower than that of production metal. 
The observed rates of dissolution are in the same order as the carbon contents of 
these metals. The Fernald production metal and the .more readily dissolved 
Mallinkrodt production metal contained 618 and 398 parts  p e r  million of carbon, respt 
ively. The second sample of Mallinkrodt production metal contained 333 ppm carbon 
and the Dingot metal 52 ppm carbon. 

The extraction 

Cesium Recovery from Purex Waste .  Several full level runs to further demonstrate 
the cesium zinc ferrocyanide process and test the radiation stability of the precip- 
itation step w e r e  carried out with current 700 MWD/T plant IWW solution. A l t e r -  
nate methods of packaging the product w e r e  also investigated. A calcination-leaching 
process w a s  investigated as an alternative to the previously reported calcination - 
chlorination and w e t  chemical processes. The new sample of plant IWW contained 
far more than the flowsheet concentrations of iron and aluminum and gave volumin- 
ous precipitates when the solution w a s  neutralized. Thus, neutralization to pH 5 l o  
7 with sodium hydroxide gave centrifuged precipitate volumes of 50 to 70 per  cent of 
the volume of the initial solution. 

A series of experiments w e r e  performed to minimize the volume of the neutraliza- 
tion precipitate. A synthetic solution of the same composition as the sample of 
plant IWW w a s  used. Partial neutralization with sodium hydroxide, followed by 
adjustment to pH 6 with ammonium hydroxide, gave 450 ml of centrifuged precipi- 
tate per l i ter  of IWW. Filtration gave a precipitate volume of only 250 ml. Rapid 
precipitation over a period of thirty minutes with ammonia gas a t  80 C, starting 
with the partially neutralized solution, gave a filtered precipitate volume of 190 ml. 
Slower precipitation (four hours) in a s imilar  manner reduced the volume to only 
80 ml. When urea hydrolysis w a s  substituted for the gaseous ammonia, severe  
lumping w a s  experienced. 

A full level scavenging run w a s  made on a sample of the IWW which w a s  neutralized 
with sodium hydroxide to pH 5. The precipitate w a s  centrifuged, wa‘shed once wi th  
water, and the wash  and supernate combined and scavenged wi th  0. GO1 M coformed 
zinc ferrocyanide. n t e r  stand- 
ing fo r  a week in contact with the supernate, approximately ninety-eight per cent 
of the cesium w a s  still associated with the precipitates. This further confirms the 
radiation stability of the ferrocyanide precipitation step. In other experiments, 
ammonium hydroxide w a s  used for pH adjustment, and the cesium recovery w a s  
only about eighty-five p e r  cent. 

Ninety-nine per cent of the cesium w a s  removed. 

Calcination followed by w a t e r  leaching w a s  investigated as a means of recovering 
cesium f rom ‘cesium zinc ferrocyanide. 
f rom the precipitate w a s  found to increase with calcination temperature. Cesium 

The fraction of the cesium activity leached 
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recoveries of 45, 65, and 95 per  cent, respectively, w e r e  obtained from precipi- 
tates heated fo r  eight hours in a s t ream of air at temperatures of 3-50, 450, and 
700 C. No detectable cesium activity was volatilized during calcination at the two 
lower temperatures, but about five per cent w a s  lost at 700 C. 
atmosphere of oxygen at 450 C rendered 95 p e r  cent of the cesium leachable and 
w a s  not accompanied by detectable evaporation. 
further evaluated. 

Calcination in an 

The leaching process is being 

Strontium and Cerium Recovery from Purex Waste .  A series of comprehensive 
summary progress reports  have been prepared covering the work done on this pro- 
ject. These w i l l  be issued in the near future. 

Ruthenium Removal. 
treatment which would reduce the extractability of fission product ruthenium into the 
Purex solvent. 
species are highly extractable into tributylphosphate, a ruthenium nitrosyl species 
labelled with tracer ruthenium w a s  prepared according to their directions and used 
in the experiments. 
f rom a solution of 6 M NaN03, 0.11 M HNO3, and about M h u  w a s  0.42 w i k -  
out any treatment. s i l i n g  for one hzur pr ior  to contacting r e a c e d  the distribution 
coefficient only to 0.40. Boiling with 10 grams per liter of urea, which would be 
expected to destroy the nitrosyl group, reduced the extraction coefficient to a value 
of only 0. 0065. A 0.1 molar ferrous sulfamate-sulfamic acid solution w a s  some- 
what less effective, givingavalue of 0. 035. U r e a  plus ferrous sulfamate gave 
0. C078, approximately the same as urea alone. Neutralization of the acid to 0. 01 - M 
followed by boiling gave the lowest value of all, 0. 00007. 

A series of experiments w e r e  conducted to develop a p r e -  

Since British workers have reported that the ruthenium nitrosyl 

The distribution coefficient, EO,, into 30 per  cent TBP-CC1 

Neptuoium Recovery f rom Process  Solutions. It w a s  reported previously that the 
bulk of the neptunium-237 which enters the Purex plant finds i ts  way to the TBP 
stream, but the analytical results on which this conclusion w a s  based have been 
found to be erroneous. 
IBP and also that it is probably absent from the IAF. 

It has now been established that there is no neptunium in the 

Work is in progress to determine what flowsheet changes would be required to 
force the neptunium over into a Purex product s t r eam or  into a relatively decontam- 
inated waste stream. A neptunium-239 t racer  has  been produced by pile irradiation 
and measurements are being made with this t racer  of the neptunium distribution 
coefficients which are needed for flowsheet calculations. 
tion of the distribution behavior as a function of acidity, uranium saturation, valence 
state and measurement of the kinetics of extraction and of oxidation o r  reduction. 

These include determina- 

The possibilities for recovery of neptunium-237 from Purex Plant s t reams w e r e  
iwestigated. 
high -level was te .  

Calculations indicated that about 90% of this isotope would be in the 

Redox 

Calcium Nitrate as Salting Agent for Redox. Precipitate formation encountered in 
attempts to substitute Ca(NO3)2 for Al(N03)3 in the Redox system prompted a study 
of various reducing agents which might be used in place of iron (11) ammonium sulfate 
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and sulfamic acid. Simulated IAP (containing ca. 0. 25 g. /l. Pu)  w a s  contacted 
batchwise with IBX containing the reducing age=; plutonium distribution versus con - 
tact time w a s  determined. Ascorbic acid and hydroquinone sulfonate compared fav- 
orably with iron (II) ammonium sulfate and sulfamic acid in rate and extent of 
reduction. Hydroxlamine, semicarbazide, and hydrazine reduced less than half tne 
plutonium even at contact times as great as 15 minutes. Since all of these have been 
used successfully to reduce plutonium in all-aqueous systems, it appears that some 
interaction of these compounds with hexone o r  impurities therein must occur. 
hexone-soluble ketazine conplex with plutonium is known to form in a nitrate-hexone 
system containing hydrazine. 

A 

Removal of Cesium from Redox Waste. The use of zinc ferricyanide for the removal 
of cesium from Hedox type waste solutions, either for recovery or waste treatment. 
has been further t e s t e d n  current plant HAW solution. A pre6ipitate formed on the- 
addition of potassium ferricyanide to this solution, even in the absence of zinc, and 
the cause of this behavior w a s  traced to the presence of manganese (II) introduced 
by the present s immer  type headend treatment, which employs complete dissolution 
of the  manganese dioxide. 
objectionable from a w a s t e  treatment standpoint, i t  does complicate recovery since 
it increases precipitate volume and also appears to interfere wi th  isolation of the 
cesium by the previously developed barium hydroxides o r  ammonium oxalate meta- 
thesis techniques. 

Whi l e  the precipitation of the manganese is not particularl 

Substitution of cobalticyanide for ferricyanide w a s  also evaluated. 
found to give decontamination factors as good as, or slightly superior to, ferricyanide 
However, it suffered the same interference from manganese. 

Its use w a s  

Metal Recoverv Process  

UO3 Studies. A principal objective of this study has been to acquire an understand- 
ing o f a s i c  differences between uranium trioxide prepared by pot calcination 
and by continuous calcination. To this end, use has been made of X-ray diffraction 
analysis, electron microscopic examination of oxide surfaces, surface a rea  and 
porosity measurements, and analysis of kinetic and thermodynamic behavior, 
Results to date indicate that (1) there is no significant difference in the s t racture  of 
the two types of uranium trioxide,, as disclosed by X-ray diffraction analysis ( 2 )  
uranium trioxide produced in the continuous calciner tends to sinter more readily 
than pot powder during the reduction process ( 3 )  reduction at 600 to 650 C with 10 
volume per  cect hydrogen in nitrogen, followed by oxidation at 500 C ,  converts both 
types of UO3 to products similar with respect to surface area and subsequent 
reduction behavior. 
the same for both types, 27. 7 f 0. 3 kcal/mole U308. 

Activation energies for reduction of the activated powders w e r e  

Pressurized Feed System - Continuous Calciner. Test applications of the pressurizec 
feed system to the three inch laboratory calciner (222-S Laboratory) are currently 
being planned. 
facilitate insertion into the calciner and has been outfitted with a valve seat of Haynes 
Stellite No. 6 and a plug of hard-surfaced Haynes Stellite No. 1. The off -gas system 
of the calciner is also being modified by inclusion of a porous metal filter. 

The pressure  relief valve previously reported has been modified io 
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Further studies have shown that the vapor pressure  relationship for uranyl nitrate 
trihydrate (UNT) reported in HW-47155, page 25, may be slightly incorrect because 
of nonattainment of equilibrium conditions. However, vapor pressures  calculated 
from this relationship should not be more than a f ew per  cent low. It is believed, 
however, that the heat of dehydration derived from the data is essentially correct. 
In one experiment a sample having an H2O/U ratio of 3.1 attained equilibrium only 
after 400 hours a t  149 C. 
mental apparatus. 

Equilibration is s low because of the nature of the experi- 

Fluidized Bed. The study of the fluidized bed process for uranium trioxide manufac- 
ture  as an alternate to the present horizontal calciners w a s  completed. 
showed that there is neither economic nor  capacity justification for consideration of 
%he alternate process a t  this time. 

