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BUDGETS AND COSTS 

June operating costs totaled $3,054,000; total costs for FY 1962 were 
$27, 104,000 or 97% of the $27,863,000 control budget. Hanford Labora- 
tories'  research and development costs for June, compared with last 
month and the control budget are shown below: 

(Dollars in Thousands) 

HLO Programs 
02 Program 
03 Program 
04 Program 
05 Program 
06 Program 

FPD Sponsored 
IPD Sponsored 
CPD Sponsored 

Total 

C O S T  
Current Previous FY % 
Month 

$ 47 
39  

1 2 7 3  
13 7 
297 

1 7 9 3  
168 
189 
133 

$2 283 

- 

- 

RESEARCH AND DEVELOPMENT 

1. Reactor and Fuels 

Month To-Date Budget Spent 

$ 46 
52 

716 
76 

223 
1 1 1 3  

106 
105 

$1 406 

- 
a2 

- 

$ 535 
124 

10 923 
1 008 
2 528 

15 118 
1 3 5 1  
1 3 9 5  
1 5 7 8  

$19 442 

$ 605 
175 

11 024 
1 0 6 5  
2 637 

15 506 
1 3 7 5  
1 3 4 8  
.1 636 

$19 865 

88% 
71 
99 
95 I 

96 
97 
98 

103 
96 

98% 

- 

- 
- - 

Five NPR inner fuel tubes were irradiated to 3000 MWD/T under N- 
Reactor operating conditions and examined in the Radiometallurgy 
Laboratory. The general appearance of the elements was good, but 
some distortion of the inner bore due to inner clad buckling was 
evident. 

A prototype N-Reactor tube-in-tube fuel element has been successfully 
irradiated to goal exposure in the ETR M3 Loop. The average exposure 
of the fuel element at discharge is estimated to be 1200 MWDIT, and 
the maximum exposure is approximately 2000 MWD/T. 

. 

Two experimental braze closures of NPR fuel elements were  tested, 
one using copper and the other a copper-tin braze alloy. Steam 
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autoclave testing showed some discoloration in the electron beam welds 
made over the braze region. The copper brazed closure appeared to 
have somewhat better corrosion resistance than the alloy brazed 
closure. 

Scratching of an NPR process tube by NPR fuel element feet occurred 
on hand charging a column of fuel elements and on pulling a single fuel 
element through a nozzle-less tube. The effect of tube cleanliness (the 
tube in these tests had been flushed with filtered, deionized water and 
dried with cotton rags) on scratching will  be investigated in future tests. 

During the month seventeen U02-Pu02 fuel element clusters were fab- 
ricated through final assembly. 

Seven PRTR-length U02 -Pu02 fuel rods were vibrationally compacted 
in 304-L thin-wall (0.008-inch thick) stainless steel cladding to fuel 
densities of 87 to 89 percent of theoretical. 

Loosened wire wraps were noted after irradiation on U02-Pu02 rods 
from a 7-rod cluster. This is the first time loosening has been found 
on Zircaloy clad oxide elements. 

Fission gas release data on irradiated cosine-enriched Pu02 -U02 rods 
showed the greatest release from rods operating at the lower temperatures. 

Essentially pure PuN was made by reacting PuH3 with nitrogen for two 
hours at 600 C. A sample of this material heated on a tungsten ribbon 
under one atmosphere of nitrogen appeared to sinter at 2270 C, 
volatilization without melting occurred at 2675 C increasing in rate up 
to 2900 C. PUN decomposes or volatilizes at 2675 C in one atmosphere 
of argon. 

A U% fuel element clad in AISI-406 etainless steel, which reportedly 
failed bring irradiation in the MTR, was examined in the ETR hot ’ 

cells. teak testing and visual examination failed to confirm the 
existence of a cladding penetration. 

The thermal conductivity of a U e  single crystal wa8 found to increase 
with increasing temperature above 700 C. At 1200 C the crystal had 
the same value of conductivity as at room temperature, 
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Haynes Alloy 25 valve seat material was found not to be attacked by 
alkaline permanganate decontaminating agent, whereas pits 2 to 4 m i l s  
deep were found in Stellite-6. Dendritic pitting of valve seat alloys by 
alkaline permanganate is one of the more serious corrosion problems 
as soc iat ed with decontamination. 

The effect of tin in the range 0.1 to 1.5 w/o and oxygen in the range 
of 900 to 1300 ppm on the corrosion rate of Zircaloy-2 in 360 C water 
was found to be negligible. In 400 C steam lower corrosion rates 
were obtained for samples with high tin and low oxygen compositions. 

A 1584-hour ex-reactor loop test of Zircaloy-2 corrosion under heat 
transfer conditions was  performed, employing 580 F, deionized water 
adjusted to pH 10 with LiOH. In areas of the specimen with heat flux 
of 280, 000 Btu/hr-ft2 and a calculated temperature of 637 F, a film 
layer less than 0. 1 mil thick was formed. At a reduced diameter por- 
tion of the rod specimen where the heat flux was estimated to be 
360, 000 Btu/hr-ft2, the surface temperature 660 F and surface boiling 
probable, a heavy f i l m  was formed. 

A complete inspection of the 85 pressure tubes in PRTR was made 
during May and June to determine the extent of the wear-corrosion 
that is occurring at the contact points between the fuel elements and 
the pressure tubes. One tube had 78 marks, with a maximum penetra- 
tion of 22 mils. The maximum penetration found on any tube was 26 
mils, and 11 of the 85 tubes had one or more wear marks greater than 
10 mils in depth. Tube wall thickness is about 150 mils. However, 
room temperature burst tests on sections of three tubes removed from 
the reactor do not indicate an impairment of reactor safety. The data 
are being analyzed, and in-reactor and ex-reactor tests are being 
planned to determine the cause(s) of and correct the fretting corrosion. 

Creep rupture tests that are being run on Zircaloy-2 pressure tube 
sections from three types of N-Reactor tubing with 15, 18, and 35 
percent cold work, and KER tubing with 30 percent cold work. After 
300 hours at 57,000 psi hoop stress and 300 C, the total strain of the 
30 percent cold worked KER tubing is approximately four times that of 
the N-Reactor tubes. The fabrication history of the KER tube is 
similar to that of the production order, N-Reactor tubes which have 
not been tested as yet. 

1 2 3 5 4 4 8  
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In in-reactor creep tests, accelerated creep during reactor outages 
has been observed for cold worked Zr-2 at 250 C and 30,000 psi. 
This effect was  also observed in an earlier in-reactor test at the 
same stress at 310 C. The increased rate during shutdowns accounts 
for most of the observed in-reactor deformation. 

Cold worked specimens of Zircaloy 
direction and irradiated to about loif nvt at 280 C, have exhibited 
both delayed yielding and a dual fracture upon tensile testing at 300 C. 
The fracture consists of combined ductile tear and shear, and is 
associated with extensive, localized necking. 

, representing the transverse 

The first instance of growth in two directions for graphite irradiated 
at 600 C to high’cxfMsures was observed in this laboratory for samples 
of raw coke graphite. Growths of 0.048 and 0.024 percent were 
measured in directions parallel to and perpendicular to the molding 
directions. 

Samples of a hot worked graphite with an apparent density of about 
1.95 g/cm3 were discharged after an exposure of 3120 MWD/AT. No 
net contraction occurred in the transverse direction compared to 
0.05 percent contraction of CSF graphite. 

Flow tests were conducted in the hydraulics laboratory to determine 
the hydraulic characteristics of the fittings, fuel, and process tube 
assembly which a r e  proposed for use in retubing K Reactors with 
Zircaloy tubes, 

Flow tests to determine the effect of over-tightening the front hydraulic 
connectors on C Reactor process tubes showed that typical necking 
down of the fittings would cause only a small increase in the pressure 
drop and thus a small decrease in the flow. 

Additional boiling burnout points were  determined with electrically 
heated models of 19-rod bundle fuel elements to determine the effects 
of rod spacing. 
rods were lower than those for the 0.075 inch spaced test section by 
factors up to two but were nearly twice those for a 0.015 inch spaced 
test section. 

The burnout heat fluxes for 0.050 inch spacing between 

1 2 3 5 9 4 9  
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Thermal cycle and pressure drop tests on the rupture loop in-reactor 
test section showed that seal leak rates were low and pressure drops 
acceptable. 

Leak tests of a new ferrule type gas seal for the PRTR inlet bellows 
to pressure tube gas seal showed a very low helium leakage rate 
compared to the existing PRTR gas seals. 

As the basis for calculation of performance of boiling metal cooled 
fast reactors for  spacecraft missions, a conventional fuel-pin-type 
reactor has been selected for study. The core is a right cylinder, 
40 cm in diameter and height, containing 3 175 3 / 16-inch fuel pins on 
a 0.233-inch triangular spacing with material proportions (by volume) 
in the core of 50: 35: 15 coolant (potassium), fuel (plutonium ceramic), 
and structural material. 

A study of the feasibility of increasing PRTR power level indicates 
that the power may be increased to about 100 MW without alteration 
of major equipment, though some changes will be required in lesser 
items of equipment, and more detailed analyses of certain transients 
and accidents will be required to determine the necessity for, or type 
of, change in several cases, 

2. Physics and Instruments 

Critical Mass  experiments were  done with a light water reflector 
arohnd the 14" diameter criticality vessel. The range of concentration 
of plutonium nitrate in the vessel was chosen to overlap thatused in the 
Hanford P-11 experiments which were done some ten years ago. Pre-  
liminary results indicate that there will be agreement between the 
new and old data, thus increasing confidence in the correctness of the 
informat ion. 

Studies of safety rod action in production reactors advanced with the 
succeseful simulation on the analog computer of a reactor model con- 
sisting of eleven coupled regions. This advance was made possible 
by a substantial improvement in the computer reliability resulting 
from a preventive maintenance program recently started, Most of 
this maintenance work is carried out on second shift when the com- 
puter is not normally in operation. 

1 2 3 5 9 5 0  
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Data on reactivity changes which would result from various non- 
standard conditions in the NPR have been obtained with the completion 
of analysis of all exponential experiments completed to date. Loss of 
coolant water produces a substantial decrease in reactivity. Various 
conditions of flooding of the graphite stack produce changes ranging 
from a moderate reactivity decrease to a slight increase well  within 
the capacity of the control system. 

Satisfactory operation of the gamma epectrometers on the NPR Fuel 
Failure Monitor is indicated by preliminary tests on a prototype. 
Meanwhile assistance was given in the desw of Monitor system and 
also on neutron sensitive ion chambers for use at NPR. 

Analysis of PRTR Pu-A1 fuel element 5075, which was exposed to 
49.5 MWD, has been completed by Analytical Laboratories. These 
burnup data are now being evaluated. At this point, the Cs-137 data 
seem to be the most consistent. The fourth of the six low exposure 
Pu-A1 elements has received its scheduled exposure, and has been 
removed from the PRTR. An analytical model of the PRTR continues 
to be developed, and when completed will be used in evaluzting various 
experiments in the reactor including gross opertiting characteristics. 

A three-group, one-dimensional diffusion theory analysis has been 
completed on the heterogeneous 1.82 w/o Pu-A1 rod experiments in 
H20. 
the experimental numbers and the effective multiplication constant 
within one percent. These are considered to be in excellent agreemen:. 
Similarly satisfactory results were previously obtained when the method 
was applied to the 5% Pu-Al rod experiments. 

The calculated critical numbers of fuel rods agree within 370 of 

Analysis work continued on k, measurements on graphite lattices 
fueled with Pu-A1 alloy. The calculational techniques used have not 
been able to reproduce the experimental values of k, for a 10-l/%-inch 
lattice. 

Analysis also continued Bbxperiments done to measure the effective 
resonance integral of Pu relative to the dilute resonance integral. 
Tentative results indicate that the effective resonance integrals for 
several Pu-240 concentrations wi l l  be determined to an accuracy of 
5-1wo. 
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Support has been provided on hazards analyses pertinent to the opera- 
tion of the Plutonium Recycle Criticality Facility. Experimental work 
is going forward aimed at preparing f o r  an absolute determination of 
the power level of the PRCF. 

PCTR measurements were made to t ry  to determine the boron and 
plutonium contents in fuel pieces which a r e  to serve as standards for  
Phoenix fuel irradiation experiments. Andysis of the results is in 
progress. 

A series of critical mass calculations for fast spectrum, rubidium 
cooled cores have been performed in connection with studies conducted 
on space application by Reactor Engineering Development Operation. 
Of the three fuels studied, -02, C02, and PUN, the PUN requires the 
least critical fuel volume fraction. 
approximately twice PUN. 

t'02 was the highest, being 

Neutron cross section measurements continued with both thermal and 
fast neutrons. Quasi-elastic scattering of 0. 15 ev neutrons from light 
water was  studied using the three-axis c r y s t d  diffraction neutron 
spectrometer. Total neutron cross section data in the range 3-15 Mev 
were obtained on bismuth, indium, copper, sodium and lithium using 
time-of -flight techniques. 

The single frequency laboratory eddy current testing equipment was  
modified to permit faster sensing of null conditions with a single 
control. 
tests. 

The technique is adaptable for use in the multiparameter 

Investigation continued on the use of drilled holes instead of notches 
for standardizing and calibrating the ultrasonic test of thin-walled fuel 
element sheath tubing. An unexplained difference in response with the 
drilled hole was encountered with a line-focused transducer, but not 
with the flat rectangular transducer. 

Measurements of the radioactivity in Alaskan eskimos were bgun.  
Initial results confirm the findings of other investigators in their 
studies of Laplanders that certain Arctic ecological conditions lead to 
body burdens of fallout material an order of magnitude higher than for 
most Europeans o r  Americans. 

1 2 3 5 9 5 2  
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A prototype direct -reading sampler for use with Atmospheric Physics' 
fluorescent t racer  techniques was field tested with encouraging results. 
Concentrations of less than 2 x gms of zinc sulfide tracer per 
cubic meter of air were detected. In many experimental studies this 
device could replace the present more time-consuming method of 
catching the t racer  on a filter with subsequent laboratory analyses 
and also opens the possibility of measuring the variation of concen- 
trations with time, 

A study of the mechanism of failure of the recharging type pocket dose 
meters indicated that the , 0005 inch diameter fiber was  making elect- 
rical contact with the center rod.at about 1000 r accumulated dose. 

3. Chemistry -- 
A reactor tube study of the effect of addition of silicate on radioisotope 
production in the effluent water was interrupted after five days and 
normal process water was f e d  to the experimental tube for five days. 
When addition of 10 ppm silicate was resumed, effluent concentrations 
of the pertinent radioisotopes were only 20 to 30 percent lower than in 
the control tube. When pH adjustment was abandoned (laboratory data 
having indicated that the conditions necessary for adjusting pH from 
7 to 6. 6 lowered the effective concentration of silicate) effluent con- 
centrations of As-76 and P-32 dropped to levels about half that of the 
control tube and remained at this level for two weeks. 

Use of 20 ppm silicate and application of a separate nitric acid addition 
to maintain a pH of 7 is now under test. Initial results show a three- 
fold reduction in As-76 concentrstion. 

Analysis shows higher carbon-14 release rates for KE than for KW 
reactor, as expected from differences in pile gas composition. 
Release rates were 0.068 curie per dsy from KE and 0.024 curie per 
day from KW. 

A program of stress measurements in moving beds of anion exchange 
resins was completed ercept for comparative measurements with in- 
compressible solids. Nitrate forms of 10-20 mesh and 20-40 mesh 
Permutit SK and 50-100 mesh Dowex-1 were etudied. Results for the 
20-40 mesh Permutit SK were  well  correlated by theory on the aseump- 
tion of constant coefficient of friction between resin and wall and 
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constant ratio of radial to vertical (axial) stress. Results for  the 
other resins were less well ordered and in particular the coefficient 
of friction varied with the resin history. In no case was the co- 
efficient of friction independent of the resin velocity. 

o '-. VgllOf 
(eo,,,+e*l 

H)t 
cesium frgm Purex w t e  t@ suKn??mtmJJ 
nic * e. However, attempted metathesie with a s lu r ry  of 
s e a s  unsatisfactory, presumably because of difficulties 
in solids transfer. Metathesis with soluble silver compounds is now 
under study. 

Isotopic analysis of fission product cesium and rubidium recovered 
from Purex tank 103 A supernatant showed no dilution of either radio- 
isotope by their natural counterparts. Isotopic analysis of recently 
recovered strontium product showed 53 atomic percent strontium-90 
vice 56  percent in earlier products, suggesting increased dilution by 
natural strontium. 

/ 
Miniature pulse column runs testing dipicrylamine extraction of 
cesium from simulated Purex tank 103 A supernatant achieved satis- 
factory hydraulic performance and 98% recovery of cesium at equal 
flows of aqueous and organic when the feed was diluted with an equal 
v ~ l u m e  of water and 0.01 M DPA in 50% nitrobenzene - 50% tetralin 
was  used as the solvent. Recent studies show weakly dissociated 
organic acids can be substituted for ammonium salts as scrub agents 
to achieve desired separation of cesium from sodium in counter- 
current dipicrylamine extraction. Separation efficiencies a re  some - 
what reduced with organic acid scrubs but the added step of volatilizing 
ammonium salts from the cesium product should be obviated. 

Studies continued of zeolite-type inorganic exchzngers for removal of 
cesium from Purex formaldehyde-treated waste. Using simulated 
FTW (adjusted to pH 3 .5  with sodium hydroxide and sodium citrate 
and thus simulating the raffinate from strontium and r a re  earth 8 olvent 
extraction) loadings to 5oqb cesium breakthrough required passage of 
from 131 to 280 column volumes of feed for five different exchangers 
tested. This would allow removal of the cesium from one ton of 
uranium on 0.5  to 1 gallon of these exchangers. 

Installation of the Radiant Heat Spray Calciner in A cell was delayed 

1 2 3 5 9 5 4  
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by the recent strike of northwest construction workers but is now 
about 50% complete. 

Performance in cold tests of the Hanford-developed electrostatic bubble 
scrubber (to be used in the hot cell calciner off-gas train) has been 
gratifying. Using magnesium oxide "smoke" generated by burning 
magnesium ribbon, dust loadings were reduced by the Bcrubber to the 
"ultra pure" range of 15 to 100 micrograms per cubic foot, depending 
on gas flow rate. 

Recent studies show significantly different behavior for the two ra re  
earths, europium and promethium, in molten chloride salt systems. 
Precipitation of Pu02 from molten 2. 6 LiCl-KC1 yielded a decontami- 
nation factor of 600 for promethium vice 60 to 110 for europium. 
Electrodeposition of U 0 2  produced decontamination factors of 1200 for  
promethium and 135 for europium. 

Previous work having shown electrolytic heating to be capable of sus-  
taining a chloride salt bath in a molten condition, a method for initi- 
ating melting by AC electrolysis was tested. Using one movable 
electrode in conjunction with a fixed electrode with a movable shroud, 
expenditure of 1200 watts allowed 10 pounds of salt to be melted in 
15 minutes. 

Voltametric measurements of the cathodic reduction of plutonium (III) 
to metal in molten KC1-LiC1 eutectic show the.process occurs intwo 
steps: Pu(1II) + e' a Pu(I1) and Pu(II) + 2e' -O Pu(0). 

X-ray diffraction measurements of two segments of a UO2 crystal, one 
unirradiated and the other irradiated to 5000 MWD/T show a change in 
lattice spacing from 5.4710 dt to 5.4723 d on irradiation. An extrapo- 
lation method using the X-ray spectrometer was employed for this 
measurement, Quicker than the photographic technique, this method 
appears to be accurate to .): 0.0001 x. 
Scouting studies indicate X-ray fluorescence techniques may be useful 
in monitoring nickel diffusion bonds on uranium. Calibration curves 
with nickel foils indicate nickel f i l m  thicknesses 2 mils or less could 
be measured with a sensitivity of about 0.5 microns by attenuation of 
fluorescent uranium X-rays. 
should allow measurement of the thickness of nickel films 0.2 mils o r  
less with very high sensitivity. 

Measurement of nickel fluorescence 

1 2 3 5 9 5 s  
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4. Biology 

By utilizing neDtunium *- 

marked effect 
observ d. At very low mass concentrations, the absorption was lees 
t e an at higher. 

An interesting observation was made on the development of the 
"secondary disease syndrome", which occurs when "foreign" bone 
marrow is employed for radiation protection, Mice, which were later 
to become doners of bone marrow, were injected when less than one 
day old with spleen fragments from a second, genetically dissimilar, 
strain of mouse. Bone marrow from these pretreated donors afforded 
protection when injected into irradiated animals of the second strain, 
without subsequent development of the secondary disease. 

Infhe strontium toxicity experiment using miniature swine, new animals 
are being added to the 125 pc Sr-QO/day group, because of the scarcity 
of readily observed effects at this level. 

Two groups of pigs were compared in their ability to take up I- 13 1 in 
the thyroid. One group had been fed 5 &IC I- 13 1 daily for  4- 1 /2 years, 
while the other group had received no I- 13 1. Thyroids in both groups 
took up about 18% of the administered dose. The time at which the 
1-131 tracer peaked was  slightly earlier, and the effective half-life 
for I- 13 1 retention was somewhat longer in the animals which had 
previously received I- 13 1. This work is still in progress. 

Virulence of columnaris grown at 25 C was greater than when grown 
at either higher o r  lower temperatures. 

Chloramphenicol was found to inhibit ion (rubidium) accumulation by 
barley plants, evidently by blocking active transport systems. 

Five and eeven percent concentrations of effluent water from the KE 
Reactor were toxic to fish but not three percent. 

5. Programming 

Preliminary computations have supported HLO's contention that 
Phoenix fuel action need not- ------ - .  
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f@&e souTce. The over-all performance of a Phoenix fuel has been 
essentially duplicated starting with equal amounts of U-235 and U-238 
physically arranged so that the U-238 absorption resonances a r e  
unshielded while the U-235 absorptions are heavily shielded. The 
amount of moderator is adjusted so that a claesical U-238,resonance 
escape probability of approximately 0 .5  is achieved. Thie provides 
nearly as many neutron absorptions in U-238 as in U-235, which pro- 
vides uniform reactivity for an extended period as in "Phoenix" fuels. 

In the same vein, it is currently believed that the use of plutonium with 
some Pu-240 -- but an insufficient amount for  Phoenix in its own 
right -- can use a small amount of U-238 sufficient to hold the initial 
reactivity down until enough Pu-240 is formed to supply the classical 
"Phoenix'' fuel. For this application with Pu-239, the U-238 and 
moderator geometry will not be as sensitive as for the application 
with U-235. 

Computations with more elaborate models are now being made under 
the direction of the HLO Theoretical Physics group to f i rm up the 
application of U-238 as described, and to investigate the possibility of 
using thorium in the same fashion. 

TECHNICAL AND OTHER SERVICES 

One serious plutonium contaminated puncture wound occurred to a CPD 
employee. The wound initially contained about 1 pc Pu before flushing and 
excision (the maximum permissible body burden is .04 pc). Two separate 
excisions removed the contaminant at the wound site down to about ,006 pc. 
Treatment with DTPA was initiated promptly by the industrial physicians. 
Analysis of bioassay samples for the four-week period following the injury 
indicated that the employee excreted about . 01 pc Pu. It is not yet possible 
to provide a reliable estimate of the magnitude of the plutonium deposition 
because of the effect of the DTPA treatment on excretion rate. 

Nine plutonium contamination incidents involving potential inhalation of plu- 
tonium for 13 e P D  employees at the 234-5 Building were reported during the 
month. Five plutonium contaminat ion incidents involving nine HLO employees 
at the 231-2 Building were also reported. All  except two of these incidents 
resulted from ruptured hood gloves or the failure of plaetic bags containing 
contaminated material. 
employees involved. 

Special bioassay sampling was initiated for all 

1 2 3 5 9 5 1  
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Three new cues  of plutonium deposition were confirmed by bioassay analyses 
during June. The total number of plutonium deposition cases that have occurred 
at Hanford is 291, of which 209 are currently employed. 

On two separate occaeione difficulties in removing thermocouple stringers 
at the K reactors resulted in IPD maintenance personnel receiving whole 
body radiation exposure in excess of control limits. In one case the exposure 
received was 1.9 r, and on another occasion the exposure received by another 
maintenance employee was 1.2 r. Contamination of the X-1 level up to 
500 r/hour was  caused by fractious pieces of removed materials. 

Fresh fallout (estimated by the I- 133 /I- 13 1 ratio to be five days old) was 
detected in the Pacific Northwest in the middle of June, This fallout was 
evidenced in samples of produce which were found to have fission peoduct 
concentrations up to 20 times that noted for early June. The 1-131 content 
of beef thyroids collected in late June were  also some 20 times higher. 
Local milk samples were up to ten times higher in 1-131 content. 

A formal document was issued in cooperation with FPD personnel which 
describes the effects of reactor environment on the dimensional distortion 
of Hanford production fuel elements. 

Estimates were made of the precision and relative bias in the determination 
of the PU-240 content of fabricated parts by neutron count and by mass 
spectograph. 

In connection with the forthcoming attitude survey, methods of analysis were 
developed and submitted for  programming after approval by other members 
of the survey task force. 

Time effects have been removed from several series of data on mid-column 
aqueous uranium concentration by the use of the variate difference method. 
The next step will be the estimation of the spectral density from the trend 
corrected differences. It i s  hoped that the stability of the column can be 
defined in te rms  of this spectral density. 

A special magnetic tape has been prepared to test the lathe control components 
which have arrived on plant and a r e  being assembled on the experimental 
Gorton lathe. 

1 2 3 5 9 5 8  
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The final version of a computer program to index cubic crystals has been 
turned over to the customer and is functioning routinely. An associated 
program was written to extrapolate the value of the lattice constant for  a 
cubic crystal. 

Authorized funds for 13 active projects amount to $2, 704, 600. 
estimated cost of these projects is $8, 767,000 of which $1, 308,000 has been 
spent through May 31, 1962. Two new projects, CAH-958, PU Fuels Testing 
and Evaluation Laboratories, 308 Building and CAH-062, Low Level Radio- 
chemistry Building were authorized this month by the Commission. 

The total 

During FY 1962, the Laboratory Equipment Pool has successfully assigned 
equipment valued at $107,290 in lieu of purchasing new equipment, while 
operating costs of the Pool aggregated $11,330, thus providing a net savings 
to Hanford Laboratories for .the year of $95, 960. 

SUPPORTING FUNCTIONS 

PRTR output was limited to 185 MWD for a plant efficiency of 8.870. Because 
of the low operating efficiency, exposure data normally included in this 
report did not change significantly during the month and will not be presented. 

The reactor was shut down on June 3 for refueling and process tube exami- 
nation. Seventy-six process tubes, four U02 elements, three LX Pu-A1 
elements and one mixed oxide element were  inspected during the outage. 
One Pu-A1 element was found to have lost a band, and was removed to the 
storage basin, Another Pu-A1 was  removed when the results of stagnant 
water tests indicated that it probably had defective cladding. A UOz element 
showed severe wear  on the spiral bundle wrapping wire and was removed to 
storage. 

A piece of 304 stainless steel found in the inlet jumper of a process tube led 
to radiographic examination of the flow straightening vane upstream of the 
bulk flow venturi, which confirmed damage to the straightening vane. At 
month end the reactor was discharged of all fuel elements in preparation to 
draining the primary system to further investigate and repair the vanes and 
evaluate possible corrosion problems throughout the system, 

D20 and helium losses were  3694 lbs and 66,600 scf, respectively, High 
-0 losses are attributed to extensive charge-discharge -u. and tube inspection - 

c.l- c- - 
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work which required the system to be open. In addition, a D20 spill from 
which 7440 lb of D20 were recovered resulted in an &&$&mal loss es t imted  
at 150 lbs from stack gas condensate sampling. The spill came about during 
p r e p a r a t i 6 - i o  remove a process tube while another process tube was 
partially dis connected, a combination pressure and syphoning action caused 
D20  to drain from the primary eystem into the upper and lower access 
spaces. The water loss was stopped after about 5 or 6 minutes. 

A weld failure was found on the 26-inch expansion spool bellows providing 
containment between the vessel and the export steam line. About a 120' of 
seam weld on one of the folds had failed, &pairs were made and the rest 
of the bellows including the one on the relief line was thoroughly inspected 
and leak tested. No leaks or other defects were found. 

- 

Total productive time for the Technical Shops was 22,499 hours. This 
includes 14,677 manhours performed in the Technical Shops; 7,332 hours 
assigned to Minor Construction, 375 hours assigned to off-site vendors , and 
115 hours to other project shops. Total shop backlog is 19,474 hours, of 
which 70% is required in the current month with the remainder distributed 
over a three-month period. Overtime hours worked during the month was 
8. 9% (1702. 1) of the total available hours. 

PRTR operating costs in June included heavy water charges of $52,080 to 
cover losses of $51, 320 and scrap of $760. Total FY 1962 heavy water 
charges to operating costs were $472,240 representing (1) losses, $444,410 
and (2) scrap, $27,830. 

Six Ph. D. applicants visited HAP0 for employment interviews. Twelve offers 
were extended; two acceptances and three rejections were received. Current 
open offers total 14. 
were extended to BS/MS applicants, Program results included one acceptance 
and eight rejections with three open offers remaining. Direct placement 
offer response this month included five acceptances, 13 rejections and five 
remaining under coni ideration. 

Four program offers and 13 direct placement offers 

One Technical Graduate was placed on permanent Pasignment, 34 new members 
were added to the rolls, nine transferred to other Company sites in accord- 
ance with the planned program, and one terminated, Current program 
members total 56. 

1 2 3 5 9 b 0  
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A Symposium on the Biology of the Transuranic Elements wa8 held on 
May 28 - 30. About 70  visiting scientists, including ten from foreign 
countries, met with ah equal number of Laboratories scientists. 

for Manager 
Hanford Laboratories 

HM Parker:PFG:mlk 



Corrorion Studies 

Corrosion of Beryllium Brazed and Pnrrurc W e d  &d Clorurcs. 
Additional corrosion results on beryllium brazed end elosures and 
copper bonded end closures have been obtained. The corrosion rate 
for  both the welded and unwelded beryllium brazed closures exposed 
t o  400 C steam was about 2.5 milr/year. Except for copper contami- 
nated weld areas, the copper bonded uid  welded erid closures continue 
t o  show good corrosion resistance following 68 day8 in 400 C steaml 
8mall portions of the copper contaminated welded areas showed cor- 
rosion penetrations of approximately &e mil: Rmall sections of 
pressure bonded titanlum end closWes are currently being tested 
in both 400 C steam and 360 C water. 
layer of about 2.5 mils occurred during 8 90-hour c x p o s ~ e  t o  400 C 
steam. 

A penetration of the bond 

Effect of Tin and Qxygen Content on Zircaloy-2 Corrosion. The 
effect of t i n  in the range of O.Xw/o t o  1.5 w/o and oxygen in 

- the range of 900 ppm t o  1300 ppm'on Zircaloy-2 corrosion i n  both 
400 C steam and 360 C water is being determined. Following 30 
days of exposure in 360 C water, no effect of tin or oxygen content 
vas noted. 
18 mg/d&. 
considerable scatter but an average of all of the results tends t o  
demonstrate a lawer corrosion rate w i t h  increasing tin content and 
law oxygen concentration. 
the high oxygen samples ranged from approxhstely 55 p l ~ ~  dn? for 
1.5 w/o Sn t o  120 mg/& f 0.1 w/o Sn 88 conrpared t o  (0 .g/d 
for  1.5 w/o Sn t o  60 m g / g f o r  0.1 w/o Sn for the l o w  oxygen 
ranples . 

A l l  samples had an approximate corrosion rate of 
The samples exposed t o  400 C steam for 42 days show 

The average corrosion weight wins for 

Metallic h e 1  Development 

Fuel Irradiations. 
successfully completed its irradiation t o  goal 

The prototype lCPRtube-in-tube fuel elePPcnt 

ETR ~oap; The average expoewe of the ruCl 
of diecharge is estimated t o  be 1300 WD/T and 
is approximately 2000 WD/T. The fuel element 

exposure in the 
elemnt a t  the time 
the m~xirmnn exposure 
is t o  be disassembled, 
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visually exsmiacd, and ra6aeured a t  the El%. 
tuned  t o  Eanford for  radimtal lurgical  examination. 

It Will then be re- 

Five I-inner fuel tubes (IoIE's), which were successfully ir- 
radiated t o  3000 WD/T under I-Reactor -rating ConditimsJ are 
being examined in the radiomtallurgy facil i ty.  
f i c i a l  appearance of the elements is good with no indication of 
unusual corrosion behavior or crud deposition. 
these elemtnts is starting t o  distort, prermbly due t o  h e r  clad 
buckling resulting from fuel swelling. 
perceptible but has not yet been measured. 
increased an average of O.OCY7-1nch a6 8 consequence of Are1 swelling. 
This diameter increase amount8 t o  approximately 0.6 percent cladding 
strain and accounts for  about'three-fourths of the measured 1.7 per- 
cent fuel swelling. 

The variable braze thickness irradiatian test, GEH-4-66, 69, and 70, 
has been received fromthe lgR aikr r ix  cycles of irradiation. 
R~%diomttallurgical examination has begun. 
good condition and there is no external evidence of any C F B C ~ ~ ,  
stressed areas or other incipient failures. 

The general super- 

The inner bore of 

Ihc distortion is visibly 
Outside diaam??ters have 

All elemtnts appear in 

Claddw Deformation Studies. 
recently discharged from DR Reactor a t  an exposure of' 1500 m / T ,  
were opened i n  the radlametvllurgy facil i ty.  The visual examlna- 
tion made on the 12 fuel rod specimens from these capsules showed 
no evidence of localized strain either i n  the cladding in the uni- 
form cladding thickness regions or associated w i t h  the intentional 
striations i n  the cladding. 
capsules were chosen so that the cladding should have experienced 
8 1.5 t o  2.0 percent cladding strain. 
length of a l l  the rods and mtallography of selected rods is planned. 
Fabrication of components for a second irradiation test of fuel rods 
w i t h  non-uniform th ichess  of Urcaloy-2 cladding continued. 
Mchining of the fuel samples is completed and welding of end caps 
t o  the cladding has started. 

Four cladding studies capsules, 

The irradiation conditions for  the 

Measurements of diameter and 

N-Fuel Support Develapment. 
assemblies t o  vibrations was investigated t o  explore the condition 

The response of N-Reactor fuel element 

under which the fuel supports would experience excessive cyclic 
fatigue loading or in which rubbing of camponents could produce a 
frettw corrosion situation. 
show t ha t  the measured natural frequency of fuel assemblies vfbra- 
tin& in the simpler d e s  agrees with calculated frequencies based 
on nrasured support wring constants. 
viraPmcnt is t o  lower the natural frequencies t o  about 93 percent 
of their a i r  environment values. 

The results of shaker table tests 

The effect of a water en- 
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I-Fuel sqpp ort -sting. . A program of rcratch test- the I outer 
fuel elanmnt r\rpport was after tarts in the 3 4  Build- 
cbarglzg 8mchinc mockup rsrulted in rcratchln4 the process tube. 
-6tlng i n  306 Building vas done d e r  the folluwlng conditioxw: 

a. Rocess tube length 5 feet 
b. Lubricant process water (306 B l d g . )  
c. Accumulated distance 1002 feet 

Test I1 

a. Process tube length 5 feet 
b. Lubricant 10 v/o A-60 soluble oil in  

c. Accumulated distance ' 1002 feet. 
water 

The fuel elcmcnt vas cycled back and.forth over a distance of 
three feet for 334 cycles t o  accumulate the to ta l  distance. 
Periodic inspections of the s ~ ~ p o r t s  and process tube were -de, 
and only normal wearing of the support surface was observed. 
Borescope examination of the process tube revealed only l ight  
deposits of steel  on the tube surface. 
merged duriag both teits, and a chars- speed of 18 feet per minute 
was used during cycling. 
b d I C a t C 8  a wear dietance of .1540 feet before failure. 
of a second charge failure (scratching) in 314 Building, a third 
test, using the elements from the 314 test J was nm in the five- 
foot tube io 306 Building. 
four s ~ o r t s  in the upper position during 3 4  testing were in the 
lower position In the 306 test. The entire charge (20 elenrtnts) 
was pushed through the tube, one element a t  a time, without damage 
t o  the process tube. 

ThC process tube was sub- 

Previous wear tests on Weber's apparatus 
As a result 

The eleolents were rotated so that the 

Fluted Fuel Development. 
size fluted Zircaloy-2 clad fuel tube in an GllR pressurized loup 

Arrangements for irradiating an &inner 

are nearly complete. Tvo l2-inch long f i e1  elements are on hand, 
the fuel baskets and associated hardware are nearly complete, and 
the test proposal docwnt  is in f inal  draft form. 
core temperature of the fuel is calculated t o  be 527 C and goal ex- 
posure is to  be 3000 -IT. 

' 

The maximum 

Zluted Pbel ElePrnts. Cylindrical fuel elenents v i t h  fluted exterior 
rutfaces have been proposed as a fuel element design In which the 
fuel I s  capable of undergoing large volunre expansions without failure 
of the Wrcaloy-2 cladding. Mchanical analyses have been made 

m 
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assuming that the fuel behaves as a viscoue f luid and that the 
cladding behaves in an e lmt i c  -r. The results of these 
anal.ys+s have been used t o  estinrrte the effects of plastic yielding 
on the circumferential straiDe within the cladding. 
the ratio of bending strain t o  man extension of the claadiag 
indicate that the man tensile strain would be less than one-tenth 
the bending strain. 

ProJtction Welded Brazed Closure. 
closure is being developed 8s an alternate closure; Recent work 
shows that it is possiMe t o  make a good I D  and Q) weld, snd then 
t o  burn off the I D  cap pro3ectlon above the weld, 
that the I D  weld had had too much current. 
when the central port lop^ of the cap butts against the large rela- 
tively cold uranium and stops forging the weld t k d  proJection. A 
re-design of the cap is expected t o  solve th i s  problem. Problems 
have been encountered with the center pl- arcing across the weld. 
IErylon coated stainless s teel  shows the mst promise t o  date of 
preventing arcing. Coarsideration is being given t o  a laminated 
plug. A number of closures have been made during the minth with 
acceptable I D  and aD welds. Several closures have been made which 
shared acceptable bonds in conJunction with good welds. Some of 
these had arc burns on the I D  or surface mars on the OD which will 
have t o  be cleaned before the process is ready for production testing. 

lhtwtes of 

The projection welded brazed 

it appear 
This condition is caused 

Resistance Brazed Closure. After experimeating with the principle 
of forming a uranium-Zircaloy bond a t  the closure by short-time, 
re la t ively low-temperature pressing of the closure end of the fuel 
element in various types of die, it appears that the earlier concept 
of using an l n t emdia t e  alloy t o  faci l i ta te  bonding leads t o  best . 
results 

By heat- Zircaloy rings in vacuo, w h i l e  in contact with =tal  
plating and/or chips of various al loys,  the m l t w  and freezing 
characteristics of the alloys were studied. 
copper plat- tends t o  blister,  while displact~nt-plated capper 
does not. Displacenrnt-plated copper, overlaid with a thin electro- 
deposited nickel plate form8 with the zirconium a ternary alloy whose 
melting point is in the range of 800-850 C. Attempts t o  make a bulk 
batch of alloy of this eutectic composition have not been entirely 
successful, although one (80 Zry-10 111-10 Cu) having an apparent 
mltlng point of about 930 C, approaches the des i ed  cosrposition. 
This terqperature is about 30 C lower than the mel t ing  point of the 
Be-Zr alloy used in the current brazed closurc process. However, 
it le not known whether alloys of the Ni-Cu-Zr composition wil l  have 
adequate corrosion resistance and/or toughness. 

Qectro-deposited 



Copper Brazed Closure. 
copper as the onl y braze mterial necessary t o  obtain a good 
brazed closure. 
the copper alloys with the zirconium end cap t o  form a Zr-Cu 
eutectic, wbich then acts as the low lPelting brazing alloy. The 
process has been develaped t o  the point that brazed closures can 
be made a t  as low a temperature as 1000 C. 
amount of t i n  t o  the copper has made possible brazes at temperatures 

A method has been developed usiag pure 

During the heating cycle of the brazfsg process, 

The addition of a swll 

of 980 t o  990 c. 
Two fuel elements were braze closed, me with the copper braze, the 
other with the copper-tin braze. After b r a z w ,  the elements were 
electron beam welded over the braze aAd autoclaved for 72 hours In 
400 C steam t o  test the corrosion resistance of the copper and the 
copper-tin contaminated welds. 
s l i gh t ly  different color than the uncontaminated Zircaloy but showed 
no severe corrosion. 
better corrosion resistance than the copper-tin closure. 
are being examined for possible uranium contamination and the 
elements will be examined metallographically. 
claving tes ts  are scheduled. 

Af'ter autoclaving the welds had a 

The copper closure appeared t o  have s l igh t ly  
The welds 

Longer term auto- 

Hot Headed Closure Studies. 
the conditions for projection welding G cap t o  a "hot-headed" fuel 
element and obtain a mlnimum void area between the cap and the fuel 
element 

The obdective of Phase I i s . t o  determine 

Projection welds made during the previous month using a modified 
design were evaluated. 
jection design seems t o  be satisfactory the recesses adjacent t o  
the projection were too large. 
projection are too large, small cavities are fornved a t  the peripheries 
of the recesses when the weld is made. 
sufficient t o  provide good interface contact. 

The results fndicated that while the pro- 

When the recesses adjacent t o  the 

"Set down" of the caps was 

!be objective of Phase I1 is t o  investigate and develop methods t o  
obtain a continuous bond between the  cap and the fuel element in  an 
area circumscribed by projection welds. 

During this past month effort was dlrected t o  vacuum plating techniques 
as a method of preplacing banding materials. 
designed and constructed t o  prevent the deposition of bonding nrrterial 
on the projection and recesses of the caps during the vacuumplatlng 
operation. 
caps has been accomplished in  the electron beam welding chamber, 
attempts t o  vacuum plate copper t o  the Zircaloy caps were not 

Plating fixtures were 

Although vacuum plating of beryllium onto the Zircaloy 
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effect of makbg fewer measurements. 
ahowed that no significant changes In the results occurred due t o  
the reduction of the number of data points. 

Fuel KLemnt Swelling Model. Teat data from Are1 elamhlrt irradia- 
t ions should provide a mans of evaluat- parsnrcters In  6 model 
for  fuel erelling. To account for the terqperaturc and burnrrp as- 
tributians within different fuel element geoaaetries, the d e l  should 
consider the volume exparrsionS of the fuel elenrent within localized 
temptratwe regions. An eapirical mdel suitable for stat is t ical  
evaluation of Are1 element data has been fonacd for averaging the 
effects of t empera ture  and irradiation conditions. The initial in- 
vestigation us- a model with a parer function dependence on 
tenperature and burnup did not account for  the observed data. 
new -el Including a factor with a cut-off temperature below which 
rrvel l ing does not occur is being progrsmmed. 

Cerium-Iron Braze Alloy. 
by arc button melt-. 
ported t o  melt at  595 C. 
640 C t o  determine whether it would wet Zr-2 or uranium arrd the ex- 
tent of reaction. 
w e t  both uranium and &-2. 
Zr-2 and the braze with 5OOx mctallographic exmulziation. Mffusion . 
and focnvrtion of a conpaund layer occurred on the uranium side. 
Fracture- of the braze-uranium interface leaves a reaction layer on 
the uranium resistant t o  a i r  oxidation. 
form a t h i n  fo i l  of the material for additional brazing tests. 

The results of these analyses 

A 

A cerium - 7.4 w/o Iron alloy was prepared 
This alloy I s  a eutectic c6qmrltlon, re- 
The mgterial vas vacuum brazed at  625- 

The molten alloy does not flow easily but does 
No diffusion zone was observed between 

. 

Attempts are being made t o  

Cerium - Modified Zr-2. 
-um t o  determine i f  there might be a scavenging 
effect (my 1962 Rogress Report). 
containing 0.1, 0.5 ,  0.75, 1.0 and 2.0 w/o cerium. 

!De cerium additions have l i t t l e  or no effect on the room tsmpekat&e 
hardness of the as-cast buttons. 

Small additions of cerium have been added 

Five buttons have been m?lted 

Hot roll- the butt& from a 730 C salt bath t o  0.100-inch showed 
a tendency toward e@e cracking in the higher cerium addition. 
Chemical analyses for  cerium, oxygen and nitrogen w i l l  be obtained. 
Ugh pressure steam corrosion tests Will be conducted on these alloys. 

Facil i t ies and Equlpaent. 
activated in the 306 Building. 
of one inch diiJrmeter samples t o  water temperatures up t o  315 C. 
Direct vlsual observation or photography of the specimens dariw 

A viewing autoclave fac i l i ty  has been 
This faci l i ty  permits the exposure 
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hydride MS found t o  be uniiormly distributed vith no hydride 
surface layer. 
about 350 ppn, this result lndlcatec an unexplahed amchmism 
for  dlffusbg hydrogur through 8aturqted alpha zlrcalum. Frcm 
t h e  publi6hed Zr-H phase dlagm a hydride case naght have been 
expected 

fn mother cxperim?nt sanples of IWR procers tube were Chrprged 
uniformly with hydxogen t o  400 ppm and then corroded in 400 C, 
1500 psi steam for 230 days. 
fraction was a normal 30 percent and the additional hydrogen was 
found t o  be uniformly distributed throughout the sample rather 
than as a case. 

Since the 8olId aolubillty limit at 425 C is 

The corrosion hydrogen pickqp 

Graphite Burnout l4onltorlq. Burnout rates of upall m i t o r i n g  
smmles (0.43-inch diameter x k n c h  lmg)  from 2577 DR were 
recently measured. 
atmosphere has not yet been m e d ,  the burnout rates indicate 
8 rignlficant reduction in the amouIlts of oxidants. The highcst 
rete for  the period from March 31, 1962, t o  June 8, 1962, was 
1.9 percent per 1000 operating days at a position 150 inches from 
the front face of the graphite stack, whereas the highest rate 
from January 7, 1962, t o  Mirth 31, 1962, was 107 percent per 1000 
operating days at a distance of 100 inches. 