This study 

Reduction of 21.5 pounds of unmilled U03 powder from the plant continuous calciner 
in cell G w a s  successfully carr ied out at an average feed rate of 175 pounds p e r  hour 
per square foot, with undiluted hydrogen as the fluidizing gas at a flow rate of 2. 6 
pounds per  hour per square foot. The f i r s t  unit w a s  maintained at  1100 F, and the 
second at about 1000 F. 
in transfer of the cooled powder from one container to another it air oxidized suf- 
ficiently to become noticeably warmer to the touch. Analysis of the powder from 
the f i rs t  unit disclosed 95 per cent conversion to U 0 2  with a residence time of about 
45 minutes. The reduction behavior correlated w e l l  with reduction kinetics deter-  
mined by thermobalance experiments. 

The product of the reduction w a s  quite reactive; in fact, 

Ion Exchange Processes  

Anion Exchaage. 
exchange resins is nearly complete. Results have been obtained from a 10 cm 
column loaded by passing a 1 gm/li ter plutonium nitrate solution through at  a rate 
of 8. 5 2 10 p e r  cent m l / m i n / c d .  
w a s  7. 2 molar. 

The study of the loading behavior of various commercial anion 

The nitric acid concentration of the feed solution 

The effect of temperature on the elution of plutonium with 0. 25 M HMO3 w a s  studied 
by comparing the elution of identical 42 cm long columns of Dowzx 1, X-4 (50 - 100 
mesh) a t  25 C and 60 C. 
in each case. 
about 12 per  cent higher than for the high temperature elution. At 60 C, 99. 5 per 
cent of the plutonium w a s  removed in a 25 ml (two column volumes) portion of the 
eluate at an average concentration of 26 g/l. 
w a s  removed in a 45 ml portion at an average concentration of 16 g/l. 
concentration reached at 60 C w a s  38 g/1 and at  25 C, 28 g/l. In neither case w a s  
the column loaded to saturation as it would be in either a continuous contactor or a 
series column loading operation. 

The same elutriant flow rate of 0. 5 ml/min/cmZ w a s  used 
The resin loading at the s t a r t  of the low temperature elution w a s  

At 25 C, 99. 5 per cent of the plutonium 
The maximum 

P r e l i m h a r y  experiments indicate that elevated temperature also markedly improves 
plutonium Loading behavior. 
loading and elution are being made. 

Further studies of the effect of temperature on both 

In the search for new reagents to elute plutonium from an anion exchange resin, 
citr ic acid 

I 2 5 W  

and -semicarbazide w e r e  tested. Tenth molar citr ic acid eluted the 

1 2  
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plutonium (IV) but did not appear to be as good an eluting agent as 0. 25 molar nitric 
acid. 
high concentration, but the elution w a s  accompanied by severe gassing. 

Semicarbazide reduced plutonium (IV) to plutonium (In) very rapidly and at 

A zirconium oxide anion exchanger w a s  prepared but did not absorb the plutonium 
(IV) nitric complex. 

Continuous Ion Exchange. 
in the 321 I3 uilding w a s  changed from a 48-inch to a 30-inch height. 
with Dowex 50 W(8X) and a HNO3-Fe(N03)3 system. 
velocity w a s  250 gal/hr-sq ft for 37 hours, and 140 gal/hr-sq ft for 26 hours. 
Results confirm the existence of a t  least ten theoretical stages in both the X A  and 
XC columns. There w a s  no detectable effect of throughput ra te  on contactor efficienc 

Absorption of Ions f rom Fused Salt Systems. Further studies to determine the capac 
ity of the  113M In organic Sxchanger" disclosed a marked sensitivity to the conditions 
under which the exchanger is dehydrated and teated. 
reported in HW-47155 with a second batch of the exchanger resulted in retention of 
practically no uranium. 
media met with failure, and examination of the ion exchange material showed a 
glazed appearance. 
de hydration. 

Another absorption run w a s  carried out with exchanger which had been very care-  
fully dehydrated at low temperature and heated very gradually to 400 C in vacuum 
before contacting it with the uranium bearing lithium chloride-potassium chloride 
eutectic. 
tained uranium, although it w a s  not visible as a band because of the nearly black 
color of the exchanger. 

The XC column of the moving bed ion-exchange contactor 
A run w a s  made 

The extraction section volume 

Repetition of the experiment 

Further efforts to demonstrate ion exchange in aqueous 

The loss  in exchange properties is believed due to too rapid 

Radioactivity measurement showed that the eutectic-washed column con - 

Some exploratory experiments were conducted to determine whether certain hydrous 
oxides might be applicable for absorption of ions at elevated temperatures. Precip- 
itated zirconium *'hydroxide** w a s  dried and heated to 400 C. It behaved a s  an 
anion exchanger in acid aqueous solution but peptized in basic solution. Precipitated 
molybdic acid, dried to 400 C behaved as a cation exchanger in acid o r  neutral 
solution. 
removed with dilute nitric acid. Molybdic oxide, however, reacts  with mol%en 
chloride salts  to form volatile chlorides of molybdenum. 
expected for tungstic acid. 

Uranium (IV) w a s  absorbed very w e l l  by this material and could be 

Similar behavior is also 

Flurex 

Anodic corrosion of several  metals immersed in 0.15 M HNO3 w a s  studied. The 
corrosion rate found for platinum w a s  0.021 f 0. 002 mT/amp h r  for total applied 
cell voltages ranging from 12 to 30 and current densities from 1. 2 to 5. 8 amps/in2. 
In some experiments, unidentified light tan or brown films formed on the platinum 
anodes. However, the anodic corrosion rate w a s  not significantly affected by these 
films. Under similar cell conditions, anodic corrosion rates for 312, 304L, and 
347 stainless steels w e r e  549, 27, and 27 mg/amp h r  respectively, and for titanium 
85  mg/amp hr .  
above conditions . Anodes made from pile graphite disintegrated rapidly under the 

I 2 5 1 1 0  I 3  
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A two-compartment electrolysis cell with a platinum anode, a s t i r red  mercury 
cathode, and a cation exchange membrane to separate the compartments is being 
used to determine the permselectivity of commercially available cation exchange 
membranes under conditions similar to those anticipated in the Flurex Process. 
The effect of feed acidity on current efficiency and water transport with various 
membranes is being studied. Data have been obtained only for Rohm and H a s s  C-1 
membrane. With a feed s t ream 0. 8 M in UO2(NO3)2, current efficiency decreased 
approximately linearly from 80 to 5 2 p e r  cent as acidity w a s  increased from zero 
to about 0 . 2 3  M. 
amounted to axout four milliliters per  gram of uranium transported. 

Water transport w a s  essentially independent of feed acidity and 

Analvtical DeveloDmen t 

Determination of Plutonium in First Cycle Waste. The alpha counting methods 
planned for monitoring plutonium in Redox f i rs t  cycle w a s t e  require prior decontam- 
ination of the plutonium and separation f rom americium and cerium. Conditions for 
decontamination and separation from americium and cerium by a single pass ion 
exchange method w e r e  demonstrated. A one centimeter long column of Dowex 
1 x 2 resin (100 - 200 mesh) w a s  used. 
in 8-M HNO3 containing nitrite and w a s  eluted with 0.1 M HNO3. The yield w a s  
greatFr than 95 per cent and the beta and gamma decontymination factors w e r e  
1 x 104 and 4 x 103, respectively. 
ra tes  and wash  volumes, is probably adequate. The beta activity of the plutonium . 

w a s  a factor of 100 below the level that introduces an e r r o r  of two per cent in alpha 
counting. 

Plutonium w a s  absorbed from a Purex HAW 

This decontamination, which is effected by flow 

In -Line Analysis 

Sulfamate Determination. The laboratory work has  been completed on the sulfam- 
ate monitoring method for a Purex IBP stream. 
acid concentration on the sulfamate value has been largely eliminated. 
with the laboratory prototype have been promising enough to warrant the construction 
and testing of a plant prototype in the pilot plant. 

Dichromate Monitoring. Research on a photometric method for the in -line analysis 
of the Redox HAIS s t ream for dichromate has been completed. A combination of a 
Corning number 3389 and a 490 millimicron interference filter has been selected 
for  light monochromation, and the sensing unit w i l l  detect a one p e r  cent change of 
dichromate concentration. The  maximum expected e r r o r  due to interferences of 
other ions is about five per  cent of the flowsheet dichromate concentration (approxi- 
mately 0.04 - M). 

Chemical Instrumentation 

The effect of variations of nitric 
The results 

Contact Alpha Monitor. Life testing of a Teflon protected zinc sulfide phosphor has  
continued using organic s t reams containing plutonium. 
there is no evidence of deterioration of the  one-quarter mil Teflon film, indicating 
that equipment of this design may be satisfactory for organic s t reams as w e l l  a s  
aqueous streams. 

After  six weeks of operation 
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Plutonium Resin Column Controls. The conductivity probes to control the acia-watei 
interface in the C-Column w e r e  modified by attaching a shield of 200-mesh screel! 
arourrd the carbon electrodes. 
ths Purex Plant for installation. 

The shielded probes were tested and delivered to 

Prototype Sampler and Sample Cell Design. A sampling system prototypical of the 
Purex IAb' S ampler has been installed in the 321 Building. 
being used to test the uranium photometers developed for Project CG-686. Devel- 
opment work is continuing on a self-degassing flow cell for photometer use. One 
cell used in conjunction with a dual-filter system h a s  given excellent results in 
sample s t reams containing as much as 90 p e r  cent air. This latter system (self- 
degassing and dual-filter) w i l l  also be useful for dichromate photometers. 

The sampler is presently 

A ':dual beam" photometer for dichromate monitoring s imilar  to the one developed 
for uranium monitoring w a s  constructed and studied. 
have the same sensitivity for dichromate but had a much greater stability than the 
single beam sensing unit. A 1.5 cm path cell w a s  used, and the reference beam had 
a 600 millimicron interference filter. 

The sensing unit proved to 

Equipment and Materials 

Continuous Solvent Washer .  A sodium carbonate -potassium permanganate w a s h  solu- 
?ion w a s  previously reported more effective than sodium carbonate alone in remov- 
ing colored impurities from crude tributyl phosphate. This has now been tested for 
effectiveness in removing fission product contamination from used Purex solvent 
(HCW). Thirty minute equal volume treatments a t  50 C with 5 per cent Na2CO and 

2. 6 x lo6 Ru and lo6 I y / / d  reduced these activities to 1. 3 x LO6 Zr ,  1.1 x 106 nu,  
and 2. 9 x 105 I y / m / m l  for the carbonate treatment and to 5.  3 x lo4 Zr, 2 .0  x lo5 Ru 
and 1. 6 x lo5 I y / m / m l  for the carbonate-permanganate treatment. 
thus over twenty-fold more effective than carbonate alone in removing zirconium 
contamination; however, the improvement factors for ruthenium and iodine w e r e  
much less marked. 

5 per cent N a ~ C 0 3 ,  0. 01 M KMn04 of a solvent which initially contained 4 x 10 2 Z r ,  

The latter w a s  

Hydroclone Separations, A hydroclone, which operates on the same principle a s  
a cyclone separator, has been proposed as a device to remove entrained aqueous 
from an organic stream. Early tests on a hydroclone rated a t  one gal/min, which 
had been fabricated at HAPO according to ORNL specifications, indicated poor 
performance in removing water from 30 p e r  cent tributyl phosphate in Shell E-2342. 
Further tests on the above hydroclone and tes ts  on a hydroclone borrowed from 
ORML showed that the unfavorable results w e r e  caused by either internal leakage 
within the hydroclone, such that only about half of the feed w a s  introduced tangent- 
ially, o r  to a distortion of the f low pattern by a gasket installed to stop the leakage. 

'With the HAPO hydroclone completely sealed, nearly identical separations w e r e  
obtained with the two hydroclones. 

Although the results are appreciably better than those obtained previously, they 
demonstrate an extreme dependence of hydroclone performance on specific gravity 
difference. Such a dependence indicates possible inefficient operation under prac - 
tical conditions of interest to HAPO. 
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Coalescer-Deentrainer. The investigation of a suitable packing material for a 
coalescer-deentrainer for Purex A P  streams w a s  continued. Twenty runs w e r e  
made in a unit consisting of 4-inch I. D. by 46-inch-long glass pipe <laced horizon- 
tally, with the f i rs t  18-inch packed and the last  18-inch equipped with horizontal 
baffles. Settled aqueous w a s  removed by a jack leg which serves  to control the 
interface near the bottom of the coalescer. 
wool  with a w i r e  diameter of 0. 002 to 0. 003 inch and a packed density of 5 to 10 
lb/cu. f t .  

The packing used w a s  stainless s teel  

Aqueous removal studies w e r e  made wi th  si,mulated Purex HAP at flow rates betwee 
200 and 800 gal/hr-sq f t ,  wi th  aqueous entrainments between 0.1 and 5 volume per 
cent. 
pensions of polyethylene powder having 20 to 60 and 60 to 100 mesh particle size. 
Solids concentration w a s  approximately 0. 5 volume per  cent. 

Solid deentrainment w a s  tested a t  a flow rate of 400 gal/hr-sq f t ,  using sus-  

Highlights of the runs include (1) greater than 95 per cent of the aqueous w a s  
removed from the organic phase under all f low conditions tested and maximum pres-  
sure  drop observed w a s  12 inches of water ( 2 )  there w a s  no apparent decrease in 
coalescing efficiency after 30 hours of operation at constant conditions ( 3 )  solids 
removal efficiency w a s  about 98 per  cent. However, after one hour at 400 gal/hr- 
sq  f t  a pressure drop of 60 inches of water with the coarse particles and 50 inches 
of w a t e r  with the fine particles w a s  observed. 

. Sand Filter. An 8-inch I. D. by 18-inch-long vertical glass pipe containing a 4-inch- 
deep layer of 50 mesh sea sand w a s  tested as a deentrainment device in the HAP 
l ine f rom a llcoldl' test  column operating on Purex HW No. 3 Flowsheet. 
volume velocity of 380 gal/hr-sq ft ,  99 per  cent of the solid entrainment w a s  remove 
The maximum pressure drop encountered w a s  7 feet of water. 
w a t e r  removed about 90 per  cent of the solids which had collected in the bed. 

At a 

Back-flushing with 

Interface I* Crud1! Removal. Additional observations w e r e  made concerning the 
problem of removing interface f rom a solvent extraction column wi th  a 
steam jet, An intake consisting of six horizontal arms wi th  holes along the bottom 
from a vertical central manifold and a fan-shaped intake with a narrow slit opening 
are not efficient for "crud" removal. 
top and having a length approximating the column radius is an efficient :*crud" 
remover when the material in the neighborhood of the interface is swirled. 
ing can be accomplished by the introduction of a tangential aqueous stream near 
the interface. 

A single horizontal arm pierced along the 

Swirl- 

Concatenated Pulse Columns. Two parallel glass columns have been fabricated for  
studies on concatenated pulse columns. The columns, 3-inches in diameter and 
9-feet high, se rve  as the extraction and scrub section of a Purex A-type column. 
The pulse for the extraction section w a s  supplied by a pulse generator. 
mission f rom the extraction section to the scrub section w a s  carried out through 
3 /4  -inch--diameter pipes equipped with opposing check valves of the ORNL design. 

Pulse t rans-  

Shakedown runs pointed out several  design changes necessary for  good operation. 
The principal difficulty arose from the formation of an air pocket at the high point 
in the overflow line from the extraction to the scrub section. The air pocket made 

I 2 5 u . l  I b 
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the amplitude in the scrub section sensitive to pulse frequency and caused the pulses 
in the two columns to be out of phase during frequency changes. 

Recuplex Teflon Bellows Pulser Prototype. The prototype Recuplex bellows -type co. 
uzll~l pulser assembly w a s  completed and irstdlled in a column simulator located in 
the 321 Building. 

Screw Pum . A pump for transferring solutions containing abrasive solids, consist- 

been operated at 1725 and 3450 rpm. 
At 1725 rpm the pump delivered one and five gallons per minute against heads of 10.4 
and 9 .2  feet, respectively. At 3450 rpm the pump delivered one and five gallons per 
minute against heads of 16.4 and 14 feet, respectively. 

Materials of Construction 

Nonmetallic Materials. Materials tested w e r e  Marlex 50, Phillips Chemical 
company Linear -Type Polyethylene; National Carbon Company Karbate No. 21, 
Karbate No. 22, National Special Glues No. 8, No. 14, and No. 15; and Hysol Adhe- 
sive, Houghton Laboratories. 

The Marlex 50 w a s  evaluated'as a gasket material in high radiation fields and at 
elevated temperatures. 
tion. 

ing _Taq o a -inch-diameter, 3-inch-pitch screw encased in a stainless steel tube had 
W a t e r  w a s  used as test fluid for calibration. 

Teflon gaskets w e r e  used as control samples for evalua- 

The degradation of Marlex 50 in air at elevated temperatures w a s  to be expected 
since it is known to be subject to this type damage. 
oxidatioa damage where the material w a s  protected by the flanges, suggesting that 
the material is satisfactory for gasket applications at  temperatures below 40 C. 

There w a s  no evidence of 

The National Carbon Company materials w e r e  tested to determine their resistance 
to 60 weight per  cent n i t r i c  acid at elevated temperatures. 
cmsisted of two pieces of Karbate glued together with special glues. 
the special glues dissolved in less than 30 hours in boiling 60 weight.per cent nitric 
acid. 
per cent in weight and Scleroscope hardness of the Karbates decreased f rom about 
40 to 25.  The weight loss includes the dissolution of the adhesive. 

Hysol adhesive was evaluated as a bonding agent between porous silicon carbide 
and polyvinyl chloride for service in 234-5 Building Task I filtrate solution. The 
assembled unit would be used to seal the filter to the piping. The solutions used 
for  this test  w e r e  (1) 4. 2 M nitric acid - 0.42 M oxalic acid, and (2) 4- 2 M nitric 
acid - 0.1  M oxalic acid. -After eight days in these solutions the porous sTicon 
carbide p a z e d  when the samples w e r e  subjected to 400 psi  direct tension but the 
bond remained intact. Prior to exposure in the solutions the samples withstood 
over 600 psi  direct tension without failure. 
tory service in these solutions, Hysol adhesive should be satisfactory. 

The samples tested 
In all cases  

The %est w a s  terminated after 100 hours. A l l  samples tested lost about 10 

Thus, i f  silicon carbide gives satisfac- 

Corrosion Studies. Samples of Am-350, a precipitation hardening stainless steel 
w e r e  exposed to 65 weight p e r  cent nitric acid following heat treatments specified 
by the manufacturer. Those samples having the required hardness for  their 
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intended use also exhibited high corrosion ra tes  (0.05 ipm). 
an outer case or layer (1/16 to 1/8 inch thick) which, although having the same hard- 
n e s s  as the inner material, appeared to have a different structure and did corrode 
less rapidly than the inner material. 
the cylindrical samples, has been exposed to 65 weight per cent nitric acid for 196 
hours. 
attack OR the core  is pronounced and has been perforated in spots. 

The samples also had 

A w a f e r  about 1/8 inch thick, cut from one of 

End grain Corrosion of the core is much more severe than of the case. 

In a study of the effect of inside-surface carburization on the corrosion of small  
diameter stainless steel tubing, several  samples of such tubing have been exposed 
to boiling 65 weight per  cent nitric acid for a total of 528 hours. The corrosion 
rate  on one of these has decreased by a factor of two, indicating that the carburized 
layer is nearly gone. 