Although the gas conposition of the reactor 

In the l a t t e r  test there appears a s l ight  peak between 75 and 100 
Inches; the peak is  approximately 0.7 percent per 1000 operating 
days and is believed t o  result fromthe graphite-oxygen reaction. 

Burnout measurements in Channels 1960 C and 2'780 C from mrch 16, 
1962, t o  June 3, 1962, showed substantially the same rates as the 
previous period from August 31, 1961, t o  mrch 16, 1962; buraout 
rates from both tes t  periods showed similar results with regard t o  
peak height and location. A tabulation of the rates is sham in 
the following table. 

-m 
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region of channel 2780 w e d  from 1 t o  3 percent per lO6b 

chanuels 
. operating days. Burnout &tors are currently in all three 

Corrosia and C o a l a n t  Systems Development 

Are1 Elemnt Rupture'9bsts. Several rupture tests of XWR lnner tube 
elements were nude in TF-9 durlng the month t o  determine the effects 
of the addition of Iron and silicon t o  the Uraaium core of coex- 
truded U-Zr-2 fuel elements. The first two elemnts tested were 
defected vith a pinhole near the Zr-5 w/o Be braze. After three 
hours at 300 C, 1800 psi and 20 f p s ,  the. unalloyed element was badly 
ruptured with the end cap held on anly by the internal tube and the 
Zr-2 cladding bulged out over the entire end. 
had aaly a 1/2 iach di-ter hole in the cladding but a large portion 
of the U core at  the end cap was gcae. The welght losses for the 
elements were almost the samt a t  308 grams. 
were defected with a pinhole in the side. 
and a slow cooldm, 1800 psi snd 20 as, the alloyed eltmtnt was 
Fuptured mch worse than the regular element. The alloyed piece had 
a large torn snd bulged area measuring 3-inch x 13 inch and a weight 
loss of 76 grams. 
inch and a might loss of 10 grams. 

The alloyed elemcnt 

The other two elements 
After one hour a t  300 C 

The regldar element had a bulge 7/8-inch x 1/2- 

Corrosion of Zr-2 Under Heat Treasfer. 
in TF-3 was terminated, 
280,OOO Btu/hr-ft2 in high-purity water a t  580 F adJusted t o  a pH 
of 10.0 with Lim. 
or duet below the point a t  which nucleate boiling occurs. 
vas removed af ter  1584 hours. 
observed on the Zr-2 in the region of heat transfer. In a region 
where the cladding had been reduced in  diameter larger amounts of 
crud were present. 
position.* This white deposit exhibited.cracks which appear t o  extend 
in to  the metal. The region is subject t o  large stresses due t o  the 
greater expansion of the internal heater. 
diameter the heat f lux  and surface temperatures were higher in t h i s  
region (being estimated as 360,000 Btu/hr-Pt2 and 660 F), and surface 
boiling probably occurred. Coqlete examination of the specimn i s  
scheduled t o  determine film thicknesses and composition and the 
presence of cracking or other serious corrosion. 

The third heat traasfer test 
Zr -2 cladding was exposed t o  a heat flux of 

The eurface taplptrature vas cal&ula€ed to.& 637 F 
The sample 

A very t h in  (Q.1 mil) crud film was 

Also present was a white deposit of unknown com- 

Because of-the reduced 

@ustic Crac 
were e x a m l n e 3 e r  1584 hours exposure in 580 F, 0.5 w/o LiOH 
solution, in a capsule charged Into TF-3. Fresh solution was placed 
in the capsule at each inspection period. No serious corrosion, p i t -  
ting, or cracking was observed in  the stressed or crevice areas. 
Testing w i l l  be resumed a t  higher temperatures. 

. ~ t l r e s e d  coupons of 304 S/S, ~ 2 1 2  C/S, and a - 2  



zmductlon of the dlrsolvbd acygen produces hydroxide Ion6 h the 
vater as it passes thm,@ the cell. 
current is thus directly proportional t o  the oxygen copcentration 
In the water. An electrolytic cell for oxygen generatiosl I s  an 
Integral part of this analwer and is wed for calibration of the 
plcamar$& cell. The nrrnuiacturer claims that . .  response timc 
of the analytcr for rrensing change# in the oxygen concentration is 
about 2-5 reconde. 
analyzer work properly. 
ce l l  I s  not being detected pruperly by the mcasurXng cell. 

The increase in the cel l  

To date we have not been able t o  nske this 
The oxygen generated in  the calibration 

K-Ibactor nozzle Snap Ring s. 
fabricated from four different alloys have been tested for corro- 
sion ernhaation. 
and l5;7 lb s t a h l e s s  steel vere tested in the stressed and un- 
stressed condition for 4 hours In bolllng 429 NgCl2. Ihe 347 and 
302 stainless steels in the streored cmdltion were cracked, but 
the 15-7 WO S/S sample was not cracked. Ifone of the unstressed 
ranplles were cracked. 
LVI additional ten days wlthout crack- occurring. An Inconel-X 
map ring which is currently being exposed t o  boiling 4% MCl2 has 
not shown any cracking af ter  four days of exposure. 

)Codified It-Ebeactor'nozzle map rings 

Those of 367 rrtainless steel, 302 stainless steel, 

The stressed 15-7 Ib S/S samples were exposed 

Structural Miterials Develapment 

creep Rup ture o f  Zircaloy-2 Pressure Tubes. 
.- stories oin creep rupturt properties of 

zircaloy-2 pressure tubes for I-ikactor is being deterPlined. 
tes t s  perfornvtd a t  300 C, two a n d o u s  results have been obtained. 
After 250 hours in test, the secondary creep rate and to ta l  creep 
strain are the same for tubes with 15, 18 and 35 percent cold work. 
Tests on sections of 30 percent cold worked =tubes have yielded 
higher secondary rates and in one case the to ta l  creep strain vas 
four times greater than that for..a similar stress at the other cold 
worked levels. 
and strain rates used in these tests. 

The effect of the 

In 

The source of thqse aaomalies my be the high stress 
Additional tests are under way. 

Initial startup tests have been canpleted on the prototype unit for 
bur& teats  on IrradABhd pea8urt tubes. 
the 327 Building basin and tests are continuing. 

The unit was installed in  

Graphite Dmnag e Studies 

G r a p h i t e  )loderator Mstortlau. Mart squares slopcs hem been c8l- 
culated for the rate of EhnrrP e in elevation with cumulative exposure 
at the top center of the g r a h l t e  stack for H, DR, C, XI3 and 
Reactors. The results are shown in the following table. 
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81x of the cxpcrlmmts were conducted with a system pressure of 
1500 prig. 
m c e  of uprtlrraa burnouf ccxulltlau as dircunred in aW-73902. 
This condition of burnaut origlnatirrg vstream from the outlet end 
of the test section had been observed with both vertical and hori- 
zontal positioning of a -foot long test section a t  lll~~ss flaw 

tions near saturation. To mke sure that this conUitlon was not 
peculiar t o  the particular t e s t  section, the burnout experiments 
were repeated but with a different test sectim. 
very clorrcly with prevlourr results. 

These experirPlents were conduct8d t o  verify the occur- 

rates of 5 ,  6, and 7 x 10 % lb/hr-sq ft w i t h  inlet coolant condi- 

Ihe data checked 

Sixteen of the boiling burnout experiments were conducted with a 
syatem pres ure of loo0 psig and mtas flaw rates ranging from 
2 to 7 x 18 lb/hr-f'tZ. These data were obtained t o  a l l o w  com- 
p r i s o n  of burnout heat f lux for  different system pressures and 
also t o  determine i f  upstream burnout occurred w i t h  1000 prig 
pressure. 

Thc experimental data have not been examiaed in detail  y e t ,  but 
the followlag general conclusions can be drawn. 
did occur at  1000 psig system presrure a t  nnss velocities of 5, 6, 
and d x 106 lb/hr-fte. 
the 1500 psig pressure data shows that in the high mass velocities 
( 5  x 106 t o  7 x 106) the burnout heat f l u x  for any given outlet 
quality is qulte comparable. 
system pressure will allow higher outlet qualities for any given 
burnout heat flux. 

@stream bumout 

The cormparison between the loo0 psig and 

A t  lover znass velocities the 1000 psig 

Plans were made t o  investigate the effect of self-supports on !?PR 
fuel element burnout heat flu. Previous studies v i t h  test sections 
sinnrlatiag "old reactor" fuel eleaents with a crushed self-support 
have shown that steam bubbles issuing from beneath a metal s t r ip  
results In a nan-wetted area snd a lowered bumout heat flux. 
Clearance between the metal s t r ip  and the heater rod surface i n  
these tes t s  was appreciably less than that between an 14pR self- 
support and the fuel element surface, and therefore the NPR elemmt 
may have no problems. 
should be i n v e s t i p t c d .  

However, it is believed t h a t  the mtter 

The first experiments w i l l  be conducted in a glass tube a t  low 
pressures so that flow patterns m y  be observed. 
ments indicate that the self-supports might affect the burnout heat 
f l u x ,  further experiments a t  high pressures w i l l  be conducted. 

If these experi- 
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determined (1) by changing the header fitta and the nozzle outlet 
fitting mire to 0.550 *%le retalnhg the 5/8-hch 
(2) by ~ 6 %  a new 3/Linch Q) pigtai l  with 0 . 6 l O  header Pasker 
fittw. In (1) a now rate incresred about 5 percent and in (2) 
about 8 percent. 
aperate in cr i t ical  f l o w  conditions a t  normal rear header pressures, 
the rear header pressure would affect the operating flow rate, 
whercas for  the pnrent  standard arrenbly, rear header pressure does 
not affect  normal operating f l o w  rate. Thus, the actual percent in- 
crease in -rating flow rate nust be adjusted according t o  the mar 

are presented in EW-63756-4. 

pigtail ,  ernd 

Siace the  new assemblies would probably not 

htader -88- for the individual tube. XV8UltS O f  these ftst8 

B. m S  - 3000PRDORAM 

Research and developmnt in the f ie lc  of plutonium metallurgy continue6 
in support of the W o r d  234-5 Build- Operations and weapons de- 
velopment programs of the bivers i ty  of  California Lawrence Radiation 
Laboratory (RoJect Whitney). Details of these activit ies are reported 
separately via distribution lists appropriate t o  weapcnrs developmnt 
work. 

1 2 3 5 9 1 8  
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Exist- Capper "0" Itiag 0.4 11.8 21.2 111 132 30 f't l b  
Zircenium "0" ~ b g  200 260 30 ft lb 
+B-F Ferrule (Zirconium) 3.2 1.5 1.4 15 f't lb 

cBallarb-Foley 

All test flanges were &e up with the bolt torque indicated and 
not retightened between cycles. AdUtiaal seals will be tested. 

Outlet Boezle t o  Top Shield as8 Seal. Des- work canthued on an 
improved nozzle hold -down design t o  increase the gas seal gasket 
p&srurc and t o  *rove alignment between the seal faces. A pur- 
chase requisition VILB irrsued t o  procure a highly coa3pressible 
n r t a l l i c  ga8ket for this gas real .  
has been rubmltted for this gasket design. 

~n invention =port (HWIR-1523) 

Hazards Analvrris 

Reactor Safeguard s Reviews. The following Wonnation vas pre- 
rented a t  the seventh meting of the General Electric Conpany 
!fechnological Hazards Council: 

IH, audit of operation of the PRTR and the interim 
r e s p e c  by aU0 t o  the audit. 

The final safeguards analysis for the PLIPR Fuel Elemcnt 

& 6 t S  of the PEER pressure tube moaritorlq progrerm. 

Rupture *sting Faci l i ty  kralyrris. 

Analysis. A study of reactivity effects of coolant voids 
with a mlxed oxide loading YBS ccxpleted. Three c6ses 

were examined correrrponding t o  D@ coolant containing 0.25, 6, and 
10 percent S O .  
follows for the cold-clean reactor: 

IQeaults of these calculations are sunmarlzed 8s 

Caqplete loss of coolant c a t a w  0.25s 820: -5 x 10-3 AIS 
CaPlplete loss of coolant containing 6.M H20: 
Caqplete loss of coolant cmtaining 10.6 50: +4 x 10-3 $ 

T 0 

1 2 3 5 9 8 0  



2. Pcnrtr levels up t o  125 Iy ahould not produce unacceptable 
tenperatures in rhim rod6 and 6hroud tube bellows. 

3. Additional relief capscity for  the priarry cookt t  ryrtam 
vould probably be required for any 6%gnifiCmt pmr raise. 

4. -6 in phssurlzer end #team gcncrator liquid levels 
and In pressuriter pressure during a 6cr8m should be 

'acceptable for  powers up t o  125 MJ. 

effects of higher powers on the con6equences of various equip- 
-t failures (e.g., process tube leaks, power failures, etc.) 
remain t o  be investigated. A report summarizing the study is now 

RreparCd. 

PLutmlum Rscycle Critical Faci l i ty  

Eazatds kzalysls. 
for cement. 
6pecifications is approximately 70 percent complete. 

pKpR,Rupture 

Five PElcp process 6 p e c i f i c a t i ~  were irsued 
Written msterial for coamrent issues of PRCF process 

&-Reactor Test Section. k u l y s l s  of the data obtained during the 
eleven thermal cycle tes t s  of the in-reactor t e s t r ec t i an  assembly 
and during special pmss~re drop tests of the process tube Inlet 
valve assembly have been completed. Test results are as follows: 

The pressure drop for the Inlet valve my be detennined by 
the equation 

ant3 the pressure drop from the i n l e t  3-r t o  the outlet 

Loaded tube (fuel baeket and fwo fuel e leants ) :  

Where: AP .I prersurc drop in lb/ln.2 
Vf = specific voluue of the flcrwiag fluid in ft3/lb. 
F flow in g ~ m .  

1 2 3 5 9 8 2  
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PlutariuntBaaring Fwl Peracnts for PRTR. Durlng the m t h  of 
June, revent(M13 lg-rod clueter fuel elerments were conpleted 

tvelve Bkrk I-l( mqpd mPu@, and one #rk I - W  mqed M3o-pu02. 
]lint of them c l w k r r  -re tranofe-d t o  the RlTR on June 6 
(two VI-R~C, mix ~y~go(i and the llg01pu05!). mt of the fuel 
el-nt rod6 wed in 
losded v l th  U0;l and PI@ In April and have been moving tbraugh 
%he latter rteps j,n the f ab r i ca t l a  procers such as etching, 
autoclaving and win wrappiag. 

f- -6&l$7, h C l w  foUr mrk I-L VI-PaC wpuO2,  

IQ there clurterr were iocrel3lcntally 

All of the fuel eleplcnt clwters ~ r e P b l e d  In  June wed Zircaloy 
end bracketr f i t ted with wide pads (3 inch x f inch) ~1 the 
m p a c ~  gurrets. There psds were added at a late date in an 
effort  t o  reduce the PICR process tube wear which occurs at  the 
contact points between spaciag guasets aad the process tube. 
the time the decision was prpde t o  increase the ccmtmt area of 
the end brackets on all elements go- Into the PRTB, one cluster 
was already assembled with the standard end brackets, Md eom3 15 
sets of autoclaved end brackets were finished and ready for  fuel 
element cluster assembly. It was necessary t o  reshape the gussets 
on the completed end brackets by nschlnlng on a lathe, weld the 
etched pads in place, remachine the outside dlamtter over the pads 
and reautoclave the entire end bracket. 
weekend without delaying fJie transfer of elements t o  PKIIR. The 
cluster which vas assenbled with the unpadded end brackets was 
cut apart ( t h i s  was necessary in that it is a welded assembly) 
and the rods rea6rembled using end brsckets with pads. 

A new end bracket de8- w i t h  pads has been made (H-3-14511) and 
w i l l  be used until  further infomation is gained and new recom- 
mendations are =de. - 

A t  

This wa6 done over a 

Vibrstional canrpactian produced 46 rods in an eight-day period 
with 160 increments each of coerse, nredium, and fine U@ in each 
rod. Autoradiography has shown that 160 Increment rods are much 
more uniform in Pu@ than the previous Bo-increment rods. 

Bbdifications are be- *de so that  up t o  seven rods mrny be com- 
pacted simultsneouely. muipment changes will allow multiple rod 
fabrication t o  be evaluated. Qle limit t o  the number of rods that 
can be caplp#ctad a t  one tiPle is that of the 175Gpound traPsmitted 
force rating of the electro-dynamic shaker. Seven rod6 will Weigh 
eppraxlnstely 50 pounds and the associated rod chucks and table 

I 2 3 5 3 8 4  
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PhoenlxpLpa r-t. Ima lrrebiatlon and reactivity lpbmurcmtllts 
onthehi&h -elrposure almla-plutonfum raaplerm ccoltinuirrg in 

the raargle which containad p lu tdum r i t h  lnl t1U.y 6.25 percent 
pu-240 (cam-a-1) ha8 received rive cycler of irradiation and is 
cool- prior t 6  M plssrurements; the 6-h  c o n t a u  plu- 
t&m with 16.33 percent Pu-240 (=- -Ps~)  has coP3pleted i ts  
fourth cycle of irradiation and ARW measurements have been mde; 
and the 6-b cantalnbg plutonium with 27.17 percent Pu-240 
(GEE-21-19) is nov be@ irradiated for its fourth cycle. 
tinuaus reactivity meaeu~ements were aarde on sanplle GEE-21-3 
lmediately following Its first cycle of irradiation t o  determine 
the reactivity effect caused by the decay of the short-lived 
f iS6 ion  products. 
ing the f i f t b  cycle of irradiation of this sarapla. 

Beactivity masurements on the five alumbum-plutonium-boron 
-le6 have been coqpletcd in the PCTR and the results of these 
nrasurements are currently be- aaalyzed by people in the Reactor 
l a t t i ce  phyrics group,. 
determine boron concentration and hosrogeneity in these samples 
which will be used as poison standards in the ARMF. 

tht )(pR and - 0  m n t  8tatU Of a 8 m l e S  18 B8 f d. laWS : 

Con- . 

These mea8urcments will LWW be repeated follow- 

. 

The purpose of these mcasureIIcLlts is t o  

Some of the underwater handla  tools have been completed and an 
underwater work platform required for manipulating the Phoenix 
specimens is being fabricated. 

Irradiatiar m6ti.q. m o m e t u u r g i c a l  cuanr(nation of the &-inch 
long GyBgc campacted uniformly enriched tJC&-Pu@ seven-rod cluster 
(m-11-7) i e  cmtinuing. l b r ~  rods are being 8ect;laned Bnd examined 
t o  better investigate the effects of irradiation 0 ~ 1  t h i s  fuel element 
which had plutonium segregation in the U@. 

&amination of the 42-inch long UC&Pu@ cosine enriched seven-rod 
cluster (m-11-8) is also continuing in Radiaaretallurgy. A 
closer examlnation of the irradiated fuel elemcnt revealed that  

1 2 3 5 4 8 b  
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visual  exmdnatlans and photographs at HA#) disclosed no apparent 
ruspect areas an thc caprule imacdiately s r ior  t o  its return t o  
the 1Q?R. 
st the HlW. 

Approval for the instrumentation modifications t o  the Va-4 Hy- 
draulic Rabbit Facility was transmitted t o  the MPR. Ar-nts 
are presently being made t o  obtain esd install the equipment 
which as presently visualized woad be a recording rotomter an 

Steps are currently under vay t o  conduct the leak t e s t  

the low. 

Plow tes ts  were conducted with an assembled durmpDr unit for the 
ICARUS - r a n t .  
position t o  the mock in-reactor positior: with 8 flow of' 15.4 gpm. 
With the unit in th is  location the qpstream pressure was 58 peig 
and the damstream 54 psig. The specimen, as viewed through lucite 
tube sections, showed no tecdency t o  vibrate or flu$ter. When the 
Inlet coolant pressure was raised to 90 psig, the pressure a t  which 
the unit was set t o  t r i p ,  the transport vehicle portion of the uni t  
released the fuel element and it dropped six feet in  1.6 seconds. 
Au parts functioned satisfactorily. 
representative at the MCR, it appears that the next step is t o  carsduct. 
dummy runs in the VH-4 Hydraulic Rtrbbit Facility t o  more accurately 
determine t r i p  settings. 

me unit was moved from the simulated charging 

In discussions with the HAP0 

Parts for  the HEtICS Experiment bellows assembly were cqpleted 
and shipped t o  the vendor for joining. The specifications for the 
thermocouple w e r e  modified. No word has been received fromthe 
vendor yet on whether the modified desi@ can be readily supplied. 

Uranium -1s Development 

PRTR Fuel $lements. 
that had contained UO;! fuel elements since reactor startup. 
grooves were related t o  spirallywrapped spacer w i r e s  on single 
rods and on the fuel bundles. The two elements were removed from 
the reactor for additional examination. lbamination of the two 
process tubes that had contained the Bbrk 114, nested tubular fuel 
element revealed no appreciable wear and the fuel element was in  
excellent condition. 
was approximstely 1300 MID/%. 

Grooves were found in two HDCR process tubes 
The 

The accumulated exposure for  t h i s  element 

Fused U Q  originally containing urani-m nitrides was characterized 
af ter  heat treating 12 hours in moist 1750 C hydrogen. l4stallo- 
graphic exanination and nitrogen analyses by a modified Kjeldahl . 
technique revealed that uranium nitrides (UN, U2N3, UN2) had been 
removed. 

i 2 3 5 9 8 8  
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oxidation rate about equal t o  that on the unf'ilmcd surface. 
Caqplete dissolution of the film resulted in a rate e-l/3 times 
the rate on the originsl etched surface. 

Deionization System for -1 BeoPcnt Rupture LOOP . All tests 
conducted t o U t e  with the oraks up deionization ryrtem indicate 
that the ryrkpl performance will neet the desiga criteria. 
Final evaluation 16 be- delayed u n t i l  filtered Columbia River 
water is available for ume as the influent atream. 

A lftez&ure rurvey was conducted t o  evaluate the radiation 
atabil i ty of the cleanup system ion exchqprs and the possi- 
b i l i t y  of obtaining significant resin degradation from ntptUre 
products. 
radiation dore of about 107 RAD without suff'erfng rigrrificmt 
w e .  
ani- main appear8 t o  be complete. A preliminary review of the 
irradiation done expected from the rupture products of a uranium 
oxide fuel element indicate that the dose could exceed that re- 
quired t o  decoqpose the resin in a relatively short time period. 
If the particulate rupture products were removed mcchesically 
before the resin has an opportunityto collect them, the problem 
would be less severe. 

resin 8 U d  be able t0 W i t h S t s n d  BLI a C C & B t i W  

A t  radiation doses of 109 RAD, dtc-rition of the 

PRTR !hbe !bnitori.q. The 85 pressure tubes were visually 
inspected during May and June t o  determine the extent of fret- 
ting corrosion &curring a t  the contact points between the fuel 
elements and the pressure tubts. D u r a  visual examInatia the 
depth and location of each corrosion mark-was nressured. 
tube had 78 mark8 with 8 op~xlnnrm depth of 22 mils (channel 1257). 
The naxlrmrm depth masured Y ~ E L  26 mils, which had occurred d u r a  
4.6 mthe of' operation (channel 1356). Both tubes were remved 
from the reactor f o r  destructive testirrg. The t u .  from channel 
1243 with a 14-mil deep plark was removed from the reactor prior 
t o  obtaining burst t e s t  results fromthe tubes with deeper cor- 
roulon marks. 
basin and may be reused in the reactor. 

(he 

This tube is be- retained in the PRTR storage 

A general rumnary of inspection result6 according t o  fuel elerent 
type i s  given in the folloving table. 
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Matiowl t h e m  eqmmion data bsve.been obtained on Pu& up 
t o  1620 c u a u  the high teqm-ature diifractomter a t t a c b n t .  
The -rumples were run on a molyMenumI'fWnt in air at_ about one 
mfllfPrter of Bg.  Iht oxpansion VIB uniform t o  about I275  C, and 
then a sbs~p change slope was seen on the A/% plot. mis is 
probably due t o  8 loas of m e n  In the ranple and is conbistent 
wlth the results seen in  other w r i m e n t s .  A rample of silver 
res also run aad the high -rat- la t t ice  $arumters -reed 
well with those found in the literature, thu providing cd'idence 
in the temperature lnasuring syetexn. 

ELutonium Carbides 

Cwqwison of experhmntal and cdculated densitier of a r c  cast 
non-stoichlmtric ringlc-phase RC U o y r  has shown tbat the 
defect la t t i ce  occurr eth a carbon deficiency. 'That is, the 
defect phaae exists v i th  four plut6uIum atoms per unit cel l  and 
the number of carbon atom8 decreares with concentration reaching 
a udnirmlm of 3.2 atom per unit cell  a t  39.8 a/o C. 
PuC exist6 vi th  a carbon deficiency was reported previously; 
however, extension of the previoue data t o  coqporitioas below 
40 a/o C shows some evidence of plutonium solubility in the defect 
PUC structure. Indications of a rolubility are the ch€m@q 
l a t t i ce  parameter of PuC I n  the reg ia  between 20 t o  39.8 a10 C. 
lbis occurs in a two-phase alpha plutonium plus Rrc f i e l d  and is 
contrary t o  no& phase equilibria. In addition, densities in 
this region are slightly below those calculated which also indi- 
cates plutonium in solution since there exists a lower quantity 
of a 19.50 g/cc phase. Slight intensity shifts l n  the Hac1 type 

me fact  that 

structure below 40 a/o C point toward additional rcatterlng, 
due t o  plutonium in eolution. 

plutonium Nitride 

A lb-grsm rod of alpha Hutonlum vas coplverted t o  plutunium 
hydride, M 3 ,  by resctirrg it with high purity hydrogen at 150 C 
for  one hour. During t b i e  hy&ld.lng process the plutonium rod 
dishtegrated into fine particles. The plutonlm hydride was 
then heated for two hours In aitrogon a t  sppraximrrtely 600 C. 
After grinding t o  -200 mrh powder, the product was analyzed by 
x-ray diffractha.  X-ray results show the powder consists of 
plutonium mononitride, Pun, plus a slight trace of plutonium 
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UO2 Thermal Ccmductivity 

Measurenmnts 0x1 a large, U@ single crystal revealed that the 

mately 700 C. The cmductivity pused throu&h 8 mlnimm 
(0.052 watt/cm - Oc) a t  approximately 700 C, .nB Increased t o  
apprpximstely the roam tenprature value (0 .q5  yBt t /cpL -OC) at 
1200 C. These data provide the first eqer-tal c o n f i ~ t i o n  
of earlier predictions based on theoreticel rtmes and post- 
irradiation fuel examination. 

them Conductivity Increased vi th  tmrstUrt above 8pProXi- 

The same crystal was subsequently irradiated t o  8ppraciaBtely 
lS4 fissions/cc. 
t i v i t y  by measurements a t  BMI showed a ten t o  twenty percent 
decrease in thermal conductivity attenperatuFes t o  750 C. Bo 
annealing recovery of t h e m  conductivity occurred. Further 
measumments t o  1200 C are in progress. 

In i t i a l  post-irradiation t h e m  conduc- 

Ugh Texperature Ductility of UQ 

Hlgh temperature, torsional defonmtion tes t s  of U& were per- 
formed at  tenpratures greater than 2000 C t o  determine the 
effects of temperature and strain rate. -re data would help 
lntellpret fuel relocation pacnosrna and fornrrtion of gas bubbles 
and large voids in UO2 operating as a reactor fuel a t  high tem- 
peratures. Prelimiaary tes ts  revealed that a pernrulent p d e g r e e  
twist can be easily produced in U@ a t  2300 C, With a twisting 
rate of approximately three degrees per sec-. Cracks, which 
formd in  somc specimcns during heatlng, showed evidence of vapor 
phaee mass transfer dam the themel gradient. The hot sides of 
the cracks were smooth and polished, while p l ~ ~ l y  small cryatals of 
U* were deposited on the cool sides. 

Resistance heated tungsten radiator s t r ips  with ends held by heated 
tungsten collets, surround 1/10 x 1/4 x 1-1/4 Inch sintered U& 
plates in these experiments. When the plate reached the desired 
twrpemturc, one collet was rotated w i t h  respect t o  the other t o  
transmit a rhear stress t o  the U@. 

Exposure UQ 

A 170-X photcmsaic of the entire transverse cross section of a 
high exposure fuel capsule (GEH-14-17?) vas prepared. bamlnation 
of the mosaic revealed par t ia l  boading of originally discrete 
particles near the cladding by grain growth across particle boun- 
daries, even though bulk fuel temperatures in thet region did not 
exceed approximately 500-600 C during irradiation. 



succeeding section under nPost-Irradiatfon Ibaminatian. MU- 
tioaral srreembly of general swell3ng capsules has been delayed 
pew the receipt of electrical resistance heaters previously 
ordemd. 

The assembly of a prototype nretallographic capule is almost 
c m l e t e .  
of modifications will be determined with intensin laboratory 
test-. 
surface metallographically prepared and pre-characterized. 
is intended that this capsule be therppally cycled a large number 
of times between ambient temperature and about 600 C t o  determine 
both the surface roughening that occurs on cycling and the NaK 
uranium interaction. 

The heat transfer characteristics and the Integrity 

The capsule contains a urenium spccimcn that has one 
It 

Post-IrFadistion Examination 

IE'forts t o  polish and etch the specipm that was irradiated t o  
0.4 percent B.U., a t  a noslinal control teq?erature of 575 C have 
not been successful due t o  the warped and bri t t le  nature of the 
sample. 
structure. The samples einnealed in  the laboratory capsule which 
duplicated the in-rcactor the& history of t h i s  capsule are 
currently undergoiw metallographic exeminatioE. Nothing un- 
usual has ye% bee2 o5Eerved. 

Additional attellrgts are being made t o  examine the micro- 

Post-irradiation euealing of Wrcaloy-2 clad coaxial U-U 
dlff'usion couples irradiated t o  two bzuPup levels (GEII-14-334 
and 336) has beer; extended t o  800 C and 990 C. The outer shell 
of enriched uranium had sustained a nnmlnal bumup of 0.2 a/o 
and 0.4 a/o during the two exposures; the depleted central core 
achieved burnups lower by a factor of 20. 
the opeciPren ancealed a t  800 C for 100 hours showed extensive 
Interaction between the clad and the uranium. Large grains are 
now present in the cladding. 
is clearly discernible and extends across the U-U interface. 
&=re circumferential cracking exists in the enriched uranium at 
and near the clad interface but the U-U interface is intact. 
Liniited cracking is  observed throughout the remainder of the 
samples. 
examination. 
await examhation. 
hours due t o  a leak that developed in the vacuum system. 
8pec-n will be examined w i t h  this heat treatment rather than 
reheat for  the additional timc t o  coqplete the 100 hours. 

Light microscopy of 

The grain structure in the uranium 

Replicas are being prepared for electron microscope 

The 990 C anneal was internrpted af ter  45 
The 

Replicas stripped fran specimtns annealed a t  700 C 



reactor d m  periods at  250 C are barely detectable in the -la- 
t ively short time &forded by shutdown peridds. 

M e r  analyeis of the 250 c in-reactor creep test rcvealed an 
abrupt increase in  creep rate at  670 hours. !Che abnqt m e  in 
rate decreared rapidly with time givkrg a rate of 760 hours 
equivalent t o  that which existed before the onset of the transient. 
llre strain associated with the tnuuient anrnmfed . to 0.03 percent. 
Detailed examimtion of a l l  available data concemirrg caprule and 
reactor operation has not revesled any experimental condition 
which might account for the transient. 

The t o t a l  creep rtrains of the 250 C - 30,OOO psi ex-reactor and 
in-reactor tes t s  are 0.107 percent and 0.140 percent, nclpectively. 
The creep rate in-reactor is too low for  accurate measuiemnt. 
The ex-reactor rate is 2.5 x 10-7 ia/in/hr. 

lzze 350 C - 3O,OOO psi stress in-reactor creep k r t  has not been 
started because reactor operation has not 8U-d a c c c ~ s  t o  the 
equipment for  application of stress t o  the specimen. 
tion will be corrected shortly. The 350 - 30,OOO psi  t e s t  Will 
be started imnediatcly af ter  correction. 

This condi- 

Irradiation Effects in Structural Bbterials 

The purpose of t h i s  program is t o  investigate the combined effects 
of radiation and reactor'enviroament on the mchanical properties 

determination oif mechanical property changes produced in metals by 
irradiatia at elevated temperatures. 

- of structural materials. Special attention wil l  be given t o  the 

During the nmth 59 Zircaloy-2 tensile specimens irradiated in the 
0 7  hot water loop were tested. Of these 8pec-8, were 
tested at roomtemptrature and 32 were tested at 300 C. The raw 
data from there t e r t s  were progrspmrd for electmuic data pro- 
cessing. A rapid technique has been perfected for the ten- 
sile testing of irradiated epeclmxu at  elevated teqperatures. By 
employing a molten salt bath for  temperature control of the 
opecimcn d u r a  the t e s t ,  approximately seven specinrexu can be 
tested per sh i f t  compared t o  two or three by conventional furnace 
techniques. 

Cold worked, Zircaloy-2 tensile s p e c ~ n s  reprerenting the trans- 
verse direction and irradiated t o  about 1021 nvt at 545 F have 
exhibited uuwual features in yielding and fracture. It i s  
characterlrtic of these specimcne that ipmtdiately upon yielding 
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Optical metallography of high purity iron obtained as stock for 
the introduction of impuFitiee i s  conthuirrg. High purity iron 
fol ls ,  obtalned froxu Johnsa-lbthOy, have been thlaned electro- 
lytically for trmmtssion electron microrcopy. ?or acceptable 
r86ultS the d istor t lm of the -e due t o  -tic l n t ~ X 7 B C t l o n s  
batmen 8 p e c m  and ob3ectivc l w e r  will have to be tlimlnanrtcd 
or reduced. 2be effect of rpaclmn size 8nd geometry 26 c-tly 
be- Lnvh8tigakd. Bqulpent ermntial  t o  the proceseing , heat 
tmat-, aPd testing O f  hi@ purity AS be- aesembled. 

'Pcrting has proceeded on a number of ingot iron s p c c w  hpm- 

laver yield strtngth and to ta l  elorrgatiaa appear t o  approsch 
raturatlon at the hlghert eqosure. %%e 1putlnm increase in 
upper yield strength was 21,OoO prl.  RaPrgatlaol decreased frm 

at& value of 37.5 percent t o  9.0 percent a t  
? x % f .  The strain-.ging aharacterlstlcs of ingot iron do 
not seem t o  have-been affected by Irradiation. Further strain- 
aging tes ts  we  in progrese t o  verify this observstian. 

six levels of neutron xposurec The axporures from 
nvt ( f m t )  t o  5 x lol 8 n e .   he values of qppr ~ n d  

An exper-nt l e  being designed t o  supply informtian on the 
extent that neutron damage in a =tal is affected by Irradiation 
temperature. 
various tearperatures t o  establish whether saturation of damrge 
occurs below a c r i t i ca l  t w r a t u r e .  

Iron, nickel, and zirconium w i l l  he irradiated a t  

Inconcl and fncaael-It rheet heat treated according t o  a rrpeclfic 
schedule I s  being prepred for study by tranemieslan electrcm 
microscopy. 
durlng heat treatment is difficult  t o  rezmve. plttlng and 
preferential attack a t  precipitates occurs durlng electrolfilc 
t w g  . 

The oxide filmwhich fonmed on the specimcn surfaces 

Aluminum fo i l r ,  0.003-lnch thick, vhlch vert quenched from 620 C 
into iced brlne t o  develop a arge number of prlrlllatic loops, have 

mission electron microscopy. 'Ibcse foils are f a r  -re d i f f i cu l t  . 
t o  thin than Irradiated aluminum which had not been quenched prior 
t o  irradiation. 
reduction in the number of quenched in prismtic  loops. 
Irradiated t o  higher exposures will be examined shortly. 

been irradiated t o  rr 2 x l$ a nvt (faet) and examlned by trans- 

fn the 8pecimens examined there is a very large 
Foils 



procers uti l iz ing a raw-coke filler were dia-ged vi th  an 
accunntlated exponw of 6900 lUD/Al!x at agpropriamtsly 600 C. 
Grovth of 0.m f 0.001 percent occurred in the direction 
purllcl t o  the force applied during moldln8. Orcrvths of 
0.m ? 0.006 urd 0.026 ? 0.005 percent alro occurred ia two 

all directiosle has not p n v i o u ~ l y  been observed i n  hot tert 
hole irradiations of equivalent exposure. 

m c t i -  p ~ d i c U l ~ r  to the du dlmctia. Growth in 

Graphite Camp Ileseial Test 

A c-risan of the x-ray dlffmction data obtained from the 
150 pal coB@re8s1osr t e s t  boat n-r P-5 aikr 1.52 x 1@ nvt 
(B*O.18 Mv)+ has been made. 100 rignificant difference was 
found betveen the x-ray diffraction data of the compressed and 
uncompressed samples. 
obtained a t  much lomr exposures. 

This result is in agreement with data 

neutron sure Units 

It has long been realized that -/AT i s  not a sufficient ex- 
posure unit for coPlparing the irradiation demmge autaiaed in 
different test faci l i t ies .  
tion In  the Hanford reactors and in the GETR test reactor have 
been shown t o  be in good agreement when compared OBI the basis of 
fast neutron exposure. 
exposure data in making the transition t o  fas t  neutrm expoawes, 
the folloving relationships are offered: 

Dimensional changes due t o  irradia- 

To aid tnose s'amiliar with the MUD/AT 

1g0 nvt (E > 0.18) d425 - m / A T  in a I( reactor H.T.H. 

~ 7 3 5  - WD/AT i n  a C reactor H.T.H. 

@ - 1150 M?D/AT in an old reactor C.T.H. 

Ellcrawave Activation of Gases 

Analysis of a deposit formed bring microwave activation of 
carbon monoxide gives r ise  t o  an empirical formula of C5O. 
It appears possible, however, that sone of the carbon csme 
from deconposition of black wax in the system and that the true 
CO deposition WBS of carbon suboxide polymm3, (C@x and (C20)x.  
X-ray d-spaclngs of  2.851 and 2.493 were determined for the deposit. 

*K Reactor H.T.H. Exposure, 6485 L6JD/AT. 
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8amples of ZT-4130 a hot worked paterial vlth 811 apparent acneity 
of abarrt 1.95 dad, -re dircharpc~ after an eyporrun oi 320 wjp/ 
AT. In the truuvene dirtctlon no net ccntnctlan occurred. A t  
the ume urporure maples of C8F have Usplayed a cantraction of 
at least 0.05 percent. Thus, this mterlal nay prove t o  be more 
stable than CSF. 

8. AL- ccmo6IQJ rn A I u Y  lmmammm 
CoX"o6ia m 6 t w  
Tasting of A288 and X-8001 A212 C/S, &-2, and 306 S/8 
continued at 300 C end a pH of 4.5 ad3usted rith chromic acid. 
After 2690 hours the corro8lon rate of all aluminum alloys is 
approximately 1.1 mil/mo. me corrorioo rate of the A288 alloy 
underwent an increase from 0.5 mU/w during the earlier portion 
of the ewporure t o  1.1 mil/m aiter about 1400 hours. Zhe cor- 
rosion rate of the ~ 2 l 2  C/S after 2810 h o ~ g  i r  0.0054 -/mu; 
that of the 304 S/S, less than 0.001 m ~ l / p r > ;  that of the ~ r - 2 ,  
0.004 mll/apo. 
crevice areas. 
1-2 mils deep and scattered in nature. 

Same p l t t a  of the A2l2 C/S has been observed in 
fn  general, this pitt ing i s  on the order of 

The test in H-1 Loop stud- the in-reactor c o r r o s l ~  and crud 
deposition an coupaols of X-8001, A288, 304 S/S, mad Zr-2 continued 
during the nmnth. 
exposure a t  500-550 F In high purity deioslized water. The test is 
scheduled t o  last 1000 hours. 

The test has accumulated about 372 hours of 

Dynamic Corrosiau of X-8001 and KY (1.8 Fe, 1.2 I f i )  Aluminum Alloys 

In the current test the effect of pref- altmrirrum erunples at 
360 C I s  being investigated. x-8001 and gY alloys were prefllmed 
for 14 and 30 days. Dynamic corrorlon testing was carried aut a t  
330 C with a flov rate of 25 f p s  and a refrerhmcnt rate of 9.4 gph/ 
80 cd of aluminum area. After me month, average corroslon pene- 
trations on unfilmed samples are 2.14 and 1.64 mi ls  for x-8001 and 
ICY, respectively. Prefllmhng resulted in rate reductions of 2'79 . 
In the case of X-8001, 30% for  KY prefflmed for 30 days and 154 for 
KY prefllmed for 14 days. 
clude the corrosion increment fromthc autoclaving cycle. The t e s t  
will be continued t o  90 days. 

Rnetrations for prefilmed samples in- 
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The 0.050-lnch rpaced t e r t  rectlon was conrtnacted in a w r  
quite 8indl.r t o  the prevlou test mectiom for this program. 

Inch wall thlckners, and had a heated leagth of 19.5 Inches. 
Tvelve of the rods were wrapped with 0.050-inch Vim t o  maintaln 
s p s c w  and proprote flaw mixing. The therprocoqple butallation 
was modified frompnviourr test section a d  me use of epecial 
"teqperature rensing plugr". %e plue coarristed of a therm- 
couple attached in the center of a short c-r cylinder and was 
inrrerted b t o  the dawnlrtrerrm end of each Iacaael tube. mch plug 
was slotted rndislly t o  prevent a circumferential heat rhlft when 
8 point oa the rod attained high temperatures aSSoCi€tted with 
film boiling. 
of boil- burnout a t  any point a t  the dcmrstream end of the test 
section. 

The rodr a e  BC-1 t u b a ,  0.5m-ach Q), 0.0065- 

Tht plugs proved very satisfactory for detection 

The terrts vlth the 0.05O-Inch spaced t e s t  section were perfomd 
in a manner similar t o  that wed with previous test sections. 
Flow and inlet  water tcaperature vere held conetant while the 
power t o  the t e s t  secticm was Increared in steps u n t i l  boiling 
burnout was reached. The onset of boiling burnout mas defined 
by a knpwrature excursion on one or more of the surface therm- 
couples. A surface te-rature increase in excess of 50 F, 
c-md with increases of approximately 2 F per power increase 
Bt-, vas deemed t o  be an excursion. me tests were performed 
a t  8 gmS8We Of 1200 PSig. 

. The testing with the O.Ol5-inch spaced bundle w a s  stopped after 
several of the thermocouples had failed and several small leaks . 
had developed in the recticm. The testing with the O.OSO-inch 
rrpaced bundle vas stoppcd by failure of two of the rods of the 
bundle. 
mDIlth's end. 

The bundle was being disassenbled for repair a t  the 

There were several observation6 rpsde during the course of these 
e x p e r a t 8  which appear rignificant. A total of btven or pos- 
sibly eight different rod8 indicated burnout a t  one timE or the 

being s i x  or seven of the inner seven rods and one of the outer 
rods. The seven inner rods of the 0.050-inch spaced bundle showed 
burnout at one time or the other. 
t e s t  sections more than one thermocouple indicated burnout, oc- 
casionally as many as four a t  one time. 
t o  which therzmcouple or thermocouples might indicate burnout for 
a given FUII except that the burnout tended t o  occur on one of the 
upper rode during the low coolant flow rate runs. This indicates 
8- stratification. 

other the tes t s  with the 0.015-inch spaced bmdh, these 

Q several occasions vith both 

There was no pattern as 
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For conveniauce in calculatiao of porf-ce of' a bo=* - ta l  
cooled fart m a d o r  for  rpcecraf t  mi68%oLuB, (L conventiooal fuel 

a cgl$ndr$cal core 4Q cm in dimmter and height rhould be ade- 
quate for  8 20,000-haur life. 'Po deCrea8e the Control man 
required, alternate fuel loabinge of Pu-239, -240, -241 are now 
being Investigated. With 3/l6-Inch diamhter fuel pias epaced 
on a 0.233-inch trisagular lat t ice ,  the Initial average heat 
flw is  5 x 105 Btu/hr-ft2 with a sm of IO6 Btu/hr-ft2. 
Cases Invol- flattenirrg by redimtrlbutiaa of fuel are not 
being considered in these preliminmy estinrrter. raultQrorrp 
diffusion theory calculations have resulted in a tentative plu- 
t a i u m  oxide fueled fas t  core des- of approximately 20 cm 
radius and 40 cm length containing 35 v/o fuel, 50 v/o coolant, 
and 15 v/o hardware.  
assmd. Variation of the reflector th ichess  has shown that a 
re fhc tor  eontrol.span sufficient t o  accamnodate a 20,000-h0ur 
endurance is attalnable. 
initiated for the above reference design w i t h  combinations of 
Pu-239 and Pu-240 fuel. 

p b  tyPe C O m  y88 relected 88 the  a F 8 t  
e i t i C 6 l  mSS C 8 h a & i a O 8  b r e d  QI m-239 1- indica- fbat 

t0 be 6tUdied. 

A 10 cm beryllium reflector has been 

Burnup calculations have been 

Potassium as a coolant is also be- considered In addition t o  
rubidium becawe of better knarleQe of cross-section values 
and the expectation that heat transfer and hydraulic data on 
boiling potssslum vlll be obtalned a t  an ear l ier  date from work 
be- performsd at other ri tes.  Recently, NASA, BNL, ORM;, and 
GE Plight Ropulrbn Laboratory have agreed t o  concentrate 
their  loop vork on potassium In order t o  exchange and compare 
data. 
ert ies  of rubidium, although It appeers to offer sdvantages in 
certain tempemture ranges. 
pressures and specific volum?s in potassium and rubidium, the 
reactor inlet  and outlet temperatures for po taes ie  are 770 C 
and 1117 C, respectively, ver6us 670 C and 1000 C for rubidium. 

Lit t le  effort has been expended in determiniog the prop- 

In order t o  achieve coqarable 
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Single crystal 6pecirnr carrtriDing wrbon have bwa Chacn l ly  thinned 
t o  needle poiats, 
scope rtudier. Squlpm2nt is being assembled mad pstk- Will be 
obtabed rholetly. 