Chemical Effluents 

Disposal to Ground. A review of chemical processing plant waste s t reams monit- 
oring and sampling equipment w a s  completed. Several recommendations w e r e  
made for the installation of additional or improved monitoring and sampling facil- 
it ies. 

An attempt w a s  made to estimate the adsorption characteristics of SrgO in A-9 
waste, a low salt, low activity density w a s t e  which w i l l  be produced in Purex 
plant. This w a s t e  w i l l  origmate from the vacuum acid fractionator overhead, and  
presumably w i l l  be neutralized by a lime bed before disposal. 
experiments with simulated effluents w e r e  carried out on the assumption that SrgO 
would occur in the A-9 w a s t e  and limit disposal to the ground. 
prepared by neutralizing nitric acid in various concentrations with excess CaCQ;  
total salt  concentrations in the neutralized solutions ranged from 29 to 2900 ppm, 
and the pH varied from 7. 5 to 8 .  5. The pH decreased below 8. 25 and the distri-  
bution coefficient (Kd) for the SrgO spike decreased rapidly in the exchange experi- 
ments when the total salt  concentration exceeded 300 ppm. 
waste disposal experiments, lowering the pH w a s  sufficient to account for the 
reduction of Kd values but the effect of low salt  concentrations needs additional 
investigation. 

Soil column experiments w e r e  begun to estimate the Ifcrib life'l of the A - 8  crib 
which receives tank condensate from A-farm. The results of an analysis of the 
waste indicated that the concentration of Cs137 w a s  about 5 times higher, and SrgO 
200 times higher, than the present local permissible limits for these radioisotopes 
in ground water. These two radioisotopes w i l l  therefore be limiting in the life 
of the crib. Approximately 50 p e r  cent of the total beta activity w a s  due to Ru106. 
This radioisotope should act as before as a convenient ffleadingu contaminant to 
t race the movement of the contaminants in the ground w a t e r .  
ment w a s  begun using condensed A-8 vapors removed from the system ahead of the 
contact condenser. 
activity density waste which w i l l  be produced under future operating conditions. 

Special Geological Studies. Continued stratigraphic and structural  geology studies 
showed that the Kingold sediments beneath 200 East  A r e a  and above the ground water 
table form an island centering about a t  N42, 000 and W40,OOO and rising to a 

Soil equilibrium 

Effluents were 

On the basis of past 

A soil column experi- 

This experiment w a s  intended to simulate disposal of higher 
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maximum altitude of about 450 feet. It extends slightly more than a mile north 
and south and two and a half miles east and w e s t  of that point. 
table lies within the overlying, more permeable sediments along a north-south 
zone about a mile wide, centering along the w e s t  edge of 200 East Area.  This zone 
o r  channel continues northward to the 200 North A r e a  and south-eastward from the 
southwest corner of 200 East Area toward the Columbia River. Movement of the 
ground w a t e r s  through this zone is potentially rapid, although the actual ra tes  of 
movement have not yet been determined. 

To the w e s t  the wate; 

Sediments of the lower or  blue clay series of the Ringold formation were upwarpeti 
beneath 200 East  A r e a  with the underlying basalt. Clay and sil t  beds of that series 
now lie at  the w a t e r  table level from the w e s t  edge of the outlined island to a north- 
northwest line passing about half a mile west of Purex, which line trends directly 
to the 241-B tank fa rm and 2nd cycle crib site. Sands and fine gravels stratigraph- 
ically below the clays and silts crop out a t  the water table leveleast  of the line to 
the vicinity of the Purex swamp. Here the  basalt, lower in altitude again, permits 
the clay and silt beds to p a s s  to and beneath the water table level, thus restricting 
the eastward flow of the ground waters there. 

The southeastward movement of the ground waters in 1946 and early 1947, and again 
in 1955 and early 1956 w a s  through the sands and f ine gravels above referred to in 
a direction largely controlled by the pattern of outcrop of the confining sil t  and clay 
beds at the water table level. Movement of the ground w a t e r s  and contained contam- 
inants at the 361-B reverse w e l l  s i te  in the past 8 years  w a s  minimal, largely owing 
to the presence of the silts and clays at and beneath the water table level through- 
out that part  of 200 East Area.  

Recognition of the stratigraphic controls to ground water movement permits the 
best placing of new w e l l s  and the  sampling of w e l l s  a t  the proper stratigraphic hor-  
izons to provide the best data on the movement of the ground w a t e r s  and contained 
con taminan t s . 
Influence of Cooling W a t e r  Swamps on the W a t e r  Table. A comparison of the ground 
water contours determined this month with those of one year ago indicates the sig- 
nificant changes resulting from this one year of op‘eration. During the year the 
average discharge rate  to the 200 East Swamp w a s  about 6. 5 million gallons per  day, 
to the U-Plant Swamp about 5 million gallons per day, to the Redox caverns about 
1. 5 million gallons per day, and to the T-Plant Swamp about 0.1 million gallons 
per day. 

The most significant changes in ground water elevation have occurred beneath the 
200 East Area ,  as a result of one year of operation of thePurex Plant. Here the 
ground water mound has r i s en  to a total of 13 feet to the highest level ever measured. 
The result of this rise has been a 2. 5 to 5-fold increase in the hydraulic gradient 
in the vicinity of the mound. The average hydraulic gradient between the 200 East 
Area  and the r iver  has increased about 50%. Since the rate of movement of the 
ground w a t e r  is directly proportional to the gradient, the available travel time for  
ground water to reach the river from this area has been proportionately reduced. 
The ra te  of discharge to the 200 East Swamp w a s  not constant throughout the year, 
but had increased to about 12 million gallons per day at year’s end. The expected 
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average r a t e  of discharge during the next twelve-months period is from 12 to 14 
million gallons per  day. . The elevation of the 200 East Mound, and the hydraulic 
gradient, may therefore be expected to continue to rise. 

The ground w a t e r  elevation beneath the 200 West A r e a  reflects changes in the rate  
of cooling w a t e r  flow to the various disposal areas during the year. The reduction 
of cooling w a t e r  to the T-Plant Swamp resulted in a subsidence of the northern 
portion of the mound, while the southern portion continued to rise under the influenct 
of the cooling water discharged from the TBP and Redox plants. The ground w a t e r  
gradient beneath the T-Plant has therefore been altered from 27 feet p e r  mile in a 
southeasterly direction to 20 feet per  mile in a northeasterly direction. This has  
altered the direction of movement of contamination from T-Plant cribs from south- 
east to northeast.. The material may be expected to eventually reach the highly 
permeable sediments adjacent to Gable Mountain. 

In-Well Measurements. The u s e  of sea sand 03spiked12 with appropriate radioisotopes 
w a s  investigated as a possible soil matrix for the calibration of the gamma ray scin- 
tillation w e l l  probe. 
desired uniformity of distribution of the  radioactive material in the preliminary 
experiments . 

Even the very low exchange capacity of the sand prevented the 

The control panel w a s  assembled for the "we l l  packer", and fabrication of the 
packer has been ordered from the shop. 
iable length of w e l l  easing to be internally plugged at the upper and lower ends. 
Facilities are provided to pump water into the sealed-off section and to measure 
the pressure  required to force water through the w e l l  perforations and surrounding 
ground formations at a constant known rate. 
determined. 

The equipment w i l l  permit a known, va r -  

F rom these data permeabilities can be 

Cobalt-60 in Scavenged Metal Recovery Plant Wastes. The continued presence of 
eobU in TBP scavenged supernates above the recommended cribbable limit of 
4 x 
specific retention basis  of all TBP waste scavenged during December. 
8. 8 million gallons of high C060 scavenged w a s t e  have been disposed of on a speci- 
fic retention basis  at the BC trenchsite. 

pc/ml necessitated recommending tank storage o r  ground disposal on a 
To date 

Recommendations w e r e  scoped for the disposal of scavenged wastes containing C060 
up to a concentration of 4 x 10-4 pc/ml (present cribbable limit is 4 x 10-5 pc/ml)  
on a field test basis at the 216-BC-6 crib. 

Recuplex W a s t e  Disposal. A preliminary investigation w a s  conducted to determine 
the characteristics of Recuplex w a s t e  solution and the effect of these characteristics 
on disposal of w a s t e  to the ground. Examination of one sample revealed the pres -  
ence of sludge, organic solvent, and aqueous solution. The plutonium concentration 
w a s  approximately 100 times greater in the organic than in the aqueous phase. The 
addition of NaOH to the aqueous phase produced a hydrous oxide precipitate a t  pH<3, 
and at  pH 6 to 7 the bulky precipitate.retained esserilAally all of the  liquid. Increas- 
ing the pH to >10 redissolved the aluminum and reduced the quantity of precipitate 
to approximately the same volume a s  that found at pH <3. Equilibrium experiments 
with soil indicated that essentially no plutonium w a s  adsorbed by soil f rom the a c i d  
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waste solutions, but making the solution neutral or basic resulted in most of the 
plutonium being scavenged by the hydrous oxide precipitate (DF - 1000). 

These results indicated that a review and possible modification of existing Recuplex 
waste disposal procedures may be advisable to avoid possible contamination of the 
ground water by plutonium. One possible modification included the addition of sodi 
hydroxide to form a precipitate which would both scavenge plutonium from the solu- 
tion and increase the adsorption of plutonium by soil f rom the supernate. 

Geochemical and Geophysical Research. Further identification of the surface con - 
tours of the basalt bedrock w a s  accomplished by the use of marker beds within the 
Ringold formation and field investigation of exposed basalt surfaces. 
basalt w a s  identified that appears to separate Cold Creek Valley from the r e s t  of 
the project. 
the ground surface in a few locations, and appears to be a buried extention of the 
Yakima Ridge. I ts  continuity is suggested by the appearance af coarse-grained 
gravels on the ground surface. If no large gaps occur in this basalt formation it 
would effectively prevent the discharge of drainage water moving underground from 
the Cold Creek Valley drainage basin into the r e s t  of the Hanford Project. This 
would have considerable influence on the hydrological pattern of the region. 