200 A di.Prter at the t ip ,  for field %an dcro- 

%e e w e  crystal tenrile rptcinro wa8 exadneb x-my diiiracfluiu 
after testing. The original 6peciraen had a [166J aria.  A t  the point 
of failure the 
pareUel t o  the temile axis. 'Ihis %E irr accordance vith the pm- 
dlcted behavior for a -le r l t h  thir orientation. Qip a m t l y  
t p k  place sloprg one or both of the planer (2ll) aad (m), in the 

vhich is the llne of latersection of the above tvo plrures. hilum 
occurred in such a way that a rynraetrical chisel-edge paraUe1 t o  hi3 
formed durirrg deforrastion and ultinrnte fracture. Testing of edditiaal 

direction had rotatd u n t l  it vas nearly 

bl] and [=3bi=Ctlm8. tUXKEfie -18 rotated about [a] J 

S P C - n S  i S  p ~ ~ 6 6 0  

1. RADIam!AILmY~ATIcus 
- 

The examinstion has been coq&eted op1 the I&E failure from 4667 KE. 
Tht point of initial vakr entry could not be found (RM 444). 
third low erposure hole failure f r o m D  Reactor is be- examined. 
VisuaJ.ly the welds appear t o  be in good condition, but further 
tes ts  ell be =de. A b w ~  waa~ di8covered on @e -ire MdJacent 
t o  the rupture. Ibe 
rication. Further examlnatiql w i l l  be required t o  deterPlbc 
whether this vas the cause of the failure (€@I 449). 

The 

appeared t o  have been caused during fab- 

A high cxpo~urt, Zr-2 clad IW caxtrudcd el-t i6 bt- examined 
for clues that might suggtrt the fallure mehmirm of the first 
211-2 clad I&B failure. 
ndned (RM 446). 

Cause of failure has not yet been deter- 

Ilo water entry s i tes  vere found I n  the spires of tvo dingot 
uranium fuel e l e ~ ~ e n t r  which failed 
The failure of an enriched, x-8001 clad I&B el-t in tube 2259 C 
-8 cawed by localized corrorloo vhich pcnetrbted the cladding. 
Exandnngtian indicated the corrorlon Pa@ brrvc been cawed by small 
bubbles of 8tem vhich fozmd on the surface of the element during 
a heat cycle in the reactor (RM 452). 

craclrirrg transv8rsel.y. (Idd 437) 
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N I C K ,  SmIQ ling rn uipmmt ' 

wock\rp of the micro wing eq?ripwnt has been c-eted and 

drilling6 from O.OeO-bch diamter x 0.OlGinch deep holes has 
been accqlirrhed by using a vacuun t o  collect the U& particles 
on a 3 inch dieter 0.80 p plastic f i l t e r  disk. The welght of 
each collected sample w w  about 20 lJ& 

fw test* is b p-880 8UCct88fUl Collection Of tbe  

lnstallatlon of the new diameter pbwurlng e q u l p n t  for "A" 
ce l l  -8 completed an8 the unit was placed in operation. T i x ~  
required f o r  diamcter lp1casu re~ t6  bas been reduced about a factor 
of two and m~casurements are accurate within f 0.001 bch. 

The closure welds of three Incoocl temperature detectors des-ed 
for service in the lopR were exandned. aW welds on a l l  three 
detectors were exceptionally clean but appeared t o  hve less than 
the -thrum penetration. It was nconaPended that the speclflca-.. 
tions be checked t o  determine i f  adequate weld penetration was 
achieved by the vendor. 

A &tallographic exslninatloa was c d u c t e d  t o  determine the origin 
of two small n e t a l  fTagments w'hich had becospe l-ed in  two of the 
front face venturi screens of the lo5 F Reactor. The cxcrPPination 
disclosed that one fragment was a portion of a stainless steel  weld 
nugget that probably becsme dlrloeged from some upstream pip-. 
The other fragment was a piece of carbon steel, the origin of which 
is in doubt. 

An examination was conducted, wing electron ndcrorcopy techniques, 
of the area edJacent t o  the fracture of Zr-2 tensile specinens 
fabricated from f l a t  stock. The replica technique was wed in an 
attempt t o  show If a su8peckd porosity gradient could be detected 
in the region of the tensile break. Rerence of pores, obrerved . 
wlth optical microscopy, was conflxmsd wlth the elect9qn microscope. 
A pore site gradient, a function of distance from the break, was 
not confined, hawever, but varying pore dianrters were observed. 
The majority of observed pores were in B region located a t  the 
extremity of the tensile fracture and extendag a l c q  the rample 
for a distance of 0.050 inch. 

1 2 3 b O l 2  
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Pur* the OlODlth two tents were c d u c t e d  in an attempt t o  
irolate the cause of ecrat- when fuel I s  charged+Into 
the process tube. 
terndne If rcratchlng could be the rerult of colurrn action 
between fuel elenwts without any contribution froan the 
charging machine or the nozzle asrembly and attendant rolling 
df2pre88ionS. 
by hand into the end of the procers tube which had no nozzle 
on it. The fuel was pushed out the nozzleless end using p u n  
poles. A f l o w  of 10 gpm of f i l tered water was used during 
both charging and discharging. The tube was then dried end 
inspected. Severe scratching of the tube was observed. 
Serious damage t o  the fuel element shoes was also apparent. 

The puFpore of the first temt was t o  de- 

This test consisted of charging 18 fuel elements 

The purpose of the recond test was t o  eliminate the effect of 
colurm action between elenrents. The test was performed by 
pulling one fuel element through the tube r i th a cord. 
fuel element was inserted into the nozzle end of the tube using 
a gasket paper shim t o  prevent the fuel element shoes from 
contacting the nozzle during insertion. Each end of the tube 
was then plugged and the tube was f i l l ed  with filtered )rater. 
The fuel element was pulled through the tube. 
was observed In the tube and some damage was evident on the 
fuel element feet. 
previous tes t .  

The 

Some scratching 

Neither was as severe or abundant as in the 

Previous testing of autoclaved fuel elemtnt slrpport shoes against 
an autoclaved nozzle surface scratched the nozzle surface. The 
autoclaved condition of fuel element snoes is intended t o  repre- 
sent their  condition af ter  reactor exposure. Thus, this scratching 
I s  representative of the fuel being discharged fromthe reactor 
through the outlet nozzle. Additional tes t s  th i s  mnth t o  confirm 
Arrthor the ear l ier  results, rerulted in only one very fine scratch 
on the newly autoclaved nozzle section. 
scratching was observed on the fuel element feet, however, 
nozzle section has been re-autoclaved f o r  further testing. 

Some rather severe 
The 

Mxmger, Reactor and Fuels Research 
and Develapmurt 

PW Albaugh:kb 
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gcPonenti8l Bcpe rimcnts fo r  IWR 

Final analysis of all previous acperiments without coatrol rods In  the NPR 
mockup has been cmpleted. 

The method used In the ~ s l s  was  t o  determine a set of cxtrapolatlon 
distances as described last month; these value8 were than used t o  O b t a i n  
e f inal  buckling f o r  each orpcrlment. A refinement has been made in 
obtaining the values for the extrapolation distances. 
for the extrapolation distances t o  be wed in analyzing diffusion l e w h  
arpcriments are 2.39, 1.42, and 2.21 inches for eide-toleibe, fr&-fO- 
rear, and vertical  extrapolations respectively. 

A srmmrary of the experiments analyzed is shown in the follcrwhg table: 

The new values 

Aael 
mi&- 
ment 

lo fuel 
No Arel 
Natural 

Natural 

094746 $35 
.947$ $35 
.94746 $35 
.947$ $35 

Water in 
Coolant 
chsnnels 
Yes Bo 

X 
X 
X 

- -  

X 

X 
X 
X 
X 

XLOod- 
iag 

- - 
0 

0 

0 
0 
1 
2 

$( 10'6Cm'2)* 

-1% * 4 
-335 * 4 
-105 t 6 

- 9 5 *  5 

- 2 8 ;  5 
+116 t 5 
+=* 5 
+ * * 5  

Relaxa- 
t ion 

y 3  Rcmerks 

42.02 NO process tubes 
36.49 With process tubes 
43.64 Avereges of  three 

44.06 Averages o f  three 
WesUrCmeIltS 

measureme!nts 
50.49 
57.36 
57.92 
55.58 

plooaing Code: 0 = No floodirrg 
1 = qppraprimstely equlvalurt t o  h m h g  a cyl-er of 

water 41.5 m i l s  thick marroundfng the process tube. 

m 
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~ m m n e n t s  have been ca@eted 001 the fOllcniog mr-8 
with w e t  eariched fuel eleumts. ! b y  are as follows: 

1. A vertical tra~erse with six RPR caorfrol rode lnseZ%ed srd w- 
ethylene wrapped arm process a s  t o  mimulate f'loobislg.. 

2. Ver t ica l  atA horlz&rl  trwerses with zero urd 6- control 
rode lmerted plus bath *polyct~lene P W e S S  fubts 
two pieces of mrrcrordte irr.,each stemu ~ u l ; t .  

A llc~ m 7090 code (mmce) wlhich IS described in the mil lW ELootbly 
report was wed ia the analysis of the HPR monlcrrp qr-6 w1-t can- 
trol rods. 

This program was rewsts8 t o  al.lm.lru+.e a ~ m r c e  of error caused by guess- 
5zg the effective hew of the aqmerrtisl pile. & rtncertrinty of me- 
qusFtcr inch in the cflective hew can CQule an UTOT in buckling of 
two t o  e l x  dcrobucks for an eight foot pile. Tbis allows one t o  
meamre the effective hem from vertical traverse acta a& t o  6tudy the 
effects that lattice geamctry esd hrel variations have on extr8polatlan 
lengths, 

. 

OgtinCLzatian of R e t u b d  Lattices 

Two horizontsl layers in the "Cn pile mockug cantaias holes for 6WCial 
horizontal flux traveroes. The effect of these holes is t o  lower the bsre 
counts'in the region due t o  themal leakage d t o  create a flux transient 
in the vert ica l  direction similas t o  thut caused by a reflector JuBt &we 
the region. 
P luggd .  

Previous meB8uranent~ will be repeated when the holes cm 

Ccmputatianal Progreming &rvices 
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~ o s t s  carrtirnrad on one prototype gama epactramefer of twenty-ftctr be- 
rabricstaa for use in the = -1 Rdlure l$xitor. Tests ai the count- 
ratemeter portfan hdIccri;ed tbat ssturatiorr effects occurred for isput 
count rates of about three times f u l l  sca3.e with a caereeuueIrt meter U L i -  
cation r n c t i a n  t o  less than 
rate. The CLiffkulty was caused by the we of an I W I e w t e  voltrge break- 
d m  transistor which was replaced by a WerUrW type t o  solve the prob- 
lem, The high voltwe mqpply d high voltwe limit board, which had 
been return& t o  QBAPIp) for changes, w e r e  receive& aab installed, Bo- 
UmLnary tests egpeer strtiefactory. 

Assistance was @.veri t o  lPcctrical and ~rumestat ioz Des-, ClSUO for 
the preparation of the oarrm~l. &ierw Mrrnitar portion of the acceptance t e s t  
procdures ror the rn Fuel. Failure Mollitor system. 

scale for a cozrtixnred lacreaee in cuunt 

V d o r  prints of the proposed intenuediate rmge stew mordhrs for 

with the origiaal speclficaticm,. 
mentation ard Electrical Desigc, IPD. 

were reviewed d camnents w e r e  made r e m  items not in accard 
The cammts were forwarded t o  Ihstru- 

A t  the rewest, of Electrical asd I n s k m m ~ a t i m  Desa, CE&UO, investi- 
gations were start& regamllng possible mhods of controll- the current 
output fran the lopR neutron-treasitiTre iorrizatitx chambers, Calculatians 
lndicsted the neutron flux incident OL: the cbmibers located in the tap 
shield w i l l  be hlgher thm necessary, This w i l l  make mandatory the use 
of neutron absorbers, or other Bspproaches, t o  obt- optinrun performance 
for  the system. 
tions indicated the iaciderrt &rm Zux level nrigbt be too low t o  obtain 
0ptirmOn performance; therefore, these chambers shuuld hare an increase& 
sensitivity so that absorbers dght be wed for uptimlzation. 
culatians W c a t e d  that radiation leaksge through instrument openhgs 
I n t o  the flu &tor room w i l l  be wit- the iiesigG cr i te r ia  a& no shield 
plugs w l l l  be n e c e s s q ,  

For the chambers locate5 below the reactor, the calcula- 

Other csl- 

Assistance w a s  rendered t o  milities m e r i n &  XPD, reg- the 
possible w e  of titanium in control rode for IC-Reactor. Th;e problem 
involves establishment of purity specifications with cansideration of 
activation ard a metallurgical evaluation of pbysical m e s  due t o  the 
reactor eavlrorppent. 

Studies of pulse shape in organic scioltillstors were resumed. A three- 
dAmensional familv of curves was mdle for stilbene. These curves are a 
sot of pulse hi& versus electron energy versus number of counts for - 
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a 14-inch diemrkTstsinless steel sphere, fully reflected with water. 
tonlum concentrations were in the range of 39-46 g Pu/l at an acid 
molarity of four. 

The data from the current experimerrts 8se sumarized in Table I. 

The chemical & p C S  of the solutions wed in the current Weriments have 
not been completed; until the final results of the analyses me received, 
caqpmisons can be made with the earlier data only in a qualit8tive WW. 

The pre1imImu-y results of! these measurmts ,  however, iadicste weemat 
with the early P-ll crcperiments, and the cr i t ica l  mass values appear t o  
correspond roughly t o  those in w h i c h  a far- inch concrete reflector was 
used; a concrete reflector of four-inch thickness is then the equivslcnt 
of an effectively infinite water reflector. 

Plu- 

Further difficult ies were encountered w i t h  lcaksge of Ar solution back 
through air operated valves. 
because of a broken stretch wire which resvlted in loss of current t o  the 
magnet coil; a new stretch wire w a s  installed and this unit now operates 
correctly . 
A new spherical cr i t ical  asseuibly vessel of 11.6-inch diameter w a s  received 
during the month. 
mounting of the control and safety rods, aad contains provisions for a re- 
entrant tube t o  faci l i ta te  flux measurements along the ax ia l  diameter Of 
the unit. It w i l l  thus be possible t o  determine bUcklb8  values, and t o  
make other measurements, such as the spectral Index (effective neutron 
temperature) fran fo i l  activations within the sphere. 

Measurement of & in the PCTR fo r  Dilute Solutions 

An experiment t o  study the effect of stainless steel  (as used in contain- 
ment vessels for solutions) on the measured values of & i n  the PCTR w a s  
begun during the l a t t e r  part of June. The experiment is being conducted 
with dilute urmyl fluoride ( U @ R )  solutim. 

Mass Spectrcsnetry 

The safety rod system also beceme inoperative 

This vessel was especially designed with an off-center 

The mass spectraneter fo r  t h i s  program provided isotopic analyses on 
setnples for  the Isotopic Analysis Program duringthe first three weeks of 
the month. 
during the month and it is  naw shut down. 
analyzer alignment of the spectrameter is in progress. 

The resolution of this instrument became progressively worse 
A thorargh examination of the 

~ 

As a further aid in the post analysis of the Recllglar cr i t ica l i ty  incident, 
calculated values for c r i t i ca l i ty  in vessel K-9 were determined f r au the  
9-20an and the HFN codes. 
culated fo r  Pu(N@)4 solutions with n i t r i c  acid molarities of me and two 

The c r i t i c a l  radii of! bare spheres were cal- 
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in order t o  cmer the posrible cases of -rt; th acib -=it7 of the 
rolutian in IC-9 W.B e 1.0 
8 li~+  he eiicct of Rr2 wms also acc~lntea for in these calculatioas. 

The cr i t ical  rrdii of the brrc epberes w e r e  wed t o  obtain buckliag values 
as a ntllction of the solutiool concentration. These tt.llws were then in 
turn u e d  t o  canpute the cr i t ica l  solution height as a m i o n  of Rr 
concentration in vessel K-9, through use of the f O l l U M b 6  rtlstianaaip: 

the tutal  nitrate concentrstim was - 2 0  

with, Rc = 22.07 ~m 

The cxtrapolation length w a s  assumed t o  be 2.2 cm + the thlchess of the 
vessel w a l l  (0.8 an), 

Eetimstes of  cr i t ics l i ty  were also made QPD the basis o f  an awaus mflec- 
t o r  on top of the pl\rtonium solution (far this case A, = 6 an).  he 6 an 
value would be obtained for a solutiarn reflector of - 3 4  -8 thick- 

With the system m i l e & &  011 top culd for a Pu concentration of 35 g/l 
with one molar ni t r ic  solution, the cr i t ica l  volume is calculated as - 44 
l i ters .  
43 * 1 l i t e r s ,  

-86 * 

This value is in fsir wecment w i t h  the measured vslue of 

uthough the cdculatad c r i t i ca l  vdume ( 4 4  l i t e r s )  IS in qualitative 
rrgretmeat with the v o l w  estimato8 fran mea8uranen't there are sane clgpsrult 
discrepsncies elsewhere. The minlnmm critical. mass is cdcqlated as /c/ 

1.38 ICg, which is slightly too large, since 1.33 Xg YM in fact actually 
cr i t ica l  in IC-9. p a n  the calculations the c r i t i c a  vol~me (for minhmm 
msas) would be 4 55 l i t e r s  of rolutiarn, This w c m M  te& t o  Inply that 
the system did not go thraugh the m i n W m  mass value arn evaporation and 
subsequent shxtdown. This assu!uption is predicated on the basis of the 
"high vater" me;rks - since none were observed 88 high 8 s  55 liters (highest 
amrk at &46 l i t e rs ) .  The solution was slightly on the mer concentrated 

' 
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I . _  .:. 
Critical m s  (With TcTp Reflector) @ 1.33 l(g at 35 g Fu/1 
Critical .Volume (Uith Top ReflectOr) 38 l i t e r s  a t  35 g Rr/l 

mclear Wety in HLO 

Nuclear Gafety in CPD 

Participation ae a member of the Recuglex and Project 880 hazards analysis 
graups continued thraa&mt the month. Seven procedures pertalnlW t o  
the deactivation of Recuplex were reviewed. 

Nuclear Safety in Fm) 

Two temporary nuclear safety epec i i i ca t im  were lwicIvcd ad approved 
fo r  the lbgineering Opsratian. The t i t l e s  are as io l lavs:  

8tor.ge rud =pent . 'IUS specification 
@e8 t o  0.yq w32 
metal burnirrg operation. 

manlum  rans sport at ion Odislte. Thls epclfic&ion applies t o  the 
trarrspoAing of amal'l miti es of fissile materials by cumnon 
carrier . 

generated In the s c r q  

- D RED 
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. Belastic Scatteriag of Wrens iron Water 

2he c m e r  p r m  8-X calculation8 of nultlple collieion urd beam 

heore been caupletad rab applied to  these mmmmsmts. lWha'tes hwe 
also Eeen ma& of the mch more diiiicult case of inelastic aeutroll 
rcatterlPg fran wrrter .  9heee correcti0~6 me irdicsrted t o  be as lsrge 88 
15 percent. Because the problem w h i c h  is be- calculated is ncrt a good 
represent&ion of the actual physical problem the vslues obtained for the 
corrections art nut very reliable ard will not be applied t o  the data. 

R o t a t i n g - C r y s t a l  EipGctraueter 

A rOta t~ -c rys t e ; l  elm neutron spectraneter -em t o  perform neutrcm 
scattering meeauramerrts is being studied. !Che lOe4 chamel tlzae-of- 
flwt analyzer far energy a ~ 4 s i s  and data storage bss been essentially 
ccmpl&cd by Dust- Research aab Devolopnent. !Che genera features 
of the apcctrameter system am prererrtly be- studied p r e l m  t o  
detailed design of the eystem caupcmnts. These caasidtratiane include 
the lengths of the incidest and ecat-terecl neutron beam night paths and 
the number an8 dispositim of neutron detectors and the relative mations 
reguired of the various cclllponents. 

O k t ~ i ~  C m C t i w  far fhe fhc O m -  Sb- 

. 

mrimmtal stwiles are in progress of the feasibil i ty of us- s c a t  
lation counters for neutron detectors. A I3 I btectar  enriched in 15 
of'fers the putentlal adrantage of hl@ neutron detection efficiency with 

rrystan. grperimtrrts are in small. timing uncertainty caqpard to a 
progress t o  8tt-t t o  determine I f  a sys en of two or m o r e  photamrlti- 
pliers viewing a thin ]w I sc ia t i l l s tor  can be operated In coincidence 
and shielded t o  give a sultably low background of wtltiplier noise and 
gama sensitivity while retalning the desired characteristics. 

- z? 
=? 

lpP237( n, en) Cross sezt ions 

The (n,2n) reaction on Np237 le& t o  the nucleus Pu2% w h i c h  would be 
an attractive energy s w c e  because of its 2.85 ;yr a3 half l i f e .  A t  
the reguest 09 IPD an evduaticm was 
for which only a siTlgle measurement at 14.5 Mev has been reported. The 
(ark) cross scctian ae a function oi neutron energy B,(WV) is given 
amr-tcly by 

of tbe e 3  sh" (n,2n) cross section 
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Several cbsxlges in the ta -Of - fU@rt  mtem were incolporated in the above 
measurements. A mor change was the use of a Qaadr8ture bcncctiaatI ryetan 
so that only one deuteron burtit was produced per RF cycle. The time 
analyzer channel w i d t h s  were reduced to  0.7 pBec a d  uzlchopped barn currents 
of 25 t o  30 

cross section s6ruples of strontium, bsriwn, d calcium. Work is also In 
progress om the fabrlcrtion of a new 2 inch diameter s c i a t l l l a t i ~  caanter 
assembly for possible application as a detector of the arrival time of the 
deuteron beem on the neutron-producing target. 

were successfully employed. 

Work C O n t k n r e d  on t h t  f 8 b r i C 8 t i C o l  and satisfactory ClpCILBCmCllt of t U k d  

Work continues on the use of the &&a-reductIan proep.mn 
the t o t a l  cross section data. 
iag a criterion for auet ing  the data t o  the proper time zero ecnLe. 

to  b&Ue 
R.oblcms have been cncactDtered ia dcvelap- 

Ine t nnncnt at Ian 

i 



At tempts  t o  aaalyze the l o w  expo~ure, plutom5m-alurnb~1~ rueled gramte 
1 8 t t i C e S  us- Program 8 have yet t o  be mccessrul. 
bave been done on the lo&" poisoned la t t ice .  
culated t o  date is 0.91. 
fully camrergtd value of kop w i l l  be samevbrrt hleher. OrlgbCl~,  a 1 
mllli-k corrvergence criterion W B ~  used and mveral rul38 were 
had converged within thie  1-t. 
of convergence at this stege was uppracimattly 1/2 -1-k per iteration. 
Consequently the camrergcace criterion W ~ B  changed t o  1/10 e i - k .  A 
f u l l y  caowerged case hss nat been obt.incd am yet after 22 iterations. 
w a s  found also that performing a double 53 calculation Imprwui the cal-  
culated value of 160 by about 50 milll-k over a double 5. 

Brtensive c8lculat~OnS 
'Jehe best value ob kop cal- 

There ls mamn t o  believe, hatevw, that the 

thst 
&dlcatioors wereI however, that the rate 

It 

240 Effective Resonance Integral of Pu 

The anfpis of the experiment t o  measure the effective resonmm Integral 
of Pu2 
rods is nearly canplete. 

relative t o  the dilute resonance Integral for a series of Ar-Al 

The tentative results for the effective resonance integrals for the Pu-U 
rods henre an unceletainty of five t o  ten percent. This results frau an 
uncertainty of about the rune size b the sensitivity of the PCPR t o  
neutron absoFptlon in Pu 2&0 . 
The first draft of 8 su11ppary of this work hss been prepared for  submission 
t o  the Amerlcetl Riaclear society far the winter meeting. 

The Critical mcllity 

The -AH: has request& adbitimal hazerib analyses of epecfflc fuel 
I-B w h i c h  are t o  be measured In the PRCF. 
1n pl8nnlng calculatiarzs wbich w i l l  be run on the analog ccPPguter. In 
addltion, a series of reactor calculations has been started on various 
PRCF loadIm88 wlng the IBM propem SWAP. Thle work I s ,  I n  part, In sup- 
port of the hazards evaluation work on the quasi-unLform 10- (Pu-Al-U@ 
srrgercell loadlag). 
than typical PRTR cells use& In sane earlier -880 To date it bas been 
shown that the latter changes have lncre88ed cell L ' e  by 110 mk anb 160 mk 

Aselatance has been given 

In this work typical PRCF ce l ls  are be* used rather 

for U@ anb Pu-Al CCUS, respectively. 
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Process rptc~ic8tlorrs w h i c h  w i l l  govern the aparrtlaa of the PRCF M e  
been rcvicwed a8 w e l l  as detalled proceilures wbich will be mad for the 
stlu-bup eqpeTlnLents. 

The two f lux  trmersirrg rigs have arrivad and are be* debugged. 

lkvcral fuel 1- were triad b & to  maxlnlte the r e m i t l ~ l t y  of 
the reactor ud &Ill rrirrtaln a hl@y tW!mal  qectrum in the test pori- 
tian. ~ h n  t b  Mver p ~ a l  yu navd - a circle at 67 cm r a w  t o  
m e  of 4 cm radlua, th cdmlum ratio of gold (0.005") 
to 20. 
to  Incream the reactor rensitlvity fiwther by putt- luclte bars i d o  the 
center ob each of the  driver rucl elements falled. 
creased t o  12.1 di. 

traar 43 
The w o r t h  of cu increuad m u.1 41 t o  u . 3  df. An att- ' 

TIw vorth of Cu de- 
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!Eo measure the boron content the w o r t h a  of the Phocnlx FUel Standlrdn and 
copper were meuured in the center of the paphlte core with the fuel 
1- in the 49 an r d i u e  circle. 

To P I C I ~ I X V  the Pu colrtent of the Phoenix St- the relative woDeths of 
the them arrd fast aeutroore were varied. In &crphitc the relative worth 
of f a s t  t o  elas mutrolls w a s  0.8. With a 1" tuck water jacket the rela- 
tive worth w a s  1.4, U i t h  a 2" thick water jacket It ramsincd at 1.4. 
Uith the 1" jacket with .001 $cc boron ilissolved in the &Or the relative 
worth was 2.5. The reactivity coefficients of all r a ~ ~ l e s  were then amas- 
wed inside the 1" water jacket w l t h  the .001 e/cc boron. 

Data f'rtni exponential arparimr?nts entl frapp approach-to-criticsl experi- 
m n t e  with 1.8 w/o Pu-AI. fuel in &O have been -sd t o  yield vslucs 
for h, the extrapolation distance plue the r e f h c t q  rev-. l h i s  WCLB 
accarqplished by as- h w a s  equal for both the radial and curial birec- 
t lon and e q u s t a  the buckl- for exponential axpcr;imost t o  that frcm the 
cr i t ical  experiment. The vaLues are tabulated in Teblc I. The werwe 
3-14 in. or 7.97 cm is not much different fran the value 7.7 cm which was 
assumed in previous calculations. 

TABLE I 

u t t i c e  spacing ( in.) x ( ln . )  

0.75 
0.80 
0.85 
0.90 
0.95 

Results of Meal 8ad Ilrcrtapic uulybes Oi the Pu-Al h v e  been CQD- 
piled for each of the loadirrge. Jhfarmation about the histary of the 
varioue al loys has been cauplled &eo. Thfo Infonuation w i l l  make it 
possible t o  obtain more analyses if they m e  needed. 



I 

been checked out for them 2 erne loadhags. 

~echrzica~ shup is prcpsrirrg an e r t ~ t e  for a #et oi eqplater with 0.66 

diameter of these holer i s  not lsrge eama#~ for p l u t i c  sleeves .rmd 
the fuel rods. 'phir i s  1- t o  k the first Job an the ar tmatic  drill- 
irpg machlae $ut receive& by Technical Shops. 

Inch  l a t t i ce  rpscw urd 1CW M e r  for the 16 w/o Ar2 i o  fuel r o b .  'phe 

- 

Data f'raa luteti= foils w h i c h  were Irradiated in the H(TR m be- 
andlped. Arralylres of the duta w h i c h  were taken in osdu. t o  rrol'lPslite 

'counts at variw distsncer frcm the MU(=) cryr ta ls  have been c e e t e d .  
!the r- data hare been p v ~ d  for malyme8 with the p v  LUIU. 

rn results oi a ~ 1  eleven grag! m cslculatiapl of the fiowlng down flux, 
In a 1.8 w/o Pu-U fuel element, between 0.18 ev ud 0.68 ev b e  been fit 
by a polynamial equrtirn. This equation w i l l  be u s d  aa a nibroutine In 
the program ACE srd the reacmance integrals for lutetium between 0.18 cv 
anb 0.68 cy wffl be calculated. The resonance integrals In turn w i l l  be 
wed t o  correct the data fram the lutetium foils. 

Heterogeneous Pu-Al-&O Reactor P&t?ics cslculatloins 

A three-poqp, oaw-dimanelanal dimuion theory analysis of heterogeneous 
1.82 w/o FU-U rode in %O 16 camlpletea. A camgariron of t h o m t i c a  esti- 
mates of cr i t ical  m s  t o  crperimentslly bctedmed values bas been mile. 
The cr i t ica l  system were ccmposed of pu-u alloy rods, 44 inchee long, 
0.500 Inch in dlauteter, lnunersed b s tank of light water with inflnlte 
reflection on all rides. The alloy contained 1.82 w/o plutonium which had 
an effective aveMge cqpositian oi 94.37s PU-238, 5.6% PU-240. lche 
alloy is  clad In 0.030 Inch  thick Zlrcalay-2 w i t h  an O.D. of 0.566 Inch. 

The caqmtation WM &ne with SWAP code on the IBM-7090. 
crosa Bections, tamgerature and spectrum c o r r e c t i o ~ ~ ~ ,  and axial flux 
extrapolation di&ances vere all determined in a manner described in the 
&rfl and mhly RCpOfit?. 

The neutron 

CaLculatl.anr, of the cr i t ica l  mnber of r o b  were made for l a t t i ce  mpacln&i 
e 0.75-0.95 Inch with effective Pu-240 concentratloins of 5.1, z=&Y.o u/o . Thc reuultr m c w  in I t o  the meamred 

values far the 5.63 w/o PU-240 rystame. 
m~ a l l  W o x m  loadlng~. Table I lists the valuer of effective multipli- 
cation calculated tor zacaaured cr i t ica l  ryetau d 5.63 Y/O PU-240 rods. 

myatem de~icted In I 





Iattice Spacing 

TABIgI - 
nbssured critical 

no. of Rod8 

0 075 
0 0 7 8  
0.80 
0.83 
0.85 
0.88 
0 .90 
0 093 
0.95 

* Interpolation fran amre. 

The values presented in Figure I1 anticipate experimhntal determiasflcnrs 
with two-zone loadings of rods with 5.1 uml 6.0 w/o PU-240. lbr a glven 
lattice spacing, the lodin& switch yields a lattice w i t h  a W e r e &  
proportion oi each rod type.. AUO, the FU-240 coprcartratian merenee is 
enhanced by tihe -e i n  statistical weight of the porrltion occllgied by 
the switched zones. 

Status of PRTR -1 Irradiation rlment 8 

W k  I UO;, ELanents (PRTR Test 371 

1449 
1649 

1651 
1'% 
1451 





PRTR Theory-lkgerhent Correlatlon 

To accurately predict the power distrlbutlane la tht PRTR, an ef for t  l e  
undcr ww t o  derive a me- m o d e l  of the m. TUB derived m o d e l  
w i l l  be used in txylng t o  match the power distributiorrs in the acperimental 
"Banked Shim R o d  Test .'I 

A consistent ret of - t i -g rq  croso rectiau for use in either a tran8- 
port or dirrueion anrlJreis l e  being caqp5led. 'phe cross rcctlaae pertincrrt 
t o  the PRTR are 
program gtBad" '~ l l l  be ueed t o  obtain 1/E w e i g h t e d  avercrge cross em- 

ently be- updated in the IIEW BEIJ~IC Isbrary. Tht 

there average cross sections t o  be used in 
dst8 t a p  . Also, t h e  

I .  
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by the point cross sections contained in  the RBU Library. From the canbi- 
nation of these t h e e  program, a basic set  of cross sections for the PRTR 
w i l l  be ccmpiled. 

Several methob t o  obtain a cylladrical prodel of 

inary effects, it scan6 advisable t o  investigate these methods further. 
A twO-dhensiona,l analysis (x-y) of a TJ@ - Ig-rod cluster would aid in 

reactivity could be c-ed t o  the eqerimclrtsl reeults 
The three methods investigated are, brlefJy: 
praterials in the cluster, (2) conserving radius t o  and thickness of clad- 
ding and fuel, (3) same as (2) except for  hanogenizing the -1, cladUb& 
and moderator contained between the inner and outer radii of the annulus. 

e PRTR U-rod cluster 
have been prellmlnmUy investigated using DICIT (B . P1.a~  these prelim- 

inferring the best method for cylindriciza,  for the r fl=, ana 
for this cell.  

(1) comervhg volume of 

Advanced Concepts - Critical Mass Calculations f o r  Rubidium Cooled Cores 

Rubidium's thexm0Qmami.c properties make it interesting as a reactor 
coolant fo r  high temperature, direct cycle parer systems. 
might be useful for application as space power units. 

Such systems 

A series of cr i t ical  mass calculations for fast spectrum, rubidium cooled 
cores have been perfonned. The HFn multi-group diff'usian theory code fo r  
the IBM-7090 was used for the calculations. 
Moldauer (YQM) 16-group structure was used with the cross section data 
assembled from several suurces. 
sections were taken fran Fast Reactor Cross Sections by Y l f i a h ,  Okrent, 
and Moldauer. !RE cross sections for N and Be were taken from the GAM 
code using the P1 option and the YCM weighting flux and group structure. 
The rubidium cross sections were fran the RBU Basic Library using the YOM 
weiming flux. 
rubidium transfer cross section w a s  assumed t o  be 5 &/A u. Three types 
Of f'uel were considered in this study: Pu@, U%, and PUN. The coolant 
volume fraction was used as a parameter and cr i t ical i ty  was obtained by 
adjusting the fuel and structure (Ta) volume fractions. 
were made using spherical gemetry for the core surrounded by a 10 cm Be 
reflector. 

The Y i f t a h ,  Qkrent,' and 

The Pu-239, Pu-240, U-235, 0, and Ta cross 

Only transfers t o  the next lower group were allowed. The 

A l l  calculations 

(7) R i c b r  C. R., "IDIMI - A U t t i c e  Parameter Code f o r  the IBM-7090,'' 
aW-63 11, Jar~ary 7, 1960. 

(8) W e y ,  J. R., "Correlation of Data on Heavy Water Moderated Cluster 
Lattices," W-60275, May 19, 1959. 
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 he rewea cr i t ica l  f ~ e l  volqum irsctici for FW was fcx& t o  be the 
least  for the.three h r t l s  ~0018idafod~ while it wa8 greatest far U-235 
The ra t io  of cr i t ical  f!uel vol\nnc f ' ract la~~lr  uppears t o  be rea~ansbly caorstmt 
wer a wide rarrge of core radii (10 an - 70 an). the tbree ruels 
consi8eredJ the npprac3am.e fkel  val\mre ratios are: 

PUN : PU& : IQ = 1 : -1.5 : -2.0 

'phe results of the C S l C U l S t i ~  Should be wed W i t h  cauti=J psrticularly 
far the mndller radii range where the validity of birrusion thew is 
questionable 

Code Development 

C w [  

SIGMA-3, the program wbich prepcrres a crom section tape for use in the 
CAIX mlt i -gror rp  ce l l  burnug code, is apcrst- 8 ~ t i ~ f a c t ~ i l y .  The %erg- 
ing library" which SIGNA-3 u e s  t o  correlate GAM cud - results is 
cauplete, but has not been checked in &tail. 
the -ti-group flux and reactivity calculation. 

- 

Sane minor bugs ransin in 

Coding of the burrrug portion of CAIJt has xwealed sane unaaticipeted prob- 
lems. Most arise b e c u e  C U I  W e r e  copuliderebly, in both concept aad 
implementationJ frcm its predece~~or, MBLE4GSt. 
lng - decks mast be so extensively m a d i f i e d ,  in writing CAI& that 
it has beccme lmpoosible t o  maintain the abmlute input/output caqa t i -  
b i l i ty  which Progrmmfnn oper&iaa requested. Plrsent 8tt-s are aimed 
at preserving as mch iogntt/output carlpatibility as possible. This w i l l  
yiela a code (cal led cm-I)  w h i c h  w i l l  read a fsir mount of unused bata, 
but w i l l  mlnimlze the number of w e e  r e w e d  in the R~wamnlrg Opera- 
t ion econamics code13 when they are converted f r a n  using MgLEAaBR t o  usbg 
CAIX.  A future version (CADI-=) w i l l  have more sensible 4 p u t  as8 atput 
formats. 

This meam that the exist- 

A l l  foreseeable m e a  in coprrrchinq; the NEUWlZt main program snd Runge- 
Utts mnerical izrtegration mibrcnrtbe hsve been cotlad. The subroutines 
w h i c h  M e  recycle rrystam and start-of-life reactivity adjustment are 
presently be- changed. Af'ter these are dant, debugging of the buFrmp 
a I L d . y S i 8  Can St&. 

Zurther investigation of the double mass variation amroach in treating 
the chaaical bbdlng effects of moderating scatter- centers irdicates that 

. .. , , . ., 
a .  _ .  . -  . 

. -  ::'.':- * 
. .. .I ' , 'I. . . : - .  , .  . . -  

. .  
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this method is capable of Uescrlbln& the binding effect on both average 
energy exchange asd scattering aagle at thenml enerees. A t  this point 
the problem appears t o  be a theoretical one of obtainln& the mass varia- 
tions, since the Monte Carlo propam is DQW prepared t o  handle the darble 
mass variation. 

To generate the &sired averages, one Introduces two mass paremeters In  
the gas kernel. One parameter i s  used in selecting a suitelble target 
velocity vector, and the other is used exclusively in the collision 
mechanics 

Taking the zero'th manent, the first manent in energy, and the first 
Legendre uanent of the gas kernel, one obtain8 for the average cosiae of 
the scattering angle, am¶ the average energy =change in the lab system 
the following f o m :  

where: 

&: Initial neutron energy. 

l$(E,), *(EO): The mass variations. 

Using the kernel codes one may calculate values o f  ' g ( ~ )  and a%) 
and solve the above expressions f o r  I$(%) and &(Eo 
rect UEpectation values of k aad & shwld be generated in the Monte 
Carlo, the detailed structure of the angular flux distribution6 m r r ~ r  not 
be preserved. 
higher manents in energy. 

Althargh the cor- 

In addition, detailed balsnce w i l l  not be satisfied for  

Both the zero'th and first mnaent in energy have been obtalncd and the 
calculation of the first ugendre manent IS 40 percent ccqlete .  
anticipated that a machine progrem w i l l  be required t o  obtain ~ ( E J  and 
%(Eo)  by i terative m e t h e  

is 

6. - SPXZCRUM Iteration scheme 

 he c6 age sluuing-dawn calculation 
codes are t o  be tied togdher in an iteration echeme t o  converge on the 

the SPECTRW the- dirrusion 
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thexml cross sectiarrs an8 slowing-dm source t o  the the& &rap. 

Since c6 uses age theory, an output scattering matrix t o  generate irrprt 
t o  the SPBCTRUM cOae is necessary. 
of scatter from a groug t o  sqy l m e r  g r q  for a given Scattering nucleus 
have been obtalned and separately programed. 

The functions describing the probability 

Next these functions nust be included as a subroutine in the C6 program. 
Questions of the praper weighting f’unctians for scattering in a hanogenized 
region rmLgt still be investigated. 

AU of the equipncnt necessary t o  perform the PRTR Tes t  No. 35 (PRTR 
Kinetics) was installed and/or checked at the PRTR s i t e  during the month. 
The test ,  which w a s  originally schcdxrled for Jlrnt 8 bss been poetganed. 
Postponement of the t e s t  w i l l  result in the need far additiorrsl rechocking 
of equipment just prior t o  the next scheduled t e s t  period. Non-Process 
change no. 44 was prepared t o  obtain penaissian t o  install an electrical 
transducer on the PFlTR pressurizer l w e l  transmitter. fi w i l l  be used t o  
study the relationship between pressurizer level indications and atgasser 
effluent flow. 

The PmTR nuclear excursion study was inteded t o  determine the nuclear 
accident potential of the reactor using a core consisting entirely of 
mixed-crystal fuel elements. 
maxiam power level excursions produced by variaus reactivity disturbances 
with the reactor status varying from subcritical t o  normal operating power 
level . 

Analog runs were made t o  determine the 

One experimental pRTR Uc@d Bpfluest G a m a  W t o r  of the scintillation 
transistorized type w a s  installed for testing at PKllR. 
satisfactorily t o  date. 
ccmpleted in  fabrication. 

It is operating 
The second generation monitor i s  about 5 9  

Technical assistance was rendered t o  RZTR TecWcSl Planning an8 t o  MBin- 
tenance and E q p l p n t  wlneer ing  regarding the PR!CR Are1 ELewnt Rupture 
Monitor and the PRP Critical Facility. A general improvement project was 
outlined for the rupture monitor and specific circu3.t changes and per- 
fonnsnce t e s t s  were recanmeaded. All installation and physical modifica- 
t ion effort is t o  be supplied by HMlR technician persaanel. The initial 
problem is t o  increase the d e p c a i l i t y  of the monitors and t o  reduce 
the ambiguity of the indicated sicplals by remmal of output interconnec- 
tions of the several channels. 
validity be established by ccmparison methods. 

Only in  this mnnner can alarm s i g n a l  
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The PRPCF assistance was i n  the form of testing of neutron proportional 
and fissim counters and preamplifiers in systems w h i c h  were not perform- 
ing correctly. Guidance and instructive e f f o r t  w a s  rendereato PRTR per- 
sonnel. regarding the stated item. 

In aadition t o  sssistance t o  PRTR on vibraticm measurements, Physical 
Testing also helped locate a new point of difficulty in the HiTR systems. 
During routine st&- procedures m e t a l  pieces were found on one of the 
primary loop system screens. Suspecting that the piece cam from vanes 

section of the loop, radiographs were &e. in a flow-straighte 
olved w a s  1 inches in diameter and f i l l ed  with heavy water. 

that a metal piece had broken out. 

The "i"& 
U s i n g  sectiono@ C tecbnlques satisfactory radiographs were obtained confirrming 

NEuTRav FLUX r4oNITo6Is 

Cunputer calculatiane, which were based upon the f lux monitor canputer 
program established t o  pravide informstion concerning the 
and f e r t i l e  radionuclide concentrations f o r  the longest useful lifetime 
in  a given reactor environment, were performed for various plutonlUm 
radionuclides and were found t o  give unrealistic values. 
that the plutonium radionuclides cauputer input data generated a matrix 
that w a s  nearly singular during a particular computer inversion process; 
consequently, the incorrect answer was considered t o  be generated by noise 
rather than by the true input data. A t  present, portions of the c m u t e r  
program are being revised t o  ut i l ize  sixteen, ratber than eight, signifi- 
cant figures during the stated inversion process, and since the technique 
is an Inportant segment of the whole program, it is essential that the 
calculations generate valid q t i m u m  detector ccarpositions for the radio- 
nuclides of interest. 

f i s s i l e  

It w a s  determined 

In an effort t o  establish a proper experimental program for the detectors, 
it was determined that information mast be obtained relative t o  flux 
levels, temperatures, and spectra t o  which the detector w i l l  be exposed 
during the irradiation tests.  In addition, the detector output, 88 meas- 
ured by the macroscopic fission cross-section, w i l l  have t o  be evaluated 
as a function of time. 
encountered within the reactor core, investigation of possible chamber 
parameters w a s  started in an attempt t o  optimize the chamber design. 

Since high ionizing f ie ld  intensities w i l l  be 

The available HAP0 t e s t  fac i l i t i es  for use in the irradiation testing of 
the experimental detectors were inspected. 
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glectr-tic !resting 

Modiiications were made in the laboratory laultiparameter eddy current 
testing equipmerrt in preparation for its evaluation on m e t a l  t es t  speci- 
me=. An improved null balance system was built, and tes te  show that it 
w i l l  simplify the e8Justment of both conventiaml eddy current test equip- 
ment and the multiparameter eqplpent. mer- design of a prototyPe 
multiparameter eddy current t e s t  dcvice was started. Assistance given 

NPR s i t e  was continued. 
t o  m i c a l  Testing on t e s t s  of 1/ i”& inch diameter Incanel tub- at the 

Modification of the multipar&er eddy current test eqaipnent included 
fabricatlng two sizes of flatr probe type test  ooils, about 1/4 inch aa8 
l/2 inch in diaPlCter, respectively, a d  
circuit for use with the new coils. 
developed which is adaptable for use in the multiparemeter t e s t .  
a prototype unit show that it w i l l  fac i l i t a te  the aUJustment of single 
frequency-eady current e & p n t  and should be an aid in both the labora- 
tory and the f ie ld  in setting zq j  eddy current ecluipment . The new device 
permits adjustment of the ipstnrment null with one control lever i n  can- 
trast t o  the canventianal method of using two controls t o  perform the 
same function. 
t e s t  co i l  condition can be made manually far record purposes. An inven- 
t ion disclosure i s  being prepared. 

and checklng a null balance 

Tests of 
A null  balance syetm is be- 

In addition, a voltage, or impedance plane plat. of the 

The desired features of the mlti-paremeter teeter have been listed. 
various circuits t o  accomplish these objectives have been Investigated. 
-re possible, several different circuits have been canpared, so’the most 
effective (and where possible, the most simple) circuit can be devised. 
Tentative circuits have been devised for use in  the 08cill8tOrsJ buffer 
m l i f i e r ,  nulling system, and addere. The exact caqpanents t o  be used In 
these circuits w i l l  be determhed as more infomation is received f r an the  
manufacturers . 