A ridge of 

This ridge extends above the w a t e r  table at least locally, appears at 

Research continued on the relationships between soil moisture content, moisture 
tension, and rate  of movement for the unsaturated flow of water through sand beds. 
No quantitative relationships have been derived from the data but the interdependen( 
of the three variables w a s  qualitatively determined. 
moisture content of the bed is an inverse function of the tension gradient. This wor 
w i l l  ass is t  with the determination of underground spreading of waste liquids beneath 
a crib. 

Fo r  a given flow ra te  the 

Soil Chemistry. Continued mechanical and chemical analyses of soil samples from 
w e l l  drilling operations added to the data available for statistical treatment. 
total clay content of the samples correlates better wi th  the 15-atmosphere moisture 
content of the soil than with the cation exchange capacity. Since the clay particles, 
in general, have the same s ize  range, and since the cation exchange capacity 
differs considerably for different clay minerals this result  tends to confirm the 
presence of clays of varying clay mineral composition. Specific samples from a 
single w e l l  may show variations of as much as four to one in the cation exchange 
capacity per  gram of clay. 

The 

Further research OR the retention of yttrium ion by Hanford soil indicated that 
yttrium is readily removed by acidic solutions, is slowly replaced by polyvalent 
cations, and is very slightly replaced by monovalent cations. These results are 
in accord with those previously obtained for other isotopes. Exchange of the t r i -  
valent yttrium ion on soil occurs readily f rom neutralized wastes; leachability is 
low except with acidic solutions. 

Gelling of Wastes .  The investigation of disposal of alkaline w a s t e s  containing 
aluminum by immobilization of the total w a s t e  mass  a t  the disposal site w a s  
continued. The aluminosilicate gels are known to bear close physical resemblance 
to silica gels but have the added property of exchanging the sodium ion, which w a s  
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originally incorporated into the structure,  fo r  other metal ions. 
laboratory results indicated that aluminosilicate gel, formed b 
sodium silicate with sodium aluminate solution containing Cs13$ and Sr90, retained 
greater than 90 per cent of the radioactive cations against a water leach. Apparent1 
the Cs+ and Sr++ ions w e r e  retained by the negatively charged gel particles. Addit- 
ional experiments w e r e  planned to investigate the exchange properties of the alumir, 
osilicate gel. 

Preliminary 
the reaction of 

Environmental and Radiation Chemistry. The low background gamma spectrometer 
w a s  successfully applied to the determination of ~ r 9 5 - ~ b 9 5 ,  Rul06, and 1131 iz 
vegetation samples without any chemical treatment. Sagebrush samples weighing 
from 60 to.90 grams from the 200-W Area gate, the south fence of the 200-E Area, 
and eight miles southeast of 200-E Area w e r e  placed in eight ounce glass jars and 
counted using a 3" x 3" sodium iodide crystal. 

The 1131 analyses are 15 per  cent to 40 per  cent lower than the gamma spectrometer 
values, while the "non -volatileJ1 results indicate that radioisotopes other that Ru106 
and ~ r 9 5 - ~ b 9 5  are also present. 
can also be measured. Any other sigrrificant activity must be due to beta emittizg 
isotopes. 
and the tentatively identified Ce144 can be easily adapted to routine use ;  requiring 
only a ten minute count at the activity levels of the present samples. 

A gamma emitter tentatively identified as Ce144 

The gamma spectrometer method for determining ~ r 9 5 - ~ b 9 5 ,  R d o 3  , 1131 
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BIOLOGY 

Biological Monitoring 

Contamination in te r res t r ia l  and aquatic organisms a s  a result of radioactive 
materials introduced into the atmosphere and Columbia River follows: 

Atmospheric Contamination. 
at monthly o r  bi-monthly rates  a r e  tabulated below in decreasing order: 

1131 concentrations in thyroid glands of rabbits collect 

Collection Site 
1 mile SE of Redox 
East of 200 East Area 
Prosser  Barricade 
West of 200 West Area 
Meteorology Tower 
100-B Area 
4 miles SW of Redox 
6 miles SE of Redox 
Wahluke Slope, NNE 
Route 2S, Mile 3 
Wahluke Slope, N 

pc I131/g thyroid 
Average Maximum 

8 x 
7 x 
6 x 

3 x 
2 x 
7 x 
3 x 
2 x 
2 x 10 

2 x 10;- 

4 x loe3 

3 x 10:; 
1 x 
1 x 
8 x 
5 x 

3 x 
8 x 

3 x 
2 x 10 

4 x loe3 

7 x m 3  

Trend Factor 

+ 4  - 
- 

+ 6  
+ 2  

+ 3  
+ 8* 
+ 3;: 
+ 2* 
+ 5* 

- 

* The last fou r  trend factors compare values with October rather than November 
because corresponding collections a r e  made bi-monthly. 

Current values a r e  essentially the same as those observed one year ago. 
adjacent to Separations facilities a r e  about three t imes those of 1955. 

Those 

Fallout debris, presumably of off-Plant origin, was  present in rabbits in the followii 
amounts and tissues: 

pc F P 1 s / g  sample 
Sample Type (Average) 

Bone 4 x lo+ 

Feces 4 
Liver 6 x 

Trend 
Factor 

- 

Swamp Contamination. 
Tollowing concentrations of fission products: 

Waterfowl obtained from the 221-U swamp contained the 

Sample Type 
pc FPIs/g tissue 

Average-imum 

- 4  3 x -4 coots 
Bone 3 x 
Soft tissue 3 x 10 4 x 10 

Diving ducks 
Bone 
Soft tissue 

2 x 10:; 
1 x 10 

2 x 10:; 
2 x 10 

Trend Factor 

- 10 
- 

- 2  
- 2  
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Sample Type 

Bone 
Soft tissue 

Puddle ducks 
Bone 
Soft t issue 

Grebes 

pc F P 1 s / g  t i s s u e  
Averag- aximum 

3 x 10:; 
2 x 10 

-4 3 x 
3 x 10 

- 4  5 x 10;; 5 x 
4 x 10 5 x 10 

Trend Factor 

- 20 
- 2  

- 2  
- 7  

These values a r e  essentially the same a s  observed one year ago. 

Columbia River Contamination. 
Torms and in waterfowl for December a r e  shown in the f o l l v g  table. 
exception of plankton, virtually all of the activity is from P 

The contamination levels in representative aquatic 
With the 

. 

Sample Type 
Plankt on 
Caddis larvae 
Minnows 
Whitefish * 

Shorebirds * 
Diving ducks 
Grebes 
Puddle ducks 
Gulls 
Mergansers 
Herons 

Collection 
Sit e 

Hanford 
I1 

I1 

11 

Priest Rapids 
Ringold 
Hanford 

r i  

I1 . 
I 1  

11 

11 

)I 

pc radioisotopes/g tissue 
Maximum 

=% 4 x 7 x10:; 
1 x 1 x l o m 3  

7 x m 4  1 x l o m 4  
3 x 5 x 

2 x m 4  3 x 
1 x 10 1 x 10 

5 x 10:; 
2 x 
8 x 
6 x lom4 
3 x 

1 x 10 
2 x m 4  

- 2  1 x 
8 x 
1 x 
5 x 

4 x 
2 x 10 

7 x m 4  

Trend 
Factor 

- 
- 2  
- 2  - 
- 6  
- 

+2 

+6 
- 3  
- 3  
- 2  

- 

* Values  a r e  fo r  flesh. Concentrations in bone a r e  ten t imes higher f o r  
fish and three t imes higher fo r  waterfowl. 

The concentration of radioactive substances in most Columbia River organisms 
continued to decline. 
temperature. The concentration in small  fish collected near Hanford was  about 
twice that observed one year ago. 
remained at about the same level as last month. 
Ringold is of doubtful significance since only one specimen was  obtained at this site. 

Current values a r e  approximately the same as those observed one year ago, with 
the exception of puddle ducks and herons. 
schedules this year  allowing the birds a shorter exposure t o  r iver  contaminants 
prior to sampling. Trend factors of diving and puddle ducks reflect the annual 
pattern of increasing P32 concentrations with length of residence in  this area.  
Decreasing trend factors of gulls, mergansers and herons result from an influx 
of migrants . 

This is typical of this season and is related to lower water 

The contamination in the flesh of whitefish 
The downward trend indicated for  

This is probably due to la ter  migratory 
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Activity densities of 1 x lo-' pc /g  of muscle and 5 x 
in samples of waterfowl obtained beyond project boundaries. 

pc /g  of bone were observer 

During the latter par t  of the month when an unusually low water level occurred, 
samples of r iver  bottom organisms were counted. 
abundance of organisms living .below the reactors did not appear to be substantially 
different from that above the Hanford Operation. 

From gross  observations the 

Under laboratory c.onditions, survival of white fish has been good in concentrations ( 

reactor effluent as high as eight per cent even though river temperatures dropped 
below 15 C in October. 

Whitefish eggs incubated at temperatures 2 C and 3 C higher than the average fo r  tht 
Columbia River have suffered mortalities slightly above those of the controls. 

The difference in radioactive contamination of small fish held in "retained" versus 
"non-retained" reactor effluent appears to be associated with feeding habits and thus 
gut contents. Species, such as suckers, which feed on bottom algae and diatoms, 
reflect the difference in contamination level which occurs in these foods. 
fish, which feed predominantly on small  animals, there is virtually no difference in 
the contamination levels. 

In squaw 

Metabolism and Toxicity of Radioactive Materials 

Plutonium. 
sacrificed seven days after exposure. Contrary to preliminary indications, signific: 
amounts of plutonium were found remaining in the heads of the exposed animals. 
Approximately 0 . 1  per cent of plutonium administered in 0 . 1  N HN03 solution was 
retained in the head and approximately 0 . 4  per cent was  retazed when administered 
in 2 N €€NO3 solution. 
p rehz ina ry  indications a r e  that the absorption and deposition in bone w a s  very low. 

Rats exposed to a drop of acid plutonium solution on the tongue were 

Analyses on other p a r t s  of the ra t s  a r e  incomplete, but 

Additional ra t s  were intravenously injected with plutonium in the comprehensive stuc 
of distribution and excretion, utilizing chemical fractionation, ultra- centrifugation, 
and autoradiographic methods. 