The 

The problem of noiee reduction has been considered. 
attempt t o  remove the noise frun the various A-C signals before driving 
the pickup coils rather than t r y  t o  cancel the noise in the si@aJ.s from 
the pickup coils. This approach should alluw the use of simpler nulling 
circuit 6 . 

It w a s  decided t o  

Assistance t o  Physical Testing Included rea8Justment of the internal tes ter  
after moving it t o  the location of the second set of 581, 1/4 inch O.D. 
installed Ihconel tubes to be tested. The camnercial tes ter  with cylindri- 

., .f 
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The PRPCF assistance was i n  the form of testing of neutron proportional 
and fission counters and preamplifiers i n  systems which were not perfom- 
hg correctly. Guibnce aad instructive effort was rendered t o  PRTR per- 
sonnel regarding the stated items. 

fn addition t o  assistance t o  PR!P€t on vibratiaa measuremerrts, physical 
Tes ta  also helped locate a new point of difficulty i n  the 
During routine startup procedures m e t a l  pieces were found an one of the 
primary loop system screens. Suspecting that the piece came from vanes 
i n  a flow-straightening section of the loop, radiographs were made. 

olved w a 8  14 inches in diameter and f i l l ed  with heavy water. 

systems. 

The 

U s i n g  clection8 C techniwes satisfactory radiographs were obtained confirming 
that a metal piece had broken out . 
IJEtRIRON FLUX MoNITm 

Cunputer calculations, which were based upon the flux -tor cauputer 
program established t o  prcnride informstion concerning the 
and f e r t i l e  radionuclide concentrations for the longest usef'ul lifetime 
in a given reactor environment, were performed for various plutonium 
radionuclides and were found t o  give unrealistic values. 
that the plutonium radionuclides c q u t e r  input data generated a matrix 
that w a s  nearly singular during a particular cclaputer inversion process; 
consequently, the incorrect answer w a a  considered t o  be generated by noise 
rather than by the true input data. A t  present, portions of the ccquter 
program are being revised t o  u t i l i ze  sixteen, rather than eight, signif'i- 
cant figures during the stated inversion process, and since the technique 
is an important s e m n t  of the whole program, it is essential that the 
calculations generate valid optbum detector canpositions for the radio- 
nuclides of interest. 

f i s s i l e  

It w a s  determined 

In an effort  t o  establish a proper experlmental progrsm for the detectors, 
it w a s  determined that information must be obtained relative t o  flux 
levels, temperatures, snd spectra t o  which the detector w i l l  be moscd  
during the irradiation tests.  In addition, the detector output, as meas- 
ured by the macroscopic fission cross-section, will have t o  be evaluated 
as a function of time. Since high icmizing f ie ld  intensities w i l l  be 
encountered w i t h i n  the reactor core, investigation of possible chamber 
parameters w a s  starCed in an attempt t o  optimize the chamber design. 

The available HAP0 t e s t  fac i l i t i es  f o r  use in  the irradiation testing of 
the urperimerrtal detectors were inspected. 

DEWIAED - 
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Modificatlans were made in the laboratory multiparameter eddy current 
testing eqylpnent in  preparation f o r  its cvalwrtion on metal tes t  speci- 
men~. An Improved null balance system was built, and t es t s  show that it 
w i l l  simplify the adJustnent of bath camrentlanal eddy current t e s t  e@p- 
ment and the multipaxameter e&pme&. lbgheerhg des* of a prototype 
multiparameter eady current testing device was started. Assistance given 
t o  Physical Testing un t es t s  of 1/4 inch diameter Incanel tubing at the 
NPR s i t e  w a s  continued. 

Modification of the multiparElmeter eddy current test e&@ included 
fsbr icatbg two sizes of flat, probe type t e s t  coils, abaut 1/4 inch 
1/2 inch in diameter, respectively, slld naklng anb checking a null balance 
circuit f o r  use with the new coils. 
developed which is adaptable for use in the PlaiLtIpaFameter tes t .  Tests of 
a prototype unit show that It will fac i l i t a te  the adjustment of single 
frequency eddy current equipment and should be an ai& i n  both the labora- 
tory and the f ie ld  in setting up eddy current eqylpnent . The new device 
permits adJustment of the instrument & with one control lever In  con- 
tra& t o  the conventional method of using two controls t o  perform the 
sane function. 
tes t  coil condition can be made manually fo r  record purposes. An lnven- 
t ian  disclosure is being prepared. 

A mal l  balance system I s  being 

In addition, a voltage, or impedance plane plat of the 

The desired features of the multi-parameter tes ter  have been listed. 
various circuits t o  accwg~lifih these objectives have been iovestigated. 
mere possible, several different circuits have been cqpared, so the most 
effective (and where possible, the most slmple) circuit can be devised. 
Tentative circuits have been devised for use i n  the oscillators, buffer 
a q l i f i e r ,  nulling system, and adders. The exact canponents t o  be used in 
these circuits w i l l  be determined as more information is received fran the 
mmWacturers. 

The 

The problem of noise reduction has been considered. 
attanpt t o  remme the noise fran the various A-C signals before driving 
the pickup coils rather than t r y  t o  cancel the noise in the signals frcun 
the pickup coils. This approach s h a d  allaw the use of simpler nullin8 
circuit 8 .  

It w a s  decided t o  

Assistance t o  Physical Testing included reacljustment of the internal tes ter  
after mcnring it t o  the 1ocation.of the second set of 581, 1/4 inch 0.1). 
installed Inconel tubes t o  be tested. The canmercial tester with cylindri- 
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cal outside tes t  coil was set up, checked in the laboratory, and then 
moved  t o  100-N Area fo r  use in testing ab& l b , O O o  feet  of 1/4 inch O.D. 
Inconel tubing prior t o  its installation. !RE original test co i l  design 
failed due t o  wear after about 14,000 feet of tubing was tested. !Pwo 
aaditiorzal probes were wired, and one w a s  Armished with a plastic guide 
bushing which can be replaced when it becomes worn. 
tester, with tube feeder is being readied fo r  this t e s t .  

A second, standby 

Heat !Transfer Testing 

Changes were made in the dual radiawters t o  *rave their  operation. 
Heat transfer defects in the nickel t o  uranium bonds of nickel plat& f’uel 
elements were detected. 
used t o  study the surface temperature behavior of nickel plated uraniUm 
fuel elements during heat transfer testing. 

Heating of lens masks, installed on the radiomrters t o  prevent cracking of 
the lenses due t o  heat from the arc, caused spurious signals due t o  emitted 
and scattered radiation. 
water cooled lens barrel. 

A passive anslog s w a t o r  w a s  fabricated and 

The mask closest t o  the arc  was replaced with a 

h electronic resistance-capacitance analog simlator  has been fabricated 
f o r  use i n  studying the surface temperature of the nickel during heat 
transfer testing under various conditions. 
lator indicate that variations i n  thermal contact conductances less than 
80 BTU/hr OF ft2 should be detectable using the present t e s t  parameters. 
Conductances greater than this cause the surface teqerature  differences 
that appear during heating t o  drop almost t o  their  equilibrium values 
before reaching the detector 20 milliseconds la ter .  It would be necessary 
t o  observe the surface taxperatures of the nickel within about 5 milli- 
seconds after the heat application cycle t o  detect thermal contact conduc- 
tance changes between 80 and 1600 BTU/hr OF Ft2. ThC rapidity of the sur- 
face temperature transients is due t o  the small heat capacitance of the 
thin nickel plate. 

Init ial  results from the slmu- 

EiQeriments have sham that the present heat transfer testing system is 
sensitive t o  large variations in thermal contact conductance between the 
nickel and the uranium i n  nickel plated uranium fuel elements. 
nickel plated uranium fuel elements were used in these exgeriments. The 
nickel plate varied between .OOO3 and .OOO8 inch thick. 
nickel/uranium bonds in two of the fuel elements were produced by mittinc3 
one of the cleanlng steps prior t o  the nickel plating step. These defects 
were easily detected, and were permanently recorded as melted and dis- 
colored meas in the nickel plate. 

Seven 

Defects in the 

No defects could be detected in  the 
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r w m h b g  five fuel eltmcll;ts, men though they were tested a number of 
times at high heat fluxes. 80 diecolorad or othtrwise visibly 
areas appeared. These fuel elements w i l l  be destnrctively examined t o  
ascertain whether or not defects were present. 

zirconium m a e  Detection 

Tests are be- made t o  learn w h e t h e r  or not X-rey dlffractlon or elec- 
trode potential meamremente can be used to determine mide ccmcentra- 
tiane in ~i rca loy -2 .  Bydriaed eircalcry-2 pawder s e e s  have been obt- 
for use in nuclear magnetic resonance studies. 

Ultrascmic studies related t o  zirconium hydride detection are contimllnn. 
In addition, parallel studies are beiag carried art t o  detemiae whether  
or not other physical eff'ects ccnald be used. 
X-rw UfTraction coulti be used t o  detect bydrlde at concentrations d m  
t o  300 ppm. Hawever, difficulty in obtaining quantitative coolcentration 
estimstes was encountered, apparently due t o  preferreti orientation. X-ray 
diffraction studies wing a rotating sample holder are being carried out 
by Chemical Separations, HU), in  response t o  a request irorn physical Meas- 
urements, HLO. 

Previars work irdicated that  

Electrode potential measuremerrts were made with the assistance of nYm.lcsl 
Separations, BLO, on Zircalay-2 samples containing 0, 50, 300, and 500 mm 
hydrogen. 
showed no difference in electrode potentials of the sazuples. Measurements 
are being made wing other electrolytes. 

PaJdered Zircaloy-2 semples containing 496, 7l.4, U95, asb 16,000 P E ~ I  
have been obtained for  nuclear magnotic resonance studies. 
were made last year with the University of Washington and with V a r i a n  
Associates t o  make these studies. 

Initial experiments using 2O$ m9, 1s BF, 7996 QO electrolyte 

ArrSnganents 

USAE-Acm c-m PROORAM 

Nondestructive Testing of Sheath Tubing 

As an alternate t o  the use of notches for standards and for calibrating 
the ultrasonic t e s t  of thin-walled Are1 element sheath tubing, the use 
of drilled-holes is be- imestigated. An angmalgl~s response was ob- 
tained in one instance in cclllparing a brilled-hole t o  a notch. 
ultrasonic respanee frau a s ix  mil diameter hole drilled caqpletely through 
a Zircaloy-2 plate was obtained using three M e r e n t  lithium-sulphate 
transducers operating at-10 Mc. With a l a - focused  and a flat rectangular 
transducer a regular decrease in ultrasonlc response with increase in metal- 

The 

. , '  
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path fran the hole was found. 
s a c  response decreased in a saw-tooth manner. 
a saw-tooth behavior was ercountered w i t h  the line-focused transducer. 
explanation fo r  this difference in  behavior is apparent at the present 
time. 

U s i n g  a point focused transducer the ultra- 

No 
Tn ccmtrmt, using notches 

~n the waluatian of production test ptwameters, the degree of inst& 
variations such as signal  display non-linearity, gain setting non-linearity, 
and frequency bandwidths are important. m c e  types 0f.calibration signels 
which simulate pulses were used t o  obtaia instrument non-lincttrrity curves. 
Canparisan with pulses fran actual Lemb-moBee gwe nm-linearity curve 
agreement t o  within plus or mirrus s. 
pulses can be used t o  obtairi corrections for instruntent non-linearity. 
Curves of signal  indicatiazls as a M i o n  of f'ront panel gain setting 
were also obtained. 
typical of most pulse amplifiers. 

I'c woad appear that simulated 

These curves follow a logarithmic behavior which is 

Ubile the uptimum frequency bandwidth desirable for tubing t e s t s  w i t h  
Iamb-waves is not known, the phase velocity-frequency thickness product 
curves show that, a t  constant entry a@.es near Vl, a frequency basitwidth 
Of about 2 Mc for a center frequency of 10 Mc s h a d  permit. excitation 
of a t  least  one Lamb-mcde for all tubing w a l l  thicknesses of about 0.020 
inches and above. 
this supposition. 
t o  calculated frequency thickness products provided excellent egreemezlt 
w i t h  the theoretical Iamb-wave curves. 
bandwidth of about 2 Mc is, therefore, appropriate. 

weriments using two different instruments have proven 
-her, analysis of pulse frequency caarponents leading 

The experiments indicate a 10 Mc 

A;mdamental studies have indicate3 that a type of Ltnb-wave propagation 
mst be encantered b the ultrasonis testing of thlzwdLl tubular con- 
ponents. 
t i m  behavior, a theoretizal treatment for separating the wave i n t o  longi- 
tudinal and shear ccmpanents was developed. Plate end lealcsge observed 
w i t h  the Schlieren system during Lenib-wave propagation w a s  satisfactorily 
explained qualitatively base5 on the wave separation method. 
t o  obtain quantitative aqlitudes t o  show that the transmitted beam 
results fran a Iamb-wave is canplicated by the existence of c r i t i ca l  
angles which give surface waves. However, the presence of Lamb-waves and 
other wave types reflected fran a plate end has been verified for certain 
incidext Lmib-wave situatians using the Schlieren system. Future experi- 
ments mey be assisted thraugh recoEplitian of Iamb-waves and other waves 
as canbinations of longitudinal and shear-wave caarponents. 

In order t o  construct a physicsl picture of Ismb-wave prupega- 

Eff0rt;s 
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Atmospheric Pbysics 

Iwestigation continued in the study of la teral  dispersion 88 related t o  
the w i n d  direction spectrum observed at a point. The dispersion of the 
time mean plume generated frm a continum somce3 as measured in OUT 
experimental technique, is the r eml t  of both diffusion and transport of 
the instantaneous plume elements. Whether the dispersion a t  a given dis- 
tance arises primarily fran difArsion or from meander depends on the spec- 
trum of turbulent eddy sizes relative t.0 the plume dimensions, i .e.,  
eddies smnller than the p l m  dimensicas cause the difFusion while the 
larger eddies only contribute t o  mean3er. 
phere is a Lagrangian phenwnon, it is essential t o  determine the rela- 
tionshig between the fluid-attached LSgFan@.an time scale esd the fixed 
point EUerian time scale applicable t o  the meteorological measurements. 

Since dispersion in the atmos- 

Five oxperinrents were conducted t o  determine the relationship between 
the travel t h e  of a puff of tracer t o  a given &stance and the travel 
t i m e  determined fran the m e r i a n  w i n d  velocity measuraaents at 1.5 
meters' heigbk. Records fromthe direct r e d k g  smpler permitted cal- 
culation of the travel t h e .  As expected, cmiderable "stretching" of 
the pxf'f vas observed due t o  the deformation field resulting fran W i n d  
velocity shear. 
210 seconds t o  pass the sampler 200 meters downwind. 
I,agrangian t o  m e r i a  travel time ranged f r a  0.82 t o  1.10. 
salts indicate that the r a t i c  is apprcximately one for stable atmospheres 
and short travel distances, but more data are reqylred t o  t e s t  the 
validity of the asslrmption at greater dis tamte.  

A puf'f fonaed by a 15-second release required 105 t o  
!Fhe ratios of 

These re- 

In A i r  mce-supported programs, fllfhtsioo data fran Vandenberg Series I1 
m e r b e n t s  were transmitted t o  the Air Force. 
berg Series 111 m r i m e n t s  was cangleted 00. &ne 30. 

Obf-site work on Vanden- 

A prototype-direct-reading sempler for z b c  sulfide tracer material w a 8  
f ie ld  t sted with encmagLng rests. 
2 x 10-8 grams per cubic meter of air were detected. 

Concentrations of less than 

In our rain scavengisg work, effort was directed toward further delipeat- 
iag factors affecting the experimental measurements and designing experi- 
ments and techaiqpes t o  either circumvent soaue of the confaunding ones, 
or t o  determrine their relative iqportance in  the scavenging processes. 
Results obtain& so far, although tentative, indicate that the collection 
efficiency of very small drops (less than 0.8 mm.) is mch greater than 
cxyected. Since small drops are fsr more numerous than larger ones in 
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natural rainfall, this deviatim fran theory would alter considorably 
Interception predictions. Therefore, the most loglcal next step i s  t o  
detexmine the relative scavenging efficiency of m u d l  and large drops, 
and t o  t r y  t o  -lain the deviations in the meesurements fran theory. 
Problems of air-isokinetic serarpling, wettabilfty of particulates, and 
deposition of tracer on the pound and vegetation can be circumented 
temgorarily. 

A Research an8 Develapnent R e p o r t  titled, "The EIaniOrd RaiILdXQ m o r  
and Selected Gpectra," RU-nm, by R. J, EpgeBnann, was dietfibUte8 d u T a  
the month. An bstrument I s  described that uti l izes a sensitive paper t o  
recol.8 individual raindrop size a d  particulate content. Mean13 of r d c i r r g  
splash and edge-effect errors are described. 
spectra are shown in  demonstration of the detail  that may be obtained in 
the small drop portion of the spectrum. 

Nlne rain an8 one snow 

DOSWtm - 06 FTOgrrUn 

Measurement of the radioactivity in Alaskan Eu3kimos was begun. 
two hurrilred people were counted a t  K0tzebu.e. 
ranged fran w h a t  w a d  be typical in the rest of the Wted $'bates up 
to,  in one case, 518 nc. 
t o  the die t .  
animals as caribou or reindeer. 
frequency were ~r-~?'b-95. 
external contamination, 
ther studies * 

More than 
amounts of CS-137 found 

The arnounts in the body show a close relation 

The only ather isotopes found with any 
Tests ha--e indicated that it is present as 

Most of the cs-137 appears t o  cane from eating flesh of such 

Tbe ecpipnent was moved t o  Point Barrow for fur- 

Semi-annW mabtenance was canplcted for the Van de Graaff. 
satisfactorily during the month. 

It aperated 

The imrestigations related t o  the Recuplex accident were cam;pleted. 

Calibration of the polyethylene double moderator was cunpleted. 

Two neutron spectrameters were studied. Fast neutron peaks were observed 
With a high-pressure d ( n , p ) T  prcrpOrtiozml counter, but the chief use of 
this device may be as a high seneitiv t y  thermal neutron detector. 
solid state spectrameter uti l izin& W WBB calibrated aad used t o  make a 
measurement of a PuBe spectrum. 'Fhe device hae good resolution but very 
low sursitivity. 

A 
i! 

Double-moderator neutron cuunting apparatus w a s  installed in a covered 
p i m p  truck t o  permit measurement of near-background neutron fields at 
different locations a - 

DECWIFIED 



The discrepancy between the calorimetric measuremen'bs of a plUtoniMl 
sauce performed here and at Mound Laboratory was i d  t o  be duo t o  an 
unsuspected heat leakage during one of our calibration steps. 
age was  eliminated. 

This leak- 
The results of the two laboratories nuw agree t o  

within 0.w. 

TIE m a w i ~  k~yboerir entry was irsstutd on the new RIDL 4oo-ctumnel 
analyzer at the Whole Body Count ing Fscility. The keyboard permlts the 
hand-punching of data U t 0  the punched paper tapes which are l a t e r  pro- 
cessed by EDPO. 

Investigations continued 011 the recha;rgirrg type pocket. dose meters. 
dosimeter with a O.OOO5 inch diemeter stainless s teel  fiber was Irradiated 
t o  a t o t a l  dose of abart 1000 r before any failure due t o  sticking of the 
fiber t o  the ro8. 
platinum-tungsten fibers properly, the mechanism of the sticking trouble 
w a s  determined. The fibers were arranged in a m e r  that the second 
fiber would not touch the center rd, of the doslmeter mless the first 
fiber failed t o  make contact. In. this way, if the first fiber was fail- 
by contact-sticking t o  the rod, the second wauld return t o  the rest posi- 
tion. Tests showed that the first fiber slweye d e  contact x i th  the rdl; 
thus,. when sticking does occur, the fiber is mddng electrical contact t o  
the rod. Tests are being coat lmed with the O . W 5  inch diameter plati- 
num-tugsten fibers as these have sham excellent prunise t o  date. 
prcteype recharging type dosime+uers were received fran off-site as fabri- 
cated'with platbum fibers. 

ODle 

a n r w  a circuit and two O.OOO25 Inch diameter 

Six  

Tests were &st started with these. 

likrbher work was done regarding transistor circcits t o  be used for noise 
pt;lse camellation where- the particulazl. characteristics of noise pulses, 
as campared t o  normal scinti l lat ion signal phototube pulses, are be- 
esrploited i~ an attempt t o  provide self-cescellatios. 

Several teats  were made using sllicon M a c e  barrier diode detectors, 
in conJuction with the multi-channel analyzer, for  detection of f i l t e r -  
collected plutosiUm particclates in the air. 
were obtained f o r  the alpha energy values, and it appears that the 
approach w i l l  provide adequate discrbinatioa t o  detect filter-collected 
airborne Pu23 under high radon-thoron background conditions. 

Resolutions of' abaut 1.s 

Field tes t s  were made with the continuous operation real-time or field- 
type airborne zinc sulfide particle detection system used for air mc~~emSt 
and m i o n  studies. A mcmbrane filter WBB used in canjunction with the 
contiw;tars unit t o  provide calibration and sensitivity data. This method 
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permitted measurauent of the total m88s of en6 particles 
thraugh the real-time detector chamber. TW-y samapliSg 

-Bv-7- ; ’.. 
? ’  

which passed 
 run^ were made 

anii the sensitivity was such t o  proviae a 10% f iull scale increase in 

it would be possible t o  detect concentratiau of 3 x 10- grams per cubic 
foot on a continuous basis. 
air f l a w  rates t o  determine the proper rate for the required sensitivity. 
!i!he sensitivity increased by a factor of 2.4 f o r  a flaw rate increase 
frm 1 CpM t o  2.4 CPM. 

re- for concentration of 1 x 10-7 panu pe a i c  foot; tw, ti 
In addition, t es t s  were made with different 

The special transistorized liae-operated instrument, which wes an under- 
water G.M. tube detector, w a s  ccmpleted and installed at the Displey Center 
in  Richlaad. The proJect, devised in cooperation with Biology Operation, 
en a i l s  the u8e of a xnmiber of f ish in a tank wherein certain f i s h  bave 
CoZo wire inplanted in them. As the so-implanted f ish swim closer t o  the 
G.M. tube, the output signal, a gated one kilocycle per second note, of 
the instrument changes rate. This audible s w  is very easily heard 
thrcrughOUt the Display R O a .  

Fabrication w a s  neaxly coarpleted, accept for installation of reed-relays 
which have not been received as yetr 01i the prototype scinti l lat ion transis- 
tor ized s i x  decade logarithmic response area radiation monitor. 
t ion is about 30$ canplete on a similar prototype instrument which employs 
f o u  decaded canbination loga r i th l c  and linear (selectable) response 
ranges a 

Bbbrica- 

Assistance and advice was rendered to Chemical Effluent Technology, EL& 
concerning preparation of an electrical circuit for a resistance analog 
of KAPO g r d  water s w e r s .  A method of measiirement and circuits for  
highly accurate power supplies were prwided. 

The decade scalers portion of the Portable Etast System being developed 
f o r  Atmospheric physics, HLOo w a s  coPlpleted axid all decades were satis- 
factorily tested. A suitable c i rcu i t  w a s  developed t o  gate the scaler 
input data fran the wind speed transducers. !RE gates are actuated from 
the main programer unit and a to t a l  of s i x  gate modules and fuur decade 
scalers are used. The gate modules, which use a binary for storage and 
the transistor gates, are used w i t h  a trigger circuit which translates the 
input sinusoidal waveform h t o  proper pulses. 
through the gate modules t o  the scales. 
use with the system and it is being fabricated. 
tests continue t o  be satisfactory. 
leted a t  this  time. 

%e trigger circuits’drive 

A l l  system programmer 
The system is appraximately 30% ccmp- 

A power supply was  designed for 



Considerable revisions were ma& t o  the c,rcuit drawings for the  b t a  
stations of the Atmospheric F+bysics Telemetry System. !Qping was c a p  
leted oa the report cmering all systan revlsiolos, maintenance procedures, 
and general. eqplpne!nt descriptions. 

The Aurpex tape recorder electrcmlcs purcheeed by Atmospheric phcrsics Opera- 
t i on  was tested and used successfully in cmJunction with the w o r n  
glectronlcs purchased by Systems Research Operation. The canbination 
a s  available a seven-track PM tape recording upit. 

W-OIV DEESIG- PROGRAM 

Isatapic AImlys is Program 

18atopi~ analyses were provided on program samples as received during &ne. 
These analyses were p e r f o d  using the single-filament ion-source mass 
spectruneter . 
The mass spectrameter for this program has been mt of servlce due t o  the 
lack of a satisfactory electron Parltiplier. 
with the RCA 6810 multipliers showed that all of the usable ones have been 
constructed w i t h  a ceramic structural insulation while the unsatisfactory 
ones have been made with glass Insulation. A ceramic insulated multiplier 
which had been in service in the single-filament ion-source spectrameter 
has now been installed in this instrument. A precision decade voltage 
divider with an accuracy better than 0.04 percent of its indicated rat io  
has. been wed t o  remeaswe the l inearity and accuracy of the vibrating 
reed eleetrameter and recorder parts of the data recording system. 

Pre lkhkry  work was done tawaxas settiDg up a solid state alpha particle 
detector system t o  be used for routine asssy of loaded sample filaments. 

No further propess has been made on the study of the post-acceleration 
sc in t i l l a t im  cletectian system due t o  the necessity of extended maintenance 
of the twc mass spectraneters. 

A survey of past experience 

Operation of the PCTR w a s  rou tbe  Wing June althaue;h there were 5 un- 
scheduled shutdowns. Four resulted fran electroaic failure and one was  
caused by incorrect bypassing technique. 

The experhent t o  determine the possibility of boron and plutanium aslalysis 
by reactivity measurements w a s  ccmpleted. 
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Calibration Irradiations were made of two sets of dysprosium foils. 

An experiment deeiLpl4d t o  dttulminc the nuclear4 safe concentratiosl of 
uranyl fluoride WES started. 
ness are being investigated. 

The following maintenance items were canpleted or eseentially canpleted: 

The effects of container material an8 thick- 

1. 
2. 

3. 

The rear face Inner flux leveUng slug drive was reactivated. 
The graphite for a permenext the& column for the top of the , 
reactor was machined. 
llrt reactor room air colditioner was installed. 

The TEl esd the cr i t ical  approach tank were not operated. 
ance and preventive maintenance item were completed. 

Minor mainten- 

CuSToMER W a x  
Weather Forecasting and Meteorological Service 

Consultation service w a s  rendered on meteorological and climatological 
aspects of Carbon-14 release frun the reactor weas t o  RPO and transmission 
l ine maintenance scheduling t o  CSUO. 

A draft o f t h e  procedure f o r  first predictions of the dispersion of air- 
borne material released fran a serious radiaticm event w a s  distributed 
for comment. 

Meteorological services, viz., weather forecasts, observations, and clima- 
tological services were provided t o  plant operations and nmmganent per- 
sonnel on a routine basis. 

Weather SrrmpLary 

!type of Forecast mber Made 5 Reliability 

8-Hw Production 
24-~aur General 
Special 

90 
60 
16 5 

87.5 
87.1 
92.1 

Temperatures during Jbm avereged near normal with a generally cool first 
half snd warm second half. 
nomal and solar radiation mch above. 

Precipitation d cloudiness were natch below . There was a high w i n d  on the 25th. 
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Insi;rumentat ion 

All laboratory tes t s  were canpleted on the Antanatlc Conveyor Type Alpha- 
Eeta-Gama - Monitor a d  the canplete syetem i e  now partly installed 
at the 200-w UU&Y mcili ty.  The mechanical caqponexxts are 5096 iaetalled. 
Work continued on the preparation of circuitry schematic and on instruction 
mrvlunl. 

-- 

All testing was caprgleted on the scintillation traneistorized Columbia 
River Radiation Monitor des- for Bwiromnerrbal Studies and Evaluation, 
Rdlation Prutection Operation. The instnrment, which uses a 3-inch diam- 
eter by 3-inch long terphenyl-in-polyvinyltoluene detector, provides cn 
8$ of full scale reading increase for a s i x  micro-roentgen change in dose 
rate. Three decaded reJlges are provided with the middle range having a 
full-scale value equsting t o  about 50 micro-roentgens per hour. 
ture cherrge of 809, *an +50* t o  +130%, e v e s  a reading error of 8$ of 
f u l l  scale or 0.1s error per degree F change. This is  cansidered t o  be 
acceptable. 

Circuitry w a s  nearly canpleted for a transistorized alpha monitor with 
aural output, fo r  use with air proportional type alpha probes. 
w a s  designed for  Finished products Chemical Technology, CR). 

A tempera- 

The unit 

Msistance and suggestions were conveyed t o  Chemical Development, HLO, 
personnel regarding methods of increasing directicnal sensitivity of a 
r,ei;troa counter used t o  scan process cells and columns. 

A l l  circuits have been canpleted fo r  the coincidence-count type alpha air 
f i l t e r  counter, for cuuntlng s t d a r d  BAPO f i l t e rs ,  as designed for R a d i a -  
t ion Monitoring Operation, RPO. Testing w a s  just started on the system. 

The desiwed holding and positioning mechanism for use w i t h  a nine-inch 
diameter NaI crystal was caapleted and is operating satisfactorily for 
Analytical Laboratories, IIu>. 

Fabrication continued at an accelerated pace in the 328 Build- IElec- 
tronics Shop on one final "field model" coincidence-count type alpha parti- 
culate contimaus air monitor. The scinti l lat ion transistorized instrument 
w a s  designed for Radiation Protection Operation, HLO. 

Consultation was rendered t o  c-onent Testing Operation, IPD, reg- 
possible instrumentation methods for digitization of data from chart 
recorders. 
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A dc t o  dc converter was fabricated far use in the sensitive gamma transis- 
torized aerial survey m o n i t o r  of IPNirorrmUrtal Monitoring, RPO. 

The controller manufacturer who supplied the 333 Building autoclave con- 
t ro l s  has been asked t o  suggest an instmueat modification which w i l l  
a l l o w  the camplete removal of the cantroller reset mode. 
was specified orig-, aad apparently was prwided, but the circuit does 
not function properly. 
up operations without appreciably affect- the steady state performance 
of the system. 

This feature 

Elimination of this control mode w i l l  imprwe s t a r t -  

Work continued on the design of a solid-stste scanner-prograpnner for  use 
in Pbysical Metallurgy Operation's creep capsule data logging system. 
Bnphasis has been on the development of circuitry for digitally controlling 
the micro-positioner in each capsule. 
system for creep measurement and is used t o  calibrate the LVIIT's used in 
the secondmy system. 

The cause of' high temperature t r ips  in the Ppursical Mtallurgy Operation's 
swelling capsules an faur occasiolls during the mcmth was f d .  
Mbneapolis-Honeywell protecto-vane pyrometers which are used 88 high 
tenperatwe limiters are extremely sensitive t o  l ine voltage variations. 
The cause of the sensitivity t o  l ine voltage was pinpointed i n  the upscale 
thermocouple burnuut circuit and the unusually high external impedance of 
the pratecto-vane. Laboratory t e s t s  showed a 2 6  change in meter reading 
per l O $  change in line voltage. A phone cal l  t o  the manager of Electrical 
Util i t ies Operation, and t o  the Electrical Engineer, 100-K Maintenance, 
explained the timing of the high temperature trips. During the eight-week 
period over which the t r ips  occurred, power conditions a t  100-K were the 
worst in years. Recam- 
mendations were made t o  purchase voltage regulating eqpipent which would 
remedy the situation. 

The micro-positioner is the primary 

'Ihe 

A 1 8  l ine  voltage variation w a s  very poesible. 

optics 

The Optical &up is  making an el l ipt ical  mirror t o  be used ss a 30 x 
objective in a high temperature microscope. 
t ive @inding and polishing in five zones followed by testing t o  determine 
what further corrections are necessary. To date we have gone through five 
cycles of grinding, polishing, and testing. The work continues 

The process involves selec- 

An experiment was conducted t o  explore the characteristics of "short 
wavelength" radianeters. 
one of the most reliable temperature indicators. 
larly adaptable t o  use in reactor environments. 

. It is believed that this type of radiometer is 
It would seem particu- 



The characteristics of camuercially arailsble lasers =e being imresti- 
gated. 
radiant energy t o  use in measuring the& conductivity of narterials a t  
high temperatures. 

A spare 6-inch model optical traverse medamism has been assenibled and 
a new 12-Inch mdel has been fabricated srd tested. 

It is believed tha t  a pulsed leser would be an ideal s e c e  of 

During the four-week period (Jbne 3 t o  JUy 1) a to t a l  of 392 man-hours 
work w a s  performed. work included: 

1. 

2. 
3. 
4. 
5. 

6.  
7. 
0. 

9. 

10 . 
u. 

Fabrication of twenty glass bear- for two difierent waste stor- 
age tank puutps. 
Hbrication of cauponents for two uptical traverse mechanigms. 
Repair of a metallograph for 327 Bldg. 
R e p a i r  of a macrocanera for Bob Bamer, FPD. 
Fsbrication of ccmponents for an electrical readout traverse 
mrchaniam. 
Repair of one microscope for Biology. 
Modification of two periscopes for use In viewing VSR Channels. 
Copper plating twenty Azel element canponents f o r  libels Fabri- 
cation Developtent, m. 
Adjustment of a c e r a  and cutting of 40 s la te  blocks for 
Biology Operation. 
Repsir of crane periscope heads for Pura, B-Bldg., and Redax.  
Aluminizing one bel l  jar for ELutanium mls Development. 

Physical !resting 

Service testing work proceeded routinely, with almost the entire gamut of 
nondestructive and sugplementary t e s t s  being used. A total of 3,281 t es t s  
were made on 3,082 it-, representing sane 35,2Og feet of material. Work 
was done fo r  23 different HAP0 caponexrts representing most of the operat- 
ing departments and service organizations, an8 other AgC contractors. 
Advice was given on 47 different occasions on general testing theory and 
applications. Two training courses, one on Report Writing and one on 
l3mdamentaI.s of Mdy Current Testing, were conducted by physical Testing 
Operation as part of a continued e i f o r t  aimed at increasing the value of . 
service t o  current a& prospective cuetaners. The report w r i t i n g  course 
was adapted t o  the particular mQllorardum used by Rtysical Testing Opera- 
t ion in reporting results. The eddy current course caasisted of lecture 
and laboratory sessions featuring practical experiments t o  i l lustrate  
eddy current appl ica t im.  Course instructors in both instances tmployed 
on-site personnel. 
resumed on Jbm 18 after an extended KPR work stoppage. 

The testing aad treatment of lfl!R process tubes w a s  
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diameter, inconel. Instrument lines were successfully eddy current 
tested et the 100-m s i t e  for IPD. 
through U. foot of cQPcrete were tested, us- LUI Inside eddy curre& pro*. 
A to ta l  of 47 taibe8 w e r e  foucd c r c c d b g  the test &anAaT.rl. 
were ass- a priority list-' t o  be used in the eve& of an anergency 
need only. !restlrl& was steed, using an encircling coil  eddy current 
test ,  on saw l50,OOO feet of tubing yet t o  be installed. 

wo penetratians ai claue 580 tubes each 

!Fhe tubes 

Considerable assistance was given t o  FRTR apcratim in me- vibre- 
t ion in the reactor process tubes. Rrocess tube damage, faurd &ing 
periodic tube monitoring, is postulated as be- caused, em- other 
things, by a vibration of the f'uel e l d  M e  ard/or piping systam. 
C o l d  vibration measurements hsve been made on both the top and bottan 
faces under various flaw conditions arrd with different canbinationa of 
primary circulating prmrgs. A Umited Mrmber of tubes w i l l  be &tored 
hat. 
tion-measuring instrument package either in the fuel element tube hanger, 
or in a fuel element i tself .  

A possible long range development could be the insertion of a vibra- 

In conjunction with fatigue testing being coplducted by ne0 on 14Hi primary 
loop piping t o  determine serviceability, disccmtirmities detected by 
ultrasollics prior t o  testing were observed ultrasonically a t  intervals 
during testing. 
proceeded. Whether the increase in respanse prior t o  failure is growth 
of the disccmtimaity, change in angle of the discontinuity, or init iation 
snd grcnrth of a fatigue crack remn.lns t o  be determined by destructive 
analysis. 
failure and prior ultrasonic indications, though not a l l  ultrasonic Mi- 
cations cause failure. 

Changes were detected in ultrasonic response as the t e s t s  

Positive correlations were obtained between the point of 

Work was continued in assisting CPD in establishing puality levels of 
process vessel fabrication. 
an& tested off-site reveaed objectionable discontlnulties, repair work 
w a s  initiated. 
metal has substantiated the occurrence of discontinuities detected radio- 
graphically. 

After re-exazuinatfon of a vessel fabricated 

lii the course of repairing the weldmerks, remuval of 

The fabricator is being back-charged for the cost of repairs. 
detection of such discontinuities w e  essential t o  CPD t o  reduce the cost 
of process cwpment failures. 

Reliable 

A n  evaluation of a w r o n f c  printer an8 enlarger for duplicating radio- 
graphs has been initiated a t  the request of Coamrission personnel. The 
ewpuent has the capability of exactly capYing radiographs or optionally 
changing the scale of contrast. It is possible with the w e  of such auto- 
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matic dodgirpg equipPent t o  enhance radiographs of l o w  density, thereby 
displaying dets i l  that may not be apparent in the origin&. Conversely, 
it is also possible t o  reduce radiographs of high density so that a 
readable rsdiograph is obtained. 

Prellmimry cx8mlxmtions were caupleted cm procses tube number 2371 H 
which was  rammed E-reactor as a result of defect indications ob- 
tained fran the f’unctiansl ultrasonic process tube test, Three six-inch 
sections which gave indications appracimately canparable t o  a 0.mO inch 
deep by O . Z 5  inch long transverse I.D. nutch 8 t U  were examined 
visually and with dye penetrant. The sample which had the largest ultra- 
sonic indication had a transverse I.D. scratch epB several 0,D. p i t s  
which had extensive bleed-back Indicating cmiderable depth. The other 
two ssmglee had deep amar ing  traneverse O.D. scratches and scme pitting, 
all of which had bleed-back, ’Phese samples w i l l  be sectioned for exemi- 
nation of defect depth. 

Elght fission product transient samples were bond tested for plutoorilpn 
Raels Developarcnt. 
a 0.25 inch diameter unbond standazd. 

One sample had an unbond indication caqparable t o  

Analog Canputer, Facility Operation 

The major ccrnputer probleme cmidcred during the month were: 

1. IlFR filrml’lator 
2. Reactor Instrumentation Studies 
3. Radioactive Waste Disposal Heat Transfer 
4. mclear Bcursion study 

glghty-six percent of the GEDA eqyipmrt a d  M y - f o u r  percent of the 
lp~sb: equipnent w a s  in good operating condition during the month. Caannrter 
utilization was aB follows: 

GEDA - 
154 
22 
0 
0 - 

BASE - 
154 
22 
0 
0 

Hours Up 
Hours scheduled Downtime 
Hours Un8cheduled Downtime 
Hours Idle 

176 176 
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The over-all maintenance of the catputere and support eqplpent has been 
good. The 22 huurs of scheduled downtime is for  one hour per day for  
routine ad3ustments and preventative maintenance. -pent reliabil i ty 
for  the month of June was higher than ever before. The reactor instnr- 
mentation study Involves 'an ll-node reactor mode l  d is  the most caprplex 
problem attempted. The caprpletely satisfactory equipnent operation with 
this canrplex simulation opens the w e y  for new methods of computer time 
and operation administration which can greatly extend the usefulness of 
the equipnent . 
Bstnunent Evaluation 

A special scintillation transistorized coarbln8tion l o g a r i t ~ c  and linear 
response area monitor, which covers a dose rate range from 0 t o  50 r/hr 
in four decades, was cunpleted in evaluation, calibrated, and delivered 
t o  FUels Develapment Operation, HU), 326 Bldg., for routine use. C a l i -  
bration c w e s ,  operating instructions, ard prints were delivered. 

Evaluation tes t s  continued on some four ampere-hour capacity rechargeable 
nickel-cadmium batteries for use i n  portable radiation monitoring instru- 
ment 6 . 
A t t e m p t s  were made, via v i s i t s  t o  Instrument Laboratory, Inc., Seattle, 
t o  secure fabrication canpletion and t es t s  on 65 "Scintran" line-operated 
radiation monitors and on 30 portable transistorized neutron monitors 
which were ordered by Radiation Protection Operation for  delivery before 
July 1, 1962. 

Background gamma level canpensation tests were conducted on the proto- 
type background compensated beta-g- hand and shoe monitor. 

Two alpha-only scinti l lat ion transistorized hand counters, which a l so  
have external probes for alpha am3 beta-gamma contamination monitoring, 
were caprpleted, evaluated, and delivered t o  Biology Operation and t o  
J. A. Jones Co., respectively. 
for  a 500 d/m alpha source distributed over a 4 inch by 8 inch area, was 
about 5 t o  1. 

Evaluation t e s t s  were conducted on one previously-fabricated alpha-only ' 

scinti l lat ion transistorized hand counter for personnel in the 308 Build- 
ing. 
difficulty seems t o  be one of circuitry maladjustment . 

!Che slpha readout level t o  background ratio, 

All four hand probes were found t o  be performing properly and the 

PF Gast:mcs 
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RESEARCH AND ENGINEERWC 

FISSIOIQABLG U!ERIAIS - 02 PROGRAM 

IRRADIATION PROCESSES 

Treatment of lopR Decontamination Werates 

Experiments were Conducted t o  determine the e f fec t  of tr iethanol- 
m i n e  (an a d s i t i o n d  complexing ege~t) on scavenging of CO-60 and 
other radionuclides f r o m  a dibasic amnorim c i t r a t e  cleaaing 
soluticrs. 
of C O - 6 0  t b n  potassium permanganate w i t h  caustic. 
iron was required t o  remove Co-60 from the c i t r a t e  cleaner COR- 
taining triethanolamine than from the  c i t r a t e  cleaner not containing 
it. For example, 800 ppm Fe+2 was required t o  rem= 95 percent 
Co-60, compared t o  only 100 ppm Fe+2 without the triethanolamine. 
Furthermore, closer control of the caustic addition was necessary 
when triethanolamine w&s presect. 
in the pH range 10.2 t o  11.8. 
effectlve remvai  of CO-60 with increased amounts of caustic when 
triethanolamine is absent. 

Ferrous su l fa te  with c s u s t k  produced b e t t e r  scavenging 
However, more 

Wxhurri Co-60 rem& was attained 
This l e  in  contrss t  t o  increasingly 

Ground Water Temperature Studies 

Temperature progiles of the ground wa+,er In  t k  region surrounding 
the  100-B Area inaica+& thermally hot water is spreading out in all 
directions.from a s o u x e  area beneath the 109-3 retention basins 
and from beneeth the header pipes leading into these bssics.  
aquifer carrying hot water sway from t h i e  s2te appears t o  be 100 
t o  150 f e e t  thick, wi th  the hot tes t  zone near o r  at  the water table .  
Isotopic analyses of ground water samples from this came general 
area show a pattern similar t o  that indicated by the temperature 
data. 
detected i n  the gromd water from the 100-E Area, however, is 
approximately 2.5 miles tc the east ;  whereas, the temperature data 
t race the  w a r n  wster as far as tea t o  twelve rmles east of the  
100-B Area. 

The 

The greatest  d i s k c e  at. which radfoLccldides have been 

Ground water flow rates, calculated 02 the bssis of Cr-51 concen- 
t ra t ions  i n  the reactor eff luent  and ir the ground water a t  
varying d i s + a c e s  from the  100-B Area, show the &verage r a t e  of 
ground water naovemnt t o  be &tween 25 a3. 35 ft/day. Based on 



t h i s  velocity, a gradient of f ive ft/mile, and a porosity of 20 
percent, the everage f i e l d  permeability of the se B lments under- 
lying t h i s  region are approximately 50,000 gpd/ft 
permeability value tends t o  confino the belief that a buried r iver  
channel exists i n  t h i s  location and a l so  supports the theory that 
the Columbia River recharges the ground water i n  th i s  region through 
the buried channel. 

This high 

I n i t i a l  ground water chamciterization studies conducted a t  1 0 0 4  
Area indicate significantly less noticeable e f fec ts  of l oca l  
effluent discharge than was noted a t  100-B Area. 
temperature was near norml ,  17 6 ,  and radioisotope concentrations 
i n  the g r a d  water were near background except in the v i c in i ty  of 
the disposal trench. Bvfderztly, appreciably less eff luent  enters 
the grow& water through leakage and disposed. a t  1 0 0 4  Area in 
coatrast  t o  100-B Area, or  the warm ground water mves d i rec t ly  t o  
the Columbia River when it reaches the water table  with very l i t t l e  
lateral spreading. F’urther studies of the 100-K A r e 8  ground water 
flow system are in progress. 

Ground water 

Effluent Mocitorfng 

Operation of the As-76 monitor continued without malfunction through 
the month of June. Iodine interferences were measured on the 
effluents from three reactcrs t o  detenaine the consistency of the 
interferences during normal reactor operation. 
were not detected; the contribution of iodine in the As-76 measure- 
ment being aboct 30 percent a t  F, and 20 percent a t  both H and D. 
If the iodine interferences continue t o  be consistent, the need 
for an iodine remval  method may be obviated, 

Wide variations 

Efficiency of Charcoal in Reactor Confinement Hslogen W p s  

A sample of charcaal was examined which had been supported i n  the 
f i l t e r e d  exhaust air from 105-F Bulldfig since the reactor con- 
finement i n s t a l b t i o n  was completed. Iodine removal. efficiency 
of a 1-1/4 inch length bed of t h i s  charcoal w a s  found t o  be 97 
percent for a l i nea r  velocity ob 20 ft/min and 95 percent f o r  
air a t  1OC ft/min. 
f o r  f resh  BPL charcoal, suggest that aging of charcoal i r i  the 
f i l tered air stream has not seriously reduced the iodine remval  
efficiency. 