A dog died 428 days after I. V. injection of 1. 6 mg P u  (citrate complex) o r  0 . 1  pg P u /  
of dog. It retained 21 per  cent of the original dose in the bones and 4 p e r  cent in the 
liver. 

Ruthenium. Gastrointestinal absorption of Ru106 from 0. 3 N HCl solutions was 
approximately five times greater than from pH 2 solutions. 
accumulated on the effect of age on gastrointestinal absorption. 
levels are attained in r a t s  at 100 days of age. 

Iodine. 
m t r i t i o n  plane continued to be lower than in those on a high plane of nutrition. 
The Q/D in the low plane groups fed 5 or  45 pc/day was 1. 5 a s  compared with 2 . 1  
in both high plane groups. 

No significant differences were observed in serum 1131 conversion ratios. 

- 
Additional data were . 

Adult absorption 

The ratios of 1131 in the thyroidglandto fed daily (Q/D) in the pigs on a 

2 5 I!. 0 2 5 
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Radioactive Particles. Mice were exposed to RuO aerosol containing pc 
)Lu-lO!;per cc a i r .  hnm ediately after one-hour ex6osures, the lung burden was 
7 x 10 pc. Curiously, for two hours after exposure there was  a rapid decrease 
in lung burden followed by an equally rapid increase reaching a maximum after fou r  
hours. If this is a consistent finding, it may indicate the t ime at which maximum 
therapeutic benefits can be achieved. At the end of 48 hours the lung burden w a s  
approximately 35 per  cent of the initial burden. 
ruthenium, 0. 4 pc, appeared in the G. I. tract. 

Intratracheal injection of mice with Ru"~O has been initiated to obtain tissue 
distribution and lung turnover data for comJarison with aerosol experiments. 

The greatest quantity of radio- 

Apparatus is being prepared and techniques developed fo r  exposure of mice and dogs 
to insoluble plutonium aerosols. 

Gastrointestinal Radiation Injury. Hematological data a r e  now available from 250 rat: 
exposed to  intestinal x-irradiation of 900, 1500, and 1900 r .  These data show that in 
s i tu  exposure, a s  compared with exposure of the exteriorized intestine, is consideFab 
more damaging to the mononuclear leukocyte cell fraction. 
indicate that damage to the gut is the primary cause of death in these animals. 
sub-lethal dose (900 r) caused minor epithelial damage which w a s  repaired within six 
days following exposure. 
ulceration was  present on the sixth day following x-irradiation. Surviving animals 
showed residual damage as late as 45 days following exposure. 

Hematological data from 80 rats administered Ygl o r m y  indicate that internal beta 
irradiation causes greater leukocyte and erythrocyte damage than an X-ray dose of 
comparable lethality. Histological evaluation of intestinal damage in these animals 
has not been completed. 

- 
Histological studies 

The 

Severe epithelial damage resulted from 1500 to 1900 r and 

Relative Biological Effectiveness. 
radiation source have met with some success. plated on it 
remained suspended in culture medium long enough to satisfy the conditions imposed 
by the autoturbidimeter. 
with the suspended l&tinum. No toxicity was noted when the platinum dust  was used 
without attached Po . 

It was  also found that Po2l0 can be incorporated into spores of B. cereus without 
apparent loss of the polonium from the spores. Such treated sFores appear to be 
potentially useful as alpha radiation sources, since they a r e  inert under the conditions 
of growth used with the yeast cells. 

Efforts to obtain a relatively unifosB alpha 
Platinum dust with Po 

The Po210 did not move on t o  yeast cells grown in contact 

Viability studies on growing cultures exposed to radioactive isotopes show that a few 
of the cells a r e  highly resistent to radiation damage. 
on s tudies  of static cultures have suggested that this radiation resistance was present 
only in the budding yeast cells. 
cultures in which buds might be present for only transient periods, these data suggest 
that the radiation resistance may be due to factors other than budding. 

Reports from other laboratories 

Since the present studies were done on growing 

RBE calculated from viability data a r e  identical with those obtained in growth studies. 
Values obtained from mutation s tud ie s  a r e  appreciably higher, suggesting that 
radiation killing is not solely a function of genetic damage. 

2 5 I!" 0 2 6, 
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SUPPORTING ACTIVITIES 

OPERATIONS RESEARCH AND SYNTHESIS 

React o r  Data 

The scoping study of the IPD data center has been completed. 
courses of action have been outlined and budget estimates prepared for each. Two 
reports are being prepared, one on the structure and philosophy of the data center, 
and one on alternatives for implementing the center. 

Economic Liaison 

Further consideration was  given t o  the appropriate description of Hanford objectives. 
Several alternate equations for describing the return t o  the AEC were considered, 
A paper entitled wProfitability Analysism w a s  reviewed. 

A preliminary study w a s  made of the effect on Hanford operations and construction 
planning of the incremental cost limit for plutonium and associated payoff period. 

Calculations w e r e  made regarding the effect on gaseous diffusion plant output if 
Hanford and Savannah operations w e r e  modified to produce substantial amounts of 
tritium by an E-N loading at Hanford, 

Two alternative 

React o r  Mode 1 

The report on optimal variable goal discharge w a s  completed. 

An investigation w a s  begun of the relationships between the various modes of 
optimal behavior and the concept of value. The problem ar i ses  because of such 
varied objectives for  plant operation as (1) maximum production ( 2 )  minimum 
total costs ( 3 )  maximum return and (4) minimum unit costs. 

Statistics Studies .for CPD 

A modification w a s  recommended for the method of selecting samples from model 
250 parts for analysis, 
performed to check compliance with specifications and a n  apparent time related 
increase in the process variance. 

The study to determine a better method of predicting the amount of additives in 
Task IV at Savannah River which produce a shape with the desired content was  
completed. It w a s  found that the use of data from a short time period produced a 
significantly better prediction than that obtained from the stoichiometric relation- 
ship currently used. However, the use of an empirical relationship over a longer 
period of time resulted in a significantly larger  process variance. 

A method has been obtained for  predicting the amount of caustic required to neutral' 
ize one of the waste s t reams in the Redox plant. 
appropriate limits w e r e  provided. 

An analysis of the data resulting from the modification w a s  

Two prediction curves with 
One w a s  based on the assumption that residual 

1 2 5 4 0 2 1  
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deviations in the caustic content were due to laboratory variation. 
assumes that residual deviations represented true batch-to-batch differences. 

The second 

Recommendations were made concerning the minimum amount of data which should 
be collected to establish radiation exposure limits on various steps in the Uranium 
Recovery Plant process. 

Statistics Studies for IPD 

Run-to-rupture data were analyzed 50 determine the importance of the assumption 
that the slope parameter equals 7.6. 

Rupture data w e r e  analyzed and a method of estimating rupture rate curves w a s  
r e  ported 

Rupture histories of C -slugs produced by two cannirlg methods were investigated anc 
compared. 

Rough estimates were obtained of the expected warp at a power-exposure condition 
different from that at which data were available. 

Statistics Studies for F P D  

Statistical methods and the associated computational procedures previously develope 
were  applied to the study and comparison of the degree of random orientation of 
grain structure in several new groups of slugs. 

Consultation w a s  given on the application of confidence and tolerance limits, and the 
estimation of the reproducibility and bias of a process, as applied to analytical 
resu35s. 

Studies continued on The overall s+,atistical quality control program. 
for various types of rejects are being recommended based on an extensive analysis c 
the major sources of variability. In particular, various operating factors and 
apparent differences in the quality of aluminum-silicon obtained from different 
vendors appear to have a significant effect on reject rates. 
lack of control in various measurements on canned slugs were shown to be due 
primarily to testing techniques and remedial measures are under way, Emphasis 
has  been placed on the importance of consistant testing results ?o secure unbiased 
data from experimental runs. The presence of controlled conditions in this a r ea  is 
of great importance since it may allow a reduction in sampling frequency in an a rea  
where  destructive testing is necessary. 

An informal training program for Statistical Quality Control has resulted in more 
adequately designed experiments, better data, and better interpretation of the 
results. 

Control charts 

An investigation of the 

Statistics Studies for R and U 

Assistance w a s  given in determining sample s izes  needed to answer specific questio 
with a specified confidence when surveying medical record fi.les of H A P 0  employees 
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Data from an experiment to investigate the uptake of two radioactive metals into 
animal tissue were analyzed and reported a s t h e  effects of various factors on the 
uptake of Ca-45 and Sr-89 in rats. 

A statistical investigation has been conducted of the complex estimation procedure 
associated with the established techniques for estimating p e r  cent variable yeast 
cells in sensitivity experiments. 

A preliminary study w a s  made of data pertaining to the concentrations of isotopes 
in the retention basins to determine the possibility of expressing such concentra- 
tions as functions of pile variables. 

A study is in progress to determine the most efficient method of solving for K, in  
a multiple regression equation involving a pair of test pile measurements of 
cadmium ratios. 

Discussions have been held on the statistical aspects of the general planning of a 
fuel element test reactor. 

A design for a preliminary experiment was  recommended which wil l  optimize 
certain yield variables in a uranium oxide experiment. 

x 
Data on the hardness, elasticity, tensile strength and elongation at different 
exposures of samples of metal irradiated in the MTR and 100-F Gamma Pit  were 
analyzed. 
future runs w a s  estimated. 

From the variability in these data, the number of samples necessa.ry in  

A statistical analysis w a s  made of the results of an  experiment conducted to deter-  
mine the ultimate strength, yield strength, and elongation of groups of materials 
at fixed temperature levels. 

ORNL data on the corrosion of 356 aluminum w e r e  analyzed. Another study of 
this data is being performed to determine maximum pit depths which occur under 
different experimental conditions. 

Corrosion data of penetrations were reanalyzed and the final results were reported 
as  corrosion rates of three aluminum alloys as functions of time and water t reat-  
ment. 