These efficiencies,  though solllewhat lower than 



Alum Production Studies 

Analyses of product alum samples from IPD Water treatment plants 
yielded the following average resul ts :  
consisting of two stirred vessels i n  series,  92 percent of the 
acid-soluble baurite was reacted st 811 operating temperature of 
132 C and a t o t a l  apperent l iqu id  holdup time (no allovsnce f o r  
foaming) of 13 minutes. 
s t i r r ed  vessel, 85 percent of the acid-soluble bauxite was reacted 
at  an operating temperature of 130 C and an a p p r e n t  i iqu id  
holdup t i m e  of ten minutes. 
for the 100-Mi plant may be due i n  part t o  continuation of the 
reaation while the rather large samples were cooling t o  room tem- 
perature. The 1 0 0 - H  samples were immediately di luted w i t h  water. 
P i lo t  plant runs reported e a r l i e r  (cf .  EW-73514 C )  gave 80 t o  95 
percent conversion under similar conditions. 

In t he  100-Mi alum plsnt, 

I n  the 100-H plant, consisting of a single 

The higher percentage conversion found 

Reactor Effluent Water Radioisotope Studies - Si l i ca t e  Addition 

The silicate addition t e s t  on a chemically cleaned tube was inter-  
rupted by circumstances which required addition of normal process 
water during a five-day period. When the addition of s i l i c a t e  was 
resumed without another tube cleaning operation, radioisotope 
reduction of only  20-30 percent was obtained. Since laboratory 
evidence indicated that the adJustment of pH of the s i l i c a t e  t o  
6.6 resulted in  a reduction of s i l i c a t e  ion available t o  the tube 
surface, a new test w a s  i n i t i a t e d  without pH adJuatment. This 
resu l t s  i n  a pH of 7 in  the tube under t e s t ,  compared wi th  6.6 
i n  the control tube. 
P-32 concentrations were a factor  of two, or  s l i gh t ly  mre, lower 
In the eff luent  from the addition tube and continued a t  this 
leve l  for about two weeks. After an outage the S i l i C 8 t e  addition 
rate was increased t o  20 ppm and a separate n i t r i c  acid addition 
begun t o  keep the pH of the water at  7. 
that the AS-76 (the only isotope for which data have been obLained 
t o  date) had, a i t e r  one week, already decreased t o  about a rector  
of 3 lower than t h e  control tube. 

After s i x  days of operation the  As-76 and 

I n i t i a l  results show 

Deionized Cooling Water Test 

Deionized cooling water has been continuously fed t o  a reactor 
tube containing the regular fllm resul t ing from process water since 
May 10, 1962. 
isotopes until the first week of June when the a c t i v i t i e s  increased 
rapidly and then began t o  decrease again. This  increase coincided 
w i t h  an unscheduled period of two hours operation when regular 

A reduction was noticed i n  ell  eff luent  radio- 

m 
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Alum Production Studies 

Analyses of product alum samples from IPD water treatment plants 
yielded the following average results: 
consisting of two stirred veesels in eeries,  92 percent of the 
acid-soluble bauxite w a s  reected at  an operating temperature of 
132 C and a total a p p r e n t  l iqu id  holdup time (no allowance f o r  
foaming) of 13 minutes. 
stirred vessel, 85 percent of the acid-soluble bauxite was reacted 
at  an operating temperature of 130 C and an apparent i iqu id  
holdup t i m e  of ten minutes. 
for  the 100-DR plant may be due in part t o  continuation of the 
reaution while the rather large samples were cooling t o  room t e m -  
perature. The 100-H samples were immediately di luted w i t h  water. 
P i lo t  plant runs reported earlier (cf.  HW-73514 C )  gave 80 t o  95 
percent conversion under similar conditions. 

In the 100-DR alum plant, 

In the 100-H pleat, consisting of a single 

The higher percentage conversion found 

Reactor Effluent Water Radioisotope Studies - Si l i ca t e  Addition 

The s i l i c a t e  addition t e s t  on a chemically cleaned tube was in te r -  
rupted by circumstances which required addition of normal process 
water during a five-day period. When the addition of s i l i c a t e  was  
resumed without another tube cleaning operation, radioisotope 
reduction of only 20-30 percent was obtained. Since laboratory 
evidence indicated that the adjustment of pH of the s i l i c a t e  t o  
6.6 resulted i n  a reduction of s i l i c a t e  ion available t o  the tube 
surface, a new test was in i t i a t ed  without pH adjustment. This 
resu l t s  in a pH of 7 in  the tube under test, compared w i t h  6.6 
i n  the control tube. 
P-32 concentrations were a fac tor  of two, or s l igh t ly  more, lower 
in the eff luent  from the euidition tube and continued at  this 
leve l  for about two weeks. A f t e r  an outage the s i l i c a t e  addition 
r a t e  was increased t o  20 ppm and a separate n i t r i c  acid addition 
begun t o  keep the pH of the w a t e r  a t  7. 
tbat the As-76 ( the only isotope f o r  which data have been ob'ained 
to date) had, after one week, already decreased t o  about a factor  
of 3 lower than the control tube. 

After s i x  days of operation the AS-76 and 

I n i t i a l  results show 

Deionized Cooling Water Test 

Deionized cooling water has been continuously fed t o  a reactor 
tube containing the regular film resul t ing from process water since 
My 10, 1962. 
isotopes u n t i l  the f irst  week of June when the a c t i v i t i e s  increased 
rapidly and then began t o  decrease again. 
w i t h  an unscheduled period of two hours operation when regular 

A reduction was noticed In  all eff luent  radio- 

This increase coincided 
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proaess water was substi tuted f o r  the deionized water. 
of t h i s  and numerous other short  duration process water substi tutions 
the m8xlmum attainable reductions have not been determined. However, 
P-32, Rp-239 end La-140 concentrations were reduced t o  one-fifth 
pre-test levels;  Cr-51, As-76, m-56 and Cu-64 concentrations were 
reduced to one-tenth or less of pre-test  levels.  
reductions should result as the test  is  continued. 

Because 

Some additional 

X-Ray Fluorescenae of Nickel and U r a n i u m  

This is a very sensit ive technique for measuring plating thickness 
of copper on zirconium or nickel on uranium. 
nickel f o i l s  showed that the attenuation of four fluorescent l i n e s  
from the uranium base metal, each w i t h  a different  calibration slope, 
could be ueed t o  determine nickel plating thickness i n  the range 
2,5 t o  50 microns (2.0 mils) with e sens i t iv i ty  of about f 0.5 micron. 
In  the range 0,025 t o  5 microns, the fluorescence intensi ty  of two 
nlckel l i nes  w i l l  provide very high sens i t iv i ty  f o r  plating thickness. 

Calibration with 

Sinae t h i s  method is very sensi t ive t o  chenge i n  nickel thickness 
over the uranium it may be able t o  determine w h a t  portion of the 
nickel is  caused t o  diffuse into the uranium during various heat 
treatments fo r  diffusion bonding. It would thus serve as 8 tool 
t o  help optimize the bonding process. 

SEPARATIONS PROCESSES 

Dismsal to Ground 

T r i t i u m  analyses of r ive r  water collected from f ive  to eight miles 
upstream of the 300 Area showed no concentrations i n  excess of the 
1 x 10-5 W/cc detection limit. 
but posit ive concentrations of tritium i n  the ground water. 
ional riverbank water samples have been scheduled. 

Wells i n  t h i s  region do show low 
Addit- 

The B-Swamp, located one mile east of 2004 Area, was found t o  
contain tritium up t o  3 x 10-3 ,c/cc. 
noted i n  the Purex chemical sewer which has been the mador supplier 
of water t o  the B-Swamp f o r  the past several mnths. 
of the tritium is  probably the vacuum acid fract ionator  overheads 
which a re  discharged to the chemical sewer. 
swamp probably accounts for the measurable concentrations of t h i s  
radionuclide i n  w e l l s  east and north of the swamp s i t e  which 
routinely show l e s s  than detectable concentrations of other beta- 
emitting isotopes. 

 his concentration was 81.80 

The source 

The tritium i n  the 
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T r i t i u m  in Caseous Effluents 

Redox stack effluent w8s sampled and analyzed fo r  tritium as HT 
and as BK). 
and a first dissolving cut. About 0.3 curie of tritium per b y  
w a s  emitted of which 0.24 curie  WBS BK) and the remaining 0.06 
curie  w8s HT. 

The sampling WBS carried out during metal dejacketing 

Iodine-131 in Airborne Effluents 

The reaction between hexone adsorbed on charcoal and LOO 

charcoal had been pre-exposed t o  hexone vapors, then a 10 per- 
cent LOO2 i n  air mixture p s e d  through, a reaction occurred, 
ra is ing the bed t o  540 C. 
40 C was reached, about t h a t  reached when 9 percent BO2 is passed 
through f resh charcoal. 

subse- 
quently psssiag through the bed was further studied. W E  en the 

A t  5 percent 10 a bed temperature of 

Charcoal which had been exposed t o  10 percent 102 and then t o  
hexone vcrpors failed to show any unusual heat generation. 
concentrations of hexone and NO2 ere much higher than would be 
expected in Redox streams being considered f o r  1-131 removal wi th  
charcoal; hence, the likelihood of a charcoal bed being destroyed 
from t h i s  source is very smal l .  

These 

Charging of 11-Inch Slugs t o  a Multl-hurpOSe Dissolver 

An increase in the length of the fue l  elements t o  about 11 inches 
f o r  use in the production reactors is being considered. 
h8s been some concern about the possible jamming of these longer 
slugs i n  the annular c r i b  of the multi-purpose dissolver. 

There 

Two t e s t  charging8 of dunuuy s t e e l  slugs 1.5 inches in diameter 
and 11 inches long were mtde t o  the carbon steel mock-up of the 
Redox multi-purpose dissolver slug cr ib .  The annular slug crib 
has a 70-inch outer diameter and a 10.5 inch wide annulus. Ao 
jamming vas observed during the dumping of 17 buckets of the s t e e l  
slugs. 
bution pattern were comparable t o  those previously observed w i t h  
the nominal 8-inch slugs. 

The measured void volume (57 percent) and the slug distri- 

C -Column Studies 

Relocation of the experimental C-Column and the associated process 
control instrumentation has been completed. 
b i l i t i es  of t h i s  pilot-scale solvent extraction column have been 

Experimental capa- 

V 
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substantially expanded by the incorporation of a 200-channel data 
logging system. 
capable of logging all data points pertinent t o  operating variables 
i n  the column in 40 seconds. 
developing a Illathematical model of the process, detailed studies 
of column s t a b i l i t y  and flooding character is t ics  a re  now possible 
w i t h  the greater rapidity of data logging. 
punched on paper tape, resul t ing in  reduced costs of data process- 
ing. 

The new system, now instal led and operating, is 

In addition t o  providing basic data f o r  

Output data are  

The Gaussian non-linear least squares code was modified t o  allow 
control of the s i ze  of parameter changes on an i t e ra t ion .  
change w i l l  r e s t r i c t  the parameter values tr ied as possible solu- 
t ions t o  a range that i s  known to be reasonable from an engineering 
standpoint e 

This 

Measurements of Stresses i n  Resin Beds 

The program of s t r e s s  measurements in  moving beds of anion exchange 
resins was essent ia l ly  completed during the month, although 
additional s t r e s s  measurements w i l l  be made on beds of glass beads 
o r  other incompressible solids t o  permit comparison w i t h  published 
work of a related nature. 

In-Tank Solidif icat ion 

Solids content and viscosity of evaporating "old coating removal 
waste" were determined as a function of concentration factor  a t  
temperatures expected during evsporation with hot gas sparge. 
Maximum sol ids  content w8s about six volume percent when air only 
was used as sparge. 
t r a t ion  factor  of about 3.3 w a s  reached and then tended t o  remain 
suspended because of increased viscosity.  Viscosity of the  solu- 
t ions increased rapidly i n  the f i n a l  stages of concentration and 
was i n  the 50 t o  100 centipoise range a t  termination of concentra- 
t ion.  

The sol ids  se t t l ed  rapidly u n t i l  a concen- 

The addition of suff ic ient  carbon dioxide t o  the coating removal 
waste t o  neutralize the free  caustic increased the marlmum sol ids  
content t o  30 t o  40 volume percent. 
solution also increased and was in the 300 t o  400 centipoises 
range a t  termination of concentration. 

Viscosity of the concentrated 
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Blending of coating remvai waste with other wastes for in-tank 
solidification is currently being studied. 
synthetic solutions indicate stored Uranium Recovery Process 
wastes may not require blending and can be ,solidified by eveporetion 
without additives. 
supernatant liquid ( TIC-103-A) was achieved without blending 
However, the solids content of the terminal hot solution was high 
and blending at a 1:l volume ratio with coating removal waste was 
definitely beneficial. Organic wash waste is difficult to 
solidify completely by in-tank concentration procedures; blending 
with other wastes such as coating removal waste appears necessary 
if complete solidification is to be attained. 

Other studies continued in the 4-foot dfawter by 15-inch deep 
hydrmlic and thermal model of the in-tank solidification process. 
In a second run, 313 Building coating waste was adjusted to 
approxlmately -ex Plant composition by addition of sodium nitrate, 
M d  concentrated in the =del by a factor of 5.25. 
circuletion and heating ceased and the entire contents of the 
model solidified on cooling, 
no indiaations of hygroscopicity. Solids deposition was remark- 
ably uniform (6 to 7-1/2 inches in depth across the tank bottom) 
with a slight ridge located approximately 60 percent of the tank 
radius from the center point.  

Initial results with 

Solidification of simulated Purex stored waste 

At this point, 

The cake remained dry and solid with 

A third run is In  pmgress in the scale model using 313 Building 
aoating waste and employing time lapse photography to follow the 
course of solidlflcatlon. Chemical composition of the waste appears 
to have a mejor bearing on the nature of solidification process. 

Ultrasonic Depth Sounding of Waste Storage Tanks 

Development of irstrumentation and techniques for determining 
sludge layer and tank bottom contours continued. 
105-A was used for testing; no sludge layer was present. The 
speed of sound in this waste tank supernate at 57 C was deter- 
mined to be 5760 feet per second, using a one-megacycle, high 
temperature barium titanate transducer. 
travel from the transducer to a metal plate and back to the trans- 
ducer was measured; remote removal of the plate then permitted 
measurement of the distance to the tank bottom. Use of lower 
frequency ultra-sound is recognized as having higher penetrability 
of sludge layers, and procurement of appropriate electronic 
equipment is underway. 

W e x  Waste Tank 

The time for a pulse to 



Cesium Removal from Fonnaldehyde-Treated Waste 

Additional inorganic exchangers were tested for extraction of 
cesium from acid F W  waste. 
be re la t ive ly  Ineffective, probably due t o  the acidi ty  of the 
waste. 
86 unheated c l inopt i lo l i te .  

Linde AW-300 end AW-400 were found t o  

Preheated c l inop t i lo l i t e  was found t o  be about the same 

Cesium extraction was accomplished w i t h  several exchange xmterials 
from synthetic pLw waste that had been sdjusted to pE 3.5 w i t h  
sodium hydroxide and sodium c i t r a t e .  This composition simulates 
the FTW af te r  treatments used i n  solvent extraction f o r  strontium 
and rare earths and is  equivalent t o  130 gallons of waste/ton of 
uranium. The column volumes t o  50 percent breakthrough were 136, 
13, 133, 171 and 280 f o r  c l inopt i lo l i te ,  preheated c l inopt i lo l i te ,  
Zeolon, AW-500 and AW-400, respectively. The kinetics of the pre- 
heated c l inopt i lo l i te ,  AW-500 and AW-400 were be t te r  than for the 
other two materials, indicating that about twice the flow rates 
could be used with these materials than wi th  unheated c l inopt i lo l i te .  

A scouting experiment was performed t o  determine the sorption of 
f i ss ion  products by AW-500 from a simulated FTW solution containing 
c i t r a t e  ion at pH 3.5. Preliminary results indicate sorption of 
some Zr-95 - Kb-95 i n  addition t o  Cs-137. 
sr-89,90 and Ru-l03,106 was negligible. 

Sorption of Ce-144, 

The source of an insoluble material i n  emmonium carbonate eluates 
from cesium loaded c l inop t i lo l i t e  was investigated. The insoluble 
material, which is largely s i l i c a ,  represents l e s s  than one percent 
of the volume of the eluate from a column of c l inop t i lo l i t e  tha t  
has been lo8ded with cesium from simulated Iprw. The Solid8 were 
found t o  be produced by contacting the c l inop t i lo l i t e  with d i lu t e  
acid followed with ammonium carbonate. 
contacting the c l inop t i lo l i t e  disclosed the presence of t race 
aluminum, indicating a solvent e f fec t  of the acid on c l inopt i lo l i te .  
The s i l i c a  and other insoluble material m e  removed by the  action 
of the ammonium carbonate. 

Analysis of the acid after 

Elution of Cesium and Strontium from Zeolites After Heating 

Studies continued on the elution of cesium and strontium from 
inorganic exchangers which had been heated t o  600 C a f t e r  loading. 
Twenty column volumes of 2 M SUO3 removed 86 percent of the cesium 
from Linde AW-500, 96 perceEt from c l inopt i lo l i te ,  and 38 percent 
from Decalso. A typical  t r iva len t  cation salt solution, 2 La(N03)3, 
removed 22 percent of the cesium from Decalso in 20 column volumes. 



One molar nitric acid solution removed 90 percent of the cesium 
from AW-500 and 99 percent of the strontium from Linde 4A i n  20 
column volumes. 

TRMVWRANlC BLBMgffP AND FISSIOB PROWCT RECOVERY 

Recovery of Neptunium and Plutonium from Purex FTH Solutions 

Work was continued toward development of a flowsheet for recovery of 
neptunium from Purex plant FIW solutions. 
FW of estimated 1965 composition showed that the presence of 0.01 - H EDTA, HEDTA or citric acid do not impair seriously the extraction 
of Bp(IV) by 0.04 I4 DmHPA-Soltrol at an A/v of 10. These complex- 
ants have been sho& previously to Inhibit extraction of tracer 
Zr-95 and/or Nb-95. 
can be reduced to Np(IV) by hydrazine alone--ferrous sulfamate is 
not required. 
ferrous sulfsmate is m r e  rapid at 60 C than st room temperature. 
About 97 percent of the I p ( N )  extracted i n t o  0.04 M D2EHF?A-Soltrol 
is stripped by a single contact of the organic with-an equal volume 
of 0.25-0.5 M oxalic wid. Coextrected zirconium, niobium and iron 
do not appear to strip as efficiently as neptunium; some decontami- 
nation of the niobium during stripping, therefore, may be possible. 

Studies with synthetic 

Other studies showed that Bp(V) in P!fW solutions 

Reduction by either hydrazine alone or hydrazine- 

Work was initiated to explore the possibility of recovering both 
neptunium and plutonium from ITW by single batch contact with a 
DaHPA solution. 
synthetic "1965" PIW made 2.4 x 10-5 M in Pu(IV). 
contact with one-tenth volume of 0.04-M D2EHPA-Soltrol extracted 
over 95 percent of the Pu(IV). 
citric acid did not signif icantly decrease plutonium zxtrsction. 
A single contact of the organic phase with an equal volume of 0.25- 
0.50 M - oxalic acid remved 96-98 percent of the plutonium. 
A batch contact was d e  between centrifuged Purex plant 1W (used 
in l i e u  of currently unavailable FIW) and one-tenth volume of 0.04 - I4 D2gHPA-Soltrol. 
of complexing agents was made in this first run. Phase disengage- 
ment by gravity settling was excellent and no solids were noted at 
the interface (considerable Interface scum was obserred in similar 
experiments with synthetic PTW and tracer Zr-Nb-95)e Extraction of 
zirconium-niobium was less by a factor of about five than has been 
obtained with synthetic M U  and O m  Zr-Kb-95 tracer. 
analyses are not yet available. 

Batch contact studies were performed with a 
A single batch 

The presence of 0.01 M EDllll or 

Neither a valence adjustment step nor addition 

Other 

0 
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Solvent Extraction of Cesium from Purex Stored Waste Supernatant 

Miniature pulse column runs have been made t o  t e s t  the extraction 
of cesium from Purex plant stored waste supernetant l iqu id  by di-  
picrylamine (DPA)-diluent solvents e The mst promising operating 
conditions tes ted t o  date involved simulated supernatant l iqu id  
(103-A) diluted w i t h  an equal volume of water as feed and 0.01 M 
DPA i n  50 percent nitrobenzene-50 percent tetralin as solvent. 'kt 
an k/v of one, cesium extraction was about 98 percent. 
performence was satisfactory.  
t e s t  w i t h  actual  103-A supernatant l iquid a t  a l a t e r  date. 

Hydraulic 
These runs are  preliminary t o  a 

Solvent Extraction of Fission Products from Purex PIW 

Additional mixer s e t t l e r  extraction runs were made with feed solu- 
t ions prepared from simulated 1965 Purex €TU t o  complete demon- 
s t r a t ion  of Study Flowsheet Bo. 1. Ci t r ic  acid is used both as 
complexant and buffering agent. Runs were made w i t h  the feed 0.19 
M i n  c i t r i c  acid and at  pH 4.0. Extractant was 0.2 M DZl3HPA-0.2 M - 
SBf-Soltrol. 
scrub t o  extractant flow rat& were 1.O:Oe2l:0.98. 
extraction and f ive  scrub stages, decontamination factors  f o r  

4 ruthenium, chromium and uranium were 1.3 x 10 , 1300 and 100, 
respectively. 
the organic. 

- 
Scrub was 0.25 M c i t r i c  acid a t  pH 2.9: Feed t o  

With seven 

Nickel was below spectrographic detection l i m i t  i n  

Organic from the above runs was used i n  mixer-settler par t i t ioning 
runs. 
t h a t  of the organic. Seven stages were Led .  
w a s  1.8; strontium loss (not stripped) was 0.3 percent; the cerium 
decontamination factor  w a s  about 500. 
n i t r i c  acid rather  than c i t r i c  acid appears promising. 

Parti t ioning agent was 0.03 M EN0 a t  a volume flow one-fourth 
Aqueous product pH 

Parti t ioning with d i lu te  

Cesium Absorption on Duolite C - 3 .  

A fixed bed absorption test was completed f o r  the removal of cesium 
from a solution simulating the supernatant l iqu id  in 
Tank. A feed stock composed of 0.1 H NaOH, 4.5 x lo-' H CsOH, and 
traced with Cs-134 was processed i n  a 33-inch high by 4'finch diameter 
bed a t  a r a t e  of 3.13 liters per hour per l i t e r  of resin.  The bed 
of 16-50 mesh Duolite C - 3  res in  processed 5 and 15 bed volumes t o  
5 and 50 percent cesium breakthrough, respectively. These values 
compared favorably t o  other experiments i n  smaller beds. 

he Purex 103-A 
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Isolat ion of C e s i u m  by Volati l ization of Amwnium Sa l t s  

A cesium isolat ion method has been proposed involving the elution 
of cesium from an ion exchange resin w i t h  a vola t i le  ammonium salt 
and the subsequent separation by evaporation. 
evaporation s tep  were made using cesium chloride and annnonium 
acetate o r  ammonium carbonate. 
the ammonium salt and 0.06 to 0.12 molar i n  cesium chloride. 

Two tests of the 

The solutions were two m o l a r  i n  

I n  both runs, essent ia l ly  complete vola t i l i za t ion  of the Bnrmonlum 
salt was achieved. The weight of the residue approximated the 
w e i g h t  of cesium chloride added. Bo d i f f i cu l t i e s  were encountered 
w i t h  the ammonium acetate.  
rose s teadi ly  from 103 to 160 C.  With ammonium carbonete i n i t i a l  
boiling (or reaction) was observed a t  74 C and the f inal  tempera- 
ture  w a s  100 C.  
Also, crystals  of tmnmnium carbonate appeared i n  the condenser. 
The crystals  were removed by reducing the cooling water flow u n t i l  
the cooling water ou t le t  temperature reached 50 C. 

The temperature of the boiling solution 

The ammonium carbonate solution foemed bsdly. 

Product Forms 

Studies of strontium cerbonate fluxing with lithium fluoride were 
completed. 
SrC03 that had been precipitated, f i l t e r ed ,  and dried i n  the proto- 
type loading s ta t ion  equipment w a s  heated i n  a closed bomb t o  
determine the pressure build-up w i t h  temperature. 
reached 50 psig a t  900 C but returned to zero when the bomb cooled 
t o  room temperature. This pressure rise is  conceivably caused by 
partial decomposition of CaC03 impurity. 

Studies continued on the use of molecular-sieve type synthetic 
zeol i tes  as a means of packaging cesium and strontium. 
finished, and fabrication begun on equipment t o  be used i n  the 
study of t ransient  heat e f fec ts  during hot gas dehydration of a 
bed of fission-product-bearing zeolites.  The uni t  w i l l  provide 
simulated internal  heat generation, i n  a container 3-feet long by 
8-inches i n  diameter, a t  up t o  5100 Btu/hr per cubic foot.  

Fifteen weight percent LIF forms a stable m e l t  at  900 C. 

The pressure 

Design was 

Work continued on the design of a sat isfactory test t o  determine 
the re la t ive  a t t r i t i o n  resistance of various forms of synthetic 
alumino-silicate materials. A test is  sought which w i l l  r e f l e c t  
conditions expected during shipment. Testing of dry sieves is  
complicated by the m i s t u r e  absorption character is t ics  of the 
material, and by d i f f i cu l ty  of removing the a t t r i t i o n  products 
from the surface of the samples. 
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Fission Product Binding Materials 

Search f o r  materials which w i l l  fuse with the synthetic zeol i tes  
Linde 3-A and Linde 13-X was continued. Lead borohydrate, calcium 
iodide, barium peroxide, sodium peroxide, calcium carbonate, zinc 
oxide, lead metal and sodium hydroxide were tr ied at  levels  of 
from 2 t o  25 weight percent. None of these shows promise as a 
fusing agent a t  temperatures up t o  900-lOOO C. 
experiments with mixtures of lithium salts and sodium hydroxide 
are promising and w i l l  be continued. 

Thembalance data f o r  Linde 3-A indicates tha t  it, as received, 
contains three molecules of water per molecule. 
begins a t  a temperature about 70 C and i s  essent ia l ly  complete a t  
250 e. 

Preliminary 

Weight loss  

Remote Welding 

Studies of remote welding continued w i t h  25 samples welded under 
various conditions t o  check tendency for blowout. The following 
is  8 summary of the blowout t e s t s :  

1. A l l  saroples could be closed w i t h  1-inch overlap of weld jo in t  
without any blowout in the weld area. 

2. As the void area under a raised f lush face jo in t  C8p is 
increased from 3/8-inch t o  l-l/2-inch i n  depth, the overlap 
before blowout changes from one revolution overlap t o  1/4 
revolution overlap. 

3. Bo blowouts could be detected i n  the raised V groove samples 
f o r  1-1/2 revolutions overlap fo r  void depths of 5/16 t o  
1-1/2 inches 

4. Two smfies that were sand blasted pr ior  t o  welding had more 
impuritfes i n  the weld puddle than the samples that were 
machined and degreased prior t o  welding. 

Assistance t o  Purex Plant Head-End Fission Product Recovery 

The work reported i n  the last  monthly report  and i n  Invention 
Report HW-74036 on the use of peroxide t o  e f fec t  the separation 
of rare  ear ths  from strontium was continued. Significant new 
findings included: (1) the observation tha t  coppe~(I1)  has the 
same ef fec t  as iron, but that the use of copper in addition t o  
iron does not, enhance the separation and may even be detrimental; 
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( 2 )  after addition of peroxide and digestion at pH 2, the solution 
can be adjusted t o  pH 1 without destroying the complexing action 
on cerium. 
i s  a f t e r  i n i t i a l  pH adjustment and before addition of lead pre- 
c ipi tant ;  (3) a ser ies  of tartrate "decomposition products" were 
tested and found to  have no ef fec t .  These included: dihydrog- 
t a r t a r i c  acid, glycolaldehyde, glyceric acid, glycolic acid, 
glyoxal, ethylene glycol, glyoxylic acid, ketomalonic acid, tar- 
tronic acid, and oxalic wid; (4) addition of peroxide was found, 
at  least under conditions teated, t o  inhibit the "second precipi- 
t a t ion  peak" i n  tartrate-complexed 1WW. Without peroxide, copious 
iron precipitation ( f e r r i c  sulfate ) occurs when insuif i c i en t  
tartrate is used. U s e  of somewhat more tartrate eliminates f e r r i c  
sulfate precipitation, but a aer tain c r i t i c a l  concentration results 
in  a massive f e r r i c  tcrrtrate precipitate,  which is avo ibd  by 
using even more tartrate, or by adding peroxide. 
that peroxide prevents the t a r t r a t e  precipitation e i the r  by 
destroying tartrate or by reducing the iron t o  the ferrous state. 

Optimum point i n  the process r o r  addition of peroxide 

It is  hypothesized 

A t  the end of the month, B-Cell experiments had been in i t i a t ed  t o  
test the peroxide flowsheet with fu l l  leve l  plant feed. 

Removal of Cesium from Purex Supernate by Ferrocyanide Precipitation 

Hot-cell runs t o  perfect a process fo r  cesium relaoval from Purex 
tank farm supernate were continued. A to+& of f ive  runs with  
hiLl-level feed have been completed. 
i n  achieving very nearly quantitative cesium remval (98-99 percent); 
however, s i l v e r  carbonate metathesis (with sol id  s i l ve r  carbonate ) 
of the cesium nickel ferrocyanide was unsatisfactory, possibly 
because of d i f f i c u l t i e s  experienced i n  sol ids  t ransfer .  A run 
using s i l v e r  n i t r a t e  i n  d i lu te  n i t r i c  acid as metathesis agent 
has been performed, but analyses have not been completed. 
salts w i l l  a l so  be evaluated as metathesis agents. 

Bo d i f f i cu l ty  was encountered 

Mercuric 

Cesium Solvent Extract ion 

Laboratory work was oontinued during the month on the selective 
scrubbing of sodium and on the determination of the aqueous-phase 
so lub i l i t i e s  of dipicrylamine (DPA) and nitrobenzene 

Results were reported last  month on the  use of ammonium salts t o  
scrub sodium from cesium-bearing dipicrylamine-nitrobenzene solu- 
t ions.  
used i n  the aqueous scrub t o  accomplish the same result. 
weak acid provides a very small but controlled hydrogen ion 

Experiments th i s  month showed that w e a k  acids can be 
The 
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concentration ( i . e o ,  constant PIT) such that cesium is extracted 
while sodium is stripped. 
sociated organic acids renders the process operable. 
the separation factor  between cesium and s o d i w  (about a hundred) 
i s  not as great as in the armronia scrubbing case, it is adequate 
for operation in counter-current contactors (such as pulse columns 
or  mixer-sett lers)o 
acid processes are given i n  Invention Report Hw-74130. 

Buffer action of the s i fght ly  dis- 
Although 

Additional details of both the amamnia and 

The so lubi l i ty  of both dipicrylamine and nitrobenzene i n  the 
aqueous streams of the cesium solvent extraction process is of 
in te res t  both fron a reagent loss and a waste storage standpoint. 
Although the aqueous d is t r ibu t ior  of both col8psEds appeared 
visually t o  be quite low, qusct i ts t ive mkaswercents were desired. 
This required the developent of analytical methds for  the deter-  
mfnat2or of small traces of citrobenzene mid d f p i c r y l d n e  in both 
acidic and C W i c e  solutions. The method adopted is t o  extract  
the nitrobenzene from the aqueous sample w i t h  cyclohexane (which 
does not extract  DPA) and to determine the nitrobenzene content 
of the organic phase spectrophotometrically by measuring the 250 
w nitrobenzene p e e  (molar extinction coefficient about 8.3 x 103). 
After TemcwJ cf the nitrobenzene, DPA is exzracted w i t h  hexone and 
similarly measured. 
from acid solution into hexone is 3 x 3 x 10 

- 
Malar extinction coeff i  i e n t  of DPA extracted t a t  about 415 w. 

The so lubi l i ty  of nitrobenzene i n  water was found t o  be 1.9 g/l, 
i n  good agreement with l i t e r a t u r e  values. 
i n  n i t r i c  acid solutions and increases monotonically with acidity.  
Thus, the nitrobenzene so lubi l i ty  is  about 6.5 g / l  i n  5 M EDVO and 
18.5 g / l  i n  10 M HNO 
supernate, the xolub?lity of nitrobenzene decreases steeply with 
increasing salt concentration, reaching a value of only about 0.15 
g / l  in full-strength 103-A supernate Dipicrylmlne concentrations, 
i n  aqueous solutions i n  contact with 0.01 bl DPA-NB, were even lower. 
Preliminary resu l t s  fndioate DPA values of-about 5 micrograms/ml 
in 1965 salt waste and about 2 microgrsma/ml i n  103-A supernate. 
These values correspond t o  aqueous DPA losses of less than 0.1 per- 
cent. A report  w i l l  be. issued on the so lubi l i ty  measurements as 
soon as the work is complete. 

Its sc lub i l i t y  is higher 

In alkaline salt solutions, such-as 1 a 3-A 

In  other analyt ical  development, preliminary 
sa t i s fac tory  amlyses  of DPA i n  nitrobenzene 
potent iomtr ic  t i t r a t i o n  of an aqueoue phase 
the organic phase. 

data indicate that 
cepn be obtained by 
in. equilibrium with 
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Ion Bxch8nge Studies 

The developmnt of an anion exchange process f o r  the recovery of 
plutonium from RMC Line Task I orala,e supernates was reported 18s 
month. An experiment w a s  i n i t i a t ed  t h i s  month t o  determine the 
ahemical resistance of the recommended Permutit SK resin t o  hot 
10  M n i t r i c  acid; 10 M EN03 is being circulated continuously through 
a c&mn jacketed t o  58 C. 
i n  the appearance of the resin. 
f o r  a t  least six weeks. 
absorption capacity w i l l  be determined as a measure of res in  
damage. 

After two weeks, no change is apparent 
The experimnt w i l l  be continued 

A t  the end of that time the plutonium 

In other ion-exchange experiments, a commercislly available syn- 
t he t i c  zirconium phosphate cation exchanger W 8 S  found to exhibit  
cesium capacities somewhat higher than those of the alumin0 
e i l iaa tes .  The zirconium phosphate res in  elutes  very eas i ly  with 
0.1M - HN03, possibly a significant advantage. 

Isotopic Fission Product Analyses 

The isotopic analysis of cesium and rubidium, recovered from 103-A 
supernate by DPA extraction i n  the hot ce l l s ,  was performed by 
mass spectrowtry.  
been diluted with n a h r a l  cesium and also t o  explore the f eas ib i l i t y  
of determining both cesium and rubidium by isotopic di lut ion 
techniques. The results obtained: 

Purpose w a s  t o  learn how much the cesium had 

Atomic 8 
Isotope Atomic 8 Found !L%eoreticel 

Rb-85 s . 2 3  f 1.83 30 73 
~ b - 8 7  70.77 * 1.83 69 27 

CS-133 46.57 i 0.85 46.n 
cs-135 16.73 2 0.11 11.00 
CS-137 36.69 k 0.68 42.39, 

*Neglects decay of Cs-137 

These resu l t s  indicate no significant di lut ion with natural cesium 
o r  rubidium and also t ha t  quantitative analysis of these elements 
is  possible by di lut ing with a known anrount of cesium and/or 
rubidium followed by redetermination of the spectra. 

1 2 3 b U 7 4  



c -16 Hw - 74153- 

The issto2ic compcsftio~ of the e t x n t f m  recovered i n  the recent 
CPD Hot Semfworks s t r o n t f m  purification run w a s  &so determined 
by mass sperlrozwtry. 
versus 56.1 percezt i n  ea r l i e r  product and 
impPyiag increased di lut ion with naturs3 s t ron t im.  

Ssrostiunz-90 content was 53.2 atomic percent 
pereenr, theoretical ,  

B-Plant Rcmte Comcetor Caskets 

Evduat ioc w a s  ccmpleted on several candidate gasket designs f o r  
use i n  B-PZaat. f:at.-fsee r e m t e  eomectcri, t o  r e s i s t  the extreme 
radiatisz ffei .be a m i c i p t e d  fr, tiesic;=. prc9uct an9 was%e processing. 
The ~ P ~ Z C H E L ~ E ~ E ~  reglase&e-,', is BL ssbes tcs - f iaea ,  spfraL-wouad 
g&sket speci&lly prepared far t h i s  service. 

A s e d e d - d o n  secC,:sc of a propoEed Purex concentrator baff le  com- 
partaerl, has been fabricated for  iwes t iga t ion  of de-entrainment 
efficiency. 
2-1/2-incfi m g l e  irws s e t  i n  chevrcn fashiog two kehes  03 centers 
and placed n o m  to vapor flow. 
an air-wa%er nrjxtme agaFrzst the baff les  a t  vapsr veloci t ies  similar 
t o  those expected in the Pupex concentrator. A t  a vapor velocity of 
20 f t /sec i n  the s lo t s ,  t h e  removal of the gross entrainment is 
effected. 
removed by t h i s  wracgenzer?t. 
=de t c  extend the operating range t o  30 ft/sec i n  the s lots .  

The baffles are  zoniposed of Vert ieC 2-1/2-inzh by 

This mozk-up is operated by blowing 

Fire  e s t  (generated by a spray nozzle) is not appreciably 
Improvements t o  the eqGipment are  being 

Corroaici cf Ti+,aEium by F'urex 1 W W  Sonfefcing FLuoride 

A titbl;im tube has beera expose9 as a condensing surfa:e f o r  the 
vapor phase froni a boiling synt3etfc Purex 1 W W  containing 0.04 M HF. 
Iron and aluminum eoritent were in the racge nomally expected i; l W W ,  
0.4 M and 0.125 M, respectively. 
expezted. The e'j;posure period w a s  about 3 mn%hs. Visible corrosion 
of the titaniun; occurred where condensation took place. 
examination of the area t o  estimate a r a t e  is  in progress. These 
resu l t s  enphs ize  the need t o  prevent vc la t f l iza t ion  of f luoride (by 
adequate eomplexing ) i f  ti+miurr tube bmdles a re  used i n  concentrators 
t rea t ing  fluoride-containing wastes. 

Fluoride wes tea times that normally 

Metallographic 

Corrosion by Perchloroethylene 

Sericm corrosior,  RE beer cbsemed ic the 234-5 Building perchloro- 
etkvlene c o c l k g  sjrster  use5 w i t h  lcdua%loc heaters. 
steialess s tee l ,  copper acd 1029 lllild s t e e l  were exposed t o  pure 

Smples of 304-L 
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perchloroethylene and perchioroethylene contsbirrg oce V O i W  
percent water. Significant corrosion w a s  o'csens5 ordy on 1023 
s t e e l  a t  the vspor-liquid i r te r fece  of the percfiaroethylene- 
water solution. A s m p l e  of 234-5 Building perchloroethylene 
contained about 0.5 volume percent wsL,er. 

Sal t ,  Cycle Process 

PlutoEium, Uranium and Rare Earth Separations - The p 6 t  two months' 
laboratory investigaticns of plutorAun-urazim-rwe es r th  separations 
have given fhe results descrf'sea &lox: 

1. Precipitation of P U O ~  (by 02-c12 sprge) frm s melt contain- 
ing one weight percent plutonium l e f t  a b &  the same concen- 
t ra t ion  of soluble plutonium i n  the melt as precipitation *om 
a 0.1 weight percent plutonium melt (i.e.,  beween 0.012 and 
0.03 w/o PU) 
recoveries acroEe a precipitation s t ep  were as low as they 
were (< 90 peraent) because of a so lubi l i ty  e,& p9ec*u 

This indicates that previously reported plutonium 

2. The possibi l i ty  of exercising scne measure of control over 
plutoniun separation during 8. "parti t ion" -type U02 electro- 
deposition, by corztrol of c e l l  voltage and/or current density, 
waB demnstrateii. A t  a current density of 0.4 amp.cm-2 (applied 
poteot ia l  of about -1.0 vol t  v so  a Ag/A&l reference), U02 
was deposited from a 2.6 L i C 1 - E l  m e l t  a t  600 C with a plutonium 
decon+amirration fac tor  of about 5G. A t  one-half the current 
density and potential, the decoritamination factor  averaged about 
100. 

3.  Buropium and prOIlEthium tracers were fomd t o  differ m6rkedly 
i n  the extent of t h e i r  separation from plutonium and urmfum 
during -02 precipi ta t ion and UOp electrodeposition, respect- 
ively. For example, the decontaminatior fa-,tors Easured  f o r  
PuOe precipi%tion from 2.6 E i - L i C P  a t  575 C were from 60 t o  
110 f o r  europium and &IO f o r  promethium. 
depositicn from the sme type melt a t  &IO C, the &corataaination 
factors  were 135 f o r  elnopiurn aad 1203 f o r  proinethium. 

The ef fec ts  of the presence of 0.3 w/o i roo(II1)  chloride upon 
U02 electrodeposition and Pu02 precipitation from 2.6 LiC1-KC1 
at  575 C were investigstecl. 

For W 0 2  e lectro-  

4. 

IC the case cjf the electrodeposition 



of U02, the i ron  lowered the current efficiency from 70 t o  60 
percent and lowered the measured decontamination factors  f o r  
plutonium and europiun! by about 20 percent. 
factor  fo r  iron ( u r a c i u m  basis) was 170. I n  the case of the 
Pu02 precipitation, the iron reduced the europium decontamin- 
a t ion factor  by a factor  of two. 
i t s e l f  i n  the precipitation s tep w a s  4.3. 

The decontamination 

The separation fac tor  fo r  iron 

Electrochemistry of Plutonium i n  Molten Chloride Sa l t  Solutions - 
Recent electrochemical s tuaies  of the reduction of plutonium( 111) 
chloride t o  metal i n  molten chloride salt solutions have embraced 
cathode polarizatiun and chronopotentfometric measurements under 
a variety of condftions. The work has given the following results: 

1. 

2. 

3. 

Using a d c r o  tungsten cathode i n  a E l - L f C 1  eutectic a t  600 C, 
voltaxumetric messurements gave added proof thaf the reduction 
of Pu(II1) t o  metal occurs i n  two steps. The measured poten- 
t i d 6  for the second step a t  plutonium concentrations of 9.37 
and 28.23 mi l l imola l  were 1.937 and 1.904 vol ts ,  respectively, 
vs. a Ag/A&l (1 molal) reference electrode. From these data 
it w a s  calculated tha t  t h i s  s tep involves LP two-electron 
chmge. Thus, the course of the overall  reaction is 

PU(III) + e’ -. PU(II) 
PU(II) + 2e’ - PU(O) 

Preliminary cathode polarization measuremerts were made w i t h  
a macro plutonium metal electrode over a range of Pu(II1) 
concentrations from o t o  0.8 molal, i n  a Bac l2 -~1  melt a t  
TOO and 800 C. 
m e l t  a t  700 C occurs a t  a voltage of 2.2 vol t s  (vs. the Ag/AgC!l 
(0.1 molal) reference electrode), interpretation of the resu l t s  
w i l l  have t o  await additional data. 

Aside from determining that reduction of the  

The diffusion coefficient of Pu(II1) was determined a t  600 C 
by chronopotentiometric measurements ( w i t h  a tungsten electrode ) 
for 2.6 LiCl-NaC1, 7*7 LiC1-KC1, and LiC1-1.5 El. The dif-  
fusion coefficient was essent ia l ly  constant at  about 3.0 x 10-5 
cm2sec-l f o r  the three systems. 

X-Ray Diffraction Studies of Irradfated U 0 2  - X-ray diffract ion 
techniques were used t o  study the e f fec t  of neutron i r rad ia t ion  
upon a U02 c rys t a l  l a t t i c e ,  
two segnents of a single U02 crystal ,  one segment unirradiated and 
the other exposed t o  5,000 KWD/T a t  400 C. 

Lattice constants were measured for 

They showed the 
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i r radiated UOp to have an expsnded latt ice with a spacing of 
5.4723 8,  compared w i t h  5.4710 1 for the u n i d i a t e d  U02. 
extrapolation method wa8 used with the X-ray spectrometer, rather 
than the much lengthier photographic procedure. 
faut that the i r radiated sample wae reading 5 R& f r o m  the f ront  
face of 6 special lead oeU, aad that the radiation-iaduued ds fdu t s  
i n  the a r y s t a l  oaueed a nmrked dearesee in diffrrotion intensity,  
which had to be maswed on top of a great ly  inereseed bsckground 
count, exuellent results w e r e  obtained by averaging the results 
from seven scam in the back-reflection region. 
t o  be rccurate t o  about f 0.0001 I. 

The 

In spite of the 

The method appears 

Heating wi th  Alternating Current - A s  a part of the e f fo r t s  to 
develop sui table  frozen wall techniques, alternating current 
heating studies were aontinued using four - l i t e r  carbon pots and 
uranium-free E l - L i C 1  melts. Since earlier s tudies  had denon- 
strated the 6 b i l l t y  of AC heating t o  maintain a satlsfrurtory melt, 
reaent e f fo r t s  were devoted to  mans of i n i t i a l l y  melting the 
high e l ea t r ioa l  resistance so l id  salt. 

Two methods have been used euecessfully t o  i n i t i a t e  meltings. 
The first is t o  strike an arc  a t  the surface of the  frozen melt 
between a movable electrode and an electrode frozen in the so l id  
salt. A puddle of m e l t  forme a t  the surface and then gradually 
enlarges u n t i l  it contacts the pot wall. A t  that time the AC 
current is switched from the movable electrode to the pot w a l l .  
Simultaneously a quartz shroud or iginal ly  placed on the fixed 
electrode i s  allowed t o  progress down through the melt continuously 
increasing the path length for the current as the remaining frozen 
salt melts. With t h i s  method and 1200 watts of power, approximately 
15 minutes were required t o  m e l t  ten pounds of salt. 

A second method which does not require a movable eleatrode is t o  
start w i t h  the salt damp enough to sustain an adequate current 
between the center electrode and pot w a l l .  
is adsorbed by the hydroscopia salt by erposure to the sir f o r  
two or  three days. 
minutes w i t h  1200 watts of p e r  but subsequent drying of the 
m e l t  is a problem. 

Suffioient moisture 

This type of a-tup requires about 30 

Salt Cycle Process Instrumentation - Ikvelopsaent of inatrumenta- 
t ion  for control of the S a l t  Cycle Process included work on a 
m l t e n  salt bath l i qu id  l eve l  indicator and testing of the  micro- 
electrode voltage control and power supply. 
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The l iguid leve l  indicator, w i t h  a range of eleven inches, is  
comprised of a quartz f l o a t  buoying a rod whose elevation is  
indicated by a Foxboro Dynalog recorder, using a rotruPleter c o i l  
as a position transducer. 

Testing of the microelectrode voltage control and power supply 
has shown that power t rans is tor  heat sinks a re  necessary fo r  
real izat ion of the marlmum current demand of f ive  amperes. 
voltage control p e r f o m  very sa t i s fac tor i ly ,  giving a maximum 
er ror  of 0.015 volts  over the range from 0.05 t o  10 vol ts  w i t h  
an output current of two amperes. Testing of an operational 
amplifier as a high impedance d i f fe ren t ia l  voltage measuring 
device t o  determine cathode-to-reference electrode potent ia l  has 
not  proved successful. 

The 

RADIOACTIVE mSIDUE FIXATION 

Synthetic Zeolites 

Equilibrium constants (G)  and ion exchange capacit ies were deter- 
mined experimentally i n  t h e  systems strontium-sodium, cesium- 
sodium, and cesium-potassium for the zec l i tes  Llnde kXW, Linde 13, 
Linde AW-300, Linde AW-400, Linde AW-500, Zeolon and c l inop t i lo l i t e  
Exchangeable cation fraction8 i n  the equilibrium solution were 
varied from 0.2 t o  0.00001. The "equilibrium constants" were not 
constant a t  cation fractions in the equilibrium solutions of 
greater than 0.0001 but were a function of the fract ion of zeol i te  
loaded. 

A method was devised t o  we the K, t o  predict 8 zeol i te  column 
load f o r  a given influent composition i n  the above systems. 
example, with an influent containing 0.002 I Sr++ + 0.01 N la+ 
Linde 1% column capacity was 3.1 meq Sr++/& while a c a G i t y  
of 3.3 meq Sr++/g was  predicted from the K, curve. 
gave a column capacity of 3.4 meq Sr++/g with the same inf luent  
solution, while 3.3 meq Sr++/g was predicted. 

For 

Linde & 

Cesium-sodium K, curves predicted a column capacity of 0.75 meq 
Csf/g for  c l inop t i lo l i t e  with an influent cortaining 0.01 I 
Cs+ + 1.0 IV N a + ,  while actual column capacity w a s  0.73 meq-Cs+/g. 
With 0.01 E C s +  + 0.5 I Ha+, c l i nop t i lo l i t e  yielded a capacity of 
1.01 meq Cz+/g, while i.02 meq Cs+/g was predicted. 

1 2 3 b 0 1 9  
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Condensate Weatment 

Satisfactory removal of cesium, stroatium, zirconium and cerium 
from Purex Tank Farm condensate waste has been accomplished with 
various sulfonated polystyrene cation resins when the pH of the 
feed has been adJusted t o  about 4. Work is continuing, however, 
to Improve ruthenium removal and t o  understand better the  ruthenium 
remom mechanism so that i ts  remval  can be predicted. 

Cl inopt i lol i te  Beneficiation Studies 

Petrographic examinstion of c l inopt f lo l i te  from Hector, California, 
disclosed that the c l inop t i lo l i t e  c r y s t a l s  are uniformly in the 
micron-size range, up t o  a marfrmzm seen of about 10  microns long. 
Impurities, consisting dominantly of clay (mntmoril lonit ic ), 
carbonate, unaltered glass, halite, b io t i te ,  felbpars, and magne- 
t i te,  are up t o  a millimeter in diameter but a re  disseminated 
throughout the rock. 
impurities w i l l  probably preclude easy upgrading of c l inop t i lo l i t e  
by simple mechanical beneficiation procedures. Mechanical release 
of impurities w i l l  require f ind grinding w i t h  consequently mre 
expensive separation techniqies and resgglomeration of the clinop- 
t i l o l i t e  that would not be required i f  simpler crushing, grinding 
and screening alone were suff ic ient .  Further s tudies  are undemy 
t o  r e l a t e  laboratory-determined chemical character is t ics  of the 
c l inop t i lo l i t e  t o  v is ib le  physical and mineralogical cheracter is t ics .  

Electrostat ic  Bubble Scrubber 

The lack of apprecisble agglomeration of 

The bubble scrubber which w i l l  be used in the A - C e l l  set-up was 
assembled and tested,  using the power supply which w i l l  be 
employed in the cell.  
gas from "cold" calciner runs and w i t h  a sub-micron smoke generated 
by burning magnesium ribbon. 
and equalled or exceeded design expectations. 
generated dust, the incremental decontamination fac tor  across the 
bubble scrubber was a hundred or greater ( l i m i t  of the analytical 
method). 
maswed as a function of applied voltege md gas flow ra te .  
design flow r a t e  (1.3 ft3/min) and no applied voltage, i.e., o p r -  
s t i n g  as a simple scrubber, the decontsmination factor was only 
2 t o  3. 
increased uniformly t o  a value of 235. 
increased the RF further,  t o  a value of over 1000 (analyt ical  
l i m i t )  a t  a flow ra t e  of 0.33 ft3/min. yt loadings i n  the ex is t -  
ing gas were only 100 to  15 micrograms/ft a t  the two flow rates. 

Testing w a s  carried ou5 both w i t h  the off- 

Performance w a s  very sa t i s fac tory  
With calciner- 

Using lPagLesium oxide, the decontadnstion fac tor  w s s  
A t  

A s  the applied voltage was increased t o  20 KV, the DP 
Decreaeing the flow rate - 
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These values are ir! the "ultra pure" range which is  very d i f f i c u l t  
t o  achieve by coaventiong3. methods. 

Radiation Resistant Elastoner 

Two samples of ethy2.ene propyiene rubber (EPR) wer 8 i r radiated in 
the cobalt source t o  s3 estimated dosage of 2 x 10 R and then 
examined and the hardness, elongation, and tens i le  strength 
measured and eozpareb with unirmdfated controls. One rubber in 
part icular  w a s  I i t t L e  affected and appears very promising, 
pgrtieularly for  applications where inertness t o  n i t r i c  acid and 
high tenzpera?xre fs hportant (the cheloieal character is t ics  of EPR 
are rather s ixc i~ar  t o  pclyetkylene>o 

!5RRBSTRIAL ECOLCGY - GILRTB SCIENCES 

Hydrology and Geology 

Significant d i f fe rewes  were noted i n  ve r t i ea i  ground water poten- 
t ials measured in well 699-69-45 north of Gable Mountain. The 
mexim potential, E ~ X  f e e t  greater than the minimum, occurred 
near the water table, Potential  differerees in t h i s  w e l l  were 
higher than  those measured i n  the other two proJeet w e l l s  which 
are  similarly equipped with piezometers. 
i3 explainicg ammilies i n  ground water contours evident i n  t h i s  
region. Fa= wells  which C,emLnate ocly s l i gh t ly  below the water 
tsbPe have ccmsistently showr, higher ground water elevations than 
well 699-69-45 previous t o  the ins ta l la t ion  of the piezometers. 

These measurements assist 

Graphi:: t-sfer of the airborne magnetometer data was completed. 
Additional grome cheek p i n t s  noted on the rec t i l inear  chart  were 
added t c  the flight l i n e  overlay t o  permit a more precise deter- 
mination of a i r c r a f t  speed and ground positioa. 
values a re  now being transferred t o  BL: enlarged f l i g h t  l i n e  over- 
lay i n  preparation f o r  constructing an equal a~omaly contour map 
which w i l l  be correlated with known buried basalt elevations, 

The msgnetic 

A'IMOSPHWIC FWIOACTIVITY AND FALLOUT 

Carbon-14 Dioxide in Reactor Stack Gas 

A series of continuous sampies of reactor stack gas taken over a 
twc week period 
C O2 contezt. 14 

1 2 3 b 0 8 1  . .  : 

frm the G o  K reactors has been analyzed fo r  
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for KE over KW by a factor of about 3, which was erpected on the 
basis of the difference in p i l e  gas composition. The Kb' release 
ra t e  w a s  0.068 curie per day and the KW release rate w a s  0.024 
curie per day. 

RADIOISOTOPES AS PARTICLBS AND VOLATILgS 

Par t ic le  Deposition ia Conduits 

The experimental dap obtained local ly  and data from the experiments 
of S.K. Friedlander 
improved correlation can be shown. 
w i l l  be applied with empirical. tenns derived t o  account f o r  par t ic les  
not following the motion of the gas. 
writ ten t o  f a c i l i t a t e  the calculations. 

are being reviewed t o  determine whether an 
TuFbulent gas f l o w  equstions 

A FORTRAN pr~grm is being 

Colmtia River Sediments 

McN&ry Ilsm reservoir sedlments were sampled at s ta t ions 600 yards, 
2 miles, 4 miles, and 7 miles from t h e  da~. Five equally spaced 
smples  were taken across the r iver  a t  each station and analyzed 
for eo-60 and zn-65 contert. Bxcept f o r  the E ~ G ~ ~ O C  seven miles 
upstream, the Co-60 and Zn-65 content of the sediments on the 
Oregon side was greater than that on the Washington side by as 
much as a factor of two. Further studies w i l l  be needed t o  
deternine why this difference occurs, but it is perhaps related 
t o  the e n t r i c e  
upstream. 

of the Snake River a t  a point about 35 miles 

Manager 
Chemical Research a d  Development 

UH Reas:cf 

1. Friedlander, S.K., H.P. Johnston, Ind. Eng. Chem., 49, 1151 (1951) 
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BIOLOGY OPERATION 

A. ORGANIZATION AND PERSONNEL 

Dr .  F'rank Mraa, an exchange acientilst from the UT-AEC Agricultural  
Research Project a t  Oak Ridge, Tennessee, completed a one-year assignment 
i n  Biclogy on May 31. 

Dr. Ahmet N q a n ,  an Internat ionkl  Atomic Energy Agency Fellow from the  
University of Ankara, Turkey, completed a one-year assignment with Biology 
on May l.4. 
a t  the  University of California i n  Berkeley before returning t o  Turkey. 

He K i l l  study f o r  six months i n  the  Department of Physiology 

D r .  Jack Vanft  Hof, a Biological Sc ien t i s t  i n  t h e  Plant Nqtri t ion and 
l'licrobiology Sub-section, terminated on June l4, 1962, t c  accept enployment 
with Brookhaven National Laboratory. 

Miss E. Jane Coleman, a Biological Sc ien t i s t  i n  Biological Analyses, 
t e d n a t e d  on June 8, 1962. 

Pa t r i c i a  L. Hackett and Beatrice J. McClanahan returned from educational 
leaves of absence t o  j o i n  the  Metabolism and Experimental Animal Farm 
Operations, respectively,  on June 15. 

Capt. John :/. Cable, an A i r  Force Veter inar iaqon tour  of duty with the  
Experimental Animal Fann, received orders t o  report  t o  the University 
of Rochester AEC Project,  Rochester, New York, on June 8, 1962. 

Mr. Ward Whicker, graduate student from Colorado %ate University, Fort  
Collins, Colorado, was assigned on June 25 t o  the Radioecology Operation 
as a p a r t  of an AEC grant and program t o  disseminate knculedge and 
techniques i n  radiobiology. 

GFWXAL 

The Symposium cn the Biology cf Transuranic Elements, which was l a rge ly  
organized a n :  :?rranged f c r  by mmbers cf %he Metabclism Operation, was held 
May528-30. 
(England,- France, West Germy, Canada) met w i t h  an approximately equal 
number of 1ian:'ord Tzjhcratcries' , s c i en t i s t s .  
and discussed, including 13  papers 'by Hanford L a b c r - ~ t c r i e s ~  \"-'cnnelD These 
'papers are now bein,? edited f o r  vubl icat ion a s  a soec ia l  i s s u e  cf Health 
Physics which i s  schedded t o  appPar i n  October. 

Some 70 v i s i t i n g  s c i e n t i s t s  including 10 from out of t he  country 

Thirty-five papers were read 

B. TECHNICAL ACTIVITIES 
FISSIONABLE ~ ~ ~ L S  - 02 PROGRAM 

Effect of Reactor Eff luent  on Aquatic Organisms 

Monitoring of e f f luen t  from the  100-KE reac tor  with f inger l ing  chinook 
salmon was terminated on June 18. The r e s u l t s  are summarized as follow: 

UrJCLASSIFIED 
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% Effluent Dead Live Total % Dead 

Mortality and  Growth of Chinooks Reared i n  
Various Concentrations of Effluent Waters 

Mean Fork Mean Body 
Length (mm) Weight (g) 

0 18 552 570 3.2 

3 18 552 570 3.2 

5 48 522 570 8 .4 
570 18.6 - 46h - 106 

190 2030 2280 
- 7 

62.9 

62.7 

60.2 

57.8 

2.68 

2.57 

2.26 

1.99 

The mortal i ty  data c l e a r l y  show the  toxic effect a t  the 5 and 7 per cent 
concentration, but not  3 per cent. S t a t i s t i c a l  difference was found i n  the 
average length due t o  treatment a t  t he  0.01 l e v e l  of significance.  
depression i n  length due t c  e f f luent  i s  infer red  for the 7 per cent, but no 
s t a t i s t i c a l  difference i n  length was found between the 0 per  cent, 3 per cent, 
and 5 per  cent treatment levels. S t a t i s t i c a l  analysis of the  growth i n  body 
weight has not been completed, but the average weight a t  end of t es t  also 
indicates  growth depression due t o  treatment. 

Growth 

Columnaris 

The e f f e c t  of growth temperatures on t h e  virulence of - C. columnaris 
was investigated.  

Chinook f ingerl ings held a t  18.5 C were exposed t o  organisms which had been 
cultured a t  20, 25, and 30 C. 
cultured a t  20 and 30 C were considerably lower i n  virulence. 

Optimum virulence was fcund a t  25 C,  organisms 

BIOLOGY AND MEDICINE - 06 PROCRAM 
METABOLISM, TOXICITY, AND TRANSFER OF RADIOACTIVE YATE'UALS 

S t ront i u m  

Three addi t ional  female swine, nine months of age, were s t a r t e d  on the 1 2 5  p c  
S r m  per day level of feeding. 
as young adul t s  on t h i s  l e v e l  and should provide for-18 F1 and F2 generation 
females t o  be held f o r  lifetime feeding a t  t h i s  level .  The smaller grcup of 
animals was or ig ina l ly  provided f o r  a t  t h i s  l e v e l  i n  an t ic ipa t ion  of severe 
e f f e c t s  i n  the offspring during ear ly  l i fe .  
showin 
of f e e g n g  should be of considerable importance fox observing late effects, 
addi t ional  animals and t h e i r  offspring should provide adequate numbers f o r  
comparison of e f f e c t s  with t h e  l a rge  numbers of animals a t  lewer feeding leve: 
(At t h e  1 2 5 p c  Srm per  day feeding level the estimated rad ia t ion  dose r a t e  t o  
the  skeleton is-20 rads per  day f o r  animals 6 months of age and older.) 

This brings t o  6 t h e  number of animals s t a r t ed  

/ 

Since t h e  F1 generation animals are 
only minimal effects at-18 months of age, it is  aDparent t h a t  t h i s  level 

UNCLASSIFIED 
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Studies are i n  progress t o  attempt t o  demonstrate increased t i t e r s  of 
"erythropoietin" (a hormone found i n  plasma which s t imulates  erythropoiesis)  
i n  animals whose bone marrow is being chronically i r r ad ia t ed  due t o  ingestion 
of Srm. Studies t o  date have been made u t i l i z i n g  s tarved rats which receive 
in jec t ions  of plasma from donor experimental swine, 
production i s  based on incorporation of Fe59 i n t o  Circulating red cells. 
Starved rats are used because t h e i r  normal e m r o c f i e  production i s  qu i t e  low. 
preliminary s tudies  suggest t h a t  t h e  plasma of high l e v e l  Srm f ed  animals contains 
l a rge r  amounts of "erythropoietin" than does plasma from low-level Srm fed or 
cont ro l  swine. Additional s tud ies  are planned u t i l i z i n g  polycythemic mice which 
have recent ly  been reported t o  be a more sens i t ive  test subject  than the  starved 
rat . 

Degree of erythrocyte 

Preliminary s tudies  are i n  progress attem t ing  t o  demonstrate t h e  presence of 

production and/or release of p l a t e l e t s  i n  test r a t s  when in jec ted  parenterally.  
a f a c t o r  i n  plasma of thrombocytopenic Sr b fed swine t h a t  W i l l  s t imulate 

Comarative Toxicity 

Female miniature swine in jec ted  intravenously with F?a226 (6.4 pc/kg) 9 months 
previously are continuing t o  show increased l eve l s  of blood urea nitrogen and 
creatinine.  
m i n i m a l  changes while one in jec ted  when-three years old i s  showing 
elevated levels .  
old, have succumbed u i t h  severe kidney lesions.  
animals, there  is  a strong sugges 
dam&ge w i t h  age a t  the  time of Ra"' administration, 

Of s i x  surpiving animals, 5 in jec ted  when 1 year of age are showing 

greatly Two animals in jec ted  a t  t h e  same time, but uhendb, years 
On the  basis of these f e w  

n of a correlat ion of degree of kidney 

Plasma and milk concentrations of Ra226 w e r e  followed i n  female sheep following 
a sin538 intravenous dose of Ra226 n i t r a t e  i n  a c i t r a t e  buffero Milk concentrations 
of Ra 
2 hours post-injection. 
being maintained a t  7 t o  10 times those of plasma. 

increased rapidly and were approximately equal t o  those i n  plasma by 
By 11 hours post-injection, milk concentrations w e r e  

Plutonium 

Three swine in jec ted  intradermally with 5 pc Pu238, 1 and 5 pc Pu239, and 
0.06 pc Np237 were sac r i f i ced  three  months post-injection. 
taken for radioanalysis which have not  yet been completed. 

Iodine 

Skin biopsies were 

Thyroidal uptake of 1 ~ 3 ~  was determined i n  two groups of female Palouse swine 
following a s ingle  o r a l  dose of 50 pc t o  each pig. 
are near1 
t h e  past & years, t he  other group of 5 are t h e i r  controls.  

Thyroid 1131 was determined by frequent monitoring, u t i l i z i n g  a two-probe 
Na iodide s c i n t i l l a t i o n  detector. 
overla- t i s s u e  -8 made. 

Both groups of swine 
5 years old, one group of 6 having rece ived  5 pc 1131 d a i l y  f o r  

Correction f o r  shielding of t h e  thyroid o y  
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Peak Il3l uptake i n  t h e  con t ro l  animals occurred 1 2  t o  24 hours post-  
adminis t ra t ion while animals which had been fed 1131 ch ron ica l ly  appeared 
t o  have t h e i r  h ighes t  thyro id  1131 uptake s l i g h t l y  earlier. 

The peak thy ro ida l  uptake f o r  both groups was a p p r o m t s l y  18 per cent  of 
t h e  administered dose. 

Although the  animals have not been followed long enough t o  c a l c u l a t e  an 
accura te  e f f ec t ive  h a l f - l i f e ,  a t  one week post-adminis t ra t ion it appears 
t h a t  the e f f e c t i v e  h a l f - l i f e  i n  t h e  con t ro l  animals i s  somewhat longer  
than t h a t  of t h e  animals chronica l ly  exposed t o  1131. 

These animals will be sac r i f i ced  next month and t i s s u e s  taken f o r  h i s to -  
pa thologica l  s tudy and f o r  t i s s u e  d i s t r i b u t i o n  of 1131 i n  t h e  animals 
receiving 1131 da i ly .  
t i s s u e  f o r  t hese  p a r t i c u l a r  animals Kill be es tab l i shed .  
be used t o  r e c a l c u l a t e  t he  data ,  producing more accura te  r e s u l t s  than those 
obtained by using t h e  cor rec t ion  f a c t o r  based on t h e  animal's weight 
and previous monitoring experience. 

A cor rec t ion  f a c t o r  f o r  thyro id  sh ie ld ing  by overlaying 
This f a c t o r  will 

Neptunium 

Gas t ro in t e s t ina l  abscrp t ion  i n  rats of t h e  shor t - l ived  i so tope  Np2j9 was 
found t o  be s i g n i f i c a n t l y  lower than t h a t  prev ious ly  measured f o r  Np237. 
The per  cen t  absorbed was i n  t h e  range 0.02 t o  0.03 f o r  both c i t ra te  and 
n i t r a t e  so lu t ions  and f o r  so lu t ions  o f  d i f f e r e n t  valence states. T h i s  is 
a f a c t o r  of approximately 10 lower than the  minimum absorpt ion measured f o r  
Np237 and does not show t h e  wide v a r i a t i o n  with chemical form observed 
within.Np237, 
d i f fe rences  i n  mass of material administered--bOO picograms i n  t h e  case of 
Np239 and 15 milligrams i n  the  case of Np237. 
on absorpt ion is an i n t e r e s t i n g  and perhaps h ighly  s i g n i f i c a n t  phenomena 
which w i l l  be f u r t h e r  i nves t iga t ed  when an add i t iona l  supply of Np239 
becomes ava i lab le .  

These d i f f e rences  are no doubt assoc ia ted  with t h e  extreme 

This apparent e f f e c t  of mass 

Rats were i n j e c t e d  with 3 and 6 milligrams of Np237 n i t r a t e  t o  determine 
effects of chemical t o x i c i t y .  The animals were s a c r i f i c e d  t h r e e  days after 
i n j e c t i o n  f o r  determination of l i v e r  f a t ,  blood glucose, serum choles te ro l ,  
and l iver  choles te ro l .  
35 per cent  reduct ion i n  blood 
m i l l i g r a m s  p e r  kilogram of Np 239 . 

Preliminary r e s u l t s  i n d i c a t e  an approximately 
lucose 48 hours after i n j e c t i o n  of 6 

Inha la t ion  S tudies  

Seven dogs were exposed t o  Ce1u02 ae roso l s  t o  t es t  t h e  e f f ec t iveness  of 
s eve ra l  agents  on increas ing  lung clearance of t h e  radioactive p a r t i c l e s ,  
The materials t e s t e d  were DTPA (via intravenous i n j e c t i o n  and via aerosol ) ,  
pyribenzamine + Quadrinal + a t ropine ,  and su l f a th i azo le  + prostigmine. 

UNCLASSIFIEL, 
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Rats were exposed t o  1131 vapor t o  test the  effective- of s 
exposure t o  non-radioactive iodine vapor on accumulation of I 
Results are not complete. 

ltaneous BY i n  thyroid. 

Radiation Protective Agents 

Experiment was performed t o  compare the  protect ive effect of Cahag i t e  
and AET following 1000 r whole-body i r r ad ia t ion  i n  rats. 
AET was i n e c a t e d  by the  f a c t  t h a t  a l l  controls i n  Calmagite-treated rats 
were dead by the 8th day w h i l e  3 out o f  5 AET-treated r a t s  survived f o r  
a t  least 10 days. Following 800 r whole-body i r r ad ia t ion  t h e  Calmagite 
protected a l l  animals w h i l e  half  of t h e  controls were dead by 20 days. 

The superior i ty  of 

Some very in te res t ing  r e s u l t s  were obtained from experiments performed i n  
attempts t o  modify the  "secondary1I disease syndrome which characterizes 
l e t h a l l y  i r rad ia ted  animals protected by inoculations of foreign bone marrow. 
These experiments employed 2 genet ical ly  dissimilar hybrid s t ra ins ,  t he  LAF 
and C3l mice. 
t ransplants  of spleen fragments from C3l mice. 
the  LAF animals were sacr i f iced and t h e i r  bone marrow in jec ted  i n t o  C31 
mice which had received 950 r whcle-body X-ray. 
s o  t r ea t ed  continued t o  l i v e  two months a f t e r  i r rad ia t ion .  Contro: C 3 i  
animals given 950 r whole-body X-ray d i e d  within 6 days. O f  e ight  C3i 
animals receiving 950 r X-ray plus LAF marrow from animals not t rea ted  a t  
one day with the  spleen implants, seven died between two and six weeks 
post-radiation, with the secondary disease syndrome. The reverse experiment, 
i n  which 3 LAF animals given C3l spleen implants a t  b i r t h  were i r r ad ia t ed  with 
950 r six weeks la ter  and t r ea t ed  with C31 bone marrow, resu l ted  i n  a l l  
animals dying with secondary disease syndrome within two t o  four  weeks a f t e r  
i r rad ia t ion .  
responsible f o r  t he  secondary disease can be eliminated by a treatment of 
the  donor animals soon a f t e r  b i r t h  but t h a t  t h i s  treatment i s  inef fec t ive  
when the  t r ea t ed  animals are t h e  recipients .  
t he  course-transplantation of ra t  and mouse t i s sues  have not a s  yet been 
successful in eliminating the  secondary disease syndrome. 

Within 1 day of bir th  LAF mice were given subcutaneous 
Six weeks a f t e r  t h i s  implant 

Seven out of t h e  8 animals 

These resul ts  suggest t h a t  the foreign bone marrow I1sensit ivity" 

Similar experiments involving 

Cellular Biology 

The influence of X-radiation on c ich l id  egg survival  was studied. 
l o w  a s  9 r can delay hatching. 
hatching fur ther  and eggs receiving more than sot! r did not hatch.  
lethal dose f o r  eggs l ies  between 250 and 9 0  r, W h i l e  t h e  lethal dose 
f o r  X-irradiated c ich l ids  i s  loo0 t o  5000 r. 

Dcses as 
Increased doses of 100 and 250 r delayed 

The 

Cichlid eggs w e r e  exposed t o  0, 10, 20 and 30 per cent D20. 
were found a t  0 and 10 per cent l eve l s  of D20, however, t he  higher levels 
delayed hatching, A t  the  20 per  cent leve l ,  the  c ich l ids  which hatched 
did not feed and a 7 per  cent survival  was noted after 1 7  days. A t  t he  

No differences 

highest level, 
after 10 days. 

half  of t h e  group did not hatch and no surviv&s were found 

UNCLASSIFIED 
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Chloramphenicol and X-ray e f f e c t s  on sporu la t ion  of Bo cereus were compared. 
I n  both ins tances  sporu la t ion  was c a r r i e d  out  under &dot& condi t ions 
using 5-hour l a g  phase cu l tu re s ,  
m l  had any not iceable  e f f e c t  on sporu la t ion  compared t o  cont ro ls .  

Neither 70 kr of X-rays nor 2 flg chloramphenicol/ 

The inf luence of growth temperature on r ad ia t ion  s e n s i t i v i t y  i s  being s tudied  
using a f a c u l t a t i v e  thermophilic bacterium. 
55 C have been s tudied,  
curve i s  c h a r a c t e r i s t i c  of c e l l s  g r a m  a t  t h i s  temperature. 

Thus f a r  only c u l t u r e s  grown a t  
Preliminary da t a  i n d i c a t e  a m u l t i h i t  X-ray su rv iva l  

The e f f e c t  of i r r a d i a t i n g  under 02 and N2 was re-examined using a d i f f e ren t  
method of gassing the  c e l l  suspensions. 
was t h e  same with e i t h e r  gas. 
phosphate w a s  2,s times g r e a t e r  under N2 than when 02 was used. 
leakage from con t ro l  and i r r a d i a t e d  c e l l s  was g r e a t e r  (about 2 X I S )  i n  N 2  than 
i n  02, 
potassium no oxygen effect w a s  noted s ince  t h e  r e l a t i v e  d i f fe rences  i n  observed 
potassium leakage r a t e s  were t h e  same under both atmospheres. 

Phosphate leakage from con t ro l  c e l l s  
With i r r a d i a t e d  c e l l s  (120 kr) leakage of 

Potassium 

Thus, with phosphate a reverse  oxygen e f f e c t  is  obtained whereas with 

S tudies  on uptake of non-metabolized sugar (i-sorbose) by yeast have been 
i n i t i a t e d .  
permeabi l i ty  of l a r g e r  molecules than potassium and phosphate, 
found t h a t  S,C. 17-7-1 takes  up sorbose by a d i f fus ion  processs  

These s t u d i e s  are prel iminary t o  studying r a d i a t i o n  e f f e c t s  on 
It has been 

P l a n t  S tudies  

Beans from long-term p l o t s  which had been f e r t i l i z e d  with potassium wer 
harvested,  Data a r e  preliminary,  however, no e f f e c t  of potassium on Cs 
uptake was observed. 
than the  uptake from sur face  contaminated p l s t s ,  

f37 
Uptake of Csl-37 which was mixed with s o i l  i s  g r e a t e r  

Short  term experiments have demonstrated chlmamphenicol i n h i b i t s  i on  
accumulation by ba r l ey  p l an t s .  
examined i n  ycung pea p laq t s .  
and lr8 hours after exposure t o  chloramphenicol. 
i n h i b i t o r y  e f f e c t  of chloramphenicol had diminished. 
and h igh-sa l t  p l a n t s  i n d i c a t e  chloramphenicol i n h i b i t s  or partially blocks 
the metabol ica l ly  mediated component of i o n  accumulation, 

The dura t ion  of t h e  i n h i b i t o r y  effect was 
The accumulation of  Rb was reduced 24 hours 

Five days post-exposure the  
Comparison of low-salt 

Population Dynamics 

F i f teen  hundred juven i l e  se8 gulls were banded from an i s l a n d  colony near  
Ringold as a p a r t  of t h e  continuing s tudy of dispersal of organisms u t i l i z i n g  
t h e  Columbia River. 

Manager 
BIOLOGY OP?!XATION 

HA Kornberg : es 
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C. Lectures 

a. Papers Presented at  Society Meetings and Symposiums 

J. J. Davis. Effects of 6ndronmentd  fac tors  upon accwnuhtion of m r l d -  
wide f a l l o u t  i n  na tura l  populations. 
American Public Health Association, Portland, Oregon. 

H. W. Casey, R. 0. McClellan, W. J. Clarke, and L. K. Bustad. 
Acute tbxjcity of neptunium237 and i t s  relat ionship f.0 

l iver  function. Health Physics Society Meeting, Chicago, 
June 11, 1962 (presented by J. W. Cable). 

29th Annual Meeting, Western Branch, 
June 6, 1962 . 

J. W. Cable, V. G. Horstman, W. J. Clarke, and L. K. Bustad. 
Effects of intradermal in jec t ions  of plutonium i n  swine. 
Health Physics Society Meeting, Chicago, June 11, 1962. 

J. E. Ballou. Neptunium i n  the rat. Health Physics Society 
Meeting, Cfiicago, June 11, 1962. 

W. J. B a i r ,  J. P. Herring, and L, A. George, Jr. Retention, 
translocation, and excretion of inhaled plutonium. Health 
Physics Society Meeting, Chicago, June 11, 1962. 

N. L. Dockum. Autoradiographic loca l iza t ion  of Zn65. Microscopy 
Symposium, McCrone Research Ins t i t u t e ,  Chicago, June 11, 1962. 

b. O f f S i t e  and Local Seminars 

None 

C. Seminars (Biology) 

None 

d. Miscellaneous 

L. K. Bustad. Atomic energy and agr icu l ture  - today and tomorrow. 
Richland K i d s ,  June 20, 1962. 

L. K. Bustad. Atmic  energy and agricul ture  - today and tanorrow. 
S t a t e  Vocational Agriculture Ins t ruc tors  - Annual Meeting, 
Port  Angeles, Wash. June 13, 1962. 

D. Publications 

a. Documents (IIW) 
None 

bo-- Open Li te ra ture  
Bair, W. J., and D. H. Willard. 1962. Plutonium inhalat ion studies. 

IV. Mortali ty i n  dogs after inhalat ion of ~ ~ 2 3 9 0 2 .  Radiation Research 
16, 811-821, 

UNCLASSIJTED - 
I 2 3 b U 8 9  



1-E 

0 m m o I O  m PEmomEL 

R. L. Buschban returned from educational leave for  the stmrmer on June 4, 
1962. 

cPmAmons RESEARCB ACTIVITIES 

! b o  research areas are being investigated: 
the Tri-City Area, and (2) the econormics of plutonium recycling in power 
system reactors. 
program of the Proe39mmping Operation. 

(1) the economics of W O  and 

The latter is in conjunction with the fuel cycle analysis 

STATISTICAL A l D  MATFE3WICAL AC!L'IVITlES FOR HAP0 COMPONEZWS 

Fuels Preparation Departu~ ent 

A formal. document was issued presenting the results of an analysis, per- 
formed on Quality Certification data, which relates dimensional instabilit? 
of fuel elements to reactor variables. 
is included in the report, which was coauthored w i t h  FPD personnel. 

A discussion of future prcgram goals 

A revisiun was made to the MERCY program to include estimation of an addi- 
tional ccmponent of variation in the situation in which measurements are made 
on items assigned "standard" values which m y  be in error. 
component is the bias between the average for the instruments and the assigned 
value. 

!Chis additional 

Wing June, several sets of measurement data were submitted to MERCY. 
included data frm the UE-1, the UT-2, and the UT-4 nondestructive tester 
stations. Consulting assistance was provided in interpreting the program 

These 

output. 

Uncharged fuel elements from a multiple-failure lot have been -de avail- 
able to FPD personnel far extensive testing to determine if measurable 
characteristics can differentiate the difference in performance. Samples 
from 8 ather lots, 4 ingot and 4 dingot, are included in this testing 
program to function as controls. 
of the resulting data. 

Assistance is being given in the analysis 

%- 



2-E 

Analyses of data from production test IP-310, designed to determine the 
effectiveness of the IRP-2 tester in sohing  apt dimensionally unstable fuel 
element s , continue. 
In re-measuring fuel elements in 100 percent inspection, estimates of tester 
efficiency and product quality can be found by observing the frequencies 
with which the cares are accepted on neither, one, or both of the measure- 
ments. Estimates of these quantitites were found for a given set of d8ta. 
It was necessary to assume that the tester made only one type error, that 
of accepting defective pieces. 

Sane data were ernmined to investigate the effects of sleeve diameter on 
the control of finished outer dismeters in the canning of noFmal alsf- 
product fuels. 

Cmis tends to err on the conservative side. 

An analysis is being made of sane pilot plant data in which duplex bath 
silicon concentrstion, l e a  preheat time, and lead temperature were the 
independent variables. 
layer quality are under study, one prime purpose of the test being to deter- 
mine those variables which best depict guality differences. 

Several dependent variables descriptive of bonding 

Reactivity d a t a  (dih values) frm several lots of enriched fuel elements 
were analyzed to see if the method of rabrication ("wet" blending VB. 
blending) significantly affects reactivity. 

"dry"  

Extensive analyses were d e  of data from thermocouples embedded in fuel 
cores being preheated in the hot die sizing process. The generalized IBM 
routine develqped for use in analyzing these data permits estimation of the 
average, linear, and quadratic longitudinal temperature gradients, as w e l l  
as the axial effects. Estimates can also be made of the measurement variance 
and other effects of interest. Further work is being done to indicate where 
thermocouples should be placed in future studies to obtain the most informa- 
tion. 
reach a given temperature were also estimated. 

Effects of core preparation and Aupace set temperature on time to 

A simple means was derived for est-ting net volume change of an irradiated 
fuel element based on delta OD's, delta ID'S, and length changes plus nominal 
f'uel dimensions. 
data, the uncertainty of a calculated delta volume was ca~rputed. 
indicated how large a volume change must be to be considered "real". 

Knowing the measurement error associated with the input 
'lhis 

Analyses are being made of "as received" and "vector 1" WBII~ data for RPR 
fuels in order to determine if samples of as received warp can be used as 
a process control tool indicative of when the process should be stopped for 
corrective action. 

u m  



Irradiation Processing, Bpartm ent 

Considerable editing of source data was required to correct the Input for 
issuance of accurate exemplary outage reports for IPD reactor control 
personnel. 
to erronecnw time recordings. 
personnel during meetlngs held in Iky have been issued to spprqpriate 
personnel. 
corresponding total outsge period data for each reactor beginning J~nu~uy, 
1962, has been completed by the Production Opemtlon. 
a w e  data for preceding periods will continue to the point where each 
of the reactor systems was modified *am a preceding operational standard. 
It Ku1 then be possible to delineate the outage causes in a more  meaningful 
manner and determine a realistic pattern of outage occurrence identified by 
the proper causes. 
the initial programping requiredto detezmine craft-set requirements for aut- 
age recovery is now in process. 

A smal l  error still edsts in the s m c e  data file due primarily 
m e  exemplruy reports requested by various 

A redefinition of reactor outage cause classlflcation and the 

The coUectlon of 

As an additional activity in the IPD Operations Simulation, 

As requested, an analysis wasmahto determine the feasibility of m e a s u r i n g  
partial charges of Quality Certification fuel elements. 
developed a formula showing the fraction of 8 charge to be measured which 
resuits in minimum variance for the average result of a -alp of materid, 
based on a bowledge of within and between tube variation. It was assumed 
that there is no lack of material to be measured, but that time restrictions 
do not permit measurement of a l l  pieces. 

Ime analysis 

Quality Certification data are being processed by reactor to investigate 
more fully the w a r p  and hot spot relationship. Of special interest is a 
comparison of reactors. 
performance and tube corrosion standpoint. 

This has potential significance frcun both a fuel 

Igta were analyzed frun an experiment designed to separate process error 
frm measurement error in determining reactor orifice constants. This 
experiment was motivated by an Snalysis performed in early 1961 in which 
it was suspected that the measurement error was understated due to the 
nrethod by which it was estimated. 
confirmed this, there was no change in the estimate of the variation 
between orifices, as had been anticipated. 
ing safety factor requirements far front header pressures to prevent cavita- 
tion. 

Although these experimental data 

Ihe  data are used in establish- 

Work continued on the problem of estimating the probability of detecting 
defects in welded primary piping for the RPR project. 

A document entitled "Studies in Reliability I: 
Safety Devices" has been submitted for rough draft typing. 
to issue this as a research qnd clqelapment report. 

The Algebra of Four-State 
It is planned 
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Chemical Proccssing Department 

A review was made of data givirig the Pu-240 content of fabricated parts 
as measured by neutron count on a 100 percent basis, and by mass specto- 
graph on a sample basis. Estimates were made of precisions and relative 
biases of the two methods, and recommendations were given for routinely 
determining true content of fabricated parts. 

Bkta have been received from the Interstate Commerce Condssion giving 
information on individual train accidents f o r  1959-61. 
made examining the relationships between certain accident variables. The 
results will be used in helping to establish risks associated with trans- 
porting radioactive materials by rail. 

A study is being 

A n  ELlPM program has been written and placed in service which converts the 
design gauge data of manufactured parts from the standard coordinate system 
to one ,.hich is more time saving and convenient for local gauging. 

A letter has been sent to interested personnel containing an analysis cf 
medical trzatment injury rates. 

Relations Operation 

Work is proceeding in connectim with the forthcoming att.itude survey. 
Methads of analysis were developed and submitted for programing after 
being approved by other members of the survey task force. The methods 
tire similar in concept, but differ in detail, frm those used in the 1957 
ctrrvey . 

STATISTICAL &?ID MATKEMATICAL ACTIVITIFS WI’JXIE HLO . 

2000 Program 

Pulse Column Facility 

Statistical analysis was continued of several time series of mid-column 
aqueous uranium concentration data to estimate the random variability of 
uranium concentration at a fixed point in the column during equilibrium 
operation. Tne variate difference method has been used successfully to 
remove the time effect frmthe series. !!be next step in the analysis is 
the estimation of the spectral density function from the trend corrected 
differences. Several standard techniques are currently under consideration 
for this spectral estimation. It is hoped that the stability of the column 
can be defined in terms of this spectral density. Of particular interest 
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is whether the loss of stability prior to flooding can be seen qusntita- 
tively as a shift of the spectral density. 

Fuel Element Swelling Model 

The empirical model formulated by Fuels Develmnt Operation was fitted 
to fuel element swelling data using the JELLY least squares progcsm. 
Bvaluation of the fit showed that the model neglects a burnup-temperature 
interaction which restricts the effect of burnup on swelling for temper- 
atures below a critical point. 
form of the model were made, and the data are currently being reanalyzed 
with the Mrk I1 version of the model. 

Appropriate changes in the mathematical 

General 

Work continues to modify and canpliment 
longevity and sensitivity of a proposed 
its isotopic constituents. 

Analysis and programming are continuing 
steady-state nonviscous flow pattern of 

the EWM program which calculates the 
neutron flux monitor as a function of 

on a problem of determining the 
a fluid in 8 cylindrical tank which 

has been equipped with an axially-located circulating device. Preliminary 
ccanputer runs have indicated remarkable agreement between theoretical pre- 
dictions and actual measurements taken fram a small model. 

3000 program 

"be prototype 6 - Ohthe control ccmponents developed by the hnufacturing 
Services Laboratories have arrived on plant and are being assembled on the 
experimental Gorton lathe. 
test these controls for  fidelity, accuracy, acceleration and deceleration 
chararteristics, and response to auxilliary commands. Programming is well 
under w w t o  generate a magnetic tape suitable for milling an actual speci- 
men of a desired manufactured part. 

A special magnetic tape has been prepared to 

A series of meetings were held to discuss the feasibility of designing metal 
blanks which can be shear-spun on 8 Floturn machine into certain pre-selected 
shapes. 
desirable metal characteristics in the final product. 

Several designs have been submitted which in theory should produce 

4000 Program 

Plutonium Fuels Research 

The experiment to measure the within-day and between-day experimental errors in 
the Azure C method was completed, the data analyzed and the results reported 
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to the customer. 
content in a nest of four fuel samples can be estimated using the Azure C method, 
an experiment vas designed using sections of the extruded rod immediately adjacent 
to the four fuel samples. llhe analysis of the experimental data indicated a time 
dissolution effect and gave some suggestion of a heterogeneous boron content in 
the direction of extnrsion. An incamplete block design is being used in another exper 
ment to average aut the dissolution effect and provide a better estimate of the 
rod boron content heterogeneity. Also, in this experiment, the slurry and butt 
scrap material follaring the rod fabrication will also be analyzed to obtain a 
material balance check. 

As a test to determine the precision with which trace boron 

PRTR Process Tubes 

Several discussions were held concemhgthe interpretation of PR!I!R process tube 
scratch data. 

Actinide Element Research 

The final version of a program to index cubic crystals was canpletely debugged, 
turned over to the customer, and is functioning routinely. 
theory and application is being prepared. 

A report on its 

A FoR!EWl program was written to extrapolate to 90 percent the value of the 
lattice constant of a cubic crystal. A report is in preparation describing 
the application. Work continues on the problem of indexing hexagonal crystals. 
A feasibility study is under way to determine whether or not an attempt should 
be made to index orthorhaplbic crystalr. 

Computation and Statistical Analysis 

Work continued on the activation analysis blank study. 
were ran to establish the limits and interdependencies among separate blank 
constituents. 
blank data to determine whether or not the activation analysis process is in 
control. 
existing Mark I IRA file. 
calculated in connection with the report, "Fixed Time Estimation of Counting 
Rates with Background Corrections", was corrected and several debug tables 
calculated. 

Further correlations 

A rule of thumb is sought for the routine interpretation of 

Several programs were written to provide special reports far the 
A discrepancy in the mathematical tables previously 

Debugging of the GEM FW!FRAN language progrm for the quantitative resolution 
of a time dependent gamma pulse height spectrum was completed. 
input routines and associated output routines for GIB4 were written. 

Tvo additional 
Bese 

-R 
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routines are more general and more flexible than the previous ones used 
with the SPEC program. 
tion prepared by Chemical Research and counted on a gamma energy analyzer 
were run using GEM. 'Ille results of the estimation were in agreement with 
the known canposition. 

Atest case of duplicate mixtures of ham ccrmposi- 

Two programs, the active file updating program and the punch tape edit 
program, of the IRA Mark I1 data file system are n w  about 90 percent coded. 
Routine meetings are being held with EXPO personnel for further definition 
of the IRA Nark I1 file as needed. The definition of type and form of data 
to be stored in the file w i l l  be completed in July. 

6000 Program 

Biology 

A program to estimate parameters for a multicmpartment model is nearing 
completion. It will be used first for a Sr-90 retention study on fish. 

Work was begun on a curve fitting problem involving liver damage in sheep. 

A rebuttal to referee criticism on a paper dealing w i t h  Ca-137 content in 
milk was written and returned with the paper for resubmission for publica- 
tion. 

Further analysis was done on data concerning Ca and Sr-90 in pigs. 

Ehvironmental Studies and hraluation 

Statistical analysis of data was initiated to investigate the relationship 
of certain factors to the uptake of P-32 in Whitefish. The factors under 
consideration are temperature of the river water, concentration of P-32 in 
the river water, and the rate of f l o w  of the river water. 

Other 

Instrumentation 

Several discussions were held concerning the modification of the FORTRAN 
language GRA progFam to include the listing of 95 percent confidence 
intervals on the isotope disintegration rate estimates. 
that a minor revision in the storing of background infonnstion and the 
addition of minor calculation loops will accanplish this revision. 

It was ascertained 
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Personnel Monitoring 

The present program for neutron measurement using RTA film was reviewed. 
An experiment was designed to determine whether or not a linear relationship 
exists between the number of neutron tracks counted and the dose level to which 
the film is exposed. 
effect of different observers and the effect of shielding on the number of 
neutron tracks counted. 

A statistical analysis on data from a study being conducted to evaluate the 
present pencil program was performed. 
which a pencil can be read at different dose levels. 

The experiment was also designed to investigate the 

The analysis determined the precision with 

m e  high sensitivity of detection of Pu in  urine samples has led to considering 
the use.of the procedure in which pooled samples are used, with individual 
samples taken only in the event of a positive result. Data are presently being 
examined to determine the frequency of positive results. mese w i l l  be used 
in determining optimum group sizes using existing results. 