Simultaneous investigation of the corrosive effects on metal alloys of (1)  several  
chemical agents in solution ( 2 )  the possibility of variation in corrosion rate due 
to individual differences in experimental equipment and ( 3 )  the question of intro- 
duction of a time gradient because of the length period necessary to complete each 
experimental run are routine problems encountered whenever corrosion studies 
are conducted. 
experimental designs for such experiments. Important problems under discussion 
are ( 1) the relationships between design efficiency and the assumptions of existence 
o r  non-existence of certain interactions among the experimental factors and ( 2 )  the 
question of how to experimentally determine apparatus differences so that future 
designs can compensate for these differences. 
Expected monthly absenteeism rates for the Laboratories and its components are 
being compiled. 

Consultations have been given concerning the selection of proper 

Limits on these rates are also being determined to enable manage- - 
ment to detect significant shifts from the expected. 
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RADIATION PROTECTION 

Iodine emission increased more than two-fold over November experience and w a s  
about twice the long-term control limit of 10 curies per week. The average daily 
emission rate w a s  3.5 curies per  day, with a maximum emission of 24 curies in on+ 
day, essentially all from Redox. 
iodine removal equipment and w e r e  dissolving 90-day cooled metal. 
factors contributed heavily to the over-control emissions. 
samples reflected iodine deposition above the limit of 1 x 10- pclgm. 

Both Redox and Purex experienced difficulty with 
These two 

%veral off-plant vegetat 

One new case of plutonium deposition was confirmed, bringing the total number of 
cases  of measurable deposition to 197. No new cases  of fission product deposition 
were detected with the routine bioassay program. 

The new plastic badge and self-service badge racks were placed into service in 300 
Area. 

U s e  of the new calibration well  confirmed the expected improvement in reducing 
personnel exposure while calibrating portable instruments. 

CONDENSED EXPOSURE RECORDS 

Type 
'Pocket Chambers - 
Pocket Chambers - 

Number of 
Readings 

Gnmma 254,630 
Slow Neutron 2,534 

Film Badges - Beta - Gamma 
Film Badges - Neutron 

49,, 951 
6 14 

P u  Bioassay 
F. P. Bioassay 
U. Bioassay 

Alpha Hand Counts 
Beta Hand Counts 
Thyroid Counts 

1,178 
1, 207 

459 

57,143 
55,750 

29 

Pot entia1 
High Results 

25 
0 

35 
0 

6 2  
0 

0 
0 
0 

Confirmed 
High Results 

0 
0 
0 
0 

1 
0 
7 

0 
0 
0 
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REGIONAL MONITORING 

The general findings are summarized in the following: 

Sample Type and Location 
Drinking W a t e r  and 
Related Materials 
Benton City W a t e r  Co. Wel l  
Richland, N. Richland, 

Benton City Wel l s  
100 Areas 
200 Areas 
Pasco, Kennewick, McNary Dam 
Backwash Solids - 
Backwash Liquids - 
Anthracite, Sand Filter - 

Pasco Filter Plant 

' Pasco Filter Plant 

Pasco Filter Plant 

Other W a t e r s  and 
Related Materials . 

~ ~~ 

200 West  W e l l s  
200 East Wells 
Wel ls  N e a r  200 Areas 
107 and 108 Wel l s  
Outlying W e l l s  
Columbia River - Hanford Fe r ry  
Colubmia River - Below Reactors 
Columbia River - Paterson to  

Columbia River - Shore Mud 
Raw W a t e r  - Operating Areas  
Reactor Effluent Retention 

McNary 

Basins to  River 

Basins to River 
Reactor Effluent Ret ention 

Activity 
Type 

alpha 

alpha 
beta 
beta 
beta 

beta 

beta 

beta 

beta 
beta 
beta 
beta 
beta 
beta 
beta 

beta 
beta 
beta 
beta 

alpha 

Average 
Activity Density 

i c / m l  

1. 2 x 

(<O. 5 t o  1.1) x 
(0. 24 t o  8. 4) x i%-6 
(0. 4 to 1.1) x 10 
(<O. 05 to  3 .  0)  x 

2 . 6  x pc/gm 

2. 9 x 

9 . 1  x pc/gm 

<1 x 10:; to  1.0 x 10:; 
<1 x 10 to 1. 3 ;r 10 
(<1 t o  3,+) x 10- 
<i x 1 0 , ~  to 7 x 
<1 x 10 -5 
2.9 x 
2. 4 x 10 

6 .  2 x 
(0.15 to 2. 2)  x 10-4-5 
(<O. 005 to  1. 9) x 10 
8,900 to 35,000 pc / sec /  -- 
(2 .  6 to  8. 5)  x 10 

<5 x 10- - -  

re-ytor -- 
<O. 04 pqJsec/reactor - -  

* The trend factor shows the n-fold increase (+) o r  decrease (-) from last 
month, where values of n less than 2 will not be noted. 
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Sample Type and Location 
Other W a t e r s  and 
kelated Materials (contd. ) 
1-131 in Farm Wastes to  River 
I-lLl in Columbia River - 
SO0 Area Pond Inlet 

Hanford 

Atmospheric Pollution 
Gross Alpha Emitters 
Gross Dose Rate - 

Separations Areas 
Gross  Dose Rate - 

Residential Areas  
Active Particles - 

Separations Areas 
1-131 Separations Areas 
1-131 Separations Stacks 
Ruthenium - Separations 
Active Particles - Wash 

Idaho, Ore . ,  Mont. 

Average 
Activity Activity Density 

Type pc /ml  

79 I.cc/dax 
1-131 1. 2 x 10 

1-131 7 .  5 x lo--; 
alpha 7 . 1  x 10 

alpha (<4 to 4. 8) x 

beta-gamma 0 . 7  t o  7. 5 mrad/day 

beta-gamma 0. 3 to 5 . 9  mrad/day 
(1. 8 to 5 .  8) x 10 -13 -13 
(0. 7 to 2 . 9 )  x 10 

beta 
1-131 
1-131 3 .  5 curies /dav 

Hw-47858 

Trend* 
Factor 

Stacks Ru-103-106 <O. 02  curie/d>y - -  
3 '-3 - -  0. 007 to 0. 065 p t le /y '  - -  

Active Particles - Project -- 0. 001 to 0.14 ptle/m - -  
Vegetation 
Environs of Separations Areas 1-131 (<o. 3 to 1.5)  x i%-5 pc/gm + 3  

Oregon 1-131 (<3 to 3 .0)  x l o+  p c / p  - -  

Separations Areas alpha (<o. 7 to 7 . 7 )  x IO- '  pc/gm - -  

Residential Areas 1-131 (<O. 3 to 4) x 10 pc/gm - -  
Eastern Washington and 

Non-Volatile Beta Emitters 

Alpha Emitters - 
Wash. and Ore. beta (0.13 to 2 .  0)  x b!c/gm - -  

* The trend factor shows the n-fold increase (+) or  decrease ( -1  from last month, 
where the values of n less than 2 will  not be noted. 
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LABORATORIES AUXILIARIES 

The responsibility for processing Appropriation Requests was transferred to the 
Financial Operation. 

An unusually high number of radiographic tes ts  were made during the month. This 
increase resulted from growth of the supplementary test program. Eddy current, 
triboelectric, ultrasonic and magnetic particle tests were performed for nine dif- 
ferent organizational components. Ultrasonic thickness measurements accounted 
for over three-quarters of the increase. 

Ultrasonic thickness measurements w e r e  started on 80 pressure vessels in 100-F 
Area. 
pressure vessel  codes. 

This survey is part  of a program to assure conformance with national 

Securily has adopted a suggestion to establish a Iqservice access" for plant per- 
sonnel. N%O must. handle classified documents but do not require access to the 
informarlon contained in them. This system. w i l l  result  in considerable savings. 

Approval was  obtained from the AEC to abolish the HAP0 Non-Technical Document 
Review Board and assign this function to the Supervisor, Classification-Declassi- 
f ic at ion. 

Project sctivity during the month and project status are presented in the tables 
which folluw. 
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EMPLOYEE RELATIONS 

HW-47858 

On December 31, the staff of the Hanford Laboratories Operation totalled 1174 
employees, including 473 exempt and 701 non-exempt personnel. Of the total 
exempt employees, 102 w e r e  acting in a supervisory capacity. There were 440 
with college degrees and of that number 399 have technical degree6 as follows: 

BS 
20 8 
- MS 

96 
- PhD 

95 

Personnel Development and Communications 

The HLO Personnel Development Program for non-exempt employees wi l l  be 
implemented January 1, 1957. 

The Rotational Training Program and Technician Training Program activities 
remained at the November level of 23 each on assignment during the.reporting 
period. 

A l l  plans for the Hanford Laboratories Operation’s portion of the six-weeks AFSWP 
personnel training course were completed. 
January 7 .  

The course is scheduled to commenc’c 

Eighteen signed articles, technical papers, and speeches were  processed. 

Salary and Wage Administration 

The quarterly report  for the period ending December 31, 1956 was in preparation 
for transmittal to the AEC by Contract Administration. 
functional charts were also in preparation. 

A study of non-exempt job titles and work content was  made by the Hanford 
Labor ator ies Operation and Chemical Processing Department Wage Administration 
Specialists. 

Revised directories and 

Personnel Practices 

Suggestions. At the December board meeting 17  suggestions were reviewed and 
i 6 awards totalling $31 5.00 were  approved. 
Christmas. For  the first four months of operation the ratio of suggestion awards 
to the net savings is 1 6  per cent, compared with the Company average of approxi- 
mately 1 7  per cent. 
suggestions submitted per 1 00 eligible employees. 

These awards were paid prior to 

Participation in the suggestion plan for December was  2 . 0  

Benefit Plans. A letter was  mailed to all HLO employees explaining the Insurance 
plan and including forms and instructions for filing claims for calendar year 1956. 