General 

AE analysis was made comparing U03 analyses for Hanford and Paducah. 
consisted of mass spectrcmeter measurements performed on the same samples. 

!he data 

As requested, a critique was made of an expository article dealing with the 
estimation of measurement variances between laboratories, operators, days, 
and runs. The analysis was questioned primarily on the ground t h a t  "days" 
was treated as crossed, rather than nested. Other criticisms were made. 

M=wer 
Operations Research and Synthesis 

CA Bennett:dgl 
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m P l E l W  - 04 PROGRAM 

PUrrONIUM RECYCLE PROGRAM 

Code Development 

1. Reactor Dimensionality 

The two-,goup &ff'uaion code for llnkage with l4ELWZR has been debugged and tested 
with several k s t  problems. 
code w i l l  allw snalynia of yariously loaded zones In reactors with MELWKXB on 
an interimbaslts until more rigorous codes are caarpleted. 

The 1.lnlrrm with HEUWXEl I s  be- debwed.  The 

The standsrd three-region t e s t  problem mpplied with the code F-3 and tested i n  
the EElV code was the most rigorous t e s t  completed t o  date. 
reactivity and power were within 0.01 percent, flux 0.0s percent, and spectral 
Index, r, 0.03 percent of values computed by the other codes. 
with various numbers of mesh points In slab and cylindrical geometry agreed v i t h  
each other t o  0.001 percent. 

The calculated 

!i'uo-reglon caaes 

A large number of cmes with slightly diffelring Initial enrichments were cosnputed 
i n  order to test the lCtNlMIZER code. It was found that the curve of fuel cost as 
a function of initial enrichment ( a l l  other parameters held constant) was s o m e w h a t  
jagged (.01 t o  .001 Ilrille/kwhe in height). 
specifies i n  accordance Kfth AEC regulation that the fuel rental charges are  paid 
each six months throughout the fuel 's  in-reactor Ufetime. Consequently, there 
w i l l  be a discontinuity i n  the economic interest  portion of the t o t a l  fuel cost 
when the in-reactor time I s  an exact multiple of s i x  months, 
that is not a multiple of six months will allow the f i n a l  r e n t a l  payment t o  be 
aelayed unt i l  the end of the period and, as the QUICK code considers that this 
money i s  Invested at an interest  rate greater than the AEC use charge rate, the 
uperation receives a credit during the balance of the period. The credit wlll 
be the m a t e &  when the In-reactor time I s  just s l i g h t l y  greater thsn a multiple 
of six months and wlll W s h  to a minimum when the shutdown time coincfdes with 
B payment time. 

The accounting formula In QUrCK 

An in-reactor time 

3. Incremental Costs for Handling mutonlum 

The E?WJ code has been applled t o  coanpute the additional costs of zircalum 
jacketing plutonium enriched 
fuel in production sized fuel plant8 described by H. Hanthorn. 
factors constituting jacketing costs shows that m a t  of the cost is for zlrconlum 
and nonplutonlum containing steps, and the Incremental charges for plutonium 

fuel over that of ccqarable uranium enriched 
Analysis of the 
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enriched fuel tare calculated t o  be less  than $5 per pound of Uranium contained 
(low erposure plubonium case) . Continuing the study further, t o  simulate high 
exgosure plutonitmi, the costs of the steps involving p l u t ~ n i ~ r a  (labor, equipment, 
rejects, and associated sevork) have been multiplied by factors of 2, 4, emd 8 
over the original des1g;Lfigures. 
8 are lese than $20 per sound uranlurm contained. 
ment reduce8 plutonium values about $1 t o  $2 per gram of fissile plutoniua for 
plutonium enrichment levels in u-238 of 2 t o  1 percent. 

The increnrental charges for  the factor of 
A $10 per pound anrnium incre- 

4.  Plutonium and U-233 Values Computed with MELEAGER CHAIN 

Po more adjustments are anticipated t o  the MELEAGW CHAIN code, and m s  have 
been St8rted t o  cmnplete the plutonium and U-233 values analysis with this code 
usiw the post-July 1, w, uranium price schedule. 
study is anticipated involvlng the reactor concepts simulated in HW-72217, 
"me1 Qc le  Analysis for Successive Plutonium Recycle." Plutonium recycle in 
u-238 and U-233 recycle in thorium w l l l  be examined for batch ard graded fuel 
cycles. 
interest  rates, incremental fuel processing costs, and ursniUm price schedules 
wlll be studied. 
ell be examined. 

A reasonably cwqlete 

By apprapriate replicate experiment design, the effect of variations in 

I n  addition, plutonium recycle W t e d  t o  natural uranium feed 
!!!he computations are about 20 percent c q l e t e  at this time. 

5 .  Correction t o  Prograpming - Monthly Report,- May 1962, HW-73905 F 

Due t o  a typographical error on page E'-3 under the caption Computed Spectral 
Index, Nedifled MlLEAGn, f i f t h  column of figures, the amount "O.lO3" should 
be changed t o  "1.03." 

The related flgures in last month's report were part  of a comparison of BfELEAGER 
agalnst a special version o f t h e  General Atomics SPECTRUM V code. adjusting 
the plutonium isotopic chalns self-shielding factors in MELEAGER, it was shown 
that the MEIlEAGER code cauld be made t o  "track" the mcre rigoraus s p e c t m  code 
80 as hasonably t o  repmsent plutonium burn-out in reactor circumstances far 
beyond those possible by use of the classikal f lux and cross section model 
originally formulated by Westcott and used in MEIZAGER. The self-shielding 
isctors used in MiELWZShaVe been ad3usted BO the plutonium isotopes have 
pessimistic characteristics relative t o  correrrponding values irapn SPBXFKM V 
which represents only a-hcmogeneous reactor -stem and f'urthennore which accounts 
only for plutoniurp reaopILIIces ug t o  4.2 electron volts. ( m e  includes the major 
resonances in the plutonium chain,) 
pessladstic r i t h  respect t o  plutonium leatapes in heterogeneous reactors for 
apectral Indexes wester than 0.5 and is qulte ptssiPPistic from 0.3 t o  0.5. 
&st of the plutonium recycle f'uellng systems involvlng uniform enrichnent of 
n-238 being studled have epectral indexes lees than 0.3. 
applied for circumstances beyond this. 
can be made with the Blodifled Westcott syetem has allowed rapid survey of the 
PIblpr possible fueling schemes of interest .  AIS the more productive systems are 
identified they can be appropriately analyzed with more rigorous models. 

The c m n t  )IIEJgAGER code is SeVet.ely 

Other codes are being 
The speed with which WlELEAGW caoputations 
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Investigation of Iky Factors in Plutonium Value Calculations 

This work is an extension of the Error Analysis portion of EW-72217 i n  w h i c h  
C end Y of plukonium were varied in order t o  evaluate the i r  inrpact on the 

calculated plutonium value. 
readers that plutonium value could be correlated with the hybrid parsmeter 
(r ( 7  - 1) for  plutonium. The present study w a s  in i t ia ted t o  t e s t  this 

contention by Varying both 

h-eliminary results show that the r a t i o  of the calculated value t o  the standard 
Value plotted as 8 function o f t h e  ra t io  

The results published i n  HW-72217 suggested t o  some 

and 9 simultaneously through 8 wide range of values. 

(where the subscript zero indicates the standard case) cannot be represented by 
a single curve. Calculations have been made on three reactor types and similar 
results have been obtained for each. 

U r a n i u m  Price Schedule Calculations 

Values o f t h e  uptipnrmtails camposition in the diffusion cascade were calculated 
as a function of the ratio of feed cost t o  separative duty cost at  the request 
o f t h e  AEC. 
equation: 

These data were obtained by prograasning an i terative eolution of the  

where : 
cy = cost of feed material, $/kg u r a n i t r m  

C, = cost of separative duty, $/kg uranium 

Xf = feed composition, w t  fraction 

= optimum tails canposition, wt fraction. 

V(X) represents the " d u e "  function derived by Cohen* while V'(X)  is i t s  
derivative. 
values f i a ~ l  0 t o  5.0 in 0.11nc~ments  considering Mtural uranium as the feed 
material. 

Values of the optimum tails composition were obtained for Cf/C, 

A similar calculation was made t o  obtain the optlmumtails composition in the 
AEC price schedule effective July 1, 1962. 
Cf = $23.50 and Cs = $30 which give an optimum tails  camgosition of 0.002531 
wt f'raction. 

The paranetere i n  this schedule are 

* Cohen, IC., 'Fhe Theory of Isotope Separation, mas-111.18, McGraw-HIU, 
New York, 1951. 
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Phoenix Fuels 

1. Plutonim Isotopic Content 

Plutonium fuels of widely vaqdng capos i t i on  have beec studied under varied 
conditions of geoaetry end spectrum fo r  conditions yielding Phoenix action. By 
drawing on prevlatts results, it is possible t o  ellminate as contenders reactors 
having well-moderated spectrum8 for Phoenix fue l  burners if t he  plutonium 
compositions contain less than 40 percent Pu-240. 
having Pu-240 in greater percentage than this. Consequently, the colaputer was 
allowed t o  adjust  the moderating r a t i o  I n  order t o  produce Initially a medium- 
hard or  a hard spectrum. 
defined t o  be r = O.5$  where r is the epithermal index r a t i o  of Westcott notation.) 
Cases of low self-shielding (achieved by inc reashg  the fue l  surface-to-volume 
r a t l o  which pennits more re la t ive  neutron absorption i n  Pu-240) have been included. 

Few reactors produce plutonium 

(Meclium-hard is here defined t o  be r = 0.3 and hard is 

It appears t h a t  WoexLx s c t i o r  can be achieved with many plutonium Are1 composi- 
t ions  if the fue l  is ccanpPised of greater than 20 percent -240. 
Pu-240 concentratioc, the surface-to-volume r a t i o  of the fue l  element can be 
smaller. 
element should be large emugh t h a t  self-shielding of the Pu-240 resonance is  
decreased. 
surface-to-volume r a t i o  can be. ) 

With increased 

With low Pu-240 concectrations, the surface-to-volume r a t i o  of the fuel  

(There are basic U f a t i o n s  of how effective increasing the 

If  the r a t i o  of Pu-24l/Pu-240 is too large, there is insuff ic ient  fe l - t i l l ty  for 
the system and Pboenix action v i l l  not result. 
nuclear characterist ics,  It cannot be substi tuted fo r  an equal amount of Pu-239 
i n  a plutonium fue l  if Phoenix action with a nearly constant react ivi ty  is desired. 
The higher eta of Ri-241 tends t o  ra i se  the reactivity,  while the production of 
same Pu-240 from Pu-239 appears t o  reduce reactiv5t.y appropriately as well as t o  
supply Pu-241 which maintains the f i s s i l e  inventorye Plutonium fdels  with high 
(Pu-241/Pu-239 + Pu-240) r a t i o s  may repuZre added f e r t i l i t y  and thereby benefit  
*am the use of small ammats of u-238 or thorium. 

Altbugh Fu-241 has desirable 

2 Four-Integer IdentifZcation System 

A four-integer ident i f icat ion system has been adapted fo r  i d e n t i f y h g  the 
individual cases of the Phoenix study for  Phoenh experiments. The flrst two 
digits denote the conrposition as defined in Table I. 
shown in Table I were selected so as t o  indicate the ro le  of Pu-240 whlch was 
held constant at three levels. 
p r io r  ertudles as well as of plutonium from cer tain specific reactors.  

The first ten  compositions 

The other compositions are  representative of 

1 2 3 b 1 0 1  UNCLASSIFIED 
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TABLE I 

PLUTONIUM IsoTopE CWOSITTIONS FOILPHOENIX EUEL STUDIES 

Case No. 
nrst and Second 
Ident i f icat ion 

m a t s  
01 
02 
03 
04 
05 

06 
07 
08 
09 
10 

11 
I2 
13 
14 
15 

16 
17 
18 
19 

Atom Percent 
pu-239 Pu-240 Pu-241 Pu-242 

100 0 0 0 
90 10 0 0 
80 10 10 0 
70 10 20 0 
70 30 0 0 

50 30 20 0 
40 30 30 0 
50 50 0 0 
40 50 10 0 
30 50 20 0 

70 5 20 5 .o 
40 30 20 10.0 
30 30 20 20 .o 
58 25 10 6 .o 
37 45 15 3 90 

52 28 14 6.0 
62 20 15 3.0 
85 15 0.0 0.0 
45 40 10 5 .o 

The third and fourth d ig i t8  of the  identification system denote the s and SCA 
as shown i n  Table 11. SCA IS the term i n  -that r e f l e c t s  the surface-to- 
volume ra t io .  Increasing 
SCA increases the effect ive Pu-240 cross section which is usually of  benefit t o  
Phoenix fuels. 

The la rger  SCA, the  less the  resonances are shielded. 

1 2 3 b 1 0 2  UNCLASSIFIED 
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SCA AND INITIAL r VALUES E"OR PHOENIX CASES 

Case No. 
Third and Fourth 

Identification 
SCA - r Mgits - 

30 
9 
32 
35 

50 
5 1  
52 
55 

0.3 0.5 
0.3 100 
0.3 2 .o 
0.3 5 00 

Same caution m u s t  be used i n  interpreting the cases where SCA is large.  
sane of the cases studied SCA was numerically greater than SDPV. 
probably do not have physical meaning since values of SCA are l i ke ly  res t r ic ted  
by the equation of the  following type: 

In 
These cases 

SCA = c 

= hcroscopic  thermal neutron scattering cross section of the fuel.  B 

S,ff = Effective fue l  surface. 

V = Fuel volume. 

6 = Logarithmic energy decrement. 

SDPV = Slowing down power per unit volume. 

So far, fue l  canpositions where Phoenix action occurred with S C A 5 5 . 0 ,  which may 
not be real, also show Phoenix action with SCA's of about 2.0, which can be 
physically achieved. 
d u e s  greater than one (large surface-to-volume ra t ios ) .  

In most cases Phoenix Are1 action occurred best  with SCA 

1 2 3 b 1 0 3  UNCLAsSIFIp) 
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3. Burn-Up Achieved i n  a Representative Phoenix Fuel 

HW-74153 

In  System 0951, the Pu-241 reached a concentration of twice L e  i n i t i a l  value 
about midway through burn-up. The f ina l  Pu-241 concentration was about equal 
t o  the  initial concentration. Ninety-six percent of the Pu-239 and 75 percent 
of the  Pu-240 were destroyed. 

& = 1.16 

O f  an original one gram of fuel  ( f i s s i l e  + f e r t i l e )  approximately 0.75 gram was 
destrayed . The exposure was 581,444 MWD/T or 0.641 MWD/cc . 

4. spe cifyc Power of Phoenix Fuels 

After examining the results of operating at several specific powers, it appears 
that studying two specific power levels, U O  and 1100 watts/cc of fuel, will 
embrace the extremes. 
the higher specific power due t o  minimization of the e f fec t  of Am-241 from the  
decay of Pu-241 (13-year half l i f e ) .  

&proximately 60 percent more fue l  gave Phoenix actio5 a t  

5. Economics of Phoenix Fuels 

Fuel cost for several Phoenix fuel  systems have been determinedwiththe QUICK 
economics code. The physics of these systems were calculated pr ior  t o  intro- 
duction of the  four digit ident i f icat ion system and before standardization of 
specific power. The fie1 cycle cost i s  principally a Arnction of the in te res t  
rate, FEFJ cost, separations cost, plutonium price, and thermal/electrical 
conversion efficiency. Representative fuel costs for selected combinations of 
these parameters are reported i n  Table III. 
i s  12.5 percent and the plutonium price i s  taken as $11.4 per gram ( f i s s i l e )  a 

The AEC use char& on fuel  was varied as indicated. The thermal-to-electrical 
conversion efficiency i s  assumed t o  be 33 percent i n  all instances. 
cauparleon purposes an FEFJ of $2.44/cc would correspond t o  $ll5/lb for Uo;! at 
density of 9.25 g/cc; $ o . ~ ~ / c c  would correspond t o  about $29/lb. 
ing physics parameters are given i n  Table IV.) 

I n  all cases the  econmic in te res t  

For 

(The correspond- 

l Z 3 b l O b  UNCLASSIFIED 
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T W  III 

FUEL COSTS FOR PHOENM FUELS 

AEC 
Use 

Table IV Speciflc Parer* Charge FEFJ Separations 
Case No. $/cc cost, $/cc - w/cc $ - W/T - 

4 e 7 5  0.61 0.20 
1.22 0 020 

0.20 
0 020 

1.22 0 020 
2.44 0.20 

23 1500 3300 
15 00 3300 3.2 *5 23 
1500 3300 12 05 2.44 23 

lo00 4 -75 0.61 22 450 
1000 12 *5 22 45 0 

22 450 1000 12 -5 

Fuel Cost 
HllS/kwh, 

0 *963 
1.140 
1.262 
1.135 
1.492 
1.651 

* Note tha t  the impact of specific power on fuel coets 16  large. 

6. Tailored Phoenix Fuels 

Prellmlnary computations indicate that Phoenix fuel  action need not be l imited 
t o  Pu-240 a8 the primary f e r t i l e  source. 
fuel  ha6 been essent ia l ly  duplicated s ta r t ing  with equal emounts of U-235 and 
u-238 physically arranged so t ha t  the u-238 absorption resonances are unshielded 
w h i l e  the  U-235 absorptions are heavily shielded. 
the U-238 i n  r ings (0.002-inch thlck)  interspersed with moderator which surrounds 
the U-235 which nrsy be concentrated i n  a t h in  rod. The quantity of moderator i s  
so adjusted that a claselcal  u-238 resonance escape probability of approximately 
0.5 is  achieved. 
i n  U-235; i.e., a converaion r a t i o  of a p p r o r l t e l y  0.8. 
f lss i le- to-feFt i le  fue l  is suff ic ient ly  constant with exposure t o  provlde a 
uniform reac t iv l ty  for  an extended period a6 i n  "Phoenix" -1s. 

The over-all performance of a Phoenix 

This i s  achieved by placing 

This provldes nearly as many neutron absorptions i n  u-238 as 
Thus, the r a t i o  of 

I n  the same vein, it i s  currently believed that the m e  of plutonium t h a t  contains 
same Pu-240 -- but an insuff ic ient  amount for  Phoenix fie1 action i n  its own 
r igh t  ( for  trample, weapons grade plutonium) -- can use only enough 1.1-238 t o  hold 
the initial reac t iv i ty  down u n t i l  enough Pu-240 i s  formed t o  supply the  c lass ica l  
"Phoenix" fuel.  
less c r i t i c a l  than it would be Kith U-235. 
experimentally determined resonance absorption self-shielding data, published by 
Hellstrand of Sweden. 

For this application, the  u-238 and moderator geametry will be 
These calculations m e  based upon 

I 2 3 b  I 0 5  UNCLASSIFIED 
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Computations wlthmore elaborate d e l e  are now being made under the direction 
of the Hu) Theo&ical Physics $roup t o  f i r m  up the application of a-238 as 
described, and t o  investigate the pos6ibiUty of usingthoriunr In the ~ a m e  
fashion. inspection of the cross section data, it appears that  U-233 has 
substantially more resonance absorption than U-235, which pey campllcste its 
application with u-238 ar thorium. 

The sppllcation of fuels of the foregoing types is broad since their  physical 
make-up can be matrixes of a durable parent metal with d u m  and thorium as 
relatively fine particles and the fuel geanetry can be a variety of shapes. 
characteristics should be especially attractive for portable power systems. 
completely successful, the fuel costs with these fuels m y  be low enough for 
central s t a t ion  power plants because eesentlally 50 percent of the heat can be 
generated by Fissioning t a l l 6  uranium. 

These 
If 

W-Product Isotopes 

I n  view of the announced prices f o r  the Am-241 and Np-237 isotopes ($1500 and 
$500 per gram, respect inly)  prelinrinary consideration vas given t o  the values 
of these and the related isotope i n  spent power reactor fuels, specifically U-236. 
The anticipated concentrations of u-236 i n  such fuels encowwe consideration 
for their use as enriching agents I n  production reactor fuels frcun which the 
valusble IJP-237 may be eventually recovered. Furthermore, it appears that a 
significant value or credit may be assumed for u-236 utilized i n  f h i s  way. 
Although the concentration of Am-241 I s  extremely low, i t s  high apparent value 
also encourages consideration of i t s  recovery for credit. 

Salt C?rcle Economic6 

Debugging of the salt Cycle Economics code is nearly ccuupleted. A nmiber of 
runs have been made and the code appears t o  be working satisfactorily in  a l l  
major aspects. 
checklng of this nature remains t o  be done. 

A mall nuxriber of hand calculations were continued; further 

When this work is ccarpleted, It uill be necesssry t o  revlse the previously 
prepared conventional Reprocessing code for corupatlbility with the Sslt Cycle 
Econamics logic as it f i n a l l y  evolved. 
caaapleted in the next reporting period. 

It i s  expected that this w i l l  be 

WK Woods: j m  
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RADIATION PR0TM;rTION OF'ERATIOlV 
REPORT FOR TBE MONTH OF JW 1962 

A. ORGAI'IIZA!ITON AHD PERSONNEL 

Transfers within the Section during the month included Robert H. Wilson 
transferring f r o m  External Dosimetry t o  Environmental Studies and Evaluation, 
and W i l l i a m  V. Baumgartner transferring f r o m  Radiologicslkveloplllent and 
Calibrations t o  External Dosimetry. 
External Dosinretry Operation included Edna D. Britch, Duane R. Naught, 
Peter 0. Anderson, and George M. Stephens. 
the Internal Dosimetry Operation. John A. Gile transferred from the Irradi- 
at ion Processing Department t o  tbe Radiation Monitoring Operation. 
McLean w a s  reactivated in to  the Composite Dose Studies and Records Operation. 
Patr ic ia  C.  Freed and Amelia N. HoUand resigned from the Company. James L. 
Beecroft and Harold E. Ransom, both teachers a t  Columbia Basin College, 
joined the Radiation Protection Operation f o r  the summer. 

Temporary summer employees joining the 

W i l l i s m  C. Wann, Jr., joined 

Mary J o  

B. ACTIVITIES 

Occupational Exposure Experience 

On June 3 a p ipe f i t t e r  i n  the Chemical Processing Department received a 
plutonium contaminated puncture wound t o  his l e f t  index finger a t  the 234-5 
Building. The injury occurred i n  a w e t  chemistry hood a t  the head end of the 
purification process l i n e  and w a s  probably caused by a piece of corroded wire 
that was recovered f r o m  the f loor  of the hood. A n  initial excision w a s  per- 
formed by an industrial physician at the 200 West First Aid Station. Subse- 
quent examination with the wound counter showed t h a t  about 0.9 pc of Pu was 
removed with the excised t issue,  but tbat about 0.1 pc remained a t  the wound 
s i t e .  An additional t i s sue  excision, which required subsequent minor skin 
grafting, reduced the contamination a t  the s i t e  of the injury t o  about .006 
pc. Rapid analysis of bioassay samples indicated substant ia l  absorption of 
the plutonium from the InJury si te.  
indus t r ia l  physicians t o  administer DTPA. Analysis of bioasssy samples fo r  
the four-week period following the iqjury indicated that the employee excreted 
about .01 pc Pu. It i s  not y e t  possible t o  provide a reliable estimate of the 
magnitude of the plutonium deposition because of the e f fec t  of DTl?A treatment 
on plutonium excretion rates. 

Consequently, it w a s  decided by the 

Nine plutonium contamination incidents involving potent ia l  inhalation of 
plutonium f o r  13 CPD employees at the 234-5 Building occurred during the 
month. 
a t  the 2 3 - Z  Building *em also reported. A l l  except two of  these incidents 
resulted from ruptured hood gloves or the f a i lu re  of p las t ic  bags containing 
contaminated material. 
employees involved. 

Five plutonium contamination incidents involving nine HLO employees 

Special bioassay sampling w a s  initiated f o r  a l l  

UNCLASSIFIED 
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Three new cases of plutonium 
analyses during June. The t o t a l  
have occurred at  Hanford i s  291, 

deposition were confirmed by bioassay 
number of plutonium deposition cases that 
of which 209 are  currently employed. 

A maintenance employee i n  IPD received a whole body dose of 1.9 r 
while attempting t o  remove a steel shielding piece from a thermocouple 
s t r inger  channel at  the lO5-W reactor. Movement of the shielding piece 
apparently exposed a small length of a themcouple  wire. The proximity 
of the employee's r igh t  hand t o  the i r radiated wire resulted i n  an esti- 
mated integrated dose of 7 rads t o  the hand. Small  areas of the fingers 
may have received a dose of about 45 rads. 
whole body dose f o r  the calendar year including the dose received i n  this 
incident i s  2.4 r. 

The employee's accumulated 

I n  similar work a t  a different  time, a maintenance supervisor i n  IPD 
received a gamma dose of 1 . 2  r while directing preparations f o r  the removal 
of thermocouple s t r ingers  at  the 105-m reactor. 
tioning a s t e e l  can over the s t r inger  channel opening the radiation dose 
ra te  increased from 0.2 r/hour t o  40 r/hour. 
of the maintenance supervisor was about 3 r/hour. 
involved indicated that the maximum dose t o  the body including the gonads 
was between 1 . 2  r and 1.9 r. 
f o r  the calendar year including the exposure received i n  t h i s  incident i s  
estimated t o  be 3.8 r. 

During the course of posi- 

The dose r a t e  a t  the position 
Analysis of the dosimetry 

The supervisor's accumulated whole body dose 

Regular processing and evaluation of the f i l m  dosimeter worn by a CPD 

The film exposure was considered unususl because of 
process supervisor a t  the Uranium Reduction P lan t  indicated an apparent 
beta dose of  4 rads. 
the absence of any associated gamma dose. Detailed investigation of the 
employee's work ac t iv i t i e s  fa i led  t o  provide any explanation f o r  the 
apparent exposure, but it w a s  learned that he frequently stored his f i l m  
dosimeter w i t h  h i s  radium-dial wrist watch i n  a drawer at  his home, 
Experimentally, it was determined that the film exposure was duplicated 
when the watch dial  was placed adjacent t o  the open window of the f i l m  
badge dosimeter f o r  about 16 hours. 
gation of the work ac t iv i t i e s  of the supervisor were documented to  show 
that the dose t o  the f i l m  dosimeter w a s  not received occupationally. 

Results of the f i l m  study and investi- 

The f irst  s h i p e n t  of the new Hanford beta-gamma film badge dosimeters 
was received from the vendor early i n  June. As of the end of the month 
about 11,000 of the 30,000 dosimeters ordered had been received. 

Exceptionally high dose rates were encountered during the handling of 
radioactive waste from the 327 Building. Dry waste was transported f o r  
disposal a t  the Wye bur ia l  ground with a dose r a t e  of 60 m/hour t o  the 
truck driver.  On another occasion Gatlin Gun disposal of small pieces of 
i r radiated fue l  elements involved momentary dose rates  t o  personnel up t o  
50 r/hour. 
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Thorium ingot surface removal operations and other processing a t  the 
306 Building were performed repet i t ively without detectable surface or air- 
borne contamination. 
nation t o  the bench of 1000 d/m and t o  tools of 500 d/m. 

The co-extrusion operation involved s l igh t  contami- 

T r i t i u m  ir concentrations at the Plutonium Recycle Test Reactor \rp 
t o  6.4 x lo-! pc T/cc resulted from a heavy water s p i l l  i n  the lower 
access space. I n  other ac t i -  
v i t i e s ,  a section of an i r radiated process tube was inadvertently discharged 
into the storage basin from 8 shipping cask. A momentary exposure of one 
employee a t  a distance of s i x  f e e t  resulted i n  a whole body dose of about 
20 m r .  The process tube showed a dose ra te  of about 1000 r/hour at  2 
inches. 
50 rads/hour were encountered. 
r/hour during process tube replacement. 

The maximum bioassay r e su l t  wa6 47 vc T/1. 

During the inspection of 85 process tubes radiation beam6 up to 
Personnel dose rates  were limited t o  0.5 

Environmental Experience 

Fresh fa l lou t  (estimated by the 1133/11p r a t i o  t o  be f ive  days old) 
was detected i n  the Pacific Northwest i n  the middle of June. This fa l lou t  
w a s  evidenced i n  samples of produce which were found t o  have f i ss ion  
duct concentrations up t o  20 times that noted f o r  early June. The I 
content of beef thyroids collected i n  l a t e  June were a l so  some 20 times 
higher. Local milk samples were up t o  10 times higher i n  113 content. 

1r- 

A larger  than usual quantity of f iss ion products was released t o  the 
Columbia River from a fue l  element f a i lu re  a t  100-D. 
r iver  water samples were taken. 
by the presence of fa l lou t ,  but the preliminary analyses indicated nothing 
extraordinary. 

Sever& special  
Results a re  incomplete and complicated 

A t o t a l  of 102 fishwere taken from Columbia River sampling locations 
at  Pr ies t  Rapids, Banford, Richlad ,  Burbank and McNary Dam. One hundred 
six t issue samples from these f i s h  were submitted to  the laboratory fo r  
radiochemical analysis. 

!!!he following produce samples were collected: 60 samples of 29 
var ie t ies  of vegetables and fruits; 4 pounds of W i l l a p a  Bay oysters; 40 
s e t s  of beef thyroids; 20 samples of pasture grass; log gallons of milk; 
and one chicken. 
scheduled fo r  July t o  be t te r  follow the recent increase i n  fa l lou t .  

Daily milk samples from the Benton City area a re  

Six a e r i a l  monitoring f l i g h t s  were made as part of the background 
radiation study. 

UNCUSSIFIED 

1 2 3 b l  IO 
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Studies and ImDrovements 

The new personnel dosimeter processing machine wa6 placed in to  service 
on June 28. This machine unloads, loads, dates and ident i f ies  the film 
used i n  the Hanford film badge dosimeter. 

Several quali ty control t e s t s  were ins t i tu ted  fo r  use i n  the pocket 
ionization chamber program. 
exclude the use of dosimeters t h a t  have poor insulating character is t ics  and 
bad e l ec t r i ca l  contacts. 
acceptable dosimeters are i n  routine service. 

These t e s t s  a re  designed t o  ident i fy  and 

Periodic checks were adopted t o  assure,that only 

The ad hoc dosimetry committee tha t  is  preparing the f i n a l  dosimetry 
report of the Recuplex incident prepared a second draft of the document. 

The 300 Area emergency plan w a s  revised and issued f o r  camnent. Detailed 
evacuation plans i n  the event of a nuclear excursion i n  the 300 Area are  
complicated by the proximity of buildings t o  each other. Consistent prac- 
t i ce s  regarding evacuation routes, location of area staging s i t e s  and per- 
sonnel accounting a re  being developed i n  cooperation with representatives 
of FPD. 

A n  audit of radiation generating machines a t  Hanford was completed. 
Numerous locations were found where the associated administrative controls 
were not posted a t  the equipment location. Notification of the custodians 
of the machines resulted i n  improvement of controls f o r  these sources of 
radiation. 

m e  radiologicfi  status -of the Riverland radioactive waste disposal 
area was reviewed. 
a t  Z5O pc of reasonably short l ived f iss ion products and neutron activation 
products. The residual a c t i v i t y  i s  so small that radiological controls a re  
no longer necessary. 

The t o t a l  quantity or iginal ly  present has been estimated 

Final calibration of the new portable BF3 neutron monitoring instruments 
indicates t h a t  f 'ull scale readings f o r  thermal neutrons w i l l  be about 3, 30, 
and 300 mrems per hour. Fast neutron calibrations indicate full scale read- 
ings of 50, 500, and 5000 mrems per hour. 

A purchase requisit ion w a s  issued f o r  the procurement of a plutonium-238 
beryllium neutron source with a.n emission ra te  of 8 x 1 7 neutrons per 

emission r a t e  of about ten times that of the plutonium-beryllium source. 
This new source i s  required t o  provide neutron cal ibrat ion of t he  new 
higher range IF3 neutron monitoring instruments. 

second. This source will contain about 3 grams of Pu2 $ and w i l l  have an 
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The experimental plan f o r  use of the Sandia Corporation Godiva reactor 
f o r  obtaining actual  fast neutron burst data f o r  the Hanford c r i t i c a l i t y  
dosimeter and the new W o r d  personnel film badge dosimeter was prepared. 
Discussions with Sandia indicate reactor time w i l l  be available about the 
middle of August fo r  the completion of these studies. 

Air samples were collected fmm four hoods i n  the 308 Building by 
connecting the sampler t o  a quick disconnect f i r e  extinguisher ou t le t .  
Three of the four hoods had posit ive plutonium air  concentrations of 
3.5 x 10-9 w/cc, 3.4 x 10-9 pc/cc and 6.5 x pc/cc. Smll discs 
were cut out of these f i l t e r s  and were sent t o  Materials Development Oper- 
at ion f o r  electron microscope analyses. The preliminary electron micro- 
graphs of two of these f i l t e r s  revealed a mean par t ic le  diameter of 0.046 
p with a par t ic le  range on one f i l t e r  of 0.025 t o  0.1 p and on the other 
f i l t e r  0.025 t o  0.15 p. The alpha track labeling of these par t ic les  was 
not performed; thus, the par t ic le  cannot be posit ively ident i f ied as 
plutonium. However, par t ic les  this small would have t o  be a heavy metal 
t o  be opaque t o  the electron beam. 
in i t i a t ed  but no results are available t o  date. 

The alpha track emulsion work w a s  

The calibration standerd Victoreen r-meter set number 1512 was returned 
from the National Bureau of Standards. Two of the r-meter s e t s  were matched 
t o  this recently calibrated r-meter by comparing exposures i n  a half-gram 
radium radiation f i e ld .  The standard r-meter will be used o n l y  f o r  C a l i -  
brations of the other r-meter s e t s  within the Calibrations f a c i l i t y .  

A t o t a l  of eleven emergency monitoring kits were serviced during June. 

c. VISIMRS 

Visitors consulting w i t h  members of the Rsdiation Protection staff 
during the month included: 

D. C. Nichols - Savannah River Plant, E . I .  duPont de Nemours, Aiken, 

G. -sen 
C .  R. Ogden) Y a k i m a ,  Washington. 
R. Chambers - - AEC, Idaho Operations Office, Idaho Falls ,  Idaho. 
W. D. Carlson - Colorado Sta te  University, Fo r t  Collins, Colorado. 
J *  G. Mehl 

South Carolina. 
)- - Pollution Control Commission, S ta te  of Washington, 

- - International Atomic Energy Agency, Vienna, Aus t r i a .  

V i s i t o r s  who toured the Whole Body Counter and the Rioassay Laboratory 
during the month included: 

14  employees of the Richland Benton-F'ranklin Di s t r i c t  Health Depsrtment 
27 eighth-grade students from the Peninsula Pilgrims Mobile Education 

U n i t ,  Goodman Junion High, Gig Harbor, Washington 

UNCLASSIFIED 
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Members of  the Radiation Protection Operation v i s i t i ng  of f -s i te  during 
the month included: 

B. V. Andersen - Health Physics Society meeting i n  Chicago t o  present 
two papers. 

P. E. Bramson - Health Physics Society meeting i n  Chicago t o  present 
two papers; Argonne National Laboratory, Argonne, 
I l l i n o i s ,  t o  discuss s i l i con  semiconductor neutron 
spectrometers. > 

L. A. Carter - - Health Physics Society meet_ing i n  Chicago t o  present 
a paper and take Certif ied Health Physicist exam. 

R. F. Foster - - JCAE Hearings i n  Washington, D.C.; Nuclear Congress i n  
New York t o  present a paper; Brookhaven National 
Laboratory t o  discuss environmental monitoring pro- 
grams; and Health Physics Society meeting i n  Chicago 
t o  present a paper. 

A.  R. Keene - - Health Physics Society meeting i n  Chicago t o  present 
a paper, at tend Board of Directors meeting, and attend 
AEC Health Physics Fellowship Advisors meeting 

H. A. Meloeny - Instrument Laboratory, Seat t le ,  Washington, t o  discuss 
problems relat ing t o  manufacture of instruments on 
order. 

E. C.  Watson - - Health Physics Society meeting in  Chicago t o  present 
a paper; Savannah River Plant, E.I. duPont de Nemours, 
Aiken, South Carolina, t o  discuss environmental conse- 
quences o f  accidents. 

D. REIA!FIONS 

Five AEC Health Physics Fellowship students arrived a t  Hanford t o  begin 
The s m e r  course work s ta r ted  on June t h e i r  t en  weeks of summer training. 

18. 

A press tour through the Whole Body Counter was held on June 25. As a 
re su l t  of the tour a news a r t i c l e  i n  one of the local  pipers described the 
Whole Body Counter and its function. 

Three suggestions were submitted by personnel of the Radiation Protection 
Operation during June. Two suggestions were rejected; none were adopted. 
Three suggestions a re  pending evaluation. 
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Radiation orientations were presented t o  45 Laboratories employees. 
Two 2-hour orientation talks were presented t o  Biology Research employees. 
A second t a l k  and demonstration on personnel surveys were given t o  the 
Biology Animal Farm personnel. 
training on the PRP Gas Loop. 

safety and housekeeping reports r e f l ec t  continued safety consciousness a t  
a l l  locations. 

PRTR-assigned personnel completed formal 

- 
Safety meetings were held throughout the Section. The quarterly 

E. SIGNIFICANT Rf3PORTS 

EW-72691-5 - "Summary of Radiological Data f o r  the  Month of May 1962" by 
R .  F. Foster. 

EW-73366 - - "Evaluation of Radiological Conditions i n  the Vicinity of 
Hanford - Janua,ry-March 1962" by R. F. Foster and staff. 

HW-74056 - - %adiological Considerations Associated with the Fabrication 
of High Exposure Al-Pu Fuel Elements" by L. D. W i l l i a m s .  

HW-74156 - - 'Monthly Report - June 1962, Radiation Monitoring Operation" 
by A. J. Stevens. 

UNCIASSIFIED 
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pERsONI'?EZ DOSIMETRY Al'U) RADIOLOGICAL RECORD6 

External Expo sure Above Permissible Idmits 
Whole Body Fknetrating 
Whole Body Skin 
Extremity 

Hanford Pocket Dosimeters 
Dosieters Processed 
Paired Results - 100-280 mr 
Paired Results - Over 280 mr 
Lost Results 

Hanford Beta- Film Badg e Dosimeters 
Mlm Rocessed 
Results - lOO-3OO mrads 
Results - PO-500 d s  
Results - Over 500 mrads 
Lost Results 
Average Dose B r  Film Packet - mrad (ow) 

- mr (6) 

Hanford Neutron Film Badg e Dosimeters 

Slow Neutron 
Film Processed 
Results - 50-100 mrem 
Results - 100-300 mrem 
Results - Over 300 mrem 
Lost Re s ults 

Fast Neutron 
Film Processed 
Results - 50-100 mrem 
Results - 100-300 mrem 
Results - Over 300 mrem 
Los t Results 

Hand Checks 

Checks W e n  - Alpha - Beta-Gamma 

Skin Contamination 
Plutonium 
Fission Products 
UraniUm 
Tri t i u m  

1962 to Date June 
0 3 
0 3 
0 2 

2,396 19,238 
28 58 
5 8 
0 0 

9,166 57,146 
1,924 
180 20 

7 75 
13 141 
19 71 12.84 

a 

28.85 28.07 

274 
18 
6 
0 
0 

33,770 
52,913 

32 
48 
0 
0 

8,982 
9 
29 
2 
18 

2,271 
323 
346 
ll 
0 

122 
266 
11 
0 



UNCIASSIFIED G-9 

Whole Body Counter 
GE Employees 

Routine 
Spec i a1 
Terminal 
No n -Routine 

Non-Employee s 
&e-Employment 

Male 

10 
10 

5 
2 1  

2 

- 

lii 

Female June - 1962 to Date 

0 10 77 
0 10 136 
0 5 53 
3 24 163 
0 2 13 

3 51 
0 - 0 - 

3 8* 
272 2,528 

Bioassay 
Confirmed Plutonium Deposition Cases 
Plutonium - Samples Assayed 10 108 - Results Above 2.2 x pc/Sample 
Fission Product - Samples Assayed 28 3 3,214 - Results Above 3.hI.O-5 pc/Sample 0 15 

Biological - Samples Assayed 0 233 
Uranium - Samples Assayed 105 1,070 

Strontium - Samples Assayed 0 299 

Uranium Analyses 
Following y=ue units of 10 DC u/cc 

Number 
Sample Description Maximum Average Samples 
Fuels Preparation 6.9 2.7 20 
-1s Preparation* 0 0 0 
Hanford Laboratories 9.7 4.3 20 
Hanford Laboratories= 0 0 0 
Chemical Processing 0 0 0 
Chemical Processin@* 0 0 0 
Special Incidents 0 0 0 
Random 2.7 1.4 17 

Tritium Samples 
Urine Samples 

> 5.0 pc/i .= 1.0 pc/l 
Samples Assayed 

Moderator 
Primary Coolant 
Reflector 

D20 Samples 

Other Water Samples 
NO. 57-B-4 

Followlng Period 
of No Exposure 

Units of 10-9 pc u/cc 
Nunbe r 

Maximum Average Samples 
4.1 1.7 20 

0 0 0 
12.9 2 -7 28 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

Total - count Maximum - 
46.5 1 2  3 

28 
230 

743.3 PC/d 8 
250.2 wc/ml 8 
692.5 W / d  8 

24 

0345 w / d  

* The total number of plutonium deposition cases which have occurred at 
Hanford is now 291, of which 209 are currently employed. 
Samples taken prior to and after a specific job during work week. 

UNCZASSIFIED 
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Calibrations 

Portable Instruments 
CP Meter 
Juno 
GM 
Other 
A u d i t s  

Personnel Meters 
Badge Film 
Pencils 
Other 

Mi sc ellaneous Special Service 6 

Total N u m b e r  of Calibrations 

G-10 aW-74153 

Number of Units Calibrated 
June 1962 to Date 
7 

6,060 
1,657 
3,348 
1,199 

62 6 Em 

447 5,868 
3706 43,397 

RISDIATION PROTEC'ITON 

AR Keene:ljw 

UNCLASSIFIED 
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Cost Accauntiq 

The June control budget was adjusted to reflect the following changes in 
m: 

Increase 
(Decrease) 

02 Program R & D 

& R o g r a m R & D  
FPD Sponsored Metallurgy $(25 OOO) 

Mvance Concept Studies (fi 
Plutonium Recycle Program 18 ooo 

Q hels Research 46 000 
madiation m e  to 
Reactor Metals (46 ooa 

Anticipated FY 1962 budget underruns on Banford laboratories' programs 
sponsored by the Division of Reactor Development were estimated and the 
resultg shown below, transmitted to BOO-AEC in response to their in- 
concerning Arnds available to alleviate expected budget overruns at another 
AEZ site. 

Hanford Iaboratories' Program Estimated Underrun 

OcpR-Ioop Project 
IS-1 Loop Operation 
Plutonium Recycle Program 
Other Gas Cooled Reactors 
Environmental R & D 

Capital EQuipxnent 
Subtotal 

Total gstbxtxd underrun 

$ 25000 
25 OOo 
moo0 
30 000 
10 000 
llo OOO 
40 000 

$ 150 OOO 

Contract and Accounting Operation WBS advised that Hanford Laboratories' 
estimates of fund reqylrements for Attendance at Meetings of Professional 
d Wade Societies and for participation in Off-Site Courses and Seminars 
during EY 1963 ere $75,000 and $10,700, respectively. 

1 2 3 b l  1 8  



Research and development proposals submitted to HOO-AEC during June Yere: 

1. Plutonium F'hysical Metallurgy Research - l h i s  proposal was 
revised to a FY 1963 pogramlevel acceptable to the Divlsion 
of pholsical Research and which wuld involve no 0 v m - U  
increase in nmqower in the performing cumpone&. . 

2. chemistry of Molten Salts - A new proposal designed to supplement 
the present work in molten chloride salts. 
Division of Physical Research has been requested. 

Sponsorship by the 

@ecial request activity during the month consisted of a $2,OOO increase in 
authorization by Argonne National Laboratory for  additioPal work on Pyro- 
phoricity Studies. 

Effective July 1, 1962 organization codes 732l - 5 w l l l  be comex-ted to  fore-' 
man codes and this Test Reactor and Auxiliaries c-nent wlll code, for  cost 
purposes, t o  subsection code 73a. 

Distribution of a new HAP0 work order form was d e  t o  a l l  Hanford Iabora- 
tories '  components for use beginning July 2, 1962. 
to facil i tate keypunching snd processing by the date. processing system. 

In progress i s  a study of the cost of rabricating UO~F+A@ fuel elements 
for the Plutonium Recycle Test Reactor. 

!he new form was designed 

General Accounting 

In response t o  a letter f rom Counsel t o  Department EIsIlagers and Mem of 
Counsel b. 10 A, a comprehensive review of the peseticipation of Haaford 
kboratories' people on addsory canrmittees and groups is under way. A 
formal report t o  the HAH) General Manager w i l l  be prepared and submitted 
by A u g u s t  1, 1962. 

Pollowing is  a s ~ m p p ~ s y  of the status of le t te rs  or agreements covering 
gpecific actions rewing  AS! concurrence: 

AT-244 

AT-246 

AT-247 

AT-6 

Participation in Wsllowa County 
13ducatlonal Isy temp 

fit yet approved 

Special Science Seminars Approved 5-23-62 

Participation i n  Btanbrdizing 
Activities 

HIX) Participation in  Operation 
BOY 

Returned unapproved 

Consumated under 
Agreement AT-6 

1 2 3 b t  1 9  
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Following i s  a comparison of t rave l  ac t iv i ty  in FX 1962 and FY 1961: 

Total m e n s e s  
mtal w i p s  charged t o  cost 

FY 1961 1404 $367 OOo 
FY 1962 1 335 396 OOo 

W i n g  the  month of June equipment valued at $788,962 was transferred t o  
plant accounts from Eqylpnent Work in Progress, $13,624 was transferred 
from Construction Work i n  Ronress ,  and $896,619 from the  AEC covering pro- . -  - - 
j e c t s  CAEI-870 - Faci l i ty  for Eecovery of Radioactive hterials, CAH-842 - 
Cri t ica l  Faci l i ty  and CAH-902 - Uranium Scrap Burning Facil i ty.  The EWIP 
t ransfer  includes $135,932 for  the White Buffs Tube Shop equipment trans- 
ferred from Kaiser Engineers t o  the custody of physics and Instrument 
Research and Development Operation. 