Hanford Laboratories participation in the Employee Benefit Plans follows: 

Pension Plan 9 ’ i .  5 9 7 . 5  
Insurance Plan 99.0 99.3 
Savings and Stock Bonus Plan 57.3 58.6 
Savings Plan 8. 1 8.0 

. December N ov e mb e r  

I 2 5 W I  I 
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Selective Service. 
subject to  Military services of which 93 are Reservists or  National Guard members 
45 a r e  technically trained or  engineering personnel for whom deferment's have been 
granted o r  a r e  being processed and 76 are non-technical non-veterans. 

Hanford Laboratories Operaiton currently has 2 1  4 employees 

Placement and Records. In accordance with the attendance recognition plan, five 
Folder passes w e r e  issued. Twelve service recognition pins were issued, 8 five- 
year and 4 ten-year pins. 

Secretarial openings continue to represent the most pressing problem. 
it is anticipated that most secretar ia l  openings will  be filled within a reasonable 
period of time. 
to f i l l  the current Machinist openings. 

However, 

Arrangements have been made to advertise in Seattle in an attempt 

EMPLOYMENT - NON-EXEMPT 

Requisitions open at end of month. .  . . . . . . . . . . . . . . .  52 
Requisitions fi l led. .  .......................... 2 5  
Requisitions received.. ....................... 32 

Active transfer cases at end of month . . . . . . . . . . . . .  35 
New requests ................................ 5 
Transfers effected. ........................... 6 
Transfers cancelled .......................... 1 6  

Technical Personnel Placement 

Technical recruiting activities a r e  summarized below. 
of PhD interview blanks is somewhat lower than for a comparable period last year,  
the degree of selectivity by the Company PhD recruiting office in Schenectady is 
considerably greater .  
is being invited to visit for interviews. At the present t ime the total number of 
PhDOs invited to visit HAP0 is somewhat larger in number than at this time last  
year.  Experienced BS'MS recruiting efforts continue to appear more favorable 
than last year. 

Although the total re fe r ra l s  

Accordingly, a higher percentage of candidates considered 

PhD Recruiting 
V i s i t s  to Richland Offers On 

Cases Con- hxt ended Thi 
sidered 

Engineering : - 
E le c t r i i 3  1 
Mechanical 2 
Metallurgical 3 

Science: 
C h e m i s t r y  8 

Plant Physics 3 
DV M 2 

Physics 5 

Mineralogy 1 
TOTAL '25- 

Vis i t  Inv. Visited Rejected Extended Accepted Rejected Rol - 
1 1 0 1 0 0 0 
2 2 0 1 1 0 0 
2 2* 0 1 0 1 0 

8 4* 0 3 2 1 1 
5 '  3 0 3 2 0 2 
2 2* 0 1 1 0 0 
1 1 0 1 1 0 1 
1 0 0 0 0 0 0 
22- T - 0  TT -7- 7 7  

* Includes one case - no offer made 

UNCLASSIFIED 
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BS/'MS Experienced Recruiting 
Or visits to Richland Offers 

Cases Con- Ext ended Tl- 
sidered 

Engineering : 
Architectural 2 
Ceramic 3 
Chemical 7 
E le  c t r  ical 7 
Industrial 2 
Mechanical 10 
Metallurgical 3 
Nuclear 1 

Science: 

Visit  Inv. Visited Rejected Extended Accepted Rejected Rc 11 

- 
1* 0 
3 0 
o*** 1 
2 0 
1 0 
3 3 
0 1 
0 0 

0 
2 
0 
1 
1 
2 
0 .  
0 

5 1 1 1 0 1 0 
2 2 0 2 2 0 2 

8 5 3 1 2 0 1 0 
8** 1 l* 0 0 0 0 0 

Fu 'YT IT 7 TT -6 z "6 

Chemistry 6 
Math- St at. 3 
Physics 
Others 
TOTAL 

* ** 
*:** Correction of November Report 

The status of exempt'transfers is summarized below. 
activity has decreased appreciably during the past two months. 

Includes one case - no offer made 
Includes 7 cases - no HLO interest 

A s  indicated, the t ransfer  

TRANSFER CASES - EXEMPT 

Total cases  handled since 9-1 -56 
Initiated by employee 
Initiated by manag em ent 

Active cases at end of month 
New cases during month 

Initiated by employee 
Initiated by management* 

Cases closed during month 
Transfers effected within HLO 
Transfers effected within HAP0 
Transfers effected to other GE 
Requests withdrawn 
Terminations 

December 
48 
34 
14 
23 
3 
3 
0 
4 
0 
0 
1 
3 
0 

November 
45 
31 
14 
24 
4 
1 
3 

11 
0 
0 
1 .  
9 
1 

* Includes ROF'S, t ransfers  proposed by employee's management, and requests 
from other GE departments, 
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UNCLASSIFIED -77- HW - 4'7 85 8 

Union Relations 

Union Relations activity since September, 1956 is summariz d below: 

Grievances Processed - September 1, 1956 to date 

Total processed 14 ( includes 1 non-unit grievance) 

Step I - 
Pending Step I answer 0 
Answered Satisfactorily * 3 

Step 11 

Pending Step I1 Discussion 4 
Pending Step II Answer 1 

Pending time limit*** 0 
Applied for arbitration 1 

Answered Satisfactorily ** 5 
Unsatisfactorily 

* Step I grievances which Council indicated a desire  to discuss at Step IT 
but not scheduled for discussion within three months are considered 
settled at Step I. 

** Step 11 grievances in which the Council formally applied for arbitratiori 
but for which no further action is taken within three months a r e  consider 
ed settled at Step II. 

*** Step I1 answers which HAMTC has informally indicated a r e  unsatisfactor: 
but for  which they do not submit formal application for arbitration 
within 15 days a r e  considered to be satisfactory answers. 

During the month of December, HLO received four grievances as  follows: 

Unit 
R a d i a t i o n  Monitoring 1 Safety - Step I answer unsatisfactory, pending 

Step I1 discussion. 
1 Overtime - Step I answer unsatisfactory, 

pending Step 11 discussion. 

1 Jurisdiction - Step I answer unsatisfactory, Technical Shops 
pending Step 11 discussion. 

Non -Unit 
X y t i c a l  Laboratories 1 Upgrading - Step I answer unsatisfactory, 

pending Step I1 discussion. 

UNCLASSIFIED 
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Health, Safety and Security 

Laboratories personnel worked a total of 168,959 employee hours during the month 
with no disabling injuries. There were 27 medical treatment cases with a frequenc 
of I. 60 for the month as compared with 2.23 for the previous month. 
frequency since September 1, 1956 is 1.93. 

Medical 

One unusual incident occurred in December. There was  a fire in a vehicle operate, 
by a Regional Monitoring Operation employee which was  due to a deficiency in 
maintenance and not chargeable to HLO. 

A Health and Safety Activities Council has been organized for the Hanford 
Laboratories Operation. The group includes one member from each Level 3 com- 
ponent. The purpose is to bring to bear on Health and Safety programs the fullest 
possible Laboratories knowledge regarding the research and development work of 
the Operation. The first meeting was highly successful. 

Two safety suggestions w e r e  evaluated but not adopted. 

There was one security violation reported, bringing the total since reorganization 
to 19. 
October. 

This may be compared with a total of five during November and nine during 

I 2 5 I!. 0 5 UNCLASSIFIED 
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FINANCIAL 

The F Y  1957 Midyear Budget Review w a s  completed. The revised budgets w i l l  be 
shown on cost reports to be issued for  December and subsequent months. 

R a t e s  employed for liquidating costs of HLO components w e r e  reviewed and revisec 
to substantially reduce an unusually large underliquidation of costs at November 30 
1956. 

The determination of the availability of funds for procurement of equipment and 
financing of equipment projects was clarified by AEC-HOO. The CommissionOs 
control on equipment funds is based on obligations'rather than costs incurred. 
This is the basis which has been.employed in estimating equipment needs. 

Nine a.ppropriation requests and two project proposals w e r e  recommended for 
approval during the month. 

FY 1957 funds allocated to  HLO for General Plant Projects was increased from 
$650, 000 to $819, 000. 

Assistance was given t o  HLO components in the preparation and submission to AEC 
of two letters requesting agreements under the Prime Contract. 

A revised procedure for journalizing billing to and from other HAP0 components 
has resulted in a reduction in the number of journal entries from 221  in October t o .  
33 in December. 

Plans were completed for conducting a physical inventory of radium. 
w i l l  be taken by custodial personnel and witnessed by Financial personnel. 
Qua.rterly inventory reports as of December 31, 1956 w e r e  received from all 
custodians of special materials. 

The inventor: 

A report was prepared for  the Specialist - Health and Safety showing all HLO 
buildings and first cost values by areas. 

A reconciliation of the 702 magnetic tape record of HLO movable equipment with 
the Property Accounting records was completed during the month. 
w e r e  required. 

Many correctior 

Phases of Personnel Accounting work will be decentralized January 1, 1957. 
Certain payroll files and data on HLO employees were segregated and preparations 
w e r e  made for issuance of separate HLO reports on payroll taxes. 

The gross payroll paid during the month was $607,226, of which $331, 102 w a s  paid 
to  exempt employees and $276,124 to non-exempt employees. Payment to non-exem 
employees represents four weeks. The gross payroll paid during November was 
$598,752. 
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INVENTIONS OR DISCOVERIES 

A l l  persons engaged in work that might reasonably be expected to result  in inven- 
tion's or discoveries advise that, to the best of their knowledge and belief, no 
inventions o r  discoveries were made in the course of their work during the period 
covered by this report except as listed below. 
for the period therein covered by this report ,  notebook records,  i f  any, kept in the 
course of their work have been examined for possible inventions o r  discoveries 

Such persons further advise that, 

INVENTOR TITLE OF INVENTION OR DISCOVERY 
A Filter Cartridge and Container Tube 
for Recovery of Fission Products. 
An Irradiation Facility with a Fixed 
Source Chamber Combined with Remov- 
able Material Handling Equipment. 

J. L. Weeks and C. H. Anderson 

J. L. Weeks and C. R. Anderson 

H. M. Parker 
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