Preparation was completed for  the physical inventory of movable catalogued 
equipment, property of others and research and development equipent  in 
the  custody of Reactor and f i e l s  Research and Development Operation. 
inventory count w i l l  start July 5, 1962 and extend through October 1962. 

The 

Classification ac t iv i ty  for  the month included the  review of 669 purchase 
requis i t ions and 677 work orders for  capi ta l  or  expense determination, 
compounding, work review, and for  reimbursability. 
trend of Hanf'ord Laboratories c lass i f ica t ion  ac t iv i t i e s ,  the  following 
s t a t i s t i c s  a r e  given: 

To r e f l e c t  the est.ablished 

Documents Processed 

Work Orders (average per month) 500 591 717 61k -1) 
Requisitions (average per month) 522 lg y r  7 y  

(1- A decrease i n  the number of work orders over last f i s c a l  year resulted 

1 0 4  1 3 2  - - 32 1 11 - 
from Technical Shops method of a l locat ing work t o  J. A. Jones by use 
of Work Authorization Instead of individual work orders. 

Input data sheets generated Joint ly  by Contract and Accounting and Hanford 
Iaboratories i n  June, t o  record Hanford Iaboratories plant and equipment 
changes and additions totaled 2,436 (this was 52s of the t o t a l  fo r  all of 
HAPO). 
EUIP during June 1962 regresents the  la rges t  single month's business i n  the  
his tory of t he  Laboratories. 

The large number of input data sheets and amounts transferred from 

Hanf'ord Iaboratories '  material investment a t  June 1, 1962 to ta led  $26.7 
million, as detailed: 

uNcLcIss1nED 
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(In thousands) 
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ss Material $25 304 
Reactor and Other Special hterials 976 
Spare Parts 

Total BAPO k c l e e r  kterial Consumed in Research the f i sca l  year em3ing 
June 30,1962 was $2.4 miUion - $2.0 million by the Labomtoriee eind $ .4 
million by RD. The following is a detai l  by program for W o r d  Iabora- 
tories: 

2OOO Rogram $ *5  
3000 Rogram .1 
4000 progrm 1.4 g m  

Heavy water losses charged t o  ERlR operating costs for the month of June 

a t  $759. 
$50,529. 
made up of $444,412 loss  and m,83 scrap material. 

amoUntCd t0  $52,080, which YBS C w i 8 e d  Of 106s Of $51jm slld Scrap Valued 
&rap m a t e r i a l  on hand at, June 30, totaled 3,169 pounds valued at 
Total FY 1962 heavy water  charges t o  operating cost were $472,243 

One hundred and thirty-three items valued a t  $40,489 were received a t  the 
Iaboratory Equipment and kterial Pool fac i l i ty  durlng the month of June. 
Fifteen items valued at $5,2a8 were withdrawn by cust~dians and 21 items 
valued at $4,288 were transferred in l i eu  of placement of requisitions. 
are currently 737 items valued at $535,807 located in the Pool, of which 124 
items valued at $61,546 eire currently on temporary loan. 
158 itcms palued at $b2,6@ were excessed o r  retired. 
Iaboratory Pool, gurvey of items held for a peiriod of 24 months vlth no 
activity, 466 i t a r m  valued at  @6,w were disposed of this fisc& year. 

~ 

There 

bring the month 
In connection with the 

ming FY 1962, 232 items valued at @07,287 were assigned by the Iaboratory 
Equipment Pool t o  usef'ul purpose8 within Laboratories, and operating costs 
for the same period were $11,330. It is  reasonable t o  assume that  the equip-& 
m e n t  was placed in l i eu  of requisitions, resulting in a net saving to Hanf'ord ~ 

hboratories of $95,957. 

Operating costs since the Iaboratory Pool was activated (December 1959) have 
totsled $S,851; total building investment Including buil 
(acqpired Jamtary 1962) and 37l8-B (acquired June lw), a O 3 , n O .  The 
total eqpeaditure and f ac i l i t i e s  investment through June 30, 1962, is 
8132,621, equipment valued a t  @n,s1 has been redirected to u s e m  purposes, 
and a total net saving of $64,960 has resulted. In addition the Iaboratory 
Pbol has provided intangible benefits such a8 (1) reactor and other special 

s 3718, 37l8-A 

1 2 3 b i Z I  
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materials technical personnel have been relieved of the responsibility for 
reactor and other special materials held for future use, (2) brproved house- 
keeping in the Iaboratories, (3) the release of valuable laboratory space 
for other uses, and (4) the existence of a source of i m m e d i a t e l y  available 
equfpment to f i l l  ur8ent. needs. 

Z f r C O I l l u m  9 598 lbs. 

All other material held for 
the convenience of others 258 175 

%tal Materia; $410 919 

(1- !be net reduction in zirconium inventory of $l9G,U8 is due to 
inventory withdrawals of 3,647 pounds valued at. $8,6&, write- 
do= of &-3 ingots (5,862 pounds valued at $41,038) and revaiu- 
ation of e - 2  i n g o t s  to $3.00 per pound resuiting in a write-off 
to cost of $2l,258. 
for the write-off of Zr-3 ingots  and devaluation of Zr-2 ingots. 

Appmval was obtained &am the Cammission 

Action as indicated occurred on the following projects during the month: 

New Money Authorized EL 

W-916 hels Reeycie Pilot Plant $40 000 

Physical Completion Notices Issued 

CAH-842 Critical ficility 
CAH-870 FBcilities for Recovery of Radioactive lhterials 
CAH-924 200-I(w Induction Heating System, 306 B i l a i n g  
CGH-937 Safety bprovements 23-2 Building 

Construction Completion Cost Closing Statements Issued 

CAH-870 FBcilities for Recoveq' of Radioactive Ikterlals 
CAH-902 Uranium ScraF Burning Facility 
CAE-924 200-KW Induction Heating System, 306 Building 
CGH-937 Safety Improvements 23-2 Building 

1 2 3 6 1 2 2  
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Two Assistance t o  W o r d  authorizations were issued for FY 1963: 
1-63, Dr. Poritdsy et al which I s  a. renewal c o n t h ~ b g  on a year-to-year 
basis, and ATE-m-2-63, a new authorization for nectron Eficroscope Con- 
sultation fPcm the Research Laboratory. 

Contracts processed during the month included: 

ATH-BIX)- 

SA-2l7 Ihe Tool Steel Gear and Pinion Company 
cA-336 ~ m o s  Iane (Supplement) 

Revised OKs issued are 

OPG No. 

2.3.1 
2.3.2 
2.303 
7.18 
8.3 
8 . U  

l isted below: 

!Title 

IPD General m e r  Position Guide 
CPD Gene!ral Msnager Position Guide 
1FpD General m e r  Position Guide 
Plant Ipnergency plaas 
Property knapment of Special &pipent 
Contamlnsted Permnal Property 

Personnel Accounting 

Payroll s ta t i s t ics  for the month of June a r e  given below: 

IJumber of BLX) Buployees 
Chsnges ming Month Total 

Rtrployees on payroll a t  beginning of month 1 439 
Additions and p.anSfers In 
Removals and Transfers Out 

Bnployees on payroll a t  end of month 

Overtime Payments During Month 

T o t a l  

Gross h y r  oll Paid b r i n g  Month 

fianpt 
Nonexempt 

Total 

Ekempt Nonexempt 

65 42 
655 784 

- 21 2 2  

I 2 3 b  I 2 3  
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Participation in  mloyee  Benefit 
Plans a t  Month k d  

Pension 
Insurance Plan - Personal 
u. s. flavings Bonds 

Stock Bonus Plan 
savings Plan 
ssvings and Security Plan 

- Dependent 

.Good Neighbor Fund 

Insurance C l a i m s  
Bnployee Benefits 

Life Insurance 
Weekly Sickness &Accident 
Comprehensive Medical 

Dependent Benefit 8 

Comprehensive Medical 

T o t a l  

June 
XVuniber Percent 

1 323 
378 

1093  

90 
74 

1ll2 
991 

loumber 

0 
6 
29 

81 - 
116 - 

99.1 

99-7 

38.6 
4.9 

89.0 
65.5 

Amount 

$ 0  
501 

2 139 

a 6 3  
$9 403 

*y 
lArmber Percent 

1299 
363 

1069  

91 
73 

1 092 
966 

Number 

0 
7 

40 

92 
s 2  

m l o y e e  Relations 

Twenty-six non-exempt employment requisitions were fi l led during June and 
18 remain t o  be f i n e d .  

Professional Placement 

Advanced Degree - Six F+h.D. applicants visited HAP0 for employment inter-  
views. Twelve offers were extended; two acceptances and three rejections 
were received. Current open offers t o t a l  14. 

BS/MS - Four program of fe r s  and 13 direct placement offers were extended. 
Program results included one acceptance and eight rejections with t h e e  
open offers  remaining. 
five acceptances, 13 rejections and five remaining under consideration. 

Mrect placement offer response this month Included 

Technical Graduate Program - One Technical Graduate was placed on permanent 
assignment, 34 new members were added t o  the rolls, nine transferred t o  other 
Company sites i n  accordance with the planned program, and one terminated. 
current program members t o t a l  56. 

I 2 3 b  I 2 4  
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Technical Information 

A classification guide (HW-74048) was issued to cover work being carried 
out for UCLRL. 

Visitors and Visual Displays 

Arrangements were made and nineteen Hanford Laboratories displays supplied 
for use in the ABC-GE Visitors Center tshlch opened In the RichZand Com- 
munity House on June 13. 

EmNOMrC EVAUIATIORS 

. .  

Output results of the fie1 ELement Fabrication Cost computer code for a 
U-235 enrichment case were satisfactorily reconciled with the original 
calculations of H. E. Hanthorn's Fuel Cycle EconOmics Process Study. The 
computer progFanmrLng w i l l  permit rapid calculation and analysis of the 
effect of vary- key cost factors. 

The cost elements of the manual study for a PU enrichment case were recast 
and reconciled for input into the computer program. 
parameter vsriation and analysis will be made with this case. 

A similar series of 

A letter entitled, "The Paper Burden," was sent to section managers on 
June 22 in an effort to (a) stimulate compliance with records management 
regulations, particularly with respect to use of record flow schedules, 
and (b) promote more effective utilization of file cabinets. 

FACILITIES ENGINEERING 

Projects 

At month's end Facilities mineering Operation was responsible for 13 active 
projects havlng total authorized Funds in the amount of $2,704,600. 
total estimated cost of these projects is $8,767,000. 
projects through May 31, 1962 were $1,308,000. 

The 
Expenditures on these 

The following summaxizes project activity in June: 

Number of authorized projects at month's end ---------------- 13 

m b e r  of n w  projects authorized ........................... 2 
CAE-956, Pu Fbels Testing & Evaluation k b s  - 308 Bldg. 
CAH-962, b w  Level Radiochemistry Building 

UNCLASSIFIED 

1 2 3 b 1 2 5  



New projects awaiting AEC authorization ...................... 0 

Project proposals complete or nearing completion ------------- 4 
CAH-gn, Facility for Radioactive Particle Inhalation Studies 
High Level Pathogen-Free Iaboratory 
Neutron Calibration Facility - 3745-A Building 
Additions to the 222-U Building 

The appended pages provide detailed project status information. . 

Services 

mineering services were provided during June on the following activities 
with satisfactory progress shown on each: 

Electrical design for decontamhation facility - 325 Building 
mectrical design for Vacion Installation - 3745 Building 

Fourteen equipment requisitions totaling $7,000 were issued during the 
month, bringing the total value of materials and equipment being processed , 

to $400,000. 

Plant wineering effort was expended on: 

Pressure Systems: Irradiation Studies h o p  (c-1) 
QnIradic Compaction Unit (231-2) 
Tube Burst Facility 
328 Building Compressed Gas System 
Visual System for Fuel Rupture Autoclave 
Third hrty inspection was arranged on 28 vessels 
and items #2 and 5, above. 

325 Analytical Laboratory @ove box 
209-E compressor and motor-control center 
325 Ceramic Fuels area airconditioner 
325 "B" system duct cleaniqg 
309 M & M Building office addition 
328 First floor office modifications 
306 Ventilation control review 
308 Rnergency power tie-in 
325 Cepunic fiels lighting 
325 Switchgear circuit breaker tests 
325-B. Switchgear modifications 

1 2 3 b  1 2 b  
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Maintenance and Opera tion 

Costs for ~ a y  were $109,834. 
9.1 percent of forecast. 

Costs f i sca l  year t o  date, $l,600,399, are 
Improvement maintenance costs for May were 

$5,603. 

The following tabulation summarizes waste disposal operations: 

A p r i l  Ehw 
Concrete Bafiels 3 21 
Mugger s -Ho t  Waste 4 4 
Crib Waste 240,000 gal. 240,000 gal. 

Leaks i n  the retention waste l ines  near the basin w e r e  a problem during the 
month. After repairs w e r e  &e t o  two joints and new leaks continued t o  
erupt, work was started on recaulking all joints t o  the first manhole in 
the system. About t h e e  fourths of the work was accomplished ahead of the 
construction work stoppage and no additional leaks have developed. 

Drafting 

The equivalent of 184 drawings was produced during the month for an average 
of 17.5 man-hours per drawing. 

h j o r  jobs i n  progress are: 
builts," new 7-rod fuel element for PR'IR, shim rod control, electrical  resis-  
t iv i ty  sample holder, scinti l lat ion scanner housing, 300 Area retention an3 
c r i b  waste piping, cladding cutter assembly for PR'IR, Zr process tube 3 x 3 
loop, remote welding chamber, and mark I-H end bracket. 

260 ton extrusion press installation, PR'IR "as-  

There were 68 existing J. A. Jones Compaqy orders at  the beginning of the 
month with a t o t a l  unexpended balance of $2~6,276. 
eight new orders, four supplements and adjustments for underruns amounted 
t o  $99,649. 
were $140,206. 

One hundred and forty- 

Expenditures during the month on Hanford Iaboratories' work 
Total J. A. Jones backlog at  month's end was $175,719. 

HL 
Unexpended 

Balance 

$u6 276 Orders outstandixg beginning of month 
Issued during the month (inc . Supp. 

J. A. Jones Expenditures during 

Balance a t  month's end 
Orders closed during month 

and w4 99 649 

month (inc. C.O. costs) 140 206 
175 719 
105 958 



UNCIASSIEIED H-ll HW-74153 
\ 

On June 13, 1962 carpenter pickets were removed and construction forces 
started bsck to work. 
jobs but did not place pickets. Construction work has proceeded, where 
possible, on a curtailed basis. On Hanford Laboratories work a to t a l  of 
six jobs have stopped or could not be started and three more will stop 
early i n  July unless the ironworkers come back t o  work. 

Because of the strikes, approximately $23,aX, of the W o r d  Laboratories 
FY 1962 allocation for miscellaneous capital work orders was not spent. 

On June 20, 1962 the ironworkers walked off the 

Construction and maintenance act ivi t ies  completed during June included: 

141-C - Install grass pasture, t rees  and sprinkling system 
141-C/14l-F - Ins ta l l  desert coolers and paint 
144-lB/146-lB - Move and re ins ta l l  desert coolers 
144-F - Instal l  a i r ,  vacuum and electrical  service 
108-F - Move incubators 
241-C - Construct storage mea and fencing 
306 - k d i f y  condensate system. 
307 Basin - Repair 8" VCP waste l ine  
321-A - Construct engineering t e s t  shop 

Procedure filters 

325 - Install 440 vo l t  bus duct 

Mnance and Administration 

, 

W Saie : whm 

1 2 3 b l 2 8  
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The prodect prop681 repe6tbg $113,000 total d e 6 l e  fund6 'cw6 submitted to the AEC, 
for suthorlzcrtlon on April 30, 1962. 

in tbe ambunt oiL@L13,Oo&lbaf3 beeh&r)uad*. 
Mrec.t;ive 19. W - m y  &i*&.Jpc.28; J$6&-1- IoQ-AECI;t*rlL dBBf@ :run68 

I 

COST PLUS F I X E 0  P 8 8  

P L A N T  C O I C E I  

ARCWITRCT - R Y . l l E R l l  

DKSION R N O l N R R l l Y O  OCCRATlON 

O R  VlRLD E Y O I Y R E I I Y O  

llUi# of rpeclal bydrolo&lcsl rercarch, te6t 

'Ehc conetructlon contract YBO awarded t o  men D r l U  
llotlce to proceed vas mslled to contrrctor on June 22, 1962. 
all start copcurrent vith arrival of well calrlng eosretlme between July 1 and 15, 15 

for $56,207.50. 
Conc~tructlon work 



GENERAL LLECTUIC GO. - ’ W o r d  Iabolgtories DATE 6-30-62 
h OJ .N 0. I TlTLL 

m - CN Iyso 
A V C ( l A 0 L  A C C W  Y A N B A Y S  MANPOWER 

PIXED P R I C L  

COST P L U S  C I X L D  ?LE 

P L A N T  CORCLS 

b R C H l T C C T -  E N O I N L L R  

OESICN L N O I N L E R I N O  O P L R A T I O N  

OE CSLLD L N O I N L L R I N G  

TITLE I I 
6E*T8T*lI 

a- T i t  I I 

CoMT. 160 

CF 

CPFf 

f P  

*AEC Work Authority has not been issued. 

PUNDIN.  PROJ. NO. TITLE 

COKED PRICE 

C O S T  P L U S  F I X L O  C L L  

P L A N T  FORCSS 

A R C H I T E C T  - E N O l N L t R  

OESION E N G I N L L R I N O  O P E R A T I O N  

O L  FIELD E N G I N E E R I N 0  

This project provides for a new graphite mscbinlng f ac i l i t y  near the graphite storage 
building. The f ac i l i t y  will permit greater f lex ib i l i ty  in the handUng and 
machining of graphite shapes a6 well as providing additional space for mn-metallic 
mte r i a l s  testing in the area presently used fo r  graphite machining. 

The project proposal was submitted t o  the Cammission f o r  approval Efarch 2, 1962. 

I The proposal waa returned unapproved June 8, 1962. 
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SEMI - MONTHLY PROJECT STATUS REPORT -w- 

GENERAL ELECTRIC CO. - 

TI MATLO T 

F I X L O  C R I C  

COST PLUS F l X L D  FEE 

C L A N T  PORCLS 

ARCMlTECt -  L N O l N L f R  

O I S I O N  C N Q I N L L R I N O  O P C R A T I O N  

.L fl(.LD L N O I N L L R I N O  

SCOPE.  CURPOSC. S T A T U S  b P R 0 0 n C S S  

'Phis project w i l l  provide the primary test faclllty for detennination of the 
feasibility of using aluminum-clad fuel elements I n  high temperature water by 
studying Improved alloys and corrosion inbibitore. 

AEC Directive No. HW-536, dated mrch 29, 1962 authorized $lO,OOO to initiate 
design and provide new coet estinste for review by the Comtssion. 
is in progress. 

Design work 

m e n  IYauthe ProJect Planning Schedule. 

I 

AUTHORIZED F 

F I X E D  P R I C E  

COST P L U S  FIXED FEE 

C L A N T  F O R C E S  

A R C M I T L C T  - C N O I N L E R  

DESIGN E N O I N E E R I N O  O P L R A T I O N  (m) 
O E  F I E L D  E N O I N E E R I N O  

SCOPE.  PURPOSE.  S T A T U S  b C R O O R C U  

This project provides laboratory space for research and development in small 
particle technology related to the generation, control, and disposal of radio- 
active wastes. 

Directive HW-535, dated Wrch 21, 1962, authorized total project funds in the 
amount of $409000. 

Detailed design is complete. 
Construction Company for performance of conEAxuction. 

A work order has been issued to J. A. Jones 

1 2 3 b 1 3 1  
I 
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A V E R A G E  A C C M  M A N D A Y S  
FEO - KA Clark 

MANPOWER 
F I X E D  P R I C E  305 4? 

S T A R T I N G  

TITLE I 

GL-TIT*I I IFXI 132 1 r.? 
A€- T l Z  I I 

I 

.4 

COST P L U S  F I X E D  ?EE 

PLANT r o u c r s  

A R C H I T E C T -  E N G I N E E R  

DESIGN E N G I N E E R I N G  O P E R A T I O N  

GE C l E L D  E N G I N E E R I N G  

3% 

4 
I I I I 

SCOPE,  PURPOSE.  S T A T U S  k P R O G R L l S  

Tki6 project prcvldes f a c i u t i e s  f o r  the coiduct 09 corro6ic.n azd d.ec3itaminatioxi 
studies f o r  mc lea r  reactcr coclant systemsg by the addition of P,?W sq. e,. 
laboratory facility on t h e  west side of the 1706-IE Building. 
by the Bovay Ekigirmrs. 

W r i g i m l  altthorizatior f o r  design wa6 8-9-61 e 

B s i p  VBS accomplisked 
Current estimate of Td+,le I and :I costs = $11,023. 

Cmtimation of c x c r e t P  fam pl6eenect sta&e3., af',er &ettl.em%t of the carpenters' 
s t r ike,  on 6-14-62. 

I 

F U N D l N O  PROJ. NO. TITLE 

C O S T  P L U S  F I X E D  FEE 

P L A N T  F O R C E S  

A R C H I T E C T  - E N G I N E E R  

DES1 ON EN G I N  E E R l N  0 O P E R A T I O N  

G E  FIELD E N G I N E E R I N G  
4 I I II I I I 

SCOPE,  PURPOSE.  S T A T U S  k P R O O R E I S  

This project w i l i  prmide a closely integrated "A" Column i n  series with the  relocate9 
"C" Cclumn t o  permit the developnent of a mathematical model far tke m8ss transfer 
of rugnium,  as w e 2  as the exploration of the poss ib i l i t i e s  of eoapu$er optSm;izgtfoa 
of a ccmbised I'A-C!' extractdon battery.  

Re loa t ion  of "Cff e,?ltnn?; is complete. 
Miscellaneous imersonnecting piping work i s  cor&i=.iing 

Instmmest l i n e  gut ters  a r e  i x t a l l e d .  
"A" Colum fabricat ioc 

I 1 2 3 b 1 3 2  



F I X E D  P R l C  

COST P L U S  F I X E D  F E E  

P L A N T  F O R C E S  

A R C H I T E C T -  E N G I N E E R  m\gy Engineers 
DESIGN E N G I N E E R I N G  O P E R A T I O N  

G E  F I E L D  E N G I N E E R I N G  

SCOPE.  P U R P O S E ,  S T A T U S  b PROGRESS 

z h f s  project Kill provide facilities to permit dellberate deetruc5ive testing of 
irradiated.zirccnim t-abing. This w€U. provide opera5izg a z d  tabe l i f e  data not 
available because of the limited operating history of Zircalcjy-2 pressure tubing 
i=. reactors. 

A Froject propsal revisicn requesthg ccnstruction funds is be- srrbmitted for 
approval. 

FUNDIN 0 PROJ. NO. Additions to the -Tl-wT Bdiding-Waste Treatmen: 
CAli-Qv- Demonstration Fscility -.-. 

too 100 2 WL DESIGN 

FEO - KA Clark TITLE I 

E N G I N E E R  

I 
M A N  POW E R A V E R A G E  ACCUM M A N D A Y S  6 E - T I T . I I  

F I X E D  P R I C E  

COST P L U S  F I X E D  F E E  

P L A N T  F O R C E S  

A R C H I T E C T  - E N G I N E E R  

D E S I O N  E N G I N E E R I N G  O P E R A T I O N  

G E  FIELD E N G I N E E R I N G  

I I I 

SCOPE.  P U R P O S E .  S T A T U S  b PPOGRESS 

This project provides facilities for p i l o t  plant developen% of decontamination 
processes for istermediate level chemical processing plant waste for safe discharge 
to the plant environs. D e e i a  was accomplished by the Bovay Engineers. 

Ccntinued uesettled htmr contracts have resulted in lack of progress on this 
construction work. 
enc-.@ to s h o w  f o r  progress calculations. 

Some concrete clean-up was actomplished buk nct sigrsificant 

I 2 3 b  I 3 3  



CIXCD CWCL 

COST PLUS ma.0 Pee 
CLINT P O R C U  

A R C W l t E C l - ~ N ~ I N E C l  

O I S I O N  EN.(NLEl(M. OrEUATlON 

OE W E L D  BNWMLC(IIM. 

This project is to provide a facility to perform a full scope of engineering teats 
and pilot plant studies associated wlth fuel reprocessing concepts, 
the revised project proposal requesting total prcJect fhnds aP $5,lcIo,ocIC and sent 
it OL to Washington AEC for final approval. 

DeEiG is continuing cri all phases as scheduledo 

?lo additional information has been received f r o m  Washington AECo concerning 
possible modifications to FRPP design to accommdate an AEC Waste Calcination 
-Program. 

Di-esrive Noo AFJZ-~;!-~ Mod. Noo 39 dated June 22, 1962, was Issued ficreaEing 
design expenditures to $L25,000 from $385>N0 as an hterb a-x:c?rizatioz. fer 
comiauation of desi@. 
increasod the ranera1 Electric authorization to $L25?OO3 for design. 

HOO-AEC approved 

Work Authority Noo CAB-916 (4) dated June 22, 1962 

A m t a l  of 396 drawings have been issued for comment and 87 f o r  approval, 
specifications are 7@ complete. 

*Estimated construction starting date f o r  removal of burial ground fill. 

+* Original authctrization for initiation of design was February 9> 1961. 
1962 is the authclrization date for the last desiep supplement. 

The 

June 22. 

* Including transferred capital property valued at $lOO,OOOo 
Project, Proposal, Revision Noe 4, dated June 25, 1962 has been written by AEC 
requesting an addifional $40,000 for redesign of FRPP to include modification6 
t c  accommodate AECss Waste Calcination Program. 

I 2 3 b  I 3 4  



SEMI - MONTHLY PROECT STATUS REPORT 

CSl lMATLO TOTAL COST 

COST PLUS P I X L O  CEL 

C L A N T f O R C C S  

ARCHITECT- ENOINEgR 

DESI ON LNQIY L L RING OPERA TlON 

0E nEL0  LNQiNCLRlNQ 

74153 HW- 

OATE 6- 30 -62 

I 1 U I I I 
SCOCL. PUIIPOSL. S T A T U S  b PROGRESS 

This project provides additional space for biological research supporting services, 
snd Involves an addition to the 108-F Building. 

GENERAL ELECTRIC CO. - Banford uwrsbries 

The Radiation Source Handling Facilities were received at Hanf'ord on 6-4-62. 
console has been delivered to the 108-F Bldg. 
due to the steel workers' strike. 

The 
All other crates cannot be moved 

laying of vinyl floor covering was completed after the carpenters' strike wae 
settled. Air balancing bas been resumed. A prellminaq inspection 1186 made on 
June 14, 1962 and the contractor was supplied with a list of uncompleted items. 
The radiation and control rooms were accepted with exceptione to permit J. A. 
Jones forces to start installation. 

*Estimated project completion date provided the strike has been settled by 7-1-62. 

mriginal authorization for  design ~ 9 s  my 3, 1960. 

1 2 3 b l 3 5  
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E S  T'D. 
C O W  PI .  

DATE AUTHORIZED 

DIR, COMP. DATE D A T E S  CONST. 

rARTING DESIGN 

CONST. 
E N G I N E E R  

W A N  P O W E R  A V E R A G E  ACCUM M A N D A Y S  

F I X E D  P R I C E  

COST P L U S  F I X E D  F E E  

P L A N T  F O R C E S  

A,RCHITECT - E N G I N E E R  

3ESION E N G I N E E R I N G  O P E R A T I O N  

i E  F I E L D  E N G I N E E R I N O  

1 
I 

GENERAL ELECTRIC CO. - 

STIYATCD T 

P E R C  EN 1 C O M P L E T E  

WT'D. SCHED. A C T U A L  

DESIGN 

T ITLE I 

GE-TIT. I I 

A€- TIT. I I 
I 
i 

100 CONST. 

PF 

CPFF 

FP 

- 

E N G I N E E R  

M A N P O W E R  
F I X E D  P R I C E  

COST P L U S  F l X E D  FEE 

P L A N T  F O R C E S  

A R C I I I T K C T -  L N G l N L E R  

DESIGN E N G I N E E R I N G  O P E R A T I O N  

Q E  FtELD E U G I N E E R I N G  

PF 1 on c; r, 3 
c;7 

. 
CPFF 

, I  

FP (1) 10 
(21 71 loo 95 

PF 1 on c; r, 3 
c;7 

. 
CPFF 

, I  

FP (1) 10 
(21 71 loo 95 

SCOPE, PURPOSE. S T A T U S  b PROGRESS 

(1; 0.  A. Grant Comgany 
!2! Levis Hopkins Construction C o w  

This facility is to be used for fuel rupture behavior studies with respect to phya:sal. 
distortion and rate of fission product release. 

Project is behind official schedule because of delays in delivery of material arfi 
due to CPF'F labor strike. 
t h e  project completion date to October 31, 1962. 

A revised project proposal has been submitted which e x x n b  

*Initial authorization was on 10-1-59. 

F U N D I N G  'ROJ. NO. T I T L E  

I 
S COST 4 COMM. TO 

I 
I A E C  I U T H O R I Z E D  F U N D S  



- -  DATE 

Banford Iaboratories P U N U N .  
GENERAL LLLCTRIC CO. - I 

CAOJ.?JO. I TITLE 

MANPOWER 
CIXCO P R l C L  

0 

1 

3 

SCOPC. WRCOIE.  STATUS b PROORE8S 

This proJect will allow greater capacity for analytical work involving todaycs 
more highly radioactive solutions and consists of adding a shielded laboratory 
to the 325 Building. 

qriginal authorization for prelhhary design was August 12, 1959. 

The contractorts completion date has been extended from April 15, 1962 to June 24, 
1962c This does not reflect lost time due to the carpenters' strike which lasted 
from 5-16 to 6-13. 

The 3 reJected lead glass viewing windows that were reviewed have been accepted 
by AEC with a contract modificationo 

A revised proJect proposal bas been preparea, but not approved by AECp extending 
the completion date, reducing the total authorized project funds and increasing 
Go Eo's field engineering authorization. 

The building has been furred for plastering; a new window and door have been 
cut into the c o m n  w a l l  with the 325 Bldg; 955 of the roof has been put on; ce l l  
w a l l  concrete partially finished; first floor electrical runs partially installed 
and preparations initiated for the in-cell conveyor. 

I 



DLANT P O l l C U  

LICWITKCT- KWaIWRKR 

#U.W KNWYKRRINC OC.RhTlO(l 

M mELD L N ~ I Y C K R I N O  

K O C t .  WRC0.C.  STATUS Cw@mEss 
This proJect v i l l  provide fac i t ies  for determining physics1 and mechanfcal p r o w ~ i e s  
of irradiated materials, and involves the installation of a cell in  the 327 Bulldhg. 

W e n t  crtlnmte of T i t l e  I and I1 costs - $55,000. 
Procurement and construction autl~orieed 9-22-61. 

Detailed design star t& 4-1-60. 

Basement floor and foundstion concrete vork is completed. Constructton has stopped 
unt i l  ce l l  assenibly is delivered. -. . 

N u m b e r  of purchase orders required 
Number of purchase orders placed 19 Value 203,000 

19 Value (Est .  ) $253, - 
+oT,iglnal authorization for design vas October 1, 1959. 
-Includes delivery charges, inspection and contirrgency. 

Vendor mist&es on ce l l  castings have included boring holes over tolerance, boring 
holes off-center, machining castings out-of square and poor workmsnship on the c e l l  
liner. 

The completion of the c e l l  assembly remains the most c r i t i ca l  item in the 
campletion of th i s  proJect. 

It appears t h a t  considerable time and effort will be required t o  correct the 
deficiencies and expedite the completion of th i s  order. 

1 2 3 S 1 3 8  
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SEMi -MONTHLY PROJECT STATUS RE-7 I 

PROJ. NO. 

M A N P O W E R  
F IXED PRICE 

COST P L U S  PiXED FEE 

P L A N T  PORCCS 

A R C M I T E C T -  C N O l N L E R  

D C I l Q N  C N O I N E L R I N O  O P E R A T I O N  

OC F1LLD C N O I N L L R I N O  1 6.61 io0 1 lac. 
69.91 100 1 90, 

, I C O P L ,  PURPOSE.  S T A T U I  L PROORESS 

Struthers Wells has all components but is unable t o  complete assembly and t e s t  of 
heater before August l 5 #  1962. 

TITLE 

The Supervisor, Bintenance 6 Equipment Engineering, witnessed preliminary gas- 
bearing blower tes t s  at  the Bristol Slddeley Plant. Be- t e s t s  indicate 
completion of two blowersp including testing, by August l5,*1962. 

Project Proposal, Revision V is being circulated for a ~ r o v a l .  
requests extension of completion date t o  10-31-62 with no increase in 
project funds 

This revision I 

1 *Initial  autbr izat ion date was December le,, 195e ' 0  I 

F I X E D  PRICE 

C O I T  PLUS FIXED FEE 

C L I N T  F O R C E S  

A R C M I T E C T  - E N O I N E E R  

OCSION E N O I N E E R I N O  O P E R A T I O N  

O E  FIELD E N O I N E E R I N O  
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TEST REACTOR AND AUXILIARIES O€ZRA!TION 

JUNE 1962 

IlEWToR mVmmMEm - 04 PROCIRAM 
PLllmxmM REcYcLe PROGRAM 

Plutonium Recycle Test Reactor 

Osewtion 

Reactor output was limited t o  185 MWD for a plant efficiency of 8.8$. 
&cause of the low operat- efficiency, exposure data normally in- 
cluded in this lleport did not - significantly during the month and 
w i l l  not be presented. 

Ihe reactor was ehut down on June 3, 1962, fo r  refueling and process 
tube erruninntion. 
IX &-A1 elements.and one mixred oxide elenent we= inspected during 
the outage. All process tubes evidenced wear corrosian, Two tubes 
were more severely corroded than the reminder (22 and 26 mil deep 
mark, respectively). &se were removed and burst tested. Teats 
demonstrated greater hoop stmss stre& than for unirradiated tubes. 
One Pu-Al element was found t o  have los t  a band, and was removed t o  
the storage basin, 
stagnant water tests indicated that it probably had defective cladding. 
A We elenrent showed severe wear on the spiral bundle wrapping wire 
and was remaved t o  storage, 

Seventy-six process tubes, four U% elements, three 

Another P U - ~  was = m a  when the remdtr of 

N i n e  fresh mixed oxide elerments and one epecial MgO-Pu(& spike element 
were charged. 
nrents, one Ngo-€b+ elenrent, 27 Q elements and 20 mixed-0xid.e elements. 

A "shim free" approach t o  critical, BEL& on June 28, pEdicted a cold, 
clean critical level of 63 inches. 

'ihe June 28th core lowling was composed of 37 Pu-A1 ele- 

A piece of 304 SS found i n  the inlet jumper of a process tube led t o  
radiographic examination of the f low etmi&htening val31e tqpstreerm of 
the bulls fluw venturi, which confirmil 
A t  month end the mactor was discharged of all fml elemnts in prepar- 
ation t o  draining the primary system t o  further investigate ana rcpiir 
the vanes and evalttate possible comlrion problems throu&haUt the system. 

to the etrBi&ttening vane. 

UNCLASSIFIED 



%O and helium losses were 3694 lbs and 66,600 scf, respectively. 
%O losses are attributed t o  extensive charge-discharge and tube inspec- 
t ion work which regulzed the syskm to be open, 
s p i l l  fram which 7440 lbs of %O =re recuvered resulted in an additional 
loss estimated at  150 lbs from stack gas candensate wmpling. !he s p i l l  
came about awing prepmations t o  r e m  a pWCe86 tube *ile another 
process tube was partially disconnected; a combination pressure and 
syphoning action cawed %O t o  drain fran the priBaary system into the 
upper and 1mer access spaces. 
5 or 6 minutes. 

HI& 

In addition, a %O 

The water lose was stopped after about 

Eeuipme n t  Erpe rience 

A weld fail- WLS found on the 26-in~h expansion spool bellows provid- 
ing contaimmnt between the vessel an8 the export s t e m  1-. About a 
1200 of seam weld on one of the folds had failed. Repsire were made 
and the m e t  of the bellawe lncltlaing the one on the rsllef liae ta6 
thomu&ly Wpected and leak teeted. 
fcnma. 

No leaks or other defect6 uerc 

No serious difficulties were encountered during removsl of thme procetes 
tubes. 

Ihe inlet ,jumper between the angle valve and venturi on tube #19+2 was 
replaced *n the nut galled during rewrval. 

two tSbb6pOOM of =tal 8haVing8, CtC., Wm f”0m 
a high pressure helium valve euid abdacent piping. 
repairing the shove valve, an isolrrtion valve galled between the stern 
and bonnet. 
repairs. 
of the same type t o  prevent this problem in the future. 

During the c m e  of 

It was removed and moclified parts  fabricated t o  effect  
Additional modificatiane, a m  planned for it and other valves 

A nuuiber of problems =re encountered during the annual test and oyer- 
haul of a high p~~ssure helium 8afety relief valve. 
was set and relieved at the proper pmssure, it would not mmat, 
was found af’ter =vera1 trials that the bevel on the nozzle retainer 
wae too large and would not allow the “0” ring t o  seat properly. 
retainer was made. 

Although the valve 
It 

A new 

Both boiler feed valves =re repsired t h i s  month. A large piece of weld- 
ing stag was found in  one. 

UNCLASSIFIED 



in -rator ~ r m p  Motors #k and #3 were replaced. ~ e a r i n g s  i n  
Motor Be"% had been in  service less than three months and those in Motor 
$5 less than a month. 
and their perfornance vi11 be uatched closely. 

*cision bear- we= installed in these motors 

!be FEET manipulator was inrrtalhd this  month but gear noises required 
rem1 for  additional repair. 

Two repaiRd shim rods were installed in place of defective rods. 
rephccment rods had lleceived limited previous exposure, 
difficulties were encountelled in the repair or replacemon+. 

P r o v d  maintenance mquired 571 manhamrs or 11s of the t o t a l  avail- 
able manhours. 

%be 
No significsnt 

hprmment Work Status ( s i w f i c a n t  i tems)  

Work Completed: 

hrnment  mounting of second startup channel 
Relocation of hasurizer Pressure l'hrmu * tter 
Ieak collection tank modifications 
Instrunentation for Belitnu S y s t e m  O i l  Absorbers 
Inetallation of Experimental I o w  Ievel Effluent Monitor 
Replacemznt of Generator on ahipping cask 

Work Mially Completed: 

Safety circuit  ground and low voltage detector 
Outkt  nozzle cap maodification (now 
Fueling vehicle hoist modification 
Reactor core l iquid level instnrmentation 
Primary Analyzer Installation 
shim rod readout modification 
Prototype rephcement inlet p 3  bellowa 
COE blanket system piping modifications 
Flanges for safety =lief valves i n  helium s y s t e m  
Ruptm Monitor sample line changer; 
Chain barricade for rotating shield 

complete) 

&sign Work Canpleted: 

mlarge chemical Reed system 
-con-tion lbc i l l t y  
Modification t o  storage basin cmne 

1 2 3 b 1 4 2  
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Primary pump *cording sJlrmeters 
H i g h  pressure helium canpressor inter-after cooler relief 
O u t l e t  nozzle bmcing 
-1 transfer p i t  hoist drain 
Modification t o  helium valve stems 
Interlock between charge-discharge machine, shroud seat snd dis- 

charge hoist 

Design Work Partially CaEqpleted 

Control roam veat ih t ion  
Additional fuel storage snd examination layout 
O i l  storage building 
Boiler feed pump seals 
!hid exhaust air  activity channel 
Canpessed air  supply revision 
Fuel transfer system modifications 

Process W i m e r i n g  and &actor physics 

Calculations of heat genem$ion in  &xtyl fuel elemnts which take into 
accamt the neutron flux depnzssion dw? t o  the h i e e r  cross sections 
Indicate a net genelation of 1.35 tines that for a natural U$ elemnt. 
This calculated heat generation rate is within 78 of the observed rate. 

The data obtained froan PKPR %st Nmiber 15 (HX-1 E n c l o m  !hprs tures )  
s h m d  a gradual buildup cf the sir temperatures i n  the enclosure t o  about 

An inspection of the concrete surfaces in the enclosure s h m d  no 
signs of excessive dehydratim due t o  the high temperatures. 

-155 F. 

Procedures 

Revised Operating hxedures isnued 5 
Revised Operating Standarde issued 10 
Xhporary Deviations t o  Opefgting Standardt3 iaeued 4 
Revised Process Specificatione accepted for  use 0 
kintenance h u a l e  iss-u?d 2 
kintenance Procedures issued 0 

75 

Drawing As -built Statue 
~ Approved f o r  as-built 
Ready f o r  approval 
In drafting 50 
Voided 46 

w 
No change ~.equired 85 

912 - 824 of t o t a l  

UNCLASSIFIED 
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Personnel mining 
Qualification s a  j ec t s  
Specifications, Standsrde, Procedures 
Areling Vehicle 

Status of Qualified Personnel at Month End 
b l i f  ied Reactor Engineers 
Qualified Technicians 
Qualified Technologists 

120 Inanhours 
31 
10 

Zi  manhours 

10 
6 
19 

Plutonium Recycle Cr i t ica l  Fac i l i ty  

Design Test s ta tus:  

Electr ical  1- 
Instnrmentation 96 
Fuel Handling 25 
Moderator System 100 
lhirable Coolant 75 

Improvement Work Statue: 

Work Campleted: 
Instal la t ion of 0 purification s y s t e m  

Removal of PRCF c e l l  radiation monitor fran PRTR annunciator 
Rerouting of weir overflow-reactor drain and moderator addition 

Instal la t ion of ?Earl f ge i n  vent l ine from weir 

lines t o  the moderator storage tank 

&sign Work: 
Instal la t ion of interlock t o  prevent loss of transfer lock seal 

air  O r  loss of process water pressure 

The safety rods were inspected and found satisfactory. 
installed on a telephone line which had been causing spurious t r i p e  in 
the star tup channels. 

A new cable was 

Operation 

All Critical Fac i l i ty  and two PRTR assigned personnel sa t i s fac tor i ly  com- 
pleted written examinations. A t o t a l  of 62 CFO and -0 personnel man- 
h-8 ~ 8 8  devoted t o  Cr i t ica l  EbCility trsining. 
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Fuel Element Rupture Test Facility 

m j e c t  Sta t -  (Project CAII-862) 

A revised proJect proposal requesthga ccmpletion date extension t o  
October 31, 1962, is circulating for  approval. 
ing is cmplete. Several design changes are in process a8 a result of 
detailed hazards analysis. 
carmplete. 

Design of B c e l l  shield- 

Over-all construction is estimated at 96$ 

Operatian 

Training seseions for  operation of the filter plant were initiated. 
Considerable work on training aids, manuals and procedures was accm- 
plished. 

Project Status (Project m-822) 

The project is 91$ ccmple?e. A project prcposal revieion requesting a 
completion date extensim t o  Oct.ober 31, 1962, is being circulated for  
appruval. 
vendor's plant. 
solved and final assembly of blowers is under way. 
has been delayed and is naw scheduled f o r  August. 

Preliminary testing of gas blowers was witnessed a t  the 
Bearing instabi l i ty  problems appear t o  have been 

Heater delivery 

Operation 

Classroom training W&S CW@&&. 
t o  training. 
personnel. 
continued. 

A t o h i  of 314 nrsnha~rs WES devoted 
Written qualification tests were taken by the majority of 

Work on nranil~lle, proced-6, data sheets, and startup tests 

Total  productive time fo r  the period was 22,499 hours. 
hours performed in  the Technical Shops, 7332 hours assigned t o  Minor Con- 
struction, 375 hours assigned to off-site venflors, and l l 5  hour8 t o  other 
project shops. Total shop backlog is 19,474 hours, of which 70 percent is 
required i n  the current month with the remainder distributed Over 8 three- 
mnth period. OvertFme hours work during the month was 8.9 percent (1702.1) 
of the t o t a l  available hours. 

This includes 14,677 
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Distribution of tim? was as follows: 

b l s  Reparation hpa-rhpent 
Irradiation Proceselng Departslent 
Chemical Processing IIepwkmnt 
W o r d  Iaboratoriee Operation 

m-h-8 of Total 

hquests for ePlergency eervice mquired an uverthm ratio which is in  cxce88 
of that nornrally experienced by this operation. 
overtime rate included the urgEncy associated With several l8rw research 
and developapent project8 within HIX), plus the shop support required by Cm, 
in the lkspons Program and E”pD i n  the p-ogran t o  develop rail supports for 
KPR f’uel elenrents, 

Xbctors influencing the 

Manager 
%st Reactor and Auxiliaries 

IJD R1chmond:dde 



J- 1 UNCLASSIFIED 

INVENTIONS OR DISCOVERIES 

HW-74153 

All persons engaged in work that might reasonably ,e expected to 
result in inventions or  discoveries advise that, to the best of their knowledge 
and belief, no inventions or discoveries were made in the course of their 
work during the period covered by this report except as listed below. 
persons further advise that, for the period therein covered by this report, 
notebook records, if any, kept in the course of their work have been 

Such 

examined for possible inventions or discoveries. 

INVENTOR 

C. H. Bloomster 

D. L. Ballardand 
C. W. Harrison 

TITLE OF INVENTION OR DISCOVERY 

Nuclear Fuel Materials - A Plutonium- 
Zirconium Alloy 
HW-73910. June 4, 1962. 

Design of Highly Flexible Metal 
Gasket 

Manager, Hanford Laboratories 

UNCLASSIFIED 


